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Fullam, Jennifer, NMENV 

From: 
Sent: 
To: 
Cc: 

Subject: 
Attachments: 

Jennifer, 

Beers, Robert S <bbeers@lanl.gov> 
Wednesday, January 18, 2012 3:27 PM 
Fullam, Jennifer, NMENV 

Fullam Docs 030714 /caseloads I LANL I 
DP1132 TA-50 RLWTF /DP1132 Emails 

George, Robert, NMENV; Marshall, Clint, NMENV; Schoeppner, Jerry, NMENV; Turne~, 
Gene E.; Saladen, Michael T 
Request for a Short Time Extension_DP-1132 Discharge Permit Application 
DP-1132 RLWTF 45 day Extension Request.pdf 

Please find the attached request from the National Nuclear Security Administration {NNSA) and Los Alamos National 
Security, LLC (LANS) for a short time extension for specific items in Discharge Permit Application DP-1132. 

A hard copy of this request is also being sent by postal mail. 

Sincerely, 

Bob Beers 
Water Quality & RCRA Group 
Los Alamos National Security, LLC 
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~Alamos 
NATIONAL 1.ABORATORY 
--· E5fT,19lif.._·, -· -

Environmental Safety & Health 
Environmenta( Protection Division 
P.O. Box 1663, K491 
Los Alamos, New Mexico 87545 
(505) 665-6952FAX (505) 665-3811 

Mr. James H. Davis, Drrector 
Resoµrce Protection Di\iision 
New Mexico Enviromilent Department 
Harold Rµmiels Building · 
1190 St. Fraricii; Drive· 
P.O. Box 5469 
Santa Fe, NM 87502-5469 

Dear Mr. Davis: 

National Nucf~ar SecuritY. Administration 
Los Alamos Site Office, A3 l 6 
3747 West Jemez Road · 
Los Alamos, New Mexico 87545 
(505) 667-5794/FAX (50~) 667-5948 

.. Date: January 17, 2012 
Refer To: ENV-D0-12-0001 

LAUR: 12-10069 
'·· 

SUBJECT: REQUEST FOR CONSIDERATION OF SHORT TIME EXTENSION FOR 
SPECIFIC ITEMS FOR PERMIT APPLICATION DP-1132, RADIOACTIVE 
LIQUID WASTE TREATMENT FACILITY (RLWTF) AND.ZERO LIQUID 
DISCHARGE EVAPORATIVE TANKS (ZLD) 

On January J;2012; the National Nuclear Security Administration (NNSA) and-Los Alamos National· 
Security, LLC (LANS) for the Los Alamos National Laboratory received your response denying our 
request to extend the tj.eadline to subm,it a Discharge Permit (DP) application for the RL WTF and the ·' 
proposed Zero Liquid Discharge Evaporative Tanks (ZLD). This request followed your Nov~mber 19, 
2011 letter requiring NN,S.A!LANS. to submit a comprehensive and up-to-date permit DP application by 
February 16, io12 for RL WTF, and to iiiclude the ZLD tanks in this application. NNSAILANS fully . 
supports your intent to advance the permit process, and recognize that submittal of the updated permit 
application is the first step towards timely permit review and issuance. With this in mind, we have 
thoroughly reviewed the detailed list of 19 items and the additional information required by the permit 
application in your November 19, 2011 letter. Our review has conclude~ that with additional resources 
and significant effort, we can commit to deliver the majority of the requested items by February 16, 
2012. However, for the following reasons, we respectfully request that you consider providing us a 
short 45-day extension until April 3, 2012 to submit the following limited items described below: 

• Proposed processes for the operation, inspection and maiiitenance for the facility as it pertains to 
collection lines, treatment units and effluent storage disposal units 

An Equal Opportunity Employer I Operated by Los Alamos National Security LLC for DOE/NNSA 



Mr. James H. Davis 
ENV-D0-12-0001 

-:2- January 17, 2012 

• Procedures and coriective actions for addressing acute failures and long-term maintenance 
issues at the facility 

• · Proposed groundwater monitoring locations for ground water sources most likely to be impacted 
· by intenfa~nal and unintentio~al discharges from the RL WTF. The proposal should identify 

geohydrology of the potentially impacted areas, existing monitoring well locations and 
construction. 

The above technicai documents pertain to ·existing procedures for RL WTF which will require 
significant review and coordination among differing groups at the facility. Procedures for the planned 
ZLD tanks have not been developed. Construction of the ZLD tanks is estimated for the summer of 
2012. Procedures will be available prior to operation of the ZLD system. Further, as a practical matter, 
these procedures must undergo LANL' s unique institutional security review which requires final 
procedures to be submitted for review at least a week prior to public release. Additionally, we 
discussed with NMED staff the challenges of traditional groundwater monitoring approaches for the . 
RL WTF and ZLD tanks in the context of the Laboratory's complex hydrogeqlogy, and understand that 
an alternate approach to groundwater monitoring should be presented in the DP application. 
Development of this approach for inclusion into the application will require additional resources and 
time. We are hopeful that the additional requested time will enable us to submit a complete perm~t 
application, and will facilitate permit review and timely permit issuance. 

Thank you for your consideration of otir request. If you need additional information, feel free to 
contact Robert Beers, LANS at (505) 667-7969 or Gene Turner, NNSA at (505) 667-5794 if you need 
additional information concerning the status of the Laboratory's corrective action activities. 

Sincerely, 

Alison Dorries 
Division Leader 
Environmental Protection Division 
Los Alamos National Laboratory · 

AD:MS:GET/lm 

Cy: Hai Shen, LASO-BO, A316 
Gene Turner, LASO-BO, A316 
Steve Yamcak., LASO-GOV, M894 
Carl A. Beard, PADOPS, Al02 
Michael T. Brandt, ADESH, K491 
Alison Dorries, ENV-DO, K491 
Scotty Jones, ENV-DO, K491 

Sincerely, 

Gene E. Turner 
Environmental Permitting Manager 
Environmental Projects Office 
Los Alamos Site Of;fice 
National Nuclear Security Administration 

An Equal Opportunity Employer I Operated by Los Alamos National Security LLC for DOE/NNSA 



Mr. James H. Davis 
ENV-D0-12-0001 

Cy (continued): 
Randy Johnson, ENV-ES, ESOO 
Mike Saladen, ENV-RCRA, K490, (E-File) 
Robert Beers, ENV-RCRA, K490 
Robert C. Mason, TA-55-DO, E583 
Clifford Kirkland, TA-55 RLW, E518 
Chris Del Signore, TA-55-RLW, E518 
Susan L. McMichael, LC-LESH, A187 
Lisa Cummings, LASO-OC, A3 l 6 
Jonathan M. Block, NMELC, Santa Fe, NM 
Charles de Saillan, NMED, Santa Fe, NM 
Taylor, Valdez, ENV-DO, K404, (E-File) 
ENV-RCRA File, (12-0013) w/enc., M704 
IRM-RMMSO, w/enc., A150 

-3- · January 17, 2012 
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Environmental Safety & Health 
Environmental Protection Division 
P.O. Box 1663, K491 
Los Alamos, New Mexico 87545 
(505) 665-6592/FAX (505) 665-3811 

Mr. Jerry Schoeppner, Acting Chief 
Ground Water Quality Bureau 
New Mexico Environment Department 
Harold Runnels Building, Room N2250 
1190 St. Francis Drive 
P.O. Box 26110 
Santa Fe, NM 87502 

Dear Mr. Schoeppner: 

GROUND WATER 

JAN 2 7 2012 

BUREAU 

National Nuclear Security Administration 
Los Alamos Site Office, A316 
3747 West Jemez Road 
Los Alamos, New Mexico 87545 
(505) 667-5794/FAX (505) 667-5948 

Date: January 24, 2012 
Refer To: ENV-D0-12-0004 

LAUR: 12-10137 

SUBJECT: GROUNDWATER DISCHARGE PLAN (DP-1132) QUARTERLY REPORT, 
FOURTH QUARTER 2011, TA-50 RADIOACTIVE LIQUID WASTE 
TREATMENT FACILITY 

I 

This letter and tables are the fourth quarter 2011 Groundwater Discharge Plan (DP-1132) Report for 
the Technical Area (TA)-50 Radioactive Liquid Waste Treatment Facility (RLWTF) at Los Alamos 
National Laboratory. Since the first quarter of 1999, the US Department of Energy (DOE) and Los 
Alamos National Security, LLC (LANS) have provided your agency with voluntary quarterly , 
reports containing analytical results from effluent and groundwater monitoring. 

During the fourth quarter of 2011, no effluent was discharged by the TA-50 RLWTF through 
National Pollutant Discharge Elimination System (NPDES) Outfall 05lto Mortandad Canyon; all 
effluent was evaporated on-site at the effluent evaporator. 

Quarterly Monitoring Results, Mortandad Canyon Alluvial Groundwater Wells 
Table 1.0 presents the analytical results from sampling conducted at Mortandad Canyon alluvial 
well MCO-7 during the fourth quarter of 2011. No nitrogen samples were collected from alluvial 
well MCO-7 because there was insufficient water in the well. Samples were submitted to General 
Engineering Laboratories (GEL), Charleston, SC, for analysis. All of the analytical results were 
below the New Mexico Water Quality Control Commission (NMWQCC) 3103 standards for 
nitrate-nitrogen (N03-N), fluoride (F), and total dissolved solids (TDS). 

An Equal Opportunity Employer I Operated by Los Alamos National Security LLC for DOE/NNSA 



Mr. Jerry Schoeppner 
ENV-D0-12-0004 

-2- January 24, 2012 

Analytical results from the sampling of intermediate and regional aquifer wells in Mortandad 
Canyon can be accessed online at the Risk Analysis, Communication, Evaluation and Reduction 
(RACER) Web site (www.racernm.com). 

T A-50 RL WTF Effluent Monitoring Results 
Table 2.0 presents the analytical results from the weekly composite sampling of RLWTF effluent 
discharged through NPDES Outfall 051 to Mortandad Canyon. The final weekly composite (FWC) 
samples are flow-proportioned composite samples prepared from each tank of effluent discharged to 
Mortandad Canyon during a 7-day period. Samples are submitted to GEL for analysis. In addition, 
the TA-50 RLWTF analytical laboratory analyzes duplicate FWC samples as part of the 
Laboratory's compliance monitoring program. No FWC samples were collected during the fourth 
quarter of 2011 because no RL WTF effluent was discharged to Mortandad Canyon. 

Table 3.0 presents the final monthly composite (FMC) sample results for N03-N, Cl04 , F, and TDS 
for the fourth quarter of 2011. No FMC samples were collected during the third quarter of 2011 
because no effluent was discharged to Mortandad Canyon. 

Please contact Bob Beers at (505) 667-7969 of the Water Quality and RCRA Group (ENV-RCRA) if 
you have questions concerning this report. 

Sinc.erely, (\
1 

~~~ 
Alison M. Dorries 
Division Leader 
Environmental Protection Division 
Los Alamos National Security, LLC 

AMD:GET:BB/lrp. 

Cy: Hai Shen, LASO-BO, A316 
Gene Turner, LASO-BO, A316 
Steve Yanicak, LASO-GOV, M894 
Carl A. Beard, PADOPS, A102 
Michael T. Brandt, ADBSHQ, K491 
Alison Dorries, BNV-DO, K491 
Scotty Jones, BNV-DO, K491 
Randy Johnson, BNV-BS, B500 
Mike Saladen, BNV-RCRA, K490, (B-File) 
Bob Beers, BNV-RCRA, K490 
Robert C. Mason, TA55-DO, B583 
Cliff Kirkland, TA-55RLW,1910 
Victor Salazar, TA-55 RLW, B518 
Chris Del Signore, TA-55 RLW, B518 
BNV-RCRA File (12-0029), M704 
IRM-RMMSO, A150 

Sincerely, 

~ M!JffJ~ #JI& E. ~ 
Gene E. Turner 
Environmental Permitting Manager 
Environmental Projects Office 
Los Alamos Site Office 
National Nuclear Security Administration 

An Equal Opportunity Employer I Operated by Los Alamos National Security LLC for DOE/NNSA 



Radioactive Liquid Waste Treatment Facility 3ROUND \NATER 
Groundwater Discharge Plan (DP-1132) Quarterly Report 
4th Quarter, 2011 JAN 2 7 2012 

BUREAU 

Table 1.0. Mortandad Canyon Alluvial Well Sam lin , 4th Quarter, 2011. 

MC0-3 F 11/8/2011 0.97 0.332 

MC0-4B F 11/8/2011 6.8 0.855 

MC0-6 F 11/9/2011 4.8 1.24 

MC0-7 F 11/10/2011 7.7 dry 

NM WQCC 3103 Groundwater Sta11dards NA 2 10 mg/L 3 

Notes: 
1All samples filtered with the exception ofTKN. 
2NA means that there is no NM WQCC 3103 standard for this analyte. 
3The NM WQCC 3103 Groundwater Standard is for NOTN. 

J- means that the reported value is expected to be more uncertain than usual with a potential negative bias. 

J+ means that the reported value is expected to be more uncertain than usual with a potential positive bias. 

0.17 

0.22 

0.10 

dry 

NA 2 

J means the reported value is greater than the Method Detection Limit (MDL) but less than the Reporting Limit (RL). 

ENV-RCRA-12-0029 

0.029J 200 0.27 
:--... 

" ( } 
~'-_ .. 

<0.05 264 0.66 

<0.05 284 0.86 

dry 297 0.93 

NA 2 
1000 mg/L 1.6 mg/L 

LAUR-12-10137 



Radioactive Liquid Waste Treatment Facility 
Groundwater Discharge Plan (DP-1132) Quarterly Report 
4th Quarter, 2011 

Table 2.0. RLWTF Final Weekly Composite (FWC) Effluent Sampling, 4th Quarter, 2011. 

October 10/3/11 No Discharge2 

10/10/11 No Discharge 

10/17/11 No Discharge 

10/24/11 No Discharge 

10131111 

November 11/7/11 No Discharge 

11/14/11 No Discharge 

11/21/11 No Discharge 

11/28/11 No Discharge 

December 12/5/11 No Discharge 

12/12/11 No Discharge 

12/19/11 No Discharge 

12/26/11 No Discharge 

4th Quarter 2011 Averages3 

NMWQCC 3103 Groundwater Sta11dards 10 mg!L NA 5 JO mg!L 4 

Notes: 

'Analysis by the TA-50 Radioactive Liquid Waste Treatment Facility's analytical laboratory. 

NA 5 J.6mg!L JOOOmg!L 

2No Discharge means the RL WTF did not discharge effluent through NPDES Outfall 051 during the 7-day period preceding the composite date . 

. 
3 4th quarter 2011 averages include the results from June 2011, if applicable. 
4The NMWQCC Regulation 3103 groundwater standard is for nitrate (N03-N). 
5NA means that there is no NMWQCC 3103 groundwater standard for this analyte. 

ENV-RCRA-12-0029 LAUR-12-10137 
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Radioactive Liquid Waste Treatment Facility 
Groundwater Discharge Plan (DP-1132) Quarterly Report 
4th Quarter, 2011 

October 201 I 

November 2011 

December 2011 

NMWQCC 3103 Gro1111dwater Sta11dards 10 mg/L 

Notes: 
1Analysis by the TA-50 Radioactive Liquid \,\Taste Treatment Facility's analytical laboratory. 
2IC means EPA Method 314.0, perchlorate analysis by Ion Chromatography. 
3NA means that there is no NM WQCC 3103 standard for this analyte. 

ENV-RCRA-12-0029 
r 

---- No Discharges ---· 

---- No Discharges ----

---- No Discharges ----

NA 3 1000 mg/L 1.6 mg/L 

LAUR-12-10137 
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CERTIFIED MAIL - RETURN RECEIPT REQUESTED 

January 27, 2012 

Anthony R. Grieggs, Group Leader 
Environmental Protection Division 
Water Quality & RCRA (ENV-RCRA) 
P.O. Box 1663, Mail Stop K490 
Los Alamos, NM 87545 

DAVE MARTIN 
Cabinet Secretary 
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~ r Anthony R. Griggs, GrOUJi 
Environmental Protection\ 
Water Quality & RCRA q 
PO Box 1663, Mail Stop~ 
Los Alamos, NM 87545 · 

-cO 
Cl 
Cl 
r-

RE: Approval of Time Extension to Submit Application, DP-1132, Radioactive Liquid 
Waste Treatment Facility (RL WTF) 

Dear Mr. Grieggs: 

On November 18, 2011, the New Mexico Environment Department (NMED) notified Los 
Alamos National' Laboratory (LANL), by certified mail (copy enclosed), that a complete and 
current Discharge Permit application for the RLWTF was required to be submitted within 90 
days (by February 16, 2012). On December 9, 2011, NMED received your request for a 90-day 
time extension to submit the required Discharge Permit application, which was denied on 
December 30, 2012. A request for a 45-day extension for submittal of certain portions of the 
application was submitt~d to NMED, via e-mail on January 18, 2012 (copy enclosed). LANL 
may not discharge to the Zero Liquid Discharge Evaporative Tanks prior to NMED's approval 
which may be delayed due to the timeframe in which a full application for the RL WTF is 
received and reviewed by NMED. NMED hereby approves a 45-day extension (due by April 
1, 2012) to submit the three elements specifically referenced in LANL's letter dated 
January 17, 2012. All other elements for the Discharge Permit application are required to 
be submitted to NMED by February 16, 2012. 



·Anthony Grieggs, DP-1132 
January 27, 2012 
Page 2 of3 

If you have any questions regarding this matter, please contact Clint Marshall, Program Manager 
of the Ground Water Pollution Prevention Section, at 505-827-0027 or Jennifer Fullam at 505-
827-2909. 

James H. Davis, Ph.D. 
Director, Resource Protection Division 

JD:JF 

enc: Letter from NMED to LANL requiring Discharge Permit application, dated November 
18, 2011 

E-mail (dated January 18, 2012) from Bob Beers, ~ANL, with attachment (dated January 
17, 2012) requesting extension 

cc: James Bearzi, NMED SWQB (w/o enclosures) 
Richard Powell, NMED SWQB (w/o enclosures) 
John Kieling, NMED HWB (w/o enclosures) 
Steven Yanicak, NMED-DOE-Oversight Bureau (w/o enclosures) 
Hai Shen, LASO-EO, Los Alamos National Laboratory, A316, Los Alamos, NM 87545 

(w/o enclosures) 
Gene Turner, LASO-BO, Los Alamos National Laboratory, A316, Los Alamos, NM 

87545 (w/o enclosures) 

Michael T. Brandt, ADESH, Los Alamos National Laboratory, K491, Los Alamos, 
NM 87545 (w/o enclosures) 

Carl A. Beard, PADOPS, Los Alamos National Laboratory, Al02, Los Alamos, NM 
87545 (w/o enclosures) 

J. Chris Cantwell, ADESHQ, Los Alamos National Laboratory, K491, Los Alamos, 
NM 87545 (w/o enclosures) 

Randy Johnson, ENV-ES, Los Alamos National Laboratory, E500, Los Alamos, NM 
87545 (w/o enclosures) 

Michael Saladen ENV-RCRA, Los Alamos National Laboratory, K490, Los Alamos, 
NM 87545 (w/o enclosures) 

Robert Mason, TA-55-DO, Los Alamos National Laboratory, E583, Los Alamos, NM 
87545 (w/o enclosures) 

Hugh McGovern, TA-55-RLW, Los Alamos National Laboratory, E518, Los Alamos, 
NM 87545 (w/o enclosures) 

Pete Worland, TA-55-RLW, Los Alamos National Laboratory, E518, Los Alamos, 
NM 87545 (w/o enclosures) 



· Anthony Grieggs, DP-1132 
January 27, 2012 
Page 3 of3 

Susan L. McMichael, LC-LESH, Los Alamos National Laboratory, A187, Los 
Alanios, NM 87545 (w/o enclosures) 

Bob Beers, ENV-RCRA, Los Alamos National Laboratory, K490, Los Alamos NM, 
87545 (w/ enclosures) 

Jon Block, Staff Attorney, New Mexico Environmental Law Center, 1405 Luisa 
Street, Ste. 5, Santa Fe, NM 87505(w/ enclosures) 

Joni Arends, Executive Director, Concerned Citizens for Nuclear Safety, 107 Cienega 
Street, Santa, Fe, NM 8750l(w/ enclosures) 

-;;;==.r=;;.~ 
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ru Anthony R. Griggs, Grou 
ru Environmental Protectio 
g Water Quality & RCRA 
l"'- PO Box 1663, Mail Stop 

Los Alamos,.NM 87 545 

PS Funn 3000, .juno 20D?. · · ' 

RE: Response to Notice of Intent to Discharge and Discharge Permit R,equired for Zero Liquid 
Discharge Tanks, AI 856: PRDZ-0070004 and Updated Application Siib:roittal Required for 
the Radioactive Liquid Waste Treatment Facility (RLWTF), DP"1~32 

Dear Mr. Grieggs: 

The Ground Wate1· Quality Bureau of the New Mexico Envi1"011111e11t Deprutment (NMED) received a 
Notice of Intent from Los Alamos National Laboratory (LANL) on November 8, 2007 for the facility 
referenced a~ove. NMED responded in writing with a request for additional info11nation which required 
LANL to submit 60% plans and specifications for. the pl'oposed structurei information pertaining to 
ground water which may be impacted should a release occur, operation and mainten.a11ce procedures for 
the tanks, information oti the potential concentration of the wastestream due to evaporation, and seismic 
studies for the area in which the tatu\'.s are to be constructed. NMF...D received a response to the 
requested information from LANL on September 15, 2008 which provided most of the requested 
information and stated that plans and specifications would be submitted once available. NMED 
received the plans and specifications for the evaporative tanlcs 011 August 19, 2011 along with an 
addendum dated October 19, 2011. The notice describes LANL's intent to discharge up to 3.6 rnilBon 
gallons annually of treated effluent from the RLWTF to two evaporative concrete tanks equipped with 
synthetic liners a11d leak detection syst-ems. The total ope1·atfog volume of the tanks is approximately 
754,036 gallons (100,800 cubic feet). The notice, along with the subsequent information submitted 1.lpon 
NMED's request, satisfies the requirements of Subsection A of20.6.2.1201 New Mexico Administrative 
Code (NMAC) of tlie New Mexico Water Quality Control Commission (WQCC) Regulations, 20.6.2 
NMAC. The proposed discharge is located within the boundaries of Los Alainos National Laboratory at 



Anthony Grieggs, AI856: PRD20070004 
November 18, 2011 
Page2 of5 

35°51'37"N, 1_06°16'57"W, approximately 2.5 miles southeast of Los Alamos in Secti911_23, Township 
19N1 Range 06E, Los Alamos County. 

NMED has reviewed the information provided in accordance with Subsection D of20.6.2.1201 NMAC 
and because the proposed evaporative tanks contain an effluent or leachate which may move directly or 
indirectly into ground water, NMED has determined that a Discltarge Permit is required for tile 
proposed discharge. NMED considers the proposed evaporative tanks to be a compo11ent of the 
RLWTF, therefore they must be included in the Discharge Pennit for this facility. 

A:ny appeal of this determination that a Discharge Permit is required must be made to the New Mexico 
WQCC within 30 days of receipt of thls letter, in accordance with Subsection B of20.6.2.3112 NMAC. 
A copy of the WQCC Regulations, 20.6.2 NMAC, is available at 
http:/ /www.mncpr.state.nm.us/nmac/ title20/T20C006 .htm. 

Upon further review of the file for the RLWTF, NMED has noted the following: 

• An application for a Discharge Permit was submitted to NMED on April 16, 1996 for the discharge 
of 41,770 gallons per day of treated low level radioactive wastewate1· from the RLWTF to a tributaty 
ofMortandad Canyon (referred to as Effluent Canyon). 

• The application ide11tified potential upgrades to the system which were to enhance the treabnent 
process and provide altemate discha~·ge capabilities fo1· 'the facility. 

• The ll·eated effluent from the RLWTF is currentiy authorized to be discharged to ail outfall (Outfall 
051) under a United States Environmental Protection Agency (EPA) National Pollutant Discharge 
Elimination System (NPDES) Permit (NM0028355) last issued on August 1, 2007, and subsequently 
modified on July 17, 2007, May 13, 2011, and October 11, 2011. 

• Numerous Notices of Plaimed Changes have been submitted to EPA for treatment system upgrades 
and facility changes under the NPDES Pe1mit for Outfall 051. Copies of these notices were 
submitted to NMED on the following dates: April 21, 1998, March 18, 1999, April 3, 2000, June 1~, 
2000, May 7, 2002, March 141 2003, April 18, 2003, January 12, 2004, May 14, 2007, May 6, 2008, 
Augi.ist 19, 2010, September 16, 2010, and Februm:y 23, 2011. 

• fa addition to the Notices of Planned Changes, numerous 11otices concerning minor modifications to 
the facility have been submitted to NMED as addendums to the original Discharge PeLtnit 
application. NMED received copies of these submissions which were dated Marcl1 23,. 1999, 

·December 8, 2000, November 8, 2007, August 25, 2010, S~t~1nber 27, 2010, December 15, 2010, 
and March 22, 2011. · 

• NMED has engaged in numerous meetingsi inspectio11s and written correspo11de11ce regarding the 
RL WTF in order to compile accurate information on the facility in preparation for chafting a 
Discharge Permit that will accurately reflect the activities con.ducted at the RLWTF. 

• In September 2003, a draft of Discharge Permit DP~1132 was sent to LANL which was subsequently 
Public Noticed on April 18, 2005t beginning a 30-day comment period. 

1> On April 27, 2005, in response to multiple requests from interested parties, a second public comment 
period was granted 011 the proposed Discharge Permit (extending the comment period for 
approximately 90 days, until August 4, 2005). 
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o NMED received comments and requests for a public heaJ:ing regarding the dwft Discharge Pen.nit 
from both interested parties and LANL. 

" Through continued discussions with LANL, correspondence, site inspections and the above 
i·eferenced Notice of Iiltent, it has become apparent that the facility has sigt.ufica:ntly modified 
treatment processes, discharge volumes and locatio11s of the discharge when compared to the original 
application submitted to NMED on August 16~ 1996. 

• As it pertains to any future Discharge Permits to be issued by the NMED Ground. Water Quality 
Bureau (OWQB), this facility has been determined to include the central influent collectio11 lines 
leading to the RL WTF, all components which are part of the wastewater treatment process and all 
locations where the treated wastewater is disposed, including all surface discha:i:ges as well as nonM 
sm·face discharges such as evaporative tanks (as descdbed in the above referenced Notice of Intent). 
This dete1minatio11 by the NMED-GWQB is based o.n ·information provided in the original" 
application for a Discharge Permit along with subsequent information p1·ovided to NMED by LANL. 

Given the extensive and fractured exchange of infonnation c011cerning this facility, along with changes 
at the RL WTF that have occurred during the lengthy permitting process and planned future changes~ 
NMED views LANL' s August 16, 1996 Discharge Permit application to be inconsistent with the cU.tl'ent. 
and planned discharge activities associated with the RLWTF. Therefore, NMED requires that LANL 
submit a comprehensive and up-to-date Discharge Permit application for the RLWTF within 90 
days of th-e date_ of this letter (by February 16, 2011). 

When submitted1 the application (copy enclosed) slmµld be completed in its entil'ety and specifically 
address the following: 

o The estimated volumes, sources (teohnical area and building) and wastestrea.tn characteristics of all 
influent wastewater that LANL receives, or intends to receive, at the R.L WTF. 

e A descripti.on of the conveyance methods us_ed to transport-wastewater to the RLWTF for each 
source. . • 

a A description of waste characterization and m.etering systems used to deter11·J..hi.e.influe~t w~st~~tream 
characteristics and vohunes entering the RLWTF. · 

• A description of tl1e review and amendment process for LANL's internal Waste Acceptance Criteria 
(WAC) for all incomillg wastewater received at the RLWTF. This should include LANL's procr;iss 
for ensuring the WAC relates to the current treatment tec1111ologies and processes. · 

e A description of operational procedures for receiving wastes from each generator. 
o A schematic of the treatment process :i11 its entirety for each wastestream (from collection to final 

disposal). 
o Descriptions, locations, construction materials and sizing for each oompo11e11t of the tt·eattnent . 

prqcesses for ea.oh type ofwastestream being treated at the RLWTF. 
• Descriptions, locations and designs for all secondary storage and auxillary emergency units intended 

to receive, treat or store wastewater received at the facility. 
• Proposed processes for the operatiori, inspection and maintenance for the facility as it pertains to the 

collection lines, treatment units and effluent storage disposal ·units, 
o Procedures and corrective actions for addressing acute failures at the facility. 
11 Procedures and corrective actions for addressing long-term maintenance issues ~t the facility. 
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• Record drawings for all components of the facility, if availa~le. 
• Constn.10tion plans and specifications fo1· all components of the facility which are w1der co11st11.iotion 

or ru·e prop.osed for construction. 
• A proposed efflueJJ.t monitoring plan, identifying analytes and sa:inple locations/frequency. The 

proposal should consider discharge frequencies, i.ncoming waste ohai·aoteristics and the constituents 
listed ui1der 20.6.2.3103 NMAG and Subsection WW of 20.6.2.7 NMAC. 

e Proposed fl.ow and metering systems used to determine effluent discharge volumes fo1· each of the 
discharge locations. 

• Proposed .gro1md water monitoring locations for ground watei· sources most likely to be impacted by 
fotentional and unintentional discharges from the RL WTF, The proposal should identify 
geohydrology of the potentially impacted areas, existing mo11itoring well locations and construction. 

• Actions which LANL would implement should partial or full closul"e of fue facility ocm1r. 
• A scaled facility plan showing the facility's components including influent collection lilles, storage 

units> major tr~atment units a11d disposal units. 
• All other infonnation sought in NMED's applicatfon for Discharge Pennit Sections A through C. 

Please note tl:i.at fo1· the purposes of public notification, the "discharge site" as it relates to this 
facility encompasses the central collection system lines, the treatment and storage facilities and all 
discharge locations for the tJ:eated effluent. 

When submitting the comprehensive and up-to-date Discharge Permit application, you must complete 
and submit three copies along with the $100 filing fee. 

If you have any questions} please contact either fonnifer Fullll.l11 at (505) 827-2909 or Clint Marshall, 
Acting Program Manager of the Ground Water Pollution. Prevention Section, at (505) 827-0027. 

James H. Davis, Ph.D. 
Director, Resource Protection Division 

JD:JF 

Enc: Applying for a Discharge Pennit: General Information 
Discharge Permit Application 

cc: Robert Italiano, District Manager, NMED District II (w/o enclosures) 
NMED Santa Fe Field Office (w/o enclosures) 
DP Required File (w/o enclosures) 
James Bearz4 NMED SWQB (w/o enclosures) 
Richard Powell, NMED SWQB (w/o enclosures) 
John Kieling, NMED HWB (w/o enclosures) 
Steven Yanioak, NMED-DOE-Oversigh.t Bureau (w/o enclosures) 
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Hai Shen, LASO"EO, Los Alamos National Laboratory, A316, Los Alamos, NM 87545 (w/o 
enclosures) 

Gene Turner, LASO-BO, Los Alamos Na:tional Laboratory, A316, Los Alamos, NM 87545 
(w/o enclosures) 

Eric Tmjillo, LASO~NSM, Los Alamos National Laboratory, A316, Los Alamos) NM 87545 
(w/o enclosures) 

Carl A. Beard, PADOPS, Los Alamos National Laboratory, A102, Los Alamos, NM 87545 
(w/o enclosures) 

J. Chris Cantwell, ADESHQ, Los Alamos National Laboratory, K491, Los Alamos, NM 
87545 (w/o enclosures) 

Randy Johnson, ENV-ES, Los Alamos National Laboratory, E500, Los Alamos, NM 87545 
(w/o enclosui-es) 

Michael Saladen BNV-RCRA, Los Alamos National Laboratory, K490, Los Alamos, NM 
87545 (w/o enclosures) 

Robert Mason, TA"SS-DO, Los Alamos Natio11al Laboratory, E583, Los Alamos, NM 87545 
(w/o enclosures) 

Hugh McGovern, TA-55-RLW, Los Alamos National Laboratory, BS18, Los Alamos, NM 
87545 (w/o enclosures) 

Pete Worland, TA"SS~RLW, Los Alamos National Laboratory, E518, Los Alamos, NM 
87545 (w/o enclosures) 

Keith Orr, PJ\llF"FUNCT, Los.Alamos National Laboratory~ M984, Los Alamos, NM 87545 
(w/o enclosures) 

Roy Maestas, CM-STRS, Los Alamos National Laboratory, P299, Los Alrunos, NM 87545 
(w/o euclosures) 

.Toe Brophy~ PMF~FUNCT Los Alamos National Laboratory, P137, Los Ala.mos, NM 87545 
(w/o enclosures) 

Ed Artig1ia, ES"PE, Los Alamos National Laboratory, P137, Los Alamos> NM 87545 (w/o 
enclosures) 

Bob Beers, ENV-RCRA, Los Alamos National Laboratory, K490, Los Alamos NM, 87545 
(wl enclosures) 



Fullam, Jennifer, NMENV 

From: 
Sent: 
To: 
Cc: 

Subject: 
Attachments: 

Jennifer, 

Beers, Robert S [bbeers@lanl.gov] 
Wednesday, January 18, 2012 3:27 PM 
Fullam, Jennifer, NMENV 
George, Robert, NMENV; Marshall, Clint, NMENV; Schoeppner, Jerry, NMENV; Turner, Gene 
E.; Saladen, Michael T 
Request for a Short Time Extenslon_DP-1132 Discharge Permit Application 
DP-1132 RLWTF 45 day Extension Request.pdf 

Please find the attached request from the National Nuclear Security Administration (NNSA) and Los Alamos National 
Security., LLC (LANS) for a short time .extension for specific items in Discharge Permit Application DP-1132. 

A hard copy of this request is also being sent by postal mail. 

Sincerely, 

Bob Beers 
. Water Quality & RCRA Group 
Los Alamos National Security, LLC 

1 
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Environmental Safety & Health 
Environmental Protection Division 
P.O. Box 1663, K491 
Los Alamos, New Mexico 87545 
(505) 665-6952FAX (505) 665-3811 

Mr. James H. Davis, Director 
Resource Protection Divisio~ 
New Mexico Environment Department 
Harold Runnels Building 
1190 St. Francis Drive 
P.O. Box 5469 
Santa Fe, NM 87502-5469 

Dear Mr. Davis: 

National Nuclear Security Ad/rlinistration 
Los Alamos Site Office, A3 J 6 
374 7 West Jemez Road 
Los Alamos, New Mexico 87545 
(505) 667·5794/FAX (505) 667·5948 

Date: January 17, 2912 
Refer To: ENV-D0-12-0001 

LAUR: 12-10069 

SUBJECT: REQUEST FOR CONSIDERATION OF SHORT TIME EXTENSION FOR 
SPECIFIC ITEMS FOR PERMIT APPLICATION DP-1132, RADIOACTIVE 
LIQUID WASTE TREATMENT FACILITY (RLWTF) AND ZERO LIQUID 
DISCHARGE EVAPORATIVE TANKS (ZLD) 

On January 3; 2012; the National Nuclear Security Administration (NNSA) and Los Alamos National 
Security, LLC (LANS) for the Los Alamos National Laboratory received your response denying our 
request to extend the deadlin~ to subm~t a Discharge Permit (DP) application for the RL WTF and the 
proposed Zero Liquid Discharge Evaporative Tanks (ZLD). This request followed your November 19, 
2011 letter requiring NNSAILANS to submit a comprehensive and up-to-date permit DP application by 
February 16, 2012 for RL WTF, and to include the ZLD tanks in this application. NNSAJLANS fully 
supports your intent to advance the permit process, and recognize that submittal of the updated permit 
application is the first step towards timely permit review and issuance. With this in mind, we have 
thoroughly reviewed the detailed list of 19 items and the additional information required by the permit 
application in your November 19, 2011 letter. Our review has concluded that with additional resources 
and significant effort, we can commit to deliver the majority of the requested items by February 16, 
2012. However, for the following reasons, we respectfully request that you consider providing us a 
short 45-day extension until April 3, 2012 to submit the following limited items described below: 

• Proposed processes for the operation, inspection and maintenance for the facility as it pertains to 
collection lines, treatment units and effluent storage disposal units · 

An Equal Opportunity Employer I Operated by Los Alamos National Security LLC for DOE/NNSA 



Mr. James H. Davis 
ENV-D0-12-0001 

January 17, 20~2 

• 
•' ~ '• 0 ' ' •: ,°• '• , , I , I 

Procedures and ~~;~ic~1ve actions for addressing acute failures and long-term maintenance . : 
issues at the facility · 

• Proposed groundwater monitoring locations for ground water sources most likely to be impacted 
·by' intentional and linhiteri.tiona1 discharges from the RLWI'F. The proposal should identify· ·" 
geohydrology of the potentially impacted areas, existing monitoring welllocatiOns and · · · 
construction. · · · · · · · · ": · ·· · ... : . 

... : ·. 

The above t~chnical documents pertafu to existing procedures for RL WT~ which wi'il req~rr~ 
significant review and coordination among differing groups at the facility. Procedures for the planned 
ZLD tanks have not been developed. Co~truction of the ZLD tanks is estimated for the summer of 
2012. Procedures Will be available prior to·operationofthe ZLD system. Further, as a practical matter, 
these procedures must undergo LANI/ s Unique institutional security review which require~ final 
procedures to be submitted for review at least a week prior to public release. Aciditionally, w~ . . 
discussed with NMED staff the challenges of traditional groundwater monitoOO,g approaches ·far.the ·· 
RLWTF and ZLD tanks in the context of the Laboratory's complexhydrogeolog)r, and uiiders~d.~hat 
an alternate approach to groundwater monitoring should be presented in the DP ·application. . · . . · 
Development of this approach for inclusion into the application will require additiOnhl :re~ource-s and 
time. We are hopeful that the additional requested time will enable us to submit a compi~ie perin~t · 
application, and will facilitate permit review and timely perm.it issuance. · 

Thank you for your consideration of our request. If you need additional information, feel :fr~e to 
contact Robert Beers, LANS at (505) 667-7969 or Gene Tum.er, NNSA at (505) 667-5794 if you need 
additional information concerning the status of the Laboratory's corrective action activities. . . . 

Sincerely, 

/), < CJ 
~·(A;,\~·· 
Alison Dorries 
Divisfon Leader 
Enviroiim~nful Protection Division 
Los AJaincis:National Laboratory · 

AD:M~f:GET/lm 

Cy: Hai Shen, LASO-BO, A3 l 6 
Gene Tupier, LASO-BO, A316 
Steve Yanic~ LASO-GOV, M894 
Carl A. Beard, P ADO PS, Al 02 
Michael '.f, Brandt, ADESH, K491 
Alison Domes, ENV-DO, K491 
Scotty Jones, ENV-DO,'K491 

Sincerely, 

··~~ .. ~·· 
Gene E. Turner . 
Envil-9nmental. Pemiltting Manager 
Envir9nmental Projects Office 
Los Aiamos Site Office 
National 'Nuclear Security Administration 

An Equal Opportunity Employer I Operated by Los Alamos National Security LLC for DOE/NNSA 



Mr. James H. Davis 
ENV-D0-12-0001 

Cy (continued): 
Randy Johnson, ENV-ES, E500 
Mike Saladen, ENV-RCRA, K490, (B-File) 
Robert Beers, ENV -RCRA, K490 · 
Robert C. Mason, TA-55-DO, E583 
Clifford Kirkland, TA-55 RLW, E518 
Chris Del Signore, TA-55~RLW, E518 
Susan L. McMichael, LC-LESH, Al87 
Lisa Cummings, LASO-OC, A316 
Jonathan M. Block, NMELC, Santa Fe, NM 
Charles de Saillan, NMED, Santa Fe, NM 
Taylor, Valdez, ENV-DO, K404, (E-File) 
ENV-RCRA File, (12-0013) w/enc., M704 
IRM-RMMSO, w/enc., A150 

-3- · January 17, 2012 

An Equal Opportunity Employer I Operated by LQs Alamos National Security LLC for DOE/NNSA 



Fullam, Jennifer, NMENV 

From: 
Sent: 
To: 

Beers, Robert S [bbeers@lanl.gov] 
Thursday, February 02, 2012 9:28 AM 
Fullam, Jennifer, NMENV 

Subject: RE: Request for a Meeting w/GWQB and_HWB RE: R-28 DP Application 

Thanks, see you then. 

Bob 

From: Fullam, Jennifer, NMENV [mailto:Jennifer.Fullam@state.nm.us] 
Sent: Thursday, February 02, 2012 9:11 AM 
To: Beers, Robert S 
Subject: RE: Request for a Meeting w/GWQB and HWB RE: R-28 DP Application 

Bob, 

It looks like the 21st at 3:00 here in the Ground Water Bureau should work for everyone. Thanks. 

Jennifer Fullam 
Environmental Scientist 
Ground Water Duality Bureau 
New Mexico Environment Department 
505.827.2909 
jennifer.fullam@state.nm.us 

· From: Beers, Robert S [mailto:bbeers@lanl.gov] 
Sent: Tuesday, January 31, 2012 3:22 PM 
To: Fullam, Jennifer, NMENV 
Cc: Saladen, Michael T; Cobrain, Dave, NMENV; Lynnes, Kathryn D; Turner, Gene E.; Maggiore, Peter; Lamb, Melanie J; 
·Dorries, Alison M; Jones, Scotty Wayne; George, Victoria A; Grieggs, Anthony R 
Subject: RE: Request for a Meeting w/GWQB and HWB RE: R-28 DP Application 

Jennifer, 

Sorry for the delay in getting back with. 

If the date/time, February 21, 2012 at 3:00pm, is still available then that would be our preference. 

Sincerely, 

Bob Beers 
Water Quality & RCRA Group 
Los Alamos National Security, LLC 
505-667-7969 

From: Fullam, Jennifer, NMENV [mailto:Jennifer.Fullam@state.nm.us] 
Sent: Thursday, January 26, 2012 8:22 AM 
To: Beers, Robert S 
Cc: Saladen, Michael T; Cobrain, Dave, NMENV 
Subject: RE: Request for a Meeting w/GWQB and HWB RE: R-28 DP Application 

1 



Bob, 

It looks like late afternoon on the following dates would work the best for NMEO-GWQB (and perhaps HWB). 

February 21, 2012 at 3:00pm 
February 23, 2012 at 2:00 pm 
February 27, 2012 at 2:00 pm 
February 28, 2012 at 3:00 pm 

Let me know if any of these dates and times work for LANL. Thanks. 

Jennifer Fullam 
Environmental Scientist 
Ground Water Duality Bureau 
New Mexico Environment Department 
505.82l2909 
jennifer.fullam@¥_f£!J!:nm.us 
From: Beers, Robert S [mailto:bbeers@lanl.gov] 
Sent: Tuesday, January 24, 2012 4:01 PM 
To: Fullam, Jennifer, NMENV · 
Cc: Saladen, Michael T 
Subject: Request for a Meeting w/GWQB and HWB RE: R-28 DP Application 

Hi Jennifer, 

We are in receipt of Mr. Davis' January 13, 2012, letter(attached) informing Los Alamos National Security, LLC (LANS) 
that the Discharge Permit application submitted on December 22, 2011, contains insufficient information for the NMED 
to proceed with the issuance of a Discharge Permit. 

LANS and the US Department of Energy/National Nuclear Security Administration (NNSA) would like to meet with GWQB 
staff and HWB staff (Mr. Dave Cobrain) to discuss the NMED's request for supplemental information covering all 
potential temporary on-site treatment and discharge activities associated with contaminated groundwater which is 
intended to be land applied. 

Would you please arrange a meeting at your Santa Fe office,. at a time convenient for NMED attendees, during the 
weeks of either Februar\l 21-23 or February 27-March 1. Thank you. 

Sincerely, 

Bob Beers 
Water Quality & RCRA Group 
Los Alamos National Security, LLC 
505-667-7969 

2 



New Mexico Environment Department 
Ground Water Quality Bureau 

., 
Ackno'wledgement of Receipt 

reviewer's initials D 
~~in.L.Ul~~~~;Et:- hereby acknowledge receipt of GWQB - Date of Receipt 

Check No.~ 5 l tao dated (). ~o~ - /.;;). 
received in the amount of$ /CJO. o() ; or 

cash received in the amount of$ ·;-----.,---lt---

fr o \. 

Al ID: ------
Activity ID Number: PRO ---------

Administrative Fees Other Fees · 

GROUND WATER 

FEB 16 ·2012 

BUREAU 

D $15.00 per poster: ~ $100.00 application filing fee 

Permit Fees # poster(s). ___ x $15.00 = $· ____ _ 

D new facility 

D renewal or renewal/modification 

D modification fee = $ -------

~tl=~dre~:~:!:~~::~:i::VIRbNMENTAL DEPT 
.·oF .,; GROUND.WATER QUALiTY BUREA.U 

po·sox 5469 · 
·SANTA FE, NM 87502 

~;,~:)'.;'.\ ~:i_ _____ _ 

D $150.00 temporary permission 

D Other: $ _____ _ 

Explain:-------------

02./06/12 

$ *******100.00 



'f.v-lltiwl %t!S / ;td')/ h/l&::is / t/f.J/1.-./!4#t tfln.411.s I 2tJ/I 5ht,A,,:; /Jp;'J! 
... ... ' ~ 

Fullam, Jennifer, NMENV 

From: 
Sent: 
To: 
Cc: 
Subject: 
Attachments: 

Jerry, 

Fullam, Jennifer, NMENV 
Friday, February 10, 2012 3:05 PM . 

Schoeppner, Jerry( NMENV 
Marshall, Clint, NMENV 
2011 LANL Status Report 
LANL 2011 GWQB Status Report 021012.docx 

Here is what I wrote up. Please verify it with Clint and/or Robert if you can. Thanks. 

Jennifer Fullam 
Environmental Scientist 
Ground Water Duality Bureau 
New Mexico Environment Department 
505.827.2909 ' 
jennifer.fullam@state.nm.us 

1 



Los Alamos National Laboratory has numerous operations in which discharges of wastewater to the 

environment occur. Although several regulatory agencies oversee activities at the Laboratory and the 

Ground Water Quality Bureau works in collaboration with other Federal and State agencies (as well as 

other Bureaus within NMED) to ensure appropriate regulatory oversight and reduce dual regulation 

where applicable. Because of the extent of LAN L's operations under the U.S. Department of Energy, 

there is considerable public interest {and subsequently concern) as it pertains to environmental 

protection. 

Unplanned and unauthorized releases into the environment are reported to NMED under 20.6.2.1203 

NMAC to which NMED reviews and responds to corrective actions taken by LANL. In 2011, NMED 

responded to 30 reportable releases. For planned discharges, NMED responded to three Notices of 

Intent for proposed discharges at the facility during 2011. Two of the proposed discharges were 

determined to not require a Discharge Permit while one was determined to require a Discharge Permit 

based on the potential threat to ground water. LANL currently has four discharges which have been 

deemed to be under the authority of the WQCC regulations 20.6.2 NMAC and are in various stages of 

the permitting process. The status of each is as follows: 

(DP-1132) Radioactive Liquid Waste Treatment Facility (RLWTF) - Given the extensive and fractured 

exchange of information concerning this facility, along with chcinges at the RLWTF that have occurred 

during the lengthy permitting process and LAN L's planned future upgrades to the facility, NMED deemed 

the original Discharge Permit application (April 1996) to be inconsistent with the current and planned 

discharge activities associated with the RLWTF. NMED has required LANL submit a comprehensive and 

up-to-date Discharge Permit application for the RLWTF by February 16, 2011. NMED has been in 

negotiations with the Hazardous Waste Permit to which the Discharge Permit is a critical element of as it 

pertains to the regulatory oversight of the RLWTF. 

(DP-857) Sanitary Waste Water System (SWWS)-NMED received an application for renewal and 

modification of the Discharge Permit in July 2010. The facility is the central domestic wastewater 

treatment system for domestic wastewater generated at the Laboratory and discharges to permitted 

NPDES outfalls or recirculates the treated effluent through other process control systems at the 

laboratory. The previous Discharge Permit for this facility expired on April 7, 2003 however; LANL has 

will continue operations under the expired permit until a new Discharge Permit is issued. NMED staff 

are working on the draft Discharge Permit which is anticipated to be sent out for public comment in 

2012. 

(DP-1589) Septic Tank/Leachfield Systems: LANL has numerous facilities which are not connected to the 

central SWWS and still discharge domestic wastewater to multiple treatment and disposal systems 

throughout the Laboratory. NMED has determined that these discharges are under the authority of the 

WQCC Regulations 20.6.2 NMAC and are required to be regulated under a Ground Water Discharge 

Permit. LANL submitted a Discharge Permit application in April 2006 and NMED has been in ongoing 

communication with LANL to obtain information on the extent of the systems in order to draft a 

Discharge Permit. There have been several updates and modifications from the original application to 

which NMED required an updated application be submitted. LANL submitted the an updated 



application in 2010 to which NMED has been working on drafting a Discharge Permit. It is anticipated 

that a draft Discharge Permit will be sent out for public comment in 2012. 

(DP-1793) On-site treatment of contaminated ground water- Upon review of a Notice of Intent 

submitted to NMED, for the on-site treatment and land application of contaminated ground water, 

NMED has determined that such processes and discharges are required to be regulated under a Ground 

, Water Discharge Permit. LANL submitted a Discharge Permit application in December 2011 and NMED 

is currently in the process of acquiring additional information from LANL in order to draft a Discharge 

Permit. 



Fullam, Jennifer, NMENV 

From: 
Sent: 
To: 

Beers, Robert S < bbeers@lanl.gov> 
Monday, February 13, 2012 3:19 PM 
George, Robert, NMENV 

'i Fullam Docs 030714 I caseloads I LANL I 
DP1132 TA-50 RLWTF I DP1132 Emails 

\_ -·-. . ··-·----·· ·-·-. .. ............... -·· .................. . 

Cc: 
Subject: 

Fullam, Jennifer, NMENV; Saladen, Michael T; Artiglia, Edward W 
ZLD Evaporation Tank Liners 

Hi Robert, 

I apologize for the short notice. It was my intention to give you a longer lead. 

The subcontractor installed the liner in the east Zero Liquid Discharge (ZLD) Solar Evaporation Tank last 
Friday. The liner (bottom pad and the 40 mil liner) for the west ZLD Solar Evaporation Tank is scheduled to be 
installed tomorrow, Tuesday, February 14. The inter membrane and the top liner (60 mil) will be installed 
later this week. 

If you would like to visit the construction site, the following safety PPE are required: 

e Construction boots 

• SafetVvest 
tt Safety glasses 

• Hard hat 

We can provide all PPE, as needed, except the construction boots. 

Please let me know if you would like to conduct a site visit. 

Sincerely, 

Bob Beers 
Water Quality & RCRA Group 
Los Alamos National Security, LLC 
505-667-7969 

1 



Fullam, Jennifer, NMENV 

From: 
Sent: 
To: 

Beers, Robert S <bbeers@lanl.gov> 
Tuesday, February 14, 2012 9:33 AM 
George, Robert, NMENV 

Fullam Docs 030714 /caseloads I LANL I 
DP1132 TA-50. RLWTF I DP1132 Emails 

Cc: 
Subject: 

Fullam, Jennifer, NMENV; Saladen, Michael T; Artiglia, Edward W 
RE: ZLD Evaporation Tank Liners 

Robert, 

Yes, we are documenting the liner installation with photographs. 

Bob 

---------
From: George, Robert, NMENV [mailto:robert.george@state.nm.us] 
Sent: Tuesday, February 14, 2012 8:15 AM 
To: Beers, Robert S 
Cc: Fullam, Jennifer, NMENV; Saladen, Michael T; Artiglia, Edward W; Knutson, Gerald, NMENV; Marshall, Clint, NMENV 
Subject: RE: ZLD Evaporation Tank Liners · 

Bob, 

Thanks for keeping us in the loop on this. It's unlikely that I will be able to get away for the next several weeks, but 
Jennifer and Jake were discussing the possibility of a trip up to see the liner installation. They will coordinate with you if 
they are available for a site inspection during the liner install, so please keep them both in the loop as thing unfold. If no 
one from NMED is able to make it up there, we would be appreciative if you could collect photographic documentation 
of the liner installation to include with the record drawings for the facility (I am assuming that this is already being done 
by the Lab for its own records). Let me know if you need anything from us in the short-term. Thanks again. 

Robert J. George 
Domestic Waste Team Leader 
New Mexico Environment Department 
Ground Water Quality Bureau 
P. 0. Box 5469 
Santa Fe, New Mexico 87502-5469 
(505) 476-3648 

From: Beers, Robert S [mailto:bbeers@lanl.gov] 
Sent: Tuesday, February 14, 2012 8:05 AM 
To: George, Robert, NMENV 
Cc: Fullam, Jennifer, NMENV; Saladen, Michael T; Artiglia, Edward W 
Subject: FW: ZLD EvaporationTank Liners 

Robert, 

The subcontractor installing the liner at the TA-52 ZLD Solar Evaporation Tanks has cancelled work for this week due to 
the forecast for snow. 

I will keep you informed oftheir new schedule once it becomes available. 

Please let me know if you have questions. 

1 



Sincefely, 

Bob Beers 
Water Quality & RCRA Group 
Los Alamos National Security, LLC 

-------·-----
From: Beers, Robert S 
Sent: Monday, February 13, 2012 3:19 PM 
To: George; Robert, NMENV 
Cc: 'Fullam, Jennifer, NMENV'; Saladen, Michael T; Artiglia, Edward W 
Subject: ZLD Evaporation Tank Liners 

Hi Robert, 

I apologize for the short notice. It was my intention to give you a longer lead. 

The subcontractor installed the liner in the east Zero Liquid Discharge (ZLD) Solar Evaporation Tank last 
Friday. The liner (bottom pad and the 40 mil liner) for the west ZLD Solar Evaporation Tank is scheduled to be 
installed tomorrow, Tuesday, February 14. The inter membrane and the top liner (60 mil) will be installed 
later this week. 

If you would like to visit the construction site, the following safety PPE are required: 

• Construction boots 

• Safety vest 

• Safety glasses 

• Hard hat 

We can provide all PPE, as needed, except the construction boots. 

Please let me know if you would like to conduct a site visit. 

Sincerely, 

Bob Beers 

Water Quality & RCRA Group 
Los Alamos National Security, LLC 
505-667-7969 

2 
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Environmental Safety & Health 
Environmental Protection Division 
P.O. Box 1663, K491 
Los Alamos, New Mexico 87545 
(505) 665-6592/FAX (505) 665-3811 

Mr. Jerry Schoeppner, Acting Chief 
Ground Water Quality Bureau 
New Mexico Environment Department 
Harold Runnels Bliilding, Room N2261 
1190 St. Francis Drive 
P.O. Box 26110 
Santa Fe, NM 87502 

Dear Mr. Schoeppner: 

BUREAU 

National Nuclear Security Administration 
Los Alamos Site Office, A3 l 6 
3747 West Jemez Road 
Los Alamos, New Mexico 87545 
(505) 667-5794/FAX (505) 667-5948 

Date: February 14, 2012 
Refer To: ENV-D0-12-0005 

LAUR: 12-00672 

SUBJECT: DISCHARGE PERMIT APPLICATION FOR THE TA-50 RADIOACTIVE 
LIQUID WASTE TREATMENT FACILITY AND THE TA-52 ZERO LIQUID 
DISCHARGE SOLAR EVAPORATION TANKS 

The US Department of Energy and Los Alamos National Security, LLC (DOE/LANS) are in receipt of 
your November 18, 2011, letter (Appendix A) requiring a comprehensive and up-to-date application for 
the Technical Area (TA)-50 Radioactive Liquid Waste Treatment Facility (RL WTF) and the TA-52 
Zero Liquid Discharge (ZLD) Solar Evaporation Tanks by February 16, 2012. Per your request, 
enclosed are three copies of the required Discharge Permit application and supporting documentation. 
Also enclosed is the $100.00 filing fee required by regulation. 

In a December 7, 2011, letter (Appendix A) to the New Mexico Environment Department (NMED), 
DOE/LANS. requested an additional 90 days to submit the required application. The referenced 
extension request was denied by the NMED in a December 30, 2011, response (Appendix A). On 
January 17, 2012, DOE/LANS submitted a request for a short 45-day extension to submit information 
on certain portions of the application. In a January 27, 2012, letter (Appendix A) the NMED granted the 
requested 45-day extension for certain portions of the Discharge Permit application pertaining to 
sections B-7, B-8, B-14, B-15, B-16, and B-18, as well as bullet items 9, 10, 11, and 16 from the 
November 18, 2011, letter. The information pertaining to these sections and bullets will be submitted 
under separate cover by April 2, 2012. LANL understands the restriction on discharges to the TA-52 
ZLD Solar Evaporation Tanks prior to NMED approval. 

An Equal Opportunity Employer I Operated by Los Alamos National Security LLC for DOE/NNSA 



Mr. Jerry Schoeppner 
ENV-D0-12-0005 
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February 14, 2012 

The US Department of Energy and Los Alamos National Security, LLC have initiated construction of 
the TA-52 ZLD Solar Evaporation Tanks. Construction is expected to be completed during 2012. 

Please contact Bob Beers at (505) 667-7969 of the Water Quality and RCRA Group (ENV-RCRA) if 
you have questions. 

Sincerely, 

Alison M. Dorries 
Division Leader 
Environmental Protection Division 
Los Alamos National Laboratory 

AMD:GET:BB/lm 

Enclosures: a/s 

Sincerely, 

~<l-~ 
Gene E. Turner 
Environmental Permitting Manager 
Environmental Projects Division 
Los Alamos Site Office 
Department of Energy 

Cy: Joni Arends, Concerned Citizens for Nuclear Safety, Santa Fe, NM, w/enc. 
Jonathan M. Block, New Mexico Environmental Law Center, Santa Fe, NM, w/enc. 
James Bearzi, NMED/SWQB, Santa Fe, NM, w/enc. 
John Kieling, NMED/HWB, Santa Fe, NM, w/enc. 
Hai Shen, LASO-BO, w/enc., A316 
Kevin W. Smith, LASO-QOM, w/o enc., A316 
Gene Turner, LASO-BO, w/enc., A316 
Steve Yanicak, LASO-GOV, w/enc., M894 
Carl A. Beard, P ADOPS, w/o enc., A102 
Michael T. Brandt, ADESH, w/o enc., K491 
AlisonM. Dorries, ENV-DO, w/o enc., K491 
Scotty Jones, ENV-DO, w/o enc., K491 
Mike Saladen, ENV-RCRA, w/enc., K490 
Bob Beers, ENV-RCRA, w/enc., K490, (w/o enc., 2010 ESR) 
Bob Mason, TA-55 DO, w/o enc., E583 
Cliff Kirkland, TA-55-RLW, w/enc., E505 
Chris del Signore, TA-55-RLW, w/enc., E518 
Victor Salazar, TA-55-RLW, w/o enc., E518 
Randy Johnson, ENV-ES, w/enc., E500 
Dianne Wilburn, ESHQ-DR, w/o enc., E503 
ENV-RCRA File, (12-0038) w/enc., M704 
IRM-RMMSO, (Ul102277), w/enc., Al50 

An Equal Opportunity Employer I Operated by Las Alamos National Security LLC for DOE/NNSA 
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response to the November 18, 2011 letter from NMED (See Appendix A), the requested items are addressed in the followinq locations: 
1. The estimated volumes, sources (technical area and building) and A-8, A-10, B-1, AppendixB 

wastestream characteristics of all influent wastewater that LANL 
receives, or intends to receive, at the RLWTF. 

2. A description of the conveyance methods used to transport wastewater A-8, B-1, Appendix B 
to the RLWTF for each source. 

) 

3. A description of waste characterization and metering systems used to B-12 
determine influent wastestream characteristics and volumes entering 
the RLWTF. 

4. A description of the review and amendment process for LANL's internal The amendment and review process for changes to LAN L's. 
Waste Acceptance Criteria (WAC) for all incoming wastewater received Waste Acceptance Criteria (WAC) involves several reviews. A 
at the RLWTF. This should include LAN L's process for ensuring the WAC facilitator distributes propose_d WAC attachments to 
WAC relates to the current treatment technologies and processes. owners and reviewers, including regulatory Subject Matter 

Experts (SM Es). The facilitator will assist the owners to ensure 
that revisions are complete and that technical content is 
correct. Once revisions are agreed to, LANL's policy office 
conducts a final review, completes specific paperwork, and 
issues final WAC amendments. At RLWTF, the type of review 
will depend on the proposed WAC amendment, and can 
include review of the quality of treated wastewaters, revisions 
to state or federal discharge standards, the treatment process, 
including planned changes to process equipment, and 
administrative review. 

5. A description of operational procedures for receiving wastes from each Information falls under the granted time extension and will be 
qenerator. submitted under separate cover bv April 2, 2012. 

6, A schematic of the treatment process in its entirety for each Appendix B 
wastestream (from collection to final disposal). -

7. Descriptions, locations, construction materials and sizing for each B-6, Appendix B 
component of the treatment processes for each type of wastestream 
beinq treated at the RLWTF. 

8. Descriptions, locations and designs for all secondary storage and B-6, Appendix B 
auxiliary emergency units intended to receive, treat or store 
wastewater received at the facility. 

9. Proposed processes for the operation, inspection and maintenance for Information falls under the granted time extension and will be 
the facility as it pertains to the collection lines, treatment units and submitted under separate cover by April 2, 2012. 
effluent storaqe disposal units. 



L 

10. Procedures and corrective actions for addressing acute failures at the 
facility. 

11. Procedures and corrective actions for addressing long-term 
maintenance issues at the facilitv. 

12. Record drawings for all components of the facility, if available. 
13. Construction plans and specifications for all components of the facility 

which are under construction or are proposed for construction. 
14. A proposed effluent monitoring plan, identifying analytes and sample 

locations/frequency. The proposal should consider discharge 
frequencies, incoming waste characteristics and the constituents listed 
under 20.6.2.3103 NMAC and Subsection WW of20.6.2.7 NMAC. 

15-. Proposed flow and metering systems used to determine effluent 
discharqe volumes for each of the discharge locations. 

16. Proposed ground water monitoring locations for ground water sources 
most likely to be impacted by intentional and unintentional discharges 
from the RLWTF. The proposal should identify geohydrology of the 
potentially impacted areas, existing monitoring well locations and 
construction. 

17. Actions which LANL would implement should partial or full closure of 
the facility occur. 

18. A scaled facility plan showing the facility's components including 
influent collection lines, storage units, major treatment units and 
disposal units. 

19. All other information sought in NMED's application for Discharge 
Permit Sectior:is A through C. Please note that for the purposes of 
public notification, the "discharge site" as it relates to this facility 
encompasses the central collection system lines, the treatment and 
storage facilities and all discharge locations for the treated effluent. 

2 
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Information falls under the granted time extension and will be 
submitted under separate cover by April 2, 2012. 
Information falls under the granted time extension and will be 
submitted under separate cover by April 2, 2012. 
8-5 
8-5 

8-13 

B-12 

Information falls under the granted time extension and will be 
submitted under separate cover by. April 2, 2012. 

8-19 

Appendix 8 

See Attached Application 
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NEW MEXICO ENVIRONMENT DEPARTMENT 
GROUND WATER QUALITY BUREAU 

DISCHARGE PERMIT APPLICATION 

Type of Application. Check appropriate box. 

D Application for new Discharge Permit -- new facility 

GROUND WATER 

FEB 16 2012 
[8] Application for new Discharge Permit -- existing (unpermitted) faci lity (DP-1132) 

D Application for Discharge Permit Renewal 
BUREAU 

D Application for Discharge Permit Modification 
"Modification" is defined as a change to the permit requirements that result from a change in the location of the discharge, a 
significant increase in the quantity of the discharge, or a significant change in the quality of the discharge. 

D Application for Discharge Permit Renewal and Modification 

For an existing Discharge Permit, please indicate: DP Number ---- Expiration date --- --

Checklist of Application Components. 

[8] Part A: Administrative Completeness. Instructions for completing 

[8] Part B: Operational, Monitoring, Contingency and Closure Plans, with 
the application are 
included on the form itself 

required attachments. Choose appropriate option: and on Supplemental 

D Septic Tank System 
Instructions for Parts A 
andB. 

[8] General - Various Facility Types You may fill out the 
application manually, or a 

00 Part C: Site Information, with required attachments. Microsoft Word version 
may be downloaded from 

00 $100 Filing Fee, payable to the New Mexico Environment Department. www.nmenv.state.nm.us 
Required from all applicants . An additional fee will be assessed prior to (Ground Water Quality) 
permit issuance. Permit fees are listed in Section 20.6.2.3114 NMAC. and filled out electronically. 

Certification. Signature must be that of the person named in Item A-3 of Part A of the application. 

I certify under penalty of law that I am knowledgeable about the information contained in this application. The 
information is, to the best of my knowledge and belief, true, accurate and complete. 

Signature: ~(L-~· -~-~~~------\ _____ Date: :2/t 'fjt::i-
Printed Namerritle: Alison M. Dorries, Division Leader, ENV, Los Alamos National Securit~LC 

Signature: ~ () , ~ Date: ~S(.!.,__ 
Printed Namerritle: Kevin W. Smith, Manager, Los Alamos Site Office, US Department of Energy 

Send three complete copies of this application and the filing fee to: 
Program Manager 

Ground Water Pollution Prevention Section 
New Mexico Environment Department 

PO Box 5469 
Santa Fe, NM 87502 

NMED Discharge Permit Application, Cover Sheet 

:05345 
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GROUND WATER DISCHARGE PERMIT APPLICATION 
PART A: ADMINISTRATIVE COMPLETENESS 

All Facilities 

GROUND WATER 

FEB 16 2012 

BUREAU 

A-1 . Facility Information. See Supplemental Instructions to determine what constitutes the "facility." The physical 
location of the facility must be provided. If the faci lity does not have an address, the location can be described by 
road intersections, mile posts, or landmarks, as appropriate. 

Faci lity Name 

Former Names (if any) 

Physical address/location 
(mandatory) 

Mailing address 

Contact person 

Title 

Telephone number(s) 

Fax number 

Los Alamos National Laboratory (LANL or the Laboratory) 

NA 

Los Alamos, New Mexico 

County Los Alamos 

P.O. Box 1663 Mai l Stop K491 

Los Alamos, NM 87545 

Alison M. Dorries 

Division Leader, Environmental Protection Division (ENV) 

505-665-6952 

505-665-3811 E-mail address adorries@lanl.gov 

A-2. Type of Discharge and Type of Facility. See Supplemental Instructions. 

Type of discharge: 0 Domestic 0 Agricultural !RI Industrial 0 Mining 

Type of facility: The Radioactive Liquid Waste Treatment Facility (RLWTF) is a wastewater facility for the 

treatment of hazardous and radioactive liquid waste. 

A-3. Applicant Information. The applicant is the person or entity (e.g., corporation, partnership, organization, 
municipality, etc.) legally responsible for the discharge and for complying with the terms of the Discharge Permit. 
If the applicant is an entity, then the name and title of a contact person must be provided. This application must be 
signed by the applicant or contact person named here. 

Applicant Name 

Mailing address 

Contact person 

Title 

Telephone number(s) 

Fax number 

US Department of Energy (DOE) 1 

Los Alamos National Security, LLC (LANS)2 

13747 West Jemez Road, Los Alamos, NM 87545 
2P.O. Box 1663, MS K491 , Los Alamos, NM 87545 
1Kevin W. Smith, Los Alamos Site Office, DOE 
2Alison M. Dorries , LANS 
1Manager 2Division Leader 

1(505) 667-5105 2(505) 665-6952 
1(505) 606-2004 
2(505) 665-3811 

E-mail address 
1 

kevin.smith@nnsa.doe.gov, 
2 adorries@lanl.gov 

NMED Discharge Permit Application, Part A, Page 1 
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A-4. Consultant Information (if applicable). If the consultant is a company or organization, then the name and title of 
a contact person must be provided. 

Mailing address 

Contact person 

Title 

Telephone number(s) 

Fax number 

A-5. Permit Contact Information (if applicable). If someone other the applicant listed in Item A-3 or a consultant 
listed in Item A-4 is a primary contact for this application and/or facility, list here. 

Permit Contact Name Robert Beers 

Title Environmental Professional, Water Quality & RCRA Group, LANS 

Mailing address P.O. Box 1663, MS K490 

Los Alamos, NM 87545 

Telephone number(s) 505-667 -7969 

Fax number 505-665-9344 E-mail address bbeers@lanl.gov 

A-6. Ownership. 

The applicant owns (check as appropriate): [RI the facility* D some discharge sites D all discharge sites 

*Department of Energy (DOE) Facility 

If other parties own the facility or any of the discharge sites, attach their names and contact information. 

A-7. Discharge Quantity. 

Your Discharge Permit will specify a maximum discharge volume, which is typically expressed as the maximum 
number of gallons per day that may be treated and/or disposed of. Please indicate below the maximum discharge 
volume for your facility. You must show how it was determined in Part B of your application. For further 
explanation, see Supplemental Instructions for Part B. 

Maximum discharge volume: _40_,,'-o_o_o _____ gallons per day 

NMED Discharge Permit Application, Part A, Page 2 05:=lU7 
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Processing, Treatment, Storage and Disposal System. Briefly describe how wastewater, sludge, etc. is 
processed, treated, stored, and/or disposed of at your facility. See Supplemental Instructions for examples of 
system components. 

The Radioactive Liquid Waste Treatment Facility (RLWTF) consists of (a) an underground collection 

system that conveys ·water to Technical Area (TA) 50 frorn generators at LANL, (b) structures at TA-50, and 

(c) Zero Liquid Discharge Solar Evaporation Tanks at TA- 52 .. At Technical Area 50, Building 50-01 is the 

primary structure; it houses treatment equipment, process tanks, analytical laboratories, and offices. 

Adjacent TA-50 structures primarily provide for additional water storage: 50-02 (influent), 50-66 (influent), 

50- 90 (influent), 50-248 (secondary waters), and 50-250 (emergency). 

The RLWTF receives and treats radioactive liquid waste (RLW) from generators at Los Alamos National 

Laboratory. RLW includes small volumes, less than one percent of total influent, that are also 

characteristically hazardous for corrosivity, which are treated using elementary neutralization. The RLWTF 

has (1) a main treatment process for low-level RLW, (2) a process for treating transuranic RLW, and (3) a 

secondary treatment process for waste streams from both the low-level and transuranic processes. 

1) The main treatment process consists of influent collection and storage, the treatment of low-level 

RLW, and the discharge of treated water to the environment. Treatment steps include clarification, 

filtration, ion exchange, and reverse osmosis. Discharge to the environment is via NPDES Outfall 

#051, solar evaporation at the TA-52 Zero Liquid Discharge (ZLD} Solar Evaporation Tanks, or 

mechanical evaporation at TA-50-257. Two secondary streams are generated by primary 

treatment, sludge and reverse osmosis concentrate; they are sent to the secondary treatment 

process. 

2) Transuranic RLW treatment consists of influent collection and storage, treatment of the transuranic 

RLW, and sludge treatment. Treated water is not discharged; it either receives additional treatment 

(secondary reverse osmosis) or is sent to storage tanks in Building 50-248 for disposition as 

bottoms. Sludge from the treatment process is concentrated, solidified with cement, and shipped to 

the Waste Isolation Pilot Plant as a solid transuranic waste. 

3) The secondary treatment process treats wastes from the primary and transuranic treatment lines. 

It consists of a rotary vacuum filter to treat sludge from the rnain treatment process, secondary 

reverse osmosis to treat reverse osmosis concentrate from the main process and/or effluent from 

the transuranic process, .and a bottoms disposal step. Wastes from the secondary treatment 

process are disposed as low-level radioactive solid waste. 

NMED Discharge Permit Application, Part A, Page 3 
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--._A-9. Discharge Locations. List the locations of your facility and of all components of your processing, treatment, 
storage and/or disposal system. Examples of components include septic tanks, lagoons, leachfields, irrigation 
sites, mine stockpiles, etc. Additional examples are listed in the Supplemental Instructions. Latitude and longitude 
are optional unless township, range and section are not available. 

Components Township Range Section(s) Latitude Longitude 

RLWTF Mechanical Evaporator (50- 19N 6E 22 35° 51' 58.3" -106° 17' 48.5" 
257) 

NPDES Outfall #051 (NM0028355l 19N 6E 22 35° 51' 54" -106° 17' 52" 

T A-52 Zero Liquid Discharge Solar 19N 6E 22 35° 51' 36" -1 06° 17' 1211 

Evaporation Tanks (currently under 
construction) 

A-10. Discharge Quality. 

Indicate the expected quality of the discharge -- wastewater, leachate, sludge, etc. -- generated, stored, treated, 
processed and/or discharged at your facility. List the contaminants of concern and the expected concentrations. 
Not all facilities need to characterize influent quality. See Supplemental Instructions for typical contaminants and 
additional guidance. 

Effluent quality data is collected under two compliance monitoring programs. Each of these monitoring 

programs is discussed briefly below. 

• NPDES Compliance Effluent Monitoring for the RLWTF's NPDES Outfall #051 in Mortandad 

Canyon is conducted in accordance with monitoring requirements of the Laboratory's NPDES 

Permit No. NM0028355. See Appendix C for a list of NPDES permit analytes and monitoring 

frequencies. 

• DP-1132 Voluntary Effluent Monitoring has been conducted since the first quarter of 1999 for 

N03-N, fluoride, TDS, and perchlorate. Flow-proportioned, weekly composite samples are 

prepared from each tank of effluent discharged to Mortandad Canyon during a 7-day period. 

Analytical results are reported to the NMED Ground Water Quality Bureau quarterly. 

Based on the past 1 O years of influent and effluent monitoring data the Laboratory has identified the 

potential contaminants of concern as shown in the table below. Contaminant concentrations listed in the 

table below are the average influent and effluent results from monitoring conducted during 2008, 2009, and 

201 o. No effluent was discharged to NPDES Outfall #051 during the second half of 201 o, except for two 

discharges in November 2010, and all of 2011. As a result, no effluent data is available for 2011. 

NMED Discharge Permit Application, Part A, Page 4 
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RLWTF Effluent Potential Contaminants of Concern. 

Expected or Known Expected or Known Contaminants 
Contaminants Indicate units: mQ/L, CFU/100 ml, etc. 

Incoming (Influent) Final (Effluent) 

Ammonia-N 9.6 mq/L 3.74 mq/L 

Nitrate-N 12.9 mq/L 5.33 mq/L 

Nitrite-N 0.45 mg/L 1.58 mg/L 

Nitrate + Nitrite-N NA 6.6 mq/L 

Perchlorate 307 uq/L 0.78 ug/L 

TKN 11.4 mg/L 4.6 mg/L 

Benzo(a)pyrene <MDL* 0.83 uq/L 

Benzo(b )flouranthene <MDL* 0.78 uq/L 

pH [min/max] 3.1/8.5 SU 7.0/7.5 SU 

*Less than the Method Detection Limit for influent utilizing analytical method 
SW-846:8270C with an analytical laboratory reported MDL of 1 ug/L. 

For new septic tank systems, you may either fill out the chart above or simply check one of the following options: 

D typical domestic wastewater 

D low-strength domestic wastewater (large gray water component; e.g., laundromat, spa, etc.) 

D high-strength domestic wastewater (low water use; e.g., RV park, low-flow toi lets at campground, etc.) 

A-11 . Ground Water Conditions. 

All applicants must provide the depth to and pre-discharge TDS concentration of the ground water that could be 
affected by the discharge. Refer to Supplemental Instructions for details on how to obtain these values. 

Indicate the depth to the most shallow ground water 
beneath the discharge site. If there are multiple 
discharge sites, indicate the range of depths. 

Depth to water (feet): 

Reference: 

NPDES Outfall #051 -
<1 foot to alluvial; 
1262 feet to regional 

RLWTF - 1306 feet to 
regional 

ZLD - 1274 feet to 
regional 

[8] Measurement, nearby monitoring well 

D Measurement, nearby supply well 

D Well log from nearby well (attach copy) 

D Office of the State Engineer 
http://www.ose.state.nm.us/ 

Indicate pre-discharge total dissolved solids (TDS) 
concentration of most shallow ground water beneath 
the discharge site. Attach copies of analyses. 

TDS (mg/L): 

Reference: 

NPDES Outfall #051 -
255 mg/L (alluvial) 

ZLD - 162 mg/L max 
(regional) 

[8] Analysis from upgradient monitoring well 

D Analysis from on-site supply well 

D Analysis from shallow nearby supply well 

D Concentration provided in previous Discharge 
Permit application 
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D Report or study (give citation here and attach 
relevant portion): 

!RI Report or study (give citation here and attach 

relevant portion): R-15 information from Table 

55-8 from the 201 O Environmental Surveillance 

at Los Alamos during 201 O attached in 

Appendix I 

D Other (describe): D Other (describe): · 

A-12. Public Notice. See Supplemental Instructions. 

a) The public notice packet including instructions and materials should be sent to: 

D Applicant D Consultant !RI Other: _P_e_rm_i_t _C_o_nt_a_c_t ,_(A_-_5~) ______________ _ 

b) Copies of the public notice packet (excluding sign) should be sent to: 

D Applicant D Consultant !RI Other: Permit Contact (A-5) 
------~~-------------~-

c) The applicant is required to provide public notice of this application by placing a display ad in a newspaper of 
general circulation near the location of the proposed discharge. Indicate newspaper you intend to place the ad in: 

Newspaper: Los Alamos Monitor 

d) For new or modification applications only: The applicant must post a sign for 30 days in a conspicuous location 
at or near the facility, as approved by NMED. One sign must be posted for each 640 contiguous acres or less of 
the discharge site. An additional notice must be posted at an off-site location conspicuous to the public. Describe 
the locations below where you intend to post the notices. You may also attach sketches or photographs. 

At or near facility: The TA-50 RLWTF, TA-52 Zero Liquid Discharge Solar Evaporation Tanks, and NPDES 

2 by 3 feet in size Outfall #051 are all located in T19N, R6E, Section 22. The Radioactive Liquid Waste 

Collection System spans four additional Sections: 16, 1.7, 20, and 21. Accordingly, a 

Off-site location: 
flyer size 

sign will be posted at each of the following five locations: 

· 1. Pecos Drive at the entrance to the TA-50 RLWTF (Section 22) 

2. Pajarito Road at the entrance to the Vehicle Access Control Station (Section 21) 

3. Intersection of Pajarito Road and Diamond Drive (Section 20) 

4. Intersection of Embudo Road and Diamond Drive (Section 17) 

5. Park & Ride bus stop at the intersection of Diamond Drive and West Jemez 

Road (Section 16) 

A flyer size notice will be posted at the LANL Public Reading Room at the J. Robert 

Oppenheimer Study Center and Research Library, located on West Jemez Road at 

Casa Grande, Los Alamos, NM 

NMED Discharge Permit Application, Part A, Page 6 



. ,~· ......... 

LA-U R-12-00672 
ENV-D0-12-0005 · 

. --,, 

GROUND WATER DISCHARGE PERMIT APPLICATION 
PART B: OPERATIONAL, MONITORING, CONTINGENCY AND CLOSURE PLANS 

·GENERAL FORM (VARIOUS FACILITY TYPES) . 

Operational Plan [Section 20.6.2.3106.C, 3109.C NMAC] 

8-1. · Source(s) of the Discharge. Describe what generates the wastewater, sludge or other discharges processed 
and/or disposed of at your facility. Identify all sources. Attach additional pages, if needed. See Supplemental 
Instructions. 

The Radioactive Liquid Waste Treatment Facility receives influent from the following sources: 

• Process water from radiochemistry laboratories, duct washing systems, radiological areas, boilers, 

and process areas. The annual average influent volume is 18, 150 gallons per day. 

• Cooling water from systems located in radiological areas. The annual average influent volume is 

1,232 gallons per day. 

• Storm and surface water (including samples) collected from sumps, manholes, and vaults. The 

daily influent volume varies and the annual average is 268 gallons per day. 

• Environmental Restoration (ER) waste water generated by groundwater monitoring and sampling 

activities performed at LANL. The daily influent volume varies and the annual average is 50 

gallons per day. Influent is accepted in 2,000 gallon batches. 

8-2. Discharge Quantity. Describe the methods/calculations used to determine the maximum discharge volume listed 
in Item A-6 in Part A of your application. Attach additional pages, if needed. See Supplemental Instructions. 

The maximum possible discharge from the RLWTF is 40,000 gallons per day as determined by the volume 

of the two effluent Frac tanks (20,000 gallons each) at RLWTF as discharges are conducted on a batch 

basis. 

NMED Discharge Permit Application Part B General, Page 1 
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---......8-3. Site Map. Attach a site map showing the components of your proposed system and relevant surrounding 
features, clearly labeled, such as: 

• treatment units • pits • extraction/injection wells 

• lagoons • stockpiles • arroyos 
• tanks • leachfields • nearby water bodies such as 

• sumps • sludge drying beds ponds or canals · 

• manure separators • roads • property boundaries 

• land application fields • buildings • other permitted discharges 

• domestic wastewater .. supply wells • required setbacks 
reuse areas • monitoring wells • north arrdw 

If map is not to scale, mark distances on the map. 

00 Site map is attached. 

See Appendix 8 for a scaled floor plan of the RLWTF treatment units. See Appendix J for Map #1 -

Location Map and Map #2 - TA-50 RLWTF, RLW Collection System, NPDES Outfall #051, Zero Liquid 

Discharge Solar Evaporation Tanks, and 100-year Flood Plain. 

B-4. Flood Protection. Describe the methods used to· prevent flooding and run-off at the facllity (tank protection, 
berms, diversion channels, etc.) ' . 

The RLWTF and T A-52 Zero Liquid Discharge Solar Evaporation Tanks, with the exception of the 

NPDES Outfall. #051, are located outside of the 1 DO-year flood plain, see Map #2 in Appendix J for the 

flood plains. The RLWTF is served by a functional storm water drain system consisting of a series of 

drainage swales and culverts that convey storm water around the facility as shown on Map #4 in 

Appendix J. 

8-5 .. · Plans and Specifications. For new'facilities and for new components of existing systems, attach plans and 
specifications certified by a New Mexico registered professional engineer. [Section 20.6.2.1202 NMAC] 

The RLWTF maintains facility drawings which include site, architectural, mechanical, electrical, 

instrumentation,structural and process details. Drawings include a facility as-built set (approximately 

600 drawings)and process and instrumentation diagrams associated with low-level, transuranic and 

secondary treatment processes (approximately 60 drawings). See Appendix 8 for the RLWTF process 

schematic and a scaled floor plan of the RLWTF treatment units. 

The drawings are available for review at TA-50 RLWTF. 'Arrangements for the review can be made with 

the Permit Contact Listed in A~5. 

D Not applicable because no new facilities are proposed. 

D Plans and specifications are attached. 

00 Plans and specifications were previously submitted. 

NMED Discharge Permit Application Part B General, Page 2 
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60% design package for the T A-52 Zero 

Liquid Discharge (ZLD) Solar 

Evaporation Tanks was submitted on 

August 11 , 2011 , ENV-RCRA-11-0136. 

B-6. Description of Components. Provide descriptive details of all components of your processing, treatment, 
storage and/or disposal system. Include all components listed under Item A-8 in Part A. 

See Appendix B for a detailed list and description of major components at RLW TF, the process 

schematic, and for a scaled f loor plan of the treatment units at RLWTF. 

B-7. Operational Plan. Attach a detailed description of how you operate your processing, treatment, storage and/or 
disposal system. 

Animal feeding operations: include stormwater management, nutrient management plans, method for mixing 
irrigation and wastewater. 

Domest ic wastewater treatment facilities: include pre-treatment, solids management, vegetation management for 
land application. 

Facilities using reclaimed domestic wastewater above ground: include proposed water quality classification(s), 
ettluent monitoring, setbacks, irrigation schedu les, etc. that will result in protection of public health and the 
environment. Please refer to NMED Ground Water Quality Bureau Guidance: Above-Ground Use of Reclaimed 
Domestic Wastewater for further information. A copy of the guidance document is available on the NMED 
website www.nmenv.state.nm.us under "Ground W ater Quality". 

Per the January 27, 2012 NMED letter (See Appendix A) granting a 45-day extension, this item will be 

addressed and information will be submitted to NMED under separate cover by April 2, 2012. 

D Operational plan is attached. 

D Operational plan was previously submitted. Submittal date(s): 

8-8. System Maintenance. Attach a description of the operations and maintenance procedures which ensure that 
you r processing, treatment and disposal system functions properly; e.g., inspections, pumping schedules, 
equipment maintenance, etc. 

Per the January 27, 2012 NMED letter (See Appendix A) granting a 45-day extension, this item will be 

addressed and information will be submitted to NMED under separate cover by Apri l 2, 2012 

D 0 & M procedures are attached. 

D 0 & M procedures were previously submitted. Submittal date(s): 

B-9. Backflow Prevention. If wastewater is used for land applicat ion or irrigation, describe methods used to protect 
wells from contamination by wastewater backflow. For new facilities or new systems at an existing facility, only air 
gap or reduced pressure valve assemblies are acceptable methods. 

a) Clearly describe and/or sketch the location of air gaps or devices and attach specificat ions. 

NA - ettluent is not reused. 
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b) Describe how devices are maintained. 

NA 

B-10. Water Rights. Animal feeding operations which land apply wastewater must attach documentation of irrigation 
water rights for the proposed land application fields, sufficient to sustain the intended crop rotation. 

D Water right documentation is attached. 

IRI Not applicable. 

B-11. Past Ground Water Monitoring Results. This item applies only to existing facilities seeking renewal and/or 
modification of a Discharge Permit that required ground water monitoring. 

a) Attach a graph or a table showing all analytical results from ground water sampling at your facility. If preparing 
graphs, a separate graph should be developed for each constituent, except that nitrate and TKN may be 
shown on the same graph. Multiple wells may be shown on the same graph. See Supplemental Instructions 
for sample table and graph. 

b) If the monitoring results indicate that ground water standards have been violated or that there is an upward 
trend approaching standards, attach a description of what actions you have taken or will take to address the 
elevated concentrations. Ground water standards are listed in Section 20.6.2.3103 NMAC. See the 
Supplemental Instructions for frequently referenced standards. 

Groundwater beneath the Pajarito Plateau occurs in three modes, two of which are perched. Perched 

groundwater is a zone of saturation with limited extent that is retained above less permeable layers and 

is separated from underlying groundwater by unsaturated rock. 

The three modes of groundwater occurrence are: (1) perched alluvial groundwater in canyon bottoms; 

(2) discontinuous zones of intermediate-depth perched groundwater whose location is controlled by 

availability of recharge and by subsurface changes in rock type and permeability; and (3) the regional 

aquifer beneath the Pajarito Plateau. The regional aquifer extends throughout the neighboring 

Espanola Basin. 

Los Alamos National Laboratory routinely analyzes groundwater samples to monitor water quality 

beneath the Pajarito Plateau and the surrounding area. The Laboratory conducts groundwater 

monitoring'and characterization programs to comply with the requirements of the Department of Energy 

(DOE) Orders and New Mexico and federal regulations. The objectives of the Laboratory's 

groundwater programs are to determine compliance with waste discharge requirements and to evaluate 

any impact of Laboratory activities on groundwater resources. 

Most of the groundwater monitoring conducted during 2011 was carried out according to the 2011 

Interim Facility-Wide Groundwater Monitoring Plan approved by the New Mexico Environment 

Department (NMED) under the Compliance Order on Consent (Consent Order). See Appendix I for the 

2011 Interim Facility-Wide Groundwater Monitoring Plan. Additionally, voluntary quarterly groundwater 
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monitoring has been conducted continuously since 1999 at select alluvial wells in Mortandad Canyon to 

evaluate the impacts of effluent discharges from the RLWTF though NPDES Outfall #051. 

Groundwater monitoring and associated investigations have ~hown a linkage between the shallow 

alluvial groundwater zone that first receives effluent from the RLWTF and underlying intermediate-

depth (500 to 800 feet below ground surface) and regional (-1000 feet below ground surface) 

groundwater zones. The connection between these zones appears to occur in a relatively small area 

downstream of NPDES Outfall #051 (See Appendix I, 2006 Mortandad Canyon Investigation Report). 

1-,. 

Monitoring-well data were compared to applicable standards for the period from 2000 to present for four 

alluvial wells, three intermediate-depth wells, and two regional wells. Time-series plots are provided as 

Figures 2 through 12 in Appendix D for contaminants that have shown exceed.ances of a standard for 

the period 2000 to present. The plots show decreasing concentrations over time for the alluvial wells 

_, 

indicating relativ.ely rapid response to the improvements in the treatment process at RLWTF that were 

put in place in 2000. Plots for the intermediate-depth and regional wells are indicative of contamination 

that migrated to those zones likely over the scale of decades. 

Chromium contamination in the deeper zones is likely attributable to the chromate that was used to 

treat cooling water at the power plant in Sandia Canyon until 1972; these earlier discharges are the 

source for hexavalent chromium concentrations discovered in intermediate groundwater and the 

regional aquifer beneath Sandia and Mortandad Canyons. Figure 1 in Appendix D shows that total 

chromium concentrations in the TA-50 RLWTF's effluent from 2001 to 2010 did not exceed the 

groundwater standard of 50 µg/L. 

Additional detailed information on the quality of the alluvial, intermediate-depth, and regional 

groundwater can be found in Chapter 5 of the 201 O Environmental Surveillance Report (Appendix I) 

Monitoring Plan [Section 20.6.2.3107.A NMAC] 

B-12. Discharge Volumes. Describe how and where the monthly discharge volume at your facility will be. For all 
measuring devices, provide type, location, and units of measure including multipliers· (e.g., gallons, gallons x 100, 
acre-ft, etc.) See Supplemental Instructions. Attach additional pages, if necessary. 

Discharges of treated water to the environment are measured by the following methods: 

• Low-level influent: Low-level RLW influent volumes are determined by daily water balance. 

The levels of process vessels and tanks are continuously monitored with information 

transmitted electronically to the RLWTF control room. Level changes are converted to volume 
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.. ....,_ 

changes, which are summed daily. Influent is determined as the sum of tank volume changes 

plus volumes of water discharged to the environment and water removed as sludge. Tank level 

and other volume information is reviewed daily to assure activities and tank level changes 

agree with actual plant operations. 

• Transuranic influent: Transuranic influent is received in batches from TA-55, with influent 

collected in either the acid tank or caustic tank in Building 50-66. Level probes for these tanks 

are linked electronically to the RLWTF control room. Operators monitor and record tank level 

changes during each influent batch transfer. Influent volumes are calculated from the 

difference between beginning and ending tank levels. 

• Discharge to the environment by mechanical evaporation at 50-257: Treated water is fed to 

the evaporator from the effluent Frac tanks in Room 34B; water is typically fed continuously 

during the normal work week, including overnight. Volumes are read in gallons from a water 

meter on the evaporator feed line. 

• Discharge to the environment by solar evaporation: Treated water is discharged to the TA-52 

Zero Liquid Discharge Solar Evaporation Tanks from either of the effluent Frac tanks in Room 

348, or from TK38 in Room 38. Discharges occur in batches. The volume, in gallons, of each 

discharge is calculated from the change in tank level. If discharges are from the effluent Frac 

tanks, which are horizontal tanks, before- and after-discharge tank volumes are determined from 

a table that correlates tank level and volume of water in the tank. If discharges are from TK38, 

pre and post discharge tank volumes are read directly from markings on this translucent 

vertical tank. 

e Discharge to the environment via NPDES Outfall #051: Treated water is discharged from 

either of the effluent Frac tanks in Room 34B, or from TK38 in Room 38. Discharges occur in 

batches. The volume, in gallons, of each discharge is calculated from the change in tank level. If 

discharges are from the effluent Frac tanks, which are horizontal tanks, before- and after-

discharge tank volumes are determined from a table that correlates tank level and volume _of 

water in the tank. If discharges are from TK38_, pre and post discharge tank volumes are 

read directly from markings on this translucent vertical tank. 
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---..B-13. Discharge Quality Monitoring. Discharge Permits typically require that the discharge (treated wastewater, 
sludge, septage, etc.) be sampled on a regular basis. The frequency of sampling varies by type of facility, as do 
the contaminants of concern. Domestic and agricultural Discharge Permits typically require sampling for total 
Kjeldahl nitrogen (TKN), nitrate-nitrogen (N03-N), total dissolved solids (TDS) and chloride on a quarterly or semi-. 
annual basis. (continued on next page) 

__,,. 

If reclaimed domestic wastewater will be discharged for above ground uses, testing of the discharge for additional 
·parameters is appropriate. Please refer to the NMED Ground Water Quality Bureau Guidance: Above-Ground 
Use of Reclaimed Dor:nestic Wastewaterfor further information. 

ln the space below, provide a description or sketch of the sampling point(s) to be used tor sampling the discha~ge 
at your facility. 

The sampling point for effluent discharges from the North & South Frac Tanks is T A-50, Building 1, Room 348. 

The sampling point for effluent discharges from the TK38 tank is Room T A-50, Building 1, Room 38. 

Optional: In the space below (or as an attachment), you may propm:;e revisions or additions to the standard 
dischar.ge quality monitoring requirements. If you do, provide the rationale tor your proposal. 

Proposed Monitoring Plan for Treated Effluent Discharged to M<>rtandad Canyon through 
NPDES Outfall #051. . 

LOCATION PARAMETER NOTES FREQUENCY 

Effluent Tank**· Batch Volume (gallons) 1 Per batch 

Effluent Tank** Total Nitrogen 1, 2 Quarterly 

Effluent Tank** Total Dissolved Solids 1 Quarterly 

Effluent Tank** Perchlorate 1 Quarterly 

Effluent Tank** Human Health Standards 1, 3 Annual 

Effluent Tank** Domestic Water Supply Standards 1, 4 Anni.Jal 

Effluent Tank** Irrigation Standards 1, 5 Annual 

Effluent Tank** Volatile & Semivolatile Organics 1, 6 Annual 

Effluent Tank** Radiochemistry 1, 7 Annual 

Effluent Tank** PCBs 1, 8 Annual 

**North & South Frac Tanks or TK38 

NOTES: 

1. The Discharge Permit Sampling Points are: at the Frac tanks in Room 348 or at T A-50 
Building 1, Room 38. 

2.' 

3. 

4. 

5. 

6. 

7. 

8. 

Total Nitrogen: TKN, Ammonia, N03+N02-N. 

Human Health Standards (20.6.2.3103A): Ag, As, Ba, Cd, CN, Cr, F, Hg, N03-N, Pb, Se, 
U. 
Domestic Water Supply Standards (20.6.2.31038): Cl, CU, Fe, Mn, S04, Zn, TDS, pH. 

Irrigation Standards (20.6.2.3103C): Al, B, Co, Mo, Ni. 

Volatile & Semivolatile Organics (20.6.2.7WW, 20.6.2.3103) by EPA Methods 624 and 
625. 

Radiochemistry (20.6.2.3103A): Combined Ra-226 and Ra-228. 

PCBs (20.6.2.3103A): EPA Method 608. 
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Proposed Monitoring Plan for Treated Effluent Discharged to the Zero Liquid Discharge 
Solar Evaporation Tanks at TA-52. · 

LOCATION PARAMETER NOTES FREQUENCY 

Effluent Tank** Batch Volume {gallons) Per batch 

Effluent Tank** Total Nitrogen 1, 2 Quarterly 

Effluent Tank** Total Dissolved Solids 1 Quarterly 

Effluent Tank** Perchlorate 1 Quarterly 

Effluent Tank**. Human Health Standards 1, 3 Annual 

Effluent Tank** Domestic Water Supply Standards 1, 4 Annual 

Effluent Tank** Irrigation Standards 1, 5 Annual 

Effluent Tank** Volatile & Semivolatile Organics 1, 6 Annual· 

Effluent Tank** Radiochemistry .1, 7 Annual 

Effluent Tank** PCBs 1, 8 Annual 

**North & South Frac Tanks or TK38 

NOTES: 

1. The Discharge Permit Sampling Points are: at the Frac tanks in Room 34B or at T A-50 
Building 1, Room 38. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Total Nitrogen: TKN, Ammonia, N03+N02-N. 

Human Health Standards (20.6.2.31 OBA): Ag, As, Ba, Cd, CN, Cr, F, Hg, N03-N, Pb, Se, 
u. 
Domestic Water Supply Standards (20.6.2.3103B): Cl, CU, Fe, Mn, S04, Zn, TDS, pH. 

lrrigafon Standards (20.6.2.3103C): Al., B, Co, Mo, Ni. 

Volatile & Semivolatile Organics (20.6.2.?WW, 20.6.2.3103) by EPA Methods 624 and 
625. 

Radiochemistry (20.6.2.3103A): Combined Ra-226 and Ra-228. 

PCBs (20.6.2.3103A): EPA Method 608. 

8-14. Ground Water Quality Monitoring. Discharge Permits typically require that ground water samples be collected 
quarterly from properly constructed monitoring wells located downgradient from discharge locations. The samples 
must be· analyzed for contaminants of concern. For most domestic and agricultural Discharge Permits, the typical 
contaminants of concern are total Kjeldahl nitrogen (TKN), nitrate-nitrogen (N03·N), total dissolved solids (TDS) 
and chloride. · · 

Optional: In the space below (or as an attachment), you may propose revisions or additions to the standard 
ground water monitoring requirements. If you do, provide the rationale for your proposal. 

Per the January 27, 2012 NMED letter (See Appendix A) granting a 45-day extension; this item will be 

addressed and information will be submitted to NMED· under separate cover by April 2, 2012. 

For existing facilities: 

Indicate number of existing monitoring wells: 9 ---
Attach copies of monitoring well logs .. 
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D Well logs cannot be located. 

D Well logs previously submitted. 
Submittal date(s): 

Attach copy of monitoring well survey (typically not applicable if fewer than 3 monitoring 
wells). 

·!RI Survey attached. 

See Appendix J for Map 

. #1 - Location Map. 

D No survey has been conducted. 

D Survey previously submitted. 
Submittal date(s): 

B-15. Other Monitoring. In addition to discharge volumes, discharge quality monitoring and ground water sampling, 
Discharge Permits typically require the following monitoring, depending on the type of facility: 

• inspection and pumping of septic tanks, grease tanks, lift stations 
• inspection of leachfields 

· • inspection of lagoons 
• process testing for treatment plants 
• land application data sheets (LADS) 
• tracking of chemical fertilizer applications to land application areas 
• soil sampling (agricultural and selected other facilities land applying wastewater) 
• harvested plant .material testing (agricultural facilities) 

Optional: In the space below (or as an attachment), you may propose revisions or additions to the other standard 
monitoring requirements for your type of facility. If you do, provide the rationale for your proposaL 

Per the January 27, 2012 NMED letter (See Appendix A) granting a 45-day extension, this item will be 

addressed and information will be submitted to NMED under separate cover by April 2, 2012. 

Contingency Plan [Section 20.6.2.3107.A.10 NMAC] 

B-16. System Failure. Describe your contingency plan in the event there is a failure of your wastewater or discharge 
system (e.g., wastewater back-up, pump failure, pipe breaks, tank overflow, leachfield failure, saturated fields etc.) 

Per the January 27, 2012 NMED letter (See Appendix A) granting a 45-day extension, this item will be 

addressed and information will be submitted to NMED under separate cover by April 2, 2012. 

B-17. Contingency Leachfield Location. This item applies only if your disposal system includes a leachfield. Identify a 
location on your site map (Item B-3)for a contingency leachfield in the event that your leachfield must be 
replaced. If no land is available fo'r a conting~ncy leachfield at an existing facility, describe how you will address a 
failed leachfield. New facilities must P.rovide for a contingency leachfield location. 

NA· 
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. .---.._B-18. Other Contingencies. Discharge Permits typically contain standard contingencies to address: 

• exceeding wastewater quality limits 
• violation of ground water or surface water standards 
• spills or illegal releases of wastewater 
• migration of soil nitrogen 
• loading nitrogen above limit 

Propose additional contingency plans, if appropriate: 

Per the January 27, 2012 NMED letter (See Appendix A) granting a 45-day extension, this item will be 

addressed and information will be submitted to NMED under separate cover by April 2, 2012. 

\ 

Closure Plan [Section 20.6.2.3107(A)11 NMAC] 

B-19. Facility Closure and Post-Closure Monitoring. Discharge Permits contain standard requirements to address 
the closure of part or all of your discharge system, as follows: 

• cap or plug lines to prevent the flow of wastewater to treatment or disposal system 
• empty and remove or backfill tanks 
• empty lagoons, perforate or remove liners, re-grade to surface topography 
• appropriately dispose of solids 
• regrade and cover stockpiles at mine facilities 
• continue ground water monitoring for at least two years, longer as appropriate 
• enact contingency plans if ground water standards are violated 
• financial assurance may be required. 

Propose additional closure plans in the space below or as an attachment, if appropriate: 

See Appendix H for Closure Plan. 

Please Note: You must also complete Part C of the application. 
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GROUND WATER DISCHARGE PERMIT APPLICATION 
PART C: SITE INFORMATION 

All Facilities 

C-1 . Area Map. Attach a current area map showing roads and clearly mark the location of your facility. 

See Appendix J for Map #1 - Location Map. 

C-2. Directions to S!te. Provide driving directions to the site from the nearest town or, if located in a town, from an 
easily identifiable location. 

From Santa Fe, NM, take US-285 north to Pojoaque, NM. Take NM-502 west towards Los Alamos, NM. 

Because access to the RLWTF Facility requires entry through one of the Los Alamos National Laboratory's 

Pajarito Corridor Vehicle Access Portals, visitors without a LANL badge must be escorted to the project 

site. Visits to the project site may be coordinated through the point of contact listed in A-5 of this 

a lication . 

C-3. Topographic Map. Attach a copy of the appropriate US Geological Survey topographic map. You may provide 
just the relevant portion. USGS maps are available at many outdoor equipment stores or bookstores, from the 
USGS at www.usgs.gov or 1-888-ASKUSGS, and from commercial websites. 

On the map clearly indicate the location of your facility. Also identify the approximate locations of all wel ls within 
1,000 feet of your discharge locations. The Office of the State Engineer has a searchable database of supply 
wells on its website at www.ose.state.nm.us. 

lRl USGS map attached with facility location and neighboring wells marked. See 

Appendix J for Map #1 - Location Map. 

C-4. Flood Potential. Attach a copy of the latest Federal Emergency Management Agency (FEMA) flood map with 
your facility's location clearly marked, to the best of your ability. Information about how to obtain this map, formally 
known as a Flood Insurance Rate Map (FIRM) is available at www.fema.gov, insurance agencies or county 
government offices. A site specific analysis may be substituted. 

lRl FEMA map or site-specific analysis attached. See Appendix J for Map #2 which includes the 

100-year flood plain coverage. 

0 Previously submitted and still up-to-date. Submittal date(s): 

NMED Discharge Permit Application Part C, Page 1 =05362 



C-5. Soils. Attach either: 

LA-UR-12-00672 
ENV-00-12-0005 

a) A copy of the appropriate Natural Resource Conservation Service (NRCS) soil survey map, with your site 
clearly identified to the best of your ability. Include the descriptive information for soils associated with the 
discharge locations. To obtain the map, contact your local NRCS office - there is one in every county. 

b) A site-specific assessment showing the soils classifications. This is preferred over the more generalized 
NRCS surveys. 

I.RI NRCS soil survey or site-specific assessment attached. 

• See soil type descriptions in Appendix F. 

• See Appendix J for LANL Soils Map #3. 

• See Appendix I for NRCS Soil Survey of Sandoval County Area, New Mexico, Parts of 
Los Alamos, Sandoval, and Rio Arriba Counties. 

D Previously submitted. Submittal date(s): 

C-6. Geology. Provide information on the geology beneath the site by attaching relevant portions of geologic reports , 
well logs for on-site or nearby wells, or site specific assessments. A variety of geology publications and resources 
are available from the New Mexico Bureau of Geology and Mineral Resources at http://geoinfo.nmt.edu or 505-
835-5420 (Socorro). Well logs are available from the New Mexico State Engineer's Office at 
http://www.ose.state.nm.us/. 

I.RI Geologic report attached. D Well log(s) attached. 

See Appendix F for bore hole locations and bore hole information for the following areas: 

• TA-50 RLWTF. 

• T A-50-0250 (WMRM) 

• Zero Liquid Discharge Solar Evaporation Tanks at T A-52 

See Appendix F for the Plan and Map Views of Stratigraphic Units Beneath MDA C. 

D Geologic information previously submitted. Submittal date(s): 

NMEO Discharge Permit Application Part C, Page 2 :05363 
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C-7. Ground Water Hydrology. Ground water hydrology refers to the occurrence, distribution, movement and 
chemistry of ground water. The ground water hydrology at your site will determine in large part whether your 
discharge will adversely affect ground water quality. You may need to present detailed information in order to 
"demonstrate that the Discharge Permit wi ll not result in concentrations in excess of the standards of Section 
20.6.2.3103 NMAC or the presence of any toxic pollutant." (20.2.3106.C.7 NMAC) 

At a minimum, provide information below on the direction of ground water flow. Ground water may not flow in the 
same direction as water on the surface of the ground. A monitoring well survey is one of the best methods to 
determine the direction of ground water flow at a particular site. Such surveys are routinely required for many 
Discharge Permit locations. 

If a survey is not available, check with well dril lers, the city water department, staff at the Office of the State 
Engineer, environmental consultants or other knowledgeable persons in your area. In addition, relevant reports 
have been published for some areas. See the OSE website at www.ose.state.nm.us or the NMBGMR website at 
http://geoinfo.nmt.edu. 

Direction of ground water flow: Southeast. 

If ground water flow shifts seasonally, describe here: NA 
~~~~~~~~~~~~~~~~~~~~~-

Reference: 

D On-site well survey attached. D Previously submitted. Submittal date(s): 

D Nearby well survey attached. D Previously submitted. Submittal date(s): 

!Rl Other. Specify: See Appendix I for (CD) containing the following LANL reports: 

1. 2009 Hydrogeologic Site Atlas. LAUR-09-3763. 

2. Groundwater Level Status Report for 2010 Los Alamos National 
Laboratory. LA-14437-PR. 

3. Los Alamos National Laboratory's Hydrogeologic Studies of the Pajarito 
Plateau: A Synthesis of Hydrogeologic Workplan Activities (1994-2004). 
LA-14263-MS. 

4. Conceptual Models of Vadose Zone Flow and Transport Beneath the 
Pajarito Plateau, Los Alamos, New Mexico. Vadose Zone Journal. 

5. 2006 Mortandad Canyon Investigation Report. LA-UR-06-6752. 

6. 2011 Interim Facility-Wide Groundwater Monitoring Plan, Revision 1. 
LA-UR-11-6958. 

D Relevant portion attached. 

D Previously submitted. Submittal date(s): 

Attach any additional information available about ground water hydrology at the site. 
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' ' 

-~c-a. Other Permitted Discharge Locations. If applicable, list other locations of wastewater or stormwater discharges 
on your site that are not described in this application and indicate what permits apply to them. Examples include 
discharges from small septic systems (covered by Liquid Waste Permits, discharges to surface waters under a 
NPDES permit, a discharge covered by a separate Discharge Permit, etc. Be sure these other discharge locations 
are identified on the site map required in Item B-3. · · 

· Discharge Type Permit Identification 

RLWTF (this application) NPDES Permit No. NM028355 Outfall #051; GW 
Discharge Permit Aoolication DP-1132 

SWWS Plant NPDES Permit No. NM028355 Outfall 13S; GW Discharge 
Permit DP-857 

HEWTF NPDES Permit No. NM028355 Outfall 05A055 

Cooling Towers (7) NPDES Permit No. NM028355 Outfalls. q3A022,.03A027, 

03A048,03A113, 03A158,03A160,03A181 

Power Plant NPDES Permit No. NM028355 Outfall 001 

Septic Systems (12) GW Discharge Permit Application DP-1589 

Stormwater from SWMUs NPDES Individual Stormwater Permit NM0030759 

Stormwater from Construction Sites NPDES Stormwater Construction General Permit Program 

Stormwater from Industrial Facilities NPDES Stormw.ater Multi-Sector General Permit Program 

NMR05A734, NMR05A735 

--C-9. Other Information. Describe below or attach any additional information to demonstrate that your proposed 
discharge plan will be protective of ground water quality, public health and property. 
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DP-1132 Application - February 2012 
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LANL/NMED COMMUNICATIONS RE: DP-1132 

TABLE OF CONTENTS 

COPIES OF THE FOLLOWING LANUNMED COMMUNICATIONS: 

1. JANUARY 27, 2012, NMED LETTER RE: APPROVAL OF TIME EXTENSION TO 

SUBMIT APPLICATION, DP-1132, RADIOACTIVE LIQUID WASTE TREATMENT 

FACILITY (RLWTF) 

2. JANUARY 17, 2012, LANL LETTER SUBJECT: REQUEST FOR CONSIDERATION OF 

SHORT TIME EXTENSION FOR SPECIFIC ITEMS FOR PERMIT APPLICATION DP-

1132, RADIOACTIVE LIQUID WASTE TREATMENT FACILITY (RLWTF) AND ZERO 

LIQUID DISCHARGE EVAPORATIVE TANKS (ZLD) 

3. DECEMBER 30, 2011, NMED LETTER RE: DENIAL OF TIME EXTENSION TO 

SUBMIT APPLICATION, DP-1132, RADIOACTIVE LIQUID WASTE TREATMENT 

FACILITY (RLWTF} 

4. DECEMBER 7, 2011, LANL LETTER SUBJECT: REQUEST FOR AN EXTENSION TO 

SUBMIT AN UPDATED DISCHARGE PERMIT APPLICATION FOR THE RADIOACTIVE 

LIQUID WASTE TREATMENT FACILITY (DP-1132) 

5. NOVEMBER 18, 201 '1, NMED LETTER RE: RESPONSE TO NOTICE OF INTENT TO 

DISCHARGE 

6. AUGUST 11, 2011, LANL LETTER RE: SIXTY PERCENT DESIGN, EVAPORATION 

TANKS, TA-50 RADIOACTIVE LIQUID WASTE TREATMENT FACILITY 

7. SEPTEMBER 15, 2008, LANL LETTER SUBJECT: REQUEST FOR ADDITIONAL 

INFORMATION, DP-1132, RADIOACTIVE LIQUID WASTE TREATMENT FACILITY 

8. JUNE 11, 2008, NMED LETTER RE: REQUEST FOR ADDITIONAL INFORMATION, 

DP-1132, RADIOACTIVE LIQUID WASTE TREATMENT FACILITY 

9. NOVEMBER 1, 2007, LANL LETTER SUBJECT: NOTICE OF INTENT TO 

DISCHARGE, EVAPORATION TANKS, TA-50 RADIOACTIVE LIQUID WASTE 

TREATMENT FACILITY 
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January 27, 2012, NMED letterr RE~ Approval cof 
Time Extension to Submnt ApplHcaUon 9 DP ... 11329 

Radioactnve laquad Waste Treatment FacHlity 
(RLWTF) 
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SUSANA MARTINEZ 
Governor 

JOHN A. SANCHEZ 
Lieutenant Governor 

NEW MEXICO 
ENV][RONMENT DJEJPAR1'MJEN1I' 

Resource Protection Division 

Harold Runnels Building 
1190 Saint Francis Drive (87505) 

P.O. Box 5469, Santa Fe, NM 87502-5469 
Phone (505) 827-0419 Fax (505) 827-0310 

www.nmenv.state.nm.us 

CERTIFIED MAIL - RETURN .RECEIPT REQUESTED 

January 27, 2012 

Anthony R. Grieggs, Group Leader 
Environmental Protection Division 
Water Quality & RCRA (ENV-RCRA) 
P.O. Box 1663, Mail Stop K490 
Los Alamos, NM 87545 

DAVE MARTIN 
Cabinet Secretary 

BUTCH TONGATE 
Deputy Secretary 

JAMES H. DA VIS, Ph.D. 
Division Director 

RE: Approval of Time Extension to Submit Application, DP-1132, Radioactive Liquid 
Waste Treatment Facility (RL WTF) · 

Dear Mr. Grieggs: 

On November 18, 2011, the New Mexico Enviroriment Department (NMED) notified Los 
Alamos National Laboratory (LANL), by certified mail (copy enclosed), that a complete and 
current Discharge Permit application for the RLWTF was required to be submitted within 90 
days (by February 16, 2012). On December 9, 2011, NMED received your request for a 90-day 
time extension to submit the required Discharge ·Permit application, which was denied on 
December 30, 2012. A request for .a 45-day extension for submittal of certain portions of the 
application was submitted to NMED, via e-mail on January 18, 2012 (copy enclosed). LANL 
may not discharge to the Zero Liquid Discharge Evaporative Tanks prior to NMED's approval 
which may be delayed due to the timeframe in which a full application for the RL WTF is 
received and reviewed by NMED. NMED hereby approves a 45-day extension (due by April 
1, 2012) to submit the three elements specifically referenced in LANL's letter dated 
January 17, 2012. All other elements for the Discharge Permit application are required to 
be submitted to NMED by February 16, 2012. 



Anthony Grieggs, DP-1132 
January27, 2012 
Page2 of3 

If you have any questions regarding this matter, please contact Clint Marshall, Program Manager 
of the Ground Water Pollution Prevention Section, at 505-827-0027 or Jennifer Fullam at 505-
827-2909. 

James H. Davis, Ph.D. 
Director, Resource Protection Division 

JD:JF 

enc: Letter from NMED to LANL requiring Discharge Permit application, dated November 
18,2011 

E-mail (dated January 18, 2012) from Bob Beers, LANL, with attachment (dated January 
17, 2012) requesting extension 

cc: James Bearzi, NMED SWQB (w/o enclosures) 
Richard Powell, NMED SWQB (w/o enclosures) 
John Kieling, NMED HWB (w/o enclosures) 
Steven Yanicak, N:MED-DOE-Oversight Bureau (w/o enclosures) 
Hai Shen, LASO-BO, Los Alamos National Laboratory, A316, Los Alamos, NM 87545 

(w/o enclosures) 
Gene Turner, LASO-BO, Los Alamos National Laboratory, A316, Los Alamos, NM 

87545 (w/o enclosures) 

Michael T. Brandt, ADESH, Los Alamos National Laboratory, K491, Los Alamos, 
NM 87545 (w/o enclosures) 

Carl A. Beard, PADOPS, Los Alamos National Laboratory, A102, Los Alamos, NM 
87545 (w/o enclosures) 

J. Chris Cantwell, ADESHQ, Los Alamos National Laboratory, K491, Los Alamos, 
NM 87545 (w/o enclosures) 

Randy Johnson, ENV-ES, Los Alamos National Laboratory, E500, Los Alamos, NM 
87545 (w/o enclosures) 

Michael Saladen ENV-RCRA, Los Alamos National Laboratory, K490, Los Alamos, 
NM 87545 (w/o enclosures) 

Robert Mason, TA-55-DO, Los Alamos National Laboratory, E583, Los Alamos, NM 
87545 (w/o enclosures) 

Hugh McGovern, TA-55-RLW, Los Alamos National Laboratory, E518, Los Alamos, 
NM 87545 (w/o enclosures) 

Pete Worland, TA-55-RLW, Los Alamos National Laboratory, E518, Los Alamos, 
NM 87545 (w/o enclosures) · 
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Susan L. McMichael, LC-LESH, Los Alamos National Laboratory, A187, Los 
Alamos, NM 87545 (w/o enclosures) 

Bob Beers, ENV-RCRA, Los Alamos National Laboratory, K490, Los Alamos NM, 
87545 (w/ enclosµres) 

Jon Block, Staff Attorney, New Mexico Environmental Law Center, 1405 Luisa 
Street, Ste. 5, Santa Fe, NM 87505(w/ enclosures) 

Joni Arends, Executive Director, Concerned Citizens for Nuclear Safety, 107 Cienega 
Street, Santa, Fe, NM 87501(w/ enclosures) 
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) 

--~en.no-

Environmental Safety & Health 
Environmental Protection Division 
P.O. Box 1663, K491 
Los Alamos, New Mexico 87545 
(505) 665-6952FAX (505) 665-3811 

Mr. James H. Davis, Director 
Resource Protection Division 
New Mexico Environment Department 
Harold Runnels Building 
1190 St. Francis Drive 
P.O. Box 5469 
Santa Fe, NM 87502-5469 

Dear Mr. Davis: 

National Nuclear Security Administration 
Los Alamos Site Office, A3 l 6 
3747 West Jemez Road 
Los Alamos, New Mexico 87545 
(505) 667-5794/FAX (505) 667-5948 

Date: January 17, 2012 
Refer To: ENV-D0-12-0001 

LAUR: 12-10069 

SUBJECT: REQUEST FOR CONSIDERATION OF SHORT TIME EXTENSION FOR 
SPECIFIC ITEMS FOR PERMIT APPLICATION DP-1132, RADIOACTIVE 
LIQUID WASTE TREATMENT FACILITY (RLWTF) AND ZERO LIQUID 
DISCHARGE EVAPORATIVE TANKS (ZLD) 

On January 3, 2012, the National Nuclear Security Administration (NNSA) and Los Alamos National 
Security, LLC (LANS) for the Los Alamos National Laboratory received your response denying our 
request to extend the deadline to submit a Discharge Permit (DP) application for the RL WTF and the 
proposed Zero Liquid Discharge Evaporative Tanks (ZLD). This request followed your November 19, 
2011 letter requiring NNSA/LANS to submit a comprehensive and up-to-date permit DP application by 
February 16, 2012 for RLWTF, and to include the ZLD tanks in this application. NNSA/LANS fully 
supports your intent to advance the permit process, and recognize that submittal of the updated permit 
application is the first step towards timely permit review and issuance. With this in mind, we have 
thoroughly reviewed the detailed list of 19 items and the additional information required by the permit 
application in your November 19, 2011 letter. Our review has concluded that with additional rt:sources 
and significant effort, we can commit to deliver the majority of the requested items by February 16, 
2012. However, for the following reasons, we respectfully request that you consider providing us a 
short 45-day extension until April 3, 2012 to submit the following limited items described below: 

Proposed processes for the operation, inspection and maintenance for the facility as it pertains to· 
collection lines, treatment units and effluent storage disposal units 

An Equal Opportunity Employer I Operated by Los Alamos National Security LLC for DOE/NNSA 



Mr. James H. Davis 
ENV-D0-12-0001 

-2- January 17, 2012 

Procedures and corrective actions for addressing acute failures and long-term maintenance 
issues at the facility 
Proposed groundwater monitoring locations for ground water sources most likely to be impacted 
by intentional and unintentional discharges from the RL WTF. The proposal should identify 
geohydrology of the potentially impacted areas, existing monitoring well locations and 
construction. 

The above technical documents pertain to existing procedures for RL WTF which will require 
significant review and coordination among differing groups at the facility. Procedures for the planned 
ZLD tanks have not been developed. Construction of the ZLD tanks is estimated for the summer of 
2012. Procedures will be available prior to operation of the ZLD system. Further, as a practical matter, 
these procedures must undergo LANL's unique institutional security review which requires final 
procedures to be submitted for review at least a week prior to public release. Additionally, we 
discussed with NMED staff the challenges of traditional groundwater monitoring approaches for the 
RL WTF and ZLD tanks in the context of the Laboratory's complex hydrogeology, and understand that 
an alternate approach to groundwater monitoring should be presented in the DP application. 
Development of this approach for inclusion into the application will require additional resources and 
time. We are hopeful that the additional requested time will enable us to submit .a complete permit 
application, and will facilitate permit review and timely permit issuance. 

Thank you for your consideration of our request. If you need additional information, feel free to 
contact Robert Beers, LANS at (505).667-7969 or Gene Turner, NNSA at (505) 667-5794 if you need 
additional information concerning the status of the Laboratory's cof!ective action activities. 

Sincerely, 

Alison Dorries 
Division Leader 
Environmental Protection Division 
Los Alamos National Laboratory 

AD:MS:GET/lm 

Cy: Hai Shen, LASO-EO, A316 
Gene Turner, LASO-EO, A316 
Steve Yanicak, LASO-GOV, M894 
Carl A. Beard, P ADOPS, Al 02 
Michael T. Brandt, ADESH, K491 
Alison Dorries, ENV-DO, K491 
Scotty Jones, ENV-DO, K491 

Sincerely, 

Gene E. Turner 
Environmental Permitting Manager 
Environmental Projects Office 
Los Alamos Site Office 
National Nuclear Security Administration 

An Equal Opportunity Employer/ Operated by Los Alamos National Security LLC for DOE/NNSA 
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Mr. James H. Davis 
ENV-D0-12-0001 

Cy (continued): 
Randy Johnson, ENV-ES, E500 
Mike Saladen, ENV-RCRA, K490, (E-File) 
Robert Beers, ENV-RCRA, K490 
Robert C. Mason, TA-55-DO, E583 
Clifford Kirkland, TA-55 RLW, E518 
Chris Del Signore, TA-55-RLW, E518 
Susan L. McMichael, LC-LESH, Al87 
Lisa Cummings, LASO-OC, A316 
Jonathan M. Block, NMELC, Santa Fe, NM 
Charles de Saillan, NMED, Santa Fe, NM 
Taylor, Valdez, ENV-DO, K404, (E-File) 
ENV-RCRA File, (12-0013) w/enc., M704 
IRM-RMMSO, w/enc., Al50 

-3- January 17, 2012 

An Equal Opportunity Employer I Operated by Los Alamos National Security LLC for DOE/NNSA 
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Radioactive liquid Waste Treatment f'aco~ity 
(RLWTF) 



SlJSANNA MARTINEZ 
Governor 

JOHN A. SANCHEZ 
Lieutenant Governor 

NE\V MEXICO 

ENVIRONMENT DEPARTMENT 

Resource Protection Division 

Harold Runnels Building 
1190 Saint Francis Drive (87505) 

PO Box 5469, Santa Fe, NM 87502-5469 
Phone (505) 827-2855 Fax (505) 827-2836 

www.nmenv.state.nm.us 
James H. Davis, Ph.D. 

CERTIFIED MAIL - RETURN RECEIPT REQUESTED 

December 30, 2011 

Anthony R. Grieggs, Group Leader 
Environmental Protection Division 
Water Quality & RCRA (ENV-RCRA) 
P .0. Box 1663, Mail Stop K490 
Los Alamos, NM 87545 

DAVE MARTIN 
Cabinet Sccretllry 

BUTCH TONGATE 
Deputy Secretary 

JAl\1ES H. DA \'IS, Ph.D. 
Division Director 

RE: Denial of Time Extension to Submit Application, DP-1132, Radioactive Liquid Waste 
Treatm.ent Facility (RL \V'fF) 

) Dear Mr. Grieggs: 

On November 18, 2011, the New Mexico Enviromnent Department (NMED) notified Los Alamos 
National Laboratory (LANL), by certified mail (copy enclosed), that a complete and cutTent Discharge 
Permit application for the RLWTF was required to be submitted within· 90 days (by Febrnary 16, 2011). 
On December 9, 2011, NMED received your request for a time extension to complete the required 
Discharge Pennit application (copy enclosed). NMED is determined to µdvance the.permitting process 
in a timely manner. With that in mind, an extension of the deadline for the submission of an app1ication 
would only prolong and pe1naps inhibit the facility's ability to implement and discharge to the proposed 
Zero Liquid Discharge Evaporative Tanks (ZLD). NMED therefore denies the time extension for 
submission of the Discharge Permit application. 

In order to effectively and efficiently process the Discharge Pe1111it application, NMED provided a list of 
elements v·.ihich should be included in the submittal. Mr. Robert Beers, with Los Alamos National 
LaboratOry, has requested a meeting with NMED to discuss the specific elements in NMED's November 
18, 2011 letter to ensure the application is submitted in its entirety and to prevent further delays in the 
petmitting process. N.MED remains committed to working with LANL to clarify the specific elements 
that must be addressed in the application and is planning to meet with LANL staff within the first two 
weeks of January. It is anticipated that the outcome of the technical discussion will provide constructive 
infonnation which will advance the application process. 

If you have any questions regarding this matter, please contact Clint Marshall, Acting Program Manager 
of the Ground Water Pollution Prevention Section, at 505-827-0027 or Jennifer Fullam at 505-827-2909. 



Anthony Grieggs, AIS56: PRD200'i A 
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/! 

James H. Davis, Ph.D. 
Director, Resource Protection Division 

JD:JF 

enc: Letter from NMED to LANL requiring Discharge Pennit application, dated November 18, 2011 
Letter from LANL to NMED requesting extension, dated December 9, 2011, NMED 

' 

cc: James Bearzi, NMED S\VQB (w/o enclosures) 
Richard Powell, NMED SWQB (w/o enclosures) 
John Kieling, NMED HWB (w/o enclosures) 
Steven Yanicak, NMED-DOE-Oversight Bureau (w/o enclosures) 
Hai Shen, LASO-EO, Los Alamos National Laboratory, A316, Los Alamos, NM 87545 (w/o 

enclosures) 
Gene Turner, LASO-BO, Los Alamos National Laboratory, A3 l 6, Los Alamos, NM 87545 

(w/o enclosures) 

Michael T. Brandt, ADESH, Los Alamos National Laboratory, K491, Los Alamos, NM 
87545 (w/o enclosures) 

Carl A. Beard, PADOPS, Los Alamos National Laboratory, A102, Los Alamos, NM 87545 
(w/o enclosures) 

J. Chris Cantwell, ADESHQ, Los Alamos National Laboratory, K491, Los Alamos, NM 
87545 (w/o enclosures) 

Randy Johnson, ENV-ES, Los Alamos National Laboratory, E500, Los Alamos, NM 87545 
(w/o enclosures) 

Michael Saladcn ENV-RCRA, Los Alamos National Laboratory, K490, Los Alamos, NM 
87545 (w/o enclosures) 

Robe1i Mason, TA-55-DO, Los Alamos National Laboratory, E583, Los Alamos, NM 87545 
(w/o enclosures) 

Hugh McGovern, TA-55-RLVv, Los Alamos National Laboratory, E518, Los Alamos, NM 
87545 (w/o enclosures) 

Pete Worland, TA-55-RL\V, Los Alamos National Laboratory, E518, Los Alamos, NM 
87545 (w/o enclosures) 

Susan L. 1\1cMichael, LC-LESH, Los Alamos National Laboratory, Al87, Los Alamos, NM 
87545 (w/o enclosures) 

Bob Beers, ENV-RCRA, Los Alamos National Laboratory, K490, Los Alamos NM, 87545 
(w/ enclosures) 
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Environmental Protection Division 
Water Quality & RCRA Group (ENV-RCRA) 
P.O. Box 1663, Mail Stop M704 
Los Alamos, New Mexico 87545 
(505) 667-0666/F AX: (505) 667-5224 

Mr. James I-1. Davis} Director 
Resource Protection Division 
New Mexico Environment Department 
Harold Runnels Building 
1 190 St. Francis Drive 
P .0. Box 5469 
Santa Fe, NM 87502-5469 

Dear Mr. Davis: 

'> ~ ~ ~ ~ rw ~ 
DEC 9 2011 IL-t 1 

RESOURCE PROTECTION DIVl~.\Ol 

Date; December 7, 2011 
ReferTo: ENV-RCRA-11-0270 

LAUR: 11-12157 

SUBJECT: REQUEST FOR AN EXTENSION TO SUB1\1IT AN UPDATED 
DISCHARGE PERMIT APPLICATION FOR THE RADIOACTIVE LIQUID 
WASTE TREAT1\1ENT FACILITY (DP-1132) 

The US Department of Energy and Los Alamos National Security, LLC (DOE/LANS) are in receipt 
of your November 18, 2011, letter (Enc.losure 1) requiring a comprehensive and up-to-date 
Discharge Pem1it application for the Radioactive Liquid \Vaste Treatment Facility (RL V\TTF) within 
90 days of the letter's date (by February 16, 2012). For reasons explained below, DOE/LANS 
request an additional 90 days to prepare a Discharge Permit application for the RL\VTF. 

DOE/LANS have appreciated \\1oddng with you and your staff on this matter. The goa1 is to submit 
a new Discharge Pe1mit application for the RL\VTF that is complete and satisfactory at the time of 
submittal. Addressing each of the 19 bu11ets listed in the above-referenced lerter will require a 
significant level of.effort by DOE/LANS technical staff. Further, the administrative record 
identified in the letter will need to be carefully reviewed, and supplemented as appropriate. 
Meetings between our respective representatives \Vill be needed to ensure the infonnation provided 
is responsive and foe.used correctly. For these reasons and because the Laboratory is closed during 
the holiday season, DOE/LANS respectfully request an e~tension of the application deadline to 
May 16, 2012. 

Please contact Bob Beers at (505) 667-7969 if you have questions regarding this request. 

Sincerely, . /J . 
//--·f2 tf~ 

Anthony R. Grieggs ' 
Group Leader 
\Vater Quality & RCRA Group 

An Equal Opportunity Employer I Operated by Los Alamos National Securily LLC for DOE/t~NSA 
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Enclosures: a!s. 

Cy: 

.. 
JHai Shen, 'LASO-EO, A316 
JGene Turner, LASO-EO; A316 
JSteve Yanicak, LASO-GOV, M894 
JCarl A. Beard, P ADO PS, Al 02 
vM:ichael T. Brandt, ADESH, K491 

vRandy Johnson, ENV-ES, ESOO 
v.Mike Saladen, ENV-RCRA, K490, (E-File) 

./Robert Beers, ENV-RCRA, K490, (E-File) 
v1Robert C. Mason, TA55-DO, E583 
./Hugh McGovern, TA-55 RLW, E518 
J;pete Worland, TA-55-RLW, E518 
/Susan L. Mc:tvfichael, LC-LESH, Al87 

ENV-RCRA File, M704 
IR.M-RlvLMSO, A150 

December 7, '.2011 · 

An Equal Opportunity Employer I Operated by Los Alamos National Security LLC for DOE/NNSA 
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SUSAr\NA IYV..RTlNEZ 
Governor 

JOHN A. SANCHEZ 
Lieutenant Governor 

HlCLOSURE 1 

NEW MEXICO 

ENVIRONMENT DEPARTMENT 

Resource Protection Division 

Harold Runnels Building 
1190 Saint Francis Drive (87505) 

PO Box 5469, Santa Fe, NM 87502-5469 
Phone (505) 827-2855 Fax (505) 827-2836 

v.rww.runenv.state.run.us 
James H. Davis, Ph.D. 
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. ) RE:· Response to Notice of Intent to Discharge and Discharge Permit Required for Zero Liquid 
Discharge Tanks, AI 856_: PRD20070004 and Updated Application Submittal Required for 
the Radioactive Liquid Waste Treatment Facility (RLWTF), DP-1134 

Dear Mr. Grieggs: 

The Ground Water Quality Bureau of the New Mexico Environment Department (NMED) received a 
Notice of Intent from Los Alamos National Laboratory (LANL) on November 8, 2007 for the facility 
referenced above. NMED responded in w1iting with a request for additional infonnation which required 
LANL to submit 60% plans and specifications for the proposed structure, information pertaining to 
ground water which may be impacted should a release occur, operation and maintenance procedures for 
the tanks, infom1ation on the potential concentration of the wastestream due to evaporation, and seismic 
studies for the area in which t11e tanks are to be constructed. NMED received a response to the 
requested information from LANL on September 15, 2008 which provided most of the requested 
ihfonnation and stated that plans and specifications wou1d be submitted once available. NMED 
received the plans and specifications for the evaporative tanks on August 19, 2011 along with an 
addendum dated October 19, 2011.. The notice describes LANL's intent to discharge up to 3.6 million 
gallons annually of treated effluent from the RLWTF to two evaporative concrete tanks equipped with 
synthetic liners and leak detection systems. The total operating volume of the tanks is approximately 
754,036 gallons (100,800 cubic feet). The notice, along with the subsequent infonnation submitted upon 
NMED's request, satisfies the requirements of Subsection A of20.6.2.1201 New Mexico Administrative 
Code (NMAC) of the New Mexico Water Quality Control Commission (WQCC) Regulations, 20.6.2 
NMAC. The proposed discharge is located within the boundaries of Los Alamos National Laboratory at 
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35°51 '37"N, 106°16'57"\V, approximately 2.5 miles southeast of Los Alamos in Section 23, Township 
l 9N, Range 06E, Los Alamos County. 

NMED has reviewed the information provided in acc.ordance \Vi th Subsection D of 20.6.2.1201 NMAC 
and because the proposed evaporative tanks contain an effluent or leachate which may move directly or 
indirectly into ground water, NMED has detennined that a Discharge Permit is required for the 
proposed discharge. NMED considers the proposed evaporative tanks to be a component of the 
RLWTF, therefore they must be included in the Discharge Permit for this facility. 

Any appeal of this detennination that a Discharge Permit is required must be made to the Nev.r Mexico 
\VQCC within 30 days of receipt of this letter, in accordance with Subsection B of 20.6.2.3112 NMAC. 
A copy of the WQCC Regulations, 20.6.2 NMAC, 1s available at 
http://wvnv.nmcpr.state.nm.us/nmac/ title20ff20C006.htm. 

Upon further review of the file for the RL WTF, NI\1ED has noted the following: 

e, An application for a Discharge Pcnnit was submitted to NMED on April 16, 1996 for the discharge 
of 41,770 gallons per day of treated low level radioactive wastewater from the RLWTF to a tributary 
of Mortandad Canyon (referred to as Effluent Canyon). 

e The application identified potential upgrades to the system which were to enhance the treatment 
process and provide alternate discharge capabilities for the facility. 

0 The treated effluent from the RLWTF is currently authorized to be discharged to an outfall (Outfall 
051) under a United States Environmental Protection Agency (EPA) National Pollutant Discharge 
Elimination System (NPDES) Pennit (NM002S355) last issued on August 1, 2007, and subsequently 
modified on July 17, 2007, May 13, 2011, and October 11, 2011. 

o Numerous Notices of Planned Changes have been submitted lo EPA for treatment system upgrades 
and facility ·changes under the NPDES Permit for Outfall 051. Copies of these notices were 
submitted to NMED on the following dates: April 21, 1998, March 18, 1999, April 3, 2000, June 13, 
2000, May 7, 2002, March 14, 2003, April 18, 2003, January 12, 2004, May 14, 2007, May 6, 2008, 
August l 9, 2010, September 16, 2010, and February 23, 2011. 

e> In addition to the Notices of Planned Changes, numerous notices concerning minor modifications to 
the facility have been submitted lo NMED as addendums to the original Discharge Pennit 
application. NMED received copies of these submissions whicJ1 were dated March 23, 1999, 
December 8, 2000, November 8, 2007, August 25, 2010, September 27, 2010, December 15, 2010, 
and March 22, 2011. 

@ NMED has engaged in num·erous meetings, inspections and \vritten correspondence regarding the 
RLWTF in order to compile accurate information on the facility in preparation for drafting a 
Discharge Pennit that will .accurately reflect the activities conducted al the RLWTF. 

Ill In September 2003, a draft of Discharge Pennit DP-1132 was sent to LANL which was subsequently 
Pub1ic Noticed on April 18, 2005, beginning a 30-day comment period. 

e On April 27, 2005, in response to multiple requests from interested parties, a second public comment 
period was granted on the proposed Discharge Penni! (extending the comment period for 
approximately 90 days, until August 4, 2005). 
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r;.. NMED received comments and requests for a public hearing regarding the draft Discharge Permit 
from both interested parties and LANL. · 

~ Tiu-ough continued discussions with LANL, correspondence, site inspections and the above 
referenced Notice of Intent, it has become apparent that the facility has significan.tly modified 
treatment processes, discharge volumes and locations of the discharge when compared to the original 
application submitted to NMED on August 16, 1996. 

" As it pertains to any future Discharge Permits to be issued by the NMED Ground Water Quality 
Bureau (G\VQB), this facility has been detennined to include the central influent collection lines 
leading to the RLWTF, a11 components which are part of the wastewater treatment process and all 
locations where the treated wastewater is disposed, including all surface discharges as we1l as non
surface discharges such as evaporative tanks (as described in the above referenced Notice ofJntent). 
This detennination by the NMED-GWQB is based on infom1ation provided in the original 
app1ication for a Discharge Permit along with subsequent information provided to NMED by LANL. 

Given the extensive and fractured exchange of information concerning this facility, along with changes 
-at the RLWTF that have occurred during the lengthy permitting process and planned future changes, 
NMED views LANL's August 16, 1996 Discharge Permit application to be inconsistent with the current 
and planned discharge activities associated with the RLWTF. Therefore, NMED requires that LANL 
submit a comprehensive and up-to-date Discharge Permit application for the RLWTF within 90 
days of the date of this letter (by February 16, 2011). 

When submitted, the application (copy enclosed) should be completed in its entirety and specifically 
address the following: 

o The estimated volumes, sources (tec1mica1 area and building) and wastestream characteristics of all 
influent wastev-iater that LANL receives, or intends to receive, at the RLWTF. 

f1) A description of the conveyance methods used to transport wastewater to the RLWTF for each 
source. 

e A description of waste characterization and metering systems used to determine influent w~stestream 
characteristics and volumes entering the RLWTF. 

o A description of the review and amendment process for LANL's internal Waste Acceptance Criteria 
(WAC) for all incoming wastewater received al the RLWTF. This should inc1ude LANL's process 
for ensuring tl1e WAC relates to the current treatment tech11ologies and prncesses. 

a> A description of operational procedures for receiving wastes from each generator. 
ci A schematic of the treatment process in its entirety for each wastestrearn (from collection to fina1 

disposal). 
" Descriptions, locations, construction materials and sizing for each component of the treatment 

processes for each type of wastestream being treated at the RLWTF. 
o Descriptions, locations and designs for all secondary storage and auxillary emergency units intended 

to rec~ive, treat or store wastewater received at the facility. 
0 Proposed processes for the operation, inspection and maintenance for the facility as it peitains to the 

collection lines, treatment units and effluent storage disposal units. 
e> Procedures and corrective actions for addressing acute failures at the facility. 
e Procedures and corrective actions for addressing long-tem1 maintenance issues at the facility. 
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o Record drawings for all components of the facility1 if available. 
o Construction plans and specifications for a11 components of the facility which are under constrnction 

or are proposed for construction. 
o A proposed effluent monitoring plan, identifying ana1ytes and sample locations/frequency. The 

proposal should consider discharge frequencies, incoming waste characteristics and the constituents 
listed under 20.6.2.3103 NMAC and Subsection WW of20.6.2.7 NMAC. · 

o Proposed flow and metering systems used to detennine effluent discharge volumes for each of the 
disc.harge locations. 

0 Proposed ground ·water monitoring locations for ground water sources most likely to be impacted by 
intentional and unintentional discharges from the RL\VTF. The proposal s11ould identify 
geohydrology of the potentially impacted areas, existing monitoring well locations and construdion. 

e Actions which LANL would implement should partial or full closure of the facility occur. 
o A scaled facility plan showing the facility's components including influent collection lines, storage 

units, major treatment units and disposal units. 
o All other information sought in NMED's application for Discharge Permit Sections A through C. 

Please note that for the purposes of public notification, the "discharge site" as it relates to this 
facility encompasses the central collection system lines, the treatment and storage facilities and all 
~ischarge locations for the treated effluent. 

\Vben submitting the comprel1ensive and up-to-date Discharge Permit application, you must complete 
and submit three copies along with the $100 filing fee. 

If you have any questions, please contact either Jennifer Fullam at (505) 827-2909 or Clint Marshall, 
Acting Program Manager of the Ground Water Pollution Prevention Section, at (505) 827-0027. 

Sincere~ly, 

t, /.~;,.I 
... t/'-'"1 

H. Davis, Ph.D. 
Director, Resource Protection Divjsion 

JD:JF 

Enc: Applying for a Discharge Permit: General Information 
Discharge Pennit Application 

cc: Robert Ita11ano, District Manager, NMED District II (w/o enclosures) 
NMED Santa Fe Field Office (w/o enclosures) 
DP Required File (w/o enclosures) 
James Bearzi, NMED SWQB (w/o enclosures) 
Richard Powell, NMED SWQB (w/o enclosures) 
John. Kieling, NMED HWB (w/o enclosures) 
Steven Yanicak, NMED-DOE-Oversight Bureau (w/o enclosures) 
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Hai Shen, LASO-EO, Los Alamos National Laboratory, A316, Los Alamos, NM 87545 (w/o 
enclosures) 

Gene Turner, LASO-EO, Los Alamos National Laboratory, A316, Los Alamos, NM 87545 
(w/o enclosures) 

Eric Trujillo, LASO-NSM, Los Alamos National Laboratory, A316, Los Alamos, NM 87545 
(w/o enclosures) 

Carl A. Beard, PADOPS, Los Alamos National Laboratory, A102, Los Alamos, NM 87545 
(w/o enclosures) 

J. Chris Cantwell, ADESHQ, Los Alamos National Laboratory, K491, Los Alamos, NM 
87545 (v.:/o enclosures) 

Randy Jolmson, ENV-ES, Los Alamos National Laboratory, ESOO, Los Alamos, Nlvr 87545 
(vdo enclosures) 

Michael Sa1aden ENV-RCRA, Los Alamos National Laboratory, K490, Los Alamos, NM 
87545 (w/o enclosures) 

Robert Mason, TA-55-DO, Los Alamos National Laboratory, E583, Los Alamos, NM 87545 
(w/o enclosures) 

Hugh McGovern, TA-55-RLW, Los Alamos National Laboratory, E518, Los Alamos, NM 
87545 (w/o enclosures) 

Pete Wor1and, TA-55-RLW, Los Alamos National Laboratory, E518, Los Alamos, NM 
87545 (w/o enclosures) 

Keith Orr, PMF-FUNCT, Los Alamos National Laboratory, M984, Los Alamos, NM 87545. 
(w/o enclosures) 

Roy Maestas, CM-STRS, Los Alamos National Laboratory, P299, Los Alamos, NM 87545 
(w/o enclosures) 

Joe Brophy, PMF-FUNCT Los Alamos National Laboratory, P137, Los Alamos, NM 87545 
(w/o enclosures) 

Ed Artiglia, ES-PE, Los Alamos National Laboratory, Pl37, Los Alamos: NM 87545 (w/o 
enclosures) 

Bob Beers, ENV-RCRA, Los Alamos National Laboratory, K490, Los Alamos NM, 87545 
(w/ enclosures) 
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Environmental Protection Division 
Water Quality & RCRA Group (ENV-RCRA) 
P.O. Box 1663, Mail Stop M704 
Los Alamos, New Mexico 87545 
(505) 667-0666/FAX: (505) 667-5224 

Mr. James H. Davis, Director 
Resource Protection Division 
New Mexico Environment Department 
Harold Runnels Building 
1190 St. Francis Drive 
P.O. Box 5469 
Santa Fe, NM 87502-5469 

Dear Mr. Davis: 

Date: December 7, 2011 
Refer To: ENV-RCRA-11-0270 

LAUR: 11-12157 

SUBJECT: REQUEST FOR AN EXTENSION TO SUBMIT AN UPDATED 
DISCHARGE PERMIT APPLICATION lFOR TIDE RADIOACTIVE LIQUID 
WASTE TREATMENT FACILITY (DP-1132) 

The US Department of Energy and Los Alamos National Security, LLC (DOE/LANS) are in receipt 
of your November 18, 2011, letter (Enclosure 1) requiring a comprehensive and up-to-date 
Discharge Permit application for the Radioactive Liquid Waste Treatment Facility (RLWTF) within 
90 days of the letter's date (by February 16, 2012). For reasons explained below, DOE/LANS 
request an additional 90 days to prepare a Discharge Permit application for the RL wTF. 

DOE/LANS have appreciated working with you and your staff on this matter. The goal is to submit 
a new Discharge Permit application for the RL WTF that is complete and satisfactory at the time of 
submittal. Addressing each of the 19 bullets listed in the above-referenced letter will require a 
significant level of effort by DOE/LANS technical staff. Further, the administrative record 
identified in the letter will need to be carefully reviewed, and supplemented as appropriate. 
Meetings between our respective representatives will be needed to ensure the information provided 
is responsive and focused correctly. For these reasons and because the Laboratory is closed during 
the holiday season, DOE/LANS respectfully request an extension of the application deadline to 
May 16, 2012. 

Please contact Bob Beers at (505) 667-7969 if you have questions regarding this request. 

Sincerely, , 

And-£~~ 
Group Leader 
Water Quality & RCRA Group 

An-Equal Opportunity Employer I Operated by Los Alamos National Security LLC for DOE/NNSA 



Mr. James H. Davis 
ENV-RCRA-11-0270 
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Cy: Hai Shen, LASO-EO, A316 
Gene Turner, LASO-EO, A316 
Steve Yanicak, LASO-GOV, M894 
Carl A. Beard, PADOPS, A102 
Michael T. Brandt, ADESH, K491 
Randy Johnson, ENV-ES, ESOO 
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Mike Saladen, ENV-RCRA, K490, (E-File) 
RobertBeers, ENV-RCRA, K490, (E-File) 
Robert C. Mason, TASS-DO, ES83 
Hugh McGovern, TA-SS RLW, ES18 
Pete Worland, TA-SS-RLW, E518 
Susan L. McMichael, LC-LESH, A187 
ENV-RCRA File, M704 
IRM-RMMSO, Al SO 

December 7, 2011 

An Equal Oppor:tunity Employer I Operated by Los Alamos National Security LLC for DOE/NNSA 
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RE: Response to Notice of Intent to Dischai"ge and Discharge Per.mit Required for Zero Liquid 
Discharge Tanks, Al 856: PRD20070004 and Updated Application Submittal Requiired for 
the Radioactive Liquid Waste Treatment Facility (RLWTIF), DP-U32 

Dear Mr. Grieggs: 

The Ground Water Quality Bureau of the New Mexico Environment Department (NMED) received a 
Notice of Intent from Los Alamos National Laboratory (LANL) on November 8, 2007 for the facility 
referenced above. NMED responded in writing with a request for additional information which required 
LANL to submit 60% plans and specifications for the proposed structure, information pertaining to 
ground water which may be impacted should a release occur, operation and maintenance procedures for 
the tanks, information on the potential concentration of the wastestream due to evaporation, and seismic 
studies for the area in which the tanks are to be constructed. NMED received a response to the 
requested information from LANL on September 15, 2008 which provided most of the requested 
information and stated that plans . and specifications wc;mld be submitted once available. NMED 
received the plans and specifications for the evaporative tanks on August 19, 2011 along with an 
addendum dated October 19, 2011. The notice describes LANL's intent to discharge up to 3.6 million 
gallons annually of treated effluent from the RLWTF to two evaporative concrete tanks equipped with 
synthetic liners and leak detection systems. The total operating volume of the tanks is approximately 
754,036 gallons (100;800 cubic feet). The notice, along with the subsequent information submitted upon 

. NMED's request, satisfies the requirements of Subsection A of20.6.2.1201 New Mexico Administrative 
Code (NMAC) of the New Mexico Water Quality Control Commission (WQCC) Regulations, 20.6.2 
NMAC. The proposed discharge is located within the boundaries of Los Alamos National Laboratory at 
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35°51 '3T'N, 106°16'57"W, approximately 2.5 miles southeast of Los Alamos in Section. 23, Township 
19N, Range 06E, Los Alamos County. 

NMED has reviewed the infonnation provided in accordance with Subsection D of 20.6.2.1201 NMAC 
and because the proposed evaporative tanks contain an effluent qr leachate which may move directly or 
indirectly into ground water, NMED has detennined that a Discharge Permit is tequired for the 
proposed discharge. NMED considers the proposed evaporative tanks to be a component of the 
RLWTF, therefore they must be included in the Discharge Pennit for this facility. 

Any appeal of this determination that a Discharge Permit is req11ired must be made to the New Mexico 
WQCC within 30 days of receipt of this letter, in accordance with Subsection B of 20.6.2.3112 NMAC. 
A copy of the WQCC Regulations, 20.6.2 NMAC, is avaUable at 
http://www.nmg>r.state.nm.us/nmac/ title20/T20C006.htm. 

Upon further review of the file for the RLWTF, NMED has noted the following: 

© An application for a Discharge Permit was submitted to NMED on April 16, 1996 for the discharge 
of 41,770 gallons per day of treated low level radioactive wastewater from the RLWTF to a tributary 
ofMortandad Canyon (referred to as Effluent Canyon). 

o The application identified potential upgrades to the system which were to enhance the treatment 
process and provide alternate discharge capabilities for the facility~ 

Ill The treated effiuent from the RLWTF is currently authorized to be discharged to an outfall (Outfall 
051) under a United States Environmental Protection Agency (EPA) National Pollutant Discharge 
Elimination System (NPDES) Pennit (NM0028355) last issued on August 1, 2007, and subsequently 
modified on July 17, 2007, May 13, 2011, and October 11, 2011. 

Cl> Numerous Notices of Planned Changes have been submitted to EPA for treatment system upgrades 
and facility changes under the NPDES Pennit for Outfall 051. Copies of these notices were 
submitted to NMED on the following dates: April 21, 1998, March 18, 1999, April 3, 2000, June 13, 
2000, May 7, 2002, March 14, 2003, April 18, 2003, January 12, 2004, May 14, 2007, May 6, 2008, 
August 19, ~010, September 16, 2010, and February 23, 2011. 

<t In addition to the Notices of Planned Changes, numerous notices concerning minor modifications to 
the facility have been submitted to NMED as addendums to the original Discharge Pennit 
application. NMED received copies of these submissions which were dated March 23, 1999,. 
December 8, 2000, November 8, 2007, August 25, 2010, September27, 2010, December 15, 2010, 
and March 22, 2011. 

s NMED has engaged in numerous meetings, inspections and writt.~n correspondence regarding the 
RLWTF in order to compile accurate infonnation on the facility in preparation for drafting a 
Discharge Pennit that wili accurately reflect the activities cond~cted at the RLWTF. 

l9 In September 2003, a draft of Discharge Permit DP-1132 was sent to LANL which was subsequently 
Public Noticed on April 18, 2005, beginning a 30-day comment period. 

Ill On April 27, 2005, in response to multiple requests from interested parties, a second public comment 
period was granted on the proposed Discharge Permit (extending the comment period for 
approximately 90 days, until August 4, 2005). 
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~ NMED received comments and requests for a public hearing regarding the draft Discharge Permit 
from both interested parties and LANL. 

(!) Through continued discussions with LANL, correspondence, site inspections and the above 
referenced Notice of Intent, it has become apparent that the facility has significantly modified 
treatment processes, discharge volumes and locations of the discharge when compared to the original 
application submitted to NMED on August 16, 1996. 

(fl As it pertains to any future Discharge Permits to be issued by the NMED Ground Water Quality 
Bureau (GWQB), this facility has been detennined to include the central influent collection lines 
leading to the RLWTF, all components which are part of the wastewater treatment process and all 
locations where the treated wastewater is disposed, including all surface discharges as well as non
surface discharges such as evaporative tanks (as described in the above referenced Notice of Intent). 
This determination by the NMED-GWQB is based on information provided in the original 
application for a Discharge Permit along with subsequent information provided to NMED by LANL. 

Given the extensive· and fractured exchange of information concerning this facility, along with changes 
at the RLWTF that have occurred during the lengthy permitting process and planned future changes, 
NMED views LANL' s August 16, 1996 Discharge Permit application to be inconsistent with the current 
and planned discharge activities associated with the RLWTF. Therefore, NMED irequires that LANL 
submit a comprehensive and up-to-date Discharge Permit application for the RLWTF within 90 
days of the date of this letter (by February 16, 2011). 

When submitted, the application (copy enclosed) should be completed in its entirety and specifically . 
address the following: ' 

<ii The estimated volumes, sources (technical area and building) and wastestream charac~eristics of all 
influent wastewater that LANL receives, or intends to receive, at the RLWTF. 

o A description of the conveyance methods used to transport wastewater to the RLWTF for each 
source. 

o A description of waste characterization and metering systems used· to determine influent w~stestream 
characteristics and volumes entering the RLWTF. 

!!) A description nf the review and amendment process for LANL's internal Waste Acceptance Criteria 
(WAC) for all incoming wastewater received at the RLWTF. This should include LANL's process 
for ensuring the WAC relates to the current treatment technologies and processes. 

e A description of operational procedures for receiving wastes from each generator. 
0 A schematic of the treatment process in its entirety for each wastestream (from· collection ·to final 

disposal). 
e> Descriptions, locations, construction materials and sizing for each component of the treatment 

processes for each type ofwastestream being treated at the RLWTF. 
0 Descriptions, locations and designs for all secondary storage and auxillary emergency units intended 

to receive, treat or store wastewater received at the facility. 
0 Proposed processes for the operation, inspection and maintenance for the facility as it pertains to the 

collection lines, treatment units and effluent storage-disposal units. 
IJ Procedures and corrective actions for addressing acute failures at the facility. 
a Procedures and corrective actions for addressing long-tenn maintenance issues at the facility. 
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o Construction plans and specifications for all components of the facility which are under construction 
or are proposed for consmtction. · 

o A proposed eflluent monitoring plan, identifying analytes and sample locations/frequency. The 
proposal should consider discharge frequencies, incoming waste characteristics and the constituents 
listed under 20.6.2.3103 NMAC and Subsection WW of20.6.2.7 NMAC. 

• Proposed flow and metering systems used to determine eftluent discharge volumes for each of the 
discharge locations. 

• Proposed ground water monitoring locations for ground water sources most likely to be impacted by 
intentional and unintentional discharges from the RLWTF. The proposal should identify 
geohydrology of the potentially impacted areas, existing monitoring well locations and construction. 

• Actions which LANL would implement should partial or full closure of the facility occur. 
" A scaled facility plan showing the facility's components including influent collection lines, storage 

units, major treatment units and disposal units. 
o All other infonnation sought in NMED's application for Discharge Permit Sections A through C. 

Please note that for the purposes of public notification, the "discharge site" as it relates to this 
facility encompasses the central collection system lines, the treatment and storage facilities and all 
discharge locations for the treated eftluent. 

When submitting the comprehensive and up-to-date Discharge Pennit application, you must complete 
and submit three copies along with the $100 filing fee. · 

If you have any questions, please contact either Jennifer Fullam at (505) 827-2909 or Clint Marshall, 
Acting Program Manager of the Ground Water Pollution Prevention Section, at (505) 827-0027. 

ames H. Davis, Ph.D. 
Director, Resource Protection Division 

JD:JF 

Enc: Applying for a Discharge Permit: General Infonnation 
Discharge Pennit Application 

cc: Robert Italiano, District Manager, NMED District II (w/o enclosures) 
NMED Santa Fe Field Office (w/o enclosures) 
DP Required File (w/o enclosures) 
James Bearzi, NMED SWQB (w/o enclosures) 
Richard Powell, NMED SWQB (w/o enclosures) 
John Kieling, NMED HWB (w/o enclosures) 
Steven Yanicak, NMED-DOE-Oversight Bureau (w/o enclosures) 
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Hai Shen, LASO-EO, Los Alamos National Laboratory, A316, Los Alamos, NM 87545 (w/o 
enclosures) 

Gene Turner, LASO-EO, Los Alamos National Laboratory, A316, Los Alamos, NM 87545 
· (w/o enclosures) 
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R!E: Response to Notice of [otent to Discharge and Discharge Permit !Required for Zero Liquuc:l! 
Discharge Tanks, AI 856: IPRD20070004 and Updatedl Application §ubmfittal Required for 
the Radioactive Liquid Waste Treatment Facility (RLWTF), DP-11.132 

Dear Mr. Grieggs: 

The Grotihd Water Quality Bureau of the New Mexico Environment Department (NMED) received a 
Notice of Intent from Los Alamos National Laboratory (LANL) on November 8, 2007 for the facility 
referenced above. NMED responded in writing with a request for additional information which required 
LANL to submit 60% plans and specifications for the proposed structure, infonnation pertaining to 
ground water which may be impacted should a release occur, operation and maintenance procedures for 
the tanks, irifonnation on the potential concentration of the wastestream due to evaporation, and seismic 
studies for the area in which the tanks are to be constructed. NMED received a response to the 
requested infonnation from LANL on September I 5, 2008 which provided most of the requested 
infonnation and stated that plans and specifications would be submitted once available. NMED 
received the plans and specifications for the evaporative tanks on August 19, 20 l I along with an 
addendum dated October 19, 2011. The notice describes LANL's intent to discharge up to 3.6 million 
gallons annually of treated effluent from the RLWTF to two evaporative concrete tanks equipped with 
synthetic liners and leak detection systems. The total operating volume of the tanks is approximately 
754,036 gallons ( 100,800 cubic feet). The notice, along with the subsequent information submitted upon 
NMED's request, satisfies the requirements of Subsection A of20.6.2.120 l New Mexico Administrative 
Code (NMAC) of the New Mexico Water Quality Control Commission (WQCC) Regulations, 20.6.2 
NMAC. The proposed discharge is located within the boundaries of Los Alamos National Laboratory at 
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35°51 '37"N, l06°16'57"W, approximately 2.5 miles southeast of Los Alamos in Section 23, Township 
19N, Range 06E, Los Alamos County. 

NMED has reviewed the infonnation provided in accordance with Subsection D of 20.6.2.1201 NMAC 
and because the proposed evaporative tanks contain an effluent or leachate which may move directly or 
indirectly into ground water, NMED has determined that a Discharge Permit is required for the 
proposed discharge. NMED considers the proposed evaporative tanks to be a component of the 
RL WTF, therefore they must be included in the Discharge Pennit for this facility. 

Any appeal of this detennination that a Discharge Pennit is required must be made to the New Mexico 
WQCC within 30 days of receipt of this letter, in accordance with Subsection B of20.6.2.3112 NMAC. 
A copy of the _ WQCC Regulations, 20.6.2 NMAC, is available at 
http://www.nmcpr.state.mn.uS/nmac/ tit1e20/T20C006.htm. 

Upon further review of the file for the RLWTF, NMED has noted the following: 

o An application for a Discharge Pennit was submitted to NMED on April 16, 1996 for the discharge 
of 41, 770 gallons per day of treated low level radioactive wastewater from the RL WTF to a. tributary 
ofMortandad Canyon (referred to as Effluent Canyon). 

e The application identified potential upgrades to the system which were to enhance the treatment 
process and provide alternate discharge capabilities for the facility. 

11 The treated effluent from the RLWTF is currently authorized to be discharged to an outfaJJ (Outfall 
051) under a United Sta_tes Environmental Protection Agency (EPA) National Pollutant Discharge 
Elimination System (NPDES) Pennit (NM0028355) Jast issued on August 1, 2007, and subsequently 
modifie.d on July 17, 2007, May 13, 2011, and October 11, 2011. 

• Numerous Notices of Planned Changes have been submitted to EPA for treatment system upgrades 
and facility changes under the NPDES Pennit for Outfall 051. Copies of these .notices were 
submitted to NMED on the following dates: April 21, 1998, March 18, 1999, April 3, 2000, June 13, 
2000, May 7, 2002, March 14, 2003, April 18, 2003, January 12, 2004, May 14, 2007, May 6, 2008, 
August J 9, 2010, September, 16, 2010, and February 23, 2011. 

o In addition to the Notices of Planned Changes, numerous notices concerning minor modifications to 
the facility have been submitted to NMED as addendurns to the original Discharge Pennit 
application. NMED received copies of these submjssions which were dated March 23, 1999, 
December 8, 2000, November 8, 2007, August 25, 2010, September 27, 2010. December 15, 2010, 
and March 22, 2011. 

e NMED has engaged in numerous meetings, inspections and written correspondence regarding the 
RL WTF in order to compile accurate infonnation on the facility in preparation for drafting a 
Discharge Pennit that will accurately reflect the activities conducted at the RL WTF. 

<a . In September 2003, a draft of Discharge Pennit DP-1132 was sent to LANL which was subsequently 
Public Noticed on April 18, 2005, beginning a 30-day comment period. 

$ On April 27. 2005, in response to multiple requests from interested parties, a second public comment 
period was granted on the proposed Discharge Pennit (extending the comment period for 
approximately 90 days, until August 4, 2005). 
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o NMED.received comments and requests for a public hearing regarding the draft Discharge Pennit 
from both interested parties and LANL. 

o Through continued discussions with LANL, correspondence, site inspections and the above 
referenced Notice of Intent, it has become apparent that the facility has significantly modified 
treatment processes, discharge volumes and locations of the discharge when compared to the original 
application submitted to NMED on August 16, 1996. 

G As it pertains to any future Discharge Pennits to be issued by the NMED Ground Water Quality 
Bureau (GWQB), this fadlity has been detennined to include the central influent collection lines 
leading to the.RLWTF, all components which are part of the wastewater treatment process and all 
locations where the treated wastewater is disposed, including all surface discharges as well as non
surface discharges such as evaporative tanks (as described in the above referenced Notice oflntent). 
This detennination by the· NMED-GWQB is based on infonnation provided in the original 
application for a Discharge Permit along with subsequent infonnation provided to NMED by LANL. 

Given the extensive and fractured exchange of infonnation concerning this facility, along with changes 
at the RLWTF that have occurred during the lengthy pennitting process and planned future changes, 
NMED views LANL's August 16, 1996 Discharge Pennit application to be inconsistent with the; current 
and planned discharge activities associated with the RLWTF. Therefore, NMED requires that LA.NL 
submit a comprehensive and up-ro-date Discharge Permit application for the RLWTF within 90 
days of the date of this letter (by February 16, 2011). 

When submitted, the application (copy enclosed) should be completed in its entirety and specifically 
address the following: · 

o The estimated volumes, sources (technical area and building) and wastestream characteristics of all 
influent wastewater that LANL receives, or intends to receive, at the RLWTF. 

o A description of the conveyance methods used to transport wastewater to the RLWTF for each 
source. 

Q A description of waste characterization and metering systems used to detennine influent wastestream 
characteristics and volumes entering the RLWTF. 

o A description of the review and amendment process for LANL's internal Waste Acceptance Criteria 
(WAC) for all incoming wastewater receive.cl at the RLWTF. This should include LANL's process 
for ensuring the WAC relates to the current treatment technologies and processes. 

o A description of operational procedures for receiving wastes from each generator. 
<> A schematic of the treatment process in its entirety for each wastestream (from collection to final 

disposal). 
o Descriptions, locations, construction materials and · sizing for each component of the treatment 

processes for each type of wastestream being treated at the RLWTF. 
e Descriptions, locations and designs for all secondary storage and auxillary emergency units intended 

to receive, treat or store wastewater received at the facility. 
o Proposed processes for the operation, inspection and maintenance for the facility as it pertains to the 

collection lines, treatment units and effluent storage disposal units. 
o Procedures and corrective actions for addressing acute failures at the facility. 
o Procedures and corrective actions for addressing long-term maintenance issues at the facility. 
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o Record drawings for all components of the facility, if available. 
o Construction plans and specifications for all components of the faciHty which are under construction 

or are proposed for construction. 
0 A proposed effluent monitoring plan, identify~g analytes and sample locations/frequency. The 

proposal should consider discharge frequencies, incoming waste characteristics and the constituents 
listed under 20.6.2.3103 NMAC and Subsection WW of20.6.2.7 NMAC. 

· ,~ Proposed flow and metering systems used to detennine effluent discharge volumes for each of the 
discharge locations. 

o Proposed ground water monitoring locations for ground water sources most likely to be impacted by 
intentional and unintentional discharges from the RL WTF. The proposal should identify 
geohydroJogy of the potentially impacted areas, existing monitoring weIJ locations and construction. 

o Actions which LANL would implement should partial or full closure of the facility occur. 
o A scaled facility plan showing the facility's components including influent collection Jines, storage 

units, major treatment units and disposal units. · 
o All other infonnation sought in NMED's application for Discharge Pennit Sections A through C. 

Please note that for the purposes of public notification, the "discharge site" as it relates to this 
facility encompasses the central coHection system lines, the treatment and storage facilities and all 
discharge locations for the treated effluent. 

When submitting the comprehensive and up-to-date Discharge Pennit application, you must complete 
and submit three copies along with the $100 filing fee. 

If you have any questions, please contact either Jennifer Fullam at (505) 827-2909 or Clint Marshall, 
Acting Program Manager of the Ground Water P<>llution Prevention Section, at (505) 827-0027. 

Si-µncerely, .. · . 7 /f . , h A . w .~. -~ 

lames H. Davis, Ph.D. 
Director, Resource Protection Division 

JD:JF 

Enc: Applying for a Discharge Pennit: General Information 
Discharge Pennit Application 

cc: Robert Italiano, District Manager, NMED District II (w/o enclosures) 
NMED Santa Fe Field Office (w/o enclosures) 
DP Required File (w/o enclosures) 
James Bearzi, NMED SWQB (w/o enclosures) 
Richard Powell,. NMED SWQB {w/o enc1osures) 
John KieJing, NMED HWB (w/o enclosures) 
Steven Yanicak, NMED-DOE-Oversight Bureau (w/o enclosures) 
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Environmental Protection Division 
Water Quality & RCRA Group (ENV-RCRA) 
P.O. Box 1663; K490 
Los Alamos, New Mexico 87545 
(505) 667-0666/FAX (505) 667-5224 

Mr. Jerry Schoeppner, Acting Chief 
Ground Water Quality Bureau 
New Mexico Environment Department 
Harold Runnels Building, Room N2250 
1190 St. Francis Drive 
P.O. Box 26110 
Santa Fe, NM 87502 

Dear Mr. Schoeppner: 

National Nuclear Security Administration 
Los Alamos Site Office, A316 
3747 West Jemez Road 
Los Alamos, New Mexico 87545 
(505) 667-5794/FAX (505) 667-5948 

Date: August 11, 2011 
Refer To: ENV-RCRA-11-0136 

LAUR: 11-11041 

SUBJECT: SIXTY PERCENT DESIGN, EVAPORATJION TANKS, TA- 50 RADIOACTIVE 
LIQUID WASTE TREATMENT FACILITY 

In November 2007, Los Alamos National Laboratory (the Laboratory) submitted a notice of intent 
(NOI) to the New Mexico Environment Department (NMED) to discharge treated effluent from the 
Technical Area 50 (TA-50) Radioactive Liquid Waste Treatment Facility (RL WTF) to three proposed 
aboveground evaporation tanks. On June 11, 2008, the NMED replied to the Laboratory's NOI with a 
request for additional :information on six items (Enclosure 1). In the Laboratory's September 15, 2008, 
reply (Enclosure 2), all six items wen~ addressed except for item 1, listed below: 

I. Submit 60% complete plans and specifications of the facility. Include detailed information 
regarding the construction of the evaporation tanks. 

The lack of project funding over the past several years.has delayed design and construction of the 
evaporation tanks. The 60% design package was finally completed on July 28, 2011, and is now 
available for your review. Enclosure 3 contains a compact disc (CD) with the 60% complete plans and 
specifications for the construction of two (2) aboveground evaporation tanks. The third tank originally 
proposed has been dropped from the design. The mesa top location at TA-52 has not changed. 

An Equal Opportunity Employer I Operated.by Los Alamos National Security LLC for DOE/NNSA 
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Given the design (concrete walls and floor with two synthetic liners and leak detection alarms) and the 
depth to groundwater (1260 ft), no reasonable potential exists that liquid in the evaporation tanks will 
move directly or i~directly .into groundwater. Therefore, the evaporation tanks are not subject to the 
permitting requirement of 20.6.2.3104 and 3106 NMAC. Further, even if discharges to the evaporation 
tanks were considered a discharge subject to the permitting requirements of 20.6.2.3104 and 3106 
NMAC, the effluent meets all of the listed numerical standards of20.6.2.3103 NMAC, has a total 
nitrogen concentration of 10 mg/L or less, does not contain any toxic pollutant, and is therefore exempt 
from the permitting requirements under 20.6.2.3105.A NMAC. 

Because of the accelerated design and c9nstruction schedule for this project, the Laboratory respectfully 
requests that the NMED review the enclosed plans and specifications and determine that no discharge 
permit is required. At your request and convenience, Laboratory engineers familiar with the enclosed 
design are available to meet with you and your staff to answer questions. 

Please contact Bob Beers at (505) 667-7969 of the Water Quality and RCRA Group (ENV-RCRA) if you 
have questions. 

Sincerely, 

~~ 
Anthony R. Grieggs 
Group Leader 
Water Quality & RCRA Group 
Los Alamos National Laboratory 

ARG:GET:BB/lm 

Enclosures: a/s 

Cy: Hai Shen, LASO-EO, w/o enc., A316 
Gene Turner, LASO-EO, w/o enc., A316 . 
Eric Trujillo, LASO-NSM, w/o enc., A316 
Steve Y anicak, LAso:.oov, w/o enc., M894 
Carl A. Beard, P ADO PS, w/o enc., Al 02 
J. Chris Cantwell, ADESHQ, w/o enc., K491 
Randy Johnson, ENV-ES, w/o enc., E500 

Sincerely, 

~@___~ 
Gene E. Turner 
Environmental Permitting Manager 
Environmental Projects Office 
Los Alamos Site Office 
National Nuclear Security Administration 

Mike Saladen, ENV-RCRA, w/o enc., K490, (E-File) 
Robert Mason, TA-55-DO, w/o enc., E583 
Hugh McGovern, TA-55 RLW, w/o enc., E518 
Pete Worland, TA-55-RLW, w/o enc., E518 
Keith Orr, PMF-FUNCT, w/o enc., M984 

An Equal Opportunity Employer I Operated by Los Alamos National Security LLC for DOE/NNSA 



Mr. Jerry Schoeppner 
ENV-RCRA-11-0136 

Cy (continued): 
Roy Maestas, CM-STRS, w/o enc., P299 
Joe Brophy, PMF-FUNCT, w/o enc., P137 
Ed Artiglia, ES-PE, w/o enc., Pl 37 
ENV-RCRA File, w/enc., K490 
IRM-RMMSO, w/enc., A150 

August 11, 2011 

An Equal Opportunity Employer I Operated by Los Alamos, National Security LLC for DOE/NNSA 
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BILL RICHARDSON 
Govcmor 

DIANE DBNISH 
Lieutenant Govemm 

June H,2008 

ENCLOSURE 1 

NlEW IMHEX][CO 
ENVIlJRONMJEN'JI' l!DEJ? AR 'JI'MJEN'Ir 

GD'omd Wimiter <Q~ Bllfi5'UJ&J 

1190 St. Francis Drive 
P.O. Box 26110, Sama Fe, l'JM. 87S02 

Phone (SOS) 827-2918 Fax (SOS) 127-2965 
www.nmenv.state.mn.• 

Alllthony R. Grieggsp Group ILesder 
Environmental Protection Division 
Water Quality & RCRA (ENV-JR.CRA.) 
l?.O. Box 1663~ Mail Stop K.490 
Los Alamosp NM 87545 

LAUR-11-11041 

U: R~e~t foll" Adafil1tiollllall !I!mt'®!l"1.!i!llllllttcm9 ID>J?-1l.11.32ii bdU«>S!Ctivli Liqiundl W•~ 'li'!!'amellllfc 
JFmmty 

[)ear Mr. Grieggs: 

The New Mexico Enviromnem Departm.eDt (NMBD) received 11 ground water Discharge Permit 
appliciltion ftom you on Apm 16, .1996 for the above· referenced mcility md a Notice of Inftent 
for the discharge of eftluent water to ev&J!Oratlve mnks (zero liquid discharge facility) on 
November 8, 2007. The application propoees the discharge ot)1p to 3.6 million gallons per year 
of industrial wastewater. 

NivmD bas reviewed the Nonce of Intent in accmdance with ihe New Mmco Water Quality 
Control Commission Regulations (20.6.2 NM.AC). The following additional informatiom: is 
necessary in oirder for NMBD to determine if the zero liquid discharge facility MU reqW!re a New 
Mexico Environment Depanment Ground Weter Discharge Permit: 

1. Submit 60% complete plans and spgcificetions of the &cility. lTncllude detailed 
information regarding the oonsttuction of the ev&P.Orati.on tanks. 

2! Submit information regarding ground water De&lt' the facility that is most likely to b2 
impacted should a release occur. Thfa should include the most shallow aquifers 
located down gradient of the fiwility prior to the Rio Gnmde. 
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ENCLOSURE 1 LAUR-11-11041 

3. Submit procedures for the operation and maintenance of the evapomtion tanks • 
. Please include estimated cleming timelines md methodologies. 

4. . Submit information on the ooncentrmon of waste in the 1!anks due to evaporation. 

S. Submit seismic studies conducted in mcoordmce to 40 CFR § 2641.18 (a) 

Following subinission of the requested additional infomWio~ NMED will ad upon your Notice 
of :Kntent to disclba:rge. Yom te00pemtion is appreciated. Ifyou. have any questions, you may :iremch 
me at (505) 827-2909. 

Sincerely, 

t/1~ 
Environmental Scientist 
Orowid Water Pollution hevemon Section 

cc: James Bemzi, NMBD ~ous Waste Bureau 
John Young, NMED EraZardous Waste lB\urem.x 
Marcy Leavitt, NMED SWQB 
lblph Fom·&hmidt, NMJID..OOE Oversigln Bureau 
Bob Beers, EnvironmenUll Protectlon Divisio~ Water Quality 11!. RCRA Ground 11 J? .0. 

Box !663, Mail Stop K490, Los Alamosp New Mexioo 87545 · 
Mike Satadcn, BNV~RCRA, Los Alamos National Labomory» K490p Los Alamosn 

NM 87545 (W/O enclosure) 

.; 
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Environmental Protection Division 
Water Quality & RCRA (ENV-RCRA) 
P.O. Box 1663; Mail Stop K490 
Los Alamos, New Mexico 87545 
(505) 667-7969fFAX: (505) 665-9344 

Ms. Jennifer Fullam 

ENCLOSURE2 

Ground Water Pollution Prevention Section 
Ground Water Quality Bureau 
New Mexico Environment Department 
Harold Runnels Building, Room N2261 
1190 St. Francis Drive 
P.O. Box 26110 
Santa Fe, NM 87502 

Dear Ms. Fullam: 

LAUR-14-11041 

Date: September 15, 2008 
Refer To: ENV-RCRA-08-169 

LA-UR: 08-04520 

S1UBJ1ECT: REQUES'.lf' FOR ADJIMTJrONAL HNJFORMATKON~ JllP-U.32, RADJrOACTWE 
LKQVID W A§'JflE 'JI'JREATMENT JFACIDLJIIT 

I have received your June 11, 2008, letter (Enclosure 1) requesting additional information for 
Los Alamos National Laboratory's November 8, 2007, Notice of Intent (NOI) for the discharge 
of treated effluent from the TA-50 Radioactive Liquid Waste Treatment Facility (RL WTF) to 
proposed evaporation tanks. I have listed each of your requests below, along with the · 
Laboratory's response. 

1. Submit 600/o complete plans and specifications of the facility. Include detailed 
information regarding the construction of tile evaporation tanks. 

As the Laboratory indicated in the November 8, 2007, NOI, detailed plans and specifications 
for the evaporation tanks will be submitted to your agency once they beeome available. To 
date, no contract has been signed by the Laboratory for the final design of the evaporation 
tanks. 

2. Submit information regarding ground water near the facility ihat is most likely to be 
impacted should a release occur. This should include the most shallow aquifers located 
down gradient of the facility prior to the Rio Grande. 

The proposed site is a mesa top location at Technical Area (TA)n52. The approximate elevation of 
the proposed site is 7160 ft above mean sea level (MSL ). Two regional aquifer wells are located 
within approximately 1500 ft of the proposed site: Los Alamos County water supply well PM-5 
(7095 ft above MSL), and the Laboratory's regional aquifer monitoring well R-14 (7062 ft above 
MSL). 

An Equal Opportunity Employer I Operated by Los Alamos National Security LLC for .OOE/NNSA 
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LAUR-14-11041 

September 15, 2008 

The static water level at both PM-5 and R-14 is approximately 5900 ft above MSL; this places the 
depth of the regional aquifer at the proposed project site at approximately 1260 ft below ground 
surface (bgs ). No perched zone of saturation was encountered during drilling at R-14 (Hydrologic 
Tests at Characterization Well R-14, LA-14107MS,August 2004). In 2008, a new regional aquifer 
monitoring well will be installed on the mesa top in the vicinity of the evaporation tanks. The well, 
R-46, will be sited downgradient of Material Disposal Area (MDA) C and upgradient of water 
supply well PM-5 to ensure the safety of the supplied water. 

Given the depth to ground water at the proposed project site (1260 ft bgs), the potential for 
impact to groundwater, should a release occur, is low. The nearest shallow aquifer (aJ).uvi"al) is 
in Mortandad Canyon, approximately one mile away via the Ten Site Canyon watercourse. The 
depth to alluvial ground water: in Mortandad Canyon at the Ten Site Canyon confluence is 
approximately 40 ft. 

3. Submit procedures for the operation and maintenance of the evaporation tanks. Please 
include eStimated cleaning timelines and methodologies. 

In accordance with Laboratory requirements, a Standard Operating Procedure (SOP) will be 
. prepared before the evaporation tanks are placed into service. The SOP will provide detailed 
instrUctions for the operation and maintenance of the facility. A copy of the SOP will be 
submitted to your agency once it is available for release. 

4. Submit information on the concentration of waste in the tanks due to evaporation. 

Treated effluent discharged to the evaporation tanks from the TA-50 RL WTF will have a 
composition of approximately 99.95 percent water and 0.05 percent solids; product from the 
:reverse osmosis (RO) treatment unit has, on average, a Total Dissolved Solids (IDS) 
concentration of less than 500 mg/L (0.05 percent solids). Airborne dust and dirt blowing into 

. the tanks will be the primary source of solids. When solids are removed from the tank, they 
will be characterized. and managed in accordance with the applicable waste management 
requirements. 

5. Submit seismif; studies conducted in accordance with 40 CFR § 264.18 (a). 

Conducting seismic studies in accordance to 40 CFR § 264.18 (a) is not a requirement of the 
New Mexico Water Quality Control Commission (NM WQCC) regulations. The proposed 
evaporation tanks will receive treated effluent from the TA-50 RLWTF. The tanks are 
therefore exempt from RCRA requirements as part of a Clean Water Act (CWA) wastewater 
treatment facility permitted by the Environmental Protection Agency (EPA) under NPDES 
Permit No. NM0028355. The specifications package that you will receive as part of the 
project's final design (see request #1) will include the seismic standards used in the 
engineering design of the evaporation tanks. 
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Please contact Bob Beers (505-667-7969) if you have any questions or need any additional 
information. 

Sincerely, 

~/(_rd~ 
Anthony R. Grieggs, Group Leader 
Water Quality & RCRA Group (ENV-RCRA) 

BB/Im 

Enclosure; a/s 

Cy: William Olson, NMED/GWQB, w/enc, Santa Fe, NM 
Robert George, NMED/GWQB, w/enc, Santa Fe, NM 
Glenn Saums, NMED/SWQB, w/enc, Santa Fe, NM 
James Bearzi, NMEDIHWB, w/enc, Santa Fe, NM 
Steve Y anicak, NMED/OB/LASO, w/enc, 1993 
Hai Shen, LASO/EO, w/enc, A316 
Gene Turner, LASO/EO, w/enc, A316 
Michael Mallory, P ADOPS, w/enc, Al02 
Richard S. Watkins, ADESHQ, w/enc, K491 
Susan G. Stiger, ADEP, w/enc, fy.1991 
Mlke Saladen, ENV-RCRA, w/enc, K490 
Bob Beers, ENV-RCRA, w/enc, K490 
Peter J. Rice, STO-DO, w/enc, E518 
Craig Douglass, RLW, w/enc, E518 
Pete Worland, EWMO-RLW, w/enc, E518 
Edward Artiglia, ES-PE, w/enc, P137 
Phil Wardwell, LC-LESH, w/enc, A187 
Ellen Louderbougb, LC-LESH, w/enc, A187 
Keith R. Orr, PP-WEP, w/enc, Pl37 
ENV-DO File, w/enc., J978 
ENV-RCRA, File, w/enc., K490 
IRM-RMMSO, w/enc., Al50 
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Environmental Protection Division 
Water Quality & RCRA (ENV-RCRA) 
P.O. Box 1663, Mail Stop K490 . 
Los Alamos, New Mexico 87545 
(505) 667-7969/FAX: (505) 665-9344 

Ms. Jennifer Fullam 
Ground Water Pollution Prevention Section 
Ground Water Quality Bureau 
New Mexico Environment Department 
Harold Runnels Building, Room N226 l 
1 1 90 St. Francis Drive 
P.O. Box 26110 
Santa Fe, NM 87502 

Dear Ms. Fullam: 

GW_00120 

Date: September 15, 2008 
Refer To: ENV-RCRA-08-169 

LA-UR: 08-04520 

SUBJECT: REQUEST FOR ADDITIONAL INFORMATION, DP-1132, RADIOACTIVE 
LIQUID WASTE TREAT1'1ENT FACILITY 

I have received your June 11, 2008, letter (Enclosure 1) requesting additional information for 
Los Alamos National Laboratory's November 8, 2007, Notice of Intent (NOI) for the discharge 
of treated effluent from the TA-50 Radioactive Liquid Waste Treatment Facility (RLWTF) to 
proposed evaporation tanks. I have listed each of your requests below, along with the 
Laboratory's response. 

J. Submit 60% complete plans and specifications of the facility. Include detailed 
information regarding the construction of the evaporation tanh. 

As the Laboratory indicated in the November 8, 2007, NOI, detailed plans and specifications 
for the evaporation tanks will be submitted to your agency once they become available. To 
date, no contract has been signed by the Laboratory for the final design of the evaporation 
tanks. 

2. Submit i11formation regarding ground 1·vater near the facility that is most likely to be 
impacted should a release occur. This should include the most shallow aquifers located 
down gradient of the facility prior to the Rio Grande. 

The proposed site is a mesa top location at Teclm:ical Area (T A)-52. The approximate· elevation of 
the proposed site is 7160 ft above mean sea level (MSL ). Two regional aquifer ·wells are located 
within approximately 1500 ft of the proposed site: Los Alamos County water supply well PM-5 
(7095 ft above MSL ), and the Laboratory's regional aquifer monitoring well R-14 (7062 ft above 
MSL). 
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The static water level at both PM-5 and R-14 is approximately 5900 ft above MSL; this places the 
depth of the regional aquifer at the proposed project site at approximately 1260 ft below ground 
surface (bgs). No perched zone of saturation was encountered during drilling at R-14 (Hydrologic 
Tests at Characterization Well R-14, LA-14107MS, August 2004). In 2008, a new regional aquifer 
monitoring \Vell will be installed on the mesa top in the vicinity of the evaporation tanks. The well, 
R-46, will be sited downgradient of Material Disposal Area (MDA) C and upgradient of water 
supply well PM-5 to ensure the safety of the supplied water. 

Given the depth to ground water at the proposed project site (1260 ft bgs ), the potential for 
impact to groundv,1ater, should a release occur, is low. The nearest shallow aquifer (alluvial) is 
in Mortandad Canyon, approximately one mile away via the Ten Site Canyon watercourse. The 
depth to alluvial ground water in Mortandad Canyon at the Ten Site Canyon confluence is 
approximately 40 ft. 

3. Submit procedures for the operation and maintenance of the evaporation tanks. Please 
include estimated cleaning time lines and methodologies. 

In accordance with Laboratory requirements, a Standard Operating Procedure (SOP) will be 
prepared before the evaporation tanks are placed into service. The SOP will provide detailed 
instructions for the operation and maintenance of the facility. A copy of the SOP will be 
submitted to your agency once it is available for release .. 

4. Submit iT?formation on the concentration of waste in the tanks due to evaporation. 

Treated effluent discharged to the evaporation tanks from the T A-50 RL WTF will have a 
composition of approximately 99.95 percent water and 0.05 percent solids; product from the 
reverse osmosis (RO) treatment unit has, on average, a Total Dissolved Solids (TDS) 
concentration ofless than 500 mg/L (0.05 percent solids). Airborne dust and dirt blowing into 
the tanks will be the primary source of solids. When solids are removed from the tank, they 
will be characterized and managed in accordance with the applicable waste management 
requirements. 

5. Submit seismic studies conducted in accordance with 40 CFR § 264.18 (a). 

Conducting seismic studies in accordance to 40 CFR § 264.18 (a) is not a requirement of the 
New Mexico Water Quality Control Commission (NM WQCC) regulations. The proposed 
evaporation tanks will receive treated effluent from the TA-50 RLV/TF. The tanks are 
therefore exempt from RCRA requirements as part of a Clean \\later Act (CWA) wastewater 
treatment facility permitted by the Environn1ental Protection Agency (EPA) under NPDES 
Permit No. NM0028355. The specifications package that you will receive as part ofthe 
project's final design (see request #1) will include the seismic standards used in the 
engineering design of the evaporation tanks. 
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Please contact Bob Beers (505-667-7969} if you have any questions or need any additional 
information. 

Sincerely, 

~/2&~ 
Anthony R. Grieggs, Group Leader 
Water Quality & RCRA Group (ENV-RCRA) 

BB/Im 

Enclosure: a/s 

Cy: \Villiam Olson, NMED/GWQB, w/enc, Santa Fe, NM 
Robert George, Nl\1ED/GWQB, w/enc, Santa Fe, NM 
Glenn Saums, NMED/SWQB, w/enc, Santa Fe, NM 
Jan1es Bearzi, NMED/H\VB, w/enc, Santa Fe, NM 
Steve Yanicak, NMED/OB/LASO, w/enc, J993 
Hai Shen, LASO/EO, w/enc, A316 
Gene Turner, LASO/EO, w/enc, A316 
Michael Mallory, PADOPS, w/enc, A102 
Richard S. Watkins, ADESHQ, w/enc, K491 
Susan G. Stiger, ADEP, w/enc, M991 
Mike Saladen, ENV-RCRA, w/enc, K490 
Bob Beers, ENV-RCRA, vdenc, K490 
Peter J. Rice, STO-DO, w/enc, E518 
Craig Douglass, RL W, w/enc, E518 
Pete Worland, EWMO-RL\V, w/enc, E518 
Edward Artiglia, ES-PE, w/enc, P137 
Phil Wardwell, LC-LESH, w/enc, Al87 
Ellen Louderbough, LC-LESH, vdenc, Al 87 
KeithR. Orr, PP-WEP, w/enc, Pl37 

-ENV-DO File, w/enc., J978 
ENV-RCRA, File, w/enc., K490 
IRM-RMMSO, w/enc., Al50 
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BILL RICHARDSON 
Governor 

DlANE DENISH 
Lieutenant Governor 

NEW MEXICO 

ENVIRONMENT DEPARTMENT 

Ground 1¥ater Quality Bureau 

1190 St. Francis Drive 

. P.O. Box 26110, Santa Fe, NM 87502 

Phone (505) 827-2918 Fax (505) 827-2965 

www.runenv.state.nm.us 

CERTIFIED MAIL - RETURN RECEIPT REQUESTED 

June 11, 2008 

Anthony R. Grieggs, Group Leader 
Environmental Protection Division 
Water Quality & RCRA (ENV-RCRA) 
P.O. Box 1663, Mail Stop K490 
Los Alamos, NM 87545 

RON CURRY 
Secretary· 

JON GOLDSTEIN 
Deputy Secretary 

RE: Request for Additional Information, DP-1132, Radioactive Liquid Waste Treatment 
Facility 

Dear Mr. Grieggs: 

The New Mexico Environment Department (NMED) received a ground water Discharge Permit 
application from you on April 16, 1996 for the above referenced facility and a Notice of Intent 
for the discharge of effluent water to evaporative tanks (zero liquid discharge facility) on 
November 8, 2007. The application proposes the discharge of up to 3.6 million gallons per year 
of industrial waste·water. 

NMED has reviewed the Notice of Intent in accordance with the New Mexico Water Quality 
Control Commission Regulations (20.6.2 NMAC). The following additional information is 
necessary in order for NMED to detennine if the zero liquid discharge facility will require a New 
Mexico Environment Department Ground \\Tater Discharge Permit: 

1. Submit 60% complete plans and specifications of the facility. Include detailed 
information regarding the construction of the evaporation tanks. 

2. Submit information regarding ground ·water near the facility that is most likely to be 
impacted should a release occur. This should include the most shallow aquifers 
located down gradient of the facility prior to the Rio Grande. 



Anthony Grieggs, DP- 1132 
June 11, 2008 

. Page 2 

3. Submit procedures for the operation and maintenance of the evaporation tanks. 
Please include estimated cleaning tirnelines and methodologies. 

4. Submit information on the concentration of waste in the tanks due to evaporation. 

5. Submit seismic studies conducted in accordance to 40 CFR § 264.18 (a) 

Following submission of the requested additional information, NMED will act upon your Notice 
of Intent to discharge. Your cooperation is appreciated. If you have any questions, you may reach 
me at (505) 827-2909. 

Sincerely, 

tf!#-
Jennifer Fullam 
Environmental Scientist 
Ground Water Pollution Prevention Section 

cc: James Bearzi, NMED Hazardous Waste Bureau 
John Young, NMED Hazardous Waste Bureau 
Marcy Leavitt, NMED SWQB 
Ralph Ford-Schmidt, NMED-DOE Oversight Bureau 
Bob Beers, Environmental Protection Division, Water Quality & RCRA Ground, P.O. 

Box 1663, Mail Stop K490, Los Alamos, New Mexico 87545 
Mike Saladen, ENV-RCRA, Los Alamos National Laboratory, K490, Los Alamos, 

NM 87545 (W/O enclosure) 
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Anthony Grieggs, DP-1132 
June 11,2008 ~ 
Page 2 

3. Submit procedures for the operation and maintenance of the evaporation tanks. 
Please include estimated cleaning timelines and methodologies. 

4. Submit information on the concentration of waste in the tanks due to evaporation. 

5. Submit seismic studies conducted in accordance to 40 CFR § 264.18 (a) 

Following submission of the requested additional inf01mation, NMED will act upon your Notice 
of Intent to discharge. Your cooperation is appreciated. If you have any questions, you may reach 
me at (505) 827-2909. 

Sincerely, 

t!fiL-
Jennifer Fullam 
Envirorunental Scientist 
Ground Water Pollution Prevention Section 

cc: James Bearzi, 1\TMED Hazardous Waste Bureau 
John Y9ung, NJvlED Hazardous Waste Bureau 
Marcy Leavitt, NMED SWQB 
Ralph Ford-Schmidt, NMED-DOE Oversight Bureau 
Bob Beers, Environmental Protection.Division, Water Quality & RCRA Ground, P.O. 

Box 1663, Mail Stop K490, Los Alamos, New Mexico 87545 
Mike Saladen, ENV-RCRA, Los Alamos National Laboratory, K490, Los Alamos, 

NM 87545 (\V/O enclosure) 
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BILL RICHARDSON 
Governor 

DlANE DENISH 
Lieutenant Governor 

NE\\' MEXICO 
ENVIRONMENT DE"PARTMENT 

Ground Water Quality Bureau 

1190 St. Francis Drive 

P.O. Box 26110, Santa Fe, NM 87502 

Phone (505) 827-2918 Fax (505) 827-2965 

www.nmenv.state.nm.us 

CERTIFIED MAIL - RETURN RECEIPT REQUESTED 

June 11, 2008 

Anthony R. Grieggs, Group Leader 
Environmental Protection Division 
Water Quality & RCRA (ENV-RCRA) 
P.O. Box 1663, Mail Stop K490 
Los Alamos, NM 87545 

RON CURRY 
Secrelarv 

JON GOLDSTEIN 
Deputy Secretary 

GW_00118 

RE: Request for Additional Information, DP-1132, Radioactive Liquid \Vaste Treatment 
Facility 

Dear Mr. Grieggs: 

The New Mexico Environment J!epartment (NMED) received a ground water Discharge Permit 
application from you on April 16, 1996 for the above referenced facility and a Notice of Intent 
for the discharge of effluent water to evaporative tanks (zero liquid discharge facility) on 
November 8, 2007. The application proposes the discharge of up to 3 .6 million gallons per year 
of industrial wastewater. 

NMED has reviev,1ed the Notice of Intent in accordance with the New Mexico Water Quality 
Control Commission Regulations (20.6.2 NMAC). The following additional information is 
necessary in order for NMED to determine if the zero liquid discharge facility will require a New 
Mexico Environment Department Ground Water Discharge Permit: 

1. Submit 60% complete plans and specifications of the facility. Include detailed 
information regarding the construction of the evaporation tanks. 

.2. Submit information regarding ground water near the facility that is most likely to be 
impacted should a release occur. This should· include the most shallow aquifers 
located down gradient of the facility prior to the Rio Grande. 



Anthony Grieggs, DP-1132 
June 11, 2008 
Page 2 

3. Submit procedures for the operation and maintenance of the evaporation tanks. 
Please include estimated cleaning timelines and methodologies. 

4. Submit information on the concentration of waste in the tanks due to evaporation. 

5. Submit seismic studies conducted in accordance to 40 CFR § 264.18 (a) 

Following submission of the requested additional information, NMED will act upon your Notice 
of Intent to discharge. Your cooperation is appreciated. If you have any questions, you may reach 
me at (505) 827-2909. 

Sincerely, 

tlf IL-
Jennifer Fullam 
Environmental Scientist 
Ground Water Pollution Prevention Section 

cc: James Bearzi, NMED Hazardous Waste Bureau 
John Young, NMED Hazardous Waste Bureau 
Marcy Leavitt, N1\1ED SWQB 
Ralph Forp-Schmidt, NMED-DOE Oversight Bureau 
Bob Beers, Enviromnental Protection Division, Water Quality & RCRA Ground, P.O. 

Box 1663, Mail Stop K490, Los Alamos, New Mexico 87545 
Mike Saladen, ENV-RCRA, Los Alamos National Laboratory, K490, Los Alamos, 

NM 87545 (W/O enclosure) 
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Environmental Protection Division 
Water Quality & RCRA (ENV-RCRA) 
P.O. Box 1663, Mail Stop K490 
Los Alamos, New Mexico 87545 
(505) 667-0666/FAX: (505) 667-5224 

Mr. William C. Olson 
Ground Water Quality Bureau 
New Mexico Environment Department 
P.O. Box 26110 
Santa Fe, NM 87502-6110 

GW_oo1as 

Date: November 1, 2007 
ReferTo: ENV-RCRA: 07-184 
LA-UR: 07-4794 

Mr. Jam es Bearzi 
Hazardous Waste Bureau 
New Mexico Environment Department 
2905 Rodeo Park Drive East, Bldg. 1 
Santa Fe, NM 87505-6313 

SUBJECT: NOTICE OF INTENT TO DISCHARGE, EVAPORATION TANKS, 
TA-50 RADIOACTIVE LIQUID WASTE TREATMENT FACILITY 

Dear Mr. Olson and Mr. Bearzi: 

This letter and enclosures constitute a Notice of Intent (NOI) to discharge pursuant to 20.6.2.1201 
NMAC regarding Los Alamos National Laboratory's (Laboratory) plan to construct three 
evaporation tanks. The above-ground tanks would receive part or all of the treated effluent from the 
Laboratory's TA-50 Radioactive Liquid Waste Treatlnent Facility (RLWTF). The evaporation of 
treated effluent at these tanks would significantly reduce or, at times, eliminate discharges at NPDES 
Outfall 051. The RL WTF discharge is into Mortandad Canyon, pursuant to NPDES Permit 
NM0028355. It is the Laboratory's view that a groundwater discharge permit will not be required for 
this project because there is no reasonable probability or likelihood that liquid contained in the 
evaporation tanks will move into groundwater, either tlu·ough a leak or by overflow. Additional 
information is presented below and in the following enclosures: 

e Enclosure 1.0 is a completed NMED-Ground Water Quality Bureau NOT fonn. 
• Enclosure 2.0 is a preliminary location map. 
• Enclosure 3.0, per your agency's request, is the Laboratory's analysis of the applicability of 

the Wastewater Treatment Unit (WWTU) exemption under the federal RCRA regulations for 
those facilities regulated under the federal CW A. · 

• Enclosure 4.0 is EPA FAXBACK #13526, January 16, 1992. 
• Enclosure 5.0 is Federal Register Vol. 61, No. 68, Land Disposal Restrictions Phase 111-

Decharacterization Wastewaters, Carbamate Wastes, and Spent Potliners (40 CFR Paiis 
148, 268, 271, and 403); specifically relevant to this NOT are pages 15569 to 15574 
containing land disposal restrictions applicable to zero dischargers. 

An Equal Opportunity Employer I Operated by Los Alamos National Security LLC for DOE/NNSA 
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Enclosure 4.0 states that the primary reason of the wastewater treatment exemption is to avoid 
imposing duplicative requirements pursuant to both a NPDES permit and a RCRA permit for the 
same unit. The F AXBACK also defines the requirements that must be met for the WWTU 
exemption to apply. 

Enclosure 5.0 is an EPA preamble dealing with Land Disposal Restrictions, which we are providing 
in response to questions from Steve Pullen. Any material removed from the evaporation tanks 
during cleaning will be characterized and managed appropriately. Further, Section III.A of the 
Federal Register in Enclosure 5.0 states that land disposal treatment standards apply only to the 
following types of facilities: 

"(1) facilities treating formerly characteristic wastes in surface impoundments whose 
ultimate discharge is subject to regulation under either section 402 or 307 of the CWA." The ZLD 
evaporation tanks at LA.i'.TL will meet the definition of a tank or tank system in 40 CFR §260.10, 
they are not surface impoundments; thus, the tanks are not within the first type of facility to which 
land disposal requirements apply. 

"(2) permitted and unpermitted zero dischargers engaging in treatment that is equivalent to 
that of the CW A-regulated facilities (see 40 CFR 268.37(a) defining CW A-equivalent treatment), 
including facilities treating formerly characteristic waste in tanks prior to release on the land for such 
purposes as irrigation or land treatme1it." The proposed ZLD tanks will not release effluent on the 
land for such purposes as irrigation or land treatment. In addition, the proposed ZLD tanks will not 
conduct treatment that meets the description of CW A-equivalent treatment1

, therefore, land disposal 
regulations do not apply to the evaporation tanks under these criteria either. This Federal Register 
further clarifies that the treatment standards do not apply to facilities that discharge to navigable 
water or POTWs or that manage decharacterized waste in treatment systems without surface 
impoundments. 

Conceptual Tank Design 
Each of the three evaporation tanks will have an area of approximately 0. 7 to 1.0 acres providing a 
total evaporation area of 2.1 to 3.0 acres. The total depth of each basin will be approximately 4 ft. 
Multiple modeling scenarios using conservative input parameters show that the actual operating 
depth will range from approximately 1.4 to 2.2 ft depending upon the volume of effluent discharged 
to the tanks, precipitation, and the final tank sizes selected; these operating depths will provide a 
minimum freeboard of approximately 1.8 ft. The tanks will be constructed with reinforced-concrete 
walls and floors, and with the water surface open to the atmosphere. The concrete tanks will be 
sealed with a curing compound and all joints will be watertight. A liner system will be installed in 
each concrete tank consisting of primary and secondary geomembrane liners separated by a 
geosynthetic drainage material for leak detection. The wall of the tanks will be self-supporting. 
Depth to regional groundwater at the project site is approximately 1260 ft. 

1 CW A-equivalent treatment means biological treatment for organics, alkaline chlorination or ferrous sulfate 
precipitation of cyanide, precipitation/sedimentation for metals, reduction ofhexavalent chromium, or other treatment 
technology that can be demonstrated to perform equally or greater than these technologies. 
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All effluent discharged to the evaporation tanks will be fully treated by RLWTF treatment operations 
and will comply with all applicable NPDES permit limits and all of the listed numerical standards of 
20.6.2.3103 NMAC. Effluent discharged to the evaporation tanks will receive the same level of 
treatment and will be of equal quality to that effluent discharged to Mortandad Canyon at NPDES 
Outfall 051. The quality of the RL WTF' s effluent is routinely reported to the N:tvIED tlu·ough the 
following documents: 

1. NPDES Monthly Discharge Monitoring Reports (DMRs) submitted to NMED, Surface 
Water Quality Bureau; 

2. RLWTF Annual Operating Reports submitted to the NMED, Ground Water Quality Bureau 
(the 2006 RLWTF Annual Report was submitted on June 11, 2007; ENV-RCRA: 07-0135, 
LA-UR-07-3447); and 

3. DP-1132 quarterly monitoring reports submitted to the NMED, Ground Water Quality 
Bureau. 

For the reasons indicated above, no groundwater permit is required. As explained above, there is no 
reasonable probability that liquid in the evaporation tanks will move directly or indirectly into 
groundwater [See Amended Final Order, In the Matter of: No Discharge Plan Required McKinley 
Paper Co. (July 13, 1993) (determining no discharge permit required for discharges to closed-loop, 
zero discharge system comprised ofU-drains, lift stations and piping)]. Further,_ even if the 
discharges to the tanks were considered a discharge subject to the permitting requirements of 
20.6.2.3104 NMAC, as discussed above, the effluent meets all of the listed numerical standards of 
20.6.2.3103 NMAC, has a total nitrogen concentration of 10 mg/Lor less, does not contain any toxic . 
pollutant, and is therefore exempt from the permitting requirements under 20.2.3105.A NMAC. 

We are sending this NOI well in advance of beginning construction as we want to complete all 
regulatory requirements in a timely fashion. Detailed plans and specifications will be submitted to 
your agency once they become available. 

This letter is not intended to fully answer to the information requested in the October 26, 2007, letter 
from James Bearzi to Donald L. Winchell and Richard S. Watkins regarding the exemption status of 
the TA-50 RL WTF. The response to that letter will be forthcoming under separate cover. 

We look forward to receiving your response to this NOI and position paper. Please contact Bob 
Beers (505-667-7969) if you have any questions or need any additional information. 

Sincerely, 

#, !lG~J# 
Anthony R. Grieggs 
Group Leader 
Water Quality & RCRA (ENV-RCRA) Group 
ARG:BB/lm 

An Equal Opportunity Employer I Operated by Los Alamos National Security LLC for DOE/NNSA 
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Enclosures: a/s 

Cy: Tracy Hughes, NMED OGC, Santa Fe, NM 
Marcy Leavitt, NMED SWQB, Santa Fe, NM 
George Schuman, NMED GWQB, Santa Fe, NM 
Robert George, NMED GWQB, Santa Fe, NM 
Jake Knutson, .NMED GWQB, Santa Fe, NM 
John Young, NMED HWB, Santa Fe, NM 
Steve Pullen, NMED HWB, Santa Fe, l\TM 
Dave Cobrain, NMED H\VB, Santa Fe, NM 
Lisa Cummings, NNSA/LASO, MS A316 
George Rael, LASO/EO, MS A316 
Gene Turner, LASO/EO, MS A316 
Michael B. Mallory, P ADOPS, MS Al 02 
Richard S. Watkins, ADESHQ, MS K491 
Tori George, ENV-DO, MS J978 
Mike Saladen, ENV-RCRA, MS K490 
Bob Beers, ENV-RCRA, MS K490 
Holly \\!heeler-Benson, ENV-RCRA, MS K490 
Marc Bailey, ENV-RCRA, MS K490 . 
Pete Worland, EWMO-RLW, MS E518 
Ed Artiglia, PE-DO, MS E554 
Craig Douglas, RLW, MS E0518 
Phil.WardweU, LG-LESH, MS A187 
ADESHQ Files, MS K491 
LC Fileroom, MS A187 
LC/LESH File, MS Al 87 
ENV-RCRAFile, MS K490 
IRM-RMMSO, MS A150 

November 1, 2007 

An Equal Opportunity Employer I Operated by Los Alamos National Security LLC for DOE/NNSA 
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ENCLOSURE l .O 

New Mexico Environment Department 
(;ro1md Wate1 Quality Ekneau 

1. Name and Address of person making discharge: 

Los Alamos National Laboratory 
Attn: Bob Beers 
P.O. Box 1663, Mail Stop K490 
Los Alamos, NM 87545 

") 
Ground Water Quality Bureau -

Pollution Prevention Section 
Notice of Intent 

Phone: 505-667-7969 (office) 
505-665-9344 (fax) 

2. Location of discharge (give township, range, section, 1/.. section, miles from closest town and street 
address1 if applicable): 

Los Alamos National Laboratory 
Technical Area (TA)-52. See Enclosure 2.0. 
35° 51' 37"N, 106° 16' 57''W (NAD27), USGS Frijoles (NM) Quadrangle 

3. Type of operation generating the discharge: 

Treated effluent evaporation tanks (3) 

4. Description of the source of the discharge: 

Treated effluent from TA-50 RLWTF treatment unit operations 

5. Estimated concentration of contaminants in the discharge: 

Effluent quality is documented in the follpwing reports submitted to the NMED in 2006-07: 

., NPDES Monthly Discharge Monitoring Reports (DMRs) submitted to NMED, Surface Water Quality Bureau, 
• RLWTF Annual Operating Reports submitted to the NMED, Ground Water Quality Bureau (the 2006 RLWTF 

Annual Report was submitted on June 11, 2007; ENV-RCRA: 07-0135, LA-UR-07-3447), and 
a> DP-1132 quarterly monitoring reports submitted to the NMED, Ground Water Quality Bureau. 

6. Means of the discharge (to a lagoon, watercourse, septic tank/leachfield, etc.): 

Treated effluent will be transferred from the TA-50 RLWTF to the evaporation tanks via a pipeline. 

7. Estimated daily flow rate of the discharge: 

Evaporation Tanks Design Basis: 13.6 million liters per year (3.6 million gallons per year) .. 

· 8. Estimated depth to ground water: 

Approximately 1260 ft to regional ground water. 

Signature: _ .... 1_#--'-/2_c...=->-~...._0v""'A""''~=·==-''.-e.:;..~q:./:;.,,:.j""',,.<;_,__ ________ _ 

00 
Printed name: ___ _,,A_,,n=th""'o""n,,_,,y_,,R-"'._,G=r=ie=g=g=-s ________ _ 

Title: fl,r_{Jl.'f' )12ari~ 
Date: /;/P/07' 

'/ I 

Providing additional information such as maps, plans and specifications, laboratory analyses,.and/or a detailed 
description of the discharge will help NMED to process this NOi in a more timely manner. Please ·return this form to: 

NMED Ground Water Quality Bureau 
P.O. Box26110 
Santa Fe, New Mexico 87502 

October 10, 2007 Page 1of1 

Telephone: 505-827-2900 
Fax: 505"827-2965 

Ground Water Quality Bureau -
Pollution Prevention Section 

f\Jotice of Int~:~? l,* 



ENC' URE 2o0 

NPDES PERMIT NO. NM0028355 
Proposed RL WTF Effluent Evaporation Tanks 

LA-UR-07-4794 
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ENCLOSURE 3.0 

Position Paper 

TA-50 RLWTF Zero Liquid Discharge Evaporation Tanks 

Under Los Alamos National Laboratory's NPDES Permit No. NM0028355, the TA-50 Radioactive Liquid 
Waste Treatment Facility (RLWTF) discharges treated effluent from Outfal1 051 to Mortandad Canyon. 
Pe1mit conditions, includi11g effluent limitations and monitoring requirements, for Outfall 051 can be viewed 
online al http:1 \\ \\W.1an1.goviL·nvin mml:'nt:/h2(;/dl)C:-/N !\1002?-:355 _LANl_ .. NP D ES2007 .p<lf The proposed 
change to the RL WTF includes the addition of three concrete evaporation tanks to receive treated effluent, so 
that the discharge from Outfall 051 is significantly reduced or eliminated. Reducing or eliminating the 
amount of water discharge from Outfall 051 will, in tum, reduce the potential for the migration of legacy 
contaminants in Mortandad Canyon by reducing surface flow. 

The evaporation tanks will be an integral part of the RL WTF which is a wastewater treatment facility 
regulated under the Clean Water Act (CWA). Therefore, a RCRA permit is not required for this project. The 
Environmental Protection Agency (EPA) provided some discussion in 53 FR 34080 (September 2, 1988) 
which states that: "the wastewater treatment unit exemption is intended to cover only tank systems that are 
part ofa wastewater treatment facility that ( 1) produces a treated wastewater effluent which is discharged into 
surface waters or into a POTW sewer system and therefore is subject to the NPDES or pretreatment 
requirements of the Clean Water Act, or (2) produces no treated wastewater effluent as a direct result of such 
requirements." 

Further guidance relative to zero discharge facilities is provided in Enclosure 4.0, EPA F AXBACK # 13 526, 
January 16, 1992. 

Federal RCRA regulations, adopted by reference by the EIB (20.4.1 NMAC), provide that a RCRA permit is 
not required for wastewater treatment units (WWTUs). Further, 40 CPR 270.1( c )(2), states that "The 
follO\:ving persons are among those not required to obtain a RCRA pem1it: ... (v) Owners and operators of .. 
wastewater treatment units as defined in 40 CFR 260 .10." The definition of a \VWTU in 40 CPR 260 .10 
contains three r_equirements. TheRLWTF meets these three requirements as follows: 

First, RL WTF and its associated evaporation tanks (once constructed) are "part of a wastewater facility that is 
subject to regulation under ... Section 402 ... of the Clean Water Act." The RLWTF is currently subject to 
regulation under Section 402 of the federal Clean Water Act, as Outfall 51 ofNPDES Permit No. 
NM0028355. 

Seqond, the RL WTF receives and treats or stores influent that is a hazardous waste, in that it may contain 
corrosive characteristic (D002) mi.xed wastewater. This influent 'Nill be treated before it is ruscharged to the 
evaporation tanks. 

Third, the structure containing the wastewater must meet the definition of a "tank" or "tank system" in 40 
CFR 260.10. A "tank" is defined as "a stationary device, designed to contain an accumulation of hazardous 
waste which is constructed primmily of non-earthen mate1ials (e.g., wood, concrete, steel, plastic) which 
provide structural support." As noted above, the evaporation tanks will be constrncted of concrete; the 
concrete walls will provide structural support to contain the liquid inside. A "tank system" includes the 
associated ancillary equipment of a tank; for example, the sump. 

Los Alamos 
National Laboratory 

Page 1of1 



ENCLOSURE 4.0 

FAXBACK #13526 

EXEMPTION FROM PERMITTING REQUIREMENTS FOR WASTE WATER 
TREATMENT UNITS 
PPC 9522.1992(01) 

United States Environmental Protection Agency 
Washington, D.C. 20460 
Office of Solid Waste and Emergency Response 

January 16, 1992 

Mr. Thomas W. Cervino, P .E. 
Colonial Pipeline Company 
Lenox Towers 
3390 Peachtree Road, N.E. 
Atlanta, Georgia 30326 

Dear Mr. Cervino: 

This letter is in response to your August 9, 1991 correspondence requesting a clarification 
of the conditions under which waste water treatment units qualify for an exemption from 
RCRA pennitting requirements. In your letter you explained that Colonial Pipeline 
Company has several locations that generate waste waters that are hazardous under the 
toxicity characteristic, and you asked whether a RCR{\ permit would be required for a 
new treatment unit that you are considering. 

The primary reason for the waste water treatment exemption is to avoid imposing 
duplicative requirements pursuant to both a NPDES permit and a RCRA permit for the 
same unit. As you are aware, in.order for a unit to qualify for this exemption contained in 
40 CFR_264.l(g)(6), it must: 

(1) Be part of a waste water treatment facility that is subject to regulation 
under either Section 402 or 307(b) of the Clean Water Act; 

(2) Receive, treat, or store in.fluent waste water; or generate, accumulate, 
treat, or store a waste water treatment sludge; and, 

(3) Meet the definition of tank or tank system in 40 CFR _260.10. 

The main question that you raised concerns the first criteria: i.e., which units are 
considered subject to the Clean Water Act. As you are aware, the Agency provided some 
discussion of this requirement in 53 FR 34080 (September 2, 1988) which states that: 
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ENCLOSURE 4.0 

"the wastewater treatment unit exemption is intended to cover only tank systems that are 
part of a wastewater treatment facility that (1) produces a treated wastewater effluent 
which is discharged into surface waters or into a POTW sewer system and therefore is 
subject to the NPDES or pretreatment requirements of the Clean Water Act, or (2) 
produces no treated wastewater effluent as a direct result of such requirements. 11 

It is important to note that it is not necessary that the Clean Water Act permits actually be 
is:med for the units to be eligible for the RCRA exemption; it is sufficient that the facility 
be subject to the requirements of the Clean Water Act. 

Based on a review of the information provided, EPA has detennined that any of the 
treatment systems (including the proposed treatment unit) at the Colonial Pipeline 
facilities which are currently permitted, were ever permitted, or should have been 
permitted under NP DES, all meet the first test of the Section 264.1 (g)(6) exemption. The 
key issue is whether the treatment system ever had a dischaJge to surface water, and thus 
was ever permitted (or should have been permitted) under NPDES. If there was never a 
discharge to surface waters, then the exemption criteria is not satisfied. You also 
mentioned that some of your facilities employ wastewater treatment systems which are 
regulated in accordance with other applicable state laws, rules, and regulations. Without 
more specific infonnation regarding these state requirements and permits, EPA cannot 
address whether these facilities would qualify for the exemption. However, as discussed 
above, the exemption in the federal regulations would only be available if the state 
requirements stem from the identified sections of the Clean Water Act. 

With regard to the question of a "zero discharge" facility, EPA would like to clarify the 
difference betWeen a facility that produces no treated wastewater as a direct result of 
Clean Water Act requirements and units that are not required to obtain an NPDES pem1it 
because they do not discharge treated effluent. In the first case, the facility would have 
had a surface water discharge at one time, but has since eliminated the discharge as a 
result of, or by exceeding, NPDES or pretreatment requirements. Such facility would 
qualify for the waste water treatment unit exemption under RCRA. In the second case, 
the facility never had a surface water discharge, and therefore was never subject to 
NPDES permitting or Clean Water Act requirements (53 FR 34080). The RCRA 
exemption is not available in these cases. (We should point out that the language you 
referred to on page 2 of the May 22, 1984 memo on z.ero discharge has been further 
refined and clarified by recent program policies and interpretations.) 

There is another management option that my staff has discussed with you on the phone. 
That approach would be to treat your waste water in tank units pursuant to the generator 
accumulation exemption of 40 CFR _ 262.34. This provision allows generators of 
hazardous \Vastes to treat or store such wastes in tanks or containers for shorfperiods of 
time (i.e., 90 days) without obtaining a RCRA permit, provided that all the conditions of 
_262.34 are met, including compliance with specified tank or container standards in 40 
CFR Part 265. In many cases air strippers may be considered tank units under RCRA and 
might be eligible for this exemption. Of course, as long as the treated waste water meets 
a hazardous waste listing description or exhibits a hazardous waste characteristic it must 
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continue to be managed as a hazardous waste. 

If you have facility-specific questions, please contact individual in the appropriate EPA 
Regional Offices. For Region III (Philadelphia), contact Ms. Susan Sciarratia at (215) 
597-7259 and for Region IV (Atlanta), contact Ms. Beth Antley at (404) 347-3433. 
Should you have further questions about this letter, please contact Glenn Strahs of my · 
staff at (202) 260-4 782. 

Sincerely, 
Sylvia K. Lowrance, Director 
Office of Solid Waste 

cc: Kathy Nam, OGC; EPA RCRA Branch Chiefs, Regions 1-X; Barbara 
Simcoe, ASTSWMO 
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4. Comments Received on Technical Basis 
forBDAT 

VI. Improvements to the Existing Land 
Disposal Restrictions Program 

A. Completion of Universal Treatment 
Standards 

1. Addition of Constituents to Table 268.48 
2. Wastewater Standard for I.4-Dioxane 
3. Revision to the Acetonitrile Standard 
B. Aggressive Biological.Treatment as 

BDAT for Petroleum Refinery Wastes 
C. Dilution Prohibition 
I. Inorganic Metal-Bearing Wastes 
2. Inorganic Metal-bearing Wastes Not 

Prohibited Under the LDR DJlution 
Prohibition 

3. Cyanide-Bearing Wastes 
4. Table of Inorganic Metal Bearing Wastes 
D. Expansion of Treatment Options That 

Will Meet the LDR Treatment Standard 
'"CMBST" 

E. Clean Up of 40 CFR Part 268 
I. Section 268.8 
2. Sections 268. J 0-268.12 
3. Section 268.2(1) 
4. Corrections to Proposed Rule Languages 

VIL Capacity Determinations 
A. Introduction 
B. Capacity Analysis Results Summary 

VIII. State Authority 
A. Applicability of Rules In Authorized 

States 
B. Abbreviated Authorization Procedures 

for Speciffed Poitions of Today's Rule 
C. Effect on State Authorization 

IX. Regulatory Requirements 
A. Regulatory Impact Analysis Pursuant to. 

Executive Order 12866 
I. Methodology Section 
a. Methodology for Estimating the Affected 

Universe 
b. Cost Methodology 
c. Economic: Impact Methodology 

-· d~·Benefits·Methodology- --
2. Results 
a. Volume Results 
b. Cost Results 
c. Economic Impact Results 
d. Benefit Estimate Results 
B. Regulatory impact Analysis for 

Underground Injected Wastes 
C. Regulatory Flexibility Analysis 
D. Paperwork Reduction Act 

X. Unfunded Mandates Reform Act 

I. Background 

A. Summary of the Statutory 
Requirements of the 1984 Hazardous 
and Solid Waste Amendments, and 
Requirements of the J 993 .Consent 
Decree With the Environmental Defense 
Fund 

The Hazardous and Solid Waste 
Amendments (HSWA) to the Resource 
Conservation and Recovery Act (RCRA), 
enacted on November 8, 1984, largely 
prohibit the land disposal of untreated 
hazardous wastes that do not meet 
treatment standards established by EPA 
under section 3004(m). Once a 
hazardous waste is prohibited, the 
statute provides only two options for 
legal land disposal: meet the treatment 
standard for the waste prior to land 

disposal, cir dispose of the waste in a amendments (RCRA sections 3004 (d), 
land disposal unit that has been found (e), and (g)(5)), a task EPA completed 
to satisfy the statutory no migration test. within the statutory timeframe. EPA· 
A no migration unit is one from which also required to promulgate prohibit. 
there will be no migration of hazardous and treatment standards for w.astes 
constituents for as long as the waste identified or listed as hazardous after 
remains hazardous. RCRA sections 3004 the date of the l 984 amendments within 
(d). (e), (f), (g)(5). six months after the listing or 

The amendments also require the identification takes effect (RCRA section 
Agency to set levels or methods of 3004 (g) (4)). 
treatment, if any, which substantially The Agency did not meet this latter 
diminish the toxicity of the waste or statutory deadline for all of the wastes 
substantially reduce the likelihood of identified or listed after the 1984 
migration of hazardous constituents amendments. As a result, a suit was 
from the waste so that short term and filed by the Environmental Defense 
long term threats to human health and Fund (EDF). EPA and EDF signed a 
the environment are minimized. RCRA consent decree that establishes a 
section 3004 (m) (l ). To date, the Agency schedule for adopting prohibitions and 
has implemented this provision by treatment standards for newly identified 
establishing treatment standards for and listed wastes. (EDFv. Reilly, Cir. 
chemical constituents in hazardous No. 89-0598, D.D.C.). EPA also entered 
wastes based on the performance of the into a settlement agreement with the 
best demonstrated available technology environmental petitioners in Chemical 
(BDA D to treat the waste. EPA may Waste Management v. EPA, 976 F.2d 2 
establish treatment standards as (D.C. Cir. 1992), cert. denied 113 S. Ct. 
specified technologies, as constituent 1961 (1993) regarding the procedural 
concentration levels in treatment effect of the mandate entered in that 
residuals, or both. When treatment case. This settlement calls for EPA to 
standards are set as levels, the regulated take action to implement the portions of 
.community may use any.JJ:!chnology. no~. the opinion.de<ili.ng with qrntr.alized 
otherwise prohibited (such as management of wastewaters that 
impermissible dilution) to treat the initially exhibit a hazardous waste 
waste. characteristic within specified 

It should be noted that the Agency has timeframes. 
proposed risk-based exit levels-levels Today's rule fulfills several provisi, 
at which wastes are no longer of the settlement agreement and 
considered hazardous for purposes of proposed consent decree. First, the rule 
RCRA subtitle C-for the majority of amends the treatment standards for 
hazardous constituents found in listed initially characteristic wastewaters 
-hazardotiSwa.Stes.iri llie.Hazaroous ·--rnaliagefffIY cenrranzecrwastewater 
Waste Identification Rule (HWJR) (60 FR management systems containing land 
66344, December 21, 1995). Wastes disposal units. Three specific fact 
meeting these levels either before or patterns are covered by the rule: (I) 
after treatment consequently could be Where the wastewaters are ultimately 
disposed in units not subject to RCRA discharged and are subject to limitations 
hazardous waste management or standards established under the 
requirements (e.g .. landfills without Clean Water Act (CWA) and the 
subtitle C permits). A consent decree treatment system preceding discharge 
approved by the U.S. District Court for includes a surface impoundment; (2) . 
the District of Columbia requires EPA to where a facility with initially 
finalize the HWIR exit levels by characteristic wastes treats those wastes 
December 15, 1996. In the same notice, with CWA-equivalent treatment but 
the Agency proposed to allow the exit ultimately uses a form of land disp0sal 
levels for some constituents to serve as (such as spray irrigation) that is not 
alternative, risk-based LDR treatment regulated under the CWA as the final 
standards satisfying the "minimize means of disposing of the treated 
threat" standard of section 3004(m). wastewaters: and (3) the initially 
Where these risk-based levels are higher characteristic wastes are injected into 
Oess restrictive) than current BDAT Class 1 non-hazardous deep wells 
treatment standards, they will subject to regulation under the Safe 
effectively supersede the BDAT Drinking Water Act (SDWA). In all 
requirements. See Hazardous Waste cases, the wastewaters no longer exhibit 
Treatment Councilv. EPA. 886 F.Zd a characteristic at the point ofland 
355, 362-63 (D.C. Cir. 1989). disposal. The amended treatment 

EPA was required to promulgate land standards require treatment that 
disposal prohibitions and treatment destroys, immobilizes, or removes thf 
standards by May 8, 1990 for all wastes hazardous constituents present in the. 
that were either listed or identified as initially characteristic wastewaters 
hazardous at the time of the l 984 (referred to as "underlying hazardous 
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setting out circumstances where such 
responses are exempt from RCRA 
permitting requirements.) During the 
development of the proposed Military 
Munitions Rule: Hazardous Waste 
Identification and Management; 
Explosives Emergencies; Redefinition of 
On-site proposed rule (60 FR 56468, 
November 8, 1995), the Department of 
Defense, the military services, and other 
Federal agencies raised concerns that 
LDR requirements requiring treatment of 
underlying hazardous constituents 
might impede the most effective 
emergency responses involving these 
materials. If a responding team had to 
determine LDR applicability before 
deactivating an explosive subject to an 
emergency response, the response could 
be significantly delayed or complicated. 
Furthermore, concern about LDR 
applicability might discourage the team 
from responding at all. This discussion 
serves as EPA's initial response to these 
comments. 

EPA agrees that the primary goal in 
emergency responses to explosives is 
the safe and prompt elimination of 
immediate threats to human life and 
property, and_the_Agenc;y_wp_ul_d_P!L.._. 
concerned if LOR or other regulatory 
requirements complicated these 
responses. The issue is too important 
and potentially complicated to resolve 
in today's rule. Therefore, EPA is 
temporarily deferring final action while 
it considers this issue further. 

such constituents are present at levels 
exceeding the minimize threat level (as 
established either by the current 
technology-based standards or, if risk
based levels are established, exceeding 
a risk-based level.) Thus, the 
prohibitions and standards in today's 
rule will apply to ignitable, corrosive, 
reactive and toxic characteristic wastes, 
as just discussed. 

II. Miscellaneous Issues for Which EPA 
Is Not Finalizing an Approach in This 
Final Rule 

A Treatment Standards for 
Organobromine Wastes 

Organobromine wastes are not yet 
Hsted as hazardous. EPA anticipates 
making a final listing determination in 
a future rulemaking. 

Commenters were opposed to this, 
stating tha_t it would be arbitrary to add 
a standard to a waste code where before 
there was none without supporting data. 
The Agency again agrees. Therefore, 
EPA is not taking final action at this 
time. 

D. Prohibition of Hazardous Waste as 
Fill Material 

EPA proposed to prohibit use of 
hazardous waste as fill material. 60 FR 
at 11732. Because issues raised in the 
proposal are related to those in a 
number of other pending rulemakings, 
including the Hazardous Waste 
Identification Rule, and the proposed 
rule relating to land-based uses of 
hazardous waste K06l (59 FR 67256 
(Dec. 29, 1994)), EPA is not taking final 
action on the proposal at this time. 

Although EPA proposed treatment 
standards for organobromine wastes, it E. Point of Generation 
clearly would be putting the cart before The Agency discussed possible 
th.e horse to promulgate treatment changes that could be made to the 
standards in advance of a deti;rmination "point of generation"-or point at 
of whether the wastes are hazardous. which LDR requirements attach to a 
The Agency intends _to establish hazardous waste (see 60 FR 11717, 
treat1J1ent standards for organobromine March 2, 1995). The Agency is still 
·wastes should these wastes are listed in considering the options discussed in the 
the fUi:i.ire-:- - -- ·---- · proposal· and potentially other options 

B. Potential Prohibition of Nonamenable not discussed. The Agency will reopen 
Waste5 From Land-Based Biological the point of generation issue for further 

comment, and is intending to finalize an 
Treatment Systems ., option in a 1uture rulemaking. 

The proposed rule contained an 
extensive discussion of whether certain F. Prohibition on Using Iron Filings to 
wastes should be prohibited from Stabilize Spent Foundry Sand 

In deferring action for this limited 
class of.reactive. wastes, EPA nptes that 
emergency responses ·present ·issues 
different from routine management of 
reactive wastes, where there is no 
competing consideration of need for 
immediate action to prevent an 

placement in biological treatment The Agency proposed designating the 
-.:SuifaG"e:rmpoundrfients~because-the.yare-JJI~c!!.c!!..!!Ll!c:ls!!T.!g .irg_n..;Q.~:s..tLfJ]irigs to 

not amenable to biological treatment. To spent foundry sand as impf!rmissible 
allow more time to gather comments, dilution (60 FR 11731, March 2, 1995). 

imminent threat In non-emergency 
response management situations, as 
discussed earlier, the Agency believes 
these wastes can be fl,llly treated to 
minimize both short and long-term 
threats posed by land disposal of 
wastes.1 EPA also is amending the 
treatment standards for wastes 
exhibiting the toxicity characteristic to 
include standards for underlying 
hazardous constituents. 

Toxic wastes can also contain 
underlying hazardous constituents in 
the same potentially harmful 
concentrations as ICR wastes. 60 FR at 
11706. Today's final rule consequently 
conforms standards for toxic 
characteristic hazardous wastes to 
assure treatment of underlying 
hazardous constituents as well, when 

1 EPA also notes that it ls not reopening the issue 
ofopen burning/open detonation of reactive w:;.stes. 
In 1986, EPA determined that such activities are not 
a form of land disposal. See 51 FR at 40580 (Nov. 
7, 1986). 

the Agency has decided to address this The .~gency is gathe~ing data on the 
issue in the LDR Phase IV rule, which stab1hty of the chemical bond formed 
was proposed on August 22, 1995 (60 between the iron and lead in the spent 
FR 43654) and is scheduled to be foundry sand. After the Agency analyzes 
finalized in June of 1996. these data, as well as further studies the 

public comments on this issue, it may 
take final action on the proposal. C. Certain Sections of Completing 

. Universal Treatment Standards 

The LDR Phase III proposed rule 
included a section on the completion of 
universal treatment standards (60 FR at 
11727, March 2, 1995). Possible 
nonwastewater universal treatment 
standards (UTS) for eleven constituents 
were discussed in the proposal, and 
comments and data were solicited. In 
general, commenters felt more data 
should be gathered before EPA proposes 
nonwastewater standards for these 
constituents, and EPA agrees. EPA had 
also solicited comment and data on 
extending certain universal treatment 
standards to rm gaps in the § 268.40 
table of universal treatment standards 
where "NA" appeared for either the 
wastewater or nonwastewater form of a 
regulated hazardous constituent. 

III. End-of-Pipe Equivalencl!: Treatment 
Standards for Clean Water Act (CWA) 
and CW A-Equivalent Wastt~water 
Treatment Systems 

A. Types of Facilities to Wl1ic11 
Treatment Standards App{~· 

As explained above, the D.C. Circuit 
established a standard of so-railed end
of-pipe equivalence, allowing CW A 
treatment systems with surfarn 
impoundments to dilute rharac:teristic 
wastes before land disposal in those 
impoundments without violating LOR 
requirements, provided tlw tn•atment 
system destroys, immohil i/Ps. or 
removes an equivalent a111111111t of 
hazardous constituen1 as ii 1 hi• 
characteristic waste.w1·n· 1ri·.11P<l 
separately to meet RCR:\ ..,1,111dards. EPA 
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characteristic waste containing metal 
and organic underlying hazardous 
constituents and the waste was treated 
sequentially by means not involving 
impermissible dilution, there could be 
different compliance points for the 
metal and organic hazardous 
constituents. 

EPA notes, however, that if alternative 
points of compliance are utilized, 
enforcement would normally be 
pursuant to RCRA, not the Clean Water 
Act. This is by necessity, since CWA 
perrmts (or, for indirect dischargers, 
control mechanisms) would not 
normally apply to eITTuent quality before 
final discharge. See further discussion 
on means of implementing today's 
standards below in this preamble. 

C. Why CWA Limitations and Standards 
Can Also Be RCRA Treatment 
Standards 

As explained above, when a 
hazardous constituen.t is already subject 
to a CWA industry category or Water 
Quality Criteria-based limitation, or a 
case-by-case industrial POTW limitation 
or standard, the Agency believes (and 
the final rule provides) that the CWA 
limitations and standards satisfy RCRA 
section 3004 (m) requirements and 
consequently become the RCRA 
treatment standard for purposes of 
demon;;;trating equivalent treatment. 
EPA believes that this is an obvious and 
effective means of integrating CWA and 
RCRA requirements, in accord with the 
court's objective. 976 F. 2d at 22; RCRA 

· -sect1otnOOo(b):-·'fhisapproach was 
generally supported by commenters as a 
reasonable means of satisfying the 
court's mandate and the underlying 
policy of integration of the two statutes. 

Several commenters, however, argued 
that CWA limitations and standards 
could not be equivalent to RCRA 
because such standards can reflect 
(among other things) "the cost of 
achieving such eITTuent reduction", and 
"the age of equipment and facilities 
involved". CWA section 304(b)(2)(B) 
(factors to be considered in· determining 
Best Available Technology). EPA 
disagrees. While it is true that 
technology-based standards developed 
to address toxic pollutants from various 
industrial categories are developed after 
consideration of levels that can be 
achieved through application of the best 
available technology economically 
achievable, the CWA limitations and 
standards nevertheless represent the 
best evaluation of what technically 
advanced wastewater treatment is 
capable of achieving for a particular 
industry's (ot, in some cases, particular 
plant's) wastewater.· Although there is 
no requirement that a particular 

treatment technology must be used to 
achieve the facility's limits, it is 
expected that plants utilizing BAT will 
have treated their effiuent so that there 
are substantial reductions in 
concentration and mass of hazardous 
constituents. As the Agency has stated 
many times, EPA believes that section 
3004 (m) is satisfied by treatment that 
substantially destroys, immobilizes, and 
removes the hazardous constituents that 
are present in the waste, 
not\¥ithstanding that minor amounts of 
hazardous constituents remain after 
treatment. Put another way, the statute 
does not require that every conceivable 
threat posed by land disposal be 
eliminated by treatment. 55 FR at 6641 
and n. 1 (Feb. 26, 1990); 56 FR at 12355 
(March 25, 1991); 57 FR 37259 (August 
18, 1992); 55 FR at 22596 Qune l, J 990). 
In fact, the legislative history states 
explicitly that the treatment standards 
are not to be technology forcing, but 
rat·her are to utilize the available 
effective treatment technologies. 130 
Cong. Rec. S. 1978 (daily ed. July 25, 
1984) (statement of Sen. Chaffee); 56 FR 
at 12355. That is precisely what EPA 
has done here. 

Second, with specific regard to use of 
CWA limitations, EPA notes that 
virtually all of the current LDR 
treatment standards for wastewaters are 
already drawn from CWA limitations 
and standards. See 55 FR at 22601 
(wastewater standards for U and P 
wastes and F039, which essentially 
became the universal treatment 

·starrnaras;-weterransferredfrorn 
treatment data from CWA programs), 
and see also the Final BDAT 
Background Document for U and P 
Wastes and Multi-Source Leachate 
(F039) Volume C (documenting that 
most of existing RCRA wastewater 
standards were transferred from CWA 
limitations and standards). Moreover, 
the technologies that are often used to 
achieve CWA limitations and standards 
are, in most cases, the same 
technologies upon which the RCRA 
Universal Treatment Standards are 
based, As EPA has already stated, 
"because most treatment technologies 
cannot be so precisely calibrated as to 
achieve, for example, 3.5 ppm rather 
than 2. 7 ppm, the likely result is that 
the same amount of treatment will 
occur." 59 FR at 47989 (Sept. 19, 1994). 
Since frequently the same technologies 
are used to treat wastewaters, EPA 
expects the degree of treatment to be 
comparable. 

EPA also emphasizes that RCRA 
section 1006(b) requires EPA (among 
other things) to integrate provisions of 
RCRA and the CWA when 
implementing RCRA. and to avoid 

duplication to the maximum extent 
possible with CWA requirements. The 
Agency feels it is accomplishing this 
requirement by allowing a constitue1 
specific, CWA treatment standard to 
satisfy RCRA 3004(m). The Agency 
reiterates that a technology-based CWA 
limitation or standard for a hazardous 
constituent satisfies RCRA because such 
a limitation or standard directly reflects 
the capability of BAT technologies to 
treat a specific industry's or facility's 
wastewater, whereas the RCRA UTS for 
wastewaters were developed by 
transferring performance data from 
various industries, and thus EPA need 
not make that same transfer when 
industry-specific (or plant-specific) 
wastewater treatment data is available. 

A water-quality based limitation 
would also satisfy RCRA section 
3004 (m). A CWA water quality-based 
limitation must be at least as stringent 
as the limitations required to implement 
an existing technology-based standard. 
(See CWA section 301 (b)(1)(c).) Even 
where there is no existing BAT 
limitation for a toxic or 
nonconventional pollutant, a permit 
writer must determine whether BAT 
would be more stringent than the 
applicable water quality-based 
limitation, and again, must apply the 
more stringent of the two potential 
limitations. (40 CFR 125.3(c)(2).) 

If a facility has received a 
Fundamentally Different Factors (FDF) 
variance, the limitations established by 
that variance also·satisfy RCRA 

-requirements:-Limitations established 
by the FDF variance process are 
technology-based standards reflecting 
facility-specific circumstances, and 
hence can appropriately be viewed as 
BDAT as well, just as with RCRA 
treatability variance standards. See 51 
FR at 40605 (Nov. 7, 1986). 

EPA also believes that there are 
adequate constraints in the CWA 
implementing rules to prevent these 
end-of-pipe standards from being 
achieved by means of simple dilution. 
First, many of the effluent limitation 
guidelines and standards regulate the 
mass of pollutants discharged, and thus 
directly regulate not only the 
concentration of pollutant discharged 
but the degree of wastewater flow as 
well. Even where rules are 
concentration-based, NPDES permit 
writers can set requirements which 
preclude excessive water use, and EPA 
has so instructed permit writers. (See 58 
FR 66151, December 17, l!J!J3, 
encouraging permit writers to estimat1 

reasonable rate of flow per facility anr 
factor that flow limit into the permit., 
These permit conditions ran take the 
form of best management prar.t ices, 
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2. Where Permits Do Not Contain a limit in a control mechanism reflecting 
Limitation for a Hazardous Constituent PSES or PSNS-level treatment, then 

If the CWA permit either does not that standard satisfies both RCRA and 
contain a limitation for the pollutant or the CWA. In addition, if there is no 
does not regulate the pollutant through pretreatment standard (i.e., PSES/PSNS) 
an indicator, or in cases when this rule for an underlying hazardous 
becomes effective before the reissuance constituent, because the Agency 
of a facility's permit, the RCRA determined that there was no pass 
universal treatment standards would through, then section 3004(m) is 
apply as they do for any other RCRA satisfied and the RCRA standard for that 
hazardous wastestream. In this underlying hazardous constituents does 
situation, the owner or operator of a not apply. 
facility has several choices. The owner/ If an underlying hazardous 
operator could do nothing, in which constituent is not regulated nationally 
case the hazardous constituent would be by a PSES or PSNS, or by a local limit, 
subject to the UTS. These standards it becomes subject to the UTS for that 
would be implemented by rule, and constituent. Thal UTS would be 
thus would not be embodied in a CWA enforced as a RCRA standard. However, 
permit. Enforcement consequently in cases where an underlying hazardous 
wciuJd be solely under RCRA. As noted constituent is not already subject to 
earlier, the point of complia·nce could, categorical PSES, categorical PSNS, or 
but need not be, at the. end-of-pipe point to a local limit in a control mechanism 
of discharge. reflecting PSES or PSNS-level treatment, 

In the alternative, a facility could seek water quality, or pass through, the 
amendment of its NPDES permit control mechanism between the indirect 
pursuant to§ 122.62(a)(3), requesting discharger and the applicable control 
that the applicable permitting authoritf authority would have to be modified in 
modify the permit at reissuance, or order to avoid application of the UTS by 
sooner; lo add limits for the underlying rule. EPA is amending§ 403.5 (c) (1) and 
hazardous constituents reflectTng BAT-.§ 403.S(cJ(Z) of.the pretreatment rules .to 
for that pollutant at the facility.a specifically authorize control authorities 
Assuming proper design and operation · to make such determinations. 
of the wastewater treatment technology, . T~e final option is for a facility to 
a permit writer in such a case could obtain a RCRA treatability variance. 
modify the permit to add a limitation for Thus, the amendment to the treatability 
the pollutant based on Best Professional variance rules also .applies to indirect 
Judgement reflecting actual BAT dischargers properly operating 
treatment (40 CFR J 25.3(c)). tec~nology identified as the basis for 
Me>dificat-ion·requests~wiiilld be: - -~~_e:ir-.P~~..::Q.r. thaj.r::g?.NS ~tandard_ 
processed pursuant to the procedures 4. Zero Dischargers Performing CWA-
found at§ 124.5. The modified permit Equivalent Treatment 
limitation would be a CWA requirement 
and enforceable solely under that 
statute, but would be deemed by the 
Agency to satisfy RCRA 3004 (m), so that 
meeting.UTS per se would not be 
required. 

A final alternative is for the facility to 
seek a RCRA treatability variance. EPA 
is amending the grounds for granting 
such a variance to include situations 
where a facility is treating 
decharacterized wastes by treatment 
identified as BAT or NSPS (New Source 
Performance Standards), the technology 
is designed and operated properly, but 
is not achieving the UTS (see 
§ 268.44 (a)). 

3. Indirect Dischargers 

The same alternatives exist for 
indirect dischargers. If an underlying 
hazardous constituent is regulated by a 
categorical PSES, PSNS, or by a local 

; EPA is i!llerprellng the language in 
§ l 22.62(a)(2) to indicate that the D.C. Circuit's 
opinion in the Third Third case is new infonnation 
warranting reopening a permit. 

The implementation options for zero 
dischargers performing CWA-equivalent 
treatment are similar. Some of these 
facilities may have CWA permits 
authorizing specified levels of 
discharge. If these permit limitations 
apply to underlying hazardous 
constituents present in the RCRA
prohibited portion of the discharge, the 
CWA permit limit satisfies RCRA as 
well. The facility also could seek to 
amend the CWA permit to add 
limitations for the hazardous 
constituent. Enforcement then would be 
exclusively pursuant to the CW A. 

If the zero discharger has no CWA 
permit, or the permit does not contain 
limitations for underlying hazardous 
constituents and is not amended to do 
so, then the facility would have to meet 
the RCRA UTS or an alternative 
standard established by treatability 
variance either at the point of 
discharge 4 or at an earlier point of its 

4 The point of compliance for a zero discharger 
choosing the point of discharge as a compliance 

choosing (assuming, of course, that a 
valid demonstration of bona fide 
treatment can be made at an earlier 
point). 

5. lmpleme'ntation When CWA 
Standards and Limitations Will Not Be 
the Exclusive Standard 

If the facility treats to UTS and does 
not modify its CWA permit or control 
mechanism to include a CWA standard/ 
limitat~on for an underlying hazardous 
constituent, EPA is finalizing minimal 
recordkeeping requirements, under 
RCRA authority. Generators can use 
their knowledge to identify the 
underlying hazardous constituents 
reasonably expected to be present at the 
point of generation of the !CRT wastes 
which are not covered by a CW A 
limitation or standard and hence must 
be treated to meet UTS (assuming no 
permit modification). EPA is requiring 
that this information be kept on-site in 
fiJes at the facility. The facility will then 
monitor compliance with the UTS 
standard for each of these constituents 
at the point of ultimate discharge or 
alternative compliance point, on a 
quarterlY- b.as.is_._<ind.resuhs_ ofJh.is __ . 
monitoring must be kept in the facility's 
on-site files. An exceedence of the 
RCRA UTS standard must be 
documented in the facility's on site 
records. 

These same requirements apply to 
facilities without NPDES permits 
documenting compliance as zero 
.<;Hs~pargers with CWA-eguivalent 

U'eatmeni-wflci'"iffe ··arredealiyihis rule. 
The absence of a permit necessitates 
some ~lternative means of documenting 
comphance, and the scheme outlined 
above seems to be the least burdensome 
scheme which would still provide a 
reasonable means of enforcing this rule. 

6. RCRA Controls Over Point Source 
Discharges and Domestic Sewage 

Both RCRA and the implementing 
regulations provide that point source 
discharges and domestic sewage 
(including mixtures of domestic sewage 
with other wastes) are not subject to 

point would be at the point of ultimate disposal. 
For those i.ero dischargers who discharge to a dry 
river bed (common in the we.,tem U.S.) not 
considered a "water of the U.S." under the CWA, 
the point of compliance would be at the end-of· 
pipe. For those zero dischargers who spray irrigate, 
or otherwise place the wastewaters on the land after 
treatmeDI in the surface impoundment, the point of 
compliance would be at the point just prior to the 
land placement. Furthermore, zero dischargers 
treating wastewaters' in a tank· system followed by 
spray Irrigation or another form of land placement 
are also subject to this rule. For those zero 
dischargers who use evaporation ponds, the point 
of compliance is before the wastewater enters the 
surface lmpoundment, as this is the ultimate 
disposal point. 



Federal Register 'ol. 61. No. 68 I Monday, April 8, 19f Rules and Regulations 15575 

would be the trigger level for the LOR 
prohibition, EPA has recently proposed 
risk-based hazardous constituent 
concentration levels which would 
implement the "minimize threat" 
r.equirement in section 3004(m). and 
would cap the technology-based 
treatment standards whenever the 
technology-based standards are .lower 
(60 FR 66344. December 21, 1995). The 

·de minimis feature of today's rule 
further addresses situations where EPA 
believes that prohibitions need not 
apply due to the low concentrations and 
volumes of hazardous constituents in 
the decharacterized portion of the 
injectate. 

B. Compliance Options for Class I 
Nonhazardous Wells 

In the proposed rule, the Agency 
indicated that facilities could segregate 
their hazardous wastes, and treat just 
that volume of the total waste stream to 
UTS levels in order to conform to the 
treatment requirement. A number of 
commenters maintained that the Agency 
oversimplified this approach and that 
such segregation was impractical from 
both a technical and economic 
sta"i-1dpoinl. EPA acl<.nowfe"dge-s that 
many facilities may not practically be 
able to segregate streams. These 
facilities may utilize of other LOR 
compliance options as discussed below. 

One option would be to apply for an 
exemption from treatment standards via 
the no-migration petition variance. EPA 
is ·promulgating a clai:ifying revision to 

-40-GF-R-148.-20-whiGh alfows-facilities to 
seek a no-migration variance for their 
Class I nonhazardous wells, and has 
long indicated lhal this compliance 
option is available (see pp. 25-27, 
Supplemental Information Report 
prepared for the Notice of Data 
Availability, January 19, 1993, 58 FR 
4972). If these faci1ities demonstrate to 
EPA that their formerly characteristic 
wastes (including any hazardous 
constituents) will not migrate out of the 
injection zone for 10,000 years, or no 
longer pose a threat to human health 
and the environment because the wastes 
are attenuated, transformed, or 
immobilized by natural processes, then 
they may continue to inject without 
further treatment. 

A significant number of commenters 
responded to the proposed rule's 
discussion on the Agency's position on 
granting no-migration petitions. 
Comments included that petitions were 
a too costly option, took Loo much lime 
to be processed, generic petitions for 
Class I non-hazardous wells should be 
granted, and existing no-migration 
exemptions should not require 
modification to include Phase III wastes. 

These comments, among others, will be requirements. Revisions to 40 CFR 
discussed in detail in the "Response to 148.1 (c) (1) and 148.4 will allow Class I 
Comments" background document for nonhazardous owners and operators to 
this rule, but basically many had partial apply for a case-by-case extension oft 
merit. capacity variance for up to one year 

First, although the Agency has (renewable for up to an additional year) 
estimated earlier that the average in order lo acquire or construc"t 
petition costs an operator $343,000, alternative treatment capacity. Based on 
several individual petition reviews have experience, EPA believes that the 
far exceeded that amount. The Agency availability of the case-by-case 
will examine the possibility ofrevising extension coupled with national 
petition cost data in future LDR rules. capacity variance(s) should allow 
Second, although a petition may take up operators more than adequate time to 
to 3 years to process, the Agency (as acquire alternative treatment or 
noted above) indicated as early as 1992 complete the no-migration petition 
(after the Third Third opinion) that it process. Two other options include the 
would begin review of Class I pollution prevention option and the de 
nonhazardous iajection well no- minimis volume exclusion. 
migration petitions if submitted (58 FR 
4972, January 19, 1993). Although time C. Pollution Prevention Compliance 
and resource restraints on the Agency Option 
are real. the Agency will continue to The final rule provides an alternative 
work with a!Tected Class I operators in means of obtaining the reductions in 
order to facilitate the no-migration mass loadings of hazardous constituents 
petition review process. Third, although mandated by the Third Third opinion. 
EPA has established a reasonable Under this alternative, mass reductions 
knowledge base on the review process can be achieved by removing hazardous 
for Class I hazardous facilities, it cannot constituents from any of the 
automatically infer that all Class I wastestreams that are going to be 
nonhazardous facilities will injected, gnd these reductions in mass 
succe5sfu1ly"mal<eano-ffilgraff6n--·· loadings can be accomplished by means 
demonstration. Well site geology, of source reduction (i.e. equipment or 
hydrogeology, abandoned well area of technology modifications, process or 
review, and the specific characteristics procedure modifications, reformulatior> 
of the injectate and receiving formation or redesign of prnducts, substitution o 
are site specific factors which, as a raw materials, and improvements in 
factual matter, must be evaluated housekeeping, maintenance, training, or 
individually in order to demonstrate "to inventory control), recycling, or 

·a reasonable degree of.certainty" (RCRA convenUom1l tregt!Jl~D!.. A~.fln example, 
·secHon-3004 (g){li))-that the no ·migration. .iLa fac.ili(JL.can make_pr.oc.ess .changes 
standard has been satisfied. See that reduce the mass of cadmium by the 
Supplemental Report to Notice of Data same amount that would be removed if 
Availability, January 19, 1993, at 25-26 the prohibited wastestream was treated 
9. It must be remembered that not every to satisfy UTS, the facility would satisfy 
Class I injection well applying for the LDR requirements. The facility could 
variance has been able to ma~e the also remove cadmium from any of the 
demonstration, and that one salutary streams (prohibited or non-prohibited) 
effect of the no migration process has which are going to be injected, or could 
been to identify certain (albeit a limited find .a means of recycling some portion 
number of) wells that would not be of the injectate to reduce injected mass 
capable of adequately containing loadings of cadmium. In all cases, the 
injectate over the long term result would be that the mass loading of 

EPA agrees completely with hazardous constituents into the 
commenters, however, that wells that injection unit would be reduced by the 
already have approved no migration same amount as it would be reduced by 
exemptions are not affected by the Third treatment of the prohibited, 
Third opinion and thus are not affected characteristic portion of the injectate. 
by land disposal restrictions affecting 976 F. 2d at 23 n. 8; see also Specialty 
decharacterized wastes. (In fact, EPA Steel Inst. v. EPA. 27 F. 3d 642, 649 
does not read the proposal to suggest (D.C. Cir. 1994) (treatment standards 
otherwise.) Absent a change in the that result in lower volume of waste to 
waste being injected, there is no reason be disposed-precisely what the 
to reopen no migration determinations alternative standard here can achieve-'-
that have already evaluated the entire are a permissible means of complying 
injected waste stream 57 FR at 31963 with RCRA section 3004 (m)). 
Guly 20, 1992). Commenters further requested that 

EPA is also promulgating additional this alternative be available on a 
means for Class I nonhazardous hazardous constituent by hazardous 
facilities to comply with the LDR constituent basis. EPA' agrees that this is 
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present in the characteristic wastes at 
concentrations Jess than 10 times UTS 
at the point of generation, then the 
wastes are not prohibited from injection 
in a Class I non-hazardous deepwell 
(assuming the injectate is not hazardous 
at the point of injection). The Agency 
continues to believe that under these 
circumstances, the relatively small 
decharacterized hazardous waste 
streams would not appreciably alter the 
risks posed by the injection pra~tice. 

Generally, the proposed approach was 
well received. Some commenters stated, 
however, that the de minimisvolume 

. exemption, as proposed, would allow 
excessively large volumes of routinely 
generated characteristic wastes to go 
untreated to disposal in deep wells, 
while others believe that the specific 
quantifying parameters are overly 
restrictive. The Agency analyzed 
potential risks associated with 
concentrations of 5 contaminants 

.. ··-----· --· ... ·-----· ---- ... _ .. , ·-

detected in Class I facility waste streams 
at JO, 20, and 50 times UTS. (This 
analysis was conducted in conjunction 
with revising the Regulatory Impact 
Analysis For Underground Injected 
Wastes for this rule. See 60 FR 11715.) 
In brief, risk estimates for, 4 geologic 
settings and 2 well malfunction 
scenarios were found to be below levels 
of regulatory concern at 10 and 20 times 
UTS. However, at 50 times UTS, risk 
estimates for cancer and hazard index 
were above regulatory concern for a 
waste stream containing carbon 
tetrachloride, assuming an abandoned 
borehole failure within 500 feet of the 
injection well. Taking into account the 
statutorily enumerated "long-term 
uncertainties associated with land 
disposal" (RCRA section 3004(d)(l)(A)), 
EPA believes the 10 x UTS level to be 
well within the zone of reasonable 
values ii could select as de minlmis. The 

······- -=····=-~~ 

one percent volumetric requirement is 
consistent with other longstanding de 
minimis exemptions for wastewater 
management systems in the subtitle C 
mies (see§ 261.3(a)(Z)(iv) (A) and (E)), 
and would normally cap the total 
volume of characteristic injectate at 
approximately 1100 gallons per day, 
given average Class l UIC non-hazardous 
injection rates. 

At a rate of 1100 gallons per day, 
lOxUTS for carbon tetrachloride would 
mean a mass loading of approximately 
165 mg of the constituents being 
injected each day. Mass loadings for the 
other hazardous constituents would 
similarly be modest. EPA again believes 
that these small mass loadings would 
have de minimis effect on the risk 
potential posed by the injection practice 
and consequently should be exempted 
from the prohibition. 

BILLING CODE 6560-SD-P 
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V. Treatment Standards for Newly 
Listed Wastes 

A Carbamates 

Hazardous Wastes From Specific 
Sources (K Waste Codes) 

K156-0rganic waste (including heavy 
ends, still bottoms, light ends, spent 
solvents, filtrates, and decantates) 
from the production of carbamates 
and carbamoyl oximes. 

K157-Wastewaters (including scrubber 
waters, condenser waters, 
washwaters, and separation waters) 
from the production of carbamates 
and carbamoyl oximes. 

K158-Bag house dust, and filter/ 
separation solids from the production 
of carbamates and carbamoyl oximes. 

K159-0rganics from the treatment of 
thiocarbamate wastes. 

K160-Solids (including filter wastes, 
separation solids, and spent catalysts) 
from the production of thiocarbamates 
and solids from the treatment of 
thiocarbamate wastes. 

K161-Purification solids {including 
filtration, evaporation, and 
centrifugation solids), baghouse dust, 
and floor sweepings from the 
production of dithiocarbamate acids 
and their salts. (fhis listing does not 
include Kl25 or K126.) 

Acute Hazardous Wastes (P Waste 
Codes) 

P203 Aldicarb sulfone 
·p127 earbofuran 
Pl sg- Carbosulfan 
P202 m-Cumenyl methylcarbamate 
Pl 91 Dimetilan 
Pl 98 Formetanate hydrochloride 
Pl97 Formparanate 
Pl92 lsolan 
Pl96 Manganese 

dimethyldithiocarbamate 
P199 Methfocarb 
Pl90 Metolcarb 
Pl28 Mexacarbate 
P194 Oxamyl 
P204 Physostigmine 
P188 Physostigmine salicylate 
P201 Promecarb 
P185 Tirpate 
P205 Ziram 

Toxic Hazardous Wastes 

U394 A2213 
U280 Barban 
U278 Bendiocarb 
U364 Bendfocarb phenol 
U271 Benomyl 
U400 Bis(pentamethylene)thiuram 

tetrasulfide 
U392 Butylate 
U279 Carbary} 
U372 Carbendazim 
U367 Carbofuran phenol 

U393 Copper dimethyldithiocarbamate 
U386 Cycloate 
U366 Dazomet 
U395 Diethylene glycol, dicarbamate 
U403 Disulfiram 
U390 EPTC 
U407 Ethyl Ziram 
U396 Ferbam 
U375 3-Iodo-2-propynyl n-

butylcarbamate 
U384 Metam Sodium 
U365 Molinate 
U391 Pebulate 
U383 Pota~ium dimethyl 

dithiocarbamate 
U378 Potassium n-hydroxymethyl-n

methyldithiocarbamate 
U377 Potassium n-

methyldithiocarbamate 
U373 Propham 
U4 l l Propoxur 
U387 Prosulfotarb 
U376 Selenium, tetrakis 

(dimethyldithiocarbamate) 
U379 Sodium dibutyldithiocarbamate 
U381 Sodium diethyldithiocarbamate 
U382 Sodium 

dimethyldithiocarbamate 
U277 Sulfallate 
U402 Tetrabutylthiuram·disu!fide
U401 Tetramethylthiuram 

monosulfide 
U410 Thiodicarb 
U409 Thiophanate-methyl 
U389 Triallate 
U404 Triethylamine 
U385 Vernolate 

-EPA is· promuJgating the treatment 
standards-that-were proposed for wastes 
from the carbamate industry specified 
above. 

The preamble of the proposed rule 
described the basis for these treatment 
standards in greater detail (60 FR 
11720). For background information on 
waste characterization data, data 
gathering efforts, and applicable 
technologies, see the Best Demonstrated 
Available Technology (BDA1) 
Background Document for Newly Listed 
or Identified Wastes from the 
Production of Carbamates. 

The concentration-based treatment 
standards being promulgated today for 
carbamate wastewaters and 
nonwastewaters are at UTS levels for 
certain constituents, and at newly
established levels for other constituents 
that are today being added to the UTS 
list. The UTS standards have already 
been promulgated for 21 of the 
constituents of concern (16 organic. 
constituents and 5 metals). The Agency 
is promulgating new UTS for 42 
constituents associated with carbamate 
wastes. Forty of these constituents are 
chemicals produced by the carbamate 
industry which may be grouped into the 

following categories: carbamates and 
carbamate intermediates, carbamoyl 
oximes, thiocarbamates, and 
dithiocarbamates. Please refer to the 
Background Document for definitions of 
these chemical groups and the 
categorization of these 40 chemicals. 
The other 2 constituents for which new 
UTS are being promulgated 
(triethylamine, and o-phenylene 
diamine) are not carbamate products, 
but are hazardous constituents present 
at levels of regulatory concern in 
carbamate wastes. 

One commenter requested 
clarification on the applicability of the 
carbamate treatment standards, stating 
that the summary section of the 
proposed treatment standards said that 
treatment standards were being 
proposed for certain hazardous wastes 
"'including those from the production of 
carbamate pesticides". whereas the 
section of the rule that directly 
addressed carbamate wastes rP.ferred to 
carbamates without the pesticide 
limitation. EPA points out in response 
that the final listing rule which defined 
the new waste codes does not I imit the 
definition to.pesticides only. The.·
treatment standards being promulgated 
apply to all wastes which fit the 
definitions of the waste codes 
established in the final listing rule. 

One commenter stated that EPA 
exceeded its authority under RCRA 
section 3004 and violated the 
Administrative Procedure Act by 
preparing the proposed treatment 
standard.S-aird sending rhis rule·ro OMB 
well before the final listing had been 
promulgated. EPA points out that the 
proposed treatment standards were 
actually published after publication of 
the final listing rule. The proposed 
treatment standards were modified to 
conform with the changes that appeared 
in the final listing; thus, treatment 
standards were only proposed for those 
carbamate wastes whose listing had 
been promulgated in final form. 
Proposed standards for wastes whose 
listings were not finalized were 
eliminated from the proposed treatment 
standards rule. Given the statutory 
requirement described above (i.e., the 
requirement to finalize LDR treatment 
standards six months after the listing is 
finalized), Congress must have 
envisioned that the two rulemaking 
activities would occur in close 
proximity. 

One commenter had several 
objections to the proposed standards for 
thiocarbamate wastes, stating that 1) 
nonwastewater standards should not 
have been based on detection limits 
compiled from sampling and analysis 
performed as part of the listing process 
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sources under section 112, but that 
determination need not be part of the 
present rulemaking. 

2. Comments Received on Regulated 
Constituents. 

would not "substantially diminish the 
toxicity of the waste * * * so that short
terrn and Jong-term threats to human 
health and the environment are 
minimized." RCRA section 3004{m)(l). 

EPA requested comment on regulating 
the phtbalates: bis (2-ethylhexyl) 
phthaJate, di-n-butyl phthalate and di-n
octyl phthalate. These constituents have 
seemingly been detected in the 
untreated potliner and the treated 
residue; however, EPA believes that 
their presence may simply be due to lab 
contamination. Commenters 
overwhelmingly requested that these 
phrhalates not be regulated. The Agency 
agrees and is not including any 
phthalates in the list of regulated 
constituents for K088. 

In addition, as discussed in the 
proposed rule, EPA reads the language 
in section 3004 (d){1}, (e)(l), and (g)(5) 
to require that land disposal may still be 
prohibited after treatment of hazardous 
constituents if the waste mjght still pose 
substantial hazards due to presence of 
other constituents or properties. 56 FR 
at 41168 (August 19, 1991): NRDCv. 
EPA, 907 F. 2d 1146, 1171-72 (D.C. Cir. 
1990) (dissenting opinion). These 
hazards could be posed due lo lack of 
treatment of other constituents in the 
waste, in this case, fluoride. 

The Agency requested comment on 
whether fluoride should be added to 
Appendix VIII, as well. The 
overwhelming response of the 
commenters is that fluoride should not 
be added to Appendix VIII. The Agency 
agrees that fluoride does not poSe the 
same risks in other wastes because it 
does not occur in such high 
concentrations. Furthermore, adding 
fluoride to Appendix VIII has associated 
potential analytical costs which would 
be unwarranted. Therefore, even though 
the Agency is regulating fluoride in 
K088, it is not adding it to Appendix 
VIII at this time. 

A number of commenters requested 
that benzo(a)pyrene be·used as a · 
surrogate for analyzing organics. The 
cornmenters were concerned that 
analytical costs for other P AHs would 
be excessive. EPA is not convinced that 
analyzing benzo(a)pyrene would be 
sufficient for determining proper 
treatment of all organics". The 
concentration of one constituent does 
not always reflect the concentration of 
similar constituents in a waste. 
Surrogate analyses assume .that all P AHs 
are present at similar concentrations 
which may or may not be true. Beca.use 
of the variability of concentrations 
found in KOSS wastes, benzo(a)pyrene 
may not be present while other P AHs 
. ffi!'l.Y p~ pr~sei:i:~: .A..E..alyzi11g only for 
·benzo{a)pyrene or any other poteiii:fal 
surrogate does not ensure the treatment 
to UTS concentrations of other PAHs. In 
addition, the Agency believes that since 
all of the PAHs are analyzed tiy a single 
method the cost increase for additional 
PAHs should not be significant. 
Therefore, the Agency does not believe 
the organic constituents monitored in 
K088 wastes should be limited to a 
surrogate indicator. EPA is allowing, 
however, flexibility in the waste 
analysis plans developed by the 
companies with their permit writers to 
analyze only for those constituents 
expected to be present in the generated 
K088. 

The Agency proposed to regulate 
fluoride in K088. While fluoride is not 
a "hazardous constituent", i.e., listed in 
Appendix VIII of part 261, it is present 
in very'high concentrations in K088 and 
is capable of causing substantial harm in 
the form of groundwater degradation, 
adverse ecological effects and potential 
adverse human health effects. The 
Agency's view thus is that, unless 
fluoride in this waste is treated, the 
legal standard in section 3004(m) would 
not be satisfied. That is, treatment 

3. Comments Received on Data 
Several comments were received 

regarding EP A's use of data on K088 . 
-=-one~commenRffparticuiat suggested 
that EPA ignored relevant data gathered 
by the Aluminum Association. The 
Agency did not ignore these data. They 
were submitted after the proposal and 
are currently in the docket for this final 
rule. The Agency has reviewed these 
data and found that they do not support 
any changes to the proposed treatment 
standards that are being finalized in this 
rule. This issue is discusseq in greater 
detail in the Response to Comments 
background document 

4. Comments Received on Technical 
Basis for BDAT 

There were a number of.comments 
submitted on the technical basis for the 
numerical treatment standards. As 
described in the preamble to the 
proposed rule, most of the treatment 
standards are taken from the universal 
treatment standards (UTS) (59 FR 
47988, September 19, 1994) which were 
developed for each constituent by 
evaluating all existing Agency data from 
various technologies. The exception to 
the UTS for .K088 constituents is the 
fluoride treatment standard, which was 
taken from the Reynolds delisting 

petition. While K088 is a unique waste, 
available data indicate that these UTS 
lt~vels can be routinely achieved. 

There seemed to be some confusion in 
that some commenters believed that 
EPA was proposing a required 
technology for the treatment of K088. 
This is not the case. The longstanding 
position of the Agency is when 
numerical treatment levels are 
established under the LDR program, any 
treatment technology (other than 
impermissible dilution) can be used to 
achieve those levels. 

Additional K088 comments along 
with EPA's responses are provided in 
the Response to Comments Background 
Document located in the docket for this 
rule. 

VI. Improvements to the Existing Land 
Disposal Restrictions Program 

A. Completion of Universal Treatment 
Standards 

1. Addition of Constituents to Table 
268.48 

As discussed in the section on 
carbarµate wastes, EPA is today adding 
42 new constituents to the table of 
universal treatment standards (Table 
268.48), for which treatment standards 
are being promulgated today. 

2. Wastewater Standard for 1,4-Dioxane 
EPA proposed on March 2, 1995 (60 

FR 11702), to establish a wastewater 
treatment standard for 1,4-dioxane. 1,4-
Dioxane was the only UTS constituent 
for··whiclt EP:A-:-had·promulgated a .. 
nonwastewater treatment standard but 
not a wastewater standard. At that time, 
the Agency proposed a wastewater UTS 
for l ,4-dioxane of 0.22 mg/I. This 
proposed standard was based on the 
maximum daily limit for 1,4-dioxane 
that had been developed as part or the 
proposed emuent guidelines for the 
pharmaceutical industry (60 FR 21592, 
May 2, 1995). This standard was based 
on a transfer of distillation performance 
data from methanol to 1,4-dioxane. 

Today, the Agency is promulgating a 
revised treatment standard for 
wastewater forms of 1,4-dioxane based 
on 5 data points. This data was 
submitted by one of the commenters 
and represents actual treatment of 
wastewaters containing 1,4-d}oxane. 
The Agency prefers to use actual 
treatment data in lieu of a data transfer 
whenever possible. These data show 
that wastewaters containing between 
2265:-7365 mg/I of 1,4-dioxane can be 
treated by distillation to levels between 
3-7 mg/l, representing a 99.9% removal 
rate for the dioxane. As a result of this 
data submittal. the Agency is today 
promulgating a UTS of 12.0 mg/I for 1,4-
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a Statement of Policy which clarified 
this point (59 FR 27546-27547). Today 
the Agency is codifying and quantifying 
these principles. 

As discussed in the proposed mle, 
impermissible dilution may occur when 
wastes not amenable to treatment by a 
certain method (i.e., treated very 
ineffectively .by that treatment method) 
are nevertheless 'treated' by that method 
(55 FR 22666, June 1, 1990: 52 FR at 
25 778-25 779, July 8, 1987). Today's 
rule provides a general distinction 
between "adequate treatment" and 
potential violations of the dilution 
prohibition. 

1. Inorganic Metal-Bearing Wastes 

The Agency has evaluated the 
hazardous wastes and has determined 
that 43 of the RCRA listed wastes (as set 
forth in 40 CFR part 261) typically 
appear to be inorganic hazardous wastes 
that do not contain organics, or contain 
only insignificant amounts of organics, 
and are not regulated for organics. 
BOAT for these inorganic, metal-bearing 
listed wastes is metal' recovery or 
stabilization. Thus, impermissible 
dilution may result when these wastes 
are combusted. When an inorganic 
metal-bearing hazardous waste with 
insignificant concentrations of organics 
is placed in a combustion unit, 
legitimate treatment for purposes of LOR 
ordinarily is not occurring. No treatment 
of the inorganic component occurs 
during combustion, and therefore, 

_1:rn~-@~_i'J.f.!'J.191.9§.§1rQ.Y-~.4Jgm_g_~Q.._or 
immobilized. Since there are no 
significant concentrations of organic 
compounds in inorganic metal-bearing 
hazardous wastes, it cannot be 
maintained that the waste is being 
properly or effectively treated via 
combustion (i.e., thermally treated or 
otherwise destroyed, removed, or 
immobilized). For this reason, 
combustion of inorganic wastes is not a 
"metho[d] of treatment* * *which 
substantially diminish[es] the toxicity of 
the waste or substantially reduce[s) the 
likelihood of migration of hazardous 
constituents from the waste * * *" 
(RCRA § 3004 (m)) and so is not a 
perrrussible method of treatment under 
that provision. 

In terms of the dilution prohibition, if 
combustion is allowed as a method to 
achieve a treatment standard for these 
wastes, metals in these wastes will be 
dispersed to the ambient air and will be 
diluted by being mixed in with 
combustion ash from other waste 
streams. Adequate treatment 
(stabilization or metal recovery to meet 
LOR treatment standards) has not been 
performed and dilution has occurred. It 
is also inappropriate to regard eventual 

stabilizing of such combustion ash as of generation, or after any bona fide 
providing adequate treatment for treatment such as cyanide destruction 
purposes of the LDRs. Simply meeting prior to combustion, contain hazardou 
!he numerical BDAT standards for the organic constituents or cyanide at Jeve. 
ash fails to account for metals in the exceeding the constituent-specific 
original waste stream that were emitted treatment standard for UTS; (2) organic, 
to the air and for reductions achieved by debris-like materials (e.g., wood, paper, 
dilution with other materials in the ash. plastic, or cloth) contaminated with an 
On most cases, of course. the metal- inorganic metal-bearing hazardous 
bearing wastes will have been mixed waste; (3) wastes that, at point of 
with other wastes before combustion, generation, have reasonable heating 
which mixing itself could be viewed as value such as greater than or equal to 
impermissible dilution). 5000 Btu/lb (see 48 FR 11157, March 16, 

These inorganic, metal-bearing J 983); (4) wastes co-generated with 
hazardous wastes should be-and are wastes that specify combustion as a 
usua1ly-treated by metal recovery or required method of treatment; (5) 
stabilization technologies. These wastes, including soil. subject to Federal 
technologies remove hazardous and/or State requirements necessitating 
constituents through recovery in reduction of organics (including 
products, or through immobilization, biological agents): and (6) wastes with 
and are therefore permissible BOAT greater than 1 % Total Organic Carbon 
treatment methods. (fOC). 

There are eight chara·cteristic metal Several commenters want EPA to add 
v,rastes: however, only wastes that additional criteria. One commenter 
exhibit the TC as measured by both the recommended adding a seventh 
TCLP and the EP for 0004-DOl l are criterion, i.e., combustion that results in 
presently prohibited (see 55 FR 22660- a significant reduction in volume. 
22662, June l, 1990). EPA recently Several commenters recommended 
proposed prohibition and treatment adding a seventh criterion to aHow 
standards for wastes identified as combustion of lab packs. The Agency is 
hazardous solely because they exhibit not persuaded that a seventh criterion is 
the TC (60 FR at 43682, August, 22, necessary. It has determined that 
1995). Characteristic wastes, of course, volume reduction is not a sufficient 
cannot be generically characterized as reason to allow the combustion of 
easily as listed wastes because they can inorganic metal-bearing wastes becaust 
be generated from many different types metals are neither destroyed nor 
of processes. For example, although immobilized, and it is possible that a 
some characteristic metal wastes do not significant amount of metal is being 
_(;Qntain organiCS_QL!;Y-anjfle_gr CQ_l)Jal!L .. Jr.;;insferred_!Q_an_other m~q§_,_fu;_[or lab 
only insignificant amounts, others may packs, in the Phase II final rule (59 FR 
have organics or cyanide present which 47982, September 19, 1994), the Agency 
justify combustion, such as a used oil specifically addressed lab pack issues 
exhibiting the TC characteristic for a when it revised 268 Appendix IV to 
metal. Thus, it is difficult to say which specify those wastes that are prohibited 
D004-001 l wastes would be from inclusion in Jab packs destined for 
impermissibly diluted when combusted, combustion. Today's dilution 
beyond stating that as a general matter, prohibition does not supersede the 
impermissible dilution would occur if streamlined treatment standards 
the D004-DO 11 waste does not have promulgated in the Phase II final rule. 
significant organic or cyanide content Therefore, metal-bearing inorganic 
but is nevertheless combusted. wastes may be included in a lab pack 

An "inorganic metal-bearing waste" is unless it is prohibited under the list of 
one for which EPA has established wastes in 268 Appendix IV. 
treatment standards for metal hazardous 
constituents, and which does not 
othervvise contain significant organic or 
cyanide content. The table being 
promulgated in 40 CFR part 268, 
Appendix Xl is the list of waste codes 
for which EPA regulates only metals 
that are affected by this rule~ 

2. Inorganic Metal-Bearing Wastes Not 
Prohibited Under the LDR Dilution 
Prohibition 

Combustion of the following 
inorganic metal-bearing wastes is not 
prohibited under the LDR dilution 
prohibition: (1) wastes that, at the point 

3. Cyanide-Bearing Wastes 

A commenter questioned why EPA 
allows the presence of cyanide to justify 
combustion when there are adequate 
alternative treatment methods for that 
waste constituent. This approach was 
adopted because cyanide is destroyed
i.e., effectively treated and not diluted
by combustion. Existing LDR rules, in 
many cases, identify combustion as an 
appropriate BDAT for destruclion of 
cyanide-bearing wastes. See, e.g., 
treatment standards for F009, FOl 0, an. 
FOl l. The LDR Phase III proposal 
solicited comments on whether the 
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Land Disposal Restrictions Rulemaking, Land Disposal Restrictions Rulemaking reexamined its estimates or both 
also found in the docket for today's rule. background document provides a available and required capacity. EPA 

In general, EPA 's capacity analysis detailed discussion of the capacity- found that adequate treatment capacity 
methodologies focus on the amount of related comments on decharacterized does exist for KOSS wastes, although the 
\•vaste to be restricted from land disposal wastewaters and EPA's response to amount of treatment capacity appears to 
that is currently managed in land-based them. be just adequate to accommodate 
units and that will require alternative To assess the quantity of 0003 wastes demand. However, some of the facilities 
treatment as a result of the LDRs. The that could be affected by the rule other capable of treating these w~stes may 
quantity of wastes that are not managed than those wastes managed in CWA and require pretreatment such as grinding or 
in land-based units (e.g., wastewaters CW A-equivalent systems, EPA extracted crushing prior to accepting the waste. In 
managed only in RCRA exempt tanks, information from the 1993 Biennial order to allow facilities generating K088 

· with direct discharge to a POTW) is not Reporting System (BRS) on the adequate time to work ciut logistics such 
included in the quantities requiring generation and manage.men! of D003 as transportation, pretreatment capacity, 
alternative treatment as a result of the wastes. According to the BRS, and contracting for treatment capacity, 
LDRs. Also, wastes that do not require approximately 2.2 million tons of 0003 EPA has decided to grant a nine-month 
alternative treatment (e.g., those that are wastewaters are currently deepweil national capacity variance for these 
currently treated using an appropriate injected, 650 tons of D003 wastes-the time at which EPA 
treatment technology) are not included nom,,.•astewaters are managed through estimates existing treatment capacity 
in these quantity estimates. land application, and 17 ,600 tons of will be available as a practical matter. A 

EP A's decisions on whether to grant D003 nonwastewaters are managed in detailed discussion of the final capacity 
a national capacity variance are based "other" disposal units (not specified in analysis is provided in the Background 
on the availability of alternative the BRS). These wastes may require Document for Capacity Analysis for 
treatment or recovery technologies. additional treatment in order to meet Land Disposal Restrictions, Phase III-
Consequently, the methodology focuses the LDRs. In addition, some D003 waste Decharacterized Wastewaters, 
on deriving estimates of the quantities that may be affected by the rule may not Carbamate Wastes, and Spent Potliners 
of waste that will require either be reported in the BRS, because these and EPA's responses to the individual 
commercial treatment or the wastes may not be considered comments on the K088 capacity analysis 
construction of new on-site treatment hazardous by the generator once they are provided in the Response to 
systems as a result of the LDRs- have been decharacterized. Although Capacity-Related Comments Received 
quantities oLwaste.ihaLwill_be..treated_ -EP.A..belie:i.~es-.thaLin . .general .there...is ___ . on the P-hase..JllLand-DisposaL.___ 
adequately either on site in existing adequate treatment capacity for these Restrictions Rulemaking, both of which 
systems or off site by facilities owned by wastes, such capacity may not be are in the docket for today's rule. 
the same company as the generator (i.e., immediately available. Therefore, EPA EPA has determined that there is 
captive facilities) are omitted from the is granting a 90-day capacity variance adequate alternative trr.atment capacity 
required capacity estimates. for D003 wastes that are impacted by the available for the 4,500 tons of carbamate 
B C ·rv A al . R ]ts S m,.rv rule and are not managed in CWA and wastes generated each year and is 

· apacJ.J n ysis esu um ~J CWA-eq.uivalent systems in order to therefore not granting a national 
For the decharacterized ICR and TC allow facilities time to determine capacity variance for these wastes. 

wastes managed in CWA. CWA· whether their wastes are affected by this The quantities of radioactive wastes 
·equivalifrif.:ana::Glass-l=inJedfon ·well roili,-ani:HCfeniify·arrcFlocafe·ii1fer1iative- -mixed with··Wastes-induded·ii'i today's 
systems, EPA estimates that betvveen 85 treatment capacity if necessary. rule are generated primarily by the U.S. 
and ·soo miUion tons per year (estimated EPA estimates that approximately Department of Energy (DOE). EPA 
at end-of-pipe) will be affected as a 105,000-130,000 tons of newly listed estimates that 820 tons of high-level 
result of today's rule. EPA believes that wastes included in today's rule will waste and 360 tons of mixed low-level 
many affected facilities need time to require alternative treatment. In waste that may be affected hy this 
build treatment capacity for these particular, approximately 4,500 tons of proposal will be generated annually by 
wastes, as wastewater volumes generally carbamate wastes (}<156-K161, P127, DOE. Jn addition, there are rnrrently 
make off-site treatment impractical. P12S. P185, P188-Pl92, Pl94, P196- 7,000 tons of high-level waste, 10 tons 
Thus, EPA has determined that P199, P201-P205, U271, U277-U280, of.mixed transuranic waste. and 2,700 
sufficient alternative treatment capacity U364-U367, U372, U373, U375-U379, tons of mixed low-level wash! in storage 
is not available, and today is granting a U381-U3S7, U3S9-U396, U400-U404, that may be affected by this rule. DOE 
two-year national capacity variance for U407, U409-U411) will require currently faces treatment capacity 
decharacterized wastewaters. alternative treatment. In addition, shortfalls for high-level wastes and 

Commenters to the rule generally 100,000-125,000 tons (not including mixed transuranic wastes. A It hough 
supported EPA's decision to grant a contaminated media) of spent DOE does have some available treatment 
naUonal capacity variance for aluminum potliners (}<OSS) will require capacity for mixed low-lewl wastes, 
decharacterized wastes managed in alternative treatment capacity. most of this capacity is limill?d to 
CWA, CW A-equivalent. and Class I EPA received a number of comments treatment of wastewaters wi1 h less than 
injection well systems. Numerous other on its capacity analysis for KOSS wastes. one percent total suspemkd solids and 
comments were received on issues such Most commenters disagreed with EPA 's is not readily adaptable for 01 her waste 
as those associated with the definition proposal not to grant a capacity variance forms. DOE has indicated l hat it will 
of point of generation for ICR and TC for KOSS wastes. Specifically, these generally give treatment priority to 
wastewaters and the applicability of commenters believe that EPA mixed wastes that are aln•adv rnstricted 
today's rule to wastewater management overestimated the quantity of available under previous LDR rult•s. 1'111•refore, 
units other than surface impoundments, capacity and underestimated the EPA is granting a two-year national 
such as stormwater impoundments, quantity of required capacity. In capacity variance lo radioa1·1 i\'I' wastes 
sumps, sewers, and trenches. The performing the capacity analysis for the mixed with the hazardous ''"1st1~s 

· Response to Capacity-Related final rule, EPA considered all of the affected by today's rule. l'1111111l!'Tl~ers to 
Comments Received on the Phase III issues raised by the commenters and the proposed rule support"d 1· PA s 
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be neither more or less stringent since 
the technology basis of the standards 
has not changed. Accordingly, EPA will 
not implement the amendments to the 
UTS in today's LDR Phase III rule for 
those st.ates with LDR authorization. 

Because today's rule is promulgated 
pursuant to HSWA, a State submitting a 
program modification may apply to 
receive interim or final authorization 
under RCRA section 3006(g) (2) or 
3006(b). respectively, on the basis of 
requirements that are substantially 
equivalent or equivalent to EPA's. The 
procedures and schedule for State 
program modifications for final 
authorization are described in 40 CFR 
271.21. lt should be noted that all 
HSWA interim authorizations will 
expire January l, 2003. (See§ 271.24 
and 57 FR 60132, December 18, 1992.) 

Section 271.21 (e)(2) requires that 
States with final authorizat.ion must 
modify their programs to reflect Federal 
program changes and to subsequently 
submit the modification to EPA for 
approval. The deadline by which the 
State would have to modify its program 
to adopt these regulations is specified in 
§ 271.21 (e). This deac;Uine can be 
extended in certain cases (see 
§ 27l.2l(e)(3)). Once EPA approves the 
modification, the State requirements 
become Subtitle C RCRA requirements. 

States wilh authorized RCRA 
programs may already have 
requirements similar to those in today's 
rule. These State regulations have not 
been assessed against the Federal 

-regulat-ions-belng-prnp0sed-today to-
determine whether they meet the tests 
for authorization. Thus, a State is not 
authorized to implement these 
requirements in lieu of EPA until the 
State program modifications are 
approved. Of course, states with existing 
standards could continue to administer 
and enforce their standards as a matter 
of State Jaw. Jn implementing the 
Federal program, EPA will work with 
States under agreements to minimize 
duplication of efforts. In most cases, 
EPA expects that it will be able to defer 
to the States in their efforts to 
implement their programs rather than 
take separate actions under Federal 
authority. 

States that submit official applications 
for final authorization less than 12 
months after the effective date of these 
reguJatfons are not required to include 
standards equivalent to these 
regulations in their application. 
However, the State must modify its 
program by the deadline set forth in 
§ 271.21 (e). States that submit official 
applications for final authorization 12 
months after the effective date of these 
regulations must include standards 

equivalent to these regulations in their 
application. The requirements a State 
must meet \vhen submitting its final 
authorization application are set forth in 
40 CFR 271-3. 

IX. Regulatory Requirements 

treatment systems· need to be augmented, 
with additional treatment steps, the 
incremental compliance costs for 
today's rule could.be as high as $l 
million per affected facility. The Agency 
does not have adequate data to estimate 
how many. if any, facilities may require 

A Regulatory Impact Analysis Pursuant modification to their treatment facilities. 
Io Executive Order 12866 The Agency did conduct a sensitivity 

Executive Order No. 12866 requires analysis, considering the costs of the 
agencies to determine whether a rule under two scenarios: (1) Assuming 
regulatory action is "significant." The that 80 percent of the facilities comply 
Order defines a "significant" regulatory with the rule by obtaining permit 
action as one that "is likely to result in modificatio11s and 20 percent comply by 
a rule that may: (1) have an annual treating their wastes, and, (2) assuming 
effect on the economy of $100 million that 60 percent comply by obtaining · 
or more or adversely affect, in a material permit modifications and 40 percent 
way, the economy, a sector of the comply by treating their wastes. Based 

on the first scenario, the estimated economy, productivity, competition, 
J'obs, the environment, public health or annualized costs of the rule would range 

from $6.6 million to $ 1 8.2 million. 
safety, or State, local, or tribal Based on the second scenario, the 
governments or communities; (2) create e.stimated annualized costs would range 
serious inconsistency or otherwise from $] 2.9 million to $35. 7 million. For 
interfere with an action taken or 
planned by another agency; (3) newly listed wastes, the costs are 

substantially higher and will be 
materially alter the budgetary impact of incurred each year. These costs range 
entitlements, grants, user fees, or loan from approximately $11.9 million to 
programs or the rights and obligations of $47.3 million and are attributable to 
recipients; or (4) raise novel legal or thermal treatment of aluminum potliner 
policy issues arising out of legal wastes (K088). Therefore, today's rule 
mandates, the President's priorities, or may be considered an economically 
the principles set forth in the Executive significant rule. Because today's rule is 
Order.'.' significant, the Agency analyzed the 

The Agency estimated the costs of costs, economic impacts, and benefits. 
today's rule to determine if it is a This section of the preamble for 
signifi~ant regulation as defi~ed by.the today's rule provides a discussion of the 
Execu~1ve Order. The analysi~ c?nsiders methodology used for estimating the 
_@mP!i.~n<;_g.fQ.St an~ economic impacts costs, economic impacts .. and.the 

_(?_r_both.i;.ha@£terist!_<;_\Y~§1~s an9.riewly_-be-nefits-attributable-to-today.'.S-J:Ule.-
hsted w<i~te:5 affected by this rul~. For followed by a presentation of the cost. 
~haractenst1c. wastes, the potential cost economic impact and benefit results. 
impacts of th JS rule depend on whether More detailed discussions of the 
facilities' ~urrent wastewater treatm~nt methodology and results may be found 
syst~i_ns will meet the l!YS levels.or if in the background document, 
add1t10nal treatment will be required. If "Regulatory Impact Analysis of the 
current treatments are adequate, Land Disposal Restrictions Final Rule 
facilities will onl.Y incur. admi~istrative for the LDR Phase Ill Newly Listed and 
costs to have their pernuts revISed as Identified Wastes," which has been 
well as on-going monitoring costs. In placed in the docket for today's rule. 
general, the Agency expects that 
facil.ities will seek permit modifications, 
treatability variances, or certification of 
adequate POTW treatment because these 
compliance options can be implemented 
at much lower cost than the option 
requiring treatment to UTS levels. EPA 
estimates the total annualized costs of 
the rule for these wastes would range 
from approximately $197 ,000 to 
$598,000, of which $154,000 to 
$425,000 would be incurred at the 28 to 
73 potentially affected facilities in the 
organic chemical industry, and 
approximately $43,000 to $173,000 
would be incurred at the 8 to 3.0 
potentially affected facilities in the 
petroleum refining industry. However, 
at the high end, if current wastewater 

l. Methodology Section 

In today's rule, the Agency is 
establishing treatment standards for the 
following wastes: end-of-pipe standards 
for ignitable, corrosive, and reactive 
OCR) wastewaters managed in CWA, 
CWA-equivalent systems, and UIC 
wells; Toxicity Characteristic pe~ticide 

· (DO 12-17) and organic (DO 18-43) 
\>vastewaters managed in CWA, CWA
equivalent systems, and UIC wells; and 
newly listed wastes from two 
industries-spent aluminum potliners 
and carbamates. 

a. Methodology for Estimating the 
Affected Universe. In determining thE 

. costs, economic impacts. and benefits 
associated with today's rult:. the Agency 
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newly listed carbamate wastes are volumes a!Tected by the LDR Phase III the benefits associated with today's rule 
expected to be minimal. rule. For newlv listed wastes, the to be small. Assuming facilities comply 

i. Estimation of Pollutant Loadings analyses supp;rting the listing with the rule by treating their affected 
Reductions. An incremental approach determination showed about 4,500 vl'astestreams, loadings reductions 
was used to estimate reductions in metric tons of carbarriate v•:c''Stes and · • estimates range between I ,527 to 21.322 
pollutant loadings. For the baseline 118,000 metric tons of spent alum1'num t · . me nc tons per year at 129 to 291 
scenario, contaminant concentrations potl1'ners are potent1'ally afrected by th1's " ·1· · (d 1' 1ac1 1t1es irect and indirect 
were based upon data or estimates of rule. dischargers) involving 175 to 647 
current effluent discharge concentration b. Cost Results. For characteristic 
1 I F 

constituent/wastestream combinations. 
eve s. or the post-regulatory scenario, wastes, the potential cost impacts of this N inety-eight percent of the reductions 

concentration levels were assumed to rule depend on whether facilities' 
I UTS 1 I 

occur at organic chemicals facilities, 
equa eve s. current wastewater treatment systems 

ii. Estimation of Reductions in will meet the UTS levels or if additional with the remainder occurring at 
Exceedances of Health-Based Levels. treatment will be required. If current petroleum refiners. Estimated loadings 
The methods used for evaluating the treatments are adequate, facilities will reductions for direct dischargers range 
benefits associated with cancer and only incur administrative costs to have between 36 and 267 tons per year, 
noncancer risk reductions resulting their permits revised. EPA estimates the representing between 0.03 and 0.2 
from the rule entail comparing total annualized costs of the rule for percent of total Toxic Release Inventory 
constituent concentration levels to these wastes would range from (fRI) chemical loadings to surface 
heallh-based standards to evaluate approximately $197 ,000 to $598,000, of waters. For indirect dischargers, 
whether implement.ation of the rule which $154,000 to $425,000 would be estimated loadings reductions range . 
reduces concentration levels below incurred at the 28 to 73 potentially between 1,491 and 21.055 metric tons 
levels that pose risk to human health. affected facllities in the organic per year, representing between 0.8 and 

To estimate benefits from cancer risk chemical industry, and ·approximately 11.0 percent of total TRI chemical 
reductions resulting from the rule, a $43,000 to $l 73,ooo would be incurred loadings transferred to POTWs. Based 
simple screening analysis was at the 8 to 30 potentially a!Tected upon the results of the screening and 
performed. This analysis c.ompared facilities in the petroleum refining more detailed risk assessments, the 
contaminant concentrations for the industry. However, at the high end, if estimated baseline risks associated with 
baseline and post-regulatory scenario to current wastewater treatment systems nine to tweniy wa:stestreams (out oi the 
health-based levels for carcinogens. need to be augmented with additional 155 to 404 constituent/wastestream 
Further analysis may be undertaken to treatment steps, the incremental combinations potentfally affected by the 
quantify benefits associated with compliance costs could be as high as $1 rule) exceed 10- 6 under baseline 
facility/ wastestream c.ombinations million per affected facility. The Agency conditions and three to six wastestreams 
identified in the contaminant does not have adequate data to estimate with noncancer risk levels exceeding 
concentration comparisons. how many, if any, facilities may require reference doses. These 1 Z to 26 
· Benefits associated with reductions in modification to their treatment facilities. wastestreams contairi one of five 
non~cancer exceedances are estimated The Agency continues to request constituents: aniline (9 to 19 
based upon comparisons of contaminant comment and data on how often wastestreams). acrylamide (Oto 1 

·-··-·_::?nc~-~.tratlon levels in eilluent additional treatment may be required. wastestream), pyridine (2 waststreams), 
·-·-=i:l1scharges-of-the··a1Tected-wastestreams-·-· -~-'ForBewlyolisted:'wastes,-the"costsar·ee--'b~a,..r.i_l!!!l.£9._mpo11nds (1 waggs.!f.e<!.rn). and 

.. _J; 
~J 

to the reference health levels. These substantially higher and will be acetonitrile (0 to 2 wastestreams). For 
benefits are expressed in terms of the incurred each year. These costs range these 12 to 26 wastestreams, EPA· 
number of exceedances of health-based from approximately $11.9 rr.u,llion to conducted a more detailed risk 
levels under the baseline scenario $47.3 million and are attributable to assessment, using site-specific data. 
compared to the number of exceedances thermal treatment of aluminum potliner Results of the more detailed risk 
under the rule. wastes (K088). The Agency requests assessment indicate that the benefits 

iii. Qualitative Description of the· comment on where indusuy falls within from the rule are small. EPA identified 
Potential Benefits. A qualitative this range. four wastestreams potentially posing 
assessment of potential benefits likely to c. Economic Impact Results. The cancer risk exceeding the threshold risk 
result from the rule is used where data Agency has estimated the economic levels. Three wastestrearns pose 
are limited. The Agency acknowledges impacts of today's rule to represent less baseline cancer risk ranging from I x 
limited data availability in developing than one percent of historic pollution 10-s to 1x10-4 (due to exposure to 
waste volumes affected, constituents, control and operating costs for the aniline) which potentially would be 
concentrations, cost estimates, organic chemical and petroleum reduced to between 8 x 1 o- s and 3 x 
economic impacts, and benefits refining industries. However, for those 10-6 under the LDR Phase III rule. A 
estimates for the LDR Phase III facilities that may need to treat to UTS fourth wastestream containing 
rulemaking. The Agency continues to to comply with today's rule, costs could acrylamide poses baseline cancer risk at 
request comment from industry · be more significant. The estimated a level of 2 x 10-3. The rule is estimated 
regarding constituents, concentrations, compliance costs for treating newly to reduce this risk to between 2 x 10-4 
waste volumes, and current listed spent aluminum potliners and· 4 x IQ-36. All four of these 
management practices. represents 40 percent of pollution wastestreams are discharged to POTWs; 
z. Results control operating costs for aluminum if POTW treatment removes these 

a. Volume Results. The Agency has 
estimated the volumes of formerly 
characteristic wastes potentially affected 
by today's rule to total in the range of 
33.5 to 500 million metric tons. The 
Agency requests comment on waste 

reducers; however, treatment costs constituents from the wastewater prior 
represent only one percent of total to discharge to surface water and/or if 
historic operating costs. no drinking water intake is located 

d. Benefit Estimate Results. The downstream from the POTW's outfall, 
Agency expects facilities to comply with baseline risks will be lower. The Agency 
the LDRs through permit modifications. expects facilities to eomply with the 
As a result, the Agency has estimated LDRs through permit modifications; 
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from $3.67 million per year for all 
facilities incurring only petition costs to 
$132.62 million per year for all facilities 
incurring both petition and treatment 
costs. Based on past EPA experience, 
there is little probability that all 
facilities will arrive at each of these 
possible outcomes. However. this 
indicated range provides an extreme 
lower and upper bound estimate for 
national compliance costs purposes. 

The benefits to human health and the 
environment in the RIA are generally 
defined as reduced human health risk 
resulting from fewer instances of ground 
water contamination. In general, 
potential heal th risks from Class I 
injection wells are extremely low. 

EPA conducted a quantitative 
assessment of the potential human 
health risks associated with two well 
malfunction scenarios. EPA developed a 
methodology described in the RIA to 
measure health risks of five Phase III 
contaminants: benzene, carbon 
tetrachloride, chloroform, phenol, and 
toluene. The results of these analyses 
show that mosi. of the cancer risks 
calculated are below the l x 10- 4 to l 
x 1 O:::£risk-r.ange general.ly-usedlly-EPA. 
to regulate exposure to carcinogens. 
Virtually all of the non-cancer risks are 
below a hazard index (HD of 1, which 
represents a ratio used to compare the 
relative health risks posed by 
contaminants. Therefore, these cancer 
and non-cancer risks calculated are 
below any levels of regulatory concern. 
Only two cancer r.isk_estimates Jn the 
nfgffe-iiO-sccifafiOs-, -omse-ca1ciJlated for 
benzene and carbon tetrachloride, 
slightly exceeded the risk range to 
regulate exposure to carcinogens. Only 
one hazard index calculated for carbon 
tetrachloride exceeded EPA's level of 
concern of a ratio greater than 1. 
However, these results were derived 
from a scenario where an abandoned 
borehole (i.e. the "failure pathway") 
was in very close proximity to the 
injection well, substantial pumping of a 
drinking water well was occurring, and 
the local geology was typical of the 
highly transmissive East Gulf Coast 
Region. The assumptions used in 
deriving these results were based on 
conservative, upper-bound estimates, 
therefore the cancer and non-cancer 
risks represent worst-case estimates. 
Considering the limitations imposed by 
the failure scenarios, and the 
documented low probability of Class I 
failures, the overall risks from failure of 
Class I injection wells would be below 
regulatory concern. 

There also is a potential qualitative 
benefit to the no-migration process for 
Class I nonhazardous wells. It is 
possible that the process would uncover 

certain vvells that cannot satisfy the no
migration standard and indeed may not 
be suitable for Class I injection in any 
case. This proved to be true for Class 1 
hazardous wells. However, 
notvvithstanding this potential benefit. 
as noted in the early part of this 
preamble, the Agency does not regard 
this regulatory effort as deserving of the 
priority afforded it, due to the litigation
driven schedule and the D.C. Circuit's 
mandate, and would not be undertaking 
the effort at this time were it not for that 
mandate and schedule. 

The economic analysis of LDR Phase 
III compliance costs suggests that 
publicly traded companies probably 
will not be significantly affected. The 
limited data available for privately-held 
companies suggests, however, that they 
may face significant costs due to the 
proportionally larger expenses they may 
face due to the LDR Phase JU rule. 

hazardous waste as the limit below 
which one is exempted from complying 
with the RCRA standards. · 

Given these two factors, the Agency 
was unable to frame a series of smal'l 
entity options from which to· select the 
lowest cost approach; rather, the Agency 
was legally bound to regulate the land 
disposal of the hazardous wastes 
covered in today's rule without regard 
to the size of the entity being regulated. 

The Agency has, however, included 
an exemption covering injection 
facilities where the decharacterized 
portion of the injectate is minimal in 
absolute terms, as a percentage of the 
total injectate, and in hazardous 
constituent mass loadings. This de 
minimis exemption provides a measure 
of relief to both small and larger entities 
satisfying its terms. 

D. Paperwork Reduction Act 
The information collection 

C. Regulatory Flexibility Analysis requirements in this rule have been 
Pursuant to the Regulatory Flexibility submitted for approval to the Office of 

Act of 1980, 5 U.S.C. 601 et seq., when Management and Budget (OMB) under 
an agency publishes a notice of the Paperwork Reduction Act, 44 U.S.C. 
rulemaking, for a rule that will have a 3501 et seq. Four Information Collection 
_sigvifi.rnnt_eff~ct on a_sµbs.!.":W.~ial Request (JCR) documents have been 
number of small entities, the agency prepare·d-by· EP-A~· as folfows. -OSWER 
must prepare and make available for !CR No. 1442. l 2 would amend the 
public comment a regulatory flexibility existing ICR approved under OMB 
analysis that considers the effect of the Control No. 2050-0085 · •1e additional 
rule on small entities (i.e.: small information requirements for the 
businesses, small organizations, and Underground Injection Control (UlC) 
small governmental jurisdictions). Program were submitted to OMB under 
Under the Agency's Revised Guidelines !CR No. 0370.14; this will amend the 
for ln:iplem~~tingThe Regulatory existing UIC approval under OMB 
flexibility-Act, ·dated-May 4·; -J 992,the· ··--Control-No~ .z1140:.0042. OSWER ICR No. 
Agency committed to considering 1442.12 and UIC JCR No. 0370.14 have 
regulatory alternatives in rulemakings not been approved by OMB and the 
when there were any economic impacts information collection requirements in 
estimated on any small entities. (See those ICRs are not enforceable until 
RCRA sections 3004 (d). (e), and (g)(S), OMB approves them. EPA will publish 
which apply uniformly to all hazardous a document in the Federal Register 
wastes.} Previous guidance required when OMB approves the information 
regulatory alternatives to be examined collection requirements. Until EPA 
only when significant economic effects publishes a document displaying the 
were estimated on a substantial number valid OMB control number, persons are 
of small entities. not required to respond to collections of 

In assessing the regulatory approach information in these two JCRs, Two 
for dealing with small entities in today's amendments to National Pollutant 
rule, for both surface disposal of wastes, Discharge Elimination System (NPDES) 
the Agency considered two factors. lCRs were approved at proposal. These 
First, data on potentially affected small are ICR 0229.10 for the Discharge 
entities are unavailable. Second, due to Monitoring Report, approved under 
the statutory requirements of the RCRA OMB Control No. 2040-0004, and !CR 
LDR program, no legal avenues exist for 0226. 11 for NP DES Applications, 
the Agency to provide relief from the approved under OMB Control No. 2040-
LDR's for small entities. The only relief 0086. 
available for small entities is the Copies of these JCRs may be obtained 
existing small quantity generator from Sandy Farmer, OPPE Regulatory 
provisions and conditionally exempt Information Division; U.S. 
small quantity generator exemptions Environmental Protection Agency 
found in 40 CFR 262.11-12, and 261.5, (2136}; 401 M St., S.W.; Washington, 
respectively. These exemptions D.C. 20460 or by calling (202) 260-274 
basically prescribe 100 kilograms (kg) Include the ICR numbers in any reques, 
per calendar month generation of The information requirements for the 
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constituents as would be removed by 
treating the characteristic hazardous 
wastestream pursuant to the treatment 
standards in 40 CFR 268.48. This mass 
reduction can come from: 

(1) Treating nonhazardous portions of 
the injectate: · . 

(2) Recycling before ultimate 
injection: or 

(3) Engaging in pollution prevention 
practices {such as equipment or 
technology modifications, substitution 
of raw matedals, and improvements in 
housekeeping, maintenance, training, or 
inventory control). 

{B) The.compliance alternative in 
paragraph (d) (2) (iii) (A) of this section is 
demonstrated by comparing the injected 
baseline (determined by multiplying the 
volume/day of characteristically · 
hazardous waste generated and injected) 
times the concentration of hazardous 
constituents before the treatment/ 
recycling/pollution prevention measure, 
with the mass allowance obtained by 
mul!iplying the volume/day of a 
hazardous constituent generated and 
injected times the universal treatment 
standard for that constituent. The 
baseline cannot include practices 
inilfaied-lieforeiliejeai- 1990~--
(Recordkeeping requirements for this 
alternative are found at 40 CFR 
268.9 (d){3).) 

3. Section 148.3 is revised to read as 
follows: 

§ 148.18 Waste specific prohibitions
Newly Identified Wastes. 

(a) On July 8, J 996, the wastes 
specified in 40 CFR 261.32 as EPA 
Hazardous waste numbers K156-K16l. 
P127,P128,P185,P188-P192,P194, 

. P19G-P19B,P201-P205, U271,U277-
U280. U364-U367, U372, U373, U375-
U379, U381-387, U389-U396, U400-
U404, U407, and U409-U411 are 
prohibited from underground injection. 

(b) On January 8, 1997, the wastes 
specified in 40 CFR 261.32 as EPA 
Hazardous waste number K088 is 
prohibited from underground injection. 

(c) On April 8, 1998, the wastes 
specified in 40 CFR part 261 as EPA 
Hazardous waste numbers DO 18-043, 
and Mixed TC/Radioactive wastes, are 
prohibited from underground injection. 

(d) On April 8, 1998, the wastes 
specified in 40 CFR part 261 as EPA 
Hazardous waste numbers D001-D003 
are prohibited from underground 
injection. 

6. Section 148.20 is amended by 
revising paragraph (a) introductory text 
to read as follows: 

§ 148.20 Petitions to allow injection of a 
waste·prohibited·under subpart·B; --

(a) Any person seeking an exemption 
from a prohibition under subpart B of 
this part for the injection· of a restricted 
hazardous waste, including a hazardous 
waste exhibiting a characteristic and 
containing underlying hazardous 

§ 148.3 Dilution prohibited as a substitute constituents at the point of generation, 
for treatment 

(4) De minimis losses of characteristic 
wastes to wastewaters are not . 
considered to be prohibited wastes and 
are defined as: 

(i) Losses from normal material 
handling operations (e.g. spills from the 
unloading or transfer of materials from 
bins or other containers, leaks from 
pipes, valves or other devices used to 
transfer materials); minor leaks of 
process equipment, storage tanks or 
containers; leaks from well-mainfained 
pump packings and seals; sample 
purgings; and relief device disi>harges; 
discharges from safety showers and 
rinsing and cleaning of personal safety 
equipment: rinsate from empty 
containers or from containers that are 
rendered empty by that rinsing; and 
laboratory wastes not exceeding one per 
cent of the total flow of wastewater into 
the facility's headworks.on an annual 
basis, or with a combined annualized 
average concentration not exceeding one 
part per million in the headworks of the 
facility's wastewater treatment or 
pretreatment facility; or 

(ii) Decharacterized waste~ which are 
injected into Class I nonhazardous wells 
which wastes combined volume is less 
thanorie per cent of the total flow at the 
wellhead on an annualized basis, is no 
greater than 10,000 gallons per day, and 
in which any underlying hazardous 
constituents in the characteristic wastes 
a:re present at the point of generation at 
levels Jess than ten times the treatment 
standards found at§ 268.48. 

but no longer exhibiting a characteristic * * * * * 
_, =JaLTlle pwvisio~ns_oJ:4D .. C.ER..?98.~- -when-injecte~Hntti-a-Glass-l--i-njec-Hen•---9~-s-e-ctton<:!68:-2--tnmem:l-e-d-iiy-: 

shall apply to owners or operators of well or wells, shall submit a petition to revising paragraphs {I) and (i), and by 
Class I wells used to inject a waste the Director demonstrating that, to a adding paragraphs G), (k). and (1) to read 
which is hazardous at the point of reasonable degree of certainty, there will as-follows: 
generation whether or not the waste is be no migration of hazardous 
hazardous at the point of injection. constituents from the injection zone for § 268.2 Definitions applicable in this part 

(b) Owners or operators of Class I 
nonhazardous waste injection wells as Jong as the waste remains hazardous. 

This demonstration requires a showing 
which iaject waste formerly exhibiting a that: 
hazardous characteristic vvhich has be.en * 
removed by dilution, may address 
underlying hazardous constituents by 
treating the hazardous waste, obtaining 
an exemption pursuant to a petition 
filed under§ 148.20, or complying with 
the provisions set forth in 40 CFR 268.9. 

4. Section 148.4 is revised to read as 
follows: 

§ 148.4 Procedures for case-by-case 
extensions to an effective date. 

The owner or operator of a Class I 
hazardous or nonhazardous waste 
injection well may submit an 
application to the Administrator for an 
extension of the effective dare of any 
applicable prohibition established 
under subpart B of this part according 
to the procedures of 40 CFR 268.5. 

5. Section 14 8.18 is added to subpart 
B to read as follows: 

* * * * 

PART 268-LAND DISPOSAL 
RESTRICTIONS 

7. The authority citation for part 268 
continues to read as follows: 

Authority: 42 u.s.c. 6905, 6912(a), 6921, 
and 6924. 

Subpart A-General 

8. Section 268.1 is amended in 
paragraph (e) (3) by removing the period 
at the end of the paragraph and adding 
"; or" in its place, by revisi11g paragraph 
(e){4) and by removing paragraph (e)(5) 
to read as follows: 

§ 268.1 Purpose, scope and applicability. 

* * * * * 
(e) * * * 

* * * * * 
(f) Wastewaters are wastes that 

contain Jess than 1% by weight total 
organic carbon (fOC) and less than l % 
by weight total suspended solids (TSS). 

* * * * * 
(i) Underlying hazardous constituent 

means any constituent listed in 
§ 268.48, Table UTS-Universal 
Treatment Standards, except fluoride, 
vanadium, and zint, which can 
reasonably be expected to be present at 
the point of generation of the'hazardous 
waste, at a concentration above the 
constituent-specific UTS treatment 
standards. 

O) Inorganic metal-bearing waste is 
one for which EPA has established 
treatment standards for metal hazardous 
constituents, and which does not 
otherwise contain significant organic or 
cyanide content as described in 
§ 268.3{b)(l), and is specifically listed in 
appendix XI of this part 
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significant penalties for submitting a false· 
certification, including the possibility of flne 
and imprisonment. 

* * * * 
§ 268.8 [Removed and reserved] 

12. Section 268.8 is removed and 
reserved. 

13. Section 268.9 is amended by 
revising paragraphs (a), (d) introductory 
text, (d){l){i), and (d)(J)(ii), and by 
adding paragraphs (d)(3), (e), {f), and (g) 
to read as follows: 

§ 268.9 Special rules regarding wastes that 
exhibit a characteristic. 

(a) The initial generator of a solid 
waste must determine each EPA 
Hazardous Waste Number (waste code) 

· applicable to the waste in order to 
determine the applicable treatment 
standards. under subpart D of this part. 
For purposes of this part 268, the waste 
will carry the waste code for any 
applicable listing under· 40 CFR part 
261, subpart D. In addition, the waste 
will carry one or more of the waste 
codes under 40 CFR part 261, subpart C, 
where the waste exhibits a 
characteristic, except in the case when 
the treatment standard for the waste· 
code listed in 40 CFR part 261, subpart 
D operates in lieu of the standard for the 
waste code under 40 CFR part 261, 
subpart C, as specified in paragraph (b) 
of this section. If the generator 
determines that his waste displays a 
hazardous characteristic (and the waste 
is not a 0004-0011 waste, a High TOC 

.. Il00.1,. or .isJlol_tr.eatedJJy_QMl3..ST, O.X 
RORGS of§ 268.42, Table 1), the 
generator must determine what 
underlying hazardous constituents (as 
defined in§ 268.2), are reasonably 
expected to be present above the 
universal treatment standards found in 
§ 268.48. 

* * * * * 
(d) Wastes that exhibit a characteristic 

are also subject to § 268. 7 requirements, 
except that once the waste is no longer 
hazardous, a one-time notification and 
certification must be placed in the 
generators or treaters files and sent to 
the EPA region or authorized state, 
except for those facilities discussed in 
paragraph (0 of this section. The 
notification and certification that is 
placed in the generators or treaters files 
must be updated if the process or 
operation generating the waste changes 
and/or if the Subtitle D facility receiving 
the waste changes. However, the 
generator or treater need only notify the 
EPA region or an authorized state on an 
annual basis if such changes occur. 
Such notification and certification 
should be sent to the EPA region or 
authorized state by the end of the 

calendar year, but no later than 
December 31. 

(1) * * * 
(i) For characteristic wastes other than 

those managed on site in a wastewater 
treatment system subject to the Clean 
Water Act (CWA), zero-dischargers 
engaged in CWA-equivalent treatment, 
or Class I nonhazardous injection wells, 
the name and address of the Subtitle D 
facility receiving the waste shipment; 
and 

(ii) For all characteristic wastes, a 
description of the waste as initially 
generated, including the applicable EPA 
Hazardous Waste Number(s), treatability 
group(s), and underlying hazardous 
constituents. 

* * 
(3) For characteristic wastes whose 

ultimate disposal will be into a Class I 
nonhazardous injection well, and 
compliance with the treatment 
standards found in§ 268.48 for 
underlying hazardous constituents is 
achieved through pollution prevention 
that meets the criteria set out at 40 CFR 
148.1 (d). the following information 
must also be included: 

(i)-A ·deser-ipt-ion-of--the·pellution ..... _. 
prevention mechanism and when it was 
implemented if already complete; 

(ii) The mass of each underlying 
hazardous constituent before pollution 
prevention;. 

(iii) The mass of each underlying 
hazardous constituent that must be 
removed, adjusted to reflect variations 
J.n.m~~. due !Q_[l_Qfma!.\J~~-
condilions; and · 

(iv) The mass reduction of each 
underlying hazardous constituent that is 
achieved. 

(e) For decharacterized wastes 
managed on-site in a wastewater 
treatment system subject to the Clean 
Water Act (CWA) or zero-dischargers 
engaged in C\.VA-equivalent treatment, 
compliance with Lhe treatment 
standards found at§ 268.48 must be 
monitored quarterly, unless the 
treatment is aggressive biological 
treatment, in which case compliance 
must be monitored annually. 
Monitoring results must be kept in on
site files for 5 years. 

(f) For decharacterized wastes 
managed on-site in a wastewater 
treatment system subject to the Clean 
Water Act (CWA) for which all 
underlying hazardous constituents (as 
defined in§ 268.2), are addressed by a 
CWA permit, this compliance must be 
documented and this documentation 
must be kept in on-site files. 

(g) For characteristic wastes whose 
ultimate disposal will be into a Class I 
nonhazardous injection well which 

qualifies for the de mini mis exclusion 
described in§ 268.1, information 
supporting that qualification must be 
kept in on-site files. 

§§268.10-268.12 {Removed and ReserveoJ 

14. Sections 268.10 through 268.12 
are removed and reserved. 

15. Section 268.39 is added to subpart 
C to read as follows: 

§ 268,39 Waste specific prohibitions-End· 
of-pipe CWA, CWA-equivalent, and Class I 
nonhazardous injection well treatment 
standards; spent aluminum potliners; and 
carbamate wastes. 

(a) On July 8, 1996, the wastes 
specified in 40 CFR 261.32 as EPA 
Hazardous Waste numbers Kl56-K161; 
and in 40 CFR 261.33 as EPA Hazardous 
Waste numbers P127, Pl28, P185, Pl88-
P192, P194, P196-P199, P201-P205, 
U271, U277-U280, U364-U367, U372. 
U373, U375-U379, U381-U387, U389-
U396, U400-U404, U407, and U409-
U411 are prohibited from land disposal. 
In addition, soil and debris 
contaminated with these wastes are 
prohibited from land disposal. 

(b) On July 8, 1996 the wastes 
identified in 40 .. CF.R 26J .23 as D.003 that 
are managed in systems other than those 
whose discharge is regulated under the 
Clean Water Act (CWA), or that inject in 
Class I deep wells regulated under the 
Safe Drinking Water Act (SOWA). or 
that are zero dischargers that engage in 
CWA-equivalent treatment before 
ultimate land disposal, are prohibited 
Jr.om land.disposal. This prohibition 

·· does not ;ipply fo unexploi:Hrn-ordnance 
and other explosive devices which have 
been the subject of an emergency 
response (such 0003 wastes are 
prohibited unless they meet the 
treatment standard of DEA CT before 
land disposal (see§ 268.40)). 

(c) On July 8, 1996, the wastes 
specified in 40 CFR 261.32 as EPA 
Hazardous Waste number K088 are 
prohibited from land disposal. In 
addition, soil and debris contaminated 
with these wastes are prohibited from 
land disposal. 

(d) On April 8, 1998, ded1aracterized 
wastes managed in surface 
impoundments whose disd1arge is 
regulated under the Clean Water Act 
(CWA), or decharacterizei.l wastes 
managed by zero dischargers in surface 
impoundments or tanks that t>ngage in 
CWA-equivalent treatment liPfore 
ultimate land disposal an· prohibited 
from land disposal. The following are 
exceptions to this requirPllll'lll. 

(1) Surface impoundrll<'nl~ which art 
permitted under subtitlf' C of' l~CRA; 

(2) Storm water impo1111cl11·wnts as 
defined in § 268.2; 



( ' 

\,J,.,, 
I , 

\...,_,.' 

TREATMENT STANDARDS FOR HAZARDOUS WASTES 

(Nbte: NA means not applicable.) 

I Regulated hazardous constituent 
I 

Waste code Waste description and treatmenVregulatory sub-
category1 1 

• 
Common name CAS2 No. 

0001 ......................................................... Ignitable Char~cleristic Wastes, except for the NA ........................................ :........ NA. 
§261.21(a)(1) High TOC Subcategcjry. 

High TOC Ignitable Characteristic \Liquids Sub- NA ............................................... .. NA 
category based on 40 CFR 261.21.(a)(1}-Great-
er than or equal to 10% total organic carbon. 
(Note: This subcategory : consists of 

0002 ........................................................ . 
nonwastewaters only). 1 

Corrosive Characteristic Wastes. .../ .. ~...................... NA ............................................... .. NA 
! 
I 

0002, 0004, 0005, 0006, 0007, 0008, Radioactive high level wastes genet<1;ted during the Corrosivity (pH) ............................. NA 
0009, 0010, 0011. reprocessing of fuel rods. (Note: This sub

category consists of nonwastewat~~s only). 
Arsenic ......................................... . 
Barium .......................................... . 
Cadmium ...................................... . 
Chromium (Total) ........................ .. 
Lead ............................................ .. 
Mercury ....................................... .. 
Selenium ..................................... .. 
Silver ........................................... .. 

0003 ................ ............... ................... ....... Reactive Sulfides Subcategory based on NA ............................................... .. 
261.23(a)(5). 

7440-38-2 
7440-39-3 
7440--43-9 
7440-47-3 
7439-92~1 

7439-97-6 
7782-49-2 
7440-22-4 

NA 

Explosives Subcategory based on ~6~.23(a) (6), (7) NA ................................................. NA 
and (8). · 

Unexploded ordnance and other e~plosive devices NA ............................................... .. 
which have been the subject of, an emergency 
response. ·1 

Other Reactives Subcategory based on NA ............................................... .. 
261.23( a)( 1 ). · 

l 
Water Reactive Subcategory ·based on 261.23(a) NA ....................................... : ........ . 

(2), (3), and (4). (Note: This subcalegory consists 
of nonwaslewaters only). l 

Reactive Cyanides Subcategot,yi based on Cyanides (Total) r ....................... .. 
261.23(a)(5). 

Cyanides (Amendable) 7 .............. . 

0004 ............ .......... ......... .... ....... ............... Wastes that exhibit, or are expected\ to exhibit, the Arsenic ......................................... . 
characteristic of toxicity for arseniq based on the 
extraction procedure (EP) in SW846 Methods 
1310. 

NA 

NA 

NA 

57-12-5 

57-12-5 
7440-38-2 

Waste waters 

Concentration in 
mg/13; or tech-
nology code 4 

DEACT and meet 
§ 268.48 

standards; or 
RORGS; or 

CMBST8 
NA 

DEA CT 
and meet § 268.48 

standards 8 

NA 

·NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

DEA CT 
and meet § 268.48 

standards a 
DE ACT 

and meet § 268.48 
standards a 

DEA CT 

DEA CT 
and meet § 268.48 

standards a 
NA 

Reserved 

0.86 
5.0 

Nonwastewaters 

Concentration in 
mg/kg 5 unless 'Tl 
noted as "mg/I 

<ll 
0. 

TCLP"; or tech- (!) 
"I 

nology code ~ 

DEACT and meet :;<:; 
<O 

§268.48 IJQ 

standards: or 
v;· 
ro 

RORGS; or "l 

CMBST 8 

t .. ) RORGS: or ' ' 
CMBST 2.. 

O'l ,_. 

DEACT and meet z 
§268.48 SJ 

standardse 01 

HLVlT 00 

HLVIT ii 
HLVIT 0. 
HLVIT °' 
HLVIT 

':;< 

HLVIT )> 
"Cl 

HLVIT 2.: HLVIT 
HLVIT po 
DE ACT ,_. 

and meet § 268.48 <:.D ,,., 
standards a _) 

DEA CT 
and meet § 268.4 B :;<:) 

standardse s 
DEA CT (ll 

(/) 

"' !:J 
DE ACT 

0.. 

and meet § 268.4 8 ::Cl 
(ll 

standards s IJQ 

DEA CT 
c: 
"' and meet § 268.4 8 .... 
i3' standards a !:J 

590 (/l 

30 
5,0 mg/I EP ..... 

<.J1 
Q) 
0 -



0009 ......................................................... Nonwastewaters that exhibit, or are 13xpected to ex- Mercury ........................................ . 
hibit, the characteristic of toxicity 1for mercury 
based on the extraction procedt.Jre (EP) in 
SW846 Method 1310; and contain :greater than 
or equal lo 260 mg/kg total mercury that also 
contain organics and are not incinerator residues. 
(High Mercury-Organic Subcategoiy.). 

Nonwaslewaters that exhibit, or are expected to ex- Mercury ....................................... .. 
hibit, the characteristic of toxicij:y for mercury 
based on the extraction procedure (EP) in 
SW846 Method 1310; and contain ,greater than 
or equal lo 260 mg/kg total mercuty !hat are inor-
ganic, including incinerator residuejs and residues 
from RMERC. (High Mercury-l'norganic Sub-
category.), ' 

Nonwastewaters that exhibit, or are expected to ex- Mercury ........................................ . 
hibit, the characteristic of toxicijy for mefcury 
based on the extraction procedure (EP) in 
SW846 Method 1310; and contain less than 260 
mg/kg total mercury. (Low MercuiY Subcategory.). 

All 0009 wastewaters .......................... ,.................... Mercury ........................................ . 
Elemental mercury contaminated with radioactive Mercury ........................................ . 

materials. (Note: This subcateg~ry. consists of 
nonwastewaters only.). 

Hydraulic oil contaminated with IV!ercury Radio- Mercury ....................................... .. 
active Materials Subcategory. (Note: This sub-
category consists of nonwastewaters only.). 

0010 ......................................................... Wastes that exhibit, or are expected to exhibit, the Selenium ...................................... . 
characteristic of toxicity for selenium based on 
the extraction procedure (EP) in SW846 Method 
1310. . 

0011 ......................................................... Wastes that exhibit, or are expected lb exhibit, the Silver ............................................ . 
characteristic of toxicity for silver based on the 
extraction procedure (EP) in l?W846 Method 
1310. 

0012 ......................................................... Wastes that are TC for Endrin based on the TCLP Endrin ........................................... . 

0013 

in SW846 Method 1311. 

Endrin aldehyde ........................... . 

Wastes that are TC for lindane j based on the alpha-BHC 
TCLP in SW846 Method 1311.) .. 

I 

beta-BHC ................................... .. 

delta-BHC ..................................... . 

gamma-BHC (Lindane) ............... .. 

0014 ......................................................... Wastes that are TC for Methoxychl6r based on the Methoxychlor ................................ . 
TClP in SW846 Method 1311. 

7439-97-6 

7439-97-6 

7439-97-6 

7439-97-6 
7439-97-6 

7439-97-6 

7782-49-2 

7440-22-4 

72-20-8 

7421-93-4 

319-84-6 

319-85-7 

319-86-8 

58-89-9 

72-43-5 

NA 

NA 

NA 

0.20 
NA 

NA 

1.0 

5.0 

BIODG; or 
CMBST 8 

BIODG; or 
CMBST8 

CARBN; or 
CMBST 8 

CARBN: or 
CMBST 8 

CARBN; or 
CMBST8 

CARBN; or 
CMBST8 

WETOX or 
CMBST8 

IMERC; OR 
RMERC 

RMEAC 

0.20 mg/I TCLP 

NA 
AMLGM 

IMERC 

5.7 mg/I TCLP 

5.0 mg/I TCLP 

0.13 
and meet § 268.48 

standards a 
0.13 

and meet § 268.48 
standards a 

0.066 
and meet§ 268.48 

standards a 
0.066 

and meet § 268.48 
standards a 

0.066 
and meet § 268.48 

standards a 
0.066 

and meet§ 268.48 
standards a 

0.18 
and meet § 268.48 

stand.,rdse 

Al 
<ti 

(]Q 

(jj" 

~ 

Cr -
en ...... 

z 
~ 

en 
00 

00 

....... 
Ul 
(J') 

0 
w 



._) 
D030 ......................................................... Wastes that are TC for 2,4-Dinitrotol~ene based on 2,4-Dini\rotoluene .......................... 121-14-2 

the TCLP in SW846 Method 1311.i 
0.32 140 

and meet § 268.48 and meet § 268.48 

Heptachlor epoxide ....................... 1024-57-3 

0031 ......................................................... Wastes that are TC for Heptachlor. based on the Heptachlor ..................................... 76-44-8 
TCLP in SW846 Method 1311. 

standards a standards a 
0.0012 0.066 

and meet § 268.48 and meet § 268.48 
standards 8 standardsB 

0.016 0.066 'T:I 
and meet § 268.48 and meet"§ 268.48 (1) 

a.. 
0032 ......................................................... Wastes that are TC for Hexachlorobenzene based Hexachlorobenzene ...................... 118-74-1 

on the TCLP in SW846 Method 13
1
11. 

I 

0033 ......................................................... Wastes that are TC for Hexachlorobilladiene based Hexach19robuladiene .................... 87-il8-3 
on the TCLP in SW846 Method 13,11. 

0034 ......................................................... Wastes that are TC for Hexachloroethane based on Hexachloroethane ......................... 67-72-1 
the TCLP in SW846 Method 1311 .. 

0035 ......................................................... Wastes that are TC for Methyl ethy!: ketone based Methyl ethyl ketone ....................... 78-93-3 
on the TCLP in SW846 Method 1311. 

standards a standardsB ro ..., 
0.055 10. E.. 

and meet § 268.48 and meet § 268.48 
~ ·standards 8 standards a ro 

0.055 5.6 
()'() 
t;;· 

and meet § 268.48 and meet § 268.48 ,... 
(!) 

standardsB standardsB ..., 
0.055 30 : ~ 

and meet § 268.48 and meet § 268.48 1 ... ,.,.,) 
standardse standards a ::.. 

0.28 36 
Ol and meet§ 268.48 ' and meet § 268.48 ...... 

0036 ........ ........ ......................................... Wastes that are TC for Nitrobenzene based on the Nitrobenzene . ................................ 98-95-3 
. TCLP in SW846 Method 1311. ' 

i 
0037 ......................................................... Wastes that are TC for Pentachlorpphenol based Pentachlorophenol ...... ~................. 87-86-5 

on the TCLP in SW846 Method 1~11. 

0038 ......................................................... Wastes that are TC for Pyridine 'based on the Pyridine ......................................... 11 o-86-1 
TCLP in SW846 Method 1311. 

0039 ......................................................... Wastes that are TC for Tetrachloroethylene based Tetrachloroethylene ...................... 127-18-4 
on the TCLP in SW846 Method 1311. 

0040 ......................................................... Wastes that are TC for Trichloroethylene based on Trichloroethylene ........................... 79-01-6 
the TCLP in SW846 Method 1311. 

I 

0041 ......................................................... Wastes that are TC for 2,4,5-Trichlorophenol based 2,4,5-Trichlorophenol .................... 95-95-4 
on the TCLP in SW846 Method 13~ 1. 

0042 ......................................................... Wastes that are TC for 2,4,6-Trichloi:ophenol based 2,4,6-Trichlorophenol .................... 88-06-2 
on the TCLP in SW846 Method 1311. 

0043 ......................................................... Wastes that are TC for Vinyl chloride based on the Vinyl chloride ................................ 75-01-4 
TCLP in SW846 Method 1311. 

standards 8 standards a z 0.068 14 ~ and meet § 268.48 and meet § 268.48 
m standards 8 standardse Co 

0.089 7.4 
---and meet § 268.48 and meet § 268.48 
~ standards a standards a ..;:,,. 
0 

0.014 16 :::i 
and meet § 268.48 and meet § 268.48 0.. 

"' standards a standardse :< 
0.056 6.0 J> 

and meet§ 268.48 and meet § 268.48 '"O 
standards 8 standardss = 0.054 6.0 ¥' and meet § 268.48 and meet § 268.48 
standardsB standards a ..... 

tO 
0.18 7.4 .~ 

and meet § 268.48 and meet § 268.48 \ 

standards 8 standards a '_) 
0.035 7.4 A1 

and meet § 268.48 and meet § 268.48 E.. 
(1) 

standards 8 standards a Vl 

0.27 6.0 I» 
::i and meet § 268.48 and meet § 268.48 0.. 

standards a standards a ::i::J 
IT> 

°"' E.. 
~ c;· 
::l 
Vl 

....... 
U'l 
er:. 
0 
C.TI 



F006 ......................................................... . 

F007 ................. , ...................................... .. 

Foos ......................................................... . 

1, 1.2-Trichloro-1,2,2· 
trifluoroethane. 

Trichloroelhylene .......................... . 
Trichloromonofluoromethane ...... .. 
Xylenes-mixed isomers (sum of o-

' m·, and p-xylene concentra
tions. 

F003 and/or Foos solvent wastes th1;1t 'contain any Carbon disulfide ........................... . 
combination of one or more of the (allowing three 
solvents as the only listed F001-Sjsolvents: car-
bon disulfide, cyclohexanone, and/or methanol. 
(formerly 268.41 (c)). 

Cyclohexanone ............................ . 
Methanol, ..................................... .. 

Foos solvent waste containing 2-Ni~ropropane as 2-Nitropropane ............................ .. 
the only listed F001-5 solvent .. 

Foos solvent waste containing 2-Ethoxyethanol as 
the only listed F001-S solvent.. ! 

Wastewater treatment sludges from1 e)ectroplating 
operations except from the following processes: 
( 1) Sulfuric acid anodizing of alu(ninum; (2) tin 
plating on carhon steel; (3) zinc. plating (seg
regated basis) on carbon steel; (4i) aluminum or 
zinc-aluminum plating on carbon sieel; (5) clean
ing/stripping associated with tin, jzinc and alu
minum plating on carbon steel: and (6) chemical 
etching and milling of aluminum.. j 

2-Ethoxyethanol .......................... .. 

Cadmium ..................................... .. 
Chromium (Total) ........................ .. 
Cyanides (Total) 7 ........................ . 

Cyanides (Amendable) 1 ............. .. 

Lead ............................................ .. 

Nickel ........................................... . 
Silver ........................................... .. 

Spent cyanide 'plating bath solution$ from electro- Cadmium ..................................... .. 
plating operations. ! 

i 
Plating bath residues from the bottom of plating 

baths from electroplating operations where 
cyanides are used in the process, 

Chromium (Total) ......................... . 
Cyanides (Total) 7 ....................... .. 

Cyanides, (Amenable) 1 ............... .. 

Lead ............................................ .. 
Nickel ... ~ ...................................... .. 
Silver ........................................... .. 
Cadmium ..................................... .. 

Chromium (Total) ......................... . 
Cyanides (Total) 7 ....................... .. 

Cyanides (Amenable) 7 ................ . 

Lead ............................................. . 
Nickel .......................................... .. 
Silver ............................................ . 

F009 . ... ... ... ........ ....... ............... ............... Spent stripping and cleaning bath sdlutions from Cadmium ..................................... .. 
electroplating operations where cyanides ate 
used in the process. 

Chromium (Total) ........................ .. 
Cyanides (Total) 7 ....................... .. 

Cyanides (Amenable) 7 ............... .. 

Lead ............................................. . 
Nickel .......................................... .. 
Silver ............................................ . 

76-13-1 

79-01-6 
7S-69-4 

1330-20-7 

7S-1S-O 

108-94-1 
67-56-1 
79-46-9 

110-80-5 

7440--43-9 
7440-47-3 

S7-12-S 
57-12-5 

7439-92-1 

7440-02-0 
7440-22-4 
7440-43-9 

7440-47-3 
57-12-5 
57-12-5 

7439-92-1 
7440-02-0 
7440-22-4 
7440-43-9 

7440-47-3 
57-12-5 
57-12-5 

7439-92-1 
7440--02-0 
7440-22-4 
7440-43-9 

7440-47-3 
57-12-5 
57-12-5 

7439-92-1 
7440--02-0 
7440-22-4 

0.057 

0.054 
0.020 
0.32 

3.8 

0.36 
5.6 

(WETOX or 
CHOXD) lb 
CARBN: or 

CMBST 
BIODG; or 

CMBST 
0.69 
2.77 
1.2 

0.86 
0.69 

3.98 
0.43 
0.69 

2.77 
1.2 

0.86 
0.69 
3.98 
NA 
NA 

2.77 
1.2 

0.86 
0.69 
3.98 
NA 
NA 

2.77 
1.2 

0.86 
0.69 
3.98 
NA 

30 

6.0 
30 
30 

4.8 mg/1 TCLP 

0.75 mg/I TCLP 
0.75 mg/I TCLP 

CMBST 

CMBST 

o. 19 rng/l TCLP 
0.86 mg/I TCLP 

590 
30 

0.37 mg/I TCLP 

5.0 mg/I TCLP 
0.30 mg/I TCLP 
0.19 mg/1 TCLP 

0.86 mg/I TCLP 
590 
30 

0.37 mg/I TCLP 
5.0 mg/I TCLP 

o.30 mg/I TCLP 
0.19 mg/I TCLP 

0.86 mg/I TCLP 
590 
30 

0.37 mg/I TCLP 
5.0 mg/I TCLP 

0.30 mg/I TCLP 
0.19 mg/I TCLP 

0.86 mg/I TCLP 
590 
30 

0.37 mg/I TCLP 
5.0 m...,11 TCLP 

0.30 '.LP 

m 
....... 

00 

....... 
CD 
CD 
C" 

...... 
Ul 
m 
0 
-..) 



Fo20, F021, F022, F023, F026 

Fo24 ......................................................... . 

Wastes (except wastewater and span) carbon from 
hydrogen chloride purification) from the produc
tion or manufacturing use (as a re~ctant, chemi
cal intermediate, or component in 'a formulating 
process) of: ( 1) tri- or tetrachloro~henol, or of 
intermediates used to produce theitj pesticide de
rivatives, excluding wastes from theiproduction of 
Hexachlorophene from highly purified 2,4,5-
trichlorophenol (F020}; (2) pentach!orophenol, or 
of intermediates used to produce Its derivatives 
(i.e., F021 ); (3) tetra-, I penta-, or 
hexachlorobenzenes under alkali~e conditions 
(i.e., F022); and from the productioh of materials 
on equipment previously used for the production 
or manufacturing use (as a reactanl, chemical in
termediate, or component in a fonnulating proc
ess) of: (1) tri- or tetrachlorophenols, excluding 
wastes from equipment used only for the produc
tion of Hexachlorophene from ~ighly purified 
2,4,5-trichlorophenol (F023); (2) tet'ra-, penta-, or 
hexachlorobenzenes und\H alkalir· e conditions 
(i.e., F026). 

Process wastes, including but not limited to, distilla
tion residues, heavy ends, · tars', and reactor 
clean-out wastes, from the produttion of certain 
chlorinated aliphatic hydrocarbonslby free radical 
catalyzed processes. These chlo~nated aliphatic 
hydrocarbons are those having carbon chain 
lengths ranging from one lo and· including five, 
with varying amounts and positions of chlorine 
substitution. (This listing does not include 
wastewalers, wastewater treatment sludges, 
spent catalysts, and wastes listed in §261.31 or 
§261.32.). 

HxCDDs (All Hexachlorodibsnzo
p-dioxins), 

HxCDFs (All Hexachlorodibenzo-
furans). 

PeCDDs (All Pentachlorodibenzo-
p-dioxins). 

PaCDFs (All 
Penlachlorodibenzofurans). 

Pentachlorophanol ........................ 
TCDDs (All Tatrachlorodibanzo-p-

dioxins). 
TCDFs (All 

Tetrachlorodibenzofurans). 
2,4,5-Trichlorophenol .................... 
2,4,6-Tlichlorophenol .................... 
2,3,4,6-Tetrachlorophenol ............. 
All F024 wastes ............................ 

2-Chloro-1,3-butadiene ................ . 
3-Chloropropylene ........................ . 
1, 1 ·Dichloroethane ....................... . 
1,2-Dichloroefhane ....................... . 
1 ,2-Dichloropropana ................ : .... . 
cis-1,3-Dichloropropylene ............ . 
trans-1,3-0ichloropropylene ........ .. 
bis(2·Ethylhexyl) phthalate .......... .. 
Hexachloroathane ....................... .. 
Chromium (Total) ......................... . 

NA 

NA 

NA 

NA 

87-86-5 
NA 

NA 

95-95-4 
88-06-2 
58-90-2 

NA 

126-99-8 
107-05-1 
75-34-J 
107-06-2 
78-87-5 

10061--01-5 
10061--02-6 
117-81-7 
67-72-1 

7440-47-3 

0.000063 

0.000063 

0.000063 

0.000035 

0.089 
0.000063 

0.000063 

0.18 
0.035 
0.030 

CMBST 

0.057 
0.036 
0,059 
0.21 
0.85 
0.036 
0.036 
0.28 
0.055 
2.77 

~) 

0.001 

0,001 

0.001 

0.001 

7.4 
0.001 

0,001 

7.4 
7.4 
7.4 

CMBST 

0.28 
30 
6.0 
6.0 
18 
18 
18 
28 
30 

0.86 mg/I TCLP 
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F028 ......................................................... . 

F037 ........................................................ .. 

Residues resulting from the incineration or thermal 
treatment of soil contaminated with EPA Hazard
ous Wastes Nos. F020, Fo21, F023, F026, and 
F027. ' 

Petroleum refinery primary oil/water/solids separa
tion sludge-Any sludge generated from the 
gravitational separation of oil/water/solids during 
the storage or treatment of process wastewaters· 
and oily cooling wastewaters from petroleum re
fineries. Such sludges include, but are not limited 
to, those generated in: oil/water/solids separa
tors: tanks and ·impoundments: ditches and other 
conveyances; sumps; and stonnwater units re
ceiving dry weather flow. Sludge generated in 
stormwater units that do not receive dry weather 
flow, sludges generated from non-contact once
through cooling waters segregated for treatment 
from other process or oil cooling waters, sludges 
generated in aggressive biological treatment 
units as defined in § 261.31(b)(2) (including 
sludges generated in one or mcire additional 
units after wastewaters have been treated in ag
gressive biological treatment units) and K051 
wastes are not included in this listing. 

TCOOs (All. Tetrachlorodibenzo·p· 
dioxins). 

TCOFs (All 
T etracholorodibenzofurans ). 

2,4,5-Trichlorophenol .................. .. 
2,4,6-Trichlorophenol .................. .. 
2,3,4,6-Te.trachlorophenol ............ . 
HxCDDs (All Hexachlorodibenzo-

p-dioxins). 

HxCDFs (All 
Hexachlorodibenzofurans). 

PeCDOs (All Pentachlorodibenzo· 
p-dioxins). 

PeCDFs (All 
Pentachlorodibenzofu rans). 

Pentachlorophenol ...................... .. 
TCODs (All Tetrachlorodibenzo-p

dioxins). · 
TCOFs (All 

T etrachlorodibenzofurans). 
2,4,5-Trichlorophenol .................. .. 
2,4,6-Trichlorophenol .................. .. 
2,3,4,6-Tetrachlorophenol ............ . 
Acenaphthene ............................. .. 

I 

Anthracene .................................. .. 
Benzene ... : ................................... . 
Benz(a)anthracene ...................... .. 
Benzo(a)pyrene ............................ . 
bis(2-Ethylhexyl) phlhalate .......... .. 
Chrysene ...................................... . 
Di-n-butyl phlhalate ..................... .. 
Ethylberizene .............................. .. 
Fluorene ...................................... .. 
Naphthalene ................................ .. 
Phenanthrene ............................. .. 
Phenol '. ........................................ .. 
Pyrene .......................................... . 

NA 

NA 

95-95-4 
88--06-2 
58-90-2 

NA 

NA 

NA 

NA 

87-86-5 
NA 

NA 

95-95-4 
88-06-2 
58-90-2 
83-32-9 

120-12-7 
71-43-2 
56-55-3 
50-32-8 
117-81-7 
218--01-9 
84-74-2 
100-41-4 
86-73-7 
91-20-3 
85-01-8 
108-95-2 
129--00-0 

0.28 

0.059 

0.057 
0.057 
0.059 
0.059 

0.059 

0.039 

0.067 

0.080 
0.32 

2.77 

1.2 
0.69 
3.98 
0.059 

0.059 
0.14 
0.059 
0.061 
0.28 

0.059 
0.057 
0.057 
0.059 
0.059 
0.059 
0.039 
0.067 

28 

3.4 

28 
10 
NA 
5.6 

5.6 

6.2 

8.2 

10 
30 

0.86 mgll TCLP 

590 
NA 

5.0 mg/I TCLP 
NA 

3.4 
10 

3.4 
3.4 
28 
3.4 
28 
10 
NA 
5.6 
5.6 
"- ~ 
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F039 ........................................................ .. 

-~' 

Leachate (liquids that have percolaied through land 
disposed wastes) resulting from: the disposal of 
more than one restricted waste Classified as haz
ardous under subpart 0 of this: part. (Leachate 
resulting from the disposal of on'e or more of the 
following EPA Hazardous Wastbs and no other 
Hazardous Wastes retains its \EPA Hazardous 
Waste Number(s): F020, F02~, F022, F026, 
F027, andfor F028.). 

Acenaphthylene 

Acenaphlhene .............................. . 
Acetone ........................................ . 
Acetonitrila · ................................... . 
Acelophenone ............................. .. 
2-Acetylaminofluorene ................ .. 
Acrolein ....................................... .. 
Acrylonilrile .................................. .. 
Aldrin ........................................... .. 
4 -Aminobiphenyl .......................... . 
Aniline .................. .-....................... . 
Anthracene ................................... .. 
Aramile ........................................ .. 
alpha-BHC .................................. .. 
beta·BHC ..................................... . 
della-BHC ..................................... . 
gamma-BHC ................................ . 
Benzene' ...................................... .. 
Senz(a}anthracene ...................... .. 
Benzo(b)lluoranthene (difficult to 

distinguish from 
"benzo(k)fluoranlhene. 

Benzo(b)fluoranthene (difficult to 
distinguish from 
benzo{k}fluoranlhene. 

Benzo(g,h,i)perylen11 ................... .. 
Benzo(a)pyrene ............................ . 
Bromodichlorornelhane ................ . 
Methyl bromide (Bromomethane) • 
4-Bromophenyl phenyl ether ........ . 
n-Butyl alcohol ............................. . 
Butyl benzyl phlhalate ................. .. 
2-sec-Butyl-4,6-dinilrophenol 

(Dinoseb}. 
Carbon disulfide .......................... .. 
Carbon tetrachloride .................... . 
Chlordare (alpha and gamma iso-

mers); 
p-Chloroaniline ............................. . 
Chlorobenzene ............................. . 
Chlorob~nzilate ........................... .. 
2-Chloro-1,3-butadiene ................ . 
Chlorodibromomethane ............... .. 
Chloroe\hime ............................... . 
bis(2-Chloroethoxy)methane ........ . 
bis(2-Chloroethyl)ether ................ .. 
Chlorofonn .................................. .. 
bis(2-Cliloroisopropyl)elher .......... . 
p·Chlor6-rn-cresol ....................... .. 
Chlorometliane {Methyl chlorida) .. 
2-Chlorc;maphthalene ................... .. 

208-96-8 

83-32-9 
67-64-1 
75-05-S 
96-86-2 
53-96-3 
107--02-8 
107-13-1 
309-00-2 
92-67-1 
62-53-\3 
120-12-7 
140-57-8 
319-84-6 
319-85-7 
319-86--8 
58-89-9 
71-43-2 
56-55-3 

205-99-2 

207--08-9 

191-24-2 
50-32-8 
75-27-4 
74-83-9 
101-55-3 
71-36-3 
85-68-7. 
88-85-7 

75-15--0 
56-23-5 
57-74-9 

106-47-8 
108-90-7 
510-15-6 
126-99-8 
124-48-1 
75-00-3 
111-91-1 
111-44-4 
67-66-3 

39638-32-9 
59-50-7 
74-87""3 
91-58-7 

0.059 

0.059 
0.28 
5.6 

0.010 
0.059 
0.29 
0.24 
0.021 
0.13 
0.81 

0.059 
0.36 

0.00014 
0.00014 

0.023 
0.0017 

0.14 
0.059 
0.11 

0.11 

0.0055 
0.061 
0.35 
0.11 

0.055 
5.6 

0.017 
0,066 

3.8 
0.057 

0.0033 

0.46 
0.057 
0.10 

0.057 
0,057 
0.27 

0.036 
0.033 
0.046 
0.055 
0.018 
0.19 

0.055 

3.4 

"T'1 
<T> 
0. 
ro 
'"! 

3.4 !?!... 
160 
38 :.;:J 

l1l 
9.7 ()'Q 

1dO ~e 

NA ro 
'"! 

84 _.,..._ 
0.066 I h 

NA J! 
14 r~ 3.4 
NA ..... 

0,066 z 0.066 ~ 
0.066 
0.066 0) 

00 
10 ---. 
3.4 

7' 6.8 """ a 
!j 
Cl. 

6.8 ~ 
:i> 

'"d 
1.8 2: 3.4 
15 ~ 
15 ..... 
15 CD 

tD 
2.6 ~ 
28 ' l 
2.5 . ..,-./_ 

:Al 
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4.8 mg/I TCLP -ro 
6.0 V1 

0.26 Ol 
::l 
0. 

16 ::0 
6.0 ro 

NA ()'Q 
r::: 

0.28 -Cl 

15 c. 
0 

6.0 :::1 
7.2 V1 

6.0 
6.0 
7.2 ..... 
14 c.rr 
30 (j) 

5.6 w 



1,4-0ioxane .................................. . 
Diphenylamine (difficult to distin

guish from diphenylnitrosamine). 
Diphenylnitrosamine (difficult to 

distinguish from diphenylamine). 
1,2-Diphenylhydrazine ................. . 
Disulloton ..................................... . 
Endosulfan I ................................ .. 
Endosullan II ............................... .. 
Enclosulfan sulfate ....................... . 
Endrin ........................................... . 
Endrin aldehyde ........................... . 
Ethyl acetate ................................ . 
Ethyl cyanide (Propanenitrile) ...... . 
Ethyl benzene .............................. . 
Ethyl ether .................................... . 
bis(2-Ethylhexyl) phthalate ........... . 
Ethyl m\lthaciylate ....................... . 
Ethylen!;l oxide ............................. . 
Famphur ....................................... . 
Fluoranthene ................................ . 
Fluorene ...................................... .. 
Heptaclilor ................................... .. 
Heplachlor epoxide ...................... . 
Hexachl.orobenzene ..................... . 
Hexachlorobutadiene ................... . 
Hexachlorocyclopentadiene ......... . 
HxCDDs (All Hexachlorodibenzo-

p-dioxins). 
HxCDF11 (All 

Hexai:hlorodibenzofurans). 
Hexachloroethane ........................ . 
Hexach(oropropylene .................. .. 
lndeno ( 1,2,3-c,d) pyrene •..•••.•••••. 
lodome\hane ............................... .. 
I so butyl! alcohol ............................ . 
lsodrin , .......................................... . 
lsosalrole ..................................... . 
Kepone1 

......................................... . 

Methacrylonitrile ........................... . 
Methanol ...................................... . 
Methapyrilene ............................. .. 
Methoxychlor ................................ . 
3-Methylcholanthrene · ................... . 
4,4-Methylene bis(2-chloroaniline) 
Methylene chloride ...................... .. 
Methyl ethyl ketone ...................... . 
Methyl isobu!yl ketone ................ .. 
Methyl &iethacrylate ..................... . 
Methyl (nethansulfonate ............... . 
Methyl parathion .......................... . 
Naphth~lene ................................ .. 
2-Naphthylamine ......................... .. 
p-Nitroaniline ............................... .. 
Nitrobe~zene ............................... .. 
5-Nitro-p-toluidine ..................... .. 
p-NitroP,henol ............ . 
N-Nitro~odiethylamine ................. .. 
N-Nitro;sodimethylamine ............. .. 

123-91-1 
122-39-4 

86-30-6 

122-66-7 
298-04-4 
939-98-8 

33213-6-5 
1-31-07-8 
72-20-B 

7421-93-4 
141-78-6 
107-12--0 
100-41-4 
60-29-7 
117-81-7 
97-63-2 
75-21-B 
52-85-7 

206-44--0 
86-73-7 
76-44-8 

1024-57-3 
118-74-1 
87-68-3 
77-47-4 

NA 

NA 

67-72-1 
1888-71-7 
193-39-5 
74-88-4 
78-83-1 
465-73-6 
120-58-1 
143-50-B 
126-98-7 
67-56-1 
91-80-5 
72-43-5 
56-49-5' 
101-14-4 
75-09-2 
78-93-3 
108-10-1 
80-62-6 
66-27-3 

298-00--0 
91-20-3 
91-59-B 
100-01-6 
98-95-3 
99-55-B 
100-02-7 
55-18~-5 
62-75-9 

0.22 
0.92 

0.92 

0.087 
0.017 
0.023 
0.029 
0.029 

0,0028 
0.025 
0.34 
0.24 

0.057 
0.12 
0.28 
0.14 
0.12 
0.017 
0.068 
0.059 

0.0012 
0.016 
0.055 
0.055 
0.057 

0.000063 

0.000063 

0.055 
0.035 

0.0055 
0.19 
5.6 

0.021 
0.081 

0.0011 
0.24 
5.6 

0.081 
0.25 

0.0055 
0,50 

0.089 
0.28 
0.14 
0.14 

0.018 
0.014 
0.059 
0.52 

0.028 
0.068 
0.32 
0.12 
0.40 
0.40 

170 
13 

13 

1.5 
6.2 

0.066 
0.13 
0.13 
0.13 
0.13 
33 
360 
10 

160 
28 
160 
NA 
15 

3.4 
3.4 

0.066 
0.066 

10 
5.6 
2.4 

0.001 

0.001 

30 
30 
3.4 
65 
170 

0.066 
2.6 

0.13 
84 

O. 75 mg/I TCLP 
1.5 

0.18 
15 
30 
30 
36 
33 
160 
NA 
4.6 
5.6 
NA 
28 
14 
28 
29 
28 
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!' 
er> 
00 
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K001 .......................................................... Bottom sediment sludge from the treatment of 
wastewaters from wood preserving processes 
that use creosote and/or pentachlorophenol .. 

Koo2 .............................................. ,........... Wastewater treatment sludge from the production 
of chrome yellow and orange pigments. 

K003 ......................... ................................. Wastewater treatment sludge from :the production 
of molybdate orange pigments. 

K004 .. .... ........... ............... .......................... Wastewater treatment sludge from 'the production 
of zinc yellow pigments. 

Koo5 .......................................................... Wastewater treatment sludge from the production 
of chrome green pigments. 

Koos .. .... .......................... ..... ..................... Wastewater treatment sludge from ·the production 
of chrome oxide green pigments (anhydrous). 

Wastewater treatment sludge from the production 
of chrome oxide green pigments (hydrated). 

K007 .......................................................... Wastewater treatment sludge from the production 
of iron blue pigments. 

Koos ................. _......................................... Oven residue from the production of chrome oxide 
green. 

tris(2,3-Dibromopropyl) phosphate 
Vinyl chloride ................................ . 
Xylenes-rnixed isomers (sum of o-

m-, and p-xylene concentra-
tions).: 

Antimony .................................. . 
Arsenic ~ ........................................ . 
Barium.; ....................................... .. 
Beryllium ..................................... .. 
Cadmium ..................................... .. 
Chromiu!Jl (Total) ......................... . 
Cyanides (Total) 7 ....................... .. 
Cyanides (Amenable) 7 ............... .. 
Fluoride i ...................................... : .. 
.Lead .... \. ....................................... . 
Mercury ......................................... . 
Nickel .......................................... .. 
SeleniUrQ ..................................... .. 
Silver ............................................ . 
Sulfide .1 ....................................... .. 

Thallium' ......................................... . 
Vanadium ..................................... .. 
Naphthalene ................................. . I . 

I 

Penlachlorophenol ...................... .. 
Phenanthrene ........ : .................... .. 
Pyrene .! ......................................... . 
Toluene· ........................................ . 
Xylenes-mixed isomers (sum of o

• m-. ,:and p-xyfene concentra
tions). 

Lead ............................................. .. 
Chromium (Total) ........................ .. 

Lead ... .!.. ...................................... .. 
chromiur (Total) ........................ .. 

Lead ... , ........................................ .. 
Chromiu.m (Total) ........................ .. 

j 
Lead ............................................ .. 
Chromium. (Total) ......................... . 

Lead ... !.. .......................... : ............ . 
Cyanides (Tota1)7 ....................... .. 
Chromijm (Total) ........................ .. 

Lead ... :. ........................................ . 
Chromi~m (Total) ....................... : .. 

Lead .. .!. ........................................ . 
Chromi~m (Total) ......................... . 

Lead ... J.. ...................................... .. 
Cyanide.s (Total) 7 ........................ . 
Chromi1.1m (Total) ........................ .. 

Lead .. .! ........................................ .. 

126-72-7 
75-01-4 

1330-20-7 

7440-36-0 
7440-38-2 
7440-39-3 
7440-41-7 
7440-43-9 
7440-47-3 

57-12-5 
57-12-5 

16964-48-8 
7439-92-1 
7439-97-6 
7440-02-0 
7782-49-2 
7440-22-4 
8496-25-8 
7440-28-0 
744o-B2-2 

91-20-3 

87-8\3-5 
85-01-8 
129-00-0 
108-88-3 
1330-20-7 

7439-92-1 
7440-47-3 

7439-92-1 
744G-47-3 

7439-92-1 
744()...47-3 

7439-92-1 
744()....47-3 

7439-92-1 
57-12-5 

7440-47-3 

7439-92-1 
7440-47-3 

7439-92-1 
7440-47-3 

7439-92-1 
57-12-5 

7440-47-3 

7439-92-1 

0.11 
0.27 
0.32 

1.9 
1.4 
1.2 

0.82 
0.69 
2.77 
1.2 

0.86 
35 

0.69 
0.15 
3.98 
0.82 
0.43 

14 
1,4 
4.3 

0.059 

0.089 
0.059 
0.067 
o.oso 
0.32 

0.69 
2.77 

0.69 
2.77 

0.69 
2.77 

0.69 
2.77 

0.69 
1.2 

2.77 

0.69 
2.77 

0.69 
2.77 

0.69 
1.2 

2.77 

0.69 

0.10 
6.0 
30 

2 1 mg.1 TCLP 
5.0 mg.1 TCLP 
7.6 mgll TCLP 

0.014 ~oil TCLP 
0.19 mgil TCLP 
0.86 mgll TCLP 

590 
30 
48 

0.37 mg11 TCLP 
0.025 mg/I TCLP 

5.0 mq/I TCLP 
0.16 mg/I TCLP 
0.30 mQll TCLP 

NA 
0.078 mg/I TCLP 

0.23 
5.6 

7.4 
5.6 
8.2 
10 
30 

0.37 mgll TCLP 
0.86 mgll TCLP 

0.37 mg/I TCLP 
0.86 mgll TCLP 

o.37 mgll TCLP 
0.86 mg/I TCLP 

0.37 mgll TCLP 
0.86 mg/I TCLP 

0.37 mg/I TCLP 
590 

0.86 mg/I TCLP 

NA 
0.86 mg/I TCLP 

0.37 mg/I TCLP 
0.86 mg/I TCLP 

0.37 mgll TCLP 
590 

0.86 mg/I 

0.37 mg/I TCLP 
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K019 ......................................................... . 

Ko20 ......................................................... . 

K021 

K022 ........................................................ .. 

Heavy ends from the distillation of ethylene dichlo
ride in ethylene dichloride production .. 

Heavy ends from the distillation of :vinyl chloride in 
vinyl chloride monomer productio~. 

Aqueous spent antimony cataly,st waste from 
fluoromethanes production. 

1, 1-Dichloroethane .: .... ................ .. 
1,2-Dichloroethane ...................... .. 
Hexachlorobenzene ..................... . 
Hexachlorobutadiene .................. .. 
Hexachloroethane ....................... .. 
Pentachloroelhane ....................... . 
1.1,1-Trichloroethane ................... . 
bis(2-Chloroethyl)ether ................ .. 

Chlorobenzene ............................. . 
Chloroform ................................... . 
p-Dichlorobenzene ....................... . 
1.2-Dichloroethane ....................... . 
Fluorene ....................................... . 
Hexachloroethane ........................ . 
Naphthalene .............. : ................. .. 
Phenanthrene ............................. .. 
1,2,4,5-'r.etrachlorobenzene ......... . 
T elrachloroelhylene ..................... . 
1,2,4-Trichlorobenzene ................ . 
1, 1, 1 ·Trichloroethane ................... . 
1,2-Dichlproethane ....................... . 

1, 1,2,2-Tetrachloroethane ............ . 
T etrachloroethylene ..................... . 
Carbon t~trachloride .................... . 

Chloroform ................................... . 
Antimony ...................................... . 

Distillation bottom tars from the prc;iduction of phe- Toluene ......................................... . 
nol/acetone from cumene. . 

Acetophenone .............................. . 
Diphenylamine (difficult to distin

guish from diphenylnitrosamine). 
Diphenylnitrosamine (difficult to 

distinguish from diphenylamine}. 
Phenol ., ....................................... .. 
Chromium (Total) ......................... . 

K023 .. ........................................................ Distillation light ends from the production of phthalic 
anhydride from naphthalene. I 

Nickel .. \.. ...................................... . 
Phthalic anhydride (measured as 

Phthalic acid or Terephthalic 
acid). I 

K024 .. ........................................................ Distillation bottoms from the production of phthalic 
anhydride from naphthalene. j. 

Phlhalic anhydride (measured as 
Phthalic acid or Terephthalic 
acid). I 

Phthalic anhydride {measured as 
Phthalic acid or T erephthalic 
acid).· 

K025 ........................................................ .. 

K026 ......................................................... . 

K027 ........................................................ .. 

Distillation bottoms from the production 
nitrobenzene by the nitration of benzene. 

Phthalic1 anhydride (measured as 
Phthal_ic acid or Terephthalic 
acid).· 

of NA ...... , ......................................... . 

Stripping still tails from the production of methyl NA ...... ) ......................................... . 
ethyl PY'ridines. 

Centrifuge and distillation 
diisocyanate production. 

I 
residues from toluene NA ...... , ......................................... . 

I 



I 

~ 

K035 .......................................................... Wastewater treatment sludges generated in the Acenaphthene .............................. . 
production of creosote. 

K036 ......................................................... . 

K037 ......................................................... . 

K038 ......................................................... . 

K039 ......................................................... . 

K040 ......................................................... . 

K041 ......................................................... . 

K042 ......................................................... . 

Still bottoms from toluene reclamation distillation in 
, ·the production of disulloton. 
Wastewater treatment sludges from the production 

of disulfoton. 

Wastewater from the washing and stripping of 
phomte production. 

Filter cake from the filtration of 
diethylphosphorodithioc acid in the production of 
phorate. 

Wastewater treatment sludge from the production 
of phorate. 

Wastewater treatment sludge from Iha production 
of toxaphene. 

Heavy ends or distillation residues from the distilla
tion of tatrachlorobenzene in the production of 
2,4,5-T. 

K043 .. ...• ....... .... .. .. ........ ............................. 2,6-0ichlorophenol waste from the production of 
2,4-D. 

An th racene ................................... . 
Benz(a).;inthracene ....................... . 
Benzo(a)pyrene ............................ . 
Chrysene ..................................... .. 
o-Cresof ............................. : .......... . 
m-Cresol (difficult to distinguish 

from p-cresol}. 
p-Crasol (diffic1Jlt ·10 distinguish 

from m-cresol). 
Dibenz(~.h)anthracene ................. . 
Fluoranthene ............................... .. 
Fluorene ....................................... . 
lndeno(t,2,3-cd)pyrene ................ . 
Naphtha_lene ................................ .. 
Phenantrrana ............................. .. 
Phenol J ......................................... . 

Pyrene J ........................................ .. 

Disulloton ..................................... . 
I . 

Oisulfot°in ..................................... , 

Toluene! ........................................ . 
Phorate · ........................................ . 

i 

NA ...... : ........................................ .. 

Phorate: ....................................... .. 

Toxaph~ne ................................... . 

o-Dichlo~obenzene ....................... . 
l 
I 

p-Oichlorobenzene ....................... . 
Pentachlorobenzene .................... . 
1,2,4,5.Tetrachlorobenzene ........ .. 
1,2,4-Trichlorobenzena ................ . 
2,4-Dichlorophenol ....................... . 

2,6-Dichlorophenol ....................... . 
2,4,5-Trichlorophenol ................... . 
2,4,6-Trichlorophehol ................... . 
2,3,4,6-Tetrachlorophenol ............ . 
Pentach.lorophenol ...................... .. 
T elrachlproethylene .; ................... . 
HxCDD!! (All Hexachlorodibanzo-

p-dioxins). 
HxCDFs (All 

Hexachlorodibenzofurans ). . 
PeCDO~ (All Pentachlorodibenzo

p-dio:ii;ins). 
PeCDFs (All 

Pen tachlorodibenzofurans). 
TCODs :(All Tetrachlorodibenzo-p

dioxins). 

83-32-9 

120-12-7 
56-55-3 
50-32--8 
218-01-9. 
95-48-7 
108-39-4 

106-44-5 

53-70-3 
206-44--0 
8&--73-7 
193-39--5 
91-20-3 
85-01-8 
108-95-2 
129-00--0 
298-04-4 

298--04--4 

108-88-3 
298--02-2 

NA 

298--02-2 

8001-35-2 

95-50-1 

106-46-7 
608-93-5 
95-94...J 
12()-82-1 
12C>-83-2 

187-135-0 
95-95-4 
88-06-2 
58-90-2 
87-86-5 
127-18-4 

NA 

NA 

NA 

NA 

NA 

_) 
NA 3.4 

NA 3.4 
0,059 3.4 
0.061 3.4 
0.059 3.4 
0.11 5.6 'TJ 
0.77 5.6 rt> 

a. 
l1l 
'"1 

0.77 5.6 ~ 

NA 8.2 
';;1j 
rt> 

0.068 3.4 CB. 
NA 3.4 

VI ....... 
rt> NA 3.4 '"I 

0,059 5.6 ........ 
0.059 5.6 CJ 0.039 6.2 ' ' 

~ 

0.067 8.2 
0.017 . 6.2 (j) .... 
0.017 6.2 z 

? 
0,080 10 O'l 
0.021 4.6 00 

........ 
CARBN, or CMBST '?' ..::.. 

CMBST 0 
::l 
0. 

0.021 4.6 P> 
'-< -

0.0095 2.6 )> 
"O .., 

0,088 6.0 :::: 
00 

0.090 6.0 tO 
0.055 10 tO 

O'> 
0.055 14 --) 
0,055 19 
0.044 14 "::;:I 

s 
0.044 14 

·ro 
VI 

0.18 7.4 P> 

0.035 7.4 ::I 
0.. 

0.030 7.4 
~ 0,089 7.4 '° 0.056 6.0 0-0 
c 

0.000063 0.001. P> 
::.::. 

0.000063 0.001 
0 
::I 
fJ) 

0.000063 0.001 

0.000035. 0.001 ,_. 
(.)') 

0.000063 0.001 °' N ..... 



Koso .. . .. ... .. ... .... . . . .. ...... ..... ... ..... ............. .... Heat exchanger bundle cleaning sludge from the 
petroleum refining industry. 

K051 API separator sludge from the petroleum refining 
industry. 

K052 .......................................................... Tank bottoms (leaded) from the petroleum refining 
industry. ' 

Cyanides (Total) 7 ....................... .. 

Chromium (Total) ......................... . 
Lead ............................................ .. 
Nickel ........................................... . 
Benzo(a~pyrene .......................... .. 

Phenol .\ ........................................ . 
Cyanides (Total) 7 ........................ . 

Chromium (Total) ......................... . 
Lead .... !.. ....................................... . 
Nickel .. ; ......................................... . 
Acenap~thene .............................. . 

Anthracene ................................... . 
Benz(a)anthracene ...................... .. 
Benzene ....................................... . 
Benzo(a}pyrene ........................... .. 
bis(2-Etl)ylhexyl) phlhalate ........... . 
Chrysene ..................................... .. 
Di-n-butyl phthalale ..................... .. 
Ethylbenzene .............................. .. 
Fluorene ...................................... .. 
Naphthalene ................................. . 
Phenanthrene .............................. . 
Phenol ......................................... .. 
Pyrene , ........................................ .. 
Toluene ......................................... . 
Xylenes-mixed isomers (sum of o

' m-, and p-xylene concentra
tions). 

Cyanides (Total) 7 ....................... .. 

Chromi4m (Total) ........................ .. 
Lead ... , ......................................... . 
Nickel .: ........................................ .. 
Benzen~ ...................................... .. 

Benzo(a)pyrene ........................... .. 
o-Cresol ....................................... .. 
m-Cres61 (difficult to distinguish 

from p-cresol). 
p-Cresol (difficult to distinguish 

from m-cresol). 
2,4-Dimethylphenol ..................... .. 
Ethylbenzene ............................... . 
Naphthalene ................................. . 
Phenanthrene .............................. . 
Phenol J .......................................... . 

Toluene ....................................... .. 
Xylenes-mixad isomers (sum of o

• m-.. and p-xylene concentra
tions)! 

Chromi~m (Total) ......................... . 
Cyanides (Total) 7 ........................ . 

Lead ............................................. . 
Nickel .......................................... .. 

KOSO .. .... .... ... ........ .... .... ............................. Ammonia still lime sludge from coking operations ... Benzene ....................................... . 
Benzo(a)pyrene ........................... .. 
Naphthalene ................................. . 
Phenol: ......................................... .. 

I 

57-12-5 
7440-47-3 
7439-92-1 
7 44()-{)2-0 

50-32-8 

108-95-2 
57-12-5 

7440-47-3 
7439-92-1 
744()-{)2-0 

83-32-9 

120-12-7 
56-55-3 
71-43-2 
50-32-8 
117-81-7 

2218-01-9 
105-67-9 
100-41-4 
86-73-7 
91-20-3 
85--01-8 
108-95-2 
129--00--0 
108-88-3 

1330-20-7 

57-12-5 
7440-47-3 
7439-92-1 
744()-{)2-0 

71-43-2 

50-32-8 
95-48-7 
108-39-4 

106-44-5 

105-67-9 
100--41-4 
91-20-3 
85-01-8 
108-95-2 
108-88-3 

1330-20-7 

7440-47-3 
57-12-5 

7439-92-1 
7440-02-0 

71-43-2 
50-32-8 
91-20-3 
108-95-2 

1.2 
2.77 
0.69 
NA 

0.061 

0.039 
1.2 

2.77 
0.69 
NA 

0.059 

0.059 
0.059 
0.14 

0.061 
0.28 

0.059 
0.057 
0.057 
0.059 
0.059 
0.059 
0.039 
0.067 
0.08 
0.32 

1.2 
2.77 
0.69 
NA 

0.14 

0.061 
0.11 
0.77 

0.77 

0.036 
0.057 
0.059 
0.059 
0.039 
0.08 
Q.32 

2.77 
1.2 

0.69 
NA 

0.14 
0.061 
0.059 
0.039 

590 
0.86 mg/I TCLP 

NA 
5.0 mg/I TCLP 

3.4 

6.2 
590 

0.86 mg/I TCLP 
NA 

5.0 mg/I TCLP 
NA 

3.4 
3.4 
10 
3.4 
28 
3.4 
28 
10 
NA 
5.6 
5.6 
6.2 
8.2 
10 
30 

590 
0.86 mg/1 TCLP 

NA 
5.0 mg!l TCLP 

10 

3.4 
5.6 
5.6 

5.6 

NA 
10 
5,6 
5.6 
6.2 
10 
30 

0.86 mg!l TCLP 
590 
NA 

5.0 mg/I TCLP 
10 
3.4 
5.6 
~ 

. ...:.. 
Ol ...... 

z 
!'.' 
Q) 
00 

_oo 



K084 .......................................................... Wastewater treatment sludges generated during 
the production of veterinary phannaceuticals from 
arsenic or organo-arsenic compounds. 

K085 ...... ........... .... ........... ........ .................. Distillation or fractionation column bottoms from the 
production of chlorobenzenes. 

K086 ................................ ................... ....... Solvent wastes and sludges, caustic washes and 
sludges, or water washes and sludges from 
cleaning tubs and equipment used in the fonnu
lation. of ink from pigments, driers, soaps, and 
stabilizers containing chromium a!'ld lead. 

K087 ...... .... ...•... •... .......................... ....•.•..•• Decanter tank tar sludge from coki~g operations 

Diphenylamine (difficult lo distin
guish rrom diphenylnitrosamine). 

Oiphenylnitrosamine (difficult to 
distinguish from diphenylamine). 

Nitrobenzene ................................ . 
Phenol .......................................... . 
Nickel ........................................... . 
Arsenic ..•...........•...•..•.....•.•.......•..•• 

Benzene ......•................................. 

Chlorobenzene ............................. . 
m-Dichlorobenzene ...................... . 
o-Dichlorobenzene ••.••..•.•••.•••.••..••• 
p-Dichlorobenzene ....................... . 
Hexachlorobenzene ..................... . 
Total PCBs (sum of all PCB iso-

mers, or all Aroclors). 
Penlachlorobenzane ....•••.•..•••.•.....• 
1,2,4,5-Tetrachlorobenzene .••...•..• 
1,2,4-T richlorobenzene ................ . 
Acetone .. ; ..................................... . 

Acetophenone .............................. . 
bis(2·Ethylhexyl phthalale ........... .. 
n-Butyl alcohol ............................. . 
Butylbenzyl phlhalate .•.....•.•.•.•.••..• 
Cyclohexanone ............................ . 
o-Dichlorobenzene ....................... . 
Diethyl phthalate .......................... . 
Dimethyl phthalale ....................... . 
Di·n·butyl phthalale .•...•..•.•.•.•...•.•.. 
Di-n-octyl phthalate ...................... . 
Ethyl acetate ............................... .. 
Ethylbenzene ............................... . 
Menthanol .................................... . 
Methyl ethyl ketone ...................... . 
Methyl isobutyl ketone ................. . 
Methylene chloride ....................... . 
Naphthalene ................................. . 
Nitrobenzene ........... : .... ................ . 
Toluene ....................................... .. 
1, 1.1-Trichloroathane ................... . 
T richloroethylene ......................... .. 
Xylenes-mixed isomers (sum of o-

,m-, and p-xylene concentra
tions). 

Chromium (Total) ......................... . 
Cyanides (Total)7 ....................... .. 
Lead ............................................. . 
Aceriaphthylene .......................... .. 
Benzene ...................................... .. 
Chrysene ...................................... . 
Fluoranthene ................................ . 
lndeno(1,2,3-cd)pyrene ................ . 

122-39-4 

86-30"'6 

98-95-3 
108-95-2 

7440-02-0 
7 440-3S.:.2 

71-43-2 

108-90-7 
541-73-1 
95-50-1 
106-46-7 
118-74-1 

1336-36-3 

608-93-5 
95-94-3 
120-82-1 
67-64-1 

96-86-2 
117-81-7 
71-36-3 
85-68-7 
108-94-1 
95-50-1 
84-66-2 
131-11-3 
84-74-2 
117-84-0 
141-7!H3 
100-41-4 
67-56-1 
78-93-3 
108-10-1 
75-09-2 
91-20-3 
98-95-3 
108-88-3 
71-55-6 
79-01-6 

1330-20-7 

7440-47-3 
57-12-5 

7439-92-1 
208-96-8 
71-43-2 
218-01-9 
206-44....() 
193-39-5 

0.92 

0.92 

0.068 
0.039 
3.98 
1.4 

0.14 

0.057 
0.036 
0.088 
0.090 
0.055 
0.10 

0.055 
0.055 
0,055 
0.28 

0.010 
0.28 
5.6 

0,017 
0.36 

0.088 
0.20 

0.047 
0.057 
0.017 
0,34 

0,057 
5.6 

0.28 
0.14 

0,089 
0.059 
0,068 
0,080 
0.054 
0.054 
0.32 

2.77 
1.2 

0.69 
0.059 
0.14 

0.059 
0.068 

0.0055 

13 

13 

14 
6.2 

5.0 mg/I TCLP 
5.0 mg/I TCLP 

10 

6.0 
6.0 
6.0 
6.0 
10 
10 

10 
14 
19 
160 

9.7 
28 
2.6 
28 
NA 
6.0 
28 
28 
28 
28 
33 
10 
NA 
36 
33 
30 
5.6 
14 
10 
6.0 
6.0 
30 

0.86 mg/I TCLP 
590 

0.37 mg/I TCLP 
3.4 
10 

3.4 
3.4 
3.4 

:;iJ ,,, 
tr.3. 
"' 

z 
? 
Ol 
00 

_oo 
..... 
c.o 
C.D 

. '1>. 

'_...!,) 
;;i;:l 
t:: 
(1) 

"' 



K095" .. ........... .................................. ........... Distillation bottoms from the production of 1, 1, 1- Hexachloroethane ........................ . 
trichloroethane. 

K096 .. ............... .... .... ... ............ ....... ........... Heavy ends from the heavy ends column from the 
production of 1, 1, 1-trichloroethane. 

K097 .......... .......................... ........... .... ....... Vacuum stripper discharge from lhe chlordane 
chlorinator in the production of chlordane. 

K098 ............. ........ ....... .... .... .... ....... ........... Untreated process wastewater from the production 
of toxaphene. 

K099 .. .... ..... ............................................... Untreated wastewater from the production of 2,4-0 

K100 .......................................................... Waste leaching solution from acid leaching of emis-

K101 ·························································· 

K102 ......................................................... . 

sion control dust/sludge from ·secondary lead 
smelting. 

Distillation tar residues from the distillation of ani
line-based compounds in the production of veteri
nary pharmaceuticals from arsenic or organo-ar
senic compounds. 

Residue from the use of activated carbon for decol
orization in the production of veterinary pharma
ceuticals from arsenic or organo-arsenic com
pounds. 

Pentachlproethane ...................... .. 
1, 1, 1,2-Tetrachloroelhane ............ . 
1, 1,2, 2-Tetrachloroethane ........... . 
Tetrachloroethylene ................. .. 
1, 1,2-Trichloroethane ................... . 
Trichloroethylene ......................... .. 
m-Dichlorobenzene ..................... .. 

Pentachloroethane ....................... . 
1, 1, 1,2-T:etrachloroethane ............ . 
1, 1,2,2-lletrachloroethane ............ . 
T etrachklroethylene ..................... . 
1,2,4-Trii;hlorobenzene ................ . 
1, 1,2-Trichloroethane ................... . 
Trichloroethylene .......................... . 
Chlordal')e (alpha and gamma iso-

mers ).1 
Heptachlor .................................... . 
Heptach!or epoxide ...................... . 
Hexach16rocyclopentadiene ........•• 
Toxaph,ne ................................... . 

2,4-DichJorophenoxyacetic acid .. .. 
HxCDDs. (All Hexachlorodibenzo-

p-dioxins). 
HxCDFsj (All 

Hexachlorodibenzofurans). 
PeCDDs (All .Pentachlorodibenzo

p-dioxins). 
PeCDFs; (All 

Pentachlorodibenzofurans). 
TCDOs (All Tetrachlorodibenzo-p

dioxins). 
TCDFs I (All 

Tetrachlorodibenzofurans). 
Cadmiu171 ....•.••...••.• : ...................... . 

Chromium (Total) ......................... . 
Lead ............................................. . 
o-Nitroaniline ............................... .. 

I 

I 
I 

Arsenic : ................ , ........................ . 
Cadmiur;n ...................................... . 
Lead ... 1 ........................................ .. 
Mercury! ........................................ . 
o-Nitroppenol ............................... . 

I 

I 
Arsenic! ......................................... . 
Cadmiut,n ...................................... . 
Lead ... ( ......................................... . 
Mercuri; ........................................ . 

67-72-1 

76-01-7 
630-20-6 
79-34-6 
127-18-4 
79-00-5 
79-01-6 
541-73-1 

76--01-7 
630-20-6 
79-34-6 
127-18-4 
120-82-1 
79--00-5 
79-01-43 
57-74-9 

76-44-8 
1024-57-3 
77-47-4 

8001-35-2 

94-75-7 
NA 

NA 

NA 

NA 

NA 

NA 

7440-43-9 

7440-47-3 
7439--92-1 

88-74-4 

744o-38-2 
7440-43-9 
7439--92-1 
7439--97-6 

88-75-5 

7440-38-2 
7440-43-9 
7439-92-1 
7439--97-6 

0.055 30 

0.055 6.0 
0.057 6.0 
0.057 fi 0 
0.056 60 
0.054 6.0 .,., 
0.054 6.0 '1l 

0.. 
0.036 6.0 ro 

"1 e.. 
0.055 6.0 

';O 0.057 6.0 ro 
0.057 6.0 (TO 

v;· 
0.056 6.0 -ro 
0.055 19 ...., 
0.054 6.0 ....... 
0.054 6.0 

0.0033 0.26 L. 

0.0012 0.066 (j) .... 
0.016 0.066 
0.057 2.4 z 
0.0095 2.6 p 

en 
0.72 10 00 

0.000063 0.001 ....... 

~ 
0.000063 0.001 0 

::i 
0.. 

0.000063 0,001 I'll 
':;<: 

0.000035 0.001 ::i> 
'tj 

0.000063 0.001 = 
0.000063 0.001 

?' 

c.o 
0.69 0.19 mg/I TCLP CD 

(j) 

2.77 0.86 mg/I TCLP ~ 

0.69 0.37 mg/I TCLP s 
ro 

0.27 14 (/) 

A> 
::i 
0. 

1.4 5.0 mg/I TCLP 
?:l 
ro 

0.69 NA (TO 
c 

0.69 NA I'll 
0.15 NA ...... a· 
0.028 13 ::i 

(II 

1.4 5.0 mg/I TCLP ,_. 
0.69 NA U1 

0.69 NA 0) 
N 

0.15 -..J 



I 
~, 

K110 ,., ............ ., ...... .,................................. Condensed column overheads from intermediate NA ............................................... .. 
separation lrorn the production of 1, 1-
dirnethyhydrazine (UDMH) from: carboxylic acid 
hydrazides. 

K111 ...................................................... ,,.. Product washwaters from the production of dinitro- 2.4-0initrotoluene ............. ., .......... . 
toluene via nitration of toluene, 

K112 ........................................................ .. 

K113 ......................................................... . 

K114 .......................... ., ............................ .. 

K115 ......................................................... . 

K116 .................. ., ............. ., ...................... , 

K117 ................................................... : ..... . 

K118 ...................................... ., ................. . 

K123 ......................................................... . 

K124 ......................................................... . 

K125 ., .................................... ; .. ,, .............. . 

K126 ......................................................... , 

K131 ............... ,, .... ., ................................. .. 

2,6-Dinitrololuene ........................ .. 
Reaction by-product water from tlih drying column NA ..... ., ........................................ .. 

in the production of toluenediainine via hydro-
genation of dinilr~toluene. 

Condensed liquid light ends from tbe purification of 
toluenediamine in the production of 
loluenediarnine via hydrogenalitjn of dinilrotolu· 
ene. 

Vicinals from \he purification of tdluenediamine in 
the production of lofuenediarriine via hydro-
genation of dinitrotoluene. ' 

Heavy ends from \he purification of toluenediamine 
in the production of toluenediarnine via hydro· 
genalion of dinitrololuene. 

Organic condensate from the solv~nt recovery col
umn in the production of toluene :diisocyanate via 
phosgenation of toluenediamine. ' · 

Wastewater from the reactor vent :gas scrubber in 
the production of ethylene dibromide via bromi
nation of ethane. 

Spent absorbent solids ffom purilici;1tion of ethylene 
dibromide in lhe production of et~ylene dibromide 
via btT"''i'tation of ethene, I 

I 
I 
I 
I 

Process wastewater (including sup+mates, filtrates, 
and washwaters) from the ; production of 
ethylenebisdi!hiocarbamic acid arid its salts. 

I 
Reactor vent scrubber water from the production of 

ethylenebisdithiocarbamic acid a1d its salts. 

I 
Filtration, evaporation, and centtjfugation solids 
· from the production of ethylenebjsdithiocatbamic 

acid and its salts. 

l 
Baghouse dust and floor sweeping~ in milling and 

packaging operations from the production or for· 
mulation of ethylenebisdithiocarbamic acid and 
its salts. 

Wastewater from the reactor and spent sulfuric acid 
from the acid dryer from the production of methyl 
bromide. 

NA ............................................... .. 

NA ....... ~ ....................................... .. 

Nickel .......................................... .. 

I 

NA ...... ,J. ...................................... .. 
i 

NA ....... i ........................................ . 

Methyl bromide (Bromornethane) • 
i 

I 
Chloroform .................................. .. 
Ethylene: dibromide (1,2-

Dibromoethane). 
Methyl bromide (Bromomethane) . 

i 
Chloroform .. .-............................... .. 
Ethylene: dibromide (1,2-

Dibromoeihane). 
NA ................................................ . 

NA ................................................ . 

NA ............................................... .. 

NA ............................................... .. 

Methyl bromide (Bromomethane) , 

NA 

121-1-2 

606-20-2 
NA 

NA 

NA 

7440-02--0 

NA 

NA 

74-83-9 

67-66~ 

106-93-4 

74-83-9 

67-66""'3 
106-93-4 

NA 

NA 

NA 

NA 

74-83-9 

CMBST; or 
CHOXD fb 
CARBN; or 

BIOOG fb CARBN 
0.32 

0.55· 
CMBST; or 
CHOXD fb 
CARBN; or 

BIOOG fb CARBN 
CARBN; or 

CMBST 

CARBN; or 
CMBST 

3,98 

CARBN; or 
CMBST 

CARBN; or 
CMBST 

0.11 

0.046 
0.028 

0, 11 

0.046 
0.028 

CMBST; or 
CHOXD fb 
(BIODG or 
CARBN) 

CMBST; or 
CHOXO lb 
(BIODG or 
CARBN) 

CMBST; or 
CHOXD fb 
(BIODG or 
CARBN) 

CMBST; or 
CHOXD fb 
(BIODG or 
CARBN) 

0.11 

'-') 
CMBST 

140 

28 
CMBST 

CMBST 

CMBST 

5,0 mg/l TGLP 

CMBST 

CMBST 

15 

6.0 
15 

15 

6.0 
-15 

CMBST 

CMBST 

CMBST 

CMBST 

15 

'Tl 
IT> 
CL 
IT> .., 
~ 

::d 
IT> 

~
~ 
IT> .., 
.,.,__ 

') 

7:! 
0) .... 

'00 

..... 
to 
to 
<'?) 

~ s 
ro 
(/) 

"' ::i 
0.. 

::i:1 
ro s 
~ 
o~. 

r3l 

..... 
CJl 
en 
N 
c.o 



K144 .. :....................................................... Wastewater sump residues from light oil refining, 
including, but not limited to, intercepting or con
tamination sump sludges from the recovery of 
coke by-products produced from ~oal. 

K145 .......................................................... Residues from naphthalene collection and recovery 
operations from the recovery of c0ke by-products 
produced from coal. 

Benzo(a)pyrene ............................ . 
Benzo(b)fluoranlhene (difficult to 

distinguish from benzo(k) lluo
ranlhene). 

Benzo(k)lluoranthene (difficult to 
distinguish from 
benzo(b)lluoranthene). 

Benzene ....................................... . 
Chrysene ...................................... . 
Benz(a)anthracene ....................... . 

Benzo(a)pyrene ........................... .. 
Benzo(b)lluoranthene (difficult to 

distinguish from 
benzo(k)lluoranthene). 

Benzo(k)fluoranthene (difficult to 
distinguish from 
benzo(b)fluoranthene). 

Chrysene ..................................... .. 
Dibenz(a,h)anthracene ................. . 
Benzene ...................................... .. 

Benz(a)anthracene ...................... .. 
Benzo(a)pyrene ........................... .. 
Chrysene ..................................... .. 
Dibenz(a,h)anthracene · ................ .. 
Naphthalene ................................ .. 

K147 .......................................................... Tar storage tank residues from coaUar refining ...... Benzene ....................................... . 

Benz(a)'lnlhracene ....................... . 
Benzo(a)pyrene ........................... .. 
Benzo(b)fluoranthene (difficult to 

distinguish · from 
benzo(k)fluoranthene). 

Benzo(k)fluoranthene (difficult to 
distinguish from 
benzo(b)fluoranthene). 

Chrysene ...................................... . 
Dibenz(a,h)anthracene ................. . 
lndeno(1,2,3-cd)pyrene ................ . 

K148 .......................................................... Residues from coal tar distillation, i~cluding, but not Benz(a)~nthracene ...................... . 
limited to, still bottoms. 

Benzo(a)pyrene ............................ . 
Benzo(b)fluoranthene (difficult to 

dis!inguish from 
benzo(k)fluoranthene). 

Benzo(k)lluoranthene (difficult to 
distinguish from 
benzo(b)lluoranlhene). 

Chrysene ...................................... . 
Dibenz(a,h)anthracene' ................. . 
lndeno(1,2,3-cd)pyrene ................ . 

50-32-8 
2Q5-99-2 

207-08-9 

71-43-2 
218--01-9 
56-55-3 

50-32-8 
205-99-2 

207-08-9 

218--01-9 
53-70-3 
71-43-2 

56-55-3 
50-32-8 

218--01-9 
53-70-3 
91-20-3 
71-43-2 
56-55-3 
50-32-8 

205-99-2 

207-08-9 

218-01-'9 
53-70-3 
193-39-5 
56-55-3 

50--32-8 
205-99-2 

207-08-9 

218-01-9 
53-70-3 
193-39-5 

0.061 
0.11 

0.11 

0.14 
0.059 
0,059 

0.061 
0.11 

0.11 

0.059 
0.055 
0.14 

0.059 
0.061 
0,059 
0.055 
0.059 
0.14 

0.059 
0.061 
0.11 

0.11 

0.059 
0.055 

0.0055 
0.059 

0.061 
0.11 

0.11 

0.059 
0.055 

0.0055 

3.4 
6.8 

6.8 

10 
3.4 
3.4 

3.4 
6.8 

6.8 

3.4 
8.2 
10 

3.4 
3.4 
3.4 
8.2 
5.6 
10 
3.4 
3.4 
6.8 

6.8 

3.4 
8.2 
3.4 
3.4 

3.4 
6.8 

6.8 

3.4 
8.2 
3.4 
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K157 ................. :........................................ Wastewaters (including scrubber waters, condenser 
waters, washwaters, and separation waters) from 
the production of carbamates iind carbamoyl 
oximes. 

K158.. ........................................................ Bag house dusts and filler/separation solids from 
the production of earbamates and carbamoyl 
oximes. 

K159.. ........................................................ Organics from the treatment of thiocarbamate 
wastes. 

K160.. ........................................................ Solids (including filter wastes, separation solids, 
and spent catalysts) from the production of 
thiocarbamates and solids from the treatment of 
thiocarbamale wastes. 

K161.. ........................................................ Purification solids (including filtration, evaporation, 
and centrifugation solids}, baghouse dust and 
floor . sweepings from the production of 
dithiocarbamale acids and their salts. 

P001 .......................................................... Warfarin, & salts, when present at concentrations 
greater than 0.3%. 

Toluene ••••••••••uu••n•o••,.••••••••••••ou•o 

Triethylamine ................................. 
Xylenes (lolal) ................................ 
Acetone ......................................... 
Carbon tetrachloride ............. u.oooo 

Chlorolonn .................................... 
Chloromethane .............................. 
Methanol o••••f••••••U•U••·•••••••••ououou 

Methomyl ...................................... 
Methylene chloride ........................ 
Methyl ethyl ketone ........................ 
Methyl isobutyl ketone ................... 
o-Phenylenediamine ..................... 
Pyridine ........................................... 
Triethylamine ................................. 
Benomyl ••U••••••"••••11••••o•u••••••••••••••• 

Benzene ........................................ 
Carbenzadim ................................. 
Carbofuran ••••••••••••••••••• ••••••9•••• •••••• 
Carbosulfan ................................... 
Chloroform .................................... 
Hexane .......................................... 
Methanol u••••••••••*"••n••••••••••••oo1••••• 

Methylene chloride ........................ 
Phenol ............................................ 
Xylenes (total) ............................... 
Benzene ........................................ 
Butylate .......................................... 
EPTC (Eptam) ............................... 
Molina le .. u ....................................... 

Pebulate ......................................... 
Thiocarbarnate, N.O.S. .................. 
Vemolate ............ .- ......................... 
Bulylale ......................................... 
EPTC (Eptam) ............................... 
Molin ate ......... : .............................. 
PeblJlate ................. u ..................... 

Thiocarbamate, N.O.S. Oloo•oo•oOOOOHOO 

Toluene ............................. u .......... 

Vemolate ........ , ............................... 
Xylenes (total) HoOOO ... t .. o••o .. OooOo .. oOUOO 

Antimony ........................................ 
Carbon disulfide ............................. 
Dithiocarbarnates, total ... u ............. 

Lead ................................................. 
Nickel ............... u ............................. 

Selenium ....................................... 
Xytenes (total) ................................ 
Warfarin ......................................... 

108-88-3 
121-44-8 

1330-20-7 
67-64-1 
56-23-5 
67-66-3 
74-87-3 
67-56-1 

16752-77-5 
75-09-2 
78-93-3 
108-10-1 
95-54-5 
110-S6-1 
121-44-8 

17804-35-2 

71-43-2 
10605-21-7 
1563-66-2 

55285-14-8 
67-66-3 
110-54-3 
67-56-1 
75-09-2 
108-95-2 
1330-20-7 

71-43-2 
2008-41-5 
759-94-4 

2212-{37-1 
1114-71-2 

NA 
1929-77-7 

2008-41-5 
759-94-4 
2212-67-1 
1114-71-2 

NA 
108-88-3 

1929-77-7 
1330-20-7 

7440-36-0 
75-15--0 

NA 
7439-92-1 
7440-02--0 
7782-49-2 
1330-20-7 

81-81-2 

_) 
0,080 10 
0.081 1.5 
0.32 30 
0.28 160 
0.057 6.0 
0.046 6.0 
0.19 30 'T:I 

(1) 

5.6 0.75 mg/I TCLP 0.. 
0.028 0.14 m 

'-\ 

0.089 30 ~ 
0.28 36 ?j 
0.14 33 Ill 

()'Q 

0.056 5.6 v;· -0.014 16 Ill 
>; 

0.081 1.5 ....... 
0.056 1.4 

l ) 
·~ 

0.14 10 O> ...... 
0.056 1.4 
0.006 0.14 z 

9 0.028 1.4 
0.046 6.0 Cl 

00 
0.611 10 ....... 

5.6 0.75 mgll TCLP :s: 0.089 30 0 
0.039 6.2 :i 

a.. 0.32 30 ·~ 
0.14 10 

0.003 1.5 p 
0.003 1.4 'O 

2: 0,003 1.4 
0.003 1.4 !JO 
0.003 1.4 ,_. 
0.003 ·1.4 tO 

tO 
0.003 1.5 01 
0.003 1.4 

'~ 0.003 1.4 
0.003 1.4 E. 
0,003 1.4 <1l 

Vl 
0.080 10 

Ill 0.003 1.4 :::1 
0.32 30 0.. 

1.9 2.1 mg/I TCLP :xJ 
m 

3.8 4.8 mgll TCLP ()ti 
c: 0.028 28 ...... 
Ill 

0.69 0.37 mg/I TCLP :::t 
3.98 5.0 mg/l TCLP 0 

::l 
0.82 016 mg/I TCLP \I) 

0.32 30 
(WETOX or CMBST 
CHOXD) lb ...... 
CARBN; or (Ji 

en 
CBMST w 

w 



P020 .......................................................... 2-sec-Butyl-4,6-dinitrophenol (Dinose~) ................... 2-sec-Butyl-4,6-dinitrophenol 88-85-7 
(Dinoseb). 

P021 .......................................................... Calcium cyanide ·······························l······················· Cyanides (Total)7 ............•............ 57-12-5 
Cyanides (Amenable) 7 ................. 57-12-5 

P022 .......................................................... Carbon disulfide ........................................................ Carbon qisulfide ............................ 75-15--0 
Carbon disulfide; altema!e 6 stand- 75-15--0 

ard lor·nonwastewaters only. 
P023 ....................................................•..... Choloracetaldehyde .................................................. Choloracetaldehyde ...................... 107-20--0 

P024 .......................................................... p-Chloroaniline .......................................................... p-Chloroaniline .............................. 106-47-8 
P026 .......................................................... 1-(o-Cholorphenyl)thiourea ............... 1....................... 1-(o-Cholorphenyl)thiourea ........... 5344-82-1 

P027 .......................................................... 3-Chloropropionitrile .................................................. 3-Chloropropionitrile ...................... 542-76-7 
I 

P028 .......................................................... Benzyl chloride ......................................................... Benzyl chloride.............................. 10()-44-7 

! 
i 

P029 .......................................................... Copper cyanide ...................................................... :.. Cyanides (Total) 7 ........................ . 

Cyanides (Amenable) 7 ................ . 

P030 .......................................................... Cyanides (soluble salts and complex~s) .................. Cyanides (Total) 7 ............... : ........ . 

Cyanides (Amenable) 1 ................ . 

P031 .......................................................... Cyanogen ......................................... :........................ Cyanogen ..................................... . 

57-12-5 
57-12-5 
57-12-5 
57-12-5 

460-19-5 

P033 .......................................................... Cyanogen chloride ............. :...................................... Cyanogen chloride ........................ 506-77-4 
I 

P034 .......................................................... 2-Cyclohexly-4,6-<linitrophenol ................................. 2-Cyclo~exly-4,6-dinitrophenol ...... 131-89-5 

P036 .......................................................... Dichlorophenylarsine ............................................... . 
P037 .......................................................... Dieldrin ..................................................................... . 
P038 .. .... .... ........... .. .. ................... .............. Diethylarsine ............................................................ . 
P039 .......................................................... Oisulfoton ................................................................ .. 
P040 .......................................................... O,O-Diethyl 0-pyrazinyl phosphorothioate ............... . 

. P041 .......................................................... Diethyl-p-nitrophenyl phosphate ...... , ....................... . 

I 
P042 ............................... ,.......................... Epinephrine ...................................... ~ ...................... .. 

Arsenic .......... ; .............................. . 
Dieldrin , ......................................... . 
Arsenic ! ........................................ .. 
Disulrotqn .................................... .. 
O,O-Dietbyl 0-pyrazinyl phosphor

othioate. 
Diethyl-P.-nitrophenyl phosphate ... 

. I 
Epinephrine .................................. . 

I 

P043 .......................................................... Diisopropylfluorophosphate (DFP) ............................ Diisopropylfluorophosphate (DFP) 
! 

7440-38-2 
60-57-1 

7440--38-2 
298-04-4 
297-97-2 

311-45-5 

51-43-4 

55-91-4 

P044 .......................................................... Dimethoate ................................................................ · Oimeth~ate .................................... 60-51-5 

P045 .......................................................... Thiolanox .................................................................. Thiofanox ...................................... 39196-18-4 

0.066 

1.2 
0.86 
3.8 
NA 

(WETOX or 
CHOXD) lb 
CARBN; or 

CBMST 
0.46 

{WETOX or 
CHOXD) lb 
CARBN; or 

CBMST 
{WETOX or 
CHOXD) lb 
CARBN; or 

CBMST 
(WETOX or 
CHOXD) fb 
CARBN; or 

CBMST 
1.2 

0.86 
1.2 

0.86 
CHOXD; WETOX; 

or CMBST 
CHOXD; WETOX; 

or CMBST 
(WETOX or 
CHOXD)fb 
CARBN; or 

CBMST 
1.4 

0.017 
1.4 

0.017 
CARBN; or 

CMBST 
CARBN; or 

CMBST 
(WETOX or 
CHOXD) lb 
CARBN: or 

CMBST 
CARBN; or 

CMBST 
CARBN; or 

CMBST 
(WETOX or 
CHOXD) lb 
CARBN; or 

CMBST 

2.5 

590 
30 

CMBST 
4.8 mgll TGLP 

CMBST 

16 
CMBST 

CMBST 

CMBST 

590 
30 
590 
30 

CHOXD; WETOX; 
orCMBST 

CHOXD; WETOX; 
or CMBST 

CMBST 

5.0 mg/I TCLP 
0.13 

50 mg/I TCLP 
6.2 

CMBST 

CMBST 

CMBST 

CMBST 

CMBST 

CMBST 

I ... 
en ..... 
z 
p 

en 
00 



Mercury fulminate nonwaslewaters that are either Mercury ......................................... 7339-97-6 
incinerator residues or are residues from 
RMERC; and contain greater than or equal to 
260 mg/kg ·total mercury. 

Mercury fulminate nonwastewaters that are resi- Mercury ~········.················· .............. 7439-97-6 
dues from RMERC and contain ·less than 260 
mg/kg total mercury. 

Mercury fulminate nonwastewaters !hat are lnciner- Mercury ......................................... 7439-97--6 
ator residues and contain less than 260 mg/kg 
total mercury. 

All mercury fulminate wastewaters ........................... Mercury ......................................... 7439-97-6 
P066 .......................................................... Methomyl .................................................................. Methomyl ...................................... 16752-77-5 

P067 .......................................................... 2-Melhyl-aziridine .......................... ,........................... 2-Methyl;aziridine ..•....................... 75-55-8 

P068 ........................................................... Methyl hydrazine....................................................... Methyl hydrazine ........................... 60-34-4 

P069 .......................................................... 2-Methyllactonitrile .................................................... 2-Methyll~ctonitrile ........................ 75-86-5 

. I . 
P070 .......................................................... Aldicatb ..................................................................... Aldicatb !·············............................ 116--06-3 

I 

P07i ...................................................... :... Methyl parathion ....................................................... Methyl parathion ........................... 298--00-0 
P072 ...... ................... ....... ........ .................. 1 ·Naphthyl-2-thiourea ......... ....... .............................. 1 ·Naphl~yl-~thiourea .... .............. 86-88-4 

P073 .. ...... ... ........... .......................... ........•.. Nickel carbonyl ........................................................ . 
.po74 .......................................................... Nickel-cyanide ........................................................... . 

Nickel .. !. ....................................... . 
Cyanide~ (Total)7 ......................... . 
Cyanide~ (Total)7 ......................... . 

P075 ............. ............................................. Nicotine and salts 
Nickel ........................................... . 
Nicotine and salts ....................... .. oOooooo••ooooo•uoO•O•o•>•<OotO••••oo000000000000000 

P076 ........................•......... ;....................... Nitric oxide .....•................................. ,........................ Nitric oxide ...............••.............•..... 
P077 .......................................................... p-Nitroaniline ................................. :........................... p·Nitroaniline ......•.•........................ 
P078 .......................................................... Nitrogen dioxide ........................................................ Nitrogenidioxide .......................... .. 
P081 .......................................................... Nitroglycerin .............................................................. Nitrogly~erin .................... _ .. , ....... .. 

7440-02-{) 
57-12-5 
57-12-5 

. 7440-02-0 
54-11-5 

10102-43-9 
100-01-6 

10102-44-0 
55-63-0 

P082 ............................. ............................. N-Nitrosodimethylamine ............................................ N-Nitrosodimethylamine ................ 62-75-9 
P084 ................................... ;...................... N-Nitrosomethylvinylamine ....................................... N-Nitros?methylvinylamine 4549-40--0 

I 

P085 ............................... ........................... Octamethylpyrophosphoramide ......... .. .. ................... Octamethylpyrophosphoramide ..•. 152-16-9 

P087 ........................................................... Osmium tectroxide .................................................... Osmium:tectroxide ............. :.......... 20816-12-0 

NA 

NA 

NA 

0.15 
(WETOX or 
CHOXD) lb 
CARBN; or 

CMBST 
(WETOX or 
CHOXD) lb 
CARBN; or 

CMBST 
CHOXD; CHRED; 
CARBN: BIODG; 

orCMBST 
(WETOX or 
CHOXD} lb 
CARBN; or 

CMBST 
(WETOX or 
CHOXD} fb 
CARBN; or 

CMBST 
0.014 

(WETOX or 
CHOXD) lb 
CARBN; or 

CMBST 
3.98 
1.2 

0.86 
3.98 

(WETOX or 
CHOXD) lb 
CARBN; or 

CMBST 
AD GAS 
0.028 

ADGAS 
CHOXD; CHRED; 
CARBN: BIODG; 

orCMBST 
0.40 

(WETOX or 
CHOXD) lb 
CARBN; or 

CMBST 
CARBN:OR 

CMBST 
RMETL; or 

RTHRM 

) 
·~ 

RMERC· 

0 20 fTlgll TCl.P 

"T'\ 

0.025 fTlgll TCl.P .,, 
0.. .,, 
.... 
Ill 

NA 
....... 

CMBST ';;rj 
ro 

(JO 

~ 
ro .... 

CMBST "" ,_) 
CHOXD; CHRED; (J) ..... 

or CMBST . 
z 

CMBST p 
O'l 
00 

......... 

CMBST ~ 
0 
!j 
Cl.. 

4,6 ~ 
CMBST )> 

"Cl = _oo 
5.0 mgll TCLP 

590 
,_. 
tO 

30 tO 
O'l 

5.0 mg/l TCLP 
CMBST :-..) 

E. 
ro 
"' ADGAS PJ 

28 ::I 
Cl. 

AD GAS 
~ CHOXD; CHRED; ro 

orCMBST (JO 

E. 
PJ 

2.3 ..... 
5· 

CMBST ::i 
(/.) 

CMBST ....... 
(Jl 

RMETL; or en 
VJ 

RTHRM -.:i 



P0105 ........................................................ Sodium azide .................................. ; .................. ~...... Sodium azide ................................ 26628-22-8 

P0106 ·........................................................ Sodium cyanide .............................. ;......................... Cyanides (Total) 7 ....................... .. 

Cyanides (Amenable) 7 ................ . 

P0108 ........................................................ Strychnine and salts ................................................. Strychnine and salts .................... . 

P109 .......................................................... Tetraethyldithiopyrophosphate .................................. Tetraethyldithiopyrophosphate ..... . 

P110 .......................................................... Tetraethyl lead .......................................................... Lead ..... [ ....................................... . 
P111 ................................ :......................... Tetraethylpyrophosphate .......................................... Tetraethylpyrophosphate ............. . 

P112 .......................................................... Tetranitromethane ..................................................... Tetranitromethane ....................... .. 

P113 .................... :..................................... Thallic oxide ............................................................. . 

P 114 ...... ........ ....... .... .... ... ................... .... ... Thallium selenite ...................................................... . 
P115 .......................................................... Thallium (I) sulfate .................................................. .. 

P 116 .. ..... ...... .... ... . .... .... ... .... ........... ........... Thiosemicarbazide ................................................... . 

Thallium (measured in waste
waters only), 

Selenium ..................................... .. 
Thallium (measured in waste

waters only). 
Thiosemicarbazide ...................... .. 

P118 .......................................................... Trichloromethanethiol ............................................... Trichloromethanethiol .................. .. 

P119 .......................................................... Ammonium vanadate .............................................. .. 

P120 ..................... .'.................................... Vandium pentoxide ................ : ................................. . 

P121 .......................................................... Zinc cyanide .................... '. ........................................ . 

P122 .......................................................... Zinc phosphide Zn3P2 , when present at concentra-
tions greater than 10%. 

P 123 .. .... .... .. . .. .. ... . .... .... . . . ... . .... .... ... . ....... ... T oxaphene ............................................................... . 
P127 .......................................................... Carbofuran .............................................................. .. 
P128 .......................................................... Mexacarbate ........................ · .................................... . 
P185 .......................................................... Tirpate ................................................................ : .... .. 
P187 .......................................................... Bendiocarb .............................................................. .. 
P18B .......................................................... Physostigimine salicylate ........................................ .. 
P189 .......................................................... · Carbosulfan ............................................................. .. 
P190 .......................................................... Metolcarb ................................................................. . 
P191 .......................................................... Dimelilan ................................................................. .. 
P192 .......................................................... lsolan ...................................................................... .. 
P193 .......................................................... Thiophanate-methyl ................................................ .. 
P194 .......................................................... Oxamyl ..................................................................... . 
P195 .......................................................... Thiodicarb ................................................................ . 
P196 .......................................................... Dilhiocarbamates (total) .......................................... .. 
P197 .......................................................... Formparanate .......................................................... . 
P198 .......................................................... Fonnetanate hydrochloride ...................................... . 
P199 .......................................................... Methiocarb ............................................................... .. 
P200 .......................................................... Propoxur .................................................................. . 
P201 ........................................ .................. Promecarb ............................................................... . 
P202 ..... ........... ........ ........... .................. Hercules AC-5727 ............................................. .. 

Vanadium (measured in waste
wa\ers only). 

Vanadium (measured in waste-
waters only). 

Cyanides (Total) 7 ....................... .. 

Cyanides (Amenable) 7 ............... .. 

Zinc Ph~sphide ........................... .. 
I 

Toxaphene .................................. .. 
Carbofuran ................................... . 
Mexacarbate ............................... .. 
Tirpate ......................................... .. 
Bendiocarb .................................. .. 
Physostigmine salicylate .............. . 
Carbosullan .................................. . 
M.etolc;:arp ..................................... . 
D1met1lan ...................................... . 
lsolan .......................................... .. 
Thiophanate-methyl ..................... . 
Oxamyl ........................................ .. 
Thiodicarb ................................... .. 
Dithiocarbamates (total) .............. .. 
Formparanate · .............................. . 
Formetanate hydrochloride ......... .. 
Methiocarb ................................... . 
Propoxur ..................................... .. 
Promecarb ................................... . 
Hercules AC-5727 ....................... . 

57-12-5 
57-12-5 
57-24-9 

3689-24-5 

7439-92-1 
107-49-3 

509-14-8 

7440-28--0 

7782-49-2 
7440-28-0 

79-19-{) 

75-70-7 

7440-62-2 

7440-62-2 

57-12-5 
57-12-5 

1314-84-7 

8001-35-2 
1563-66-2 
315-18-4 

26419-73-8 
22781-23-3 

57-64-7 
55285-14-8 
1129-41-5 
644-{)4-4 
119-38-0 

23564-05-8 
23135-22-0 

.59669-26--0 
NA 

17702-57-7 
23422-53-9 
2032-65-7 
114-26-1 

2631-37-0 
64-00-6 

CHOXD: CHRED; 
CARBN: BIODG: 

orCMBST 
1.2 

0.86 
(WETOX or 
CHOXD) fb 
CARBN; or 

CMBST 
CARBN; or 

CMBST 
0.69 

CARBN: or 
CMBST 

CHOXD; CHRED; 
CAABN; BIODG; 

or CMBST 
1.4 

0.82 
1.4 

(WETOX or 
CHOXD) fb 
CARBN; or 

CMBST 
(WETOX or 
CHOXD) lb 
CARBN; or 

CMBST 
4.3 

4.3 

1.2 
0.86 

CHOXD; CHRED; 
orCMBST 

0.0095 
0,006 
0.056 
0.056 
0.056 
0.056 
0.028 
0.056 
0.056 
0.056 
0.056 
0.056 
0.019 
0.028 
0.056 
0.056 
0.056 
0,056 
0.056 
0.056 

CHOXD; CHRED; 
or CMBST 

590 
30 

CMBST 
"T1 
ro 
0.. 
ro ..., 

CMBST e:. 
~ 0.37 mg/I TCLP ro 

CMBST (JQ 

~-

CHOXD; CHRED; 
(l) 
"'1 

orCMBST ....... 
~ 

RTHRM; or 
STABL 

0.16 mgil TCLP en ..... 
ATHRM; or 

STABL z 
CMBST ? 

m 
00 

....... 
CMBST 3: 

0 
::i 
0.. 
!lo> 

STABL ':< 
)> 

STABL '"O = 590 
30 

.oo 

CHOXD; CHRED: co 
or CMBST co 

O'> 
2.6 

0.14 
1.4 

E.. 0.28 
Cl! 

1.4 (I> 

1.4 n:> 

1.4 ::l 
0.. 

1.4 
~ 

1.4 ro 
1.4 Q'Q 

c:: 
1.4 ro 

0.28 ~ a· 
1.4 ::l 
28 (I) 

1.4 
1.4 
1.4 _. 
1.4 <n 
1.4 en 

w 
\'.O 



U017 .......................................................... Benzal chloride ......................................................... Benzal chloride 

U018 ......................................................... Benz(a)anthracene ................................................... Benz(a)anthracene · ..................... .. 
U019 ......................................................... Benzene.................................................................... Benzene ...................................... .. 
U020 ............... ;......................................... Benzenesulfonyl chloride ........................ .-................. Benzenesullonyl chloride ............. . 

Uo21 

uo22 
U023 

U024 
U025 
U026 

......................................................... 

.......................................................... 
•• .. •••••••••••••,.•••••••; .. ,,,,,,,h•••••h••o•••••••• 

......................................................... 
'''''"'"'''•t••••••n•••••o••••••••••"'"''''n••••••• 

·······••"4•••·······························••00••••··· 

Benzi dine .................................................................. Benzidine ..................................... . 

Benzo(a)pyrene ........................................................ Benzo(a)pyrene 
Benzotrichloride ... .... .. ...... ....... .... .... .......................... Benzotrichloride 

bis{2·Ghloroethoxy)methane ..................................... bis(Z·Ghloroethoxy)methane ........ . 
bis(2-Chloroethyl)ether ............................................. .bis(2-Chloroethyl)ether ...•.............. 
Chlomaphazine ....................................... ........... ....... Chlomaphazine ........................... .. 

98-87-3 

56-55-3 
71-43-2 
98-09-9 

92-87-5 

50-32-8 
98--07-7 

111-91-1 
111-44-4 
494--03-1 

U027 ......................................................... bis(2-Chloroisopropyl)ether ....................................... bis(2-Chloroisopropyl)ether ........... 39638-32-9 

U028 
UD29 
U030 
U031 
U032 
U033 

•••tOhooooooooooooo .. oooooooolUoooooooooooooouoofooooo 

......................................................... 

......................................................... 
ooooooooooooouoooooooOoOooo,oooooOOooOOooo•ofOOoOooOOtoo 

......................................................... 
••••••••••••••"•••O•••••n•••••t•l•,.•U•••••••••••••••• 

bis(2-Ethylhexyl) phthalate ...................................... . 
Methyl bromide (Bromomethane) ..... ; ..................... .. 
4-Bromophenyl phenyl ether .................................. .. 
n-Butyl alcohol ............. -............................................ . 
Calcium chromate .................................................... . 
Carbon oxyfluoride ............................ ; ...................... . 

i 

bis(2-E!hylhexyl) phlhalate .......... .. 
Methyl bromide (Bromomethane) . 
4-Bromophenyl phenyl ether ........ . 
n-Butyl alcohol ............................. . 
Chromium (Total) ......................... . 
Carbon oxyfluoride ....................... . 

117-81-7 
74-83-9 
101-55-3 
71-36-3 

7440-47-3 
353-50-4 

U034 ......................................................... Trichloroacetaldehyde (Chloral) ........ ;....................... Trichloroacetaldehyde (Chloral) .... 75-87-6 

U035 ................ ......................................... Chlorambucil ..................................... t....................... Chlorambucil ............................... :. 305-03-3 · 

U036 . ....... .... .... . ....... ....... ........ .................. Chlordane 
............ u ................................................... . 

U037 ....................................... .................. Chlorobenzene ................................. +··········· .......... . 
U038 ......................................................... Chlorobenzilate ....................................................... .. 
U039· . ........... ............ ... ........ ...................... p-Chloro-m-cresol ................................................... .. 
U041 ......................................................... Epichlorohydrin (1-Chloro-2,3-epoxyp,ropane) ......... . 

U042 
U043 
U044 
U045 

.......................................................... 

......................................................... 

......................................................... 
2-Chloroethyl vinyl ether .......................................... . 
Vinyl chloride ........................................................... . 
Chloroform ............................................................... . 
Chloromethane (Methyl chloride) ............................ . 

Chlordane (alpha and gamma iso-
mers). 

Chlorobenzene ............................. . 
Chlorobenzilate ............................ . 
p-Chloro-m-cresol ........................ . 
Epichlorohydrin (1-Chloro-2,3-

epoxypropane). 

2-Chloroelhyl vinyl ether .............. . 
Vinyl chloride ............................... .. 
Ghlorolonn ................................... . 
Chloromethane (Methyl chloride) .. 

57-74-9 

108-90-7 
510-15-6 
59-50-7 
106-89-8 

110-75-8 
75--01-4 
67-66-3 
74-87-3 

J 
(WETOX or CMBST 
CHOXO) lb 
CARBN: or 

CMBST 
0.059 3.4 
0.14 10 

{WETOX or CMBST 'TJ 
CHOXD) lb m 

·O. 
CARBN; or ro 

'i CMBST g_ 
(WETOX or CMBST 

:;i;:i CHOXD) lb 
<'!> 

CARBN; or CB. 
CMBST ~ 

ro 0.061 3.4 "1 

CHOXD; CHRED: CHOXD: CHRED; ....... 
CARBN; BIODG; orCMBST \ 

orCMBST ·~ 
0.036 7.2 
0.033 6.0 m ....... 

(WETOX or CMBST 
CHOXD) lb z 
CARBN; or p 

CMBST en 
(WETOX or 7.2 00 

CHOXO) lb ....... 
CARBN: or 7 

'""' CMBST 0 
0.28 28 ::i 

0.. 
0.11 15 e»" 

0.055 15 :< 
5.6 2.6 )> 

2.77 0.86 mg/I TCLP '"d 
(WETOX or CMBST ~ 
CHOXO) lb po 
CARBN: or 

....... CMBST <:.D 
(WETOX or CMBST <.O 

en CHOXO) lb 

"'",) CARBN; or 
CMBST XJ 

c (WETOX or CMBST ~ CHOXD) lb (/) 

CARBN: or I» 

CMBST ::i 
0. 

0.0033 0.26 
:;i;:i 
(1) 

0.057 6.0 (IO 

s 0, 10 CM BEST 
~ 0.018 14 ..... 

(WETOX or CMBST 0 
::i 

CHOXD) lb (/J 

CARBN; or 
CMBST 
0.062 CMBST ,_. 
0,27 6.0 c.n 
0.046 6.0 O'l 

.i:.. 
0.19 30 ...... 



U017 ......................................................... Benzal chloride ......................................................... Banzai chloride .............................. 98-87""'3 

U018 
U019 
uo20 

U021 

U022 
U023 

U024 
U025 
U026 

···•••••••••••••••··••••••••••••••••ooooooouooooohooooo 

......................................................... 
oOOOOUoOooooooOoo000100000000000000I000000000000000o0000 

••0000.000000 .. 0oH• .. OoooooOHOOOOOOOOOOHOOooOooooooOH 

......................................................... 
••••••••••••••••••••••••••••o••••••••••••••••••••••••••• 

......................................................... 

................................................ "''••···· 
························································· 

Benz(a)anlhracene ................................................... Benz(a)anlhracene ...................... . 
Benzene ...................................... .............................. Benzene ....................................... . 
Benzenesulfonyl chloride .................. ,.. ...................... Benzenesulfonyl chloride ............. . 

Benzidine .............. ....... ....................... ...................... Benzidine ..................................... . 

Benzo(a)pyrene ........................................................ Benzo(a)pyrene ........................... . 
Benzotrichloride ........................................................ Benzotrichloride ........................... . 

bis(2·Chloroethoxy)methane ..................................... bis(2·Chloroelho:x-y)methane ........ . 
bis(2·Chloroethyl)ether ............................................. bis(2-Chloroelhyl)ether ................. . 
Chlomaphazine ......................................................... Chlomaphazine ............................. . 

56-55~ 

71-43-2 
98-09-9 

92-87-5 

50-32-8 
98--07-7 

111-91-1 
111-44-4 
494-03-1 

U027 ........ .... .... ........ ... .. .. .... .... ............... ... bis(2·Chloroisopropyl}ether ....................................... bis(2·Chloroisopropyl)ether ........... 39638~2-9 

U028 
U029 
U030 
U031 
U032 
U033 

......................................................... 

................................ .- ...................... . 

........................................... * .. ••••••••••• 

......................................................... 

......................................................... 
t•0•<4•0ottto•••I004••••>o•otO••••O•oo•OOo•t•OOHt00ooou 

bis(2-Ethylhexyl) phlhalate ..................................... .. 
Methyl bromide (Bromomethane) ..... , ...................... . 
4-Bromophenyl phenyl ether .................................. .. 
n-Butyl alcohol ......................................................... . 
Calcium chromate .................................................... . 
Carbon oxyfluoride ..................•......... ; ...................... . 

I 

bis(2-Ethylhexyl) phlhalale ........... . 
Methyl bromide (Bromomethane) • 
4-Bromophenyl phenyl ether ....... .. 
n-Butyl alcohol ............................ .. 
Chromium (Total) ......................... . 
Carbon oxyfluoride ....................... . 

117-81-7 
74-83-9 
101-55-3 
71""'36~ 

7440-47""'3 
353-50-4 

U034 ............. ............................................ Trichloroacetaldehyde (Chloral) ........ "······················ Trichloroacetaldehyde (Chloral) .... 75-S7-6 

U035 ............. ........ ......................... ... ....•... Chlorambucil ..................................... ,....................... Chlorambucil ........ ............ ............. 305--03~ 

U036 

U037 
U038 
U039 
U041 

U042 
U043 
U044 
U045 

......................................................... 

••••••••••u••••••••••••••••••••oo•••••••••••O•"'''''"'' 

......................................................... 

......................................................... 

............................................................ 

......................................................... 

......................................................... 
•••••••• ................................... 0 ............ . 

••••••H•"''"''•••H••••OOOoO• .. O•••••oo•ooo"' 

Chlordane .................................................................. 

Chlorobenzene .................................. , ...................... . 
Chlorobenzilate .... · .......•........•...........• ~: .................... .. 
p-Chloro-m-cresol .................................................... . 
Epichlorohydrin (1-Chloro-2,3-epoxyp_ropane) ......... . 

2-Chloroethyl vinyl ether ................... ; ...................... . 
Vinyl chloride ........................................................... . 
Chloroform ............................................................... . 
Chloromethane (Methyl chloride) ..................... . 

Chlordane (alpha and gamma iso-
mers). 

Chlorobenzene ............................. . 
Chlorobenzilate ............................ . 
p-Chloro-m-cresol ........................ . 
Epichlorohydrin (1-Chloro-2,3-

epoxypropane). 

2-Chloroethyl vinyl ether ....•.......... 
Vinyl chloride ................................ . 
Chloroform .................................. .. 
Chloromethane (Methyl chloride) .. 

57-74-9 

108-90-7 
510-15-6 
59-50-7 
106-89-8 

110-75-8 
75-01-4 
67-66-3 
74-87-3 

(WETOX or CMBST 
CHOXD) lb 
CARBN: or 

CMBST 
0.059 3.4 
0.14 10 

(WETOX or CMBST >rj 
CHOXD) lb ,,, 

0. 
CARBN; or rt> 

""1 
CMBST e. 

(WETOX or CMBST 
;.:i CHOXD) fb ,,, 

CARBN; or cr.:i v;· CMBST ,...... 
0.061 3.4 

ro 
""1 

CHOXD; CHRED: CHOXD; CHRED; ....... 
CARBN; BIODG; orCMBST 

orCMBST 
0,036 7.2 
0,033 6.0 Ol ...... 

(WETOX or CMBST 
CHOXD) lb z 
CARBN; or ~ 

CMBST m 
(WETOX or 7:2 00 

CHOXD) lb ....... 
CARBN; or ~ CMBST 0 

0.28 28 ::i 
0. 

0.11 15 "' 0.055 15 ':<! 
5.6 2.6 )> 
2.77 0.86 mgil TCLP '"d 

(WETOX or CMBST ~ 
CHOXD) lb .oo 
CARBN; or ,_.. 

CMBST <D 
(WETOX or CMBST- {!;) 

Ol CHOXD} lb 
CARBN; or 

CMBST s (WETOXor CMBST 
(!) 

CHOXD) fb "' CARBN; or "' ::l CMBST 0. 
0.0033 0.26 ;.:i ,,, 
0.057 6.0 (1Q 

s 0.10 CM BEST 
~ 0.018 14 
0 (WETOX or CMBST ::i 

GHOXD) lb "' 
CARBN; or 

CMBST 
0.062 CMBST ....... 
0.27 6.0 (Jt 

0.046 6.0 Ci> 
,j::i. 

. 0.19 !10 ....... 



U059 .. _ .......................................•. ~............. Daunomycin .............................................................. Daunomycin .................................. 20830-81-3 

Uoao ODD ......................................................................... . o,p'-000 ...................................... . 

U061 DDT ......................................................................... .. 
p,p'-000 ...................................... . 
o,p'-DDT _ ....................................... . 
p,p'-DDT ....................................... .. 
o,p'-DDD ..................................... .. 
p,p'·DDD ..................................... .. 
o,p'·ODE : ........................... - ......... .. 

U062 ..................... ,................................... Diallate ............................................... : ..................... . 
p,p'-DDE' ...................................... .. 
Diallate ,; ....................................... . 

U063 
U064 

Uo66 
U067 

U068 
U069 
Uo7o 
U071 
U072 
U073 

......................................................... 

......................................................... 

............ ; ........................................... . 
························································· 
......................................................... 
......................................................... 
.......................................................... 
.......................................................... 
......................................................... 
......................................................... 

Dibenz(a,h)anthracene ............................................. Dibenz(a,h)anthracene ................ .. 
Djbenz(a,i)pyrene ......... ............................................. Dibenz(a,i)pyrene ........................ .. 

1,2-Dibromo-3-chloropropane ................................. .. 
Ethylene dibromide ( 1,2-Dibromoethane} ............... .. 

Dibromornethane ..................................................... . 
Di-n-butyl phthalate .................................................. . 
o-Dichlorobenzene ................................................. , .. 
m·Dichlorobenzene .................................. .' .............. .. 
p-Dichlorobenzene ................................................... . 
3,3'-Dichlorobenzidine ............................................ .. 

I 

1.2-Dibromo-3-chloropropane ....... 
Ethylene dibromide (1,2· 

Oibrornoethane). 
Dibromomelhane ......................... . 
Di-n-butyl phthalate ..................... .. 
o-Oichlorobenzene ....................... . 
m-Dichlorobenzene ..................... .. 
p-Dichlorobenzene ...................... .. 
3,3'-0ichlorobenzidine .................. . 

53-19-0 
72-54-8 

789-02-6 
50-29-3 
53-19-0 
72-54-8 

3424-82-6 
72-55-9 

2303-16-4 

53-70-3 
189-55-9 

96-12-8 
106-93-4 

74-95-3 
84-74-2 
95-50-1 
541-73-1 
106-46-7 
91-94-1 

U07 4 ....................................................... ... 1,4·Dichloro·2:butene ............................................... cis-1,4-Dichloro-2-butene .............. 1476-11-5 

U075 
U076 
Uo77 
U078 
U079 
U080 
U081 
U082 
U083 
U084 

Uoas 

......................................................... 

......................................................... 

......................................................... 

......................................................... 

Dichlorodifluoromethane .......................................... . 
1, 1 ·Dichloroethane ................................................... : 
1,2-Dichloroethane ................................................... . 
1, 1-Dichloroethylene ..................................... : .......... . 
1,2-Dichloroethylene ................................................ . 
Methylenli! chloride .................................................. .. 
2,4-Dichlorophenol ................................................... . 
2,6-Dichlorophenol .................................................. .. 
1,2-Dichloropropane ............................................... .. 
1,3-Dichloroproplyene ............................................. .. 

1,2:3,4-Diepoxybutane ............................................ .. 

trans-1,4~Dichloro-2-butene .......... 764-41-0 

Dichlorodifluoromethane .............. . 
1, 1 ·Dichloroethane •• : .................... . 
1,2-Dichloroethane : ............. ......... . 
1, 1-Dichloroethylene · ................... .. 
trans-1,2~Dichloroethylene ........... . 
Methylene chloride ....................... . 
2,4-Dichlprophenol ....................... . 
;!,6-0ichlprophenol ...................... .. 
1,2-Dichlbropropane .................... . 
cis-1,3-Dichloroproplyene ........... .. 
trans-1,3•Dichloroproplyene ......... . 
1,2:3.4-biepoxybutane ................. . 

75-71-8 
75-34-3 
107-06-2 
75-35-4 
156-60-5 
75-09..:2 
120-83-2 
87-65-0 
78-87-5 

10061-01-5 
10061-02-6 ! 
1464-53-5 

.__) 
(WETOX or CMBST 
CHOXO) lb 
CARBN; or 

CMBST 
0.023 0.087 
0.023 0.087 

0.0039 0.087 "Tl 
0.0039 0.087 

<'t> 
0.. 

. 0.023 0.087 
t1) ..., 

0.023 0.087 e. 
0.031 0.087 ::<:I 
0.031 0.087 m 

fJQ 
(WETOX or CMBST v;· -CHOXD} lb m 
CARBN: or 

..., 

....... CMBST 

J 0.055 8.2 
(WETOX or CMBST 
CHOXD) fb en 
CARBN; or ,_. 

CMBST z 
0.11 15 p 
0.028 15 O'l 

00 

0.11 15 ....... 
0.057 28 $'. 
0.088 6.0 0 
0.036 6.0 ::l 

0. 
0,090 6.0 Pl 

(WETOX or CMBST ':< 
CHOXD} fb )> 
CARBN; or "d ..., 

CMBST :::!: 
(WETOX or CMBST _oo 
CHOXD} lb .... 
CARBN; or c:.o 

CMBST c:.o 
. <Tl 

(WETOX or CMBST 

~ CHOXD) fb 
CARBN; or c 

CMBST (;' 

0.23 7.2 
(/) 

0.059 6.0 
Pl 
::l 

0.21 6.0 0. 

0.025 . 6,0 ~ 
m 

0.054 30 (JO 

0.089 30 c -Pl 
0,044 14 c . 
0.044 14 0 

::I 
0.85 18 (II 

0.036 18 
0.036 18 

(WETOX or CMBST ...... 
CHOXD) lb Ul 

CARBN: or en ..,. 
CMBST c.v 



U099 ......................................................... 1,2·Dimethylhydrazine .............................................. 1,2-Dimethylhydrazine ................ .. 

. 
I 

2.4-Dimethylphenol ...................... . U101 ......................................................... 2.4-Dimethylphenol ................................................... . 
U 102 ........ ............ .... ................................. Dimethyl phthalate ........................... ,, ...................... . Dimethyl phthalate ...................... .. 

Dimethyl sullate ........................... . U103 ....................................... :................. Dimethyl sulfate ................................. . 

U105 ............ ;............................................ 2.4·Dinitrololuene ...................................................... 2.4·0initrotoluene ........................ .. 
U106 ......................................................... 2,6·Dinitrotoluene ...................................................... 2,6-Dinilrotoluene ........................ .. 
U108 ......................................................... 1.4-0ioxane ............................................................... 1.4-Dioxane ................................. .. 

1,4-0ioxane; alternate 6 standard 
for nonwastewalers only. 

U109 . .... ... ... . ... ......... ... . . .......... ... ............ ... 1,2-Diphenylhydrazine . ........ ... .................................. 1,2-Diph~nylhydrazine ................ .. 

. ! 
1,2-Diphenylhydrazine; alternates 

standard for waslewaters only. 
U 11 o . .... ... .... .... ............... ........ ... .... ........... Dipropylamine ......................... .................................. Dipropylamine .............................. . 

U111 ......................................................... Di-n-propylnitrosamine .............................................. Di-n-propylnitrosamine ................ .. 
U 112 ..... ... ................................................. Ethyl aceta le ....................................... ...................... Ethyl acetate ................................ . 
U113 ......................................................... Ethyl acrylate ........ :................................................... Ethyl acrylate ............................... . 

U 114 . ....... ................ .............................. ... Ethylenebisdithiocarbamic acid salts and esters ...... Ethylenebisdithiocarbamic acid ... .. 

U115 ... -.................................................... Ethylene oxide .......... .' ...... ~.......................................... Ethylene oxide ............................ .. 

U116 .......................................................... 
Ethylene oxide; alternate e stand

ard for wastewaters only. 
Ethylene thiourea .................................... :.................. Ethylen~ thiourea ........................ .. 

U 117 ......................................................... Ethyl ether ................................................................. Ethyl ether ..................................... . 
U118 ........ ................................................. Ethyl methacrylate .................................................... Ethyl melhacrylate ....................... . 
U119 ......................................................... Ethyl methane sulfonale ........................................... Ethyl methane sulfonale .............. . 

u120 
U121 

............................................................ 
~••••••••••••••••••••••••••••••••••••••••••ow•••••••••••• 

Fluoran!hene ............................................................. Fluoranthene ................................ . 
Ttichloromonofluoromethane .. ............... ................... Ttichloromonolluoromethane ....... . 

540-73-8 

105-67-9 
131-11-3 
77-78-1 

121-14-2 
606-20-2 
123-91-1 

123-91-1 

122-66-7 

122-66-7 

142-84-7 

621-64-7 
141-78-6 
140-SS-5 

111-54-6 

75-21-8 

75-21-8 

96-45-7 

60-29-7 
97-63-2 
62-50-0 

206-44-0 
75-69-4 

CHOXD: CHRED; 
CARBN; 

BIODG; or 
GMBST 
0.036 
0.047 

CHOXD; CHRED; 
CARBN; 

BIOOG; or 
CMBST 

0.32 
0.55 

(WETOX or 
CHOXD) lb 
CARBN; or 

GMBST 
NA 

CHOXO; CHRED; 
CARBN; 

BIODG; or 
CMBST 
0.087 

(WETOX or 
CHOXD) lb 
CARBN; or 

CMBST 
0.40 
0.34 

(WETOX or 
CHOXD) lb 
CARBN; or 

CMBST 
(WETOX or 
CHOXD) fb 
CARBN; or 

CMBST 
(WETOX or 
CHOXD) lb 
CARBN: or 

CMBST 
0.12 

(WETOX or 
CHOXD)fb 
CARBN; or 

CMBST 
0.12 
0.14 

(WETOX or 
CHOXO) lb 
CARBN: or 

CMBST 
0.068 
0.020 

CHOXu, 0HRED; 
or CMBST 

CHOXD. CHRED: 
orCMBST 

14 
28 

CHOXD; CHRED; 
orCMBST 

140 
28 

CMBST 

170 

CHOXO; CHRED; 
orCMBST 

NA 

CMBST 

14 
33 

CMBST 

CMBST 

CHOXD; or 
CMBST 

NA 

CMBST 

160 
160 

CMBST 

3.4 
30 

z 
9 
en 
00 

00 

...... 
<.O 
<.O 
en 



I : 

\L \ , 
~ 

U 143 ... . . ... ......... ... ....... .... .......................... Lasiocarpine .............. ............... ........... ...................... Lasiocarpine ......... ............ ............. 303-34-4 

U144 
U145 
U146 
U147 

Lead ace tale ............................................................ . 
Lead phosphate ....................................................... . 
lead subacetate ................................ ......... : .. .......... . 
Maleic anhydride ...................................................... . 

Lead ........................................... . 
lead ...... , ...................................... . 
Lead ...... \ ...................................... . 
Maleic anhydride .......................... . 

7439-92-1 
7439-92-1 
7439-92-1 
108-31-6 

U148 ......................................................... Maleic hydrazide ....................................................... Maleic hyi;lrazide ........................... 123-33-1 

U149 ......................................................... Malononitrile .............................................................. Malononitrile .................................. 109-77-'3 

U150 ............... :......................................... Melphalai:i ................................................................. Melphalan 

U151 ........................................................ . 

U152 
U153 

U 151 (mercury) nonwastewaters that contain great
er than or equal to 260 mg/kg total mercury. 

U 151 (mercury) nonwastewaters that. contain less 
than 260 mg/kg total mercury and that are resi-
dues from RMERC only. . 

U151 (mercury) nonwastewaters that: contain less 
than 260 mg/kg total mercury and· that are not 
residues from RMERC. 

All U 151 (mercury) wastewaters ............................. . 
Elel)'lental Mercury Contaminated with Radioactive 

materials. 
Methacrylonitrile .................................. J .................... . 

Methanethiol ........................................................... .. 

Mercury ........................................ . 

Mercury ....................................... .. 
i 

Mercury .1 ....................................... . 

I Mercury 1 ....................................... . 

Mercury : ...................................... .. 

Methacrylonihila ........................... . 
Methanethiol ................................ . 

148-82-'3 

7439-97-6 

7439-97-6 

7439-97-6 

7439-97-6 
7439-97-6 

126-98-7 
74-93-1 

U154 ......................................................... Methanol ................................................................... Methanol ....................................... 67-56-1 

U155 
U156 ......................................................... . 

U157 
U158 
U159 
U160 

.................................. ,u ............................................. . 

· Methapyrilene .......................................................... . 
Methyl chlorocarbonate ........................................... . 

3-Methylcholanthrene .............................................. . 
4,4'-Methylene bis(2-chloroaniline) ......................... .. 
Methyl ethyl ketone .................................................. . 
Methyl ethyl ketone peroxide ................................... . 

Methanol, alternate a set of stand
ards for both wastewaters and 
nonwa5tewaters. 

Methapytilene .............................. . 
Methyl c~lorocarbonate ................ . 

3-Methylcholanthrene ................... . 
4,4'-Methylene bis(2-chloroaniline) 
Methyl ethyl ketone ...................... . 
Methyl ethyl ketone peroxide ...... .. 

67-56-1 

91-80-5 
79-22-1 

56-49-5 
101-14-4 
78-93-3 

1338-23-4 

(WETOX or 
CHOXD) lb 
CARBN;.or 

CMBST 
0.69 
0.69 
0.69 

(WETOX or 
CHOXD) lb 
CARBN; or 

CMBST 
(WETOX or 
CHOXD) lb 
CARBN; or 

CMBST 
(WETOX or 
CHOXD)lb 
CARBN; or 

CMBST 
(WETOX or 
CHOXD)lb 
CARBN; or 

CMBST 
NA 

NA 

NA 

0.15 
NA 

0.24 
(WETOX or 
CHOXD) lb 
CARBN; or 

CMBST 
(WETOX or 
CHOXD) lb 
CARBN; or 

CMBST 
5.a 

0.081 
(WETOX or 
CHOXD) lb 
CARBN; or 

CMBST 
0.0055 

0.50 
0.28 

CHOXD; CHRED; 
CARBN; 

BIODG; OR 
CMBST 

-~) 

CMBST 

0 37 mg.1 TCLP 
0 37 mu.1 TCLP 
0.37 mgll TCLP ...,.., 

CMBST rtJ 
0.. 
(1) .., 
~ 

::0 CMBST (1) 

a::. 
"' ...... 
11) .., 

CMBST 

~ 
CMBST Ol ,_. 

z 
? 

RMERC en 
00 

0.20 mg/I TCLP '-
'?' 

""' 0 

0.025 mg/I TCLP ::i 
0.. 

~ 
NA )> 

AMLGM 'i::l 

~ 
84 ~ 

CMBST 
c.o 
c.o 
-:\ 

CMBST ._,,) 
:;o 
c: ,__ 
11) 

"' 0.75 mg/I TCLP P> 
~ 
c... 

1.5 
:;.J 
11) 

CMBST (JQ 

E.. 
P> ..... c;· 
:::i 

15 fJJ 

30 
36 

CHOXD; CHRED; ,_. 
OR CMBST (J1 

Cl'> 
~-

-.J 



U182 ......................................................... Paraldehyde .............................................................. Paralde~yde .................................. 123-63-7 

U183 
U184 

U185 
U186 

U187 
U188 
U189 

U190 

.......................................................... 

................................... '"''•················· 

•Oo•t•Ho••••••••••••••o .. ooo .. o .. oouooooouo••••••oo•oo 

....................................................... u 

......................................... ., ......... 0 •••• 

..................................................... uooo 

............................................... u •••••••• 

.............................................. , .......... . 

Pentachlorobenzene ............................... ........... ... .... Pentachlorobenzene ................... .. 
Pentachloroethane ... ................ ........... ................... ... Pentachloroethane ....................... . 

' 
Pentachloronitmbenzene ......................................... . 
1 ,3-Pentadiene ..................................................... . 

Pentachloroelhane; allemale 6 

standards for both wastewaters 
and nonwastewaters. 

Pentachloronitrobenzene ............ .. 
1,3-Pentadiene ............................. . 

Phenacetin ............... ................................................. Phenacetin ............... - ................. .. 
Phenol . ... . .. .... .... .... ... .... .... .... .... ... .... .... .... .... ......... ..... Phenol .......................................... . 
Phosphorus sulfide ................................................... Phosphorus sulfide ..................... .. 

Phthalic anhydride (measured as Phthalic acid or 
Terephthalic acid). 

Phthalic anhydride (measured as 
Phthalic acid or Terephthalic 
acid). 

608-93-5 
76-01-7 

76-01-7 

82-68-8 
504-60-9 

62-44-2 
108-95-2 
1314-80-3 

100-21-0 

U191 ......................................................... 2-Picoline ................................................................. . 
Phthalic anhydride ...................... .. 
2-Picoline ..................................... . 

85-44-9 
109--06-8 

U192 
U193 

......................................................... 
························································· 

Pronamide ..... .............................................. ....... ....... Pron amide ..................................... 23950-58-5 
1,3-Propane sultone ................................................. 1,3-Propane sultone ..................... 1120-71-4 

U194 ..................................... :................... n-Propylamine ................... :....................................... n-Propylamine ............................... 107-10-8 

U196 
U197 

••n••••~••••••••••••••o•••••o•u., 00••••••••000•00000•0• 

............................ "''''''''''''''''''''''''''' 
Pyridine ..................................................................... Pyridine ....................................... .. 
p-Benzoquinone ...................... ............... ................... p~Benzoquinone .......................... .. 

110-86-1 
106-51-4 

U200 ..... ... ..... ... ....................... .................. Reserpine .................................................................. Reserpine ...................................... 50-55-5 

U201 . ........................................................ Resorcinol ................................................................. Resorcinol ..................................... 108-46-3 

U202 ......................................................... Saccharin and salts .. _................................................ Saccharin ...................................... 81-07-2 

U203 ........................................................ . 
U204 ....................................................... .. 
U205 .. ..................................... -........... . 

Safrole ....................................................................... Safrole .......................................... . 
Selenium dioxide ...................................................... Selenium ............... : ..................... .. 
Selenium sulfide ................................................ Selenium ...................................... . 

94-59-7 
7782-49-2 
7782-49-2 

(WETOX or 
CHOXD) fb 
CARBN: or 

CMBST 
0.055 

(WETOX or 
CHOXD) fb 
CARBN; or 

CMBST 
0.055 

0.055 
(WETOX or 
CHOXD) lb 
CARBN; or 

CMBST 
0.081 
0.039 

CHOXD, CHRED, 
orCMBST 

0.055 

0.055 
(WETOX or 
CHOXD) fb 
CARBN; or 

CMBST 
0.093 

(WETOX or 
CHOXD) lb 
CARBN; or 

CMBST 
(WETOX or 
CHOXD) fb 
CARBN; or 

CMBST 
0.014 

(WETOX or 
CHOXD) fb 
CARBN; or 

CMBST 
(WETOX or 
CHOXD) lb 
CARBN; or 

CMBST 
(WETOX or 
CHOXD) lb 
CARBN; or 

CMBST 
(WETOX or 
CHOXD) lb 
CARBN; or 

CMBST 
0.081 
0.82 
0.82 

CMBST 

10 
CMBST 

6.0 

4.8 
CMBST 

16 
6.2 

GHOXD, CHRED, 
orCMBST 

28 

28 
CMBST 

. 1.5 
CMBST 

CMBST 

16 
CMBST 

CMBST 

CMBST 

CMBST 

22 
0.16 mg/I TCLP 
0.16 ~ TGLP 

.oo 



"''~ ·f'n, 'I' .J\,' 

L 
U235 

U236 

I 

~J 

tris-(2,3-0ibromoprophyl)-phosphate ........................ tris-(2,3-0ibromoprophyl)-phos-
phate. 1 

Trypan Blue .............................................................. Trypan Blye ................................. .. 

U237 ..... .................................................... Uracil mustard .............. ............................................. Uracil mustard ............................. .. 

U238 ······;·················································· UreUiane (Ethyl carbamate) ..................................... Urethane (Ethyl carbamate) ......... . 

U239 . . ... ... .. .. ........ .... ....... .... ....... ............... Xylenes .................................................................... . Xylenes-mixed isomers (sum of o
. m-, and p-xylene concentra· 
lions). : 

U240 ..... ... ....... ......... ............... ... .... ........ ... 2,4-0 (2,4-Dichlorophenoxyacetic acid) ................. .. 2,4-0 (2,ii-Dichlorophenoxyacetic 
acid). : 

U243 
U244 

U246 

U247 
U248 

U249 

U271 
U277 
U279 
U280 
U328 

......................................................... 

,,.,,,,,,,,,,,,,Hooooo•••••••••"''uo•••••••••,.""*-''' 

2.4-D (2,4-Dichlorophenoxyacetic acid) salts and 
esters. 

............... , ...................................... . 

Hexachloropropylene ........... ....... ........................... ... Hexachlorbpropylene ................... . 
Thi ram ....................................................................... Thiram .......................................... . 

Cyanogen bromide .. ................................................. Cyanogen bromide ....................... . 

Methoxychlor ....................................... ...................... Methoxychlor ................................ . 
Warfarin, & salts, when present at concentrations Warfarin ........................................ . 

of 0.3% or less. 

Zinc phosphide, Zn3P2, when present at concentra-
tions of 10% or less. 

Zinc Phosphide ........................... .. 

Benomyl .................................................................. .. 
Sulfallate ................................................................. .. 

Benomyl ....................................... . 
Sullallate ..................................... .. 

Carbary! ................................................................... . 
Barban ..................................................................... . 

Carbary! ....................................... .. 
Barban ........................................ .. 

o-Toluidine ............................................................... . o-Toluidine .................................. .. 

126-72-7 

72-57-1 

66-75-1 

51-79~ 

1330-2(}-7 

94-75-7 

NA 

1888-71-7 
137-26-8 

506-68-3 

72-43-5 
81-81-2 

1314-84-:-7 

17804-35-2 
95-06-7 
63-25-2 
101-27-9 
95-53-4 

U353 ......................................................... p-Toluidine ................................................................ p·Toluidine .................................... 106-49-0 

U359 .............................................. .. :........ 2-Ethoxyethanol ....... ............ ... .................................. 2-Ethoxyethanol .......... .................. 11 (}-80-5 

,_) 
0.11 0.10 

(WETOX or CMBST 
CHOXD) lb 
CARBN; or 

CMBST 
(WETOX or CMBST 'i:j 
CHOXO) lb ro 

0.. 
CARBN: or C1l 

'"1 
CMBST ~ 

(WETOX or CMBST 
:;cl CHOXD) lb rt> 

CARBN: or {TC 

c;:;· 
CMBST ..... 

0.32 30 ro .., 
....... 

0.72 10 
. \ 
S.-1 

(WETOX or CMBST OJ .... 
CHOXD) lb 
CARBN; or z 

CMBST p 
0.035 30 o; 

(WETOX or CMBST 00 

CHOXO) lb ....... 
CARBN; or ~ 

CMBST 0 

CHOXD: WETOX: CHOXD, WETOX; :i 
a.. 

or CMBST orCMBST Ill 

0.25 0.18 ':.< 
{WETOX or CMBST )> 
CHOXD) lb "O 

CARBN: or 2: 
CMBST . !;¥J 

CHOXD; CHRED; CHOXD: CHRED; 
or CMBST orCMBST tO 

0.056 1.4 (0 
en 

0.056 1.4 
\ 

0.006 0.14 >..,.,..,.,/ 
0.056 1.4 

CMBST; or CMBST s 
(!) 

CHOXO lb UI 

{BIODG or Ill 
:i CARBN); or 0.. 

BIODG lb 
?;:I 

CARBN. (!) 

CMBST; or CMBST (IQ 

s CHOXD lb Ill 
(BIODG or .... a· 
CARBN); or ::l 
BIODG lb (/l 

CARBN. 
CMBST: or CMBST 
CHOXD lb ...... 
{BIODG or Ul 

en CARBN); or LJl 
BIODG lb CARBN ...... 



U399 

U400 
U401 
U402 
U403 
U404 
U405 
U406 
U407 
U408 

Dithioc;arbamatgs (total) ........................................... . 
Nickel ....................................................................... . 
Dithiocarbamates (total) ........................................... . 
Dithiocarbamates (total) .......................................... .. 
Oilhiocarbamates (total) ........................................... . 
Dithiocarbamates (total) ........................................... . 
Triethylamine .......................................................... .. 
Dithiocarbamates (total) .......................................... .. 
Dithiocaroamates (total) ........................................... . 
Dithiocarbamales (total) ........................................... . 
2,4,6-Tribromophenol ............................................... . 

Dithiocarbamates (total) ............... . 
Nickel ........................................... . 
Dithiocarbamates (total) .............. .. 
Dithiocarbamates (total) ............... . 
Dilhiocarbamates (total) .............. .. 
Dithiocarbamates (total) ............... . 
Triethylamine ............................... .. 
Dithiocarbamates.(total) .............. .. 
Dithiocarbamates (total) .......... ; .... . 
Dithiocarbamates (total) ............... . 
2,4,6·Tribromophenol .................. .. 

NA 
7440--02-0 

NA 
NA 
NA 
NA 

121-44-8 
NA 
NA 
NA 

118-79-6 

0.028 
3.98 

0.028 
0.028 
0.028 
0.028 
0.081 
0.028 
0.028 
0.028 
0.035 

28 
5.0 mg/I TCLP 

28 
28 
28 
28 
1.5 
28 
28 
28 
7.4 

Notes to Table: I 
1 The waste descriptions provided in this table do not repiace waste descriptions in 40 CFR part 261. Desbriptions of Treatmenl/Regulatory Subcategories are provided, as needed, to dis· 

tinguish betweenapplicabilily of different standards. I 
2 CAS means Chemical Abstrac;t Services. When the waste code and/or regulated constituents are descri!ied as a combination of a chemical with it's salts and/or esters, the CAS number 

is given for the parent.compound only. I 
3 Conc;entration standards for wastewaters are expressed in mg/I and are based on analysis of composite .samples. 
4 All treatment standards expressed as a Technology Code or combination of Technology Codes are explained in detail in 40 CFR 268.42 Table 1-Technology Codes and Descriptions of 

Technology-Based Standards. I 
5 Except for Metals (EP or TCLP) and Cyanides (Total and Amenable) the nonwastewater treatment standards expressed as a concentration were established, in part, based upon inciner

ation in units operated in accordance with the technical requirements of 40 CFR Part 264, Subpart 0, or Part 265, Subpart 0, or based upon combustion in fuel substitution units operating 
in accordance with applicable technical requirements. A fac;ility may comply with these treatment standa~s according to provisions in 40 CFR 268.40(d). All concentration standards for 
nonwaslewaters are based on analysis of grab samples, J 

!.Where an alternate treatment standard or set of alternate standards has been indicated, a facility may icomply with this alternate standard, but only for the Treatment/Regulatory Sub· 
category or physical form (i.e., wastewater and/or nonwastewater) spec;ilied for !hat alternate standard. 1 

7 Both Cyanides (Total) and Cyanides (Amenable) for nonwastewaters are to be analyzed using Method 9q10 or 9012, found in "Test Methods for Evaluating Solid Waste, Physical/Chemi
cal Methods", EPA Publication SW-846, as incorporated by reference in 40 CFR 260.11, with a sample size;of 10 grams and a distillation time of one hour and 15 minutes. 

a As an alternative lo these standards, the underlying hazardous constituents in the waste must meet a CWA limitation, which can include a toxic pollutant indicator for the constituent; 
Pretreatment Standards for Existing Sources; Pretreatment Standards for New Sources; local limitations based upon a pass-through determination; or a Fundamentally Different Factors vari-
ance under 40 CFR 125.30-125.32. ! · 

(j) -

_oo 

....... 
(J1 
(j} 
(J1 
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UNIVERSAL TREATMENT STANDARDS-Continued 
[Note: NA means not applicable.) 

Regulated constituent/common name 

alpha-BHC .............................................................................................................. . 
beta-BHC ................................................................................................................ . 
delta-BHC ............................................................................................................... . 
gamma-BHC ........................................................................................................... . 

Bromodichlorornethane ........................................................................................ : ........ . 
Bromornethane/Methyl bromide ................................................................................... .. 
4-Brornophenyl phenyl ether ......................................................................................... . 
n-Butyl alcohol .............................................................................................................. .. 
Butyl benzyl phthalate .................................................................................................. .. 
Butylate ......................................................................................................................... .. 
2-sec-Butyl-4,6-dinitrophenol/Dinoseb ......................................................................... .. 
Carbaiyl .................................. ; ...................................................................................... . 
Carbenzadim ................................................................................................................ .. 
Carbofuran ..................................................................................................................... . 
Carbofuran phenol ........................................................................................................ .. 
Carbon disulfide ............................................................................................................ . 
Carbon tetrachloride ...................................................................................................... . 
Carbosulfan ................................................................................................................... . 
Chlordane (alpha and gamma isomers) ...................................................................... .. 
p-Chloroaniline .............................................................................................................. . 
Chlorobenzene ................................................................................................................ . 
Chlorobenzilate ...... :······ .. ·•·•·u.•J••••,,.,_,,.,,,,..,,,.=.,,, ..•. ,,, .• ,_,,,,,,c • .._ •. ,,.,, •. ,.,,,., ... ,,,.,,,,,.,_,,,!,~~-,,:•:•·::::.:· .... :... 
2-Chloro-1,3-butadiene .................................................................................................. . 
Chlorodibromornethane ................................................................................................. . 
Chloroethane ................................................................................................................. . 
bis(2-Chloroethoxy)rnethane ........................................................................................ .. 
bis(2-Chloroethyl)ether ................................................................................................... . 
2-Chloroethyl vinyl ether .............................................................................................. .. 
Chlorofoml ..................................................................................................................... . 
bis(2-Chloroisopropyl)ether .......................................................................................... .. 
p-Chloro-m-cresol ................. : ................................................. , ........... , ..•• , .................... .. 
Chloromethane/Methyl chloride ..................................................................................... . 
2·-ch1o·roifaphthalen1r· .............. ; .......................... ~.: ..... ;;;: ... ; ....... : ................................. . 
2-Chlorophenol ............................................................................................................. .. 
3-Chloropropylene ........................................................................................................ .. 
Chrysene ....................................................................................................................... . 
o-Cresol ........................................................................................................................ .. 
m-Cresol (difficult to distinguish from p-cresol) ........................................................... .. 
p-Cresol {difficult to distinguish from m-cresol) ............................................... ; ............ . 
m-Cumenyl methylcarbamate ....................................................................................... . 
Cycloate ......................................................................................................................... . 
Cyclohexanone .............................................................................................................. . 
o,p'·DDD ....................................................................................................................... .. 
p,p'-DDD ........................................................................................................................ . 
o,p'·DDE .................................................................................. : ..................................... . 
p,p'-DDE ........................................................................................................................ . 
o,p'·DDT ........................................................................................................................ . 
p,p'·DDT ........................................................................................................................ . 
Dibenz(a,h)anthracene ................................................................................................. .. 
Dibenz(a,e)pyrene ......................................................................................................... . 
1 ,2-Dibromo-3-chloropropane ....................................................................................... . 
1,2-Dibrornoethane/Ethylene dibromide ........................................................................ .. 
Dibrornomethane .............................................................................................. , ........... .. 
m-Dichlorobenzene ...................................................................................................... .. 
o·Dichlorobenzene ........................................................................................................ . 
p-Dichlorobenzene ....................................................................................................... .. 
Dichlorodifluoromethane ................................................................................................ . 
1 , 1-Dichloroethane ........................................................................................................ . 
1,2-Dichloroethane ........................................................................................................ . 
1, 1-Dichloroethylene ...................................................................................................... . 
trans-1,2-Dichloroethylene ............. , ............................................................................. .. 
2,4-Dichlorophenol ....................................................................................................... .. 
2,6-Dichlorophenol ....................................................................................................... .. 
2,4·Dichlorophenoxyacetic acid/2,4·D ........................................................................... . 
1.2-Dichloropropane ..................................................................................................... .. 

15655 
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UNIVERSAL TREAThlENT STANDARDS-Continued 
[Note: NA means not applicable.] 

Regulated constituenVcomrnon name 

Methyl isobutyl ketone .................................................................. : ............................... .. 
Methyl rnethacrylate ...................................................................................................... . 
Methyl methansulfonate ................................................................................................ . 
Methyl parathion ............................................................................................................ . 
3-Methylchlolanthrene .................................................................................................. .. 
4,4-Methylene bis(2-chloroaniline ................................................................................ .. 
Methylene chloride ....................................................................................................... .. 
Metolcarb ....................................................................................................................... . 
Me:xacarbate .................................................................................................................. . 
Molinate ......................................................................................................................... . 
Naphthalene .................................................................................................................. . 

~~~~r:;~ri1~:1~~ •• :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
p-Nitroaniline ................................................................................................................. . 
Nitrobenzene ................................................................................................................. . 
5-Nitro-o-toluidine .......................................................................................................... . 
o-Nitrophenof ........... ; ........................................................................................ , ............ . 
p-Nitrophenol ....................................................................... , ........................................ .. 
N-Nitrosodiethylamine ................................................................................................... . 
N-Nitrosodimethylamine ... ~ ............................................................................................ . 
N-Nitroso-di-n-butylamine .............................................................................................. . 
N-Nitrosome1hylethylamine .......................................................................................... .. 
N-N!troson:orp_h?line ...................................................................................................... . 
N-N1trosop1pendine ........................................................................................................ . 
N-Nitrosopyrrolidine ....................................................................................................... . 
Oxamyl ......................................................................................................................... .. 
Parathion ...................................................................................................................... .. 
Total PCBs (sum of all PCB isomers, or all Aroclors) .................................................. . 
Pebulate ........................................................................................................................ . 
Pentachlorobenzene ~ ..................................................................................................... . 
PeCDDs (All Pentachlorodibenzo-p-dioxins) ................................................................ . 
PeCDFs (All Pentachlorodibenzofurans) ...................................................................... . 
Pentachloroefhane · .................................................................................................... :~ ... -
Pentachloroni!robenzene .............................................................................................. .. 
Pentachlorophenol ......................................................................................................... . 
Phenacetin .................................................................................. ; .................................. . 
Phenanthrene ................................................................................................................ . 
Phenol .......................................................................................................................... .. 
o-Phenylenediamine ...................................................................................................... . 
Phorate .......................................................................................................................... . 
Phthalic acid .................................................................................................................. . 
Phthalic anhydride ........................................................................................................ .. 
Physostigrnine ............................................................................................................... . 
Physostigmine salicylate ............................................................................................... . 
Promecarb ..................................................................................................................... . 
Pronamide ..................................................................................................................... . 
Propham ........................................................................................................................ . 
Propoxur ........................................................................................................................ . 
Prosulfocarb .................................................................................................................. . 
Pyrene ........................................................................................................................... . 
Pyridine .......................................................................................................................... . 
Safrole .......................................................................................................................... .. 
Silvex/2,4,5-TP ............................................................................................................. .. 
1,2,4,5-Tetrachlorobenzene ......................................................................................... .. 
TCDDs (All Tetrachlorodibenzo-p-dioxins) .................................................................... . 
TCDFs (All Tetrachlorodibenzofurans) ......................................................................... .. 
1, 1, 1,2-Tetrachloroethane ............................................................................. ; ............... . 
1,1,2,2-Tetrachloroethane ............................................................................................. . 
Tetrachloroethylene ....................................................................................................... . 
2,3,4,6-Tetrachlorophenol ............................................................................................. .. 
Thiodicarb ...................................................................................................................... . 
Thiophanate-methyl ....................................................................................................... . 
Tirpate ........................................................................................................................... . 
Toluene .......................................................................................................................... . 
Toxaphene .................................................................................................................... .. 

CAS 1 number 

108-10-1 
8o-62-6 
66-27-3 

298-00-0 
56-49-5 

101-14-4 
75--09-2 

1129-41-5 
315-18-4 

2212-67-1 
91-20-3 
91-59-8 
88-74-4 

100-01-6 
98-95-3 
99-55-8 
88-75-5 

100-02-7 
55-18-5 
62-75-9 

924-16-3 
10595-95-6 

59-89-2 
100-75-4 
930-55-2 

23135-22--0 
56-38-2 

1336--36-J 
1114-71-2 
608-93-5 

NA. 
NA 

- - 76--01-7··· -
82-68-8 
87-86-5 
62-44-2 
85-01-8 

108-95-2 
95-54-5 

298-02-2 
100-21-0 
85-44-9 
57-47-6 
57-64-7 

2631-37-0 
23950-58-5 

122-42-9 
114-26--1 

52888-80-S 
129-00-0 
110-86--1 
94-59-7 
93-72-1 
95-94-J 

NA 
NA 

630-20-6 
79-34-5 

127-18-4 
58-90-2 

59669-26--0 
23564-05--8 
26419-73-8 

108-88-J 
8001-35-2 

Wastewater 
standard 

Concentration 
in mg/1 2 

0.14 
0.14 
0.018 
0.014 
0.0055 
0.50 
0.089 
0.056 
·o.o56 
0.003 
0.059 
0.52 
0.27 
0.028 
0.068 
0.32 
0.028 
0.12 
0.40 
0.40 
0.40 
0.40 
0.40 
0.013 
0.013 
0.056 
0.014 
0.10 
0.003 
0.055 
0.000063 
0.000035 

-0:055· 

Nonwastewater 
standard 

Concentration in 
mg/kg 3 unless 
noted as "mg/I 

TCLP" 

33 
160 
NA 
4.6 
15 
30 
30 
1.4 
1.4 
1.4 
5.6 
NA 
14 
28 
14 
28 
13 
29 
28 
2.3 
17 
2.3· 
2.3 
35 
35 
0.28 
4.6 
10 
1.4 
10 
0.001 
0.001 

·-6.0 
4.8 
7.4 
16 
5.6 
6.2 
5.6 
4.6 
28 
28 
1.4 
1.4 
1.4 
1.5 
1.4 
1.4 
1.4 
8.2 
16 
22 
7.9 
14 
0.001 
0.001 
6.0 
6.0 
6.0 
7.4 
1.4 
1.4 

0.055 
0.089 
0.081 
0.059 
0.039 
0.056 
0.021 
0.055 
0.055 
0.056 
0.056 
0.056 
0.093 
0.056 
0.056 
0.003 
0.067 
0.014 
0.081 
0.72 
0.055 
0.000063 
0.000063 
0.057 
0.057 
0.056 
0.030 
0.019 
0.056 
0.056 
0.080 
0.0095 I 

0.28 
10 
2.6 
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Federal Register ivoI. 61, No. 68 I Monday, April 8, 19~ ); Rules and Regulations 15659 

APPENDIX XI TO PART 268-METAL BEARING WASTES PROHIBITED FROM DILUTION IN A COMBUSTION UNIT ACCORDING 
TO 40 CFR 268.3(c) 1-eontinued 

Waste code Waste description 

FOOS ..................................... Wastewater trEatment sludges from electroplating operations except from the following processes: (1) sulfuric 
acid anodizing of aluminum; (2) tin plating carbon steel; (3) zinc plating (segregated basis) on carbon steel; (4} 
aluminum or zinc-plating on carbon steel; (5) cleaning/stripping associated with tin, zinc and aluminum plating 
on carbon steel; and (6) chemical etching and milling of aluminum. · 

F007 ..................................... Spent cyanide plating bath solutions from electroplating operations. 
FOOS ..................................... Plating bath residues from the bottom of plating baths from electroplating operations where cyanides are used' in 

the process. 
F009 ..................................... Spent stripping arid cleaning bath solutions from electroplating operations where cyanides are used in the proc-

ess. 
F010 ..................................... Quenching bath residues from oil baths from metal treating operations where cyanides are used in the process. 
F011 ..................................... Spent cyanide solutions from salt bath pot cleaning from metal heat treating operations. 
F012 ..................................... Quenching waste water treatment sludges from metal heat treating operations where cyanides are used in the 

process. 
F019 ..................................... Wastewater treatment sludges from the chemical conversion coating of aluminum except from zirconium 

phosphating in aluminum car washing when such phosphating is an exclusive conversion coating process. 
K002 ..................................... Wastewater treatment sludge from the production of chrome yellow and orange pigments. 
K003 ..................................... Wastewater treatment sludge from the production of molybdate orange pigments. 
K004 ..................................... Wastewater treatment sludge from the production of zinc yellow pigments. 
KOOS ..................................... Wastewater treatment sludge from the production of chrome green pigments. 
KOOS ..................................... Wastewater treatment sludge from the production of chrome oxide green pigments (anhydrous and hydrated). 
K007 ..................................... Wastewater treatment sludge from the production of iron blue pigments. 
KOOS ..................................... Oven residue from the production of chrome oxide green pigments. 
K061 ..................................... Emission control dust/sludge from the primary production of steel in electric furnaces. 
K069 ..................................... Emission control dust/sludge from secondary lead smelting. 
K071 ..................................... Brine purification muds from the mercury cell processes in chlorine production, where separately prepurified brine 

is not used. 
K100 :.................................... Waste leaching solution from acid leaching of emission control dust/sludge from secondary lead smelting. 
K106 ... .'::~.:: ..... ~-::~:::.: ....... : .. :::-· ·-Sludges-lfoiii the m·ercury cell process e's fcir iil'akirig chlorine:· 
P010 ..................................... Arsenic acid H:;AsQ4 
P011 ....... : ............................. Arsenic oxide As20s 
P012 ..................................... Arsenic trioxide 
P013 ..................................... Barium cyanide 
P015 ..................................... Beryllium 
P029 .................................... : Copper cyanide Cu(CN} 
P074 ..................................... Nickel cyanide Ni(CNh 
P087 ..................................... Osmium tetroxide 
P099 ..................................... Potassium silver cyanide 
P104 ..................................... Silver cyanide 
P113 ..................................... Thallic oxide 
P114 .................... :................ Thallium (I) selenite 
P115 ..................................... Thallium (I) sulfate 
P119 ..................................... Ammonium vanadate 
P120 ..................................... Vanadium oxide V20s 
P121 ..................................... Zinc cyanide. 
U032 ..................................... Calcium chromate. 
U145 ..................................... Lead phosphate. 
U151 ........................... :......... Mercury. 
U204 .............................. ....... Se Jenious acid. 
U205 ..................................... Selenium disulfide. 
U216 ..................................... Thallium (I) chloride. 
U217 ................... ................... Thallium (I) nitrate. 

1 A combustion unit is defined as any thermal technology subject to 40 CFR part· 264, subpart O; Part 265, subpart O; and/or 266, subpart H. 

PART 271-REQUIREMENTS FOR AUTHORIZATION OF STATE HAZARDOUS WASTE PROGRAMS 

21. The authority citation for part 271 continues to read as follows: 

Authority: 42 U.S.C. 6905, 6912(a) and 6926. 

Subpart A-Requirements for Final Authorization 

22. Section 271.10) is amended by adding the following entries to Table 1 in chronological order by date of publication 
in the Federal Register, and by adding the fol1owing entries to Table 2 in chronologjca] order by effective date in 
the Federal Register to read as follows: 

-:0 § 271.1 Purpose and scope. 

.. 
0) * * * 
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PROCESS SCHEMATIC 
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RLWTF TREATMENT UNITS 

SCALED FLOOR PLAN 
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The Radioactive Liquid Waste Treatment Facility (RLWTF) consists of: (a) an underground collection 

system that conveys water to Technical Area (TA) 50 from generators at LANI:., (b) structures at TA-50, 

and (c) the Zero Liquid Discharge Solar Evaporation Tanks at TA-52. At TA- 50, Building 50-01 is the 

primary structure; it houses treatment equipment, process tanks, analytical laboratories, and offices. 

Adjacent TA-50 structures primarily provide for additional water storage: 50-02 (influent), 50-66 (influent), 

50-90 (influent), 50-248 (secondary waters), and 50-250 (emergency). 

The RLWTF receives and treats radioactive liquid waste (RLW) from generators at Los Alamos National 

Laboratory. RLW includes small volumes, less than one percent of total influent, that are also 

characteristically hazardous for corrosivity, which are treated using elementary neutralization. The 

RLWTF has (1) a main treatment process for low-level RLW, (2) a process for treating transuranic RLW, 

and (3) a secondary treatment process for waste streams from both the low-level and transuranic 

processes. The units Within each of these process lines are summarized in Table 1 and described in the 

paragraphs that follow. Table 2 provides additional information for each unit operation, including location, 

treatment and storage vessels, construction materials, and sizes. 

T bl 1 S a e : ummaryo f RLWTFT t rea men tu "t ms 

Unit Operation Location 

Main Treatment: 
M1 Collection System TA-03,35,~8,50,55,59 

M2 Influent Storage 50-02, 50-90 

M3 Emergency Influent Storage 50-250 

M4 Clarifiers 50-01 

M5 Gravity Filter 50-01 

M6 Pressure Filters 50-01 

M7 Perchlorate Ion Exchange 50-01 

MB Primary Reverse Osmosis 50-01 

M9 Polishing Ion Exchange 50-01 

M10 Effluent Storage 50-01, 50-02 

M11 Effluent Evaporator 50-257 

M11 Zero Liquid Discharge Solar Evaporation Tanks TA-52 

M11 NPDES Outfall #051 Mortandad Canyon 

Transuranic: 
T1 Collection System T A-50, T A-55 

T2 Influent Storage 50-66 

T3 Treatment 50-01 
·r4 Drum Tumbling 50-01 

T5 Effluent Storaoe 50-01 

Secondary Treatment: 
S1 Secondary Reverse Osmosis 50-01 

82 Rotary Vacuum Filter 50-01 

S3 Bottoms Disposal 50-248. 
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MAIN TREATMENT PROCESS 
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The main treatment process consists of influent collection and storage, the treatment of low-level RLW, 

and the discharge of treated water to the environment. Treatment steps include clarification, filtration, ion· 

exchange, and reverse osmosis. Discharge to the environment is via NPDES Outfall #051, solar 

evaporation at the TA-52 Zero Liquid Discharge (ZLD) Solar EvaporatioriTanks, or mechanical 

evaporation at TA-50-257. Two secondary streams are generated by primary treatment, sludge and 

rever.se osmosis concentrate; they are sent to the secondary treatment process. 

M1. Radioactive Liquid Waste Collection System 

The majority of RLW is transferred by direct pipeline between generator facilities and the RLW.TF. The 

remaining RLW, typically less than 1,000 gallons per month, is transferred from small generators via 

truck. The pipeline system, installed in 1982, connects the T A-50 RLWTF to buildings in six TAs using 

approximately four miles of underground piping. Piping is essentially an un.derground pipeline within a 

pipeline. Primary piping is six- or eight-inch-diameter polyethylene encased within 10- or 12-inch 

polyethylene secondary piping. The primary piping transitions to stainless steel in each of the 62 . . 
underground valve stations (also referred to as vaults), then back to polyethylene. Underground vaults 

are equipped with leak detection sensors that are linked electronically to the RLWTF control room. 

M2. Influent Storage 

Influent flows from vault 50-72 through the neutralization tank (TK-13) in Room 16 of TA-50-01, and then 

beneath the RLWTF into the influent tanks at building 50-02. There are two influent tanks, an in-ground 

concrete vessel with a capacity of 75,000 gallons, and a 17 ,000-galllon steel vessel set within a below

grade concrete containment vault. Influent may also be stored in Structure 50-90, which is an above

ground steel vessel with secondary containment and a capacity of 100,000 gallons. Low-level influent 

may be subjected to pH adjustment and/or oxidation. Typically, sodium hydroxide (25% solution) is used 

to adjust the influent pH; chemicals such as sodium permanganate may b~ used for oxidation. These two 

steps may be carried out in the neutralization tank, or the chemicals may be added directly to the influent 

tanks. 

M3. Emergency Influent Storage . 

Building 50-250, the Waste Management and Risk Mitigation (WMRM) facility, is located about 50 met~rs 

southeast of Building 50-01. WMRM houses six emergency influent storage tanks with a capacity of 

50,000 gallons each. Low-level influent can be shunted to these fiberglass tanks at vault 50-72, upstream 
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of the 17K and 75K influent storage tanks. WMRM is a steel frame structure designed to withstand 

seismic, wind, and snow load criteria. The concrete basement houses the six sto~age tanks, and acts as 

secondary containment. Tanks would receive influent by gravity flow from WM~72. 

M4. Clarifiers 

The clarifier acts as the workhorse of the Main Treatment Plant, removing insoluble constituents, 

including more than 90% of the radioactivity. There are two concrete clarifiers. Each is 20 feet in 

diameter with a working volume of about 20,000 gallons, and each is designed to operate at 120 gallons 

per minute. Influent and chemicals enter from above through a flash mixer into a center well. (Chemicals 

such as ferric sulfate and magnesium sulfate are added at the clarifier, to promote particle growth and to 

adjust pH.) Contaminants precipitate as sludge, which settles to the bottom of the clarifier. Treated 

waters flow to the bottom of the center well, rise in the outer portion of the clarifier, and overflow to the 

gravity filter. Sludge is periodically removed to TK8 for subsequent treatment in the rotary vacuum filter. 

M5~ Gravity Filter 

The dual media gravity filter is used to remove suspended solids in overflow water from the clarifier. The 

.r gravity filter contains two filtration cells of 45 square feet each. The filter bed consists of layers of 

anthracite, sand, and gravel resting on an underdrain grate. Water flows by gravity into the top and exits 

at the bottom of the bed. Backwashing is needed periodically to remove solids and to reconstitute the 

bed. When properly maintained and operated, the gravity filter removes particles down to 10 microns in 

size. The gravity filter is sized to process up to 250 gallons of water per minute. 

M6. Pressure Filters 

Three pressure media filters, which operate in parallel or singly, can be used to remove· suspended solids . 

in water from either the clarifier or the gravity filter. Water is pumped from two feed tanks, TK71 and 

TK72, through the media in an enclosed $teel vessel at a pressure of about 30 psig. Feed tanks are 

above-grade, carbon-steel vessels, -10,000 gallons each. Pressure filters are 30 inches in diameter and 

-five feet high, and are constructed of carbon steel lined with plasite (an epoxy). The media in the 

pressure filter consists of coarse and fine sized particles of sand, garnet, coal, and gravel. Backwashing 

is needed periodically to remove solids and to reconstitute the bed. Each filter can process up to 50 

gallons per minute. 
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Ion-exchange columns located in Room 16 are used to remove perchlorates. Six of the 12 fiberglass 

reinforced plastic (FRP) ion exchange vessels are typically in service. Vessels range in size to nine cubic 

feet of ion exchange resin, and c.an treat up to 60 gallons of water per minute. The columns are installed 

downstream of TK9, and prior to treatment by the Reverse Osmosis. TK9 is a 9000-gallon, carbon-steel, 

above-grade vessel located in Room 61. Resins are not re-generated. Instead, columns are drained of 

water, then disposed as solid radioactive waste. 

MS. Primary Reverse Osmosis 

The Reverse Osmosis unit removes soluble contaminants, and produces a high quality effluent that 

approaches and sometimes meets EPA primary drinking water standards. The Reverse Osmosis unit 

uses commercially available high-rejection membranes, typically rated at nominal NaCl rejection of 90-

99%. The unit has three 8-inch-diameter pressure vessels, and operates at pressures of about 400 psig. 

Each pressure vessel contains four membranes in series; each membrane is' 40 inches in length. The 

Reverse Osmosis is a two-stage membrane unit; the third pressure vessel receives reject from the first 

two. Feed may first be pH-adjusted at the perchlorate ion exchange feed tank, TK-9. Permeate is sent to 

storage tanks in Room 348; concentrate is either recycled to the 75K influent stor~ge tank, or is 

processed-through the secondary Reverse Osmosis unit. The primary Reverse Osmosis has a capacity 

up to 60 gallons per minute. 

M9. Copper-Zinc Ion Exchange 

NPDES Permit effluent limits for the discharge of treated water to NPDES Outfall #051 in Mortandad 

Canyon became more restrictive on 08-01-2010. As a result of acute aquatic life water quality standards 

being applied to ephemeral streams, discharge limits for copper and zinc were decreased to levels more 

than 2,000 times lower than EPA's secondary drinking water standards. In order to meet these new 

effluent limits, an ion exchange system was installed to polish permeate from the primary Reverse 

Osmosis unit. The system .consists of two banks; each bank has five 3.5-cubic foot fiberglass. The ion 

exchange system draws water from one of the Frac tanks that holds Reverse Osmosis permeate, pumps 

the water through one, or if needed, both ion exchange banks, and then into TK38. Resins are not re

generated. Instead, columns are drain.ed of water, then disposed as solid radioactive waste. 
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M10. Effluent Storage 
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Five tanks are available for the storage of treated water. Two Frac tanks (north tank and south tank) 

receive permeate from the primary reverse osmosis unit. Frac tanks are horizontal carbon steel tanks 

located in Room 34B; each has a capacity of -20,000 gallons. Water that receives post-Reverse 

Osmosis treatment (i.e., copper-zinc ion exchange) is collected in a "1000-gallon tank, TK38 in Room 38, 

constructed of high-density polyethylene. Two additional storage tanks (WM2-N and WM2-S) are located 

in Building 50-02. These are below-grade concrete tanks with a nominal capacity of 25,000 gallons each. 

M11. Discharge of Treated Water to the Environment 

11a. Discharge Via Mechanical Evaporation at TA-50-257 

Treated water may be discharged to the environment via a thermal evaporator located outside Room 34 

of Building· 50-01. Water is heated using natural gas in a 4.5 million Btu/hr low NOx gas burner that can 

evaporate up to 400 gallons of water per hour. The unit. is constructed of stainless steel, and has 

received a No Permit Required Determination from the NMED Air Quality Bureau. 

11b. Discharge Via Zero Liquid Discharge Solar Evaporation Tanks at TA52 

Zero-Liquid-Discharge Solar Evapqration Tanks for solar evaporation of treated water are currently being 

·constructed. The tanks are located o"n a site of approximately one acre, about two-thirds of a mile from 

the TA-50 RLWTF within TA-52 at LANL. The Zero Liquid Discharge Solar Evaporation Tanks have 

concrete walls approximately four feet high, and have a double liner with leak detection; each is 

approximately 70' x 250' in size, with a usable capacity of about 380,000 gallons. The pump house has 

the capability of returning the contents of the tanks to the T A-50 RLWTF for storage and retreatment, if 

necessary .. Approximately 3500 feet of high-density polyethylene (HOPE) transfer piping connect the 

Zero Liquid Discharge Solar Evaporation Tanks and the TA-50 RLWTF. 

11c. Discharge Via NPDES Outfall #051 

Treated water that meets NPDES and DOE discharge standards can be discharged to. the environment 

via NPDES Per~itted Outfall #051 in Mortandad Canyon. Water is pumped to the outfall through 

approximately 1400 feet of three-inch-diameter, carbon steel pipe. NP DES samples are collected at TA-

50 while water is discharging to the canyon . 
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TRANSURANIC TREATMENT PROCESS 

TA-50 RLWTF Processes and Units 
DP-1132 Application - February 2012 

LA~UR-12-00672 
ENV-D0-12-0005 

Transuranic RLW treatment consists of influent collection and storage, treatment of the transuranic RLW, 

and sludge treatment. Treated water is not discharged; it either receives additional trec;itment (secondary 

reverse osmosis) or is sent to storage tanks in Building 50-248 for disposition as bottoms. Sludge from 

the treatment process is concentrated, solidified with cement, and shipped to the Waste Isolation Pilot 

Plant as a solid transuranic waste. 

T1. Transuranic Collection System 

The transuranic collection system runs from Building 55-04 through below-grade, double-contained 

transfer lines, through a valve pit and vault at 50-201, and into influent storage tanks at Building 50-66. 

One transfer line is dedicated for acid waste, and a sec.and for caustic waste. Both are two-inch-diameter 

pipes. The acid waste lines are constructed of polyvinylidene fluoride (PVDF); the caustic lines are 

constructed of polypropylene (PP). 

' 
TRU wastewater is not freely drained to the RLWTF. Instead, TA55 and RLWTF personnel coordinate 

batch wastewater transfers in advance. Once a transfer is coordinated, a batch of known volume, 

typically less than 100 gallons, is discharged through the system by gravity to the TRU influent storage 

tanks in Building 50-66. Transuranic influent is not trucked. 

T2. Transuranic Influent Storage 

Two influent storage tanks are located in Building 50-66, one for acid waste (-3900 gallons) and the other 

for caustic waste (-3000 gallons). Each tank has enough capacity to hold more than two years of 

transuranic influent. Both tanks are cylindrical, cone-bottomed tanks, and each has a mixer, a HEPA

filtered vent. The sump in Building 50-66 has a leak detector that is linked to the RLWTF control. room. 

T3. Transuranic Treatment 

Acid waste is pumped from Building 50-66 into TK1 in Room 60. The acid waste is neutralized by mixing 

it with liquid sodium hydroxide (nominal 25%). Chemicals (ferric sulfate or polymer) may be added to 

promote particle growth. Solids that form in the neutralized waste settle, and are then pumped to the 

sludge tank, TK-7A. Clear liquid is pumped through a pressure filter into a receiving tank, TK3. 
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Caustic waste is pumped from Building 50-66 to Tank TK1 in Room 60; and then into the sludge-settling 

tank, TK-7A. The treated caustic waste is allowed to stand in the tank, which allows most of the solid 

particles to deposit on the bottom of the tank as sludge. In order to facilitate particle growth, TK-7 A may 

be seeded with sludge left over from the previous treatment campaign. Chemicals (lime, ferric sulfate, or 

polymer) may also be added to TK-7A for this purpose. 

T4. Transuranic Sludge 

Sludge collects in TK-7A, a 900-gallon carbon-steel tank in Room 60. Excess water is decanted from TK-

7A, then transferred to the effluent"storage tank, TK3. The sludge itself is added to cement and sodium 

silicate, then tumbled and allowed to cure. After curing, drums of cemented sludge are transported to TA-

54 to await shipment to and disposal at the Waste Isolation Pilot Plant as a solid transuranic waste. 

TS. Transuranic Effluent 

Effluent from the transuranic treatment process is collected in TK3 in Room 60, a 1000-gallon, horizontal 

fiberglass tank. Having been treated, effluent is no longer transuranic waste. The effluent either receives 

additional treatment (secondary reverse osmosis) or is sent to storage tanks in Building 50-248 for 

. ./ disposition as bottoms . 

. .__/'. 
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The secondary treatment process treats wastes from the primary and transuranic treatment lines. It 

· consists of a rotary vacuum.filter to treat sludge from main process, secondary reverse osmosis to treat 

reverse osmosis concentrate from the main process and/or effluent from the transuranic process, and a 

bottoms disposal step. Wastes from the secondary treatment process are disposed as low-level 

radioactive solid waste. 

S1. Secondary Reverse Osmosis 

These two Reverse Osmosis units, each with a capacity of up to five gallons per minute, recover much of 

the concentrate from the primary Reverse Osmosis unit, thereby reducing the volume of bottoms that 

must be disposed of. Effluent from the transuranic process may also be treated. Secondary Reverse 

Osmosis units use commercially available high-rejection membranes, typically rated at nominal NaCl 

rejection of 90-99%. The units have two 4-inch-diameter pressure vessels, and operate at pressures of 

about 300 psig. Each pressure vessel has a single membrane 40 inches in length. They are two-stage 

membrane units; the second pressure vessel receives reject from the first. Concentrate from the primary 

Reverse Osmosis unit is collected in TK73 (3700 gallons, lined steel), then fed to a smaller feed tank (300 

/ gallons, polyethylene) in Room 24, adjacent to the secondary Reverse Osmosis units. Permeate is sent 

to the feed tank f~:>r the perchlorate ion exchange system (TK9), for re-treatment through the MTP. Reject 

is sent to storage tanks in Building 50-248 to await shipment as bottoms. 

·.._? 

S2. Rotary Vacuum Filter 

Solids that settle to the bottom of the MTP clarifier are separated from water and then disposed as low

level radioactive solid waste. This sludge treatment operation includes the TK8 storage tank (capacity of 

8,000 gallons) in Room 61 and the rotary vacuum filter in Room 116. Low-level sludge contains more 

than 90% of the radioactivity present in low-level influent; it does not contain hazardous chemical 

constituents above RCRA limits, and is not a mixed waste. 

S3. Bottoms Disposal 

RLWTF bottoms are shipped to a commercial waste treatment facility using a commercial tanker.truck; 

shipments typically range from 4,000 to 5,000 gallons each. The commercial waste treatment facility 

processes bottoms to a solid form, antj disposes of the solids as low-level radioactive waste at a 

Department of Energy or commercial disposal site. 
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Table 2: Vessel Information for RLWTF Treatment Units 

Capacity 
Unit Operation Vessel (gallons) Material 

Main Treatment: 
M1 Collection System Piping ---- Polyethylene 

Vaults (62) ........ Concrete 

M2 Influent Storage TK13 400 Stainless Steel 

17K tank 17,000 Steel 

75K tank 75,000 Concrete 

100K tank 100,000 Steel 

M3 Emergency Influent Storage WMRM tanks (6) 50,000 Fiberglass 

M4 Clarifiers Clarifiers (2) 26,000 Concrete 

MS Gravity Filter Gravity Filter 7,000 Concrete 

M6 Pressure Filters Filters (3) 100 Lined Steel 

TK71, TK72 10,000 Steel 

M7 Perchlorate Ion Exchange Ion Exchange Vessels(12) 50 Fiberglass 

TK09 10,000 Steel 

MS Primary Reverse Osmosis RO Vessel 40 Steel 

M9 Polishing Ion Exchange Ion Exchange Columns (10) 200 Fiberglass 

M10 Effluent Storage N. Frac, S. Frac 20,000 Steel 

TK-38 1,000 HOPE 

WM2-N, WM2-S 25,000 Concrete 

M11 Effluent Evaporator ........ 1,200 Stainless Steel 

M11 Solar Evaporation at TA-52 E. Tank, W. Tank 380,000 HOPE 

M12 NPDES Outfall #051 ---- ---- ----
Notes: 

v: Two concrete bottom slabs, with compacted tuff between. 

w: Floor of Building 50-01, with floor drains, provides secondary containment. 

x: Vaults provide secondary containment. 

y: Pipe is below grade; the outfall is at the surface. 

z: Capacity is for each vessel. 
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Above (A) Secondary 
Below (8) Containment Note 

B Polyethylene 

B ---- x 

B Concrete 

B Concrete 

B ........ 

A Concrete 

B Concrete z 
A Concrete V,Z 

A Concrete v 

A Concrete-w z 
A Concrete-w z 
A Concrete-w z 
A Concrete-w 

A Concrete-w 

A Concrete-w 

A Concrete-w z 
A Concrete-w 

B ---- z 
A Hypalon, Asphalt 

A HOPE, Concrete z 
B ---- y 
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Table 2: Vessel Information for RLWTF Treatment Units (Continued) 

Capacity 
Unit Operation Vessel (gallons) Material 

Transuranic: 
T1 Collection System Piping ---- PVDF,PP 

T2 Influent Storage Acid Tank 3,900 Steel 

Caustic Tank 3,000 Steel 

T3 Treatment TK1 900 Steel 

TK2 800 Fiberglass 

T4 Drum Tumbling TK-7A 900 Steel 

T5 Effluent Storage TK3 1,000 Fiberglass 

Secondary Treatment: 
S1 Secondary Reverse Osmosis RO Vessel - 10 Fiberglass 

TK2401 300 Polyethylene 

TK73 3,700 Steel 

S2 Rotary Vacuum Filter Rotary Vacuum Filter 900 Stainless Steel 

TK8 8,000 Steel 

S3 Bottoms StoraQe TK-NE, SE, SW, NW 20,000 Steel 
Notes: 

w: Floor of Building 50-01, with floor drains, provides secondary containment. 

Z: Capacity is for each vessel. 
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T ASO RLWTF Processes and Units 

Above (A) Secondary 
Below (8) Containment Note 

B PVDF,PP 

B Concrete 

B Concrete 

A Concrete-w 

A Concrete-w 

A Concrete-w 

A Concrete-w 

A Concrete-w 

A Concrete-w 

A Concrete-w 

A Concrete-w 

A Concrete-w 

A Concrete z 
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NPDES PERMIT No. NM0028355 

OUTFALL #051 



-~) 
. ··::::.::.=. 

Region 6 
1445 Ross Avenue 
Dallas, Texas 75202-2733 

NPDES Permit No. NM0028355 
AUTHORIZATION TO DISCHARGE UNDER THE 

NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM 

In c()mpliance with the provisions of the Clean Water Act, as amended~ 
(33 U.S.C. 1251 et. seq; the "Act"), 

Los Alamos National Security, LLC 
Management Contractor for Operations 
Los Alamos, New Mexico 87544 

and U.S. Department of Energy 
Los Alamos Area Office 
Los Alamos, New Mexico 87544 

are _authorized to discharge from a facility located at Los Alamos, 

to receiving waters named: J;>erennial portion of Sandia Canyon in Waie}body Segment No. 
20.6.4.126, and Mortandad Canyon, Canada del Buey, Los Alamos C~yon, ephemeral portion of 
Sandia Canyon, Ten Site Canyon, Canon de Valle, and Water Canyon, in Waterbody Segment No. 
20.6.4.128 of the Rio Grande Basin, 

) in accordance with this cover page and the effluent limitations, monitoring requirements, and other 
conditions set forth in Parts I [Requirements for NPDES Permits - 36 pages], II [Other 
Conditions - 22 pages],.m [Standard Conditions for NPDES Permits·- 8 pages], and IV [Sewage 
Sludge Requirements - 18 pages] hereof. 

.. __). 

This permit supersedes and replaces NPDES Permit No. NM0028355 issued December 29, 2000. 

This permit shall become effective on August 1, 2U07 

This permit and the authorization to discharge shall ~xpire at midnight, Jul Y 3_1, 2012 

Issued on June·H. 2007 

·~ 
.J ,~uel I. Flores 
f(/'~~rector 

Water Quality Protection Division (6WQ) 

Prepared by 

Isaac Chen 
Envi.ronmental Engineer 
NPDES Permits Branch (6WQ-P)-
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OUTFALL 051 - Radioactive Liquid Waste Treatment Facility (TA-50) 
· . Discharge Type: Intermittent · 

Latitude 35E51'54"N, Longitude 106El 7'52"W 

During the period beginning the effective date of the permit and lasting through the expiration date 
of the permit (unless otherwise noted), 

the permittee is authorized to discharge treated radioactive liquid waste to Mortandad Canyon in 
segment number 20.6.4.128 of the Rio Grande Basin. 

Such discharges shall be limited and monitored by the permittee as specified below: 

EARAMETERS/STORET CODES DISCHARGE LIMITATIONS/REPORTING REQUIREMENTS 
QUANTITY/LOADING QUALITY/CONCENTRATION 

(LBS/DAY UNLESS STATED) (mg/L UNLESS STATED) 
MONTHLY AVG DAILYMAXMONTHLY AVG DAILY MAX. 

Flow 
STORET: 50050 

Report · ~eport **** **** 

Chemical Oxygen Demand **** **** 125 125 
STORET: 00340 

Total Suspended Solids **** **** 30 45 
STORET: 00530 

Total Toxic Organics (*1) **** **** 1.0 1.0 
STORET: 78141 

Ra226+228 **** **** 30 pCi/l 30 pCi/l 
STORET: 11503 

Total Chromium **** **** 1.34 2.68 
STORET: 01034 

Total Lead **** **** 0.423 0.524 
STORET: 01051 

Total Cadmium (*2) **** **** Report Report 
STORET: 01027 

Total Mercury (*2) **** **** Report Report 
STORET: 71900 

Total Nickel (*2) **** **** Report Report 
STORET: 01067 

Total Copper (*3) **** **** Report Report 
STORET: 01042 
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Total Copper (*3) **** **** 0.14 ug/l 0.2 ug/l 
STORET: 01042 

Total Zinc (*3) **** **** Report Report 
STORET: 01092 

Total Zinc (*3) . **** **** 2.2 ug/l 3.3 ug/l 
STORET: 01092 

Total Residual Chlorine (*4) **** **** **** 0.011 
STORET: 50060 

Total Selenium **** **** Report Report 
STORET: 01147 

Perchlorate **** **** Report Report · 
STORET: 61209 

pH (Standard Units) Ranges from 6.0 to 9.0 
STORET: 00400 

Total PCBs **** **** Report Report 
STORET: 39516 

£ARAMETERS/STORET CODES MONITORING REQUIREMENTS 
FREQUENCY OF SAMPLE 
ANALYSIS TYPE 

Flow Continuous Record 
) Chemical Oxygen Demand 1/Month Grab 

Total Suspended Solids 1/Month Grab 
Total Toxic Organics 1/Month Grab 
Tritium 1/Year Grab 
Ra226+228 1/Year Grab 
Total Chromium 1/Year . Grab 
Total Lead 1/Year Grab 
Total Cadmium 1/Year Grab 
Total Mercury 1/Year Grab 
Total Nickel 1/Year Grab 
Total Copper 1/Month Grab 
Total Zinc 1/Month . Grab 
Total Residual Chlorine 1/Week Grab 
Total Selenium 1/Year Grab 
Perchlorate 1/Year Grab 
'Total PCBs 1/Year Grab 
pH (Standard Units) 1/Week Grab 

EFFLUENT CHARACTERISTIC DISCHARGE MONITORING 
30-Day Avg Min. 48-Hr. Min. 
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Whole Effluent Toxicity Testing 
( 48 Hr. Static Renewal) 

Daphnia pulex 

EFFLUENT CHARACTERISTIC 

Whole Effluent Toxicity Testing 
(48 Hr. Static Renewal) 

Daphnia _pulex 

Report Report 

MONITORING REQUIREMENTS 
Frequency ~ 

1/3 Months (*5) 3-hr Composite 

SAMPLING LOCATION(S) AND OTHER REQUIREMENTS 

SAMPLING LOCATION(S) 
Samples taken in compliance with the monitoring requirements specified above shall be taken at 
the following location(s): following the final treatment and prior to or at the point of discharge 
from TA-50-1 treatment plant (approximately at Latitude 35E51'54"N, Longitude 106El 7'52"W) 

NO DISCHARGE REPORTING 
If there is no discharge event at this outfall during the sampling month, place an "X" in the NO 
DISCHARGE box located in the upper right corner of the preprinted Discharge Monitoring 
Report. . 

FLOATING SOLIDS, OIL AND GREASE 
There shall be no discharge of oils, scum, grease and other floating materials that 
would cause the formation of a visible sheen or visible deposits on the bottom or 
shoreline, or would damage or impair the normal growth, function or reproduction of 
human, animal, plant or aquatic life. 

FLOW MEASUREMENTS 
"Estimate" flow measurements shall not be subject to the accuracy provisions established at Part 
III.C .. 6. The daily flow value may be estimated using best engineering judgment. 

FOOTNOTES 
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* 1 The limits and monitoring for. Total Toxic Organics do not include 
2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD), Pesticides, or Polychlorinated biphenyls 

*2 Annual sample shall be taken for five ( 5) years until the expiration date. 

*3 During the period beginning the effective date of the permit and lasting through three (3) 
years from the effective date, the concentration of total copper and total zinc shall the 
reported in the DMRs. During the period beginning the three years from the effective date· 
through the expiration date of the permit, the discharge must meet the effluent limitations. 

*4 The effluent limitation for TRC is the instantaneous maximum and cannot be averaged for 
reporting purposes. 

*5 Sampling frequency 1/3 Months for the 1st year of the permit. If the test passes, reduce the 
frequency to 1/6 Months for year 2 through year 5 of the permit. If any test fails, return 
frequency to 113 Months for remainder of the permit. Critical dilution 100%, and the 
dilution series are 32%, 42%, 56%, 75%, 100%. Also, see Part II, Section I. Whole 
Effluent Toxicity (48-hour Acute Testing). 
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Section B. Clean Water Act Requirements 

Law: Federal Water Pollution Control Act (Clean Water Act) 

As used in this part, the term "total toxic organics" (TTO) means the sum of the concentrations 
of each of the following toxic organic·compounds found in the discharge at a concentration 
greater than ten (10) micrograms per liter: 

• Acenaphthene 
• Acrolein 
• Acrylonitrile 
• Benzene 
• Benzidine 
• -Carbon tetrachloride (tetrachloromethane) 
• Chlorobenzene 
• 1,2,4-Trichlorobenzene 
• Hexachlorobenzene 
• 1,2-Dichloroethane 
• 1, 1, 1-Trichloroethane 
• Hexachloroethane 
• 1, 1-Dichloroethane 
• 1,1,2-Trichloroethane 
• 1, 1,2,2-Tetrachlorophenol 
• Chloroethane 
• Bis (2-chloroethyl) ether 
• 2-Chloroethyl vinyl ether (mixed) 
• 2-Chloronaphthalene 
• 2,4,6-Trichlorophenol 
• Parachlorometa cresol 
• Chloroform (trichloromethane) 
• 2-Chlorophenol 
• 1,2-Dichlorobenzene 
• 1,3-Dichlorobenzene 
• 1,4-Dichlorobenzene 
• 3,3-Dichlorobenzidine 
• 1,1-Dichloroethylene 
• 1,2-Trans-dichloroethylene 
• 2,4-Dichlorophenol 
• 1,2-Dichloropropane 
• 1,3-Dichloropropylene (l,3-dichloropropene) 
• 2,4-Dimethylphenol 
• 2,4-Dinitrotoluene 
• 2,6-Dinitrotoluene 
• 1,2-Diphenylhydrazine 
• Ethyl benzene 
• Fluoranthene 
• 4-Chlorophenyl phenyl ether 
• 4-Bromophenyl phenyl ether 
• Bis (2-chloroisopropyl) ether 
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Section B. Clean Water Act Requirements -

Law: Federal Water Pollution Control Act (Clean Water Act) 
-) 

• Bis (2-chloroethoxy) methane 
• Methylene chloride (dichloromethane) 
• Methyl chloride (chloromethane) 
• Methyl bromide (bromomethane) 
• Bromoform (tribromomethane) 
• Dichlorobromomethane 
• Chlorodibromomethane 
• Hexachlorobutadiene 
• Hexachlorocyclopentadiene 
• Isophorone 
• Naphthalene 
• Nitro benzene 
• 2-Nitrophenol 
• 4-N itrophenol 
• 2,4-Dinitrophenol 
• 4,6-Dinitro-o-cresol 
• N-nitrosodimethylamine 
• N-nitrosodiphenylamine 
• N-nitrosodi-n-propylamine 
• Pentachlorophenol 
• Phenol 

_ _) • Bis (2-ethylhexyl) phthalate 
• Butyl Benzyl Phthalate 

• Di-n-butyl phthalate 
• Di-n-octyl phthalate 

• Diethyl phthalate 
• Dimethyl phthalate 

• 1,2-Benzanthracene (benzo( a)anthracene) 
• Benzo( a )pyrene (3 ,4-benzopyrene) 

• 3 ,4-Benzofluoranthene (benzo(b )fluoranthene) 
• 11, 12-Benzofluoranthene (benzo(k )fluoranthene) 
• Chrysene 
• Acenaphthylene 
• 1, 12-Benzoperylene (benzo(ghi)pery lene) 

• Fluorene 
• Phenanthrene 
• 1,2,5, 6-Dibenzanthracene ( dibenzo( a,h)anthracene) 
• Indeno(l,2,3-cd) pyrene (2,3-o-phenylene pyrene) 

• Pyrene 

• Tetrachloroethylene 

• Toluene 
• Trichloroethylene 
• Vinyl chlciride (chloroethylene) 
• Aldrin 

-~ • Dieldrin 
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Section B. Clean .Water Act Requirements 
_) 

Law: Federal Water Pollution Control Act (Clean Water Act) 

·.J • Chlordane (technical mixture and metabolites) 
• 4,4-DDT 
• 4,4-DDE (p,p-DDX) 
• 4,4-DDD (p,p-TDE) · 

.• Alpha-endosulfan 
• Beta-endosulf an 
• Endosulf an sulfate 
• Endrin 
• Endrin aldehyde 
• Heptachlor 
• Heptachlor epoxide (BHC-hexachlorocyclohexane) 
• Alpha-BHC 
• Beta-BHC 
• Gamma-BHC 
• Delta-BHC (PCB-polychlorinated biphenyls) 
• PCB-1242 (Arochlor 1242) 
• PCB-1254 (Arochlor 1254) 
• PCB-1221(Arochlor1221) 
• PCB-1232 (Arochlor 1232) 
• PCB-1248 (Arochlor 1248) 
• PCB-1260 (Arochlor 1260) 

_) • PCB-1016 (Arochlor 1016) 
• Toxaphene 
• 2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) 
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Appendix D - Figure 1. TA-50 RLWTF Effluent Total Chromium from 2001to2010. 
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Appendix D - Figure 3. Chromium at Alluvial Wells MC0-3, MC0-48, MC0-6, and MC0-7. 
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Appendix D - Figure 4. Chromium at Intermediate Well MCOl-6. 
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Appendix 0 - Figure 5. Fluoride at Alluvial Well MC0-7. 
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Appendix 0 - Figure 6. Nitrate (as Nitrogen) at Alluvial Wells MC0-3, MC0-48, and MC0-7. 
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Appendix D - Figure 7. Nitrate (as Nitrogen) at Intermediate Wells MCOl-4 and MCOl-6. 
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Appendix D - Figure 8. Perchlorate at Alluvial Wells MC0-3, MC0-48, MC0-6, and MC0-7. 
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Appendix D - Figure 9. Perchlorate at Alluvial Wells MC0-3, MC0-48, MC0-6, and MC0-7. 
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Appendix D - Figure 10. Perchlorate at Intermediate Wells MCOl-4, MCOl-5, and MCOl-6. 
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Appendix D - Figure 11. Perchlorate at Regional Well R-15. 
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Appendix D - Figure 12. Total Dissolved Solids at Alluvial Wells MC0-3, MC0-48, MC0-6, and 
MC0-7. 
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Mortandad Canyon Groundwater Monitoring Well Network Evaluation, Revision 1 
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Mortandad Canyon Groundwater Monitoring Well Network Evaluation, Revision 1 

2.5' ags of Stick-Up 

Ground Surface 

CENTRALIZERS 

879 ft. bgs 

1031 ft. bgs 

1044 ft. bgs 

1057 ft. bgs 

-r 
Concrete 
Backfill 

Bentonite 
Seal 

Transition 
Seal 

93' 

979' 

. L,a,.· 
Secondary Filter Pack--f 1021' 

Primary Filter 
Pack 

I 
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Transition Seal - r 1oss· 
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Bentonite Seal 
I 

L 1154' 
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' I 
.. 
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10-3/4" O.D. Lockable Protective Cover 

;, 
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.. 
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Rebar Reinforced 
Concrete Pad 
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.,_ 
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LEGEND: 
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~ 
Transition Seal 
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...,...., 
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7. ago - above ground SUlfaca 
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Mortandad Canyon Groundwater Monitoring Well Network Evaluation, Revision 1 

. ----::.. GeologiG Casing Casing strings Casing PrinGipal saturated 
unit diameter and seals depth zones encountered 

Dsp:h(ft} 

r.~ 
Alluvium 

16.5' 
~o 

Tshirege Member, 
Bandelier Tuff 

66' 
16"=ing 

Cerro Toledo interval 

~-
120' 

otowi Member, 
Bandelier Tuff 

300 

400 13" c:!.Billg 

L~ 
420' ~420 

Guaje PumfGe Bed cc re 
472' 

f>uye~{JIJ 

I 
rooo Cerros det Rio basalt 

p~c!led saturation 
..... 646•{?} 

' ~= D 722.' 
eemen~ 
plug 

746.7' 746' o~:.s 740'(?) 

r-&00 

cc~ 

~om P'-lye Formation 
regional saturation 

~·~ 
11"c:aMg •mw 

r- 1100' 
Totavi Lentil 1107'1:0. 

Tat:<l core collected= 431.5 ft (39% Df l>>rel>ola). 

1200 
f'2.3-11&1!> \Mi:U.COlll'l.Elt-Or!llP'flOUllC-OJPll.I 
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Alluvium 
Tshflege Member 
cerro Toledo interval 

otowi MemlJm 

Mortandad Canyon Groundwater Monitoring Well Network Evaluation, Revision 1 

+ 1.5 1t ----).. 

4in.~.~~~"</ 
~20-in. borehole 

16-in.-O.O. welded-steel 
smface casing, from 
Oto 1351t 

5.56-111.-0.0. schedule 40 -----.... 
low-earbon steel casing 
with Dush-threaded joints; 

Bentonite (holeplug) 

Steel tabs 
10 ft 
20ft 
30fl 
40fi 
50 ft 

""G,....lla}'""e...,P. .... u-m1"""·ce"""'B""'ed......... tram surface to 92B.9 ft 

60 ft 
70ft 
90ft 
100ft 
110ft 
120ft 
130ft 
140ft 
150ft 

l'Uve f'Otmation 

cerros def Ria Basalt 

Paye Formation 

TotaviUmtl1 

EP2007-0590 

.... 14.5-in. noreh:ile 
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60-ti Wire-wrapped. 304 SS screen, --t.~EI 

sand,20140 
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10-ft 304 ss sche!lu!a 4D casing - Bentoniletsand mixture 
with end cap {"sump'); 1020.3 B!mtonite (Pe!piug1

u) 

to 1030.6 ft Coaisa sand, 8112 

Slough 

TD11071t 
NotToScale 

C§ntralizflrs 
43 ft 
60.5tt 
103ft 
145.5 ft 
180 ft 
231 ft 
273.5ff 
316ft 
359 ft 
401 ft 
443.5 ft 
486.5fl 
656ft 
699:5 ft 
742ft 
785.5ft 
82Bft 
871 ft 
914ft 
95Bft 
1021 ft 

F&.2-1 tfl.15 \IJELLCOl.'Fl.ETION RPT/083000/PTt.! 
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Fig. VI-C. 

72 

. -, 

Geologic Log 
7133 ft Land-Surface Datum (LSD) C) 

c: 
"Ci) 
co ~ 0 - = 
0 

t:=:::::i===c=:==~ ~ =~ 

5 

10 

1 +---
Tuff, unweathered, overlain by 2 
about 1 ft of alluvium 
(hole drilled in stream channel) 

,_ 
+---

9 

-~ -- ~ ~~ 10 
~ ~ i= ~ ==a ~ 

About 9 ft of a 2-in.-
diam plastic pipe; 
lower 7 ft perforated 

Mortandad Canyon observation well MC0-2, completed November 1960, 
water level 0.3 ft (Baltz et al. 1963). 

0 

5 

g 
.c 
c. 10 Q) 

0 

15 

20 

Fig. VI-D. 

Geologic Log 
7052.72 ft Land-Surface Datum (LSD) 

- - - - - - - - _------. 
Sand and gravel in a matrix of 
silt and clay (alluvium) 

-----------
Silt and clay with somi:i lenses 
of fine sand (tuff weathered in 
place) 

7 

18 

Cl 
c: ·u; 
ro 
() 

2 

12 

12 ft of 3-in.-diam 
plastic pipe; lower 
10 ft perforated 

Mortandad Canyon observation well MC0-3, redrilled 
March 1967 and completed with 3-in.-diam casing, water 
level 4.4 ft (Baltz et al. 1963; Purtymun 1964). 
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--.. TABLE VI-B. Geologic Logs and Construction Data for Observation Wells in Mortandad Canyon (20 Obs. Wells) 
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Geologic Log 
6887.56 ft land surface datum (LSD) 

O> 
c: 

~ 0 _, ___ -

5 

10 

15 

Sandy soil, dark brown; 
CR=65% 

-----
Sand and gravel; a few rock 
fragments of tuft, rhyolite, 
latite, and pumice in .a matrix 
of silts and clay (alluvium); 
CR=53% 

""" 

-----.-
20 Slits, clay, and coarse sand, 

alternating; some rock 
fragments of rhyolite, latite, 
and pumice (tuft weathered 
in place); CR= 86% 

25 

30 

35 

----·--
Tuff, dark brown, weathered 
to silts and clays; CR = 96% · 

: 5' 

19' 

' 28' 

I 

i~ 
i ..!!1 

!D 

34' 33.9' 34' 

.. 

NOTE: 
CR = average core recovery 

for interval 

Fig. VIII-L. Mortandad Canyon observation well MC0-4B, completed August 1990, water level 
21.7 ft (Purtymun and Stoker i990). · · 
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Fig. VI-G. 

:5 
!5-
0 

0 

10 

20 

30 

40 

50 

Geologic Log 
6875.80 ft Land-Surface Datum (LSD) 

---- -----~,=----,---I__, 
Sand and gravel in a matrix 
of silt and clay (alluvium) 

Silt and clay with some gravel 
(luff weathered in place) 

35 

21 

46 ft of 3-in.-diam plastic pipe; 
lower 25 ft perforated 

Mortandad Canyon observation well MC0-5, completed October 1960, 
water level 24.6 ft (Baltz et al. 1963). 

Geologic Log 
6848.96 ft Land-Surface Datum (LSD) g> g> 

8 'ffi 

Fig. VI-H. 

8 
-----------

Sand and gravel in 
10 a matrix of silt and 

~ 
clay (alluvium) "' 

20 

27 

30 

g 
36 36 I 

§. ----------- I 
" I 0 40 Silt and clay with minor I 

amounts of sand and I 47 
gravel (tuff weathered in 

50 place) 

60 47 ft of 4-in.-diam plastic pipe, lower 
20 ft perforated; drilled March 1974 

70 71 
as replacement; water level 28.9 ft 

80 82 71 ft of 3-in.-diam plastic pipe, lower 
35 ft perforated; well drilled October 
1960; water level 38.1 ft 

Mortandad Canyon observation well MC0-6, completed October 1960, 
replaced March 1974 (Baltz et al. 1963, Purtymun 1974). 
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TABLE VI-B. Geologic Logs and Construction Data for Qbservation Wells in Mortandad Canyon 
(20 Obs. Wells)(Continued) 

6. Observation Well MC0-5 
Thiclmess Depth 

Geologic Log (fil (fil 
Alluvium 

Sand and gravel with lenses of silt and clay 35 35 
Tuff (weathered in place) 

Silt and clay with some lenses 
of sand and gravel 12 47 

Construction 
46 ft of 3-in.-diam plastic pipe, lower 25 ft perforated. 

7. Observation Well MC0-6 
Thiclmess Depth 

Geologic Log (fil (fil 
Alluvium 

Sand, gravel, and occasional cobbles in a 
matrix of silt and clay 36 36 

Tuff (weathered in place) 
Silt and clay with minor amounts 
of sand and gravel 46 82 

Construction 
71 ft of3-in.-diam plastic pipe, lower 35 ft perforated, well drilled October 1960. Well destroyed by flood, 
summer 1973; redrilled and constructed as a new well about 10 ft to the northeast (March 1974): 47 ft of 
4-in.-diam plastic pipe, lower 20 ft perforated. 

8. Observation Well MC0-6.5A 

Geologic Log 
Alluvium 

Sand and gravel in a matrix of silt and clay 

Construction 
45 ft of2-in.-diam plastic pipe, lower 20 ft perforated. 

9. Observation Well MC0-6.5B 

Geologic Log 
Alluvium 

Sand and gravel in a matrix of silt and clay 

Construction 

Thiclmess 
(fil 

47 

Thiclmess 
(fil 

42 

Depth 
(fil 

47 

Depth 
(fil 

42 

42 ft of casing, upper 22 ft of 4-in.-diam steel pipe; lower 20 ft of 4-in.-diam plastic pipe, perforated. 

97 
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Fig. VI-K. 

Fig. VI-L. 

. ,_;y 

76 

_ ... ...,,_ 

/ 

Geologic Log 
6827.40 ft Land-Surface Datum (LSD) "' 0 

~ 
B 0,..-----------

Sand and gravel in a 
10 .... matrix of silt and ~ 

clay (alluvium) ID 

20 ... 

30 .... 
~ 

g 
£ 39 
c. 40 ,_ -
" 0 

50 ,_ 

55 ~ ----------- -

60 - Silt and clay with 
minor amounts of 
sand and gravel (tuft 69 

70 .... weathered in place) 
-

69 ft of 3-in.-diam 
77 plastic pipe; lower -

BO ,... 30 ft perforated 

Mortandad Canyon observation well MCO-7, completed October 1960, 
water level 39.7 ft (Baltz et al. 1963). 

Geologic Log 
6808.80 ft Land-Surface Datum (LSD) 

0 ---------~ 

g 
£ 

10 

20 

30 

Sand and gravel in a 
matrix of silt and 
clay; silt and clay 
increase with depth 
(alluvium) 

2- 40 
0 

50 

60 -----------

70 

Silt and clay (tuft 
weathered in place) 

60 
63 
~ 

~ 
0 
m 
iii 

40 -

60 

~ 
ID 

35 -
~. 

I 

i 
. I 

i ., 
i 
I 60 

I 

-

-
60 ft of 4-in.-diam plastic pipe; lower 
25 ft perforated; MC0-7.58 

60 ft of 3-in.-diam plastic pipe; lower 
20 ft perforated; MC0-7.5A (damaged) 

Mortandad Canyon observation well MC0-7.SA (damaged), completed November 
1961, water level 41.2 ft; and adjacent well MC0-7.SB, completed April 1974, 
water level 42.1ft(Purtymun1964, 1974) . 
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TABLE VI-B. Geologic Logs and Construction Data for Observation Wells in Mortandad Canyon 
(20 Obs. Wells)(Continued) 

10. Observation Well MC0-7 
Thickness Depth 

Geologic Log ® ® 
Alluvium 

Sand and gravel in a silt and clay matrix 55 55 
Tuff (weathered in place) 

Silt and clay with lenses 
of sand and gravel 22 77 

Construction 
69 ft of 3-in.-diam plastic pipe, lower 30 ft perforated. 

11. Observation Well MC0-7.5A/7.5B 
Thickness Depth 

Geologic Log .(fi). .(fi). 
Alluvium 

Sand and gravel in a matrix of silt and clay; 
silt and clay .increase with depth 60 60 

Tuff (weathered in place) silt and clay 3 63 

Construction 
November 1961, 60 ft of3-in.-diam plastic pipe, lower 20 ft perforated; well destroyed by falling tree, replaced 
April 1974 about 6 ft to the west: 60 ft of 4-in.-diam plastic pipe, lower 25 ft perforated. 

12. Observation Well MC0-8 

Geologic Log 
Alluvium 

Sand and gravel in a matrix of silt and 
clay; silt and clay increase with depth 

Tuff (weathered in place) 
Silt and clay with lenses of fine to coarse sand 

Construction 

Thickness 

® 

31 

Depth 
.(fi). 

61 

92 

84 ft of 3-in.-diam plastic pipe, lower 20 ft perforated; well damaged, bailer stuck at' about 23 ft. 

13. Observation Well MC0-8A 

98 

Geologic Log 
Alluvium 

Sand and gravel in a matrix of silt and 
clay; silt and clay increase with depth 

Construction 
50 ft of 2-in.-diam plastic pipe, lower 10 ft perforated. 

Thickness 

® 

52 

Depth 
.(fi). 

52 
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Morlandad Canyon Groundwater Monitoring Well Network Evaluation, Revision 1 

DEPTH {ft bgs) 

0 

Alluvium Q .. 

75 ft 
100 Cerro Toledo Interval Qct 

105 ft 

200 

300 Otowi Member of the 
Bandelier Tuff 

400 

Guale Pumice Bed 455 ft 
470 ft 

500 Puye Formation Tpf 
520 ft 

Cerros del Rio basalt 540 ft TD Tb4 

600 

N ot et.:: 
1. Cc:>1o9ic con:ooi• ore pnohmlnory ond sub)oct to change. 
2 . P"rehtd •ater cit !19 :t bQI. Zone •&oled ctt1 by saJl1'ace c:d~ing. 
J . Video """'I)' indicated borehole 'Ooll molal bel°"' 50~ ft 1>91. 
4 Cround-atcr lev.I at ~l8 ?O ft bgs in open hole otter reaching 10 of 54!> ft bg-t 

DRILLING INFORMATION 

DRILLING COMPANY/PERSONNEL 
WDC Exploration 
M. Daniels, C. Matthews, C. Bufkin, R. Price 
Drill Rig; Speedstar 90k 

DRILLING METHOD 
Air Rotary Trkone bit with castig hammer 
(O - 80 ft bgs) 
A ir Rotary Tri-cone bit (80 - 519 ft bgs) 
Air Rotary Downhole hammer (519 - 540 ft bgs) 

Borehole 
Drill ng Start Date: 10/24/04 rrne: 16;50 
Drill ng End Date: 11/02104 Time; 17:30 

DRILLING FLUID TYPE 
Air (0 - 80 ft bgs) 
Alr+water+QUIK-FOAM~ (BO - 540 ft bgs) 

528.70 ft bgs 
(11/04/04) 

{ 

i 
l 

a--~~---~~~~~~~~~~~~~~~....,..~~~-B-O_R_E-HO~LE~S-UM~M-A_R_Y_D_A_T_A_S_H_E_E_T~----~Fl-G-U~R-E----tj 

1... I 
Drown By: C. Bhongir Dote: April 2006 Mortandad Canyon 5 1 • 1 ' 
Prol.ect No.·. •gns Los Alamos National Laboratory • i .,. .,._, Filename: 49436_01_0.dwg 1 
Scole: not - to - :scole Revision: - Los Alamos, New Mexico ~ 

.,,_~~~~----~~....i.~-----------------...i..--------~~--------------------~--~------~· 0 Kllirftl:i., Inc 2005 

EP2007-0590 A-15 September 2007 
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Morlandad Canyon Groundwater Monitoring Well Network Evaluation, Revision 1 

CASING~ SCREEN &28.7 

DEPTH TO WATER 
FOlLOv.ING 

FT r.===:::;r--L.OCKING COVER 

WELL CAP 

INST AU.A TIDN, 520 41 FTBGS 
DEVELOPMENT AND 
RECOVERY 

DIAMETER OF BOREHOLE 
~ROM_IL_FT TO~ BGS 
J,2,;J.lLFRQM....llL_FJ TO~ BGS 

SURFACE COMPLETION INFORMATION 
TYPE Of PROTECTIVE CASING 
~STEE.L SIZE-~17..._ ___ _ 
00 PROTECTIVE POSTS INSTALLED 
SURFACE SEAL AND PAO COMPLETION 
Iii CHECKED FOR SETTLEMENT 

MATERIAL USED: ~Conc:rete=-=---
REINFORCED 

:' ..,, '· ' 
·:~ ::,~.·~J 
: .. I.•":. 

<1:~·~: 

.. ..... ..... - ·~ ... "' .. :-·· 
.. - ~"' 

~ : ;-:-~~ : 

~-j~).~· 
.;. .. · . . 
•· :".)4·:·; 
.:;~~~: 

•/'"' ."• ..... I . . . 
?•:.·:\ 
·> .. ~·~ - ·~ 

ELE.'llATION OF PROlEC11V'E CASING (FT AMSL) _804~0~8~-
ELEVATION OF TOP OF We:L.L CASING (FT MISL) M39.!I 
GROUIW SURFACE ELEVATION (FT AMSL) -'!!113'1""""""9'-----
BRASS MARl<EA ELEVATION (FT AIASL) _...a8 ... 3u..7.2,._ ___ _ 

GROUND SURFACE 

SLOPED CONCRETE PAD I SURFACE SEAL 

DEPTH TO TOP OF 
BACKFILL MATERIAL (FT 8GS)_1,.,.e,__ __ _ 

t!lJ GftOUT FOltMULA (l'ftOl'OR11011 OF EACH) 
CEMENT 19.U Bc~TONITE ........,.__ ____ _ 
WATER 3A DTHER~Sa!!"""d"-'7'-"4.""~ll!i ____ _ 

ACTUAL VOLi.JM£ (FT 'J -IU.i!---------
CALCULATED VOLUME (FT3J _;:t!i:m..uO _____ _ 

NETHOO INSTALLED 
IEITREMIE 

lilYES: Wh!r!el!! 
D PAD DIMENSIONS 
~FT (L) x-4.i..FJ (W) x..M...fl (H) 

~~--TYPE OF CASING 

M DEPTH TO TOP OF 
BENTONITE SEAL 
(FTBGS) 

•92 DEPTH TO TOP OF 
FINE SANO COUAA 
(FTBGS) 

494 DEPTH TO TOP OF 
FLTERPACK 
(FTBGS) 

!99 DEPTH TO TOP OF 
SCREEN (FT BGS) 

CENTRALIZERS USED 
m YES AT 393. 1 4911.2 !!09.A 

522.A ETBGS 

IXI STAINlESS STEB. 

.! 

Iii STAN LESS STEEL 
CASING DIAAIETER 

INSIOE---''""'-------------
OUTSIDE S JOINT TYPE~'""'-------------

BENTONJTE SEAL 
1X1 CHIPS 

ACTUAL VOLUME (FTS, ~30~!.5.__ ______ _ 
CALCUl.ATEO VOl.Ull.E (FT~ _.2..,_n..,4,__ ____ _ 
METHOO IHSTAL.1£D 
Iii POURED 

F .. E SANO COLLAR 
S~E/TYPE_.,,.=... _________ ~ 

FILTER PACK 
SM'D SIZE 1 Q/20 
ACTUAL VOLUME (FT 3> 2Q~ 
CALCULATED VOLUME (;;:FT~f::_~::;_:_:_:_:_-_-_-_-_-_- _- _-_-

llErnoo lltSTAl..1..ED 
t!lJTREMI~-------------

=:::::i;,..,.;...,.;;..+-- TYPE Of SCREEN 

_m__oEPTii TO BOTTOM --+ _,.>. ·"""·:...;· ;::, ==l 
OF SCREEN (FT BQS) ·..: ; " ;·~ 

~g~,~~ ~c:rBGS)·'· :~.z;j_:·.~;. 
s25,z DEPTH TO BOTTOM 

OF CASING (FTBGS) ". · : .•. 
~ .. ~i--·::.~;~·· .. ,~~ ... 

~DEPTl-f TO BOTTOM 
OF BORING (FT BGS) 

'": SLOUGH'' i' 
'\.'-/)...:/' / ·t ··'~ 

181 ST~LESS STEEL 
SCREEN DIAl~ETER 

INS[)E:-=-'"':------------
OUTSl DE St.OTSIZE~:'=:::::------------
JOINT TYPE~Af'lt\~~r _________ _ 

BACKFLL MATERIAL 
llll BENTONITE (70%) & 10120 SANO (30'!1.) (523.5 TO 535 FT BGS) 
Iii FORMATION COLLAPSE (535- 540 FT BGS) 

WELL COMPLETION BEGAN WELL DEVELOPMENT INFORMAtt>N 
DATE ll!H)f j.,_,~ _t,..0; ..... rn,___ DEVELOPMENT METHOD 

WELL COMPLETION FNSHED l!l SWABBING 181BAJ.ING 
DATE 111!19'!!4 J IME 11·55 TOTALPURGEVOlUME___H9_._GALLONS 

i 
I 

Ill KL E IN FE l D E R WELL SCHEMA TIC 
Char8cterlz.atlon Wei l -4 

Mortandad Canyon 

FIGURE I 
Drawn By: C. Bhongir Date: April 2005 
Project No.: '194J6 Filename: 49436_02_0.dwg 

Scale: Not-to-scale Revision: -

September 2007 A-16 

Los Alamos ttatlonal Laboratory 
Los Alamos, New Mexloo 

6.2-1 ~ 
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Mortandad Canyon Groundwater Monitoring Well Network Evaluation, Revision 1 

DEPTH (ft bgs) 

0 Alluvium Qal 
Tshlrege Member of the 

16.5 ft 
Qbt 

BandeHer Tuff 66 ft 

100 Cerro Toledo interval 
120 ft 

200 

300 Otowl Member of the 
Bandeller Tuff 

400 

Guaje Pumice Bed 
443 ft 
461 rt 

. Puye Formation Tpf 
500 492 ft 

600 
Cerros def Rio basalt 

685.53 ft bgs 

700 
( 1 0/20/04) "=' 

717.0ftTD ~---~ 

800 

NotH: 
1. Ccolo9ic c.ontact:J arc prtllmloory or>d 1u~joct to c~•"'JO· 
2. No wet/~oiurobed .zones nat'ed oboYe opptoxfmo~IJ ~ ft b;• . 
.l. CrotJndwote.r level lh opet1 bot•~ole an.er re~ching TO lllfOt 685.53 1. bQt;. 

Ill KLEINFELDER 
Drown By: C. London Dote: April 2006 
Project No.: 49436 Filename: 49436_01-0.dwg 

Scale: not - to - scale Revision: -

EP2007-0590 A-23 

DRILLING INFORMATION 

DRILLING COMPANY/PERSONNEL 
WDC Exploration 
M. Daniels, C. Matthews, C. Bufkin, R. Price 
Drll Rig: Speedstar 90k 

DRILLING METHOD 
Air Rotary Tri-cone bit with casing hammer 
{O - 59 ft bgs) 
Air Rotary Tri-cone bit (59 - 482 rt bgs) 
Air Rotary Downhole hammer (482 - 717 ft bgs) 

Borehole 
Orill ng Start Date; 10/15/04 Time; 14:40 
DrHl ng End Date: 10/18104 TtTie: 18:32 

DRILLING FLUID TYPE 
Air (0 • 62.8 ft bgs) 
Air+water (62.8 -108 ft bgs) 
Alr+water+QUIK-FOAMe (108 - 717 ft bgs) 

BOREHOLE SUMMARY DATA SHE.ET 
l..S 

Mortandad Canyon 
Los Alamos NaUonal LaboratOI)' 

Los Alamos, New Mexico 

FIGURE 

5.1-1 · 

September 2007 

:05537 



Mortandad Canyon Groundwater Monitoring Well Network Evaluation, Revision 1 

TOTN..LENGTH Of 
CASING ANO SCREEN 705.2 

DEP'Ttt TO WATER 
FOllOWJt<l lli STAU.Anott 
DEVELOPMEl'fT, 
PIAIP TEST A1'I) ear 30 
RECOV-::RY 

FT 

FTBGS 

DIAMETER OF BORE.HOLE 
.1.3,,l!B:_FRQM_Q__FT TO~FT BGS 
~OfA._5_fTTO...l.1L_FT BGS 
--FROM..-FT TO--FT BGS 

SURFACE COMPLETION INFORMATlON 
TYPE OF PROTECTIVE CASING 
Ill STEEi. SIZE_1,,_.2".__ ___ _ 
11!1 PROTECTIVE POSTS lffSTALLED 
SURFACE SEAL AND PAD COMPLETION 
11!1 CHECKED FOR SET'TlEMENT 

MATERIAL USED: 3000 I!> Concrole 
REii-FORCED 

11J YES· Wh Meth 
PAO DJ.IENSIONS 
£Ll'T CL) LY.YT CW> x.M..FT !HJ 

__.lL_ DEPTH TO TOP OF 1 

BENTONJTE SEAL 
(FTBGS) 

....llll.S...__ DEPTH TO TOP Of 
FlflE SANO ca.LAR 
(FTBGS) 

-1illO._ OEPTli TO TOP Of 
FLTER PACI< 
(FTBGS) 

_m___oEPTH TO TOP OF 
SCRE.Ert (FT BGS) 

CENTRAUZERS USED 

I 

ll!I YES AT 594,7. 685.9, 701,1 FT BGS 
181 ST Alt«.ESS STEEL 

~DEPTH TO eonOM 
OF BORING (FT BGS) 

r.====;;r--LOCKING COVER 

WELL CAP 
ELEVAllOtl OF PROTECTIVE CASING (FT AMSL) 61122 5 

ELEVATION OF TOP OF WEll CASING {FT AMSL)~M2~'-"--
GROUl..r> SURFACE ELEVATION (FT AMSLJ_.M ...... 10~1.__ __ _ 
OAASS CAP ELEVATION (FT AMSL)_ll .. eu;19 .. z.__ ____ _ 

... 
~" GROUHO SURFACE 

SLOPED CONCRETE PAD I SURFACE SEAL 

DEPTH TO TOP OF 
BACKFLL MATERIAL (FT BGS) _.... ___ _ 

0 GROUT FORMULA (PROPORTION OF EACM) 
CEMENT-2!1.ilo...._BENTOf'llTE ........ ...._ ____ _ 
WATER -2.Ul.._OTHERwS..,a""od.._I...,.S...,'4,.__ ____ _ 
ACTUAL VOLUME (fTl)_........._ _______ _ 
CALOJLATED VOLUME (~l-•~7~11 ___ ___ _ 
METHOD l'ISTAl.l.ED 
lilTREMIE 

TYPE OF CAS~G 
ml STAINLESS STEEL 

CASING DIAMETER 
IHSIDE_~-------------
OUTSIDE--':w:.------------

BENTONrTE SEAL 
l!l!CHIF'S 

ACTUAL VOLUME (FT3)-'4 .. 3.,.s.._5 _______ _ 
CALCULATED VOLUME (FT3 ) ~'~'~' ~z _____ _ 
METHOD INSTALLED 
ll!IPOURED 

FINE SAND COLLAR 
SIZE I TYPE-"""""'-----------~ 

- +---- FILTER PACK 
SAND SIZE !!l/20 
ACTUAL VOLUME (FT3) ....... '!'-- -------
CALCULATED VOLUME (FT3)_1..,e ... § ______ _ 

METHOD ltSTALLED 
lilTREMIE 

TYPE OF SCREEN 
~STAINLESS STEEl. 

SCREEN DIAMETER 
INSIDE • • 
OUT~DE--'UL------------S LOT S~E __..,..,._ __________ _ 
JOINT TYPE_~A~P=llL~T _________ _ 

~+---BACK.FILL MATEFML 
l!I 8ENTOl'llTE (70!!.S • 713 FT BGS) 
l!I FORMATION COLLAPSE (713 • 717 FT BGS) 

WELL COMPLETION BEGAN WELL DEVELOPMENT INFORMATION FINAL PARAMETER MEASUREMENTS 
DATE I C!!21i'!M TIME-1~5~:4~5-- DEVELOPMENT METHOD 

WELL COMPLETION FNSHED 11!1 SWABBING IX! BALING 

pH 7.!M 
TEMPERATURE"---.11~~"---.,..,-,~-·c 

l 
DATE !<r29Q4 TIME 1:1•10 rm PUMPING 

TOTAL PURGE. VOLUME~GAllONS 

SPECIFIC COltOUCTANCE 128.S ,.stan 
TURBIDITY. 18.9 H'TU I 

Ill KL EI NF EL DE R 
Drown By: C. London Dote: April 2006 
Project No.: 49 436 Filename: 49436_02_0.dwg 

Scale: Nol-to-scale Revision: -
C !QolnloWer. loc:. 200I 

September 2007 A-24 

WELL SCHEMATIC 
~ 

Mortandad Canyon 
Los Alamos Natlonal Laboraby 

Los Alamos, New Mexico 

FIGURE I 
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Mortandad Canyon Groundwater Monitoring Well Network Evaluation, Revision 1 

DEPTH (ft bg1) 

0 

100 

200 

300 

400 

500 

600 

700 

800 

Note:;~ 

Aluvium 

Cerro Toledo interval 

Otowl Member of the 
Bandeller Tuff 

Guaje Pumice Bed 

Puye Formation 

Cerros del Rio basalt 

Qlll 

75.3 ft 1------~ 
105 ft ....,.....,,.,act=,.....,....,,..., 

434.4 ft 

450.511 Tpf 
493 ft 1-----=---~ 

661.AS ft bgs_ 
(01/09/05) 

720 ft TD '---------' 

t. G4ologlc comoe'ta ci te p~~tnincuy ood subjeoct to c:haf)9 t . 
2. WeVaouotod zone In A.lavlum at opproxlm:rtaty ~7-' ft bq• In cort!hole. 
.5. 0 4" ound•at:er ICYCI in open borehole ufhT reoc-hin; 11) • OS 661.-45 ft bl;s. 

KL EIN FE LD ER 
Dote: ri l 2006 
Filename: ~9436_0 1_0.dwg 

Scole: not - to - S<:ole Revision: -
O IOanfcldrr, inc. 2006 

EP2007-0590 A-29 

DRILLING INFORMATION 

DRILLING COMPANY/PERSONNEL 
WOC Exploration 

M. Daniels, C. Matthews. R. Prke 
Orll Rig: Gefoo 50k 

Spectrum Ex~ra1ion 
s. Jager 
Drll Rig: DB-540 

DRILLING METHOD 
Core hole 
O - 498.2 ft bgs 
Borehole 
Air Rotary Tri-cone bit with casi'lg hammer 
(0 - 60.5 ft bgs) 
Air Rotary Trkxlne bit (60.5 - 495 ft bgs) 
Air Rotary Downhole hammer (495 - 720 ft bgs) 

Core hole 
Dr111ng Start Date: 10/21/04 Ttne: 15:40 
Dr111ng End Date: 10/28/04 Time: 18:09 

Borehole 
Drfllng Start Date: 01/03/05 Time: 18:05 
Drlllng End Date: 01 /06105 Time: 17:28 

DRILLING FLUID TYPE 
Corehole: Air (O - 498.2 ft bgs) 
Borehole: Air. water, QUIK-FOAM~ 
Air (0-60.5 ft bgs) 
Alr+water+OUIK-FOAMl!I (60.5 - 720 ft bgs) 

BOREHOLE SUMMARY DATA SHEET 
1-41 

Mortandad Canyon 
Los Alamos Nadonal Laboratory 

Los Alamos, New Mexico 

September 2007 
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Mortandad Canyon Groundwater Monitoring Well Network Evaluation, Revision 1 

TOTAL LEHCllli OF CASING ANO 
SCREEN W l.8 FT Bas 

---~~,.,----LOCKING COVER 

WELL CAP 
ELEVAllON OF PROTECTIVE CASING (FT AMSL) M15 O 

DEPTH TO WATER FOlLOWflG INSTALLATION, 
WELL DEVELOPMENT, ANO PUMP TEST 6152 QZ EI BGS 

ELEVA1ION OF TOP OF WELL CASING (FT AMSl) _68_1_, a _ _ _ 
GROUND SURFACE ELEVATION (FT AMSLJ .11Ba;IJLW0,..11 ___ _ 

BRASS MARKER ELEVATION (FT AMSL) _60~1~1 ~1 - ----
.---:--. .... .. . 

'\ : · '· : - · · .: : : ; -_ .. , _ ·.: • • ~, 4 

' GROUND SURFACE 
OW.IETER OF BOREHOLE 
~FROM ..... .2__FT TO-'lQ.LFT BGS 
~~TO....lL.FTBGS 

SURFACE COMPLETION INFORMATION 
TYPE OF PROTECTIVE CASING 
Ill STEEl. SIZE-~----
11!1 PROTECTIVE POSTS INSTALi.ED 
SURFACE SEAL AND PAD COMPLETION 
Ill CHECKED FOR SETllEMENT 

MATERIAL USED: goncre 
REINFORCED 

lilYES• ..... ..-
PAO OIMENSPNS 
J.Q..FT (L) x~ (W) x..Q.LJ=T (H) 

• ' A 
.! . 

SlOPEO COHCRETE PAD I SURFACE SEAL 

DEPTH TO TOP OF 
SACKFU. MATERIAL (FT 8GS) __ 1~1'~--

ntmoved. 2 ft bqs for morunont 

lil Gl'tOUT l'OIUllULA (l'AOl'Olt110ll 01' EACH} 
CEMEHT ZO.. BENTOl-nE __ __,_1'!i...._ __ _ 
WATER ~OTHER AQ!!f!Q!l!l•end 74 .. 
ACTUAL VOt.uME (FT~--"1087----------
CALCULATEO VOUJME (FT,_.::80"".5"'2'-------
METHOO INSTALLED 
1111 TREMIE 

t!!!:"""'ct---TYPE OF CASING 

__i2._ DEPTH TO TOP OF 
BENTONITE CHPS 
(FTBGS) 

-ML_ DEPTH TO TOP OF 
BENTOtlTE PEllETS 
(FT8GSJ 

__j!§L_ DEPTH TO TOP OF 
Fl'IE SANO COUAR 
(FT BGS) 

~DEPTH TO TOP OF 
FILTER PACK 
(FTBGS) 

_!!!__DEPTH TO TOP OF 
SCREEN (FT 8GS) 

CENTRALIZERS USED 
Ill YES AT 709.3, 898,§, 6113.3, 595.B FT BG5 
l!I STAINLESS STEB. 

--1QL___DEPTH TO BOTTOM 
OF SCREEN (FT BGS) 

712.8 DEPTH TO BOTTOM 
OF CASING (FT BGS} 

~ 
~ 

(., .:J~~~ 
:4 •• -...... , 
;-~: 

-~·1.;·~2 
'-~ ·-:~ : 
~·.·Y_'{°': 
\.'.: ' :'. 

·~~~·:-.. 

:;.tr~ 
... ~,-•• !:.,,. 

~.::~· ~3· 
-:·;'l-·::-
~· · ,.._._. 
.-·~·: .;,i' 
.::.:.;.--· 

lil STAN..ESS STEEL 
CASllG DIMETER r-ISJ)E_.....__ ___________ _ 
OUTsoe ...... ...._ ___________ _ 
JOtrrl't'PE_~AP!,._._LJT,._,_ ________ _ 

SENTONITE SEAL 
1!!1 PELLETS 
1!!1 CHIPS 

ACl\JAL VOl.UME (f'T'l,_..,,,,~1_.t~------
CALCUV.TEO VOLUME (FT ,_..S,...92;..30.._ ____ _ 
METHOD lllSTALl.£0 
l!I TR.EMIE (Pellela) 
1!1 POURED (Clll:>e) 

FINE SAND COLL.AR 
SIZE /TYPE_..2Q14,.,,,.0'-----------~ 

FILTER PACK 
SMD S ZE _W2Q._ 
ACTUAL VOUJME (FT') 
CAl.cut.ATEO VOt.UME"'(~FT~~,---st-34,...,-------
llETHOO lllSTAU.Ell 
l!ITREMIE 

TYPE OF SCREEN 
SCREEN DIAMETER liJ STAINLESS STEEL 

IN~oE~~------------OUTSID&.....,.u.;.... __________ ~ 

SLOTSIZE_~a~020"'----------~ 
JOINTTYPE-~Aful~vr....__ _______ _ _ ~~;~, 

_ill__~~~~~~~~ llGS) ;,f~~~~i;;,~·~.:;;;, BENTON.ITE (717 . 714 FT BGS) 

-
7-17 DEPTH TO BOTTO" ~ :~))~)'v,>:.)_).'Y/); 

M , .. ((,'-."'"' .. .... ,,..,, -+---BACKFILL MATERIAL 
Of BENTC»llTE { ~L~~~·~< l!l FORl.IA11Cltol cot.LAPSE 720- 717 FT BGS 
{FT BCS) ~ ,_:~,. /. ·~·:>~·->>:.? 

....l22.._0EPTHTOBOTIOM ___ ':-.'f'· ·:. 'i.S"•\-.:~·.., 

Of BOOING (FT 8GS) ! 
WELL COMPLETION BEGAN WELL DEVELOPMENT INFORMAU>N f 

DATE 0100.W JIME 11 :SO DEVELOPMENT METttOD ~ 

DATE OIN:w5 TIME I !:AO TOTAL PURGE VOLUME !!O GALLONS 
WELL COMPLETION FINISHED 1!1 SWAB81NG OOBAlllNG f 

t-----------------1 Ill KLEIN f ELDER WELLS~EMATJC FIGURE I 
Drown : C. Bhongir Dote: April 2006 Mortandad Canyon 6 2-1 ~ 
Project No.: _.94J5 Fiiename: 49_.36_02_0.dwg Los Alamos National LaboratOI)' • I 
Scole: Not-to-scole Revision: - Los Alamos, New Mexico I 
~c~~~-.~~~=---~~~--~~~~~------
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SOIL INFORMATION 

TYPIC EUTROBORALFS 

AND 

LITHIC HAPLUSTALFS 



Taxonomic Classification of the Soils 

Sandoval County Area, New Mexico, Parts of Los Alamos, Sandoval, and Rio Arriba Counties 

Alanos 

Hackroy 

Mi rand 

Nyjack 

_) 

Soil name 

USDA Natural Resources 
iiiiii Conservation Servi.ce 

[An asterisk by the soil name indicates a taxadjunct to the series] 

Family or higher taxonomic classification 

Clayey-skeletal, mixed Typic Eutroboralfs 

Clayey, mixed, mesic Lithic Haplustalfs 

Fine, mixed Mollie Eutroboralfs 

Fine-loamy, mixed, mesic Aridic Haplustalfs 

Tabular Data Version: 6 

Tabular Data Version Date: 12/09/2008 

This report shows only the major sons. Others may exist. 
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Map Unit Description (Brief, Generated) 

Sandoval County Area, New Mexico, Parts of Los Alamos, Sandoval, and Rio Arriba Counties 

[Minor map unit components are excluded from this report] 

Map unit: 162 - Hackroy-Nyjack association, 1 to 5 percent slopes 

Component: Hackroy (45%) 

The Hackroy component makes up 45 percent of the map unit. Slopes are 1 to 5 percent. This component is on plateaus on qplands. 
The parent material consists of residuum weathered from tuff. Depth to a root restrictive layer, bedrock, lithic, is 8 to 20 inches. The 
natural drainage class is well drained. Water movement in the most restrictive layer i!$ moderately low. Available water to a depth of 60 
inches is vel}' low. Shrink"swell potential is high. This soil is not flooded. It is not ponded. There is no zone of water saturation within a 
depth of 72 inches. Organic matter content in the surface horizon is about 2 percent. This component is in the F036XB133NM Pin us 
Edulis/rhus Trilobata!bouteloua Graci/is ecological site. Nonirrigated land capability classification is 7s. This soil does not meet hydric 
criteria. 

Component: Nyjack (40%) 

The Nyjack component makes up 40 percent of the map unit. Slopes are 1 to 5 percent. This component is on mesas on uplands. The 
parent material consists of eolian deposits over slope alluvium derived from tuff. Depth to a root restrictive layer, bedrock, paralithic, is 20 
to 40 inches. The natural drainage class is well drained. Water movement in the most restrictive layer is moderately high. Available 
water to a depth of 60 inches is moderate. Shrink-swel~ potential is low. This soil is not flooded. It is not ponded. There is no zone of 
water saturation within a depth of 72 inches.-·Organic matter content in the surface horizon is about 1 percent. This component is in the 
F048A Y011 NM Pinus Ponderosa-Juniperus Scopu/orum/quercus Gambelii ecological site. Nonirrigated land capability classification is 
6c. This soil does not meet hydric criteria. 

Map unit: 283 - Mirand-Alanos complex, 5 to 40 percent slopes 

Component: Mirand (45%) 

The Mirand component makes up 45 percent c;if the map unit. Slopes are 5 to 30 percent. This component is on mountain slopes on 
mountains. The parent material consists of colluvium derived from volcanic rock. Depth to a root restrictive layer is greater than 60 
inches. ·The natural drainage class is well drained. Water movement in the most restrictive layer is low. Available water to a depth of 60 
'inches.is high. Shrink-swell potentif!I is moderate. This soil is not flooded. it is not pondeq. There is no zone of water saturation within a 
depth of 72 inches. Organic matter content in the surface horizon is about 65 percent. This component is in the F048AY010NM Pinus 
Ponderosa!fr;Jstuca Arizonica-Danthonia Parl}'i ecological site: Nonirrigated land capability classification is 7c. This soil does not meet 
hydric criteria. 

Component: Alanos (30%) 

The Alanos component makes up 30 percent of the map unit. Slopes are 5 to 40 percent. This component is on mountain slopes on 
mountains. The parent material consists of slope alluvium over colluvium derived from volcanic rock. Depth to a root restrictive layer is 
greater than 60 inches. The natural drainage class is well drained. Water movement in the most restrictive layer is moderately low. 
Available water to a depth of 60 inches is low. Shrink-swell potential is high. This soil is not flooded. It is not ponded. There is no zone of 
water saturation within a depth of 72 inches. Organic matter content in the surface horizon is about 1 percent. This component is in the 
F048A Y009NM Pseudotsuga Menziesii-Pinus Ponderosa/festuca Arizonica ecological site. Nonirrigated land capability classification is 
7c. This soil does not meet hydric criteria. 

USDA Natural Resources 
i1iiiiiiii Conservation Service 

Tabular Data Version: 6 

Tabular Data Version Date: 12/09/2008 Page 1of1 



-) 

Sandoval County·: Ja, New Mexico 

2C horizon 
Hue: 1 OYR or 7 .5YR 
Value: 5 to 7 when dry, and 4 to 6 when moist 
Chroma: 3 or 4 
·Texture: sand, loamy sand, gravelly sand, or loamy fine sand 
Salinity: from less than 2 to 16 mmhos/cm. 

Note: The water table ranges from 4 to 6 feet. 

Alanos Series 
Map units: .283, 290 
Depth class: very deep 
Drainage class: well drained 
Landform: mountain slopes and hillsides 
Parent material: slope alluvium and colluvium derived from.tuft and rhyolite 
Elevation: 7,800 to 9,500 feet (2,377 to 2,896 meters) 
Slope: 5 to 40 percent 
Climatic data: 

Mean annual precipitation: 20 to 25 inches (508 to 635 millimeters) 
Mean annual air temperature: 42 to 45 degrees F. (5.6 to 7.2 degrees C.) 
Frost-free period: 60 to 90 days 

Taxonomic class: Clayey-skeletal, mixed Typic Eutroboralfs 

Typical Pedon 

329 

Alanos loam, in an area of mapping unit 290, Alanos~Rock outcrop complex, 20 to 40 
percent slopes; Los Alamos County; Frijoles Quadrangle. NAD 83, UTM 13-03 78 
360 E-39 67 869 N. 

A-0 to 4 in'ches; grayish brown (1 OYR 5/2) loam, dark grayish brown (1 OYR 4/2) 
moist; weak fine granular structure; soft, very friable, slightly sticky and 
nonplastic; many fine and medium roots; 1 O percent gravel; neutral; abrupt 
smooth boundary. 

E-4 to 9 inches; light gray (1 OYR 7/2) loam, grayish brown (1 OYR 5/2) moist; weak 
fine granular structure; slightly hard, very friable, nonsticky and nonplastic; 
common fine roots; few fine vesicular pores; 1 O percent gravel; neutral; abrupt 
smooth boundary. 

BE-9 to 18 inches; pinkish gray (7.5YR 7/2) and reddish brown (5YR 5/4) very 
gravelly loam, brown (7.5YR 5/2) and reddish brown (SYR 4/4) moist; weak fine 
subangular blocky structure; hard, very friable, slightly sticky and slightly plastic; 
common very fine roots; common fine black (5YR 2/1) iron and manganese 
concretions; 55 percent gravel; medium acid; clear smooth boundary. 

Btl-18 to 26 inches; reddish brown (5YR 5/4) extremely gravelly clay, reddish brown 
(5YR 4/4) moist; weak fine subangular blocky structure; hard, firm, sticky and 
plastic; few fine roots; few fine tubular pores; common fine black (5YR 2/1) iron 
and manganese concretions; common thin clay films in pores and on gravel; 20 
percent cobbles and 55 percent gravel; medium acid; clear smooth boundary.· 

Bt2-26 to 60 inches; brown (7.5YR 5/4) extremely gravelly clay, brown (7.5YR 4/4) 
moist; moderate medium subangular blocky structure; hard, firm, sticky and 
plastic; few fine roots; few fine tubular pores; few thin clay films in pores and on 
gravel; 20 percent cobbles and 55 percent gravel; medium acid. 
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Range in Characteristics 

Particle-size control section: 35 to 55 percent clay 

Soil Survey 

Other features: Some pedons are slightly alkaline in the lower subhorizons. 

A horizon 
Hue: 7.5YR or i OYR 
Value: 5 or 6 dry, 3 to 5 moist 
Chroma: 2 or 3 
Texture: loam or cobbly loam 

E horizon 
Hue: 7.5YR or i OYR 
.Value: 6 or 7 dry, 4 or 5 moist 

· Chroma: 2 to 4 
Texture: loam, gravelly loam, or cobbly loam 

Bt horizon 
Hue: 7.5YR or i OYR 
Value: 5 to 7 dry, 3 to 6 moist 
Chroma: 2 to 6 
Texture: extremely gravelly clay loam, extremely gravelly clay, or very gravelly clay 
Concretions: fine or medium iron and manganese concretions are in the upper 

part of the Bt horizon. 

Note: C horizons are below 38 inches in some pedons. 

Atarque Series 
Map units: 324, 396 
Depth class: very shallow to shallow 
Drainage Class: well drained 
Landform: breaks; dipslopes of cuestas, hills, mesas, and ridges 
Parent material: slope alluvium derived from sandstone and shale · 
Elevation: 5,700 to 6,600 feet (i ,737 to 2,0i 2 meters) 
Slope: 5 to 45 percent 
Climatic data: 

Mean annual precipitation: i 3 to i 6 inches (330 to 406 millimeters) 
Mean annual air temperature: 48 to 52 degrees F. (i O to ;. i.; degrees C.) 
Frost-free period: ; ; O to ; 30 days 

Taxonomic class: Loamy; mixed, mesic Lithic Haplustalfs 

Typical Pedon 

Atarque sandy loam, in an area of mapping unit 324, Rock outcrop-Atarque-Menefee 
complex, 5 to 25 percent slopes; Sandoval County; Ponderosa Quadrangle; about 2 
miles northeast of the Jemez Pueblo; 200 feet south and 1,400 feet east of the 
northwest corner of sec. ; ; , T i 6 N, R 2 E. NAD 27; UTM i 3-03 45 805 E-39 44 
974 N. 

A-0 to 3 inches; light brown (7.5YR 6/4) sandy loam, dark brown (7.5YR 4/4) moist; 
moderate very thin platy structure; soft, very friable, nonsticky and nonplastic; 
many very fine roots; neutral; clear smooth boundary. 

Bt-3 to 9 inches; reddish brown (5YR 5/4) sandy clay loam, reddish brown (5YR 4/4) 
moist; moderate fine and medium subangular blocky structure; hard, firm, sticky 
and plastic; common very fine roots; many very fine tubular pores; many thin clay 
films on faces of peds and lining pores; neutral; clear smooth boundary. 
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366 Soil Survey 

Bk2-17 to 45 inches; white (N 8/0) and very pale brown (10YR 8/3) extremely 
gravelly sandy loam, light gray (10YR 7/2) and very pale brown (1 OYR 7/3) moist; 
massive; hard, firm, nonsticky and nonplastic; weakly cemented; few fine roots; 
few fine tubular pores; strongly effervescent; calcium carbonate and siliceous 
material dominant throughout entire horizon causing 90 percent weak 
cementation, interrupted only by fractures less than 3 mm wide and less than 4 
inch.es apart; 5 percent cobbles and 60 percent gravel; moderately alkaline; 
diffuse irregularly boundary. 

Bk3-45 to 60 inches; very pale brown (1 OYR 7/3) very gravelly sandy loam, pale 
brown (1 OYR 6/3) moist; massive; soft, very friable, nonsticky and nonplastic; few 
fine roots; 5 percent cobbles and 50 percent gravel; strongly effervescent; calcium 

· carbonate disseminated throughout and engulfing coarse fragmenJs; moderately 
alkaline. 

Range in Characteristics 

Particle-size control section: 5 to 15 percent clay 
Depth to the weakly cemented horizon: 12 to 26 inches 

A horizon 
Hue: 7.5YR or 1 OYR 
Value: 5 to 7 dry, 3 to 5 moist 
Chroma: 2 to 4 

B horizons 
Hue: 7.5YR or 1 OYR 
Value: 5 to 8 dry, 4 to 7 moist 
Chroma: O to 4 
Texture: gravelly, very gravelly, and extremely gravelly sandy loams 

Hackroy Series 

Map units: 21, 162 
Depth class: very shallow to shallow 
Drainage class: well drained 
Landform: summits of mesas and plateaus 
Parent material: residuum from tuft 
Elevation: 6,000 to 7 ,200 feet (1 ,829 to 2, 195 meters) 
Slope: 1 to 8 percent 
Climatic data: 

Mean annual precipitation: 13 to 16 inches (330 to 406 millimeters) 
Mean. annual air temperature: 48 to 52 degrees F. (1 Oto 11.1 degrees C.) 
Frost-free period: 11 O to 130 days 

Taxonomic class: Clayey, mixed, mesic Lithic Haplustalfs 

Typical Pedon 

Hackroy sandy loam, in an area of mapping unit 162, Hackroy-Nyjack association, 1 
to 5 percent slopes; Los Alamos County; White Rock Quadrangle; on the east end of 
Ancho Canyon Trail; unsectionized; NAD 83, UTM 13-03 87 647 E-39 61 208 N. 

A-0 to 3 inches; brown (1 OYR 5/3) sandy loam, brown (10YR 4/3) moist; weak fine 
subangular blocky structure; hard, friable, nonsticky and nonplastic; many fine 
roots; common fine tubular pores; slightly alkaline; abrupt smooth boundary . 
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Bt-3 to 13 inches; reddish brown (5YR 4/4) clay, dark reddish.brown (5YR 3/4) 
moist; moderate fine prismatic structure; hard, firm, sticky and plastic; many fine 
roots; few very fine tubular pores; 3 percent gravel; continuous clay films on faces 
of peds; slightly alkaline; abrupt smooth boundary. 

2R-13 inches; tuft. 
Range in Characteristics 

Particle-size control section: 35:to 50 percent clay 
Depth to lithic contact: 8 to 20 inches 

A horizon 
Hue: 7 .5YR or 1 OYR 
Value: 4 or 6 dry, 2 to 4 moist 
Chroma: 2 to 4 

Bt1 horizon 
Hue: 7.5YR or 5YR 
Value: 3 to 6 dry, ·3 or 4 moist 
Chroma: 4 or 6, dry or moist 

Hagerman Series 
Map units: 227, 240 
Depth class: moderately deep 
Drainage class: well drained 
Landform: hills, mesas and ridges 
Parent material: eolian material and alluvium derived from sandstone 
Elevation: 5,700 to 6,400 feet (1,737 to 1,951 meters) 
Slope: 1 to 5 percent 
Climatic data: 

Mean annual precipitation: 1 O to 13 inches (254 to 330 millimeters) 
Mean annual air temperature: 52 to 54 degrees F. (11.1 to 12.2 degrees C.) 
Frost-free period: 120 to 140 days 

Taxonomic class: Fine-loamy, mixed, mesic Ustollic Haplargids 

Typical Pedon 

Hagerman fine sandy loam, in an area of mapping unit 240, Penistaja-Hagerman 
association, 1 to 5 percent slopes; Sandoval County; Cabezon Peak Quadrangle; 
about 1 .5 miles southeast of the Rio Puerco along the Gas Company of New Mexico 
pipeline; unsectionized; NAO 83, UTM 13-03 13 428 E-39 43 499 N. 

A-0 to 2 inches; brown (7.5YR 5/4) fine sandy loam, dark brown (7.5YR 4/4) moist; 
weak fine granular structure; soft, very friable, nonsticky and nonplastic; common 
medium and many fine roots; moderately alkaline; clear smooth boundary. 

Bt-2 to 9 inches; brown (7.5YR 4/4) clay loam, dark brown (7.5YR 4/4) moist; 
moderate medium subangular blocky structure; slightly hard, firm, sticky and 
plastic; common medium and many fine roots; thin continuous clay films on faces 
of peds; moderately alkaline; clear smooth boundary. 

Btk-9 to 24 inches; light brown (7.5YR 6/4) clay loam, brown (7.5YR 5/4) moist; . 
moderate medium subangular blocky structure; hard~ firm, sticky and plastic; few 

· _ medium and many fire roots; few thin clay films on faces of peds; strongly 
effervescent; few fine accumulations of calcium carbonate; moderately alkaline; 
clear smooth boundary. 

2R-24 inches; sandstone. 
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DATE DRILLED: 6-13·11 

LOCATION: See Location Dlagra!n 
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BORING NO. 1 EQUIPMENT TYPE: CME-76. 

DRILLING TYPE: 7"HSA 

SM:.:·. ... ... . . . , ' 

. •, 

FIELD ENGINEER: S. DeWee11a 

SOIL DESCRIPTION 

SIL TY SAND; slightly clayey, very fine, light brown, medium dense, dry 

TUFF; slightly weathered, light gray with some light brown, intensely 
fractured, thinly bedde~, moderately hard, dry 

fresh, light gray, thickly bedded, hard 

slightly weathered, some brown, thinly bedded, moderately hard 

fresh, light gray, thickly bedded 

slightly weathered, some brown, very fractured, thinly bedded, hard: 

intensely fractured, moderately hard 

BORING TERMINATED AT 26.5 FEET 
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WESTERN TEC1NOLOGIES INC. 

PROJECT: ZERO LIQUID DISCHARGE PROJECT - LANL 

REF. NO.: 3221JJ103 

BORING LO~ 
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PLAN AND MAP VIEWS 

STRATIGRAPHIC UNITS BENEATH MDA C 
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TA-50 RUWTF CONTINGENCY PLAN - DP-1132 
I 

PER THIE JANUARY 27, 2012 NMED LETTER 
I 

(SEE APPENDIX A) GRANTING A 45-DAY EXTENSION, 
I 
I 

THIS ITEM WILL BE ADDRESSED AND INFORMATION WILL 
I 

BE SUBMITTED TO NMED UNDER SEPARATE COVER BY 
APRIL 2, 2012. 

I 
I 
I 
I 
I 
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DP-1132 Application - February 2012 
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TA-50 ~adioactive Liquid Waste Treatment Facility (RLWTF) 
I 

Grdundwater Discharge Permit Application (DP-1132) 
I 
1 

Closure Plan and Post-Closure Monitoring 

! 
In the event that operatibns at the RLWTF should cease, and the facility is proposed to be 

permanently closed, the! Permittees shall perform the following closure measures for systems of 

treat~ent and control a~sociated with the facility: 
. I 

• The collection system shall be decontaminated, and removed or plugged so that a discharge 
i . 

to the RLWTF can no longer occur. 
I 

• Wastewater shall be drained from the system components and disposed of in accordance 
I 

with all local, state, and federal regulations. 
I ' i . 

• Disconnect and~or plug piping, tanks, and treatment units that could allow a discharge or leak 

of liquid wastewater. · 
! 

• Solids shall be tjisposed of from treatment units and tanks, including, influent tanks, feed 

• 

• 

! 
tanks, clarifiers, !effluent tanks, wastewater storage tanks and other units: Removed solids 

shall be contained, transported, and disposed of ih accordance with all local, state, and 

federal regulatio
1
ns: The Permittees shall maintain a record of all solids transported for off-site 

disposal. 

Tanks and components shall be removed and disposed of according to applicable local, 

state, and feder~l laws. Provided such tanks and components are not required to meet other 

local, state, or fJderal requirements. Re-grade the area with suitable fill to blend with surface 

topography and bromote positive drainage to prevent ponding. 

In the event thatl evidence of leakage from piping, tanks, or treatment units is discovered 

during closure abtivities, the Permittees shall implement the contingency plan required by this 
I 

Discharge Permit. · 

I 
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II. Post-Closure 

. ...,,, 

) 
TA-50 RLWTF Closure Plan and Post Closure Monitoring 

DP-1132 Application - February 2012 
LA-U R-12-00672 

ENV-D0-12-0005 

1. Permittees shall corntinue to monitor groundwater wells as identified in the Discharge Permit, and 
I 

at the same frequer)CY required by the Discharge Permit for at least five years after closure. 

2 .. If mo~itoring results! show that a groundwater quality standard in Section 20.6.2.3103 NMAC are 

being exceeded; the Permittee shall implement the contingency plan required by this Discharge 
I 

Permit. j 

3. Following notificatio
1

n from NMED that post-closure monitoring may cea~e, the Permittees may 

plug arid abandon the monitoring well(s) provided that such monitoring wells are not required to 
I 

meet another regulatory program, including the 2005 Order on Consent. 

4. When all closure arid post-closure requirements have been met, the Permittees may submit a 
I 

written request for termination of the Discharge Permit to NMED. 
I 
I 
I 

[NMSA 1978, § 74-6-5.Q, Subsection B of 20.6.2.3109 NMAC, Subsection A of 20.6.2.3107. 
! 

Ill. Reporting and Record-K~eping 
I 

1. After closure activiti~s, the Permittees shall submit a Closure Report containing the following: 
I 

a) Verification (ph9tographic or narrative) that lines leading to the tanks and other units have 

been plugged dr removed so that a discharge can no longer occur. 
I 
I 

b) A description ofj the volume and mass (dry weight) of residual solids removed from the tanks 
' 

and other units ~nd the ultimate disposal of the solids. 

I 
2. Permittees shall suomit records of activities required for closure and post-closure as set forth in 

this Permit. 

[NMSA 1978, § 74-6-5.ID, Subsection B of 20.6.2.3109 NMAC, Subsection A of 20.6.2.3107 NMAC] 
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ABSTRACT 

This report provides a comprehensive description of the hydrogeologic setting 
beneath the Pajarito Plateau and Los Alamos National Laboratory (LANL). It is 
based on interpretative synthesis ofhydrogeologic and geochemical data collected 
through Decerµber 2004. Since 1998, twenty-five regional aquifer wells and six 
intermediate-z.one wells have been completed for hydrogeologic characterization. 
Characterization of the hydrogeologic setting was undertaken in order to fulfill 
regulatory requirements for characterization and monitoring. This report provides the 
data and info:rlnation necessary to evaluate the existing monitoring network and, if 
necessary, to design an enhanced monitoring network. 

Los Alamos }:rational Laboratory (LANL) is situated on the Pajarito Plateau, 
located within the Espanola Basin section of the Rio Grande Rift. The Espanola 
Basin, as wel~ as the Pajarito Plateau on its western edge, is filled with Miocene 
and Pliocene-age sediments and volcanic rocks. The topographic plateau is formed 
by Pleistocen~ Bandelier Formation ash-flow tuffs from the Jemez volcanic field, 
which cover \he basin-fill sediments. 

' 
Groundwater' occurs in three settings beneath the Pajarito Plateau: alluvial 
groundwater; intermediate-perched saturated zones, and the regional aquifer. 
Alluvial groundwater occurs to a limited and variable extent in the alluvium lining 
canyon bottoms. Alluvial groundwater provides pathways for LANL-derived 
contaminaticin introduced into canyons to migrate to significant lateral distances 
and infiltrate; to greater depths. 

Flow and transport of water in the vadose zone varies by rock type. Most of the 
plateau is coyered with nonwelded to moderately welded Tshirege and Otowi 
Member ash-flow tuffs of the Bandelier Tuff. Unsaturated flow and transport 
through thes'.e nonwelded to moderately welded tuffs occurs predominantly through 
the porous matrix. On the western edge of the plateau, both fracture and matrix
dominated flow can occur, depending on the degree of welding (or matrix 
conductivity) of the tuff. In contrast to the flow behavior in the Bandelier Tuff 
units, much 'of the vadose zone flow through the basalt units is almost certainly 
fracture dominated. Beneath the Pajarito Plateau, perched water bodies in the 
vadose zone may be important components of subsurface pathways that facilitate 
movement of contaminated fluids from the ground surface to the water table of the 
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regional aquifer. Perched water is most often found in Puye fanglomerates, the 
Cerros del Rio basalt, and in units of the Bandelier Tuff. 

The regional aquifer beneath the Pajarito Plateau is part of an aquifer which 
extends throughout the Espanola Basin (an area roughly 6000 km2). This aquifer is 
the primary source of water for the Laboratory, the communities of Santa Fe, 
Espanola, Los Alamos, and numerous pueblos. The sources of recharge to the 
regional aquifer are diffuse recharge in the Sierra de los Valles and focused 
recharge from wet canyons on the Pajarito Plateau. Natural discharge from the 
regional aquifer is primarily into the Rio Grande directly or to springs that flow 
into the Rio Grande. The aquifer is under water-table conditions across much of the 
Plateau, but exhibits more confined aquifer behavior near the Rio. Hydraulic 
properties are highly anisotropic, with vertical hydraulic conductivities much 
smaller than horizontal hydraulic conductivites, resulting in a muted response at the 
water table to supply-well pumping at greater depths. Flow modeling simulations 
suggest that flow beneath the Rio Grande (west to east) has been induced by 
production at the Buckman wellfieldjust east of the Rio Grande, which supplies 
the city of Santa:Fe. Because of the heterogeneous nature of the aquifer, 
groundwater velocity varies considerably over short distances. The fastest 
velocities are in the basalts where :fracture flow is as~umed. 

Imprinted on the' natural variations in chemistry along flowpaths is the presence of 
contaminants his'torically released since the early 1940s when Laboratory 
operations commenced. The impacts to groundwater at the Laboratory have 
occurred mainly where effluent discharges have caused increased infiltration of 
water. The movement of groundwater contaminants is best seen through the 
distribution of conservative (that is, non-reactive) chemical species. Under many 
conditions, compounds like RDX, tritium, perchlorate, and nitrate move readily 
with the groundwater. In many settings, chemical reactions do not retard the 
movement of these compounds or decrease their concentrations, although the 
activity of tritium does decrease due to radioactive decay. For some compounds or 
constituents (ura!J.ium, strontium-90, barium, some HE compounds, and solvents), 
movement is slowed or their concentrations are decreased by adsorption or cation 
exchange, precipitation or dissolution, chemical reactions like oxidation/reduction, 
or radioactive decay. Other constituents (americium-241, plutonium, and cesium-
137) are nearly immobile because they are strongly adsorbed onto sediment 
particles. 

The distribution of tritium in the regional aquifer supports the conceptual model 
that surface effluent discharges have caused the cases where Laboratory 
contaminants are :found at depth. In most cases, the highest regional aquifer tritium 
values are found l)ear where effluent discharges have occurred, but are much lower 
than values observed in overlying alluvial or intermediate perched groundwater. 
The lower regional aquifer values may be due to dilution ofrecharge by other 
groundwater sourpes as well as radioactive decay due to recharge times of decades. 

The conceptual models of the hydrologic system beneath the Pajarito Plateau have 
been translated into numerical models. A site-wide model for performing first
order analysis of travel time through the vadose zone across the entire Pajarito 
Plateau was used to identify areas where contaminant pathways are likely to exist. 
Results indicated that the predicted travel times on mesas are variable, but for the 
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most part are greater than 1000 years, ranging from 1000-5 000 years in the eastern 
portions of the ~aboratory to 20,000 to 30,000 years in the western region. Two 
factors control these results: infiltration rate and hydrostratigraphy. Generally, 
travel times less than 100 years are predicted in the portions of canyons with net 
infiltration of 390 mm/yr to 1000 mm/yr, especially in locations where the 
Bandelier Tuff is thin. 

The regional aquifer model has been applied to predict fate and transport of 
contaminants in the regional aquifer, in order to optimally place monitoring wells 
and inform risk-assessment studies; and to provide guidance in prioritization of 
data collection activities. 

Armed with the 1understanding gained from the Hydrogeologic Workplan activities, 
it is now possible to develop improved groundwater monitoring strategies or 
conduct more c<;>st-effective detailed studies of individual canyons where initial 
studies have suggested that groundwater risk may exist. 
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1.0 INTRO~UCTION 

This report provides a comprehensive description of the hydrogeologic setting beneath the Pajarito 
Plateau and Los Alamos:National Laboratory (LANL). It is based on interpretative synthesis of 
hydrogeologic data collected through December, 2004. Characterization of the hydrogeologic 
setting was undertaken il]l order to fulfill regulatory requirements for characterization and 
monitoring. This report provides the data and information necessary to evaluate the existing 
monitoring network and,'. if necessary, to design an enhanced monitoring network. Monitoring 
network evaluation and qesign are not addressed in this report. Recommendations included in this 
report are for scientific iqterest only, and are not necessary to comply with the regulatory 
requirements. 

LANL is located in Los Alamos, Santa Fe, and Sandoval counties of north-central New Mexico, 
roughly 25 mi northwest :of Santa Fe (Figure 1-1 ). It is owned by the Department of Energy (DOE) 
and co-operated by DOE:and the University of California (UC). Work at LANL began in 1943 
with the mission to design, develop, and test nuclear weapons. 

Beginning in 1945, the U,S Geological Survey (USGS) became involved in various studies to 
develop the water supply;at LANL (LANL 1995). Special studies to protect and monitor 
groundwater quality wen:j initiated by LANL in 1949. Thus, groundwater monitoring has been 
conducted at LANL for over 50 years. The first monitoring network was limited to the water 
supply wells, a handful oftest wells, and spri.ngs. The monitoring network evolved as 
environmental programs, :such as those managed by LANL's Environmental Restoration (ER) 
organization (now Environmental Stewardship-Environmental Remediation & Surveillance 
Program [ENV-ERS]), aqded more wells, primarily in the shallow alluvial systems, as potential 
monitoring points. 

In 1997, LANL personnel began a site-wide hydrogeologic characterization program, which is 
described in the Hydrogec?logic Workplan (LANL 1998). The primary objective of the 
characterization program was to sufficiently refine the understanding of the hydrogeologic systems 
so that, if appropriate, an enhanced monitoring network could be designed. The Hydrogeologic 
W orkplan was implement~d, resulting in installation of 25 regional aquifer wells. Data from 
sampling and measurements taken at these wells have provided information about the subsurface 
geologic environment, inc)uding the vadose zone and intermediate perched and regional aquifer 
groundwater. This report is a synthesis of data from Hydrogeologic Workplan activities and all 
other groundwater-related: investigations conducted at LANL since 1997. Collection and analysis 
of groundwater data is ongoing at LANL, associated with site-specific (not site-wide) 
investigations. It is consid¢red unlikely that information from wells drilled after December 2004 
will significantly change the understanding of the site-wide hydrogeologic setting described in this 
report. In some cases, analysis and interpretation of data lags behind data collection, and what is 
presented here does not include analysis of all data collected up to December 2004. Analysis of the 
data collected as part of the site-wide characterization has sufficiently improved the understanding 
of the hydrogeologic system and the ability to design and implement an integrated site-wide 
groundwater monitoring program. 
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Figure 1-1. Location of Los Alamos National Laboratory. 
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1.1 Technical.Objectives of the Hydrogeologic Workplan 

The primary technical objective of the Hydrogeologic Workplan was to collect data necessary to 
evaluate and, if necessary; enhance the groundwater monitoring network at LANL. The technical 
objectives of the Hydrogeologic Workplan were intended to be comprehensive with respect to 
groundwater regulatory requirements for characterization and monitoring, described in Appendix 
1-A. The regulatory requirements included 

• Resource Conservation and Recovery Act (RCRA) operating permit which requires 
monitoring for RCRA units, unless a groundwater monitoring waiver is demonstrated. 

• New Mexico Environment Department (NMED) letters requiring a better understanding of 
the hydrogeologic regime in order evaluate groundwater monitoring waivers submitted by 
LANL. 

• RCRA permits Hazardous and Solid Waste Amendments (HSWA) module requirements to 
characterize the h~drogeologic setting. 

Specifically, NMED identified four issues that needed to be resolved in order to evaluate the 
groundwater monitoring waivers submitted by LANL (Appendix 1-A): 

• Individual zones of saturation beneath LANL had not been adequately delineated and the 
"hydraulic interconnection" between these was not understood. 

• The recharge area(s) for the regional and intermediate aquifers and any associated effects 
of fracture-fault zones with regard to contaminant transport and hydrology had not been 
identified. 

• The groundwater flow direction(s) of the regional aquifer and intermediate aquifers, as 
influenced by pumping of production wells, were unknown. 

• Aquifer characteristics could not be determined without additional monitoring wells 
installed within spe'cific intervals of the various aql!ifers beneath the facility. 

Table 1-1 is a crosswalk of HSW A module requirements for groundwater characterization, how 
they have been addressed, and which sections of this report contain that information. 

1.2 Hydrogeol~gic Characterization Overview 

In order to establish the data quality objectives that guided the development of the Hydrogeologic 
Workplan (LANL 1998), tqe information needed to evaluate and design a monitoring network was 
articulated. Groundwater at LANL occurs in three modes: alluvial, perched intermediate 
groundwater in the vadose zone, and the regional aquifer. Figure 1-2 shows the relationship 
between the Pajarito Plateau topography and modes of groundwater. In general, to monitor the 
quality of water that has the potential to be impacted by releases of hazardous or radioactive 
wastes, there must be an understanding of the following: 
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Reference 

Task 111.A.1.a 

Task 111.A.1.b 

Task 111.A.1.c 

Task 111.A.1.d 

Task 111.A.1.e 

Task 111.A.1.f 

Task 111.A.1.g 

Task 111.A.1.h 

Task 111.A.2.d 

Task 111.A.2.e 

Task 111.A.2.j 

Task 111.A.2.k 

Task 111.A.2.I 
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Table 1-1. 
Crosswalk Between HSWA Permit 

Requirements* and Synthesis Report Section 
Permit Requirement 

' 

A description of the regional and facility specific geologic and hydrogeologic 
characteristics affecting groundwater flow beneath the facility 

An analysis of any topographic features that might influence the groundwater 
flow system 

An analysis of fractures within the tuff, addressing tectonic trend fractures versus 
cooling fractures 

Based on field data, tests, (gamma and neutron logging of existing and new 
wells, piezometers, and borings) and cores, a representative and accurate 
classification and description of the hydrogeologic units which may be part of the 
migration pathways at the facility (e.g., the aquifers and any intervening 
saturated an'd unsaturated units) 

Based on field studies and cores, structural geology and hydrogeologic cross 
sections showing the extent (depth, thickness, lateral extent) of hydrogeologic 
units which may be part of the migration pathway identifying 
Unconsolidated sand and gravel deposits 
Zones of fraqturing or channeling in consolidated and unconsolidated deposits 
Zones of high or low permeability that might direct and restrict the flow of 
contaminants 

Based on data obtained from groundwater monitoring wells and piezometers 
installed upgradient and downgradient of the potential contaminant source, a 
representative description of water level or fluid pressure monitoring 

A description of manmade influences that may affect the hydrogeology of the 
site 

Analysis of available geophysical information and remote sensing information 
such as infrared photography and Landsat imagery 

Characterize: rock and soil units above the water table including saturated 
hydraulic con.ductivity 

Characterize:rock and soil units above the water table including porosity 

Characterize .rock and soil units above the water table including depth of water 
table 

Characterize :rock and soil units above the water table including moisture content 

Characterize rock and soil units above the water table including effect of 
stratification on unsaturated flow 

1-8 

Synthesis Report 
Sections 

Section 2.2, 
Section 2.4 

Section 2.1.3 

Section 2.5.4 

Section 2.3; 
Section 4.2.12 

Section 2.3; 
Section 4.1.2; 
Section 4.2.12 

Section 2.4.2 

Section 2.7.6 

Appendix 2-A 

Section 2.2, 
Section 2.3, 
Section 2.4.1 

Section 2.2, 
Section 2.3, 
Section 2.4.1 

Section 2.2, 
Section 2.3, 
Section 2.4.1 

Section 2.2, 
Section 2.3, 
Section 2.4.1 

Section 2.4.1 
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Table 1-1. 
Crosswalk Between HSWA Permit 

Requirements* and Synthesis Report Section (continued) 
HSWA Permit Permit Requirement Synthesis Report 

Reference Sections 
Task 111.A.2.m Characterize rock and soil units above the water table including infiltration Section 2.4.1 

Task 111.A.2.n Characterize rock and soil units above the water table including Section 2.4.1; 
evapotranspiration Section 2.4.2 

Task 111.A.2.o Characterize .rock and soil units above the water table including residual Section 2.4.1, 
contaminants in soil Appendix 3-A 

Task 111.A.2.r Characterize .rock and soil units above the water table including water balance Section 2.4.1 
scenarios 

Task 111.C.1.a A description of horizontal and vertical extent of any immiscible or dissolved Appendix 3-A 
groundwater plume(s) originating from the facility 

Task 111.C.1.b The horizontal and vertical direction of contaminant movement in groundwater Section 3.2; 
Section 4.1; 

I Section 4.2.11; 
Section 4.2.12 

Task 111.C.1.c The velocity ~f contaminant movement in groundwater Section 4.1; 
Section 4.2.11; 
Section 4.2.12 

Task 111.C.1.d The horizontal and vertical concentration profiles of any 40 CFR Part 264 Section 3.2; 
Appendix IX constituents and radiochemical constituents in the groundwater Appendix 3-A 
plume(s) 

Task 111.C.1.e An evaluation of factors influencing the plume movement Section 3.1, 
Section 3.2, 
Section 4.1, 
Section 4.2.12 

Task 111.C.1.f An extrapolation of future plume movement Section 4.1, 
Section 4.2.12 

* LANL, 1995. 

• Potential sources o,f contaminants: contaminant character, inventory, and locations 

• Release mechanisms that introduce contaminants to the environment 

• Contaminant transport mechanisms from the location of the release to groundwater 

• Transport of contaminants through the groundwater system: direction and velocity of 
groundwater and of contaminants 

Monitoring data needs were identified for each component of the groundwater system: alluvial, 
intermediate perched groundwater in the vadose zone, and regional aquifer and the connections 
between the components. Figure 1-2 shows the overall hydrogeologic conceptual model. In wet 
canyons, where surface water is present, the water infiltrates the alluvium in the canyon bottoms 
and forms alluvial groundwater. Dry canyons and mesas do not have alluvial groundwater. 
Alluvial groundwater flo""'.s down the canyon until it reaches an area where infiltration is enhanced 
by thin or absent Bandelier Tuff, highly fractured rock below the alluvium, or anthropogenic 
alterations (e.g. sediment traps). In areas with enhanced infiltration, alluvial groundwater 
percolates through the vadbse zone and collects in relatively more permeable units, if there are any 
present beneath the canyon, e.g. fractured basalt. Alluvial groundwater and perched intermediate 
groundwater continue to percolate through the deeper vadose zone until they reach the regional 
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aquifer. The interconnec~ed nature of the hydrogeologic system may allow anthropogenic 
constituents that are presbnt in surface water to be transported into alluvial groundwater, the 
vadose zone and to the r~gional aquifer. 
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The data collection articu:lated in the Hy~rogeologic Workplan considered elements of risk 
assessment, e.g. sources, release mechamsms, and transport, because these same elements are 
important in establishing a monitoring network capable of detecting releases. Thus, the data 
collected under the auspi~es of the Hydrogeologic Workplan are considered adequate to support 
risk assessment, but are nbt intended to serve as a risk assessment. Characterizing the source terms 
and release mechanisms qr other chemical phenomena is the subject ofongoing investigations and 
information from those i~vestigations was used in developing the Hydrogeologic Workplan 
(LANL 1998). Characteri~ing the alluvial component of the hydrologic system was undertaken in 
conjunction with investig~ting source terms and the results of the alluvial investigations are 
reported here (Section 2.4) because of the importance of alluvial groundwater in the hydro geologic 
system. The primary focu:s of the Hydrogeologic Workplan (LANL 1998) activities was on the 
deeper groundwater com~onents and to understand the movement of contaminants through the 
vadose zone and in the re~ional aquifer. 

I 
I 

· Since 1998, twenty-five r~gional aquifer wells and six intermediate-zone wells have been 
I 

completed for hydrogeolqgic characterization (Table 1-2). The locations of the hydrogeologic 
characterizat~on wells areJshown on Fig11:re. 1-3. Well comple~ion fact sheets (~ppendi~ 1-B) and 
well completion reports document the dnllmg, well construction, well completion, testmg, and 

\ 

I 
I 
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sampling for each characterization well. A description and analysis of the characterization 
sampling for many wells'are documented in geochemistry reports. 

1.3. Topical ~rganization 

The most basic control on the movement of water and contaminants through the system is the 
rocks through which the water moves. The conceptual model of the site is built from surface and 
subsurface geologic data (Appendix 2-A). Section 2.1 describes the regional geologic setting as a 
context for understanding the stratigraphic framework of the Pajarito Plateau presented in Section 
2.2. Cross sections that illustrate the relationship between the stratigraphic units are critical for 
understanding how groundwater flows (Section 2.3). 

The hydrologic properties of stratigraphic units in the vadose zone and regional aquifer are 
described in Section 2.4. This section quantifies the properties of the hydrologic units and explains 
the sources of data, including the uncertainties in the properties. The hydrologic properties and 
processes are combined to· create conceptual models of the alluvial, vadose zone, and regional 
aquifer components in Sections 2.5, 2.6 and 2.7, respectively. 

The natural groundwater geochemistry of the Pajarito Plateau is important to understand in order 
to identify and quantify contaminants added to the system. The background groundwater chemistry 
is integrated with geochemical processes to provide the comprehensive geochemical model 
described in Section 3.1. Overprinted on the natural water chemistry are the contaminants 
potentially released by LANL activities. Section 3.2 synthesizes the contaminant distribution data 
with respect to hydro logic: processes and explores the contaminant transport implications. 

Numerical modeling is an :analytical tool that can be used to integrate and synthesize the 
sometimes widely-spaced point hydrogeologic field data and that predicts how the hydrologic 
system will behave at different times and under different conditions in the future. However, before 
models can be used for prediction, they must adequately reproduce the current conditions. The 
vadose zone and regional ~quifer models that have been developed adequately reproduce current 
conditions beneath the Pajarito Plateau are described in Sections 4.1 and 4.2. These sections 
include the underlying assumptions, hydrologic processes, calibration, and predictions for flow and 
transport. 

Section 5 summarizes the Information presented in Sections 2, 3 and 4 and highlights how the 
refined understanding of the hydrogeologic systems can be applied to evaluating the adequacy of 
the existing the monitoring system and, if necessary, the design of an enhanced monitoring 
network. · 
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Table 1-2. 
Los Alamos National Laboratory Hydrogeologic Characterization Wells 

Well Location Date Primary Drilling Methods Type of Drilling Fluid Used Total Number of Reference 
Completed Depth Screens1 

(ft bgs*) 
R-1 Mortandad November Conventional-circulation fluid-assisted air-rotary Air and municipal water mixed with 1165 1-R Kleinfelder, 

Canyon 2003 methods with casing advance to 90 ft followed by Quik-FOAM, EZ-MUD 2004e 
conventional-circulation fluid-assisted air-rotary 
drilling in an open hol_e to2 TD at 116_()_ It _ - - -- - --- --

-
- - --R-i Pueblo October Conventional-circulation fluid-assisted air-rotary Air and municipal water mixed with 943 1-R Kleinfelder, 

Canyon 2003 drilling in an open hole to 403 ft followed by Quik-FOAM, EZ-MUD in the upper 2004b 
conventional-circulation mud rotary drilling to TD at part and municipal water mixed 
943 ft. with bentonite, soda ash, PAC-L in 

the lower part 

R-4 Pueblo October Conventional-circulation fluid-assisted air-rotary Air and municipal water mixed with 844 1-R Kleinfelder, 
Canyon 2003 drilling in an open hole to 266 ft followed by Quik-FOAM, EZ-MUD in the upper 2004a 

conventional-circulation mud rotary drilling to TD at part and municipal water mixed 
844 ft. with bentonite, soda ash, PAC-Lin 

the lower part 

R-5 Pueblo June 2001 A combination of reverse- circulation fluid-assisted Air and municipal water mixed with 902 2-1 LANL, 
Canyon air-rotary methods in open hole and with casing Quik-FOAM, EZ-MUD 2-R 2003a 

advance to 870 ft followed by reverse-circulation 
fluid-assisted air-rotary drilling in an open hole to TD 
at 902 ft. 

R-6 Los Alamos December Conventional-circulation air-rotary and fluid-assisted Air and municipal water mixed with 1303 1-R Well 
Canyon 2004 air-rotary drilling methods in an open hole to 945 ft Quik-FOAM, EZ-MUD in the upper completion 

followed by conventional-circulation mud rotary part and municipal water mixed report 
drilling in a cased hole (casing set to 815 ft depth) to with bentonite (Max-Gel and Quik- unavailable 
TD at 1303 ft. Gel), N-seal, Drispac, and soda 

ashinthelowerpart 

R-7 Los Alamos February Reverse-cfrculation fluid-assisted air-rotary methods Air and municipal water mixed with 1097 2-1 Stone et al. 
Canyon 2001 with casing advance to 290 ft followed by reverse- Quik-FOAM, EZ-MUD 1-R 2002 

circulation fluid-assisted air-rotary drilling in an open 
hole to TD at 1097 ft. 

R-8 Los Alamos February A combination of reverse- circulation fluid-assisted Air and municipal water mixed with 880 2-R LANL, 
Canyon 2002 air-rotary methods in open hole and with casing Quik-FOAM, EZ-MUD 2003b 

advance to 809 ft followed by reverse-circulation 
fluid-assisted air-rotary drilling in an open hole to TD 
at 880 ft. 
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Table 1-2. 
Los Alamos National Laboratory Hydrogeologic Characterization Wells (continued) 

Well Location Date Primary Drilling Methods Type of Drilling Fluid Used Total Number of Reference 
Completed Depth Screens1 

(ft bgs*) 
R-9 Los Alamos October A combination of reverse-circulation air-rotary Air in upper part of the borehole 771 1-R Broxton 

Canyon 1999 methods in open hole to 175 ft, coring to 419 ft, and and air with municipal water mixed et al. 2001 a 
with casing advance and reverse-circulation air- with Quik-FOAM, EZ-MUD in the 
rotary methods TD at 771_ ft._ -- _ _lovyer part - -- - - -

R-11 Sandia August Conventional-circulation fluid-assisted air-rotary Air and municipal water mixed with 927 1-R Kleinfelder, 
Canyon 2004 drilling in an open hole to TD at 927 ft. Quik-FOAM, EZ-MUD 2004c 

R-12 Sandia January A combination of reverse- circulation air-rotary Air and municipal water in the 886 2-1 Broxton 
Canyon 2000 methods in open hole and with casing advance to upper part and air with municipal 1-R et al. 2001 

710 ft followed by reverse-circulation fluid-assisted water mixed with TORKEASE, 
air-rotary drilling in an open hole to TD at 886 ft. Quik-FOAM, EZ-MUD in the lower 

part 

R-13 Mortandad September A combination of reverse- circulation fluid-assisted Air and municipal water mixed with 1133 1-R LANL 2003c 
Canyon 2001 air-rotary methods in open hole and with casing Quik-FOAM, EZ-MUD 

advance to TD at 1133 ft. 

R-14 Mortandad July 2002 Reverse-circulation fluid-assisted air-rotary methods Air and municipal water mixed with 1327 2-R LANL, 
Canyon in open hole to 1225 ft with hole cased to 1050 ft; EZ-MUD in the upper part and 2003d 

conventional-circulation mud rotary drilling in open municipal water mixed with soda 
hole from 1225-1285 ft; reverse-circulation fluid- ash, bentonite, LIQUl-TROL, in the 
assisted air-rotary methods with casing advance lower part 
from 1285 ft to TD at 1327 ft. 

R-15 Mortandad February Reverse-circulation fluid-assisted air-rotary methods Air and municipal water mixed with 1107 1-R Longmire 
Canyon 2000 with casing advance to TD at 1107 ft. TORKEASE, Quik-FOAM, EZ- et al. 2000 

MUD 

R-16 White Rock August A combination of reverse- circulation fluid-assisted Air and municipal water mixed 1287 4-R LANL, 
Overlook 2002 air-rotary methods in open hole and with casing Quick-gel, liqui-trol, Quick-FOAM, 2003e 

advance to 729 ft followed by reverse-circulation and soda ash in the upper part and 
fluid-assisted air-rotary drilling in an open hole to 867 municipal water mixed Quick-gel, 
ft. Hole completed using conventional-circulation EZ-MUD, liqui-trol, magma-fiber, n-
mud rotary methods from 867 ft to TD at 1287 ft. seal in the lower part 

R-18 Mesa above December Conventional-circulation fluid-assisted air-rotary Air and municipal water mixed with 1440 1-R Well 
Pajarito 2004 drilling methods in an open hole to TD at 1440 ft. Quik-FOAM and EZ-MUD completion 
Canyon report 

unavailable 
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Table 1-2. 
Los Alamos National Laboratory Hydrogeologic Characterization Wells (continued) 

Well Location Date Primary Drilling Methods Type of Drilling Fluid Used Total Number of Reference 
Completed Depth Screens1 

(ft bgs*) 

R-19 Mesa above April 2000 Reverse-circulation fluid-assisted air-rotary methods Air and municipal water mixed with 1902 2-1 Broxton 
Potrillo with casing advance to 227 ft followed by reverse- TORKEASE, Quik-FOAM, EZ- 5-R et al. 2001d 
Canyon circulation fluid-assisted air-rotary drilling in an open MUD 

hole to TD at 1902 ft. 

CdV-R- Calion de September Reverse-circulation fluid-assisted air-rotary methods Air and municipal water mixed with 1722 3-1 Kopp_ et al. 
- 15-3 -Valle 2000 with casing advance to 722 ft; install casing; Quik.:FOAM, EZ-MUb plus - - 3-R 2002 

complete hole by reverse-circulation fluid-assisted polymers 
air-rotary drilling in an open hole to TD at 1722 ft. 

CdV-R- Calion de October A combination of reverse- circulation fluid-assisted Air and municipal water mixed with 1664 1-1 Kopp et al. 
37-2 Valle 2001 air-rotary methods in open hole and with casing Quik-FOAM, EZ-MUD 3-R 2003 

advance to 825 ft followed by reverse-circulation 
fluid-assisted air-rotary drilling in an open hole to TD 
at 1664 ft. 

R-20 Pajarito January Conventional-circulation mud rotary drilling to TD at Municipal water mixed Quick-gel, 1365 3-R LANL, 2003 
Canyon 2003 1365 ft. liqui-trol, Quik-FOAM, soda ash, 

PAC-L, n-seal (mineral fiber) 

R-21 Canada del January Conventional-circulation air-rotary drilling in an open Air and municipal water mixed with 995 1-R Kleinfelder, 
Buey 2003 hole to 237 ft followed by conventional-circulation Quik-FOAM, EZ-MUD 2003f 

fluid-assisted air-rotary drilling in an open hole to TD 
at 995 ft. 

R-22 Mesa above December A combination of reverse- circulation fluid-assisted Air and municipal water mixed with 1489 5-R Ball et al. 
Pajarito 2000 air-rotary methods in open hole and with casing Quik-FOAM, EZ-MUD 2002 
Canyon advance to 1345 ft followed by reverse-circulation 

fluid-assisted air-rotary drilling in an open hole to TD 
at 1489 ft. 

R-23 Pajarito January A combination of Municipal water mixed with 935 1-R LANL, 
Canyon 2003 conventional mud-rotary drilling, reverse-circulation bentonite, Quick-gel, liqui-trol, 2003g 

fluid-assisted air-rotary drilling in open hole, and Quik-FOAM, soda ash, magna-
reverse-circulation fluid-assisted air-rotary drilling fiber, PAC-L, n-seal and air with 
with casing advance to TD of 935 ft. municipal water mixed with Quick-

gel, liqui-trol, Quik-FOAM, and 
soda ash 

R-25 Mesa above February Reverse-circulation fluid-assisted air-rotary drilling Air and municipal water mixed with 1942 4-1 Broxton 
Calion de 1999 with casing advance to TD of 1942 ft. TORKEASE, Quik-FOAM, EZ- 5-R et al. 2001e 
Valle MUD 
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Table 1-2. 
Los Alamos National Laboratory Hydrogeologic Characterization Wells (continued) 

Well Location Date Primary Drilling Methods Type of Drilling Fluid Used Total Number of Reference 
Completed Depth Screens1 

(ft bgs*) 

R-26 Canon de October Conventional-circulation fluid-assisted air-rotary Air and municipal water mixed with 1490.5 1-1 Kleinfelder, 
Valle 2003 drilling in an open hole to 1000 ft; casing installed to Quik-FOAM, EZ-MUD 1-R 2004f 

1000 ft; borehole completed by conventional-
circulation mud-rotary drilling in an open hole to TD 
at 1490.5 ft. ---

R-28 - - Mortandad December· Conventional-circulation fluitl-assisted-air-rotar}t Air and municipal water mixed with 1005 1-R Kleinfelder, 
Canyon 2003 methods with casing advance to 80 ft followed by Quik-FOAM, EZ-MUD 2004d 

conventional-circulation fluid-assisted air-rotary 
drilling in an open hole to TD at 1005 ft. 

R-31 Ancho March 2000 A combination of reverse- circulation fluid-assisted Air and municipal water mixed with 1103 1-1 Vaniman 
Canyon air-rotary methods in open hole and with casing Quik-FOAM, EZ-MUD 4-R et al. 2002 

advance to 787 ft followed by reverse- circulation 
fluid-assisted air-rotary methods with casing advance 
to TD at 1103 ft. 

R-32 Pajarito January Reverse-circulation fluid-assisted air-rotary drilling in Air and municipal water mixed with 1008 3-R LANL, 
Canyon 2003 open hole to 908; install casing; complete hole by Quick-gel, liqui-trol, Quik-FOAM, 2003h 

conventional-circulation mud rotary drilling in an and soda ash in the upper part and 
open hole to TD at 1008 ft. municipal water mixed with Quick-

gel, liqui-trol, EZ-MUD, magma-
fiber, PAC-L, n-seal in the lower 
part 

R-33 Ten Site October Conventional-circulation air-rotary and fluid-assisted Air and municipal water mixed with 1140 1-R Completion 
Canyon 2004 air-rotary drilling methods in an open hole to 1030 ft Quik-FOAM, EZ-MUD report not 

followed by reverse-circulation fluid-assisted air- available 
rotary drilling methods in an open hole to TD at 1140 
ft. 

R-34 Cedro August Conventional-circulation air-rotary and fluid-assisted Air and municipal water mixed with 1065 1-R Completion 
Canyon 2004 air-rotary drilling methods in an open hole to TD at Quik-FOAM and EZ-MUD report not 

1065 ft. available 

MCOB Mortandad June 2001 Reverse-circulation fluid-assisted air-rotary drilling Air and municipal water mixed with 767 1-1 Broxton 
T-4.4 Canyon using casing advance to 130 ft followed by reverse- Quik-FOAM, EZ-MUD et al. 2002 

circulation fluid-assisted air-rotary drilling in an open 
hole to TD at 767 ft. 
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Table 1-2. 
Los Alamos National Laboratory Hydrogeologic Characterization Wells (continued) 

Well Location Date Primary Drilling Methods Type of Drilling Fluid Used 
Completed 

MCOB Mortandad June 2001 Reverse-circulation fluid-assisted air-rotary drilling Air and municipal water mixed with 
T-8.5 Canyon using casing advance to 130 ft followed by reverse- Quik-FOAM, EZ-MUD 

circulation fluid-assisted air-rotary drilling in an open 
hole to TD at 7 40 ft. 

R-6i Los Alamos December Conventional-circulation air-rotary and fluid-assisted _Air a~_d muni_~ipa_I wa!~r ll}_i)C~_d with 
- Canyon - -2004- air-rotary drilling in- an open hole -to TD-af 666 ft. -- -- Quik-FOAM 

R-9i Los Alamos March 2000 Reverse-circulation fluid-assisted air-rotary drilling in Air and municipal water mixed with 
Canyon an open hole to TD at 322 ft. EZ-MUD 

CdV- Canon de November Conventional-circulation fluid-assisted air-rotary Air and municipal water mixed with 
16-1 (i) Valle 2003 drilling in an open hole to TD at 683 ft. Quik-FOAM, EZ-MUD 

CdV- Canon de December Conventional-circulation fluid-assisted air-rotary Air and municipal water mixed with 
16-2(i) Valle 2003 drilling in an open hole to TD at 1063 ft. Quik-FOAM, EZ-MUD 

CdV- Canon de January Conventional-circulation fluid-assisted air-rotary Air and municipal water mixed with 
16-3(i) Valle 2004 drilling in an open hole to TD at 1405 ft. Quik-FOAM, EZ-MUD 

* bgs = below ground surface 
1 R = screen(s) in regional groundwater; I = screen(s) in intermediate-depth (perched) groundwater 
2 TD =total depth 
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Total Number of Reference 
Depth Screens1 

(ft bgs*) 
740 - Broxton 

et al. 2002 

660 - 1-:-1 Completion 
report not 
available 

322 2-1 Broxton 
et al. 2001c 

683 1-1 Completion 
report not 
available 

1063 2-1 Completion 
report not 
available 

1405 - Completion 
report not 
available 

December 2005 



Hydrogeologic Synthesis Report 

c 
' 

* Water supply wells 
Buildings , 

- Drainage in canyons.1 1 Mile 

'\ 
Caja 
r 

f 
') 

\ 

Figure 1-3. Locations of the Hydrogeologic Workplan characterization wells. 
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2.0 HYDROG;EOLOGY 
I 

Groundwater occurs in th~ee settings beneath the Pajarito Plateau: alluvium, intermediate 
perched saturated zones, and the regional aquifer. The major source ofrecharge to the regional 
aquifer is precipitation within the Sierra de los Valles. However, alluvial groundwater on the 
Pajarito Plateau is a sourc~ ofrecharge to underlying intermediate perched saturated zones and to 
the regional aquifer. 

This section describes the conceptual understanding of the hydrogeology beneath the Pajarito 
Plateau. The conceptual models of the hydrogeologic system described here are based on 
empirical observations combined with knowledge of geologic and hydrologic processes. These 
conceptual models are the: foundation of the numerical models described in Section 4. First, the 
geologic conceptual mod~l is described to provide an understanding of the geologic units that are 
present. Second, the connection between geology and hydrology is discussed because the 
geology is the first-order control on the Pajarito Plateau hydrology. Finally, the conceptual 
models for the alluvial groundwater, perched intermediate groundwater, and the regional aquifer 
are described. 

2.1 Geologic <=;onceptual Model 

The geologic conceptual J:D.Odel for the LANL site is developed from (1) past studies of site and 
regional geology that pred:ate implementation of the Hydrogeologic Workplan, including over 
50 years of mapping, drilling, and regional geophysical studies; (2) borehole data collected 
specifically for the Hydrogeologic Workplan; and (3) integration of results from current 
Hydrogeologic Workplan studies with other studies in the region, particularly those that are 
brought together by the E~pafiola Basin Technical Advisory Group. Table 2-1 provides a 
summary of the types of information used to develop the geologic conceptual model and 

· Appendix 2-A contains a detailed description of the geologic types of data used to develop the 
conceptual model. 

There are localized subsurface geologic data associated with drilling boreholes and regional 
geologic data, surface and:subsurface, which are obtained by aerial surveys and work done by 
others on a regional scale. :The localized subsurface geologic data are obtained from: 

I 

• Cuttings and core 1 

• Borehole geophysi¢al data 

• Borehole video logs 

• Drilling rates and ~haracter 
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Data Type 

Lithologic Information from 
Cuttings 

Lithologic Information from 
Core 

ER2005-0679 

Table 2-1. 
Summary of Geologic Data 

Purpose 

Direct measurements of 
the top and bottom and 
character of the 
hydrogeologic units at 
each borehole. 
Correlations of rock units- -- -
among boreholes are key 
components of the site
wide 3-D geologic model 
for the plateau. 

Core was collected to fulfill 
a number of 
characterization 
objectives, including: 

• geology of perched 
saturated zones and 
aquitards 

• hydrologic and 
chemical analyses of 
vadose-zone samples 
(e.g. moisture, anions) 

• hydraulic properties of 
selected 
hydrogeologic units. 

Data Collection 

Approximately 500 to 700 
ml of bulk drill cuttings 
were collected every 5 ft, 
as conditions permitted, to 
the total depth (TD) of 
each-boring.- - - - --- _ _ 

Cuttings were visually 
examined and a small 
subset of core and cuttings 
was selected for additional 
characterization: X-ray 
diffraction for mineralogy, 
X-ray fluorescence for rock 
chemistry, thin-section 
petrography, and 40ArP9Ar 
age dating. 

Core was collected from 
dedicated core holes and 
from selected intervals in 
some regional aquifer 
boreholes. 

2-2 

Data Records 

Lithologic logs summarize 
rock lithologies, alteration 
features, and stratigraphic 
contacts from visual 
examination and 
-interpretations of borehole __ _ 
geophysical logs. 

Same as for cuttings above. 

Hydrogeologic Synthesis Report 

Archives 

Core and cuttings are 
currently archived at the 
ENV Division Sample 
Management Facility 
located at Technical Area 
3, building 03:-027_1-_1 PL __ _ 
All borehole materials are 
stored in core boxes 
labeled with the well 
name, box number, and 
footage range for the box. 

Same as for cuttings 
above 
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--- - -------- - - -
~---~ -~- -- ----- -

--- ---- ---- ----------~~ -----

Table 2-1. 
Summary of Geologic Data (continued) 

Data Type Purpose Data Collection Data Records Archives 

Drilling Information Observations about drilling Major lithologic and These observational data NIA 
characteristics by the stratigraphic contacts were were recorded in field logs, 
drillers and on-site commonly marked by and they provided 
geologists contributed to significant changes in drill supplemental information 
understanding the penetration rates. Drilling that aided the interpretation 
hydrogeology of the rates are primarily affected of hydrogeologig__fl_?J<!_ tr9m_ ------- ---- ------

-- --boreholes~- ------ --- -ti;e competeffcy ofthe-- -- other sources such as 
rocks being penetrated. cuttings and geophysical 
Hard rock units have slow logs. 
drilling rates, whereas 
less-competent rocks were ~ 

drilled more rapidly. 
Important information 
about water-bearing strata 
was obtained when drillers 
noted changes in the 
drilling fluids circulating 
through the borehole. 

Borehole Geophysical Determine the geologic LANL: caliper, Preliminary results of Results of contractor 
Data and hydrologic spontaneous potential, geophysical logs were geophysical logging and 

characteristics of the single-point resistance and generated in the logging analysis are summarized 
vadose zone, perched induction, and natural truck at the time the in an interpretive report 
saturated zones, and gamma radiation logs. geophysical services were that is included in each 
regional aquifer. Contractor: wire-line performed. well completion report. 
Preliminary logs were logging service was Contractor reprocessed the 
used by contractor, DOE, contracted to obtain a field measurements to 
and LANL personnel to more extensive suite of correct them and to 
help select well screen borehole geophysical logs combine the logs into a 
locations and to evaluate once the borehole reached single presentation enabling 
borehole conditions prior total depth integrated interpretation. 
to well construction. 
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----- ----- - -- --- - --~---- --------~ ---- -- ------- -

- - --- ----- ----------- -------
--------~-----

Table 2-1. 
Summary of Geologic Data (continued) 

Data Type Purpose Data Collection Data Records Archives 

Borehole Video Logs To obtain lithologic Borehole video was used Video logs were collected N/A 
information and to help in each borehole or during installation of 
determine stratigraphic completed well. The workplan wells. 
contacts; visual videos were viewed by 
examination of borehole geologists to assess 
walls for evidence of geologic conditions. Often 
perched saturation; used in conjunction with --------------------- --- -------------

----------------- - aocumenf walerlevels-in ___ -geopfiYslCafTogs to ___ ---
the boreholes; document determine the locations of 
the as-built condition of perched zones in some 
installed well components; boreholes and the 
assess the effectiveness presence and nature of 
of well development fractures. 
techniques; to assess 
problematic borehole 
conditions and to guide 
fishing operations for tools 
and equipment lost 
downhole. 

Regional Airborne Surveys Focus groundwater A total of 762 line Maps of Residual Magnetic All of the processing 
investigations by defining kilometers of MegaTEM® Intensity (RMI), apparent assumed a "layered-earth" 
the conductivity structure time domain EM data and conductance and model, and inversions 
beneath the plateau. magnetic data were conductivity depth slices at were: single 
Gravity data were used to collected (80% of LANL various depths, points/multiple depths (1-
help define regional area). Flight lines spaced multiparameter profiles with D), multiple depths along 
structure beneath the at 1 05 m within the conductivity-depth-transform individual flight lines (2-D), 
Pajarito Plateau. laboratory boundaries, and (CDT) sections for flight or a constant depth on-

at 210 m in buffer zones. lines and digital archives of multiple flight lines (2-D). 
Lines oriented N20E, with line and grid data. The results of all three 
tie lines about 2000-meter models, for each flight line 
spacing. are available as Adobe 

PDF files. 

Note: N/A = not applicable 
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' Geologic data derived from regional-scale studies were obtained from multiple sources, 
including: 

• Surface geophysical data were used to help constrain the site-wide geologic model 
(Appendix 2-A). !hese data include regional gravity data, airborne electromagnetic data, 
high resolution resistivity, and magnetotellurics. Gravity data were used to help define 
regional structure beneath the Pajarito Plateau. Airborne electromagnetic data, high 
resolution resistivity, and magnetotelluric data were used to focus groundwater 
investigations by defining the conductivity structure beneath the plateau 

• Numerous local and regional mapping projects and geological studies have provided 
important information supporting development of geologic conceptual models and digital 
realizations of these models. 

• Espanola Basin workshops were hosted annually by the Espanola Basin Technical 
Advisory Group and sponsored by the U.S. Geological Survey, the New Mexico Bureau 
of Geology and fylineral Resources, Los Alamos National Laboratory, and the city of 
Santa Fe. 

• The Seismic Hazards program at LANL was an important source of information about 
faults and fractures in the vicinity of the Laboratory. 

• Students and their advisors from the graduate programs from the University of New 
Mexico and New Mexico State University, New Mexico Institute of Mining and 
Technology, and the University of Texas have provided additional hydrogeologic 
information for the Jemez volcanic field, the Espanola Basin, and the Puye Formation. 

, 2.1.1 Goals of the Geologic Model 

• Define the geologic setting of the groundwater system beneath the Pajarito Plateau 

• Relate lithologic properties of rocks to groundwater flow characteristics and rock/water 
interactions 

• Provide a benchmark for comparing new data to predicted geology 

• Improve selection of new well sites based on iterative evaluation of hydrogeologic 
information 

• Provide a framework for numerical flow and transport models of the vadose and saturated 
zones 

2.1.2 Site-Wide Geology 

The discussion of'site-wide geology presented here is condensed from a summary by Broxton 
and Vaniman (2005). More detailed, fully referenced information is available in that publication. 
The deep characterization wells drilled in the time period from 1997 to 2004 have provided the 
foundation for construct~ng the geologic framework surfaces presented in this section. 

1 2.1.2.1 Regional Setting· 
The Pajarito Plateau lies at the volcanically and seismically active boundary between the 
Colorado Plateau and the Rio Grande Rift in north-central New Mexico (Figure 2-1). The Rio 
Grande rift is a major geologic feature that consists of north-trending, fault-bounded basins 
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·extending from central Colorado to northern Mexico. The local area of subsidence, termed the 
I 

:Espanola Basin, lies between two larger basins-the Albuquerque Basin to the south and San 
:Luis Basin to the north (Kelley, 1978). The Espanola Basin is about 70 km ( 44 mi) long and 
160 km (37 mi) wide. The plateau overlies the deepest part of the west-tilted Espanola Basin 
adjacent to the highlands pf the Jemez volcanic field. Geologic units consist of Miocene and 

1
Pliocene basin-fill deposits and interfingering volcanic rocks from the Jemez and Cerros del Rio 

I volcanic fields. Miocene and Pliocene sedimentary and volcanic rocks are covered by 
Pleistocene ash-flow tuffs making up the Pajarito Plateau. 

11--_,_~ Area of 
figure 

Rio Grande Rift 

O· 25 50 Kilometers -·-- -
1:¥:::\;~·:.:;/:~1 ~ 

gift-filled Quaterna,.Y and Precambrian 
Sediments Tertiary Volcanic Rock$ Granite Rocks 

1 
Figure 2-1. Location:s of major structural and geologic elements near LANL. Major fault 

systems are shown with ball on downthrown side. VC is the Valles Caldera 
complex; NFZ is the Nacimiento fault zone; CCFZ is the Canada del Cochiti 
fault zone; PFZ is the Pajarito fault zone; and PPFZ is the Picuris-Pecos fault 
zone. 
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iThe western structural margin of the Espanola Basin is partly covered by rocks of the Jemez 
;volcanic field, but probably includes a broad zone of north-trending faults such as the Canada de 
jCochiti fault zone (Figure' 2-1) that cut older volcanic units in the south-central part of the 
!volcanic field (Gardner arid Goff, 1984). The present active western boundary of the Espanola 
1Basin is the Pajarito fault '.zone, a narrow band of north- and northeast-trending normal faults that 
I , 

1delineate the western margin of the Pajarito Plateau. Neogene displacement along the Pajarito 
1fault zone is dominantly down to the east with episodic faulting indicated by progressively larger 
ioffsets in older rock units; 
' 
' 

:Gravity data (Biehler et ai., 1991; Ferguson et al., 1995) indicates the deepest part of the 
!Espanola Basin coincides:with three deep, intrabasinal grabens arrayed along the Pajarito and 
.Embudo fault systems. From north to south, these subbasins include the Velarde graben (Manley, 
i 1979, 1984), a north-northeast trending basin beneath Santa Clara pueblo, and a north-trending 
:basin near Los Alamos. The Pajarito fault zone forms the western boundary of the Los Alamos 
:subbasin (Biehler et al., 1991; Ferguson et al., 1995; Smith, 2004). Gravity data suggest that the 
I eastern boundary is bounded by buried faults that lie east of the southern projections of the 
;Rendija Canyon and Guaj:e Mountain (Ferguson et al., 1995), but the location and size of faults 
j in this area are not well ldiown. 

1
The basement of the Espa'fiola Basin is an eroded terrane of Eocene-Precambrian aged rocks 
:uplifted during the Laram!de mountain-building episode (orogeny, approximately 65 million 

1
years ago (m.y.a.). One of these uplifted areas, the Pajarito uplift, is bounded on the east by the 

I 

:Picuris-Pecos fault in the Sangre de Cristo Range and on the west by the Pajarito fault (Cather, 
:2004; Smith, 2004). At thb time ofLaramide uplift, the Pajarito fault was a westward-verging 
1reverse fault, but it was reactivated as a down-to-the-east normal fault during Neogene (within 
ithe last 24 m.y.) subsiden\)e of the Espanola Basin. 

' 

!2.1.2.2. Structural Geology of the Pajarito Plateau 
The Pajarito fault zone an.d its associated structures are the most prominent tectonic features of 
;the LANL site (Figure 2-2). The fault, which forms a 120-m (400-ft) high escarpment on the 
,western margin of the plateau, has the surface expression of a large, north-trending, faulted 
,monocline. Along strike the fault varies from a simple normal fault to broad zones of small 
:faults, faulted monoclines,, and unfaulted monoclines. These varied styles of deformation are all 
. considered expressions of: deep-seated normal faulting. The amount of fault displacement for 
i older rock units is not kn~wn because thick deposits of Bandelier Tuff cover critical relations. 
, Stratigraphic separation on the Tshirege Member of the Bandelier Tuff (1.22 Ma) ranges 
I ' 

,between 80 and 120 m (260 to 400 ft) along the segment of the fault west ofLANL (Gardner 
1et al., 1999). Holocene mbvements (within the last 10,000 years) and historic seismicity indicate 
! this fault system is still a~tive. 

I 

I 
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Figure 2-2. Location map of the central Pajarito Plateau. 

Yellow-shaded area is the Los Alamos National Laboratory. Also shown are the municipalities 
of Los Alamos and White Rock. East- and southeast-trending canyons are incised into the · 
plateau. Water supply wells are shown as blue stars and the water-supply well fields are 
:indicated in blue shading; additional wells of Guaje well field extend north of this map. The 
Buckman well field provi(ies water to Santa Fe. Water supply wells LA-1 through LA-6 are no 
:1onger used for municipal' water production. New regional aquifer wells installed since 1998 are 
'shown as red dots. Older test wells are shown as black dots. Line A-A' shows the location of the 
cross-section in Figure 2-5. Main elements of the Pajarito fault zone are shown in blue. PFZ is 

1the main trace of the Pajarito fault zone; RCF is the Rendija Canyon fault; GMF is the Guaje 
'Mountain fault; and DDG is the Diamond Drive graben. Faults modified from Gardner et al. 
.(2001) and Lewis et al. (2002). 

I 
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i 
Other major faults on the Pajarito Plateau include the Rendija Canyon and Guaje Mountain 
faults. The Rendija Canydn fault, located in the northern part of the plateau, is a north-trending 
1normal fault with down-t~-the-west displacement. The Rendija Canyon fault dies out as a simple 
!normal fault on the north side ofLANL. Southward across LANL it is replaced by a broad arc of 
:small-displacement faultsfthat trend in a southwesterly direction towards the main trace of the 
jPajarito fault. The Guaje ~fountain fault lies east of and is generally parallel to the Rendija 
I Canyon fault. It is also a north-trending normal fault with down-to-the-west displacement. 
I Surface traces of the Guaje Mountain fault die out north of LANL. . 
! I 
I I 

jAdditional faults are prob~bly buried beneath the cover ofBandelier Tuff on the Pajarito Plateau. 
]Where exposed along the 1east side of the basin, Santa Fe Group rocks are cut by numerous north
itrending normal faults. Similar fault densities and orientations are probably present in the basin
~fill sediments beneath theiPajarito Plateau. Unfortunately, existing well data are of limited use in 
jdefining these structures ~ecause of the complex depositional patterns and interfingering 
irelations of Pre-Bandelier: rock units beneath the plateau. 

I I 
j2.1.2.3 Volcanic Setting of the Pajarito Plateau 
iThe Pajarito Plateau ovedaps two volcanic fields whose activities were coeval with rifting. The 
:plateau is bounded on thejwest by the Jemez volcanic field, a nearly circular volcanic field 72 km 
ic45 mi) in diameter that includes the Valles caldera (Figure 2-1). The plateau is bounded on the 
!southeast by the smaller Cerros del Rio volcanic field. The Jemez volcanic field was an 
;important source of sedirtients during basin subsidence and the basin~fill sediments interfinger 
,laterally with rocks of both volcanic fields. 
I I 
icerros del Rio Volcanic 1Field 
1

The Cerros del Rio volcartic field is mainly exposed as the Caja del Rio basalt plateau on the east 
!side of the Rio Grande. T~e surface of the basalt plateau ranges in elevation from 6000 to 
j7396 ft. The exposed partjof the volcanic field extends about 26 mi in a north-south direction and 
is up to 12 mi wide. The V,olcanic field extends an additional 7 mi to the west beneath the 
IPajarito Plateau, where Bindelier Tuff covers it. The exposed portion of the volcanic field is 
1made up of about a. dozen I volcanoes and >70 vents of cinder cones, plugs, and tuff rings. Basalts 
:and related intermediate-c'.omposition lavas are the predominant rock types, and most were 
!erupted between 2.3 and 2.8 Ma. The Rio Grande cuts a south-southwesterly course through the 
:northwestern part of the b~salt plateau, forming White Rock Canyon (Broxton and Vaniman 

1200s). I 
I 

IJemez Volcanic Field I 
:The Jemez volcanic field lies at the intersection of the northeast-trending Jemez lineament, a 
major crustal structure of Precambrian ancestry, and north-trending faults of the Rio Grande Rift. 

I 
1Volcanism over the last 14 million years (m.y.) built up the Jemez Mountains, while 
:contemporaneous tectonid rifting resulted in subsidence of the Espanola Basin, the area 
extending fro~ t~e Vallesjcaldera to.the western ma~gin of the Sa?gre de Crist~ Mo~ntain~. The 
1Jemez volcamc highlands ;were a maJor source of Miocene and Pliocene volcamclastic sediments 
~hat were deposited as alh.ivial fans in the western part of the Espanola Basin. Eastward, these 
~olcaniclastic deposits intbrfinger with arkosic basin-fill sands and gravels derived 
I I 

;predominantly from Prec~mbrian-cored uplifts on the east side of the Espanola Basin. 
I I . 
I I 
I I 
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!The Jemez volcanic field began to develop between ~14 and 10 Ma with the eruption of 
:predominantly basaltic an~ rhyolitic rocks of the Keres Group. Major rock units of the Keres 
I I 
;Group include: j 

I I 
1 • ~14.5 to 7.6 Ma: ~asalts that were erupted predominantly in the southern and 

northeastern parts ;of the volcanic field. 
I . 

• ~ 12.4 to 8.8 Ma: The Canovas Canyon Rhyolite of the Keres Group, made up of rhyolite 
domes and associ31ted pyroclastic deposits that were erupted from vents aligned along 
faults of the Canada de Co chi ti fault zone. 

I 

• ~10.6 to 7.1 Ma: i 000 km3 of andesite and subordinate basalt and rhyodacite that were 
erupted as part of the Paliza Canyon Formation. 

• 7.1 to 6.0 Ma: Hi~h-silica rhyolite plugs, domes, ~nd tµffs of the Bearhead Rhyolite, 
including thick tuffaceous deposits of the Peralta Canyon Member, that were erupted 
from along faults M the Canada de Cochiti fault zone. 

' I 
I , 

'The period from 6 to 7 M~ also coincided with a transition to predominantly dacitic ~olcanism 
jthroughout the volcanic fi~ld (Gardner et al., 1986). Porphyritc dacitic lavas ·Of the Tschicoma 
1Formation of the Polvadetfa Group were erupted primarily between 5 and 3 Ma (Goff and 

I . 
!Gardner, 2004; G. WoldeGabriel, personal communication) from large, overlapping dome 
1complexes typified by thelextensive exposures of this formation in the highlands of the Sierra de 
!los Valles west of the Pajarito fault zone. 

I 

I I 

1
Volcanism in the Jemez v~lcanic field reached a climax with eruption of the Bandelier Tuff from 

1the Toledo and Valles caldieras. The Bandelier Tuff has two members, each consisting of a basal 
pumice fall overlain by a ~etrologically related succession of ash-flow tuffs. Eruption of the two 

1
members was accompanie;d in each case by caldera collapse. The Otowi Member (1.61 Ma) was 
:erupted from an earlier ca~dera that was nearly coincident with, and was largely destroyed by, the 
iyounger Valles caldera. The Valles caldera formed during the eruption of the Tshirege Member 
:(1.22 Ma). About 300 kmi of high-silica rhyolite magma was erupted for each of the two 
~andelier Tuf~ members. :peposits of Bandeli~r T~ff form radially _di~tributed flat-topped :Uff 
plateaus that dip away from the central volcamc highlands. The PaJanto Plateau at LANL is 
I I 
made up ofBandelier Tuff that flowed more than 21 km across the western Espanola Basin. 
I I 
I I 

I 

(An interval of about 400,QOO years separated the eruptions of the two Bandelier Tuff members. 
During this interval, dom~s of Cerro Toledo Rhyolite were emplaced northeast and southeast of 
the earlier Toledo caldera.: Tephras from these domes were deposited as ash and pumice falls 
over the Sierra de los Vall~s and Pajarito Plateau. The Cerro Toledo interval is a mixture of 
~eworked Cerro Toledo Rhyolite tephras and Tschicoma dacite sediments eroded from the Sierra 
1de los Valles. I 
I I 

b.2 Stratigrap~ic Framework of the Pajarito Plateau 
I i 
(A generalized diagram sh~wing the stratigraphic sequence ofrock units of the Pajarito Plateau is 
shown in Figure 2-3. RocK: units are described below from oldest to youngest. The stratigraphy, 

I 

~ithology, and geochronology of the Santa Fe Group beneath the Pajarito Plateau are known 
primarily through drillhole data because Bandelier Tuff covers these older rock units. Based on 
i I 
I r 
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: exposures near the Rio Grande and new drillhole data, the Santa Fe Group beneath the Pajarito 
1 Plateau is believed to inclµde, in ascending order, the Tesuque Formation, older fanglomerate 
',deposits of the Jemez vol9anic field, the Totavi Lentil and older river gravels, pumice-rich 
ivolcaniclastic rocks, and the Puye Formation. Recent mapping of basin sediments north and east 
1 of Los Alamos suggests that the Tesuque Formation, as used in this report, may include rocks of 
:the Chamita Formation (Koning et al., 2005). The older fanglomerate and pumice-rich 
;volcaniclastic rocks are new units that are given provisional informal names. These units are 

1
generally similar to the P~ye and Cochiti Formations, but are older than rocks normally assigned 
'to them. Redefining the Puye and Cochiti Formations is beyond the scope of this report, and the 
,older fanglomerates and pumice-rich volcaniclastic rocks are treated as informal units until they 
!can be incorporated into the new stratigraphic framework being developed for the Espanola 
1Basin (see discussion in Smith, 2004). In the vicinity of the Pajarito Plateau, Santa Fe Group 
:deposits interfinger with qr are overlain by volcanic rocks of the Jemez and Cerros del Rio 
'volcanic fields. Rock unit$ older than the Santa Fe Group (e.g., early Tertiary and older rocks) 
iare not described here bec:ause they underlie the Laboratory at considerable depth and have not 
been penetrated by deep drillholes. These prebasin rock units are described in papers by Biehler 
,et al. (1991), Cather (1992 and 2004), Ferguson et al. (1995), and Smith (2004). 

The total thickness of the Santa Fe Group in the eastern and northern part of the Espanola Basin 
~s as much as 1450 m (4800 ft) (Galusha and Blick, 1971). The Yates La Mesa no. 2 exploration 
well penetrated 1200 m (3:966 ft) of Tesuque Formation in the south-central part of the basin 
(Meyer and Smith, 2004). However, the thickest Santa Fe Group deposits are believed to occur 
~n the western Espanola Bksin beneath the Pajarito Plateau (Kelly, 1978; Biehler et al., 1991; 
Ferguson et al., 1995; Smith, 2004). The thickness of these deposits is not well known because 
the deepest wells on the plateau (e.g., PM-5 with a depth 950 m; 3110 ft) do not fully penetrate 
the basin-fill sediments. Biehler et al. (1991) estimate that the Santa Fe Group in the central 
basin might be as much as; 2000 m (6650 ft) thick based on gravity data. Cross sections by Kelly 
(1978) and Koning and Maldonado (2001) show up to 2750 to 3300 m (9000 to 10000 ft) of 
Santa Fe Group deposits if:l the central and western parts of the basin. Drillhole data and outcrops 
indicate that Santa Fe Group deposits are considerably thinner (<500 m; <1640 ft) west of the 
Pajarito fault (Goff and G~rdner, 2004). 

I 

This section includes structure contour maps (contoured elevations at the top or bottom of a 
hydrogeologic unit) and isbpach maps (contoured maps showing the unit thickness). These maps, 
which are prepared by interpolation between points of one-dimensional drillhole data, provide 
information on the extent 6f a unit beneath the site and the relative contribution of each unit to 
I 

the hydrostratigraphy at atjy given point. Isopach and structure-contour figures representing key 
hydrostratigraphic units inClude: 
' 

• Cerro Toledo interval (Figure 2-4), 

• Otowi Member ash: flows (Figure 2-5), 

• Guaje Pumice Bed ;at the base of the Otowi Member (Figure 2-6), 

• Cerros del Rio lavas (Figures 2-7 and 2-8), 

• Pumiceous volcaniclastic rocks (Figure 2-9). 

I 
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I 

A"e-Mid Ter:tiary RJck~ 

Pajarito Plateau stratigraphy and hydrogeologic units as used in this report. 
The bedrock geologic framework shows the stratigraphy of the plateau and the 
adjacent Sierra de los Valles. Units with italicized names are not exposed or 
penetrated by boreholes in the immediate vicinity of the plateau, but they are 
coeval unjts of the Jemez volcanic field that may be important source rocks for 
plateau deposits. The hydrogeologic framework shows units that are defined for 
site-wide numerical modeling (Broxton and Vaniman, 2005). 

' 

2-12 December 2005 



.1, 2 3Mi'~ 
iiiiiii!iiiiiiiiiiiil!'!~~!!!!liiiiiiiiiiiiiimiiiiil1 

I 
I 

Boreholes indicated by black dots wiUr 
W!'lll names; outcrops indieated by black do.ls; 
Elevations at base of Cerro Toledo interval . 
shown in italics (ft}., . . ! . . 

' 
.Structure contours (in red) show. bas~ of 
Cerro Tolei:le> interval. · · 1 · · 

Hydro geologic Synthesis Report 

Cerro Toledo interval. 
thicknesses >so tt : 

Ill >~OOft 
200-300 rt 

100~200 ft: 

SOc;HJO ft 

!Figure 2-4. Structure\ contour and isopach map for the Cerro Toledo interval. Structure 
contours ifor base of unit indicate that Cerro Toledo filled a broad southeast
trending paleovalley incised into the Otowi Member (see isopach map for Otowi 
Member ~n Figure 2-5). The thickest Cerro Toledo deposits coincide with the 
axis of tl::te paleovalley. 
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Structur~ contour and isopach map for the Otowi Member of the Bandelier Tuff. 
Structure contours are for base of Guaje Pumice Bed and show the 
paleotopography prior to eruption of the Otowi Member. Otowi ash-flow tuffs 
filled a broad north-trending paleovalley bounded by the Sierra de las Valles 
highlands on the west and the Cerros del Rio basaltic highland on the east. The 
variable: thickness of the Otowi Member on the western side of the plateau 
represents deep erosion of these poorly consolidated nonwelded tuffs prior to 
eruption of the Tshirege Member. 
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Figure 2-7. Structure bontour for the top of Cerros del Rio basalt and western dacite on the 
Pajarito Plateau. Green dashed line indicates the northern and western extent of 
the Cerros del Rio volcanic field. Blue line indicates western extent of dacitic 
lavas that were contemporaneous with the basalts. Top of Cerros del Rio basalts 
formed brbad north-trending highland on east side of plateau. This highland is 
now covered by Bandelier Tuff. 
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Figure 2-8. Structure!contour for the base of Cerros del Rio basalt with isopachs showing 
the cumuiative thickness of flows. Green dashed line indicates the northern and 
western 9oundary of the Cerros del Rio volcanic field. The maximum thickness 
of basalt fOrresponds with structural-contour lows, suggesting that the basalts 
accumula,l:ed in topographic basins. 
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blue. Color shading is used to distinguish vitric unaltered pumiceous deposits 
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from those that are clay-altered. 
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Each of these figures is based on the interpretations of cuttings, geophysical logs, and in some 
cases borehole video data to determine the elevations of the upper and lower stratigraphic 
contacts for individual stratigraphic units. Isopach maps for shallow units that crop out in 
canyon walls, such as the: Cerro Toledo interval and the Otowi Member, are corrected for the 
effects of the modern canyon incision. Each point on the figure represents either a borehole 
(with borehole name list~d) or an outcrop location (without a borehole label). The data points 
list the elevation of the basal contact in ft above sea level (asl) and the unit thickness in ft. 
Dashed red contours are hand-generated and indicate an interpretation of the topology of the 
geologic contact; increas~ngly darker shades of blue indicate increasing unit thickness above this 
topologic surface. 

2.2.1 Tesuque Formation 

The Miocene Tesuque Fop:nation is partially penetrated by wells in the eastern part of the 
Pajarito Plateau where it makes up a significant portion of the aquifer for local communities and 
LANL (Purtymun, 1995).:It is primarily made up of thick fluvial deposits consisting of partly 
lithified, arkosic sediments derived from Precambrian granite, pegmatite, and sparse sedimentary 
rocks of the Sangre de Cristo Range and from Tertiary intermediate to felsic volcanic rocks from 
northern New Mexico anc;l possibly southern Colorado (Cavazza, 1989). Individual beds are 
generally less than 3 m o:o ft) thick and consist of massive to planar- and cross-bedded light 
pink-to-buff siltstone and: sandstone, with minor lenses of pebbly conglomerate. Exposures near 
the Rio Grande (Koning ~nd Maldonado, 2001) indicate that the Tesuque Formation beneath the 
plateau probably consists :primarily of the Pojoaque Member. In well PM-5, a 110-m (360-ft) 
thick series of basalt flows within the Tesuque Formation yielded a 40 Ar/39 Ar date of 11.39 ± 
0.40 Ma (WoldeGabriel e~ al., 2001). 

Based on Formation Micrioimager (FMI) logs for well R-16, bedding in the Tesuque Formation 
on the east side of the plateau dips predominantly towards the west-northwest (LANL, 2003). 
The mean dip is 11° but dips tend to be greater in the lower part of the well (median dip 14° 
below 1170 ft) than in the upper part (median dip 9°). Tesuque beds just east of the Rio Grande 
dip westward mainly at angles of 3° to 10° (Koning and Maldonado, 2001). 

2.2.2 Miocene ~asalts 

Miocene basalts are intercafated with Santa Fe Group deposits in the east-central part of the 
Pajarito Plateau. WoldeGabriel et al. (1996) divided these basalts into two age groups based on 
40Ar;39 Ar dates. The older group ranges in age from 10.9 to 13.1 Ma and is largely found in the 
vicinity of Guaje Canyon~ The younger group ranges in age from 8.4 to 9.3 Ma and is found over 
a wide area that extends from Bayo Canyon on the north to Ancho Canyon on the south and from 
PM-1 on the east to PM-5 to the west. 

2.2.3 Older Fa~glomerate 

The informal term "older~ fanglomerates" refers to a thick sequence of late Miocene fan deposits 
that were shed from the Jemez volcanic field into the western Espanola Basin. These deposits, 
which are found only in deep boreholes, are important for the development of high-yield, 
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low-draw-down municipal and industrial water supply wells on the Pajarito Plateau (Purtymun, 
1995). Purtymun (1995) called these deposits the "Chaquehui Formation" and assigned them a 
post-Chamita and pre-Pu)'.e age. From borehole observations, the Chaquehui Formation consisted 
of up to 1500 ft of gravels, cobbles, and boulders derived from the Jemez volcanic field and 
volcanic, metamorphic, aDd sedimentary rocks derived from highlands to the north and east. 
However, the Miocene deposits identified as Chaquehui Formation in deep wells are more 
appropriately called "older fanglomerates" because recent stratigraphic studies indicate the 
Chaquehui Formation typ¢ section consists of younger (late Pliocene) phreatomagmatic deposits 
(Heiken et al., 1996). 

The older fanglomerates are widespread beneath the Pajarito Plateau, based on borehole 
observations. These depo~.its are mostly made up of volcanic detritus derived from Keres Group 
rocks and possibly from early Tschicoma Formation centers. They are characterized by dark, 
lithic sandstones and gravel and cobble deposits dominated by fresh to silicified, subangular to 
rounded andesite, latite, mj1d porphyritic dacite. Subordinate clasts (<10%) include subangular to 
rounded rhyolite and basait, and rounded quartzite. Rounded granite and angular chert clasts are 
generally rare ( <1 % ) (Broxton and Vaniman 2005). 

Precambrian quartzite, granite, and chert clasts are persistent, but in low abundance in the older 
fanglomerates. The source of Precambrian clasts may be Santa Fe Group rocks that were 
exposed within the Jemez :volcanic field at the time of Keres volcanism. Stratigraphic 
relationships described by' Gardner and Goff (1996) indicate that Santa Fe Group deposition 
interfingered with Keres v:olcanism in the caldera area. Additionally, rounded quartzite and 
granitic gneiss pebbles an~ found in lag gravels on the resurgent dome of the Valles caldera 
where they presumably weathered out of Santa Fe Group rocks in megabreccia blocks that 
slumped into caldera during caldera collapse (Goff et al., 2003). 

I 

The maximum thickness o:f older fanglomerate penetrated by wells is 1650 ft in well Otowi-4. 
However, thicknesses could be greater to the west where drillholes did not fully penetrate the 
unit. The westward thickebing wedge of volcaniclastic sedimentary deposits corresponds to the 
zone of thick, highly productive aquifer rocks that extend northeastward across the central 
plateau as described by Purtymun (1995). The western boundary of this thick sequence of 
sediments is poorly defined, but recent drilling results suggest that these rocks probably extend 
to the Pajarito fault zone. The older volcaniclastic deposits abruptly thin eastward between east
west pairs of wells such as. R-23/R-22 and Otowi-1/0towi-4. The transition zone generally 
corresponds to the eastern boundary of the gravity low beneath the Pajarito Plateau described by 
Ferguson et al. (1995). 

2.2.4 Totavi Leqtil 

The Totavi Lentil is made :UP of river-channel sands and gravels that crop out along the Puye 
escarpment, in lower Los Alamos and Guaje Canyons, and along White Rock Canyon. These 
rocks are also penetrated ~ya number of wells on the Pajarito Plateau. These axial-channel 
deposits were named the T;otavi Lentil of the Puye Formation for a type section in Los Alamos 
Canyon (Griggs, 1964). Griggs recognized their importance as ancestral Rio Grande deposits, 
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and he used them to delineate the base of the Puye Formation with which they are conformable 
in outcrops. 

The Totavi Lentil is a poody consolidated conglomerate containing well-rounded cobbles and 
gravels of Precambrian quartzite, granite, and pegmatite with subrounded to subangular cobbles 
and boulders of silicic to iptermediate and rarer basaltic volcanic rocks. Precambrian clasts 
typically make up >80% dfthe clasts in the deposits. Though commonly subordinate in 
abundance, clasts ofvolcainic rocks from the Jemez volcanic field make up to 50% of the deposit 
in some interbedded horizons. Lenses of loose, well sorted, fine to coarse sands containing 
abundant quartz and microcline are intercalated with the conglomerate. Totavi deposits are 
generally ~50 ft thick neaii the Rio Grande and thicken to the northwest (Griggs, 1964). An 
unusually thick sequence 6f quartzite-rich conglomerate (>323 ft) was penetrated in well R-31, 
located in Ancho Canyon.:A number of wells (e.g. R-5, R-9, R-12, R-32) did not encounter the 
Totavi Lentil, indicating that these channel conglomerates may form lenticular deposits of 
limited lateral extent. 

Based on new well data, it: is evident that ancient river deposits in the Pajarito Plateau area are 
coeval with variety of stratigraphic units that span a longer time interval than previously 
recognized. River gravels 9ccur beneath the pumice-rich volcaniclastic rocks (described below) 
in wells R-13, R-15, R-20,:R-33, R-34, PM-1, PM-2, and PM-5. These river gravel deposits are 
generally 10- to 30-m (30-,to 100-ft) thick and include abundant well-rounded gravels of 
quartzite, angular to subangular basalt, andesite, and dacite, and minor metavolcanics. Granitic 
clasts are rare to absent. Radiometric ages indicate the overlying pumice-rich volcaniclastic 
rocks are late Miocene in age. In well H-19, river gravels 3-m (10-ft) thick occur as rounded 
quartzite pebbles between two Tschicoma lava flows (Griggs, 1955, 1964). The quartzite
dominated clast compositions suggest these gravels were derived from the Tusas Mountains and 
were transported southwar~ by the ancestral Rio Chama, with tributaries draining the Jemez 
volcanic field. A late Miocene age for the early riverine deposits is consistent with geologic 
interpretations that through-going rivers were established in the Espanola Basin prior to about 
6.96 Ma (Smith et al., 2001; Smith, 2004). 

2.2.5 Pumice-Rieh Volcaniclastic Rocks 

The pumice-rich volcaniclastic rocks (pumiceous deposits) are characterized by well-bedded 
horizons of light-colored, r¢worked, tephra-rich sedimentary deposits and subordinate primary 
ash- and pumice-fall deposits. These rocks consist mainly of tuffaceous sandstones and contain a 
few beds of lava-rich grav~ls. The underlying older fanglomerate and overlying Puye Formation 
contain higher percentages of gravel and cobble beds. In a number of wells, pumice-rich 
volcaniclastic rocks are separated from the older fanglomerate by the Totavi Lentil (axial 

I 

deposits of the ancestral Rib Grande). 

The pumice-rich deposits fypically contain 10 to 30% subangular to rounded, rhyolitic lapilli 
mixed with 70 to 90% ash and lithic sands. Gravels contain porphyritic dacite, rhyolite, and 
lesser andesite and basalt. Some intervals contain as much as 90% subangular to angular pumice 
lapilli that represent primary fall deposits or reworked deposits that underwent minimal 
transport. In most areas, pumice lapilli are vitric and show little effect from submergence within 
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the regional saturated zone except for oxidation on clast surfaces and minor clay development in 
vesicles. 

However, these deposits are diagenetically altered where most of the volcanic glass is replaced 
by smectite in the northeastern portion of the Laboratory, an area defined by wells R-5, R-8, R-9, 
and R-12. Shadings of blue in Figure 2-9 distinguish vitric unaltered pumiceous deposits (pale 
blue) from those that are heavily clay-altered and retain little or no glass (dark blue). The 
formation of clay in this ~rea is locally accompanied by abundant calcite and variable amounts of 
zeolite alteration. Becausl;:) of the extent of alteration, the lack of preservation of glass, and the 
loss of many petrographic clues for individual pumice bed correlation, it is difficult to determine 
whether the heavily altered pumices are related to the unaltered pumice or represent an earlier 
pumice unit and an earlier alteration event. 

Most lapilli in the pumicf)-rich volcaniclastic rocks are aphyric or contain sparse phenocrysts of 
quartz, sanidine, and plagioclase, but the presence of some biotite-, hornblende-, and pyroxene
phyric varieties indicates that multiple volcanic sources supplied tephra to these deposits. Seven 
recent 40Ar/39 Ar feldspar ages between 6.8 and 7.5 Ma were obtained from crystal-poor pumice 
falls in six wells that penetrate into this unit. The younger ages overlap the 6.01 to 7.1 Ma range 
of ages reported for the Bearhead Rhyolite (Justet, 1996; Smith, 2001) and the older ages are 
slightly older. Additional :work is taking place to investigate the relation between the pumice-rich 
volcaniclastic rocks and Keres Group silicic volcanism with the goal of assigning the pumiceous 
sediments to either the Puye or Cochiti Formations or delineating them as a separate formation. 

The pumice-rich volcaniclastic rocks thin northeastward across the central part of the plateau and 
are absent north of Pue bl~ Canyon. Borehole geophysical logs indicate that these deposits dip 
5° to 15°, primarily towar.ds the southwest and west. Figure 2-9 illustrates structure contours and 
thickness of pumiceous deposits that occur over a broad region beneath the central portion of the 
Laboratory where multipl~ pumice beds have been encountered. Observations from boreholes 
suggest that the structure of these pumiceous deposits is complex, including both primary and 
reworked pumiceous unit~ intermixed with fanglomerates. Nevertheless, the pumiceous unit is 
predictably encountered in the area shown in Figure 2-9. Drilling experience shows that this unit 
is highly transmissive, prqviding a difficult drilling horizon where injected fluids are likely to be 
lost. Hydrologic testing shows that the pumiceous deposits have relatively high transmissivity 
(Section 2.3.4.2). · 

In Figure 2-9 the structure. contours represent the top, rather than the bottom of the pumiceous 
deposits. This is done bec~use the bottom of this unit is poorly constrained in R-series drillholes 
to the south and west, wh~re this unit was seldom penetrated. The structure contours at the top of 
the pumiceous unit show that it slopes to the south and shows evidence of incision of a broad 
south-trending paleocanydn, filled by Puye fanglomerate, in the central portion of the 
Laboratory. This broad canyon is somewhat similar to that seen at the base of the Bandelier Tuff 
(Figure 2-6) and at the base of the Cerros del Rio volcanic rocks (Figure 2-8), suggesting that 
broadly south-trending ca~yons have been a common feature for over 5 m.y. prior to the eruption 
of the Bandelier Tuff. The, present west-northwest/east-southeast drainages on the plateau may 
be a relatively recent drainage pattern that developed on the thick east-sloping tuff ash flows 
emplaced after 1.6 Ma. 
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2.2.6 Tschicoma Formation 

The Tschicoma Formation of the Polvadera Group consists of thick, predominantly dacite to 
low-silica rhyolite lava flows erupted from large overlapping dome complexes. Major peaks in 
the Sierra de los Valles, including Cerro Grande, Pajarito Mountain, Caballo Mountain, and 
Tschicoma Mountain, are compositionally distinct lava domes that represent separate volcanic 
source areas for detritus that was shed to form the Puye fanglomerates. Low-silica rhyolite 
erupted from a deeply eroded dome complex in the upper Rendija Canyon and Guaje Mountain 
area yielded three ages between 4.95 and 5.32 Ma. Dacites of the Cerro Grande, Pajarito 
Mountain, and Caballo Mountain centers have closely overlapping ages of2.91 Ma to 3.34 Ma 
(Broxton and Vaniman, 2005). 

Outcrops of the Tschicorna Formation in the Sierra de los Valles are primarily gray to purplish
gray lavas characterized by pronounced jointing and flow foliation. The interflow zones between 
flow units are commonly. marked by blocky breccias. Flow interiors consist of dense, massive 
rock that is commonly devitrified to form a microcrystalline groundmass, giving the rocks a 
stony appearance. Chilled volcanic glass is sometimes preserved in flow tops and bottoms. 
Fragmental deposits of ash and lava debris occur in the distal parts of the formation. 

The Tschicoma Formation is at least 2,500 ft thick in the Sierra de los Valles, but has a variable 
thickness due to the lenticular shapes of its lava flows. The Tschicoma Formation thins eastward 
under the western Pajarito Plateau where it interfingers with the Puye Formation. The Tschicoma 
Formation was encountered in wells TW-4, H-19, CDV-16-3(i) and CDV-R-37-2 in the western 
part of the Pajarito Platea;u, but is absent in boreholes to the east, with the possible exception of 
thick dacite lava in boreholes EGH-LA-1, SHB-1, and I-1. These lavas may be assigned to the 
Tschicoma but their sour~e and distribution is presently unknown. 

2.2. 7 Puye Formation 

The Puye Formation is a large apron of overlapping alluvial and pyroclastic fans that were shed 
eastward from the Jemez volcanic field into the western Espanola Basin (Griggs, 1964; 
Turbeville et al., 1989). The Puye Formation unconformably overlies rocks of the Santa Fe 
Group (Tesuque Formation), and the Otowi Member of the Bandelier Tuffunconformably 
overlies it. Turbeville et al. (1989) estimated its areal distribution at 200 mi2 and its volume at 
~ 3 .6 mi3

• Because its primary source area was volcanic domes in the Sierra de los Valles, the 
Puye Formation overlaps and post-dates the Tschicoma Formation in age. The Puye Formation is 
subdivided into fanglomerate and lacustrine facies. 

The fanglomerate facies, .the dominant unit of the Puye Formation, is a heterogeneous 
assemblage of clast- to matrix-supported conglomerates, and of gravels and lithic-rich 
sandstones. Clasts in the coarsest deposits consist of subangular to subrounded cobbles and 
boulders of latite, dacite, rhyolite, and tuff in a poorly sorted matrix of ash, silts, and sands. 
Consolidated mudflow deposits are common throughout the unit, and tend to be cliff-forming. 
At least 25 ash beds of d~citic to rhyolitic composition are interbedded with the conglomerates 
and gravels (Turbeville et al., 1989). 
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The lacustrine facies inch.ides lake and riverine deposits in the upper part of the Puye Formation. 
These deposits are characterized by lacustrine fine sand, silt, and clay up to 30 ft thick. Basaltic 
ash beds (maar deposits) lfP to 10 ft thick are locally present above or below the lacustrine 
deposits. The lacustrine fa.cies includes some well-rounded riverine gravels of Precambrian 
quartzite and gneiss that fj.11 channels cut into the underlying fanglomerates. The lacustrine facies 
crops out in lower Los Al:;tmos Canyon and extends both northward and southward in 
discontinuous outcrops for several miles. Apparently, their extent is limited to the eastern side of 
the plateau because they ~re found only in wells R-9, R-12, and R-16. Because of their spatial 
and temporal association with palagonitic basalt flows and maar deposits, these lacustrine 
deposits probably represent periods of damming and diversion of the Rio Grande caused by the 
eruptions of lavas within the Cerros <lei Rio volcanic field. 

The Puye Formation reac~es a maximum thickness of>lOOO ft in well R-25 on the western side 
of the Laboratory but thins to 50 ft in areas north of the Pajarito Plateau. In the central and 
eastern portions of LANL, it is about 600 ft thick and the upper Puye is inter bedded with basaltic 
lavas of the Cerros <lei Rio volcanic field. 

: 

2.2.8 Basaltic Rocks of the Cerros del Rio Volcanic Field 

Cerros del Rio basalts typ'ically form thick sequences of stacked lava flows separated by 
interflow breccia, scoria, ~ediment, and ash. These rocks are mostly basalts and basaltic 
andesites, but subordinate dacite is present within thick basalt stacks in the east and central 
plateau (e.g. Ball et al., 2002) or is found as isolated flows on the western side of the volcanic 
field. Cerros del Rio lavas were erupted from vents located both east and west of the Rio Grande 
(Smith et al., 1970; Aubele, 1978; Kelley, 1978). 

In major-element compos'ition the dacitic components are very similar to partially 
contemporaneous dacitic lavas that occur within the highlands of the Tschicoma Formation to 
the west. However, dacites are less abundant than basalts within the Cerros del Rio and these thin 
dacitic lavas have relativ~ly few of the common hydrous minerals ( amphibole and biotite) that 
characterize most of the 1f schicoma lavas. These distinctions are important because they strongly 
affect the hydrogeologic ¢haracter of the lavas. Lavas of the Cerros del Rio lie within suites of 
relatively thin (a few tens: of feet), largely basaltic lava flows with laterally extensive flow
boundary rubble zones th~t provide pathways for flow. Lavas of the Tschicoma Formation are 
far more massive, up to hµndreds of feet thick, and are generally poorly transmissive (Griggs, 
1964). 

Individual flows typicall~ range in thickness from about 3 ft to more than 100 ft. The internal 
structures of flows show some similarities to those described for the Columbia River Basalt 
Group in Washington, Otegon, and Idaho and for Snake River basalts in Idaho (Swanson et al., 
1979; Whiteman et al., 1$94; Faybishenko et al., 2000). In ascending order, the flows are 
characterized by: (1) a flow base characterized by vesicular basalt with clinker and scoria, (2) a 
colonnade zone made up ;of vertical, large-diameter columns bound by cooling joints, (3) a thin 
zone of complexly-overlapping fractures, and ( 4) a flow top of vesicular basalt with scoria and 
clinker. In addition to highly porous clinker zones associated with flow tops and bottoms, 
interflow zones include cinder deposits and sedimentary deposits. Interflow cinder deposits are 
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fairly common, and their thickness is highly variable (0 to 100 ft), depending on proximity to 
source vents. The thickest' cinder deposits are as much as 300 ft thick on or near source vents 
(e.g. R-34). Interflow sedimentary deposits are generally thin (<20 ft) where present and consist 
mostly of reworked basal~ic rocks. In the eastern part of the plateau, where the basalts interacted 
with surface water, flow bases commonly include porous, pillow-palagonite complexes. 

The basaltic rocks of the Cerros del Rio volcanic field include buried remnants of maar 
volcanoes in White Rock Canyon. The aprons of fragmental debris surrounding these buried 
craters consist of thin layers of basaltic ash and sediments. The maar deposits resulted from 
steam explosions that occµrred where basalt erupted through an aquifer or standing body of 
water. Thin maar deposits' were identified at the base of the Cerros del Rio basalt in R-9 and 
R-12. 

' 
The distribution, form, and thickness of the Cerros del Rio volcanic field beneath the plateau are 
illustrated in Figure 2-7, which shows the topography at the top of the Cerros del Rio and 
Figure 2-8, which shows ~tructure contours (red dashed lines) at the base of the Cerros del Rio. 
In Figure 2-8 shadings of purple represent the variation in thickness of the total Cerros del Rio 
deposits that lie between the two contoured surfaces in these figures. 

Figure 2-7 shows that the upper surface of the Cerros del Rio is irregular, with a broad highland 
that extends from north to; south under the east-central portion of the Laboratory. This highland is 

· largely buried beneath the Bandelier Tuff, but remnants of the eastern slope extending from the 
highland are exposed beneath the town of White Rock. The highland represents distributed 
volcanic centers that produced most of the basaltic and dacitic lavas that underlie the Laboratory. 
Direct evidence of these eruptive centers is found in thick cinder deposits that were encountered 
in drillholes R-22 and esp~cially R-34, and a low cinder-covered volcanic center exposed just 
south ofR-23 in TA-36. 'rhese cinder deposits are extremely porous and generally provide 
highly transmissive media, but they are localized around volcanic centers so that enhanced 
groundwater flow is likely to extend for less than one mile, based on the extent of the TA-33 
cinder cone (Figure 2-7). · 

Figure 2-8 shows the topQgraphy at the base of the Cerros del Rio volcanic series and the 
exceptional thickening ofthese deposits beneath R-22 and (probably) extending along a 
paleocanyon extending tojthe south. The extent of this deep trough to the north and south is not 
well defined by current dr:illhole locations. Based on the absence of Totavi-like deposits within 
this channel at R-22 and the lack of evidence to the northeast in the canyon walls oflower Los 
Alamos Canyon, it is likely that the head of the canyon rose steeply to the northwest and drained 
the Sierra de los Valles. This thick keel oflavas and intercalated rubble zones occurs largely 
beneath the regional aqui(er water table and hosts an important part of the regional aquifer 
beneath the southeast po~ion of the Laboratory. It is possible that this feature could affect the 
flow direction and head distributions at depth. 

2.2.9 Bandelier Tuff 

The Laboratory facilities are located almost entirely on mesa and canyon outcrops of Bandelier 
Tuff. The Bandelier Tuff consists of ash flows and minor airfall pyroclastic deposits with ages of 
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1.61 Ma for the Otowi Mymber and 1.22 Ma for the Tshirege Member (Izett and Obradovich, 
1994). The two BandelieriTuffmembers are separated by the Cerro Toledo interval, which is a 
stratified sequence of volcaniclastic sediments and tephra of mixed provenance. Although it 
occurs between the ash-flow members of the Bandelier Tuff, the Cerro Toledo interval is not 
considered part of the Bandelier Tuff, a usage consistent with the original definition by Bailey, 
et al. (1969). 

2.2.9.1 Otowi Me~ber, Bandelier Tuff 
The Otowi Member crops, out in several canyons but is best exposed in Los Alamos Canyon and 
in canyons to the north. It consists of moderately consolidated, porous, nonwelded ash-flow tuffs 
that form colluvium-covei:ed slopes along the base of canyon walls. The Otowi ash-flow tuffs are 
vitric and contain light gr~y-to-orange pumice supported in a white to tan ashy matrix of glass 
shards, broken pumice, crystals, and rock fragments. The Otowi Member is made up of multiple 
ash flows, but individual a,sh-flow deposits cannot be traced in the subsurface using core and 
cuttings from widely spaced boreholes. The base of the member is called the Guaje Pumice Bed 

I 

(Figure 2-6), and is discus~ed below. In some drillholes, a shift in borehole gamma 
measurements in the central part of the unit provides a useful datum for correlations between 
drillholes. The nonwelded:ash-flow tuffs of the Otowi Member collectively form a relatively 
homogenous rock unit throughout the plateau. Transport through this hydrogeologic unit appears 
to occur primarily by matrix flow, although open fractures may contribute to transport locally 
(e.g., R-25). Although made up of multiple flow units, the combined Otowi ash flows are 
massive, and borehole geophysical logs show only minor variations in density and porosity. 

The present maximum thid,kness of Otowl. Member occurs in two areas in the western part of the 
plateau where the deposits;are about 350 to 400 ft thick. Otowi deposits are only <100 to 300 ft 
thick between these two ar~as. The thin deposits are overlain by unusually thick Cerro Toledo 
sediments that apparently 4ccumulated in a broad east-southeast-trending drainage incised into 
the top of the Otowi Member. On the eastern side of the plateau, the Otowi Member is 0 to 100 ft 
thick. Thinning of the depqsits eastward reflects both the general thinning of the Otowi Member 
away from its caldera source and thinning of the ash-flow tuffs over the Cerros del Rio highland 
on the east side of the plateau. Structure contours indicate that Otowi ash-flow tuffs filled a 
broad south-draining paleovalley west of the Cerros del Rio basaltic highland. 

Figure 2-5 shows structure·contours (red dashed lines) at the base of the Otowi Member of the 
Bandelier Tuff and color shading in purple that represents relative overall thickness of the unit. 
The Otowi Member thicker).s from the central portion of the Laboratory toward the west, with the 
exception of a paleocanyoti that is aligned with and filled by the thick Cerro Toledo deposits 
shown in Figure 2-5. To the east, south of PM-1 where Otowi deposits ramp up onto the Cerros 
del Rio basaltic volcanic c~nters with little or no Puye sediment cover, the Otowi deposits are 
thinner than to the northeast where they are underlain mostly by eastward-sloping Puye fans. In 
the south-central portion o~the Laboratory the Otowi deposits fill a broad south-trending valley 
formed by low terrain between Puye fans sloping down from the west and Cerros del Rio 
highlands to the east, such as the TA-33 volcano. 

The Guaje Pumice Bed occurs at the base of the Otowi Member and is an extensive marker 
horizon in outcrop and wells. The Guaje Pumice Bed contains layers of sorted pumice fragments 
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whose mean size varies between 2 and 4 cm. It has an average thickness of~ 15 ft over much of 
the plateau, but thickens cbnsiderably to the northwest (Figure 2-6). Geophysical logs show that 
the Guaje Pumice Bed ha~ a higher porosity than overlying Otowi ash-flow tuffs and underlying 
Puye Formation. The Guaje Pumice Bed appears consistently as a zone of higher porosity and 
elevated moisture content:in CMR geophysical logs. Because of this property the Guaje Pumice 
Bed can provide a relativdly thin (a few feet to a few tens of feet) but laterally continuous 
horizon capable of local saturation. 

Figure 2-6 uses color shading to represent the thickness of the Guaje Pumice Bed. Because the 
Guaje Pumice Bed formed as a pumice fall rather than an ash flow, the tendency to thin away 
from the source (the Valles caldera) is much less pronounced except for the area underlying the 
northwestern comer of the; Laboratory. The distribution of pumice fall deposits is more strongly 
influenced by prevailing wind direction at the time of eruption, compared with the largely 
internal energy sources th~t distribute ash flows. A general lack of incision and weathering at the 
top of the Guaje Pumice ~ed indicates that little time elapsed before it was buried by 
magmatically related ash flows of the Otowi Member. Locally, however, the Guaje Pumice is 
unusually thin compared to surrounding areas and may have been partially eroded before or 
during the passage of the ~arliest Otowi ash flows. In the eastern portion of the Laboratory the 
Guaje Pumice Bed is seldqm more than a few feet thick and is locally absent. 

2.2.9.2 Tephra and Volcaniclastic Sediments of the Cerro Toledo Interval 
The Cerro Toledo interval :crops out in Los Alamos Canyon and in canyons to the north, and it 
occurs in many of the welfo on the plateau. It unconformably overlies the deeply eroded Otowi 
Member and its thickness is highly variable (3 to 390 ft). Figure 2-4 shows structure contours at 
the base of the Cerro Toleqo interval and a colored representation of relative overall thickness of 
the unit. Structure contour$ for the base of the Cerro Toledo indicate that this unit fills a broad 
southeast-draining valley fed by one or more canyons exiting the Sierra de los Valles. The 
thickest Cerro Toledo deposits coincide with the axis of this paleovalley. 

The predominant rock typ~ in the Cerro Toledo interval is rhyolitic tuffaceous sandstone and 
tephra. These deposits contain abundant crystal-poor ash and pumice, and clasts of vitric to 
devitrified rhyolite lava an~ minor obsidian. They represent the reworked equivalents of Cerro 
Toledo Rhyolite tephra erupted from the Cerro Toledo and Rabbit Mountain dome complexes 
located northeast and soutlieast of the Valles caldera, respectively. Primary pumice-and ash-falls 

I 
are interbedded with these sedimentary deposits in most locations. 

Clast-supported gravel, coJ?ble, and boulder deposits of porphyritic Tschicoma dacite derived 
from the Tschicoma Form~tion are also interbedded with the tuffaceous rocks. In some deposits, 
the dacitic detritus is volumetrically more important than the tuffaceous detritus. These coarse 
dacitic deposits commonly1define the axial portions of channels incised into the underlying 
OtowiMember. · 

In the Western part of the p~ateau, the Cerro Toledo interval contains a large component of 
crystal-rich tuffaceous detrhus. These tuffaceous sediments represent reworked Otowi tuffthat 
accumulated in drainages incised into the Otowi Member prior to emplacement of the Tshirege 

' 
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Member. These reworked:Otowi deposits are interbedded with other volcaniclastic deposits 
derived from Cerro Toledo and Tschicoma sources. 

Data from boreholes R-19, CdV-R-15-3, CdV-16-l(i), R-18, and R-26 revised the conceptual 
model for the Cerro Toleqo interval, which was a general thinning from Cerro Toledo age 
volcanic sources in the caldera to the northwest of the Laboratory to distal deposits toward the 
east-southeast (Broxton and Vaniman, 2005). These boreholes, however, showed that the 
thickening is not uniform and the Cerro Toledo sediments fill a deep and broad east-southeast 
draining paleocanyon in the middle western portion of the Laboratory. This paleocanyon is 
incised into the top of the Otowi ash flows; the overlying base of the Tshirege Member of the 
Bandelier Tuff and the underlying base of the Otowi Member (Figure 2-5) show no such canyon 
development. The structure contours that show the base of the Cerro Toledo interval in 
Figure 2-4 show the topol~gy of the canyon eroded into the top of the Otowi ash flows. The 
exact width and the orient~tion of this canyon, whether it is one canyon or several, and where 
this canyon connected to paleodrainages toward the Rio Grande to the east are relatively 
unconstrained points that allow a certain amount of latitude in the way that Figure 2-4 is 
constructed. 

2.2.9.3 Tshirege W:ember, Bandelier Tuff 
The Tshirege Member is the upper member of the Bandelier Tuff and is the most widely exposed 

I 

bedrock unit of the Pajari~o Plateau. It is a multiple-flow, ash-and-pumice sheet that forms the 
prominent cliffs throughout the plateau. It also underlies canyon floors in all but the middle and 
lower reaches of Los Alaq10s Canyon and in canyons to the north. The Tshirege Member is 
generally over 200 ft thick in the north-central part of LANL and over 600 ft thick near the 
southern edge ofLANL. · 

The Tshirege Member differs from the Otowi Member most notably in its generally greater 
degree of welding compaction. Time breaks between the successive emplacements of ash-flow 
units caused the tuff to co91 as several distinct cooling units. For this reason the Tshirege 
Member is a compound c9oling unit, consisting of at least four cooling subunits that display 
variable physical properties vertically and horizontally. These variations in physical properties 
reflect zonal patterns of v~rying degrees of compaction, welding, and glass crystallization. The 
welding and crystallization zones in the Tshirege Member produce vertical variations in 
properties such as density( porosity, hardness, composition, color, and surface weathering 
patterns. The degree of welding in each of the cooling units generally decreases from west to 
east, reflecting higher emplacement temperatures and thicker deposits closer to the Valles 
caldera. 

The Tsankawi Pumice BeP. forms the base of the Tshirege Member. Where exposed, it is 
commonly 2 to 3 feet in tl:tickness. This pumice-fall deposit contains sorted pumice lapilli 
(diameters reaching abou~ 2.5 in) in a crystal-rich matrix. Several thin ash beds are interbedded 
with the pumice-fall depo~its. 

Because the thick Tshireg'e ash flow tuffs make up a significant portion of the upper vadose 
zone, brief descriptions are provided below for the major subunits of the member, from bottom 
to top: 
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• Qbt lg is the lowermost subunit above the Tsankawi Pumice Bed. It consists of porous, 
nonwelded, and poorly sorted ash-flow tuffs. The "g" in this designation stands for 
"glass" because npne of the glass in ash shards and pumices shows crystallization by 
devitrification or vapor phase alteration. The tuffs of Qbt 1 g are nonwelded and have an 
open, porous strufture. 

• Qbt lv forms alt6rnating cliff-like and sloping outcrops composed of porous, nonwelded, 
but crystalline tuffs. The "v" stands for vapor-phase crystallization that together with 
crystallization of ~lass in shards and pumices (devitrification) transformed the rock 
matrix into microcrystalline aggregates of silica polymorphs and sanidine. The tuffs of 
Qbt 1 v are generally nonwelded to slightly welded, and have an open, porous structure. 

• Qbt 2 forms a distinctive, medium brown, vertical cliff that stands out in marked contrast 
to the slope-forming, lighter colored tuffs above and below. A series of laminated and 
cross-bedded deppsits commonly mark its base in the eastern part of the Laboratory. In 
the central and western part of the Laboratory, the boundary between Qbt 2 and Qbt Iv is 
gradational and t~e distinction between the two units is somewhat arbitrary. Qbt 2 is 
typically the most strongly welded tuff in the Tshirege Member. Vapor-phase 
crystallization offlattened shards and pumices is extensive in this subunit. 

• Qbt 3 is a nonwelded to partly welded, vapor-phase altered tuff that forms the cap rock 
of mesas in the central part of the Pajarito Plateau. Qbt 3 becomes moderately to densely 
welded in the western part of the plateau. 

• Qbt 4 is a complex unit consisting of nonwelded to densely welded ash-flow tuffs and 
thin intercalated ~urge deposits. Devitrification and vapor-phase alteration are typical in 
this unit, but thin

1
zones of vitric ash-flow tuff occur locally. The occurrence of Qbt 4 is 

limited to the western part of the Pajarito Plateau. 

2.2.10 Alluvium and Colluvium 

Holocene and late Pleist?cene canyon-floor alluvium consists of stratified, lenticular deposits of 
unconsolidated fluvial s::i-nds, gravels, and cobbles (Reneau et al., 1996). Smaller canyons whose 
headwaters are located o;n the plateau contain detritus exclusively ofBandelier Tuff. Larger 
canyon systems that hea~ in the Sierra de los Valles contain Bandelier detritus mixed with dacite 
detritus derived from th~ Tschicoma Formation. Active and inactive channels and floodplains 
form complex, cross-cut!:ing deposits. These fluvial sediments interfinger laterally with 
colluvium derived from canyon walls. In Pueblo Canyon alluvium is about 11 ft thick on the 
west side of the plateau and about 18 ft thick near the confluence with Los Alamos Canyon. 
Mortandad Canyon has 1 to 2 ft of alluvium near its headwaters and more than 100 ft of alluvium 
(plus colluvium) near the eastern LANL boundary. 

Alluvium of probable early Pleistocene age overlies Bandelier Tuff on mesas throughout the 
plateau (Reneau and Mcil)onald, 1996). The alluvial deposits form fairly continuous deposits on 
the western side of the plateau, but only remnants of these deposits are preserved further east. 
These alluvial deposits ~re primarily made up of coarse dacitic detritus from the Sierra de los 
Valles, but some locations also contain Valles Rhyolite (Cerro del Medio and El Cajete) fall 
deposits or their rework~d equivalents. These deposits record the locations post-Tshirege alluvial 
fans and streams that predate incision of canyons on the plateau (Reneau and McDonald, 1996). 
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Colluvium consists of slope or cliff detritus shed gravitationally into canyons. In most instances 
only large blocks of colluvium can be distinguished from locally derived alluvium, where the 
colluvial blocks are identified with material in adjacent cliffs. Colluvial blocks are commonly 
overlain by alluvium, as in the wider reaches along Mortandad Canyon where blocks of upper 
devitrifed units of the Tshirege Member, often several feet in diameter, are found beneath 
alluvial sands and gravels in drillhole MCOBT-8.5. 

2.3 Geologic Conceptual Model Cross-Sections 

The geologic conceptual model is based on the accumulated geologic, geophysical, and 
hydrogeologic data described in Section 2.1. Regional and local data sources are used to 
constrain possible visualizations of the thickness and extent of major hydrogeologic units 
beneath the Laboratory. Of all data sources, the principal sources for building the subsurface 
components of the geologic conceptual model are obtained through the R-hole drilling program 
conducted under the Hydrogeologic Workplan. These data are supplemented by drilling data 
collected from boreholes that were drilled for other purposes. Because samples and geophysical 
logs from earlier boreholes are largely unavailable, and earlier wells were not drilled with the 
goal of obtaining a sitewide hydrogeologic model, the R-series wells provide the best available 
dataset for subsurface geology at the Laboratory. The various types of stratigraphic data from 
R-series wells and from other boreholes used to support the geologic conceptual model are 
summarized in Appendix 2-A. 

2.3.l Geology at the Water Table 

The distribution of bedrock units at the top ofregional saturation is shown in Figure 2-10. 
Regional groundwater enters the Pajarito Plateau by underflow through the rocks that underlie 
the Sierra de los Valles (Griggs, 1964; Purtymun, 1984). This underflow is supplemented by 
recharge from drainages that cross the plateau (Kwicklis et al., 2005). Hydrogeologic conditions 
beneath the Sierra de los Valles west of the Pajarito fault zone are largely unknown because there 
are no deep wells in this area. Groundwater probably flows through Tschicoma lavas and 
underlying geologic units at depth, based on stratigraphic cross-sections (see Section 2.3.2). The 
geologic units beneath the Tschicoma Formation are poorly constrained but probably consist of 
Keres Group volcanic rocks, Santa Fe Group sediments, Eocene sedimentary rocks, Paleozoic 
and Mesozoic sedimentary' rocks, and Precambrian crystalline rocks (Smith et al., 1970; Goff and 
Gardner, 2004;. Smith, 2004). In the western part of the plateau, in the vicinity of Pueblo and 
Water Canyons, the water table is straddled by two lobes of down-faulted Tschicoma lavas that 
extend up to 3 km (2 mi) east of the Pajarito fault zone. Based on the physical characteristics of 
the rocks, groundwater flow through dacite most likely occurs as fracture flow in the lava 
interiors and as porous flow in interflow zones and interbedded elastic deposits. 

In the central part of the plateau, the regional water table occurs within basin-fill deposits that 
become progressively older to the east. These basin-fill deposits consist of the Puye Formation, 
pumice-rich volcaniclastic rocks, older fanglomerates, and the Tesuque Formation (Figure 2-10). 
The most productive municipal supply wells on the plateau occur in this area where long well 

ER2005-0679 2-30 December 2005 



Hydro geologic Synthesis Report 

' 
screens (500 m [1600 ft]) ;span the Puye Formation, pumiceous deposits, Totavi deposits, older 
fanglomerates, and Tesuque sedimentary rocks and basalts. 

Basalt straddles the water ,table in two areas. The most extensive is located in the south-central 
part of the plateau where as much as 195 ft of saturated Pliocene Cerros del Rio basalt occurs at 
the top of the regional zone of saturation in well DT-10 and 290 ft occurs in well R-22 
(Figure 2-10). A smaller region of older Miocene basalts straddles the water table in a north
trending zone extending b~tween wells R-12 to R-5. The southern extent of this zone is poorly 
constrained. 

The Tesuque Formation i~ the primary rock unit making up the regional aquifer in the eastern 
part of the plateau and in the Buckman well field east of the Rio Grande (Figure 2-10). Miocene 
basalts are interbedded with the Tesuque Formation beneath parts of the plateau, but are absent 
in wells drilled to depths of 300 to 575 m (1000 to 1900 ft) in the Buckman well field 
(Shomaker, 1974). Most of the production from municipal supply wells in Guaje Canyon and in 
lower Los Alamos Canyon comes from the Tesuque Formation. 
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Map showing distribution of geologic units at the top of the regional saturated 
zone beneath the Pajarito Plateau. The wells that provided geologic control for 
this map are indicated by dots using the same color schemes as Figure 2-2. The 
LANL boundary is shown by the green outline, and the Pajarito fault zone is 
shown in blue. The map portrays the dominant rock unit in the upper 50 ft of the 
regional saturated zone. 
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2.3.2 Representative Cross-Sections 

The full three-dimensional implementation of the geologic model is discussed in Section 4.1. 
The 3D model is tested against conceptual cross-sections that incorporate time-stratigraphic 
constraints, structural con~iderations, and correlations and limitations that take into account 
source regions and settings beyond the boundaries of the 3D model. The development of a 
manageable 3D model is time-intensive and requires treatment of geologic units on a large scale, 
where some details must i;iecessarily be incorporated into larger units or ignored. Conceptual 
cross-sections help to test' ideas concerning site geology, present details that may not be 
manageable in the 3D mo~el, and provide a means of rapid testing of new borehole data against 
existing concepts. 

Figure 2-11 shows alignments for eight conceptual geologic cross-sections that cover the 
Laboratory area. Included are four conceptual cross-sections for principal drainages: 

• Los Alamos Canyon (Figure 2-12), 

• Mortandad Canyoµ (Figure 2-13), 

• Pajarito Canyon d<'igure 2-14), and 

• Water Canyon (Figure 2-15). 

In addition, four cross-se¢tions of approximately southwest-northeast alignment cross the grain 
of drainage at the Laboratory from western to eastern portions of the site (Figures 2-16, 2-17, 
2-18, 2-19). Each geologic section is presented here at a vertical exaggeration of 10:1 in order to 
permit appropriate labelirig and allow a level of detail that would not be possible at true vertical 
scale. Each geologic secti:on is described separately below. 
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Figure 2-11. Lines of ~ross-section for Figures 2-12 through 2-19. 
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Figure 2-13. Conceptual cross-section for Mortandad Canyon. Regional water table is shown 
in blue. 
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2.3.2.1 Los Alamos Canyon Cross-Section 
Figure 2-12 shows a cross~section based on boreholes along the length of Los Alamos Canyon, 
from H-19 to the Rio Gra~de. At the western margin of this section, thick Tschicoma lava flows 
are shown extending almost to the Rendija fault zone or slightly beyond. The lack of dacitic 
lavas in R-7 suggests that .the lavas do not extend this far to the east; however, lithologic 
homogeneity of dacitic lithologies in thick Puye fanglomerate sequences at R-7 may indicate that 
the dominant lava sources are not far away. From the opposite direction, Cerros del Rio lavas 
extend from exposures in iower Los Alamos Canyon to 0-4 but not to R-7. The "lava gap" at 
R-7 provides a section of µiore homogeneous lithology (Bandelier, Puye, and pumice-rich 
volcaniclastic rocks) from: canyon bottom to regional water table without interference from low
porosity dacitic or basaltic lava flow. 

Pumice-rich volcaniclastic rocks at R-7 occur in a series of primary or reworked pumice beds 
intercalated with fanglom¢rates. In this cross-section these are referred to as "younger pumiceous 
deposits" to distinguish th;em from heavily clay-altered and possibly older pumice deposits 
observed at greater depth ~n 0-4, R-8, and in R-9. In reality these may be unaltered and altered 
variants of a single unit and the distinction shown here may be abandoned if future studies 
provide a link between thyse deposits. The lenses and thin layers labeled as "river gravels" refer 
to well-rounded gravels t~at contain at least 10% Precambrian lithologies (quartzite, with and 
without granite and schists, etc.). As noted in Section 2.2.4, relationships between these gravels 
and the Totavi are uncertain. 

Dips on hydrostratigraphi'c units in this cross section vary with age; the youngest units dip to the 
east and older units dip to: the west. This variation in dip reflects in part the progressive drop in 
structural elevation along!the Pajarito fault zone, just west of H-19. Younger contributions of 
Tschicoma lavas, steep f~nglomerate slopes shed from these fans, and proximally thick Bandelier 
ash flows provide the east-dipping masses at higher stratigraphic levels. 

2.3.2.2 Mortand~d Canyon Cross-Section 
I 

Figure 2-13 shows a cross-section beginning at borehole H-19, dropping into Mortandad Canyon 
at TW-8 and extending al'ong Mortandad Canyon, then to R-16 and across the Rio Grande to 
well PNM6 in the Buckm'.an well field. This cross section begins in the west where Tschicoma 
dacitic lavas were found jn drillhole H-19, but here the uppermost lavas are extended to borehole 
EGH-LA-1. The implied relationship between dacitic lavas in these two drillholes is speculative 
because there are no samples from H-19 to test similarity. If there is continuity of dacitic lavas 
between H-19 and EGH-LA-1 to the west as shown, then there is likely little or no "lava gap" 
between Tschicoma dacites and Cerros del Rio basalts as seen in the vicinity of R-7 in 
Figure 2-12. 

The top of the pumiceous deposits, beneath Puye fanglomerates, is well defined in boreholes 
from TW-8 to R-13. The data from EGH-LA-1 and R-34 are largely inferred due to poor sample 
returns in these drillholes. There is also a lack of information to indicate whether or not there is a 
series of clay-altered and 1possibly older pumiceous deposits, as shown in Figure 2-12, on top of 
the Miocene basalts shown here. As in the previous cross-section for Los Alamos Canyon, dips 
on most units vary from easterly in upper horizons to westerly in lower horizons. The evidence 
for westerly dips in Santa Fe Group sands for this section is based largely on extrapolation from 
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I 
the FMI dips recorded in ~rillhole R-16 (see Table l-A-1). The pumice-rich volcaniclastic 
deposits dip 5-7° to the soµthwest at R-1 and R-33 and 6 ° to the southeast at R-28. 

I 
I 

The south-trending paleosanyon at the base of the Bandelier Tuff is more evident in this section 
than in the more northerly; section along Los Alamos Canyon (Figure 2-12). In Figure 2-13 the 
axis of the paleocanyon isJ clearly transected in the vicinity of drillholes R-33 to MCOBT-8.5. 
Evidence for a comparabl~ canyon, offset to the east, may be seen in the depth to pumiceous 
deposits at R-13, but the paucity of deep cuttings from R-34 make this interpretation somewhat 
speculative. Evidence for the cinder mass within the Cerros del Rio at R-34 however is very 

I 

good, and it is likely that a buried basaltic vent source is close to the R-34 drill site, although the 
I 

distance and direction to the vent are not constrained. 
i 
I 

2.3.2.3 Pajarito C~nyon Cross-Section 
Figure 2-14 shows a cross~section beginning at borehole R-26, extending to the location of well 

I 

R-18 and planned well R-i 7, then along Pajarito Canyon to well R-23 and across the Rio Grande 
to a.measured section on the eastern canyon wall (Dethier, 1997). In this cross section the deep 

I 

erosion into the Otowi ashl flows and filling of this eroded canyon by Cerro Toledo deposits is 
evident (compare with Figures 2-4 and 2-5). As in the Mortandad Canyon cross section, the 
broad south-trending valley filled by Bandelier Tuff is visible west of PM-2, although placement 
of the valley axis will dep6nd on observations yet to be obtained from future drillhole R-17. 

I 

The deepest point filled bJ Cerros del Rio lavas in this section is at R-22. This point is the 
principal evidence for the south-trending paleocanyon seen in Figure 2-8, although the exact 
trend and the head of the ~any on are poorly constrained by current borehole data. The west
dipping Miocene basalts are suggested by dips seen in other drillholes to the north, in outcrop 
along White Rock Canyo9 (Dethier, 1997), and by suggested correlations between Miocene 
basaltic lavas in PM-2 and; R-22 and between PM-2 and basalt outcrops in White Rock Canyon. 
At R-20, FMI logs show tfyat the pumice-rich volcaniclastic deposits dip about 5° to the 
southwest. I 

I 

2.3.2.4 Water Carlyon Cross-Section 
I 

The cross-section shown in Figure 2-15 runs approximately parallel to the southern boundary of 
the Laboratory, from borefuole R-26 to two measured sections on the western and eastern walls of 
White Rock Canyon (Det~ier, 1997). Here the axis of the paleocanyon at the base of the 
Bandelier Tuff is less evid~nt because the eastern wall of that paleocanyon is essentially flat, 
from borehole DT-9 to Wtlite Rock Canyon. An older and more prominent paleocanyon is 
shown in the vicinity of btjrehole R-31, filled by accumulation of largely Precambrian sands and 
gravels marking a previou~ channel of the ancestral Rio Grande. The depth of this paleochannel 
is poorly known because bprehole R-31 was unable to penetrate completely through the gravel 
d 

• I 
epos1t. i 

I 
I 

Boreholes CdV-16-3(i) and CdV-R-37-2 were both completed within thick sequences of 
Tschicoma Formation dadtic lavas. These lavas do not occur in borehole R-25; moreover, lavas 
encountered in boreholes r?T-5A and DT-9 are poorly characterized but are believed to be flows 
within the Cerros del Rio "\folcanic field that are likely younger than these thick dacitic lavas, 
although no samples of thdse lavas are available for dating. Completion of planned drillhole 

I 
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R-27 within Water Canyon north of DT-5A will address this question by providing samples of 
these lavas. Specifically, the well will provide additional information about the composition of 
lavas in the vicinity of TA;-49 and their possible relationship with the lavas encountered in 
CdV-16-3(i) and CdV-R-37-2. In this cross-section the dacitic lavas in CdV-16-3i and 
CdV-R-37-2 are shown as' being limited in lateral extent. The flow base for these lavas is 
speculated to be at the top!ofthe older fanglomerates, but actual stratigraphic relations are 
unknown at this time. 

2.3.2.5 Western Boundary Cross-Section 
Figure 2-16 shows a cross-section from south of borehole SHB-3 extending up along the western 
boundary of the Laborator~, northeast to borehole G-5A in Guaje Canyon. This section shows in 
cross-section the depth and width of the paleocanyon cut into the Otowi Member and filled by 
deposits of the Cerro Tole~o interval in the vicinity of borehole R-26. To the north the Otowi 
Member has been eroded away and the sediments of the Cerro Toledo interval are deposited on 
fanglomerates of the Puye;Formation. Fanglomerates of the Puye Formation are considerably 
thicker beneath the Laboratory than to the north. The pumice-rich volcaniclastic and older 
fanglomerate are believed to occur beneath the western part of LANL but their presence is 
speculative because boreh0les do not fully penetrate the thick Puye Formation in that area. The 
correlation of dacitic lavasi in TW-4 and H-19 is based on lithologic descriptions of phenocryst 
minerals, but the lack of available cuttings from these boreholes means that this correlation 
cannot be tested. 

2.3.2.6 West-Central Cross-Section 
Figure 2-17 shows a cross~section from south of borehole CdV-R-37-2 and extending northeast 
across the Laboratory to borehole G-5 in Guaje Canyon. In this section the chemical composition 
of the lavas (wt% Si02) an~ available radiometric ages are shown to indicate how the lavas can 
be used as a guide in stratigraphic interpretation. In general, the ages of lavas assigned to the 
Cerros del Rio volcanic field or to the older Miocene sequences correlate with stratigraphic 
depth. The Tschicoma intermediate-composition lavas at the margins of the Laboratory, as in 
borehole CdV-R-37-2, havb not been fully penetrated by any boreholes and the nature of their 
basal contacts is not known. 

As in Figure 2-15, the pumiceous deposits and the underlying river gravels (Totavi) are shown 
with a southern componen~ of dip, consistent with FMI dip information described earlier. The 
river gravels can be extended as a continuous unit between boreholes R-33 and PM-5. However, 
another interpretation would be as unconnected river channels at different elevations, as seen in 
the east-central cross-secti~n to the east (Figure 2-18). 

The cross-section suggests that there is considerable incision into the top pf the Santa Fe Group 
sands prior to deposition o( the older fanglomerate in the vicinity of 0-4. This interpretation is 
supported by the presence 6f younger Miocene basalts at 0-4 that occur at the same structural 
levels as older Miocene basalts beneath Guaje Canyon. The orientation of possible paleovalleys 
incised into Santa Fe Group sands cannot be determined because most boreholes in the central 
and western part of the plat'eau are not deep enough to penetrate the base of the older 
fanglomerates. Relations dtbscribed by Griggs (1964) for wells in the Guaje Canyon areas suggest 
that some uppermost Santa;Fe Group sands interfmger with the older fanglomerate. 
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2.3.2. 7 East-Central Cross-Section 
Figure 2-18 shows a cross~section from southwest of borehole DT-5A extending northeast across 
the Laboratory to drillhole G-2A in Guaje Canyon. This section crosses a high point in the 
Cerros del Rio volcanic field at borehole R-34. As in the western-boundary and west-central 
cross-sections (Figures 2-16 and 2-17) the stratigraphy beneath the Bandelier Tuff at the 
southern Laboratory boundary is speculative. If the lavas penetrated by borehole DT-5A are 
attributed to the Cerros de~ Rio (see Figure 2-8) rather than the Tschicoma Formation, the 
distinction from Cerros de~ Rio volcanic rocks shown as a contact here may unnecessary. The 
lack of samples for analysis from borehole DT-5A allows either interpretation, but this problem 
should be resolved when l:Jorehole R-27 is completed in Water Canyon north of DT-5A. 

Petrographic and radiometric data from lavas outcropping in Bayo Canyon and comparable data 
from lavas in borehole R-9 suggest an offset of several hundred feet down to the south, 
interpreted in this cross section as a normal fault between Bayo and Pueblo canyons, covered by 
and not offsetting the Band.elier Tuff. Other explanations are possible but fault offset is 
supported by observed offset of exposures in Bayo Canyon. The number and distribution of 
faults beneath the Laboratory remains largely unknown, but continuity in many younger units, 
particularly the Bandelier Tuff and Cerros del Rio volcanic rocks, limits the amount of 
significant fault offset in tl).e central and eastern Laboratory area to units older than about 3 Ma. 
As in Figure 2-17, the cros's section shows a paleovally incised into the top of Santa Fe Group 
sands filled by older fangl<?merate. These relationships are based on descriptions of the pre-Puye 
rock units described in the]ithologic logs for PM-1, PM-2, and DT-5A, and they cannot be 
verified because drill cuttings for these wells are not available. 

2.3.2.8 Eastern Cross-Section 
Figure 2-19 shows a cross-1section from south of borehole R-31 extending northeast and then 
north across the eastern portion of the Laboratory to drillhole G-1 in Guaje Canyon. This figure 
illustrates the thinning and:Iocal absence of the Otowi Member of the Bandelier Tuff over 
highlands of Cerros del Ri9 volcanic rocks. The very thick sequence of Cerros del Rio volcanic 
rocks between boreholes R-23 and R-31 has a total depth that is poorly constrained but likely to 
have filled a paleocanyon ~see Figure 2-8). Continuity of Totavi river gravels from north to south 
is shown as disrupted in the vicinity of this paleocanyon, for such gravels are missing in several 
boreholes near this feature.: At greater depth the stratigraphic sequence is dominated by Santa Fe 
Group sands, based on evi4ence from boreholes in lower Los Alamos Canyon (e.g., LA-4), 
boreholes to the east (R-16~, and exposures mapped in White Rock Canyon (Dethier, 1997). 

2.4 Hydrologic; Properties 

The geologic units of the Phjarito Plateau are organized into more generalized hydro geologic 
units that form the framework for flow and transport numerical models (Section 4). 
Hydrogeologic units are supdivided based on lithologic characteristics believed to result in 
different hydrologic properties. A comparison of geologic and hydrologic frameworks for the 
plateau region is provided ~n Figure 2-3. 
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2.4.1 Vadose Zone Hydrologic Properties 

The vadose zone, the region between the ground surface and the regional aquifer, consists of 
variably saturated rocks, and locally saturated zones. The hydrologic properties controlling the 
flow of water from the surface to the regional aquifer are the saturated hydraulic conductivity 
(ksat) and the unsaturated hydraulic properties. As explained in basic hydrology texts and in 
references related to the vadose zone beneath the Pajarito Plateau such as Rogers and Gallaher 
(1995), when rocks are not completely saturated, the moisture retention curve defines the 
relationship between the volumetric water content of a soil or rock and its capillary pressure 
(sometimes referred to as the matric suction or matric potential). As the pores fill with water, 
capillary forces result in the small-diameter pores filling first, and at progressively larger water 
contents, the larger pores fill. The resistance to flow is much lower for the large-diameter pores, 
so that the unsaturated hydraulic conductivity increases as a strong function of the water content, 
reaching a maximum when the medium is saturated. Under unsaturated conditions, the local 
water content and matric JJOtential are controlled by the percolation flux; the local values of these 
variables modulate themselves in response to changes in the local percolation rate, in order that 
fluid may pass through the rock under gravity-driven or capillary-flow conditions. For 
unsaturated conditions flux and water content are related and flow is in response to a gradient 
that is composed of capillary and gravitational terms. 

Although most contaminants of concern associated with past LANL operations travel in the 
liquid phase, gas-phase transport is an important mechanism for radon and also for various 
volatile organic chemicals present in the subsurface. Furthermore, vadose zone observations used 
to estimate permeability at larger scales tend to be pneumatic, that is, based on the response of 
gas-phase pressures to changes in the air pressure exerted at the surface. When treating vapor 
transport, the permeability to the gas phase is the relevant property. Although in principle the 
permeability of the medium should be independent of the fluid (air or water), the role of fractures 
and issues of scale dependence come into play. Given that open fractures are most likely to be 
air-filled under ambient conditions, fractures dominate the behavior for gas-phase contaminant 
transport and the interpretation of pneumatic data. 

' 

To quantify the scale dependence of permeability of the Bandelier Tuff and to demonstrate the 
role of fractures, permeability estimates across all scales from laboratory samples to the scale of 
a mesa have been compiled. For the Laboratory scale, the geometric mean values of saturated 
hydraulic conductivity reported by Rogers and Gallaher (1995) are used, and water properties at 
standard conditions are used to convert conductivities to permeabilities. Parameter estimates for 
larger scales include gas-phase permeability estimates from Neeper (2002) for the tuff, and 
hydraulic conductivity measurements for the basalts from Stauffer and Stone (2005). In that 
study, Neeper (2002) presents field-scale results of pneumatic testing using straddle packers, and 
larger scale estimates based on the interpretation of the pressure responses to barometric cycles. 
The packer tests are termed "intermediate scale," and the estimates based on response to 
barometric cycles are called the "large scale." 

Figure 2-20 compares the permeability estimates for the three scales. The laboratory scale values 
represent matrix permeability and discount the role of fractures, as unfractured samples were 
typically tested. Permeability values are at least one order of magnitude smaller than the 
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Intermediate-scale estimates. The large-scale values are similar to the intermediate scale, except 
in certain highly fractured: regions, where even higher estimates of permeability are made. The 
most striking difference with scale is for the Cerros del Rio basalt, where core samples represent 
competent, low-permeabi~ity rock, whereas the field scale is dominated by large, open fractures 
or cavities that transmit air with virtually no resistance. Field observations in the basalts indicate 
that pressure changes at tlie surface are transmitted rapidly to depth (Neeper, 2002). 
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Figure 2-20. Permea,bility as a function of measurement scale for Bandelier Tuff (units 1 g, 
1 v, and: 2) and basalts. 
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These results illustrate the, role of measurement scale and rock type on estimating the effective 
permeability of the rocks in the vadose zone. Clearly, fractures, faults, or other large-scale 
features exert control on the properties of the rock as scale increases. In this comparison, we 
have mixed the results of water and air flow observations to examine the role of scale. While it is 
apparent that the role of fractures in transmitting air through the vadose zone must be considered, 
the question of water floW'. and the role of fractures must also be considered. Robinson et al. 
(2005) provide field evidence and numerical model results that suggest that the Bandelier Tuff 
transmits water through the porous and permeable matrix even for cases in which water is 
injected at very high percolation rates. Furthermore, the hydrologic properties measured in 
samples collected from bdreholes suffice to describe the percolation of water through the 
Bandelier Tuff under unsaturated conditions. That study concluded that as long as the percolation 
rate is lower than the local saturated hydraulic conductivity, water initially present in fractures is 
imbibed into the rock matrix. Therefore, rock properties of the matrix are most important, except 
perhaps near the surface where high-fracture-density zones may coincide with regions of high 
local infiltration rate. Matrix flow is an important simplification that makes vadose-zone 
characterization in individual canyons a more tractable problem. 

In contrast to the Bandelier Tuff, the basaltic rocks clearly exhibit rapid flow through fractures 
and other fast pathways, and the permeability of the rock matrix is essentially irrelevant to the 
rates of water percolation (Stauffer and Stone, 2005). The difference is the orders of magnitude 
lower matrix permeabilities of these rocks, compared to the Bandelier Tuff. 

2.4.2 Regional ~quifer Hydrologic Properties 

Aquifer properties that are relevant to issues of groundwater quality and quantity are hydraulic 
conductivity, specific yie~d (unconfined aquifer) or storativity (confined aquifer), and effective 
porosity. This subsection .:summarizes all available information, both recent data collected in 
R-wells and older estimates from water supply wells. No new information on storage properties 
of the rocks has been coll~cted in R-wells; this discussion, therefore, will rely entirely on older 
data. 

There are inherent uncertainties associated with any particular estimate of aquifer properties, and 
there are two particularly, important issues to consider when assessing these estimates. First, at 
the field-scale, these are q_uantities that are virtually impossible to measure directly. They can 
only be measured indirectly, via measuring the response of the aquifer to stress, then applying a 
theoretical model to that response. In a particularly complex aquifer such as the one beneath the 
Pajarito Plateau, the models used to interpret aquifer tests are necessarily much simpler than the 
actual aquifer and this wiill affect the accuracy of the test interpretation. Second, in a complex 
aquifer, hydraulic conductivity will vary substantially depending on the scale over which it is 

I 

measured. Tests conducted in wells with long screens (such as water supply wells) and/or tests 
conducted over long timtj periods will sample large portions of the aquifer and the results will be 
average properties of the :aquifer, including possible structural features such as faults. Short-term 
tests and/or tests in wells. with short screens will sample small-scale features. The results from 
such tests will tend to show much greater variability than those in the first category. Only field
scale test results are cons

0

idered here, since these are most pertinent to field-scale flow and 
transport in the regional aquifer. Borehole geophysics and bench-scale test approaches to 
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estimating hydraulic condpctivity are not summarized here, although borehole geophysics-based 
estimates of effective porosity are discussed. 

I 
I 

2.4.2.1 Expected Lithologic Controls on Regional Aquifer Hydrologic Properties 
The two major types of a~uifer rocks beneath the Pajario Plateau are sedimentary and volcanic 
rocks. The hydrologic properties of sedimentary and volcanic rocks can be very different and 
they are discussed separately. 

I 

i 
Sedimentary units incluqe the Puye Formation, pumice-rich volcaniclastic rocks, Totavi Lentil, 
older fanglomerate, SantalFe Group sands, and sedimentary deposits between basalt flows. 
Based on outcrop and bor~hole observations, all these units are expected to be highly 
heterogeneous and strongly anisotropic, with a much higher conductivity parallel to sedimentary 

I 

beds than perpendicular tq these beds. Figure 2-21 shows photographs of the Puye Formation 
and the Santa Fe Group s~owing the typical nature of bedding. Figure 2-22 shows an outcrop of 
the Totavi Lentil, a unit found at the base of the Puye in some locations, containing cobble beds 
with abundant quartzite. I 

The Puye Formation is heterogeneous, containing a variety of sedimentary lithologies. Based on 
previous studies by Ware~back et al. (1984) and Turbeville (1991) significant heterogeneity is 
expected to occur at scale~ from kilometers to meters (laterally) and meters to centimeters 
(vertically). i 

Due to lack of drill core, it is generally not possible to identify the depositional environments 
penetrated by R-wells within the Puye. Cuttings and borehole geophysics were used to 
distinguish between Puye lfanglomerate ( dacite detritius and sparse to absent pumice fragments), 
pumice-rich volcaniclastic rocks (abundant pumiceous fragments), Totavi Lentil (rounded clasts 
of abundant quartzite and [other Precambrian lithologies), and older fanglomerate (volcanic 
detritus and sparse quartz~te). The pumic-rich volcaniclastic rocks are expected to have a 
relatively high porosity, given the abundance of fairly coarse vitric pumice fragments. This high 

I 

porosity may translate to nigh permeability. In some areas the pumiceous rocks are extensively 
I 

clay-altered and permeabi~ity may be greatly reduced. The Totavi Lentil, an ancestral Rio-
Grande alluvial deposit, i~ possibly the most transmissive of the sedimentary units due to the 
abundance of unconsoliddted sands and gravels (see Figure 2-22). Fine-grained sediments, which 
may have low permeability, are also present in this unit. 

i 
I 

Purtymun (1995) identifi~d a thick zone of highly productive aquifer rocks that extends 
northeastward across the ¢entral plateau. Recent revisions to the plateau stratigraphy 
(Section 2.1) suggest that '.this zone includes older fanglomerate deposits, pumice'ous 
volcaniclastic rocks, and fower portions of the Puye Formation. As will be shown below, both 
high and low permeabilit1i rocks are present within this zone. 
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Figure 2-21. (a) Outcrop of the Puye Formation, Rendija Canyon (north ofLANL); 
(b) Outcrop of the Santa Fe Group, lower Los Alamos Canyon (east ofLANL); 
(c) Outcrqp of the Santa Fe Group, near Espanola (provided by Gary Smith, 
UNM Dept. of Earth and Planetary Sciences). 

Figure 2-22. Outcrop ofTotavi Lentil along SR 304 (D. Vaniman in foreground). 
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In heterogeneous units lik~ these sedimentary deposits, it is particularly important to determine 
the lateral continuity of th¢ high-permeability facies such as coarse stream channel deposits. 
However, it has not been possible to correlate individual beds in the Puye Formation because 
channel and overbank deposits in alluvial fan settings form complex, cross-cutting deposits, 
many of which are channelized or of limited lateral extent. Because of similar source rocks, clast 
compositions fail to provi~e distinct criteria for discriminating individual beds, particularly for 
boreholes spaced as far ap'art as the R-wells. 

The storage properties of these rocks are expected to be within the normal range for sedimentary 
aquifers: specific yield (Sy) between 0.01 and 0.3 and storativity (S) between 5.E-3 and 5E-5. 
Likewise, effective porosity values are expected to be in the normal range for sedimentary rocks 
from 0.1 to 0.3 (Freeze and Cherry, 1979). 

Volcanic rocks on the Pajarito Plateau include intermediate-composition lavas of the Tschicoma 
Formation and basalts (Cerros del Rio, Bayo Canyon, and Miocene basalts within the Santa Fe 
Group). These volcanic rocks consist of stacked lava flows separated by inter:flow zones. 
Figure 2-23 shows an exmrple of Cerros del Rio basalt. Flow interiors are made up of dense 
impermeable rock that is variably fractured. The interflow zones contain highly porous breccias, 
clinker, cinder deposits, a11:d sedimentary deposits. Groundwater flow in lava interiors is 
controlled by fractures, with hydraulic conductivity determined by aperture dimensions, fracture 
density, interconnectivity, ·and the presence or absence of fracture-filling minerals. Porous flow 
is expected to dominate groundwater flow in the interflow zones. Both nonfractured flow 
interiors and clay-filled fr~ctured zones are expected to have very low permeability; zones with 
significant, connected open fractures, lava tubes, and interflow zones are expected to have higher 
permeability and low porosity, a combination of properties which can lead to very fast travel 
times (Stauffer and Stone, 2005). 

The lava interiors presumably have very low effective porosity (<<0.1) and negligible storativity. 
Highly fractured zones and interflow zones may have larger porosity and storativity values, 
comparable to values expected for sedimentary rocks. Moderately fractured zones may have low 
effective porosity (10-3 -1 oj4). Table 2-2 summarizes qualitative expectations of aquifer 
properties based on lithology and on the available data, augmented by field-scale testing, model 
calibration, and head gradients. 

Fault zones. There are sev~ral faults on the plateau, including the Pajarito fault zone and the 
Rendija Canyon and Guaje'. Canyon faults (Figure 2-2). These are primarily oriented north-south, 
with local deviations. Ther¢ are numerous north-south trending faults in the Santa Fe Group 
within the larger Espanola Basin; these types of faults are presumably present beneath the 
plateau, but they are cover~d by younger rocks. In general, faults can be conduits to flow (if 
open) or barriers to flow (i~ cemented or clay-filled). Field hydrologic evidence has been 
interpreted based on both of these occurrences. For example, Griggs and Hem (1964) postulated 
the presence of a fault acting as a flow barrier based on pumping tests in the Guaje Canyon 
wells. By contrast, Purtymun (1977) and Blake et al. (1995) observed evidence of faults acting as 
conduits for upward flow of deep thermal waters in the Santa Fe Group, based on geochemical 
and thermal evidence in lower Los Alamos Canyon wells and San Ildefonso wells. More 
recently, Keating et al. (2003), suggested that the large-scale effective permeability of the 
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fractured zone 

breccia 

Figure 2-23. Outcrop of Cerros del Rio basalt at White Rock Overlook (east ofLANL). 
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Table 2-2. 
Inferred Properties of Hydrostratigraphic Units, 

B ase d on F" Id S I T f M d I C l"b f d H d G d" t 1e - ca e es mg, 0 e a1 ra ion, an ea ra 1en s 
Stratigraphic Sub· Description Hydraulic Conductivity Effective Porosity Storage 

Unit Unit 

Puye Fanglomerate · Stream channel, overbank, colluvium, Extremely variable(0.007-45 m/day), 0.07-0.2 No data 
and lahar deposits both the highest and lowest K 

estimates on the plateau occur within 
this unit 

---------- ---Pumiceous ___ __ Ash_and_pumiceorichJayers, __ both_air_ __ Extremely_variable_(Q.3=6_mLda)') _ _ _____ 0.1_5-0 .2 ____ ___ No d;:il~L-
fall and reworked 

Lava flows Massive Pore space (vesicles) is not <0.15 m/day No data No data 
(Tb1, Tb2, connected 

Tb4, Tt) 
Fractured In flow interiors, fractures tend to be 1-9 m/day No data No data 

vertical; near flow tops and bottoms, 
many fracture orientations are 

observed, includinQ sub-horizontal 
Breccia zones Highly fractured rock, either open or No data No data No data 

clay-filled 
Santa Fe Sandy Alluvial fan deposits (stream channel, Relatively uniform (0.3 m/day); faults No data Log10 [m.1] - -

Group colluvium, overbank) may decrease large scale effective K 3.8 to-4.8 
Fanglomerate Stream channel, ovetbank, and Variable (0.1-5.3 m/day), no evidence No data Log10 [m-1] - -

colluvium, of very high permeability 5.5 
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Pajarito fault zone is lower than surrounding rocks, based on observations of large horizontal 
gradients and model interpretations of these. gradients. They also concluded that the large-scale 
effective permeability of the Santa Fe Group is lower than that indicated by individual pump test 
results (summarized below). These results indicate that faults in the Santa Fe Group, which tend 
to be north-south trending (transverse to the hydraulic gradient), may act as flow barriers in the 
direction perpendicular to: their orientation, lowering the large-scale effective permeability of the 
aquifer. 

2.4.2.2 Contact b~tween Units 
Depths to contacts betwee:n the major geologic units are generally well established, but their 
physical characteristics must be inferred from cuttings and geophysical logs. Outcrop data 

I 
provide additional inform~tion about these contacts. Intra-formational and between-unit 
sedimentary contacts are generally conformable but are frequently disrupted by facies transitions 
and channel incisions. Ind~vidual beds can be traced laterally over the scale of meters to 
hundreds of meters. Major erosional unconformities between principal units, such as the Puye 

I 

and Tesuque Formations, probably occur beneath the Pajarito Plateau, but the nature and 
orientations of features su~h as paleocanyons are unknown. Features such as clay-rich soils occur 
internally within some uni~s like the Puye Formation, but do not appear to be important along 
intraformational contacts.· 

The contacts between coa~se-grained units, such as the Puye Formation or the older 
fanglomerate, and fine-grained sediments of the Tesuque Formation may have hydrologic 
significance because of th~ juxtaposition of fundamentally different lithologies. Where exposed 
in the eastern part of the plateau, the contact between Puye rocks and Tesuque strata is a slight 
angular unconformity. Hydraulic gradients are generally easterly/southeasterly on the plateau 
(Figure 2-24). Within the Puye Formation, this driving force is parallel to the east-dipping beds. 
In contrast, within the Tesuque Formation, beds tilt to the west. This anisotropic condition will 
result in larger flow resist~nce and possible local deviations in flow direction within the Tesuque 
rocks. 

The contact between the older fanglomerate and the Tesuque Formation may also be 
hydrologically important. In Guaje Canyon, thick sequences of older fanglomerate interfinger 
laterally for several kilometers with the Tesuque Formation (see Griggs, 1964 for discussion of 
these relations). The effect: of these interfingering relations on groundwater flow is not known 
but could include changes jn potentiometric surface gradients and partial confinement of 
groundwater in older fanglpmerate enclosed by less permeable Tesuque strata. In Los Alamos 
and Pueblo Canyons, later~! infingering between the older fanglomerate and the Tesuque 
Formation appears to be more abrupt. The lithologic difference between the older fanglomerate 
in Otowi-4 and the Tesuqu~ Formation in Otowi-1 is striking, and the lateral hydraulic 
conductivity should decrease eastward. The presence of altered Miocene basalts in the Tesuque 
Formation in wells R-9 and R-12 should also contribute to a decrease in hydraulic conductivity 
eastward. 
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Elevation of Top. of Regional Aquifer for Los Alamos National Laboratory 
!((';CO)O" 

Figure 2-24. Regional aquifer water table map. 

We note again that the sedimentary rocks themselves are highly stratified, and so contrasts 
between layers within these rocks may be as hydrologically significant (or more so) than the 
contacts between major geologic units described above. Contacts within volcanic units can have 
significant hydrologic impact. The contacts between lava flows are generally represented by 
interflow zones that can be 'very transmissive or, if clay-filled, barriers to flow. One example of a 
low-permeability, clay-filled interflow zone was that encountered in screen 2 of R-9i. This zone 
appears to act as a confining bed; water levels rose significantly in the borehole after the well 
penetrated this zone. Contacts between sedimentary and volcanic rocks can be structurally 
complex, as in the inferred paleovalley in the eastern part of the plateau that is filled by Cerros 
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del Rio basalt (Section 2.2.8; Figure 2-8). Groundwater flow from west to east may be more 
tortuous and possibly diverted when encountering such large-scale structures. 

2.4.2.3 Regional Aquifer Hydraulic Conductivity 
Inferences based on field-scale testing. Over the last 40 years, hydraulic conductivity has been 
measured using pump tests and straddle-packer injection tests in 61 locations within the Pajarito 
Plateau; some locations have been measured multiple times. Table 2-3 presents a compilation of 
these test results (86 in all). For those wells tested multiple times, or for which multiple 
interpretations of a single ~est are available, we selected one representative value for the 
discussion and analyses below (these are indicated with an asterisk in Table 2-3). All these tests 
are within the regional aq~ifer, with the exception of a perched zone in R-9i that is included 
because it represents a test of saturated basalt. If the screened interval for a test contained at least 
50% of a single stratigrapJ:iic unit, the test was categorized as representing that unit. Some wells 
(all the PM wells, for example) are screened across too many rock units and are labeled as 
"mixed" in Table 2-3. 

Figure 2-25 shows a histogram of the 61 hydraulic conductivity values, which range from 0.007 
m/day (R-26, screen 2) to 45 m/day (R-28). The geometric mean of these estimates is 0.6 m/day, 
and the distribution appears to be lognormal, although we ascribe no special significance to this 
fact, other than to point out that it is a convenient distribution for modeling purposes. Based on 
the distribution, the standard deviation of the lognormal distribution is 0.76 in units of ln(m/d). 

Figure 2-26 illustrates the spatial variation in hydraulic conductivity on the plateau. There are 
two areas with relatively high hydraulic conductivity (K > 3 m/day): the north-central aquifer 
beneath LANL (TW-2, R-4, TW-3, R-11, R-28, and R-13) and the south-central aquifer beneath 
LANL (R-19, screen 6, DT-10, DT-9). The location of these zones overlaps the zone ofhigh
yield wells identified by Purtymun (1984). However, based on new geologic data and 
interpretations, the rocks making up this zone consist of a variety of sedimentary and volcanic 
units in addition to those attributed to the "Chaquehui Formation" by Purtymun. Also, it is clear 
that lower conductivity zones also exist within Purtymun's proposed northeast-trending high
production trough, indicating that it is a heterogeneous portion of the aquifer, with locally high 
and low permeability zones. 
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Table 2-3. 
Estimates of Hydraulic Conductivity from Well Tests on the Pajarito Plateau 

Well Source Method m/day ft/day Unit Screen Comments 

Top Bottom 

DT-10- Purtymun (1995) Pump test 4.53 14.87 Tb4 472 475 Tf, Tpt, and Tpf also 

R-22-2 Mclin and Stone (2004) Injection 0.01 0.04 Tb4 289 301 Could be a breccia zone 

R-31-3 Mclin and Stone(2004) Injection 0.15 0.48 Tb4 203 206 0 

R-9i-1------ Mel.in and-Stone-(2004)--- Injection __ --2.16 __ ____ I . .1.0 __ __ _Tb4 _____ 33_1_ ____ _ __ _429 ___ fractur.ed ________________ 

R-9i-2 Mclin and Stone (2004) Injection 0.03 0.11 Tb4 82 85 Massive 

G-3A Shomaker (1999) Pump test 0.45 1.48 Tb1 180 604 

G-5A Shomaker ( 1999) Pump test 0.23 0.75 Tb1 228 604 

R-22-4 Mclin and Stone (2004) Injection 0.16 0.54 Tb1 420 422 Fractured basalt with 
alteration 

CDV-R-15-3-5 Well completion report Injection 0.08 0.25 Tpf 411 413 0 

R-13 Mclin and Stone (2004) Pump test 5.36 17.60 Tpf 292 311 Straddles Tpf/Tpp 
contact 

R-22-3 Mclin and Stone (2004) Injection 0.10 0.32 Tpf 388 390 High glass to clay ratio 

R-26-2 Shafer (personal Pump test 0.00 .002 Tpf 433 440 
communication) 

R-28 Kleinfelder (2004) Pump test 45.42 149.00 Tpf 285 292 Tpf according to cuttings, 
Tpp/Tpf mixture 
according to geophysics 

R-32-3 Mclin and Stone (2004) 0.37 1.20 Tpf 

R-11 Kleinfelder (2004) Pump test 35.51 116.50 Tpp 261 268 Assigned by Broxton and 
Vaniman -

R-19-7 Mclin and Stone (2004) Injection 6.71 22.00 Tpp 558 561 0 

R-19-6 Mclin and Stone (2004) Injection 5.67 18.60 Tpp 526 529 0 

R-1 Kleinfelder (2004) Pump test 1.19 3.90 Tpp 314 322 Assigned by Broxton and 
Vaniman 
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Table 2-3. 
Estimates of Hydraulic Conductivity from Well Tests on the Pajarito Plateau (continued) 

Well Source Method m/day ft/day Unit Screen Comments 

Top Bottom 

R-34 Shafer (personal Pump test 1.07 3.5 Tpp 269 276 
communication) 

TW-8 Purtymun (1995) Pump test 1.02 3.35 Tpp 290 325 0 

R-15---------- Mclin-(2004)---- ___ eumpJesL _ __ 0.67 __ -- _2.20 __ - - __ Ipp ____ __ 292 ----- -- __ 3_1_1_ ____ Small _p_o(tioJl_ is_.IpJ _____ 

R-14-2 Mclin and Stone(2004) Injection 0.30 1.00 Tpp 390 404 0 

CDV-R-15-3-6 Well completion report Injection 0.03 0.10 Tpp 499 501 0 

R-4 Kleinfelder (2004) Pump test 5.30 17.40 Tf 242 249 0 

0-4* Purtymun (1995) Pump test 1.23 4.02 Tf 340 791 Basalt and Tsf, as well 

0-4 Stoker et al. (1992) Pump test 2.18 7.15 Tf 340 791 

0-4 Purtymun et al. (1995) Pump test 2.88 9.46 Tf 340 791 

G-6 Purtymun (1995) Pump test 0.27 0.90 Tf 213 460 And basalt and a little Tsf 

R-2 Kleinfelder (2004) Pump test 0.09 0.31 Tf 277 284 Very fine grained with 
fine-scale bedding 

R-22-5 Mclin and Stone (2004) Injection 0.08 0.27 Tf 441 443 High glass to clay ratio 

G-1* Purtymun (1995) Pump test 0.29 0.94 Tsf 86 604 Also Tf and basalt 

G-1 Griggs (1964) Pump test 0.40 1.31 Tsf 86 604 

G-1 Griggs (1964) Pump test 0.55 1.79 Tsf 86 604 

G-1A Purtymun (1995) Pump test 0.37 1.22 Tsf 83 461 Significant Tf? 

G-2* Purtymun (1995) Pump test 0.37 1.22 Tsf 86 597 Significant Tf? 

G-2 Griggs (1964) Pump test 0.05 0.16 Tsf 86 597 

G-2 Griggs (1964) Pump test . 0.54 1.78 Tsf 86 597 

G-2A Shomaker ( 1999) Pump test 0.21 0.70 Tsf 172 431 0 

G-3* Griggs (1964) Pump test 0.27 0.90 Tsf 134 544 Also Tf and basalt 

G-3 Purtymun (1995) Pump test 0.22 0.71 Tsf 134 544 

G-4* Purtymun (1995) Pump test 0.46 1.51 Tsf 130 587 Also Tf and basalt 
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Table 2-3. 
Estimates of Hydraulic Conductivity from Well Tests on the Pajarito Plateau (continued) 

Well Source Method m/day ft/day Unit Screen Comments 

Top Bottom 

G-4 Griggs (1964) Pump test 0.63 2.05 Tsf 130 587 

G-4 Griggs (1964) Pump test 0.91 3.00 Tsf 130 587 

G-4A Shomaker (1999) Pump test 0.36 1.17 Tsf 200 604 0 

G-5* Purtymun (1995) Pump test 0.36 1.17 Tsf . . _14.1 . . 55~L. 0 .. -- - - - - -. . . . . . . . 

G-5 Griggs (1964) Pump test 0.50 1.65 Tsf 141 558 

G-5 Griggs (1964) Pump test 0.72 2.35 Tsf 141 558 

LA-18 Purtymun (1995) Pump test 0.38 1.25 Tsf 99 516 0 

LA-3* Theis and Conover Pump test 0.16 0.51 Tsf 32 264 0 
(1962) 

LA-3 Theis and Conover Pump test 0.08 0.25 Tsf 32 264 
(1962) 

LA-3 Purtymun (1995) Pump test 0.13 0.44 Tsf 32 264 

LA-3 Theis and Conover Pump test 0.14 0.46 Tsf 32 264 
(1962) 

LA-3 Theis and Conover Pump test 0.22 0.72 Tsf 32 264 
(1962) 

LA-2 Purtymun (1995) Pump test 0.14 0.47 Tsf 32 264 

LA-2* Purtymun et al. (1995) Pump test 0.20 0.66 Tsf 32 264 

LA-2 Purtymun et al. (1995) Pump test 0.36 1.17 Tsf 32 264 

LA-4 Purtymun (1995) Pump test 0.23 0.76 Tsf 230 599 0 

LA-5* Theis and Conover Pump test 0.20 0.67 Tsf 134 530 0 
(1962) 

LA-5 Purtymun (1995) Pump test 0.12 0.40 Tsf 134 530 

LA-6* Purtymun, (1977) Pump test 0.29 0.96 Tsf 128 542 0 

LA-6 Purtymun (1977) Pump test 0.22 0.73 Tsf 128 542 

LA-6 Purtymun (1995) Pump test 0.37 1.22 Tsf 128 542 

ER2005-0679 2-60 December 2005 



Hydro geologic Synthesis Report 

Table 2-3. 
Estimates of Hydraulic Conductivity from Well Tests on the Pajarito Plateau (continued) 

Well Source Method m/day ft/day Unit Screen Comments 

Top Bottom 

0-1* Purtymun (1995) Pump test 0.19 0.63 Tsf 310 755 Thin basalt 

0-1 Purtymun et al. (1993) Pump test 0.25 0.81 Tsf 310 755 

R-16-2 Mclin (2005; personal Pump test 0.49 1.6 Tsf 187 187 
communication) 

- ·- .. - --------- ----- -- ------------
--- ---

-R-1-6-3 Mclin (2005; personal Pump test 0.61 2.0 Tsf 306 314 
communication) 

R-16-4 Mclin (2005; personal Pump test 0.49 1.6 Tsf 367 392 
communication) 

TW-2 Purtymun (1995) Pump test 9.84 32.29 Tpt 234 251 0 

TW-3 Purtymun (1995) Pump test 4.90 16.08 Tpt 245 248 0 

R-31-4 Mclin and Stone (2004) Injection 3.38 11.10 Tpt 252 255 0 

R-31-5 Mclin and Stone (2004) Injection 2.53 8.30 Tpt 307 310 0 

TW-1 Purtymun (1995) Pump test 0.16 0.54 Tpt 193 196 0 

R-32-1 Mclin and Stone (2004) Injection 1.28 4.20 Tpt 

CDV-R-37-4 Well completion report Injection 3.46 11.36 Tt 472 475 0 

CDV-R-37-3 Well completion report Injection 2.14 7.01 Tt 472 475 0 

TW-4 Purtymun (1995) Pump test 0.78 2.55 Tt 364 367 0 

PM-1 Purtymun (1995) Pump test 1.26 4.15 Mixed 288 756 

PM-2 Purtymun (1995) Pump test 1.14 3.75 Mixed 306 695 

PM-3 Purtymun (1995) Pump test 7.31 23.99 Mixed 291 772 

PM-4 Purtymun (1995) Pump test 0.98 3.22 Mixed 384 870 

PM-5 Purtymuh (1995) Pump test 0.22 0.71 Mixed 439 936 

DT-5A Purtymun (1995) Pump test 0.69 2.28 Mixed 357 555 

DT-9 Purtymun (1995) Pump test 4.98 16.35 Mixed 317 457 

An asterisk (*) after a well number indicates inclusion in statistical summaries. 
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In several wells there are i:nultiple estimates of hydraulic conductivity at different depths (R-22, 
CDV-R-15-3, CDV-R-37~2, R-16, R-31, R-19, R-9i); in these cases we show the uppermost 
screen result in Figure 2-26. Only two of these wells, R-9i and R-31, show significant difference 
in hydraulic conductivity with depth. R-31, screen 3 (uppermost regional aquifer screen), 
completed in basalt, is vei;Y poorly conductive. The two lower screens, 4 and 5, completed in the 
Totavi Lentil, are very conductive. For this reason, they are shown in Figure 2-26 as connected 
to the southern high penn~ability zone. Both screens in R-9i are completed in basalt. The upper 
conductive screen is locat~d in an interval that includes highly fractured basalt and an interflow 
zone, and the lower noncdnductive screen is located within clay-filled interflow breccia at the 
base of the basalt sequence. The other wells (R-22, CDV-R-15-3, CDV-R-37-2, and R-19) show 
consistent results in all screens. This is particularly interesting in the case of R-22 and CDV-R-
15-3, where the screens ai:e located in a variety ofrock units. 

The hydraulic conductivity values for major rock units of the regional aquifer are shown in 
Figure 2-27 and summarized in Table 2-4. Cerros del Rio basalt, Puye Formation, pumiceous 
volcaniclastic rocks, Tota~i Lentil, older fanglomerate, and Santa Fe Group sands are clearly 
heterogeneous. The Santa: Fe Group sandy unit (Tesuque Formation) appears to be more 
uniform, although many of the wells representing this unit have very long screens (>300 m), 
which would tend to smooth the effect of small-scale heterogeneity. Nonetheless, the short 
screens within Tesuque sands tested at R-16 gave results similar to those obtained from wells 
with long screens. 

The variation within the Cerros del Rio basalt may be related to whether the tested interval 
contains abundant open ftactures (as reported atR-9i, screen 1) or is a clay-filled interflow zone 
(reported at R-9i, screen 2). All three tests within the Tschicoma Formation represent interflow 
zones and/or breccia and show relatively high permeability. Both outcrop and borehole 
observations suggest that :much of the Tschicoma Formation is, in fact, massive and so these tests 
of breccia zones may not :be representative of the larger aquifer unit. Some of the low 
permeability measurements in the Cerros del Rio basalt may represent clay-filled fractures in 
flow interiors or clay-filled interflow breccia zones. 

A number of factors could explain the variability of hydraulic conductivities within the Puye, the 
I 

Totavi, and the Santa Fe Oroup fanglomerate, including different degrees of alteration (clay 
content) and intraformational depositional facies (e.g., stream channel versus overbank deposits). 
Depositional facies are c4aracterized by different grain sizes and degrees of sorting, but bedding 
characteristics and rock f~bric are needed to evaluate the depositional setting. Bedding and rock 
fabric cannot be identified from drill cuttings, however borehole geophysical tools such as FMI 
logs can provide information that may be relevant (Table 2-5). In some cases, depositional 
environments inferred frqm FMI logs (Table 2-5) appear to be related to measured hydraulic 
conductivities. For example, the coarse-grained, poorly sorted gravels and cobbles in CdV-R-
15-3, screens 5 and 6, are consistent with deposits expected in proximal alluvial fan deposits. 
The K values measured ~ere (0.08 and 0.03 m/day, respectively) are lower than most on the 
plateau. The four highest conductivity zones in Tpf or Tpp, measured in R-28, R-11, R-4, and 
R-13, are associated with well-bedded sands and gravels with sparse cobbles located in the 
medial portion of the Puye alluvial fans. Fractures are visible in the screened intervals of the 
R-11 and R-13 wells. 
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Hydraulic conductivity within the Santa Fe Group 
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Figure 2-27-b. Variation.of hydraulic conductivity in volcanic rocks of the Pajarito Plateau. 
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Table 2-4. 
s ummarv T bl f H d r C d f "t f E h H d a eo· IV rau IC on UC IVltY or ac I~' t f ros ra 1grap h" u •t IC m 

Unit Number of m/day Max Geometric 

' Wells m/day Mean 

Cerros del Rio 5 <0.1 4.5 0.2 
Older 3 0.2 0.6 0.3 

Puye fanglomerate 6 .007 45 0.4 
pumiceous 9 0.3 36 1.3 

Totavi 5 0.2 9.8 2.1 
Santa Fe Group Fanglomerate 5 0.1 5.3 0.4 

Sandy 18 0.2 0.5 0.3 
(off plateau data)* 15 <0.1 4.4 0.1 

Tschicoma ' 3 0.2 9.8 0.9 
Source: Daniel B. Stephens (1994) 
Note: An asterisk(*) means r.eported in the literature by numerous workers. 

There are exceptions to these trends, however. For example, screen 3 ofR-32 is also completed 
in the medial portion of Puye Formation alluvial fans, but has lower conductivities than the wells 
listed above. The screened interval in R-28 does not show evidence of fractures, yet it has a 
higher conductivity than does R-11, which is screened across an interval containing several 
fractures. 

The possible influence of alteration can be examined by comparing the percentage of clay 
present in a hydrostratigraphic unit to the spatial variation in permeability. As shown in 
Figure 2-28a, there is a tendency for the Puye Formation and pumice-rich volcaniclastic rocks to 
be more altered in the soutreastern portion of the plateau, which may explain the low K values 
estimated for R-22, screen 3 and R-32, screen 3. However, low clay content is not necessarily 
associated with higher conductivity. R-26, screen 2 in the western part of the plateau has low 
clay content and a low K v'alue. Presumably a combination of facies distributions and post
depositional alteration are contributing to the complex patterns evident in Figure 2-26. Data on 
which to base these results,are somewhat limited, and additional data collection could shed light 
on this issue. 

There is no readily apparent correlation between alteration trends in the pumiceous unit 
(Figure 2-28b) and hydrau~ic conductivity. In fact, the lowest K values reported for this unit 
(CDV-R-15-3, screen 6, and R-14, screen 2) are both in regions of lowest clay content. With the 
limited data available, it appears that alteration within the pumiceous unit is not the only factor 
controlling hydraulic conductivity. 
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Table 2-5. 
Summary of Formation Micro-Image (FMI) Data Derived from Borehole Geophysics 

Drillhole Km/day Unit Texture Bed thickness Orientation Fractures Effective Comments 
porosity 

R-26 0.002 Tpf Very coarse, crude bedding, Most are 5-10 ft 10-40° nd 2-0% Similar to outcrops in 
boulders 2 ft tall (some are 0.5 ft) upper Guaje, vertical k 

should be large, 
probably is colluvium 
(like at the bottom of a 
fault scarp) 

--GDV- --- ---nd--- ---nd-- -Qiscrete-packages-of-coarse -- -1-5 ft-(sand- - - --nd---- ----nd---- ----nd-- --coarse- layers-are- - --
R15-3-5 and fine layers, 1520% is beds are 1 ft) comparable to R-26 

boulder beds, rest is sand 
and gravels, perhaps thin clay 
beds, overlapping channel 
deposits and some overbank 

CDV- nd nd Coarser than screen 5, 0.5-5 ft nd nd nd Similar to outcrops in 
R15-3-6 mostly discrete sand bodies upper Rendija Canyon 

(above screen in sandpack 
are gravel and coarse sands) 

R-13 17.6 Tpf Sand and gravel beds, a few 1 ft-3 ft nd One 8' >60% Medial fan 
(upper cobbley lenses vertical, 
half of another 

screen) dipping, 
intersecting 
2 ft of 
screen 

nd Tpp Fine bedding, intercolated in 2-6 in. nd nd nd 
(upper coarser beds of gravels and 
half of cobbles 

screen) 
R-11 116.5 Tpp No fine-grained beds, very 0.5 ft (up to 3 ft) <10° Fractures 5-10% 

stratified visible (one 
2 ft long) 

R-28 149 Tpf Very similar to R-11, very nd 5-10° (S None visible 15-60% 
stratified, perhaps can and E) 
correlate beds 
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Table 2-5. 
Summary of Formation Micro-Image (FMI) Data Derived from Borehole Geophysics (continued) 

Drillhole Km/day Unit Texture Bed thickness Orientation Fractures Effective Comments 
porosity 

R-4 17.4 Tf Mostly sands and gravels, Few tenths up to 5-0° nd 
very sparse cobbles, very 1 ft (30° max) 
stratified 

R-2 0.31 Tf Coarser, 15% cobbles, the Most are 1-2 ft Many dips nd 5-10% 

- - - - --- - - --- -- _ r~s_t is_ sa_n_d ang _g_r_av:el~ _ __ _ ____ (rar:i_ge O.~--:-~ ft) __ are to the 
- - -- -- - --- - -- -- - - --- --- -- - -- --- -

west 
R-16-2 1.6 Tsf Sands and silts, a little gravel 0.1-1.5ft 2-10° nd nd 

(10% or less) variable 
direction 

R-16-3 1.8 Tsf Sands and silts, sand beds nd 10-5° dip, nd nd 
are massive (2' thick) strongly 

westerly 
R-16-4 1.7 Tsf Fine laminar bedding, silts 0.1 ft or less (max 1 0-0° (to the nd nd 

sands, perhaps some cross- of0.5 ft) west) 
beddinq 

R-34 3.5 Tpp Fairly coarse, gravels with Mostly 3 ft (0.5 to Not many Most nd Pumice looks mostly 
some cobble beds, lesser 4 ft) data, 5-10° commonly reworked, possibly one 
amount of sand 35% (10- fall bed 

60) 
Note: nd = no data 
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j. 

Pumiceous Uni:t 
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(b) Percentage of clay within Puye 
Fanglomerate Unit 

(c) Percentage of clay-filled breccia 
within the Cerros del Rio Basalt 

Figure 2-28. Comparison of the percentage of clay present in a hydrostratigraphic unit to the 
spatial variation in permeability: (a) percentage of clay within the Puye 
pumiceous unit; (b) percentage of clay within Puye fanglomerate unit; ( c) 
percentage of clay-filled breccia within the Cerros del Rio basalt. 
Note: + =well locations 
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The percent of clay-filled ibreccia within the Cerros del Rio basalts (Figure 2-28c) is relatively 
high to the southeast and this factor may explain the low K value estimated for R-22, screen 2 
and R-31, screen 3. These: areas coincide with the topographically-highest part of the Cerros del 
Rio basalts on the Pajaritq Plateau, and they probably are proximal volcanic vent areas. The low 
values for K and high degrees of alteration here, both within the basalts and within the Puye, 
suggest that hydrothermal: alteration may have affected the rocks in this area. 

Despite the evident variability in most of the rock types, the average properties of the rocks 
derived from our limited data sets show a few distinctions. The geometric mean hydraulic 
conductivity of the pumice-rich unit and Totavi Lentil appear to be significantly greater than the 
other rock types (Table 2-4). At large scales, this trend may be important for flow and transport 
calculations. At small scal:es, however, the variability evident in both these rock types will be 
very important to conside~. Local flow directions in the vicinity of release locations and water 
supply wells are likely to depend strongly on these small-scale differences in hydrologic 
properties. 

Inferences based on hydraulic gradients. Head gradients will tend to be larger in low 
permeability rocks, and so: head data can be used, at least in a qualitative way, to infer 
information about permeapility. Other controls on head gradients, such a recharge and pumping, 
complicate this approach. It is evident from the water table map (Figure 2-24) that there is large 
spatial variation in head g~adients at the top of the aquifer. If these variations were entirely or 
mostly due to variations iri permeability, we might conclude that rocks and structures on the 
western portion of the plateau (Tschicoma Formation, Pajarito Fault zone) have relatively low 
permeability. However, m~:mntain-front recharge creates hydrologic conditions that lead to larger 
gradients, even if the rock~ were homogeneous. In addition, there is an increase in permeability 
towards the center of the plateau (older fanglomerate, pumiceous rocks, Puye Formation and 
Cerros del Rio basalts). The gradient is relatively steep in the vicinity ofR-22, where hydraulic 
testing indicates very low permeability (locally) in the Cerros del Rio basalts. 

2.4.2.4 Anisotropy 
As mentioned above, bedding within the Santa Fe Group and the Puye Formation is likely to 
cause higher permeability parallel to beds than perpendicular to beds. Large vertical head 
gradients measured in R wells are evidence of anisotropy; persistent vertical gradients are 
presumably caused by intermittent low-permeability strata that provide resistance to vertical 
flow. The beds within the fuye Formation range from centimeters to meters in thickness. Most 
are very low angle, dipping to the east. In contrast, beds within the pumiceous volcaniclastic 
rocks tend to dip to the so4thwest (R-20, R-2, R-7, R-19, and R-33). Beds within the Santa Fe 
Group exposed on the eastern margin of the plateau dip approximately 2-5° to the west 
(Golombek et al. 1983). D~ta from R-16 suggest that shallow layers are very low-angle, but 
deeper layers dip as much 'as 14° to the west. Hydrologic modeling and pump test analysis 
suggests that vertical permeability is 100 to 1000 times lower than horizontal permeability in the 
Santa Fe Group silts and sands (Hearne, 1985; McAda and Wasiolek, 1988; Keating et al., 2003). 

If the north-south trending:fault zones on the plateau tend to be barriers to flow, this would cause 
horizontal anisotropy, witq north-south permeability higher than east-west permeability. 
Multiple-well pump tests on the plateau could be used to test this hypothesis. 
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2.4.2.5 Porosity , 
Tracer tests, which provic:J;e the most valuable information about effective porosity, have not been 
conducted in the saturated; zone at this site. The only available data come from interpretations of 
borehole geophysical logs; using the combined magnetic resonance (CMR) tool. Using only data 
from the Puye Formation ;md the pumice-rich volcaniclastic rocks within the saturated zone, 
estimates of total porosity:based on geophysical logs from R-7, R-19, and CDV-R-15-3 have 
been compiled. Figure 2-29 shows the distribution of these estimates, with data collected at 0.5 ft 
intervals. Table 2-6 summ'~rizes the data. The mean effective porosity for these units as 
estimated from these logs (0.01-0.2) are somewhat low for sedimentary rocks (0.1-0.3, from 
Freeze and Cherry 1979). There is some indication that these values relate to hydraulic 
conductivity. For example~ CDV-R-15, which has a high proportion of very low effective 
porosity measurements, al~o has a relatively low hydraulic conductivity (0.03-0.08 m/day; Table 
2-6). R-19 has higher mean effective porosities and higher K values (5.7-6.7 m/day). However, 
there are significant differences in effective porosities between screens 5 and 6 in CDV-R-15 that 
do not correlate with differences in hydraulic conductivity. 

l 
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Table 2-6. 
Summary of Effective Porosity Estimates based on Borehole Geophysics 

Well Mea~ Effective Porosity 
I 

' 
CDV-R-15" 0.07 

CDV-R-15-4 I 0.06 

CDV-R-15-5 ' 0.01 

CDV-R-15-6 0.16 

' Rl9" 0.1 

Rl9-6 
! 

0.2 

Rl9-7 0.2 

R7" 0.09 

a all depths within Puye formation 
Note: - =no data 

N Formation Hydraulic 
Conductivity (m/day) 

744 Tpf, Tpp -

87 . Tpf -

13 Tpf 0.08 

15 Tpp 0.03 

1466 Tpf, Tpp -

14 Tpp 5.7 

15 Tpp 6.7 

293 Tpf, Tpp -

Note: For comparison, hydraulic conductivity values derived from in situ testing (Table 2-3) are also shown. 
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Figure 2-29. Distribution of effective porosity measured within the Puye Formation beneath 
the regional aquifer water table. 
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I 
! 

2.4.2.6 Storage Pt;operties 
Storage properties of rocks will depend on whether the aquifer is unconfined or confined; 

I 
delineating these two conclitions beneath the plateau has been difficult. There are a number of 

I 

interpretations in the liter4ture about the degree and extent of confined conditions on the 
Parjarito Plateau. Based oh limited data, Cushman (1965) concluded that the aquifer is under 
water table conditions berleath the plateau, with the exception of the vicinity of the Rio Grande 
where water table conditidms exist in shallow layers and confined conditions exist at depth. 
Purtymun (1974) suggest~d that water table conditions exist on the western margin of the plateau 
and artesian conditions e:x!ist along the eastern edge and along the Rio Grande. Recent drilling 

I 

has confirmed the existen¢e of water table conditions at many locations beneath the plateau. 
I . 

Pump test results for water supply wells, drilled to depths up to 2000 ft below the water table on 
the plateau, suggest that the deeper portions of the aquifer behave as either: 

I 
I 

• "Leaky confined" jin the Los Alamos well field, specific storage Ss ~ 1 o-4
·
8 Im (Theis and 

Conover, 1962); ahd in 0-4, Ss ~ 10-55/m (Purtymun et al., 1995a and 1995b) or 

• Unconfined in O-t, Ss ~ 1 o-3
·
8 Im (Purtymun et al., .1990, Purtymun and McLin, 1990). 

I 
I 

In the LA wellfield, The~s and Conover (1962) expanded on the "leaky confined" interpretation 
by stating that there are, in fact, several aquifers and several semiconfining beds in this well 
field. Just to the southea~t, along the Rio Grande, the aquifer has been called "partially 
confined" (Balleau Groundwater, 1995). 

I 
Drilling activities conduc~ed during the Hydrogeologic Workplan have shown that in most 
R-wells, at all screens, th~ aquifer is unconfined. Heads tend to decrease with depth (see Figure 
2-45, Section 2.7.7). In t~e shallowest portion of the aquifer (the upper 150 m), specific yield is 
presumably dominated by effective porosity (see Table 2-6 for estimates in the Puye Formation). 
Specific yield is likely to :be very low for basalts. No new information is available for the deeper, 
leaky-confined portions qf the aquifer. 

I 
l 

2.4.3 Summa~ of Hydro logic Properties 

I 
Pump test data (Table 2-3, Figures 2-26 and 2-27) illustrate the heterogeneity of the aquifer, with 
K values ranging from o.p07 to 45 m/day The geometric mean hydraulic conductivity is 0.6 
m/day; the larger-scale effective permeability may be lower due to large-scale structures and/or 
untested, low-permeability portions of the aquifer, based on the lower permeability values 
obtained in regional aquifer model calibrations (Section 4.2). Table 2-2 presents a summary of 
inferred properties of each of the lithologies present in the regional aquifer. 

I 
Heterogeneity tends to b~ particularly significant in the Puye Formation, pumiceous 
volcaniclastic rocks, Totavi Lentil, and older fanglomerate. The wide variety of depositional 
environments within the Puye Formation are consistent with this observation. However, it is 
difficult to go beyond thi1s general statement to develop a predictive relationship between facies 
and hydrologic propertid. On average, the permeabilities of the Puye Formation, pumiceous 
volcaniclastic rocks, Tot~vi Lentil, and older fanglomerate are similar and ranges of permeability 
overlap one another. [ 

I 

ER2005-0679 2-72 December 2005 



Hydro geologic Synthesis Report 

As shown in Figure 2-26, :there appear to be two zones near the top of the aquifer that are 
particularly conductive(>~ m/day). These zones are not correlated with hydrostratigraphy, 
suggesting that structure or alteration may be the controlling factor. No high permeability zones 
occur east of R-13. Large-scale trends in alteration (Figure 2-28) do not explain the location of 
these zones; although alteration may be an important factor in the location of a low-conductivity 
zone in the southeast (R-3:1 and R-22). 

The older fanglomerate ul).it is also heterogeneous, consistent with its probable depositional 
history. The Tesuque sandy unit appears to be less heterogeneous, due to the dominance of 
relatively well-sorted sand and silt layers (Section 2.2.1 ). Discrepancies between pump test data 
and model-calibrated values suggest the possibility that large-scale structures such as north-south 
trending faults may lower the large-scale effective permeability of this unit. 

Permeabilities of volcanic rocks appear to be bimodal, presumably a function of whether the 
groundwater is associated with fractures in flow interiors or is found in interflow zones between 
lavas. The amount of clay: filling pore space in these settings can also affect permeability. 
Permeabilities of the fractured Tschicoma and Cerros del Rio lava flows are of the order of 1 to 9 
m/day; permeability of poorly fractured flow interiors or clay-filled fractured units is much lower 
( <0.15 m/day). Limited data on Bayo Canyon basalts suggest an intermediate permeability. 

Based on the depositional: environment (Figure 2-21) of the Puye Formation and the Santa Fe 
Group, strong anisotropy (horizontal K >>vertical K) is predicted. This is confirmed by 
modeling studies, pump test analyses, and by the presence of large vertical gradients in many 
R-wells. The ratio of horizontal to vertical K may be as large as 1000 (see Section 2.4.2.3). If 
north-south trending low-permeability faults exist within these units (as modeling results 
suggest; Keating et al., 2003), this would tend to cause horizontal anisotropy. 

Although porosity data are limited, geophysical logs indicate that the effective porosity of the 
sedimentary rocks is relatively low (0.07-0.2). Small-scale data from these geophysical logs 
need to be augmented by interwell tracer tests to obtain larger scale, transport-related porosity 
values that can be used in, numerical models and transport-velocity estimates. 

2.4.4 Uncertainties in the Relationship between Geologic and Hydrogeologic Units 

This section describes uncertainties and sources of error in defining the relationships between 
hydrogeologic properties and lithology. Three of the uncertainties described here are large scale, 
in that they reflect the reliability of stratigraphic assignments. The large-scale uncertainties are: 

• Extent and hydrogeologic nature of the Cerros del Rio unit 

• Unassigned pumiceous sediments of uncertain age 

• Totavi variants (see Section 2.4.4.3 below) 

The remaining two uncertainties are small scale, in that they address uncertainties in the 
composition within a single stratigraphic unit or of a single property. The small-scale 
uncertainties are: ' 
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• Disposition of sa4ta Fe Group sediments 

• Spatial variation iµ permeability within sedimentary rocks 

I 
2.4.4.1 Extent and Nature of the Cerros del Rio Hydrogeologic Unit 

I 
The Cerros del Rio hydrogeologic unit straddles the top of regional saturation across much of the 
southeastern portion ofthF LANL site (Figure 2-10). The thickness of the unit has proved 
difficult to predict in critical areas (e.g., drillhole R-22 within TA-54) because multiple flows 

I 
from different source areas accumulated as stacked sequences in topographically low areas. The 
nature of the volcanic de~osits is highly variable and has led to difficult drilling, as at R-34 
where the drill site appearis to have been located above a buried cinder cone with no surface 
expression and unknown ~hape and lateral extent (Figure 2-14). Data from the basalt field in the 
Snake River Plain indicat~ that p~rmeability in basaltic volcanic sequences can vary by 10 orders 

I 

of magnitude from the lalforatory to the field scale, and the flow field can be strongly anisotropic 
I 

(Whelan and Reed, 1997)l Drilling experience in this unit at LANL shows that air permeability 
I 

can be very high; open boreholes generally "breathe" with diurnal barometric variation as soon 
as they penetrate into the ~erros del Rio deposits. All of these features indicate significant 
importance of the Cerros Ciel Rio in flow and transport. At present the 3-D geologic model allows 

I . 

for estimation ofrelative percent of flow interior, open breccia, and clay-filled breccia for each 
borehole, but such distriblilted percentages may not be sufficient for adequate hydrogeologic 
characterization where stqchastic flow simulation may require knowledge of volcanic 
stratigraphy (Whelan and jReed, 1997). In addition, a conceptual model describing the 
characteristic length scale~ of the basalt subunits would also be required. 

l 
I 

2.4.4.2 U nassignetl Pumice-Rich Volcaniclastic Rocks 
I 

The extent of clay alteration in pumiceous sediments can be a critical hydrogeologic parameter, 
for the unaltered deposits ~re highly transmissive whereas local zones of extensive clay alteration 
transform the pumice-ric4 intervals into aquitards. Extensive pumiceous sediments (Figure 2-9) 
are widely distributed be*ath Puye fanglomerates in the central portion of the LANL site. This 
unit is not known in outcrop and was not anticipated when drilling for the Hydrogeologic 

I 
Workplan began. Radiometric dates of 6.8 and 7.5 Ma from pumice in this unit suggest a 
possible relationship withl Peralta Tuff to the south, but petrographic variation and stratigraphic 
occurrence indicate that J multiple volcanic sources supplied tephra to these deposits. The 
pumiceous sediments in: R-9 and R-12 are completely altered to smectite, whereas other 
occurrences have little clay and are essentially unaltered. It is uncertain whether the altered and 
unaltered pumice units a~e related. This uncertainty can have considerable impact on how the 
pumiceous deposits are ~epresented in cross-section for the conceptual geologic model (see 
Figure 2-12) and in 3-D for the numerical geologic model, as well as having an impact on flow 
and transport properties. ! 

I 
2.4.4.3 Totavi Vatiants 
The Totavi may be an imJiortant transmissive unit at the site, providing a significant flowpath 
where laterally contiguouJ, making the treatment of this unit in the 3-D numerical geologic 
model particularly importkt. The axial deposits left by paleochannels of the Rio Grande are well 
defined in outcrop by theit high abundance of Precambrian lithologies derived from northern 
sources. Dethier (1997) prbvides extensive data for these deposits exposed along the eastern 
margin of the LANL site; his definition of the Totavi notes that it contains "generally >80% 
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I 
i 
I 

quartzite and other resistapt lithologies from northern New Mexico, but clasts from the southern 
Sangre de Cristo range ar~ common locally." The high quartzite abundance is distinctive. 
Previous conceptual mod~ls of the LANL site geology have extended these axial gravels in a 
continuous unit beneath ttle site as a horizon underlying Puye fanglomerates. More recent 
drilling has provided evi&nce of many stream gravels at varied stratigraphic levels, most with a 
smaller abundance of Preqambrian stream gravels (generally <25% Precambrian gravel) and with 
more gravels from volcaniclastic sources. Furthermore, new radiometric dates on pumice-rich 
volcaniclastic rocks indicate that underlying river gravels are considerably older than the Totavi 
deposits exposed on the e4stside of the plateau. The construction of a Totavi unit is thus 
problematic, with some arFas where the stream gravels are moderately extensive and other areas 
with isolated channels (e.g., cross-sections in Figures 2-12 and 2-13). Therefore, the 
representation of the Tota-Vi unit within the geologic framework model is illustrative. 

I 

2.4.4.4 DispositioJ of Santa Fe Group Sediments 
The impact of distinguishihg different lithologies of Santa Fe Group sediments can be of 
hydrogeologic significanc~ in defining the extent of more productive gravels and in construction 
of hydrogeologic unit boutidaries. The Santa Fe Group sediments exposed in outcrop along the 
eastern margin of the LANL site consist of sands and lesser stream gravels, commonly with 
some amount of carbonate\ cement, that are derived predominantly from plutonic and 
metamorphic Precambrian! sources. The 1997 conceptual geologic model for the site projected 
extensive amounts of Santa Fe Group sediments beneath the site that were predicted to be 
encountered by most drilllioles deeper than~ 1000-1500 ft. Furthermore, the central and most 
hydrologically productive zone was interpreted as consisting of deposits of equivalent age that 
contained more abundant ~olcaniclastic material. More recent drillholes have found that this 

I 
deeper volcaniclastic material is predominantly of Jemez-derived lithologies and is distinct from 
the generally arkosic depo~its of the Tesuque Formation. Recent work in the Espanola Basin 
suggests that "lithosomes"lof the Santa Fe Group grade laterally and interfinger, as fault 
displacements episodically

1 

dropped the western margin of the basin. However, the 
downdropping western margin of the basin, which is beneath the LANL site, may also have been 
the locus of past flow for rbajor drainages. At this time it is uncertain whether the lithologic 
variations in these older se~iments beneath the site reflect interfingered facies of similar age or 

" I 

unconformable, younger channel deposits in paleocanyons cut into the older Santa Fe Group 
sands. Resolution of this ubcertainty could confirm or rule out the existence of long-distance, 
high-permeability pathwa~s in the regional aquifer. 

I 

2.4.4.5 Spatial VaJiation in Permeability within Sedimentary Rocks 
I 

With the exception of the relatively uniform sandy sub-unit of the Santa Fe Group, variability 
within hydrostratigraphic ~nits tends to be much larger than variability between 
hydrostratigraphic units. Tb understand intra-unit variability, using limited data the possible role 
of texture (Table 2-5) and ~Iteration (Figure 2-28) have been examined and no consistent 
relationships were found. There does not appear to be a method to deterministically interpolate 
the spatial variation in perrlieability within these sedimentary rocks, given the available data. It is 

I 

possible that a larger dataset and better information about sedimentary facies (if cores were 
available, for example) wo~ld allow a better understanding of the mechanisms controlling 
hydraulic conductivity. Ev~n so, local variation may be sufficiently great that accurately 

I 
I 
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interpolating point data (tffsts at wells) within a deterministic 3-D framework model from known 
point estimates may not be feasible. 

For the purposes of modeling flow and transport through sedimentary rocks in the saturated 
zone, it may be more appropriate to use a probabilistic approach based on the statistical 
properties of the hydrauli~ conductivity dataset rather than a deterministic approach based on 
defined geometries ofhydrostratigraphic units (Section 4.2.10). Another promising method may 
be to use head data directly to infer heterogeneities in the aquifer (Doherty et al., 1994). 

Although the data suggestithere are no large differences in permeability between the volcanic 
and sedimentary rocks, differences in porosity and storage characteristics are likely to be large. 
For this reason, it is important to delineate the extent of the volcanic rocks in a 3-D framework 
model of the site for the p~rposes of flow and transport modeling. 

Available porosity data are very limited; more data could be derived from existing borehole 
geophysical logs and perh~ps a geostatistical model of porosity could be built from those logs. 

2.4.4.6 Influence qf Structure on Groundwater Flow 
The influence of structure$ on groundwater flow is uncertain, but the evidence suggests that 
structure plays a role in groundwater flow beneath the Pajarito Plateau. First, the large head 
gradients across the Pajarito fault zone indicate that the faults exert control on flow. Associated 
modeling results described in Section 4.2. l 0 suggest that the Pajarito fault zone and north-south 
trending faults in the Santa Fe Group may act as flow barriers at large scales. Zones of high 
permeability in the center portion of the plateau (Figure 2-26), which cross hydrostratigraphic 
boundaries, suggest that perhaps large-scale features such as faults play an important role here. 

Further interdisciplinary work combining geophysics, geochemistry, hydrology, and geology 
investigations would be required to better understand the processes controlling variability in 
aquifer properties at this site. Given the large heterogeneities in flow and transport properties and 
the complexities of the hydrogeologic formations, it is unlikely that transport models can ever be 
based purely on a deterministic hydrogeologic framework. Rather, models should be based on a 
blend of deterministic (e.g), 3-D hydrogeologic framework models) and geostatistical 
approaches. 

I 

2.5 Alluvial Groundwater Conceptual Model 

The alluvial groundwater conceptual model is based on data collected during investigations of 
I 

alluvial groundwater syste~ns at LANL that have been conducted to meet various objectives not 
specific to the Hydrogeologic Workplan (Appendix 1-A). Most of the early investigations were 
driven by alluvial groundwater contamination concerns in canyons with persistent alluvial 
saturation along significant segments of the canyon, and most of the early investigations were 
conducted in Mortandad C~nyon. Examples of these studies include those conducted by 
Purtymun (1974), Purtym~n et al. (1983), and Stoker et al. (1992). Many of these investigations 
were conducted in collaboration with the United States Geological Survey. Additional 
investigations conducted in the mid-1990s measured alluvial aquifer properties (Koening and 
Guevara, 1992) and calcul~ted bulk groundwater flow velocity (Gallaher, 1995). Purtymun 
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(1995) contains a significant body of additional information and references pertaining to alluvial 
groundwater investigations conducted at the Laboratory up to the mid-1990s. 

2.5.1 Physical Setting 

Average annual precipitat!on across the Pajarito Plateau ranges from over 0.5 m along the 
western boundary near th~ Jemez Mountains to less than 0.36 m to the east at the Rio Grande 
(Bowen, 1990). Most precipitation occurs either as winter/spring snow or as summer 
"monsoonal" rains. As a r

1

esult, most infiltration occurs episodically during spring snowmelts or 
during the intense summer thunderstorm season. 

Surface-water flow in the;canyons is generally ephemeral or intermittent, although a few canyons 
have short stretches with perennial surface flow. Anthropogenic discharges from water treatment 
outfalls can be a significant source of water in some canyons. Infiltration of these surface sources 
forms near-surface perched alluvial groundwater systems in many of the canyons (Stone et al., 
2001). These alluvial gro~ndwaters are not sufficiently extensive for domestic use. Nevertheless, 
these waters are an impot1ant component of the subsurface hydro logic system. In addition, 
laboratory contaminants iptroduced into the canyons can affect shallow groundwaters. Therefore, 
alluvial groundwaters prqvide pathways for contamination to migrate to significant lateral 
distances and potentially to greater depths. 

l 

The deposits that comprise alluvial groundwater aquifers are confined to the bottoms of canyons 
and are composed of axial fluvial deposits interbedded with deposits of alluvial fans, colluvium, 
and rock fall from adjacent mesa slopes. For watersheds that head on the Pajarito Plateau (e.g., 

I 
Mortandad and Sandia Canyons), the source of sediment is primarily Bandelier Tuff and, to a 
much lesser extent, other;formations such as the Cerro Toledo interval. Tschicoma dacite and 
Bandelier Tuff are primary sources of sediment for watersheds that head in the Sierra de los 
Valles. Canyons that have Bandelier Tuff as the primary source of sediment tend to have 
predominantly sand-sizeq alluvial fill with some interbedded coarser-grained side-slope deposits, 
including colluvium, whereas canyons that head in the Sierra de los Valles have alluvial fill that 
contains a wide range of grain sizes including dacitic boulders and gravels. Available data 
indicate that the thickness of alluvium and colluvium in the canyons ranges from a few feet up to 
approximately 100 feet. 

2.5.2 Hydrology 

The presence and extent of saturation within the canyons is dependent on a number of variables 
including source(s) of water, volume and persistence of water sources, the magnitude and 
location cif infiltration of groundwater from the alluvial system to underlying bedrock units (i.e., 
loss to underlying vadose zone), and evapotranspiration. 

These controls on variability of saturation are difficult to quantify, but are based largely on 
observations made durink drilling for installation of alluvial monitoring wells and piezometers in 
several canyons, includi~g, Los Alamos and Mortandad Canyons, and Cafion de Valle. Adjacent 
boreholes commonly show different saturated conditions and sometimes a borehole with 
substantial saturation will be adjacent to one or more boreholes with no or minimal saturation. 
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This phenomenon is likely related to juxtaposition of facies with highly variable hydro logic 
properties, such as porosity, permeability, or hydrologic conductivity (Figure 2-30; Reneau and 
McDonald, 1996). i 

2.5.2.1 Alluvial Recharge 
Recharge to alluvial grouhdwater systems on the Pajarito Plateau occurs via infiltration from 
three primary sources: storm-water runoff, anthropogenic effluents, and snowmelt. Each of these 
recharge sources produce~ a characteristic groundwater response. The conceptual model for 
alluvial system recharge on the Pajarito Plateau is based on continuous stream flow, 
precipitation, and water-level data collected within the Los Alamos and Pueblo Canyon 
watersheds (including DP Canyon). Three example plots (Figures 2-31, 2-32, and 2-33) show the 
relations of precipitation, stream flow, and groundwater hydro graphs for several representative 
alluvial monitoring wells fo Los Alamos and Pueblo Canyons. The precipitation data shown in 
the plots are values of average daily precipitation estimated using Theissen weighted averages of 
precipitation measured within and near the watershed (Dunne and Leopold, 1978). This approach 
is described in greater detail in LANL (2004) and in Reneau and Kuyumjian (2005). These 
examples are believed to ~e representative of canyons across the plateau. 
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Figure 2-30. Schematic cross section of complex stratigraphy within the alluvial package in 
Ancho Canyon. 

Examples of recharge via infiltration of storm water are shown in Figure 2-31. The water-level 
record for monitoring well LA0-0.3 in Los Alamos Canyon is plotted against precipitation data 
and the stream flow record at gaging stations E025, E030, and E042. The water-level data show 
generally rapid rises in response to summer and fall precipitation events and associated storm 
water runoff. Good examples are the large precipitation events in mid-August 2001 and late June 
2002. These water-level dses occur instantaneously and generally correlate well with the stream 
flow record, indicating infiltration into the streambed during floods. The duration of the 
recessional limb varies between events. Several small but distinct increases in the water-level 
recorded during late spring and summer months are not related to precipitation events, but rather 
are related to draining of the Los Alamos Reservoir for dredging and maintenance following the 
Cerro Grande fire. Storm-water runoff can be generated from precipitation in upland portions of 
watersheds, directly onto the plateau, or on impervious surfaces in developed areas within the 
Laboratory or in the Los Alamos townsite. 

Effluent-supported recharge results in more sustained and consistent water levels, as shown in 
Figure 2-32. Groundwater levels observed in monitoring well P A0-4 are dominated by 
infiltration of effluent discharged from the Bayo wastewater treatment plant (WWTP) to the 
stream channel in Pueblo Canyon (Figure 2-2). The variation in water-level elevations down 
canyon of the WWTP is controlled primarily by seasonal rerouting of effluent for "downstream" 
uses such as watering at the Los Alamos County golf course. Other examples of canyon reaches 
with similar effluent-supported recharge include effluent/upper Mortandad Canyon (TA-50 
outfall) and upper Sandia Canyon (power-plant outfall). These sources represent relatively 
consistent sources of recharge to alluvial groundwater creating stable alluvial groundwater 
levels. During dry periods in drier canyons that have little natural runoff, anthropogenic sources 
provide the majority of groundwater recharge. 
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LA0-0.3 Water Level with Streamflow and Precipitation 8/25/00-9/25/03 
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Figure 2-31. LA0-0.3 water level with streamflow and precipitation. 
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PA0-0.3 Water Level with Streamflow and Precipitation 8/23/00-9/30/03 
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Figure 2-32. PA0-4 water level with streamflow and precipitation. 

Recharge also occurs in response to winter/spring snowmelt. Figure 2-31 shows rising alluvial 
groundwater levels during, the late winter to early spring of each of the years represented on the 
plot. All three winter/spring periods show alluvial-groundwater-level responses prior to initiation 
of sustained streamflow at even the most up-canyon gaging station, E025. The winter and spring 
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of 2000-2001 alluvial-groundwater-level shows a substantial response to snowmelt runoff from 
an appreciable winter sn~wpack. The alluvial-groundwater-level response occurs over one month 
prior to initiation of streatn flow at E025. The conceptual model for this type of response is that 
recharge within the alluvium is associated with early-season snowmelt that infiltrates into 
alluvium in the upper canyon and creates an underflow recharge front that advances down 
canyon. Once the aquifer:saturation has reached capacity (i.e., the elevation of the adjacent 
stream channel), stream flow is initiated, suggesting that stream flow during these periods 
represents discharge from the aquifer to the channel. 

Figure 2-33 shows groundwater-level data from f9ur alluvial groundwater monitoring wells in 
Los Alamos Canyon. Initiation of the alluvial-groundwater-level rise in the winter/spring of 2001 
at each well occurs prior to the onset of sustained surface water flow. This suggests that the 
persistent baseflow conditions associated with snowmelt infiltration may actually be sustained 
largely from discharge ofi groundwater to the channel. Long-duration snowmelt runoff is most 
significant in watersheds with upland drainage basin areas, although watersheds that drain 
developed areas with pavement and storm-drain systems can provide short-duration, pulsed 
snowmelt runoff associated with melt from individual events. 

The down-canyon extent bf alluvial groundwater saturation varies significantly from year to year 
and seasonally. During dty years, and especially during years with limited spring snowmelt 
runoff, saturation may nor extend far from the upland sources of snowmelt recharge. 

Gray (1997; 2000) and L~NL (2004) investigated alluvial groundwater in Los Alamos Canyon, 
creating a numerical model that calculated infiltration of alluvial groundwater to the underlying 
vadose zone. Results indicate that the alluvial groundwater infiltrates into the underlying vadose 
zone at variable rates alo~g the length of the canyon with a higher rate ofloss estimated for a 
portion of the canyon coi:r;icident with the projected trace of the Guaje Mountain fault (mapped to 
the north but not evident 1n the walls of Los Alamos Canyon). Nested piezometer data from Los 
Alamos Canyon (LANL 2004) corroborate modeling results indicating greater infiltration rates 
in the vicinity of the projected Guaje Mountain fault. The variability in infiltration rates is 
interpreted to be caused b~ either loss into permeable units underlying the alluvium or loss 
within zones ofrelativelylgreater fracture size or density. 

In addition to the watershed-scale investigation of alluvial groundwater responses to various 
recharge sources, site-spe¢ific alluvial groundwater investigations have been conducted in DP 
Canyon and in Canon de Valle. A potassium bromide tracer study was conducted in DP Canyon 
in 2003 to investigate alluvial groundwater travel times, surface water/groundwater exchange, 
hydrologic linkage from reach DP-2 to DP Spring, and to measure vertical hydraulic gradients 
and seepage velocity into 'the underlying Bandelier Tuff. The primary conclusions regarding 
alluvial recharge from this study were that surface water/groundwater exchange is an important 
recharge mechanism and that groundwater flow is transient, primarily controlled by episodic 
recharge from townsite runoff. For a detailed description of these findings, see LANL (2004) and 
LANL (2003a). 
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Los Alamo~ Canyon Alluvial Water Level Depths and Streamflow 8/25/00-9/3Q/03 
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Figure 2-33. Los Alamos Canyon alluvial water level depths and stream flows. 
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To quantify infiltration, Kwicklis et al. (2005) developed a map of average annual "net 
infiltration" in the Los Alamos area, based on physical features such as elevation, vegetation, 
surface geology and strei:tm flow (Figure 2-34). They define net infiltration as that water 
remaining after accounting for evapotranspiration in the shallow subsurface (i.e., the root zone). 
They estimate the highes~ net infiltration rates in canyons, especially those that head in the 
mountains, with magnitudes of up to a few hundred millimeters per year caused by channelized 
runoff. In contrast, much lower net infiltration rates occur across mesas and in the smaller 
canyons that head on the;plateau (see Section 4.1 for a site-wide numerical model employing 
these concepts). ' 
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Estimated infiltration on the Pajarito Plateau (reproduced from Kwicklis et al., 
2005). 

2.5.2.2 Alluvial Aquifer Properties 
Observations of alluvial groundwater were initially focused on understanding the distribution of 
contaminants. Purtymun (1974) performed one of the first quantitative investigations where 
groundwater velocities were calculated from a tritium release in Mortandad Canyon. The release 
from the TA-50 outfall was a planned event staged to discharge wastewater containing elevated 
tritium. Groundwater velo,cities calculated from travel time of the tritium centroid showed values 
ranging from 20 meters/day in the upper canyon, where alluvium is thin and the alluvial aquifer 
volume is small, to approximately 2 meters/day in the lower canyon where the canyon widens 
and alluvium thickens to approximately 30 meters (Table 2-7}. These observations indicate that 
alluvial groundwater flow! can be highly variable along the length of a canyon. Other factors 
influencing system-scale groundwater velocity include aquifer sediment textures, stratigraphic 
complexity, and hydraulic gradient. 

Gallaher (1995) calculated Darcy velocity (Table 2-7) from mean saturated hydraulic 
conductivities (Table 2-8) and water table gradients in Los Alamos Canyon. Using the results 
from slug tests conducted :by Koening and Guevara (1992), Gallaher estimated the rate of 
groundwater movement in alluvium at 0.75 meters/day. Additional saturated conductivity values 
for Los Alamos and Mortandad Canyons are presented in Table 2-8. Slightly lower hydraulic 
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conductivities in middle .Mortandad Canyon may be due to an overall fining of the alluvial 
material in that portion of;the canyon. 

Gray (1997, 2000) measm:ed aquifer parameters, calculated a hydrologic budget and performed 
numerical modeling of groundwater flow in Los Alamos Canyon. Hydraulic conductivity 
measurements from these studies are included in Table 2-9. 

2.5.2.3 Cerro Gra.nde Fire Effects 
The May 2000 Cerro Grande fire produced significant hydrologic changes in the watersheds 
west of the Laboratory (BAER 2000). Loss of vegetation and forest litter, development of ash 
covers, and extreme hydrophobic soil conditions, primarily in the upland portions of watersheds, 
greatly reduced the capacity for infiltration and storage of precipitation. Rapid surface-water 
runoff in the first two summer monsoon seasons following the fire contained high ash content 
with a complex mixture of: inorganic and organic compounds. Calcium, magnesium, silica, 
potassium, sodium, and carbonate were among the constituents concentrated in the ash 
(Longmire et al., 2002). 

A detailed water-level and:water-quality record was obtained from Los Alamos and Pueblo 
Canyons using dedicated rimltiparameter pressure transducers installed in a series of alluvial 
monitoring wells. Hydrologic system effects were manifested as rapid water-level response to 
numerous post-fire floods and possibly also earlier-than-typical onset of a snowmelt runoff 
response. Reduced or eliminated forest canopy is thought to have allowed winter snow to melt 
shortly after individual pre¢ipitation events and early in the spring. There were stormwater 
related excursions in water-quality parameters, including increases in pH in the alluvial 
groundwater and elevated boncentrations of several constituents in alluvial groundwater due to 
infiltration of ash-rich storm water. A detailed discussion is presented in Chapter 7 and Appendix 
B of the Los Alamos and Pueblo Canyons Investigation Report (LANL, 2004). It is not known 
how long such perturbatioI).S will persist, although the effects of the fire are expected to 
progressively decrease over time as the upper watershed recovers. 

' 
2.6 Vadose Zone Conceptual Model 

The vadose zone is the section of soil and rock material between the alluvial groundwater or the 
ground surface (where alluvial groundwater is not present) and the regional aquifer water table. 
Beneath the Pajarito Plateau, the thickness of the vadose zone ranges from about 600 feet to over 
1,200 feet. Intermediate-depth perched groundwaters are present within the vadose zone. 
Specific intermediate perched zones that occur beneath major canyons and in the western portion 
of the Laboratory are described in Section 2.7. 
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I 
J Table 2-7. 

Groundwater Velocities in Alluvial Aquifers on the Pajarito Plateau 
Measure Locations 

Upper Los 
Alamos 
Canyon 

MC0-5 to 
MC0-6 
MC0-6 to 
MC0-7 
MC0-7 to 
MC0-7.5 
MC0-7.5 to 
MC0-8 

Source I 

A I 
I 
I 

I 

B 

B 

B 

8 

Distance between 
Measurement Points (m) 

Approximately 7000 

GWVelocity 
(mid) 

0.75 

Mortandad Canyon 
393 "H 16 

Cl25 
320 "H 4.2 

Cl 5.1 
290 

185 

"H 4.4 
Cl 5.6 
"H 1.7 
Cl2.3 

Test Type 

Calculated from (mean Ks"), 
average gradient of stream channel 
(0.027}, and an estimated porosity 
of0.3. 

Tritium ("H) and chloride (Cl) TA-50 
discharge tracer test 
Tritium ("H) and chloride (Cl) TA-50 
discharge tracer test 
Tritium ("H) and chloride (Cl) TA-50 
discharge tracer test 
Tritium (''H) and chloride (Cl) TA-50 
discharge tracer test 

Note: Calculated groundwat~r velocity using mean saturated hydraulic conductivity from LAO-C, LAO-I, LA0-
2, LA0-3, LA0-3A, L1'-0-4, LA0-4.5A, LA0-4.5C, LA0-5. 

A 
B 

Gallaher (1995) I 
Purtymun (1974) 

1 

I 
I 

Table 2-8. 
S*urated Hydraulic Conductivity Values 

for Alluvial Groundwater on the Pajarito Plateau 
Well/Piezometer Locatibn Mean Ksat Test Type 

I (cm/sec) I 

! Los Alamos Canyon 
Piezometer LAP-1-#1!a 4.67E-04 Rising head slug test; Bouwer-Rice solution 
Piezometer LAP-1-#2:a 1.32E-03 Rising/falling head slug test; Bouwer-Rice (1976) 
Piezometer LAP-1-#3:a 2.71 E-03 Rising/falling head slug test; Bouwer-Rice (1976) 
Piezometer LAP-1. 5-#1 a 2.62E-03 Rising/falling head slug test; Bouwer-Rice (1976) 
Piezometer LAP-1.5-#2a 4.43E-03 Rising/falling head slug test; Bouwer-Rice (1976) 
Piezometer LAP-1. 5-#3a 9.42E-03 Rising/falling head slug test; Bouwer-Rice (1976) 
Piezometer LAP-3a ~ 3.10E-03 Rising/falling head slug test; Bouwer-Rice (1976) 
Piezometer LAP-3.5-#1 a 2.660E-03 Rising/falling head slug test; Bouwer-Rice (1976) 
Piezometer LAP-3.5-#2a 1.27E-03 Rising/falling head slug test; Bouwer-Rice (1976) 
Piezometer LAP-3.5-#3a 2.82E-05 Rising/falling head slug test; Bouwer-Rice (1976) 
Piezometer LAP-4-#1i:;l 2.58E-05 Rising/falling head slug test; Bouwer-Rice (1976) 
Piezometer LAP-4-#28 2.20E-05 Rising/falling head slug test; Bouwer-Rice (1976) 
observation well LAO-Bb I 7.01 E-03 slug tests; Bouwer-Rice (1976) 
observation well LAO-Cc ! 1..16E-03 slug tests; Bouwer-Rice (1976) 
observation well LA0-0.3bi 1.25E-02 slug tests; Bouwer-Rice (1976) 
observation well LA0-0.6bi 7.58E-03 slug tests; Bouwer-Rice (1976) 
observation well LA0-0.91.b 3.56E-02 slug tests; Bouwer-Rice (1976) 
observation well LA0-1c I 1.58E-02 slug tests; Bouwer-Rice (1976) I 

observation well LA0-1.6(q)b 4.82E-03 slug tests; Bouwer-Rice (1976) 
observation well LA0-2c I 1.01 E-02 slug tests; Bouwer-Rice (1976) 
observation well LA0-3c i 1.34E-02 slug tests; Bouwer-Rice (1976) I 

observation well LA0-3ac I 1.22E-02 $lug tests; Bouwer-Rice (1976) 

I 
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Table 2-8. 
Saturated Hydraulic Conductivity Values 

for Alluvial :Groundwater on the Pajarito Plateau (continued) 
Well/Piezometer Locat,on Mean Ksat Test Type 

I 
(cm/sec) 

observation well LA0-4c: 2.41 E-02 slug tests; (1976) 
observation well LA0-4.5b 2.55E-03 sluq tests; (1976) 
observation well LA0-4.5ac 2.33E-03 sluq tests; (1976) 
observation well LA0-4.5cc 2.77E-03 slug tests; (1976) 
observation well LA0-5c' 3.35E-03 slug tests; (1976) 

Mortandad Canyon 
observation well MC0-3c' 3.72E-02 slug tests; (1976) 
observation well MC0-4c. 7.13E-04 slug tests; (1976) 
observation well MC0-4Cc 3.47E-04 slug tests; (1976) 
observation well MC0-4.9c 2.88E-05 slug tests; (1976) 
observation well MC0-5c 5.41 E-05 slug tests; (1976) 
observation well MC0-6c. 7.08E-04 slug tests; (1976) 
observation well MC0-7.5c 9.63E-04 slug tests; (1976) 
observation well MC0-7Ac 1.06E-04 slug tests; (1976) 
observation well MC0-7c: 5.11 E-04 sluq tests; (1976) 
observation well MT-3c 2.93E-05 sluq tests;' (1976) 

a Results have been published in the Los Alamos and Pueblo Canyons Investigation Report (LANL, 2004b). 
b Results from 1998 slug tests (Los Alamos and Pueblo Canyons Investigation Report (LANL, 2004b). 
c Results from 1995 slug tes~. 
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2.6.1 Climate and Infiltration 

Arid and semi-arid regions often exhibit thick vadose zones. Infiltration is often focused in 
topographic lows or beneath surface water bodies, rather than being diffuse, as is common in 
wetter climes (e.g. Sanfor~, 2002). The average annual potential evapotranspiration (PET) rates 
far exceed precipitation dtes. Under these conditions, infiltration events that propagate beneath 
the root zone are sporadic; and occur only when the short-term infiltration rate exceeds the ET 
rate, such as during snowi,nelt or after large rainstorms. Consequently, the rates for deeper 
infiltration are difficult to: quantify through traditional water balance studies because this 
component of the water-b.alance can be orders of magnitude smaller than the other components 
(Devries and Simmers, 2002; Scanlon et al., 2002; Sophocleous, 2002; Sanford, 2002; Flint et 
al., 2002). These generalities apply to the near-surface hydrology of the Pajarito Plateau, which 
has a semiarid climate. 

The infiltration rate estimates from canyon bottom alluvium and mesa top sites developed by 
Kwicklis et al. (2005) (Figure 2-34) can be tested for consistency against the estimated 
infiltration rates inferred from moisture content profiles. In Section 4.1.3.2, a set of numerical 
models for wells LADP-3 and LADP-4 in Los Alamos Canyon are presented showing that 
moisture profiles reflect the conceptual model of high infiltration in canyons and low infiltration 
in mesas. That analysis also shows that the uncertainties associated with such estimates are quite 
high (in the range of a fa9tor of 3). However, by combining moisture content, tracer or 
contaminant profiles, and water budget information, a more constrained estimate can be 
achieved. One of the purposes of the vadose zone numerical models being developed is to 
provide the additional constraints afforded by the use of multiple, independent data sets 
(Robinson et al. 2005a). · 

2.6.2 General :Qescription of Conceptual Models 

Conceptual models for vadose zone flow and transport on the Pajarito Plateau are based on 
observations from a vari~ty of data sources, including both mesa-top and canyon sites under both 
natural conditions and disturbed conditions resulting from Laboratory operations. The key 
conceptual-model eleme~ts describe percolation of water through both fractured and relatively 
unfractured volcanic tuffs, buried sedimentary formations, and basalts. The types of data 
incorporated into the dev'elopment of the conceptual models include water content and pore
water chemical compositions from borehole samples for naturally occurring tracers, introduced 
tracers, and Laboratory contaminants. 

The conceptual models differentiate the rate of percolation by their location and surface 
hydro logic setting, including wet and dry canyons, and wet, dry, and disturbed mesas. Perched 
water is often found beneath wetter canyons, either associated with near-surface alluvial systems 
or at intermediate depths, along low-permeability interfaces such as buried soils and unfractured 
or clay-filled horizons of basalt flows. Alluvial groundwater is discussed in Section 2.4, while 
perched water is addressed in Section 2.6. The generalized view of the role of wet and dry 
canyons on vadose zone iflow and transport is quantified in the numerical model section of this 
report (Section 4). 
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2.6.2.1 Mesas 
Dry finger mesas constitute most of the mesa area on the plateau. The hydrologic conditions on 
the surface and within these dry mesas lead to slow unsaturated flow and transport. The mesas 
shed precipitation as surface runoff to the surrounding canyons such that most deep infiltration 
occurs episodically following snowmelt (Section 2.4.2.1). Much of the water that does enter the 
soil zone is lost through eyapotranspiration (ET). As a result, annual net infiltration rates for dry 
mesas are less than ten mm/yr and are more often estimated to be on the order of one mm/yr or 
less (Kwicklis et al., 2005~. Since the dry mesas are generally comprised of nonwelded to 
moderately welded tuffs with low water content, flow is likely to be matrix dominated. Wetter 
mesas, supporting ponderbsa forest above densely welded and fractured tuff in the western 
portion of the plateau, may provide fracture flow to a few meters to tens of meters depth but 
evidence of fracture infilt~ation usually diminishes at the depth of the first nonwelded horizon. 
For most of the LANL site, travel times for contaminants migrating through mesas to the 
regional aquifer are expected to be several hundred to thousands of years (Newman, 1996; 
Newman et al., 1997b; Birdsell et al., 2000; and Section 4.1.1 of this report). 

The topographic relief of these steep-sided mesas influences their internal hydro logic conditions 
as well. High solar radiatipn, strong winds, and fluctuations in barometric pressure cause 
temperature and pressure gradients between the surface of the mesa and its interior. These 
gradients enhance air circulation through the mesas, which is thought to enhance deep 
evaporation (Neeper 2002;; Neeper and Gilkeson, 1996; Newman, 1996; and Newman et al., 
1997b). This additional dnying in the mesa-top units further slows downward water flow and 
transport of dissolved species. However, these same conditions enhance vapor transport of 
volatile species (Stauffer ~t al., 2005). 

! 

Anthropogenic discharges; and surface disturbances due to laboratory operations can drive 
infiltration rates higher in jusually dry mesas. In some cases, multiple disturbances of mesa sites 
through liquid waste disposal, asphalt covers, and/or devegetation have caused mesa infiltration 
rates to temporarily increase to near wet canyon levels (representative values are given in Section 
4.1). Even with elevated infiltration, at most sites flow remains matrix dominated. Fracture flow 
has occurred in a few instances beneath long-term liquid disposal sites with ponded conditions. 
However, fracture flow c~ases once liquid disposals stop. Infiltration rates are expected to return 
to low, near-background levels when the surface and vegetation return to natural conditions. 

An exception to the general concepts just discussed occurs for mesas along the mountain front of 
the plateau. Due to their h~gher elevation, these mesas receive higher precipitation and higher 
infiltration than the drier rhesas in the central and eastern portions of the plateau (Birdsell et al., 
2005). Mountain-front are

1

as also have units of the Tshirege Member that are more strongly 
welded, yielding rocks with more fracturing and lower matrix permeabilities. Under these 
conditions, infiltrating water travels laterally through fractures and other fast pathways, often 
issuing at springs that feed the canyons in this area. These near-surface processes can be thought 
of as sources for deeper v~dose zone transport from canyon bottoms, although the possibility of 
deeper vertical migration from the mesa source without first entering the canyon is also possible. 

ER2005-0679 2-89 December 2005 



Hydro geologic Synthesis Report 

2.6.2.2 Canyons 
This section summarizes the hydrologic conditions present in canyons characterized as either wet 
or dry. Several features characterize naturally wet canyons on the Pajarito Plateau. Their 
headwaters are in the mountains, they have large catchment areas (13 to 26 km2

), surface flow 
occurs frequently, and allµvial groundwater systems exist in the canyon floors. In some cases, 
anthropogenic sources can elevate flows sufficiently in smaller dry canyons that head on the 
plateau so that they act as wet canyons. In addition, springs issuing from the sides of mesas are a 
water source in the mountain front canyons; these springs are a characteristic of wet canyons in 
the western portion of the 'plateau. Often, deeper, intermediate perched zones are associated with 
wet canyons. The geometry of wet canyons promotes hydrologic conditions that yield relatively 
fast, unsaturated flow and transport. 

Wet canyons such as Los Alamos Canyon receive large runoff volumes, either through 
channeling of precipitation or through wastewater discharges. This runoff, in turn, creates 
surface-water flow along canyon bottoms, which subsequently infiltrates to form near-surface, 
alluvial water bodies (Section 2.4.2.1 ). Lateral flow and transport through surface water and in 
the alluvial systems are rapid with respect to other subsurface hydrologic processes on the 
plateau. Rates of lateral transport are even higher during surface flow events, which occur more 
frequently in the larger wet watersheds than in other areas of the plateau. Sorbing species 
transport slowly in alluvial waters and more commonly migrate down the canyon floor by 
sediment transport (LANL, 2004; Lopes and Dionne, 1998; Solomons and Forstner, 1984; and 
Watters et al., 1983). 

It has been suggested that trace quantities of strongly sorbing contaminants can travel via 
colloid-facilitated transport in the alluvial groundwater (Penrose et al. 1990), although this 
interpretation of the data from Mortandad Canyon has been called into question (Marty et al., 
1997). Since some of the wet canyons that cross Laboratory land have received liquid-waste 
discharges from outfalls, tbe alluvial systems act as line sources for both water and contaminants 
to the deeper vadose zone beneath such canyons (Birdsell et al., 2005). The term "line source" 
denotes that infiltration is likely at any location along the region defined by the alluvial 
groundwater; there are probably preferential zones of enhanced infiltration at certain locations 
that will yield larger than average travel velocities through the deeper vadose zone. The net 
percolation rates beneath the alluvial systems of wet canyons to the underlying unsaturated zone 
are expected to be among the highest across the plateau, approaching meters per year (100 - 1000 
mm/yr) (Kwicklis et al., 2005). 

In addition, the vadose-zone thickness decreases with increasing distance down canyon, due to 
thinning of the Bandelier Tuff (Section 2.2.9). This is especially true for the deep wet canyons 
because their canyon bottom elevations are 45 to 60 m lower than smaller canyon systems on the 
plateau. Contaminants transported down canyon via surface flow or through the alluvial 
groundwater system often percolate through a geologic column consisting primarily of basalt and 
fanglomerate with little or ho overlying tuff. Downward percolation is believed to be more rapid 
in the basalt than through moderately welded tuff (Section 2.2.8). Thus, these wet canyons have 
thinner vadose zones and a, smaller portion of the flow path with matrix-dominated flow. 
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These stratigraphic factors, compounded by the relatively high deep-percolation rate in wet 
canyons, likely yield the fastest vadose-zone travel times for contaminants from the land surface 
of the plateau to the regioi;lal aquifer. Transport to the regional aquifer beneath wet canyons is 
predicted to be on the order of decades to hundreds of years (see Section 4.1 for details). 

In contrast to wet canyons, dry canyons such as Potrillo Canyon and Canada del Buey head on 
the plateau, have smaller catchment areas (less than 13 square km), experience infrequent surface 
flows, and have limited or, no saturated alluvial systems in their floors. If anthropogenic sources 
are present, they are small volume sources. These hydrologic factors yield little lateral near
surface contaminant migration and slower unsaturated flow and transport from the surface to the 
regional aquifer. For example, because surface and alluvial waters are less common, 
contaminants remain close to their original source locations. Pathways through the vadose zone 
tend to be longer in the shallow dry canyons that have thicker sections of nonwelded to 
moderately welded tuffthan the deeper-cut wet canyons. Net infiltration beneath dry canyons is 
much slower, with rates gt;merally believed to be less than tens of millimeters per year and 
commonly on the order of: 1 mm/yr. Finally, transport times to the aquifer beneath dry canyons 
are expected to be much longer than travel times from the bottom of wet canyons. 

2.6.3 Vadose Zone Flow and Transport Mechanisms 

Given the description in the previous section of surface and near-surface hydrologic conditions, 
the next step is to consider the flow and transport mechanisms for water that infiltrates into the 
subsurface. Most of the plateau is covered with nonwelded to moderately welded Tshirege and 
Otowi Member ash-flow tuffs (Section 2.2.9). Unsaturated flow and transport through these 
nonwelded to moderately welded tuffs is thought to occur predominantly through the porous 
matrix. These units are qufre porous, with typical porosities of 40 to 50%, moderate saturated 
hydraulic conductivities (e.g., 10-4 cm/sec), and water contents that are generally far below 
saturated conditions (2 to 25%) (Abrahams et al., 1961; Rogers et al., 1996a; Birdsell et al., 
2000; Springer, 2005). 

Although the tuff units are often fractured, flow is expected to be matrix dominated unless 
conditions approach full saturation due to the presence of a high-flow-rate, constant water source 
(Soll and Birdsell, 1998), such as beneath liquid-waste disposal pits or outfalls. This result is a 
consequence of the difference in capillary pressure behavior in a porous matrix versus within a 
fracture. Even if water is injected into a fracture, capillary forces tend to pull water into the rock 
matrix over a relatively short flow distance. This concept has been established for a wide variety 
of fracture and matrix hydrologic properties (e.g., Nitao and Buscheck, 1991; Robinson and 
Bussod, 2000; Soll and Birdsell, 1998; Robinson et al., 2005a, 2005b). 

Field observations and analyses support the matrix-flow hypothesis. Robinson et al. (2005b) 
modeled a vadose-zone, wellbore injection test that was performed in the Tshirege Member of 
the Bandelier Tuff (Section 2.2.9.3) and reported by Purtymun et al. (1989). Their analysis 
examined different numerical representations for the fractured porous medium, including a 
discrete fracture model, a matrix-dominated continuum model, and a dual-permeability 
representation. Figure 2-35 shows the field-measured moisture profiles at different times during 
the injection. Water diffused laterally downward, and upward in a relatively uniform fashion, 
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rather than percolating rapidly through a fracture network. The agreement between the matrix
dominated model and the observations was acceptable, both qualitatively and quantitatively 
(Robinson et al. 2005b ). They estimated an equivalent infiltration rate during the injection phase 
of about 2. 7 x I 04 mm/yr, which is greater than any estimates of infiltration across the plateau. 
They concluded that if matrix-dominated flow is observed at the high effective infiltration rate of 
this injection test, then it is even more likely to be the case under natural conditions on the 
plateau. 

As discussed in Section 2:6.2. l, this general picture that applies in the eastern portion of the 
Pajarito Plateau must be modified for areas near the mountain front on the western edge, where 
some of the Tshirege units of the Bandelier Tuff have densely welded intervals as a result of 
being closer to the volcanic source (Section 2.2.9.3). These more welded units are less porous, 
with porosities ranging from 17 to 40%, and have low saturated hydraulic conductivities (e.g., 
10-6 to 10-9 cm/sec) (LANL, 2003b). They are also more fractured and can support fracture flow 
and transport when sufficient water is present. A bromide tracer test and high explosives 
contaminant distributions ,suggest that both fracture and matrix-dominated flow can occur near 
the mountain front depenqing on the degree of welding (or matrix conductivity) of the tuff 
(LANL, 1998b; LANL, 2003b). Therefore, the location and degree of welding of the tuffunits 
affects the degree to which fracture flow will be sustained. 

In contrast to the behavior of the Bandelier Tuff units, much of the vadose zone flow through the 
basalt units is almost certainly fracture dominated (flow-base rubble and scoria may also be 
highly permeable, but these are stratified components of generally limited vertical extent). Under 
ponded conditions, rapid f)ow through fractured basalt has been observed (Stauffer and Stone, 
2005). The Laboratory fielded an experiment on the upstream side of a low-head weir located in 
Los Alamos Canyon (Stone and Newell, 2002). Figure 2-36 is a schematic of the field 
experimental setup. The objective of the experiment was to monitor flow and bromide tracer 
transport through fractured basalt under typical unsaturated and periodically ponded conditions 
using three observation boreholes. Following three ponding events, the bromide tracer advanced 
quickly downward to a depth of several tens of meters in I 0 to 14 days after the first ponding 
event (Stauffer and Stone, 2005). These observations confirm that fracture flow and transport 
occurs through basalts under ponded conditions. Model calibration of the bromide transport 
yields an effective fracture porosity in the range of 10-2 to I 0-3 and saturated hydraulic 
conductivity in the range of I 0-2 to I 0-3 cm/sec (Stauffer and Stone, 2005). In fact, the data and 
simulations both indicate that the bromide continued to advance through the fractured system 
even after the all the ponded water had infiltrated. 

However, under drier conditions no direct observations have been made of vadose-zone flow and 
transport in these deeper lqcations. For this reason, the conceptual model for unsaturated flow 
and transport through basalts is still evolving. 
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(d) 
September 14, 196~ 

(€3) 

Injection 
Well 

Contours of water content constructed from the neutron log data during and 
after the wellbore injection test: (a) Day 7 after injection; (b) Day 29; (c) Day 
55; (d) Day 89 (end of injection phase); (e) Day 327 (post-injection phase). 
From Purtymun et al. (1989). 
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Figure 2-36. Low head weir monitoring well setup; (a) schematic; (b) north-south 
photograph. 

2.6.4 Alternative Hypotheses 

Although the basic processes outlined in the preceding sections are supported by the available 
data and observations and form the best current conceptual model, alternative hypotheses are 
possible and cannot be completely ruled out by the available information. This section briefly 
discusses the potential alternative conceptual model of fracture flow. In addition, alternative 
conceptual models for the mechanisms of flow within perched water zones are described in 
Section 2.7. 

(b) 

Fracture flow through the Bandelier Tuff is a conceptual model that is often proposed, in contrast 
to the conceptual model of.matrix-dominated flow and transport discussed earlier. Although the 
available information is co:µsistent with matrix flow, it is possible that in certain situations, 
fracture flow is important, including the examples related to mountain front processes described 
earlier. Despite the fact tha~ water input into fractures tends to imbibe into the rock matrix, the 
observations presented earlier may capture the flow behavior of most, but not all of the water 
flow. It is possible that preferential flow paths through Bandelier Tuff fractures allow a small 
portion of the infiltrating fluid to travel to significant depths, even though most water imbibes 
into the matrix. Altemative1y, unstable fingering flow through heterogeneous matrix rock could 
also lead to preferential downward flow. Regarding the TA-50 water injection test, it is possible 
that a small amount of fast~moving water could have escaped detection and traveled to greater 
depths via these mechanisms. The implication of this uncertainty is that small quantities of 
contamination could poten~ially be observed at some point in the future at greater depths than 
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"expected." If this occurs,: then we will need to assess whether a relatively small, fast-moving 
fraction of a released contaminant, combined with a center of mass that travels much more 
slowly, poses a significant threat to groundwater. 

2.7 Perched Water 
I 
I 

A common feature ofvadose zone flow systems is the presence of perched water. Perching can 
occur for a number of reas·ons, including capillary barriers and low-permeability barriers coupled 
with complex stratigraphi6 structures in the subsurface (e.g., Bagtzoglou, 2003a, 2003b ). 
Beneath the Pajarito Plateau, perched waters may be important components of subsurface 
pathways that facilitate mGvement of contaminated fluids from the ground surface to the water 
table of the regional aquifer. These perched groundwater bodies are generally too small for use 
as municipal water supplie<s. Nonetheless, they are of interest because (1) they represent natural 
groundwater resources that are protected under State law, (2) their chemical and isotopic 
characteristics help constr~in groundwater transport rates through the vadose zone, (3) their 
presence may divert, slow~ or stop the vertical migration of groundwater through the vadose 
zone, or they may indicatelthe presence of a fast subsurface pathway, depending on the 
characteristics of the perched zone, and (4) they can be used as vadose zone monitoring points 
that provide early warning: of contaminants approaching the regional aquifer. 

Characterization of these groundwater bodies is challenging because of the thickness of the 
vadose zone, the heterogerious nature of bedrock geologic units that serve as host rocks and 
perching horizons, and the depths of groundwater occurrences. Despite these limitations, 
substantial new informatioµ has been gathered about intermediate perched zones on the plateau. 
This section summarizes information about the location, depth to water, saturated thickness, and 
geologic setting of perched water occurrences beneath the Pajarito Plateau. This summary 
includes data from historical investigations and much new information collected as part of the 
Hydrogeologic Workplan characterization program. 

I 

2.7.1 Perched Water Occurrence 

The different modes of groundwater occurrence beneath the Pajarito Plateau are shown 
conceptually in Figure 2-37. Contaminant distributions in groundwater strongly suggest that 
groundwater of the plateau; alluvial systems is in communication with intermediate perched and 
regional aquifer groundwater to varying degrees. The focus of this section is the intermediate 
perched groundwater; a ddcription of the alluvial groundwater is presented in Section 2.5, and 
the regional aquifer is described in Section 2.8. 
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I. Canyon-floor alluvial groundwater-most commonly found in large, wet watersheds with significant snow and storm run off or in smaller 
watersheds that receive liquid effluent from wastewater treatment plants. Saturated thickness and down-canyon extent varies seasonally. 

2. Perched ground water is associated with the Guaje Pumice Bed in Los Alamos Canyon. This perched water body has a lateral extent of up 
to 3.7 mi Guaje Pumice Bed has a high moisture content but is not fully saturated in most other locations. 

3. Caiion de Valle area in the southwest part of LANL. This is the largest perched zone identified on the plateau. A deep-sounding surface
based magnetotelluric survey suggest that this perched zone is discontinuous laterally, occurring as vertical pipe-like groundwater bodies. 
One interpretation of this zone is ihat it represents groundwater record(s) formed in response to local recharge beneath a wet cany9on floor. 
Recharge may be enhanced across the Pajarito fault zone where shallow, densely-welded luffs rocks are highly fractured. 

4. Small zones of perched water forqied above stratigraphic traps in Puye fanglomerate. these perched zones tend to be more numerous 
beneath large wet canyons and less frequent beneath dry mesa tops. 

5. Perched groundwater associated with Cerros de! Rio basalt. Saturation occurs in fractured basalt flows and in interflow breccias and 
sediments. ' 

6. Perched zones form in response to local geologic conditions on the eastern side of the plateau. These include perched zones within clay
altered tuffaceous sediments and a,bove lake deposits. 

Figure 2-37. Conceptual model of groundwater occurrences beneath the Pajarito Plateau. 
' 

Identification of perched gtoundwater systems beneath the Pajarito Plateau comes mostly from 
direct observation of saturation in boreholes, wells, or piezometers or from borehole geophysics. 
Additional information is provided by surface-based electrical geophysics, although these types 
of investigations are generally limited by their relatively shallow depths of investigation and 
poor vertical resolution. Identification of larger perched groundwater bodies in boreholes is 
generally reliable, but use qf drilling fluids, which is necessary in most boreholes, may mask 
smaller or relatively unproductive zones. Defining the lateral extent of saturation is more 
problematical because of the costs associated with installing deep wells. One geophysical 
method, a deep-sounding surface-based magnetotelluric survey, has been conducted in the Cafion 
de Valle/Wa~er Canyon are~. The survey results suggest that perched groundwater is 

ER2005-0679 2-96 December 2005 



Hydrogeologic Synthesis Report 

discontinuous laterally, occurring instead as vertical, finger-like groundwater bodies. These 
geophysical interpretatiorts are currently being tested by additional drilling. Despite these 
limitations, substantial ne.w information has been gathered about deep perched zones on the 
plateau during the Hydro~eologic Workplan investigations. 

This section briefly summarizes the observed occurrences of perched water. Appendix 2-B 
contains a comprehensive description of the 33 occurrences of perched groundwater detected in 
boreholes across the Pajatito Plateau. Perched groundwater is widely distributed across the 
northern and central part of the plateau (Figure 2-38) with depth to water ranging from 36 to 272 
m (118 to 894 ft). The prillcipal occurrences of perched groundwater occur in (1) the large, 
relatively wet Los Alamos and Pueblo Canyon watersheds, (2) the smaller watersheds of Sandia 
and Mortandad Canyons that receive significant volumes of treated effluent from LANL 
·operations, and (3) in the Cafion de Valle area in the southwestern part of LANL. Perched water 
is most often found in Puye fanglomerates (Section 2.2. 7 ), the Cerros del Rio basalt (Section 
2.2.8), and in units of the Bandelier Tuff (Section 2.2.9) (Figure 2-38). There are few reported 
occurrences of perched water in the southern part of LANL, but few deep boreholes are located 
there and additional perc~ed zones are likely beneath the large wet watersheds of Pajarito and 
Water Canyons. 

2.7.2 Interpretation of Perched Water Observations 

General conclusions about the nature of perched groundwater beneath the Pajarito Plateau are 
based on the observations, summarized above. The conclusions pertain to surface hydrologic 
conditions necessary to support perched groundwater, geologic and hydrostratigraphic controls 
on perched water occurrence, the lateral and vertical extent of perched zones, and alternative 
hypotheses about the role .of perched zones in contaminant transport. 

2.7.2.1 Surface Water Conditions for Perched Water 
A requirement for deep perched water to exist is a surface water source (natural or 
anthropogenic) that supplies water to alluvial systems. The alluvial groundwater systems act as 
storage for groundwater entering underlying bedrock units at high infiltration rates (Section 2.5). 
This interpretation is supp.orted by the observation of perched groundwater in wet canyons. In 
addition, ponding associated with anthropogenic sources is another possible water source that 
could lead to subsurface perched water. 

A special situation also exists in the western portion of the Laboratory, in the mountain-front 
mesa area at TA-16. In contrast to the dry mesas prevalent further east, these mesas receive 
greater precipitation (e.g., 500 mm/yr) and increased runoff and infiltration. The wet, mountain
front mesas contain numerous perennial and ephemeral springs. Such springs are rare in the dry 
mesas of the eastern part df the plateau, except where the regional groundwater aquifer 
discharges along the Rio Grande. 

' 
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Figure 2-38. Locations pf wells and boreholes that have penetrated perched groundwater 
. systems ill' bedrock. 

Note: The area shown in yellow is LANL. 

2.7.2.2 Geologic an~ Hydrostratigraphic Controls on Perched Water Occurrence 
Deep perched groundwater occurs most frequently in the Puye Formation (Section 2.2.7) and 
Cerros del Rio basalt (Section 2.2.8), but some of the thickest and/or most laterally extensive 
zones involve units of the B.andelier Tuff (Section 2.2.9). Perching horizons include a wide 
variety of layered geologic lithologies including 

• Unfractured basalt f1ows 

• Clay-rich interflow ~ones in basalt 

• Buried soils and other fine-grained deposits in fanglomerate, 
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• Clay-altered tuffaceous sediments 

• Lake deposits. 

Therefore, in addition to high local infiltration rates, low-permeability barriers to downward 
vertical flow appear to be required to induce perched groundwater (Robinson et al., 2005b ). In 
contrast, there have been no observations of perched groundwater caused by a capillary barrier 
effect, despite the presence of layered stratigraphy with units of contrasting unsaturated flow 
properties. 

An alternative hypothesis 'is that the deepest perched water occurrences are a manifestation of 
complex groundwater flow within the phreatic zone at the top of the regional aquifer. Localized 
heterogeneities, such as the clay-rich alteration zones in the Puye Formation at well R-9, 
combined with high recharge, may give rise to a complex flow structure that includes mounding, 
interconnected saturated zones, and locally confined conditions (Robinson et al., 2005b ). 
However, the complexity of the alteration and the depth of these groundwater zones make 
detailed characterization prohibitively expensive. Hydro logic testing of the regional aquifer 
could be conducted to discriminate between alternatives. 

With respect to the western portion of the Laboratory, Duffy (2004) discusses the importance of 
mountain-front processes and hydrologic conditions in semiarid landscapes and suggests that the 
mountain block and mountain-front areas are the dom:inant recharge zones in semiarid 
landscapes. An important hydrostratigraphic feature in this area is that the upper tuffunits along 
the mountain front are often moderately to strongly welded because of close proximity to the 
caldera source. Welding results in increased fracturing during cooling, and because the 
mountain-front mesas lie within the Pajarito fault zone, additional fracturing and minor faulting 
of the tuff units has resulted. The welded tuffs create a hydraulic condition where matrix 
hydraulic conductivities are low (e.g., 10-7 to 10-9 cm/sec), but fracture densities are relatively 
high. Thus, there is a possibility for significant :fracture flow. Fracturing appears to control 
locations of springs along the mountain-front mesas and fracture flow is suggested by water 
content and contaminant distributions in the tuff proximal to outfalls and wastewater lagoons 
(LANL, 2003b). 

2. 7.2.3 Subsurface· Extent of Zones of Saturation 
Observed saturated thicknesses of perched zones vary from I to 128 m (3 to 421 ft). The lateral 
extent of saturation in these zones is less well understood because costs associated with installing 
deep wells are high. However, perched groundwater generally is more likely to be present 
beneath wet canyons, based on observations of both occurrences and nearby absences of perched 
groundwater in adjacent wells. The extent that perched groundwater flows along dipping 
geologic strata into areas beneath adjacent mesas is not fully known. However, the few paired 
canyon/mesa wells such as R-7 and 21-2523 in Los Alamos Canyon and R-22 and R-23 in 
Pajarito Canyon suggest th~t perched zones are much less common beneath dry mesas. 

2.7.2.4 Flow Conditions Upstream and Within Intermediate Perched Groundwater 
Zones 

The presence of mobile (ndnsorbing) anthropogenic chemicals in some perched groundwater 
zones indicates a connection with surface and alluvial groundwater (e.g., Robinson et al., 2005 
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and references therein). The travel time of groundwater moving from the surface to perched 
groundwater systems is on the order of several decades, based on the age of facilities that are 
potential sources of contatninants. Within the perched zones themselves, the topography of the 
perching horizon, the bedding features, and the orientation of interconnected fracture systems 
probably control local groundwater flow velocity. However, direct evidence such as single-well 
or multiple-well hydrologic and tracer testing, is not available. Therefore, the following 
discussion is based on reasonable hydrologic principles rather than direct measurements. 

Flow conditions can, in principle, be categorized with the following two end-member conceptual 
models for flow within a perched water zone: 

• Low-velocity, virtually stagnant water resting in a perching horizon within a local 
structural or stratigraphic depression. Water percolates very slowly out the bottom of 
this zone, or spills over the sides of the depression. This configuration views perching 
horizons as barriers that slow the downward percolation of water. In several wells, 
intermediate saturated zones thought to represent perched groundwater were screened but 
failed to produce significant water (Robinson et al., 2005). These occurrences may 
represent cases wh~re zones of limited extent were substantially drained when the 
perching horizon was penetrated during drilling. Once the stagnant water is depleted in an 
initial round of sampling, there is insufficient recharge to keep the zone saturated. 

• High-velocity, laterally migrating fluid that travels on top of the perching horizon. This 
conceptualization suggests that once groundwater reaches a perched zone, it rapidly 
percolates laterally along high-permeability pathways until the perching horizon pinches 
out or is breached by high-permeability features such as fractures or lateral changes in 
lithology. In this scenario, water could move in stairstep fashion from one perching 
horizon to another.iThere are no confirmed instances oflarge-scale, lateral vadose zone 
pathways beneath the Pajarito Plateau at depths greater than the alluvial groundwater. 
The case of lateral flow through the wet, mountain-front mesas at TA-16 suggests that 
this possibility exists at greater depths. Although we categorize the TA-16 observations 
as shallow for the purposes of this discussion because they discharge via springs in the 
local canyons, it could be argued that deep pathways with flow geometries similar to 
those of the mountain-front mesa or today's alluvial groundwater zones are evidence for 
the possibility of deeper fast pathways elsewhere. 

Tracer experiments in alluvial and mountain-front mesa perched zones have been used to 
measure transport velocities. However, fluid velocity in the deeper perched groundwater zones is 
unknown due to the lack of direct measurements. The two end-member conceptual models, 
relatively stagnant fluid in a local subsurface depression, or lateral diversion in the hydrologic 
unit overlying the perching horizon, cannot be ruled out with existing data. Hydrologic, tracer, or 
remote geophysical techniques would be required to shed light on this question. Given the 
complexity and cost of such field campaigns, they should be performed only if model sensitivity 
analyses indicate that sorting out this issue is important to study impacts, or ifremediation of a 
perched zone is to be conducted. 
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2.8 Regional ~quifer Conceptual Model 

This section summarizes the current understanding of flow and transport in the regional aquifer 
beneath the plateau. This work builds on results obtained from earlier hydrologic studies in the 
region (Griggs and Hem, 1964; Purtymun, 1984; Purtymun and Johansen, 1974; Rogers et al., 
1996b). The previous literature is supplemented with interpretations of new data collected by the 
LANL Groundwater Protection Program. These new data, combined with previous studies, 
provide the foundation for the flow and transport model development presented in Section 4.2 

2.8.1 Regional I;lydrologic Setting 

This section briefly summarizes the regional hydrologic setting before focusing on the regional 
aquifer beneath the Pajarito Plateau (Section 2.7.2), which is the subject of this report. The 
Espanola Basin (see Figure 2-39) is one of a series of basins located within the Rio Grade Rift 
zone, a tectonic feature that extends from northern Colorado to the south into Mexico. Elevations 
within the basin range from more than 3,800 m along peaks in the surrounding mountain ranges 
to about 1,700 mat the ba~in surface water outlet. Vegetation is predominantly ponderosa pine 
forest at higher elevations: and pifion pine/ juniper at lower elevations (Spiegel and Baldwin 
1963). 

The Espanola Basin and surrounding areas receive annual total precipitation ranging from 18 to 
86 cm/yr. Precipitation is strongly elevation dependent (Spiegel and Baldwin 1963). The largest 
streams in the basin are the Rio Grande and Rio Chama. Median monthly flow, calculated using 
USGS average monthly flow data for the past 80 years, is 26.0 m3 Is along the Rio Grande (at 
Otowi Bridge) and 10.0 m:3/s along the Rio Chama (at Chamita) (U.S. Geological Survey, 2001). 
Numerous tributaries enter these rivers; many of these are ephemeral and many are ungaged. The 
Rio Grande and the lower:reaches of many tributaries comprise the regional groundwater 
discharge zone. 

I 

In most parts of the basin; the water table is 0-60 m below ground surface; but on the Pajarito 
Plateau the water table is much deeper (up to 350 m below the surface). Throughout much of the 
basin, the water table appears to intersect the surface at the Rio Grande (Purtymun, 1984). 
Perched waters exist on the Pajarito Plateau (Robinson et al., 2005) where the unsaturated zone 
is much thicker than in otner parts of the basin (Section 2. 7). Contours of predevelopment water 
level data (Purtymun et al., 1995a, 1995b; U.S. Geological Survey, 1997) indicate that hydraulic 
gradients are generally towards the Rio Grande (Figure 2-40). 
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The Espanola Basin and vicinity, with basin-scale numerical model outline 
shown in red, site-scale model outline shown in green. Black arrows are 
generali'.?ed groundwater flow directions, based on regional water level data 
(Keating et al., 2003). The striped arrows indicate groundwater flow between 
the Espapola Basin and adjacent basins. Circled numbers refer to USGS stream 
gages: (1) Rio Chama at Chamita; (2) Rio Grande at San Juan; (3) Santa Cruz 
River; C4) Santa Clara Creek; (5) Rio Grande at Otowi; (6) Rio Frijoles; (7) Rio 
Grande ~t Cochiti. Circled "A" indicates the mouth of the Pojoaque Creek. 

Approximation to present-day water table elevations (m). 
Note: S0me older head data are used to improve the spatial distribution. 
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The regional aquifer is a major source of drinking water and agricultural water supply for 
northern New Mexico. The largest cities in the basin are Santa Fe, Espanola, and Los Alamos; 
these all rely primarily on groundwater for municipal supply. In addition to discharges to water 
supply wells, the aquifer discharges to the Rio Grande, the lower reaches of its tributaries, and to 
numerous springs. There are additional withdrawals for municipal and agricultural supply. 
Recharge is thought to occur primarily in the higher elevations-estimates based on water 
budget and chloride mass balance methods range from 7-26% of total precipitation (Anderholm, 
1994; Wasiolek, 1995). Little or no recharge occurs at lower elevations other than along stream 
channels due to low precipitation rates and high evapotranspiration demand (Anderholm, 1994). 

The aquifer is predominantly composed of Santa Fe Group rocks, which are weakly consolidated 
basin-fill sediments reaching over 3,000 min thickness near the basin axis (Cordell 1979). 
Groundwater also occurs in older crystalline rocks along the eastern and northern basin margin 
and in younger volcanic lavas and volcaniclastic sedimentary rocks in the vicinity of the Pajarito 
Plateau to the west (Purtymun and Johansen, 1974; Coon and Kelly, 1984; Daniel B. Stephens & 
Associates, 1994). 

2.8.2 Hydrology Beneath the Pajarito Plateau 

Groundwater beneath the Pajarito Plateau is part of a regional aquifer which extends throughout 
the Espanola Basin (an area roughly 6000 km2

; Figure 2-39). This aquifer is the primary source 
of water for the Laboratory, the communities of Santa Fe, Espanola, Los Alamos, and numerous 
pueblos. Four water supply wellfields exist on the plateau (Figure 2-41); one additional wellfield 
that supplies the city of Santa Fe (Buckman) sits just to the east of the Rio Grande, close to the 
plateau. As is the case for: many aquifers in the semiarid southwest, there is concern that current 
withdrawal rates may not ,be sustainable over long periods of time and current drought conditions 
might have significant impacts on both surface water and groundwater quantity and quality. 

Of more direct relevance to the Hydrogeologic Workplan studies are concerns about water 
quality, due to a variety of anthropogenic contaminants. Beneath the Pajarito Plateau, there is 
contamination from various LANL sources in shallow groundwaters in some locations (primarily 
alluvial aquifers). Some of the LANL-derived contamination has been observed in the regional 
aquifer at trace concentrations much below the EPA drinking water standards (see Section 3 for a 
complete discussion of this point). The regional aquifer is the groundwater zone most directly 
accessible to humans through municipal water-supply wells or springs issuing to the Rio Grande. 
Therefore, a solid foundation of understanding of the hydrogeologic conditions and controls on 
flow and transport in the regional aquifer must be obtained in order to make risk-based decisions, 
to design the required groundwater monitoring network, or to design treatment and remediation 
systems. 
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Figure 2-41. The Paj~rito Plateau, with major wellfields indicated by enclosures in red. 

2.8.3 Water Bu~get 

The water budget for the regional aquifer defines the sources and sinks of water to and from the 
Espanola Basin and, on a smaller scale, under the Pajarito Plateau. This section summarizes the 
state of knowledge and addresses uncertainties in the quantities and spatial distribution of 
recharge, discharge, and i'nterbasin flow. 

' 

2.8.3.l Recharge i 
As the water source term,· recharge to the regional aquifer provides the driving force for fluid 
movement through the system. Furthermore, water recharging on the Pajarito Plateau on LANL 
property can carry with it' liquid-borne contamination. This subsection addresses both basin-scale 
and local recharge, addressing the spatial distribution and quantity of recharge. 

2.8.3.1.l Recharge:Distribution 
Various theories have been proposed regarding the locations of recharge zones for this aquifer. 
Griggs (1964) suggested that most of the recharge occurred in the Sierra del los Valles and along 
stream channels in the western edge of the Pajarito Plateau (Figure 2-41). Purtymun and 
Johansen (1974) proposed that the major portion of the recharge occurs in the Valles Caldera, 
with smaller amounts rec)larging through stream channels in the Sierra del los Valles. However, 
Blake et al., (1995) argued that recharge could not originate in the Valles Caldera, since the 
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chemistry of geothermal ~aters in the western Valles Caldera is clearly distinct from the 
groundwaters on the Pajabto Plateau (Blake et al., 1995; Goff and Sayer, 1980). These authors 
also proposed, on the basis of stable isotope values in groundwaters beneath the plateau, that 
recharge areas for the aquifer beneath the plateau were either to the north and/or to the east 
(Sangre de Cristo Mount~ins) and not to the west. They hypothesized that the two flow systems 
are separated by the Paja~ito fault acting as a flow barrier (Blake et al., 1995). 

In contrast, other lines of:evidence indicate that the majority ofrecharge to the basin aquifer 
I 

occurs in the mountains along the basin margin where precipitation rates are relatively high. This 
has been shown using water-budget and chloride-mass balance analyses in the eastern portion of 
the basin (Anderholm, 19~4; Wasiolek, 1995). In the course of the Hydrogeologic Workplan 
studies, inverse modeling.using head and streamflow data (Keating et al., 2003) demonstrated 
that the elevation above ~hich significant recharge occurs at the basin-scale is very well 
constrained (2195m ± 177m). Modeling results such as this are to some extent a function of the 
model conceptualization itnd structure, and therefore do not provide a precise indication of the 
recharge elevation. Nevertheless, the modeling result agrees with the conclusion on the elevation 
above which recharge occurs, as determined from those other lines of evidence. 

Isotope geochemical information can also be brought to bear on the question of recharge 
distribution. Distributions: of oD and 0180 ratios are consistent with the conclusion that the 
mountain front recharge s~pplies. most of the groundwater beneath the Pajarito Plateau 
(Longmire, 2002a; Longmire, 2002b; Longmire, 2002c; Longmire, 2002d; Longmire, 2002; 
Longmire and Goff, 2002). Lighter or more negative oD and 0180 ratios indicate both a cooler 
climate for precipitation and/or a higher elevation of recharge (Clark and Fritz, 1997). Heavier or 
less negative oD and 0180' ratios are representative of a warmer climate for precipitation and/or 
recharge that occurs at lo~er elevations. Groundwater samples collected within the Sierra de los 
Valles have lighter oD and 0180 ratios relative to those collected beneath the Pajarito Plateau and 
along the Rio Grande. Precipitation of meteoric water at higher elevations, for example near the 
Sierra de los Valles, is cha'racterized by cooler temperatures relative to other waters found at 
lower elevations on the Pa'jarito Plateau. Long-term temperatures (paleotemperatures) and 
seasonal variations in temperature also influence 0180 and oD values because of enrichment or 
depletion of oxygen-18 an~ deuterium (Clark and Fritz, 1997). 

18 . 
A plot of oD versus o 0 (average values) for numerous groundwater samples collected from 
wells R-9, R-12, R-15, R-19, R-25, R-26, CdV-R-37-2, and CdV-R15-3 and springs within the 
Valles caldera and Sierra qe los Valles is shown in Section 3.1.1.1. In this figure, the Jemez 
Mountains meteoric line (l)ipper) (oD = 80180 + 12) (Vuataz et al., 1986) and the mean 
worldwide meteoric water:line (lower) ((D = 80180 + 10) (Clark and Fritz, 1997) are denoted by 
JMML and MWL, respect~vely. Analytical uncertainties of 0180 and oD are± 0.1and±1%o (per 
mil), respectively. Results :of stable isotope analyses for the R wells and springs indicate a 
meteoric source in which the samples plot close to both the JMML and MWL (Section 3.1.1.1). 
The distribution of isotopi~ ratios suggests that evaporation of groundwater has not taken place 
to a significant extent prior to recharge. 

I 

The Sierra de los Valles is '.the likely recharge source for wells R-25, R-26, CdV-R-15-3, CdV-R-
37-2 because the Sierra de 1los Valles springs have similar 0180 and oD ratios (Blake et al. 1995). 
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The less negative stable 8180 and 6D values (relative to well R-25) in wells R-9, R-12, R-15, and 
R-19 are consistent with ~dditional recharge at lower elevations (Section 3.1.1.1 ). This 
interpretation is consistent with the concept of local recharge on the plateau as the source for 
water at shallow depths iri the regional aquifer beneath the Laboratory. 

Although analyses such a~ these can be useful in identifying the elevation of recharge, Keating et 
al. (2005) point out that uncertainties due to variability in isotopic composition of precipitation 
and potential differences in precipitation and infiltration elevations complicate the use of these 
isotopic tracers. For exam~le, stable isotope ratios may actually be tracing the timing of recharge 
for very old waters (Phillips et al., 1986), as opposed to the location. Very low 6180 values(< -
14), significantly lower than average modem precipitation signatures at all elevations in the 
basin, have been measurec;I in groundwaters near the Rio Grande (Anderholm, 1994; Blake et al., 
1995). These ratios are inqicative of paleorecharge during a cooler climate (Phillips et al., 1986) 
and were interpreted by Anderholm (1994) and Newman (1996) to indicate recharge during the 
Pleistocene (with age in order of 8,000 - 17,000 years). These age estimates are consistent with 
14C observations suggesti~g a component of old fluid (Rogers et al., 1996b). Note however that 
some of these same waters also clearly contain a component of young water, as indicated in 
Section 3.1.1.3. 

A quantitative assessment 'of the spatial distribution of recharge on the Plateau was recently 
published by Kwicklis et al. (2005). The goal of the study was to provide a summary of the 
current state of knowledge on amount and spatial distribution of infiltration. The study was 
intended to provide quantitative estimates for use in other studies, as well as to provide a 
baseline that can be tested and improved upon as more data are collected. The study uses 
streamflow gain and loss cJ;ata along canyon bottoms from the Pajarito Plateau, along with point 
infiltration estimates based on moisture content profiles interpreted using the Richards equation, 
the chloride mass-balance µiethod, transport rates of tritium in canyons on the Plateau, and 
numerical modeling. The infiltration rates estimated with these techniques were extrapolated to 
uncharacterized parts of the study area using maps of environmental variables that are correlated 
with infiltration (such as topography, vegetation cover, and surficial geology and structure) and 
spatial algorithms implemented with GIS software that use the mapped variables. 

I 

The map of estimated infiltration is presented in Figure 2-34. The large-scale characteristics of 
these estimates are in line with the discussion presented above. Infiltration rates throughout most 
of the plateau are generally less than 2 mm/yr, whereas infiltration rates in the mixed conifer
dominated areas of the Sie~ra de los Valles are typically greater than 25 mm/yr and, in the aspen
dominated areas, greater than 200 mm/yr. Thus, at lower elevations, recharge occurs primarily 
along arroyos and canyons, and infiltration rates are estimated to be low on mesas except near 
the mountain front (Ander4olm, 1994; Birdsell et al., 2005). Despite the low flux, the total 
quantity of infiltration assoCiated with the mesas is small but not negligible, due to the large area 
associated with these parts of the plateau. 

The Kwicklis et al. (2005) ~tudy estimates that of the total infiltration of about 8600 acre-ft/yr 
(336 kg/sec), about 23% of:the infiltration occurs from canyon bottoms on the plateau at lower 
elevations. This canyon-bottom infiltration includes about 14% of the total from streams that 
flow at least partly within LANL boundaries. The inserts in Figure 2-34 indicate regions for 
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which localized, high-infiltration zones are expected to exist on the plateau. Focused infiltration 
is expected in the faulted regions associated with the Pajarito fault zone within Canon de Valle 
and Water Canyon (see lower left insert in Figure 2-34). Local infiltration at rates up to 1000 
mm/yr is estimated. For the insert showing the confluence of Los Alamos and Pueblo Canyons 
(lower right), rates of 1500-2000 mm/yr are estimated in this region. These high values are a 
consequence of infiltratidn directly onto Puye fanglomerates or fractured basalts. In other 
canyons with similar chai:acteristics, such as Pajarito Canyon, similarly high local infiltration 
values are expected. 

Although relatively smaU:volumetrically compared to mountain recharge to the west, aquifer 
recharge occurring locally on the plateau is important to the assessment of flow paths of 
potentially contaminated water. Tritium data confirm that relatively young water is present in the 
aquifer (Rogers et al., 1996b), indicating fast pathways through the vadose zone beneath LANL. 
Quantitative estimation of recharge using 3H data is complicated by the sometimes confounding 
influences of bombf;'ulse .atmospheric 3H and locally derived 3H related to on-site LANL 
activities. Elevated Hin regional aquifer samples has been observed at 0-1, TW-1, TW-3, 
TW-8, LA-IA and LA-2 (Rogers et al., 1996b), as well as in several wells drilled during the 
more recent characterizatibn drilling program (see Section 3.3). 

K wicklis et al. (2005) used vadose zone occurrences of 3H to estimate the time-dependent 
transport velocities, from which they derived infiltration rates to the regional aquifer. They found 
that in Mortandad Canyonl infiltration rates are as high as 2000 mm/yr occur during periods of 
large volumes of effluent qlischarge. This infiltration rate has apparently decreased to 100-200 
mm/yr once effluent discharge flow rates were reduced. These observations and analysis confirm 
that local recharge in canybns is an important component of the recharge distribution for the 
plateau. 

2.8.3.1.2 Total Rech,arge 
Estimates of total rechargei provide important constraints on flow and transport models of the 
regional aquifer by tying model calibrations to measured or estimated water balance components. 
Therefore, various techniques and data sets have been examined to estimate total recharge. 
Griggs (1964) estimated th'e total recharge to the aquifer beneath the Plateau to be between 168 
and 216 kg/s. McLin et al. (1996) estimated an upper bound of 192 kg/s, based on recovery of 
water levels in supply wells rested for a period of several months to several years. Using a 
variety of methods and considering a larger area, the K wicklis et al. (2005) study discussed 
above estimates total average annual recharge to the Pajarito Plateau of 336 kg/sec. 

A number of researchers hl:).ve used baseflow gain to the Rio Grande to estimate total aquifer 
discharge, from beneath both the plateau and the eastern basin. These estimates presumably 
approximate the total aquifer recharge before significant pumping began. However, total gain 
must be combined with an estimate of the proportion of the gain that originates beneath the 

I 

plateau. Long-term average aquifer discharge between the Otowi Bridge gage and the now-
submerged Cochiti gage, a reach which bounds the southern portion of the plateau, was 
estimated by Spiegel and Bf!.ldwin (1963) to be 710 kg/sec and more recently by the U.S. 
Department of Justice to be! 400 kg/sec (U.S. Department of Justice and New Mexico State 
Engineer Office, 1996). The former estimate is significantly higher because the authors did not 
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include years of record th'at indicated the reach to be losing, which was attributed to 
measurement error. Keat~ng et al. (2005) present an analysis of data from this reach as well as 
the reach immediately to the north (Espanola to Otowi), which bounds the northern portion of the 
plateau. This analysis estimates the total gain to the Rio Grande adjacent to the Pajarito Plateau 
(Santa Clara Creek to Ri<? Frijoles) to be approximately 911 kg/sec(+/- 30%). The modeling 
study of Hearne (1985) assumes 316 kg/sec recharge to the Pajarito Plateau; McAda and 
Wasiolek (1988) assume ~91 kg/sec lateral inflow from the Jemez Mountains. 

Aquifer modeling studies' can also shed light on the recharge quantities and distribution. Keating 
et al. (2003) performed basin-scale inverse modeling as part of the Hydrogeologic Workplan, 
using both streamflow data and transient head data. That study indicated that approximately 253 
kg/sec of the gain to the iiver along this reach originated on the Pajarito Plateau and the Sierra de 
los Valles. This analysis probably underestimated total recharge on the plateau, in part because 
the basin model was calibrated to a lower estimate of aquifer discharge north of Otowi Bridge 
than is indicated by the s~reamflow analysis subsequently performed by Keating et al. (2005). 
Part of the reason for the differences between these various estimates of total recharge is that 
several of the smaller estimates (McLin et al., 1996; Speigel and Baldwin, 1963; and Griggs 
1964) emphasized the southern portion of the plateau (including LANL) which, according to the 
streamflow analysis in Keating et al. (2005), is discharging less water than the northern portion 
of the plateau. 

In summary, although these various estimates span a range and reflect some uncertainty, they are 
extremely valuable as bounding values for flow and transport modeling in that they constrain the 
total quantity of water flowing through the aquifer beneath the Pajarito Plateau. 

2.8.3.2 Discharge 
Data constraining quantity of discharge for the regional aquifer were discussed in Section 2.8.3. l 
in the context of estimating recharge. Regarding discharge locations, many authors have 
identified the Rio Grande as the principal discharge point for the regional aquifer (Cushman, 
1965; Griggs and Hem, 1964; Hearne, 1985; McAda and Wasiolek, 1988; Purtymun and 
Johansen, 1974; Theis and Conover, 1962). Previous reports have cited a variety of evidence to 
support this, including: , 

• Streamflow gain along the Rio Grande (Balleau Groundwater, 1995; Purtymun and 
Johansen, 1974; Spiegel and Baldwin, 1963) 

• Measured vertical upward gradients in the vicinity of the Rio Grande (Cushman, 1965; 
Griggs and Hem, 1964) 

• The presence of flowing wells (McAda and Wasiolek, 1988; McLin et al., 1996; Spiegel 
and Baldwin, 196~) 

• Springs along the: river (McLin et al., 1996). 

Discharge to the river may occur as lateral flow, upward flow, or as flow from springs in White 
Rock Canyon. Purtymun.(1966) suggested that all the springs, which collectively flow 
approximately 85 kg/sec,: discharge water from the upper surface of the main aquifer. Stone 
(1996) suggested that many of these springs may be discharging perched aquifers rather than the 
regional aquifer; unfortunately it is difficult to test these alternative hypotheses, although stable 
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isotopes may provide some discrimination. It has been emphasized that although discontinuous, 
low-permeability beds produce confining conditions in the aquifer locally near the Rio Grande 
and elsewhere in the basin, flow is able to cross the low permeability beds in some locations as 
water discharges to the river (Hearne, 1985; Spiegel and Baldwin, 1963). 

The degree of connection between the aquifer and the Rio Grande has been investigated by 
Balleau Groundwater (1995), who drilled 16 wells in the alluvial aquifer of the Rio Grande near 
the Buckman wellfield and conducted pumping tests. They found that head in the alluvium is 
generally 0.1 to 0.2 feet higher than the Rio Grande, indicating discharge from the alluvium to 
the Rio Grande. Head in the regional aquifer below the alluvium, at a depth of 59 feet, is about 
2.8 feet higher than the Rio Grande. From pumping tests, they concluded that the hydrogeologic 
system at the site behaves as a layered water-table system in hydraulic contact with the river with 
delayed yield from pore-vyater storage and an adjacent river boundary source. 

2.8.3.3 Interbasin Flow 
Overall groundwater fluxes between the regional aquifer beneath the plateau and the basin and 
flow between the Espanola Basin and adjoining basins are not well constrained. It is possible that 
virtually all the groundwater flowing beneath the Pajarito Plateau flows easterly/southeasterly 
and discharges to the Rio Grande, and that interbasin flow to the south is small. An alternative 
possibility, that deep flow discharges instead to the basins to the south, is difficult to confirm or 
refute because of the lack of hydraulic data collected at discrete intervals at great depths within 
the aquifer. This could have a large impact on flow conditions at and near the site and thus will 
be the subject of future stµdy. 

The Espanola Basin is separated from the Albuquerque and Santo Domingo basins to the south 
by a structural high, a prong of older sedimentary rocks, and several major fault zones 
(Golombek et al., 1983). The Santa Fe Group aquifer thins significantly at this boundary 
(Shomaker, 1974). If the~e structures impede flow to the south, this might enhance both regional 
aquifer and interflow disqharge to the surface. We have not evaluated the possible interflow 
component to streamflow; gain in the southern portion of the basin; if it were significant our 
estimate of groundwater discharge would be erroneously high. 

Numerical models of groundwater flow in the basin have generally predicted the interflow 
component of flow to the south to be small. The model of Hearne (1985) has no groundwater 
flow to the south by assumption; the McAda and Wasiolek (1988) and Keating et al. (2003) 
models allow interflow, but the models predict much larger discharge within the basin (to the Rio 
Grande) than to basins to the south. For example, Keating et al. (2003) estimated southerly flow 
from the Pajarito Plateau: aquifer to the south to be approximately 9 kg/sec. Uncertainty analysis 
showed a possible range of values+ 34 kg/sec or - 62 kg/sec. All of these values are relatively 
small compared to the total flow to the Rio Grande. 

Regarding basin boundaries to the north and west, fluxes entering the region beneath the plateau 
were estimated by Keatirig et al. (2003), using basin-scale head and streamflow data and inverse 
modeling analysis. They estimated that flow into the plateau from the north was very small or 
zero, with a relatively large degree of certainty. Inflow from the west (Valles caldera) and 
outflow to the south is more uncertain, and could be as low as zero or as high as 94 or 34 kg/s, 
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respectively. These fluxes are relatively small compared to estimates of total recharge for the 
plateau. \ 

These modeling results, when combined with recharge and streamflow estimates, result in a self
consistent mass balance on water moving through the aquifer. Given the uncertainties in the 
individual flow estimates and the inherent difficulty of defining the appropriate structural 
features for a large-scale model, it is possible that other conceptualizations would provide 
equal1y valid representations of the available information. For example, it is possible that a 
conceptualization in which more water flows from the Espanola Basin to the adjoining 
Albuquerque Basin, rather than discharging at the Rio Grande, would prove valid. Elements of 
such a model conceptualization are (1) less flow restriction to the south; (2) more restricted flow 
from the deeper, confined aquifer to the Rio; and (3) southerly flow of a fraction of the deeper 
aquifer from the Sierra de los Valles and the Sangre de Cristo Mountains to the south. Of course, 
such a conceptualization would also need to be consistent with the available water budget 
information. The point here is that alternate conceptualizations such as this cannot be 
unequivocally ruled out arid thus should be considered in future numerical models developed for 
the plateau and the basin. 

2.8.4 Aquifer H~drologic Properties 

This subsection briefly summarizes the hydrologic properties of the regional aquifer rocks. A 
more detailed treatment of this critical topic, including statistical and spatial distributions of 
hydraulic conductivities measured in aquifer tests, is presented in Section 2.4. The aquifer 
beneath the plateau consists of the fractured crystalline rocks of the Tschicoma Formation, 
Cerros del Rio basalts, and older basalt flows, as well as the sedimentary rocks of the Puye 
Formation and the Santa Fe Group. These units are described in detail in Section 2.1, as well as 
by Broxton and Vaniman (2005). Both the Santa Fe Group and the Puye Formation are alluvial 
fan deposits with alternating beds of high and low permeability, with north-south trending faults 
associated with basin-scale rifting (Kelley, 1978). 

Permeability estimates for the Santa Fe Group are primarily derived from pumping tests in water 
supply wells screened over large intervals; estimates range from 10-11 to 10-12

·
8 m2 (Griggs and 

Hem, 1964; Purtymun, 1995; Purtymun et al., 1995a; Theis and Conover, 1962). Testing of 
monitoring wells, with relatively short screens completed within the Puye Formation, has shown 
very large variability c10-H to 10-13

.5 m2
). The basalt flows beneath the plateau include massive, 

fractured lava units, breccia zones, and inter-flow zones with significant clay content. 
Permeability within the Cerros del Rio basalts ranges from 10-1

1.2 to 10-13
·
8 m2 (Nylander et al., 

2002). Testing at R-28 shows the upper bound of permeability to be between 10-105 and 10-10
·
2 

m2 (Kleinfelder, 2004b ). 

Several estimates of specific storage (Ss) have been derived from various pumping tests: 1 o-4
·
8 Im 

in the Los Alamos Canyon ~ellfield (Theis and Conover, 1962); 10-5
·
5/m and 10-3

·
8/m in the 

Otowi wellfield (Purtymun ,et al.,' 1990; Purtymun et al., 1995b ). These relatively low values are 
indicative of confined or leaky-confined conditions at the depth that these observations were 
made. This point is expanded upon in the next subsection, along with more recent estimates of 
specific storage based on a pumping test conducted as part of the Hydrogeologic Workplan. 
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2.8.5 Anisotropy and Scale Dependence 

Both the Santa Fe Group ;;i.nd the Puye Formation are, at least locally, strongly anisotropic. 
Pumping tests have confirmed that permeability normal to bedding is much lower than 
permeability parallel to bedding, both on the Pajarito Plateau (McLin et al., 2005; Purtymun et 
al., 1990; Purtymun et al.,: 1995b; Stoker et al., 1989) and elsewhere in the basin (Hearne, 1980). 
Estimates of anisotropy (ratio of vertical to horizontal hydraulic conductivity) vary from 0.00005 
(Hearne (1980), pumping test analysis) to 0.04 (Hearne (1980), hydraulic gradient analysis), to 
0.01 (McAda and Wasiolek, 1998). 

Effective permeability anq anisotropy at large spatial scales are difficult to estimate. Many 
authors have noted the lack of spatial continuity of low or high permeability beds with the Santa 

I 

Fe Group (Hearne, 1980; ~piegel and Baldwin, 1963; Theis and Conover, 1962) and the 
difficulty of correlating ge:ophysical or lithologic logs between even closely spaced wells 
(Cushman, 1965; Shomakyr, 1974). Hearne (1980) notes that because of limited spatial 
continuity in low or high permeability rocks, under a regional pressure gradient vertical flow will 
occur through circuitous routes and thus effective anisotropy may be less pronounced at large 
spatial scales than that me~sured at small scales during pumping tests. 

Large-scale, multiple-observation-well aquifer pumping tests are invaluable to examine scale 
effects and to estimate the :impacts of water supply well pumping on pressure gradients in the 
aquifer. As part of the characterization program, a 25-day aquifer test was conducted at 
municipal water supply well PM-2 from February 3-28, 2003 (McLin, 2005). The pumping 
phase was conducted at a constant discharge rate of 1,249 gpm, followed immediately by a 
25-day recovery period. Surrounding observation wells were used"to record both drawdown and 
recovery in response to pumping at PM-2. The PM-2 well draws water from a continuous 
louvered screen between 1,004 and 2,280 ft below ground surface (bgs). Prior to the start of the 
test, production wells in the vicinity were completely shut down so that hydrostatic conditions in 
the regional aquifer could ~ecover and a static baseline could be established. Except for the test 
pumping at PM-2, all of thy surrounding water supply wells remained off throughout the test 
period. Continuous water-fovel responses to pumping at PM-2 were recorded by transducers that 
were placed in municipal wells PM-2, PM-4, and PM-5 and in characterization wells R-20 (three 
separate screens) and R-32:(three separate screens). Periodic responses to pumping were also 
recorded in characterizatiob wells R-15 (one screen), R-21 (one screen), and R-22 (five separate 
screens); however, no sign~ficant drawdown values were recorded in these latter wells. 

Figure 2-42 (from McLin, 2005) shows a layout of PM-2 and nearby monitoring locations during 
the test. Individual drawdo-yvn and recovery water levels in responsive wells demonstrate that the 
regional aquifer surrounding PM-2 is vertically anisotropic with pronounced resistance to 
vertical propagation of drawdown at shallower depths. Hydraulically, the aquifer behaves like a 
semiconfined aquifer at depth with leaky units located above (and perhaps below) a highly 
conductive layer that averages about 850 ft in thickness. Drawdown in this highly permeable unit 
was recorded more than 8,~00 ft away in well PM-5, while drawdown only 1,225 ft away at the 
R-20 multiple-screened weF was directly related to individual screen depth (Figure 2-43a, from 
McLin, 2005); the shallowest screen at R-20 showed little drawdown, while the deepest screen 
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showed a dramatic response to pumping at PM-2. Similar but more subdued behavior was also 
recorded 4,457 feet away ~n the R-32 multiple screened well (Figure 2-43b). In contrast, no 
recordable drawdown was recorded 8,900 feet away in the R-22 multiple screened well, 
suggesting that an idealiz~d radius of influence for pressure responses due to pumping at PM-2 
was at least 8,800 feet aft~r 25 days of continuous pumping. The idealized radius of influence 
shown in Figure 2-42 is schematic, based on the available data and is not meant to imply that the 
pressure response spreads'uniformly in all directions. 

A schematic diagram proposed by McLin (2005) to interpret the aquifer-pumping test and to 
estimate hydrologic parameters is reproduced in Figure 2-44. Clearly, this aquifer configuration 
is highly idealized, in thatia single, well-defined semi-confining layer has not been identified, 
and layered heterogeneiti~s certainly exist within the zone depicted as the deeper aquifer (for 
example, see the geologic cross section of Figure 3 in McLin, 2005). Nevertheless, using this 
idealized aquifer configuration, McLin (2005) estimated hydraulic conductivity at the scale of 
this test to be about 5.0 ft/pay (based on an assumed aquifer thickness of 850 ft), with a storage 
coefficient ranging from about 0.00032 to 0.002. Finally, the observations of muted drawdown at 
observation points near the water table (significantly above the pumping elevation) suggest that 
the horizontal-to-vertical anisotropy ratio of hydraulic conductivities is highly variable: McLin 
(2005) suggests that the ratio of vertical to horizontal hydraulic conductivity may be on the order 
of 0.01 in some locations within the regional aquifer. 

Figure 2-42. Idealized radius of influence of PM-2 on surrounding wells (McLin, 2005). 
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Figure 2-43. Drawdown at wells R-20 (a) and R-32 (b) in response to pumping at PM-2 
(McLin,; 2005). 
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Figure 2-44. ldealizeq representation of the aquifer near PM-2 during the pumping test. A 
shallow system that includes the water table is separated from a deeper system 
by a sem:iconfining layer of low permeability (McLin, 2005). 

I 

The analysis of McLin (2005) suggested an aquifer that behaves as a confined system at early 
stages in the test, transitidning to a behavior characteristic of leaky-confined aquifer behavior 
when the long-term drawdown behavior is interpreted. Although the behavior of the pumping 
test has the signature of a'leaky-confined aquifer, with a temporal stabilization of drawdown 
relative to a confined aquifer, other aquifer flow mechanisms can give rise to similar behavior. 
For example, either leakage from low-permeability aquitards within a confined aquifer or 
interception of the cone of depression with a recharge boundary is an alternative explanation. 
The pumping test illustrated the importance of conducting tests of long enough duration to 
discern the large-scale behavior of the aquifer at progressively larger scales. Additional tests at 
other municipal water suP,ply wells are planned to probe the hydrodynamic conditions of the 
aquifer at different locatiqns. By combining the results of several such tests, we should be able to 
sort out the various flow mechanisms, thereby uncovering a more detailed picture of flow paths 
and mechanisms in the aqiiifer. 

i 
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2.8.6 Hydraulic Heads and Flow Directions 

The principal reason for studying the regional aquifer in the Hydrogeologic Workplan activities 
is to determine the direction and rate of movement of water and contaminants. Historically, 
easterly/southeasterly flow directions in the regional aquifer have been proposed, based on data 
available to Purtymun and Johansen (1974) and Rogers et al. (1996b). Data collected as part of 
the Hydrogeologic Workplan confirm this result with a much larger number of wells than were 
available to earlier studies, particularly wells completed with short screens near the water table. 

2.8.6.1 Water Le\fel Map 
The potentiometric surface for the regional aquifer is shown in Figure 2-24 (from LANL, 2005). 
Data used to construct this map are given in Table 2-10 for wells under water table conditions. In 
addition, data from wells under leaky-confined conditions in lower Los Alamos Canyon were 
included to augment the spatial coverage of the data because observations at the water table are 
not available at that location. The analysis of the data used to construct this and other maps of 
water levels and trends with time is discussed in detail in LANL (2005). The lateral component 
of gradients along the top of the aquifer beneath the plateau varies over one order of magnitude, 
from a low of 0.0026 (TW-3 to R-5) to a high of 0.04 (CDV-R-37 to CDV-R-15). Even higher 
gradients are evident west ofR-25 (0.162; R-26 to R-25). 

A simple conceptual model for these trends is that gradients are high to the west where 
significant recharge is occurring and gradients are low in the central plateau where lower 
recharge rates are occurring and higher permeability rocks are present (Purtymun, 1995). The 
general easterly-southeasterly flow direction suggested by these gradients is consistent with 
radiocarbon ages of water from deep wells beneath the Paj arito Plateau, which increase from 
west to east. Age estimates for groundwaters beneath the plateau range between about one to six 
thousand years, increasing to several tens of thousands of years near the Rio Grande (Rogers 
et al., 1996b). However, as will be discussed below, interpretation of these data is complicated 
by the fact that the flow patterns within the aquifer are complex, and mixing of fluids of different 
ages is likely. The presence of anthropogenic tritium in the regional aquifer demonstrates that 
mixed waters of vastly different ages are present in the aquifer. 

2.8.6.2 Shallow and Deep Flow Paths 
The nature of the measured head gradients suggests that flow in the shallow portion of the 
aquifer (less than 150 m) qelow the upper surface of the saturated zone is primarily easterly
southeasterly. The tendency for aquifer rocks to be strongly anisotropic will cause water to move 
in large part horizontally, despite the strong driving force of vertical head gradients. As described 
in the previous subsection,, the degree to which the uppermost phreatic zone and the deeper, 
leaky-confined aquifer are hydrologically connected is not known with certainty. Nevertheless, 
hydrologic testing indicate.s that there is considerable resistance to vertical flow relative to 
horizontal flow; this phenomenon is likely to be widespread throughout the aquifer, but the 
magnitude of the anisotropy ratio at small scales probably varies considerably across the plateau. 
One interesting observation is that the amount of recharge estimated by K wicklis et al. (2005) to 
occur in canyon bottoms on the plateau (77 kg/sec) is close to the total discharge from the 
springs of 85 kg/sec estimated by Purtymun (1966). This observation is consistent with a 
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compartmentalized aquifer with plateau recharge traveling laterally in the phreatic zone, partially 
isolated from deeper groundwater flow. 

! 

In general, the direction o,fflow in deeper portions of the aquifer (at depths greater than the 
deepest water supply wells) is unknown because of sparse data, and is likely to be different under 
pumping conditions than under pre-development conditions. Purtymun (1995) suggested that 
heads at deeper intervals of the aquifer also have a westerly gradient. It is conceivable that the 
predominant flow directiqn under natural gradient conditions could be different from what is 
found at shallower depths~ but data to constrain the direction are insufficient. The conceptual 
model for the nature of flow discharging to the Rio Grande or flowing to the Albuquerque Basin 
to the south will likely influence the predicted flow direction deeper in the aquifer. A model with 
significant flow to the Alququerque Basin (described in Section 2.8.3.3 as an alternate 
conceptual model) would !lead to more southerly flow paths in the deep aquifer. 

2.8.6.3 Influence of Water Supply Well Pumping 
Despite evidence for compartmentalized flow with significant flow resistance between the 
shallower and deeper zones, it is likely that some downward movement of water and 
contaminants does occur due to pumping of water supply wells at depth. Occurrences of tritium 
and perchlorate in well 0-11 show that flow paths between the shallow and deep aquifer water can 
exist during production. However, the extent of vertical transport is undoubtedly a function of 
the local permeability structure between the water table and the pumping interval in the water 
supply well, which may v~ spatially across the plateau. Finally, pumping-induced upward 
movement of deeper water has been observed in the Los Alamos Canyon wellfield (Gallaher 
et al., 2004; Purtymun, 1977). 

Although our understanding of the impact of water production on aquifer storage and discharge 
to the Rio Grande is incomplete, there is a clear trend of decreasing water levels over the time ' 
period of production from major wellfields on the plateau. Pumping rates increased from near 
zero in 1945 to 183 kg/sec:in 1971 and have been relatively stable since then (171 kg/sec in 
2001) (Koch et al., 2004); although year-to-year variability in pumping rates at individual wells 
has been large. Figure 2-4~ (from LANL, 2005) shows the rate of water level decline in ft/yr 
estimated from long-term monitoring of water levels in wells on the plateau. Details of this map, 
constructed using a combi~ation oftest wells with a long (greater than 10 year) record and more 

I 

recent characterization weUs, are described in LANL (2005). The main features of the map are 
an area of high water-level: decline rate (over 1 ft/yr) along Pueblo Canyon, which lies at the 
northern edge of data coverage, and an, elongated zone of high decline rate (up to 0.8 ft/yr) that 
runs north to south, just ea~t of and including PM-5, PM-4, and PM-2. This zone then extends 
east along Pajarito Canyon: to R-23. 

I 
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Figure 2-45. Annual water level decline due to municipal water supply well pumping (from 
LANL, 2005). 

: 
In the Los Alamos Canyon wellfield, after substantial water level declines when pumping 
initiated in the late 1940s, water levels rose and fell in response to inter-annual pumping 
variability. When the wells were retired in the late 1980s to early 1990s, water levels rapidly 
increased. Similarly, water, levels in the Guaje wellfield decreased initially in response to 
pumping in the early 1950~ and then stabilized until the 1970s; this was interpreted by Koch et 
al. (2004) to suggest that the aquifer had reached equilibrium. Water levels began to decline 
gradually again in the 1990s, perhaps due to pumping in nearby wellfields. Pumping in the 
Pajarito Mesa (PM) wellfi~ld has produced less water level decline than pumping in the Guaje or 
Los Alamos Canyon wellfields, despite heavy usage. Nevertheless, water levels in PM-1 and 
PM-3, which have been pumped more consistently than other PM wells, have shown a long, 
steady decline. Test wells, 'which are much shallower than water supply wells, have also shown . 
long, steady, declining water levels; before 1970 declines were very small (~ 1 m); since 1970 
declines have increased to a total of ~5 m. 
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The impact of productio~ on storage in the aquifer was estimated by Rogers et al. (1996b ). They 
calculated storage deplet~on by estimating the volume of the combined cones of depression 
observed in all the wellfields on the plateau, assuming drainage under water table conditions, and 
by assuming uniform aqll;ifer properties (porosity= 0.1). They concluded that the total storage 
loss has been approximately equal to total production in the time period 1949 - 1993, and thus 
perhaps that there has been no significant net recharge to the wellfields during this period. In 
contrast, McLin et al. (19'96) suggested that significant recharge has occurred, since water levels 
have recovered in wells that were allowed to rest a period of several months or several years. 
Flow modeling is one approach to estimate the proportion of storage loss that has been replaced 
by recharge. Simulations:suggest that flow beneath the Rio Grande (west to east) has been 
induced by production at :the Buckman wellfield. Calculations show that this flux may have 
increased from zero (pre-1980) to approximately 45 kg/sat present, or ~20% of the total annual 
production at Buckman (:((eating et al. 2003). 

2.8.7 Aquifer Jlydrodynamics 

The hydrodynamics in vatious portions of the aquifer beneath the plateau is critical to 
determining the potential :pathways of contaminant transport. There have been numerous theories 
proposed in the literature on the degree and extent of confined conditions of the plateau. This is 
not too surprising considering the extremely complex geologic structure of the plateau and the 
inherent limitations of sh?rt-term pumping tests. Based on limited data, Cushman (1965) 
concluded that the aquifer is under water-table conditions beneath the plateau, with the exception 
of the vicinity of the Rio Orande, where water-table conditions exist in shallow layers and 
confined conditions exist;at depth. Purtymun (1974) suggested that water-table conditions exist 
on the western margin of the plateau and artesian conditions exist along the eastern edge and 
along the Rio Grande. 

Drilling associated with the characterization program has confirmed existence of water-table 
conditions at many locations beneath the plateau. Table 2-10 shows the water levels in wells (or, 
for wells with multiple screens, in the uppermost screen below the water table) used to construct 
the water table map discussed in Section 2.8.6. Clearly, the characterization program has 
revealed the presence of 4nconfined conditions locally over most regions of the plateau, with the 
exception of locations ne~r the Rio Grande, where confined conditions are generally observed. 

' 
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I Table 2-10. 
Water-Level Data Used to Create the Revised 

I 
Piezometric Water-Level Contours for the Top of the Regional Aquifer 

Well Name-
! vvater 

Elevation Data 
Screen Zone i (ft) Vintage 
CDV-R15-3-4 6020.1 2004 
CDV-R-37-2-2 ' 6138.8 2004 I 

DT-10 ' 5919.8 2003 I 
DT-5A i 5958.8 2003 
DT-9 i 5917.9 2002 
G-1A ' 5705.0 2001 
G-2A J 5750.7 2001 
G-3A I 5704.5 2001 I 

G-4A ' 5784.0 2001 I 

G-5A I 5848.4 2001 
H-19 I 6228.0 1949 
LA-4 I 5706.0 1987 

' 
LA-5 I 5673.0 1987 I 
LA-6 I 5678.0 1995 

' 
R-1 ! 5879.9 2005 
R-2 i 5874.0 2004 

R-5-3 I 5769.2 2004 ' 
R-7-3 ! 5879.6 2004 
R-8 I 5836.0 2004 I 
R-9 I 5691.0 2004 

R-12-3 l 5695.9 2004 
R-13 I 5837.4 2005 I 

Sot,Jrce: LANL (2005) and references therein 

I 
I 

vvater 
Well Name- Elevation Data 
Screen Zone (ft) Vintage 

R-14-1 5883.7 2005 
R-15 5851.7 2005 

R-16-2 5642.9 2004 
R-18 6118.0 2004 

R-19-3 5888.0 2005 
R-20-1 5865.9 2003 

R-21 5853.4 2004 
R-22-1 5762.9 2004 
R-23 5996.6 2004 

R-25-5 6232.3 2004 
R-26-1 7034.8 2003 
R-28 5839.4 2005 

R-31-3 5827.9 2002 
R-32-1 5857.8 2005 
R-33 5877.0 2004 
R-34 5834.0 2004 
TW-1 5840.2 2003 
rw~2 5847.7 2000 
TW-3 5812.5 1999 
TW-4 6071.5 2003 
TW-8 5875.5 2003 

Significant new informati~m on the relationship of the shallow and deeper regional aquifer 
hydrodynamics has also been obtained. Potentiometric measurements at several new multiple-

' screened wells have revealed that decreasing head with depth is a pervasive feature of the 
aquifer. Head data (in met~rs) along a vertical cross-section in the southern portion of the 
plateau, where there are several wells with multiple completions, are presented in Figure 2-46. 
Decreasing head with depth has been observed in wells in the western portion of the Laboratory 
(see Figure 2-47 for well ¢dV-R-15-3) away from pumping well influence, but in a region where 
increased recharge is expebted; near the Rio Grande (see Figure 2-48 for well R-16); in the 
central portion of the Labbratory (R-19, Figure 2-49); and in locations expected to be more 
strongly influenced by water supply well pumping (R-20, Figure 2-50). One counter example, 
well R-31 (Figure 2-51) lo:cated in the southern portion of the Laboratory away from municipal 
water supply wells and the region of expected high recharge, shows a very small (note the 
expanded scale of the y-axiis compared to the other plots) decrease in head with screen depth 
between screens 2 and 3, ~ut head increases with depth in the lower two screens 4 and 5. 
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Figure 2-47. Piezometric water levels in different screens in well CdV-R-15-3. 
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R-16 Ph~zometric Water Level 

-iii e 
~ 
c 
0 
; 
cu 
·a"; 
iii 

5640 . 

5620 

5600 

5580 . 

5560 

. -5540 

9/1/02 

! 
~ 

i 
I 

' 
I 

I 

I 

: 

' 

- : 

A 

' 
111103 5/3/03 

• * • 

~ Zone 2 GW sam~le.l--
I m Zone 3 GW sample j 

---; A. Zone 4 GW sample f--

- "' "" -
A A A A 

91210~ 112104 5/3/04 9/2/04 112105 5/4/05 

Figure 2-48. 
! Date 

Piezometric water levels in different screens in well R-16. 
I 

R-19 
5900 ' 

i 
' 

5895 : 

5890 "" ! £t 
" . 

i .u .0. - l\ -iii 
5885 E 

I 11 -
. i 

x 
~ 
c 5880 0 
; 
ca 
> 5875 Q) 

iii 

x 
! i x ~ • x x • ;il): x x 

:i: 
:i: :i: a ~ 

' " 
~ I 

I 

5870 * ~ 

~ I 0 0 - \U 

5865 
++ i + + ~ 

I + + '!!"' + 
I 

5860 I 
' ' ' 

411100 9130100: 411101 9130101 411102 9130102 411103 9130103 3131104 9/29/04 

j /1 Zone 3 GW sampl~ • Zone 3 transducer 

· ·x Zone 4 GW sample • Zone 4 transducer 

/ :i: Zone ·5 GW sampl~ Ill Zone 5. transducer 1 
I I I I o.Zone 6 GW samplti - Zone 6 transducer 'I 

I +Zone TGW sample <>Zone 7 transducer L __________ J ________ ~----' 

Date 

Figure 2-49. Piezometr!c water levels in different screens in well R-19. 

ER2005-0679 2-121 December 2005 



Hydrogeologic Synthesis Report 

R-20 

5890· 
o Zone 1 GW sample _...._ Zone 1 ·transducer l 

' 5880· 

5870· ¢t -iii 
E 5860· 

1 a Zone 2 GW. sample · - . ., • • · Zone 2 transducer 

1

. 

I A Zone 3 GW sample -,!,- Zone 3 transduce~ 
• $j 0 <> ~ 

- ••• IIJ •• - • - • - • - • "ctJ"~~-

!:, 
c 5850· 0 
:;; 
m 
> 
Q) 

iii 

5820 

5810' 
01/01/03 07/02/03 12/31/03 

Date 

06/30/04 12129/04 

Figure 2-50. Piezometric water levels in different screens in well R-20. 

R-31 Piezometric Water Level 
Note: Zone 1 is dry 

5839 . ; + Zone 2 GW sample ,.. 

5837 

x~ x ~ ~ 
IE Zone 3 GW sample 

A Zone 4 GW sample ,... 

x 
! 

Zone 5 GW sample -iii 583S --Zone 2 transducer ,... 
E 
¢:: - -. -Zone 3 transducer 

I 

c 5833 0 
. --Zone 4 transducer -

+: 
~ A i --· Zone 5 transducer 
Q) 

5831 iii ·~ 

• A 'l 
A"'"""'' 

5829 
~ 

~ 
~ ~ 

-~ • • a M fl~ • 
5827 ' ' ' ' . ' 

Aug-99 Mar-00 Oct-Ob Apr-01 Nov-01 May-02 Dec~o2 Jun-03 Jan-04 Aug-04 

Date 

Figure 2-51. PiezomeW'ic water levels in different screens in well R-31. 

ER2005-0679 2-122 December 2005 



Hydro geologic Synthesis Report 

There are several hydrologic mechanisms that can give rise to the observed data. First, note that 
in a region with a sloping:water table, with recharge at high elevation and discharge at lower 
elevations, the theoretical:result for a uniform medium is lower heads with depth, except close to 
the discharge zone. This explanation alone is consistent with the uppermost screens of R-31. At 
greater depths in R-31, the higher heads are perhaps due to a zone that is hydrologically 
separated from the upper zone, with higher head due to recharge to the west and deep, confined 
flow beneath the plateau. ffhe reasons for the larger downward head drops in well CdV-R-15-3 
(as well as other wells in the vicinity, such as R-25) are uncertain, but are probably due to a 
combination of high local! and mountain front recharge, combined with an extremely complex 
hydrostratigraphic and structural condition in which poorly connected, compartmentalized flow 
zones are encountered with depth. The wells in the vicinity of water supply wells on the plateau 
are clearly influenced by water extraction. It is possible that relatively small head differences 
with depth before water ":'ithdrawal have grown substantially because of pumping. Although 
data on shallow and deep !head declines due to long-term pumping are sparse, it is likely that 
drawdown at the elevation of pumping is highest, and a more muted drawdown exists at the 
water table. Finally, for R-16, the lower head with depth is probably caused by pumping at the 
Buckman wellfield. 

The critical element that appears to be necessary to explain the observations from both pumping 
tests and information from multiple-screened wells is the presence of different hydrodynamic 
conditions at depth than a,fe present at the top of the regional aquifer. The observations 
(unconfined conditions an,d a muted response to pumping at depth) suggest a phreatic zone under 
water-table conditions that is weakly connected hydrologically to a deeper zone that behaves as a 
leaky-confined aquifer. 

The nature of the aquifer heterogeneities giving rise to this compartmentalized system remains 
an open question. Two co~ceptual models appear to be possible. One is that the strongly 
anisotropic characteristic of the aquifer, which limits vertical movement of groundwater at 
virtually all depths withinjthe Puye Formation and Santa Fe Group, produces the observed trends 
with depth. Cushman (1965) noted that this aquifer characteristic can cause an unconfined 
aquifer to appear confineq in a short-term pumping test. This explanation is consistent with the 
observation of McLin (2005) described in Section 2.8.5 of a hydro graph that transitions from 
confined to leaky-confine~ behavior at later times. This conceptual model is implemented in the 
numerical models ofMcAda and Wasiolek (1988) and Hearne (1980). The McAda and Wasiolek 
(1988) model places the majority of water supply wells in the basin within the upper 600-ft-thick 
unconfined layer of the mbdel. 

Another conceptual mode,l is that a laterally extensive low permeability zone exists within the 
aquifer separating the shallow phreatic zone from a deeper confined aquifer. This is the 
conceptualization depicte~ in Figure 2-44. A single, laterally extensive zone of low permeability 
has not yet been identifieq in boreholes on the plateau. This fact, combined with observations 
indicating vertical resistaqce at all elevations in basalts, the Puye Formation, and the Santa Fe 
Group, strongly favor the 1former conceptual model. Either model would be expected to give rise 
to lateral transport of contaminants reaching the water table, especially at locations relatively 
unaffected by municipal water well pumping. The anisotropic model would allow for vertical 
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contaminant pathways to: water supply wells in locations where continuous high-permeability 
pathways are present. · 

2.8.8 Velocities and Travel Times 

Transport velocities and travel times through the regional aquifer are poorly understood, because 
of the lack of tracer tests and in-situ measurements of effective porosity. Data concerning the 
spatial distribution of anthropogenic contaminants in the regional aquifer have been difficult to 
use to constrain regional aquifer travel times because of the exceptionally thick and complex 
vadose zone, which makes it impossible to define the location and timing of contaminant entry to 
the regional aquifer. Transport over significant distances in the alluvial aquifers is known to 
occur, and complex vadose zone lateral pathways are also possible, though they have not been 
directly observed, except: for the shallow subsurface pathways identified in the mountain front 
portion of the plateau (See Section 2.6.2.1). Despite these limitations, we note that no evidence 
of larger-scale migration :of contaminant plumes has been observed, although the presence of 
anthropogenic chemicals'at low levels in springs discharging to the Rio Grande at White Rock 
Canyon has been suggest~d by some to be due to regional aquifer transport (Section 3.2). Lack of 
evidence of migrating plumes may indicate that they travel too slowly to be observed over the 
relatively short period of.study, or that sampling locations are not present in the right locations in 
sufficient density to track a migrating plume. 

In principle, isotopic data can constrain possible transport velocities. These data clearly 
demonstrate that some waters beneath the plateau and discharging to the Rio Grande are 
thousands of years old, similar to ages of groundwaters measured in the Albuquerque Basin to 
the south (Plummer et al., 2004). Tritium data, described in Section 2.8.3, clearly demonstrate 
that young waters are pre~ent as well. These young and old waters may co-mingle at numerous 
locations within the aquifer including the discharge zone at the Rio Grande. 

Therefore, there is no single answer to the question: How old is the groundwater? Mixing 
between older and younger waters is the norm for the waters sampled from the regional aquifer. 
Figure 2-52 illustrates that in many instances, both younger and older components are present. 
Tritium measurements at wells tapping the top of the regional aquifer near Los Alamos Canyon 
and Mortandad Canyon (~mong others), as well as isolated observations that include some of the 
springs discharging at White Rock Canyon, indicate a component of the water is young (less than 
60 years old). Reconciling these observations with age estimates of several thousand years based 
on C-14 requires a model: in which fluids of vastly different ages mix, yielding disparate age 
estimates from the different groundwater tracers. 
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Elevation,!! Top .of Regional Aquifer fo~os Alamos National Laoor~ry 

Figure 2-52. 
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Diagram of the locations of "young" and "old" water at different locations. The 
figure shows that waters with different apparent ages, based on different 
geochemi'.cal indicators, can co-exist at the same location. 

The model prediction of tr~nsport velocity and ultimate point of discharge of a contaminant in 
the regional aquifer is intirµately tied to, even controlled by, the conceptual model used to 
develop the numerical model. If the picture emerging from the data described above of a 
compartmentalized aquifei is valid, then contaminants would travel laterally in the phreatic zone 
and arrive at springs discharging at the Rio Grande. These flow paths would be predominantly 
within the Puye Formation: and the Cerros del Rio basalts, the geologic units commonly present 
at the water table of the regional aquifer (Figure 2-10). Travel times through these rocks might 
be expected to be relatively short. For example, taking the hydraulic conductivity of 1 m/d, a 
gradient of 0.02, and a por9sity of 0.1, the computed velocity of a contaminant moving with the 
water (with no adsorption to the rock) is about 70 m/yr. Travel times on the order of 100 years 
would therefore be predicted to the springs from the most easterly zones of contaminated waters 
in the alluvial aquifers on tANL property. 

The role of supply-well pumping in altering these directions and points of discharge is a function 
of the conceptual model ana the water usage scenario chosen for examination. Section 4.2.12. 
presents a capture zone ana~ysis suggesting that contaminants reaching the regional aquifer 
beneath canyons on the plateau will be largely captured by the PM wells. Anisotropic conditions 
in the regional aquifer that ~end to keep transport pathways shallow are overcome by induced 
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I 

i 
downward gradients, and 'contaminants are drawn to the depths of the screens of the water supply 
wells, where they are captured. Implicit in these results is the conceptualization of discrete 
pathways leading to dowrtward transport, perhaps through tortuous "windows" of high
permeability rock in betw~en discontinuous low-permeability layers. A more continuous low
permeability zone between the contaminant residing at the water table and the water supply well 
would create two disconn~cted zones at the scale of a contaminant plume. Under this scenario, 
contaminants would be is91ated to the phreatic zone and travel to a down-gradient supply well or 
the Rio Grande, despite pl;J.mping near the contaminant source. 

I 
I 

Another important consideration is that steady-state capture-zone results require the assumption 
of constant pumping for ailong enough time for a water particle to arrive at the well. This water 
usage scenario maximizes· the induced downward gradient, exaggerating the downward gradients 
and leading to flow paths in which capture by the water supply wells is favored over lateral 
transport at shallow depthk. If transport velocities are low enough, water supply wells are likely 
to be taken out of service· before this theoretical arrival at the well would occur. In this case, the 
actual transport problem i~ inherently transient, and predictions are intimately tied to the actual 
water withdrawal scenarid1

• In summary, these complexities render the predictions model- and 
scenario-dependent. Inteq)retations based on such models must keep this fact in mind. In the 
future, a broader range of ~ater-usage scenarios and transient capture zone analyses should be 
used to fully explore these'. alternatives. 
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GROUNDWATER GEOCHEMISTRY, CONTAMINANT 
DISTRIBUTIONS, AND IMPLICATIONS FOR FLOW AND TRANSPORT 

It is important to understand geochemical processes and the natural water quality beneath the 
Pajarito Plateau, so that anthropogenic perturbations to the natural system can be identified and 
quantified. The natural geochemistry of groundwater is the result of physiochemical interactions 
between air, water, soil, biota, and aquifer material. Geochemical processes are influenced by 
several factors, including the composition of the groundwater, groundwater temperature, 
microbial populations, the mineralogical composition of the aquifer material(s), and the length of 
time the water is in contact with aquifer material(s). Section 3.1 describes the conceptual model 
of geochemical processes and reactions for the Pajarito Plateau and surrounding area. It also 
describes the "background" water chemistry, that is, the water chemistry not affected by 
Laboratory activities. 

Imprinted on the natural variations in chemistry is the presence of contaminants historically 
released since the early 1940s when Laboratory operations commenced. While most of the 
contaminants are at concentrations largely below regulatory standards, they demonstrate the 
presence of pathways for groundwater flow and contaminant transport from the surface to deeper 
groundwater. The impacts to groundwater at the Laboratory have occurred mainly where effluent 
discharges have caused increased infiltration of water. The depth to which chemical constituents 
move in the subsurface is determined partly by their chemical behavior: non-reactive constituents 
move readily with groundwater, while reactive or adsorbing constituents move a shorter distance. 

In most cases where effluent sources have been eliminated, groundwater concentrations of non
reactive discharged contaminants have decreased far below past levels (e.g., RDX, nitrate, 
tritium, and perchlorate) in alluvial groundwater. These mobile contaminants readily move 
through the subsurface and are detected within perched intermediate zones and at the regional 
water table beneath several canyons, including Pueblo Canyon, Los Alamos Canyon, Sandia 
Canyon, Mortandad Canyon, and Canon de Valle (HE in Canon de Valle is an exception to this). 
In the case of reactive or adsorbing chemicals, the concentrations remain elevated significantly 
above background levels after elimination of discharges or other contaminant source terms (e.g., 
excavation and removal of contaminated sediments). These include constituents such as 
strontium-90 and the actinides (americium-241, plutonium-238, and plutonium-239,-240). A 
discussion of observed contaminant distributions within alluvial and perched intermediate zones 
and the regional aquifer is provided in Section 3 .2. Many of the characterization wells and their 
chemical data are not included because characterization sampling conducted as part of the 
Hydrogeologic W orkplan is not complete. 

3.1 Geochemical Conceptual Model 

A geochemical conceptual model that describes the geochemical environment beneath the 
Pajarito Plateau combines knowledge of geochemical processes with observations of water 
chemistry at sampling locations and mineralogy of aquifer materials. The components that 
contribute to the geochemical conceptual model include 

• natural chemical compositions of groundwater, 
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• residence time, 

• reactive minerals controlling groundwater composition and solute mobility, 

• adsorption and precipitation reactions, 

• redox conditions controlling solubility, and 

• chemical speciation. 

The following subsections discuss these conceptual model components and describe the 
observations and data that are the basis of each component. 

3.1.1 Natural Chemical Composition of Groundwater 

Groundwater occurs in three hydrostratigraphic settings beneath the Pajarito Plateau, which 
include the alluvium, perched intermediate zones (Bandelier Tuff, Cerros del Rio basalt, and the 
Puye Formation), and the regional aquifer (Puye Formation, Cerros del Rio basalt, older basalts, 
and the Santa Fe Group). As a result of geochemical processes, the natural composition of 
groundwater in the three hydrostratigraphic settings varies along flow paths from recharge areas 
in the Sierra de los Valles, west of the Laboratory, to the discharge areas along the Rio Grande to 
the east. Recharge also occurs along canyon reaches that contain saturated alluvium. 

A hydrochemical investigation was conducted from 1997 to 2000 to define the background 
chemical composition of groundwater beneath the Pajarito Plateau. Based on the data and 
information compiled, the statistical properties of natural (background) distributions of stable 
isotopes (6D, 615N, and 6180), tritium, and major and trace solutes in groundwater were 
established. A complete description of the background study is available in LANL (2005a). 

Natural groundwater (alluvial, intermediate, and regional aquifer) ranges from calcium-sodium 
bicarbonate composition within the Sierra de los Valles to a sodium-calcium bicarbonate 
composition east and northeast of the Laboratory. Sodium bicarbonate groundwater occurs 
within the regional aquifer in lower Los Alamos Canyon and at several White Rock Canyon 
springs near Otowi Bridge (Blake et al. 1995; LANL, 2001a; LANL, 2002; LANL, 2004b). 
Figure 3-1 shows average background concentrations of specific conductance, major cations and 
anions, silica, tritium, and several trace elements including barium and uranium analyzed during 
six sampling rounds (LANL 2005a). 

Concentrations of trace elements increase from alluvial groundwater to perched intermediate 
zones to the regional aquifer. They also increase from west to east within the regional aquifer 
due to increasing solute residence times and water/rock interactions, including 
recipitation/dissolution and adsorption/desorption reactions. The highest natural solute 
concentrations are associated with older groundwater within the regional aquifer. Concentrations 
of dissolved bicarbonate, sodium, calcium, and uranium increase from west to east. The 
following subsections discuss the evolution of natural groundwater chemistry from the recharge 
zone, along the flow paths, and out to the discharge zone. 
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3.1.1.1 Geochemistry of the Recharge Zone 
Groundwater generally has the lowest total dissolved solids (TDS) in the recharge area and 
increases in TDS along flow paths (Figure 3-1, where TDS is approximated by specific 
conductance). The Sierra de las Valles provides most of the recharge to groundwater beneath the 
Pajarito Plateau, based on distributions of stable isotopes, including &D and &180 ratios 
(Figure 3-2). This interpretation was presented in Section 2.8.3.1.1. Recharge water derived from 
precipitation near the Sierra de las Valles contains natural tritium (19 to 71 pCi/L), which decays 
to less than 3 pCi/L along groundwater flow paths within non-contaminated perched intermediate 
zones and the regional aquifer beneath the central and eastern parts of the Laboratory 
(Figure 3-1 ). 

3.1.1.2 Aqueous Geochemistry along the Flow Path 
This subsection evaluates or describes solutes or dissolved species occurring along groundwater 
flow paths, which show variation among the three types of saturated zones. Variation in solute 
concentration results from the mixing of groundwaters, mineral precipitation (solute sink), 
mineral dissolution (solute source), and adsorption/desorption reactions. Natural groundwater 
quality in the regional aquifer beneath the Pajarito Plateau is excellent and, with the exception of 
arsenic in Guaje Canyon groundwater, does not exceed federal and state drinking water 
standards. 

The occurrence of reactive minerals within aquifer material controls the composition of 
groundwater chemistry along flow pathways. Calcium, sodium, and bicarbonate are the dominant 
major ion solutes in natural groundwater beneath the Pajarito Plateau and surrounding areas. 
Bicarbonate is the dominant anion in groundwater at Los Alamos (LANL 2005a). This solute 
increases in background concentrations from shallow alluvial groundwater to the regional aquifer 
(Figure 3-3). Bicarbonate forms complexes with several trace metals, which has a direct 
influence on the metal's mobility or transport in the subsurface. Low concentrations of natural 
bicarbonate and calcium within the alluvium and perched intermediate zones within the 
Bandelier Tuff and the Puye Formation are insufficient to precipitate calcium carbonate (calcite) 
(Figure 3-4). Calcite is not typically observed within these saturated zones under natural 
conditions. In contrast occurrences of calcite within the Santa Fe Group basalt and sediments are 
reflective of higher concentrations of both calcium and bicarbonate. 

Silica is the next most abundant solute found in surface water and groundwater within the Los 
Alamos area (Figure 3-1) because of hydrolysis reactions taking place between soluble silica 
volcanic glass and water. All groundwater sampled as part of the background investigation 
(LANL 2005) are oversaturated with respect to quartz, which is the most stable mineral of the 
silica phases (Lindsay 1979). Dissolved silica concentrations, however, are not controlled by 
quartz because this mineral is less reactive than volcanic and sedimentary glass found within the 
different hydrostratigraphic units. Groundwater within the three groundwater zones is calculated 
to be in equilibrium with silica glass. In some instances, dissolved silica can be used as a tracer 
to evaluate groundwater flow from the silica-rich (pumice-rich) Puye Formation to the 
underlying Santa Fe Group basalt encountered at wells R-9 and R-12. Groundwater flowing 
through the Bandelier Tuff (well LAOI(A)-1.1) and some sections of the pumiceous-rich Puye 
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Formation (wells R-7 and R-15) is characterized by higher dissolved silica concentrations than 
groundwater flowing through the Cerros del Rio basalt (well R-9i and Spring 9-B) (Figure 3-4). 
This contrast is attributable to the fact that the volcanic glass within the basalt is both less 
abundant and less reactive than the ubiquitous glass within the Otowi Member of the Bandelier 
Tuff and pumiceous-rich Puye Formation. 

Figure 3-3 shows average dissolved concentrations of several natural trace elements within 
alluvial and perched intermediate groundwater and the regional aquifer. Average concentrations 
of natural arsenic, chromium, and fluoride were the highest within the Cerros del Rio basalt 
(Spring 9B). Variations in groundwater trace element concentrations depend on solute residence 
time, speciation, and extent of water-rock interactions. Many trace elements show considerable 
variations, even in young recharge water. For example, average concentrations of barium, boron, 
bromide, strontium, and uranium are the highest within the regional aquifer in the Santa Fe 
Group at La Mesita Spring. Average concentrations of dissolved natural uranium were 9 .1 µg/L 
at La Mesita Spring, which is 300 times greater than that observed at well LAO-Bin alluvium 
(Figure 3-3). 
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Note: These were selected because of observed smectite in x-ray diffraction of 
core and cuttings. 
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Naturally occurring solid organic matter containing carbon, oxygen, nitrogen, and hydrogen is an 
important component of alluvial sediments within and surrounding the Laboratory. Dissolved 
organic carbon (DOC) is derived from leaching of solid organic matter and concentrations of 
DOC are typically less than 2 mg carbon (C)/L within perched intermediate zones and the 
regional aquifer. Higher concentrations of DOC (up to 20 mg C/L) are found in soil, surface 
water, and alluvial groundwater within the upper reaches of Los Alamos Canyon where runoff 
through grasslands and forests takes place. The DOC contains dissociated carboxylic acids that 
are stable as anions above pH 4.5 (Thurman, 1985). The anions are mobile in the groundwater. 
Dissolved organic carbon mainly occurs in the forms of humic and fulvic acids (Vilks and 
Bachinski, 1996). These acids occur as anions and can complex with calcium and magnesium, 
which can influence precipitation reactions involving calcite. 

Leaching of ash produced from the Cerro Grande fire in May 2000 resulted in the generation of 
elevated concentrations of total organic carbon (TOC), consisting of both DOC and suspended 
organic carbon (SOC). Shortly after the Cerro Grande fire, increased concentrations of TOC 
were observed in surface water and alluvial groundwater within Pueblo Canyon, Los Alamos 

. Canyon, Pajarito Canyon, and other watersheds. Since 2002, concentrations ofTOC have 
decreased in surface water, but remain elevated in alluvial and perched-intermediate 
groundwater. Total organic carbon provides an excellent tracer for tracking movement of recent 
water (post Cerro Grande fire) in the subsurface. For example, concentrations of TOC have 
exceeded 300 mg C/L in perched zones within the Cerros del Rio basalt at the Los Alamos 
Canyon weir (Stone et al., 2004). 

3.1.1.3 Geochemistry of the Discharge Zone 
Groundwater chemistry within discharge zones can significantly differ from that characteristic of 
recharge zones. Total dissolved solids generally increase along groundwater flow paths. Specific 
conductance provides an indirect measurement of TDS and both parameters increase from west 
to east along groundwater flow paths. For example, groundwater within the Sierra de los Valles 
contains specific conductance values typically less than 100 µSiem (Figure 3-1). Springs 
discharging within White Rock Canyon, however, have specific conductance greater than I 00 
µSiem. Concentrations of sodium also increase relative to calcium and magnesium at selected 
White Rock Canyon springs. This change in major cation chemistry most likely results from 
cation exchange processes with reactive minerals along flow paths, including smectite, kaolinite, 
and volcanic glass (discussed in Section 3.1.3). 

Groundwater within a discharge zone, at the end of groundwater flow paths, generally has the 
highest mineral or solute content and also represents the oldest water, provided that mixing with 
younger groundwater has not taken place. The main groundwater discharge zone for the Sierra 
de los Valles and the Sangre de Cristo Mountains occurs as springs and gaining reaches along the 
Rio Grande. Older groundwater within the regional aquifer tends to have higher concentrations 
of trace elements due to a combination of mineral dissolution and desorption processes. Many 
trace elements, including arsenic(III, V) and uranium(VI), form anions and tend to desorb from 
mineral surfaces under basic pH conditions (Langmuir, 1997). Dissolved concentrations of major 
cations and anions, arsenic, uranium, and other trace elements are higher in groundwater east of 
the Rio Grande based on water quality/geochemical data collected by the New Mexico 
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Environment Department (NMED) and most recently by LANL. Based on water samples 
brought in to the Pojoaque water fair in 2004, concentrations of natural uranium in groundwater 
are generally in the range from up to 0.2 ppm along the Rio Grande and eastward toward the 
Sangre de Cristo Mountains. In contrast, uranium concentrations in the regional aquifer beneath 
the Pajarito Plateau rarely exceed 0.1 ppm. 

In the discharge zone, as well as along flow paths, tritium is an excellent tracer that can be used 
to qualitatively date or bound the age of groundwater less than 61 years old, with a few 
exceptions. Background springs discharging within White Rock Canyon typically have tritium 
concentrations less than I pCi/L, indicating that groundwater is greater than 61 years old. This 
pre-dates historic discharges associated with the Laboratory and atmospheric fallout that may 
provide sources ofrecharge. These springs are characterized by groundwater flow paths that are 
of variable lengths and differing groundwater residence times. 

3.1.2 Residence Times 

Residence times of groundwater and chemical solutes increase both with depth and from west to 
east across the Pajarito Plateau within each groundwater zone. Groundwater flow paths within 
the regional aquifer generally are from west to east based on water level measurements. 
Accordingly, the concentrations of natural major ions and trace elements increase with distance 
along flow paths. 

In the Sierra de los Valles, a known recharge area west of the Laboratory, a component of 
groundwater is less than 61 years old, based on measurable activities of tritium observed in 
springs. Movement of groundwater through fractured volcanic rock within the Sierra de los 
Valles is rapid in most cases (Water Canyon Gallery, Apache Spring, upper Canon de Valle 
Spring, and Pine Spring). With a few exceptions, most springs in the discharge zone in White 
Rock Canyon, however, do not contain tritium, and the age of groundwater probably ranges 
between 3,000 and 10,000 years and possibly even older (Rogers et al. 1996b). 

The oldest groundwater residence times within the regional aquifer are on the order of several to 
tens of thousands of years, based on carbon-14 dating (Rogers et al, 1996b). The carbon-14 dates 
provide a reasonable estimate of the maximum age of groundwater within the regional aquifer, 
provided that mixing with more recent water or older water with lower alkalinity has not taken 
place. Groundwater within the regional aquifer becomes progressively older from west to east 
(Rogers et al, l 996b). Presence of tritium near the water table and within the regional aquifer 
beneath the Laboratory, however, confirms that a much younger component of groundwater is 
present in the regional aquifer. Small concentrations of anthropogenic tritium (less than 100 
pCi/L) at some locations are suggestive of mixing of a majority of old water with a component of 
young water at the regional water table. Mixing ratios using chloride or bromide are needed as 
additional information to more precisely determine fractions of young and old groundwater. 
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3.1.3 Reactive Minerals Controlling Groundwater Composition and Solute 
Mobility 

Because there are variations in pH, temperature, and major ion and trace element chemistry 
within shallow and deep saturated zones, different reactive minerals and amorphous solids 
precipitate or dissolve. In some instances, they control the major ion composition of 
groundwater. Some of these phases, including hydrous ferric oxide, manganese (oxy)hydroxide, 
smectite, calcite, and zeolites, have a high adsorptive capacity for trace elements including 
chromium, lead, strontium, and thorium, and radionuclides including americium-241, cesium-
137, and plutonium-238, -239, -240. Reactive minerals and amorphous solids approach 
equilibrium with groundwater when the residence time exceeds the reaction halftime (amount of 
time required for 50% ofreactant A to form product B assuming there is no B initially present). 
This condition is usually met within perched intermediate zones and the regional aquifer based 
on observed mineralogy, because hydrous ferric oxide is present in all the groundwater zones. 

Calcite and smectite are two important minerals that have been observed in core samples 
collected from several R wells. The stability of reactive phases, including CaC03 (calcite) and 
calcium smectite, can be evaluated by considering concentrations of major dissolved ions, 
chemical composition of minerals, and equilibrium concepts. Figure 3-4 is a log activity diagram 
showing the stability of several minerals including kaolinite, pyrophyllite, silica soil, silica glass, 
and calcium smectite. Groundwater samples collected from selected wells R-9, Otowi-4, R-12 
(screen #3), and LAOI(A)-1.1 and La Mesita Spring are also plotted on the figure. Important 
points from this figure are as follows: 

• Most groundwater is oversaturated with respect to calcium smectite, as the groundwater 
samples plot within that stability field. 

• One sample collected from La Mesita Spring plots within the stability field for kaolinite 
due to a lower pH measurement. 

• Groundwater is oversaturated with respect to Si02 soil (amorphous silica) and 
undersaturated with Si02 glass, which suggests that some of the silica could be formed 
from pedogenic (soil-forming) processes. 

• La Mesita Spring (representative of young recharge water) is undersaturated with respect 
to silica soil and silica glass and has lower concentrations of silica relative to those 
measured in groundwater samples collected at wells R-9, Otowi-4, R-12, and 
LAOI(A)-1.1. 

Under equilibrium conditions, calcite controls dissolved concentrations of calcium and 
bicarbonate within the regional aquifer. Beneath the western and central portions of the 
Laboratory, however, calcite is relatively rare in most of the lithologies characterized at the 
regional aquifer water table (Figure 2-10) except for the pre-Pu ye Formation Santa Fe Group 
sediments. These sediments have variable amounts of dispersed calcite cement (0-20 wt%). 
There is also a zone of post-depositional alteration centered in the northeastern portion of the 
Laboratory where calcite alteration is common in the Puye fanglomerate and the pumiceous 
sediments. Calcite precipitation is observed in Santa Fe Group sediments near the Rio Grande. 
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As groundwater flows through perched intermediate zones and the regional aquifer, chemical 
and mineralogical compositions ofreactive phases, including silica glass, change over time. For 
example, silica glass is the most soluble component of the aquifer material (Puye Formation and 
unassigned pumiceous unit) and reacts with groundwater to form clay minerals, such as kaolinite 
and smectite. These alteration phases have been observed at wells R-5, R-8A, R-9, and R-12. 
Calcium-sodium smectite has been observed in core and cutting samples collected from R-9 
(Broxton et al., 200la). Smectite has also been observed in rock samples collected from Santa Fe 
Group sediments in lower Los Alamos Canyon (Vaniman, unpublished data). The presence of 
smectite enhances natural attenuation of anthropogenic metals stable as cations, including 
strontium and barium, because this phase increases the adsorption capacity of the aquifer 
material under circumneutral pH conditions (discussed in more detail in Section 3.1.4). 

The saturation index (SI) is an indicator of whether a mineral is likely to precipitate or dissolve 
under particular groundwater conditions. The SI is defined as the log10(activity product/solubility 
product). Precipitation ofreactive minerals, including calcite, occurs in groundwater under near 
neutral pH conditions. Figure 3-5 shows saturation indices for calcite versus calcium and 
bicarbonate concentrations (millimoles/liter) at selected background springs and wells. The 
computer program MINTEQA2 (Allison et al., 1991) was used to perform SI calculations. For a 
given solid phase at equilibrium, the SI is equal to 0 ± 0.05. Oversaturation (positive SI) implies 
precipitation, whereas undersaturation (negative SI) implies dissolution. Native alluvial and 
perched intermediate groundwaters are calculated to be undersaturated with respect to calcite, 
and dissolution of this mineral takes place. This is consistent with the absence of calcite within 
the natural alluvium at the Laboratory. Groundwater samples collected at wells R-9, R-12, and 
Otowi-4 and La Mesita Spring generally are saturated with respect to calcite, whereas LAOI(A)-
1.1 is not. Activities of dissolved calcium and bicarbonate at well LAOI(A)-1.1 are not sufficient 
to precipitate calcite. Calcite typically is not observed in native groundwater within the alluvium 
and Bandelier Tuff. The regional aquifer (Santa Fe Group sediments) is slightly undersaturated, 
but within thermodynamic uncertainty, with respect to calcite. 

3.1.4 Adsorption and Precipitation Reactions 

Adsorption occurs when dissolved species interact with surfaces of aquifer material coated with 
hydrous ferric oxide, manganese dioxide, clay minerals, or other adsorbents. Adsorption is 
usually reversible with the net effect being that the transport of the absorbed species is much 
slower than that of the water. Hydrous ferric oxide is an important adsorbent present in different 
aquifer materials beneath the Pajarito Plateau. Other adsorbents of metals include smectite, 
calcite, manganese oxide, and solid organic carbon, which can provide additional adsorption 
sites on aquifer material and within the unsaturated zone. Hydrous ferric oxide has a specific 
surface area of 600 m2/g, which is much higher than quartz or silica gel that have specific surface 
areas of 0.14 and 53 to 292 m2 /g, respectively (Langmuir, 1997). Many metals and radionuclides 
including barium, chromium, nickel, uranium, strontium-90, americium-241, plutonium-238, and 
plutonium-239, -240 typically adsorb onto hydrous ferric oxide-coated particles between pH 
values 5 and 8. 
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Figure 3-5. Saturation indices for calcite versus calcium and bicarbonate concentrations 
(millimoles/liter) at springs and wells representing different aquifer types at 
LANL (perched, intermediate, and regional). 

Concentrations of inorganic contaminants (actinides, fission products, and trace elements) 
remaining within treated effluents are too small to be removed from solution through 
precipitation, based on results of computer simulations. Downgradient from Laboratory 

. discharge points, adsorption processes are considered to dominate over mineral precipitation for 
continual removal of metals and radionuclides from alluvial groundwater. As a result, 
concentrations of adsorbing radionuclides and inorganic species generally decrease 
downgradient along the groundwater flow path. Alluvial material provides the largest reservoir 
for constituents from treated Laboratory effluent, including strontium-90, cesium-137, 
plutonium-238, plutonium-239, -240, and americium-241 because the constituents readily adsorb 
onto clay- and silt-sized material. For example, it is hypothesized that strontium-90 has been 
reversibly adsorbed on alluvial sediments by cation exchange, and the sediments provide a 
continuing source of this constituent to the alluvial groundwater. Eventually, strontium-90 will 
decay to stable zirconium-90 (via short-lived yttrium-90), reducing its remaining radioactivity by 
a factor of two approximately every 29 years. 

Based on numerous studies reported in the literature, and supported by field observations 
documented in LANL Surveillance Reports (e.g. LANL, 1996a, 2000a, 2001a, 2002) and 
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experimental results, the relative adsorption of HE compounds, radionuclides and inorganic 
species decreases at circumneutral pH (6 to 8) conditions as follows: 

cesium-137 (highest adsorption)= americium-241 >barium> strontium-90 >uranium> nitrate 
= molybdate = sulfate =chloride =perchlorate =TNT > RDX =tritium (lowest adsorption). 

Cations adsorb more strongly than anions under acidic to circumneutral pH conditions because 
adsorbents, including hydrous ferric oxide, smectite, and silica glass, are characterized by a net
negative surface charge (Langmuir, 1997). (Oxy)anions, including molybdate, nitrate, and 
perchlorate, are mobile in groundwater under circumneutral to basic pH conditions due to the 
net-negative surface charge on the adsorbent. Neutral species including TNT, RDX, and tritium 
do not adsorb to any significant extent onto inorganic mineral surfaces. Characterization and 
surveillance data collected within Pueblo Canyon, Los Alamos Canyon, Mortandad Canyon, and 
Cafion de Valle support the observed mobilities of anions (chloride, molybdate, nitrate, 
perchlorate, sulfate, and uranium) and neutral species (RDX, TNT, and tritium). High explosive 
compounds undergo hydrophobic sorption with solid organic matter present in alluvial channels, 
including Cafion de Valle, but such material is not present in significant concentrations in the 
regional aquifer. 

Other variables that influence adsorption processes include precipitation and dissolution of the 
adsorbent, adsorption capacity, and changes in aqueous chemistry. Adsorption capacities of 
unsaturated and saturated material may change over time due to changes in solution composition, 
contaminant speciation and reactive phase mineralogy. In isolated cases where effluent 
discharges have changed alluvial groundwater alkalinity or pH, trace elements such as strontium 
and barium may precipitate as SrC03, BaC03, and coprecipitate as (Sr-Ba)S04. These 
precipitation processes are considered to be important within the upper reaches of Cafion de 
Valle and Mortandad Canyon. 

Cation exchange reactions typically influence major cation compositions of groundwater. This 
influence is especially true for older groundwater with a long residence time characteristic of the 
regional aquifer east of the Rio Grande. Cation exchange between divalent, magnesium and 
calcium and monovalent sodium results in increasing water hardness (increased calcium and 
magnesium) in which calcium typically dominates over magnesium as the dominant dissolved 
cation. Softening of water occurs when calcium and magnesium are removed from groundwater 
and sodium becomes the dominant cation. This water-softening process is observed northeast of 
the Laboratory (former lower Los Alamos wellfield) and along sections of the Rio Grande. 

3.1.4.1 Adsorption and Precipitation of Uranium(VI) Species 
Uranium is a naturally occurring trace element found in groundwater and it is also processed at 
the Laboratory. This subsection provides a summary of the aqueous chemistry and adsorptive 
characteristics of this actinide because of its importance to background conditions and 
Laboratory effluents. 
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Uranium is a naturally occurring actinide found essentially in all soils, sediments, rocks, surface 
waters, and groundwaters worldwide. Whole rock concentrations of uranium within the 
Bandelier Tuff, Cerros del Rio basalt, and Puye Formation range from less than 1 to over 
10 mg/kg or ppm (Longmire et al. 1996a, Broxton et al. 2001a). Silica-rich rocks, including the 
Bandelier Tuff, contain higher concentrations of uranium than do the less siliceous rocks, 
including the Cerros del Rio basalt and Puye Formation. 

Background concentrations of dissolved uranium within alluvium, perched intermediate zones, 
and the regional aquifer are generally detectable but at concentrations less than 1 µg/L in 
groundwater beneath the Pajarito Plateau (Longmire et al., 1996b, LANL 2005a). These 
naturally low concentrations of dissolved uranium are probably controlled by aqueous 
solubilities of minerals containing uranium. For example, zircon (ZrSi04) is a trace mineral 
found within the Bandelier Tuff. Concentration of uranium in a zircon crystal within a sample of 
the Bandelier Tuff was 1180 ppm (Stimac et al. 1996). This highly refractory mineral has an 
aqueous solubility of 10-15

.4 Mat pH 7. Uranium does not significantly leach out of this mineral 
at circumneutral pH values (6 to 9) based on its low aqueous solubility. Some uranium 
concentrated within the Bandelier Tuff is associated with volcanic glass, which has an aqueous 
solubility of 10-2

·
71 Mat pH 7. Consequently, there is higher occurrence of uranium in 

groundwater within the Bandelier Tuff because it is more susceptible to leaching from glass due 
to its higher aqueous solubility. The rate of uranium leaching from glass, however, is slow, as 
indicated by the low dissolved concentrations of uranium (<0.5µg/L) measured in perched 
groundwater within the Bandelier Tuff (well LAOI(A)-1.1). 

The uranyl (UOz2+) cation is analogous to other divalent metal species that significantly adsorb 
onto hydrous ferric oxide under acidic pH conditions. Increasing concentrations of hydrous ferric 
oxide result in increasing the adsorption capacity of uranium(VI) complexes because more 
binding sites are present. Concentrations of hydrous ferric oxide vary between alluvial 
groundwater, perched intermediate zones, and the regional aquifer. This variation is dependent 
on chemical weathering of primary iron-rich minerals and iron-rich volcanic glass. Iron-rich 
glass and minerals within the Cerros del Rio basalt enhance precipitation of increasing amounts 
of hydrous ferric oxide compared to the Bandelier Tuff, which contains iron-depleted glass and 
smaller amounts of iron-bearing minerals. 

The computer program MINTEQA2 (Allison et al., 1991) was used to model adsorption (surface 
complexation) ofuranium(VI) onto hydrous ferric oxide for perched intermediate groundwater 
characterized at well R-9. The double layer model (DLM) was selected for the simulation 
because it takes into account adsorbent characteristics (specific surface area, charge density, and 
adsorbent concentration) and aqueous chemistry parameters (pH, ionic strength, and solution 
composition). 

Figure 3-6 shows both calculated distributions of adsorbed uranium(VI) complexes onto hydrous 
ferric oxide and dissolved complexes as a function of pH. Results of the calculation suggest that 
maximum adsorption takes place at pH 5.5 and decreasing adsorption occurs with increasing pH, 
which is due to the formation of uranyl carbonate complexes. Uranyl dicarbonate and uranyl 
tricarbonate complexes do not significantly adsorb onto negatively charged surface sites present 
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Calculated distributions of adsorbed and dissolved uranyl species for well R-9 
(275 ft perched zone) (HFO concentration= 1.46 g/L and total dissolved uranyl 
[UOl+J = 0.054 ppm, 25°C). Calculation was made for R-9 because uranium 
was measured in groundwater whithin the Cerros del Rio basalt. 

on hydrous ferric oxide. There is a sharp rise in uranium(VI) adsorption onto hydrous ferric 
oxide between pH values of 4.0 and 5.0 (Figure 3-6), where uranyl cation species dominate. 

Other divalent cations compete with uranyl species in both natural and contaminated 
groundwater. Calcium (Ca2+) strongly competes with UO/+ for adsorption sites present on 
hydrous ferric oxide, based on experimental results, including DLM intrinsic stability constants 
provided by Langmuir (1997). Concentrations of dissolved calcium are much higher (in the mg/L 
range) than dissolved uranium (less than 1 µg/L), which allows for more calcium binding onto 
hydrous ferric oxide. 

Similar competition between calcium and the uranyl cation may take place with clay minerals. 
This has relevance to groundwater chemistry east of the Rio Grande that is characterized by 
higher concentrations of calcium and uranium compared to groundwater beneath the Pajarito 
Plateau. This exchange reaction results in concentrations of natural uranium within the regional 
aquifer ranging from 0.5 µg/L (Los Alamos) to over 1800 µg/L (west ofNambe). 

Exchange reactions between calcium and sodium are of importance based on inverse 
relationships between dissolved calcium, sodium, and uranium. Figure 3-7 shows 
calcium/sodium ratios (milliequivalents/L) versus uranium concentrations for 127 groundwater 
samples collected at Pojoaque, New Mexico during June 2004. The highest concentrations of 
uranium in groundwater occur at lower calcium/sodium ratios. This relationship suggests that 
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Calcium/sodium (meq/L) versus uranium concentrations, Pojoaque water fair, 
June 2004. 

calcium is removed from groundwater, whereas uranium is added to groundwater through cation 
exchange. Alternatively, the relationship between uranium and sodium/calcium rations could be 
due to bulk compositional effects rather than cation exchange. In some groundwater samples, 
calcium is removed to a greater extent than sodium. 

Precipitation reactions serve as a sink for removing uranium from solution. There are numerous 
uranium (VI) minerals that are naturally occurring and are found in aquifers (ore deposits) within 
sedimentary and igneous rocks. Several uranyl silicate minerals including (U02)2Si04·2H20 
(soddyite) and Ca(U02)2(ShOs)3·5H20 (haiweeite) are potentially important within silica-rich 
groundwater beneath the Pajarito Plateau. Figure 3-8 shows a plot of saturation indices for 
several reactive minerals including silica solids, carbonate minerals, soddyite, and haiweeite for 
several groundwater sampling stations including Spring 2B, alluvial well LAO-B, perched 
intermediate groundwater (well LAOI(A)-1.1), and regional aquifer groundwater (wells Otowi-4, 
TW-3, R-9, and TW-1). The computer program MINTEQA2 (Allison et al., 1991) was used to 
perform the saturation calculations. 

Temperature, pH, redox potential, and dissolved activities of calcium, uranium(VI), bicarbonate, 
and silicic acid influence the precipitation/dissolution of soddyite and haiweeite. As bicarbonate 
concentrations increase, dissolved uranium(VI) reacts to form complexes, which decreases the 
amount of uranyl cation (UOl+) available for precipitation of soddyite and haiweeite. This is 
counter balanced, however, by increasing concentrations of dissolved calcium that enhances 
precipitation of haiweeite at Otowi-4, R-9, TW-1, and Spring 2B (Figure 3-8). This assessment is 
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Saturation indices for several solid phases in alluvial (LAO-B) and perched 
intermediate groundwater (LAOI(A)-1.1) and the regional aquifer (Otowi-4, 
TW-3, R-9 and TW-1) within Los Alamos Canyon, Pueblo Canyon, and Spring 
2B. The computer program MINTEQA2 was used to perform the calculations. 
Note: These wells were selected because they show hyrochemical snapshot of 
the three aquifer types within the Los Alamos Canyon and a spring. 

based on geochemical calculations and the overall oxidizing conditions characteristic of natural 
groundwater beneath the Pajarito Plateau. 

While it is useful to perform saturation index calculations to evaluate mineral equilibrium, most 
of the deep groundwaters are not in equilibrium with respect to either soddyite or haiweeite. 
Based on results of the calculations presented, adsorption processes involving uranium(VI) 
appear to control dissolved concentrations of this actinide in groundwater beneath the Pajarito 
Plateau. 

3.1.5 Redox Conditions 

This subsection presents a brief discussion on oxidation-reduction concepts with application to 
groundwater chemistry characterized during this investigation. Contaminants associated with 
treated Laboratory effluents that are stable in more than one oxidation state include 
plutonium(III, IV, V, and VI), uranium(IV and VI), technetium(IV and VII), iron(II and III), and 
chromium(III and VI). Other contaminants that can undergo reduction include perchlorate, 
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molybdate, nitrate, RDX, and TNT. A group of contaminants that is stable in one oxidation state 
under the geochemical conditions that prevail in groundwater includes americium(III)-241, 
cesium(I)-13 7, strontium(II)-90, barium(II), boron(III), and tritium(!). Adsorption and 
precipitation reactions involving redox-sensitive contaminants are directly influenced by 
oxidation and reduction reactions. Under oxidizing conditions, species including uranium(VI), 
sulfate, nitrate, and perchlorate form soluble anions that are mobile in groundwater. Under 
reducing conditions, however, these species either precipitate from solution (uranium and sulfide 
minerals), transform (perchlorate) and/or adsorb onto aquifer materials (nitrogen-ammonium). 

Oxidation-reduction (redox) reactions are very important in groundwater systems for controlling 
distributions of trace elements and are quite often mediated by a wide variety of microbes. Redox 
conditions for groundwater most often cannot be quantified with a single redox couple and 
oxidation-reduction potential (ORP) (Langmuir, 1997) because numerous couples are present 
and they differ with respect to kinetic reaction rates (Figure 3-9). Some couples are 
electrochemically reversible, including the iron(III)/iron(II) and hydrous ferric oxide/iron(II) 
pairs. However, most pairs are not reversible under normal groundwater conditions in the 
absence of microbes, including: dissolved oxygen/water, nitrogen (V)/nitrogen(O), 
nitrogen(V)/nitrogen(III), uranium(VI)/uranium(IV), sulfur(VI)/ sulfur(-II), 
and carbon(IV)/carbon(O, -IV). General trends in redox chemistry, however, can be inferred 
based on distribution and concentration ofredox-sensitive solutes such as iron and manganese, 
mineralogy of aquifer material, presence or absence of dissolved oxygen, knowledge of 
microbial populations, and presence of electron donors (reducing agents, reductants), and 
electron acceptors (oxidizing agents, oxidants). 

Under natural or baseline conditions, groundwater under the Pajarito Plateau within perched 
intermediate zones and the regional aquifer is oxidizing. This is also generally true for alluvial 
groundwater, although DOC may enhance localized reducing conditions within wetlands 
occupying some canyon reaches. Naturally occurring and measurable concentrations of dissolved 
oxygen (DO) (1 to 9 ppm), sulfate (>2 ppm), and nitrate (typically 0.5 ppm) are characteristic of 
oxidizing conditions. Low concentrations of dissolved iron (<0.5 ppm) and manganese 
( <0.05 ppm) are also characteristic of oxidizing conditions. Under reducing conditions, 
concentrations of reduced forms of carbon (methane, hydrocarbons, carbohydrates), nitrogen 
(ammonium), and sulfur (hydrogen sulfide) would exceed concentrations of the oxidized forms. 
Iron and manganese reduction would also be observed under reducing conditions. Reducing 
conditions do not occur in normal groundwater beneath the Pajarito Plateau although they have 
been encountered in several R wells as a highly localized consequence of residual drilling fluids, 
as described by Longmire and Goff (2002) and Longmire (2002a, 2002b, 2002d, and 2002e) and 
Bitner et al. (2004) in detail. 

3.1.6 Uranium Speciation 

Chemical speciation has a direct control on mineral precipitation and adsorption processes. 
Special attention is given to uranium in this report because this actinide occurs naturally in 
groundwater and has also been processed at the Laboratory. Large variations in natural uranium 
concentrations are observed beneath the Pajarito Plateau and to the east in the Rio Grande 
Valley. 
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Selected oxidation-reduction couples in water at pH 7 and 25°C for the Pajarito 
Plateau and surrounding areas. 

As uranium leaches from minerals and glass, it is stable as uranium(VI) under oxidizing 
conditions characteristic of aquifer systems beneath the Pajarito Plateau. Uranium(VI) forms 
strong complexes with bicarbonate and carbonate including U02C03°, U02(C03)l-, and 
U02(C03)3

4
- (Langmuir 1997) above pH 6. 

Figure 3-10 shows calculated distribution of uranium(VI) at Spring 9B discharging from the 
Cerros del Rio basalt east of the Laboratory. Dissolved concentrations of uranium are typically 
less than 0.2 µg/L at Spring 9B (LANL 1996a, 2000a, 2001a, 2002).The computer program 
MINTEQA2 (Allison et al., 1991) was used for the speciation calculations of Spring 9B. The 
aqueous complex, U02(C03)3 

4
- dominates above pH 8.4, whereas U02(C03) /- dominates 

between pH values of 6.6 and 8.4 at Spring 9B (Figure 3-10). Dissolved uranyl carbonate 
(U02C03 °) dominates between pH values of 5 .0 and 6.6. Spectroscopic evidence has shown that 
Ca2 U02(C03) 3 ° significantly influences uranium(VI) speciation between pH values of 6 to 10 in 
calcium-rich uranium-mining waters (Bernhard et al., 2001). This complex may have relevance 
to groundwater east of the Rio Grande characterized by high calcium and carbonate alkalinity. 
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Results of speciation calculations for Spring 9B in White Rock Canyon using 
the computer program MINTEQA2. Log U(VI) = -9.26 molal (m), log F = -4.69 
m, log H4Si04 = -2.92 m, and log co/-= -3.07 mat 20.5°C. 

Figure 3-11 shows total alkalinity versus uranium concentrations for 127 groundwater samples 
collected within the Rio Grande Valley near Pojoaque, New Mexico, contrasted with samples 
from the Pajarito Plateau. Formation of uranyl carbonate complexes has a direct control on the 
solubility of uranium(VI), leading to dissolved concentrations of uranium much greater than 10 
µg/L observed in the Rio Grande Valley. 

Uranium(IV) is stable in strongly reducing groundwater containing dissolved sulfide and reduced 
forms of DOC (Langmuir 1997). Calculations show that uranium(IV) in the form ofU(OH)4° is 
stable under reducing conditions below an Eh of -225 millivolts (m V) at pH 7, 25°C, and 
10-3

·
0 M (61 mg/L) bicarbonate. Formation of uranium(IV) complexes is very unlikely to occur 

because natural groundwater at Los Alamos, New Mexico is oxidizing and uranium(VI) species 
are stable. However, in groundwater near Pojoaque uranium(IV) is inferred to be stable in the 
presence of hydrous ferric oxide reduction. 

3.1.7 Summary of Geochemical Conceptual Model 

It is important to understand geochemical processes and the natural water quality beneath the 
Pajarito Plateau, so that anthropogenic perturbations to the natural system can be identified and 
quantified. While the contaminants are at concentrations largely below regulatory standards or 
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risk levels, they demonstrate the presence of pathways for groundwater flow and contaminant 
transport from the surface to deeper groundwater. 

Natural groundwater (alluvial, intermediate, and regional aquifer) ranges from calcium-sodium 
bicarbonate composition within the Sierra de los Valles to a sodium-calcium bicarbonate 
composition east and northeast of the Laboratory. The Sierra de los Valles provides most of the 
recharge to groundwater beneath the Pajarito Plateau and groundwater in the recharge area has 
the lowest TDS of the overall flow system. 
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Along flow paths variation in solute concentration results from mixing of groundwaters, mineral 
precipitation (solute sink), mineral dissolution (solute source), and adsorption/desorption 
reactions. Calcium, sodium, and bicarbonate are the dominant major ion solutes in natural 
groundwater beneath the Pajarito Plateau and surrounding areas. Silica is the second most 
abundant solute found in surface water and groundwater within the Los Alamos area because of 
hydrolysis reactions taking place between soluble silica volcanic glass and water. Variations in 
groundwater trace element concentrations depend on solute residence time, speciation, and 
extent of water-rock interactions. 

All of the mobile chemicals measured in perched intermediate zones and in the regional aquifer 
are stable as anions (perchlorate, nitrate, sulfate, chloride, uranium) or as neutral species (RDX, 
TNT, HMX, boron). Contaminants stable as cations (barium,. americium-241, plutonium(V)-238, 
-239, -240, strontium-90, cesium-137) have migrated within alluvial groundwater and are 
infrequently detected in deeper groundwater. 

ER2005-0679 3-20 December 2005 



Hydrogeologic Synthesis Report 

Groundwater within a discharge zone, at the end of groundwater flow paths, generally has the 
highest mineral or solute content and also represents the oldest water. Residence times of 
groundwater and chemical solutes increase both with depth and from west to east across the 
Pajarito Plateau within each groundwater zone. The oldest groundwater residence times within 
the regional aquifer are on the order of several thousand to tens of thousands of years, based on 
carbon-14 dating and on flow and transport models. 

Geochemical processes that affect the groundwater chemistry include the following: 

• Precipitation/Dissolution: Different reactive minerals and amorphous solids precipitate 
or dissolve and can control the major ion composition of groundwater. As groundwater 
flows through perched intermediate zones and the regional aquifer, chemical and 
mineralogical compositions of reactive phases including silica glass change over time. 
For example, silica glass is the most soluble component of the aquifer material reacting 
with groundwater to form clay minerals, including kaolinite and smectite. Precipitation 
reactions serve as a sink for removing uranium from solution. 

• Adsorption: Dissolved species interact with surfaces of aquifer material coated with 
hydrous ferric oxide, manganese dioxide, clay minerals, or other adsorbents, often 
resulting in the release of adsorbed species via replacement reactions. Hydrous ferric 
oxide is an important adsorbent present in different aquifer materials beneath the Pajarito 
Plateau. Other common adsorbents of metals include smectite, calcite, manganese oxide, 
and solid organic carbon. Downgradient from Laboratory discharge points, adsorption 
processes are considered to dominate over mineral precipitation for continual removal of 
metals and radionuclides from alluvial groundwater. Adsorption processes involving 
uranium(VI) appear to control dissolved concentrations of this actinide in groundwater 
beneath the Pajarito Plateau. 

• Redox Conditions: Under natural or baseline conditions, groundwater under the Pajarito 
Plateau within alluvial, perched intermediate zones, and the regional aquifer is oxidizing. 
Adsorption and precipitation reactions involving redox-sensitive contaminants are 
directly influenced by oxidation and reduction reactions. Under oxidizing conditions, 
species including uranium(VI), sulfate, nitrate, and perchlorate form soluble anions that 
are semimobile in groundwater. Uranium(VI) partly adsorbes onto ferric oxyhydroxide 
and is semimobile in groundwater between a pH range of 7 to 8.5, typically observed in 
groundwaters of the Pajarito Plateau. Under reducing conditions, however, these species 
either precipitate from solution (uranium and sulfide minerals), transform (perchlorate) 
and/or adsorb onto aquifer materials (nitrogen-ammonium). 

• Chemical Speciation: has a direct control on mineral precipitation and adsorption 
processes. Formation of uranium(IV) complexes is very unlikely to occur because natural 
groundwater at Los Alamos, New Mexico is oxidizing and uranium(VI) species are 
stable. 
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3.2 Contaminant Distributions and Transport 

This section describes the sources, presence, and trends through time of chemical constituents in 
groundwater originating from anthropogenic (principally LANL) sources. The movement rates 
and distribution of these chemical constituents give an indication of groundwater flow paths and 
flow mechanisms over time. Appendix 3-A provides a description and map of each canyon, 
arranged by watershed, because this framework highlights the connection between surface liquid 
discharge sources and their effects on shallow and deeper groundwater chemistries. 

In this section anthropogenic chemical constituents found in groundwater are divided into two 
classes: contaminants and other anthropogenic chemical constituents. Contaminants in 
groundwater are chemicals found at concentrations near or exceeding either regulatory standards 
or, where no standards exist, exceeding EPA screening levels of either hazard index (HI) of 1 or 
excess cancer risk of 10-5

• For chemicals with no standards, the EPA Region VI tap water 
screening levels were used (http://www.epa.gov/earthlr6/6pd/rcra_c/pdn/screen.htm). For 
cancer-causing substances, the Region VI tap water screening levels are at a risk level of 10-6

, 

therefore, 10 times these values were used to screen for a risk level of 10-5
. A hazard index value 

of 1 or less indicates that no (noncancer) adverse human health effects are expected to occur. 

Anthropogenic chemical constituents other than contaminants are found at lower concentrations, 
although some of these constituents may have been contaminants (that is, at higher 
concentrations) in the past. 

Table 3-1 summarizes the anthropogenic constituent observations in alluvial, intermediate, and 
regional aquifer groundwater. Information on Table 3-1 indicates that most canyons with 
anthropogenic constituents in alluvial groundwater also have anthropogenic constituents in the 
intermediate (if present) and the regional aquifer. The water quality impacts of effluent releases 
on alluvial groundwater extend to perched groundwater at depths of a few hundred feet beneath 
these canyons. The contaminated perched groundwater bodies are separated from the regional 
aquifer by hundreds of feet of dry rock, and in these wet canyons recharge from the shallow 
perched groundwater occurs in a time frame of decades. Nevertheless, the magnitude of water 
quality impacts on the regional aquifer are quite low. 
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Canyon Presence of 
Contaminant 

Sources 

Guaje Minor dry 
sources 

Bayo Previous 
sources 
removed; little 
present source 

Pueblo Multiple, liquid 
(including sources 
Acid 
Canyon) 

Los Alamos Multiple liquid 
(including sources 
OP) 

Sandia Multiple liquid 
sources 
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Water Inputs Hydrogeologic Controls Observed Contaminants in Groundwater 

Natural Anthropogenic Enhanced Potential Lateral Flow Field Alluvial Intermediate Regional 
Infiltration Pathways Modification Aquifer 

Low None Pu ye None Near Guaje None No None 
Formation wellfield intermediate 
exposed in groundwater 
canyon 
bottom 

Low Low None, basalts None, No alluvial No None 
not present in basalts not groundwater intermediate 
vadose zone present in present groundwater 

vadose zone present 

Low High, POTW Yes, No, basalts 0-1 located in Nitrate, Tritium (TW- Perchlorate 
effluent-supported associated not present Pueblo Canyon boron, tritium 2A); nitrate (0-1), 
stream with faults in vadose (past); (TW-1A) tritium (0-1, 

zone Strontium-90 R-4), nitrate 
(TW-1, 0-1, 
R-4) 

Moderate High, effluent Yes, Cerros Yes, Cerros 0-4 located in Strontium- Tritium Tritium 
discharges del Rio basalt del Rio Los Alamos 90; molybde- (LADP-3, R- (TW-3, R-9, 

exposed in basalt Canyon num, tritium, 9i,R-6i); R-6) 
canyon present in plutonium-23 nitrate (R-6i) 
bottom at R-9 vadose zone 9, -240, -248 

Low High, effluent Yes, Cerro Yes, Cerros PM-1 and PM-3 Alluvial Tritium (R-12, Tritium (R-
discharges Toledo def Rios located in groundwater R-7), nitrate 12, R-11), 

Member basalts Sandia Canyon not present (R-12) nitrate (R-
exposed in within 12, R-11) 
canyon shallow 
bottom near vadose zone 
PM-1 
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Table 3-1. 
Summary of Factors Influencing Contaminant 

Distributions in Groundwater at Los Alamos National Laboratory (continued) 
Canyon Presence of Water Inputs Hydrogeologic Controls Observed Contaminants in Groundwater 

Contaminant Natural Anthropogenic Enhanced Potential Lateral Flow Field Alluvial Intermediate Regional 
Sources Infiltration Pathways Modification Aquifer 

Mortandad Multiple liquid Low High, effluent Thick pockets Extensive Within PM Americium- Tritium Tritium (R-
sources discharges of alluvium; Cerros del wellfield 241, (MCOBT-4.4, 15, R-28), 

sediment Rio basalt in plutonium- R-15), nitrate nitrate (R-
ponds vadose zone 238, (MCOBT- 15, R-28), 

plutonium- 4.4), perchlorate 
239, -240, perchlorate (R-15) 
strontium-90, (MCOBT-4.4, 
tritium, R-15) 
nitrate, 
perchlorate, 
fluoride 

Canada del Major dry None None on LANL No, canyon Extensive Within PM Gross alpha, No None 
Buey sources; minor property; effluent bottom Cerros del wellfield gross beta intermediate 

liquid sources from White Rock underlain by Rio basalt perched 
POTW Bandelier Tuff close to groundwater 

surface is present 

Pajarito Major dry High Moderate Yes, Cerros Yes, Yes, within PM Metals, HE (springs) None 
Canyon sources del Rio basalt extensive wellfield radio-

exposed at Cerros del nuclides, HE, 
the surface Rio basalt voes and 
from west of anions 
R-23 to Rio 
Grande 

Water Multiple dry High High Yes, Cerros Yes, None HE, barium 
and liquid del Rio basalt extensive 
sources in exposed in Cerros del 
upper part of lower part of Rio basalts 
canyon canyon in lower 

canyon 
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Table 3-1. 
Summary of Factors Influencing Contaminant 

Distributions in Groundwater at Los Alamos National Laboratory (continued) 
Canyon Presence of. Water Inputs Hydrogeologic Controls Observed Contaminants in Groundwater 

Contaminant Natural Anthropogenic Enhanced Potential Lateral Flow Field Alluvial Intermediate Regional 
Sources Infiltration Pathways Modification Aquifer 

Canon de Multiple dry High High No, underlain Yes, Cerro None Barium, HE, HE, barium, Tritium (R-
Valle and liquid by thick Toledo perchlorate 25), HE(?) 

sources in Bandelier Tuff interval in (R-25) 
upper part of vadose zone 
canyon 

Potrillo/ Minor dry Low None No, underlain Yes, None No, alluvial No, None 
Fence sources by Bandelier extensive groundwater intermediate 

Tuff Cerros del not present perched 
.. Rio basalt in groundwater 

vadose zone not present 

Ancho Minor dry and Lowin Minor, septic No, underlain No None None No, HE(?) 
liquid sources upper systems by Bandelier intermediate (Ancho 

portion; Tuff perched Spring) 
moderate groundwater 
in lower is not 
portion expected 

Chaquehui Minor dry and Lowin Low Yes, basalts Yes, None No, alluvial No, perched 
liquid sources upper exposed at extensive gro1,mdwater intermediate 

portion; surface in Cerros del not present groundwater 
moderate canyon Rio basalts not expected 
in lower present in 
portion vadose zone 

Frijoles No LANL High None Yes, basalts Yes, basalts None No data No data 
sources exposed in in vadose 

canyon zone 
bottom 

White Rock No LANL High Low Yes, basalts Yes, basalts None No alluvial No Tritium, 
sources exposed in in vadose groundwater intermediate nitrate 

canyon zone present groundwater (Springs 1, 
bottom is present 3, 3A, 4, 5); 
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Table 3-1. 
Summary of Factors Influencing Contaminant 

Distributions in Groundwater at Los Alamos National Laboratory (continued) 
Canyon Presence of Water Inputs Hydrogeologic Controls Observed Contaminants in Groundwater 

Contaminant Natural Anthropogenic Enhanced Potential Lateral Flow Field Alluvial lntermed iate Regional 
Sources Infiltration Pathways Modification Aquifer 

perchlorate, 
uranium 
(Spring 28) 
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3.2.1 Contaminant and Constituent Sources 

Table 3-1 indicates the factors that have primary influence on distribution of anthropogenic 
constituents in groundwater. The first factor is the presence of upgradient sources of these 
constituents. The sources affecting groundwater at the Laboratory are mainly liquid effluents 
rather than solid waste disposal or other activities. Since the 1940s, liquid effluent disposal by 
the Laboratory has degraded water quality in the shallow perched groundwater that underlies a 
few canyons (Figure 3-12). Drainages that received significant radioactive effluent discharges 
are Mortandad Canyon and Pueblo Canyon from its tributary Acid Canyon, and Los Alamos 
Canyon from its tributary DP Canyon. Rogers (2001) and Emelity (1996) summarize radioactive 
effluent discharge history at the Laboratory. Water Canyon, its tributary Cafion de Valle, and 
Pajarito Canyon have received effluents produced by HE processing and experimentation 
(Glatzmaier 1993, Martin 1993, LANL, 1998a). Over the years, Los Alamos County has 
operated three sanitary treatment plants in Pueblo Canyon (LANL, 1981). Only the Bayo plant is 
currently operating. The Laboratory has also operated numerous sanitary wastewater treatment 
plants, as shown in Figure 3-12. 

Solid waste disposal has less potential to affect groundwater. Most solid waste disposal sites are 
located on mesa tops where there is little natural or artificial percolation to carry anthropogenic 
constituents to groundwater. Canyons that have little or no source of anthropogenic constituents 
(Guaje, Bayo, Potrillo, Fence, Ancho, Chaquehui, and Frijoles) have no anthropogenic 
constituents in groundwater (Table 3-1). Canyons that had small volume liquid sources or major 
dry sources are Cafiada del Buey and Pajarito Canyon (Table 3-1). 

3.2.2 Water Inputs 

The second factor influencing anthropogenic constituent distribution in groundwater shown on 
Table 3-1 is water input, either natural or anthropogenic. The amount of water in a canyon 
system is a determining factor for transporting anthropogenic constituents. In most cases where 
Laboratory anthropogenic constituents are found at depth, the setting is one of the following: 

• canyons where natural water input is high (Pajarito Canyon, Water Canyon, and Cafion 
de Valle); 

• canyons where anthropogenic water input is high (Pueblo, Los Alamos, Sandia, 
Mortandad Canyons); or 

• mesa-top sites where large amounts of liquid effluent have been discharged (such as 
retention ponds or outfalls) (mesa tops bounded by Cafion de Valle and Water Canyon). 

The presence of water, either natural or from the discharge of effluents to canyons or mesa-top 
locations in the Laboratory's semiarid setting initiates or increases downward percolation of 
water. Even under unsaturated flow conditions, this percolation may move significant volumes of 
water to the regional aquifer within a few decades. 
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Figure 3-12. Major liquid release sources that have potentially affected groundwater at Los 
Alamos National Laboratory. Most of these sources are now inactive. 

3.2.3 Hydrogeologic Controls 

The third factor that contributes to anthropogenic constituent distribution consists of 
hydrogeologic controls on groundwater pathways and travel rates (Table 3-1). The controls 
considered most important in influencing contaminant distribution and transport are infiltration 
at the surface and transport of contaminants in alluvial groundwater, pathways in the vadose 
zone and transport through intermediate perched groundwater, and flow field modification in the 
regional aquifer. 

The movement of groundwater contaminants is best seen through the distribution of conservative 
(that is, non-reactive) chemical species. Under most conditions, compounds like RDX, tritium, 
perchlorate, and nitrate move readily with the groundwater. In many settings, chemical reactions 
do not retard the movement of these compounds or decrease their concentrations, although the 
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activity of tritium does decrease due to radioactive decay. For some compounds or constituents 
(uranium, strontium-90, barium, some HE compounds, and solvents) movement is slowed or 
their concentrations are decreased by adsorption or cation exchange, precipitation or dissolution, 
chemical reactions like oxidation/reduction, or.radioactive decay. Other constituents (americium-
241, plutonium, and cesium-137) are nearly immobile because they are strongly adsorbed onto 
sediment particles. 

3.2.3.1 Infiltration Rate and Transport in Alluvial Groundwater 
The first hydrogeologic control, infiltration rate, affects the movement of anthropogenic 
constituents from the surface to groundwater. As described in Section 2.5.3, undisturbed 
Bandelier Tuff has a very low infiltration rate. Areas that have other geologic units (particularly 
basalt units) exposed in the canyon bottom have higher, or enhanced, infiltration rates. 
Anthropogenic alterations can also enhance infiltration, for example.sediment ponds in 
Mortandad Canyon and ponds in the Caftan de Valle watershed. 

The alluvial groundwater present in several canyons has a small volume relative to the annual 
volume of runoff or effluents, does not extend beyond the LANL boundary, and is generally 
completely refreshed by recharge on a time scale of about a year (Section 2.4.1 ). This rapid 
turnover of groundwater volume means that, rather than increasing over time, the groundwater 
concentrations of conservative compounds are controlled by concentrations in recharge sources 
such as effluent. The principal compounds that accumulate or persist in alluvial groundwater are 
those, such as strontium-90, that are not highly mobile. Strontium-90 has accumulated mainly in 
the canyon floor sediments, from which it slowly but continually leaches into the groundwater 
due to cation exchange, maintaining a nearly steady concentration. In some cases, such as RDV 
in Canon de Valle, mobile contaminants also persist, possibly due to their continuing presence in 
water source regions. 

A study by Purtymun et al. (1977) documented this rapid turnover of groundwater and solutes in 
Mortandad Canyon. Purtymun showed that the mass of various solutes in Mortandad Canyon 
alluvial groundwater was a fraction of the total solute mass that had been discharged into the 
canyon over the history of effluent releases. To a first approximation, the entire body of alluvial 
groundwater in Mortandad Canyon is chemically well mixed, and variations in concentrations of 
specific sources propagate throughout the groundwater system in times of about a year. 
Concentrations are at times higher for wells nearest to the outfall, partly because of variable 
mixing of effluent with ground and surface water. Concentrations appear to decrease 
downstream from the outfall due to mixing and the occasional higher values in upstream wells. 
While concentrations vary between wells, overall concentrations of the constituents are generally 
similar throughout the alluvial groundwater body at a given time. 

Rather than a contaminant plume existing within.the alluvial groundwater, a relatively small 
volume of groundwater (with a volume of about 20,000 cubic meters) is completely replenished 
annually by recharge water (with a volume of about 90,000 to 160,000 cubic meters) which 
includes the discharges from RL WTF at TA-50. Purtymun et al. (1977) attributed the losses of 
water to evapotranspiration and infiltration into the underlying tuff. The composition of the 
alluvial groundwater is a combination of input from the TA-50 facility and other sources such as 
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runoff and other Laboratory discharges. The groundwater composition nearest the TA-50 
discharge point shows short term (weekly or daily) variations related to the TA-50 outfall, but 
over the longer term (annually), these variations are spread throughout the alluvial groundwater 
body. 

Data for conservative constituents (tritium, nitrate) in alluvial groundwater support the 
conceptual model that this groundwater has a short residence time and conservative contaminants 
do not accumulate in alluvial groundwater. The time trend pattern for these contaminants shows 
a high level when they were being released, followed by a sharp decline in concentration to 
nearly nondetectable levels when the source is eliminated. Past values of tritium and nitrate in 
alluvial groundwater in DP, Los Alamos, Pueblo, and Mortandad Canyons exceeded the 
20,000 pCi/L MCL (Rogers 1998). Such high values do not occur today in these locations 
because of improvement in effluent quality, and also possibly because of deeper infiltration of 
older effluents. 

In Pueblo Canyon, tritium activity in alluvial groundwater was 15,000 pCi/L in the early 1970s, 
nearly a decade after effluent discharges ceased; today it is barely detectable (Figure 3-13). 
Similarly, alluvial groundwater tritium values in DP and Los Alamos Canyons exceeded 
300,000 pCi/L in the late 1960s, but have been barely detectable for the past decade (Figure 3-
14). TA-21 effluent caused tritium levels in surface water and alluvial groundwater in and 
downstream of DP Canyon to reach values up to 5,000,000 pCi/L, or 250 times the MCL (Figure 
3-14, Figure 3-15). The tritium levels decreased greatly after discharges ceased. In Los Alamos 
Canyon above the mouth of DP Canyon, the Omega West Reactor cooling line leaked water 
containing tritium from 1956 to 1993. As a result of this leak, tritium activity in alluvial 
groundwater remained at values around 10,000 pCi/L or half of the MCL. Once the leak was 
discovered and shut off, tritium levels in Los Alamos Canyon water returned to background. In 
Mortandad Canyon alluvial groundwater tritium activities often exceeded 300,000 pCi/L and 
even reached 2,000,000 pCi/L, but have fallen below the MCL since the RL WTF adopted 
effluent limits in 2001 (Figure 3-15, Figure 3-16). At the end of 2000, the RL WTF adopted a 
voluntary goal of having tritium activity in its effluent below 20,000 pCi/L, and tritium activity 
in the effluent dropped below that in 2001 and was 10,400 pCi/L in 2003. Tritium activity in 
alluvial groundwater downgradient of the facility has dropped correspondingly, with a maximum 
value of 8,770 pCi/L in 2003. 

Nitrate levels in Pueblo Canyon surface water and groundwater follow a strong downward trend 
similar to those for tritium. Nitrate has been discharged from Laboratory radioactive liquid waste 
effluents and Los Alamos County sanitary wastewater effluent (Figure 3-17, Figure 3-18). The 
highest values were found in surface water in the 1950s and 1960s, related to both types of 
sources. With decommissioning of the radioactive outfall in 1964 and moving the sanitary 
discharge downstream to the Bayo treatment plant, less water and less nitrate have been present 
in the upper portion of the drainage in recent years. Nitrate in discharges into DP Canyon from 
TA-21 caused surface water and alluvial groundwater concentrations to exceed 100 mg/L (nitrate 
as nitrogen), or 10 times the MCL, until discharges ceased in 1986 (Figure 3-18, Figure 3-19). 
Nitrate concentrations have returned to background since discharges ended. In Mortandad 
Canyon nitrate (as N) concentrations in alluvial groundwater have generally mirrored the 
concentration in RL WTF effluent (Figure 3-18, Figure 3-20). The nitrate concentration in the 
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Figure 3-13. Tritium histories in Pueblo Canyon surface water and alluvial and intermediate 
groundwater zones. Data are annual averages of all results including nondetects; 
note that detection limits have varied greatly through time. 
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Tritium histories in DP and Los Alamos Canyon surface water and alluvial 
groundwater. Data are annual averages of all results including nondetects; note 
that detection limits have varied greatly through time. 
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Figure 3-15. Location of inferred past extent of groundwater contamination by tritium above 
the 20,000 pCi/L EPA MCL. No groundwater tritium exceeded this value in 
2003. Different colors indicate the affected groundwater zones. The extent of 
intermediate groundwater and regional aquifer contamination is based on a 
limited number of wells; question marks on the maps indicate where 
contaminant extent is inferred, not necessarily substantiated. 
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Tritium histories in Mortandad Canyon alluvial groundwater and the regional 
aquifer. Data are annual averages of all results including nondetects; note that 
detection limits have varied greatly through time. 
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Figure 3-17. Nitrate histories in Pueblo Canyon surface water, alluvial and intermediate 
groundwater zones, and the regional aquifer. Data are annual averages of all 
results. 
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Location of inferred past extent of groundwater contamination by nitrate (as 
nitrogen) above the 10 mg/L EPA MCL. Only intermediate perched 
groundwater in Mortandad Canyon exceeded this level in recent years. Different 
colors indicate the affected groundwater zones. Along canyons, the extent of 
alluvial groundwater contamination lateral to the canyon is not to scale: 
contamination is confined to the alluvium within the canyon bottom and is 
narrow at the map scale. The extent of intermediate groundwater and regional 
aquifer contamination is based on a limited number of wells; question marks on 
the maps indicate where contaminant extent is inferred, not necessarily 
substantiated. 
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Figure 3-19. Nitrate histories in DP and Los Alamos Canyon surface water, alluvial 
groundwater, and the regional aquifer. Data are annual averages of all results. 
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Figure 3-20. Nitrate histories in Mortandad Canyon alluvial groundwater and the regional 
aquifer. Data are annual averages of all results. 
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effluent decreased in 1999 due to improved treatment in the RL WTF, and alluvial groundwater 
concentrations have fallen below the New Mexico Groundwater Standard of 10 mg/L as a result. 

The distribution of perchlorate indicates where effluent releases have occurred in canyons 
(Figure 3-21). Perchlorate history in Mortandad Canyon shows the rapid decrease in perchlorate 
after the source was eliminated (Figure 3-22). The perchlorate concentration in the effluent 
decreased in 2002 due to improved treatment in the RL WTF, and alluvial groundwater 
concentrations have fallen significantly as a result. 

Data for adsorbing constituents (strontium-90, plutonium-239, -240) support the conceptual 
model of contaminant adsorption onto alluvial sediments. The adsorbing contaminants decline in 
concentration when the source is cut off, followed by maintenance of a fairly constant low 
concentration in the groundwater due to cation exchange. The highest measured strontium-90 
activity was about 500 pCi/L in Acid Canyon surface water in 1960. With no present source, 
levels have dropped dramatically and strontium-90 is now seen only at low activities, below 1 
pCi/L in alluvial groundwater (Figure 3-23). 

In Los Alamos Canyon is strontium-90 contamination in surface water and alluvial groundwater 
derived from reactor sources at TA-2 and effluent discharges from TA-21 (Figure 3-24). The 
strontium-90 activity iri DP Canyon surface water reached 28,600 pCi/L. There is no present 
source, and activities dropped greatly after discharges ceased. However, strontium-90 persists in 
alluvial groundwater at levels above the EPA MCL of 8 pCi/L due to the large inventory in 
alluvial sediment, which moves to the groundwater by cation exchange (Figure 3-24). Effects of 
Manhattan Project releases in upper Los Alamos Canyon cause plutonium-239, -240 activity in 
alluvial groundwater to remain at about 25% of the DOE 4 mrem drinking water derived 
concentration guide (DCG) of 1.2 pCi/L (Figure 3-25). Discharges from TA-21 resulted in 
plutonium-239, -240 activity in surface water much above the DOE 4 mrem DCG, even 
exceeding the 100 mrem DCG of 30 pCi/L in the late 1960s. Plutonium activity decreased 
substantially with the end of discharges in 1986, but is still occasionally detected in surface water 
and alluvial groundwater below the former outfall. In Mortandad Canyon the discharge from the 
RL WTF creates a localized area of alluvial groundwater where strontium-90 persists at levels 
above the 8-pCi/L EPA drinking-water MCL (Figure 3-26). The radionuclides plutonium-238; 
plutonium-239, -240; and americium-241 are also present above the 4-mrem DOE DCG for 
drinking water (Figure 3-27). 

3.2.3.2 Vadose Zone Pathways and Transport in Intermediate Groundwater 
A hydrogeologic control on movement of anthropog~nic constituents through the vadose zone is 
the presence of geologic units that can act as pathways. In general, these are units that are 
conducive to perching groundwater and forming intermediate perched groundwater. The water 
quality impacts from effluent releases extend in a few cases to intermediate perched groundwater 
at depths of a few hundred feet beneath these canyons. Because the contaminated alluvial 
groundwater bodies are separated from the intermediate perched groundwater by hundreds of 
feet of dry rock, pathways within the vadose zone are likely present in those canyons. 
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Figure 3-21. 
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Location of groundwater contamination by perchlorate above the 3. 7 ppb EPA 
Region VI risk level. Different colors indicate the affected groundwater zones. 
The extent of intermediate groundwater and regional aquifer contamination is 
based on a limited number of wells: question marks on the maps indicate where 
contaminant extent is inferred, not necessarily substantiated. 
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Figure 3-22. Perchlorate histories in Mortandad Canyon alluvial groundwater. All data points 
are shown. 
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Figure 3-23. Strontium-90 histories in Acid and Pueblo Canyon surface water. The surface 
water data incorporate the longest record of strontium-90 and the highest values 
in these canyons; few strontium-90 detections have occurred in groundwater in 
these canyons. Data are annual averages of all results including nondetects; note 
that detection limits have varied greatly through time. 
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Figure 3-24. Strontium-90 histories in DP and Los Alamos Canyon surface water and alluvial 
groundwater. Data are annual averages of all results including nondetects; note 
that detection limits have varied greatly through time. 
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Figure 3-25. Plutonium-239, -240 histories in DP and Los Alamos Canyon surface water, 
alluvial groundwater, and the regional aquifer. Data are annual averages of all 
results including nondetects; note that detection limits have varied greatly 
through time. 
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Figure 3-26. Strontium-90 histories in Mortandad Canyon alluvial groundwater and the 
regional aquifer. Data are annual averages of all results including nondetects; 
note that detection limits have varied greatly through time. 

In Mortandad Canyon, Purtymun et al. (1977) estimated that, on average, about 15% of the 
surface water and shallow alluvial groundwater was lost to evapotranspiration. Because surface 
water or alluvial groundwater rarely flows beyond the Laboratory boundary, the remaining 85% 
of the water that enters the canyon must be lost by infiltration into the underlying tuff. Core 
profiles (Longmire 2001a) indicate a significant inventory of perchlorate and nitrate within the 
400 ft of unsaturated Bandelier Tuff underlying the canyon floor. 

Concentrations of contaminants such as nitrate, perchlorate, and tritium in Mortandad Canyon 
intermediate perched groundwater lie between current and past values in the alluvial 
groundwater. This banded range of observed concentrations suggests that the alluvial 
groundwater is a significant source of recharge to the intermediate groundwater; that this 
recharge requires on the order of decades; and that the solutes in the infiltrating water may be 
diluted by uncontaminated water already in the vadose zone or in the intermediate perched zone. 

Low-level tritium data in intermediate perched groundwater support the conceptual model that 
alluvial groundwater affected by effluent discharges is a principal source of recharge and 
contaminants for the intermediate perched groundwater (Figure 3-28). The highest values are 
found where effluent discharges have occurred, but are much lower than values observed in 
alluvial groundwater. The lower values may be due to mixing of recharge with other 
groundwater sources as well as radioactive decay due to recharge time of decades. Higher-than
background tritium values occur in 
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Figure 3-27. Location of groundwater contamination by plutonium-238; plutonium-239, 
-240; and americium-241 above the 4-mrem DOE DCG for drinking water. The 
2003 maximum values in Mortandad Canyon alluvial groundwater for 
plutonium-238; plutonium-239, -240; and americium-241were1.4, 1.3, and 1.4 
times the 4-mrem limit, respectively. Different colors indicate the affected 
groundwater zones. 
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Low-detection-limit tritium data from wells and springs sampling intermediate 
perched groundwater. Data are mainly from 2002 to 2004 and do not include 
borehole data. The highest values occur where effluent discharges have 
occurred. 
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• R-25 near the 260 outfall and other discharges in TA-16, 

• below the former TA-45 discharge in Pueblo Canyon, 

• downstream from the Omega West reactor site and T A-21 discharges in Los Alamos 
Canyon, and 

• below the sanitary effluent discharge site in Sandia Canyon, and the RL WTF in 
Mortandad Canyon. 

Tritium time-series data also support a conceptual model that groundwater in the intermediate 
perched zones may have short residence times. Following cessation on effluent discharge from 
TA-45 into Acid Canyon in 1964, tritium in the intermediate perched zone sampled by TW-2A 
fell rapidly during the 1980s (Figure 3-13). Analysis of water samples from TW-2A show that 
this perched zone continues to contain elevated activities of tritium (2,228 pCi/L). This suggests 
that tritium associated with the former TA-45 treatment plant has infiltrated the canyon floor and 
migrated vertically, at least to the depth of the intermediate perched zone at TW-2A. Elsewhere 
in intermediate perched groundwater tritium has been detected mainly at trace levels 
(Figure 3-13). Although these incomplete data sets begin 15 years after discharges ceased, they 
support the conceptual model of short groundwater residence time. 

In LADP-3 in Los Alamos Canyon, tritium activities fell rapidly over the decade after the Omega 
West reactor cooling line leak was stopped. Tritium was initially found in LADP-3 at 5500 pCi/L 
(Broxton et al. 1995) but activity has declined greatly since then, related to cessation of the 
Omega West reactor cooling line leak in 1993. Tritium in the two intermediate perched zones at 
R-9i was about 233 pCi/L at 180 ft and 110 pCi/L at 275 ft. 

3.2.3.3 Flow Field Modification and Transport in Regional Aquifer Groundwater 
Relatively little contamination reaches the regional aquifer from the alluvial groundwater bodies, 
and water quality impacts on the regional aquifer, though present, are low. The last 
hydrogeologic control, flow field modification, is considered important in controlling 
anthropogenic constituent distribution in the regional aquifer. Anthropogenic constituents that 
enter the regional aquifer near pumping wells are predicted to have much travel times than those 
outside the influence of pumping (Section 4). 

The distribution of tritium in the regional aquifer supports the conceptual model that surface 
effluent discharges are the source of Laboratory contaminants at depth (Figure 3-29). The map 
shows low-level tritium values from 2002-2004 and includes springs and wells. 

In most cases, the highest regional aquifer tritium values are found near where effluent 
discharges have occurred, but are much lower than values observed in overlying alluvial or 
intermediate perched groundwater. The lower regional aquifer values may be due to dilution of 
recharge by other groundwater sources as well as radioactive decay due to recharge times of 
decades. The locations of the highest values in Figure 3-29 are near the recharge sources 
described in Appendix 3-A, with two additional locations that have high tritium values. One is at 
R-22 near MDA G, which may be due to past tritium disposal at that site. The second is at 
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Figure 3-29. Low-detection-limit tritium data from wells and springs sampling the regional 

aquifer. Data are from 2002 to 2004 and do not include borehole data. The 
highest values occur where effluent discharges have occurred.· 

Spring 4B. The values, in the range of 45 pCi/L, are similar to data from rainfall and the Rio 
Grande and may be due to a component of surface water in the spring sample (LANL 2004b ). 

3.2.4 Off-Site Transport 

Anthropogenic constituents that reach the regional aquifer will be transported along flow paths 
that will extend either to pumping wells or to the Rio Grande, the discharge area for the regional 
aquifer in the Espanola Basin (Section 2). The travel times along the natural flow paths are quite 
long (tens of thousands of years), but can be shorter for flow paths leading to pumping wells 
(Section 4). 
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As discussed in Section 3.2.1, the most mobile contaminants would be the first to appear in any 
of the regional aquifer discharge points. Appendix 3-A contains descriptions of canyons and the 
constituents that have been detected in the regional aquifer. Highly mobile groundwater 
contaminants including chloride, nitrate, perchlorate, and tritium have migrated into the regional 
aquifer near LANL. Monitoring data suggest that these constituents may also be discharging in 
some White Rock Canyon springs. Nitrate, chloride, and sulfate have increased gradually during 
the past 20 years in Spring 3 and Spring 3A (Figure 3-30). Tritium values in the springs are 
either in the range of regional aquifer values (less than 3 pCi/L) or up to 45 pCi/L, which could 
indicate either Laboratory impact or a component of precipitation (tritium in precipitation is 30-
450 pCi/L). Perchlorate measured at low levels in some springs appears to be naturally occurring 
because it is within the range of regional background levels. 

Four alternative pathways have been articulated to explain the presence of anthropogenic 
constituents in White Rock Canyon springs. One potential source is effluent discharged from the 
county's sewage treatment plants. McQuillan et al. (2004) noted that Los Alamos County water 
supply well Otowi-1 produces water with above-background nitrate, and detectable perchlorate 
and tritium, as do some of the springs. The calcium-bicarbonate groundwater at Spring 2B is 
chemically similar to that in regional aquifer well TW-1 in lower Pueblo Canyon. Although the 
Spring 2B major ion chemistry is consistent with the upgradient geochemical data from TW-1 in 
lower Pueblo Canyon, TW-1 is located approximately 4 miles away from Spring 2B. The White 
Rock Sewage Treatment Plant is very close to the springs. Both TW-1 and Spring 2B are located 
near (separate) municipal sewage discharges and the common sewage signature could yield 
similar water chemistries at both sites. Nitrate and chloride are common contaminants associated 
with sewage effluent. 

McQuillan et al. (2004) suggest rapid transport in the regional aquifer from Pueblo Canyon to 
White Rock Canyon. Contaminants released in Acid Canyon, after having reached the regional 
aquifer, traveled rapidly through the regional aquifer in an easterly, then southerly path line 
starting at about Otowi-1 and TW-1, discharging in several springs along White Rock Canyon. 
However, these flow paths are inconsistent with the gradients in the regional aquifer, based on 
the latest potentiometric data. This pathway also requires rapid transport through the regional 
aquifer, contrary to evidence (carbon-14 data) that suggests slow transport through the regional 
aquifer (Sections 2.7.7 and 4). Water from lower Pueblo Canyon would need to travel many miles 
through the regional aquifer to Spring 2B with minimal mixing or dispersion in order to account 
for the observed concentrations. 

One further geochemical argument, which suggests that water in Spring 2B does not originate 
near 0-1 and TW-1 in Pueblo Canyon, is the high uranium concentration in Spring 2B water. 
Uranium concentrations in Spring 2B are sharply anomalous compared to adjacent springs. 
There have been no high uranium concentrations measured in regional groundwater beneath 
LANL or Pueblo Canyon (Gallaher et al. 2004) that are comparable to those in Spring 2B. 
However, high natural uranium concentrations are known to exist throughout the Pojoaque 
Valley, in the well field in lower LA Canyon, and in the nearby Buckman wellfield. The natural 
levels have been shown to vary in response to pumping in the old LA wellfield, and delayed 
impacts may appear in Springs 1 and 2. 
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Anion concentrations in Springs 3 and 3A. Solid lines are best fit smooths to the 
data using loess methods (Cleveland 1979). 

3-46 December 2005 



Hydrogeologic Synthesis Report 

A second hypothesized pathway is a local source for contaminants present in the springs. Spring 
2B chemistry is consistent with effluent from the White Rock Sewage Treatment Plant (located 
on the White Rock Canyon rim above Spring 2B). The decades-long increases in nitrate and 
chloride concentratiOns in Springs 3 and 3A suggest a sustained source such as an effluent 
discharge. Surface flows from the plant pass near these springs. 

The third potential pathway is near-surface transport of contaminants to the White Rock Canyon 
springs. LANL contaminants are hypothesized as being transported in surface water and/or 
shallow groundwater along Pajarito Canyon from TA-9 to White Rock, followed by infiltration 
near the springs and a relatively short transit through the vadose zone to the regional aquifer. 
Such fast, shallow paths are more plausible and consistent with available information than fast 
transport through the regional aquifer. The major ion chemistry in the springs near Pajarito 
Canyon is generally consistent with that of groundwater along this flow path. Some fast regional 
aquifer transport would still need to occur for the contaminants to reach the springs. 

The fourth possible pathway is transport via alluvial groundwater and fractural basalt. This 
pathway involves Laboratory contaminants reaching the springs via shallow and deep pathways 
in which transport is dominated by movement through fractural basalts. Fast transport through 
the basalts is more plausible than fast transport in the regional aquifer within the Puye Formation 
or the Santa Fe Group. The basalt-dominated pathway would likely be fast through the vadose 
zone as well. Drilling to date has not located any major contamination zones in basalt, but such 
zones could be isolated and difficult to encounter. 

If any of the hypothesized alternative fast pathways invoked to explain the possible presence of 
LANL-derived constituents in springs exist, groundwater beneath LANL may travel more 
rapidly to downstream wells or springs than previously recognized, but the overall water quality 
changes would be anticipated to be relatively minor. Faster travel in the regional aquifer likely 
would result in less natural attenuation (for example, adsorption, radioactive decay, mixing) of 
any LANL-derived contamination. The monitoring history to date, however, has revealed minor 
impacts on the regional aquifer beneath the Laboratory. Continued LANL-wide groundwater 
monitoring is the most effective mechanism for identifying potential off-site transport of 
contaminants. See Appendix 3-D for discussion of other alternative conceptual transport models. 

3.2.5 Summary of Contaminant Distribution and Transport 

The impacts to groundwater at the Laboratory have occurred mainly where effluent discharges 
have increased local infiltration rates and volumes. The depth to which chemical constituents 
move in the subsurface is determined partly by their chemical behavior: non-reactive constituents 
move readily with groundwater, while reactive or adsorbing constituents move a shorter distance. 

In most cases where effluent sources have been eliminated, groundwater .concentrations of non
reactive discharged contaminants have decreased far below past levels (e.g., RDX, nitrate, 
tritium, and perchlorate) in alluvial groundwater. These mobile contaminants readily move 
through the subsurface and are detected within perched intermediate zones and at the regional 
water table beneath several canyons, including· Pueblo Canyon, Los Alamos Canyon, Sandia 
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Canyon, Mortandad Canyon, and Cafion de Valle. In the case of reactive or _adsorbing chemicals, 
the concentrations may remain elevated above background levels for long periods of time after 
elimination of discharges or other contaminant source terms (e.g., excavation and removal of 
contaminated sediments). These include constituents such as strontium-90 and the actinides 
(americium-241, plutonium-238, and plutonium-239, -240). 
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4.0 NUMERICAL MODELS 

The conceptual models of the hydrogeologic system beneath the Pajarito Plateau, as well as the 
supporting data and information, were described in Sections 2 and 3. Numerical modeling is an 
analytical tool that can be used to integrate and synthesize the sometimes widely spaced point 
hydrogeologic field data and that allows prediction of how the hydro logic system will behave at 
different times and under different conditions in the future. However, before models can be used 
for prediction, they must be shown to adequately reproduce current conditions. A caveat is that 
different model representations (assumptions, boundary conditions, structural features, 
dimensionality) can in many cases provide equally good fits to available data. This fact, 
sometimes called equifinality in the hydrologic literature, implies that different model 
representations may result in significantly different model predictions. In this section we have 
selected representative model structures that are most consistent with the available information, 
while acknowledging that conceptual uncertainties also exist. This section describes the site
scale vadose zone and regional aquifer models that have been developed, including the 
underlying assumptions, hydrologic processes, calibration, and predictions for flow and 
transport. 

4.1 Site-Wide Vadose Zone Flow and Transport Model 

Hydro logic modeling of the vadose zone has been conducted to understand the key factors 
influencing the transport of contaminants from the ground surface to the regional aquifer, and to 
quantify uncertainties. The main goal of the site-wide vadose zone flow and transport model is to 
identify regions at the Laboratory where deep migration of contaminants is most likely. These 
analyses have been useful for guiding and prioritizing site characterization activities and can be 
used to support risk and performance assessments. 

The following summary describes the underlying assumptions and hydrologic processes, and 
presents numerical modeling predictions of the travel times from the ground surface to the top of 
the regional aquifer across the Pajarito Plateau. Simulation of travel time of traced water is a 
necessary first step in predicting the velocities and concentrations of contaminants through the 
vadose zone. For a modeling analysis that includes predictions of tritium concentrations, see the 
presentation of a numerical model for Los Alamos Canyon in Section 4.1.3 .2. 

4.1.1 Model Development 

Transport of water and dissolved chemicals through the vadose zone beneath the Pajarito Plateau 
has been the subject of numerous laboratory and field investigations and numerical model 
development efforts. The characterization and modeling ofvadose zone systems requires 
knowledge of the water supply, percolation rates and the hydro logic properties ofrocks and soils 
under unsaturated conditions. Such an understanding, at a basic level, has been acquired for the 
Bandelier Tuff underlying much of the Pajarito Plateau. In the past, that knowledge has been 
used to develop geometrically complex numerical models to investigate in detail the influence of 
dipping stratigraphy, rugged topography, and manmade alterations to the natural system (see 
Section 4.1.3 for examples). 
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Due to the complexity and computational demands of vadose zone models, they typically cover 
only a small portion of the Laboratory property, and thereby provide only a local picture of the 
vadose zone system. This section describes a site-wide model for performing first-order analysis 
of travel time through the vadose zone across the entire Pajarito Plateau. By foregoing some of 
the complexities in favor of a simpler representation of the flow physics, this model can be 
extended to include all locations of interest on the LANL property. 

The following subsections present the modeling inputs, assumptions, and methodology in more 
detail. 

4.1.1.1 Flow and Transport Processes 
Despite the potential complexities associated with vadose zone systems, many basic processes 
are amenable to characterization and numerical simulation. In the Bandelier Tuff, when the 
percolation rate is lower than the saturated hydraulic conductivity Ksat of the matrix rock, the 
fluid saturation in the partially water-filled pores modulates itself in order to transmit the fluid 
under unit-gradient conditions associated with gravity-driven flow. Section 2.6.3 included data 
suggesting that under most conditions, water percolates through the Bandelier Tuff matrix, and 
the role of fractures is minor, except for the uppermost units of the Tshirege Member, present 
only in the westernmost portion of the Laboratory. In these locations, units with very low 
hydraulic conductivity induce lateral flow, probably through fractures. This phenomenon leads to 
shallow zones of saturation in which water travels laterally and issues at springs in Canon de 
Valle and Water Canyon, from which it flows vertically downward through the rest of the 
Bandelier Tuff in matrix flow. In contrast, flow through the basaltic and dacitic rocks is assumed 
to be controlled by fractures. The practical consequence of these conceptual models for travel 
times will be established in the numerical modeling-results. Finally, flow through the Puye 
Formation is probably also matrix-dominated, although the hydrogeology is complicated and the 
possibility of channelized, heterogeneous flow must be considered. 

In spite of the inherently three-dimensional nature of flow in the vadose zone, an appropriate 
approximation for estimating travel time is to assume one-dimensional downward percolation of 
water and migration of contaminants. Intermediate perched groundwater observed in several 
wells across the Plateau indicates the possibility of lateral diversion (see Section 2.7), but the 
influence of such groundwater on vadose zone travel time can be assessed in a bounding manner, 
as is illustrated in Section 4.1.2.3. 

4.1.1.2 Infiltration Rate 
As the upper fluid flow boundary condition, infiltration is one of the most important inputs for a 
vadose-zone model. Infiltration is known to depend, often in a complex way, on the local surface 
hydrologic conditions, topography, microclimatic conditions, evapotranspirative (ET) conditions 
(including vegetation type), and the presence or absence of impermeable layers such as thin clay 
layers within and at the base of the alluvium. The water that escapes ET and surface runoff is 
assumed to percolate through the remainder of the vadose zone to the regional aquifer, carrying 
with it any aqueous chemicals such as contaminants or dissolved minerals. The percolation rate 
below the zone of evapotranspiration is the direct input to the vadose zone numerical models. 
Although this rate undoubtedly changes with time due to storm transients, seasonal variations, 
and climatic variability, it is assumed that such effects are buffered by the hydrologic processes 
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that redistribute water in the surface water, alluvial groundwater, and unsaturated rocks of the 
vadose zone, so that an equivalent constant percolation rate can be assigned. The infiltration rate 
is also spatially variable at scales ranging from the width of fractured zones to the length of 
individual canyons. 

The methodology for estimating infiltration rates across the Pajarito Plateau is to classify 
canyons or portions of canyons with a numerical designator, called the Net Infiltration Index 
(NII). Then, for applying infiltration in the numerical model, each NII would have associated 
with it an infiltration rate. For the mesas, a uniform infiltration rate of 1 mm/yr was assumed. 
Appendix 4-A presents the development of the NII values across the Pajarito Plateau; the results 
are depicted in Figure 4-A-l. Table 4-1 lists, for each NII, the descriptive characteristics of each 
infiltration class, and the infiltration rates associated with each of the model runs. 

4.1.1.3 Numerical Model Implementation 
To predict travel time, the FERM computer code (Zyvoloski et al. 1997) was used to simulate 
the two-phase, air-water flow problem. For the vertical stratigraphy predicted by the site 
geologic model, a one-dimensional grid was constructed with 10 evenly spaced numerical grid 
points within each layer. Hydrologic properties of each unit were assigned based on laboratory 
measurements and results of previous vadose-zone modeling efforts, and the percolation rate was 
assigned based on the infiltration map (Figure 2-34). The calculation consists of two steps: first, 
a steady-state one-dimensional fluid flow calculation is executed to establish the fluid water 
contents and water velocities through the stratigraphic column from the surface to the water 
table. Then, this steady-state flow model is used to compute a travel time using particle tracking. 
After performing the calculation at numerous locations across the Plateau, a site-wide description 
of vadose zone travel times is assembled in the form of travel-time maps. 

To conduct these calculations, several steps of the process were automated within a GIS-based 
data assembly and querying system. At a given location, the one-dimensional vertical 
stratigraphy from the site-scale geologic model was used to generate a numerical grid for flow 
and transport calculations. The point distribution for the one-dimensional models consisted of a 
high density of points close to drainages across the Pajarito Plateau, and a coarser resolution on 
the mesas. Regions corresponding to the drainages, where relatively large infiltration is applied, 
were converted to a high-resolution grid (cell size of 128 ft) with each point located in the center 
of the cell. On the mesas, a coarser point distribution of 512 ft was taken. This resulted in a total 
of 30,577 points across the plateau at which one-dimensional transport times were calculated. 
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Table 4-1. 
Determination of Net Infiltration Index and Net Infiltration Rates Used in the Model 

Net Infiltration Headwaters or Source Surface Water Alluvial Water Net Infiltration Estimate (mm/yr) 
Index (NII) 

Base Case High Infiltration 
Scenario 

1 Plateau Ephemeral or Intermittent Not Saturated 1 10 
2 Mountain or Small Ephemeral or Intermittent Not Saturated 10 30 

Anthropogenic Source 
2 Plateau Ephemeral or Intermittent Sometimes Saturated 10 30 
2 Plateau Perennial Not Saturated 10 30 
3 Plateau or Small Ephemeral or Intermittent Saturated 100 300 

Anthropogenic Source 
3 Mountain Ephemeral or Intermittent Sometimes Saturated 100 300 
4 Plateau Perennial Saturated 300 1000 
4 Mountain or Ephemeral or Intermittent Saturated 300 1000 

Anthropogenic Source 
5 Mountain or Large Perennial Saturated 1000 3000 

Anthropogenic Source 

ER2005-0679 4-4 December 2005 



Hydro geologic Synthesis Report 

4.1.2 Model Results 

Numerical modeling results are presented for a "base-case" model for canyons and mesas, after 
which uncertainty in infiltration rate and the impact of perched water conceptual uncertainty are 
studied. 

4.1.2.1 Base-Case Results 
A full-scale map of predicted travel times of a water molecule in the vadose zone (from ground 
surface to the water table of the regional aquifer) is shown in Figure 4-1. Along each canyon 
with NII other than 1, travel times are predicted to be less than 1000 years. Although the results 
in canyons are the main focus of this study, results for the mesas are described first. On mesas, 
the predicted travel times are variable, but for the most part are greater than 1000 years, ranging 
from 1000-5000 years on the eastern portions of the Laboratory to 20,000 to 30,000 years in the 
western region. 

Figure 4-1. 
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To a first approximation, travel times from mesa tops are controlled by the thickness of the 
Bandelier Tuff. Because the Bandelier Tuff exhibits matrix percolation, the travel times on the 
mesas are controlled by slow percolation at a flux of 1 mm/yr through these units. Other units 
between the ground surface and the water table are the Cerros del Rio basalts, the Puye 
Formation, and the Tshicoma dacites. The basalts and dacites are modeled with an extremely low 
porosity (0.01) to capture the conceptual model feature of flow through these units controlled by 
fast pathways such as fractures or other heterogeneities. Therefore, most of the travel time to the 
water table is within the Bandelier Tuff, and the travel time map is therefore dominated by the 
tuff thickness. 

Identification of rapid travel times to the water table from canyon bottoms is important to 
determine if they are in locations likely to have experienced Laboratory-derived groundwater 
contamination. Figure 4-2a shows the base-case model result presented in Figure 4-1, except that 
the travel-time scale ranges from 0 to 100 years (all points with values greater than 100 years are 
shown in gray). The model predicts that regions ofrelatively rapid travel times are present in the 
following canyons: Pajarito Canyon near White Rock, a portion of Canon de Valle, Mortandad 
Canyon at the Radioactive Liquid Waste Treatment facility, middle and lower Los Alamos 
Canyon, large portions of Pueblo Canyon, and Guaje Canyon. 

Two factors control these results: infiltration rate and hydrostratigraphy. Generally, travel times 
less than 100 years are predicted in the portions of canyons with NII values of 4 or 5 (300 mm/yr 
and 1000 mm/yr, respectively), especially in locations where the Bandelier Tuff is thin. Clearly, 
canyons with high infiltration rates are locations in which travel times through the vadose zone 
are likely to be relatively short. In addition, Los Alamos and Pueblo Canyons have regions in the 
vicinity of their confluence in which the Bandelier Tuff is thin or non-existent. Water infiltrates 
directly onto basaltic rocks or the Puye Formation, thereby yielding rapidly downward flow 
through fractures or preferential flow channels. The predicted travel times are especially short (5 
to 10 years) in these locations. 

4.1.2.2 Uncertain Infiltration Rate 
The infiltration rates associated with the NII are uncertain, and therefore must be varied to 
investigate the uncertainty in the model predictions. Figure 4-3a shows the same vadose zone 
travel time map as in Figure 4-2a, but for the high infiltration rate scenario (NII= 4-5). As 
expected, travel times are shorter at the same location in any particular canyon at the higher 
infiltration rate. As a result, greater stretches of canyons are predicted to exhibit travel times to 
the regional aquifer water table of less than 100 years. Specifically, in the high flux scenario, 
most of Pajarito Canyon, much longer stretches ofMortandad and Los Alamos Canyons, Canon 
de Valle/Water Canyons from the west to the central portion of the Laboratory, and all of Pueblo 
Canyon in the vicinity of the Laboratory are predicted to have travel times that are less than 100 
years. 

This analysis highlights a key uncertainty in the model: the lack of precision in predicting the 
percolation rate from canyon bottoms. Because contaminants have been introduced into the 
groundwater in canyons, it is likely that the percolation rate will be one of the key uncertainties 
that detailed site characterization may address, possibly in conjunction with sensitivity analyses. 
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4.1.2.3 Perched Water Conceptual Uncertainty 
The one-dimensional, vertical transport model assumption is an approximation that may not be 
valid, given the presence of intermediate groundwater at various locations around the 
Laboratory. As presented in Section 2.7, zones of saturation have been located directly beneath 
canyons, where infiltration rates are highest. There is little or no evidence that connected 
groundwater pathways exist over large areal distances beneath mesas. Given the limitations of 
the data, the approach taken in the present study is to bracket the range of travel times to the 
water table that would be predicted assuming "end-member" conceptual models for perched 
water discussed in Section 2.7: 

• Low velocity, virtually stagnant fluid 
• High velocity, laterally migrating fluid 

For the case of stagnant fluid, the one-dimensional pathway approach presented above is an 
appropriate model. For this case, the calculations already presented are representative. However, 
the lateral diversion model explicitly violates the one-dimensional assumption, and therefore a 
bounding approximation is required. In these analyses, it is assumed that the travel time from the 
surface to the elevation of perching is the same as was modeled previously, but the travel time 
from the perched water zone to the water table is minimal. This approach yields the shortest 
overall possible travel time, and therefore is useful for assessing the impact of this conceptual 
uncertainty. Note that this analysis assumes that lateral displacement of water and contaminants 
in perched zones is relatively small compared to lateral displacement in alluvial groundwater 
systems that are the source of deep percolation. 

To perform these calculations, regions were identified within the canyons where intermediate 
groundwater has been observed, and it was assumed that the vadose zone pathway terminates at 
that location. This allows travel times to be bounded without explicitly modeling transport from 
the perching horizon to the regional aquifer. Figures 4-2b and 4-3b show the results of the travel 
time simulations for the alternate perched water conceptual model for each percolation scenario. 
Comparing these figures to their counterparts for the one-dimensional downward flow cases 
(Figures 4-2a and 4-3a), the differences in travel time are quite subtle. The regions with vadose 
zone travel times of less than 100 years remain approximately the same, and the travel times at 
the same location are only mildly impacted by the perched water conceptual model. For example, 
for the base-case infiltration scenario, travel times are shorter by about 15-20 years for the 
alternate perched water model, and for the high flux scenario, these differences are even smaller. 

To understand this result, note that transport from the ground surface to the water table in the 
one-dimensional model is dominated by percolation through the matrix of the Bandelier Tuff. 
Therefore, terminating the transport pathway at the base of the tuff, as in the alternate perched 
water scenario, eliminates a relatively small portion of the total travel time to the regional 
aquifer. Of course, despite this insensitivity of travel time, the arrival location at the water table 
is potentially quite different for the two cases: this factor should be considered in specific cases 
of contaminant transport predictions. 
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Predicted vadose zone travel times (years) to the water table, showing only 
travel times of 100 years or less. High percolation flux scenario: (a)l-D to the 
water table; (b) alternate perched water model. 
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4.1.3 Contaminant Transport Model Predictions-Representative Canyon and 
Mesa Sites 

This section presents an overview of modeling studies focusing on two representative LANL 
sites. The first example models contaminant transport from a relatively dry mesa top, while the 
other addresses a canyon bottom. 

4.1.3.1 MDAGModel 
This section highlights the model developed for the Material Disposal Area G (MDA G) 
performance assessment. A detailed description of the model is provided in Appendix 4-B. 
A performance assessment (PA) is required to site and authorize permanent disposal facilities for 
radioactive waste. The purpose of the PA is to demonstrate that performance metrics related to 
protection of human health and the environment are not likely to be exceeded for a specified 
period of time. Performance objectives and periods of compliance vary according to the 
characteristics of the radioactive waste being disposed, but groundwater protection for U.S. sites 
is always explicitly required for at least 1000 years. This study was designed to predict the 
groundwater pathway dose in support of the PA ofMDA G, an active, low-level, solid 
radioactive waste site located at LANL, as shown in Figure 4-4 (Fig. 1 of Birdsell et al. 2000). 

The three-dimensional unsaturated-zone flow and transport model captures the complex 
hydrogeology and topography of the site and yields radionuclide flux estimates to the regional 
aquifer. Within the unsaturated-zone model, the source release of radionuclides is computed for 
38 waste disposal pits and four shaft fields, as shown in Figure 4-5 (Figure 3 of Birdsell et al. 
2000), each contributing to the total inventory. The continued migration of radionuclides through 
the aquifer is calculated by using a three-dimensional model designed to maintain the temporally 
and spatially varying distribution of radionuclide flux from the unsaturated zone. 

Due to uncertainty of model parameters, the results of these transport simulations contain 
intrinsic uncertainty. The greatest uncertainties associated with predicting aquifer-related doses 
from the site, according to Birdsell et al. (2000), are related to understanding of the mechanisms 
that control flow and transport within the unsaturated zone and the ability to model these 
mechanisms. To accommodate both parameter and conceptual model uncertainties, large 
parameter ranges are used to ensure that the range of calculations captures the behavior of the 
actual system. However, predicted doses using parameters from the most conservative ends of 
the uncertain ranges are still well below those that would cause concern. 

ER2005-0679 4-10 December 2005 



Figure 4-4. 

ER2005-0679 

TA-54 

' \ 

Hydro geologic Synthesis Report 

"""' Laboratory ooundary 
- - - - - - Technical area boundary 

Primary paved. road 
. Secondary paved road, 

TA·54 

2500 5000 7500 10,000 

FEi;.T 

', 
I 

....... - .... ' .. ,_ '" 

Study area for the performance assessment ofMDA G, an active low-level, 
solid radioactive waste site located at LANL (from Birdsell et al. 2000). 
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Figure 4-5. Approximate locations of the four waste classes and the 100-m ompliance 
boundary used for the J\IDA G performance assessment. Also shown are the pit 
boundaries, internal pit nodes, and the outline of the mesa edge for the three
dimensional unsaturated-zone grid (Figure 3 of Birdsell et al. 2000). 

The results recorded by Birdsell et al. (2000) indicate that the mesa-top infiltration rate has the 
greatest impact on the simulated migration of waste through the unsaturated zone. For the current 
conceptual and numerical models, it controls both the source release rate and subsequent 
downward solute migration. This uncertainty was bounded by considering a base-case flow field 
and high- and low-flow cases. A variation in mesa-top infiltration rate from 1 to 10 mm/yr 
(Appendix 4-B and Table 4-2) results in a range of six orders of magnitude in the 1000-year 
groundwater-related doses. Clearly, a good understanding of this key parameter is important to 
the dose assessment. However, because doses are so much less than the performance objectives, 
conservative yet realistic infiltration rates seem adequate for the J\IDA G site. 

Table 4-2. 
Infiltration Rates (mm/year) Used as Upper Boundary Conditions 

for MDA G Performance Assessment Simulations (fom Birdsell et al. 2000) 
Mesa Top Canada def Buey Pajarito Canyon 

1_1_20 (lowest flow case) 1 1 20 

5_1_20 5 1 20 

5_ 1_50 (base case) 5 1 50 

10_1_20 5 1 20 

10_5_100 (highest flow case) 10 5 100 
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Another source of uncertainty is related to flow in the deeper unsaturated-zone units for which 
few hydrologic data are available. The simulations take virtually no credit for transport times 
through the Cerros del Rio basalts, which make up more than 50% of the unsaturated zone. The 
transport results are based on the steady-flow assumption and on the use of matrix hydrologic 
properties for all tuff units at the site. Understanding of the response of this fractured system to 
transient flow events remains uncertain. Transient calculations (Birdsell et al. 1999) indicate that 
the steady-flow assumption is adequate because fluctuations in both saturation and contaminant 
flux rates dampen with depth, even when including fractures in the upper two units. Fracture 
infiltration studies (Soll and Birdsell 1998) lead to the conclusion that fracture flow is difficult to 
initiate and is short-lived in the upper two tuff units at the observed low field saturations. In 
addition, only Unit 2 and the uppermost portion of Unit 1 v-u of the Tshirege Member, Bandelier 
Tuff, show evidence of significant fracturing (Krier et al. 1997), and these are excavated during 
disposal operations to depths where the tuff is poorly fractured. Therefore, the waste should not 
migrate through any highly fractured units until reaching the basalts. These observations help 
justify the use of the matrix hydrologic properties for the calculations. 

In summary, travel times to the regional aquifer from locations on mesas are expected to be large 
(e.g., > 1000 yr) due to low infiltration rates and matrix-dominated flow. Calculations in this 
performance assessment model were deliberately conservative and therefore predicted travel 
times that were an order of magnitude shorter than the base case model presented in Section 
4.1.2.1. Exceptions to this general conclusion are in the western portion of the Laboratory (see 
Section 4.1.1.1) and in locations where the natural mesa-top conditions have been disturbed by 
Laboratory activities. 

4.1.3.2 Los Alamos Canyon Model 
This section highlights the model developed for Los Alamos Canyon RCRA Facility Assessment 
investigations. A detailed description of the model is provided in Appendix 4-C. Los Alamos 
Canyon, as shown in Figure 4-6, is one of the most complex sites at the Laboratory. A number of 
technical areas have been or are currently located in or adjacent to the canyon, resulting in 
multiple release locations along the canyon. This study examined, through a synthesis of 
available data and the development of numerical models, fluid flow and contaminant transport in 
the vadose zone beneath Los Alamos Canyon. Modeling of the subsurface hydrology and 
transport in the vadose zone is also a challenging activity, given the wide range of infiltration 

I 

rates, the presence of perched water, and the introduction of a host of contaminants. of different 
chemical properties. Because the canyon serves as a collector of a wide range of contaminants, it 
was necessary to develop a model at the scale of the canyon, rather than at a smaller scale. The 
specific goals of the model are to 

• Synthesize the available data and conceptual understanding of the vadose zone hydrology 
beneath Los Alamos Canyon; 

• Produce a "base-case" numerical model of the subsurface vadose zone hydrology that 
ultimately can be used to predict contaminant migration rates and concentrations in fluids 
reaching the regional aquifer beneath the canyon; 
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• Quantify the uncertainties associated with those predictions by establishing the bounds on 
system behavior through a suite of possible models, all of which are consistent with the 
available data, but which bracket the range of possible behavior; 

o Provide a simulation tool for predicting the fate and transport of contaminants in Los 
Alamos Canyon under different assumed hydrologic and ER stewardship scenarios; and 

• Demonstrate a model development methodology that can be used in studies of other 
canyons on th~ Pajarito Plateau. 

This work focuses on the hydrology beneath Los Alamos Canyon, as a first step toward 
developing a predictive tool that can be used to simulate contaminant migration in the canyon. 
Since water is the carrier fluid for the contaminants of interest, constructing a realistic flow 
model that captures the most important hydro logic processes of the vadose zone is an essential 
first step in the development of a reliable model. Although the study primarily restricts attention 
to flow issues, tritium transport in the vadose zone is also modeled. Tritium, in the form of 
tritiated water, is an excellent tracer for groundwater, and hence is included in this modeling 
study as a constraint on the flow model. 

Figures 4-7 and 4-8 show a full three-dimensional view of fluid saturation and a series of two
dimensional vertical slices through the three-dimensional model. As expected, the figure shows 
wet conditions in the canyon, dry conditions in surrounding mesas. As with the two-dimensional 
model, this model result shows the overriding importance of the stratigraphy in controlling the 
water contents in the rock. The local infiltration rate also exerts a strong control on the results. 
Directly beneath the canyon, fluid saturation is much higher within a given stratigraphic unit 
than in other parts of the model domain, a reflection of the high infiltration in the canyon. 

Figure 4-6. 

ER2005-0679 

(a) (b) 

Location of Los Alamos, New Mexico (a), Los Alamos Canyon study area, and 
the flow and transport model domain (b ). The shaded blue area is the LANL 
property; the red box indicates the areal extent of the three-dimensional model 
domain; and the yellow line is the trace of the two-dimensional model domain. 
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Volumetric water content is the primary measurement used to evaluate the model results because 
adequate data on water content are available from virtually all vadose zone characterization 
wells. The fits to the data are presented for three different levels of infiltration rates, i.e., the 
base-case infiltration map, a map with infiltration scaled down by a factor of three from the base 
map, and a map with infiltration scaled up by a factor of three (Figures 4-C-7 and 4-C-8). It is 
evident from the following comparisons that the model is able to capture the general features of 
data: 

• The base infiltration map does an adequate job of jointly matching the water content 
profiles in these wells, despite the different stratigraphy and position relative to the 
canyon bottom. 

• Good fit for LADP-4 illustrates the adequacy of the model in capturing the fluid 
saturations in the Tshirege Member (not present in the two-dimensional model), as well 
as in a region where infiltration rates are taken to be significantly lower than in Los 
Alamos Canyon at LADP-3. 

• The need to apply significantly lower infiltration near LADP-4 is best understood by 
comparing the water content model and data for these two wells. The significantly wetter 
conditions in LADP-3 are simulated in the three-dimensional model through the setting 
of high infiltration in the canyon. 
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Three-dimensional flow model results, showing fluid saturation predictions (%) 
through the model domain (full model view). 

4-I6 December 2005 



Figure 4-8. 

Hydrogeologic Synthesis Report 

0.50 0.75 

Fence diagram showing fluid saturation predictions(%) along one north-south 
and three east-west cross-sections. 

Tritium transport model results are presented to further demonstrate the validity of the model and 
to explore important processes occurring in the vadose zone. Figure 4-9 is the three-dimensional 
model prediction of the tritium concentration of fluid reaching the water table in the year 1999. 
The model results are consistent with the available field data, indicating that regional aquifer 
fluid collected in well R-7 has undetectable levels of tritium, whereas TW-3 and R-9 show that 
tritium has reached the regional aquifer. Determining the ability of the model to reproduce the 
field data more quantitatively is difficult because of mixing of the tritium percolating from the 
vadose zone with regional aquifer fluid and the subsequent mixing of contaminated and clean 
fluid in the wellbore itself. The latter difficulty is especially acute for the water supply wells, 
which may draw water from hundreds of feet of screened length. 
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Three-dimensional model predictions of the tritium concentration of fluid 
reaching the water table in the year 1999. Significant, above background 
concentrations are predicted along the canyon at locations downstream of where 
the Bandelier Tuff is not present in the canyon bottom. 

As a final comparison to the available data, we contrast the model results with regional aquifer 
water supply well 0-1. However, because contaminant transport sources from Pueblo Canyon 
(north of Los Alamos Canyon) were not included in this model, the conclusions related to 0-1 
are more qualitative. For this comparison, monitoring information published in LANL (2001) is 
used. Contaminants tritium, perchlorate, and nitrate are all thought to be nonsorbing in this 
system, and thus the combined results of all three contaminants are used in this interpretation. 
Well 0-1 has been found to contain measurable levels of perchlorate at about a 5 ppb level, 
nitrate levels higher than at other regional aquifer wells in the area, and consistent, above
background levels of tritium in the 30-40 pCi/L range. All observations point to both Laboratory
derived contaminants and effluent discharges from Los Alamos County. Past releases in Los 
Alamos and Pueblo Canyons have traversed the entire vadose zone. The present model explains 
these observations as a consequence of the hydrostratigraphy along the canyon, with rapid travel 
times at locations where the Bandelier Tuff is thin or non-existent. 

Contrast these results with the transport model for MDA G presented in Section 4.1.3.1. Most 
important, travel times through the vadose zone are predicted to be orders of magnitude larger 
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for this mesa site than for transport from the bottom of a wet canyon. These travel-time results 
are consistent with the site-wide vadose zone results presented in Section 4.1.2. Infiltration rates, 
which directly impact transport velocities, are much larger in a canyon setting, in which all water 
in a catchment is channeled to the canyon bottom. A significant percentage of that water will 
escape evapotranspiration and percolate into the deep subsurface along the canyon. In contrast, a 
mesa top typically provides opportunity for water to run off as surface water or to be lost as 
evapotranspiration. Moreover, mesa sites have thick sequences of tuffwith exceptionally low 
matrix flow rates. Therefore, percolation rates are much lower. 

4.2 Numerical Models of Flow and Transport in the Regional Aquifer 

The first numerical model for the regional aquifer was developed in 1998 in support of the 
LANL Groundwater Protection Program (LANL 1998). A number of related models have been 
developed since then, in support of both the Groundwater Protection Program and the 
Environmental Restoration Program, at a variety of spatial and temporal scales according to the 
requirements of the particular model application. In general, there have been three goals for these 
modeling studies: 

• Integrate and interpret 3-D site-wide hydrologic and hydrostratigraphic data, to provide a 
quantitative basis for developing and testing site-wide conceptual models. · 

• Predict fate and transport of contaminants in the regional aquifer, in order to optimally 
place monitoring wells and inform risk assessment studies. 

• Provide guidance in prioritization of data collection activities, highlighting the 
importance of those data that could most reduce numerical and conceptual model 
uncertainty. 

As the Hydrogeologic Workplan has progressed, the data sets supporting the modeling studies 
have been steadily expanding. Updating the model with larger data sets has identified 
weaknesses in the modeling approaches and prompted changes in the methodology. This 
iterative process of data collection and model update and evaluation has significantly increased 
our understanding of the regional aquifer. 

4.2.1 Previous Numerical Models 

Two models have previously been developed by the USGS for the regional aquifer of the 
Espanola Basin, the aquifer system which provides drinking water to Los Alamos, Santa Fe, and 
Rio Arriba counties, as well as numerous pueblos. In contrast to the LANL modeling effort, 
these models were developed primarily to address water supply issues-particularly impacts of 
pumping on streamflow. The first was developed by Hearne (1985), using a computer code he 
wrote himself. The second was developed by McAda and Wasiolek (1988) (and later refined by 
Frenzel (1995), using the MODFLOW code (McDonald and Harbaugh 1988). At present, 
various local and state agencies continue to refine and apply both of these models to water 
supply issues in this basin. 

In many ways, these two models are based on a similar conceptual model of the basin aquifer. 
Key elements of this conceptual model are as follows: (1) most inflow to the basin occurs as 
recharge in the mountains flanking the basin and along stream channels within the basin, and 
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(2) most discharge occurs to the Rio Grande and the lower reaches of its tributaries. A smaller 
portion of the total inflow and outflow occurs through lateral boundaries (i.e. up to 20% 
discharges to the Albuquerque Basin), due to structural and topographic features that limit inter
basin flow. The conceptual models of aquifer properties assume that hydraulic conductivity is 
strongly anisotropic, due to laterally discontinuous bedding features in the Santa Fe Group. The 
aquifer behaves as confined or leaky-confined, although no large-scale confining beds or low
permeability zones have been identified. 

The lateral boundaries of the two models, shown in Figure 4-10, roughly coincide with the extent 
of basin-fill rocks in the southern portion of the basin (south ofEspafiola). Both models use 
specified flux boundaries to represent losing stream channels. Recharge is applied as specified 
flux, either at lateral boundaries (representing mountain block recharge) or along the upper 
model surface (representing recharge along stream channels or areal recharge). Discharge is to 
the Rio Grande and lower elevations of its major tributaries (specified head and head-dependent 
boundaries) and to the Albuquerque Basin (specified head in the case of the McAda model). 

The conceptual model shared by these models is one of a complex transition from unconfined to 
leaky-confined conditions at depth, caused by relatively fine-scale bedding features in the rocks 
that provide resistance to vertical flow. Exact numerical implementation of this complexity is 
virtually impossible. The Hearne and Frenzel models treat the upper surface of the aquifer as a 
water table condition. Aquifer properties change from unconfined (top layer) to confined (lower 
layers); no discrete confining layer is present. Resistance to vertical flow is represented by 
anisotropy factors (Kx/Kz ~ 100 - 1000). 

One significant difference between the models is the representation oflarge-scale heterogeneity. 
The Hearne model (which only includes the Santa Fe Group aquifer) treats the aquifer as 
homogeneous and anisotropic, with the numerical grid aligned in parallel with the dip of the beds 
in the Santa Fe Group. This approach allows the model to reproduce vertical upward head 
gradients measured in several wells in the eastern basin. The McAda and Frenzel models apply a 
somewhat ad hoc zonation of aquifer properties, based loosely on pump test results and the need 
to achieve an adequate model calibration to the data. 

Appendix 4-D, Section 3, presents a comparison of inflows and outflows (steady-state, 
predevelopment) between the two models, as well as more recent estimates of inter-basin flow 
derived from USGS studies in the Albuquerque Basin. 
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Figure 4-10. Geologic map of the Espanola Basin. Model outlines: green - McAda-Wasiolek 
model; red - Hearne model; pink - LANL basin-scale; black - LANL site-scale. 

4.2.2 Overview of LANL Model Development 

Unfortunately, both the USGS models of this aquifer system place a model boundary along the 
western edge of LANL; therefore, use of these models for the LANL site would be compromised 
by boundary effects (Anderson and Woessner 1992). To ensure that all model boundaries were 
far from the area of interest (LANL) and to incorporate the possible influences of regional flow 
on local conditions, a new flow model for the basin was developed. This model not only extends 
the western boundary farther than the existing models, to minimize boundary effects on site-scale 
simulations, but it also includes the major recharge areas for the basin. The inclusion of the 
recharge areas for the basin allows for a more comprehensive approach to estimating fluxes of 
water through the aquifer, as will be discussed below. The basin-scale model has been used to 
estimate aquifer properties, to estimate fluxes through the aquifer, to examine the possible 
influences of pumping in the Buckman wellfield on groundwater beneath the plateau 
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(and vice versa), to understand regional trends in groundwater quality, and to provide boundary 
conditions to small, site-scale models. 

This initial basin-scale model has undergone several revisions, including increasing grid 
resolution in the vicinity ofLANL and improving the hydrostratigraphic framework model that 
governs the spatial distribution of aquifer properties. In 2000, a site-scale model for the Pajarito 
Plateau (see Figure 4-10) was developed with much higher grid resolution than could be 
achieved with the basin-scale model, and was coupled to the basin-scale model (Keating et al. 
2003). The site-scale model has been used to provide contaminant transport calculations, to 
conduct capture zone analyses, to support monitoring well siting decisions, and to estimate 
groundwater velocities. 

Both the basin and site-scale models have been developed to address site-scale (several to tens of 
kilometers) issues and this has driven model development. For example, the methods of 
estimating aquifer properties (Section 2.8) emphasize large-scale effective properties of rocks. 
These properties may be different than what might be measured at very small scales, such as 
injection/recovery tests over small intervals in characterization wells or borehole geophysics
based estimates. These models (and model parameters) would not be appropriate for simulating 
the details of fine-scale (sub-kilometer) flow and transport. 

Smaller-scale models have been developed. For example, a 2-D radial model was developed to 
evaluate the utility of using an R-well as an observation well during a pump test at 0-1. In 
addition, a suite of 2-D and 3-D "box" models were developed to test conceptual models of flow 
and transport through the highly heterogeneous strata of the Puye Formation. 

A principle of model development is to begin simply and gradually add complexity as needed. 
Even though the models, in their current form, are quite complex, they are much simpler than the 
aquifer itself. A major focus of the approach has been to implement numerical strategies that are 
flexible, so that the impacts of conceptual model uncertainty and parameter uncertainty on model 
predictions can be quickly assessed within a single modeling framework, without building 
entirely new models. 

It should be emphasized that these models are for the regional aquifer only, and therefore do not 
include alluvial or perched groundwaters. The current versions of the models do not explicitly 
include springs, so pathways and travel times to springs have not been simulated. 

4.2.3 Numerical Framework 

All of the LANL models have employed the FEHM code (finite element heat and mass transfer) 
(Zyvoloski et al. 1997), publicly available software. Underlying this code is a sophisticated grid 
generating software, LaGrit (Trease et al. 1996) which can capture the details of complex 
hydrostratigraphy known to exist at this site. For conditions of saturated flow and transport (i.e. 
the regional aquifer), FEHM solves the same set of equations as do other more widely used 
codes, such as MODFLOW. The choice of this software for the LANL models was driven by the 
need to couple saturated zone simulations with vadose zone simulations (which use FEHM), to 
represent complex hydrostratigraphy, and to eventually investigate complex geochemistry and 
thermal effects (ongoing work). FEHM is well suited to these types of problems, since 
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temperature and density dependent fluid properties can be accurately accounted for. Some of the 
more simple simulations presented here do not utilize the specialized capabilities of FERM and 
LaGrit; these simulations could easily be repeated using a code such as MODFLOW and one 
would expect the results to be identical (assuming grid resolution and boundary conditions were 
identical). 

Figure 4-10 illustrates the lateral boundaries of the LANL models. In the basin model, 
boundaries were located such that they were far from the LANL site and coincided with either 
hydrologic features or structural boundaries. The northern and southern boundaries coincide with 
major structural transitions between the Espanola Basin and basins to the south and to the north, 
where the thickness of the Santa Fe Group aquifer declines from several thousand feet (in the 
center of the basin) to near zero at the basin margins (Shomaker 1974) (Cordell 1979). The basin 
is separated from the Albuquerque and Santo Domingo basins to the south by a structural high, a 
prong of older sedimentary rocks, and several major fault zones. The site-scale model boundaries 
coincide with a surface water divide (to the west), and surface water courses to the north (Santa 
Clara Creek), to the east (the Rio Grande), and to the south (Rio Frijoles). 

Figure 4-11 illustrates generalized flow directions within the basin and locations of inter-basin 
flow along model boundaries. Stream gage locations are also indicated; these data are described 
more in Appendix 4-E. 

The LaGrit software (Trease et al. 1996) was used to develop numerical meshes for the basin and 
site-scale models. A grid refinement algorithm was used that allows extra detail to be placed 
where needed in the mesh, such as in the vicinity of LANL. The most refined grid, the site-scale 
model, has a horizontal resolution of 125m x 125m and a vertical resolution of 12.Sm in the 
shallow layers of the aquifer beneath LANL. 

4.2.4 Hydrostratigraphy 

In contrast to previous models of the basin aquifer, the LANL models define aquifer 
heterogeneity on the basis of a separate 3-D hydrostratigraphic framework model. This model 
was developed with surface geologic maps, published cross-sections, geophysical studies, and 
numerous well logs (see Section 2 and Carey et al. 1999). It is based on structure and lithology, 
rather than hydrologic data. The degree of detail present in the model is much greater beneath the 
Pajarito Plateau than for other portions of the basin. This is primarily because there are many 
more deep characterization wells on the plateau than elsewhere in the basin, but also because of 
the more complex volcanic and sedimentary stratigraphy of the plateau compared with most 
other portions of the basin (e.g., Buckman wellfield, entirely within Santa Fe Group sediments). 
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The Espanola Basin, with the basin-scale numerical model outline shown in red, 
and the site-scale model outline shown in green. Black arrows are generalized 
groundwater flow directions, based on regional water level data (Keating et al. 
2003). Striped arrows indicate groundwater flow between this basin and 
adjacent basins. Circled numbers refer to USGS stream gages: (I) Rio Chama at 
Chamita; (2) Rio Grande at San Juan; (3) Santa Cruz River; ( 4) Santa Clara 
Creek; (5) Rio Grande at Otowi; (6) Rio Frijoles; (7) Rio Grande at Cochiti. The 
circled "A" indicates the mouth of Pojoaque Creek (see Appendix 4-E). 

The process of overlaying the framework model on the numerical mesh for the flow and 
transport models has been described in Keating et al. (1999). This process assigns every node in 
the numerical mesh to one of the defined hydrostratigraphic units (see Appendix 4-D, Section 1). 
The high vertical resolution in the site-scale model is important to the representation of thin 
basalt flows and thin gravel beds within sedimentary units known to exist in this aquifer. The 
current model (September 2004) does not contain the latest update to the 3-D site-wide geologic 
model, which will include additional mapping from 2003 through 2005, drilling, and 
characterization data. 
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4.2.5 Boundary Conditions 

The upper boundary of the model domain represents the top of the saturated zone; these nodes 
are either no-flow (no recharge), specified flux (recharge), or constant head (river nodes which 
may either recharge or discharge to the aquifer) (see Figure 4-12). Generally, the lower boundary 
of the model (no-flow) is the contact between the Precambrian basement and younger rocks. An 
exception to this is locations where the Precambrian basement crops out (such as in the Sangre 
de Cristos); in these areas we sub-divide the basement into a shallow, permeable block and a 
lower, impermeable block. 

In the current model formulation, the entire thickness of the aquifer is assigned properties 
consistent with leaky-confined or confined conditions (Ss = 10-33 

- 10-45 m-1
). In the current 

numerical framework, unconfined conditions can be approximated by assigning the shallow 
layers a relatively high value of specific storage. However, changes in the thickness of the 
aquifer due to changes in the water table elevation are ignored. This approximation is reasonable 
for flow simulations in the vicinity ofLANL, due to the large thickness of the aquifer (>3000 m) 
relative to measured changes in heads with time (30-50 mover 50 years). However, transport 
simulations may be sensitive to this approximation and the model is currently being modified 
accordingly. 

4.2.6 Recharge 

Recharge from the unsaturated zone is represented as a specified flux boundary condition along 
the top of the model. The spatial distribution ofrecharge across the plateau and in the larger 
basin is complex and inherently uncertain, since recharge rates cannot be measured directly. The 
model uses a simple approach to represent the spatial distribution of recharge. The advantage of 
this approach is that it can be easily manipulated to approximate a wide variety of recharge 
conditions; this flexibility allows for exploration of uncertainty in model predictions due to the 
inherent uncertainty of any recharge estimate. The disadvantage of this approach is that it does 
not capture very fine-scale detail. At present, the models have assumed that recharge is constant 
in time. 
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Basin model grid (plan view) with site-model boundaries indicate.d. The inset 
shows the northwest corner of the octree mesh refinement region. The circles 
show the locations of specified head nodes along rivers and basin margins. 
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There are three types of recharge accounted for in our model: areal recharge (which occurs 
mostly in the mountains), perennial stream channel recharge (for major streams in the basin), and 
ephemeral stream channel recharge (for many of the channels on the plateau). Areal recharge is 
determined as a function of precipitation (which is, in tum, determined by the surface elevation 
and long-term average precipitation trends in the basin). The details of the recharge model are 
presented in Appendix 4-D, Section 2. This numerical framework can be used to generate 
multiple possible models of recharge. Several examples are shown for the site-scale model in 
Figure 4-13; these different models all impart the same total flux to the aquifer. Table 4-3 shows 
the parameters used for these examples. For a more extensive discussion of regional and plateau 
recharge distributions, see Section 2. 7 .3 .1. 

4.2.7 Discharge at Rivers and Interbasin Flow 

The Rio Grande, its lower tributaries, and locations where inter-basin flow occurs (upper Rio 
Chama, upper Rio Grande, lower Rio Grande, and Jemez River) are modeled as specified head 
nodes. Model-predicted fluxes at these boundaries are described in later sections. Heads at the 
surface are determined using digital elevation model (DEM) data for the basin. Heads at depth 
along the Espanola Basin/Albuquerque Basin are specified in accordance with estimates of the 
water table elevation at this boundary and are constant with depth to the Precambrian boundary. 
The assumption of "specified head" along the Rio Grande is an approximation suitable for flow 
and transport calculations far from the river. This simplification is inadequate for addressing the 
details of stream/aquifer interactions at the Rio Grande and is currently being addressed. 

4.2.8 Lateral Boundaries of the Site-Scale Model 

The locations of the lateral boundaries of the site-scale model were selected with the expectation 
that fluxes across the boundaries (which are uncertain) will be small relative to the total flux 
through this portion of the aquifer. The basin model is used to estimate these fluxes, with 
estimates of corresponding uncertainty (Keating et al. 2003). Fluxes across these lateral 
boundaries are explicitly mapped, node by node, onto site-scale model boundaries. That analysis 
showed that uncertainty in fluxes into the site-scale model (from the north) and out of the site
scale model (to the south) due to basin model parameter uncertainty was relatively small. In 
contrast, flux uncertainty across the western and eastern boundaries was relatively large. These 
results are described in more detail below. 
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Examples of three recharge models, all imparting the same total flux. Model 
parameters are shown in Table 4-3. 
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Table 4-3. 
Example Recharge Models, Shown in Figure 4-13. 

Case 1 Case2 Case3 
Total recharge (kg/s) 200.3 200.3 200.3 
Diffuse 122.3 70.6 145.2 
Canyon-focused 78.0 129.7 55.1 

Zmin (m) 2000 2200 2200 

4.2.9 Data Used in Model Development and Testing 

The datasets used in model development and testing are as follows: water level data, well 
construction and location data, water supply production data, hydrostratigraphy, stream channel 
location. and elevations, hydro logic and structural boundaries for the basin, stream gage data, and 
selected geochemical data. The water level data, well construction and location data, water 
supply production data, precipitation data, stream gage data, and geochemical data are tabulated 
in Keating et al. (2005). Hydrologic divides (used to define model boundaries) and stream 
channel location and elevations were derived from USGS DEM data. Structural and geologic 
transitions used to define lateral basin boundaries were derived from Kelly (1978) and Shomaker 
(1974). 

4.2.10 Flow Model Parameters 

Model inputs are recharge rates, aquifer properties (permeability, specific storage), and stress 
(water supply production rates). Model outputs are heads and aquifer discharge (at constant head 
nodes along the Rio Grande, Rrio Chama, and its tributaries, the Jemez River, and lateral 
boundaries). Other quantities such a travel times, flow directions, and well capture zones can 
also be derived from the model output. 

As is the case in most groundwater systems, model outputs (heads and aquifer discharge) can be 
measured with much greater accuracy than model inputs (recharge rates and aquifer properties). 
This study employs the standard techniques of inverse analysis to derive model inputs (recharge 
rates and aquifer properties) from model outputs (heads and aquifer discharge). This is the same 
procedure widely used to derive aquifer properties from pump test data. The application of this 
method is somewhat unusual in that it acknowledges uncertainty in recharge, a complication that 
is usually neglected. This analysis provides information on aquifer properties and recharge, with 
quantified uncertainty, which can then be used to drive forward models and produce predictions. 

The methodology used for inverse analysis is described in detail in Keating et al. (2000) and 
Keating et al. (2003). The three sets of calibration data are (1) pre-development heads (little or 
no impact from pumping), (2) transient heads (1946-2003), and (3) pre-development estimates 
of aquifer discharge to rivers. The data are listed in Keating et al. (2005). The details of the 
inverse analysis have changed over time, and the calibration data set has expanded as new wells 
have been drilled, computational resources have improved, and the hydrostratigraphic framework 
model has evolved. The aquifer properties derived from this process should represent larger 
spatial scales than those derived from short-term pump tests (days), since the transient data set 
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used represents a long period of time (55 years) and a widely spaced data set (several 
kilometers). 

Table 4-4 illustrates several representative results for inverse analyses conducted using the basin
and site-scale models. See Keating et al. (2003; 2004) for details of these analyses. It is striking 
that the estimate for the lower Santa Fe Group is so much lower than pump tests conducted in the 
Los Alamos well:field (completed entirely within the Santa Fe Group). This may be due to large
scale features, such as north-south trending faults, which would lower the effective permeability 
of the aquifer. Or this may be due to errors in the analysis or supporting datasets, such as a too 
low estimate of total recharge to the system. More detailed discussion of the hydro logic 
properties can be found in Section 2.8. 

Figure 4-14 illustrates the degree of match between measured and simulated heads and fluxes at 
the basin scale, using the parameters shown in Table 4-4 (parameter set 1). Figure 4-15 shows 
the degree of match between measured and simulated hydrographs in the vicinity ofLANL 
(parameter set 3). The magnitude of measured head response to 60 years of pumping (about 15 m 
in the central plateau, about 40 m to the east in the Los Alamos well:field) is adequately 
reproduced, as is the recovery of heads in the Los Alamos well:field after the cessation of 
pumping in 1975). Agreement between simulated and measured heads in water supply wells on a 
year-to-year basis is less accurate. Possible reasons for this, listed in detail in Keating et al. 
(2005) include both model errors and measurement errors. Improved fits would require explicit 
consideration of sub-annual variations in both water production and in measured water level 
responses. 

4.2.11 Transport Model Methods and Parameters 

The FEHM transport code employs one of two primary methods to simulate solute transport. The 
first is a particle-tracking methodology. This method can be used to simulate advection-only 
transport, which produces path lines and travel times that would be expected to represent the 
mean behavior of a conservative (non-reactive) solute plume. This method can also be used to 
simulate advective-dispersive transport, where thousands of particle paths are simulated and the 
number of particles present in any location represents solute concentrations. The second method 
is a direct solution of the advection-dispersion equation. This method can be used to 
simultaneously calculate the migration of multiple solutes, concentrations as a function of time 
and space, and a full suite of reactions with liquid, solid, and gas phases. 
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Table 4-4. 
Regional Aquifer Model Parameters 

Basin Model Site Model (2003) Site Model (2004)A Site Model (2004)8 
Value +/. Value +/. Value +/. Value +/. 

Recharge 
Zmin[m] 2195.0 177.0 2214.0 362.0 2156.1 14.0 2259.8 77.5 

Recharge volume [m3
] 3844.6 511.9 218.5 NA 253.7 NA 263.3 57.9 

a NA NA NA NA 0.1 NA 0.1 NA 
K NA NA NA NA 0.0 NA 0.1 NA 

Pemeabilities (log1 O[m2]) 
Crystalline rocks Deep Basement (pC) -15.6 8.6 -15.6 305.9 -18.0 NA -18.0 NA 

Paleozoic/Mesozoic -15.0 3.2 -15.1 41.0 -13.7 NA -13.7 NA 
Shallow Sangres -12.6 0.2 na NA NA NA NA NA 

Fractured pC -13.1 0.6 na NA NA NA NA NA 
Tschicoma Formation -13.0 0.2 -13.0 5.8 -15.3 NA -14.6 1.0 

Keres Group Tk (shallow) NA NA NA NA -12.7 NA -12.7 NA 
Tk (deep) NA NA NA NA -13.7 NA -13.7 NA 

basalts lumped -12.2 0.2 -11.9 0.6 NA NA NA NA 
Tb4 NA NA NA NA -16.1 6.5 -14.9 1.7 
Tb1 NA NA NA NA -12.1 NA -13.5 0.4 
Tb2 NA NA NA NA -12.2 NA -12.2 0.4 

Puye Formation (lumped) -14.2 1.4 -14.4 2.7 NA NA NA NA 
Tpt NA NA NA NA -12.7 NA -11.9 0.7 

Tpt-z NA NA NA NA -12.7 NA -17.5 3.2 
Tpp NA NA NA NA -16.8 1.1 -11.9 0.3 
Tpf NA NA NA NA -13.1 0.2 -12.9 0.7 

Tpf-z NA NA NA NA -15.2 NA -15.9 0.5 
Tpp-z NA NA NA NA NA NA -11.0 71.9 

Santa Fe Group Tsf-fang1 
-13.2 0.3 . -13.4 0.4 -11.1 0.3 -19.0 75.0 

vertical -15.5 0.9 -15.6 1.6 -11.4 NA -18.4 0.6 
Tsf-sandy -13.2 0.2 -13.1 0.3 -13.3 0.1 -13.4 0.1 

vertical -15.0 0.4 -15.5 0.9 -14.2 0.1 -13.5 0.2 
East, Pojoaque -14.1 0.4 NA NA NA NA NA NA 

Airport -12.6 0.8 NA NA NA NA NA NA 
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Table 4-4. 
,qu1 er 0 e arame ers con mue I A "f M d IP t f ( d) 

Basin Model Site Model (2003) Site Model (2004)A Site Model (2004)8 
Value +I· Value +/. Value +/. Value +I· 

-13.4 0.5 NA NA NA NA NA NA 

-13.3 0.2 NA NA NA NA NA NA 

-12.4 0.3 NA NA NA NA NA NA 

NA NA NA NA -16.0 NA -16.0 NA 

-12.3 0.5 NA NA NA NA NA NA 
-15.3 0.8 -15.3 27.1 -15.0 NA -13.9 1.3 

-3.9 0.4 -3.6 0.5 -4.3 0.1 -3.8 0.3 
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Figure 4-14. For the basin-scale model, comparison between measured and simulated (a) 
fluxes; (b) heads. 
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Figure 4-15. Comparison of simulated and measured hydrographs for representative wells on 
the plateau. 

For nonreactive chemistry simulations, the particle-tracking methodology is preferable because it 
avoids the problem of numerical dispersion. Most of the analyses presented here use this method. 
One important limitation of this method is that the solution is invalid in portions of the numerical 
grid where elements are nonorthogonal (see Appendix 4-D, Section 1, Figure 4-D-2). However, 
in these calculations we restrict our analysis of particle-tracking paths to the fine-grid region at 
the site scale, thereby avoiding the problem. 

Two critical parameters for nonreactive transport simulations are rock porosity (which is linearly 
proportional to travel time) and dispersivity (which controls the degree of spreading and mixing). 
Neither of these types of data has been collected in this aquifer at scales meaningful for site-scale 
transport simulations. Therefore, the model uses literature-derived values appropriate for the 
types of rocks present in this aquifer. 
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4.2.12 Model Applications 

There have been three broad categories of model applications. The following subsections present 
brief examples of modeling studies for each category. 

4.2.12.1 Category A: Integrate and interpret 3-D site-wide hydrologic and 
hydrostratigraphic data, to provide a more quantitative basis for testing site
wide conceptual models than was previously possible. 

Many of the fundamental issues pertaining to the regional aquifer are questions that cannot be 
answered using data collection alone. Where are the predominant recharge area's? How much 
water is flowing through the aquifer? What are the large-scale hydraulic properties of the aquifer 
rocks? In what direction is water flowing? What is the pore water velocity of the groundwater? 
What effect has pumping had in the past and what effect will it have in the future? A great deal 
of characterization data has been collected over the past few years to address these questions, and 
the numerical models have been used as a framework for interpreting these data and providing at 
least partial answers to these questions. 

1. Large scale fluxes. Keating et al. (2003) demonstrated the use of inverse and predictive 
analysis to examine the range of possible fluxes and recharge distributions that could explain the 
measured head data and stream gage data at the basin-scale. This approach acknowledges the 
uncertainty in aquifer properties and recharge rates, and attempts to determine to what extent 
quantitative estimates can be made. The aquifer property estimates that resulted from this 
approach, with uncertainty, are presented in Table 4-4 (parameter sets 1 and 2); the degree of 
agreement between measured and simulated heads and base flow gains are presented in 
Figure 4-14. 

As shown in Figure 4-14, this analysis demonstrates that the basin-scale model provides a 
reasonable fit to measured head gradients and discharge to river reaches. The estimated elevation 
above which significant areal recharge occurs {2195 m, shown as a red line in Figure 4-16) 
matches almost exactly the location of the transition proposed by Wasiolek (1995). In addition, 
the estimated percent of precipitation that becomes recharge in the mountains (8%) falls within, 
although close to the low end of, the range of watershed study results (Appendix 4-E). The 
predicted outflow to the Albuquerque Basin of 5,801 acre feet per year (afy) is less than previous 
USGS studies of the Espanola Basin (McAda and Wasiolek 1988) and more recent studies of the 
Albuquerque Basin (14,300 afy) (Plummer et al. 2004). This value could be increased by 
increasing the percent of precipitation that becomes recharge and still be within the range of 
reasonable values. These results generally support the conceptual model of total basin-scale 
recharge and discharge fluxes (tabulated in Appendix 4-D and Appendix 4-E), as well as the 
generalized spatial distribution of fluxes simulated with the recharge model described in 
Appendix 4-D, Section 2. It also demonstrates the value, at least at large scales, of the 3-D 
hydrostratigraphic framework model. 
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Location of predicted transition between significant areal recharge and 
negligible areal recharge (2195 m), and uncertainty bounds. Pink contours span 
the elevation uncertainty range. 

The results of the basin-scale inverse analysis were used to estimate fluxes across the lateral 
boundaries of the site-scale model, with uncertainty. Figure 4-17 shows the results of this 
analysis. Fluxes perpendicular to flow (north and south) were calculated to be relatively small 
and showed much less uncertainty than fluxes parallel to flow (east and west). Significant flux is 
predicted to cross both the western and eastern boundaries; the high uncertainty of these 
estimates, however, means that this uncertainty should be explicitly considered when doing 
transport calculations that might be affected by these fluxes. 

All these results depend on the streamflow analyses being reasonably accurate, the 3-D geologic 
model capturing the most important large-scale hydrologic features in the aquifer, and the 
method of inverse analysis fully exploring parameter uncertainty. This technique only explores 
the impact of numerical model parameter uncertainty; overall uncertainty in recharge and fluxes, 
which would include conceptual model errors, is undoubtedly larger. 
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Figure 4-17. Fluxes across lateral site-model boundaries predicted by the calibrated basin 
model. Error bars represent the 95% nonlinear confidence intervals of estimates. 

2. Small-scale fluxes, downgradient of LANL. A more recent study, Keating et al. (2004), used 
similar techniques to explore not only the question of uncertainty of total flux through the 
aquifer, but also uncertainty in fluxes through shallow portions of the aquifer immediately 
downgradient ofLANL. This analysis is pertinent to estimates of contaminant transport away 
from the site. Figure 4-18 shows that parameter uncertainty in the site-scale model (including 
uncertainty in recharge rates and aquifer properties) contributes significantly to estimates of total 
recharge for the aquifer, but that the flux through the shallow portion of the aquifer immediately 
downgradient of the site is more certain. More detailed study of this result did highlight the large 
uncertainty in fluxes through a single basalt unit, however. Uncertainty in transport parameters, 
such as porosity, would produce a much larger impact on total velocity uncertainty; therefore, 
this study suggests that better measurement of fluxes and recharge would be of far less value 
than collecting site-specific estimates of porosity. 

ER2005-0679 4-37 December 2005 



Hydrogeologic Synthesis Report 

400 

mi Total recharge 
350 il Flux through target area 

300 

- 250 
"' --O') 
~ 200 ->< ::s -u. 150 

100 

50 

0 
Calibration 1 Calibration 2 Minimum Maximum 

Figure 4-18. Results of predictive analysis, compared to two calibrated models. Blue bars 
indicate total recharge into the aquifer; red bars indicate flux through the 
shallow plane east of LANL. 

3. Pore-water velocity. Pore-water velocities in the regional aquifer are very poorly constrained. 
Through modeling techniques described in this report, flow directions and fluxes can be 
surmised reasonably well, but velocities are very difficult to infer from hydrologic data alone. 
Contaminant distributions within the regional aquifer have been useful for identifying the 
location of fast pathways through the vadose zone, but since the exact location and timing of 
contaminant entry to the water table is highly uncertain, these observations do not constrain 
velocities in the regional aquifer. The best method for determining velocities is tracer tests. 

The LANL model was used to produce a map of velocities at the water table (see Figure 4-19). 
These velocities are highly uncertain and are used only to illustrate a few key points. First, given 
the heterogeneous nature of the aquifer, groundwater velocity is likely to vary considerably over 
short distances. In this map, the fastest velocities are in the basalts where fracture flow (very low 
matrix porosity) is assumed. Second, flow on the eastern portion of LANL is predicted to be very 
slow. This is due to the very low permeability of the Santa Fe Group, which is prevalent at the 
water table east ofLANL (see Table 4-4, Figure 2-10, and related discussion in Section 2.8.7). 
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The very slow velocities predicted by the model are consistent with 14C data presented by Rogers 
et al. (1996a,b). These data are collected in both water supply wells (screened over the upper 
2000 ft of the aquifer) and more shallow wells (DT5A, east side and west side artesian). 
Figure 4-20 shows a comparison of model predicted 14C and measured 14C presented by 
E. Kwicklis in Keating et al. (2000). One interesting aspect of this comparison is that the model 
underpredicts the age of the very old waters present near the Rio Grande. 

In stark contrast to these predictions, Purtymun et al. (1984) produced a generalized map of pore
water velocity in the regional aquifer. His estimates assumed a uniform hydraulic gradient of 
0.01 m/m, a uniform porosity of 0.1, and 1-D lateral flow. Using a 1-D version of Darcy's Law 
and hydraulic conductivity estimates from local pump tests, his resulting velocities ranged from 
20 ft/yr (Los Alamos wellfield) to 345 ft/yr (DT wells). Assuming the high velocity estimate of 
345 ft/yr, this would represent a travel time of 134 years across LANL from west to east 
(~9 miles). McQuillan (2003) used the chemistry data from White Rock Canyon Springs and 
TW-1 and an assumption of 1-D lateral flow to derive a velocity estimate of358 ft/year (59 year 
travel time, ~4 miles). More recently, a report by Rice (2004), concurred with these earlier 
estimates. 

ER2005-0679 4-39 December 2005 



Figure 4-20. 

65000 

- 60000 
~ 

..:;, 55000 : 
Cl) 
C) 50000 
< 
v 45000 
~ 

I 
40000 c 

0 
..0 35000 i.. 
(ti 

(.) 30000 
i.. 
Cl) 25000 = .... 
(ti -
;:: 20000 = 

"'C . 
c 15000 
:::::s -
0 -
i.. 10000 = 
(!) 

5000 

0 

Simulated age 
/,!/, Corrected age 
" Uncorrected age 

,,. ' ~ 
It) < '1' Cl/ -I I 

:!!: lt) 0 :a: ~ i-!-a.. a.. a.. a 

Well 

Hydrogeologic Synthesis Report 

..,, 
A 

v 

! /,!/, 

--
Lt) < Q) c: m Q) c: 

I "Cl !\'I i::sm C) """" -I .iii 'ii) I' '(ij .(ij 
:) .... Q) < .... Q) 

mt: ...I ll>t:: 
~< ~< 

Comparison of simulated groundwater carbon-14 ages at nodes within the 
screened depths of wells with the corrected and uncorrected groundwater ages 
estimated from measured carbon-14 activities. 

At present, it is impossible to compare the McQuillan and Rice calculations to the published 
LANL regional model predictions, because in the model (as configured for past applications) the 
springs are above the top of the model and therefore flow to the springs cannot be simulated. 
This is a subtle but very important distinction because the top of the model at present is entirely 
within the low-permeability Santa Fe Group in the vicinity of the Rio Grande, whereas slightly 
higher elevations (which include the springs) are within the more permeable units of the Puye 
Formation. Some springs also issue from the base of the Cerros del Rio lavas. If transport 
calculations to the springs are required in the future, minor adjustments to model boundaries will 
suffice to address this issue. 

A more difficult question is that of measured hydraulic head gradients and lateral continuity of 
highly permeable rocks. The model honors measured gradients (in 3-D), the 3-D hydrostratigraphic 
framework model, and large-scale effective properties of rock units (see Table 4-4). At present, 
neither the measured 3-D hydraulic heads nor the permeability/hydrostratigraphy information 
supports the hypotheses presented by McQuillan and Rice. In such a complex aquifer, however, it is 
entirely possible that their hypotheses could be correct. 
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4. Effect of water supply well production 

Capture zones. Understanding the influence of water supply producti9n on the aquifer is 
important from the perspectives of both water supply and contaminant transport. From a water 
supply perspective, it is very important to know ifthe current rates of withdrawal are sustainable. 
From a contaminant transport perspective, an understanding of capture zones is critical to 
placement of a "sentry" well to protect a production well and to identification of which receptors 
are most at risk of contamination. 

The LANL models have been used to evaluate the impact of water supply production in a 
number of studies. The philosophy of this approach has been to start simply and gradually add 
complexity only when needed. In a sense, all of these studies have illustrated the shortcomings of 
applying "simple" textbook methods of capture zone analysis to this site. Therefore, this is very 
much an ongoing study. 

Using a relatively simple approach, Vesselinov et al. (2002a) calculated capture zones for the 
Buckman wellfield and all the Los Alamos wells. The motivation for this study was to determine 
if the LANL aquifer was within the capture zone for the Buckman wells, either at present or 
(possibly) in the future. This analysis was based on the standard "steady-state" assumption. The 
results, shown in Figure 4-21, demonstrated that a significant portion of the aquifer beneath 
LANL could eventually be captured by the Buckman wells. These results also showed the zones 
of influence of Los Alamos County water supply wells. 

The assumptions inherent in this analysis are that current rates of production in water supply 
wells continue indefinitely until steady state is reached. Given the characteristics of this aquifer, 
this is not expected to occur for several hundred years from the present. Some wells in the Guaje 
field and some wells in the Pajarito field (PM-2, -4, and -5) appear to be stabilizing with respect 
to pumping; the assumption of steady-state may be applicable to these wells. However, given the 
dramatic fall of water levels in the Buckman wellfield over the past two decades, steady-state is 
far in the future. Given the uncertainties of water production over the next few decades (e.g. City 
of Santa Fe is expected to rest the Buckman field beginning in 2009, the steady-state 
approximation is questionable for this wellfield. It does, however, show one possibility that 
should be considered for planning purposes. 

Vesselinov and Keating (2003) investigated the impact of dispersion and transients on capture 
zones analyses. Figure 4-22 shows the predicted capture zones when both dispersion (spreading 
of the plume) and transients (changes in source term and changes in water supply production) are 
included in the analysis. These authors concluded that significant errors were incurred when 
dispersion and/or transients were neglected in the analysis. The importance of transients 
(changing flow field in response to changing water production rates) highlights the importance of 
identifying when and where contaminants might reach the water table. For the same point of 
entry to the water table (for example, beneath Ten Site Canyon), a contaminant reaching the 
aquifer in 1960 might be captured by PM-1, whereas a contaminant reaching the aquifer in 1990 
might be captured by PM-5. 
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Effect on streamflow. In a basin such as the Espanola Basin, where surface water flow depends 
to a large degree on groundwater discharge, any water supply production will affect aquifer 
storage immediately and surface water flow eventually. When the aquifer reaches equilibrium 
with respect to pumping, the only continued impact will be on surface water flow. Wells drilled 
near the point of discharge will have a significant effect on surface water flow sooner than wells 
drilled far from the point of discharge. 

Based on parameters shown in Table 4-4 (parameter set 3), the site-scale model was used to 
predict the percentage of produced water coming from storage and captured streamflow (or 
recharge) over the past 50 years. Figure 4-23 shows these results, demonstrating that the aquifer 
is still far from steady-state and that most produced water is still coming from storage. 

5. Hydrostratigraphy. All of the studies listed above rely on the 3-D hydrostratigraphic 
framework model to define heterogeneity within the aquifer, according to the spatial distribution 
of approximately 15 units. Of course, with relatively sparse boreholes on the plateau there is 
uncertainty in the exact spatial extent of these units (Section 2.4.4). There also may be important 
heterogeneities within the hydrostratigraphic units as defined by the 3-D model. 
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This study has devoted considerable effort to modeling heterogeneity within the Puye Formation 
at scales smaller than the 3-D hydrostratigraphic framework model. The Totavi Lentil is of 
particular interest, since it is characterized by beds of gravel which may be highly permeable. 
(Note: In situ hydraulic tests have been equivocal on this issue.) The current hydrostratigraphic 
framework model defines the Totavi Lentil as a continuous sheet of rock at the base of the Puye 
Fanglomerate; therefore model predictions that assign this unit a high permeability will be 
conservative (fastest travel times over long distances). Reneau and Dethier (1995) proposed a 
very different model of the Totavi Lentil, as a series of discontinuous north-south trending 
ribbons, separated from each other by terraces left behind as the Rio Grande downcut and moved 
westward over geologic time. Stochastic methods are appropriate for representing this type of 
heterogeneity, since the exact location of each of these narrow ribbons could never be known. 
Figure 4-24 illustrates one realization of a stochastic model of the Totavi Lentil, using Markov
chain transition probabilities based on data collected from geologic maps and measured outcrops 
(Carle 1996; Fogg 1989). This approach, and the data set that underlies it, are described in detail 
in Keating et al. (2000). 

The Santa Fe Group (Tsf) has some intercalated Miocene basalts (Tb2; see cross-sections in 
Figures 2-12 to 2-19). To examine two extreme end-members, one might consider hypothetical 
cases where the deeper unit is either 100% Tsf or 100% Tb2. In 2002 a version of the framework 
model was created that explicitly identified zones that were uncertain, due to sparse borehole 
control. Figure 4-25 illustrates one such zone, which might be either a basalt or the Santa Fe 
Group. Figure 4-26 shows the resulting capture zone predictions, first assuming that zone is a 
basalt and then assuming that zone is the Santa Fe Group. By comparing the two figures, one can 
determine the impact of uncertainty of the hydrostratigraphy in this zone. 

The Puye Fanglomerate also has beds of sand and gravel which, although of limited spatial 
extent, may be important in contaminant transport. Using textural descriptions from lithologic 
logs in R-wells, two different stochastic models of this type of heterogeneity were developed, as 
shown in Figures 4-27 and 4-28. Both of these methods show promise for use in future 
simulations. 

The model calibration process itself can provide useful information about hydrostratigraphy. For 
example, ifthe conceptual model is that unit A is high permeability and unit B is low 
permeability, through the process of model calibration one can determine whether or not that 
conceptual model is consistent with large-scale head and flux data. This principle was used to 
test the conceptual model of a north-south trending high-permeability trough within the upper 
Santa Fe Group, proposed by Purtymun (1995). Carey et al. (1999) formulated this trough within 
the 3-D framework model as a fairly narrow feature (Figure 4-29a). Through the model 
calibration process, it was determined that this geometry was consistent with site-wide 
hydro logic data. Later, in a 2002 update of the 3-D framework model, this feature was 
significantly enlarged (Figure 4-29b). It was not possible to calibrate a model that assigned a 
high permeability to this large feature, so this model was discarded. These results suggest that 
the high permeability trough is likely to either be small, such as shown in Figure 4-29a, or exist 
as small, discontinuous patches. 
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Heterogeneity within the Puye Formation; one realization of a stochastic 
Markov-chain model of the Totavi Lentil (dark pink). Model parameters are 
based on surface geologic maps and measured outcrops. 
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Cross section through hydrostratigraphic framework model, showing location of 
layer selected to perform a sensitivity analysis exploring the uncertainty in the 
geologic framework. The uncertain zone in pink was assumed to be either Tb2 
or Santa Fe Group for the purpose of examining sensitivity. 
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Figure 4-26. 
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Figure 4-27. Heterogeneity within the Puye Formation; three realizations of a stochastic 
Gaussian model. 
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Heterogeneity within the Puye Formation, fanglomerate; two realizations of a 
stochastic Markov-chain model. Model parameters are based on lithologic logs 
from R-wells. 
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a) Narrow trough 

b) Enlarged trough 

Two representations of the north-south trending trough in the upper Santa Fe 
Group. 

4-49 December 2005 



Hydrogeologic Synthesis Report 

4.2.12.2 Category B: Predict fate and transport of contaminants in the regional 
aquifer, in order to optimally place monitoring wells and inform risk 
assessment studies. 

1. HE transport from TA-16. The first contaminant transport simulations were conducted in 
response to the discovery of high explosives (HEs) in the upper saturated zone at R-25. The first 
model predictions were based on a simple premise: that the aquifer is at steady-state (with 
current rates of production in water supply wells), and that the important heterogeneities were 
defined by the 3-D hydrogeologic framework model. HE was represented by non-reactive 
particles in the model, released at the water table both at TA-16 and beneath Canon de Valle 
(assuming rapid downstream transport in the alluvium). Figure 4-30 illustrates these results, 
which show all the contamination eventually being captured by either PM-2 or PM-4. Travel is 
predominantly within the Puye Formation. Breakthrough curves, shown in Figure 4-31, 
suggested that travel times would be on the order of hundreds of years. These slow travel times 
are consistent with the observation that no HE has been found in monitoring wells drilled since 
this study, at distances relatively close to R-25. A later simulation using a transient flow field 
demonstrated that the steady-state analysis was sufficient for this problem. 

This study was repeated in 2000 with a more realistic approach to modeling heterogeneity within 
the Puye Formation (see Figure 4-27). By using a stochastic approach, it was hoped to identify 
possible fast pathways that could significantly change our earlier result. Table 4-5 illustrates the 
results of this study, for ten different realizations of the Puye Formation. This result showed that 
given this model of heterogeneity, first arrivals of contaminants could appear at PM-4 in less 
than 100 years. The shorter travel times in this study are due to preferential transport through a 
heterogeneous medium. 

None of these analyses considered the possible role of model parameter uncertainty on transport 
predictions. In particular, there was still concern about possible easterly-southeasterly pathways 
away from TA-16. Predictive analysis (Doherty et al. 1994) was used to explore the range of 
possible flow directions away from TA-16 that could be achieved by assigning a large number of 
combinations of permeability and recharge parameters, given the constraint that any model must 
still match measured heads and fluxes reasonably well. Figure 4-32 shows the results of this 
analysis, which found that only relatively small variations in flow directions were possible under 
variable model calibration criteria. The major caveat to this result is that it depends on the 
hydrostratigraphic framework model being accurate; the "true" uncertainty in flow directions is 
undoubtedly larger than that shown in Figure 4-32. 

2. Siting a characterization well, R-13. One objective for R-13 was that it could eventually be 
used to monitor possible off-site migration within the regional aquifer of contaminants 
originating below Mortandad Canyon. Based on the similarity between 3H data in alluvial and 
perched aquifer wells in Mortandad Canyon and in wells due east in Sandia Canyon (R-9, R-12, 
and 0-1 ), a due easterly pathway had been proposed earlier. Numerical simulations, shown in 
Figure 4-33, suggested a slight southerly bend to flow directions due to pumping by PM-3, 
PM-4, and PM-5. This results in a steady-state flow field, which will tend to exaggerate the 
effects of pumping over what might be the effects of pumping at present. Based, in part, on these 
results, R-13 was sited along the LANL boundary, south of the due easterly flow path suggested 
by geochemical results. 
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Figure 4-30. Predicted paths for particles released at TA-16 and beneath Canon de Valle and 
captured at PM-4 and PM-2. 
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Table 4-5. 
Travel Times Calculated Using Ten Different 

Models of Hydraulic Conductivity within the Puye Formation 
CaseO Case 1 Case2 Case3 Case4 Cases Cases Case7 Cases Case9 Case 10 

First Arrivals RG 420 320 390 340 340 350 360 370 650 840 920 
(yrs) PM-2 N/A 250 120 110 200 NA NA 200 NA 430 NA 

PM-4 120 100 100 90 80 100 90 100 150 180 210 
Mean Arrivals RG 730.8 825.2 901.9 935.7 794.4 688.6 675.2 928.6 1229 1626 1569.6 
(yrs) PM-2 NA 269.9 205.7 259 304.2 NA NA 249.9 NA 430 NA 

PM-4 139.1 157.4 170.9 226.9 151.6 135.9 127.9 163.8 234 310 318.1 
Standard RG 201.7 254.8 312.7 379.7 226.1 211.1 213.1 247.7 345.6 478 392.6 
Deviations of PM-2 NA 20 62.2 81.1 79.6 NA NA 69.5 NA 0 NA 
Arrivals PM-4 5.7 21.5 22.7 50.7 32.1 12.8 14.8 25 32.2 42.7 23.9 
Percentage RG 88.4 6.8 28.3 25.5 4.3 21.4 10.9 9 7 7.7 7.6 
of Particles PM-2 0 0.02 6.6 33.8 0.1 0 0 0.1 0 0.02 0 
Captured (%) PM-4 11.6 93.2 65.5 40.9 95.6 79.6 89.3 91 93 92.3 92.4 
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Figure 4-32. Results of predictive analysis, showing the possible range of flow directions 
(farthest northward and farthest southward) for sources at TA-16. Colors 
represent hydrostratigraphic units through which the water is flowing. 
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Figure 4-33. Predicted plume migration for sources released at the water table below 
Mortandad Canyon, based on a steady-state, with pumping, flow field. 

Recent analyses of transient capture zones in the vicinity of Mortandad Canyon highlight the fact 
that flow directions and ultimate point of discharge change both in time and distance along the 
canyon. Solutes reaching the water table at early times (pre-1970s) and at easterly locations 
along the canyon probably moved to the east, under natural flow conditions and the pull of 
PM-1. Solutes reaching the water table at later times and further to the west will likely be drawn 
to the south. If the location and timing of contaminants reaching the water table is uncertain, the 
optimal monitoring network therefore will include both easterly and south-easterly monitoring 
locations. 

3. Naturally occurring contamination. Some groundwaters in the Espanola Basin, including 
waters in the vicinity ofLANL, are contaminated by naturally occurring arsenic, uranium, and 
flouride (McQuillan and Montes 1998; Purtymun 1977). Data collected in lower Los Alamos 
Canyon suggest that long-term pumping in water supply wells may increase concentrations of 
naturally occurring uranium (Gallaher et al. 2004). 

Ongoing modeling studies, using the basin-scale model coupled with new water chemistry data 
collected in cooperation with Santa Fe County and the New Mexico Environment Department, 
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are attempting to understand the geochemical mechanisms that enhance dissolution ·of trace 
metals in aquifer rocks and the hydrologic mechanisms that may cause groundwater extraction to 
exacerbate the problem. Figure 4-34 illustrates an example model simulation, which simulates 
the spatial distribution of total dissolved solids in the basin. The prediction of a large area of 
high-salt water in the vicinity of Santa Fe has possible implications for water resource planning 
for that community, i.e., the cost of treating the high-salt water or finding alternate resources. 

4.2.12.3 Category C: Provide guidance in prioritization of data collection activities, 
highlighting the importance of those data that could most reduce numerical 
and conceptual model uncertainty. 

1. Reducing uncertainty in transport predictions away from TA-16. After the analysis shown 
in Figure 4-32 was completed, the model was used to determine ho_w new monitoring wells 
might reduce the uncertainty in flow directions and travel times. Hypothetical wells were added 
with head data at five different locations near the particle path lines (shown in Figure 4-35) to 
determine the value of the head data in reducing pathway uncertainty. When the analysis was 

·conducted, head data from R-25 were not yet available; therefore, head data at this well were not 
included in the analysis. Interestingly, of the five potential well locations, it was head data at 
R-25 that had the most benefit. The reason for this result is that information about the vertical 
component of the 3-D head field at R-25 helped the model determine the extent to which 
flowpaths are horizontal (fast) or three-dimensional (much slower). 

2. Capture zone of PM-5. A similar methodology was used to determine the type of data that 
would be of most benefit to reducing uncertainty in the ability to predict the capture zone of 
PM-5 (Vesselinov et al. 2002b). A conceptual particle plume was released at a single location at 
the water table beneath Mortandad Canyon to simulate the transport away from the site. The 
calibrated model predicted that the particles traveling along the mean pathway would arrive at 
PM-5 (orange line, Figure 4-36). This model predicted that ~80% of the particles would arrive at 
PM-5. By varying recharge parameters and aquifer properties in a large number of possible 
combinations, within calibration constraints, a wide range of possible model predictions was 
generated. This analysis showed that parameter uncertainty was sufficiently great so that either 
0% or 100% capture was also possible (blue and green lines, respectively, on Figure 4-36). 
Figure 4-37 illustrates the full plume migration in the 0% capture scenario. The analysis 
determined that better information on recharge rates in Mortandad Canyon would have the most 
benefit to reducing predictive uncertainty. The caveats to this study include the following: (1) 
possible recharge rates were not constrained to be within the bounds provided by existing studies 
of recharge, and (2) the method of modeling recharge probably overestimates the impact of local 
recharge on local head gradients. 
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Figure 4-35. Location of hypothetical wells (green crosses) used to evaluate the potential 
value of head data in reducing uncertainty in flow directions. Solid and dotted 
lines show range of uncertainty in flow direction (north/south) and flow depth. 
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Illustration of plume migration for minimum capture by PM 5 (0%). Also 
shown are the two water table elevations predicted by the minimum and 
maximum cases. 
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3. Proposed pump test at 0-1. The best way to characterize the hydraulic properties of the 
aquifer is to conduct a pump test with one or more monitoring wells. It was proposed that 
characterization well R-5 be drilled very close to 0-1 so that a pump test could be conducted. A 
2-D radial model was used, with the 3-D geologic model interpolated onto the grid to represent 
aquifer heterogeneity, to determine the optimal distance the characterization well should be 
drilled from 0-1. Figure 4-38 shows the radial grid, and the predicted drawdowns as a function 
of distance from 0-1, using a variety of model assumptions and parameters (8 cases). The range 
of suggested distances from the well that came from this analysis was 100-400 m. Ultimately, 
the well was sited at a greater distance for other purposes and no pump test was conducted. This 
test will be feasible when well R-3 is constructed closer to 0-1. 
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(a) Hydrostratigraphic units in the vicinity of well 0-1, interpolated onto radial 
grid; (b) Predicted drawdowns at the top of the aquifer, for eight cases. 
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5.0 CONCLUSIONS 

5.1 Summary 

This report has described the geology, hydrology, and geochemistry of the Pajarito Plateau, 
based on empirical observations and modeling analyses. The purpose of this description is to 
provide a basis for evaluating and, and if necessary, designing an enhanced monitoring network 
capable of detecting contaminants. In order for a monitoring system to detect contaminants, an 
understanding of how contaminants reach groundwater and how contaminants move through 
groundwater is required. This section draws together the information present in the previous 
sections to establish a conceptual model of contaminant transport through the hydrogeologic 
system. This conceptual model is the basis for relating the work to evaluation of risk 
(Section 5.2) and the monitoring implications described in Section 5.3. 

In overview, the contaminant transport conceptual model is one in which contaminants reach 
points of potential exposure in the regional aquifer only if the following conditions are met: 

• Mobile contaminants have been released to the environment 

• There are natural or anthropogenic water inputs to carry contaminants downward 

• Vadose zone hydrogeologic controls are present, including enhanced infiltration and 
lateral pathways 

• Flow-field modifications are present to influence transport of contaminants in the 
regional aquifer. 

The following subsections draw together the observations and analyses that explain and support 
these conditions for contaminant transport. 

5.1.1 Presence of Contaminants 

Imprinted on the natural variations in chemistry is the presence of contaminants historically 
released since the early 1940s when Laboratory operations commenced. While the contaminants 
are at concentrations largely below regulatory standards or risk levels, they demonstrate the 
presence of pathways for groundwater flow and contaminant transport from the surface to deeper 
groundwater. The impacts to groundwater at the Laboratory have occurred mainly where effluent 
discharges have caused increased infiltration of water. The depth to which chemical constituents 
move in the subsurface is determined partly by their chemical behavior: nonreactive constituents 
move readily with groundwater, while reactive or adsorbing constituents move a shorter distance. 

In most cases where effluent sources have been eliminated, groundwater concentrations of non
reactive discharged contaminants have decreased far below previous levels (e.g., nitrate, tritium, 
and perchlorate) in alluvial groundwater. These mobile contaminants move readily through the 
subsurface and are detected within perched intermediate zones and at the regional water table 
beneath several canyons, including Pueblo Canyon, Los Alamos Canyon, Sandia Canyon, 
Mortandad Canyon, and Cafion de Valle. In the case of reactive or adsorbing chemicals, the 
concentrations in the alluvial groundwater remain elevated significantly above background levels 
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after elimination of discharges or other contaminant source terms (e.g., excavation and removal 
of contaminated sediments). These include constituents such as strontium-90 and the actinides 
(americium-241, plutonium-238, and plutonium-239, 240) (Section 3.1.2). 

Lateral flow and transport through surface water and in the alluvial systems are rapid with 
respect to other subsurface hydrologic processes on the plateau. Rates of lateral transport are 
even higher during surface flow events, which occur more frequently in the larger wet 
watersheds than in other areas of the plateau. Sorbing species transport slowly in alluvial waters 
and more commonly migrate down the canyon floor by sediment transport (LANL, 2004a; Lopes 
and Dionne, 1998; Solomons and Forstner, 1984; and Watters et al., 1983). Since some of the 
wet canyons that cross Laboratory land have received liquid-waste discharges from outfalls, the 
alluvial systems act as line sources for both water and contaminants to the deeper vadose zone 
beneath such canyons (Section 2.5.2.2). 

Data for conservative (nonreactive) constituents (tritium, nitrate, perchlorate) in alluvial 
groundwater support the conceptual model that this groundwater has a short residence time and 
conservative contaminants do not accumulate in alluvial groundwater. The time-trend pattern for 
these contaminants shows a high level when they were being released, followed by a sharp 
decline in concentration to nearly nondetectable levels when the source was eliminated. Past 
values of tritium and nitrate in alluvial groundwater in DP, Los Alamos, Pueblo, and Mortandad 
Canyons exceeded the 20,000 pCi/L mean concentration level (MCL) (Rogers 1998). Because of 
improvement in effluent quality, values this high do not occur today in these locations 
(Section 3.2.3.1). 

Data for adsorbing constituents (strontium-90, plutonium-239, 240) illustrate the conceptual 
model of contaminant adsorption onto alluvial sediments. The time- trend pattern for the 
adsorbing contaminants shows a decline in concentration when the source is cut off, followed by 
maintaining a fairly constant low concentration in the groundwater due to cation exchange. The 
highest measured strontium-90 activity was approximately 500 pCi/L in Acid Canyon surface 
water in 1960. With no present source, levels have dropped dramatically and strontium-90 is now 
consistently detected at low activities, below 1 pCi/L in alluvial groundwater (Section 3.2.3.1). 

Data showing low levels of tritium activity in intermediate perched groundwater support the 
conceptual model that alluvial groundwater affected by effluent discharges is a principal source 
of recharge and contaminants for the intermediate perched groundwater. The highest values of 
tritium in intermediate perched groundwater are found where effluent discharges have occurred. 
Tritium time-series data also support a conceptual model that groundwater in the intermediate 
perched zones may have short residence time. In the absence of effluent discharge from TA-45 
as a tritium source in Pueblo Canyon, tritium in the intermediate perched zone sampled by well 
TW-2A fell rapidly during the 1980s (Figure 3-13). This suggests that tritium associated with the 
former TA-45 treatment plant infiltrated the canyon floor and migrated vertically, at least to the 
depth of the intermediate perched zone at TW-2A, but had no continuing source when the TA-45 
treatment plant was shut down (Section 3.2.3.2). 

The distribution of tritium in the regional aquifer supports the conceptual model that surface 
effluent discharges have caused the instances where Laboratory contaminants are found at depth. 
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In most cases, the highest regional aquifer tritium values are found near where effluent 
discharges have occurred, but are much lower than values observed in overlying alluvial or 
intermediate perched groundwater. Elevated 3H in regional aquifer samples has been observed at 
wells 0-I, TW-I, TW-3, TW-8, LA-IA and LA-2 (Rogers et al. I996b), as well as in several 
wells drilled during the hydrogeologic characterization program (Section 2. 7.3. I. I). 

The fundamental condition that contaminants should have been released for groundwater 
contamination to occur is illustrated by the distribution of conservative (that is, nonreactive) 
groundwater contaminants. Generally, compounds like RDX, tritium, perchlorate, and nitrate 
move readily with the groundwater because chemical reactions do not retard the movement of 
these compounds or decrease their concentrations, although the activity of tritium does decrease 
due to radioactive decay. Semireactive constituents (uranium, strontium-90, barium, some 
HE compounds, and solvents) whose movement is slowed or their concentrations are decreased 
by geochemical processes and strongly reacting constituents (americium-24I, plutonium, and 
cesium-137) that are nearly immobile are not found above background levels in intermediate 
perched groundwater or the regional aquifer (Section 3.2.1). 

5.1.2 Water Inputs 

Sufficient water input in a canyon system is a critical condition for transporting anthropogenic 
constituents. In most cases where Laboratory anthropogenic constituents are found at depth, the 
setting is either: 

• Canyons where natural water input is high (Pajarito, Water, and Canon de Valle) 

• Canyons where anthropogenic water input is high (Pueblo, Los Alamos, Sandia, 
Mortandad) 

• Mesa-top sites where large amounts of liquid effluent have been discharged (such as 
retention ponds or outfalls) (Canon de Valle and Water canyons) (Section 3.2.2). 

Wet canyons receive large runoff volumes, either through channeling of precipitation or through 
wastewater discharges. This runoff, in tum, creates surface-water flow along canyon bottoms, 
which subsequently infiltrates to form near-surface, alluvial water bodies (Section 2.4.2.1). The 
highest net infiltration rates are estimated to occur in canyons, especially those that head in the 
mountains, with magnitudes of up to a few hundred millimeters per year caused by channelized 
runoff. In contrast, much lower net infiltration rates occur across mesas and in the smaller 
canyons that head on the plateau (Section 2.4.2. l ). 

The infiltration rate estimates from canyon-bottom alluvium and mesa-top sites are consistent 
with the estimated infiltration rates inferred from moisture content profiles. In Section 4.1.3 .2, 
numerical models for wells LADP-3 and LADP-4 in Los Alamos canyon are presented showing 
that moisture profiles reflect the conceptual model of high infiltration in canyons and low 
infiltration on mesas. That analysis also shows that the uncertainties associated with such 
estimates are quite high (in the range of a factor of 3). However, by combining moisture content, 
tracer or contaminant profiles, and water budget information, a more constrained estimate has 
been achieved (Section 2.5.1). The resulting net percolation rates beneath the alluvial systems of 
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wet canyons to the underlying unsaturated zone are expected to be among the highest across the 
plateau, approaching meters per year (100-1000 mm/yr) (Kwicklis et al. 2005) (Section 2.5.2.2). 

The alluvial groundwater present in several canyons has a small volume relative to the annual 
volume of runoff or effluents, does not extend beyond the LANL boundary, and is generally 
completely refreshed by recharge on a time scale of about a year (Section 3.2.3.1). The Kwicklis 
et al. (2005) study shows that about 23% of the infiltration occurs from canyon bottoms on the 
plateau at lower elevations, including 14% of the total in streams that flow at least partly within 
LANL boundaries. 

Although relatively small volumetrically compared to mountain recharge to the west, aquifer 
recharge occurring locally on the plateau is important to the assessment of flow paths of 
potentially contaminated water. Tritium data confirms that relatively young water is present in 
the aquifer (Rogers et al. 1996b), indicating fast pathways through the vadose zone beneath 
LANL. K wicklis et al. (2005) used vadose zone occurrences of 3H to estimate the time
dependent transport velocities from which they derived the infiltration rates to the regional 
aquifer. They found that, in Mortandad Canyon, infiltration rates as high as 2000 mm/yr during 
periods of large volumes of effluent discharge decreased to 100-200 mm/yr when effluent 
discharge flow rates were reduced. These observations and analyses confirm that local recharge 
in canyons is an important component of the recharge distribution for the plateau 
(Section 2.7.3.1.1). 

The presence of water, either natural or from the discharge of effluents to canyons or mesa-top 
locations in the Laboratory's semiarid setting, initiates or increases downward percolation of 
water. Even under unsaturated flow conditions, this percolation may move significant volumes of 
water to the regional aquifer within a few decades. 

5.1.3 Vadose Zone Hydrogeologic Controls 

The third condition that controls the distribution of groundwater contaminants is the presence of 
vadose zone hydrogeologic controls. The controls considered most important in influencing 
contaminant distribution and transport are: near- surface circumstances that enhance infiltration, 
potential pathways in the vadose zone (e.g., basalts), and transport through intermediate perched 
groundwater. 

Infiltration rate affects the movement of anthropogenic constituents from the surface to 
groundwater. As described in Section 2.5.3, undisturbed Bandelier Tuff has a very low 
infiltration rate. On mesas, the predicted travel times are variable, but for the most part are 
greater than 1000 years, ranging from 1000 to 5000 years on the eastern portions of the 
Laboratory to 20,000 to 30,000 years in the western region. Areas that have other geologic units 
(particularly basalt units or Puye Formation) or fractured units exposed in the canyon bottom 
have higher, or enhanced, infiltration rates. In addition, the vadose-zone thickness decreases with 
increasing distance down canyon, due to thinning of the Bandelier Tuff (Section 2.2.9). Where 
the Otowi Member of the Bandelier Tuff is thick, infiltration rates are quite low. However, on 
the eastern side of the plateau, the Otowi Member thins to 0 to 100 feet, reflecting both the 
general thinning of the Otowi Member away from its caldera source and thinning of the ash-flow 
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tuffs over the Cerros del Rio highland on the east side of the plateau (Section 2.2.9.1). The 
eastern portions of canyons with thinned or absent Otowi Member have enhanced infiltration. 
Infiltration rates of 1500 to 2000 mm/yr are estimated for the confluence of Los Alamos and 
Pueblo Canyons, a consequence of infiltration directly onto Puye fanglomerates or fractured 
basalts (Section 2.7.3.1.1.). 

Enhanced infiltration is especially true for the eastern portion of deep wet canyons because their 
canyon bottom elevations are 45 to 60 m lower than smaller canyon systems on the plateau. 
Thus, the deepest canyons extend to stratigraphic horizons having higher infiltration rates 
because of increased fracture flow. Contaminants transported down canyon via surface flow or 
through the alluvial groundwater system often percolate through a geologic column consisting 
primarily of basalt and Puye Formation fanglomerate with little or no overlying tuff. Downward 
percolation is believed to be more rapid in the basalt than through moderately welded tuff 
(Section 2.2.8). Thus, these wet canyons have thinner vadose zones and a smaller portion of the 
flow path with matrix-dominated flow. Los Alamos and Pueblo Canyons have regions in the 
vicinity of their confluence in which the Bandelier Tuff is thin or nonexistent. Water infiltrates 
directly onto basaltic rocks or the Puye Formation, thereby yielding rapidly downward flow 
through fractures or preferential flow channels. The predicted travel times are especially short 
(5 to 10 years) in these locations (Section 4.1.2.1). 

Other instances of enhanced infiltration include the Canon de Valle and Water Canyon, where 
rates up to 1000 mm/yr are estimated for areas associated with the Pajarito fault zone. 
Anthropogenic alterations can also enhance infiltration, for example sediment ponds in 
Mortandad Canyon and ponds in Canon de Valle. 

In contrast to the Bandelier Tuff, the basaltic rocks clearly exhibit rapid flow through fractures 
and other fast pathways, so that the permeability of the matrix rock is essentially irrelevant to the 
rates of water percolation (Stauffer and Stone 2005). Fracture flow occurs because of the orders
of-magnitude lower matrix permeabilities of these rocks, compared to the Bandelier Tuff 
(Section 2.4.1). The upper surface of the Cerros del Rio basalt is irregular, with a broad highland 
that extends from north to south under the east-central portion of the Laboratory, largely buried 
beneath the Bandelier Tuff. The presence of the Cerros del Rio basalt in the vadose zone 
provides potential lateral fast pathways in the vadose zone (Section 2.2.8). These hydrogeologic 
factors, compounded by the relatively high deep-percolation rate in wet canyons, likely yield the 
fastest vadose-zone travel times for contaminants from the land surface of the plateau to the 
regional aquifer. Transport to the regional aquifer beneath wet canyons is predicted to be on the 
order of decades to hundreds of years (Section 2.5.2.2). 

The water-quality impacts by effluent releases on alluvial groundwater extend in a few known 
cases to intermediate perched groundwater at depths of a few hundred feet beneath these 
canyons. Since the contaminated alluvial groundwater bodies are separated from the intermediate 
perched groundwater by hundreds of feet of dry rock, pathways within the vadose zone are likely 
present in those canyons. There are two end-member conceptual models for flow within an 
intermediate perched water zone: 

• Low-velocity, virtually stagnant water resting in a perching horizon within a local 
structural or stratigraphic depression. Water percolates very slowly out the bottom of 
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this zone or spills over the sides of the depression. This configuration views perching 
horizons as barriers that slow the downward percolation of water. In several wells, 
intermediate saturated zones thought to represent perched groundwater were screened but 
failed to produce significant water. These occurrences may represent cases where zones 
of limited extent were substantially drained when the perching horizon was penetrated 
during drilling. Once the stagnant water is depleted in an initial round of sampling, there 
is insufficient recharge upstream to keep the zone saturated. 

• High-velocity, laterally migrating water that travels on top of the perching horizon. This 
conceptualization suggests that once groundwater reaches a perched zone, it rapidly 
percolates laterally along high-permeability pathways until the perching horizon pinches 
out or is breached by high-permeability features, such as fractures or lateral changes in 
lithology. In this scenario, water could move in stair-step fashion from one perching 
horizon to another. There are no confirmed instances of large-scale, lateral vadose zone 
pathways beneath the Pajarito Plateau at depths greater than the alluvial groundwater. 
However, the case oflateral flow through the wet, mountain-front mesas at TA-16 
suggests that this possibility does exist at greater depths. Although the T A-16 
observations are categorized as shallow for the purposes of this discussion because they 
discharge via springs in the local canyons, it could be argued that deep pathways with 
flow geometries similar to those of the mountain-front mesa or today's alluvial 
groundwater zones are evidence for the possibility of deeper fast pathways elsewhere 
(Section 2.6.2.4). 

The site-wide vadose zone transport model predicts that regions of relatively rapid travel times 
are present in the following canyons: Pajarito Canyon near White Rock, a portion of Canon de 
Valle, Mortandad Canyon at the Radioactive Liquid Waste Treatment facility, middle and lower 
Los Alamos Canyon, large portions of Pueblo Canyon, and Guaje Canyon (Section 4.1.2.3). 

Hydrogeologic controls influence movement of anthropogenic constituents through the vadose 
zone. The presence of geologic units that enhance infiltration, that act as pathways, or are 
conducive to perching groundwater and forming intermediate perched groundwater appears to be 
an important condition for groundwater contaminants to be transported to the regional aquifer. 

5.1.4 Regional Aquifer Transport 

Relatively little contamination reaches the regional aquifer from the alluvial groundwater bodies, 
and water quality impacts on the regional aquifer, though present, are low. Flow field 
modification is considered important in controlling anthropogenic constituent distribution in the 
regional aquifer. Anthropogenic constituents that enter the regional aquifer near pumping wells 
are predicted to have much shorter travel times than those outside the influence of pumping. 

The LANL regional aquifer model was used to produce a map of velocities at the water table. 
These velocities are highly uncertain and are used only to illustrate a few key points. First, given 
the heterogeneous nature of the aquifer, groundwater velocity is likely to vary considerably over 
short distances. There are two areas with relatively high permeability (K > 3 m/day): the 
north-central aquifer beneath LANL (wells TW-2, R-4, TW-3, R-11, R-28, and R-13) and the 
south-central aquifer beneath LANL (R-19, screen 6, DT-10, DT-9) (Section 2.4.2.3). 
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The fastest velocities are in the basalts where fracture flow (very low porosity) is assumed. 
Basalt straddles the water table in two areas. The most extensive is located in the south-central 
part of the plateau, where as much as 195 ft of saturated Pliocene Cerros del Rio basalt occurs 
at the top of the regional zone of saturation in well DT-10 and 290 ft occurs in well R-22 
(Figure 2-10). A smaller region of older Miocene basalts straddles the water table in a north
trending zone extending between wells R-12 to R-5. 

Second, flow on the eastern portion of LANL is predicted to be very slow. This is due to the very 
low permeability of the Santa Fe Group, which is prevalent at the water table east of LANL 
(Section 4.2.12.1). The Tesuque Formation is the primary rock unit making up the regional 
aquifer in the eastern part of the plateau and in the Buckman wellfield east of the Rio Grande. 
Bedding within the Santa Fe Group and the Puye Formation is likely to cause higher 
permeability parallel to the beds than perpendicular to the beds. Large vertical head gradients 
measured in.R wells are evidence of anisotropy. The beds within the Puye Formation range from 
centimeters to meters in thickness. Most are very low angle, dipping to the east. In contrast, beds 
within the pumiceous volcaniclastic rocks tend to dip to the southwest (R-20, R-2, R-7, R-19, 
and R-33). Beds within the Santa Fe Group exposed on the western margin of the plateau dip 
approximately 2-5° to the west (Golombek et al. 1983). Data from R-16 suggest that shallow 
layers are very low-angle, but deeper layers dip as much as 25° to the west. Hydrologic modeling 
and pump test analysis suggests that vertical permeability is 100 to 1000 times lower than 
horizontal permeability in the Santa Fe Group (Hearne 1985; McAda and Wasiolek 1988; 
Keating et al. 2003). (Section 2.4.2.3) 

The regional aquifer conceptual model incorporates data from recent large-scale (30-day) 
pumping tests. Individual drawdown and recovery water levels in responsive wells demonstrate 
that the regional aquifer surrounding PM-2 is vertically anisotropic with pronounced resistance 
to vertical propagation of drawdown at shallower depths. Hydraulically, the aquifer behaves like 
a semiconfined aquifer at depth with leaky units located above (and perhaps below) a highly 
conductive layer (Section 2.7.5). It appears that there are water-table conditions near the water 
table, but leaky-confined aquifer behavior deeper down, although the degree to which the 
uppermost phreatic zone and the deeper, leaky-confined aquifer are hydrologically connected is 
unknown. The regional aquifer can be thought of as a compartmentalized aquifer with water 
from plateau recharge traveling laterally in the phreatic zone as the upper compartment and a 
lower compartment, which contains deeper groundwater flow as the leaky-confined aquifer that 
is isolated to some degree from the overlying compartment. 

The contaminant pathways in the regional aquifer depend heavily on the strength of the 
hydro logic separation of the two compartments, which translates into how efficiently the 
pressure drawdown caused by the pumping wells propagates to the water table. Two conceptual 
alternatives are end members on a spectrum of potential configurations and thus capture the total 
potential variability. 

• Weak hydraulic separation between the shallow (phreatic; water-table) and deep 
(leaky-confined; pumped) zones does allow pumping drawdown to reach the water table. 
Hydraulic gradients in the phreatic zone are affected by the pumping and contaminants 
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are drawn toward the wells. Contaminants are primarily predicted to arrive at water 
supply wells with a travel time of less than 50 years. 

• Strong hydraulic separation between the shallow (phreatic; water-table) and deep 
(leaky-confined; pumped) zones does NOT allow the pumping drawdowns to reach the 
water table. Hydraulic gradients in the phreatic zone are NOT affected by the pumping. 
Contaminants are predicted to bypass the water supply wells and will arrive at the springs 
with travel time of about 200 years. 

Compartmentalized flow with variably separated shallow and deep zones is supported by 
observations. The recent pumping tests suggest strong hydraulic separation exists, as described in 
the "strong separation" regional aquifer conceptual alternative. However, it is likely that some 
downward movement of water and contaminants does occur due to pumping of water supply 
wells at depth. Occurrences of tritium and perchlorate in 0-1 illustrate the point that flow paths 
between the shallow and deep aquifer water can exist during production. This observation 
supports deeper pathways near water supply wells, conforming to the "weak separation" regional 
aquifer conceptual alternative. However, the extent of vertical transport is undoubtedly a 
function of the local permeability structure between the water table and the pumping interval in 
the water supply well, which may vary spatially across the plateau. 

It is unclear whether it is important to monitoring goals to distinguish between these two 
alternatives. The first priority is to enable prediction of contaminant transport velocities 
sufficiently accurately to design an enhanced monitoring network and interpret the results. Either 
alternative results in lateral transport of contaminants reaching the water table, especially at 
locations relatively unaffected by municipal water well pumping. It is possible that the more 
strongly compartmentalized, two-zone aquifer conceptualization might yield more rapid 
contaminant transport near the water table, with transport pathways that are more lateral and less 
influenced by municipal water supply well pumping than the weak separation, more uniformly 
anisotropic case. 

5.2 Relation ofHydrogeologic Workplan Results to Risk Assessment 

The data, conceptual models, and numerical models resulting from work performed during 
implementation of the Hydrogeologic Workplan will be used, in combination with data gathered 
by the Environmental Restoration Program, to perform groundwater risk assessments for 
LANL-contaminated sites. The risk assessments will synthesize information (and uncertainty) 
about source term, vadose-zone flow and contaminant transport, and saturated-zone flow and 
contaminant transport to predict future health effects at receptor locations. They will be 
performed using a probabilistic approach that incorporates parameter uncertainty and variability, 
as well as conceptual model uncertainty. Data sets and site information gathered thus far will be 
used to define uncertainties in the form of parameter distributions and well-defined alternative 
conceptual models of groundwater flow and contaminant transport. These uncertainties will be 
propagated through groundwater models and then used in a risk-based decision analysis to 
identify and rank alternative actions to protect people from potential impacts of groundwater 
contamination from various release sites. 
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To construct the probabilistic risk assessment and associated decision analysis, several steps are 
employed. When using these steps we assume that we have already acquired general knowledge 
about the site. This assumption is, in general, valid for the main contamination issues on the 
plateau, based on background information gained during the Hydrogeologic Workplan and 
Environmental Restoration activities of the past 10 years. 

1. Define the question to be answered. Examples of the questions might be, "What is the 
potential, future health risk for water users of municipal supply wells associated with 
historic effluent releases in canyon X? How can these risks be decreased?" 

2. Define input parameters and construct parameter distributions. Estimates in the range of 
model input parameters are made based on field data, historic records and expert judgment. 
Example distributions might include uncertainty in contaminant masses released as a 
function of time in geologic and/or in hydrologic properties. 

3. Define conceptual models. These could be related to source release, to vadose zone ~nd 
groundwater flow, and to contaminant transport. 

4. Construct numerical models based on information.from Steps 1through3. Such models 
will generally include a vadose-zone and a saturated-zone model. 

5. Sample parameter sets to be used as input for a series of Monte Carlo simulations that 
capture the ranges of model and parameter uncertainties defined 

6. Run probabilistic flow and transport simulations using the numerical models and the 
parameter sets. 

7. Use output from flow and transport simulations to calculate health effects or to answer 
other questions defined in Step 1. 

8. Peiform sensitivity analyses to determine parameters or conceptual models that produce 
model results indicating potential adverse health effects. 

Steps 2, 3 and 4 rely extensively on work performed for the Hydrogeologic Workplan. Predicted 
results are compared to field data (concentrations, heads, water content) to verify that model 
results are reasonable. In addition, in order to create regulator and stakeholder trust in this 
process and its results, stakeholder input concerning parameter distributions and conceptual 
models is encouraged. 

Based on the sensitivity analysis described in Step 8 above, decision analysis is applied to define 
the optimal course(s) of action at a particular contaminated site. Such actions may include some 
combination of cleanup, stabilization, additional characterization, and monitoring. If additional 
characterization is identified as an action that can reduce risk, the sensitivity analysis yields 
information not only about which parameters should be better characterized, but also to what 
degree the uncertainty or variability in a specific parameter should be reduced. If the uncertainty 
were reduced to within the defined limits through characterization, then an updated risk 
assessment would calculate reduced risk. The decision analysis may help decrease the cost of 
future characterization by identifying parameters that do not need to be better characterized. 
Also, if experts feel that further characterization will not result in decreased uncertainty in. a 
parameter identified in the sensitivity analysis, then that characterization effort might be rejected 
and an action with a higher probability of success may be pursued instead. 
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The generic process outlined above will be implemented on a canyon-by-canyon, or site-by-site 
basis in the future, using information learned from the Workplan and ER activities as a 
foundation. The conceptual, and for certain sites, numerical models will be formulated based on 
the knowledge gained and described in Sections 2 and 4 of this report. Thus, the past work 
becomes the springboard for future risk assessment and decision analysis activities related to 
groundwater at the LANL site. 

5.3 Implications of Hydrogeologic Workplan Findings for Monitoring 

The principal motivation for embarking on the Hydrogeologic Workplan was to provide the 
underlying scientific basis needed to make informed decisions regarding monitoring, 
remediation, or other actions to provide assurance that the groundwater beneath the Laboratory 
is protected. The site-wide approach taken in the investigation, both in terms of field-based 
characterization and modeling, has filled in many gaps in our understanding of the groundwater 
behavior and pathway directions and rates of migration of contaminants. Characterization wells 
were drilled for a range of objectives, from the collection of basic hydrogeologic information 
about the regional aquifer to serving as contaminant-specific and unit-specific sampling wells. 

This investigation has led to a vastly improved conceptual understanding of the groundwater 
systems of the Pajarito Plateau: new concepts have been developed, and previous hypotheses 
have been confirmed or refined. Although wells have been drilled in a manner that does not 
preclude their being used in an enhanced monitoring network, the goal was to gather general 
information required to confirm or refine our conceptual models for groundwater flow and 
transport. Additional information may be necessary to predict contaminant transport in a 
particular setting: all sites are unique and require site-specific measurements to reduce · 
uncertainties. However, armed with the improved understanding gained from the Hydrogeologic 
Workplan activities, we are·now able to develop improved groundwater monitoring strategies or 
conduct more cost-effective detailed studies of individual canyons where initial studies have 
suggested that groundwater risk may exist. 

In this section, we place the results of the findings of the Hydrogeologic Workplan into context 
by discussing the impact of the conceptual model elements learned in the study to the following 
questions: How does a particular conceptual model element .impact -

• the design of an enhanced groundwater monitoring plan? 

• the conduct of a detailed contaminant nature and extent study? 

• the application of a remediation strategy? 
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5.3.1 Alluvial Groundwater 

The alluvial system potentially provides a significant pathway for lateral transport at high 
velocity over great distances. Travel times on the order of a few years are expected in some 
canyons for contaminants to travel several kilometers from the release location. Tracer tests in 
Mortandad Canyon and contaminant migration measurements in Los Alamos and Mortandad 
canyons illustrate this point. A corollary is that within a few years ofreducing the source term 
(reducing the effluent concentration, removing a solid source through remediation, etc.), 
concentrations of nonsorbing contaminants decrease due to flushing of the alluvial groundwater. 
These contaminants can enter the underlying vadose zone. Some contaminants such as Sr-90 
travel much more slowly in the alluvial system due to retardation resulting from sorption. The 
contaminant inventory for these constituents is expected to reside mainly in the alluvial 
groundwater and on sediments (see Section 3). 

A number of attenuation processes act to slow or impede the movement of contaminants, but 
ultimately the spatial extent of contamination within the canyon is limited by the distance 
traveled by surface and subsurface water. This distance varies seasonally with rainfall and 
runoff variability, and can be significantly changed from natural conditions by the input of 
anthropogenic water sources such as LANL effluent discharges or municipal water treatment 
facilities. 

Alluvial groundwater is the potential source for water and contaminants to the deeper vadose 
zone. Percolation rates to the deeper vadose zone are temporally and spatially variable. Zones of 
preferential percolation exist, and it is difficult to predict their locations a priori. These zones are 
probably controlled by the nature of the hydro geologic properties at the base of the alluvium, 
topographic conditions of the canyon, and the degree of fracturing of the underlying basement 
rock. For example, relatively high recharge is thought to be associated with fractures in Los 
Alamos Canyon near the Guaje Mountain Fault zone and in locations in the vicinity of the low
head weir, where water infiltrates directly into fractured basalts. 

Implications of this conceptual model for nature-and extent studies, groundwater 
monitoring strategies, and remediation are: 

• Long-term monitoring of the alluvial groundwater should focus on nonsorbing 
contaminants such as tritium, perchlorate, and aqueous HE compounds. 

• To monitor changes in contaminant concentrations in response to changes in operations 
or after remediation, frequent samples must be taken to track progress. 

• The absence of a contaminant known through historical records to have been introduced 
into a canyon likely means that the contaminant resides deeper in the system, and has 
been flushed out of the shallow system once the release was terminated. 

• A relatively complete mass balance of released sorbing contaminants can be achieved by 
focusing on the alluvial sediments and groundwater. 

• If a nonsorbing contaminant has been released for many years into a canyon, most of the 
inventory probably resides in strata below the alluvial system, so remediation techniques 
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such as permeable reactive barriers in the alluvial system will be addressing only a small 
fraction of the inventory. 

• Sorbing contaminants are accessible to remediation technologies applied to the alluvial 
system. Technologies requiring a flux of contaminant, such as a permeable reactive 
barrier, are likely to work slowly, but may be useful, should some type of vadose zone 
remediation be required. 

• In nature-and-extent studies for nonsorbing contaminants, zones of enhanced infiltration 
must be located using hydrologic studies to understand the different terms in the water 
budget. Surface water flow data, piezometric measurements of alluvial groundwater 
heads, and shallow borings that penetrate the underlying bedrock are useful to identify 
these zones. 

• Numerical models of the surface-water/alluvial groundwater system are useful for 
constraining the estimates of percolation rates to the deeper vadose zone. 

5.3.2 Vadose Zone 

Transport velocities for nonsorbing contaminants in the deeper vadose zone (below the alluvial 
systems) are much larger in canyon bottoms than on mesa tops, suggesting that effluent 
discharges into canyons are the principle threats to the deep groundwater. Localized zones of 
high water flux from mesas are possible, such as in locations where the surface has been 
disturbed by human activities, or in faulted regions in close proximity to the Pajarito fault 
zone. However, most mesas show little, if any, evidence of transport of large quantities of 
contaminants to great depths. Numerical models of unsaturated zone transport in mesas are 
consistent with this observation. 

Transport of contaminants from the alluvial groundwater zones to the deeper vadose zone can 
occur in two main rock types: Bandelier Tuff and basalts. Water percolates principally through 
the matrix pores in the Bandelier Tuff, but drains quickly through fractures and other open void 
space in the basalts. Fractures in the Tshirege Member of the Bandelier Tuff at the base of the 
alluvial systems probably serve as preferential pathways for downward percolation, but water 
quickly imbibes into the rock matrix, and matrix flow is even more likely in the more 
homogeneous Otowi Member. The subsurface location of contaminants in the vadose zone is 
controlled by the local percolation rate from the alluvial system. Although contaminants might 
be present in the rock pores along the entire reach of a contaminated canyon, the greatest 
quantities of nonsorbing contaminants will likely be present in zones of enhanced percolation. As 
discussed in the previous subsection, the locations of these zones are difficult to predict in the 
absence of detailed studies of the alluvial system. 

Where Bandelier Tuff is present, travel times to the regional aquifer are controlled by the 
percolation flux and the total thickness of the underlying tuff units. Travel times through the tuff 
units probably range from a few decades to several hundred years. This means that most of the 
inventory of nonsorbing contaminants probably still resides in the vadose zone. In many vadose 
zone wells, the location of the contaminant front in the vadose zone has been located in the 
Bandelier Tuff. However, even where a well defined front exists, contamination is also found in 
deeper perched zones in the same well or in nearby wells. This suggests that a zone of higher 
percolation flux supplies the zone, and some lateral flow occurs. This lateral flow may be along 
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the canyon, but it is just as likely that the well is located nearby, but offset from the zone of 
highest percolation, and the lateral transport occurs a short distance perpendicular to the strike of 
the canyon. 

Where infiltration occurs directly onto basalts, higher percolation rates are expected, along with 
much more rapid transport of contaminants to depth. Travel times through the basalts are 
expected to be a few years. Beneath the basalts and the Bandelier Tuff, the Puye Formation 
represents a highly heterogeneous vadose zone medium in which preferential pathways are 
likely. Travel times through the Puye Formation are therefore likely to be small for nonsorbing 
contaminants. 

Sorbing contaminants are rarely detected at depths below the alluvial groundwater, even in 
locations where they were released coincident with nonsorbing contaminants that are found at 
depth. Retardation due to sorption is a key delay mechanism in the system. Detailed sampling 
has not been conducted in the few feet of rock immediately below the alluvial groundwater zone, 
but it is likely that any sorbing contaminants that have escaped the alluvial system have only 
migrated a very short distance into the bedrock. 

Perched water is commonly found beneath naturally wet canyons or canyons with significant 
water input from anthropogenic sources. Generally, the perched water is not found to flow 
underneath the adjacent mesas, although data are somewhat limited. Perching is caused by low
permeability horizons: the downward percolation rate exceeds the saturated hydraulic 
conductivity of the perching horizon, and water collects or is diverted laterally. The degree of 
lateral flow within perched zones is uncert~in. Lateral diversion will force contaminants to reach 
the water table at a different location than it entered the deeper vadose zone, but it is unlikely 
that this location will fall significantly outside the uncertainty zone defined by the alluvial 
groundwater zone. Travel times are not dramatically affected by the nature of flow in the perched 
zone. Travel times are controlled by percolation through the Bandelier Tuff, and the details of 
the flow path beneath these units are relatively unimportant in determining the total travel time to 
the regional aquifer. Finally, perching horizons provide a convenient means for monitoring the 
extent of transport of contaminants in the vadose zone. 

Implications of this conceptual model for nature-and extent studies, groundwater 
monitoring strategies, and remediation are: 

• Monitoring of the performance of waste sites located on mesas will probably turn up little 
contamination at great depth: sampling ports located in the vadose zone directly beneath 
the waste are probably required to detect contaminants. Given that regional aquifer 
monitoring to ensure the validity of this conclusion will probably be required, we should 
attempt to combine monitoring with characterization or other goals to maximize the 
utility of the well. 

• Wet canyons with contaminants are the locations to focus monitoring. 

• In zones where contaminants percolate directly into basalts, contamination has traversed 
the vadose zone, and characterization efforts should focus on the regional aquifer. Further 
characterization of nature and extent in the basalts of the vadose zone will not yield as 
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useful information in locations where contaminants have already reached the regional 
aquifer. 

• Long-term monitoring of the intermediate groundwater should focus on nonsorbing 
contaminants such as tritium, perchlorate, and aqueous HE compounds. 

• Sorbing contaminants can be checked on a less frequent basis because to date they have 
not traveled to significant depths, making the rapid breakthrough of high concentrations 
to the perched zones or the regional aquifer very unlikely. 

• Given the range of travel times through the vadose zone, it is critical, ifrisk-based 
approaches are taken, that decision makers settle on the time period of regulatory interest. 
Without this definition, studies will not be appropriately focused, and misplaced 
characterization activities are likely to be the result. 

• Although downward migration along the entire length of a wet canyon may occur, 
unequal percolation rates along the canyon lead to zones where greater depths of 
penetration of contaminated water has occurred, including all the way to the water table. 
Uncontaminated regional aquifer water at one location does not guarantee that the 
regional aquifer is clean at another location in the same canyon. 

• Monitoring wells should be located near or downgradient of zones of preferential 
percolation determined from alluvial and vadose zone studies. In canyons posing 
significant risk, a higher density of shallow intermediate wells should be considered to 
pinpoint the preferential transport pathways than in canyons with lower risk potential. 

• Given that the lateral displacement of contaminants in perched zones will not add large 
additional uncertainty to the location of contaminant arrivals at the water table, nor will 
travel times be much affected, there is no compelling reason to study in detail the nature 
of flow and transport in the perched zones if the regional aquifer water is ultimately of 
greatest interest for groundwater protection. Characterization of pathways closer to the 
surface is more cost effective and definitive, and should bound the lateral extent of 
transport above the regional aquifer. 

• Contaminant inventories are likely to be small in most perched zones compared to the 
thick, unsaturated regions in which contaminated water is held in the matrix pores. 
Therefore, the perched zones are not good candidates for remediation by pump-and-treat 
methods because only a small fraction of the inventory will be accessed. An exception 
might be the large perched zone containing HE contamination at TA-16. If such a 
technique is attempted, better hydrologic characterization of the intermediate zones are 
required than we have obtained to date. 

• Perched zones are targets of opportunity for acquiring contaminant concentration data, 
making them useful in nature and extent studies. 

• Remediation of contaminants in the unsaturated rock of the vadose zone is not likely to 
be successful using available technologies. Water residing in matrix pores cannot be 
pumped, and most contaminants of interest are not volatile. Gas-phase nutrients could 
possibly be delivered to increase biological activity and induce bioremediation of organic 
contaminants, but the large spatial extent of contamination in the vadose zone probably 
renders such concepts impractical unless a single zone of preferential flow and transport 
is discovered. 
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5.3.3 Regional Aquifer 

The regional aquifer represents the most likely groundwater accessible to humans via the 
municipal water supply wells and the springs that discharge at the Rio Grande in White Rock 
Canyon. The focus of this summary is on the elements of the conceptual model most directly 
connected to the migration of contaminants in the regional aquifer. Aquifer processes and 
measurements in the broader regional context were established in Section 2. 7 and models were 
presented in Section 4.2. 

Local recharge on the plateau on Laboratory property is a relatively small fraction of the total 
recharge, but is critical to understand for its implications for contamination from historical and 
current Laboratory operations. Some of the recharge focused along canyons contains 
contaminants from the Laboratory. This water potentially represents a source term for regional 
aquifer contamination. 

To date, several observations have been made of contaminants reaching the regional aquifer. 
Conditions facilitating possible rapid downward migration to the regional aquifer are described 
in the previous subsections. High percolation rates, typically enhanced by anthropogenic water 
sources, and/or relatively thin or non-existent Bandelier Tuff at the surface are the conditions 
most likely to result in present-day regional aquifer contamination of nonsorbing constituents. 
Future contamination at additional locations is expected over a period of decades to centuries as 
more of the contaminant inventory reaches the water table. 

There are no definitive observations of sorbing contaminants having reached the regional 
aquifer via a groundwater pathway. This fact further supports the concept of retardation due to 
sorption as the principal retardation mechanism for many contaminants. 

Measured concentrations of nonsorbing contaminants in the regional aquifer are much lower 
than their concentrations in the effluent discharges or in the alluvial groundwater. This is the 
case even for samples collected near the top of the regional aquifer, where it might be expected 
that dilution due to dispersive mixing with regional aquifer water would not have taken place to 
as great a degree as further downgradient and at greater depth. Significant dilution of these 
plumes has occurred, assuming that samples are representative of the maximum concentrations 
and are not affected by mixing in the borehole. Borehole mixing and dilution is expected in 
municipal water supply wells, but is likely to be less prevalent in characterization-well samples 
with short screens. 

Lateral flow directions in the regional aquifer are defined by the potentiometric surface 
constructed on the basis of new measurements in the shallow regional aquifer in 
characterization wells drilled during the characterization program. Flow directions are generally 
west to east or southeast across the plateau. Detailed gradients at scales smaller than the 
distance between wells are more uncertain, and might be affected by local recharge conditions 
and pumping of nearby water supply wells. Deeper in the aquifer, gradients and flow directions 
are uncertain due to lack of deep wells. Different conceptual models lead to either (1) easterly 
flow paths with water upwelling and discharging at the Rio Grande, or (2) more southerly flow 
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paths with water leaving the Espanola Basin via interbasin flow to the Albuquerque Basin. Data 
to distinguish between these two mechanisms are lacking. 

Heads decrease with depth in most characterization wells on the plateau, and this condition is 
probably magnified by pumping of municipal water supply wells, whose screens are located 
well below the water table. While this condition might imply that contaminants at the water 
table should move downward, the hydrodynamics of the system are a function of the rock 
properties as well as the gradient. At some locations we find significant resistance to flow in the 
vertical direction, leading to compartmentalized zones that are connected only weakly to each 
other. Phreatic (unconfined water-table) conditions are present near the water table, whereas the 
aquifer exhibits behavior consistent with leaky-confined conditions at greater depths. The 
common observation of water-table conditions on the plateau, the depth-dependent response to 
pumping during multiple-well hydrologic tests, a~d the persistent head declines in the deeper 
aquifer in response to pumping are evidence of this behavior. More information is needed to 
determine if this is a ubiquitous feature of the aquifer. 

This conceptual model means that contaminant transport pathways are not necessarily 
downward in the regional aquifer. In the extreme, a ubiquitous low-permeability barrier 
separating the phreatic zone from the deeper zone would render the downward component of 
the gradient meaningless: downward flow would be negligible, and contaminants hitting the 
regional aquifer would travel laterally along the streamlines defined by the potentiometric 
surface. The reality is almost certainly more complex, with thin (in the vertical), laterally 
discontinuous, low-permeability heterogeneities creating increasingly confined conditions with 
depth. In such a situation, pathways to the depths of water supply well screens are also likely. 

Linear transport velocities are a function of the effective porosity of the medium as well as the 
groundwater flux. Porosity estimates are best made using interwell tracer tests, but these tests 
have not yet been conducted in the regional aquifer. Heterogeneous flow at larger scales will 
tend to result ip lower effective porosity estimates than what is measured in cores or with 
borehole logging tools due to preferential flow. All else being equal, lower effective porosity 
leads to higher velocities and shorter travel times. 

Implications of this conceptual model for nature-and extent studies, groundwater monitoring 
strategies, and remediation are: 

• Contaminant detections in the regional aquifer are spatially variable, with detects and 
non-detects in the same canyon. Given that contamination has probably arrived at the 
regional aquifer only at a few locations, contaminant monitoring locations in the regional 
aquifer must be selected using an approach that integrates information of alluvial, vadose 
zone, and regional aquifer. 

• More detailed investigations along canyons with risk-significant contamination are 
needed to pinpoint the spatial locations of the fastest pathways to the regional aquifer. 
Locations within or downgradient of these zones are good locations for contamination 
monitoring. The concept that the canyons are a line source of recharge is a good starting 
point, but more detailed information is needed to place monitoring wells. 
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• Contaminant detections in the regional aquifer will probably continue to be at low 
concentrations, and changes in time of these values will be gradual. Sampling frequency 
can thus be relatively long without missing important information. 

• Long-term monitoring of the regional aquifer groundwater should focus on non-sorbing 
contaminants such as tritium, perchlorate, and aqueous HE compounds. 

o Sorbing contaminants can be checked on a less frequent basis because to date they have 
not been detected with certainty in the regional aquifer. 

• Contaminants reaching the regional aquifer most likely will travel laterally from their 
point of entry into the aquifer at the water table. Tortuous pathways to greater depths are 
also possible, with perhaps only a fraction of the contaminant taking this deeper path; and 
the rest continuing to travel laterally. Sampling screens in the shallowest portion of the 
regional aquifer are thus most likely to be well placed to detect contamination. Permeable 
zones within the first 100 ft or so of the regional aquifer should be the targets for 
monitoring locations. 

• If the water discharging the regional aquifer at the springs in White Rock Canyon is 
principally water that recharged locally on the plateau, then continued monitoring of 
these springs for contamination is appropriate. Changes in concentrations are expected to 
be very gradual, so relatively infrequent sampling is sufficient. 

• The extent of downward contaminant migration induced by water supply well pumping is 
uncertain, ranging from capture of the plume by the supply wells to a shallow, laterally 
migrating plume unaffected by pumping. Observations at 0-1 prove that capture by a 
water supply well can occur. However, at other locations, weak or non-existent pressure 
responses in the shallowest screens to pumping from the deeper aquifer suggest that 
pathways may not exist that connect the shallow and deeper system. 

• Given this variability and uncertainty, the concept of a "sentinel well," that is, a well 
designed to provide advanced warning of supply well contamination, will be difficult to 
implement. A shallow screen would miss a contaminant transport pathway in which the 
vertical downward migration occurs upstream of it, whereas a screen at the elevation of 
the producing zone might miss a vertical pathway located downstream of the monitoring 
well (including a situation in which the supply well itself is a pathway). 

• Monitoring wells designed to be used as sentinel wells must attempt to provide coverage 
for both types of flow paths. Shallow screens will probably be the best sampling locations 
for water ultimately discharging at the Rio Grande. 

• If pump-and-treat is proposed for a contaminant in the regional aquifer, the system should 
focus on the uppermost portion of the aquifer, where regional aquifer contaminants are 
known to reside. More detailed measurements of the hydrologic conditions in the shallow 
regional aquifer are required to better design monitoring or remediation systems. 

• Pumping tests using the water supply wells to induce the pressure response are extremely 
informative, and should be continued as opportunities present themselves. Each pumped 
well provides information in the vicinity of that well, so to gain the site-wide knowledge 
needed, continued testing is required. The tests are not duplicative or redundant: rather, 
each test provides unique information. 
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• Tracer tests are the best way to determine the effective porosity of the medium at the field 
scale. This parameter is needed to convert groundwater flux estimates to a contaminant 
transport velocity estimate. The Puye Formation and the Cerros del Rio basalts are the 
most important units in which to conduct these tests, since these are the units encountered 
at the water table in regions where Laboratory contamination is a concern. 

• The regional aquifer flow and transport model must continue to be improved by 
incorporating new data and concepts. Use of the model to interpret the hydrologic 
response of the system, to design and interpret the results of the future monitoring 
program, and in contaminant transport predictive studies requires that models keep up 
with the new data that will be collected. In the shorter term, available data sets not used 
in the model development to date, including the pumping tests discussed above, 
geochemical data, and thermal data, should be incorporated into updated versions of the 
model. 

• For all modeling, including the regional aquifer model, continued exploration of 
alternative hypotheses should be continued. This statement applies for all aspects of the 
groundwater model, including those elements not obviously tied to questions of 
contaminant transport. Groundwater model development is a process in which feedbacks 
of changes in one portion of the system can affect model performance in unforeseen 
ways. A philosophy of continuous model improvement should continue to be used to 
enable higher fidelity predictions as improvements are made. 

• Future studies should go beyond current approaches to include a data collection and 
modeling processes that make the greatest use of opportunities to investigate large 
portions of the aquifer. These opportunities may include: (1) passive monitoring of 
aquifer pressures in response to inputs (recharge) and withdrawals (supply well pumping) 
that occur as a matter of course; (2) incorporation of that information into refined 
versions of the regional aquifer model; and (3) increasing use ofremote data that 
provides information on large-scale aquifer conditions and properties, including INSAR, 
airborne electromagnetic data, or gravity data, if initial investigations demonstrate that 
these techniques provide useful information. 
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APPENDIX 1-A. REGULATORY FRAMEWORK 

l-A-1. Hydrogeologic Workplan Background 

The Hydrogeologic W orkplan was intended to collect data necessary to comprehensively address 
DOE, federal, and state groundwater requirements. The groundwater requirements are for 
characterization and monitoring. The intent of the Hydrogeologic Workplan was to characterize 
the hydrogeologic setting to the degree necessary to evaluate the existing monitoring network 
and design an enhanced network, if necessary. 

1-A-1.1. DOE Orders 

LANL, in compliance with DOE Order 5400.1, published a Groundwater Protection 
Management Program Plan (GWPMP) on March 6, 1995 (LANL 1995a). A subsequent draft of 
the plan including revisions and dated January 31, 1996, was approved by DOE/ AL on March 
15, 1996 (LANL 1996a). The GWPMP provides background information on the hydrologic 
setting and programs in place at LANL; describes groundwater issues and solutions; and lays out 
business and implementation plans. The GWPMP concluded that the number and distribution of 
wells was insufficient to monitor the groundwater beneath LANL. The Hydrogeologic Workplan 
(LANL 1998) was intended in part to address the monitoring network issue by collecting data 
necessary to design an enhanced monitoring network. 

1-A-1.2. RCRA Permit and HSW A Requirements 

In 1986, the Environmental Protection Agency (EPA) authorized the State of New Mexico to 
operate a hazardous waste management program under the RCRA. The New Mexico 
Environment Department (NMED) issued a Hazardous Waste Facility Permit (Permit 
NMD890010515) to the Laboratory on November 8, 1989. At that time, both EPA and NMED 
retained administrative authority for the permit: EPA for the portions of the permit that were 
affected by the RCRA Hazardous and Solid Waste Amendments (HSWA) enacted in 1984, and 
NMED, for the parts of the permit that were unaffected by HSWA. In March 1990, the EPA 
issued a HSWA module to LANL's permit (known as Module VIII) and, in January of 1996, 
authorized NMED to act as administrative authority for that module. Thus in 1996 NMED 
became the sole administrative authority for the Laboratory's Hazardous Waste Facility permit. 

The activities described in the Hydrogeologic Workplan support the appropriate Resource 
Conservation and Recovery Act (RCRA) and the New Mexico Hazardous Waste Act monitoring 
and corrective action decisions that have yet to be made at LANL. This investigation phase 
comes before and provides the basis for formal RCRA monitoring that may be warranted. The 
general RCRA requirements for characterization and monitoring are provided in the following 
sections. 

1-A-1.3. RCRA Monitoring Requirements 

LANL is currently in compliance with RCRA groundwater monitoring requirements. The 
monitoring requirements under RCRA are different for "regulated units" and for other "solid 
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waste management units" (SWMUs). This discussion will address both types of monitoring 
requirements. 

RCRA Monitoring Requirements for Regulated Units 
"Regulated units" are surface impoundments, waste piles, land treatment units, and landfills that 
received hazardous waste after July 26, 1982. The "regulated units" that remain at LANL and 
have not undergone clean closure (all hazardous waste residues and contamination have been 
removed) are 

• Area Gin Technical Area 54 (TA-54), 

• Area Hin Technical Area 54 (TA-54), and 

• Area L in Technical Area 54 (TA-54). 

(Note: Open Burning/Open Detonation units in the High Explosives corridor at LANL, although 
not considered "regulated units", once permitted may be subject to similar groundwater 
monitoring requirements as "regulated units" if they pose a threat to groundwater). 

The monitoring requirements for regulated units are described in the RCRA regulations in 
sections 40 CFR 264.90 to 40 CFR 264.100. The monitoring for regulated units is divided into 
three structured, sequential monitoring programs: (1) a program for detection, (2) a program for 
compliance, and (3) a corrective action program. The requirements of these monitoring programs 
are summarized generally in Table 1-A-l. According to the regulations, monitoring of these units 
may be waived under the following conditions: 

• The unit presents no potential impact to groundwater. 

• The unit has been clean closed. 

• The regional administrator/state director has granted a groundwater monitoring waiver. 

Groundwater-monitoring waiver demonstrations for all of LANL' s "regulated units" (including 
those that had not yet been clean-closed) were submitted to Nl\1ED in the 1980s and early 1990s. 
In May 1995, the Nl\1ED issued a letter to LANL indicating that there was insufficient 
information on the hydro geologic setting upon which to base approval of the groundwater
monitoring waiver demonstrations, and the waiver demonstrations were denied (NMED, 1995a). 
By letter dated August 17, 1995 NMED required that a site-wide hydrogeologic characterization 
be completed that would satisfy both the RCRA "regulated units" and the HSW A module 
requirements. (Section III. A. 1 of the HSW A portion of the RCRA permit requires that the 
hydrogeologic setting be characterized) (NMED, 1995b). Thus, groundwater monitoring 
requirements for LANL's "regulated units" can be addressed by the completion of the site-wide 
hydrogeologic characterization described in the Hydrogeologic Workplan. 

In response to the Nl\1ED letters, the Laboratory submitted the Hydrogeologic Workplan to 
Nl\1ED in 1996 and received Nl\1ED approval on May 22, 1998. The Hydrogeologic Workplan 
describes a 7-year characterization effort for groundwater on a Lab-wide basis with the objective 
of developing sufficient understanding of the hydro geology to design an adequate detection 
monitoring network or to resubmit waiver demonstrations for some or all of the units. 
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Table 1-A-1. 
RCRA Groundwater Monitoring Programs for Regulated Units 

Monitoring Triggered by Purpose Requirements Definition Result 
Program 

Detection Required for all Detect releases that are Monitor for indicator parameters, "Detected" defined as If "detected", 
(40 CFR owners/operators a threat to human health constituents, or reaction products. statistically significant institute 
264.98) of facilities that or the environment Monitoring to be based on the type, evidence of contamf nation compliance 

treat, store, or quantity, and concentration of waste based on comparison of monitoring 
dispose of constituents in the unit; mobility, groundwater quality program 
hazardous waste stability, and persistence in upgradient and unaffected 
40 CFR unsaturated zone; detectability in by unit to groundwater that 
264.91 (4), unless groundwater; and concentration in passes beneath the unit 
exempt by waiver background measured at the point of 

compliance 

Compliance Whenever Document that a release To determine whether regulated units "Exceeded" defined as If ground wate1 
(40 CFR hazardous from a unit is above a are in compliance with the statistically significant protection 
264.99) constituents to standard. Determine groundwater protection standard by evidence of increased standard 

which the ground compliance with ground monitoring constituents and their contamination concentration 
water protection water protection associated concentrations specified in limits are bein~ 
standard applies standard the permit at the POC for the exceeded, 
are detected at a prescribed period. The groundwater institute 
compliance point protection standard specifies: list of corrective 
40 CFR 264.91(1) constituents; concentration limits; point action program 

of compliance; period of compliance 

Corrective Whenever the To ensure that Requires action taken to prevent Same as for Compliance If 
Action groundwater corrective action has hazardous constituents from Monitoring Program concentrations 
(40 CFR protection successfully brought exceeding concentration limits and a are being 
264.100) standard is regulated units into groundwater monitoring program exceeded, re-

exceeded 40 CFR compliance with the established to demonstrate evaluate 
264.91 (2) & (3) groundwater protection effectiveness corrective 

standard action 
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Monitoring Requirements for Solid Waste Management Units 
The applicability of RCRA groundwater monitoring requirements to units not defined as 
"regulated units" at 40CFR264.90 (or subpart X units that pose a threat to groundwater) is 
described at 40 CFR 264.101. For these types of solid waste management units (SWMU), there 
are no specific monitoring requirements; however, preamble language suggests that repetitive 
monitoring may be necessary to determine the efficacy of a remedy in the event a release is 
determined to be a threat to human health or the environment. In addition, characterization to 
determine if a release to groundwater has occurred and to what extent, if any, such release 
threatens human health or the environment may be necessary. LANL's ENV-ERS Project 
conducts the investigations necessary to determine if releases have occurred and if a release 
represents an unacceptable risk to human health and the environment. 

There is a requirement for hydro geologic characterization at Section III.A. I of the HSWA 
module of the RCRA operating permit. The work conducted under the Hydrogeologic Workplan 
was intended to fulfill this requirement for characterization, in addition to the requirements for 
"regulated units". 

In summary, there are no RCRA monitoring requirements for SWMUs that are not "regulated 
units'', unless a release requiring corrective action is identified through characterization. LANL 
was in the process of characterizing the hydrogeologic setting, identifying releases, determining 
the extent of any releases, and evaluating the risk posed by any releases through activities 
associated with the HWP and Module III of the HSW A module. 

In 2005, NMED, DOE, and UC signed a Compliance Order on Consent (NMED 2005). The 
order replaces the site-wide characterization requirements of the Hydro geologic Workplan with 
wells intended to investigate the nature and extent of contaminant releases from sources. The 
data and information gained through implementation of the Hydrogeologic W orkplan are 
invaluable to planning and implementing the site-specific corrective action investigations 
required by the Order on Consent (NMED 2005). 

l-A-2. Technical Objectives of the Hydrogeologic Workplan 

As previously stated, the Hydrogeologic Workplan was developed in response to NMED letters 
requiring a better understanding of the hydro geologic regime in order to evaluate the need for 
groundwater monitoring. Specifically, NMED identified four issues that needed to be resolved 
(NMED 1995b): 

• Individual zones of saturation beneath LANL have not been adequately delineated and 
the "hydraulic interconnection" between these is not understood. 

• The recharge area( s) for the regional and intermediate aquifers and any associated effects 
of fracture-fault zones with regard to contaminant transport and hydrology have not been 
identified. 

• The groundwater flow direction(s) of the regional aquifer and intermediate aquifers, as 
influenced by pumping of production wells, are unknown. 

• Aquifer characteristics cannot be determined without additional monitoring wells 
installed within specific intervals of the various aquifers beneath the facility. 
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In addition, the Hydrogeologic Workplan was intended to satisfy the characterization 
requirements in the HSW A module. Table 1-1 is a crosswalk of HSW A module requirements, 
how they have been addressed, and which sections of this report contain that information. The 
technical objectives of the Hydrogeologic Workplan were intended to be comprehensive with 
respect to groundwater regulatory requirements for characterization and potential future 
monitoring. 

The questions posed by the NMED were large-scale hydrogeologic questions that were open
ended - it was unclear how much data would be required to resolve them. To address this issue, 
the Hydrogeologic Workplan focused the hydrogeologic investigations on information needed to 
understand potential contaminant transport and exposure from "aggregates": groups of potential 
release sites (PRS) that are geographically close and had similar waste-generating processes. The 
Data Quality Objective (DQO) process was employed to develop the data collection and analysis 
portions of the Hydrogeologic Workplan. The DQO process was developed by the 
Environmental Protection Agency to ensure that data collected are adequate for decision-making 
(EPA, 1994 ). The first step in applying the DQO process was developing a decision flow chart 
that specified the decisions for which data were necessary (Figure l-A-1). The decision 
statements were in answer to the following questions: 

• Are the alluvial groundwaters and uppermost subsurface waters at contaminant 
concentrations greater than a regulatory limit or risk level? 

• Is the intermediate perched zone groundwater at contaminant concentrations greater than 
some regulatory limit or risk level? 

• Is the regional aquifer, as affected by canyon systems, impacted by contaminant 
concentrations greater than some regulatory limit or risk level? 

• What are the pathways for exposure to contaminants from sediments associated with 
alluvial groundwater and uppermost subsurface water? 

u Are there sufficient source terms to cause contamination if moved along pathways to the 
regional aquifer within a compliance time frame? 

The first three decisions are used to determine whether groundwater currently exceeds standards. 
The last two decisions establish whether pathways exist that may allow contamination to occur in 
the future. Each decision had several subordinate questions that required some data to answer. 
The decisions cannot be resolved until data sufficient to answer each subordinate question is 
available. For example, for the decision: "what are the pathways for exposure to contaminants 
from alluvial sediments and uppermost subsurface water?" the subordinate questions are as 
follows: 

• Does significant recharge occur from near surface to underlying groundwater bodies? 

• Do we know the hydraulic properties of the alluvium? 

• What are the retardation factors of alluvial sediments? 

• Do we understand groundwater movement from alluvial water to intermediate perched 
zones? 
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• Do we understand groundwater movement from intermediate perched zones to the 
regional aquifer? 

• Are fractures and faults important contaminant transport pathways for liquids in canyons? 

Although there were numerous subordinate questions and decisions, the data needed to resolve 
them were primarily water quality information from alluvial, intermediate, and regional aquifer 
groundwater, hydrologic properties, and geochemistry. Modeling tools were identified as critical 
to analyzing the data collected and to guide further data collection. 
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Figure l-A-1. Flow chart used for hydrogeologic characterization decisions (LANL, 1998). 
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l-A-3. Hydrogeologic Workplan Data Collection Approach 

The data collection approach described in the Hydrogeologic Workplan utilized an iterative 
approach that incorporated new information and data into the site conceptual model as it became 
available. This method enabled effective decision-making for aggregates to occur in the 
characterization process on a step-by-step basis. This approach was developed, in part, to 
resemble EPA's concept of the limit of the waste management area as described in the definition 
of the point of compliance. In this definition, it is acceptable to circumscribe several units with 
an imaginary line when locating the point of compliance, a vertical surface at the hydraulically 
downgradient limit of the waste management area at which the groundwater protection standards 
apply (New Mexico Annotated Code, Title 20, Chapter 4, Part 1, (20 NMAC 4.1) Subpart VI, 
264.95(2)). The aggregate approach bounded similar areas in a manner that supported not only 
logical hydrogeologic characterization but process and regulatory application as well. 

Eight aggregates were defined and data collection locations were selected to resolve the 
subordinate questions and decisions. In aggregates where there were existing data and known 
contaminant sources, wells were placed where they were most likely to encounter contaminants 
and to assess contaminant transport pathways. In aggregates with little existing hydrologic data 
and known contaminant sources, wells were located proximal and down gradient from 
contaminant sources. In aggregates where there were little existing data and small or no 
contaminant sources, wells were placed to reduce uncertainties in the hydrologic setting and to 
confirm the assumption of no groundwater impact. 

The original Hydrogeologic Workplan proposed to characterize the hydrogeologic setting by 
drilling, logging, installing, and sampling wells to the regional aquifer without installing separate 
intermediate-depth wells. This approach was expected to provide the greatest amount of 
characterization data and was agreed to by NMED, as documented in a letter sent to NMED 
(LANL l 996b ). This approach was formulated based on the following technical rationale: 

• The presence of intermediate zone(s) is controlled by geologic structure and the geology 
across LANL is extremely variable. Understanding the geolcigic setting from the surface 
to the regional aquifer is more important in predicting flow than measurements in 
individual intermediate zones. 

• If a well were installed at the first intermediate zone encountered, there would be a gap in 
the information between the upper intermediate zone and the top of the regional aquifer. 
Furthermore, wells installed in the first intermediate zone will not provide any 
information on the underlying less permeable perching layer. The characteristics of the 
perching layer must be understood in order to assess the impact to the regional aquifer. 
The perching layer stratigraphy is as important to evaluating potential pathways as the 
hydrologic characteristics of the saturated zone itself. 

• The data collection described in the Hydrogeologic Workplan is intended to characterize 
the hydrogeologic setting to a sufficient degree to develop an adequate detection 
monitoring system or groundwater monitoring waiver, if appropriate. Wells that may be 
needed to monitor the intermediate zone(s) will be considered as part of the monitoring 
system design. 
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1-A-3.1 Revision to Hydrogeologic Workplan Data Collection Approach 

The characterization approach was modified as the Hydrogeologic Workplan was implemented. 
A major drilling program change was prompted by an NMED letter (NMED 1999) with two key 
points: (1) water samples taken from boreholes during the drilling operation would not be 
adequate for regulatory decisions; and (2) perched zones did not have to be sealed off during 
drilling, but could be left open until the well was constructed. The practical result of these 
requirements was that intermediate perched zones could not be characterized by obtaining one 
sample during drilling. Instead, a dedicated sampling location must be installed to characterize 
the intermediate perched zones over time. Initially, wells that encountered intermediate perched 
zones were built with multiple completions. Eventually separate intermediate wells were 
constructed to be able to monitor the intermediate perched zones. The second point in the 1999 
NMED letter, to be able to leave intermediate perched zones open, allowed the wells to be drilled 
faster because there was no longer a need to telescope down well casing sizes to seal off 
intermediate perched groundwater zones. 

Another modification from the Hydrogeologic Workplan was the use of fluids in drilling. The 
original Hydrogeologic W orkplan called for drilling with no additives in order to collect pristine 
samples while drilling. The earliest wells were drilled using air-rotary drilling methods with 
casing advance and the minimal use of fluids other than air. Because of significant problems 
associated with stuck casing, unstable boreholes, and lost circulation, small amounts of drilling 
fluids were used to improve lubricity, borehole stabilization, and cuttings circulation. Continuing 
drilling problems made total reliance on air-rotary drilling with casing advance impracticable for 
meeting drilling objectives. It became apparent that the depth of the wells and the difficult 
drilling environment required that more drilling techniques be added to the drilling "tool box" in 
order to respond to the complex hydrogeologic conditions that characterize the Pajarito Plateau. 
All of the drilling methods used at LANL are used in standard environmental industry practice 
ap.d are described by the American Society for Testing and Materials (ASTM). Table 1-A-2 
briefly describes the drilling methods used since the beginning of the drilling program. 

1-A-3.2 Alluvial Groundwater Investigations 

Beginning in the mid-1990s, detailed investigations were begun for the ENV-ERS Project, which 
is driven by the Laboratory.' s HSW A module to the RCRA operating permit. The first watershed 
investigation to be implemented was in the Los Alamos and Pueblo Canyon watershed to fulfill 
request for information requirements presented in the Task/Site Work Plan for Los Alamos and 
Pueblo Canyons, OU 1049 (LANL l 995b) arn;l the subsequent addendum, Surface Water and 
Alluvial Groundwater Sampling and Analysis Plan (LANL 2002). The watershed-scale 
investigations conducted under the ENV-ERS Project are designed to collect data sufficient to 
evaluate human-health and ecological risk at a watershed scale. In accordance with existing 
canyons work plans, the Compliance Order on Consent, and the Federal Facility Compliance 
Agreement for storm water, surface water and alluvial groundwater investigations. are conducted 
in a coupled manner in order to facilitate the development of conceptual models of the 
relationship between these waters. 
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Drilling 
Method 

Air rotary 
ASTM 
05782-
95; 
05781-95 
(ASTM, 
2000a; 
ASTM, 
2000b) 

Casing 
advance 
ASTM 
05876-95 
(ASTM, 
2000c) 

Mud 
rotary 
ASTM 
05783-95 
(ASTM, 
2000d) 
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Table 1-A-2. 
Drilling Methods Used for Hydrogeologic 

Characterization Wells at Los Alamos National Laboratory 
Description Benefits Drawbacks 

A drill pipe or drill stem is coupled to The air rotary drilling Experience gained in the early part of 
a drill bit that rotates and cuts method, employed in an the drilling program showed that air 
through soils, alluvium, and rock. open hole, is the fastest rotary drilling in an open hole is not 
The cuttings produced from the and least expensive drilling always a suitable method for drilling at 
rotation of the drilling bit are method in the unsaturated depths greater than 150 feet below the 
transported to the surface by zone. It is best suited for regional aquifer water table. The use of 
compressed air or by compressed stable, hard rock formations municipal water with drilling additives is 
air augmented by municipal water with good circulation almost always required to improve 
mixed with drilling additives. In characteristics (in which borehole stability and circulation of 
conventional air-rotary drilling, the there is minimal Joss of cuttings. Use of these drilling fluids can 
compressed air is forced down the fluids into the formations). alter the natural properties of the rocks 
borehole through the drill pipe and Open hole drilling allows for and it is not possible to collect pristine 
returns to the surface up through the the collection of an water samples while drilling. Generation 
annular space. Jn reverse air rotary, extensive suite of of dust at the surface is a problem 
a dual tube drilling system is used geophysical logs for the unless dust-suppression equipment is 
and drilling fluids are forced down characterization of used and/or municipal water is added to 
the outer tube and return up the hydrogeologic properties. the circulation fluid. 
center tube, where the cuttings are 
discharged through a cyclone 
velocity dissipater. The circulation of 
drilling fluids not only removes 
cuttings from the borehole but also 
cools the drill bit. 
Air-rotary drilling using an under The drill casing stabilizes The heavy-wall casing frequently 
reamer cutting system (rotary bits or the borehole when drilling becomes stuck and is difficult to extract 
downhole hammer) to create a hole through poorly consolidated from the borehole. Casing that can not 
large enough for a heavy-walled materials and improves be extracted must be abandoned in the 
casing to slide down behind the drill circulation in highly porous hole, possibly impacting the use of 
bit. The casing is advanced or fractured rocks. The some well screens. The cost is high and 
simultaneously while drilling the cased hole provides a drilling rates are often very slow. The 
hole. Compressed air or stable environment for the use of municipal water with drilling 
compressed air augmented by construction of the well. additives is almost always required to 
municipal water mixed with drilling There is relatively little provide lubricity between the casing and 
additives is used to remove the disturbance to the borehole the borehole wall and to improve 
cuttings from the bottom of the walls and relatively borehole stability and the circulation of 
borehole. When the borehole has undisturbed samples of cuttings. Use of heavy-walled casing 
reached total depth, the well is rock and water are obtained severely limits the geophysical methods 
constructed inside the heavy walled during drilling. that can be used for hydrogeologic 
casing, as the casing is characterization. 
incrementally removed. 
A bit is rotated to cut through the Rapid and effective drilling Does not work well in vadose zone due 
rock while mud is the circulating methods. Can be used to to lost circulation zones in fractured 
fluid pumped down through the drill maintain borehole stability basalts and in highly porous luffs and 
pipe and returned back up the in poorly consolidated sediments. Masks the recognition of 
borehole through the annular space. sediments of the saturated water-bearing zones while drilling. Slow 
The mud-filled hole stabilizes the zone. Open hole drilling circulation of mud mixes cuttings from 
borehole wall and cools the drill bit. allows for the collection of throughout the borehole, hampering 
Circulation of the mud carries the an extensive suite of geologic characterization. Addition of 
cuttings up to the surface. geophysical Jogs for the drilling muds and fluids changes the 

characterization of geochemical environment around the 
hydrogeologic properties. borehole. Requires extensive 

development to remove residual muds 
and drilling fluids, and to restore the 
aquifer's hydraulic and geochemical 
properties to natural conditions. 
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The scope of investigation in the Los Alamos/Pueblo watershed (other watershed work plans 
have similar scope) consisted of 4 sampling rounds collected through one year across a 
representative range of hydrologic conditions (e.g., higher water levels and more extensive 
saturation typical of spring snowmelt conditions; and low groundwater levels that commonly 
occur in the fall), detailed water-level measurements collected using dedicated pressure 
transducers, measurement of field parameters, a water balance study, and field observations on 
extent and persistence of surface water. These data were used to develop a conceptual model to 
describe the occurrence and temporal context of groundwater contamination in support of the 
risk assessment. The report for the Los Alamos and Pueblo Canyon investigation was submitted 
to the NMED in April, 2004. The Mortandad Canyon investigation is underway, and the report is 
scheduled for completion in 2006. Subsequent watershed-scale investigations will be completed 
in order of priority. 

l-A-4. Independent Peer Review of the Hydrogeologic Workplan 

In 1999, an External Advisory Group (EAG) was formed to provide an independent review of 
the implementation ofLANL's Hydrogeologic Workplan. The EAG consisted of six members 
with diverse technical and professional backgrounds to provide a broad technical and managerial 
review ofLANL's Hydrogeologic Workplan activities and methods. The EAG was provided 
semi-annual updates on the program status. The EAG provided a report of findings and 
observations based on the semi-annual reviews (External Advisory Group 1999a, 1999b, 2000a, 
2000b, 2001a, 200lb, 2002; External Evaluation Group 1998). In response, action plans were 
developed that specified how the recommendations of the EAG were incorporated into the 
program. 

In addition to the semi-annual reviews, the EAG provided technical assistance when requested. 
In FY99, two EAG members provided invaluable assistance in repairing the well R-25 collapsed 
screen #3. Numerous problems encountered in the repair process were overcome with the advice 
and guidance of the EAG members. The "hands on" assistance was critical in completing the 
characterization well. 

l-A-5. Outreach Activities 

The original Hydrogeologic Workplan (LANL 1998) specified a communications approach that 
included three quarterly meetings, one annual meeting, and an annual status report to update 
regulators on the characterization progress. The primary purpose of the quarterly meetings was to 
report on progress and findings from the previous quarter. The annual meeting was intended to 
provide more of a synthesis of data collected in the previous year and to allow regulators to 
provide their input to the planned activities for the coming year. One objective of the annual 
meeting was to reach a DOE, LANL, NMED consensus on the activities for the following year in 
time to influence budget requests. The annual report was published as a prelude to the annual 
meeting and provided the written synthesis of the data collected and interpreted over the year. 
The first annual meeting was held in March 1998 and participants were limited to representatives 
of the DOE, LANL, and NMED. Annual meetings were held in 1999, 2000, 2001, 2002, 2003, 
2004, and the last annual meeting was held in 2005. 
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Extensive information has been presented and discussed with regulators and the public in several 
ways since the Hydrogeologic Workplan was completed in 1997 (Table l-A-3): 

• Three quarterly meetings and one annual meeting held every year (27 documented . 
meetings) with distribution of meeting minutes to an extensive mailing list 

• Annual status reports summarizing the work accomplished in the previous year 

• Well completion reports 

• Geochemistry reports 
• Hydrologic testing reports 

• Water quality data, which are available over the internet at http://wqdbworld.lanl.gov. 

• Annual environmental surveillance reports, which provide the analytical results of 
surface water and groundwater sampling at LANL and in northern New Mexico. 
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D 
Type of Subject 
Document 

Meeting Annual Meeting 3/30/98 

Minutes Annual Meeting 3/29/99 

Annual Meeting 3/29/00 

Annual Meeting 3/20/01 

Annual Meeting 4/10/02 

Annual Meeting 3/18/03 

Annual Meeting 4/12/04 

Quarterly Meeting 6/29/98 

Quarterly Meeting 10/27/98 

Quarterly Meeting 2/9/99 

Quarterly Meeting 6/23/99 

Quarterly Meeting 10/13/99 

Quarterly Meeting 1127100 

Quarterly Meeting 6/22/00 

Quarterly Meeting 10/3/00 

Quarterly Meeting 1 /30/01 

Quarterly Meeting 6/27/01 

Quarterly Meeting 10/16/01 

Quarterly Meeting 1 /30/02 

Quarterly Meeting 7124102 

Quarterly Meeting 10/29/02 

Quarterly Meeting 1 /22/03 

Quarterly Meeting 1 0/27 /03 

Quarterly Meeting 1 /28/04 

Quarterly Meeting 7 /13/04 

Quarterly Meeting 10/25/04 

Quarterly Meeting 2/2/05 
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Reference 

Letter, DOE/LASO file number LAAME 6BK-010 

Letter, LANL file number ESH-18/WQ&H: 99-0162 

Letter, LANL file number ESH-18/WQ&H: 00-0267 

Letter LANL file number ESH-18/WQ&H: 01-126 

Letter LANL file number RRES-DO: 02-25 

Letter LANL file number RES-GPP-03-053 

Letter LANL file number RRES-GPP-04-0023 

Letter LANL file number ESH-18/WQ&H: 98-0233 

Letter LANL file number ESH-18/WQ&H: 98~0443 

Letter LANL file number ESH-18/WQ&H: 99-0066 

Letter LANL file number ESH-18/WQ&H: 99-0275 

Letter LANL file number ESH-18/WQ&H: 99-0451) 

Letter LANL file number ESH-18/WQ&H: 00-0056 

Letter LANL file number ESH-18/WQ&H: 00-0425 

Letter LANL file number ESH-18/WQ&H: 00-0403 

Letter LANL file number ESH-18/WQ&H: 01-051 

Letter LANL file number ESH-18/WQ&H: 01-284 

Letter LANL file number ESH-18/WQ&H: 01-410 

Letter LANL file number ESH-18/WQ&H: 02-114 

Letter LANL file number RRES-GWPP: 02-03 

Letter LANL file number RES-GPP-02-021) 

Letter LANL file number RES-GPP-03-013 

Letter LANL file number RRES-GPP-03-101 

Letter LANL file number RES-GPP-04-0023 

Letter LANL file number RRES-GWPP:04-0045 

Letter LANL file number ENV-GPP:04-0051 

Letter LANL file number ENV-GPP:05-0007 
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Table 1-A-3. 
Documents Relevant to the Hvdroaeoloaic Workplan (continued) 

Type of Subject Reference 
Document 

Ground- Annual Report for FY97 Nylander, C.L., et al., 1998. 

water Annual Report for FY98 Nylander, C.L., et al., 1999. 

Annual Annual Report for FY99 Nylander, C.L., et al., 2000. 

Status AnnualReportforFYOO Nylander, C.L., et al., 2001. 

Reports Annual Report for FY01 Nylander, C.L., et al., 2002. 

Annual Report for FY02 t:Jylander, C.L., et al., 2003. 

Well Com- Well Completion Report for R-1 Kleinfelder, Well R-1, 2004c. 

pletion Well Completion Report for R-2 Kleinfelder, Well R-2, 2004b. 

Reports Well Completion Report for R-4 Kleinfelder, 2004a, Well R-4, 2004a. 

Well Completion Report for R-5 LANL, Well R-5, 2003a. 

Well Completion Report for R-7 Stone, W., et al., Well R-7, 2002. 

Well Completion Report for R-8 LANL, Well R-8, 2003b. 

Well Completion Report for R-9 Broxton, D.E., et al., Well R-9, 2001a. 

Well Completion Report for R-11 Kleinfelder, Well R-11, 2004c. 

Well Completion Report for R-12 Broxton, D.E., et al., Well R-12, 2001 b. 

Well Completion Report for R-13 LANL, Well R-13, 2003a. 

Well Completion Report for R-14 LANL, Well R-14, 2003. 

Well Completion Report for R-15 Longmire, P., et al., Well R-15, 2000. 

Well Completion Report for R-16 LANL, Well R-16, 2003e. 

Well Completion Report for R-19 Broxton, D., et al., Well R-19, 2001d. 

Well Completion Report for CdV-R-15-3 Kopp, B., et al., Well CdV-R-15-3, 2002. 

Well Completion Report for CdV-R-37-2 Kopp, B., et al., Well CdV-R-37-2, 2003. 

Well Completion Report for R-20 LANL, Well R-20, 2003f. 

Well Completion Report for R-21 Kleinfelder, Well R-21, 2003f. 

Well Completion Report for R-22 Ball, T. et al., Well R-22, 2002. 

Well Completion Report for R-23 LANL, Well R-23, 2003g. 

Well Completion Report for R-25 Broxton, D., et al. Well R-25, 2001e. 

Well Completion Report for R-26 Kleinfelder, Well R-26, 2004f. 

Well Completion Report for R-28 Kleinfelder, Well R-28, 2004d. 

Well Completion Report for R-31 Vaniman, D., et al. Well R-31, 2002. 

Well Completion Report for R-32 LANL, Well R-32, 2003h. 
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Table 1-A-3. 
Documents Relevant to the Hydrogeologic Workplan (continued) 

Type of Subject Reference 
Document 

Well Completion Report for MCOBT-4.4 Broxton, D., et al., 2002. 

Well Completion Report for MCOBT-8.5 Broxton, D., et al., 2002. 

Well Completion Report for R-9i Broxton, D., et al., 2001 c. 

Well Completion Report for CdV-16-1 (i) (Completion report not available) 

Well Completion Report for CdV-16-2(i) (Completion report not available) 

Well Completion Report for CdV-16-3(i) (Completion report not available) 

Geo- Geochemistry Report for R-7 Longmire, P., et al., Well R-7, 2002. 

chemistry Geochemistry Report for R-9 Longmire, P., Well R-9, 2002b. 

Reports Geochemistry Report for R-9i Longmire, P., Well R-9i, 2002b. 

Geochemistry Report for R-12 Longmire, P., Well R-12, 2002d. 

Geochemistry Report for R-15 Longmire, P., Well R-15, 2002a. 

Geochemistry Report for R-19 Longmire, P., Well R-19, 2002e. 

Geochemistry Report for R-22 Longmire, P., Well R-22, 2002c. 

Geochemistry Report for R-25 Longmire, P., Well R-25, 2005. 

Hydro- Hydrologic Testing Report for R-9, R-12, Stone, W. J., Wells R-9, R-12, and R-25, 2000. 

logic 
and R-25 

Hydrologic Testing Report for R-9i, R-13, R- Stone, W.J., et al., Wells R-9i, R-13, R-19, R-22, R-31, 2003. 
Testing 19, R-22, R-31 
Reports Hydrologic Testing Report R-15 Mclin, S.G., Well R-15, 2004. 
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APPENDIX 1-B. WELL COMPLETION FACT SHEETS 

Location:· Upper Mcrtand~d Canyon • TA-5 

D<>scripUon: Bra.~ Marner 
Northing: 1769600.84 
Easting: 1632354.13 
Eleva lion: .6881.21 
Description: Well Casing 
llotlhlng: 1769598.84 
Easting: 1632355,14, 
Elevation! 8863.35 
Dosciiption: Core Hole 
Northing: 1769650.6 
Easting: 1632227.2 · 
Elevation: 6881.89 
Coting: . - . 
· (O' • 3991 Continuous Sampler 

Orining: 
(274' -399') Flufd Assisted 

(O' • 90') 13,3/8· Ali Rotaiy Casing Hammer 
(90' • 1165') 12·114" MilHooth Tri.Cone 

(9o• • i40') /.Jr ROtaiy 
(140' -1165') Ffuld AsslstedAlr Rotaiy 

Data Collection: 
; Hydrologlc Properties: . 

Constant Discharge Pumping Tes\ -
1115/04'1119i04 

'aoREHOl.E 
. ll>SS) 

• CoreslCuttings submitted for gcochemica! and 
contaminant characterization: ·19 

• Groundwater Sam'p?es Submitted 
Perched Groundwater.· 

Screening Sample~ 11i01/03 (72.6') 
Reiilonai Groundwater. 

Screening sample • 11/09/03 (1003;31 
Well Sample: 11125/03(1031.1'·1057.41 

• Gcologic'Properiies: · sOo 
Cuttings submllled for. 
Mincro!ogy, petrography, end chemistry: 7 

Borehole Logs: . 
• Uthologlc: o· -1165' 
·Video (LANt toot): o·-1s2· 1118103 

0'· 1000' 1119/03 
•Gamma Log (LANL toolJ:'0-200' 1105/64 
• SchlumbellJer logs: . . · 

Compensated Neutron log: 
Cased: 30'·90~ Open Hole: 90'·1165' 

Triple Litho-Denslly: 
.Cased: 30'-90'! Open Hole: 90'·1165' 

A'rray Induction lmag-er. 
Cased! none; 0peii·Hole: 90'·1135' 

Elemental Capture Sande: 
cased: none; Open Holo: 110'-1156' 

Natural .GR llpccttoscopy: 
Cased: none; Open Hole: 90'·1142' 

Combinable Magnetic Resonance: . 
"Cased: none; Open Hofe: 110'· 1146' 
Fu!lborn ,FOml?tian Micro lmagel: 
Cased: none: Open Hole: 980'·1165' 

Corenole Logs: 
• lJ1liologic: o· • 399' 
• Video (LANL tool): None 
·Gamma Ray (LANL Tool): C1-200· 

Core Drilling Completed: 12101/03 -12117103 
Rotaiy Drilling Completed: 10131103 .'11108io3. 
Ccntmcl Geophysics: 11/08/03 • 11/09/03 
weu·tnstallalion: 11110103-11/14103 
Well Development Comp!eted; 11119/oJ-11/25103 1 COO 

.;casing: 
4.5" ID/ 5.0" OD A304 Slafnless Steel 
easing wllh external c;ouplings 

•Number or Screens: 
Ono (1) 4.46" ID I 5.2.r OD, wire wrapped 1100 stafnless steer, rod basod 0.020 sfot screen · 
with,extemal couplings. 

•Screen lnteM!I: 1031.1' -1057.4' 

Well Development performed by 'swabbing, 
bailing, and pumping. 
Total Volume Purged: 9,760 gallons 
Hydrologlc Testing: 

Total Volume Remove<r. ~.912 gal!O(IS 

Geologic conlads cited are for lhe·R·1 
borehole.to the regional aquifer. 
Contacts wore detorinfned from cuttings. 
~rehofe Video, aild geoPhisic.al logs. 

· CONTMllNANT 
CHAR. SAMPLES (x) 

fl'.OREllOtEJ 

BOREHOLE 
GROUNDWATER' 
OCCURJ1ENCE 

TD399' 

x x • x 
~ Borehole '1· 
x (72.6')- -t--
X' 
x 

,. 
ic' 

Well 
(1003.28')-

t'c9.t~;,, 

i3-31a·oo 
DrilJCilslng 
(90'bgs) 

12-1/4· open 
Borehole Wall 
(90'-1165') 

1. Cooroinalos • NM Stale Plane Grid 
COOtral Zone (North America) 
Datum· 1.983 (NAD63)~ e,xpres'sed.ln feel 

2. Elevations. National GeodellC Vertie.al 
Datum (NGVD 29); expressed ti 
reel above mean sea·1evei. 

3. All depths are below ground suif•ce (bgs). 

STRATIGRAPHY'. 
ENCOUNTERED 

(bgsJ. 

Alluvium 
.co·.3:ri 

Tshlrege Member 
Bandelier Tuff 

(33'-100') 

Cerro Toledo Interval 
(100'·135') 

Ash Flo\vs of lhe 
Otowi Member, 
Bandelier Tuff 

(135'-460') 

Guaje Pumice bed 
• (4G0'-41io•j 

Upper Puye Formation 
(480'-592.') 

Cerros del Rio bmialts 
(592'·705') 

I. 
I' 

I 

" 
I 
' i:ower Puye Formation ! Tnf 

(705'·1165') I< 

4. Groundwalet level measured after well 
development· 12·20-03. 

5. Perched water leiiel measwement in borehole 
of7is'.was made with.20' cii 13-318" driU casing 
in place on·November 1, '2rio3 •. 

6. Drill casing removed prior to well Installation. 

I 
I 

I 
1· 

0 

100 
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Figure l-B-1. Completion diagram for well R-1 (Kleinfelder 2004e). 
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LoeaUoil: UpperPu·eb!o·canyiin, 
• ·. · Los Alamos County Property 

D.;..,,;puoii; ei:.i~ Marlie; 
Northrn9: 1n22a1.56. 
Easllng: 1629519.57 
Elevation: 6770.38 : 

DescilpUon: .Well casing 
Noitliirig: 1na2a1.s3 · · 
Easting: 162~521.06'. 
E1~1f.1~n; 6768.79 

Coring: . . . . . • . 
.,. (O'~ 39') Auger Wilh COntinuous Sampler. 

(39:. 24 ti Ailee< Wttti spui spoon 
Dn1Jlng: . . . . .. . 

· {O' • 40') 13-318" Air Rotary casing Hammer 
'(40~ "944') 12·114"MUitoolh Tri·Cone' · 

(40•.143°) Air ~tarY .. 
(143'-403'! Fluid ASslsled Air. Rotary 
(403'·944' Mud Rotary . . 

Data conectiori: · · 
· · :-. Hydrologlc Properties: 

6tep.:DraWt!oivn t~ 01110/04 . . .. ... 
Constant Rate 11unip!ng Test 01111/04 • 01/12104 

·'Cores/Cuttings sutimttied for geOchemlcal and 
·c:CniainrnantchaiaC!erizaUon: 12" · · · 

• Groundwater sam?!eS submittC<I 
Perotied Grouridivater• none encountered 
~egiorial Groundwater· 

• Scriienlng Samples: 
none; mud filled borehole 

• wtin Samples: 121i 1/03 
011i3164 

, Geologlc Prop~..S: 
Cuttings cciilecied fpr minerok>gy, 
peltography; and clJemistry: .7 

Borehole Logs: 
·. :: Lllhorogic:.il' .'944• . 

• Video (LANL tooQ: none 
•'Sclilumberger logs: mud filled borehole 

Compensated Noolton Log: . . 
Cased: 20'-40•; OpenHole:'40',941' 

TripleU!hQ-Densitf.· . , · .. 
Cased: 20'.-40';. Open Hole: 40'-941' 

Array Induction lmager: . . . 
Cased: 20''40'; O~n Hole: 40'.'936' 

Elemental.capture Sonde: 
Cased: none: Open Hole: 50'-937' 

Natural.GR Specimscopy:', 
Cased: 20'-40'; Open Hote:'.40'·919' 

. Combinable Magnetic Resonance: · 
·Caied: nane(Opiln Hole.: 50'·919' 

ffulibori! Forination Micro' lmager: · · 
cased: none: Open Hole: S0'-937' 

Corehole L9!is: · · . · · · 
· • iitiio!Ogic: o· '.241' 

• Vid,;c; (lANLT .,;,I): none 

core or1iung ciiniplete<li s/16163 "sl2fil0a 
Rotary Driilfng Completed: 10/1003 ~·10/16103 
con1ract.Gec>ptiyslcS! 1oim03 & 1oi1B1oa 
wen Installation: 10J19/03 -1o/22!03 
Wen Development Completed: 10123/03 • 10128/03 

'. . . ' . . .. . '11111/0:3~11i2,1103 

12101(03. 12111103 

'• casfng:. . . . . . 
· 4.5" 1015.0• OD A304 Stamless Steel. 

casif!!l Witli external Cilupli~ 

·• Screen rYPe: 
One (1) 4.46" 1Dl5:27" oti" Wire wrapped 
stainless Steel i'od"'asei:I 0.020 slot si:iiien· 
Wilh extemar couplings: . 

•Screen Interval: 906.4' • 929.6' 

Well.Development pert'ormed by al'1iil!rig, 
bailing/swabbing, an.d aquife~ !\isl pumping. 
Total Volume Purged: 16,871. gallo.riS · 

Geologic contacts for R-2, ... 
were determined from.core samples, 
cuttings, and g~physlcal logs: ' 

BOREHOLE 
... (bgs), 

o. 

.. ~. 
·x 

" 

; BOREHOLE • 
GROUNDWATER ' 
OCCURRENCE 

13-318·00 
orincas1ii9 
(4o' b!is> · 
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R·2 CoNFIG. AT.T:O. 
, (60REHOl.El', 

STRATlGRAPliY 
ENCOUNTERED 
. (b9s) 

Aliuvium (Qa1) 
. (0''2')-· _ .. 

: 6t0Wi Member 
Bariaener:Tuff · 
.... (2'·124'~ 

0 

100 

200 

x. -~- TD 241' 

eo,ie~o1e. __ 
(892.5') 

12-11<r«:iiieh. 
BorehOle wau 
(40':94'\'l . L.-

Puye Forma6on 
. (15~Ni06') 

Unassigned 
Formation 

Pumfceous 
'.Sedinienls 
. (S06'-868') 

·Unassigned 
Formation 

-· ! 
"' ;· 

soo" 

1. 

700. 

800. 

900 , Fanglonierat~s 1 
(868'-944') 1 · 

'"-~~~~....1.~-'-~~~-~-·_·_··--"l_· . .-...:.-'--"'-~TD944~ 

!S!Y.!'iU~o~i 
1. COOrdinates" NM State Plane Grid 
· eeii1ra1 Zone· (NoithAmerica)' · · . 

oiiiuiri • 1983 (NA063); a.pressed in feet. 2: erevailcins'~ National GeodeticVert1cai 
' Datum' (Navo 29); e>PreSse<i In; · 

feet :ioove mean sea 1e've1. · · 

·:i:AD Ciepths are below'gioun<i'surrace (tigs). 
'4. 'Grouoowaler level measured after . 

Willi <ieve1opmen1~ 10,2s..o3 · · . 
5 •. Drill casln1i remoVe<j prior to well installaUon 
il. nlnie well d<ivelopmerit fntervats were due' 

toscli.edut1ng"requ1temeii1s.anif · · 
aquifer i:liaracieriStic$., ' 

Figure l-B-2. Completion diagram for well R-2 (Kleinfelder 2004b). 

ER2005-0679 l-B-2 December 2005 



Location:'AI 0active emergency landing strip 
lri Pueblo, Canyon; TA·74 · 

Survey Coordinates /,Elevauons: 
· •ci>oidinat.s: NA083 " -
•Elevation: NGVD29 

oescrlpUon: s~s M~11<er In cO<icrete Pad 
Northing: 1 na53o.2a -
Easting: 1639287.98 
erevatior: 6?77 .49 
ilesoliption: Well ca~lng 
Northing: 1776528.00 
Easting: 1639289.98' _ 
Elevation: 6579.46 -

'f.ltn 

Corh\g:' . _ .. . e3r;. 
- (0'-68') Continuous Simpler 

(M'-233') Split Spo0n 
Dri!ling: . . 

(0'-40') 13-318". Air Rotary C3sing Hamlll<lf 
(40'-8:43') 12.25" Mil~oelh Tri:COne 
(40';200') Auid·ailsiStea Air Rotary 
(266':&43') MmfROta,Y - - .6277 

Data coi1ect!On: 
-; HY<!rcill)glC Propelties: 

c:Cnstant Discharge 
·Pump TestComplete<f: 01/06/04 

•Core~Cullin9s s~bmitled for geOciiemrC.1_ ai\(i
6171

- : 
conlamfnant characterization: 11 . 
~Ground _Water Samples, Submitted 

Perched Ground Water· 919/03 (f 14'·125') , 
Regional Ground Water• 10/10/03 (792.9'-816') 

•Geologic Properties{ Cuttings sulimitted for 
Mlnero1ogy; Ji.lliography, llnd C11eln1stry:1 

Corehole logs: son 
• C.,rohole: 0'·233' 
.NattJrill Gal)lina Tool,(LANL ~}i0'-230' 

Borehole Logs: 
· •liid~(LANLtoo1);0•.,73· 

• Lllhologlc: 0'-843' • 
•Schlumbetgerlogs (9127/03): 

-Top of Diillfng Fluid at 18' bgs 
coniP.,nsated Neutron Tool: 40'Jl42' 
Trtple uih0.:Deilsiiy::40'-842' --
Anray 1riduet1on Tool: 40'-836' 
Elemental Cspttire Spectrosiopy: 40•-838• 
Natuial Gamma splH:trosropy: 40'-836'· 5877 
Coinbmable Magnetic Resonance: 100:-831!' 
Full-Bore Formation Micro lmager. 100'-838' 

c:Ore onmng: 8/28103_: 915103 
Plezoineiers PZ#1 ~nd PZ112 ~pkited: 91siiri 
Rotary Dr11iino: Bl22Jo3 c 9126Jo3 
wef consttucted: 9128J03 ·• fo/3/03 
Weti Developed: 1016l03 -10lloio3 

:sm 

Well comr>1eiion: 
~ Ca5inQ; 4.46" ID/ 5.oO OD A304 stainless-Steel 

_ caSfrig wltli external couplings_' 
• Number ot sereenS: 

'Ono {1) 4;46" ID 15,27' OD Wire wrapPi!CI 0.020• 
slotstalnless steel With exleinaf cixipliri9s - - " 

·screen Interval: 792.9',· e1s· b!JS " 
Well d&~elopment peiformed bY SIYabbi~g; 
"8illng, ana pumpillg., _ __ .,, · ·. . • ., , " . , 
·-Total Volume Purged, lncludlng Aqullet Testing: 56.347 gal; 
HydrO!oglo T ilsting _ · . · 

To.ta! y91ume Re'?!!'~~: 42, 197 gal. 
Geologic conlacts ror R-4 
were determintid from coie samples, 
cuttings, anlfg<i9phySl_cal logs., ·-

x .. 
-~ .. 
• • 
x 

x 

·-

11a~Ja 
125'~ _._ 
· ··\Ccirehole) 

22&~ 

-1a::iis·oo 
·onucasinll 
40'1J!is· 

(Corehole) · 

12.25" Open __ 
Borehole Wall 
843'bgs. 

(Borehole) 

K.Yo_d_!l~-~; 
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'STRi.TiGAAPHY 
ENCOUNTERED 

' (ft;~)-
Alluvium· · 

(o.40') 

GuaJe. Pumit!' 
(4_0''!30') 

PiJye Formation 
F'anglomenites 

(so•;aso·i 

Unassigned 
PumiCeoui Depaslts 

. . (38()'-440') 

uiiassigneif 
Farisromeratoo 

. (440':s.i3') 

-1. ~iriateS- NM Sbte Pf3rie Grid 
-eanua1 zo.;a· (Ni>rlh {ulieriC!i>: . , 

Dalum • 1983 (NA083); 9xprossed lnfoof 
2. Eleva!lonS • NauOnal GOOdetlc Vertical Datum (NGVD29); 
· ex;ires5et{rn feetabOwtmean sea 1eve1. . .. · · ' 

3: bgi; • tieto;v ground sinfa<;e 
_ 4. TBD • to b<! de,lem\lned -,_ • . . , 
: 5. BOth plilzomatera,were dry.wlioo souiided on 111251ti3. 

Figure l-B-3. Completion diagram for well R-4 (Kleinfelder 2004a). 
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Characterization Well R:s: 

Looation:TA-74, PuebloCa'!Yon 

Ground surface eleVation:.6472.6 ft asl 
NAO 83 Survey coordinates (crass marker' 
in NW corner ol eementpad): 
X= 1646707 'Y= 17!'3083 ,Z =5472.6 

Drilling: hoUow stein auge1 and 
fluid-assist air rotary reveise 
cilculalion 1'1i1t casing advance 

Phase 1 Start date: 4.'24/01 
Phase 1 End date: 4fl5I01 
Phase 2'start dai~:Slsio1 
Phase 2 End date; 5!20!01 

Bmehcle.drilled 10 002 ft 

Data collection: 
Hydrologlc properties: 

Field Hydraullc Testing: NIA 

Coresicu11i.1gs subm.'lted for geochemkal 
and contaminant chaiacteriza!ion: (0) 

Grouhdwater samples· stibffiiUed f9f 
geoche~-and conl characterization; (4) 

G~o!o!Ji: propErties: 
Minerafogy, petrography, and chemis1Jy (38) 

Borehole logs; 
Ulhologic (0-902 tt) 
Video (LANL tool) 570-685 ft 
Natural gamma (LANL tooij: cased o-851 ft, 

open hole 851 ·002 ft. 
Sch!umbe1ger Logs (O-ll51 ft cased, 851-
898 ft open ho!e);CompMsated Thefmal 
and Epithsrmal Neutron, Spee!ral 
Gamma, and Lilho-De~!y 

Confl!n1inan1S Detacie_d in Borehole 5amples: 
Raef-ooal groondvr.ter: nitrate 

Well construC1ion: 
Pril~og Comp!e!ed: 5120i01 
Conlrael Geophysics: 5121/01 
WeU Construcled: 5122/01·5131101 
IVellDeveloped: 612/01-6!21i0t' 
Weslbay Installed: 6113''01 - 6119/0t ' 

Casing: 4.5-in 1.D. stainless Steel with external 
couplJn~ 

Number of Screens: 4" 
~-5-in 1.0. pipe hased, s.s. vi_ire-v;iapi)ed; 
O.O!O·in slot 

Scree~ (perfo(ated pipe interyat): 
Screen#1-326.4·331.5ft 
screen :2. 312.a : 388.8 11 
SCreen ~: 676.9 • 720.3 ft 
Screen C4 • 858.7 • 863.7 ft 

Wen development co!lSiSted of brushilig, 
bailing, and pumping. 

"! 

5400 

6300 

6200 

6100 

6000 

5900. 

5600 

5700 

• 5000 

5570.6 

&_· 
JJ,?tef? JP 

.~~~ Borehole 
G <o~ configuration 

181n.cas!~ -
to23 

* 13 318 in. CaSira 
10·1~0 -

* *· 

1691!' 
1691! ~ * 170h 

* 

11 314 fn. casinft 
!0570 -

i. 38711 ,. 
t 
t· 

*' 

t 

* 

* 
* 
* * * * * * * i 
* 
* 
* 

* 
i 

* 
* 

9-5/llin.casing-
to851 

soon* 
10-1/21n. ol\'.in 
.boceholeto .D. _., 

692tt. 

Groundwater oeturier.ce was detemiined 
by recosnlliori of fast vr.!er pro<fui:ed whil~ 
"drtlling. Stat\: water levels were determined· 
after 1l1e boiehole was rested. · 

T.D.902ft-

a!T.D. 

Figure l-B-4. Completion diagram for well R-5 (LANL 2003a). 
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TOTAL LENGTH OF 
CASING AND SCREEN J255.S:5~ FT 

r.====;;r--PROTECTIVE CASING LOCKING COVER 

WELL CAP 

' MON.UMENT MARKER -.&!195.80 FT AMZSL 

GROUND SURFACE -Ji_~!!M1.. FT AMSL 

~.~ .. -.-.~~.·~-~.-~.~·7'.~,-r~-:--~-:11 

TOP OF WELL CASIN.G (FT AMSL) ..,6J~9$,81:!~~--,-

SLOpED CONCRETE PAD I SURFACE $EAL 

DIAMETER OF BOREHOLE 
-~:.1@:'..FROM. __ o __ , FTT0-3.0 __ fl BGS 
i2:.1/4" FROM-30-FT T0-~1.5,...:FT BGS 
~8~5'.....FROi.UlilL FT T0-1311.LFT BGS 

1---1-11--- DEPTH TO TOP OF SURFACE SEAL (FT BGS) i_ 

tr-t"4---16" OD CONDUCTOR CASING TO 28.5 FT BGS 

SURFACE COMPLETION INFORMATION 
TYPE .OF PROTECTIV_E CASING 
IKJ STEEL SIZE ___ .JQ,.ZL8.:_o.!L.-
O . ·-----··-
00 PROTECTIVE POSTS INSTALLED 
SURFACE PAD 
00 CHECKED FOR SETTIEMENT 

MATERIAL USED:2SllO.psLCo11cre\e __ 
REINFORCED 

00 YE_S:_Be\>iir. ...... ---·------·-
ONO 

PAD DIMENSIONS 
_5 _FT (L) x_LFT (W) x...QAFT (HJ 

-11 ___ DEPTH TO TQP OF 
BENTONITE SEAL 
(FTBGS) 

1.1.§!.(12113/04)DEPTH TO WATER--~ 
AFTER INSTALLATION 
(FTBGS) 

_11.8_2_ DEPTH TO rop·oi: 
FINE SAND COLLAR 
(FTBGS) 

_llil4 __ DEPTH TO TOP OF 
f'ILTERPACK 
(FTBGS) 

_..12..,o"'o __ PLANNED PUMP 
INTAKE (FT BGS) 

...1?Q5 .. __ DEPTH TO TOP OF 
SCREEN (FT BGS) 

CENTRALIZERS USED 
D YES AT.~.Qt!§ .. _____ _ 

D STAINLESS STEEL 
00 ..J':I() ___ ~ __ , __ _ 

~~i:~·· .. ::: 

-l~JL ..... g~~R~~~O(~g~)---1-,,_, •.• ""' .. ;;:::=i~.-~.i.·:~~-" 
·~:.~.~:;~: .,_,~?L~-DEPTH TO BOITTOM ~: .. : .';; .. ; 

OF CASING (FTBGS) ~';~~_::.;:;.:;~.~\;.~H~:: 
1257 DEPTH TO BOTTTOM ---f'+""'-:---:':'--'--""""f 

CEMENT ___ 9_6,'l'o_.BENTONITE.-4.% ______ _ 
WATER _3QQ .. 9LOTHER---------------

ACTUALVOL~~.,2~-=:..::::.:_== 
CALCULATED VOLUME-·-'~2,'.\J~:._ ______ _ 
METHOD INSTALLED 
IXITREMIE D----···----
0 POURED 0 NOT USED 

TYPE OF CASING 
00 STAINLESS STEEL 
0 SCHEDULE 40 PVC 
0 SCHEDULE BO PVC 
0 

CASING DIAMETER 
INSIDE_4,5 in • ..:.._ _____ _ 
'OUTSIDE .• ...Q,QJn.-~---

JOINTTYPE_Coupler_ ___________ . 

BENTONITE SEAL 
1K1 PELLETS O SLURRY 
O POWDER/GRANULAR 00 _50.%.10120.Sand __ _ 

QUANTITY USED_~OAJt'-· --------
CALCULATED VOLUME .... 657,21\'~--------.. --

METHOD INSTALLED 
IKJTREMIE 
OPOURED 

FINE SAND COLLAR 

D ... ____ _ 

0 NOT USED 

SIZE I TYPE_20!4~(S~nd., .. _____ .... _ .. ___ ,. 

FILTER PACK 
GRAVEL SIZE_No.o.e'-
SAND SIZE _to/2Q_ 
ACTUAL_VOLUME_HJt:_ ______ .. _________ _ 

CALCULATEDVOLUME_~1s~s~n~'------~ 
FORMATION COLLAPSE: .. ......llfP!le ____ TO .. ___ FT BGS 
MATERIAL __ Sj[icyi_Sand. 
METHOD INSTALLED 

IKJ TREMIE.~--· .. ·---·-··~---·-···----~--··· 0 POIJRED_ .. __ , __________ _ o ________________ _ 
TYPE OF SCREEN 
!El ,STAINLESS STEEL SCREEN DIAMETER 
0 SCHEDULE 40 PVC INS.IDE_...1,!1_6.fu.,_ ~~-----
0 SCHEDULE BO PVC OUTSIDE __ !j,2])11, ........ _ ........ 
oo .~ .. ~~!!1P~~~!!9.!?.Q'!L ___ .. ~---·--·-· 

SLOT ;:ilZE_Q,0.2.[~,--- ----· 
JOINT TYPE .... _C9upleC~~---~.-----,--.. -

OF FILTER PACK (FT BGS) BACKFILL MATERIAL 
.... n.9L...-..DEPTH TO TOP 0 GRAVEL 0 FORMATION COLLAPSE 

OF SLOUGH (FT BGS) 00 BENTONITE MATERIAL--------
_13~-· DEPTH TO BOTTTOM 00 SAN_D -.-- ... 

OF BORING (FT BGSj 00 5_0%BeJ1!onite:_50.%Jl/20~$anp,(112' ... Ben\onite .. Chips) __ _ 

WELL COMPLETION BEGAN WELL DEVELOPMENT INFORMATION FINAL PARAMETER MEASUREMENTS 
DATE ..... l1./J.til~.-~TIME ... 1:t:;io .... ~ DEVELOPMENT METHOD pH , ___ ... .JL~§.. ... _________ ~--

WELL COMPLETION FINISHED ·~I SWABBING r&J BAILING TEMPERATURE __ 1~,1 ___________ •c 
DATE -1.21.~LOL,_ TIME -1Q~1J___ !Xl PUMPING SPECIFIC CONDUCTANCE....lli.§ ____ µS 

TOTAL PURGE VOLUME. )_~,263 ... GALLONS TuRBIDITY 3·22'. NTU 

Figure l-B-5. Completion diagram for well R-6 (Note: no report available for R-6). 
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Characforiialiori Well R-7: 
LocaliOn: TA·53, Los Alamos Canyon, east 
of Omega West reactor facifi1)'1 

SUNeyCOO!\linaies (brass frnirl<lll 
iii NW corner of cement pad): 

x: is31e,66·e Y: 1mss3 f'! (NAO a3} 
"f.. 6779.2 H ilsl (NGVD 29). 

Dnllirn.i: hollow s1em auger and 
nuh!.ass1s1 air roiarY ieveise 
Cficulalk)n l'liih lzjiaj acl>Jance 
e~ 1. Start.date: 02122JOO 
Phase 1 Endaate: om5too' 
Pha..<e2s1artda1e:121i1loo 
P~s.;-2 Endda!S:. ~1f16io1 

Boreoo!e.drilled to 1091 n iiQs (Til.1 

Dataco:JecHon: 

ElevaF.on 
(feetilsQ 

61192 

Hyd~~i~::~~~!ing:No fesls Wille .6590 
coridin:led, 

.C!lres{cutttngs subffiitted for geochemical 
?Il!I ciJ~l~inant cliaracteriza!io9_: (0) 

Groundwater samples Sllbmittei! for ···~ 
geilctiem and oontaffi!nant ~ 
chiiracteliialion: (2) 

Gll(ll0gic prope)lies: 
M!rieiaJC/9)', pelrogryiphy, ilJld cl1emistry 
(2l) - ' ' -

Bolffiolelogs: 
IJthefugiC (0-1097 It) sioo 
.Video (LANLlooQ o-a4s n and O.a77 tt. 
Naiural gain'mii (LANL tool): 0-972 ft, 
and 0-97711. bgs. 
Sclilumooigerl.ogs (0-290 ft cased, 
29(M064ttopenhole): litilodefisfty; 6200 
Gamma Ray; Calipei,·C<ljn!inable 
l.lagnetic,Resonance; Formation M~ 
1mager, spSCtiar Gamma, · · 
Tflermafie~Meiniiil Neutron, Array lnductiOn, 

in Boreliote Samp~: 
data lndicafo no 

ceiJ!amrnaJiti d~ed aooye ooekground. 

Weil 00ns1ruct1on; 
· Drillirig Completed: 01116/Dt 
CoiltiactG~ophysics;,Q!/12/01 throygli, 6oOO 
01/13/0l;and 01114/01 -
Welt. CpnSlructed: (11/2()/01 !Jlroug~ Ott:i1/01 
W~llD(W~ped: 02l01/01 lflroug~ 02JOSI01 _ 
Westllay Installed: 02f.!ll01 through 02/2&/01 

CaSing:~.5-in ID.s!alniesssfoCJ wittiextemal ~ 
'cbUplfligs 

Num&er ot sCieepS; 3. 
1.si~ 1.0. PiW fl3:s00; S.5: Wi(e-l'l!apped; 
O.Of Ociii ~qtted. . ·~ 

Screen (perforated pipe interval): 
si:ieen.#\ • 363.2·379.2 ft bi/s· 
s&een12:73o::H46.4ftbgs 
Screei\'#3 • 895.S:93M tt ligs 

Weil. developm~t OO'ns~ed Of 1'iire firuslltng, 
tiaiing, and pumping fro111,Screen·:s and sllmp._ 
·11ttemp!S.to pumjl a~d bail ~ater l~m S~eeris HJ 
and D2Nrere unsui:cessful tiecause'of 
irisulf!Cient wat.er rr9rri these zones. 

5700 

Geo!ogic Char. 
· Samples 

I 

'362ttf'D'== 
iiaift ~;,;::.;;:,:,""!I 

Boreilole eoreiiOre 
Giiliinawa!er conf;guralion 

Saiiiples ~! T.D. , 
I !Siri.casirig _; 
' - 1012ft 

133181n:casilig -
to 29() ft; 

""',37311 

TJ).1097ft. ~ 
:;;: 121 ' (5682.211.~) 

Groundwa!er occuirenee was detemiined by recogn~ion of lirsl water 
prodl)eed while iJriiling;liy,&ire~oie gWpti)'slcs: ana bybo1ehole ' -
l'ideO. 'The iilcks aoove the regional wa!er table appea;ed to be; 
pa;uy to mo~tiY sat\iratoo.;scieens f& 2 were saed tO samp!e < 

Iha l)Oieolial saturation above Ille regional waler table. Static wateri 
lll'lels were detimnined altll! )he boreliO!e l'ias resieii. ' - ' ' 

Figure l-B-6. Completion diagram for well R-7 (Stone et al. 2002). 
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C~l)sfriictlon, Stratlgraphic0 ana Hydrologic .lnfofll'latlon for Hydrogeologic Workpian Charai:terji:atl<inWelfR.:S/8a Rev. B (04115102), 

t.Ocii1lon:TA·s3, Los Alamos Cany:i11, near 
~fllJer.ce With DP CM)~n;. . . 

Surveycooid'nares (brass marl:er 
in NW romerc!R:ea cemciil pad): . 
x;1641j39~ y:ln~tl[~A0.83) 
z:6544.7 ftasl (NGVD 2:9) 
A,S fs 62 ft.aue eas\ fmm R.aa at. SU!\'ey 
lX,'O~tes (cellterof cement plug):· · 
x:1641195E y;1712533N(NAD83) 
i:;6S42.9hasl (NGVO~) 

llrii(ulg: ai; rolaly core v.11iiteline m'!i....al 
and ffuid-asslst alr rotal)' rewrse 
l'irtttali<lii 1<.fll(casftiil ad•1aiice. 

R-6 Slat\clala: 09.'25.'ilt 
fHi Eixl dale: 12111/01. 
A.as srart diw:o1/ll9.'02. 
R-&i End dale: 01127/02. 

&rehol'!R.S<:!ri!ledto !ll221LtzjS:(f.O.]. 
llor¢lo!e.R:Ba dnlled Jo BOO fl. bgs. (T.D,). 

Oala callec1lon: 
H~projle!!iei 

Flekf Hydrauf:c Tes1ing: Fa'Jirig head teS! 
. on R:&l saWii #2. · 

Corestcuttings submilled for geodlemfcal 
and i:onlamWll characierizaoom 156/0 

Greuooi1all!isamp!ft..s Submil!ed for 
geod1ai\'anifointarr"'J>ant · 
cllaracterizli!)oo:l(R-8) 

Geolrigic prcpeilies: • .. 
l.!iiteral'1gy, ?e~o9raphy, aJ1d cilerristry.11 

Beva!ion 
Qootasl) 
. ~544.7 

Borehole fogs from R.a: 
litliologic: 0:1022 fl. 
lfidOO (WIL IOOI)'. °'85~ fl. (Wea C<lSfllg • R:SAi '. 
Natural g-,.'rlina ti.ML !ocl); 9110 fl. and 
0:761 H.(cased);;l0-261 fl.and 
761-76~ fl. bgS. (opet\ fiole) 
Induction (LANL lool): Q.3ll ft;' (cased); 
So.2s1 rt(openholel ·. ·: .· 
Scliltiinoorgerlc~0:761 fl.{~); 
76H64 rt. {open l!Ore~ LJmo densiiy, 
Spediar !Jaffima, Beinenla! Ca'jitimi, 
ThermaJl!:pilllermal Neu~o~.. · 
Natural Gamma: 

Col)ramif!CJits Datetf¥in R:8 Vial!iis3mpl.i: 
TriWm~! 15 pelt 

Wellcons1ruti1on: .. . .. . 
Or~lng Completed (R-&!): 01127l02. 
Con!racl G1!0plryslcs· (A.S): 11/1:W1. 
wau cOnsJructoo (R.sa):Otl2Bln2; 021'01t02. 
\Jilt Dill-e!oPelf (f!'.aa): IJ2il)4l02 • 02/14/02. 
Wes!bayl!\s!ailed (R:aa):Ol'J21f02 ~0l'J24!02 

Cailiiir. 4.5-m.:Lq.15.!Hrl,D.D.~less.steel wllh .. 
exteinal .~liajs.1 

NumberolScreens:2' . . . 
4.S.ln.IDJ!j.56.J,O:O.D. ~b~ ss.w:ai-'Nrapped; 
0.010'!1! slotted. 

Scre~n (pe<furated pipe inlemJ): 
&:men ii · 705.3-755.7 It. bgs. 
SaBeit ;2 • 821~.o I~ bgs. 

Well d~proeii! corisis!ed oMe brushing. 
bailln!i. si;iW:g; swabling, ana pump'ng: 

.~liiter =r~ was.delerininro In ·a.a by iecognilion or. rl!Sl water 
prOduced l'lfli!e ilrilf:ng, bi bo~e gooplryslcs, and !Jy borehole 
W!eo' Slatic.wa\er ie.-ers were ~rmined alter the R.a b<irellole ~ ll!Sled. 

• ~10ft. 

ft 3s51t. 

70911 

"' 

• asq.n. 

BOrehole: 
Groundwater 
Samples(•) 

I 

10-3!4 In: open _; 
bO!eho!e lo T.D. • 

S!raJigraphy 
e!l<Qllnlemd 

-..,......-- ott ·er 

§:;:~rt 

-. ---· 3s21t 

T.O:~orR'Ba).iiBaO!L 

•· 102(] IL 

Goologie eor.iaas are f1oin R~ arid \We defefffNled 
byexaiiiir.at;®o! tuttings.and-r$ti0n ol · 
geophysical log$: Con!ac!s 'may Ila refill~ by 
analysis of geologic samplllS by petrograPfii and 
rod< ctwniistj. No sam~ colliJctedkom R:&i 
borehole. 

Figure l-B-7. Completion diagram for wells R-8 and R-8a (LANL 2003b). 

ER2005-0679 1-B-7 December 2005 
l 



Top bf ()asing 3 ft 
above ground level 

Depths in feet below 
grouiid surface (bgs) 

Steel tabs 
10 ft 
20 ft 
301! 
40 ft 
50 ft 

Centralizers 
48 ft 
99 ft 
100 ft 
150 ft 
200ft 
250ft 
301ft 
348 ft 
397ft 
448 ft 
500 ft 
552ft 

~15-in. 
borehole ---

243 ft____.;.. 

~13 3/4-in. 
borehole ---~ 

r 
Steel 

289ft-

~11 3/4-in. 
borehole ----· ll 

420ft
~9 5/8~in. 
borehole 

644ft 
683 ft 
753 ft 

Stainless steel 

i 

=:i-----1 
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1 o 3/4-in. protectiye cc;ising 

Locking cap 

,_.;...;..;..·...;.J· Cement pa9 (3 ft x 3 ft x 8 ill) 
16-in.-O.D . .surface casing to 7.5 ft 

14-in.-O.D. steel casing 

,.._-11---12 3/4-in.-O.D. steel. casing 

......i--'-"-1--'1-'-""'--- 5-in .. -O.D. Schedule 40 
low~·carbon-steel casing 
with flush-threaded joints 

·---10 3/4-in.-O.D. steel «~?sing 

Drawing not to scale 

1--i.....+-- 552.5 ft top of stainless steel casing 

++--T---- ·s-in.-0.D. 304 Schedule 40 stainless"stee~ 
casing 

---- Slough/cave-in 

B~ntonite pel!ets 
Fine sand (30170 size) 

. ::.:-683ft . 

>+\-----Coarse sand (20/40 size) 

=~~--- 304 .Stainless steel screen, 0.01-in. 
slots, wire-wrappe!] 

. Bentonite pellets 
·~~·¥!·· - 748.5 ft 

~=4----- Sump 

.......,_..-...;.,_ -....l;--7-5-8-ft Coarse sand (8/12 size) 

FB.0-1 I R-9 WELL COMPLETION APT I 050500 I PTM 

Figure l-B-8. Completion diagram for well R-9 (Broxton et al. 2001d). 
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TOTAL LENGTH OF 
CASING. AND.SCREEN 904.4 __ FT 

r.r====;;i---LOCKING COVER 

WELL CAP 

SLOPED CONCRETE PAD I SURFACE SEAL 

ELEVATION OF PROTECTIVE CASING (FT AMS!,.) 6677.08 
ELEVATION OF TOP OF WELL CASING (FT AMSL) .~667Jl.!IL_ 
GROUND SURFACE ELEVATION (FT AMSL) .,.6"'67""3"'"7.._2 ___ _ 

DIAMETEROF BOREHOLE 
• 12<1/~!FROM ••. lL. FT T0 .926 __ FT BGS 
---FROM ~-FT TO~.--FT BGS 
--~FROM~-FTTO-~FTBGS 

SURFACE COMPLETION INFORMATION 
TYPE OF PROTECTIVE CASING 
lill STEEL SIZE_10;7J8:..0D~--

o -·-·----·~---·--··· 00 PROTECTIVE POSTS INSTALLED 
SURFACE SEAL AND PAD COMPLETION 
fill CHECKED FOR SETTLEMENT 

MATERIAL USED:.2500.psLConcrote_. 
REINFORCED 

!ill YESU~ebaL 
ONO 

PAD DIMENSIONS 
_S_FT (L) x..5_FT 0fV) x.0.5 •• FT (H) 

.. 833 ___ DEPTH TO TOP OF 
TRANSITION SEAL 
(FTBGS) 

Jl33.6 __ .DEPTH TO WATER - ~ 
FOLLOWING = 
INSTALLATION (FIT SGS) 

.. 646.5_ DEPTH TO TOP OF 
FINE SAND COLLAR 
(FTBGS) 

.c850, ____ DEPTH TO TOP OF 
F,ILTERPACK 
(FTBGS) 

Ji55 __ 0EPTH TO TOP OF 
SCREEN (FT BGS) 

CENTRALIZERS USED 
!ill YES AT .7'.62,.653,865 .. & ___ _ 

.87'.8.(FT.BGS) __ ~-

lill STAINLESS STEEL 

.. . . . ~ .... 
.. ':': 

~ .., ... .... ' ·"· .. 

"': ,4 •• \ 

·. ·~ ~ 
'·. ·,; 

·.a :· ~~-=.: ..... · 

•• <# 

.:· ... 
. ·,j·'·. 

~; ... 
·, .. 

' .. 

MONUMENT MARKER ELEVATION (FT AMSL) 6673 72 

DEPTH TO TOP OF SURFACE SEAL (FT BGS)J!£llL 
!ill GROUT FORMULA . 

CEMENT --.X.-.-~ENTONITE •• -X •. ---·-·--
WATER _x __ bTHER_. ________ _ 

-·-----~----
ACTUAL VO~UME (FT')-~----------- .. -
CALCULATED VOLUME (FT') .. 64---~--·
METHOO INSTALLED 
OOTREMIE . 
OPOURED 

o ______ _ 
ONOTUSED 

......... .._._.,.__ __ TYPE OF CASING 
. "'": 
· .• {" .. 
'. ~ : . 
..a.",,. 

. '. : , . 
;JJ: ': . ' ... ~ ·" ·, 
·~.. i' 

00 STAINLESS STEEL 
D SCHEDULE 40 PVC 
0 SCHEDULE 80 PVC o .. ___ . _ _:.. __ _ 

CASING DIAMETER 
INSIDE s,s_· --·--·
OUTSIDE .s.o_· -·---·--

JOINT TYPE • .&eLLIJ ________ , __ _ 

BENTONITE SEAL (78 • 833 FT SGS) 
O PELLETS OSLURRY 
0 POWDER/GRANULAR 00 .Cliips.t.J0/20,Sllica.Sanit 

ACTUAL V()LUME (FT'} .8.18.8.-----~·----
CALCULATEO VOLUME (FT') .. 821,6 _________ _ 

METHOD INSTALLED 
!illTREMIE D---------· 
0 POURED 0 NOT USED 

TRANSITION SEAL (833 • 846.5 FT BGS) . 
0050% BENTONITE:~O%Jl .. ent9nileL1.0.120J~ilica.S.aml __ , 

FINE SAND COLLAR 
SIZE/ TYPE.20/!10.Silica.Sand ______ . 

FILTER PACK 
GRAVEL SIZE _______ ,,,.,_ .. _________ ,. 

SAND SIZE .10/20.Sillca.Sand --~---
ACTUAL V()LUME (FT') .. 54 .. 5 _ ... ------·- ....... __ _ 
CALCU.LATED VOLUME (FT') .2.4.5~-----·--
METHOD INSTALLED 
f&JTREMIE .. ~-·-----· 
OPQURED 

TYPE OF .SCREEN 
!ill STAINLESS STEEL SCREEN DIAMETER 
0 SCHEDULE 40 PVC INSIDE ... 4.46· .. • ---.. 87:l.9_ DEPTH TO BOTTOM ---J..:-'44=::::f.-; 

OF SCREEN (FT SGS) 0 SCHEDULE ~O PVC OUTSIDEjj.27_• ---·--

.901.L ..... DEPTHTO BOTTOM --+~~-:-:-~':::"'..:'' 0 .... --·--- .. ··---·- ----···--·---··--·-· ·-·---
SLOT SIZE .. 0.02"------
JOINT TYPE .Af:LLIJ 

OF C,A.SING (FT BGS) 

.. 886 __ 0EPTH TO. BOTTOM 
OF FILTER PACK (FT SGS) 

.906 ...... _.DEPTH TO TOP ::':""--b~~~~~~--BACKFILL MATERIAL 
OF SLOUGH (FT SGS)' 0 GRAVEL !ill FORMATION .COLLAPSE 

.. 926 __ DEPTH TO BOTTOM---'"'=--.._,.,,....,.,..,.,.""""'"" !ill BENTONITE MATERIAL ·---... ·-···--·· 
OF BbRING (FT SGS) 00 SAND 75% Bentonite· 25% 10120 Sand 

WELL COMPLETION BEGAN WELL DEVELOPMENT INFORMATION 
DATE .. 10/03/0~t~.--TiME ,.08:00 __ _ 

WELL COMPLETION FINISHED 

.FINAL PARAMETER MEASUREMENTS 
pH .. Z.3~~--~·~~·--· ... --·-~ 
TEMPEAATURE.20.8 _____ ~·-- •c 

DEVELOPMENT METHOD 
lxf SWABBING !ill BAILING 

DATE J0/08/0;l~·-TIME _og;QO, __ !l!JPUMPING 
TOTAL PURGE VOLUME .. 8.5.9~6_.GALLONS 

SPECIFIP CONDUCTANCE .. 0.19.---~ µS 
TURBIDITY_1.6 .... ~-.. -~ .. ~:.......~~- NTU 

Figure l-B-9. Completion diagram for well R-11(Kleinfelder2004c). 
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Chara~tlriza!ion V(eJl ,R, 12: 
l.Oci!tlOi\:JA-72, saritfia canyon· 
M.arthtl eastern l.Bliboundaiy 

Ground surface ~evalion: 6501.ft a51 
/'IAD 83 Survefcooilf.111a!eS (center.fop of 
protepive box): ·. · • · 
. x: 1647424.2 y:.1767913.4 

z:6499.6ftasl • 

Diiliing: air rotary 11ith casing advancelllurd-
asSisled err rotary . · . 

Phase 1 S1art date: 3110/98 
.·Ph~se 1. End da!e, 61M!a. 
>Phase 2 Slatl date: 10125!99 
Phase 2 End !!ate: 1i11iioo 

Borehole.drilled lo 886 ft· 

Dali! c01iection: 
Totaf¢1e.collei:fed; 11.4.%01 R·12;~A%toi 
lliis location when COfe from sco1:3 included 
Hydr~0g!c prope:!l(es: • · 
. MoiS!ure oonteritlmatric po!emial (!121111) 
: Pore water anions (73) aiid isotOpes (4) . 
Samples for liyoraulic pioperties' 
·anafyses: · ·· · · 

1 from cams de! Alo basalt 
1 from Puye Fm. 
2 from O!d AUuv!um 

Field HYdrauliC Testing; none 
Cilresl!llliings ¥ibmitted for goochemical 

and conlamlnant charaderization: (14) 
· Grouridwaier samples submiUed for 
. 9mem and'crJili.'!:haracierization: (4) 
G_eologic jiiopertles: . . , . 
.. Mine.fu!Ogy. petrography. and chemistry (23) 
Biirehole logs: 

Lltho1091c {0-84711) 
.'[Ide~ lo-1s2 tti: .. . 
··ca1rpe1 Pnside 10.314 in casing) 
Natural gallllffi\ (0-649 tt; ~l. 

.Coiilaminlinls oetedfid In 8-0ieho!e Samples: 
Paclie!l groundWa!er: uranium t?J. nitrate, 

aininonia, liitium, chloride· 
Regioitf! groundio1ater.,trlfium, uramum (?), 

nitrogen isotopes indicate sewage inlluence 
Cu~ings/COr~: 1'lf"' ; ilin (?) 

ciimpilaiion of dafa,co1j~lion and anaiises. 
resil~: LA:·UR~~ss · · · 

Well construc&n: . . • 
Drilling COmP!eteil:, 1(10/00 · 
WeU lns!alled: 1124100 .. 
We~ DevetoP_ed: ~o. .. 
Wes!lia'y Installed: 3121ro() 

· CMiiig: 4.S.rn· 1.Q •. mifd Sleet fo ~ rbi.~m 
1.9.-~~Sleel rrom354 ft to:~fl 

Number or SCieens; 3 . 
. 4.5~ii Co. ss; ti.o16-in sfotror sereelis lurid 
13; o.oos'.ln roi seree.n #2 . . . . . 

~;~ 
.:._!§' 

&i99.shaooveseal"1lelfa · 

61~ 

g~~.'='e:::> 

~~n·===~ 
.6000 ~~a::EJ 

=~:d 

-~ 

5800 

nn-~ 

719.Sh'-

~ 

Screen· placements: 
screen #1 .459 ttto 467.51! 
screen 112. 504.s 11 ID sea ri 
Screen AS' 801 tt to 839 ft 

Weli development cons isled of jeF;iig 
and pumping each screen· and 
pumllfnll th!i wmp. 

eorEihole 
eonfajuration 

at-to; 

14 iri. i:aSirig ~ 
to 449 . 

.. 
* * 

* 
!< S20tt 

*(21 

* 

11.(ll4 tn. ope_n bore-
hole to 801ft 

* * * *l2l· 
Jo.'518 iri.o~ -
boiehore to .D. 

i:g.~~~ -'-

Grou,ndwaiei'oe1;ulrem:'is,l-cere ~etermtneii. 
by recognition filst water produced 1•,tiile 
dril!ir)g wi'J1 air. Static Waler levels were ¥emiinid, 
after ltie'borehOle was icited. During Phase I drillilig; 
the upper peiclled. z6newa,s isolata,d f!om t!Je !~;er 

.'va&se'zone by landing 10:314 In. casing in clay·rich 
ilepo5asais20.s 1t'and drilling ahea\l ili!h a,s/81n: 
·~asfiis-:advance dria $ystem; · · · · 
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Sira~raphy 
·~untered· 

SanlaFe 
iG~baSail' 

GOOicgte eonniciS determf~ by examination 
'pf cut'iings and core, iriterpretatiori Of naii/raJ 
' gamma logS;imd analysis of geologic sampfjlS' 
· by(ielrogiapliy'an~rockChein~. 

100' 

300 

600 

70() 

80(1 

90(1 

Figure 1-B-10. Completion diagram for well R-12 (Broxton et al. 2001b). 
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Characlerizat!on Well fl-13: . ' " ., ~ ' 

locatlon:TA·5,,~ortandad can)'On 
6559.7ft asl· 

Siltvey cOoidlnaies .{biciss mat.iili in NW@iner 
/f C,emen! pild): , · 6600 
x ='.J540991.7 ft (NAO 83) 
·y= 17669942ft(NA083), 
'z:,~9.71!0$1(NGVO29) 

Dnl!rng: ,flufd-assist air ro!al)I reverse 
~lalion Willi casing advance_ · ssoo 

Siar! date:, 8121/01 
End date: 9120/01 

!loi~fwlid1il!!id to.1133 IL !O!a!deiilh (TDJ 

Data co~ection: , 'fn,. 
Hydro!ogic properties: """" 
Field H11'raufic Testing: NIA • 

C-Oresl~~ngs~bffiiuedfor~I 
and CQ!ltaminantcharacterlzalion: O 

-Groonrlwaler samples submittoo for · 
9eoc1terliri:a1 and ~n1 6300. cliaractmllOO: l , · ,. 

6eillcigic properties: 
. M'111eiafogy, petrography, and chemiSuy: t 2 

Borehole logs: _ _ 
lilhoiogfe: (ll-1133 ft) . 
Video [l.ANL!oolt, 760-828 n 
Natural ga!f.ina(!Jl.f'lL woij: °'839 ft 
(case<! 0-7~ ft) ,o-1os3 tt (casoo0;8,90ft); 
0-1125ft (cased0'1126ftj 
sdllumberger UJgS; o. tosa 11 !cased o-
650 ft l ; Cciiipensated neutron,·array 
lndllclloo, fJll)Q;de!ISity,_~oncaplure, 
narurat gamma, forinaUon microimager. 

:Onliiminants betecteil hi lloiiihnie Sampliis: 
· ~eilionai growirJwattir. non~ , · 

Nellc.inslruciion: , 
Drilling COmpleled: 9120/01 _ 
cOO!racl Ge<Jph~: 9124i0t 

. We!J. COOs!ruc!ed: 912&'01 • iOIS.'Oi 
Wea oeve!Opeil: 10/11/01--10130.'0t 
Otldicated Pump lnS'.al!ed,: Feb. 02 

casrng: 4.5-in 10, 5.o:ln OD s!airiless steal 
\\ilh exfeqia! Couplings . . - . . . 

Number of Saeens: I 
4.S.in !D; 5,563-bl, OD p!.pe based, 

' s.S: l'llre'Wrapped; 0.011).in _slo! 

Sci'eell (iertoia!ed piiie lntemil); 
Screef!#1 ;958.3'101a7 ft 

;\lei! developffient ainsisteii of brushing, 
baillilg, and pwnpfng; · 

62-00· 

61~0 

~00() 

5~?0 

5700 

5600 

552§,. 

nciiie 

*· 

ii 

* 

* 

* 
* 

* 

* * 

* 

..... 

Borehli!ee 
configuration 
. etT.D. 

13 :iia rn. casing 
101):11n.-·-

834n. * 

i1314lti·'·. 
_lo_~~· 

10-1/2 in. Opell 
!Jo~loT.O .. \... 

ti:>.1133n...,,:.. 
Grouridwaler oocUrrence was delerirllned 
by r~qftion'~r first \\'llterprodtioedwh~e 
·dnting. Sla6c waler levels were dSremiined 
after \he borehole was resteil... -. . 

Figure 1-B-11. Completion diagram for well R-13 (LANL 2003c). 
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~1ra\i9ia#ly· 
enooun!ered· 
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1133ff 

'!-?-v.-, . ~· .... . . _. .... ~ · .. 
~~: ... ; 
·:~ . ·: ·· ... . 
.~-~ ~~:-~~ 
: .:·>::: 
~r:;i..;;,-.a:_ 

100 

:ioo 

600 

·700 

·900 

1000 

1100 

Prefilli!narY ilfJOJogic c.inlilds dele!mined by examtlfation 
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~tioo: h Ten Sill CaJri'On, ~d 
thiifmrer rado.xfoefi:iuid ivasterm sepic 
lntlinmt fucil6es it TA-35. 

Sur.'ilf o:ollfroloo (h!aS$ imrlrer 
i1 NW oorrer of fl.14 cemElll ~: 

x:162l\!150E y:17Ea353N(IWJ.e.3J 
z: 7~ I ft 33l(lf.MJ 29) 

()lUng: Bir rttarJ we wlwf.efll6 rebieval, 
oom'llnfund mud diling, ca!iog adv.m:e. 

A·14 Siatdi!a: 00.W.1:!2. 
A·14 Enddale:0711P.lli 

lloiehcle R·14 drilahi 1327ft b;s (TD). 

Data oollidiai:. 
HJdrdogi: i:«Perties: ~1:1 ftydrauli:test 

.Ccretiini Rllle h;!di:n Te& on screen 12 
C:irei.~s subnl!ed !Cf gi:ochenicru 

and coobriinmt charactmtl:m: (24) 
Graum:INa!a sampb; rubni11ed fer 
gmliiin an:l oon!mlirut 
chlroctsrilmiai: (2) 
Gedogi:~:(11) 
ilimrale>if, pdrtga+h1, aodcmmisby. 

llorehdekgsfn:m fl.14: 
Lli»bgic:0·1S271t 
~eo 9J,Nltoo0: 0.923ft.ll!ld1J.975ft 
Nahm! ommi OJNL tooO: 0.100! It 
and 104fH325ft ~ 
Sihl.rnb:fgert.r9s:o~12.2& (ens~. 
12.2-lCEllft(q:El'lhde): Ulhodall!iry, 
~dral G!mrm, ElerrmW Cap!um, 
Tbcfllnlfpirermd Neulron, CanllinaNe 
Lbgooti;'Rescmn~ rm rtrlura!Gmira 

Ccribnirmls Detlded i1 R·t4 WaterSam#es:naie 

Wellccmtiu:ticn: 
IXilill!JCcmpleled:07~2 
Conlrad GEqJh)'l.illl:OiftQiJMEt~ll!'l2 
WellCcn:slru:!Ed :071'G4.'IX!· 07/11,ll'l 
WellDMbpEd: .07M'te· 11fl&'IX! 
WeSilxqlil!tllled: 11h9/Cll· 11t.!!i'm 

Ca!ing: 4.6-in LO. l!!3rnesu!eel lli1h amt 
ccqJI~ 

Nll'l!hercl~:2 
t5.fn. ID pipe base~ s.s. ~ire"ll~ped 
miho.010.tn.sbls.. . 

S:reen jpJJfor.iaf ppe i'll>MO: 
Screen fl· laxls.123321t ~ 
$creen 12· 1ai6.S.12ro.1lt~ 

Well <b'E!bprn:trt mnsilred d \\ire bushing, 
hailiYJ, cherni:ll lledmfris, !UJ!ing,ond Pulr!lirJ; 

G!MdWillff cuurrerr:e WB$d!lfrrrined br R·14 
Irr ra:o;iniOOn cl fi!Sl walet.piidw:d r.tilemlfng, 
Irr bmli g~h)'lict,and by bcrehcle '<idea. 
StaJic wale1 b?!s ~e ri:lenrined ~ 
lheff.14borel»ewas~. 

Glwdw.ib1 S1Jm~e:i ccll:iwd Iran pmd ell saeen 
irlen'3s rllerwcll deiebpmrnt. 

~bgicconla:l.skfA·14 weredatenrined 
byemmin.lllicn<lf~andiiteip."flafun'd. 
borehcle ~deo and gEep~i'F.ical b;s. Crrtarn 
and llro!igtaphy tn'l'/be relred lr1~raphi&', 
g>?ccMmr.al,01mln~anii1si3d 
gedc.jc silll'(les; 

Qim'Gaob;i: 
Char. Sunplro (x) 

- . I 

Ca~to300rt. 

x· 

1 

1182ft 

"' 

.f6hbomb:je-
122ftto100lft 

12-114ia . 
CjlilnW11hob-
10&31ttn1mift 

Figure 1-B-12. Completion diagram for well R-14 (LANL 2003d). 
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Alluvium 

Tshirege Member 

Cerro Toledo interval 

Otowi Member 

+1.5 ft --)-- . 

4 in.~~~.4.4..4' 
..,.20-in. borehole 

16-in.-O.D. welded-steel 
surface casing, from 
Oto 135ft 

5.56-in>O.D. schedule 40 ____ __._.....,. 
low-carbon steel casing 
with flusn-threaded joints; 

Hydrogeologic Synthesis Report 

$!eel tabs every 10 ft 

/,..,.........._....._._..· .... Cement pad (4 ft x 4 ft x 4 in.) 

Cement 

Behtonite (hofeplug) 

Steel tabs 
10 ft 
20 ft 
30 ft 
40 ft 
50 ft 

-G"""u-aje-P"'"u-tn-ic-e""'B-ed- from surface to 928.9 ft 

60 ft 
70 ft 
90 ft 
1 oci ft 
110 ft 
120ft 
130 ft 
140 ft 
150 ft 

Puye Formation 

Cerros de/ Rio Basalt 

Puye Formation 

Totavl Lentil. 

..,.14.5-in. borehole 

Bentonite (holeplug) 

631ft 
Perched zone ---~"'k-.... V 
Water level .... 646 ft CemenUbentonite' 

746 ft 
750 ft 

~12~75-in. borehole Beritonite/sand mixture 

929 ft 
30-ft 304 SS scnedule 40 casing Bentonite {Pelplug ™) 
from 928.9 to 958.6 ft ~:i~~":f-;;:- Fine sand, 30170 
Regional watedable 964 ft _51._ ; :'.::, 

»":·: Sand,20/40 
60-ft wire-wrapped 304 SS screen, """. +.-;:,~3:-:. :.: 
0.01-in. slot from958.6to1020.3 ft :.::> ""'102s ft. -Fine sand, 30/70 

10-ft 304 SS schedule 40 casing · 1030·6 ft Bentonite/sand mixture 
With end cap ("sump"); 1020.3 481§ ff Bentonite {Pelpltig™) 
fo 1030.6 ft Coarse sand, 8/12 

1066 ft 

Slough 

TD 1107 ft 
N.ot To Scale 

Centralizers. 
43 ft 
60.5 ft. 
103 ft 
145.5 ft 
188 ft 
231 ft 
273.5 ft 
316 ft 
.359 ft 
401 ft 
443.5 ft 
486.5 ft 
656 ft 
699.5 ft 
742ft 
785~5 ft 
828 ft 
871 ft 
914 ft 
958 ft 
1021. ft 

Figure 1-B-13. Completion diagram for well R-15 (Longmire et al. 2000). 
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~~~t~~t~aiment 'Eievatio.i · . Core/Geologic· Groliildwaler 
.(feetasQ Chat. S<kT1'!ei(x) Occtmenoes 

in Wtiie Roel'., N.M. 

SuriieycOOrtt~tes ~ mei · 
1n NW ooiner Of R· ls Ceineiit iii;d): 

X:j6$84E y:"1f5s7.1W(NAD83l 
2: 6256.9 It as! (NGVll 29) 

Dril!iilg: Conventi;nal mud dri!lng, qa~ng ~' 
R·16Startdaf&! OB/16m. 
R·f6 End daie: 0St29lll2. 

eoiel!Ore li~11idinie<l!O. i28r.fl 1igs: (to.J. 

oaia ooiediin: · 
Hyi!ro1og~pr0pei!les:fleld trft!rau!io rest: 

COOS1ant fiiite 1riject10n Testoirmen 12, 

~~~t~~ 
and,CXJ~tc!taraclerizatiop:(O) 

Gro~5a!l'P!~.~edlor 
geocr,em and ooolaninarit 
c1tarae:eritam (3l 

GOO!ogic ji!Qperties: (16] . . 
. Mineq, peWgrapliy. and diemisl!y 
lmll-Ote logS from R-10:· 
. Liihoiogic:o.&i1t.anil1~1r •• 1287fL 

Natui'?f saw.ma (WI~ tool): o.729 Ii (cased); 
729-l~Ifl {ePel) hQfe). · . 
Schlumberger ~s: 0.729 IL (cased], 
729-12871L (openhote):Amiy lndu¢on. 
Carehfnable Mag[Jelfe Re~ M.1:¢ lmager; 
SonicCa[;W. lilho densitf, Spedral Gamma. 
.Elemental Caprura, Thenna!IEpilhml Neu1ron, 
Na!timl Gamlila: 

Canlanilnairts 0e:eaeifrn R·tGWa:erSamp(es: rione: 

Vlei!~~: .. 
Qri!lng CCrop1e100: 00/29.'02 . 
Cori~act GeopllySfes; !)al.l01'02,: oa~J/02 
.wea !:onslructe.d :.oara.1.m. pg.'07!ll2 
Wel!Oevo~:~!t;lill?,·12/04,'02. 
Wes!ba)'Jnstalled : 1~:a'02' 12ii0!02 

casing: 4.&in l.D. $iitless steel\lilh e)temat 
.i:oupl'r,gs; 

Nlll!lbercl Screens: 4 
4.Siril.D,pfpebased,~~.W'Wt.~ 
WithO.OID-l!islots.. . 

screairper.orated pi~Jirte(Val): 
Scie€il #1 : &1r.o. 64s:s fl !lgs: 
. \ISO!aled be.hind sl!lck casing) 
Screen .n: 863:4:, sfu.9 Ii Jigs. 
Scieien#3: tol4.8· 1022.4fLb,;s. 
Scieeill4·1237:Q-1244.6fibgs, 

Well de~~foptnent c:ooSs!ed of ~fl!! bruslling, 
ba:Tlnl!;i:MmiCalttea\lJtei'lls, slirg(ng, silTilJr~s 
Jetting and pum~ ar.d pumping. · 

Giocndv.'i!er oocuircllte was Oe!enrl~ed rot R· 16 
.f:tf \ecogiifl)OOol fi!Stwaterjlr~ ~hire dri!lng: 
by ~ehOle ~·and bY bare~ iideo. 
Sta1ic1i>aterle'lelsweradet9!mitl00atter · 
the R;1s bo!ehote Vias r~ed. . . . 

Grouililwale!sarrqifeS ool1et!ed from pac!'.ed o1l 
Scieeri inlerva!s aflEi'well deveropinent 

GoologiccoolactSf6fR;l6 wereile!eimiJled . 
by~:ialicin ol tllttings arij.IJJ1erpie:elion of 
geophySfcal l"ds. qintai:!s ,niliy be ie".med cy 
~aograjlhic, g~~. or mine~ 
ariaJisisofgoolcigicsamples, 

625a9 ·1· ', .. 

6421t 

11~4irtcasfng~ 
O!itti729ft. 

(oemeef.ed ti to iao rt) 

16 iri. ooreooia -
·151tk!f2Stt. 

1 IJ.SlS in. bolehola . r 
l28It~12ll7.fl~ ."?· 

~ 
B511l 

x, ·r 

Figure 1-B-14. Completion diagram for well R-16 (LANL 2003e). 
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·S:raigraiihy 
m~nlered Oil! 

~ ~ [ ·:~:·~':t':'; 0' 

.O'n.lil~. ~ '({~~·' 
~T~ . fl {.;??,,'; 

Balal'.kS~ '.~· '. 

D~ 
talii~~. .. . ' 14711. 

Ciirostlel Rio .. 
eaSaJt 

lal<SBedwt , 2121!. 
Basa'5:0ei!irus( Wft. 

tide< 
·MiMuin 

Cemls~Ril 34~ 
Basa'I 377 

iaa-• Oef'l¥ls 

TC!!lill;p6Sils 

PilyeF~· 

. 728 

~feG/r;.,p 

Seli~~ 

200 

400 

GQO 

SOQ 

10(!0 
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TO:TAL LENGTH OF 
CASING AND SCREEN_H07..9Jl_. FT 

16" OD CONDlJCTOR CASING TO 
6FTBGS 

DIAMETER OF BOREHOLE 
_22,'.'._FROM _o __ FTTOJ.L FT BGS 
J2o114:'...FROM_8.LFTT0.-1MO_FTBGS 

CENTRALIZERS USED 
l&l YES AT j258,1358,1369,1382 l':IBGS. 

IX! STAINLESS STEEL 

.... J~§JL __ ,DEP.TH TO WATER~ 
AFTER INSTALLATION 
(FTBGS) 

..J)~ ___ PLANNEO DEPTH TO • "'if 

PUMP INTAKE (FT SGS) 
.... .1356.~.DEPJH To ToP 

OF SCREEN (FT BGS) 

TYPE OF SCREE~----"' 
Ill! ROD·BASED STAINLESS STEEL 
. SLOT SIZE.0.02" ______ ~ 

JOINT TYPE ~I.LIT. .... - ......... .... 
SCREEN DIAMETER 
ID.4.46:.. • ·-·-···~--OD.5.27-: _______ _ 

1381 

Hydrogeologic Synthesis Report 

PROTECTIVE CASING LOCKING COVER 

TOP OF WELL CASING. (FT AMSL) 7407 49 

SLOPED CONCRETE PAD I SURFACE SEAL 
GROUND SURFACE ELEvATION (Fr AMSL) ]4~.SL. 

~ · ... · ...... . . . 

~...__--CEMENT G.ROUT SEAL (FT BGS) 0.3 -82 
98% Cement, 2% Bentonite 

·. 

BENTONITE SEAL (1266- 1345.5 FT BGS) 
1:~,::":'t-~-00CHIPS,+10120,smea Sand (6S:35) 

ACTUAL VOL\JME (FT3 ) .... 12.8 .. _. ____ _ 
CAL.CULATEO VOLUME (FT3) .54.1--~--~ 
METHOD INSTALLED 
illJTREMIE 

FINE SAND COLLAR (1345.5 - 1349 FT BGS) 
Ill! 20/40 SILICA SAND 

METHOD INSTALLED 
l&JTREMIE 

. . 3 
ACTUAL VOLUME (FT ) .,.2.5~·-·- ........... " ............. _ 
CALCULATED VOLU.ME.(FT3

) ..,'.2.~-----

Jt=f, .. :.":tt--- FILTER PACK (1349-1388 FT BGS) 
oo 1612os1ucAsA.ND 

ACTUAL VOLUME (FT3j .. 29.5 ........... ---·--
CALCULATED VOL.UME (FT 3) .... 26,5 _____ _ 
METHOD INSTALLED 
IZJTREMIE 

BACKFILL MATERIAL (1388-1420 FT BGS) 
•Xl BENTONITE + 10120 Silica Sand (60:40) 
ACTUAL VOLUME (FT 3

) .. 32;8-·~~-"·~--
CALCULATED VOLUME (FT ) •• 23.9 ____ ,_~ 

WELL COMPLETION BEGAN WELL DEVELOPMENT INFORMATION FINAL PARAMETER MEASUREMENTS 
DATE ...J2!0510L_ TIME _16;~0~-· ()EVELOPMENT METHOD. 

WELL COMPLETION FINISHED. ®SWABBING •X'BAILING 
1;(;pUMPING 

DATE ...J2/J~/04~.TIME ...JlM.O~- TOTAL PURGE VOLUME . .ti!t~LGALLONS 

pH~-~.02, ___ ~~----
TEMPERATURE 14 ·c 
SPECIFIC CONDUCTANCE ..§L µS 
TURBIDITY 2.26 NTU 

Figure 1-B-15. Completion diagram for well R-18 (Note: well completion report not available). 
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~14in. 
borehole ----·1 

1116.3ft--
1126.0ft-
1149.att- .... · 

Screen #3 -----+-"-+
(1171.4 fl to 1215.4 ft) 

1240.Sft-+ .. : 

1358.0ft--
1370.911--

Screen#4 1380·0 ft_.,. -;,; :_: 
(1410.4 it to 1417.4ft) 14455 ft- .:.·. :. 

1475.51!-- / / 
1488.7ftto1490.5ft- ;.- . 

1516.Stt-· . 
1557.911--

Screen #5 
{1582.6ftto1589.Bft) 1606.Bft---+. 

1627.3ftto 1632.1 n- ... 
1643.1 ft_.,. 
1675.911- .. ;-.:: .. 

Hydro geologic Synthesis Report 

11+--- 13.625casingto205fl 

~-- Beritbnite Slurry 

Note.: The screen intervals li~I the footages of the pip(! perforations, not. tlie lops and bottoms of screen jv, 

Figure 1-B-16. Completion diagram for well R-19 (Broxton et al. 200ld). 
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l.ocatiiin: Eaito!TA·IBonlhesauihSiile · 
of Piijari:O'liii;~aSi ol lhe • chaiinel;· 

Drilling: ~{lnver.tioilal mud drilling, casing advarci; 
Sir 1o!aly Core vilwireline rel!NaJ. 

R'.20 siart oatez 08/ts,'62, end date:~ 
eorlng Start date: loti&'02, end ilate:i0!1.9An' 

Borehole R;20 ilnlied lo .1365 IL ~; (T.D:}. 

DafaOO!lectioo: 
HydiolOg:o~F.oeid tr[!liau!iCta.t 

C-Oilstan!Ra:e lnjediooTesloQ screen 51, 
Sae;1i #2, !llld Scieen ts 

CO~'cultings iubmitte?foi ~ical 
and c001aminant char'<;cteriza!lO!r.(O) 

GroondWater ~m~ submitted for 
geocheniital a,:,d c:Oniin\1tiant cnaraetmoon: (3) 

GOO!Ogic pro~: (12) · · 
t.'j\!il8Jogy, petrograpliy; !llld cflemistty 

SO!ehole Ji:gs from R·2il: 
li!lia!OiJfc:0;4901LandW5fi .• 13851L 
Boreflola 'fi!leo {~.'IL (ooQ: 82·785 IL (Open hOfe). 
llatur3l garrima • lild~ction (LANL ~: 
ll:802ft:(caseil};~.2fl~7851l(~). 
Scillumbelgec lajs: (H!().2 fl (cased), · 
Boi·!BS fl {o,iei1 hole}: Array !oifaction, Litllo 
~nsily. Nalmal Gammii, lhenna.L'Epfiltermal 
tieol!On. ca!:pei, . Comliiriab!e Magnetic 
Rescnance. and Elemental ca¢ure soiide. 
NatUraf G~11ll18·l\.ANL.tool): 0.780 Ii. (Cased). 
7~1U§ll(cpe~hole), ,' .. 
Schf~'mbetgei LogS: 1).780 fL (tased). 780-. 
1365 fL !open hde): Tlie~iilieunal Nemron. 
ut11o:llei1sily. Wela fir.ager, Array lnduclion, 
ilild Nafural Gamma: 

Ccnlamman!s Oeieded in R·2o Water Samples: nor.a 

Well oonstnictioo: 
Ori!lliig Coiripleted: 09.'00J02 . . . 
Coil!ract GOOphyslcs: 08/26I02;·09J06ID2 
Well Co!ISlructed: 09!07,~-09/1!'.'02 
Wen'Oeve:ope<l :~&\n,1~1i2 . 
Weslhay lilslal!ed:01Al&tl3-0111S.OO, 

CaSing: 4.5.in l.D. sfafn!esssteei wit1i e!leinal coop~s. 

Numlier of &:ieel)f 3 
4.5-ln LO· pipe based, s.s:1~re.wrapped • 
willl0.0111-inSlo!s. · 

Semen fperlci~lei:i pipe ~teria9: 
Screed! ·!i04.6'9t2.2ltt~s. 
Screen'2· il47,l • 1t54.71t.~. 
Saeenf3, 1328.8, 1336.5ft. bgs. 

Welld~\00!1Sis!edof11ire.bruslling, 
ba!f'1lQ; ~ treatmenl, surging, ai1d jliimpiaj. 

Groimdiva:er.OCC!ilfeneewas determ!iled for R·20 
by rea/Qllitloriolfiist~!i jxod~wbile"dri!Jing, 
by_bofehate ~n)'Sics, and by bqrehqle Video., 
Staticwa!e!!e\'e!Sw:e!e.~term'nedilf'.er 
lhe R·~ borehole )l'aS reS!ed. 

.Groundtrater.samp!es collected ko!ll p&kei! off· 
screen fnter.tafs alter wejl deve.lcpment 

~~lorR·20. wera(ietermined 
by examiiialion ol. rollings and lffill!P1elalioii of 
geoPh'1st.a1.JOgS. ~~c!S mar.~ rerinee liy . 
petrographic, geochemiCal, or rrunerakv,ifc ana.~'SlS. 
Of geologiC$ampia . . . 

436.Dft 

.X 

·18 in. casing -
Dft..!oOOft. • 

:23 in. liOieho!e -
lif!.io65!L 

13-318in:casiilg
Oft.to7BOI!. 

{ceillellled 0 ID 75 fi.;' 
tien!onite 1s 1o 1as fl) 

l 
l 

l'.o.:136s1L 

Figure 1-B-17. Completion diagram for well R-20 (LANL 2003f). 
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TStiir!:i]lMe&lla', 
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· CitrorO!edo 

---82Qft; 

. . .. ~ .. 
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L6eation: North ofT A-54 in 
Canada del Buey Canyon 

Survey Coordinates:· 
(Brass mai'ker In NW ·comer of i;t;21 well pad) 

Northing: 1759143.0529 
Easting: 1641284.1738 
Elevation: 6656. 24 . 
(New MeXico State P!ane Coordinates NAD83, 
Elevatioi:i is NAVD88) 

Drilling: 12.25" Mill tooth tricone. 57'·237' 
12.25" Button Bit 237'-244' 
12.25" bown hole hammer 
wlfoam 244'-545' 

12.25" Button Bit' wlroam 
545'-563 

12.25" Down hole hammer 
w/foam 563',995' 

Data Collection: 

ELEV. CONTAMINANT· GROUNDWATER R-21 BOREHOLE 
(FEET) CHARACT. OCCURANCE CONFIG. AT T.D. 

SAMPLES(x) 

18"0D 
Conductor 
Casing 
O'to:57' 

Alluvium 

Tshiiege 
Member 
Bandlier 
Tuff 

Tsankawi 
Pumice. 
Bed~ 
Ce --145' 
Toi':n~ 

11 

141' -
151'. 

mber .otowiMe 
·eandelie rTufr 

.250' 

Gua]e~ 
Pumice Bed 

215' 
226'' -

-
Sx 

Hydrologic Properties: 11~..:U 
12 X•oP.!1n 
Borehole Wall 
57'-995'. 

("C" Indicate 
Cinder Beds ) -

Stepped pumping test (5, 10,·and 15 gallons per 
minute) · 

Cores/cu\lings submiited for geochemical and 

confamlnant oha.racterizatlon: 11 

Geol0gic Properties: 
Mineralogy, petrography. and ohem,istry: 10 

Borehole: 
Uthologic: 0'-995' 
Video (LANL tool): 
O'- 578' bgs (open hole) 
Schlumberger logs: All open hole 
Compen5ated Neutron log: 30'-982' 
Triple lithodensity: 30'-982' . 
Arra'; induction imager: 86'-976'. 
Elemental capture sonde: 30'-930'. 
Natural GR spectroscopy: 28'-976' 
Combinable Magnetic Resonance: 100'-910' 
Fullbore 'formation micro imager. 800'-92.8' · 

Core drilling c;ompleled: 1114102-11./9i02 

Rotary drilling compleled: 11/14102,11117102 

C9ntract goop~ysics: 11118/02imd11/19!02 

Well constructed: 11119/02-11i26/02 

w.en developed; 1214/02-1215/02 

Casing: e• l.DJ6-518" O.D. SCH 40 
A304 stainless with external couplings. 

litumber,of screens: 
One 6" l.DJ6'5/8" O.D. wire-wrapped 0.020 
slot stainless w/ external couplings. 

Screen interval: 888.8~906.8'. 

Well development performed by swabbing, bailing, 
and pumping. 

Geologic contacts for R~21 were determined from 
core samples, cullings; borehole video and 
geophysical logs. 

6156.'24 

1 

51!562+ 

T 
803.6' T 

~ 
~ 
8 

575624 ~ 
0 z 

1 
5856.24 

Figure 1-B-18. Completion diagram for well R-21 (Kleinfelder 2003f). 
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Characterization Well A·22: 

location: TA-54, Meslta def Buey. 
near White Rock. NM. 

NAO .83 Surveycootdinates (brass marker 
in llW comer of cement pad): 

x:1645324.41: y:1757111.1 N 
z: 6650.Sftasl 

Drilling: h-Ollow Ste<n auger ·and 
llilfd·ass~ air rO!ary rever&.l 
circulation lli!h casing advance 

Plia5e 1 Start date: 8117/00 
Pliase 1 End da!e: 8121100 
Phase 2 Start date: 918100 
Phase 2.End date: 1oli1100 

Borehole drilled to 1489 ft 

Data collection: 
Hydralogic propelties: 

8evatioo 
(leetasl) 

flSSO.SH 

6450.45 

6250.45 

Field Hydiauric Testing: Slug tes!S 
·conducted on screens 2, 3, 4, arnl'S. 

Co1es!cuttings submitted for geochemical 6050.45 
and contaminant charac!~rization: (OJ 

Groundwaler samp!es submitted for 
geothem and cont cha:acte<izalion: {2) 

Geologic properties: 
Mineralogy, i)etrography, and chemistry 12ai 

Borehole logs: 5850.45 
Litho!ogic lo; 1489 ft) 
Video (l.Af!Llocl) 1ll7·254 ft and 580·740 ft. 
Natural gamma (l.AflL too!): cased 0-1330 fl 

openho!e 1330-14751L 
Sch!umberger Logs (0-1330 ft cased, 1330-
1477 ft ojlen ho!il):NeU1fOn porosity, Spectral s6so 45 Gamma, Gamma·GammaDenslly, and • 
Elellll!nlal Capture ,Spectroscopy 

Contaminants Detected iri Borehole Samples:· 
Regional groundwate<: borehole screening 
data lndicale trtlium aoove bacl<!Jiound. 

Well conslrucilon: 
Drilling Completed: 10/11/00 
Contract Geophysits: 10113/00 
Weil Conslnicted: 10l17i00-11/03:cio 
WeU Developed: 11/04f00.11/14/00 
Westbay lns!a!!ed: 12/07/0G-12110/00 

Casing: 4.5-in l.D. stainless s!eel wilh external 
ooup~ngs 

Number of Screens: 5 
4.s:!n l.D. pipe baSed, s.s. llire-wrappirl; 
O.OlO·in slot 

Screoo fp~doraled pipe interval): 
Screen i1 • 872.3 ft to 914.2 It 
Screen ~. 941.01110 saa.s n 
Screen 13 • 1272.211 to 127!1.9 tt 
Screen #4·1318.2 ft to 1384.9 tt 
Screen #5·1447.3nto1452.3 ft' 

wen development consisted of bruShing. 
llailiilg, and pumping eacn screen; and 
baling and pumping the suinp. Pump 
development was conducted with a single 
packer lnlla!ed beliiw each targeted screen. 

4550.45 

Geri!ogic Char. 
Samples 

Groundwaier 
~rrences 

883ft 
T 

r:l . ' . l 

18 In.casing· -
to47ft 

Borehole 
Groundwater 

.Sample5 

I 

13 318 iii. casing 
tos1oft·-

Borehole 
configuration 

ari:o. 

·J 
·I 

9-5/B m. . 
to:ofi-

1Q.1/2in.open 
boreholetotD. -

1489 n ~ T.O. 1489ft 
(516t45as!) 

Groundwater Occurrence' was delermineil 
by iecognilion ol firSt water prod•'Cf!f while 
driJUng. Static watei levels were determined 
after !he bo1ehole was rested. 

-

Figure 1-B-19. Completion diagram for well R-22 (Ball et al. 2002). 
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Stra:igrap.~y 
encountered 

flr.1cas.~ 

1165:11731!..~ 
' 

v~. 
gravai WI 
quart!it• 

Santa Fa G(01;p 
basalt 

v,ica~ 
gravel 

116Sft 
1173h 

13381t 

.1405ft 

'146911 ;_ 

160(! 

Gooiogii: contacts deiermined by examination 
of Cilllings and intertJ!e!aiion of,naturafgamma logs. 
Contacts may be ref111ed Ir/ analysis of geologiC 
samples lfy petrogiaphy arid rock chemistiy. 
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LoCatiOn: In Piijariio Canyori, /uS! we$t ol 
lhe:t1.M: 4 and. Pajarilo .Rqa<l intersectiOn; 
on 111~ soutti ~e of Pafarilo Rqaa, 

Elevalion 'CoreiGeclogic 
{feetasiJ Char.~es (xJ 

Survey_coord'111ates (br~ ma~er 
in NW ooiner or R·23 cement pad): 

x: 1647914 E 'y: 17551~ N (NAO 83) 
z: 6527.8 ft ·a~. (NGVD 29) 

oailing: rue r61ary diil1i!19, cisiii9 allvanCe:.· 
R·23 S!art date: 8117/02 
R·23:End da\e:9J27/02 

Borehole R.·23 ¢illed lo 935.o it. bgs.'(T.D.). 

Data oolle<:tlo'n: 
Hydfologic properiies: field hyilraquc fusi: 

Pump leSt . 
C9restcU!tiiigs submitted ror geociJ~ical 

and confumin.ant characieri~1ion: {O) 
Growidwatersample5 Submitted !or 

geQC!iern ar.dooiiiaffiinant · 
ciJaracterizaliim: (1) 

Geologic p1ojlerties: (14) · 
Mineralogy; palrilgraphy, <lmf chemlstrf 

~'llhole 10g5·1romR·23: · 
LilhoOOgic: IJ.935.o 11. 
v~~o tLANLiOoi): 0.5oo tt: 1cased) 
and 59e:B?S.6 ft. (o~ !!Ole); 
Natuial ~ {lAN~!Ool): 0·599 ft. (cased) 
and 599'840 IL (open ho'.ej. . 
~c!J!umllcigei Log~: ll:~ ft(ca~ and 
~!J.828 ii. (open no!e): lithil delisity, 
ThermallEpilfiermal Neulriin; Array . 
lnductio.n. Nafur~ Gamnia, Elemenlal 

· Capture, and Combinable Magnetic Resonance. 

Conlaffiilian.!S De!,.Octed in R:23:Wtiler SamP'.e: non_e 

Well oonslJUctioo: 
on!Jing G<Jmp1ete<1: oom/02. . 
Contract GOOpliysics: 09J23:24f02. 
l'leD Constructed :'09.1Zl/02·10102l02. 
Wejl Deve:o?ed :.10ioe.'62ffe/2iJJo3 
!ieiticated Pump:01/00i03-01/08io3 

C?filng: 4.5-in.1.D; stainles$ S'~l 1vi\IJ external 
couplings.-

Number or Scieeris: 1 
4.5:in( 1.!l. pi~ based. s.S; w~e·wrapped 
vnlh 0.010-in slots, 

Screen (pelf orated pipeJnterva~: 
Screeri #1·816~0 • 873-? fl !)gs. 

Weil deve!op111~ c0ns1steil of l'liie bru¥iin!!,' 
~!ling, surging\ and pump!iig. 

Static water level measured oirOcmbei 8, 2oo2, 
in romple!ed and !Jel'e!ope<I well.' . ·' . 

Geillogfa COnta~for R·23 11'.eie dt!teirr.ined 
by, examination of cuttings and lnleipretation of 
geophysicat rags.. contacts may fie ·rerin~ llY · 
petro!ogii;, geocliemiCal, or !lf'.iiera!Ogic an?IY$iS 
of geo!OQicsarnp!es. 

'6527~ I 

:(No caring) 

x· 
x 

x. 

x 

x 

x 

x 

X· 

GroU11dwater.· ilroundWater 
Oci:iirren~~ ,S~ple5{X) 

R·23 oorehole 
con{fguraliqn 

atm 
I I 

829ft 

18 in., CilSing 
.Oft.to?7.0ft.-

22 in, borehole ~ 
Oto3$.0 fl. . 

11.75 i~ .. casing -.:..: 
O ft; to 277.0 fl· 

12.25 in. borehole._,, 
· 92;0 ft. to 280.0 It 

9.~5 in: caSing -+ 

Oft. lo 887.0 IL' 

10-518 in. borehole -
. 280:011. to 935.o ft 

Figure 1-B-20. Completion diagram for well R-23 (LANL 2003g). 
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·:SlraUgraphy 
;_encounteie_d 

~luvium 1~ 
· Oto\11 Member, 

30 
... 

~··· -~36ft. 

.Ce.rros de! Rio 
Lavas'l.ith 

iinielcala!ed 
sedin\~ts 

200 

60Q 

Secf11!1ents . 795 fl. &00 
Wfbasaltdetiltus B211t~~~ 

,s~~ra F~ (3ro~p 
?.!!dJ1Tients 

... , ..... , ... 9Q()i 

~c..:=.::..:.L.-'950 
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-chaiaderiziltion Well fi:2s: 
l..Oeation:TA· 16, SOtrtii of canon de Valle. 

NAil 83 Suivey coofl!inates.(biass marker 
inNWOOaiefrofcementpad): _ 

x: 16.15178.42 ~ y: 1764000.50 N 
z: 1s19.n as1 , · 

Drilllhg: sofid s!em auger and 
fluid:assist air iotaiy reverse 
Circulajioii wilJi casi~g ~dll8l1Ce 

Start date:· 7122198 
End date: 2124199 

il«ehole dril!ed!o,1942 tt 

Data coUeclion:· 
Hydio10g1c properties: · . • 

Reid Hyd~Uc Testing: Jnco~cluslve !eS1S. 
Malric Po!entiatr'Moistllie Content {105) 
Hydro'9gic paCkage (5) ' 

Coreslcirttiii~ submittea for geocqem!~ . 
and conlamfnaill charactetizlitlon: (13) aild 

Anlofil\sotope Profile Samples (30) 
Groundwater ~pies submiited for . . . 
. geocbem and cont. chaiactetizli6on: (14}' 
Geo.logic piope~s: , : . 

Mineralogy, petrography,and chemis!IY (30) 
Borehole logs; · 

Bev~lfon 
(leet<isl) 

7519.7h 

7319.7 

~119.7. 

6919.7 

UtlJo!ogic (0.1942 ft). . . . . .. · 6719.7 
Vid~ (l(\NLto6I) 58{).863ft, 1175·1160 ft; 
.and 1462· 1472 ft open borehole 
Sctilumbeiger !.ogs (0-1934.i ft cased went. 
Compensated'Neutrori, s~ 
GaJ!lrna, MulU·Firiger Caliper, hole d.~tion 
Cement !land Log; anil Ullra5onic 1(!13g!ir. 
l.ANLlog: Natui'af gammil.(0;575', 0-980',. 
ani!'0-1942' caSed weU) 

Contaminants peteeioo in lirirenO!e Sampras: 
RPX, HMX, TNT; 2 amino 4,6 'dinitrotoluene, 
and 4 amino 2,6 dirillro!oluene 

wen coristructiOri:. 
On11iiig completed: 2/24199 · 
Contract GecpiJYsrcs: ~/21i'99 & 2110!00 
wen Coostrucied: 31'Ji99:5125199 · 
Well De\lelQPe{l: .1~~:j2J1:i199, 1/3/00-
2/ll()(), 4/14.'004/30100, 514IOO:Si'8/00, 

. 9113!'()(),9/25i6o . 
westtllir lnstiiled:. s126RX),912e.ioo 

Gasiiig: s.62s4n o.o. slainfeSs steel 1Vlth 
uush threaded Ciiuplers. 

Number of SCie'eriS: 9 
5.IJ.in l.D. Hush:lhre'aded s:S.;. 
o.a10.insr0!· 

Screen {peiiorated pipe inteNai): 
sereen#1-737.5ftto758.4tt 
Screen #2 • 882.s· tfto .893.4 tt 
screen #3: 1054:~1t to 1064.6 (i (damaged) 
Screen #4 -.1184~ ft to 1194.6.ft · 
Screen #5·1294.7 ft to 1304.7 ft 
scieen #6'~·1404:71110t414.71t 
Sci.eep U! ! 1604'.7ftto1614.7 ~ 
Screen #8·17!J4.7ft to 1804.7 ft· 
seie~ii 119. Je94:1ttto1904.7 ft {detaciiooJ 
Screen· P9b • 1871.5 ft to 1875.0 ft 

IVell'developmerit consisted otb!ushirig, 
eamrig. and pumping eacij screen; and 
bailirig a11lf pumplng the'~iimp. Pump . 
deVe,!opment was conducted With a Single-. 
pac.ker inffatoo above' ea~ ~rgeted ~een. 

6319.7 

611,9.!' 

5919.7 

5719,7 

5519.7 
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·.Geologl~ Cha~ Groundwater 
Samples. Occurrerices. 

I. i 

1132ft .. 

8 

"": 
~-

a 

. Borehole. 
Groundwater 
Sam~ r 

.. Boraflole 
.,conffguraiion · 
- atT.D. 

·.~· 

. 13 318 bl iasirig . 
·· to578fl_-

1o4rno11 .,, · ·· , ... -, .,,.~in. _casing 
·.. . IO 1175ft;_ 

1137ftC.. 
i11h~-

~~·fl-=-

14071!.,.., 

1s07tt""' 

.1S1.1111c.· 

9.518 in. casing . 
. to"T.D • .,.:..., 

1938ftc:> 

'l~~.ll=' T.0.:1942ft
(55n.7.asl} · 

Tshlrege Membei, 
-~iruri 

~--~··384.n 

ei.rro:r~· 
Interval 

----5001t 

• O!m!i Membet, 
Bandelk1Tulf 

GUaje ""'""' Bed . < ,,, '-

~---~~tt. 

GroundV1atilf bceurrence was determ:noo · 
by recll!Jnition'of first water (irodul:eil wliile 
dnllf{IQ. Stalic water tevefs vi&le dete:iiiined 
after~ liorehOle'y1~ 1~ted" · · · 

Geologic contacts determined cy examinatian 
.oi ctlf!irigs, oo,e; and ge0Jih%.iCs, ' . 

800 

1ooa 

.1800 

.2000 

Figure 1-B-21. Completion diagram for well R-25 (Broxton et al. 200le). 
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loc.nt!on! Meio seuih cit O:iO'oll ~Valla 
· (onco.nu:ioWnlllaeclP•Jorlk>Fa:JJ)TM6 

~=~~~~dtke~ 
EnilirlQ!. 1610267,33.' 
E!f,N'.aUott;764U9 

Oeoaipllon!WOllCaslng 
Noti•lng' 1764721.35' 

~~'r~~=.56 
Co<Jng: (0'•31)At!goi 

(31·.551 HQ Coring 
(55'·11611\uger 
(65'•250')HQCo<lng 

Ortlllng: ~ 
(O'·n:l1J.3.'S'.A!ri'l<>llll)'Ca"1>;;J
l11'.·140') 12-IW Tri.COOO, Alr-rot.y . 
(140'. 20s') Aff.tc!wy wJh ,,..,,. 
(20S•· ·1005') Fluid-3"1stod (AWQE) at IOwY 
(1005'.14!l0.5')M~85'Tri.ci>ne 

Reamlng: 
(7T ~ 1oo5') t4• Rnlk!tRe31'Md -~ 
(100S'-14!l0')10"~·p"'1"11-

0ata ColrectOO: 
•H;'drologioPreporties: 
COnstant~rga~tmit:'2111f04 .. 2J27AW 

•CCresJCul!inggsubmil!adwgoochemlca!ond " 
oontamil'W:nt~~13 

• Ground Walat Sa~ silbm'lted 
~fd?oo~wnmr.:w1e.'03(240')~carenoia 
Deep Ground Watec -

;ms:.=~~~, 
11/llllll3(660') 

·~=!::tt:Sicirninomlogy, 
p-O~.ood~7 

Boroho!a legs! 
• Ufholog{G:<Y-1490.5' 
•\/Jdoo(lANLlool):0'·71T 
•Cnlipetl~:0-1475' 
• Sotilumbeq;.!t ;,g., 
~~~~:;';:,~·~&~ 
T~.:i1~500"·1005'; Opeo Ho1e;,1005'-1"8t 

9JZ&'03: Opel'I Hof« 7U"'9SS' 
10/14!03: Cused:S00'-1005": Open Hole: 1005'-1481'' 

i\lmylndudionJmoser,, 
~~nHQ!c:70"·979' 
10/141()3: C..ecl: 501MOOS': o.,.n Hole; 1005'·1476' 

Elemental Capture Sande:: 

10/14103:; Ca$ed: 500'-1005-'; ()pm Hole: 1005'·1400' 
ComblMblo MaynotfeR&sonanor. 
M&'Dl! Open Hofe: 1a.oor 
1Qft~:Casod:.oorie;Open,Hol« tOOS"-1464' 

Fwa.ote F~:lcitMCOI~ 
912&1)3; Open Ho!<!: 450'-~5' 
10/14103: C:m!d: none; Open Hole: 1005"·1483' 

COr$hclo LOG'S! 
•Ulhol¢!li<:0'·2SO' 
• Vod<O(lANL""'1y.0',241'. 

:~~~~.:-~~ .•. 
c... 0n1!5ng eompi.llld: a'S/03-9112103 
!'"""! orii:log.c'omp1c10<1: i111&\13-10111m 
~~cs:ll/21llO(lil/ld10/1~10l15/03 
Wr?.Jlns.~10117roit~1/03 . . 
Well 0...loped: 1~11/fll/03 

• Caling: . 
JUG'" 10 I 5.tf' OD A304 Stainless Stool 
caslrigvrtm~~s 

·Number cf~ 
r ... t2)•Alr 10 "'"'""'l'!'Od 
~es:ssteetwllh.extematcoup!Jngs. 

BOREHOl.E COOTMllUANT 
(b0$) C>IAR.SAMPLES (x) 

(CO!!EHou;) 

=:ii=m~gg ::::=~~= •300 
•Strooo JntOflftl!s: 

Streon#1 (UwOtt.651.a·;669.9' 
Seii>oo•2 (1.owert. 1'21.8' • 1445' 

Wea oevoiopmonl porlcirmOd by~f"~. 
<wabb!ng. baillng, and pmipJng. 
Totnl VOiume Purged: 41,ts9 ga!lons 
Col'(!~T~ f)Seum~klr_Comp1etlcm · 

• Cas.'t>g • t• 00 Sd><d.40PVCwoaded 
• N!""'><'rcl!kreens·Ooo(f) 1"0Q 

Sched. 40 PVC O.otO r;Iottod In each p!OlOm(l!af 
• Scm-On lnteNal • ' 

Pfezomoter 1 • 230'·25tr 
P"!Ct0m0ter2 • 150',.100' 

=~e=~~·~es. ~. borehotovideo,Mdg~~ 

13-318"00 -
ll1lll CosloJi 

(0-70'bgo) 

9-5!8" OD -
0nnea.ing 

(0'·1005'b9•l 

$-1/2'0pen 
lloroholoWaJI 

(ICOS"-1490.5')• 
L 

O'let~Rcamcd ln!etval 
(1'<w·: 1•561 

~~-~~ 
1.Coonf~·NMSt<roP!al'IOGlid 

Cemral?Ono(l•o•11>"""'1t3J 
Daluin~ t983 (NAOSJ); ~lnfcct 
:Z:.~~N~~V~ 

Datum (NG\'029); e~Ud In f1'fli 
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~ 124 1/4" Open 
~wan 
(70'-1005') 

S. Borehcle iootned acnns Screen il2 
lrJM~(1421Ji"·1445') 

6.. Wmct)¢vcl m~tinWl!owpi#tometer 
\Noq 172.5T;t"l-dio111) ~.WWM.dryldlm 

.~onl1·2$-03..'. 7,Po<t__.,,,.__., __ 
~lreoootedon9·2'--01 3:==~~.~rfooi(bs$). 

4.Dri!le:i:;io;J1~¢ortoWt!il!rnta"..a!lOn. 

Figure 1-B-22. Completion diagram for well R-26 (Kleinfelder 2004f). 
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Location: Upper Monandad Canyon -TM 

OescilpUon: Brass Marl<er 
Northing: 1768359.0 
Easting: 1638988.5 
Elevallon: 6728.53 
Oescrlpllon: Well Casing 
Northlng: .1768356.8 
Easting: 1638989.9 
Elevation: 6730,70 
Desafpilon: Coro Hole 
Northing: 1768445.3. 
Eas6ng: 1638997.0 
Elevation: 6728.22 

BOREHOLE 
'(bgSJ 

Coring: co·. 93') AUger with ConUnuous Sampler 
(93' - 95/ Auger With SpUI Sp00n · 200 
(95- -129') Coring v.ilh Alr . 
(129' • 169') Augerwilh.Spfit Spoon 
(169' - 316.5') Atiger wiih Continuous Sampler 
(316.5' -320') Ailgerwilh Spot spoon 
(J20'' 3251 coring with Air 

Drilling:, . 
(0'- 80') 13-318" N.r Rotary Casing Hammer 
(80' -1005') 12·114" ~flll·toolh Tri·oone 

(80' - 325') ftJr 
(325' • 1005') Fluid Assisted Alr Rotary 

DataCollodion: 
• Hydro!ogie Propenies: 

COnstanl Discharge 
Pump!iig Test~ 21511i4-3/!l/04 

• coroSiCulfings submitted for geochemical and 
contaminant chaiacterizatloo: 16 · 

• Ground Water Samples Submitted 
Perched Ground, Water-
Screen!ng Samples: 12105/03 (6511 

' 12107/03 (707,') 
Reglonal Gmund Water· 
S<reen!ng sample: 12109/03 (8991 

WeU Silmpli>: 1112/04 (947') 

• Geologic Properties: 
Cuttings submitted lot Mlncrology, 
petrography, and chemistry: 7 

Borehole log'S! 
• Ulho!Oglc; O' • 1005' 
• Video (LANL 1o0Q: a• - sea· 
• Schlumbtlf]ler lajs: .. 

Compensated Neutron Log: 
C-d: 3iNIO'; Open Hole: 79'-994' 

Triple Ulho-Oenslly: 
Cased: O':SO': Open Hole: 79'·994' 

Array tnduction·Too~ . 
Cased: nono: Opon Hole: 79'-006' 

Elemental Capture Sonde: 
Cased: fi<ine; Open Hole; 79'·994' 

Natural GR Spectroseopy; . ' 
C · le; 79'-971' 

re: 
Cased: ri 79'-994'' 

Fullborn FOrrnation Micro fmager. 
Cased: none; Open Hole: 79'·994' 

Corehole Lajs: · · · 
• 'Ulhologlc: 0' - 325' 
• Video (LANL tool): None 
• Gamma Ray (LANL Toon: Nooe 

Coro Drilling Completed: i 1110/03 - 11/20J03 
Rotary Dti!Ung Completed:' 11120103 -1219103 
eoritract Geophr.il.cs: 121ioroa • 
Won Jnstalfallon: 12112103 -12117/03 
wen Development cOmpieted: 1181U4. 1113104 

• casing: 
4.5" l.D.15.o· 0.0. A304 Staln!ess SteoJ 
casing with extei'nal couplings 

• Niimtier of Scni<!Os: 
One (1) 4.4G• 1015.27" OD wire wrapped 
stalnJesi'sleel rod-based 0.020 slot 
screen with e:d~al cOOpfingS.. 
Screen lnte!'lai:_ 934.3' - 958.1' 

Woll Dave!opment penonned by swabbing, 
balling. and pumping, · 
Totai Volume Purged: 17, 130 gallons 
Hydrclaglo Propertles Testing: 
Total Volume Pumped; 10,059 gallons 

Georo!ilc contacts are for R-28 deep borehole; 
cOnt.aets were delmm!ned from core sami>fes. 
euttings,,borehole vidoo, and' geophysical logs, 

700 

CONTAMINANT 
CHAR. SAMPLES (x) 

(COREHOlE) 

'X 

TD325' 

BOREHOLE 
GROUNDWATER 
OCCURRENCE 

·Borehole 
(888.8')~-

Hydrogeologic Synthesis Report 

R-28CONFIG.ATTo 
(BOREHOLE) 

j3-318"00 
OJillCaslng 
(SO'bgs) 

12·1f4• Open 
Borehole Wall 
(80'·1005') 

STRATIGRAPHY 
ENCOUNTERED 
. . (bli•l . 

,Cal = Alluvium. • . 
Qbo = Otowl Member of BandelierTuff 
Qb0g = Guajo Pilmice Bed 
Tb ; Cerros del Rio aasoa 
Tpf = Puye FonnaUoo 

Figure 1-B-23. Completion diagram for well R-28 (Kleinfelder 2004d). 

ER2005-0679 1-B-23 December 2005 



Hydrogeologic Synthesis Report 

Top of casing 3 ft 
above ground level ---;~..,,,,,,, 

Drawing Not to Scale 

All depths feet below 
ground surface / /// Cemenipad(3ftx3ftx8 

Steel tabs 
Every 1 o feet 

Centralizers 
Every 50 feet and. 
both ends of each 
screen 

15 in: 
borehole -----+ 

5.25in.OD 
casing diam'eier 

13.125in. 

295.0ft---. 

borehole ____ ,,.., 

Screen #1 
(4$9.1 ft to 454.6 fl} 

18 in. surface casing lo 37 ft 
Portland Cement with 
1%bentonite 

«<t'"-ir--- Bentonite Slurry 
,,_i..-.L""'""'"'..;......;..~-

3ono sand ··4.3 ft 
: :·:·:. }--20/4.05and··19.4fl 

· 30170 sand ··5.5 ft 
1--- Bentonite Chips 

} 

30170 sand -3 ft 
Screen #2 - 20140. 5arid ~35 ft 

(515.0 ft to 545.9 ft) 551.3 ft-.,,..,.: ·:...c· :=: .. _,· :,___,'-'--'-',__,_, 30170 sand ~3 fl 
559.1 ft-+ BentonitePellets 
573.6 ft::=; / Bentonite Sluey 
584.8 ft PorUand Cement 

~-- Bentonite.$/urry 
L,_cJd---- Bentonite Pellets 

Screen #3 ;;;-~~;.--~~::)§£· :I:-..··]:· }--- ~0110 sand -5.0 ft 
{666.4 fl to 676.4 fl) 20140 sand -12.8 ft 

10.75 in. 

$Of!O sand -0.2 ft 
Bentonite Pellets 

---Bentbilile Siurry 

1----Portland Cement 
'----· Bentonite Chip$ 

borehole ----·r· Very coarse sand and 
'"-"'t-r----- ria(ural'backfill material 

Screen#5 
(1007.2 ft to 1017.2 ft) 

i..qi;r---- Portland Cement 

20140 sand (50/50) and 
Bentonite Pellets 

1~1----- Ve!}' coarse sand and 
natural backfill material 

20140 sand {50150) and 
Bentbnite Pellets 
Bottom of Sump 1077.7 ft 

~~.;::z;,..._..,_____ Portland Cement 

Figure 1-B-24. Completion diagram for well R-31 (Vaniman et al. 2002). 

ER2005-0679 1-B-24 December 2005 



Location:' In Pajarl!o Canyon, soolh cil 
TA·54, along lhe OOl1h side cl Pajarito Rd. 

Survey eootd'il)aies (brass mark~r 
in NW coiner or R-32 cement pad): 

~: 164079~ E y: 1757730 N (NAO~) 
z: 6637.6 It as! (NGVD 29} , 
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Figure 1-B-25. Completion diagram for well R-32 (LANL 2003h). 
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Figure 1-B-26. Completion diagram for well R-33 (Note: well completion report not available). 
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Figure 1-B-27. Completion diagram for well R-34 (Note: well completion report not available). 
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APPENDIX 2-A. GEOLOGIC INFORMATION USED TO DEFINE THE 
CONTROLS ON HYDROLOGY 

2-A-1. Lithologic Information from Cuttings and Core 

Drill cuttings and core were collected in all boreholes to meet the regional hydrogeologic 
characterization requirements described in Section 4.2 of the Hydrogeologic Workplan (LANL, 
1998). Cuttings and core provide the most direct evidence for the vertical distribution of 
hydrogeologic units at each borehole. Correlations of rock units among boreholes are key 
components of the site-wide 3-D geologic model for the plateau. 

Drill cuttings were the most common type of geologic samples produced during the drilling 
program. Approximately 500 to 700 ml of bulk drill cuttings were collected every 5 ft, as 
conditions permitted, to the total depth (TD) of each boring. Cuttings were stored in plastic bags 
labeled with the well name and footage range representing the depth interval at which the 
cuttings were collected. A subset of unsieved and sieved samples were collected from each 
cuttings interval and stored in plastic chip trays for geologic examination. The quality and 
representativeness of cuttings depended on a number of drilling variables including type of 
circulation fluids used (air, water, foam, mud), circulation type (conventional, reverse), and drill
bit pressure. 

Core was collected from dedicated core holes where it was often paired with deeper drill holes. 
Core was also collected from selected intervals in some regional aquifer boreholes. Core was 
collected to fulfill a number of characterization objectives, including: 

• Geologic characterization of groundwater-bearing zones and aquitards in perched 
groundwater systems 

• Collection of moisture-sensitive samples for hydrologic and chemical analyses of vadose
zone samples (e.g. moisture, anions) 

• Collection of intact rock samples to determine hydraulic properties of selected 
hydrogeologic units. 

Rock lithologies, alteration features, and stratigraphic contacts for each borehole are summarized 
in lithologic logs based on visual examination of cuttings and core. A small subset of core and 
cuttings was selected for additional characterization to better understand alteration features 
relevant to rock-water interactions and to aid correlation of rock units between boreholes. The 
additional characterization primarily consisted of X-ray diffraction for mineralogy, X-ray 
fluorescence for rock chemistry, thin-section petrography, and 40Ar!39 Ar age dating. The 
lithologic logs also incorporated information about stratigraphic contacts and rock properties 
based on interpretations of borehole geophysical logs. 

Core and cuttings are currently archived at the ENV Division Sample Management Facility 
located at Technical Area 3, building 03-0271-101. All borehole materials are stored in core 
boxes labeled with the well name, box number, and footage range for the box. 
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2-A-2. Borehole Geophysical Data 

Borehole geophysical data were collected to determine the geologic and hydrologic 
characteristics of the vadose zone, perched saturated zones, and the regional aquifer as specified 
in Section 4.1.6 of the workplan. A listing of geophysical logs collected during installation of 
Hydrogeologic Workplan wells is given in the well completion reports associated with those 
wells. Borehole geophysical data were obtained from two sources. Laboratory/contractor 
personnel collected caliper, spontaneous potential, single-point resistance and induction, and 
natural gamma radiation logs using the Laboratory's geophysical logging equipment, usually 
during breaks in the drilling process when conditions permitted the collection of open-borehole 
data. A wire-line logging service was contracted to obtain a more extensive suite of borehole 
geophysical logs once the borehole reached total depth. 

The number and types of contracted wire-line geophysical logs varied as a function of borehole 
condition, the presence or absence of drill or well casing, whether the borehole was air or fluid 
filled, and technical issues addressed by a particular logging run. Drilling conditions determined 
whether the borehole was open or cased at the time of logging. Table 2-A-1 gives the typical 
suites of logs that have been run by wire-line logging services in cased and open boreholes. 
General logging information and borehole conditions at the time of logging were documented by 
site personnel. 

Preliminary results of geophysical logs were generated in the logging truck at the time the 
geophysical services were performed. These preliminary logs were used by contractor, DOE, and 
LANL personnel to help select well screen locations and to evaluate borehole conditions prior to 
well construction. 

The geophysical contractor reprocessed the field measurements to correct for borehole and 
formation environmental conditions, to perform an integrated analysis of the log measurements 
so that they were all coherent, and to combine the logs into a single presentation enabling 
integrated interpretation. The contractor then prepared an interpretive report that was included as 
an appendix in the well completion reports. The interpretive report includes information about 
the hydro geologic characteristics of the rocks penetrated by the boreholes, moisture distributions 
as a function of depth, the location of the regional water table, borehole diameter, deviation as a 
function of depth, and degree of drilling fluid invasion. Depending on the suite of logs collected, 
the interpretive report may include information about 

• total and effective water-filled porosity and pore size distribution, from which an estimate 
of hydraulic conductivity is made, 

• bulk density and photoelectric effect, the latter of which is particularly sensitive to 
lithology, 

• electrical resistivity at multiple depths of investigation, 

• concentrations of a number of elements, 

• spectral natural gamma ray, including potassium, thorium, and uranium concentrations, 

• bedding orientation and geologic texture, 

• borehole inclination and azimuth, and 

• borehole diameter. 
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2-A-3. Borehole Video Logs 

Borehole video logs were run in open boreholes to obtain lithologic information and to help 
determine stratigraphic contacts for the geologic units penetrated, to allow visual examination of 
borehole walls for evidence of perched saturation, and to document water levels in the boreholes. 
Video logs also were run when wells were completed to document the as-built condition of 
installed well components. Additional videos were sometimes run during and after well 
development to assess the effectiveness of development techniques. Finally, the borehole video 
logs were used during drilling operations to assess problematic borehole conditions and to guide 
fishing operations for tools and equipment lost downhole. 

One of the principal uses of the borehole video logs was to identify potential groundwater 
pathways. For example, when used in conjunction with geophysical logs, video logs were an 
important method for locating highly porous interflow breccias sandwiched between massive 
basalt flows. These interflow breccias were important for determining the locations of perched 
zones in some boreholes. The video logs also showed whether the porosity of these interflow 
breccias was open or modified by deposition of extensive secondary clay minerals. Fractures are 
potential pathways in the massive flow interiors. Fracture density, fracture dips, and open verses 
sealed fractures were assessed using video logs. 

2-A-4. Surface Geophysical Data 

Surface geophysical data were used to help constrain the site-wide geologic model. These data 
include regional gravity data, airborne electromagnetic data, high-resolution resistivity, and 
magnetotellurics. Gravity data were used to help define regional structure beneath the Pajarito 
Plateau. Airborne electromagnetic data, high-resolution resistivity, and magnetotelluric data were 
used to focus groµndwater investigations by defining the conductivity structure beneath the 
plateau. The remainder of this section describes the airborne electromagnetic data in more detail. 

An electromagnetic (EM) and magnetic survey was flown over the Pajarito Plateau in early 
September 2001 by the Fugro Airborne Surveys Corporation on behalf ofLANL. A total of 
762 line kilometers of MegaTEM® time domain EM data and magnetic data were collected. 
Flight lines were spaced at 333.3 ft (105 m) within the Laboratory boundaries, and at 666.7 ft 
(210 m) in buffer zones adjacent to the Laboratory, oriented N20E: with tie lines at an 
approximate 2000-meter spacing. Because of security constraints stemming from the events of 
September 11, 2001, flight lines in the western 20% of the Lab, and the two tie lines in the 
northern portion of the Laboratory were not flown. 

The contractor provided maps of Residual Magnetic Intensity (RMI), apparent conductance and 
conductivity depth slices at various depths, multiparameter profiles with conductivity-depth
transform (CDT) sections for flight lines and digital archives of line and grid data. The digital 
EM data were analyzed at a later time (end ofFYOl) by Condor Consulting, Inc. This analysis 
resulted in two additional models of CDTs along the flight paths. All of the processing assumed 
a "layered-earth" model, and all of the inversions were restricted to single points/multiple depths 
(1-D), multiple depths along individual flight lines (2-D), or a constant depth on multiple flight 
lines (2-D); there was no true 3-D inversion performed on the data set. Data from the existing 
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3-D geologic model, identifying zones of expected similar hydrologic properties, were provided 
to Condor and are part of the initial data analysis. Borehole geophysical logs were also provided 
to Condor to assist in calibrating their models. The results of all three models for each flight line 
are available. At some future time, a constrained 3-D inversion, utilizing the 3-D hydrogeologic 
model, may allow better resolution of the conductance inversion results. 

Visual correlation of conductance and observed groundwater can be obtained through study of 
the "multiplots" of the flight lines closest to groundwater occurrences. An effort has been made 
to allow creation of 3-D conductance models for each of the CDT data sets. Interpolation of 
flight line data is accomplished through scaled interpolation within an oriented ellipsoid that 
samples a similar number of points in the directions: vertical, along-flight-line, and between
flight-line. Many 3-D visualization packages are capable of displaying and scaling 3-D grid data. 
As much of the error/uncertainty of the conductance model occurs in the depth/thickness value, 
real-time scaling and offsetting the z-axis of the conductance grid can allow correlation with 
known groundwater locations obtained from drill holes; and thus allow a projection/extrapolation 
of the groundwater surface beyond the limits of direct observation. 

The two tie lines of the survey provide conductance signatures that correlate well with the major 
faults in the western portion of the Laboratory and could perhaps provide some information 
regarding their dips. These survey lines indicate other localities with signatures similar to those 
of the mapped faults, which may indicate buried faults or conductive fracture zones further to the 
east. 

2-A-5. Drilling Information 

Observations about drilling characteristics by the drillers and on-site geologists contributed to 
understanding the hydrogeology of the boreholes. These observational data were recorded in 
field logs, and they provided supplemental information that aided the interpretation of 
hydrogeologic data from other sources such as cuttings and geophysical logs. 

Because of the heterogeneous nature of the rocks beneath the plateau, major lithologic and 
stratigraphic contacts were commonly marked by significant changes in drill penetration rates. 
Drilling rates were affected by a number of factors, but chief among them was the competency of 
the rocks being penetrated. Hard rock units such as strongly welded tuffs, lava flows, and 
boulder-rich fanglomerate deposits were characterized by slow drilling rates, whereas less 
competent rocks such as nonwelded tuffs and poorly indurated sands, silts, and clays drilled 
more rapidly. For example, drill penetration rates normally decreased downhole when going 
from the nonwelded tuffs at the base of Qbt 3 into the welded tuffs at the top of Qbt 2 and from 
the Guaje Pumice Bed into Puye Formation and/or Cerros del Rio basalt. 

Information about borehole stability and lost-circulation zones also provided important site
specific information about subsurface conditions. For example, open borehole drilling at R-22 
was complicated by caving conditions and by difficulty in maintaining free rotation of the drill 
string though thick sequences of basalt. Normally, the interiors of basalt flows are strongly 
competent and yield gun-barrel smooth boreholes, but the conditions at R-22 suggested that 
loose blocks of basalt were caving into the borehole and binding up the drill string. Subsequent 
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borehole video logs showed that dense networks of fractures intersected the R-22 borehole 
resulting in an unstable borehole. Similarly, lost circulation zones generally indicated that 
drilling fluids had escaped into highly porous fractures or scoria zones intersected by the 
borehole. At R-34, significant zones of lost circulation were associated with thick beds of loose 
basaltic scoria. Some cavities observed in borehole videos might be small-scale lava tubes or 
caverns similar to those known to occur in the Cerros del Rio volcanic field east of the Rio 
Grande. 

Important information about water-bearing strata was obtained when drillers noted changes in 
the drilling fluids circulating through the borehole. Perched water and the top of the regional 
zone of saturation were readily recognized when water and wet cuttings were returned to the 
surface using air-rotary drilling methods. Water-bearing zones were identified even when using 
fluid-assisted air-rotary methods that involved the use of air, municipal water, foam, and other 
additives for circulation. When using such methods, surplus production of water and thinning of 
drilling foam often was associated with the intersection of groundwater. 

2-A-6. Data Generated by Other Projects 

Numerous local and regional mapping projects and geological studies have provided important 
information supporting development of geologic conceptual models and digital realizations of 
these models. Pioneering work by geologists of the U.S. Geological Survey (USGS) helped 
define the tectonic setting and the major hydrogeologic units of the region (Smith, 1960a and 
1960b, Griggs, 1964; Smith and Bailey, 1966; Bailey et al., 1969; Smith et al., 1970). Regional 
and local studies of rock unit ages, many of which were supported by the Laboratory, provided a 
time scale to calibrate the timing of the volcano7tectonic development of the site: faulting and 
volcanism, and emplacement of the resultant volcanic flows and sedimentary units (Gardner and 
Goff, 1984, Gardner et al., 1986; Loeffler et al., 1988; Turbeville et al., 1989; Izett and 
Obradovich, 1994; Spell et al., 1990; Spell and Harrison, 1993; Spell et al., 1996; Toyoda et al., 
1995; Mcintosh and Quade, 1995; WoldeGabriel et al, 1996; Reneau et al., 1996; Smith, 2001; 
WoldeGabriel et al., 2001; Goff and Gardner, 2004 ). Understanding the nature of the evolving 
tectonic regime allowed development of models to define the conceptual, spatial distribution of 
hydrogeologic units, as well as explanations of their post-deposition evolution. 

The New Mexico state mapping program, supported by the USGS and the New Mexico Bureau 
of Geology and Mineral Resources, with help from LANL scientists, produced 1 :24,000-scale, 
surface geologic maps and accompanying cross sections for the Frijoles (Goff et al., 2002), 
White Rock (Dethier, 1997), Puye (Dethier, 2003), and Guaje Mountain (Kempter and Kelley, 
2002) quadrangles. These four maps encompass the Laboratory site with a significant buffer 
zone, allowing the integration of site and regional geologic features. Other geological maps, 
some with cross sections, covering portions of the LANL include those by Baltz et al., (1963); 
Goff et al., (1990); Rogers, (1995); Vaniman and Wohletz, (1990); Reneau et al., (1995); Goff, 
(1995); Lewis et al., (2002); and Lavine et al., (2003). 

Espanola Basin workshops were hosted annually by the Espanola Basin Technical Advisory 
Group and sponsored by the U.S. Geological Survey, the New Mexico Bureau of Geology and 
Mineral Resources, Los Alamos National Laboratory, and the city of Santa Fe. These workshops 
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were important forums for disseminating results of ongoing technical studies of the 
hydrogeologic framework of the Espanola Basin. 

The seismic hazards program at LANL was an important source of information about faults and 
fractures in the vicinity of the Laboratory (Gardner and House, 1987; Gardner et al., 1990, 1993, 
1999, 2001; Lewis et al., 2002; and Lavine et al., 2003). Their high-resolution, surface mapping 
of subunits of the Bandelier Tuff provided new information about the distribution and nature of 
faulting on the Pajarito Plateau and made estimates about amounts and rates of offset of geologic 
units. Numerous other Laboratory projects and programs helped to develop geologic information 
supporting geologic conceptual models. The Environmental Restoration project funded 
numerous projects as part of its RCRA facilities investigations that provided information about 
geologic framework of the site and hydro logic properties of geologic units. 

Students and their advisors from the graduate programs from the University of New Mexico, 
New Mexico State University, and New Mexico Institute of Mining and Technology have 
provided additional hydrogeologic information for the Jemez volcanic field and Espanola Basin. 
Studies by graduate students from the University of Texas (e.g., Turbeville et al., 1989) were 
especially useful for understanding the Puye Formation.· 
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Table 2-A-1. 
Typical Wire-Line Geophysical Logging Tools 

Cased Hole Cased Open Comments 
Hole Hole 

Array Induction Tool (AIT) x Measures open-hole formation conductivity with multiple 
depths of investioation at varied vertical resolution 

Triple Litho Density Tool x x Evaluates formation porosity where grain density can be 
(TLD) estimated 
Combinable Magnetic x Provides information on water content and relative 
Resonance Tool (CMR) abundance of hydrous minerals and capillary-bound 

versus mobile water 
Natural Gamma Tool x x Used to distinguish lithologies by their gross gamma 

signature; also used to calibrate depth of other 
geophysical tool readings 

Natural Gamma Ray x x Used to distinguish lithologies where formations vary in 
Spectrometry Tool (also relative and overall concentrations of potassium, 
called the spectral gamma thorium and/or uranium 
tool)1 

Epithermal Compensated x x Measures moisture content in unsaturated conditions 
Neutron Log (CNL) and porosity in saturated conditions 
Caliper x Measures ruQosity of borehole wall 
Fullbore Formation x Provides high-quality image of borehole based on 
Microimager (FMI) electrical properties; used to determine lithologies, 

bedding attitudes, fracture characteristics, and borehole 
deviation 

Elemental Capture x x Determines formation lithology from bulk geochemistry; 
Spectrometer (ECS) used primarily to determine elemental concentrations of 

silicon, calcium, iron, titanium, and gadolinium 
I A total gamma log was collected with each geophysical smte to correlate separate loggmg runs w1thm a borehole. 
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APPENDIX 2-B. PERCHED WATER OCCURRENCES 

This appendix documents the field observations of the 33 occurrences of perched groundwater 
detected in 29 boreholes across the Pajarito Plateau. Characteristics of deep perched groundwater 
zones encountered in wells on the Pajarito Plateau are listed in Table 2-B-1. 

In the western part of Los Alamos Canyon, perched groundwater occurs at depths of 89 to 137 m 
(293 to 450 ft) in the Guaje Pumice Bed and in underlying Puye Formation fanglomerate. 
Saturated thicknesses for these occurrences range from about 6. 7 m (22 ft) in the west to about 
1 m (3 ft) in the east. These groundwater occurrences in the Guaje Pumice Bed may represent a 
related groundwater system because of their similar geologic and geographic settings, however, 
in one well, R-7 (Figure 2-37), perched groundwater occurs immediately beneath the Guaje 
Pumice Bed, in the underlying Puye Formation. The east-west extent of perched groundwater in 
the Guaje Pumice Bed is about 5.6 km (3.7 mi). Little is known about the extent of perched 
groundwater beneath the adjacent mesas, but a dry borehole extending to the Guaje Pumice Bed 
(borehole 21-2523) suggests that saturation does not extend beneath the mesa north of Los 
Alamos Canyon. The perched groundwater is free of contamination in the central part of the 
canyon (e.g. well LAO(I)A-1.1) but contained 3000 pCi/L tritium in 1995 at LADP-3 (Broxton 
et al, 1995), the easternmost well penetrating this groundwater body. The movement of 
groundwater in the Guaje Pumice Bed may be controlled by paleotopography on top of the 
underlying Puye Formation. Structure contours indicate that the down-dip direction for the base 
of Guaje Pumice Bed beneath Los Alamos Canyon is towards the south and east (Section 2.2.9). 

Eastward in Los Alamos Canyon, perched zones are generally thicker and occur at multiple 
depths. In well R-9 for example, three perched systems were encountered: 1) in the central part 
of the Cerros del Rio basalt, 2) in the basal part of the Cerros del Rio basalt, and 3) in pumice
rich deposits in the lower part of the Puye Formation. Saturated thicknesses for the top and 
bottom zones range from about 13.7 to 31.4 m (45 to 103 ft), and the middle zone was 2.1 m 
(7 ft) thick. The top and middle perched zones in R-9 are also present in well LA WS-1, located 
396 m (1300 ft) to the east, but their lateral extent is likely to be much greater. The occurrence of 
more extensive perched groundwater in the eastern part of Los Alamos Canyon may be due to 
enhanced infiltration where the canyon floor is underlain by Puye fanglomerate and Cerros del 
Rio basalt rather than by Bandelier Tuff. Tritium activities of 69 to 246 pCi/L for these perched 
groundwaters are elevated relative to the cosmogenic baseline of 1 pCi/L, suggesting that these 
zones contain a component of young water that postdates the advent of atmospheric nuclear 
testing 60 years ago (Longmire, 2002). 
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Table 2-B-1. 
Ch t . f arac eris 1cs o f D eep p h dG ere e d t Z E roun wa er ones t d. W II ncoun ere m es on th P . "t Pl t e aJan o a eau 

Watershed Well Name, Depth to Saturated Groundwater Nature of Anthropogenic Comments 
Borehole Depth (ft), Water Thickness Host Rock Perching Layer Chemicals 

Surface Elev. (ft) (ft) (ft) Detected 

Pueblo TW-2a 110 >23 Puye Fm. Within Puye Fm. Tritium, nitrate A single-screen well was 
Canyon 133 fanglomerate fanglomerate; installed in this zone (Griggs, 

6646 perching lithology 1964, Purtymun, 1995). 
not known 

Pueblo R-5 -380 -37 Puye Fm. dacitic Within Puye Fm. Nitrate, A canyon-floor well was 
Canyon 902 sands and fanglomerate; fluoride, installed with four isolated 

6473 gravels mixed perching lithology chloride, screens (LANL, 2003). 
with 5-15% not known uranium, and Screen #2 is complete in this 
rounded quartzite sulphate perched zone. The vertical 
and granite river extent of this zone is poorly 
gravels known. 

Pueblo TW-1a 188-225 (?) ±37 (?) lnterflow breccia Possibly Nitrate, <;3roundwater was first 
Canyon 225 and siltstone in unfractured phosphate, encountered near the top of 

6370 Cerros del Rio massive basalt chloride, Cerros del Rio basalts in a 
basalt boron, and zone from 212- to 215-ft-deep 

uranium (Griggs, 1955). Groundwater 
may be confined because the 
water level stabilized at 188 ft 
(Purtymun, 1995). Well 
screen placed from 215 to 
225 ft deep. 

Pueblo POl-4 160 >21 Cerros del Rio Confining layer Nitrate, Groundwater occurs in 
Canyon 181 fractured basalt not penetrated phosphate, massive basalt cut by high-

6372 chloride, angle fractures. A single-
boron, screen well was installed in 

this zone. 

ER2005-0679 2-B-3 December 2005 



Hydrogeologic Synthesis Report 

Table 2-B-1. 
Ch t . f arac ens 1cs o f D eep p ere h dG e d t Z E t d. W II roun wa er ones ncoun ere m e son th P . "t Pl t e a1ar1 o a eau ( f con mue d) 

Watershed Well Name, Depth to Saturated Groundwater Nature of Anthropogenic Comments 
Borehole Depth (ft), Water Thickness Host Rock Perching Layer Chemicals 

Surface Elev. (ft) (ft) (ft) Detected 

Los H-19 450 22 Porous, well- Tschicoma Fm. Not sampled Saturation in this zone was 
Alamos 2000 bedded and well- lava flow top noted while drilling to reach the 
Canyon 7172 sorted fall regional aquifer (Griggs, 1964). 

deposits of the The perched zone was not 
Guaje Pumice screened, and the regional well 
Bed was later abandoned. 

Los LAOl(A)1.1 289 27 Porous, well- Top of Puye None A single-screen well was 
Alamos 323 bedded and Formation; installed in this zone. 
Canyon 6833 well-sorted fall possible clay-rich 

deposits of the soil horizon - see 
Guaje Pumice description for 
Bed well LADP-3 

Los R-7 373 9 Puye Fm. silty, Clay-rich gravels None A canyon-floor well was 
Alamos 1097 clayey, and from 382 to 397 ft installed with three isolated 
Canyon 6779 sandy gravels deep in the Puye screens (Stone et al., 2002). 

Formation Screen #1 in well R-7 is 
completed in this perched 
zone. 

Los R-7 744 -23 Puye Fm. sandy Puye Fm.; None Screen #2 in well R-7 is 
Alamos 1097 gravel with possible perching completed in this zone. 
Canyon 6779 abundant layer from 767 to Geophysical logs and 

pumice clasts 772 ft in silty borehole videos suggest 
pebble gravel or additional perched 
from 772 to 777 ft groundwater zones were 
in clayey encountered when the R-7 
pumiceous borehole was drilled. 
sands. 

Los LADP-3 320 9 Porous, well- Smectite- and Tritium Soil development occurs at 
Alamos 349 bedded and kaolinite-rich soil top of the Puye Formation in 
Canyon 6756 well-sorted fall a few inches thick outcrops and in boreholes 

deposits of the at top of Puye elsewhere. A single-screen 
Guaje Pumice Formation well was installed in this 
Bed zone. (Broxton et al., 1995). 
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Table 2-8-1. 
Characteristics of Deep Perched Groundwater Zones Encountered in Wells on the Pajarito Plateau (continued) 

Watershed Well Name, Depth to Saturated Groundwater Nature of Anthropogenic Comments 
Borehole Depth (ft), Water Thickness Host Rock Perching Layer Chemicals 

Surface Eley, (ft) (ft) (ft) Detected 

Los LAOl-3.2a 134 >31 Basal ash-flow The perched Nitrate, Perched groundwater was 
Alamos 165.5 tufts of the zone was not perchlorate, detected while coring through 
Canyon -6620 Otowi Member fully penetrated chloride the lowermost part of the 

and porous, during drilling; Bandelier Tuff. The bottom of 
well-bedded and perching lithology saturation was not penetrated 
well-sorted fall not known by the borehole. A single-
deposits ofthe screen well was installed in 
Guaje Pumice this zone. 
Bed 

Los Otowi 4 -253 Not known Puye Fm. Within Puye Fm. Not sampled Saturation in this zone was 
Alamos 2806 gravels fanglomerate; noted while drilling to install a 
Canyon 6639 perching, lithology municipal supply well in the 

not known regional aquifer (Stoker et al. 
(1992). The geologic log 
notes: "Some perched water 
was visible in a video log of 
the 48-in hole at about 253 ft 
where water cascaded in 
from a large gravel." This 
perched zone is not accessed 
by a well screen in Otowi 4. 

Los R-6i 592 23 Puye Fm. Poorly sorted Nitrate and This zone occurs at the same 
Alamos 660 gravels fanglomerate with perchlorate elevation and may be related 
Canyon -6995 a silty matrix to the perched zone identified 

by borehole video in nearby 
supply well Otowi 4 during 
drilling. A single-screen well 
was installed in this zone. 
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Table 2-8-1. 
Characteristics of Deep Perched Groundwater Zones Encountered in Wells on the Pajarito Plateau (continued) 

Watershed Well Name, Depth to Saturated Groundwater Nature of Anthropogenic Comments 
Borehole Depth (ft), Water Thickness Host Rock Perching Layer Chemicals 

Surface Elev. (ft) (ft) (ft) Detected 

Los R-9i 137 45-99 Cerros del Rio Massive basalt Tritium Groundwater was first 
Alamos 322 basalt interflow with few fractures encountered at a depth of 
Canyon 6383 breccia and 180 ft, but the water level 

highly fractured quickly rose to 137 ft, 
and basalt indicating possible 

confinement. At R-9i a 
LAWS-01 canyon-floor well was 
281.5 installed with two isolated 
6305 screens (Broxton et al., 

2001a,b). Screen #1 of R-9i is 
complete in this zone. In 
LAWS-01, this zone is 
sampled via a flexible liner 
with sampling ports (Stone 
and Newell, 2002). 

Los R-9i 275 7 Cerros del Rio Clay-rich, Tritium Water first encountered at 
Alamos 322 basalt stratified, basaltic 275 ft. The water level 
Canyon 6383 brecciated flow tephra (maar stabilized at 264 ft and may 

base deposits) from be confined (Broxton et al., 
and 282 to 289.8 ft 2001a,b). Screen #2 in well 

R-9i is complete in this zone. 
LAWS-01 In LAWS-01, this zone is 
281.5 sampled via a flexible liner 
6305 with sampling ports (Stone 

and Newell, 2002). 
Los R-9 524 48 to 103 Puye Formation Clay-rich Tritium Three stringers of sands and 
Alamos 771 sands and tuffaceous sands gravels at 579-580.5 ft, 615 ft, 
Canyon 6383 gravels and gravels and 624-626.8 ft produced 

perched groundwater 
(Broxton et al., 2001 a). These 
occurrences probably 
constitute a single saturated 
zone because when isolated 
each yielded the same 

.,JI 
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Table 2-8-1. 
Characteristics of Deep Perched Groundwater Zones Encountered in Wells on the Pajarito Plateau (continued) 

Watershed Well Name, Depth to Saturated Groundwater Nature of Anthropogenic Comments 
Borehole Depth (ft), Water Thickness Host Rock Perching Layer Chemicals 

Surface Elev. (ft) (ft) (ft) Detected 

depth-to"water of 524 ft. The 
water-beating stringers are 
enclosed by clay-rich 
tuffaceous sands and gravels 
that may be confining units or 
may simply be unproductive. 
No well screens were 
installed in this saturated 
zone. 

Sandia PM-1 450 Not Cerros del Rio Not known Not sampled During installation of supply 
Canyon 2501 Known basalt well PM-1, the geologic log 

6513 notes that water was present 
in brecciated Cerros del Rio 
basalt at a depth of 450 ft 
(Cooper et al., 1965). No 
other information was given 
about this zone. 

Sandia R-12 424 76-95 Fractured Clay-rich lake Tritium, nitrate This is probably the same 
Canyon 886 Cerros del Rio beds of the perched groundwater as that 

6500 basalt and lacustrine facies encountered in PM-1. 
underlying fluvial of the Puye Fm. Groundwater was first 
sands and silts, from 519-535 ft encountered at a depth of 
and riverine 443 ft, but the water level 
gravels of the quickly rose to 424 ft before 
lacustrine facies stabilizing, indicating possible 
of the Puye Fm. confinement. A well was 

installed with three isolated 
screens (Broxton et al., 
2001 c). Screens #1 and #2 
are complete in this perched 
zone. 
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Table 2-8-1. 
Characteristics of Deep Perched Groundwater Zones Encountered in Wells on the Pajarito Plateau (continued) 

Watershed Well Name, Depth to Saturated Groundwater Nature of Anthropogenic Comments 
Borehole Depth (ft), Water Thickness Host Rock Perching Layer Chemicals 

Surface Elev. (ft) (ft) (ft) Detected 

Mortan- 1-8 675, Saturated Fractured Nature of None A small amount of water was 
dad 745 water level thickness Cerros del Rio confining bed is observed trickling from a 
Canyon is at top of is basalt unknown fracture at 669 ft bgs in the 

well sump unknown, borehole video. A single-
but the screen well was installed, but 
zone is only a small amount of water 
probably has accumulated in the well 
very thin sump. 

Mortan- MCOBT-4.4 520 2-4 Puye Fm. Top of Cerros del Tritium, Initial depth-to-water was 493 
dad 767 currently pebble gravel Rio basalt nitrate, ft, but it has since declined to 
Canyon 6836 and silty sands perchlorate 520 ft. A single-screen well 

was installed in this zone 
(Broxton et al., 2002a). 

Mortan- 1-4 520 2-4 Puye Fm. Top of Cerros del Tritium, A single-screen well was 
dad 540 pebble gravel Rio basalt nitrate, installed in this zone. This 
Canyon and silty sands perchlorate well was installed as a 

possible replacement well for 
MCOBT-4.4. 

Mortan- R-15 646 -99 (?) Fractured Clay-rich flow- Tritium, Saturi;1tion in this zone was 
dad 1107 Cerros del Rio base rubble or nitrate, noted while drilling to reach 
Canyon 6820 basalt underlying silty perchlorate the regional aquifer 

basaltic sand (Longmire et al., 2001). 
(745-746.7 ft) Saturation was first 

encountered at a depth 646 
ft, but a zone of increased 
water production was noted 
by the driller from 707-717 ft. 
It is uncertain whether this 

~ 
'!1i ,,n 

occurrence represents one 
zone or multiple, stacked 
zones. 

JOI 
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Table 2-8-1. 
Characteristics of Deep Perched Groundwater Zones Encountered in Wells on the Pajarito Plateau (continued) 

Watershed Well Name, Depth to Saturated Groundwater Nature of Anthropogenic Comments 
Borehole Depth (ft), Water Thickness Host Rock Perching Layer Chemicals 

Surface Elev. (ft) (ft) (ft) Detected 

Morlan- 1-5 687 20 lnterflow breccia Possible Tritium, This well was installed 
dad 717 in Cerros del Rio confining unit in nitrate, adjacent to R-15 and targeted 
Canyon 6820 basalt massive basalt in perchlorate the water production zone 

lower part of from 707 to 717 ft that was 
Cerros del Rio noted in that borehole. A 
basalt single-screen well was 

installed in this zone. It is 
uncertain whether the 
perched zone was fully 
penetrated by the borehole. 

Mortan- 1-6 662 43 lnterflow breccia Possible Tritium, This well is 150 ft north of 
dad 722 and fractured confining unit in nitrate, R-15 and 1-5, near the 
Canyon 6811 basalt in Cerros massive basalt in perchlorate Mortandad Canyon stream 

del Rio basalt lower part of channel. A single completion 
Cerros del Rio well was installed in this 
basalt zone. The elevation of the 

SWL is 16 ft higher than at 
1-5. It is uncertain whether the 
perched zone was fully 
penetrated by the borehole. 

Pajarito R-23 Not known Not known Cerros del Rio Not known Not sampled Perched groundwater was 
Canyon 935 basalt probably encountered while 

6528 drilling R-23 to the regional 
aquifer. Water accumulated in 
the annulus between the drill 
casing and the borehole wall 
above a clay-rich bridge. The 
accumulated water is 
probably from a perched zone 
within the Cerros del Rio 
basalt. The perched zone 
was not screened. 
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Table 2-8-1. 
Characteristics of Deep Perched Groundwater Zones Encountered in Wells on the Pajarito Plateau (continued) 

Watershed Well Name, Depth to Saturated Groundwater Nature of Anthropogenic Comments 
Borehole Depth (ft), Water Thickness Host Rock Perching Layer Chemicals 

Surface Elev. (ft) (ft) (ft) Detected 

Pajarito R-19 894 18 Puye Fm. sand Puye Fm. low- None R-19 was installed on the 
Canyon 1902.5 and gravel beds porosity mesa south of Threemile 

7066 sedimentary Canyon. A perched zone was 
deposits. encountered in Puye 

Formation fanglomerate 
overlying Cerros del Rio 
basalt. Borehole geophysical 
logs indicate the perched 
zone is made up of high-
porosity sediments overlying 
low-porosity sediments. A 
well was installed with seven 
isolated screens at this site 
(Broxton et al., 2001d). 
Screen #2 is complete in this 
perched zone. 

Canon R-25 723 -409 Otowi ash-flow Confining layer High-explosive This large saturated zone is 
de 1942 tuff, Guaje occurs in Puye compounds separated from the regional 
Valle 7516 Pumice bed, Fm. sedimentary and their aquifer (depth at 1286 ft) by 

and Puye Fm. deposits. From degradation 154 ft of alternating wet and 
fanglomerate 1132 to 1137 ft, products, dry fanglomerate deposits. 

cuttings of fine- trichloroethene, This upper saturated zone is 
grained sand and tetrachloro- currently interpreted as a 
silt are ethene perched zone with a leaky 
interbedded with confining layer. The top of the 
gravels and same upper saturated zone 
cobbles. was penetrated in nearby well 
Alternating wet CDV-16-1 (i) which is located 
and dry in adjacent Canon de Valle. A 
sediments occur multi-screen mesa-top well 
below this zone was installed at R-25 
to a depth of (Broxton et al., 2002b). Four 
1286 ft. screens are complete in this 

thick perched zone. 
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Table 2-8-1. 
Characteristics of Deep Perched Groundwater Zones Encountered in Wells on the Pajarito Plateau (continued) 

Watershed Well Name, Depth to Saturated Groundwater Nature of Anthropogenic Comments 
Borehole Depth (ft), Water Thickness Host Rock Perching Layer Chemicals 

Surface Elev. (ft) (ft) (ft) Detected 

Canon CDV-16-1(i) 563 >120 ft; not Otowi ash-flow Perching horizon High-explosive Because of the proximity of 
de 683 fully tuff not known; below compounds CDV-16-1 (i) and R-25 (-375 
Valle 7382 penetrated drill hole depth ft), the upper saturated zone 

in these wells is probably 
laterally connected. The top 
of the upper saturated zone is 
28 ft higher in CDV-16-1(i) 
(elev. 6821 ft) compared with 
R-25 (elev. 6793 ft). A single-
screenwell was installed in 
this zone. 

Canon CDV-16-2(i) 827 (?) Not known Puye Fm. Within Puye Fm. High-explosive The nature of this perched 
de 1063.1 fanglomerate fanglomerate; compounds zone is currently under 
Valle 7467 perching lithology investigation. Borehole video 

not known logs, water level 
measurements, and the 
presence of high explosives 
in groundwater samples 
indicate that perched water is 
present. However, efforts to 
install a well in this zone(s) 
have not been successful. 

Canon R-26 -173 Zones of Fractured Water production Analyses A piezometer was installed in 
de 1490.5 thin, dis- densely-welded associated with pending a borehole adjaent to well R-
Valle 7642 continuous tuff in unit Qbt 3t fractures 26 to monitor water levels in 

saturation of the Tshirege this perched zone. The 
associated Member piezorneter is screened from 
with 175 to 185 ft deep, and the 
fractures depth to water is 173 ft. 

Saturation appears to be 
associated with low-angle 
platy fractures in the ash-flow 
tu ff. 
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Table 2-8-1. 
Characteristics of Deep Perched Groundwater Zones Encountered in Wells on the Pajarito Plateau (continued) 

--
Watershed Well Name, Depth to Saturated Groundwater Nature of Anthropogenic Comments 

Borehole Depth (ft), Water Thickness Host Rock Perching Layer Chemicals 
Surface Elev. (ft) (ft) (ft) Detected 

Canon R-26 About604 See Cerro Toledo See comments Analyses R-26 was recently drilled and 
de 1490.5 comments interval pending interpretation of perched 
Valle 7642 water in this zone is 

preliminary. Borehole 
geophysical logs suggest 
high moisture contents below 
575 ft to the top of regional 
saturation at 954 ft. Perched 
water appears most likely at 
depths of 580 to 662 ft and 
780 to 827 ft. A water level at 
604 ft depth was measured 
during drilling while the 
borehole was at a depth of 
720 ft. Well R-26 was 
completed with two isolated 
well screens with the upper 
screen placed within the 
perched zone and the lower 
screen in the regional zone of 
saturation. 

Water SHB-3 663 > 197 ft(?), Otowi ash-flow Confining layer None Saturation occurs in the lower 
Canyon 860 probably tuff, Guaje probably not Bandelier Tuff and upper 

7608 not fully Pumice bed, penetrated Puye Formation. A temporary 
penetrated and Puye Fm. mesa-top well was installed in 

fanglomerate the perched zone (Gardner et 
al., 1993). 
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In Pueblo Canyon perched water was identified in four wells. At wells TW-2a and R-5, perched 
water occurs within fanglomerate of the Puye Formation and has a saturated thickness of >7 and 
about 11.3 m (>23 and about 37 ft), respectively. Depth to water is 33.5 m (110 ft) at TW-2a and 
about 115.8 m (380 ft) at R-5. These perched zones probably represent relatively small, unrelated 
water bodies because of their distance from one another ( 4 km [2.5 mi]), the lateral heterogeneity 
of Pu ye Formation deposits, and their varying depths beneath the canyon floor. Wells TW-1 a and 
POI-4 encountered perched water at depths of 36 to 48.8 m (118 to 160 ft), respectively, in 
Cerros del Rio basalt. The saturated thickness is about 11 m (37 ft) at TW-la and 6.4 m (>21 ft) 
at POI-4. Saturation is associated with interflow breccia and sediments in TW-1 a and with 
fractured basalt at POI-4. 

In Sandia and Mortandad Canyons perched water was found in Cerros del Rio basalt and the 
Puye Formation. The water quality of these perched zones includes a component of treated 
waste-water effluent released to the canyons via outfalls (Longmire et al., 2001; Longmire, 2002; 
Broxton et al., 2002b). Depth to water is also similar, ranging from 129 to 152 m (424 to 500 ft) 
in Sandia Canyon and 150 to 197 m (493 to 646 ft) in Mortandad Canyon. 

In Sandia Canyon, well R-12 encountered perched water from depths of 135 to 158 m (443 to 
519 ft). Saturation occurs .in the lower part of the Cerros del Rio basalt and extends downward 
into underlying lacustrine facies of the Puye Formation (Broxton et al., 2001a). The perched 
water in this zone may be confined because the borehole was dry until a depth of 135 m ( 443 ft) 
was reached, but the water level rose to a depth of 129 m ( 424 ft) once saturation was 
encountered. The apparent confining layer at the top of this zone is a massive basalt flow with 
few fractures. An alternative explanation for the observed rise in water level is that the 
groundwater is unconfined, but water-bearing interconnected fracture systems were not 
intersected by the borehole until a depth of 135 m ( 443 ft). The perching layer consists of clay
and silt-rich lacustrine deposits 5 m (16.5 ft) thick. The saturated thickness of this groundwater 
body is at least 23 m (75 ft), making it one of the thickest perched groundwater bodies identified 
in the eastern part of the Pajarito Plateau. 

In Mortandad Canyon perched water was encountered in three boreholes. At well MCOBT-4.4, 
the top of perched groundwater zone occurs at a depth of about 150 m ( 493 ft), within pebble 
gravel made up of dacitic volcanic detritus in the Puye Formation. The saturated thickness of this 
zone is between 3 and 6 m (10 and 30 ft). The perching layer includes one or more of the 
following lithologies: 1) silty sands and gravels in the lower part the Puye sequence (153.3 to 
157.6 m [503 to 517 ft]), 2) clay-rich brecciated rubble at the top of Cerros del Rio basalt (157.6 
to 159.3 m [517 to 522.5 ft]), or 3) the massive, unfractured interior of the uppermost Cerros del 
Rio flow (approximately 159.3 to 163.1 m [522.5 ft to 535 ft]). At wells R-15 and I-5, located 
347 m (1140 ft) down canyon ofMCOBT-4.4, perched water occurs within the lower part of a 
thick sequence of Cerros del Rio basalts. The depth to water is 197 m ( 646 ft) in R-15 and 209 m 
(686 ft) in the adjacent well I-5 which is offset 20 m (66 ft). Saturation in both wells occurs in 
fractured lava flows and interflow breccias. The variable elevations of the top of perched 
saturation and varied saturated thicknesses of 30 m (99 ft) in R-15 and 8+ m (26+ ft) in I-5 
illustrate the hetergeneous nature of perched bodies located within basaltic rocks. In R-15, the 
perching horizon is clay-rich flow-base rubble or underlying silty basaltic sands; the perched 
water at I-5 was not fully penetrated. Because of their different geologic settings, the perched 
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groundwater at MCOBT-4.4 and R-15/I-5 probably represent unrelated groundwater bodies of 
limited lateral extent. Other deep boreholes in Mortandad Canyon did not encounter perched 
groundwater. Based on the distribution of available boreholes, the lateral extent of individual 
perched groundwater bodies is probably less than 460 m (1500 ft). 

Both perched water occurrences in Mortandad Canyon contain elevated tritium, nitrate, and 
perchlorate. The highest contaminant levels occur in MCOBT-4.4, which contains 14,750 pCi/L 
tritium, 12.5 mg/L nitrate plus nitrite (as N), and 179 ppb perchlorate (Longmire, 2002, personal 
communication). Since 1963, these contaminants were released to the canyon as liquid effluent 
by a waste treatment facility in the upper part of the canyon. The presence of contaminants in 
perched groundwater beneath Mortandad Canyon indicates that vertical transport through the 
vadose zone occurs on the timescale of decades. 

A large area of complex perched groundwater occurrences is found in the region bounded by 
Cafion de Valle on the north and Water Canyon on the south in the southwest part of LA.NL. 
Five deep boreholes encountered significant zones of groundwater over a 2.6 km2 (1 mi2

) area 
located just east of the Pajarito fault zone. These boreholes included R-25, R-26, CdV-16-l(i), 
CdV-16-2(i), and SHB-3. Depth to water in these perched zones range from about 183 m (600 ft) 
just east of the Pajarito fault to about 244 m (800 ft) 2.3 km (1.4 mi) farther east of the fault. 
Only wells R-25 and R-26 fully penetrate the perched water zones. 

At R-26, a water-level measurement of 184 m (604 ft) was obtained when the borehole was 219 
m (720 ft) deep. The borehole was eventually completed to a total depth of 454.3 m (1490.5 ft) 
with the regional water table occurring at a depth of approximately 291 m (954 ft). Borehole 
neutron, magnetic resonance, and induction logs indicate that high moisture contents occur in 
rocks below 175 m (575 ft), with perched water most likely at depths of 177 to 202 m (580 to 
662 ft) and 238 to 252 m (780 to 827 ft). These perched zones occur within stratified 
volcaniclastic sediments of the Cerro Toledo interval. Low-permeability sediments within the 
Cerro Toledo interval probably provide the perching horizons. 

R-25, located 1524 m (5000 ft) east of R-26, has two distinct zones of saturation separated by 47 
m (154 ft) of partially saturated rocks. The upper zone, which is interpreted as a perched zone, 
occurs between depths of about 217 to 345 m (711 to 1132 ft) within the Otowi Member and in 
the upper part of the Puye Formation. An interval of partial saturation occurs below the perched 
zone from 345 to 392 m (1132 to 1286 ft) depth. Partial saturation was defined by casing off the 
perched zone and drilling through alternating zones of dry and wet rocks by coring and air-rotary 
methods. From 392 m (1286 ft) to the total depth of 592 m (1942 ft), continuous saturation 
representing regional groundwater was encountered within Puye deposits. R-25 was constructed 
with 9 screens separated by packers using a Westbay™ sampling system. Hydraulic head 
measurements in isolated screens decrease with depth, indicating downward vertical gradients. 
Isotopic and water quality data suggest the upper and lower zones of saturation at R-25 represent 
separate groundwater systems (Longmire, 2003, personal communication). 
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Table 3-A-1. 
Guaje Canyon Watershed Description 

Hydrogeologic Characteristic Description 
Element 

Surface Water Flow Guaje Canyon heads in the Sierra de los Valles on Forest Service land, enters San Ildefonso Pueblo land, and continues 

to its confluence with lower Los Alamos Canyon approximately a mile west of the Rio Grande (Figure 3-A-1, Figure 3-A-2). 

Guaje Canyon is part of the Los Alamos Canyon watershed, but is covered separately because it is a large drainage that 

is largely unaffected by LANL activities. Guaje Canyon contains an interrupted stream with a perennial reach extending 

from springs located upstream of Guaje Reservoir to some distance downstream of the reservoir. An intermittent reach 

extends farther downstream to the confluence with lower Los Alamos Canyon. Snowmelt runoff does not reach the Rio 

Grande. Rendija Canyon heads on the flanks of the Sierra de los Valles and contains an ephemeral stream. Barrancas 

Canyon heads on the Pajarito Plateau and has intermittent and ephemeral flow. 

Quality There are no known water quality effects of LANL activities. 

Springs Name No springs have been found in any of these canyons. 

Quality See above. 

Alluvial Extent Little or no alluvial groundwater is present in these canyons. Only two alluvial wells have been installed in Guaje Canyon 

Groundwater to investigate the presence of alluvial groundwater. These wells were completed in the perennial reach of the canyon and 

alluvial groundwater was encountered near the stream level. For Rendija Canyon and Barrancas Canyon, no alluvial wells 

have been installed and no alluvial groundwater is known to exist. 

Depth/Thickness See above. 

Quality No impacts of LANL activities on this water are known. 

Intermediate Extent/Hydrology No intermediate groundwater wells have been installed and no groundwater is known to occur in these canyons. Drilling of 

Groundwater the water supply wells in Rendija Canyon and Guaje Canyon did not find any intermediate groundwater. 

Depth/Thickness See above. 

Quality No LANL liquid discharges have occurred. 
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Table 3-A-1. 
Guaje Canyon Watershed Description (continued) 

Hydrogeologic Characteristic Description 
Element 

Regional Aquifer Depth/Hydrology The regional aquifer occurs in the Puye Formation and the Santa Fe Group in the vicinity of Guaje Canyon. The regional 

aquifer probably includes rocks of the Tschicoma Formation in the western part of the canyon. The regional aquifer 

supplies water to the supply wells of the Guaje wellfield. Groundwater flow in the regional aquifer is from the northwest, so 

no Laboratory contaminant sources are located upgradient of Guaje Canyon sites. The aquifer lies at depths of about 230 

to 570 ft in the Guaje wellfield. 

Quality The water is of generally good quality except for high levels of naturally occurring arsenic-up to 40 µg/L in older, now-

abandoned wells. The EPA MCL for arsenic is 10 µg/L. 

Contaminants Potential Sources These canyons are located north of the Laboratory, mainly on Forest Service land and on San Ildefonso Pueblo. The 

primary Laboratory activities in the canyons have involved water supply: the Guaje reservoir is no longer in use, and the 

Guaje wellfield (now operated by Los Alamos County) currently includes five water supply wells. The wells in this field also 

extend to lower Rendija Canyon. Rendija Canyon contained a small-arms firing range and several sites used as mortar 

impact areas. Past Laboratory activities are described in more detail in an RFI Work Plan for the North Canyons and an 

RFI Work Plan for OU 1071. 

Type 

References: 

LANL 2001 a; LANL 1992g. 
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Figure 3-A-1. Watersheds on the Paj arito Plateau in the vicinity of Los. Alamos National Laboratory. 
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Table 3-A-2. 
Los Alamos Can on Watershed Descri tion 

Hydrogeologic Characteristic Bayo Canyon Acid and Pueblo Canyons DP and Los Alamos Canyons 
Element 

Surface Water Flow Bayo Canyon heads on the 

Pajarito Plateau on land 
Pueblo Canyon heads on USFS land, Los Alamos Canyon heads on USFS land, crosses 

crosses Los Alamos County land, then Laboratory land, then San Ildefonso Pueblo land before 

ER2005-0679 

owned by Los Alamos County Laboratory land where it joins Los 

and extends across the lamas Canyon just upstream of the 

northeast portion of the San Ildefonso Pueblo boundary (Figure 

Laboratory (TA-74), crosses 3-A-1; Figure 3-A-3). The draingage 

"oining the Rio Grande (Figure 3-A-1; Figure 3-A-3). 

Surface water occurs in Los Alamos Canyon as perennial 

ow in the upper reaches west of the Los Alamos 

Reservoir located west of DOE property, and in the lower 
San Ildefonso Pueblo land to area of Pueblo Canyon is about 6.5 reaches east of the confluence with Pueblo Canyon. The 

he east, and terminates at its quare miles, including Acid Canyon. rainage area of Los Alamos Canyon is about 11.6 square 

onfluence with lower Los 

lamas Canyon near Totavi 
(Figure 3-A-1, Figure 3-A-3). 

he drainage area of Bayo 

Canyon is about 4 square 

miles. Surface water flow in 

Bayo Canyon is ephemeral 

urface water in Pueblo Canyon occurs miles, including DP Canyon. Typically, the overflow of 

as ephemeral runoff from precipitation ater from the reservoir during spring snowmelt results in 

and as perennial flow supported by nearly continuous surface water flow between the western 

ffluent discharge from the Los Alamos Laboratory boundary and the vicinity of TA-4 for several 

County Sewage Treatment Plant. eeks to several months each year. For most of the year, 

Generally, ephemeral surface water 

occurs in the upper portion of Pueblo 

and intermittent and there are Canyon following summer rains and 

he only surface flow in L9S Alamos Canyon is in lower Los 

lamas Canyon due to discharge from the Los Alamos 

County Sewage Treatment Plant and flow from Basalt and 

no springs in the vicinity. 

Stream losses caused by 

infiltration into the underlying 

alluvium and 

nowmelt events, and perennial surface Los Alamos Springs east of the Laboratory boundary. 

ater occurs in the lower portion of 

Pueblo Canyon because of discharges Surface water in Los Alamos Canyon rarely flows across 

rom the Los Alamos County Sewage he length of the Laboratory except during snowmelt and 

vapotranspiration typically reatment Plant. Surface water in 

prevent surface flow from Pueblo Canyon rarely flows across the 

reaching Los Alamos Canyon. length of the Laboratory. 

No alluvial or intermediate cid Canyon heads on the Pajarito 

roundwater was encountered Plateau in the southwestern portion of 

uring drilling of about 90 he Los Alamos townsite and extends 

ummer storm events. Most often, surface waters are 

epleted by infiltration into canyon alluvium creating 

aturated zones of seasonally variable extent. DP Canyon 

heads on the Pajarito Plateau in the southeastern portion 

of the Los Alamos townsite and extends east

outheasterly to its confluence with Los Alamos Canyon. 

DP Canyon is located entirely within DOE-owned land 

boreholes at the TA-10 site in ast-northeasterly to its confluence with xcept for a short segment at the head of the canyon on 

upper Bayo Canyon. Drilling at Pueblo Canyon. The South Fork of Acid land owned by Los Alamos County. Surface flow in DP 

A-10 has not found Can on is a short north-trendin Can on is enerated b rainfall and snowmelt events. DP 
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Quality 
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Table 3-A-2. 
Los Alamos Canyon Watershed Description 

Bayo Canyon Acid and Pueblo Canyons 

contamination that extends ~ributary to Acid Canyon. Both of these 

more than a few feet beneath canyons are entirely within land owned 

Wormer release sites. by Los Alamos County. These two 
Groundwater in the regional 

aquifer is as described for 

Guaje Canyon. 

canyons drain a surface area that is 

largely paved and developed. 

if A-10 was used as a firing site Key contaminants in Acid Canyon 

Wrom 1943 to 1961, for tests surface water include metals (arsenic, 

with high explosives and cadmium, manganese, zinc, and 

radioactive materials. The site cyanide), PAHs (e.g., benzo-a-pyrene, 

included a radiochemistry t:libenz-a-h-anthracene), and 

DP and Los Alamos Canyons 

Spring, located in DP Canyon, discharges continuously 

~xcept for dry periods, such as during the winter and 

~pring of 1996. 

Key contaminants in upper Los Alamos Canyon surface 

water include metals (arsenic, manganese, iron, selenium, 

and cyanide), pesticides, and plutonium-239, -240. The 

metals are generally considered naturally occurring, 

although some minor contribution from historical 
laboratory. While in operation, radionuclides (Pu-239, -240, strontium- Laboratory releases is possible. The cyanide detects in 

~he TA-10 sites in Bayo 90, and uranium-234). The metals upper Los Alamos Canyon are believed to be related to 
Canyon were investigated for COPCs are dominated by naturally combustion of organic matter during the Cerro Grande fire 

environmental impacts. The occurring constituents, or constituents and may also be related to anti-caking and anti-corrosion 
site was decontaminated and associated with urban runoff. The PAHs agents contained in fire retardant. Pesticides are 

K:lecommissioned in 1960. TA- are also believed to be associated with predominantly related to historical use in the Santa Fe 

10 was the site of an extensive unoff from developed areas with the National Forest and to use within the Los Alamos townsite. 

Formerly Utilized S.ites Los Alamos townsite. The radionuclides rrhe plutonium-239 is related to outfalls (likely Hillsides 137 
Remedial Action Program were detected in bedrock pools in the and 138) in former TA-1. The Pu-239 is a COPC only for 

investigation in 1976. In the South Fork of Acid Canyon and are ~he unfiltered samples indicating the potential that the 

mid-1990s the site was studied consistent with contaminants found in ~ample(s) with detections may have contained suspended 

under a RFI Work Plan for sediment within the canyon from sediment. 
Operable Unit 1079. RFI historical releases from TA-45. The 

activities included shrapnel 

removal and investigation, 
adionuclide contamination generally Key contaminants in DP Canyon surface water and 

does not extend beyond the springs include metals (arsenic, copper, lead, manganese, 

remediation, or deferred action Acid/Pueblo Canyon confluence in 
Wor several potential release aetectable concentrations, with the 

sites. A second RFI work plan exception of Pu-239, -240 in unfiltered 

was written in 2001. samples. 

3-A-6 

;zinc, and cyanide), pesticides, and radionuclides 

(americium-241, and strontium-90). Chloride is also 

present. The metals are either naturally occurring or likely 

related to townsite runoff, since none of the PRSs in DP 

Canvon are known for metals contamination, the exception 

December 2005 
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Table 3-A-2. 
Los Alamos Canyon Watershed Description 

Hydrogeologic Characteristic Bayo Canyon Acid and Pueblo Canyons DP and Los Alamos Canyons 
Element 

Surface water in Pueblo Canyon above being the DP Tank Farm (DPTF, SWMU 21-029) which 

~he confluence with Acid Canyon also had lead contamination associated with leaks from the 

has metals COPCs and PAHs that are ~anks. However, no other of the COPCs from the DPTF 

considered to have a source in townsite are present. The cyanide detections in DP Canyon are 

runoff. ~rom DP Spring and a location at the very head of DP 

Canyon suggesting a source other than Laboratory 

Surface water in Pueblo Canyon below operations. The radionuclides are COPCs only for the 

~he confluence with Acid Canyon shows unfiltered samples indicating the potential that the 

metals COPCs (arsenic, manganese, kJetections are related to the presence of suspended 

~elenium, and cyanide), and organics sediment in the samples. DP Spring consistently shows 

COPCs (pesticides and PAHs) that are ~levated strontium-90 concentrations related to surface 

both likely from townsite, national forest, water and alluvial groundwater discharge from Reach DP-

or Cerro Grande fire sources. ~where strontium-90 is present throughout the sediment 

Radionuclides include Pu-239, -240, kJue to historical releases from SWMU 21-011 (k). 

americium-241, and cobalt-60. 

Key COPCs in surface water and springs in lower Los 

Alamos Canyon include metals (antimony, arsenic, 

beryllium, copper, possibly mercury, molybdenum, nickel, 

selenium, thallium, and cyanide), PAHs 

(benzo_k_fluoranthene), and pesticides (DDE_ 4_ 4_, and 

DDP _ 4_ 4_), and only strontium-90 from unfiltered surface 

water. The constituents present in lower Low Alamos 

Canyon appear to be primarily naturally occurring or 

related to sources other than Laboratory operations. Of the 

metals identified as COPCs for lower Los Alamos Canyon, 

only molybdenum (and mercury?) have known Laboratory 

sources up canyon. The cyanide is believed to be related 

o the combustion of organic matter during the Cerro 

Grande fire. Detections of cyanide in the lower canyon are 

hought to be related to transport of ash from burn areas in 

he uooer watershed during floods. Strontium-90 could be 
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Table 3-A-2. 
Los Alamos Canyon Watershed Description 

Hydrogeologic Characteristic Bayo Canyon Acid and Pueblo Canyons DP and Los Alamos Canyons 
Element 

~ram either Los Alamos or Pueblo Canyon, but based on 

~stimated inventories of strontium-90, it is most likely 

associated with Los Alamos Canyon (specifically SWMU 

l21-011(k). 

Springs Name lfhere are no springs in Bayo lfhere are no springs in Acid and Discharge at DP Spring is highly variable, generally 

Canyon. Pueblo Canyons, ranging from dry to less than one gallon per minute, and 

has been observed to respond rapidly to storm-water 

runoff from upper DP Canyon. Surface water flow 

~enerally extends for less than 50 ft down canyon from the 

point where spring flow joins the stream channel. 

Basalt Spring is recharged by water from the County 

Sewage Treatment Plant in Pueblo Canyon. It has variable 

~stimated discharge rates from 1 to 10 gallons per minute. 

LA Spring discharges along the south slope of the canyon 

apnroximatelv 300 meters downstream of Basalt Sorina. 

Quality See above. See above. Chloride, sodium, and manganese, barium, boron, HE, 

and solvents at concentrations above backaround. 

!Alluvial Extent tf wo saturated zones are known to rrwo saturated zones are known to occur in the alluvium of 

Groundwater occur in the alluvium of Pueblo Canyon. Los Alamos Canyon. The first is in the upper part of Los 

frhe first is in the upper reach from the !Alamos Canyon and extends eastward from the Los 

headwaters to approximately the !Alamos Reservoir to the vicinity of observation well LAO-

Rendija Canyon Fault. The eastern limit 14.5 west of State Rte. 4. The second is in the lower part of 

of this saturated zone has not been Los Alamos Canyon and extends from Basalt Spring to the 

clearly defined and it may extend further Rio Grande. 

lclown canyon. The second is in the 

lower reach downstream of the Los !Alluvial groundwater in lower Los Alamos Canyon near 

!Alamos County Sewage Treatment Basalt and Los Alamos Springs is chemically similar to 

Plant where saturated conditions are surface water flow supported by these springs. The 

suooorted vear-round due to effluent chemistrv of the water discharaina from Basalt Sorina is 
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Table 3-A-2. 
Los Alamos Canyon Watershed Description 

Hydrogeologic Characteristic Bayo Canyon Acid and Pueblo Canyons DP and Los Alamos Canyons 
Element 

releases from the sewage treatment similar to effluent from the Los Alamos County Sewage 

plant. The extent of saturation is Treatment Plant. The chemistry of water discharging from 

variable due to fluctuation in runoff and Los Alamos Spring may represent an isolated perched 

volume of effluent released during the system as it does not contain characteristic major ions 

year. The volume of effluent released indicative of sewage effluent. 

into the canyon typically decreases 

during the spring and early summer ~lluvial groundwater in lower Los Alamos Canyon, from 

months as wastewater from the plant is he confluence of Guaje Canyon and Los Alamos Canyon 

pumped up canyon for irrigation use on o the Rio Grande, shows chemical similarity to both 

he municipal golf course. regional aquifer water and surface water from the Rio 

Grande (LANL, 2004b, 2002, 2001a). 

From 1951 to 1964, surface flow in the 

mid-reach of Pueblo Canyon was 

augmented by liquid effluent from the 

•armer TA-45 radioactive liquid waste 

reatment facility via Acid Canyon. In 

addition, Los Alamos County operated a 

sewage treatment plant in upper Pueblo 

Canyon (known as the Pueblo Sewage 

Treatment Plant) until the current Los 

Alamos County Sewage Treatment 

Plant came on-line in 1963. Effluent 

•rom these past sources likely 

$Upported sustained saturated 

conditions throughout the mid-reach of 

Pueblo Canyon as well as shallow 

bedrock springs such as Hamilton Bend 

Spring, just west of the current Los 

Alamos County Sewage Treatment 

Plant. The sewage treatment plants are 

$ources of boron and nitrate. This 
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Table 3-A-2. 
Los Alamos Canyon Watershed Description 

Hydrogeologic Characteristic Bayo Canyon Acid and Pueblo Canyons DP and Los Alamos Canyons 
Element 

alluvial groundwater may have provided 

~he source for infiltration to intermediate 

perched zone groundwater or the 

regional aquifer. Shallow spring flow 

(including Hamilton Bend Spring) ended 

Wollowing closure ofTA-45 and the 

Pueblo Sewage Treatment Plant. 

Depth/ See above. In middle and upper Los Alamos Canyon, the saturated 

Thickness ~hickness in the alluvium varies seasonally from a few feet 

in the winter months to 25 ft in the spring and summer 

months when recharge is the greatest. The alluvial 

~roundwater provides recharge to intermediate perched 

izones by infiltrating along preferential pathways such as 

~aults or permeable bedrock units. 

Quality Known contaminants at former TA-45 !Alluvial groundwater has been found in DP Canyon at 

include nitrate, perchlorate, tritium, wells LAUZ-1 and LAUZ-2, installed for the ER 

isotopes of uranium and plutonium, investigation at TA-21. Strontium-90, tritium, and some 

~trontium-90, cesium-137, and gross- organic compounds have been detected at LAUZ-1. 

alpha radiation. The contaminant 

histories for nitrate, tritium, and Time series plots of nitrate, tritium, plutonium-239, 

~trontium-90 illustrate trends in Pueblo strontium-90, and molybdenum provide a picture of 

Canyon surface water and groundwater. contaminant trends in Los Alamos Canyon groundwater. 

Nitrate has been present from Nitrate in discharges into DP Canyon from TA-21 caused 

Laboratory radioactive liquid waste surface water and alluvial groundwater concentrations to 

effluents and from Los Alamos County exceed 100 mg/L (nitrate as nitrogen), or 10 times the 

Sewage Treatment Plant sanitary MCL, until discharges ceased in 1986. Nitrate 

effluent. The highest values were found concentrations have returned to background since 

in surface water in the 1950s and discharges ended. 

1960s, possibly related to both types of 

sources. With decommissioning of the TA-21 effluent caused tritium activities in surface water 

radioactive outfall in 1964 and moving and alluvial aroundwater in and downstream of DP Canvon 
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Table 3-A-2. 
Los Alamos Canyon Watershed Description 

Hydrogeologic Characteristic Bayo Canyon Acid and Pueblo Canyons DP and Los Alamos Canyons 
Element 

lthe sanitary discharge downstream to o reach values up to 5,000,000 pCi/L or 250 times the 

lthe Bayo Treatment Plant, less water MCL. As with nitrate, tritium activities decreased greatly 

and less nitrate are present in the upper after discharges ceased. In Los Alamos Canyon above the 

portion of the drainage in recent years. mouth of DP Canyon, the Omega West Reactor cooling 

line leaked water containing tritium from 1956 to 1993. As 

tTritium and strontium-90 histories a result of this leak, tritium activity in alluvial groundwater 

characterize the radioactive effluent remained at values around 10,000 pCi/L or half of the 

releases into Acid Canyon. Tritium MCL. Once the leak was shut off, tritium levels in Los 

persisted in surface water and alluvial Alamos Canyon water returned to background. 

~roundwater at fairly high levels for 

about a decade after effluent releases Strontium-90 contamination in surface water and alluvial 

ceased, but has dropped to background ~roundwater came from reactor sources at TA-2 and 

levels since. The highest measured ~ffluent discharges from TA-21. The strontium-90 activity 

Jstrontium-90 activity was about 500 in DP Canyon surface water reached 28,600 pCi/L. There 

pCi/L in Acid Canyon surface water in is no present source, and activities of this isotope have 

1960. With no present source, levels ~ropped greatly after discharges ceased. However, 

have dropped dramatically and ~trontium-90 persists in alluvial groundwater at levels 

Jstrontium-90 is now seen only at low above the EPA MCL of 8 pCi/L due to the large inventory 

activities, below 1 pCi/L in alluvial in alluvial sediment, providing a source to groundwater. 

~roundwater. Migration of strontium-90 is considered to be controlled by 

cation exchange. 

Effects of Manhattan Project releases in upper Los Alamos 

Canyon cause plutonium-239, -240 activity in alluvial 

~roundwater to remain at about 25% of the DOE 4 mrem 

k:frinking water derived concentration guide (DCG) of 1.2 

pCi/L. Discharges from TA-21 resulted in plutonium-239, -

1240 activity in surface water much above the DOE 4 mrem 

DCG, even exceeding the 100 mrem DCG of :30 pCi/L in 

he late 1960s. Plutonium activity has decreased 

substantially with the end of discharoes in 1986, but is still 
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Los Alamos Canyon Watershed Description 

Hydrogeologic Characteristic Bayo Canyon Acid and Pueblo Canyons DP and Los Alamos Canyons 
Element 

-- . .:..-:· 
occasionally detected iri surface water and alluvial 

groundwater below the former outfall. 

A short section of alluvial groundwater in Los Alamos 

Canyon has molybdenum concentrations near or above 

he New Mexico groundwater standard of 1,000 µg/L. In 

he early 1990s, molybdenum concentrations in Los 

Alamos Canyon alluvial groundwater rose sharply above 

background and exceeded the New Mexico groundwater 

limit in 2000. The source of this molybdenum is sodium 

molybdate, a water-treatment chemical commonly used in 

coolin~ towers at TA-53. The Laboratory discontinued use 

of sodium molybdate in June 2002. 

Intermediate Extent/ Intermediate perchec! zones have been Several intermediate perched zones have been 

Groundwater Hydrology identified in two areas beneath Pueblo encountered in Los Alamos Canyon between TA-2 and 

Canyon. One zone is in the middle State Road 4. A perched zone was encountered at well R-

reach of Pueblo Canyon where test well 6i east of the facilities at TA-21 on the mesa top. The zone 

(TW)-2A is completed within occurs within the Puye Formation at a depth of 593 ft. 
fanglomerates of the Puye Formation. 

The perched zone occurs at a depth of 

about 120 ft. The second is in lower 

Pueblo Canyon (wells TW-1A and POI-

4) within a thick sequence of Cerros del 

Rio basalts, at a depth of about 188 ft. 
This intermediate perched zone may be 

one source of water contributing to the 

flow from Basalt Spring in Los Alamos 

Canyon. Fairly rapid communication 

ram Pueblo Canyon surface water and 

alluvial groundwater to the intermediate 

perched ciroundwater was interpreted 
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Los Alamos Canyon Watershed Description 

Hydrogeologic Characteristic Bayo Canyon Acid and Pueblo Canyons DP and Los Alamos Canyons 
Element 

by the USGS based on water level 

measurements and similarities in water 

quality. 

Depth!Thickn See above. lrhe upper intermediate perched zone occurs within the 

~SS Guaje Pumice Bed. This zone was encountered in 

borehole LADP-3 (at 325 ft). This same zone may have 

been penetrated by test hole H-19, west of the Los Alamos 

Canyon Bridge. The saturated thickness of this zone 

k!ecreases from west to east, ranging from 22-ft at 

LAOl(A)-1.1 to 5-ft at LADP-3. A deeper intermediate 

perched zone was encountered in LAOl(A)-1.1 in the Puye 

Formation at about 317 ft. Another hole was drilled from 

~he mesa top at MDA Vin TA-21 which is approximately 

midway between LAOl(A)-1.1 and LADP-3 to investigate 

~he lateral extent of the Guaje Pumice intermediate 

perched zone under DP Mesa. The MDA V Deep Hole 

(borehole 21-2523) did not find saturated conditions in the 

~uaje Pumice Bed at this location, indicating that this 

intermediate perched zone does not extend northward 

under DP Mesa. Other intermediate perched zones have 

been found in the basalt at R-9 near SR-4 at 180 and 275 

!ft. This well also found three possible saturated zones 

between depths of 570 and 626 ft, about 100 ft above the 

reqional aquifer. 

Quality ~nalysis of water samples from well ~verage activities of tritium were 2.98 pCi/L in the perched 

lrW-2A show that this perched zone iz.one, within the upper Puye Formation at well R-7 east of 

contains elevated activities of tritium twell LAOl(A)-1.1. Tritium was initially found in LADP-3 at 

(2,228 pCi/L). This suggests that tritium 5500 pCi/L but activity has declined greatly since then, 

associated with the formerTA-45 probably related to cessation of the Omega West Reactor 

~reatment plant has infiltrated the cooling line leak in 1993. Average activities of tritium in the 

canyon floor and miqrated vertically, at ~wo intermediate perched zones at R-9i were 200 pCi/L at 
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Los Alamos Canyon Watershed Description 

Hydrogeologic Characteristic Bayo Canyon Acid and Pueblo Canyons DP and Los Alamos Canyons 
Element 

least to the depth of the intermediate 180 ft and 132 pCi/L at 275 ft during characterization 

perched zone at TW-2A. The tritium ~ampling. 

history for TW-2A shows a steep 

k:lecrease the early 1980s, related to the ~ctivities of tritium were 3802 pCi/L and concentrations of 

cessation of discharges into Acid nitrate (as nitrogen) were 4.20 mg/L. Recharge from DP 

Canyon in 1964. Elsewhere in Canyon is most likely the dominant source of water to this 

intermediate perched groundwater, perched intermediate zone. 

~ritium has been detected mainly at 

~race levels. In core from drilling of well Perchlorate has been detected in unsaturated core 

R-2, perchlorate was found in more samples from LADP-3 and R-8. However, perchlorate 

~han 50% of the samples. appears to have a very restricted vertical extent (<15 ft 

~hick) in LA Canyon based on these boreholes. No other 

Nitrate histories show that perchlorate detections occurred over the 200-350 ft 

concentrations in TW-1A have often ~ampling depth in the two boreholes. A similar situation 

been up the 10 mg/L MCL. The high occurs in DP canyon where LAUZ-1 perchlorate is also 

nitrate value in this and other wells in restricted to a narrow vertical depth range. In this 

1994 resulted from a sample borehole, all but one of the samples were non-detects for 

preservation error. In about 1980, the perchlorate. Vadose zone cores from DP Mesa boreholes 

Los Alamos County Bayo Sanitary LADP-4 (drilled on a bench above the DP canyon bottom 

Wastewater Treatment Plant, which near the former TA-21 radioactive liquid effluent outfall) 

k:lischarges into Pueblo Canyon and borehole 21-2523 (drilled east of MDA V), show a 

upstream ofTW-1, greatly increased more extensive zone (>200 ft) of perchlorate 

k:lischarges. This increase in flow and contamination than occurs in the bottom of Los Alamos or 

infiltration apparently resulted in the DP canyon. In addition, both of these core holes show co-

higher concentrations of nitrate and contamination of chlorate and nitrate. Chlorate has been 

chloride in TW-1 beginning about 1981. detected in DP Spring, but chlorate and perchlorate have 

Nitrate (as nitrogen) concentrations in not been detected in other Los Alamos Canyon surface or 

rT"W-2A, upstream of the Bayo treatment groundwater samples. 

plant, have been 3 mg/L or less. 

Strontium-90 has not been consistently 

k:letected in intermediate perched 
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Element 

tiroundwater. 

Regional Depth/ Depth to the regional aquifer is known Depth to the regional aquifer is known in several locations 

Aquifer Hydrology in several locations in Pueblo Canyon, in Los Alamos Canyon; at TW-3 and 0-4, at 0-1 near the 

including TW-4 in upper Pueblo confluence with Pueblo Canyon, and at LA-5 and LA-1 B in 

Canyon, at well TW-2 in the middle he lower reach. Water level measurements show depths 

reach, and at wells TW-1 and 0-1 near o water to be 784 ft in 2001 at TW-3, 68 ft in 2001 at 0-1, 

he confluence with Los Alamos 762 ft in 0-4 in 1995, and -18 ft (artesian) in 1996 at LA-

Canyon. Water level measurements 1 B. Based on Laboratory water-level maps, the general 

show depths to water to be 1173 ft in direction of groundwater flow in the regional aquifer is east 

2003 at TW-4, 807 ft in 2001 at TW-2, in the vicinity of Los Alamos Canyon. 

and 686 ft in 2001 at 0-1. Based on 

Laboratory water-level maps, the 

general direction of groundwater flow in 

he regional aquifer is east in the vicinity 

of Pueblo Canyon. 

East of the Rendija Canyon Fault, the 

op of the regional aquifer is within the 

fotavi Lentil of the Puve Formation. 

Quality Contaminants have been detected in rrritium has been detected in the regional aquifer at up to 

•he regional aquifer, particularly nitrate 80 pCi/L in TW-3 (though recent samples are nondetects) 

in TW-1, indicating that the pathways and 24 pCi/L in R-9. In TW-3 nitrate (as nitrogen) values 

~or contaminant migration may be active were below 0.3 mg/L prior to 1967, but have averaged 

at least along the lower portion of the above 0.6 mg/L since 1981 with values up to 0.97 mg/Lin 

canyon. Tritium has been found in TW-1 1994. Activities of tritium were 181 pCi/L in the regional 

at up to 360 pCi/L though recent levels aquifer at well R-6 during development. Concentrations of 

are lower at 140 pCi/L. Perchlorate is nitrate (as nitrogen) were 0.49 mg/Lat the well. 

found within the regional aquifer in Concentrations of perchlorate were less than detection 

Pueblo Canyon, notably in water supply (0.0005 ppm) using the ion chromatography method. 

well 0-1 at 2.8 ppb using the Because tritium was detected and nitrate concentration is 

LC/MS/MS analvtical method. Well 0-1 !Within backaround, a component of young water containinq 

ER2005-0679 3-A-15 December 2005 



Hydro geologic Synthesis Report 

Table 3-A-2. 
Los Alamos Canyon Watershed Description 

Hydrogeologic Characteristic Bayo Canyon Acid and Pueblo Canyons DP and Los Alamos Canyons 
Element 

also contains a consistent 35-45 pCi/L "ritium may have originated from a different source other 

of tritium and higher nitrate (as nitrogen) ~han TA-21. This assumes that tritium, nitrate, and 

han any other regional aquifer well, perchlorate were released to the environment at the same 

~xcluding TW-1. Nitrate (as nitrogen) "ime. 

has been about 1.7 mg/Lat well 0-1 

compared with approximately 0.5 mg/L 

in other water supply wells. 

Characterization well R-4, west of the 

Bayo Canyon and Pueblo Canyon 

confluence, contained 19.49 pCi/L of 

ritium and 1.39 ppm of nitrate (as 

nitrogen). These results indicate that 

he regional aquifer has experienced 

recent recharge that is most likely the 

result of past discharges to Acid 

Canvon to the west of well R-4. 

Contaminants Potential Contaminant sources affecting Pueblo Several contaminant sources affected upper Los Alamos 

Sources Canyon include two inactive TAs (TA-1 Canyon. TA-2, located in upper Los Alamos Canyon, was 

and TA-45). TA-1 included the portion he location of a series of nuclear reactors. The cooling 

of the present-day Los Alamos townsite line for the Omega West Reactor leaked water with tritium 

!Where the majority of the theoretical and activity of at least 100,000 pCi/L into the alluvium, probably 

echnical work was accomplished at the Wrom 1956 until 1993. TA-21, which is on DP Mesa, north 

Laboratory from 1943-1954. Acid of Los Alamos Canyon, was the site of plutonium 

Canyon was the original disposal site processing facilities. The site discharged treated liquid 

Wor liquid wastes generated by research radioactive effluent into DP Canyon from 1952 to 1986 and 

on nuclear materials for the World War includes Material Disposal Areas A, B, T, U, and V. TA-41, 

II Manhattan Engineer District atomic located in upper Los Alamos Canyon, was used for testing 

bomb project. From 1943 to 1951, Acid of nuclear weapons components. TA-53, the site of the 

Canyon received untreated radioactive Los Alamos Neutron Science Center (LANSCE) linear 

industrial effluent from the TA-1 accelerator facilitv, lies on the mesa south of the canvon. 

ER2005-0679 3-A-16 December 2005 



Hydro geologic Synthesis Report 

Table 3-A-2. 
Los Alamos Canyon Watershed Description 

Hydrogeologic Characteristic Bayo Canyon Acid and Pueblo Canyons DP and Los Alamos Canyons 
Element 

research activities. The TA-45 treatment Water from National Pollutant Discharge Elimination 

plant was completed in 1951 and System (NP DES) permitted outfalls, sanitary treatment, 

discharged treated effluents containing and reactor beam cooling water ponds flowed to Los 

residual radionuclides into Acid Canyon Alamos Canyon. TA-1 included the portion of the present-

'rom 1951 to 1964. TA-73 is the site of day Los Alamos townsite where the majority of the 

he DOE airport and former landfill, heoretical and technical work was accomplished at the 

above Pueblo Canyon. Pueblo Canyon Laboratory from 1943 to 1954. Several facilities 

also receives sanitary effluent from Los discharged untreated chemical waste streams into the 

Alamos County Sewage Treatment canyon. 

Plant in Bayo Canyon. The county 

operated two other sewage treatment 

plants along Pueblo Canyon in the past. 

More detailed information about these 

sites can be found in the Task/Site 

Work Plan for Operable Unit 1049, Los 

Alamos Canyon and Pueblo Canyon, 

and the RFI Work Plans for Operable 

Units 1078, 1079, 1100, and 1106. 

If ype Septic tank outfall located on the south lrA-1Hillsides137, 138, and 140 received discharges from 

rim of Acid Canyon in the 1940s $eptic tank outfalls from 1943 until the late 1950s. 

containing plutonium-239, -240 and Radionuclides are the primary contaminants at these 

PCBs. Former Pueblo Canyon WWfP hillside sites, although some metals contamination is also 

operated from 1951 until 1991. Sludge present). 

•rom the Pueblo Canyon Sewage if A-2 housed a series of research nuclear reactors, 

Treatment Plant contained metals at including the Omega West Reactor, which was a source of 

levels .above background. Former ~ritium releases into alluvial groundwater. Other SWMUs at 

Central Sewage Treatment Plant Ir A-2 include leach fields for water boiler reactors. Cesium-

operated from 1947 until 1961. Metals 137 and strontium-90 are primary contaminants associated 

and organic chemicals, including with the leach fields, and strontium-90 has historically 

mercury and DDT, were contaminants been detected in alluvial qroundwater monitorinq wells 
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identified at the outfalls. Outfalls from down canyon of the site. 

WormerTA-1 and formerTA-45. TA-45 

iwas the site of the first radioactive liquid TA-41 was used for weapons development and long-term 

waste treatment facility. TA-1 outfalls studies of weapon subsystems. The primary contaminant 

into Acid Canyon were not treated. sources are a septic system and a sewage treatment 

tThese outfalls were the most significant plant. Initial data from these SWMUs indicate 

!Sources of radionuclide and other radionuclides at levels above background, but 

contamination in Acid and Pueblo characterization ofTA-41 is incomplete. TA-21 was the 

Canyons. Plutonium-239,-240 is the site of a plutonium processing plant and polonium and 

primary contaminant, although other ritium research laboratories. Outfalls were the primary 

radionuclides, metals, and some isource of radionuclide contaminants in DP and upper Los 

organic chemicals are also present. V\lamos Canyons. Radionuclides, particularly cesium-137, 

and strontium-90, are the primary contaminants 

kJischarged from this outfall. 

ITA-53 includes a proton accelerator and associated 

~xperimental and support buildings used for research with 

subatomic particles; it is the current site of the Los Alamos 

Neutron Science Center (LANSCE). The accelerator 

became fully operational in 1974. Occasional releases 

occurred from three surface impoundments at the east end 

ofTA-53, referred to as consolidated SWMU 53-002(a)-99, 

!Which have contributed contamination to an unnamed 

ributary drainage to Los Alamos Canyon. The 

impoundments received sanitary, radioactive, and 

industrial wastewater from various TA-53 buildings as well 

as septic tank sludge from other Laboratory buildings. The 

northern impoundments were active from the early 1970s 

until 1993. The southern impoundment was active from 

1985 until 1998. Inorganic chemicals, organic chemicals, 

and radionuclide COPCs have been identified at the 
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impoundments and in the drainage. 

SWMU 21-018(a), Material Disposal Area (MDA) V, 

received liquid waste effluent from laundry operations and 

includes three absorption beds on the south side of DP 

Mesa that sometimes overflowed into Los Alamos Canyon. 

Sediment sampling in 1946 documented that plutonium 

'ram this source was entering the main channel in Los 

Alamos. Additional outfalls that discharged off the south 

rim of DP Mesa include SWMUs 21-023(c), 21-024(b), 21-

024(c), 21-024(i), and 21-027(a). 

SWMU 21-029, the DP Tank Farm, was a fuel distribution 

station with aboveground and underground fuel tanks from 

1946 to 1985. Diesel range organic (ORO) and gasoline 

range organic (GRO) hydrocarbon contamination was 

identified at two areas of bedrock seeps in the DP Canyon 

channel and obseNed to periodically form a sheen in 

surface water adjacent to the site. The MDAs at TA-21 are 

not considered to be important from the perspective of 

releases to the canyons. 

References: 

Broxton et al. 1995; Broxton et al. 2001 a; Davis et al. 1996; Gallaher 2000; Glasco 2000; Griggs 1964; Kingsley 1947; Kleinfelder 2004a; Koch et al. 2004; Koch 

and Rogers 2003; LANL 1981; LANL 1991; LANL 1992a; LANL 1992c; LANL 1994b; LANL 1995; LANL 1996; LANL 1998b; LANL 2001 a; LANL 2004a; LANL, 

2004b; LASL 1963; Longmire 2002a; Longmire and Goff 2002; Mayfield et al. 1979; Newman 2003; Purtymun and Rogers 2002; Rogers 1998. 
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Figure 3-A-3. Los Alamos Canyon watershed, including Los Alamos Canyon, Bayo Canyon, Acid Canyon, Pueblo Canyon, and DP 
Canyon. 
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Surface Water Flow Sandia Canyon is located on the plateau within the central part of the Laboratory (Figure 3-A-1, Figure 3-A-4). The canyon 

heads on Laboratory property within TA-3 at an elevation of approximately 7300 ft and trends east-southeast across the 

Laboratory, Bandelier National Monument, and San Ildefonso Pueblo land, and reaches the Rio Grande in White Rock 

Canyon at an elevation of 5450 ft. Sandia Canyon has a relatively small total drainage area of about 5.5 mi2. 

Surface water occurs in Sandia Canyon as ephemeral runoff from precipitation and as NPDES-permitted effluent 

discharge from the Laboratory sanitary wastewater sewage treatment plant and the TA-3 power plant. On a volume basis, 

baseflow in Sandia Canyon represents one of the largest potential non-natural groundwater recharge sources at the 

Laboratory. The NP DES outfalls support perennial and intermittent flow within the upper 2.5 miles of the canyon, and a 

wetland has developed because of the artificial flows. The lower 9.5 miles of channel is ephemeral. 

Quality Surface water quality reflects sewage effluent with nitrate, chloride, and metals slightly above background by 

approximately 2 to 5 times. Stream sediments contain PCBs and they are detected in surface water at low levels. 

Springs Name Sandia Spring discharges about 1 gpm approximately 0.5 mile from the Rio Grande. 

Quality Contaminant levels are at detection or background levels. 

Alluvial Extent Little is known about the occurrence of alluvial groundwater in Sandia Canyon. Most likely, infiltration of surface water 

Groundwater creates a saturated zone of seasonally variable extent within the alluvium in the upper reach of the canyon. However, the 

extent and thickness of alluvial groundwater has not been characterized. Two wells were installed in 1990 to look for 

alluvial groundwater near the eastern Laboratory boundary as part of the HSWA permit special conditions. Both wells, 

SC0-1 and SC0-2, were dry at the time of installation. Periodic attempts to sample these wells as part of the Laboratory's 

annual environmental surveillance activities have found no water in the wells. 

Depth/Thickness See above. 

Quality NA 
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Intermediate Extent/Hydrology An intermediate perched zone was found within basalts near SR-4. 

Groundwater Depth/Thickness The perched zone is at about 440 ft in well R-12. 

Quality The perched zone has tritium above background (60 to 160 pCi/L). In the borehole for R-11, nitrate (as nitrogen) was 

above background, at about 4.9 mg/L of nitrate (as nitrogen) at a depth of 443 ft bgs. 

Regional Aquifer Depth/Hydrology The regional aquifer lies at about 800 ft depth below Sandia Canyon near SR-4. 

Quality Tritium in well R-12 is about 45 pCi/L, and is above background. Concentrations of nitrate (as nitrogen) were 0.5 ppm at 

the regional water table during drilling. Characterization well R-11 west of supply PM-3 contained 12.8 pCi/L of tritium and 
4.91 ppm of nitrate (as nitrogen), indicating that this well has experienced recent recharge. The o15Nair of nitrate values 

were +0.5 and +0.7% for the sample, which suggests that nitrate has not undergone fractionation, and the two values are 

very consistent with that of nitrate derived from neutralized nitric acid. The most likely source of this unique nitrate at well 

R-11 is Mortandad Canyon, which has a long history of discharges containing nitrate derived from neutralized nitric acid. 

Contaminants Potential Sources Potential Release Sites (PRS) within the watershed are located at TAs-3, -53, -60, -61, -72, and former TA-20. The 

Laboratory started use of Sandia Canyon lands during the 1940s. The Laboratory's primary use of Sandia Canyon has 

been for liquid waste disposal from industrial and sanitary systems, particularly the treated effluents from the TA-46 

Sewage Treatment Plant and cooling tower blowdown from the TA-3 power plant. Other sources include discharges from 

the TA-53 accelerator, the protective force small arms live firing range at TA-72, and a small high explosives firing site 

near TA-3 (former TA-20). 

Type Nitrate, perchlorate, chromium, copper, PCBs in sediments, HE compounds, tritium, isotopes of uranium and plutonium, 

lead in surface soils. 

References: 

Broxton et al. 2001 b; Kleinfelder 2004c; LANL 1996; Longmire 2002c; Purtymun and Stoker 1990. 
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Figure 3-A-4. Sandia Canyon watershed. 
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Mortandad Canyon Watershed Description 

Hydrogeologic Characteristic Mortandad Canyon Caiiada del Buey 
Element 

Surface Water Flow Mortandad Canyon is an east to southeast trending canyon Canada del Buey has a drainage area of 4.2 square 

that heads on the Pajarito Plateau near the main Laboratory miles and within the Laboratory boundary, it is ephemeral 

complex at TA-3 at an elevation of 7380 ft above sea level in character, based on flow data from three gages: E218 

(Figure 3-A-1, Figure 3-A-5). The drainage extends about 9.6 (Canada del Buey near TA-46), E230 (Canada del Buey 

mi from the headwaters to its confluence with the Rio Grande above SR-4), and E225 (Canada del Buey near MDA G). 

at an elevation of 5440 ft asl covering an area of 5 square In the period from 1995 to 2002, the number of days of 

miles. The canyon crosses San Ildefonso Pueblo land for flow per year ranged from 38 at the gage near TA-46 to 

several miles before joining the Rio Grande. Tributary zero near MDA G. East of LANL in White Rock, Canada 

canyons to the Mortandad Canyon drainage include Effluent del Buey has effluent-supported flow from the Los 

Canyon, Ten Site Canyon, Cedro Canyon, and Canada del Alamos County sewage treatment plant, which 

Buey. discharges into Canada del Buey about 2 mi upstream of 

its confluence with Mortandad Canyon and results in 

Surface water in Mortandad Canyon is ephemeral; however, effluent-supported surface flow that regularly extends to 

there are two segments that are effluent-dependent. The the Rio Grande. 

ephemeral segments flow only in response to precipitation. 

Historical Environmental Surveillance Program (ESP) data 

indicate that persistent surface flow occurs in the effluent-

dependent segments at the surface water stations down 

canyon from the Radioactive Liquid Waste Treatment Facility 

(RLWTF) outfall (measured at gage E200, Mortandad below 

Effluent Canyon) and the Los Alamos County sewage 

treatment plant outfall in White Rock. 

Quality Historically, the following constituents have been detected in Operational NPDES-permitted outfalls associated with 

Mortandad .canyon surface water at significant levels relative Canada del Buey include: 13S associated with the TA-46 

to standards: americium-241, plutonium-238 and plutonium- SWSC Plant (effluent is sampled at 13S but not 

239, -240, strontium-90, tritium, nitrate, perchlorate, and discharged; all SWSC effluent is routed to TA-3); and 

fluoride. 04A-118 associated with water supply well Pajarito Mesa 

#4. 
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Table 3-A-4. 
Mortandad Canyon Watershed Description (continued) 

Hydrogeologic Characteristic Mortandad Canyon Canada del Buey 
Element 

Springs Name No springs are present in Mortandad Canyon. However, some No springs are present in Canada del Buey. 

wetland areas occur in Pratt Canyon and occur locally 

downstream. 

Quality See above. See above. 

Alluvial Extent The extent, quality, and flow of alluvial groundwater in Canada del Buey contains a shallow perched alluvial 

Groundwater Mortandad Canyon is known from years of investigations. groundwater system of limited extent, and only two 

Major recharge to the alluvium occurs from effluent released observation wells here have ever contained water. 

in the upper canyon. The alluvial groundwater extends about Purtymun (1995) suggested that the primary source of 

2 mi downstream from the TA-50 outfall. the alluvial water is purge water from supply well PM-4, 

although storm water and snowmelt runoff augment the 

alluvial groundwater. However, the presence of water in 

the alluvium does not correspond to releases from the 

water supply wells. 

DepthfThickness The saturated portion of the Mortandad Canyon alluvium is See above. 

generally less than 10 feet thick and there is considerable 

variation in saturated thickness depending on the amount of 

precipitation and runoff in any particular year. Groundwater 

flow velocity in the alluvium varies from about 60 fl/day in the 

upper canyon to about 7 fl/day in the lower canyon and has 

been estimated to be 30 to 40 ft/day between MC0-5 and 

MC0-8.2. 

Quality Historically, the following constituents have been detected in Some alluvial groundwater samples have contained high 

alluvial groundwater in Mortandad Canyon at significant levels levels of gross alpha and gross beta, but have no regular 

relative to standards: americium-241; plutonium-238 and detection of any measured radioisotopes. 

plutonium-239, -240; strontium-90; tritium; nitrate; perchlorate; 

and fluoride. Nitrate (as N) concentrations in alluvial 

groundwater have generally reflected the concentration in 

RLWTF effluent. The nitrate concentration in the effluent 

decreased in 1999 due to improved treatment in the RLWTF, 
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Table 3-A-4. 
Mortandad Canyon Watershed Description (continued) 

Hydrogeologic Characteristic Mortandad Canyon Canada del Buey 
Element 

and alluvial groundwater concentrations have fallen below the 

NM groundwater standard of 10 mg/L as a result. 

Perchlorate measurements are available since about 2000. 

The RLWfF started operating a system for removing 

perchlorate from the plant effluent on March 26, 2002. Prior to 

removal, perchlorate was measured in RLWfF effluent at an 

annual average concentration of 169 ppb in 2001; it has not 

been detected above 4 ppb since. Alluvial groundwater 

concentrations have fallen rapidly due to effluent 

improvement. 

During the last 10 years, tritium has been found above the 

20,000 pCi/L EPA MCL at the Laboratory only in alluvial 

groundwater in Mortandad Canyon. At the end of 2000, the 

RLWfF adopted a voluntary goal of having tritium activity in 

its effluent below 20,000 pCi/L, and tritium activity in the 

effluent dropped below that in 2001 and was 10,400 pCi/L in 

2003. Tritium activity in alluvial groundwater downstream has 

dropped correspondingly with a maximum value of 8,770 

pCi/L in 2003. 

The discharge from the RLWfF into Mortandad Canyon 

creates a localized area of alluvial groundwater where 

strontium-90 persists at activities above the 8-pCi/L EPA 

drinking-water MCL. The radionuclides plutonium-238; 

plutonium-239, -240; and americium-241 are also present 

above the 4-mrem DOE DCG for drinking water. 

Intermediate Extent/Hydrology Perched groundwater was encountered during drilling of R-15 No intermediate perched groundwater has been found in 

Groundwater and MCOBT-4.4 in different stratigraphic zones within the wells drilled near Canada del Buey. These wells include 
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Table 3-A-4. 
Mortandad Canyon Watershed Description (continued) 

Hydrogeologic Characteristic Mortandad Canyon Canada def Buey 
Element 

Cerros def Rio basalt. The lateral extent of these intermediate PM-4, R-21, and R-22, as well as numerous wells drilled 

depth perched zones is unknown. to investigate conditions beneath MDA L and MDA G. 

Depth!fhickness Intermediate perched groundwater was found at MCOBT -4.4, See above. 

where a single screen was set in a perched zone within the 

upper Puye Formation/Cerros def Rio basalt at a depth of 524 

ft below ground surface (bgs). In R-15, perched groundwater 

was encountered at a depth of 646 ft bgs in the lower portion 

of the Cerros def Rio basalt. 

Quality Measurements from core samples in several wells indicate See above. 

that there is a large inventory of perchlorate and nitrate in 

the unsaturated Bandelier Tuff, extending to distances of 

400 feet below the floor of Mortandad Canyon. Preliminary 

estimates suggest there is 415 to 1250 kg of perchlorate in 

the upper 300 ft of the vadose zone. Analytical results from 

groundwater samples collected from MCOBT -4.4 showed 

12,797 pCi/L tritium, 13.2 mg/L nitrate plus nitrite (as N), and 

142 ppb perchlorate. Perched groundwater encountered 

during the drilling of R-15 contained 3770 pCi/L tritium and 

12 ppb perchlorate. 

Five additional intermediate-depth wells have been drilled 

and groundwater samples collected from the boreholes near 

the sediment traps. They contained nitrate, perchlorate, and 

tritium at concentrations similar to, but less than, those 

measured at well MCOBT -4.4. 

Regional Aquifer Depth/Hydrology The regional water table occurs within the Puye Formation in Regional aquifer conditions for Canada def Buey are 

the four wells that encounter the regional aquifer in the covered in the column for f\/lortandad Canyon and the 

Mortandad Canyon watershed. In Ten Site Canyon, table for Pajarito Canyon. 

approximately 3700 ft west of the confluence with Mortandad 

Canyon, the regional aquifer was encountered at a depth of 
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Table 3-A-4. 
Mortandad Canyon Watershed Description (continued) 

Hydrogeologic Characteristic Mortandad Canyon Canada def Buey 
Element 

1182 ft in well R-14. In Test Well 8 the regional aquifer occurs 

at a depth of 994 ft. The regional aquifer was encountered at 

a depth of 964 ft in R-15, located in Mortandad Canyon 

approximately 2000 ft east of the confluence with Ten Site 

Canyon. In well R-13, located approximately 5800 feet ESE of 

R-15, the regional aquifer was encountered at a depth of 833 

ft. Well R-28 lies between R-15 and R-13 and the regional 

water table occurs at 889 ft. Flow in the regional aquifer is 

generally west to east; some deviation may be present due to 

pumping in the Pajarito Mesa well field. Average flow velocity 

for the regional aquifer in the vicinity of Mortandad Canyon is 

estimated to be about 95 ft/yr. 

Quality Wells R-13 and R-14 have not shown contamination in the Well R-21 contained 0.42 pCi/L of tritium and 0.299 µg/L 

regional aquifer from samples collected during drilling and/or of perchlorate (using liquid chromatography/mass 

subsequent characterization. Regional aquifer well R-15 spectrometry. Well R-21 is not impacted from Laboratory 

contained 2.4 mg/L nitrate (as N), 18 pCi/L tritium, and up to discharges. 

4.2 ppb perchlorate in groundwater sampled at a depth of 

1019 ft bgs. Well R-28 contains 7.2 mg/L of nitrate (as N) in a 

borehole sample, and 114 pCi/L of tritium. 

Contaminants Potential Sources The source of contaminants to Mortandad Canyon has been Canada del Buey is bordered on the south by Material . 

from two liquid waste treatment plants. One is the NPDES- Disposal Areas G and Lat TA-54. 

permitted outfall from the TA-50 Radioactive Liquid Waste 

Treatment Facility. It has been used to treat liquid radioactive 

waste from Laboratory operations from 1963 to the present. A 

second radioactive wastewater treatment plant at TA-35 

treated wastes from reactor experiments from 1951 to 1963. It 

did not operate well, and large volumes of wastewater were 

released into Ten Site Canyon. 

Other mesa-top sites that could impact Mortandad Canyon 
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Table 3-A-4. 
Mortandad Canyon Watershed Description (continued) 

Hydrogeologic Characteristic Mortandad Canyon Canada del Buey 
Element 

include MDA C near TA-50 and three waste oil surface 

impoundments at TA-35 closed in 1989. More information 

about the history of these sites and planned investigations 

can be found in the RFI Work Plans for OU 1129 and OU 

1147. 

Type The effluents discharged from TA-3, TA-35, TA-48, and TA-50 Past discharges included accidental releases from 

have contained a variety of contaminants, including nitrate, experimental reactors and laboratories at TA-46. The Los 

perchlorate, tritium, cesium-137, strontium-90, americium- Alamos County sewage treatment plant contributes flow 

241, and several isotopes of uranium and plutonium. to the lower portion of Canada del Buey. 

References: 

Baltz et al. 1963; Broxton et al. 2002; Kleinfelder 2004d; LANL 1992b; LANL 1992h; LANL 1997; LANL 2000a; LANL 2001a; LANL 2002; LANL, 2003a; Longmire 

et al. 2001 a; Newman 2003; Purtymun et al. 1983; Purtymun 1995. 
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Table 3-A-5. 
Pajarito Canyon Watershed Description 

Hydrogeologic Characteristic Description 
Element 

Flow Pajarito Canyon is located on the Pajarito Plateau in the central part of the Laboratory (Figure 3-A-1; Figure 3-A-6). The 

canyon heads in the Santa Fe National Forest west of the Laboratory boundary at an elevation of approximately 10,434 ft 

and trends east-southeast across the Laboratory and Los Alamos County. It empties into the Rio Grande in White Rock 

Canyon at an elevation of 5422 ft. The drainage area of the Pajarito Canyon watershed is about 12 square miles. 

Surface water occurs in Pajarito Canyon mostly as intermittent flow. Short reaches of perennial flow occur downstream of 

spring discharges in Starmers Gulch and below Spring 4A in White Rock Canyon. Surface water flow is ephemeral in 

Surface Water central Pajarito Canyon between the confluences with Twomile and Threemile Canyons. Flow is also ephemeral through 

White Rock. In Twomile Canyon, flow is ephemeral west of TA-3 and is possibly intermittent from TA-3 to the confluence 

with Pajarito Canyon. Three-mile Canyon is ephemeral except for a possible intermittent reach supported by springs 

above the confluence of Three-mile and Pajarito Canyons. 

Quality High explosive compounds and metals have been detected in surface water in upper and middle Pajarito Canyon. There 

are no surface water chemistry results for Twomile Canyon except for a small tributary near building SM-30 in TA-3. 

Samples from the tributary show elevated arsenic and mercury in nonfiltered samples. ROX, SVOCs, and pesticides have 

been detected in a surface water sample in Threemile Canyon. 

Name Short reaches of perennial flow occur down stream of spring discharges in Starmers Gulch and below Spring 4A in White 

Rock Canyon. In the western portion of Pajarito Canyon, springs discharge from canyon slopes above the alluvium. The 

probable source of these springs is groundwater perched within the upper part of the Tshirege Member of the Bandelier 

Tuff. Typical discharge rates are approximately 1 to 15 gallons per minute. Springs include PC, Homestead, Upper 

Springs Starmer, Charlies, Garvey, Perkins, Starmer, Josie, Keiling, and Bulldog Springs. 

Springs issue from the canyon floor of upperTwomile Canyon in TA-3 and TA-58. These springs include Hanlon, 

Anderson, SM-30, SM-30A, and TW-1.72 Springs. There are two springs in the floor ofThreemile Canyon (Threemile and 

TA-18 Springs). 
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Table 3-A-5. 
Pajarito Canyon Watershed Description (continued) 

Hydrogeologic Characteristic Description 
Element 

Quality HE compounds have been detected in spring water at TA-8 and TA-9. There are no screening data for springs in Twomile 

Canyon. HE compounds have been detected in Threemile Canyon. 

Extent There are no alluvial wells in Pajarito Canyon upstream ofTA-18. Therefore, information about the nature and extent of 

alluvial groundwater is limited. Most likely, infiltration of surface water creates a continuous saturated zone within the 

alluvium that extends from the Pajarito fault zone across the Laboratory to White Rock. 

Alluvial wells have been installed between TA-18 and state road NM4, which demonstrate the presence of alluvial 

groundwater in this part of Pajarito Canyon. The drilling of seven test holes in 1985 showed that the saturation in lower 

Pajarito Canyon does not extend laterally under Mesita del Buey near MDAs G and L. Three of the alluvial test holes were 

completed as groundwater monitoring wells (PC0-1, -2, -3). An additional 20 alluvial wells were installed between 1990 

and 1998 by the Environmental Restoration Project as part of the RFI for TA-18. There are no alluvial wells in Twomile 

Canyon and the extent of alluvial groundwater, if present, is unknown. 

Alluvial There are no alluvial wells in Twomile Canyon and the extent of alluvial groundwater, if present, is unknown. Alluvial 
Groundwater groundwater has been documented in lowerThreemile Canyon at 18-BG-1 and 18-MW-8. 

Depth/Thickness Wells PC0-1, -2, and -3 are probably representative of alluvial groundwater between TA-18 and state road NM-4: When 

installed during 1985, depth to water was 1.3 ft in PC0-1, 6.3 ft in PC0-2, and 3.1 ft in PC0-3. Assuming continuous 

saturation in the alluvium, the saturated thickness is about 9.7 ft in PC0-1, 2.7 ft in PC0-2, and 8.9 ft in PC0-3. The 

saturated thickness and presence of water in these wells vary seasonally. Due to drought, these wells have had little water 

since 2000. At well 18-BG-4 in Threemile Canyon, the water level was 2.5 ft bgs. 

Quality Data indicate the presence of metals, radionuclides, high explosives, VOCs, and anions in alluvial groundwater. Except for 

VOCs and some radionuclides in wells near TA-18, occurrence of these constituents is irregular and at low levels. There 

are no water quality data for alluvial groundwater in Twomile Canyon. Alluvial groundwater has been documented in lower 

Threemile Canyon at 18-BG-1 and 18-MW-8. In lower Threemile Canyon ROX and VOCs have been detected in 18-MW-

8. 

Extent/Hydrology Intermediate perched water is likely to occur beneath Pajarito Canyon, but knowledge of its extent and quality is 
Intermediate incomplete. No water quality data for perched intermediate systems are available with current wells. Perched water was 
Groundwater suggested during the drilling of PM-2 and SHB-4 in the vicinity ofTA-18. At PM-2, a "show of water at 335 ft" was noted in 

the Otowi Member of the Bandelier Tuff during the cable-tool drilling. In SHB-4, the core tube and core from the top of the 
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Table 3-A-5. 
Pajarito Canyon Watershed Description (continued) 

Hydrogeologic Characteristic Description 
Element 

Otowi Member from about 125 ft to 145 ft came out of the hole wet. 

Test Holes 5 and 6 were drilled in 1950 to investigate perched groundwater in Pajarito Canyon south ofTA-54. Test Hole 

5 was drilled through the Bandelier Tuff and into basalts at a total depth of 263 ft. Test Hole 6 was also drilled through the 

tuft and into basalts to a total depth of 300 ft. These dry test holes indicate that perched water does not occur in the upper 

part of the vadose zone in this part of the canyon. 

Between 2000 and 2002 regional wells R-20, R-22, R-23, and R-32 were installed in lower Pajarito Canyon. Perched 

intermediate water was not identified during the drilling of wells R-20, R-22, and R-32. At R-23, near the eastern 

Laboratory boundary, there were indications that perched intermediate water may be present in Cerros del Rio basalt. 

However, R-23 is only screened in the regional aquifer. 

In Twomile Canyon, well 03-MW-1 is a 28-ft-deep mesa top well that samples shallow intermediate perched water near 

building SM-30 at TA-3. A thin zone of saturation occurs in the upper Tshirege Member. Characterization well R-19, 

located on the mesa south of Threemile Canyon, had indications of possible perched water at depths of 834 to 840 ft and 

894 to 912 ft. Both zones were screened in the completed well, but only the 894 to 912 ft interval (screen 2) in the Puye 

Formation yields water. 

Depth/Thickness See above. 

Quality Characterization sampling for 03-MW-1 found elevated concentrations of Hg, tritium, and VOCs. A RFI Work Plan is being 

prepared to determine the extent of this perched zone. Four rounds of characterization sampling for R-19 indicate there 

are no' impacts to the intermediate perched water from Laboratory operations. Less than detection activities of tritium 

indicate that groundwater in the perched zone pre-dates atmospheric nuclear testing. 

Depth/Hydrology Water-level maps indicate that in the vicinity of Pajarito Canyon the general direction of groundwater flow in the regional 

aquifer is east to southeast. Depth to the regional aquifer is known in Pajarito Canyon at supply well PM-2 and in 

characterization wells R-20, R-22, R-23, and R-32. The nonpumping water level for PM-2 in 2001 was at a depth of 855 ft. 

Regional Aquifer 
In 2002, the regional water table was at a depth of 826 ft in R-20, 890 ft in R-22, 828 ft in R-23, and 776 ft in R-32. R-23 is 

r 
completed with a single well screen, R-20 and R-32 have three well screens, and R-22 has five well screens. The regional 

aquifer probably discharges at Spring 4A and other springs along White Rock Canyon. 

There are no regional aquifer wells associated with Two mile Canyon. Well R-19 is located on the mesa south of Threemile 
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Table 3-A-5. 
Pajarito Canyon Watershed Description .(continued) 

Hydrogeologic Characteristic Description 
Element 

Canyon. It is down gradient from firing site IJ in TA-36 and is up gradient of TA-18. In addition to two screens in the 

vadose zone (described above), R-19 has five screens in the regional aquifer. 

Quality Water quality of the regional aquifer beneath eastern Pajarito Canyon shows little, if any, impacts from LANL operations. 

Four rounds of characterization sampling at R-22 yielded possible detects of Tc-99 in the first sampling round for screens 

3 and 4, but it was not detected in any of the screens during subsequent sampling rounds. Tritium was detected above 

background (~1 pCi/L) in screen 2 (76.6 pCi/L) during the first sampling round, but was at background for subsequent 

sampling rounds. Tritium activities in screen 5 were slightly elevated relative to background in the four characterization 

sampling rounds (3.5 to 18.5 pCi/L). Surveillance sampling of PM-2 shows the groundwater meets regulatory standards. 

Wells R-20 and R-32 contained low levels of tritium less than 3 pCi/L (1.98 pCi/L of tritium for well R-20 and 2.84 pCi/L for 

well R-32). Followup sampling at well R-32 did not confirm the presence of low-level tritium. Low-level perchlorate was not 

detected at well R-20 and was detected at wells R-23 (0.21 to 0.41 µg/L) and well R-32 (0.21 to 0.29 µg/L). Results for 

both low-level tritium and low-level perchlorate for these three wells suggest that the regional aquifer is not significantly 

impacted from Laboratory discharges. The dominant fraction of groundwater in the regional aquifer is greater than 61 

years of age, based on the non-detectable tritium. 

Four rounds of characterization sampling at R-19 indicate there are no impacts to the regional groundwater from 

Laboratory operations. Less than detection activity of tritium at R-19 indicate that the regional groundwater pre-dates 

nuclear testing. 

Potential Sources The primary Laboratory use of Pajarito Canyon watershed has been as the canyon-bottom location for the Los Alamos 

Critical Experiments Facility (LACEF) at TA-18 and for mesa-top surface and subsurface material disposal areas (MDAs) F 

atTA-6, Q atTA-8, MDA M atTA-9, and MDAs G, H, J, and L atTA-54. Runoff from firing sites in TA-15 and TA-36 may 

Contaminants also be a contaminant source. A detailed description and data summary for Pajarito Canyon potential contaminants is 

contained within the work plan for Pajarito Canyon. 

Type Pajarito Canyon: metals, radionuclides, HE compounds, VOCs, anions; Twomile Canyon: mercury, tritium, VOCs; 

Threemile Canyon: HE compounds, VOCs. 

References: 

Broxton et al. 2001 c; Cooper et al. 1965; Devaurs 1985; Devaurs and Purtymun 1985; Gardner et al. 1993; Griggs 1955; Griggs 1964; LANL 1998a; LANL 2000b; 

Longmire 2002d; Longmire 2002e; Purtymun 1995. 
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Figure 3-A-6. Pajarito Canyon watershed. 
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Table 3-A-6. 
Water Canyon Watershed Description 

Hydrogeologic Characteristic Water Canyon Canon de Valle Potrillo and Fence Canyons 
Element 

Surface Water Flow The Water Canyon drainage area is Calion de Valle has a drainage area The drainage area of Potrillo Canyon and 
about 6 square miles. Surface water of 4 square miles and surface water Fence Canyon together is about 4.5 
flow in upper Water Canyon is is perennial from Burning Ground square miles and the surface water flow is 
perennial from SR 501 to the eastern spring to gage E256 (Calion de Valle entirely ephemeral. 
edge of TA-28 (Figure 3-A-1, Figure 3- below MDA P). Intermittent surface 
A-7). Intermittent surface water occurs water occurs from natural and 
in upper Water Canyon (gage E252, anthropogenic sources to gage E262 
Water above SR-501 ), primarily in the (Calion de Valle above Water) Figure 
spring. In middle Water Canyon, flow is 3-A-1, Figure 3-A-7). 
ephemeral at gage station E265.2 
(Water below SR-4). Lower Water 
Canyon is ephemeral. 
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Table 3-A-6. 
Water Canyon Watershed Description (continued) 

Hydrogeologic Characteristic Water Canyon Cation de Valle Potrillo and Fence Canyons 
Element 

Quality Except for flow from the Water Canyon Surface water concentrations of See above. 
Gallery, no surface water quality data barium are 2-3 mg/L and 
are available for upper Water Canyon. concentrations of ROX are more than 
In middle Water Canyon, surface water 100 µg/L or ppb. 
chemistry results show contaminant 
levels are at detection or background 
levels. In lower Water Canyon, uranium 
is significantly greater than background 
in surface water (>10 ppb) near the 
firing sites, yet no significant elevation 
in concentration is seen at State 
Road 4. 

Springs Name Water Canyon Gallery is a spring that Several springs issue from the There are no springs in Petrillo Canyon or 
issues from the Bandelier Tuff west of Bandelier Tuff in the upper reaches of Fence Canyon. 
LANL in Water Canyon. Spring 5A is in Canon de Valle: Armistead Spring, 
lower Water Canyon. American Spring (west of LANL) and 

SWSC, Burning Ground, Martin, and 
Hollow Springs, and others (in LANL). 
Note that Martin Spring actually flows 
into Water Canyon. It is included here 
because of its close location to the 
Canon de Valle springs, and similar 
contaminant constituents. 

Quality Water quality data indicate that For the on site springs, chloride, See above. 
concentrations of constituents are sodium, manganese, nitrate, barium, 
consistent with other springs within the boron, HE compounds, and solvents 
Sierra de los Valles. are at concentrations above 

background. As in the alluvial system, 
the main contaminants of concern are 
HE compounds and barium. HMX, 
RDX, and TNT concentrations range 
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Table 3-A-6. 
Water Canyon Watershed Description (continued) 

Hydrogeologic Characteristic Water Canyon Canon de Valle Potrillo and Fence Canyons 
Element 

up to 32, 330, and 3 µg/L, 
respectively. Barium concentrations 
range up to 1310 µg/L. Martin and 
Fish ladder canyons are above 6.1 
ppb ROX as well. 

Alluvial Extent In upper Water Canyon, some alluvial A thin (typically <10 ft thick) alluvial In Potrillo Canyon, there is one known 
Groundwater groundwater is likely to occur near the system in Canon de Valle near occurrence of alluvial groundwater in 

headwaters. The occurrence and SWSC and Burning Ground Springs moisture access hole POTM-2. Several 
duration of alluvial groundwater likely has perennial saturation. However, other boreholes have been drilled near 
decreases down canyon, given limited alluvial saturation does not extend to this area to define the extent of the 
addition of water, lack of springs and the confluence with Water Canyon. groundwater found in POTM-2 but all are 
seeps, and rare discharge from The down-canyon extent of saturation dry. 
tributary canyons. Alluvial groundwater is highly variable and fluctuates 
in Martin Canyon (a small tributary depending on weather conditions. In Fence Canyon, no occurrences of 
canyon to Water Canyon) is Saturation is also restricted by the alluvial groundwater have been 
intermittent. In middle Water Canyon, limited extent of alluvium in the documented. However, only one well was 
alluvial groundwater is present in canyon. Six alluvial wells are used for installed, well FC0-1, located near State 
WCM-1 and WCM-2, but no water is water level monitoring and for alluvial Road 4. Based on physiography, no 
present in WC0-1, WC0-2, and WCO- water sampling. alluvial groundwater is expected at that 
3. The downstream extent of alluvial location. 
groundwater may be between the 
WCM-2 and WC0-1. 

Depth/Thickness The alluvium is typically less than 10 ft See above. See above. 
thick. 

Quality Groundwater quality in Martin Canyon Groundwater quality shows primarily See above. 
shows primarily barium and high barium and HE compounds including 
explosives as contaminants but also HMX, ROX, and TNT as 
nitrate, many metals and organics, contaminants. HMX, ROX, and TNT 
including values above WQCC concentrations have been measured 
standards. up to 610, 759, and 46 µg/L, 

respectively. High explosive 
degradation products and perchlorate 
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Table 3-A-6. 
Water Canyon Watershed Description (continued) 

Hydrogeologic Characteristic Water Canyon Calion de Valle Potrillo and Fence Canyons 
Element 

have also been detected. Barium 
concentrations range up to 
18,000 µg/L. 

Intermediate Extent/Hydrology No perched water was encountered in At depths of a few hundred feet, No perched zones are known in the area 

Groundwater any of the holes and all holes have trC!nsient zones of perched saturation of these canyons, although little drilling 
remained dry with the exception of core within the Bandelier Tuff have been has been done. 
hole CH-2. DT-5, DT-5P, and four core identified in two boreholes beneath 
holes (CH-1, CH-2, CH-3, and CH-4) the TA-16 mesa between Water 
were drilled to depths of 300 to 500 ft Canyon and Canon de Valle. These 
at the main experimental area and zones may be related to the perched 
more than 50 experimental holes were water that feeds the numerous Canon 
drilled as deep as 142 ft in Areas 1, 2, de Valle springs. 
2A, 28, 3, and 4 from 1959 to 1961. 
CH-2 may have an undetected natural 
perched zone; however, this seems 
unlikely because this recharge pathway 
apparently developed more than a 
decade afterthe hole was completed. 

Depth/Thickness See above. Wells R-25 and SHB-3 encountered a See above. 
thick perched zone in the lower Otowi 
and upper Puye that apparently 
extends beneath a large portion of 
the mesa; at R-25 the perched zone 
extends in depth from 711 to 1132 ft. 
The lateral extent of this perched 
zone has not been determined, 
however. 

Quality See above. The transient saturation contains HE See above. 
and barium contamination and 
appears to be from former and active 
HE waste water lagoons on the mesa 
top rather than to the building 260 
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Table 3-A-6. 
Water Canyon Watershed Description (continued) 

Hydrogeologic Characteristic Water Canyon Calion de Valle Petrillo and Fence Canyons 
Element 

outfall. HMX, ROX, and TNT 
concentrations range up to 21, 2 490, 
and 1.3 µg/L, respectively. Barium 
concentrations range up to 
1790 µg/L. 

High explosive compounds (for 

example, 84 µg/L RDX), HE 
degradation intermediates (2-amino-
4,6-dinitro-toluene and 4-amino-2,6-
dinitrotoluene), chlorinated solvents, 
and boron were detected in the 
perched zone at R-25.The tritium 
activity in this well is up to 140 pCi/L 

in the intermediate perched zone, 
indicating a component of recharge 
within the last 50 years. 

The unsaturated soils and luff that 
make up the TA-16 mesa, and the 
alluvial sediments and soils of Cari on 
de Valle and Martin Canyon contain 
variable and localized inventories of 
HE and barium. Core holes in the 
vicinity of the 260 outfall in particular 
show detections of these 
contaminants in the upper few 
hundred feet of the vadose zone. 

Regional Aquifer Depth/Hydrology Information on the regional aquifer near Well R-25 encountered the regional By projecting depths from water supply 
Water Canyon is discussed in the table aquifer at 1286 ft. well PM-2, the regional aquifer lies 730 ft 

for Ancho Canyon. below the bottom of Potrillo Canyon and 
620 ft below the bottom of Fence Canyon. 

Quality See above. High explosives were detected in R- See above. 
25 although this may have been from 
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Table 3-A-6. 
Water Canyon Watershed Description (continued) 

Hydrogeologic Characteristic Water Canyon Canon de Valle Potrillo and Fence Canyons 
Element 

cross contamination from the upper 
saturated zone above, which 
occurred during drilling (Longmire 
2005). High explosives 
concentrations are decreasing in the 
regional aquifer samples with time, 
while they are remaining relatively 
constant in the upper saturated zone. 
Tritium activity has decreased during 
sampling, remaining above 2 pCi/L, 
suggesting a component of recharge 
in the past 61 years. 
Well R-18 located north of well R-25 
contained less than -0.32 pCi/L of 
tritium, less than 0.001 ppm of 
perchlorate, and concentrations of HE 
compounds and degradation 
intermediates were less than 
detection (0.48 to 1.5 µg/L method 
detection limit). Well R-18 has not 
experienced recharges within the 
past 61 years and the well is not 
impacted from Laboratory discharges. 

Contaminants Potential Sources In upper Water Canyon, potential In Canon de Valle, potential In Fence Canyon and Potrillo Canyon, 
contaminant sources include TA-11, contaminant sources include TA-8, firing sites at TA-36 are potential sources 

TA-15, and TA-16. Potential TA-9, TA-11, TA-14, TA-15, and TA- of contaminants. 
contaminants include HE compounds, 16. 
barium, and solvents. In middle Water 
Canyon, TA-49 is a potential 
contaminant source possibly 
contributing isotopes of uranium and 
plutonium, lead, beryllium, and HE 
compounds such as TNT, ROX, HMX, 
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Table 3-A-6. 
Water Canyon Watershed Description (continued) 

Hydrogeologic Characteristic Water Canyon Cation de Valle Potrillo and Fence Canyons 
Element 

and barium nitrate. For lower Water 
Canyon, TA-14, TA-15, and TA-36 are 
potential sources of high explosives 
such as TNT, nitrocellulose, 
trinitramines (ROX), and pentaerythritol 
tetranitrate (PETN). Metals may also 
be associated with the explosives 
(uranium, barium, beryllium, lithium 
hydride, lead, mercury, copper, and 
zinc). 

Type Soils in several of these operational Potential contaminants include HE TNT, nitrocellulose, trinitramines (RDX), 
areas have high levels of uranium compounds, barium, nitrate, and and PETN. Metals may also be 
contamination. More information for solvents. More information may be associated with the explosives (uranium, 
upper Water Canyon may be found in found in the RFI Work Plan for barium, beryllium, lithium hydride, lead, 
the RFI Work Plan for Operable Unit Operable Unit 1082 and the mercury, copper, and zinc). Soils in 
1082. For middle and lower Water associated RFI reports. several of these operational areas have 
Canyon, additional detail is contained high levels of uranium contamination. 
in the RFI Work Plan for Operable Unit 
1144 and RFI Work Plans for Operable 
Units 1085, 1086, and 1130. 

References: 

LANL 1992f; LANL 1993a; LANL 1993d; LANL 1993e; LANL 1994a; LANL 1998b; LANL 2003b. 
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Figure 3-A-7. Water Canyon watershed including Pajarito Canyon, Canon de Valle, Potrillo Canyon, and Fence Canyon. 
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Table 3-A-7. 
Ancho Canyon Watershed Description 

Hydrogeologic Characteristic Description 
Element 

Surface Water Flow Ancho Canyon lies in the southeastern part of the Laboratory (Figure 3-A-1; Figure 3-A-8) and has a drainage area of 6.7 

square miles. Ancho Canyon heads on the Pajarito Plateau and for the most part has ephemeral flow. The canyon has two 

main branches. Beginning less than a mile above the Rio Grande, flow in Ancho Canyon is perennial, fed by Ancho 

Spring, a regional aquifer spring. 

Quality 

Springs Name Ancho Spring 

Quality Analysis of water at Ancho Spring by the Environmental Surveillance Program indicates occasional presence of HE 

compounds and trace levels of depleted uranium. Because the spring issues from the canyon floor, it is uncertain whether 

these contaminants are being transported by groundwater or if they are being mobilized from sediments in the canyon. 

Ancho Spring is downgradient of explosives testing sites. 

Alluvial Extent Little is known about the presence of alluvial groundwater in Ancho Canyon. Ancho Canyon contains thick alluvium that 

Groundwater could host perched groundwater. 

Depth/Thickness Three boreholes (ASC-15, ASC-16, and ASC-18) drilled by the ER Project encountered 4 ft to 9 ft of saturation in alluvium 

below MDA Y, but no contamination. Several boreholes drilled downgradient of MDA Y did not encounter alluvial 

groundwater, suggesting that the occurrence of alluvial groundwater in this area is limited in extent. 

Quality See above. 

Intermediate ExtenUHydrology No intermediate perched zones have been found beneath Ancho Canyon. ER borehole DMB-1, drilled between building 

Groundwater 69 and the Administrative Area at TA-39, penetrated 119 ft of Bandelier Tuff and 5 ft of Cerros def Rio basalts. No 

intermediate-depth perched water was encountered in this hole, but clay-lined fractures and vesicles in the basalt suggest 

that the periodic passage of groundwater through these rocks may occur. A test hole (TH-7) drilled 10 ft into basalts in 

Ancho Canyon below State Road 4 was dry. The hole was drilled in 1950 and has been plugged. 

Depth/Thickness R-31 was drilled in TA-39 in the north fork of Ancho Canyon. A screen was placed from 439 to 454 ft at a possible perched 

zone, based on water seen in a borehole video. The zone has been dry since and no water samples have been collected 

from it. 
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Table 3-A-7. 
Ancho Canyon Watershed Description (continued) 

Hydrogeologic Characteristic Description 
Element 

Quality See above. 

Regional Aquifer Depth/Hydrology Groundwater flow in the regional aquifer beneath Ancho Canyon is to the east and southeast, towards the Rio Grande. 

The regional aquifer lies at about 1000 to 1170 ft beneath the mesa at TA-49, and is within the Cerros def Rio basalt, the 

underlying Puye Fanglomerate, ''Totavi" gravels, and possibly the Santa Fe Group (Section 2.3.1 ). The regional water 

table, at well R-31 in TA-39, was encountered at about 530 ft within the Cerros def Rio basalt, the underlying Puye 

Fanglomerate, and "Totavi" gravels. 

Quality Three regional aquifer wells at TA-49 have been sampled since the 1960s to monitor for effects of testing at that site. In 

general, no contaminants have been consistently found. High metal concentrations (lead, zinc, iron, manganese) in 

samples are related to metal well casing and fittings. Occasional detections of organic compounds are not supported by 

follow up sampling. Post-drilling water quality sampling has not been completed at well R-31. 

Contaminants Potential Sources Located south of Ancho Canyon on a mesa nearthe Rio Grande, TA-33 was used as a firing site and for production of 

tritium. PRSs include landfills, septic systems, and burn areas. It is situated on a mesa top and is being investigated by the 

ER Project as OU 1122. TA-39 is located on the floor of middle Ancho Canyon, and it was used for open-air testing of high 

explosives. PRSs in this technical area include five firing sites, a number of landfills, and septic systems. The ER Project is 

investigating this technical area as OU 1132. More detailed information about the operational history and the PRSs can be 

found in the RFI Work Plans for OUs 1122 and 1132. 

TA-49 lies on a mesa in the upper part of the Ancho Canyon drainage. TA-49 was used for underground hydronuclear 

testing in the early 1960s. The testing consisted of criticality, equation of state, and calibration experiments involving 

special nuclear materials. The RFI Work Plan for Operable Unit 1144 describes the planned ER investigations that focus 

on identifying and quantifying migration of contaminants from the shafts. 

Type There are large inventories of radioactive and hazardous materials such as isotopes of uranium and plutonium, lead, 

beryllium, TNT, ROX, HMX, and barium nitrate. Much of this material was left in shafts drilled into the mesa top. 

References: 

LANL 1992d; LANL 1992f; LANL 1993b; Purtymun and Stoker 1987. 
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Figure 3-A-8. Ancho Canyon watershed. 
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Table 3-A-8. 
Chaquehui Canyon Watershed Description 

Hydrogeologic Characteristic Description 
Element 

Surface Water Flow Chaquehui Canyon heads on the Pajarito Plateau and has a drainage area of about 2 square miles. It contains an 

ephemeral stream in its upper portion (Figure 3-A-1, Figure 3-A-9). 

Quality 

Springs Name Springs issue from basalts near the Rio Grande in the area of Chaquehui Canyon (Springs BA, 9, 9A, 98, and Doe 

Spring). These springs are located 130-200 ft above the Rio Grande. About 0.5 mile above the Rio Grande, Doe Spring, a 

regional aquifer spring, maintains a short perennial reach. Farther down the drainage, Springs 9, 9A and 98 maintain 

perennial flow that extends 0.25 mile to the Rio Grande. 

Quality 

Alluvial Extent Little is known about the presence of alluvial groundwater in Chaquehui Canyon. Much of Chaquehui Canyon is unlikely to 

Groundwater contain perched alluvial groundwater because most of its course forms a steep narrow drainage through basalts that are 

swept free of alluvium by runoff. Purtymun reported that there was water perched locally in the alluvium but provided no 

basis for this statement. Purtymun probably refers to alluvium downstream of Doe Spring and Springs 9 and 9A. 

Depth!Thickness See above. 

Quality See above. 

Intermediate Extenl/Hyd rology No intermediate groundwater is known in Chaquehui Canyon; however there has been no drilling in the area. 

Groundwater Depth/Thickness See above. 

Quality See above. 

Regional Aquifer Depth/Hydrology The springs may represent discharge from the regional aquifer in White Rock Canyon. Well R-31 in TA-39 (Ancho 

Canyon) found the regional aquifer at about 530 ft within the Cerros del Rio basalt, the underlying Puye Fanglomerate, 

and "Totavi" gravels. 

Quality 

Contaminants Potential Sources Chaquehui Canyon lies south of the mesa occupied by TA-33. TA-33 was used as a firing site and for production of tritium. 

PRSs include landfills, septic systems, and burn areas. TA-33 is situated on a mesa top and is being investigated by the 

ER Project as Operable Unit (OU) 1122. 

Type 

References: 

LANL 1992d; Purtymun and Rogers 2002. 
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Figure 3-A-9. Chaquehui Canyon watershed. 
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Table 3-A-9. 
Frijoles Canyon Watershed Description 

Hydrogeologic Characteristic Description 
Element 

Surface Water Flow Frijoles Canyon lies on US Forest Service and US Park Service lands south of Laboratory land and heads within the 

Sierra de los Valles (Figure 3-A-1; Figure 3-A-10) with a drainage area of about 19 square miles. Rito de los Frijoles is a 

perennial stream that originates in the upper canyon and extends to the Rio Grande. 

Quality The Laboratory has monitored surface water quality at two locations for several decades, one near the park headquarters 

and one just above the Rio Grande. In general, no Laboratory-derived contamination has been observed. The National 

Park Service has monitored surface water quality extensively in Frijoles Canyon. High fecal coliform bacteria counts 

originating from local sanitary sources and horse corrals have been a major issue in surface water quality. 

Springs Name Rito de los Frijoles originates from springs in upper Frijoles Canyon. One regional aquifer spring, Spring 10, discharges at 

the edge of the Rio Grande south of Frijoles stream. The spring has a very low discharge and is difficult to sample 

separately from adjacent river water. 

Quality 

Alluvial Extent No wells have been drilled into the alluvium in Frijoles Canyon. The presence of perennial surface flow suggests a large 

Groundwater extent of alluvial saturation. 

Depth/Thickness The alluvium is probably thin, on the order of 6 m or less. 

Quality See above. 

Intermediate Extent/Hydrology No intermediate groundwater is known to exist in the area of Frijoles Canyon; however no wells have been drilled. 

Groundwater Depth/Thickness See above. 

Quality See above. 

Regional Aquifer Depth/Hydrology No regional aquifer wells are located in Bandelier National Monument. The nearest wells are in Ancho Canyon. 

Quality See above. 

Contaminants Potential Sources Frijoles Canyon lies south of the Laboratory boundary nearthe Rio Grande, but is separated from TA-33 by Chaquehui 

Canyon. Local sanitary sources and horse corrals have been potential source of contamination. 

Type There is a high fecal coliform bacteria count in surface water. 

References: 

Mott 1999; Purtymun and Adams 1980. 
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Table 3-A-10. 
White Rock Canyon Watershed Description 

Hydrogeologic Characteristic Description 
Element 

Surface Water Flow Flow from regional aquifer springs supports perennial surface water flow in several canyons just above where they reach 

the Rio Grande: Sandia, Pajarito, Ancho, and Chaquehui canyons (Figure 3-A-1, Figure 3-A-11 ). Except for Sandia 

Canyon, these flows reach the Rio Grande. 

The Los Alamos County White Rock Sewage Treatment Plant discharges effluent into Mortandad Canyon just above the 

river at the northern county boundary. 

Quality The discharge from the White Rock Sewage Treatment Plant is the primary surface water source and has a strong impact 

on the chemistry of the water that enters the Rio Grande from Mortandad Canyon, leading to higher TDS, nitrate, chloride, 

sulfate, and some metals. Water quality of the other streams is mainly determined by chemistry of their contributing 

springs (summarized in the regional aquifer description below). Purtymun (1995) and Purtymun et al. (1980) summarize 

flow and water quality from the White Rock Canyon springs and surface water. 
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Table 3-A-10. 
White Rock Canyon Watershed Description (continued) 

Hydrogeologic Characteristic Description 
Element 

Springs Name Springs near the Rio Grande represent natural discharge from the regional aquifer. The springs discharge from two 

geologic units, the Tesuque Formation and the Totavi Lentil (the lower part of the Puye Formation). The Tesuque 

Formation consists of sandstones, siltstones, and interbedded basalts. The Totavi Lentil is a channel fill deposit made up 

of grain sizes ranging from gravel to boulders. 

Most of the springs discharge close to the elevation of the Rio Grande, though some springs discharge at elevations 

several tens of feet above the Rio Grande. The springs can be divided into four groups: 

Group I springs discharge from the Totavi Lentil on the west side of the river. The spring water is dominated by calcium 

bicarbonate with sulfate and chloride of about 4 mg/L and TDS averages 163 mg/L. 

Group II springs discharge from coarse-grained Tesuque Formation sediments on both sides of the river. These springs 

have sodium bicarbonate water with about 3 mg/L of sulfate and chloride, and TDS averages 183 mg/L. 

Group Ill springs discharge from fine-grained Tesuque Formation sediments on the west side of the river. These springs 

also have sodium bicarbonate water with about 10 mg/L of sulfate, 3 mg/L of chloride and TDS averages 215 mg/L. 

Group IV springs discharge from fine-grained Tesuque Formation sediments on the east side of the river near faults and 

basalt flows. These springs have varied chemistry with higher TDS than the other springs, of 270 to 500 mg/L. 

The springs discharging from the Totavi Lentil (Group I springs) follow the outcrop of this formation, increasing their 

elevation above the river in a downstream direction. These higher elevation springs generally occur on the flanks of or in 

the bottom of canyons where erosion has exposed the Totavi Lentil. The elevation of springs above the river could reflect 

channeling of discharge from the regional aquifer along the higher-permeability Totavi Lentil, combined with the increase 

in elevation of the water table with distance west of the river. 

An alternative hypothesis about spring origin is that the elevation of some springs (Spring 4A) above the river indicates 

that they discharge from perched groundwater located above the regional aquifer. As well, the elevation of springs above 

the river could reflect complex flow paths resulting from local variations in geology and permeability related to numerous 

large-scale landslides along the canyon walls. 

Quality The US Geological Survey and the Laboratory have monitored chemistry of the White Rock Springs since the 1960s; the 

springs show no clear impact of Laboratory contamination. Tritium values in the springs are either in the range of regional 

aquifer values, namely less than 3 pCi/L, or up to 40 pCi/L, which could indicate either Laboratory impact or a component 

of precipitation. A few springs have relatively high natural uranium. These springs lie mainly on the east side of the river 
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Table 3-A-10. 
White Rock Canyon Watershed Description (continued) 

Hydrogeologic Characteristic Description 
Element 

near and north of the Buckman wellfield. Some springs (1, 3, 3A, 4, 5) also show subtle increases in nitrate over 20 years. 

These increases could be due to the impact of feral cattle grazing near the springs over time as well as to some change in 

groundwater quality. Perchlorate has been measured at low levels in some springs, but the source is not clear. 

Alluvial Extent Alluvial groundwater is not present in the White Rock Canyon area. However, household wells in Los Alamos Canyon 

Groundwater (Halladay and Otowi) and household wells nearer the Rio Grande probably draw their water from Santa Fe Group 

sediments but may draw water in part from alluvium in these drainages. 

Depth/Thickness See above. 

Quality See above. 

Intermediate Extent/Hydrology Perched intermediate groundwater may not be present in the White Rock Canyon area. However, an alternative 

Groundwater hypothesis about White Rock Canyon spring origin is that the elevation of some springs above the river indicates that they 

discharge from perched groundwater located above the regional aquifer. 

Depth/Thickness See above. 

Quality See above. 

Regional Aquifer Depth/Hydrology The Rio Grande is the major groundwater discharge zone for the regional aquifer underlying the Pajarito Plateau. The river 

gains flow through White Rock Canyon, indicating that the local water table (the regional aquifer) lies above the river. 

The City of Santa Fe operates the Buckman wellfield on the east side of the Rio Grande across from White Rock (Figure 

3-A-11 ). The wellfield includes eight pumping wells. These wells draw their water from Santa Fe Group sediments. 

Vesselinov and Keating (2002) concluded from a modeling study that under long-term steady state conditions, these wells 

might one day draw perhaps a third of their water from beneath LANL on the west side of the Rio Grande. As a result, 

LANL has sampled three of the Buckman wells (1, 2, and 8) since 2001 for its Environmental Surveillance Program. Water 

in these wells is quite old, having passed through the deeper portion of the basin fill sediments where it acquired a higher 

load of dissolved solutes. 

San Ildefonso Pueblo draws water from more than 10 community and household wells located on both sides of the Rio 

Grande. Little information on depth or geology for these wells is available. Many of these wells probably draw their water 

from Santa Fe Group sediments. At least two of the San Ildefonso wells are uncapped artesian wells. 

Quality The US Geological Survey and the Laboratory have monitored chemistry of the White Rock Springs since the 1960s; the 

springs do not show a definitive impact of Laboratory contamination. Tritium activities in the springs are either in the range 
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Table 3-A-10. 
White Rock Canyon Watershed Description (continued) 

Hydrogeologic Characteristic Description 
Element 

of regional aquifer values, namely less than 3 pCi/L, or range from 10 to 50 pCi/L, which could indicate either Laboratory 

impact or a component of local precipitation-more likely the latter given spring locations. A few springs have relatively 

high natural uranium. These springs lie mainly on the east side of the river near and north of the Buckman well field. Some 

springs (1, 3, 3A, 4, 5) also show subtle increases in nitrate over 20 years. These increases could be due to the impact of 

feral cattle grazing near the springs over time, natural source, and seepage from impoundments within Pajarito Canyon 

and past effluents released in several canyons. Perchlorate has been measured at low levels in some springs, but the 

source is not clear. The measured perchlorate values are similar to those found in wells distant from LANL. 

Spring 2B below and east of the White Rock Overlook shows higher concentrations of uranium, chloride, boron, and 

nitrate than other springs. This spring's chemistry (except for uranium) is similar to the nearby stream in Mortandad 

Canyon, which is fed by effluent from the White Rock sanitary treatment plant. This similarity in chemistry, along with 

nitrogen isotope results that indicate a sewage source for both waters, suggests that a large part of the water from Spring 

2B comes from the treatment plant effluent in lower Mortandad Canyon. It is possible that natural uranium within the Santa 

Fe Group sediments has been leached from mineral surfaces in contact with the bicarbonate-rich groundwater. Increasing 

concentrations of carbonate alkalinity are from the treated sewage effluent discharged upgradient from the spring. 

Some Buckman wells have exceptionally high uranium (up to 230 ppb, compared to the new EPA MCL of 30 ppb). Such 

naturally occurring uranium is common in the Pojoaque and Tesuque area. The Buckman wells also have high sodium, 

carbonate alkalinity, and TDS. 

Contaminants Potential Sources TA-33 borders the Rio Grande at the southern end of LANL along White Rock Canyon. The RFI Workplan for OU 1122 

describes environmental concerns at TA-33. To the north of TA-33 lies TA-70, a buffer area where no Laboratory activities 

have occurred. 

Adjoining TA-70 to the north, Los Alamos County land comprises the low to moderate-density residential area of White 

Rock. Los Alamos County formerly operated sanitary effluent lagoons near the edge of the canyon just south of Pajarito 

- - -- - - - -- - -- -- - _ 9"!fl'i.O_n. ~ muD_ici~s_anit§.ry_tre_atmerit_p_laQt disc_ti9rg_es_effluent [Dj_g_1'lo_D_anda_c[J::_~_Qyonjust appy_e_t@_riyer at thEL_ 

northern county boundary. This discharge is the main surface water source and has a strong impact on the chemistry of 

the water that enters the Rio Grande from Mortandad Canyon, leading to higher concentrations of TDS, nitrate, chloride, 

sulfate, and some metals. To the north of White Rock is undeveloped San Ildefonso property. 
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Table 3-A-10. 
White Rock Canyon Watershed Description (continued) 

Hydrogeologic Characteristic Description 
Element 

Los Alamos Canyon lies at the northern end of White Rock Canyon. LANL effluents have moved down Los Alamos 

Canyon either adsorbed onto sediments or dissolved in stream flow, affecting sediment and shallow groundwater quality in 

the lower portion of the canyon (Section 2.4 ). 

Type TA-33 was used as a firing site and for production of tritium. PRSs include landfills, septic systems, and burn areas. It is 

situated on a mesa top and is being investigated by the ER Project as Operable Unit (OU) 1122. If contaminants are 

released from TA-33, they may impact Ancho Canyon, Chaquehui Canyon, or the Rio Grande. 

The discharge from the municipal treatment plant is the primary surface water source and has a strong impact on the 

chemistry of the water that enters the Rio Grande from Mortandad Canyon, leading to higher levels of TDS, nitrate, 

chloride, sulfate, and some metals. 

References: 

LANL 1992d; Purtymun et al. 1980; Purtymun 1995; Vesselinov and Keating 2002; LANL, 2004a. 
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3-B. Alternative Conceptual Models of Contaminant Transport 

The purpose of this section is to discuss two alternative interpretations of how water flows and 
contaminants behave on the Pajarito Plateau. With the uncertainty that is inherent to all 
subsurface investigations, it is important to examine the strengths and weaknesses of other 
possible interpretations of the available data. This section explores alternative conceptual models 
by first providing a description of the alternative model. Second the strengths and limitations of 
the alternative are summarized. An assessment of how the alternative conceptual model would 
change the current conceptual model or how risk is assessed is presented. Finally, a discussion of 
how the alternative conceptual model could be tested is provided. 

3-B-1. Colloid-Facilitated Transport 

The movement of small particles in groundwater flow systems can represent an alternate 
mechanism for contaminant transport. While generally not as significant overall as the 
movement of dissolved or immiscible species, the movement of small particles can increase the 
magnitude of mass transport. This section will focus on colloids, a special class of particles with 
properties the lie between that of the dissolved state and the solid state. 

Historically, researchers have applied the term colloid to particles with a size range of 0.001 to 1 
micron (1 micron is 0.001 millimeter). The colloids can be mineral particles, particulate organic 
matter, biological (for example, bacteria), or even microemulsions of hydrocarbons. The surface 
area per unit mass is very high for colloids, which greatly affects their mass transport. 
Contaminants can be transported as colloids resulting in unexpected mobility. This is because the 
transport of contaminants adsorbed to colloids is determined by the physical/chemical properties 
of the colloid, rather than properties of the contaminant. Work at the Nevada Test Site suggests 
that plutonium can be transported over significant lateral distances ( ~ 1.3 km) by colloids 
(Kersting et al. 1999). Predicting colloid transport is extremely difficult, however. Colloid 
stability and filtration depends on a complex array of factors including density, size, surface 
chemistry, water chemistry, water flow rates, and pore size distribution of the soil matrix. 
Table 3-B-1 discusses strengths and weaknesses of a colloid-facilitated transport model. 
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3-B-1.1 Strengths and Limitations of the Colloid-Facilitated Transport Model 

Table 3-8-1. 
Colloid-Facilitated Alternative Transport Model 

Strengths Limitations 

Since the start of discharges in May 1963, the RLWfF Bulk of radionuclide inventory appears adsorbed to 

has used the flocculate "calcium hydroxide" and "ferric stream sediments. 

sulfate" as a part of the treatment process, and it is likely 

that a continual stream of residual colloids was 

discharged to the canyon floor. 

Work by Penrose et al. (1990) demonstrated the That conclusion was challenged, however, by a 

presence of colloids with plutonium and americium along subsequent review that concluded that the radionuclide 

a 3400 m segment of the perched alluvial groundwater transport within the canyon was principally due to surface 

system in Mortandad Canyon. The study concluded that water, rather than groundwater transport (Marty et al. 

the horizontal dispersal of the radionuclides through the 1997). 

groundwater system was due to colloid transport in the 

subsurface. 

At a mesa top site at TA-21, some of these radionuclides While colloids have been shown to be abundant in the 

occur at much greater depths in the field than expected. alluvial groundwater, coring has not shown appreciable 

Work by Nyhan et al. (1985) suggests that substantial vertical movement (less than five feet) of plutonium or 

hydraulic loading can enhance the vertical penetration americium in the vadose zone below the alluvium (Stoker 

depth. The study examined the distribution of plutonium, et al. 1991 ). Studies show that 99% of the plutonium 

americium-241 and water in Bandelier Tuff beneath inventory is adsorbed on alluvium and little is in the water 

former liquid waste disposal sites at TA-21. Nyhan et al. column; the colloidal fraction in groundwater represents 

(1985) found that after 17 years of migration, the Am-241 less than 1 percent of the total plutonium inventory in the 

was mobilized under heavy hydraulic loading to 30 m. It is canyon (Purtymun et al. 1984; Stoker et al. 1991 ). These 

possible that the radionuclides are mobilized by other results suggest that vertical transport of the radiocolloids 

chemicals or possibly by colloid transport in preferential has been minimal in the Bandelier Tuff beneath the 

flow paths. canyon floor, even after decades of continual liquid 

release. 

Occasional Pu-239, -240 detects in samples from water No plutonium detects in recent years and earlier 

supply wells (1970s and 1980s mostly) may be colloid detections primarily limited to water supply wells---few in 

related. monitoring wells. Unable to validate earlier results 

because of limitations in existing records. 

3-B-1.2 Effect on Current Conceptual Model and Assessment of Risk 
Many radionuclides and metals are currently conceptualized to be relatively immobile at the site. 
If colloid-facilitated transport is significant, the subsurface travel times for these constituents to 
the accessible environment will be reduced. Health risks from colloid-facilitated transport, 
however, likely will not be greatly different from the levels presently recognized: sampling of 
the groundwater systems account for the total contaminant concentrations and already include 
any colloid contributions, if present. Monitoring of the shallower groundwater at the site, the 
depths where contaminated colloids should be most abundant, has identified few areas with 
concentrations above a regulatory standard. Given the vadose zone thickness and likely reduction 
in contaminated colloid concentrations with depth, contaminant concentrations due to colloid
facilitated transport in the regional aquifer are also expected to meet regulatory standards. 
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3-B-2. Cs-137 "Groundwater Transport" to the Rio Grande 

A report written by Norm Buske (2003) for the RadioActivist Campaign (TRAC) and Concerned 
Citizens for Nuclear Safety (CCNS) in late October 2003 cites samples of aquatic moss from 
Spring 4A and the Pajarito Stream containing" ... consistently low levels of cesium-137 of LANL 
origin [emphasis added]. This is the first confirmed detection of LANL radioactivity from a 
groundwater pathway." The report also cited moss samples from other sites, as testing positive 
for Cs-137 and said samples showed Cs-137 "in the range of 0.01 to 
6 picocuries/kilogram ... Cesium-137 ... is ... at levels far too low to be considered a public health 
concern." Table 3-B-2 discusses strengths and limitations of a Cs-137 transport model. 

3-B-2.1 Strengths and Limitations of Cs-137 Groundwater Transport Alternative 
Model 

Table 3-8-2. 
Cs-137 Groundwater Transport Alternative Model 

Strengths Limitations 

Detections of tritium and perchlorate Levels of these constituents may be within natural ranges. When converted 

in other White Rock Canyon springs to an equivalent weight basis, the amount of cesium measured by Buske 

support this model. (2003) in the moss samples is within the background concentrations for 

plants in northern New Mexico. 

Cesium-137 is a major Laboratory Cesium-137 is a common fallout radionuclide that was distributed globally 

contaminant in Los Alamos and during atmospheric nuclear tests. It is considerably more probable that the 

Mortandad Canyons radioactive moss accumulated cesium from worldwide fallout rather than from 
effluent discharges. groundwater. Fallout cesium-137 is universally present in surface soils and 

soil concentrations are one hundred times greater those found in study. 

The Buske (2003) results were very close to detection levels, in the range of 

0.01 to 6 pCi/Kg wet, and the study did not include control samples 

(upstream) so that Cs-137 from fallout sources could not be compared. 

lfCs-137 traveled through groundwater to a spring along the Rio Grande, 

several non-adsorbing chemical constituents that usually reflect groundwater 

contamination, such as nitrate or tritium, likely would accompany and 

precede Cs-137. Tritium and nitrate values in Spring 4A indicate the spring 

water reflects background aquifer conditions unaffected by Laboratory 

discharges. 

From 1995 through 2003, LANL has made 121 Cs-137 measurements in 

White Rock Canyon springs, with only two detections in the data set. Nine of 

these measurements (with only one detection) were from Spring 4A. Thus, 

the body of data does not support the presence of Cs-137 in any White Rock 

spring, at an average detection limit of 3 pCi/L. In addition, Cs-137 is not 

detectable in regional aquifer monitoring wells upgradient of the springs. 
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3-B-2.2 Effect on Current Conceptual Model and Assessment of Risk 
If real, the groundwater transport of Cs-13 7 alternative conceptual model would indicate that 
relatively immobile radionuclides or metals may potentially move through groundwater to the 
accessible environment at a faster rate than recognized. Assessment of water quality changes at 
those locations would continue in the future. The current monitoring results from across the 
regional aquifer do not indicate any location where the concentrations of these constituents are 
greater than regulatory standards. Given this pattern, it is highly unlikely that concentrations 
greater than standards would be observed in the future. Contaminant transport models that only 
take. into account sorption and solubility may underestimate the extent a colloid-bound species is 
able to migrate in groundwater. 

A study is being conducted by a LANL team to assess the distribution and concentrations of 
cesium in moss throughout northern New Mexico. The objective is to collect various moss 
sample specimens from springs located in northern New Mexico and southern Colorado (a great 
distance from LANL) and analyze them for Cs-137 activity. This program will collect the data 
necessary to evaluate whether Cs-13 7 concentrations near the Laboratory are anomalous. 
Additional monitoring of wells and springs in the Los Alamos area will continue to look for 
evidence of rapid movement of cesium (and other contaminants) through the groundwater 
system. 
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APPENDIX 4-A. METHOD FOR ESTIMATING INFILTRATION RATE IN CANYONS 

Net infiltration is defined as the flux of water that percolates to depths greater than the zone in 
which evapotranspiration (ET) processes take place. A complete site-wide study of net 
infiltration has recently been completed (Kwicklis et al. 2005). That study presents estimates of 
net infiltration determinations with a variety of estimation techniques, including Darcy's Law, 
chloride mass-balance and water-balance methods. The study extrapolates these estimates to 
other areas within the site for which estimates do not exist. Factors used to make this 
extrapolation include topography, soil type, vegetation, and bedrock type. The Kwicklis et al. 
(2005) publication was not ready in time to be used in model predictions presented elsewhere in 
this report. Previous modeling analyses should be updated to include the detail from the site
wide net infiltration study, as appropriate. 

Since net infiltration to the vadose zone beneath the plateau is assumed to occur mainly through 
canyons, the plateau is differentiated topographically as mesa or canyon. For the net infiltration 
map presented here, the mesa locations are all assigned the same fixed net infiltration rate. For 
the base-case study, this rate is 1 mm/yr (Section 2.6.1). More variability is added to the map for 
canyon locations because the canyons are the main source of recharge across the plateau, and 
also because conditions in canyons across the plateau vary from wet to dry. For these reasons, a 
ranking scheme was developed to classify portions of canyons by a net infiltration index (NII) 
that describes the net infiltration rate. 

The net infiltration index ranges in value from one to five, with one representing the lowest and 
five representing the highest infiltration potential. The NII is based on a number of physical 
factors, as shown in Table 4-A-1: 

e The location of the headwaters is the first factor because those canyons that head in the 
mountains generally have a larger drainage area, and receive more precipitation and run
off than those that head on the plateau. Anthropogenic water sources within the canyons 
can also yield large surface flows that contribute similarly to headwaters located higher in 
the mountains. For this reason, anthropogenic sources were included with the first factor. 

• The persistence of surface water in the canyon bottom is the next factor used to define the 
NIL Those canyons with perennial streams are expected to generate higher net infiltration 
than those with ephemeral or intermittent streams, and therefore receive a higher ranking. 

• Observation of alluvial water is the final factor used to define the NIL Some canyons 
have alluvial groundwater of significant depth while others have limited or no alluvial 
water. Those canyons with deeper alluvial groundwaters receive a higher net infiltration 
index than those without. 

Note that the factors contributing to the NII are used to define a set of net infiltration indices that 
may be updated with site-specific observations and data. However, as a general approach for 
supporting a plateau-wide modeling effort, the NII is a reasonable simplification. In some cases, 
factors such as persistent surface and alluvial waters may indicate an absence ofvadose-zone 
infiltration rather than a higher net infiltration rate. Examples of this include the surface 
expression of springs or perching in the alluvium caused by a large contrast in hydraulic 
conductivity between the alluvium and underlying tuff. Despite these types of alternative 
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hypotheses, the model assumes a higher NII in the wetter areas, so that it errs on the side of 
predicting more rapid transport. Once areas with potential fast paths are identified, more site
specific and detailed net infiltration studies can be performed to refine the predictions. 

Table 4-A-1 also includes the net infiltration assumed for each NII. These estimates exhibit 
approximately three orders of magnitude variation in net infiltration between the driest and the 
wettest canyons. To assess uncertainty in infiltration, different sets of net infiltration estimates 
are also included in this study. 

Once the NII and the associated infiltration rates for each NII have been defined, the next step is 
to assign net infiltration indices of canyons or portions of canyons across the Pajarito Plateau. 
This task was accomplished by compiling information from the LANL Hydrogeologic Workplan 
about the descriptive factors listed in Table 4-A-l. Major canyons from Guaje Canyon, located 
north of the laboratory, to Chaquehui Canyon, located south of the laboratory, were characterized 
with respect to the location of their headwaters, anthropogenic sources, and observations of 
surface and alluvial waters. In most cases, a particular canyon is split into sections because the 
hydrologic factors change as one moves down the canyon. The characteristics of these canyons 
or portions of canyons are shown in Table 4-A-1, along with the resulting net infiltration index 
for each section. The net infiltration index is determined by comparing the characteristics in 
Table 4-A-1 to the net infiltration factors in Table 4-A- l. 

Figure 4-A-1 shows the resulting NII map for the study area with respect to the LANL boundary. 
Canyons with no portion of their reach inside the site area, in the gray area of this figure, are not 
assigned a NII as part of this study because laboratory-derived contaminants are not present in 
these canyons. Infiltration rates converted from the values in Table 4-A-l were used as the upper 
water-flux boundary conditions for the series of one-dimensional vadose-zone flow and particle 
tracking runs. 

~echarge Index for Canyons 

Recharge Index 
/"./ 1 

2 
/'V 3 

4 
/'../ s 
0 LANL Boundaiy 

Figure 4-A-1. Infiltration on the Pajarito Plateau: result of analysis to determine the Net 
Infiltration Index (NII) indicator parameter across the Pajarito Plateau and 
surrounding region of the study area. 
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Table 4-A-1. 
Determination of Net Infiltration 

Index for Sections of Canyons on the Pajarito Plateau 
Canyon/ Reach Headwaters Surface Alluvial Published Notes NII 
Arc View {drainage Water Water Net Infiltration 
Identifier <5 mi2 unless 

noted) 
Pueblo From Mountains Ephemeral Saturated LANL 4 
(Pueb1) Headwaters (drainage >8 mi2) (1998) 

to p.4-41, 
Guaje 4-42 
Mountain 
Fault ................................................................................ 

Pueblo BelowGuaje Mountains Ephemeral May or may LANL 3 
(Pueb2) Mountain not be (1998) 

Fault, above saturated p.4-41, 
sewage 4-42 
treatment 
plant 

Pueblo Below Mountains and Perennial Saturated LANL 5 
(Pueb3) sewage anthropogenic (1998) 

treatment source p. 4-41, 
plant to 4-42 
halfway 
across Lab 
land 

Pueblo Halfway Mountains Intermittent Saturated LANL 4 
(Pueb4) across Lab (1998) 

land to p. 4-41, 
confluence 4-42 
with LA 
Canyon 

Pueblo Mid (below Mountains Possible Possible Previous 4 
(Historic) TA-45) and historic historic effluent (historic) 

upper (old perennial saturated TA-45 
sewage) flow conditions (1951-1964); 
canyon old sewage 

plant 
(pre-1963) 

Los West of the Mountains Perennial Saturated LANL 5 
Alamos reservoir (drainage >10 mi2) (1998) 
(LA1) P. 4-48 
Los East of Mountains Continuous Saturated All LA Canyon LANL 4 
Alamos reservoir to during (thickness estimates (1998) 
(LA2) TA-2 snow melt varies based on p. 4-48 

(weeks to seasonally Gray, (1997) 
months); from several Table 8 
otherwise feet in winter 
ephemeral to 25 ft in 714, 213, 566, 

spring and 1076 mm/yr 
summer) 

Los TA-2 to Mountains Ephemeral Saturated 222,408 LANL 4 
Alamos confluence of (same as mm/yr (1998) 
(LA3) Pueblo above) p. 4-48 

Canvon 
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Table 4-A-1. 
Determination of Net Infiltration 

Index for Sections of Canyons on the Pajarito Plateau (continued) 
Canyon/ Reach Headwaters Surface Alluvial Published Notes NII 
Arc View (drainage Water Water Net Infiltration 
Identifier <5 mi2 unless 

noted) 
Los Confluence Mountains Perennial Saturated 399 mm/yr LANL 5 
Alamos of Pueblo (1998) 
(LA4) Canyon to p. 4-48 

LA0-4.5 
Los LA0-4.5 to Mountains Ephemeral Not 362 mm/yr LANL 3 
Alamos Basalt Spring Saturated (1998) 
(LA5) P. 4-48 
Los Lower; Basalt Mountains Ephemeral Saturated 325 mm/yr LANL 4 
Alamos Spring to Rio (1998) 
(LA6) Grande P. 4-48 
DP All Plateau Ephemeral, Saturated LANL 3 
(DP) except conditions (1998) 

nearly observed p. 4-48 
continuous at wells 
discharge LAUZ-1, 
near DP LAUZ-2 
spring (elsewhere 

?) 
Sandia Headwaters Plateau with Ephemeral Not Surface water LANL 3 
(San1) to TA-72 small character- source is (1998) 

anthropogenic ized (likely precipitation and p. 4-53 
source saturated treatment plant 

portions) water (not much 
snow melt) 

Sandia Below TA-72 Plateau Not present Not LANL 1 
(San2) character- (1998) 

ized (eastern p. 4-53 
part near 
SC0-1 & 
SC0-2 dry 
since 1990) 

Canada All else Plateau Ephemeral Not <O (Rogers et LANL 1 
delBuey (with snow- saturated al. 1996) (1998) 
(CdB1) melt and p. 4-59, 

thunder- 4-61 
storms) 

Canada Between Plateau Ephemeral Sometimes LANL 2 
delBuey CDB0-6 (with saturated (1998) 
(CdB2) & CDB0-7 snowmelt within p. 4-61 

and weathered 
thunder- tuff (near 
storms) discharge of 

PM-4) 
Pajarito West of Mountains Occurs as Saturated LANL 4 
(Paj1) Homestead (drainage >10 mi2) springs alluvium (1998) 

Spring above (perched to p. 4-61, 
alluvium -1 Oft depth) 4-62 
(1-15 aom) 

Pajarito Several 100 Mountains Perennial Saturated LANL 5 
(Paj2) yards near alluvium (1998) 

Homestead (perched to p. 4-61, 
Spring -10 ft depth) 4-62 
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Table 4-A-1. 
Determination of Net Infiltration 

Index for Sections of Canyons on the Pajarito Plateau (continued) 
Canyon/ Reach Headwaters Surface Alluvial Published Notes NII 
Arc View (drainage Water Water Net Infiltration 
Identifier <5 mi2 unless 

noted} 
Pajarito Below Mountains Intermittent Saturated LANL 4 
(Paj3) Homestead to alluvium (1998) 

Spring to ephemeral (perched to p. 4-61, 
above -10 ft depth) 4-62 
Three-Mile 
Canyon 

Pajarito Three-mile Mountains Ephemeral Saturated LANL 4 
(Paj4) Canyon to alluvium (1998) 

eastern LANL (perched to p. 4-61, 
boundary -1 Oft deoth) 4-62 

Pajarito East of LANL Mountains (Not Not saturated LANL 2 
(Paj5) boundary discussed) (1998) 

to Rio Grande Assumed p. 4-61, 
ephemeral 4-62, 

4-60 
Ancho All Plateau Ephemeral Little known LANL 2 
(Ancho) from (possible (1998) 

precipitation shallow p. 4-69 
(sometimes perched zone 
severe) 

Chaq- Headwaters to Plateau Ephemeral Little known LANL 2 
uehui 0.5 mile from (However, (1998) 
(Cheq1) Rio Grande observed p. 4-74 

infiltration into 
tuft at TA-33, 
tritium at 
100-170 ft) 

Chaq- 0.5 miles Plateau Perennial Little known LANL 2 
uehui from/to Rio for short (1998) 
(Cheq2) Grande distance p. 4-74 
Canon de Headwaters Mountains Perennial Saturated LANL 5 
Valle to Pajarito (1998) 
(CdV1) Fault p. 4-78, 

4-79 
Canon de Pajarito Fault Mountains Intermittent Saturated LANL 4 
Valle to 260 Outfall (1998) 
(CdV2) 4-78,4-79 
Canon de 260 Outfall to Mountains and Perennial Saturated LANL 5 
Valle MDAP Anthropogenic (1998) 
(CdV3) source p. 4-78, 

4-79 
Canon de MDA P to Mountains Intermittent Saturated LANL 4 
Valle Water (1998) 
(CdV4) Canyon p. 4-78, 

4-79 
Potrillo Headwaters Plateau Ephemeral Only 0.01 cm/yr LANL 1 
(Pot1) to (no saturated (Rogers et al. (1998) 

PO TM-wells significant observance 1996a) p. 4-85 
snowmelt, once at well 
discharge POTM-2 
sink at 
POTM-
wells) 
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Table 4-A-1. 
Determination of Net Infiltration 

I d f S f f C th P . "t Pl t n ex or ec ions o anyons on e a1ar1 o a eau ( f con mue d) 
Canyon/ Reach Headwaters Surface Alluvial Published Notes NII 
Arc View (drainage Water Water Net Infiltration 
Identifier <5 mi2 unless 

noted) 
Potrillo PO TM-wells Plateau Rare Not expected LANL 1 
(Pot2) to Water (1998) 

Canvon p. 4-85 
Fence All Plateau Ephemeral Little known, LANL 1 
(Fen1) '• (no dry at State (1998) 

significant Rt.4 p. 4-86 
snowmelt) 

Water Headwaters Mountains Mostly Assumed LANL 4 
(Wat1) to west of perennial saturated (1998) 

LANL p. 4-87, 
boundary 4-79 

Water Western Mountains Unknown Unknown LANL 3 
(Wat2) LANL (1998) 

boundary to p. 4-87, 
Canon de 4-79 
Valle 

Water Canon de Mountains Intermittent Saturated LANL 4 
(Wat3) Valle to well and (1998) 

DT-10 Ephemeral p. 4-87, 
4-79 

Water DT-10 to Mountains Ephemeral Not saturated LANL 2 
(Wat4) spring 5AA (1998) 

p. 4-87, 
4-79 

Water At spring Mountains Short Possibly LANL 4 
(Wat5) 5AA perennial saturated (1998) 

reach p. 4-87, 
4-79 

Water Beneath 5AA Mountains Ephemeral Not saturated LANL 2 
(Wat6) to Rio (1998) 

Grande p. 4-87, 
4-79 

Mortandad Headwaters Plateau Ephemeral Not saturated See LANL LANL 1 
(Mort1) to TA-50 and (1998) p.4-92 (1998) 

outfall Intermittent for surface p. 4-89, 
water loss 4-91 
estimates 

Mortandad Downstream Plateau Perennial Saturated Dander (1998) LANL 5 
(Mort2) from TA-50 with large for about 1 (-10 ft thick) 4500 mm/yr (1998) 

wastewater anthropogenic mile p. 4-89, 
treatment source 4-91 
plant for 
about 1 mile 

Mortandad Downstream Plateau Ephemeral Saturated LANL 4 
(Mort3) from TA-50 (-10 ft thick); (1998) 

wastewater approx. from p. 4-89, 
treatment TA-50 to just 4-91 
plant (from 1 above San 
mile Ildefonso land 
downstream 
to 2 miles) 
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Table 4-A-1. 
Determination of Net Infiltration 

I d f S f f C th P . "t Pl t n ex or ec ions o anyons on e a1ar1 o a eau ( f con mue d) 
Canyon/ Reach Headwaters Surface Alluvial Published Notes NII 
Arc View (drainage Water Water Net Infiltration 
Identifier <5 mi2 unless 

noted) 
Mortandad From just Plateau Ephemeral Not saturated LANL 1 
(Mort4) above (1998) 

boundary p. 4-89, 
with San 4-91 
Ildefonso 
land to the 
Rio Grande 

Guaje Upstream Mountains Perennial Saturated LANL 5 
(Guaje1) (near (1998) 

springs) to p. 4-95 
downstream 
from the 
Guaje 
Reservoir 

Guaje Downstream Mountains Intermittent Possible LANL 3 
(Guaje2) from Guaje seasonal (1998) 

Reservoir to saturation p. 4-95 
LA Canyon 

Rendija All Mountains Ephemeral Unknown 3 
(Ren1) 
Barrancas All Plateau Intermittent Potentially LANL 2 
(Barr1) and saturated (1998) 

Ephemeral p. 4-96, 
4-97 

Ba yo Plateau Intermittent Potentially LANL 2 
(Bayo) and saturated (90 (1998) 

Ephemeral boreholes in p. 4-97 
formerTA-10, 
found no 
alluvial water) 

Three- All Plateau ? ? Assume 1 
Mile like 
(Three) Potrillo 
Two-Mile All Mountain Assumed Assumed LANL, 3 
(Two) ephemeral saturated (1998) 

P. 4-60 
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APPENDIX 4-B. MDA G MODEL 

This appendix summarizes modeling work previously reported in Birdsell et al. (2000). The 
purpose of this modeling presentation is to demonstrate the use of the vadose zone concepts 
outlined in this report and to present representative modeling results for a relatively dry mesa. 
This system is therefore one end member of the different types ofvadose-zone behavior expected 
for the plateau. A model for the other extreme, a wet canyon, is presented for Los Alamos 
Canyon in Appendix 4-C. 

4-B-1. Introduction and Motivation 

Performance assessment (PA) is required to site and authorize permanent disposal facilities for 
radioactive waste. The purpose of the PA is to demonstrate that performance measures related to 
protection of human health and the environment are not likely to be exceeded for a specified 
period of time. Performance objectives and periods of compliance vary according to the 
characteristics of the radioactive waste being disposed, but groundwater protection for U.S. sites 
is always explicitly required for at least 1000 years. This study presents an integrated case study 
that predicts the groundwater pathway dose in support of the performance assessment PA of the 
active, low-level, solid radioactive waste site located at the Laboratory, shown in Figure 4-4 
(from Figure 1 of Birdsell et al. 2000). In contrast to the modeling study of Los Alamos Canyon 
presented in Appendix 4-C, this model illustrates aqueous contaminant transport from a 
relatively dry mesa, as opposed to a canyon bottom. 

The three-dimensional unsaturated zone flow and transport model captures the complex 
hydrogeology and topography of the site and yields radionuclide flux estimates to the regional 
aquifer. Within the unsaturated zone model, the source release of radionuclides is computed for 
38 waste disposal pits and four shaft fields (Figure 4-5, from Figure 3 of Birdsell et al. 2000), 
each contributing to the total inventory. The continued migration of radionuclides through the 
aquifer is calculated by using a three-dimensional model designed to maintain the temporally and 
spatially varying distribution of radionuclide flux from the unsaturated zone. 

4-B-2. Hydrostratigraphy and Hydraulic Properties 

The strata that underlie the LANL waste site are composed of a series of nonwelded to 
moderately welded rhyolitic ash-flow and ash-fall tuffs underlain by a thin pumice bed (Guaje 
Pumice), a thick basalt (Cerros del Rio Basalt), and a fanglomerate (Puye Formation), as shown 
in Figure 4-B-1 (from Figure 3 of Birdsell et al. 2000). The tuff has eroded to leave a system of 
alternating finger-shaped mesas and canyons. LANL's low-level waste disposal facility is 
located atop one such mesa with the waste buried in disposal pits and shafts to a depth of 
approximately 20 m. The surrounding canyons lie 30 m below the steep-sided mesa, and the 
water table is located approximately 250 to 300 m below the disposal pits. 
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Figure 4-B-1. Conceptual model of hydrostratigraphy of the unsaturated zone for the MDA G 
Performance Assessment Model. 

The stratigraphy at this site has several important features. The Bandelier Tuff, which composes 
the upper six stratigraphic units (See Figure 4-B-1), dips gently and thins toward the eastern end 
of the site. The top tuff layer, Unit 2, and the upper few meters of the second layer, Unit 1 v-u, 
are extensively fractured and are separated by a thin surge bed (Krier et al. 1997). Fractures in 
the deeper tuff units have also been observed in outcrop (Krier et al. 1997). In addition, the 
Cerros del Rio Basalts, which comprise over 50% of the unsaturated zone, display significant 
variability (Turin, 1995). The basalts range from extremely dense with no apparent porosity, to 
highly fractured, to so vesicular as to appear scoriaceous. Finally, the Puye Fanglomerate lies at 
the base of the unsaturated zone and extends into the saturated zone. The fanglomerate consists 
of cobbles and boulders of volcanic debris in a matrix of silts, clays, and sands (Purtymun, 
1995). Clay, silt and pumice lenses, and interbedded Cerros del Rio basalt are also common. 

The van Genuchten model (van Genuchten, 1980), is used to represent the moisture retention 
characteristic curves for all units in the unsaturated-zone model. Birdsell et al. 2000 summarizes 
the hydro logic parameters used for all of the units in the unsaturated-zone flow and transport 
model. The parameters for the van Genuchten model (saturated permeability, porosity, inverse 
air entry pressure, etc.) are fairly well characterized for the six Bandelier Tuff units and for the 
crushed-tuff backfill but not for the deeper units. The properties for the tuffunits (Krier et al. 
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1997), the crushed tuff, and the Guaje Pumice were measured on core samples of matrix 
material. Estimated values for the saturated conductivity and porosity of the Puye Fanglonierate 
(Purtymun 1984) are used, and we assume that the van Genuchten fitting parameters are similar 
to those of coarse sands. 

No hydrologic property data were available for the basalts at the time this study was performed. 
The basalt is modeled as a composite-continuum medium made up of both fractures and matrix 
material (Peters and Klavetter 1988}. To ensure conservatism, we set the continuum porosity of 
the basalt to that of the fractures, thus forcing very low residence times of solutes in this unit for 
which there was no hydrogeologic characterization data. 

4-B-3. Infiltration 

Although the average precipitation rate forthe area is 35.6 cm/year (Bowen, 1990), most of this 
precipitation is lost to runoff and evapotranspiration, resulting in a heterogeneous infiltration 
pattern that is controlled by the mesa/canyon setting of the site. Infiltration is thought to be 
seasonal with most occurring during spring snowmelt and, to a lesser extent, during the summer 
thunderstorm season (Rogers et al. 1996a). Figure 4-A-1 shows the different scales of infiltration 
across the plateau. Based on measured rock saturations and chloride data, a very low net 
infiltration rate (same as net infiltration, as used in Appendix 4-A) of 1 to 10 mm/year is thought 
to exist within the mesa. Pajarito Canyon is wetter with an estimated net infiltration rate of 10 to 
100 mm/year, while Canada del Buey is dry with a net infiltration rate similar to the mesa top. 
The steep mesa sides represent an evaporative region water sink rather than a source region. The 
coupling of the fractured units separated by the high-permeability surge bed with the mesa's 
topographic relief is thought to enhance air circulation and consequently lead to evaporative 
drying within the mesa interior. 

4-B-4. Radionuclide Releases 

The waste disposal facility occupies about 300,000 m2 atop a finger-shaped mesa with waste 
buried in pits and shafts to a depth of approximately 20 m (Figure 4-5). Between 1957 and 1995, 
solid radioactive waste was buried in 34 disposal pits and in almost 200 shafts located in five 
shaft fields. The waste form buried at the site contains over 60 radionuclides with the majority of 
the waste being 235U, 238U, and 232Th. Currently, only low-level radioactive waste is accepted, 
but prior to 1971, transuranic and mixed wastes were also accepted (Schuman 1997a). An 
expansion area with four large pits and another shaft field is planned for operation through 2044 
and is included in this study. 

The waste is categorized in terms of four disposal-unit classifications that are determined by the 
age of the wastes, because different regulations govern wastes disposed of during different time 
periods and because inventory records have improved with time. Detailed inventory information 
for the 1971-1988 waste and the 1988-1995 waste are obtained from disposal records. However, 
detailed inventory data are not available prior to 1971 and are uncertain for future activities. 
Therefore, the inventory in the 1957-1970 waste is extrapolated backwards based on disposal 
operations from 1971to1977, and the inventory for the 1996-2044 waste is projected based on 
current operations and expected future operations (Schuman 1997a; Vold and Shuman 1996). 
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The release ofradionuclides from the disposal units is represented by one of two release 
mechanisms: rapid release or solubility-limited release (Vold and Schuman 1996). The 
maximum porewater concentration of each nuclide is calculated based on its inventory, its waste 
volume and the moisture content in the pits. This concentration is then compared to the nuclide's 
solubility limit to determine which source-release model is appropriate for each nuclide in each 
disposal unit. That is, if the maximum porewater concentration exceeds the nuclide's solubility 
limit, the release concentration is held at the solubility limit until that nuclide's inventory has 
been exhausted. If the porewater concentration does not exceed the nuclide's solubility limit, the 
rapid-release model is used. Nuclides with very large solubility limits, such as 1291 and 99Tc, are 
controlled by this mechanism throughout the site. 

4-B-5. Computational Grids 

The stratigraphic configuration used for the unsaturated zone model is derived from various 
sources including the then-current LANL site-wide geologic model (Vaniman et al. 1996), 
well-log picks, and surface observations. The data set is interpolated with the Stratagraphic 
Geocellular Modeling SGM Software Stratamodel to generate the three-dimensional geologic 
framework model. The three-dimensional unsaturated zone grid is generated with the 
Geomesh/X3D software (Gable et al. 1995) from this geologic framework model. An initial grid 
is constructed with the 45.7-m spacing of the geologic framework model and then resolved to 
include the 38 waste disposal pits and to better delineate the mesa sides. The final grid contains 
41,542 nodes and 254,614 tetrahedral elements. 

The saturated zone model extends from just west of the site to the Rio Grande. The grid is 
rectangular and oriented perpendicular to groundwater equipotentials. It is 9773 m long, 
1280 m wide, and 100 m deep with 19,580 nodes and 102,960 tetrahedral elements. To better 
model the vertical dispersion of the contaminant plumes entering the aquifer from the 
unsaturated zone, the vertical element height is refined near the water table. The grid is also 
refined horizontally beneath the site to approximately 500 m downstream to accurately capture 
the spatial distribution of the radionuclides as they move toward the downstream compliance 
regions. 

4-B-6. Model Implementation 

Model implementation issues include how to assign the flow boundary conditions, initial 
conditions for transient flow, and hydraulic parameters in the model. We will also discuss some 
assumptions employed in model implementation. 

To determine appropriate infiltration rates for the site, Birdsell et al. (2000) ran 5 two
dimensional simulations using different steady mesa-top infiltration rates of 10 mm/year, 
1 mm/year, 0.1 mm/year, 0.01 mm/year and 0.0 mm/year, and compared the simulated saturation 
profiles to site field data. Figure 4-B-2 (adapted from Figure 5 of Birdsell et al. 2000) shows the 
calculated steady-state saturation profiles at the center of the mesa for the five infiltration rates 
along with the ranges of in situ saturation data measured in the six Bandelier Tuff units. The 
shape of the calculated saturation profiles shows the same trend as the data, e.g. saturations 
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decrease from Unit 2 to Unit 1 v-u and then increase again in Unit 1 v-c, etc., but no single 
infiltration rate yields predicted saturation values that fit the entire data set. Based on their study, 
together with that of Newman (1996), Birdsell et al. (2000) used a range of mesa-top infiltration 
rates from 1 to 10 mm/year. The bottom boundary for the unsaturated zone model is the water 
table. 

For the saturated-zone model, a steady flow field is calculated by applying a pressure head 
difference of 101m(Purtymun1995) across the east and west sides of the model. No-flow 
boundaries are used for the top, bottom, north and south sides. Recharge is believed to occur 
mainly to the west of the site, at higher elevations in the Jemez Mountains. A water-balance 
estimate shows that the volume of water entering the aquifer from the unsaturated zone at the site 
is negligible compared to the aquifer volume (Birdsell et al. 1999). Thus, water flowing from the 
unsaturated zone to the aquifer is not included. 

Several assumptions have been made in implementing the simulation model, including steady 
infiltration rates and an equivalent continuum medium for the Cerros del Rio Basalts. Although 
the deep percolation is thought to be seasonal with most occurring during spring snow melt and 
to a lesser extent during the summer thunderstorm season (Rogers et al. l 996a), Birdsell et al. 
(1999) studied the effects of annual transients in percolation rate on unsaturated zone transport at 
the site. They found that simulated transient pulses are damped with depth so that the calculated 
cumulative contaminant flux at the base of the Bandelier Tuff is similar under transient and 
steady flow fields. 
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Figure 4-B-2. Comparison of site data (gray boxes) to calculated steady-state saturation 
profiles for several infiltration rates. 

Another important assumption is that matrix flow dominates in the unsaturated tuff units at the 
site. This assumption is justified by considering that the pits are excavated completely through 
Unit 2, the most highly fractured tuff unit, thus excluding the fracture system and the likelihood 
of fracture flow through this unit. In addition, numerical studies of fracture flow for the site 
indicate that flow through fractured tuffs is difficult to maintain in low-saturation, high
capillarity systems (Soll and Birdsell 1998). Because the site in this study is a solid waste site, 
significant fracture flow through the unsaturated tuff units is unlikely. 

Furthermore, the basalt is modeled as an equivalent continuum medium made up of both 
fractures and matrix material (Peters and Klavetter1988). Matrix properties are derived from 
analog basalts in Idaho (Bishop 1991). Fracture properties are chosen, through numerical 
sensitivity studies, so that no lateral diversion occurs at the top of the basalts in the simulations, 
even when the flow rate exceeds the matrix saturated hydraulic conductivity. The continuum 
porosity is set equal to the fracture volume fraction, 10-4, to ensure rapid transport of 1 to 5 years 
through this unit, hence, foregoing any retardation due to matrix flow or sorption. Notice that this 
treatment of transport through the basalt yields a conservative result e.g., faster groundwater 
travel times and higher peak doses than actually expected. 

It is evident that there is significant uncertainty in infiltration rates. For the purpose of sensitivity 
analyses, we defined a base-case set of infiltration rates as a reference, as listed in Table 4-B-l. 
Variations are made on the base-case infiltration rates to examine the impact of uncertain 
parameters on the model results. 
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4-B-7. Representative Transport Result 

Unsaturated zone transport calculations were run for 14C, 1291, 237Np, 99Tc, and 238U using the 
base-case, steady flow field, 5_1_5 0 (nomenclature for these model results is defined in Table 
4-B-1). These nuclides were chosen because of their low distribution coefficients, ranging from 
0 to 2.43 for most of the unsaturated zone units. Using screening techniques developed by 
Birdsell et al. (1995), Birdsell et al. (2000) chose 14C, 1291, and 99Tc, and eliminated the 
remaining nuclides from consideration in the dose assessment. 

Figure 4-B-3 (adapted from Figure 8 of Birdsell et al. 2000) shows the simulated 1291 plumes in 
the unsaturated zone for the four age-dependent waste classes after 1000 years using the base
case flow field. Although the infiltration rate at each source region is the same (5 mm/year), the 
four plumes are quite different due to both inventory variations and differences in bed thickness. 
The inventory distribution in the disposal units is heterogeneous, leading to large variations in 
radionuclide flux from the disposal units to the unsaturated zone. For example, the 1971....:.1988 
(Figure 4-B-3b) inventory dominates the total site release of 1291 to the aquifer at 1000 years. 
Also, the 1988-1995 shafts located near the southern edge of the mesa (Figure 4-B-3c) 
concentrate nearly 80% of the 1988-1995 1291 inventory into a small area. This localized 
inventory produces a predominant plume at the southern portion of the mesa, while the pits to the 
north and west produce the less concentrated plumes. The location of the basalt unit and the 
effect on plume migration of the vertical, fracture-dominated flow through this unit is readily 
visible in these simulations. Once the solutes reach the basalt, they migrate quickly through the 
unit. In the 1996-2044 waste scenario (Figure 4-B-3d), only the plume's leading edge reaches 
the basalt after 1000 years because the Bandelier Tuff units are much thicker beneath this 
proposed expansion area. 

To assess the effect of uncertainty in flow rate on transport results, Birdsell et al. (2000) 
examined the transport of the 1988-1995 1291 inventory using different flow fields and compared 
the nuclide fluxes through the unsaturated zone. Figure 4-B-4 (from Figure 10 of Birdsell et al. 
2000) shows the total flux of 1291 for the five flow fields described in Table 4-B-l. By comparing 
the 1_1_20 case, the 5_1_20 case, and the 10_1_20 case, it is seen that increased mesa 
percolation leads to faster breakthrough and increased solute flux through the unsaturated zone. 
This flow-rate dependency is compounded by the velocity-dependent rapid-release source term. 
The solute flux at 1000 years for the lowest flow case, 1_1_20, is five to seven orders of 
magnitude less than the other cases considered. This case is used to predict the lower-bound dose 
in the uncertainty analysis. Comparing the 5_1_20 case to the 5_1_50 case shows that additional 
flow through Pajarito Canyon results in faster breakthrough and increased solute flux to the 
saturated zone. The 10_5_100 case represents the wettest case and yields the fastest 
breakthrough and highest flux to the saturated zone and, consequently, the highest dose over the 
first 1000 years. This case is used to estimate an upper-bound dose for the uncertainty analysis. 
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Table 4-8-1. 
Infiltration Rates (mm/year) Used as Upper 

Boundary Conditions for MDA G Performance Assessment 
Mesa Top Canada del Buey Pajarito Canyon 

1_ 1_20 (lowest flow case) 1 1 20 

5_1_20 5 1 20 

5_ 1_50 (base case) 5 1 50 

10_1_20 5 1 20 

10_5_ 100 (highest flow case) 10 5 100 

Source: Birdsell et al. (2000). 

(a) Oldest (b) 71 to .88 

(c) Historic (d) Future 

Figure 4-B-3. Iodine-129 plumes (concentration, moles/liter) in the vadose zone at 1000 years 
for the four different source regions, base-case flow field. 
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Figure 4-B-4. Total flux of the 1988-1995 1291 inventory from the unsaturated zone to the 

saturated zone for various flow cases. 

4-B-8. Discussion 

Due to uncertainty in model parameters, the results of these transport simulations contain 
intrinsic uncertainty. The greatest uncertainties associated with predicting aquifer-related doses 
from the site, according to Birdsell et al. (2000), are related to the understanding of the 
mechanisms that control flow and transport within the unsaturated zone and our ability to model 
these mechanisms. At this point, they concluded that uncertainty related to the hydrologic 
processes themselves, i.e., conceptual model uncertainty, dominates the ability to make accurate 
predictions of transport at the site moreso than uncertainty related to the hydrologic and 
geochemical properties data. Importantly, however, predicted doses using parameters from the 
most conservative ends of the uncertain ranges are still well below regulatory concern. 

The results of Birdsell et al. (2000) indicate that the mesa-top infiltration rate has the greatest 
impact on the simulated migration of waste through the unsaturated zone. It controls both the 
source release rate and subsequent downward solute migration. They bounded this uncertainty by 
considering a base-case flow field and high- and low-flow cases. As shown in Table 4-B-2, a 
variation in mesa-top infiltration rate from 1 to 10 mm/year results in a range of six orders of 
magnitude in the 1000-year groundwater-related doses. Clearly, a good understanding of this key 
parameter is important to the dose assessment. However, because doses are so much less than the 
performance objectives developed in Birdsell et al. (2000), conservative yet realistic infiltration 
rates seem adequate for this site. With respect to travel times, models of dry mesas such as that 
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associated with MDA G generally predict travel times in the neighborhood of 1000 years or 
more. This basic result indicates that groundwater pathway risks associated with waste disposed 
under dry mesa conditions are expected to be risks that will present themselves far into the 
future, as opposed to there being a significant present-day risk. This result applies only to the 
groundwater: a complete pathway assessment should be conducted that includes other exposure 
scenarios in addition to groundwater. 

Table 4-8-2. 
Maximum Ground Water and 

All Pathways Doses for the PA and CA Wastes, 
Base Case Flow Field (mrem/yr) MDA G Performance Assessment. 

PA- PA- CA-
Ground Water All Pathways All Pathways 

Performance Objective 4 25 100 

1000 yr (Base Case) 2.4x1o-7 6.5 x 10-7 3.7 x 10-5 

Peak Dose (Base Case) 3 x 10-5 1x10-4 2 x 1 o-3 
@-4500 yrs @-4500 yrs @-3000 yrs 

1000 yr (high-flow case) 8.0 x 10-6 2.2 x 10-5 1.4 x 10-3 

1000 yr (low-flow case) 9 x 10-12 2x10-11 1x10-10 

Source: Birdsell et al. (2000). 

Finally, there are residual uncertainties related to flow in the deeper unsaturated-zone units for 
which few hydrologic data are available. The simulations take virtually no credit for transport 
times through the Cerros del Rio basalts, which make up more than 50% of the unsaturated zone. 
The transport results are based on the steady-flow assumption and on the use of matrix, 
hydrologic properties for all tuffunits at the site. The response of this fractured system to 
transient flow events is not completely known. Transient calculations (Birdsell et al. 1999) 
indicate that the steady-flow assumption is adequate because fluctuations in both saturation and 
contaminant flux rates dampen with depth even when including fractures in the upper two units. 
Fracture infiltration studies (Soll and Birdsell, 1998) lead to the conclusion that fracture flow is 
difficult to initiate and is short-lived in the upper two tuff units at the observed low field 
saturations. These conclusions are supported by modeling studies presented for Los Alamos 
Canyon in Appendix 4-C, as well as the findings of Robinson et al. (2005b). 
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APPENDIX 4-C. LOS ALAMOS CANYON MODEL 

4-C-1. Introduction and Motivation 

Los Alamos Canyon, as shown in Figure 4-6, is one of the most complex sites at the Laboratory. 
A number of technical areas have been or are currently located in or adjacent to the canyon, 
resulting in multiple release locations along the canyon. This section examines, through a 
synthesis of available data and the development of numerical models, fluid flow and contaminant 
transport in the vadose zone beneath Los Alamos Canyon. The subsurface hydrology and 
transport in the vadose zone is also a challenging activity, given the wide range of infiltration 
rates, the presence of perched water, and the introduction of a host of contaminants of different 
chemical properties. Because the canyon serves as a collector of a wide range of contaminants, 
we decided that it was necessary to develop a model at the scale of the canyon, rather than at a 
smaller scale. The specific goals of the model are as follows: 

• Synthesize the available data and conceptual understanding of the vadose zone hydrology 
beneath Los Alamos Canyon; 

• Produce a "base-case" numerical model of the subsurface vadose zone hydrology that 
ultimately can be used to predict contaminant migration rates and concentrations in fluids 
reaching the regional aquifer beneath the canyon; 

• Quantify the uncertainties associated with those predictions by establishing the bounds on 
system behavior through a suite of possible models, all of which are consistent with the 
available data, but which bracket the range of possible behavior; 

• Provide a simulation tool for predicting the fate and transport of contaminants in Los 
Alamos Canyon under different assumed hydrologic and ER stewardship scenarios; and 

• Demonstrate a model development methodology that can be used in studies of other 
canyons on the Pajarito Plateau. 

This work focuses on the hydrology beneath Los Alamos Canyon, as a first step toward 
developing a predictive tool that can be used to simulate contaminant migration in the canyon. 
Since water is the carrier fluid for the contaminants of interest, constructing a realistic flow 
model that captures the most important hydrologic processes of the vadose zone is an essential 
first step in the development of a reliable model. Although we primarily restrict attention to flow 
issues, tritium transpor:t in the vadose zone is also modeled here. Tritium, in the form of tritiated 
water, is an excellent tracer for groundwater, and hence is included in this modeling study as a 
constraint on the flow model. Although the work here is restricted to Los Alamos Canyon, we 
anticipate that the methodology and approach applied here can be used to develop models at 
other sites at the Laboratory. 

4-C-2. Hydrostratigraphy 

Accurate modeling of groundwater flow and transport in Los Alamos Canyon requires the 
integration of geologic model information with computational grids. Stratamodel was used to 
create a three-dimensional geologic framework model for Los Alamos Canyon. The geologic 
framework model consists of 20 distinct geologic units and is the product of a continuous 
process of model development and improvement in support of the Hydrogeologic Workplan 
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(LANL 1998) activities, including the development of numerical flow and transport models such 
as the present study. The record of model development and improvement is documented in 
various LANL reports (Vaniman et al. 1996, Carey et al. 1999). The different versions of the 
geologic models are distinguished based on the fiscal year (FY) in which they were built. Several 
of the sensitivity analyses were performed with the FY98 version as the geologic basis, while 
most of simulations are done based on the FY99 version. 

The defined stratigraphic units and their accepted designators are listed in Table 4-C-1. 
Figure 4-C-1 shows a two-dimensional cross section of the geologic model, illustrating the 
complexity of the current conceptualization of the subsurface. A characteristic of this two
dimensional stratigraphic model that is different than other models developed for sites on the 
Pajarito Plateau such as MDA G (Birdsell et al. 1999) and Mortandad Canyon (Dander 1998) is 
the absence of significant thickness of the Tshirege Member of the Bandelier Tuff. Los Alamos 
Canyon cuts deeply into the Bandelier Tuff such that the Otowi Member is the first unit 
encountered beneath the alluvium in the canyon bottom over much of the model domain. In the 
eastern portion of the model, the Otowi is not present, and instead the Cerros del Rio (Tb4) is the 
first unit encountered. This is the case at R-9, where the stratigraphic section consists only of 
basalts and the Puye Formation. Figure 4-C-2 depicts the full three-dimensional model 
stratigraphy, along with the locations of important wells and facilities referred to later. 

Table 4-C-2 lists the hydrologic properties used for the Los Alamos Canyon model. Permeability 
and porosity values used for each unit are listed first, followed by the unsaturated hydro logic 
parameters for the van Genuchten (1980) formulation used in the present study. It is assumed in 
this study that hydrologic properties are homogeneous within each individual unit. Although the 
appropriate hydro logic properties for the various units are thought to be somewhat site 
dependent, these property values are representative averages of site-wide conditions and can be 
used as a starting point for vadose zone numerical simulations. 
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Table 4-C-1. 
Stratigraphic Units Present in the Vicinity of Los Alamos Canyon 

Group/Formation Unit Name Symbol 
Tshirege Member of the Bandelier Tuff Unit 5 Qbt5 

Unit 4 Qbt4 
Unit 3 Qbt3 
Unit2 Qbt2 
Vapor-phase altered member of Unit 1 Qbt1v 
Glassy member of Unit 1 Qbt1g 
Tsankawi Pumice Qbtt 

Cerro Toledo Interval Cerro Toledo Qct 
Otowi Member of the Bandelier Tuff Otowi Member ash flow Qbof 

Guaje Pumice bed Qbog 
Puye Formation P.uye fanglomerate Tpf 

Totavi Lentil Tpt 
Cerros del Rio basalt Basalt 4 Tb4 

Basalt 3 Tb3 
Basalt 2 Tb2 
Basalt 1 Tb1 

Tschicoma Formation Tschicoma latite Tt2 
TSchicoma dacite Tt1 

Santa Fe Group Chaquehui (volcaniclastic) aquifer unit Tsfuv 
Santa Fe Group undifferentiated Tsfu 
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Figure 4-C-l. Cross section of stratigraphy in the vicinity of Los Alamos Canyon. Also shown 
is the infiltration map used along the canyon bottom (derived from water budget 
study of Gray 1997). 

Figure 4-C-2. Three-dimensional depiction of the stratigraphic framework model used to 
construct the flow and transport model for Los Alamos Canyon. Important wells 
and the site of a nuclear reactor are also shown. 
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Table 4-C-2. 
Hydrologic Property Values in the Los Alamos Canyon Model 

Hydrogeologic Unit Geologic Permeability, Porosity Van Genuchten Residual Van Genuchten 
Designation m2 a parameter, m-1 Moisture n parameter, unitless 

Content 
Unit 3, Tshirege Member Qbt3 1.01e-13 0.469 0.29 0.045 1.884 
Unit 2, Tshirege Member Qbt2 7.48e-13 0.479 0.66 0.032 2.09 
Vitric unit, Tshirege Member Qbt1v 1.96e-13 0.528 0.44 0.009 1.66 
Glassy unit, Tshirege Member Qbt1g 3.68e-13 0.509 2.22 0.018 1.592 
Basal pumice unit, Tshirege Member Qbtt 1.01e-12 0.473 1.52 0.01 1.506 
Cerro Toledo Interval Oct 8.82e-13 0.473 1.52 0.01 1.506 
Otowi Member Qbof 7.25e-13 0.469 0.66 0.026 1.711 
Guaje Pumice Bed Qboq 1.53e-13 0.667 0.081 0.01 4.026 
Cerros del Rio Basalt, Puye Formation Tb4 2.47e-12 0.3 0.1 0.066 2. 
Tschicoma dacites Tt2 2.96e-13 0.3 0.1 0.066 2. 
Miocene basalts, Santa Fe Group Tb3 2.96e-13 0.3 0.1 0.066 2. 
Puye Formation Tpf 4.73e-12 0.25 5. 0.01 2.68 
Totavi Lentil Tpt 4.73e-12 0.25 5. 0.01 2.68 
Santa Fe Group Tsfuv 2.65e-13 0.25 5. 0.01 2.68 
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4-C-3. Infiltration Rates and Water Budget Model 

The infiltration rate on the upper surface is one of the most important inputs in simulating flow 
and transport in the site. For the mesa areas, various hydrologic and chemical techniques have 
been employed to estimate infiltration rates in various settings. Rogers et al. (1996a) outlined an 
interpretive technique for estimating local infiltration rates based on measured hydrologic 
properties and water content values in samples collected from the vadose-zone tuffs. They 
obtained infiltration rates on mesas as low as 0.06 mm/yr with higher mesa values only found 
where surface conditions such as ponds were present. In more recent analyses, Birdsell et al. 
(1999) obtained a value on the order of 1 mm/yr for undisturbed mesa conditions at TA-49, and 
values estimated from 60-300 mm/yr beneath paved regions. At TA-16, chloride mass balance 
data collected by Newman (presented in Birdsell et al. 2005) were interpreted using the chloride 
mass balance method. Infiltration rates slightly higher than 1 mm/yr were obtained in this 
manner, which is consistent with the analyses of moisture content. Therefore, an infiltration rate 
of 1 mm/yr is assumed at all locations except the canyon bottom in the current model. 

To estimate the infiltration rate along Los Alamos Canyon, we use the study of Gray ( 1997), who 
focuses on the water budget and fluid flow in the surface water stream and shallow alluvial 
aquifer in Los Alamos Canyon. The fundamental model equation used to evaluate the water 
budget is 

I =P-R-ET-AS 

where I is infiltration, P is precipitation, R is runoff, ET is the evapotranspiration term, and 1:!,.S is 
the change in fluid storage. Since there was no experimental basis for estimating l:!,.S, Gray 
assumes it to be zero, listing it as an uncertainty in his analysis. The water budget calculations 
employed data from several sources, including stream-flow data from three stream-flow gages 
that provide estimates of surface water flow rates, and meteorological data from five 
precipitation measurement stations. These data were used by Gray in both an overall water 
budget for the canyon and a detailed water budget calculation. Details can be found in Gray 
(1997). 

Figure 15 of Gray (1997) shows the results from the overall water budget performed for Los 
Alamos Canyon. The key result from this aspect of Gray's work is the estimation of the relative 
amounts of ET, runoff, and infiltration to the deeper vadose zone. Over the three-year period of 
that study, Gray found that 71% to 83% of the water introduced into Los Alamos Canyon was 
lost to evapotranspiration. Gray points out many limitations and uncertainties in this estimate. 
Given the direct influence of this term in the water budget and indirectly on infiltration rate, a 
more comprehensive study of the processes is warranted. Most of the rest of the water not 
undergoing evapotranspiration is estimated to be recharging the deeper vadose zone, whereas 
runoff was found to be relatively small. Average infiltration rates applicable to the Los Alamos 
Canyon watershed were found to range from roughly 100 to 200 mm/yr for the period of study. 
These values are average values for the watershed, and might be expected to be higher locally 
directly beneath the stream channel. 
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In addition to the overall water budget, Gray (1997) conducted a detailed study using measured 
data and a numerical model to further break down the components of the water balance. A 
calibrated numerical flow model of the alluvial aquifer was developed to analyze the spatial and 
temporal distributions of infiltration in the canyon. Gray divided the canyon alluvial aquifer 
model into nine zones that corresponded to locations of the monitoring wells used in the model 
calibration. The model calibration procedure involved adjusting the drain conductance term that 
controlled the water flux leaving the alluvial aquifer (and entering the underlying bedrock) to 
match the water level data. The other terms in the water budget (excepting the storage term) were 
also included in the model, so that the calibration procedure provides a direct estimate of the 
spatially dependent infiltration rate along the canyon. Table 4-C-3 summarizes the results of this 
analysis. The highest infiltration rate of I 076 mm/yr occurs in Gray's Zone 4, corresponding to 
well LA0-0.8. This well falls near the southern projection of the Guaje Mountain fault zone, and 
was determined to have a strikingly low water level. This observation, and the numerical model 
calibrated to it, suggest high infiltration in this zone, perhaps due to an enhanced permeability 
due to fracturing. Zones I and 3 also exhibit higher than average infiltration. Gray postulates that 
Zone 3 may be higher because of its proximity to the Guaje Mountain fault, and Zone I 
infiltration may be high due to a greater saturated thickness in this portion of the canyon. The 
rest of the Los Alamos Canyon study area exhibited lower infiltration rates. 

4-C-4. Contaminant Sources 

A host of possible contaminant source sites exist for Los Alamos and DP canyons, resulting from 
past and present Laboratory operations. The most important of these for our purposes include 
TA-I (Townsite), TA-41 (Weapons Development Facility), TA-2 (Omega West Reactor Site), 
TA-21 (DP Site), and TA-53 (LANSCE). In particular, the Omega West reactor site, located in 
Los Alamos Canyon, was used since 1943 to house and operate a series of research reactors. 
Early reactors were fueled by aqueous uranyl solutions, whereas other reactors were fueled by 
solid fuel elements. A variety of contaminants (mostly radionuclides) are suspected to have been 
released into the canyon. Most relevant to the present study is tritium, produced from a leak in 
the primary cooling water system at the reactor. The leak occurred from a break in a weld seam 
in a section of the delay line running from building TA-2-1 to the surge tank. This leak was 
discovered in 1993, and tritium was detected within a stretch of canyon corresponding to the 
southern projection of the Guaje Mountain fault zone. Typical concentrations in the cooling 
water ranged from 15.7 x 106 to 20.2 x 106 pCi/L. The duration of the leak is not documented, 
but measurements of tritium concentrations in alluvial aquifer well LAO-I (located at the eastern 
boundary ofTA-2) suggest that the leak may have begun between November 1969 and January 
1970. This reactor was permanently shut down in 1994. 

In the transport simulations, among all possible contaminants, we choose tritium, which, in the 
form of tritiated water, is among the simplest chemical constituents to model because its 
chemical state as a water molecule implies that it is a tracer for water. Other contaminants may 
undergo sorption, precipitation, and complex speciation processes that complicate the transport 
simulation. 
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Table 4-C-3. 
Infiltration Rates for Various Portions of Los Alamos Canyon· 

Zone Location Infiltration, mm/yr ET, mm/yr Downgradient Loss, mm/yr 
1 LA Reservoir to 1100 ft east of bridge 714 464 56 

2 End of Zone 1 to LAO-C 213 167 223 

3 LAO-C to LA0-0.6 566 158 547 

4 LA0-0 .6 to LA0-0 .8 1076 0 148 

5 LA0-0.8 to LA0-1 222 195 93 

6 LA0-1 to LA0-2 408 28 111 

7 LA0-2 to LA0-6 399 93 46 

8 State Rt. 4 to Lab boundary 362 139 19 

9 East of Lab boundary 325 121 0 
*Values from the analysis of Gray (1997) 

ER2005-0679 4-C-8 December 2005 



Hydro geologic Synthesis Report 

4-C-5. Numerical Grids 

To deal most efficiently with issues of computational demands and model accuracy, we have 
utilized both two- and three-dimensional models for various flow and transport model analyses. 
A major advantage of two-dimensional grids is the smaller number of nodes and elements. 
Calculations run very quickly, making the grid appropriate for scoping calculations and 
sensitivity studies. When very high spatial resolution is required, three-dimensional grids are also 
necessary. However, since the grid is two-dimensional, there are limitations as to what spatial 
variability of flow properties can be captured in the model. In two-dimensional simulations, the 
model domain implicitly assumes that flow is negligible in the direction normal to the grid. This 
problem is relaxed in the three-dimensional grid, at the cost of greater computational times and a 
somewhat reduced grid resolution. Computational grids have been built for both the two
dimensional and three-dimensional simulation models. 

For the two-dimensional grid, the western boundary of the domain is located at New Mexico 
state plane coordinates (492916.5, 541257.7), just west of the Omega Bridge. Note that all state 
plane coordinates are specified in meters. The eastern boundary extends in a one-dimensional 
fashion from the western boundary to a coordinate location of (502959.6, 539688), just west of 
the intersection of State Route (SR) 4 and New Mexico State Highway (NMSH) 502. The extent 
of Los Alamos Canyon in the two-dimensional model is represented by drawing a one
dimensional line as closely as possible down the center of the canyon. To do this, the length of 
the canyon was traced from the western to the eastern boundary using a digital topographic map 
as a reference in Stratamodel (See Figure 4-6). The bends in Los Alamos Canyon are also 
accounted for. The final version of the two-dimensional grid for Los Alamos canyon consists of 
57,004 nodes, 111,256 tetrahedral elements, and contains 11 materials. 

In the process of selecting the simulation domain for the three-dimensional Los Alamos Canyon 
grid, we consider the historical information about contaminant releases and important sites along 
the canyon that may be relevant to contaminant transport issues in the canyon. It is deemed 
necessary that areas such as TA-21, TA-2 (the Omega West reactor), DP Canyon, and well R-9 
be within the domain of the three-dimensional grid. The Los Alamos Canyon model domain is 
rectangular in shape and encompasses most of Los Alamos Canyon, DP Canyon, and some of the 
adjacent mesas to the north and south of Los Alamos Canyon. The model domain extends from 
the topographic surface to a depth of 1650 meters. Within this grid, we capture both the mesas 
and the canyon in the same grid, so that infiltration boundary conditions and contaminant 
releases can be applied correctly. One of the major constraints on the grid building process is to 
keep the total number of nodes as low as possible but, at the same time ensure that there is 
adequate resolution in the areas of interest. The final grid, shown in Figures 4-C-3 and 4-C-4, is a 
three-dimensional grid that is composed of 301,436 nodes, 1,688,457 elements, and 14 unique 
materials. 
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Figure 4-C-3. Three-dimensional model grid. Plan view showing the areas of enhanced grid 
resolution along Los Alamos and DP Canyons. 
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Figure 4-C-4. Three-dimensional view of the Los Alamos Canyon model numerical grid. 

4-C-6. Model Implementation 

Model implementation issues include how to assign the flow boundary conditions, initial 
conditions for transient flow, and hydraulic parameters in the model. We will also discuss some 
assumptions employed in model implementation. 

The infiltration values obtained from Gray (1997) in Los Alamos Canyon were applied directly 
to the two- and three-dimensional models. In the three-dimensional model, it is relatively 
straightforward to apply an estimated infiltration rate on all grid nodes identified as representing 
the interface of the alluvium bottom and the bedrock. In a two-dimensional model, we implicitly 
assume that there are no variations in infiltration in the third dimension (the horizontal direction 
normal to the canyon). As a result, the appropriate flux to be input to the two-dimensional model 
is not necessarily the value along the canyon bottom. Figure 4-C-1 shows the infiltration map 
above the two-dimensional model domain. The infiltration rates so applied in two dimensions are 
expected to be maximum values. In this study, it is assumed that the relative flux entering the 
subsurface at different locations along the canyon remains the same, but the absolute value of 
infiltration is uncertain. The fluid mass flow rate at each top node is determined upon 
multiplying the infiltration rate at that node by the nodal area normal to the upper surface of the 
model (for an assumed 1 m thickness of the two-dimensional model domain). 
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The bottom boundary condition represents the water table. The water table is estimated from 
results compiled by Keating (personal communication, 1999). Any node falling below this 
surface is assigned a value of saturation equal to 0.999 to represent the regional aquifer. 
Therefore, the vadose zone model domain extends only down to this surface, and the bottom 
region is simply a boundary condition rather than a calculated result. 

The hydrologic properties at each grid node in the two- and three-dimensional models are 
determined by the properties of the unit in which the node falls. The hydrologic properties used 
for the Los Alamos Canyon model are listed in Table 4-C-2. 

It is evident that there is significant uncertainty in the hydrologic properties and infiltration rates 
due to, for example, the true variability of medium properties, a limited number of 
measurements, and measurement errors. For the purpose of sensitivity analyses, we defined a 
base-case set of hydro logic properties and boundary conditions as a reference. In the base case, 
the values for the hydrologic properties are taken from Table 4-C-2 and the infiltration rate for 
the canyon is taken from Table 4-C-3 (1 mm/yr for the mesas). The base case parameter set used 
the mean values of the hydro logic parameters for all units. This practice has been used in other 
modeling studies on the Plateau, including Dander (1998) and Birdsell et al. (1999). Variations 
are made on the base-case parameters to examine the impact of uncertain parameters on the 
model results. 

Once the hydrologic properties and initial and boundary conditions are selected, the flow and 
transport equations are solved using the finite element heat and mass (FEHM) code that 
simulates heat conduction, heat and mass transfer for multiphase flow within porous and 
permeable media, and noncondensible gas flow within porous and permeable media. The code 
handles model geometries in two or three dimensions, and has a variety of solute transport model 
options available for use. For details of the fundamental model equations solved by the code, see 
Zyvoloski et al. (1997). 

4-C-7. Fluid Saturation Model Results 

Figures 4-C-5 and 4-C-6 show a full three-dimensional view of fluid saturation and a series of 
two-dimensional vertical slices through the three-dimensional model. As expected, the figure 
shows wet conditions in the canyon, dry in surrounding mesas. As with the two-dimensional 
model, this model result shows the overriding importance of the stratigraphy in controlling the 
water contents in the rock. The local infiltration rate also exerts a strong control on the results. 
Directly beneath the canyon, fluid saturation is much higher within a given stratigraphic unit 
than in other parts of the model domain, a reflection of the high infiltration in the canyon. 
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Fluid. saturation 

Figure 4-C-5. Full model three-dimensional flow results showing fluid saturation predictions 
throll;gh the model domain. 

Fluid saturation 

Figure 4-C-6. Fence diagram showing one north-south and three east-west cross-sections. 
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4-C-7.1 Moisture Comparisons to Data 
We choose volumetric water content as the primary measurement used to evaluate the model 
results because adequate data on water content is available from virtually all vadose zone 
characterization wells. Robinson et al. (2005a) presents a detailed analysis of the comparisons of 
volumetric water contents predicted in the three-dimensional model to measured values in three 
wells located in Los Alamos Canyon: LADP-3, LAOI(A)-1.1, and R-9. Representative results 
are shown in Figures 4-C-7 and 4-C-8 for wells LADP-3 and LADP-4, respectively. The fits to 
the data are presented for three different levels of infiltration rates, i.e., the base-case infiltration 
map, a map with infiltration scaled down by a factor of three from the base map, and a map with 
infiltration scaled up by a factor of three. It is seen that the base infiltration map does an 
adequate job of jointly matching the water content profiles in these wells, despite the different 
stratigraphy and position relative to the canyon bottom. The good fit for LADP-4 illustrates the 
adequacy of the model in capturing the fluid saturations in the Tshirege Member (not present in 
the two-dimensional model), as well as in a region where infiltration rates are taken to be 
significantly lower than in Los Alamos Canyon at LADP-3. The need to apply significantly 
lower infiltration near LADP-4 is best understood by comparing the water content model and 
data for these two wells. The significantly wetter conditions in LADP-3 are simulated in the 
three-dimensional model through the setting of high infiltration in the canyon. It is evident from 
these comparisons that the model is able to capture the general features of data. 

4-C-7.2 Sensitivity Analysis 
As was discussed previously, there is significant uncertainty in the hydrologic property values 
and infiltration rates in the Los Alamos Canyon model. Therefore, it is important to investigate 
how the deviations of the parameter values from the base case affect the model predictions. 

Sensitivity to flow transients. In model simulations presented thus far, it is assumed that the 
infiltration is time-independent. However, infiltration is likely to be a more transient 
phenomenon. Gray (1997) shows that in Los Alamos Canyon, water levels in alluvial aquifer 
wells fluctuate with season in response to summer storm events and spring runoff from 
snowmelt. It is not clear to what extent these transients are damped by the surface and alluvial 
aquifer :flow processes. To test the potential influence on vadose zone water contents, we take a 
"worst-case" approach to bound the problem. In the first simulation, we test the sensitivity of the 
model to a very sharp impulse of water corresponding to the entire predicted infiltration of one
half year concentrated in a one-week time period. This bounding case is intended to model the 
case of all infiltration occurring in a single spring runoff event and a single summer storm event. 
Figure 4-C-9a shows the predicted water content profiles in LADP-3 in response to such an 
event. The influence is only felt in the uppermost ten meters or so of the vadose zone. The 
quantity of water input during the event, though intense, is insufficient to have a significant 
influence on the water content profile. These events would then be followed by a half-year of no 
infiltration, which would cause the profile to bounce back to nearly its original state. Therefore, 
the assumption of steady-state conditions over time scales of years should have no influence on 
the interpretation of the water content profiles in the observation wells, except possibly very 
close to the surface (alluvium-bedrock interface). 
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Figure 4-G;.. 7. Comparison of data and three-dimensional model predictions for water contents 
in well LADP-3 (a. _stratigraphy; b. data-model comparison). 
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Figure 4-C-8. Comparison of data and three-dimensional model predictions for water contents 
in well LADP-4 (a. stratigraphy; b. data-model comparison). 
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Figure 4-C-9. Two-dimensional model predictions for the water content in response to transient 
episodes of enhanced infiltration. (a) Well LADP-3, single one-week episode of 
enhanced infiltration. (b) Well LADP-3, prolonged period of enhanced infiltration 
(infiltration is increased by a factor of five starting at time 0). 

Longer-term variability in the infiltration rate over years or decades could also complicate the 
interpretation of water content measurements, and thus need to be examined. Figure 4-C-9b 
shows the results of a simulation in which the infiltration steady state is used as an initial 
condition, and the rate is increased to the base-case infiltration map at time zero. The plot shows 
that over a time period of a few years, the water contents increase to significant depths. Within 
about a decade, the profile throughout the entire section of the Otowi Member reflects the new, 
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higher infiltration rate. At times of one or a few years, the transient water content profile shows 
curvature similar to that seen in several of the observation wells, including LADP-3. This does 
not necessarily mean that the curvature is caused by such a transient, but simply that reasonable 
variability in infiltration rates over years to decades complicates the interpretation of the water 
content profiles. This simulation is meant to provide a caution against over-interpretation of the 
details of the water content profiles. Furthermore, it is recognized from this analysis that the 
match of a steady-state model to the data in Los Alamos Canyon represents the fluid flow 
characteristics of the system within the previous ten to 100 years leading up to the collection of 
the water content data. In general, this result is dependent on the hydrologic conditions of the 
particular model area. Wet canyon systems with high infiltration rates have transient time periods 
of this order of magnitude, while dry mesas may take upward of thousands of years to attain a 
new steady-state water content profile when the infiltration rate changes. 

4-C-8. Tritium Modeling Results 

Tritium transport model results are presented to further demonstrate the validity of the model and 
to explore important processes occurring in the vadose zone. Figure 4-C-10 shows the three
dimensional model predictions of the tritium concentration of fluid reaching the water table in 
the year 1999. Significant, above-background concentrations are predicted along the canyon at 
locations downstream of where the Bandelier Tuff is not present in the canyon bottom. An 
important characteristic of the model is the preferential transport to the water table at locations 
downstream of the confluence of Los Alamos and DP canyons. The main reason for this result is 
that the thickness of Bandelier Tuff is much greater at upstream locations in the canyon, whereas 
in the vicinity ofR-9, no Bandelier Tuff is present. Recall that the conceptual model for vadose 
zone flow consists of matrix flow and transport in the Bandelier Tuff, and preferential fracture 
flow and transport in the basalt units. Rapid transport to the water table at the downstream 
locations is due to fracture flow in the .basalts and fairly rapid transport through the Puye 
Formation. Therefore, concentration levels in these locations in the canyon are predicted to be 
significantly greater than zero (in the thousands of pCi/I) in this portion of model domain. 

The wells at which tritium concentrations in the regional aquifer can be compared are the water 
supply well 0-4 and test well-3, both located rtear the confluence of Los Alamos and DP 
canyons, and characterization wells R-7 and R-9. Well 0-4 results indicate that tritium is 
predicted to be mostly present in the vadose zone; however, a small but non-zero concentration is 
predicted to have reached the regional aquifer. Well R-7, located downstream of tritium 
contaminants but upstream of the Los Alamos-DP Canyon confluence, shows the slowest 
migration rate of tritium. By contrast, the most rapid transport to the water table is observed at 
R-9, where the peak concentrations of tritium are predicted to already have reached the water 
table. These model results are consistent with the available field data. Regional aquifer fluid 
collected in well R-7 has indetectable levels of tritium, whereas TW-3 and R-9 show that tritium 
has reached the regional aquifer. Determining more quantitatively the ability of the model to 
reproduce the field data is difficult because of mixing of the tritium percolating from the vadose 
zone with regional aquifer fluid and the subsequent mixing of contaminated and clean fluid in 
the wellbore itself. The latter difficulty is especially acute for the water supply wells, which may 
draw water from hundreds of feet of screened length. 
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Figure 4-C-10. Three-dimensional model predictions of the tritium concentration of fluid 
reaching the water table in the year 1999. Significant, above background 
concentrations are predicted along the canyon at locations downstream of where 
the Bandelier Tuff is not present in the canyon bottom. 

As a final comparison to the available data, we contrast the model results with regional aquifer 
water supply well 0-1. However, because contaminant transport sources from Pueblo Canyon 
(north of Los Alamos Canyon) were not included in this model, the conclusions related to 0-1 
are more qualitative. For this comparison, monitoring information (LANL 2001) is used. 
Contaminants tritium, perchlorate, and nitrate are all thought to be nonsorbing in this system, and 
thus the combined results of all three contaminants are used in this interpretation. Well 0-1 has 
been found to contain measurable levels of perchlorate at about a 5 ppb level, nitrate levels 
higher than at other regional aquifer wells in the area, and consistent, above-background levels of 
tritium in the 30-40 pCi/L range. All observations point to both Laboratory-derived contaminants 
and effluent discharges from Los Alamos County from past releases in Los Alamos and Pueblo 
Canyons having traversed. the entire vadose zone. The present model explains these observations 
as a consequence of the hydrostratigraphy along the canyon, with rapid travel times at locations 
where the Bandelier Tuff is thin or non-existent. 

Contrast these results with the transport model for MDA G presented in Appendix 4-B. .JY!ost 
important, travel times through the vadose zone are predicted to be orders of magnitude longer 
for this mesa site than for transport from the bottom of a wet canyon. The reason for this is 
straightforward. Infiltration rates, which directly impact transport velocities, are much larger in a 
canyon setting, in which all water in a catchment is channeled to the canyon bottom. A 
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significant percentage of that water will escape evapotranspiration and percolate into the deep 
subsurface along the canyon. In contrast, a mesa top typically provides opportunity for water to 
drain as surface water, evaporate, or transpire. Therefore, percolation rates are much lower, 
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APPENDIX 4-D. REGIONAL AQUIFER MODEL DEVELOPMENT 

4-D-1. Grid Information 

Three-dimensional groundwater models have been developed using FERM (Zyvoloski et al. 
1997); computational grids were generated using LaGriT (Trease et al. 1996). The computational 
grids for both the basin- and site-scale models are shown in Figures 4-D-1 to 4-D-4; grid 
characteristics are summarized in Table 4-D- l. The structure of the two models are identical, 
except for the, increased vertical resolution of the site-scale model and the smaller lateral extent. 

A view of the upper surface of the basin model grid is shown in Figure 4-D-l. Constant head 
nodes are indicated by circles. Boundary conditions for the basin-scale model are shown in 
Figure 4-D-2. A view of the upper surface of the site-scale model is shown in Figure 4-D-3. 
Boundary conditions for the site-scale model are shown in Figure 4-D-4. Horizontal grid 
resolution varies from 250 m near the margins to 125 m beneath LANL. Vertical resolution 
varies from 12.5 min the upper portion of the aquifer to 500 mat depth. 

Each node in the computational mesh is assigned to a unit according to its location relative to the 
3-D hydrostratigraphic structure defined by the geologic model. Interpolation from the 
hydrostratigraphic model to the grid nodes is done by defining closed volumes for each 
hydrostratigraphic unit. Each node of the mesh can be in one and only one of these volumes. The 
node properties are assigned based on which volume a node resides in. In this relatively simple 
approach, the location of contacts between hydrostratigraphic units can only be resolved to the 
degree of discretization in the finite element mesh. The resulting zonation for the basin and site
scale models are shown in Figures 4-D-5 and 4-D-6. 
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Figure 4-D-l. Top view of basin-scale model grid with side view (inset). 
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Figure 4-D-2. Boundary conditions along top surface of basin-scale model. 
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Figure 4-D-3. Plan view of the site-scale grid. LANL boundary shown for reference. 
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Figure 4-D-4. Boundary conditions along top surface of site-scale model. 
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Table 4-D-1. 
H d ly t f ros ra 1grap h. U "t . S "t S I M d I IC msm I e- ca e o e 

Unit Sub-unit Abbreviation Volume (km3) 
Precambrian p€ 4.50 
Paleozoic/Mesozoic PM 273.53 
Santa Fe Group Deep Tsf-deep 36.47 

fanglomerate Tsf-fang 23.62 
sandy Tsf-sandy 457.58 

Keres Group deep Tk (deep) 12.59 
shallow Tk (shallow) 1.15 

Basalts Tb1 6.19 
Tb2 5.61 
Tb4 2.20 

Tschicoma Tt 7.09 
Puye Formation Totavi Lentil Tpt 2.02 

Pumiceous Tpp 1.96 
fanglomerate Tpf 5.45 

Uncertain (1) Tb2s 14.02 
Uncertain (2) Tb4f 0.45 
Pajarito Fault zone 82.04 
Total volume 936.51 

4-D-2. Recharge Model 

We define groundwater recharge Rover the model domain as follows: 

R(x,y) =a s(x,y)·P[Z(x,y)], 

Z(x,y) > Zmax 

zmin < Z(x,y) < zmax 

Z(x,y) < Zmin 

Fraction of Total 
0.005 
0.292 
0.039 

0.025 
0.489 
0.013 
0.001 
0.007 
0.006 
0.002 
0.008 
0.002 
0.002 
0.006 
0.015 
0.000 
0.088 
1.000 

(1) 

(2) 

where P is precipitation, Z is ground-surface elevation defined from the digital elevation model 
of the region, s is a dimensionless weight function which is characterized by parameters Zmin and 
Zmax, a is the fraction of precipitation that becomes recharge above Zmax· Note that Zmin defines 
the elevation below which no recharge occurs, and above elevation Zmax the recharge is equal to 
a P. The total recharge flux Q over the model domain Q is defined as 

Q =ff Rdxdy =a ffsPdxdy = aP' (Zmin, Zmax), 
Q Q 

where P' is a function of Zmin and Zmax only. We assume P(Z) is a simple linear model with 
fixed regression parameters, which we derive using annual precipitation data for the region 
(Bowen, 1992; Spiegel and Baldwin 1963). Thus, there are four unknowns to be estimated 
(Q, a, Zmin and Zmax) coupled through Equation 3. For example, to calculate Q we need to 

(3) 
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estimate a, Zmin and Zmax· For our inverse models, we found it to be more computationally 
efficient to include Q, Zmin and Zmax in the estimation process, and compute a as 

Q 
ct=-----

P'(Zmin,Zmax) 
(4) 

Precipitation (P) is defined as a function of elevation (Z), according to a regression equation 
derived from regional data (Spiegel and Baldwin 1963) and Pajarito Plateau data (Rogers 1994). 

· Figure 4-D-7 shows these data; the derived regression relationship is 

P (in/yr)= -16.4 + (.004542) * Z (feet), r2 = 0.9 

Using a USGS DEM model for the basin, we derive a map of annual precipitation from which 
the recharge fluxes are derived. We apply focused recharge along the upper reaches of perennial 
streams in the basin; the ratio of Rr (focused recharge along perennial streams) to Q is an 
unknown parameter that can be estimated in the inverse analysis. Finally, recharge along 
ephemeral streams on the Pajarito Plateau is applied in linear proportion to the indices developed 
by Birdsell (see Nylander 2002). The ratio of this type ofrecharge to Q is defined asK. 

Figure 4-D-8 shows an example of a recharge model derived using equations 1-4. Note that this 
particular example applies the highest rates of recharge in the basin to the streams flowing 
through LANL (>>35 mm/yr). This approach assures that the maximum possible fluxes of 
contaminants into the regional aquifer are captured in the models. The model parameters 
employed to generate this particular recharge map are 

Q = 6400 kg/s; Zmin = 2300 m; ct= 12.5%; K = 0.03, and Rr= 0.2. 

In summary, the full set ofrecharge model parameters are Q, Zmin, Zmax,Rr/Q, and K. These five 
parameters can be varied to provide a wide range of recharge conditions, all within the 
calibration constraints of head and baseflow discharge. 
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Figure 4-D-5. Three-dimensional representation of the major hydrostratigraphic units in the 
basin-scale model. 
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Figure 4-D-6. Site-scale model grid, colored according to major hydrostratigraphic units. 
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4-D-3. Flux Estimates. 

Table 4-D-2 compares flux estimates from previous models developed for the Espanola Basin. 

Table 4-D-2. 
Flux Estimates Derived from Previous Models, in AFY 

cfs/.0014 0.0014 
INFLOW McAda Frenzel Hearne 

Total Area (km") 
Areal Recharge (cfs) 7571 3429 0 

Lateral 
Boundaries 
Inflow (cfs) rom: east 21571 14929 2693 

west 7429 7214 8100 
north 1429 1357 971 
south 1571 500 

Rivers 
Inflow (cfs) rom: SF River 5357 5357 5150 

Poi. River 0 929 1261 
RG 1357 0 0 
Cochiti 0 0 0 
Tesuque 3071 2714 1772 
Rio En Medio/Nambe 2857 3000 1714 
Arroyo Hondo 500 500 0 
Santa Cruz 0 0 2936 
Head dependent rivers 0 929 0 

TOTAL INFLOW 52714 40857 24597 

OUTFLOW 
Lateral Boundaries 
Outflow' (cfs) to: east 0 0 0 

west 12429 8643 0 
north 2143 2714 243 
south 214 1643 0 

Rivers 0 0 0 
Outflow (cfs) to: Santa Fe River 4643 0 3107 

Pojoaque River 5214 2766 
Rio Grande 28071 0 11293 
Cochiti 0 0 4464 
La Cienega 0 4643 0 
Tesuque 0 0 243 
Rio En Medio/Nambe 0 0 0 
Arroyo Hondo 0 0 0 
Santa Cruz 0 0 1071 
Head dependent rivers 0 23357 0 

TOTAL OUTFLOW 52714 41000 23187 
1 Outflow to "west" is outflow to the Albuquerque Basin. For comparison, subsurface inflow to the Albuquerque Basin 
from the north (including the Espanola Basin and Jemez Mountains) was estimated to be 19,400 afy (Kernodle et al. 
1995), 28,500 afy (McAda and Barrell, 2002), and 2772 afy (Sanford et al. 2004). 
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Figure 4-D-7. (a) Average annual precipitation in the vicinity of the Espanola Basin. 
(b) Regression equation for precipitation applied using USGS DEM. 
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Figure 4-D-8. Average annual precipitation verses elevation derived from data of Spiegel and 
Baldwin (1963) and Rogers (1994). 
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ESTIMATING AQUIFER DISCHARGE USING STREAMFLOW 
DATA 

The method we use for estimating base flow gain along the Rio Grande is a very simple one, also 
used by Spiegel and Baldwin (1963), the U.S. Department of Justice (1996), and others. The 
strategy is to difference measured surface water flow at two gages during January, when other 
causes of streamflow loss/gain such as evapotranspiration and irrigation withdrawals are likely to 
be minimal. Because the calculated baseflow gain is generally small compared to total flow in 
the Rio Grande, small measurement errors in flow at the gages could have large influence on 
these calculations. The approach applied here assumes that measurement errors are random; 
therefore, their impact can be minimized by repeating the calculations over a number of years 
and deriving a long-term mean. Uncertainty in the mean estimate will be an indication of 
measurement error. Unless the record is much longer than significant temporal trends, temporal 
trends cannot be ascertained with this method. 

We apply this approach to two reaches of the Rio Grande: (1) San Juan Pueblo (828110) to 
Otowi (8313000) and (2) Otowi (8313000) to Cochiti (8314500). Collectively, these two reaches 
span the entire length of the Rio Grande that comprises the eastern extent of the Pajarito Plateau, 
from Santa Clara Creek to Rio Frijoles. 

(1) San Juan Pueblo (828110) to Otowi (8313000). A major tributary to the Rio Grande, the 
Rio Chama, enters this reach just downstream from the gage 8290000 (Rio Chama at Chamita). 
There was a 23-year period during which all three of these gages were operational (1963 to 
1985). By comparing this period ofrecord to a much longer period ofrecord at the Otowi gage 
(1890-2004), it can be seen that flows were normal during the 1963-1985 period, except two 
unusually high flow years (1973 and 1975). The January flow at Otowi was highly correlated to, 
and slightly more than, the sum of flows at San Juan Pueblo and Rio Chama at Chamita, 
suggesting a consistent base flow gain component along this reach. Three minor tributaries, the 
Santa Cruz River, the Pojoaque River, and the Santa Clara River, contribute to gain along this 
reach. Insufficient data during the 1963 to 1985 prevents using measured flows for these years; 
instead, we use a long-term average from other years, shown in Table 4-E-l. 

For each of the 23 year period from 1963 to 1985, we calculated base flow gain during January 
by the following relationship: 

Base flow gain= measured flow (RG Otowi - RG San Juan - Rio Chama, Chamita) - long-term 
average measured flow (Pojoaque +Santa Clara+ Santa Cruz). 

The 23-average base flow gain calculated using this approach is 41.2 cfs.( +/- 12.8 at the 95% 
confidence interval). There is a strong trend evident for gain to be higher in years of higher flow; 
it is unclear whether this trend is real or is related to sources of error such as small ungaged 
tributaries which may only be significant at high flow. The adequacy of the derived long-term 
estimate is shown in Figure 4-E-la. 

(2) Otowi (8313000) to Cochiti (8314500). These two gages have both been operational since 
1926, well before pumping began at the Buckman wellfield below Otowi. January flow at the 
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two stations is highly correlated (r2=0.96). For most years the data suggest that the reach is 
gaining; for some years the data suggest a losing reach. One tributary enters the Rio along this 
reach, Rio Frijoles, which was gaged from 1983 to 1996. We estimate the average January flow 
at the Rio Frijoles to be 1.2 cfs. Accounting for the inflow from the Rio Frijoles, the gain 
between these reaches is 13.0 cfs +/- 8.8. The sum of the flow at Otowi and Rio Frijoles and this 
base flow estimate, compared to the flow at Cochiti, is shown as a yellow line in Figure 4-E-lb. 
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Table 4-E-1. 
Comparison of Gain/Loss Calculations to Other Studies 

Reach Source Method Reach Length Total Gain Gain/mi 
(kml (m3/s) (m3/s/km) 

Rio Grande (Otowi to Cochiti) This report (Table 2-3) Streamflow analysis 41.8 0.39 0.009 
U.S. Department of Justice Streamflow analysis 41.8 0.40 0.009 
(1996) 
Hearne (1985) Numerical model 38.6 0.46 0.012 
McAda (1988) Numerical model 27.4 0.63 0.023 
Purtymun (1966) Seepage runs 18.5 0.43 0.023 
Griqgs (1964) Seepage runs 18.5 0.37 0.020 
Spiegel & Baldwin (1963)' Streamflow analysis 32.2 0.71 0.022 

Rio Grande (Embudo to Otowi) This report (Table 2-3) Streamflow analysis 51.0 0.67 0.013 
U.S. Department of Justice Streamflow analysis 51.0 1.50 0.029 
(1996) 

Rio Grande (Espanola to Otowi) Hearne (1985) Numerical model 33.8 0.20 0.006 
McAda (1988) Numerical model 17.7 0.43 0.024 
USGS seepage runs Seepage runs 27.4 0.15 0.005 

Rio Chama (Abiquiu to Chamita) This report (Table 2-3) Streamflow analysis 39.9 1.00 0.025 
This report (Table 2-2) Area relation 39.9 1.19 0.030 
Hearne ( 19 85) (lower reach only) Numerical model 0.06 

Santa Cruz River Hearne (1985) Numerical model 0.04 
This report (Table 2-2) Area relation 0.33 
This report (Table 2-3) Streamflow analysis 0.14 

Poioaque River · Reiland & Koopman (1975) Streamflow analysis 0.40 
McAda (1988) Numerical model 0.21 
This report (Table 2-2) Area relation 0.27 
Hearne (1985) Numerical model 0.09 

Santa Clara River This report (Table 2-3) Streamflow analysis 0.09 
This report (Table 2-2) Area relation 0.05 

Santa Fe River This report (Table 2-3) Streamflow analysis 0.23 
McAda (1988) Numerical model 0.18 
this report (Table 2-2) Area relation 0.32 
Hearne (1985) Numerical model 0.12 

Rio Embudo This report (Table 2-3) Streamflow analysis 0.58 
This report (Table 2-2) Area relation 0.30 

1 Their approach includes only those years when the reach was deemed "gaining." ("Losing" years were assumed to be caused by erroneous data and were deleted from the analysis.) 
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Figure 4-E-l. Measured January flow at the Otowi gage, compared to (a) contributing flow at 
Rio Chama, Rio Grande at San Juan, minor tributaries, and estimated base flow, 
and (b) measured January flow at the Cochiti gage. 
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To extrapolate these estimates to a slightly different reach of the Rio Grande, from Santa Clara 
Creek to Rio Frijoles, we calculate the ratios of stream lengths within each of the estimated 
reaches above. Santa Clara to the Otowi Bridge gage is approximately 6/10 the distance of RG 
San Juan to Otowi Bridge; we estimate 24.7 +/- 7.7 cfs gain along this reach. Otowi to Rio 
Frijoles is approximately 1

/2 the distance of Otowi to the Cochiti gage; for this reach we estimate 
6.5 cfs +/- 4.4. In total, our baseflow estimate for the Santa Clara to Rio Frijoles reach of the Rio 
Grande is 31.2 cfs +/- 12.1 or 884 kg/s +!- 343. 

Errors. Sources of errors in the method include systematic errors in streamflow measurements 
which do not affect all of the streamflow gages used in the differencing equations and which are 
persistent for the entire period of overlapping record, systematic departures of tributary flows 
(Pojoaque +Santa Clara+ Santa Cruz) from the long-term averages shown in Table 4-E-2 and 
and unmeasured surface water inflows/outflows. Water budget components are estimated for 
watersheds in the Espanola Basin and are shown in Table 4-E-3. 

Table 4-E-2. 
E f t s 1ma es o f L ong-T A Fl erm verage owa t S II T "b ta . ma rt u rt es 

Gage Data #of Years of Period Mean January 
Source Record Flow (cfs) 

1 Pojoaque River, at Site 6 Reiland and 38 1935-1972 4.9 
mouth Koopman (1975) 

2 Santa Clara Creek 8292000 USGS 17 1936-1994 3.3 
3 Santa Cruz River 8291500 USGS 10 1941-1950 5.9 
4 Rio Frijoles 8313350 USGS 14 1983-1996 1.2 
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Table 4-E-3. 
Water Budget Components Estimated for Watersheds 

"th. th E - I B . E d F f f T t I P "t f WI m e spano a asm, xpresse as rac ion o oa rec1p1 a ion 
Watershed Area-Weighted Precipitationb ET0 Runoff Recharge Sublimation Recharge Source 

Area (square Average (acre-ft/yr) 
miles) Elevationa (feet) 

Fraction of total precipitation Inches/yr 
Santa Fe River 28.7 8989 36706 0.69 0.19 0.11 0.01 2.71 Wasiolek (1995) 
Santa Fe River 26.95 8989 30060 0.71 0.19 0.10 --- 2.02 Anderholm (1994, Table 7) 

0.73d 0.08d 1.61 d 
Little Tesuque 7.7 8786 9370 0.72 0.09 0.19 0.00 4.41 Wasiolek (1995) 
Creek 
Little Tesuque 7.34 8786 8,573 0.88 0.05 0.07 --- 1.61 Anderholm (1994, Table 7) 
Creek 
Rio Nambe 34.2 9325 48826 0.62 0.19 0.11 0.08 3.03 Wasiolek (1995) 
Tesuque 11.2 9197 15288 0.65 0.20 0.10 0.05 2.45 Wasiolek (1995) 
Creek 
Tesuque 11.84 9197 13120 0.75 0.18 0.07 --- 1.50 Anderholm (1994, Table 7) 
Creek 
Combined 19.18 9030 21693 0.89 0.04 0.07 --- 1.54 Anderhom (1994, Table 7) 
Little Tesuque 0.93d 0.03d 0.67d 
and Tesuque 
Creeks 
Rio en Media 8.7 9242 11973 0.64 0.15 0.14 0.07 3.73 Wasiolek (1995) 
Arroyo Hondo . 8.38 ? 8560 0.84 0.06 0.10 --- 1.86 Anderholm (1994, Table 7) 
LA Canyon '93 ? 8428 13694 0.71 0.03 0.26 0.00 6.52 Gray (1997) 
LA Canyon '94 ? 8428 12409 0.83 0.00 0.17 0.00 4.01 Gray (1997) 
LA Canyon '95 ? 8428 15912 0.73 0.02 0.25 0.00 7.33 Gray (1997) 
' Average basin elevation was calculated by the authors for drainage basins as defined by Was1olek (1995). No adjustments were made to the average drainage basin 'elevations to 
account for the small differences in drainage basin areas between the Anderholm (1994) and Wasiolek (1995) studies. 
b Precipitation volumes reported by Wasiolek {1995) for winter and spring had already been adjusted to reflect the effects of sublimation of snow. The precipitation volume estimated to 
exist before before sublimation was determined using information provided by Wasiolek (1995, p. 18). Calculated fractions for evapotranspiration, runoff, recharge, and sublimation 
reported here for the Wasiolek study are relative to this pre-sublimation precipitation value. 
0 The authors estimated the evapotranspiration (ET} for Anderholm's study based on Anderholm's estimates for precipition (P), runoff (RO), and recharge (R): 
ET= P-RO-R 

d These estimates used the chloride-based recharge estimate corrected for runoff from the basin. 
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The cover shows a three-dimensional geologic framework model of the region near Technical Area 03, depicting the geology down to a depth of 4000 feet above sea level. The stratigraphic units in the area wells are also shown. For illustrative 
purposes, a modified color palette was used for this model that differs from that used for illustrations in the rest of the atlas to highlight the large-scale character of the Quaternary luffs (Ian colors), older ftows (blues), and the basalt ftows (red). 
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ABSTRACT 

The "2009 Hydrogeologic Site Atlas" describes those portions of the 2009 geologic framework model (GFM) that 
encompass Los Alamos National Laboratory (the Laboratory) and surrounding area. This atlas is extracted from the 
2009 GFM. a major revision and expansion of the previous 2005 GFM, and incorporates a large amount of new 
subsurface data from an expanded drilling program. The 2009 GFM is a set of three models: the site model (SITE), 
the southern Espanola Basin (SEB) model and the Espanola Basin (EB) model, which provide computational grids for 
increasingly larger portions of the EB at decreasing resolutions. The 2009 GFM has also been extended to greater 
depths beneath the Pajarito Plateau through a projection of modeled EB geology to the east and southeast and 
utilization of new geologic map data from the Valles Caldera to the west and the Cochiti Pueblo region to the south. 
The atlas incorporates enhanced stratigraphic control to identify additional details of the deeper Santa Fe Group 
sediments beneath the Laboratory and provides new and/or updated geologic maps, structure contour and thickness 
maps, and water-table maps, as well as cross-sections and three-dimensional (3-D) visualizations of the geology. 

1.0 INTRODUCTION 

The Laboratory has produced a series of hydrologic site atlases that document updated models for the Laboratory site 
(Stone et al. 1999, 064039; Stone et al. 2001, 069830; Cole et al. 2006, 095079). This current document is the latest 
addition to the atlas series. This document satisfies component 9 as indicated in the 2009 General Facility Information 
(LANL 2009, 105632). 

1.1 Background 

The earliest 3-D geologic model for the Laboratory site was produced in the mid-1990s to support compliance with the 
Laboratory's Hazardous Waste Facility permit(s), required under the Resource Conservation and Recovery Act. The 
1995 site geologic model (Vaniman et al. 1996, 106129) used early-version, Arc Info software for building the model, 
and IBM DX-Explorer software for 3-D visualizations. The model consisted of 14 surfaces that were derived from the 
contouring of triangular integrated networks (TINs) created from limited sets of surface and drill hole control points. 
The model surfaces did not extend to the Laboratory boundaries and were limited to units/subunits of the Bandelier 
Tuff, portions of the Cerro Toledo and Puye and Totavi units, and a small piece of the Santa Fe Group. Figures 1-1 a 
and b provide samples of the surfaces and visualizations from this early model of the 3-D geology and the Laboratory 
site. 

Through the ensuing years, there has been an ongoing effort to accelerate the characterization and remediation of the 
hazardous (release) sites at the Laboratory. This effort has resulted in the installation of many new characterization 
and monitoring wells and additional surface geologic mapping. The effort has also resulted in the need to extend 
geologic-based groundwater flow and contaminant transport models past Laboratory boundaries into the surrounding 
communities. The Laboratory has continued to support the development of 3-D geologic models with updated models 
produced for 1997 (Cole et al. 1997, 106127), 1998 (Cole et al. 1998, 106128), 1999 (Carey et al. 1999, 066782), 
2002 (no report produced), 2003 (partial model, including Area G and Mortandad and Sandia Canyons [Stauffer et al. 
2005, 097432]), and 2006 (Cole et al. 2006, 095079). These newer models were developed mainly to support the 
numerical analysis of groundwater flow and transport. 
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Figure 1-1a. Example of a geologic unit surface (Qbt1g) from the 1995 site geologic model 
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Source: Vaniman et al. 1996, 106129. 

Figure 1-1b. Visualization at TA-21, utilizing the 1995 site geologic model 

The earlier geologic models have been expanded in geographical extent to address issues of possible contaminant 
transport past Laboratory boundaries, The 2002 geologic model was expanded to include the full extent of all four 
7.5-min quadrangle maps intersected by the Laboratory boundary. This model was called the "Pajarito Plateau" model 
in Cole et al. (2006, 095079). The model presented in this atlas includes the SITE model and a portion of the SEB 
model of the 2009 GFM. Table 1-1 provides a measure of the data support used to create each of the past and 
present GFMs. The fiscal year (FY) 2003 model provided only a partial coverage of the site and is therefore not 
included in the comparison. 

Table 1-1. 
Quantities of Contact Points Available for Past and Present GFMs 

Model Year FY96 FY97 FY98 FY99 FY02 FY06 FY09 

Total Number of Data Points 34,989 40,991 43,369 31,624 76,638 121.284 >200,000 

Number of Drill Hole Data Points 615 615 703 866 1042 1398 2228 

Subsets of the total set of data points, augmented by outcrop maps, are used to develop structure contours. Final 
digital grids for the unit surfaces are created from the structure contours and "hard" data points renecting the actual 
preerosional position of unit surfaces. Increased point counts at the FY02, FY06, and FY09 GFM dates renect the 
combined increase in data density, as well as the increased geographical extent of these models. 
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1.2 Scope 

In addition to the Laboratory. a number of government entities have been involved in the development of digital 
geologic data and geologic-based groundwater models for the region surrounding Los Alamos, including the 
New Mexico Bureau of Geology and Mineral Resources, the U.S. Geological Survey (USGS). and the City and 
County of Santa Fe. Development of the 2009 expanded Laboratory GFM incorporates the following: 

voluminous new subsurface (drill hole) data collected to support current characterization and remediation 
projects at the Laboratory 

new regional geologic information for development of accurate models of deeper. hydrologically significant 
units beneath the Laboratory (Grauch et. al. 2009, available at http://pubs.usgs.gov/pp/1761D 

new models by other government agencies, reflecting a communal redefinition of many of the hydrogeologic 
units for the region (INTERA Incorporated 2006, 106106; Pantea et al. 2009 personal communication) 

revision of many of the geologic quadrangle maps within and along the boundaries of previous Laboratory 
GFMs 

revision of a large percentage of the geologic quadrangle maps within the EB that provide "boundary 
constraints" for the numerical now and transport modeling at the Laboratory 

The 2009 GFM was developed at three extents, with two resolutions (cell size) for each extent. The extents of the 
2009 3-D geologic model(s) are shown in Figure 1-2. The areal extent of the EB model intersects more than 60 7.5-
min quadrangle maps. that of the SEB model incorporates 12 quadrangle maps. and that of the site model consists of 
the four quadrangle maps encompassing the Laboratory site. The lower resolution for each model version is half the 
higher resolution and is limited to be no more than a million cells per grid surface. The SITE model has the highest 
resolution of the three model extents. with the model developed at 50-ft cell center spacing. Additional models of 
limited extent, including the model presented in this atlas, as well as a local model for Area G at the Laboratory site, 
represent extraction of data from these larger models and not a regeneration of model surfaces. 

The map extent of this atlas encompasses the Laboratory and surrounding area. This region lies mainly within-the 
SITE model but extends into the western portions of the Espanola and Horcado Ranch quadrangle maps, the northern 
edges of the Cochiti Dam. Montoso Peak quadrangle maps, and the northwest corner of the Agua Fria quadrangle 
map. Because the atlas surfaces extend past the SITE model boundary. surfaces were extracted from the lower
resolution (100-ft) SEB model. 

The atlas presents a set of maps/plates that provide 

1. land ownership and the location of wells that provide constraints for the 3-D geologic model, 

2. mapped and modeled surface geology with mapped faults. 

3. structure contours for the top of each unit and subunitof the model present within the atlas extent, 

4. isochors (vertical thickness contours) for each unit and subunit of the model present within the atlas extent, 

5. structure contours for the bottom of each unit of the model present within the atlas extent. 

6. elevations of the regional water table produced for this atlas from the currently available data, 

7. the geology at the water table, 

8. cross-sections of the geology with the water-table position. and 

9. locations of the cross-sections. 

Basic information for the atlas, including land ownership, roads, and well locations with descriptions is provided in 
Plates 1-1. 1-2, and 1-3. 
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Figure 1-2. Location of the SITE, SEB, and EB models of the 2009 GFM 
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1.3 Data Sets 

Data used to develop the SEB model that encompasses the atlas extent include the following: 

mapped surface geology and associated cross-sections for the following 7 .5-min geologic quadrangle maps: 

•!• Guaje Mountain (Kempter et al. 2007, 106111) 

•!• Puye (Dethier 2003, 106113) 

•!• Espanola (Koning 2002, 10571 O) 

•!• Cundiyo (Koning 2002, 10571 O) 

•!• Frijoles (Goff et al. 2002, 088776) 

•!• White Rock (Dethier 1997, 049843) 

professional papers and open file reports for the following 7.5-min geologic quadrangle maps: 

•:• Horcado Ranch (Read et al. 2005, 105709) 

•:• Tesuque (Read et al. 2005, 105709) 

•:• Cochiti Dam (Sawyer et al. 2007, 106130) 

•!• Montoso Peak (Sawyer et al. 2007, 106130) 

•:• Agua Fria (Read et al. 2005, 105709) 

•!• Santa Fe (Read et al. 2005, 105709) 

mapping of subunits of the Bandelier Tuff by Laboratory scientists (Rogers 1995, 054419; Lewis et al. 2002, 
073785; Lavine et al. 2003, 092527) 

subsurface geologic contacts from the current Laboratory database (Cole et al. 2006, 095079) 

Source data were obtained from digital and analog (paper map) sources and converted to digital contact control 
points. All geologic unit data were preprocessed to convert (field) mapped units to the set of "regional" units of the 
model in the appropriate coordinate system. The preprocessed surface geologic map data for the 12-quadrangle map 
area of the SEB model are shown in "model" units as Figure 1-3. 

The analog-to-digital conversion process includes 

scanning of contacts from cross-sections and geologic maps, 

extracting points at constant horizontal and/or vertical distances along the lines, and 

obtaining the "third" part of the spatial coordinate through a digital elevation model (for surface maps) or from 
geometric calculations (for cross-sections). 

The conversion process was performed using the R2V digitizing software (Able Software), Arclnfo Geographical 
Information System (GIS) software and scripts, and utility FORTRAN programs. 

2.0 THE 2009 GFM 

The 2009 GFM is the latest of a series of 3-D geologic models that have been developed to support environmental 
cleanup and waste management programs at the Laboratory. This new GFM is unique in that it comprises multiple 
overlapping models of differing resolutions that allow the highest-resolution model centered on the Laboratory site to 
be seamlessly joined with lower resolution models at successive distances outside of the Laboratory boundary, with 
an ultimate model extent of the entire EB. Model resolution, defined by the distance between cell centers on a 
rectilinear grid, can range from 50 to 800 ft, with possible cell center increments of 50, 100, 200, 400, and 800 ft. 
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Note: The atlas extent is indicated by the dashed blue-and-white line. 

Figure 1-3. Map of geologic unit polygons obtained from the surface geologic maps of the SEB region 

The GFM reHects current ideas about the geologic evolution of the model area and depositional processes within the 
EB, embracing the voluminous amounts of new geologic mapping by the joint USGS and State mapping project, as 
well as the results of associated geological and geophysical studies. The GFM incorporates a large amount of new, 
subsurface data, including contact data from borehole logs of more than 100 new wells (through February 2009) that 
result in a 50% increase of subsurface contact control points. In addition, repositioning of well locations through global 
positioning system (GPS) techniques and reanalysis of existing geological and geophysical logs have resulted in 
many changes in the preexisting drill hole database. The locations of wells that provide new or updated contact 
control data are shown in Plate 1-1. 

The 2009 GFM also provides a completely revised definition for the Santa Fe Group units that comprise most of the 
saturated zone stratigraphy. The GFM incorporates the breakout of geologic units used in the recent geologic 
remapping of most of the quadrangle maps within the model area. 
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Surfaces of the new GFM were developed with the Arclnfo software. Digital data sets were obtained from a variety of 
sources, including 

existing digital grids or digital line data from USGS and the New Mexico Bureau of Geology and Mineral 
Resources, 

published geologic maps and cross-sections (scanned and digitized), 

"open-source" topographic grids and digital line graphs of the USGS, 

structure contours for unit surfaces developed by the Laboratory, and 

well logs from the Laboratory database as well as off-site logs from other sources, where available. 

Quality assurance was provided through comparison of the modeled and actual 3-D position of the input data with 
emphasis on the fit of subsurface data. USGS topographic data were used rather than the higher-quality, light 
detection and ranging (LIDAR) elevation data available at the Laboratory (Carey and Cole 2002, 073784). A single
source data set was desired for the GFM, and the LIDAR data do not extend into the SEB and EB portions of the 
model. Topographic maps (7 .5 min) are usually the basis for placement of geologic contacts by field geologists and 
are the source of the digital line graph (DLG) contour data that are used as the elevation model for the GFM. The 
subsurface contacts at drill holes are normally positioned relative to high-resolution surface measurements obtained 
from LIDAR or GPS elevation data and not from the DLG data. 

2.1 Geologic Overview 

The Laboratory is located on the Pajarito Plateau within the eastern area of the Jemez volcanic field (JVF), along the 
east-southeastern slope of the Valles Caldera at the western edge of the EB (Figure 2-1). 

The stratigraphy of the modeled area renects the interplay of tectonic and depositional processes within the 
developing EB, which at the model latitude, is hinged at its eastern edge with major, predominantly downward, 
displacements at its western margin. This geometry is schematically shown in Figure 2-2. 

The tectonically active portion of the western edge of the EB is present within the far western portion of the GFM, at 
the Pajarito fault system, which exhibits both discrete offsets and distributed strain. Other, poorly defined, north-south 
faults with major offsets occur west of the model area, within the eastern portion of the Valles Caldera. The volcanic 
activity began approximately 14 million years ago (Ma) (Goff 2009, 106105), with the most recent major eruptive 
events creating the Pajarito Plateau. The origin of the upper (above water table) geologic units of the plateau is 
predominantly volcanic, and these geologic units include dacitic and rhyolitic Hows, ash-How tuffs, and their erosional 
derivatives. Basaltic fiows from sources within and to the east and southeast of the Laboratory are intermixed with this 
Jemez volcanic material. The units generally tilt to the east and southeast, although downward displacements to the 
west may offset or reverse the original depositional dips of units, depending on their age. 

The JVF material lies on top of EB sedimentary units and extends almost to the currently active position of the Rio 
Grande, with some intermixing with basin sediments to the east. The EB sedimentary units exposed further east, 
reHect the erosion of the uplifting Sangre de Cristo Mountains, which form the eastern boundary of the basin, as well 
as sediment sources farther to the north. The units tilt regionally to the west, reflecting both the depositional attitude 
as well as their increased downward displacement to the west, along poorly defined north-south trending faults within 
the basin. Older basin sedimentary units underlie the JVF volcanic material to the west. Figures 2-3 and 2-4 show 
relationships between the stratigraphic units in the east-west direction between the JVF volcanic and fanglomerate 
material and the river gravels and other sedimentary material in the EB. 

Plates 2-1 and 2-2 show the mapped and modeled geology in greater detail within its extent identified in Figure 2-1. 
Plate 2-3 provides the observed and inferred geologic structure for this region. Plates 2-84 through 2-91 provide 
cross-section information for the GFM, which add some reality to the schematic views provided by Figures 2-3 and 
2-4. Plates 2-93 and 2-94 provide 3-D views for cutouts of the atlas and SEB model. 
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Notes: The Laboratory site is outlined in yellow. The purple boundary identifies the geologic extent of this atlas. Geologic units are colored for the 
extent of the SEB model. The flat, pale-green area running from the non:h-central to southwest corners of the SEB model identifies the 
alluvial units of the Rio Grande that approximate the eastern extent of volcanic material of the JVF. 

Figure 2·1. The Laboratory setting along the eastern flank of the Valles Caldera 
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Note: Volcanic material of the JVF dominates the upper portions of the section to the west. 

Figure 2-3. Units of the northern portion of the SEB model 
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Note: The Cerros del Rio Basalts and ancestral Santa Fe River sediments encroach on Jemez volcanic fans to the west. 

Figure 2-4. Units of the southern portion of the SEB model 

2.2 Stratigraphic/Geologic Units 

The following section describes the modeled geologic units, which include both sedimentary and volcanic units. Figure 
2-5 provides the colors and codes that are used in the GFM and on the plates provided in this atlas. Also included are 
descriptions (and colors) for several units within the SEB that do not extend into the reduced extent of the atlas. 
Plates showing the top structure and vertical thickness of each unit and the bottom structure of all units, except for the 
units/subunits of the Tshirege Member of the Bandelier Tuff, are provided as Plates 2-5 through 2-83. The alluvial 
units are not included in any of the models. 

2.2.1 Tshirege Member, Bandelier Tuff (Qbt) 

The Tshirege Member is the youngest member of the Bandelier Tuff, a multiple-flow ash-and-pumice unit that erupted 
from the Valles Caldera at approximately 1.22 Ma (lzett and Obradovich 1994, 048817; Spell et al. 1996, 055542). 
This is the most widely exposed bedrock unit of the Pajarito Plateau. The Tshirege Member tends to be more strongly 
welded than the Otowi Member, especially toward the western side of the plateau, closer to the Valles Caldera. Time 
breaks between the successive emplacements of ash-flow units caused the tuff to cool as several distinct cooling 
units, resulting in a complex internal stratigraphy that varies laterally as a function of distance from the caldera source. 
The stratigraphic nomenclature for the subunits of the Tshifege Member has evolved significantly through time 
(Broxton and Eller 1995, 058207; Broxton and Reneau 1995, 049726; Broxton and Vaniman 2005, 090038). The 
2009 GFM follows the Tshirege subdivisions of the 2005 3-D GFM. The Tshirege Member is broken into a basal 
pumice layer and four overlying cooling units. Two of the cooling units are further subdivided, based on lithologic 
differences (Cole et al. 2006, 095079). 
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Figure 2-5. Codes and colors used for the GFM units 

2.2.1.1 Unit 4 (Qbt4) 

Unit 4 is a complex unit consisting of nonwelded to densely welded ash-flow tuffs that crop out in the western part of 
the Laboratory. Lewis et al. (2002, 073785) divide Qbt4 into local subunits and provide detailed descriptions of this 
heterogeneous unit. However, for the 3-D GFM, Qbt4 is not subdivided. 

2.2.1.2 Unit 3t (Qbt3t) 

Unit 31 is a moderately to densely welded ash-fiow tuff that has petrographic and geochemical characteristics 
transitional between unit 3 and unit 4. Unit 3t is present in the western part of the Laboratory (Broxton and Vaniman 
2005, 090038) and can impede the downward flow of surface water, creating seasonal springs along canyon walls. 

2.2.1.3 Unit 3 (Qbt3) 

Unit 3 is a nonwelded to partially welded tuff that forms the cap rock of mesas in the central part of the Pajarito 
Plateau, This unit and the overlying units Qbt3t and Qbt4 are absent from large areas in the eastern part of the 
Laboratory where they have Ileen removed by erosion (Broxton and Eller 1995, 058207; Broxton and Reneau 1995, 
049726; Broxton and Vaniman 2005, 090038). 

2.2.1.4 Unit 2 (Qbt2) 

Unit 2 is typically the most strongly welded tuff in the Tshirege Member and is characterized by lower porosity and 
higher density than the other units, It forms a distinctive medium-brown, vertical cliff that stands out in marked contrast 
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to the slope-forming, lighter-colored tufts above and below. Unit 2 contains numerous well-developed, near-vertical 
fractures (Broxton and Reneau 1995, 049726; Broxton et al. 1995, 058207; Broxton and Vaniman 2005, 090038). 

2.2.1.5 Unit 1 

Cooling unit 1 of the Tshirege Member is a thick succession of ash-flow tuffs that dips gently east-southeast. This unit 
is characterized by a lack of welding and has been subdivided into a glassy lower tuff and an upper devitrified, vapor
phase crystallized tuff. The vapor-phase tuff is further divided into a colonnade portion and an upper portion (Broxton 
and Reneau 1995, 049726; Broxton and Vaniman 2005, 090038). 

2.2.1.5.1 Unit 1vu (Qbt1vu) 

The upper part of the vapor-phase unit (Qbt1vu) forms a distinctive grayish-white band between the darker colored 
colonnade tuff (Qbt1vc) below and unit 2 above. The upper vapor-phase unit is generally nonwelded and slope
forming, but in some localities it forms weakly developed cliffs and benches due to slight variations in welding 
(Broxton and Reneau 1995, 049726; Broxton and Vaniman 2005, 090038). 

2.2.1.5.2 Unit 1, Colonnade (Qbt1vc) 

The base of this altered vapor-phase unit (Qbt1vc) is a thin, horizontal zone of preferential weathering that forms a 
marker horizon, often called the vapor-phase notch, which marks the transition from glassy tuffs below to vapor-phase 
crystallized luffs above. In some places, the vapor-phase notch grades laterally into a prominent bench developed on 
top of the glassy tuff. This colonnade vapor-phase tuff has distinctive columnar cooling joints and is a resistant, cliff
forming unit that may be slightly welded (Broxton and Reneau 1995, 049726; Broxton and Vaniman 2005, 090038). 

2.2.1.5.3 Unit 1, Glassy (Qbt1g) 

The lower part of unit 1 (Qbt1g) is not vapor-phase altered, retaining primary glass in both pumice and ash. Vapor
phase alteration is absent in this and all lower units of the Bandelier Tuff. 

2.2.1.5.4 Unit 1 Tsankawi Pumice (Qbtt) 

The Tsankawi Pumice Bed is the basal pumice fall of the Tshirege Member. This unit is typically 20 to 100 cm thick. 
Pumices in the Tsankawi Pumice Bed are mostly of rhyolitic composition, but there is a small (<5%) amount of dacitic 
pumice as well (Broxton and Reneau 1995, 049726). This pumice fall is vitric and unaltered by vapor-phase 
processes. 

2.2.2 Cerro Toledo Interval (Qct) 

The Cerro Toledo interval comprises a stratified sequence of volcaniclastic sediments and tephra and occurs between 
the two tuff members of the Bandelier Tuff. It is not considered as an integral part of the Bandelier Tuff (Broxton and 
Eller 1995, 058207; Broxton and Reneau 1995, 049726; Goff 1995, 049682; Broxton and Vaniman 2005, 090038}. 
Structure contours for the base of the Cerro Toledo indicate that this unit fills a broad southeast-draining valley fed by 
one or more canyons exiting the Sierra de las Valles. The rhyolitic tuffaceous sandstone and tephra within this interval 
represent the reworked equivalents of Cerro Toledo rhyolitic tephra erupted from the Cerro Toledo and Rabbit 
Mountain dome complexes located northeast and southeast of the Valles Caldera, respectively. Clast-supported 
gravel, cobble, and boulder deposits derived from the Tschicoma Formation are interbedded with the tuffaceous 
rocks. In the western part of the Plateau, the interval also contains tuffaceous sediments that represent reworked 
Otowi Member of the Bandelier Tuff (Broxton and Vaniman 2005, 090038). 

2.2.3 Otowi Member (Qbo} 

The Otowi Member includes both the ash-flow (Qbof) and the basal pumice (Qbog). 
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2.2.3.1 Otowi Member, Bandelier Tuff (QboO 

The Otowi Member consists of moderately consolidated, porous, nonwelded ash-flow tuffs. The ash-flow luffs are 
vitric and contain light gray-to-orange pumice supported in a white to tan ashy matrix of glass shards, broken pumice, 
crystals, and rock fragments (Broxton et al. 1995, 058207; Goff 1995, 049682). Structure contours indicate that the 
Otowi Member ash-flow tuffs filled a broad south-draining paleovalley west of the Cerros del Rio basaltic highland and 
east of the Sierra de las Valles (Broxton and Vaniman 2005, 090038). 

2.2.3.2 Guaje Pumice Bed, Otowi Member, Bandelier Tuff (Qbog) 

The Guaje Pumice Bed forms the base of the Otowi Member of the Bandelier Tuff, which erupted from the Toledo 
Caldera at approximately 1.61 Ma (lzett and Obradovich 1994, 048817, Spell et al. 1996, 055542). The Guaje Pumice 
Bed contains layers of sorted vitric pumice fragments whose mean size varies between 2 and 4 cm. It has an average 
thickness of -9 m over much of the Plateau. Geophysical logs show that the Guaje Pumice Bed has a higher porosity 
than overlying Otowi Member ash-flow tuffs and the underlying Puye Formation (Broxton and Vaniman 2005, 
090038). 

2.2.4 Puye Formation 

The Puye Formation is a large apron of overlapping alluvial and pyroclastic fans that were shed eastward from the 
JVF into the western EB (Griggs and Hem 1964, 092516; Bailey et al. 1969, 021498). This unit consists of highly 
stratified, poorly cemented gravels and conglomerates, consisting of subrounded dacitic and andesitic lava clasts in a 
poorly sorted, sandy to silty matrix. Debris flows, ash beds, pumiceous volcaniclastic sediments, and beds of fluvial 
sand and silt are interbedded with the gravels and conglomerates. Because its primary source area was volcanic 
domes in the Sierra de las Valles, the Puye Formation overlaps and postdates the Tschicoma Formation (Broxton and 
Vaniman 2005, 090038). 

2.2.5 Tschicoma Formation 

The Tschicoma Formation includes dacitic to low-silica rhyolitic flows. 

2.2.5.1 Tschicoma Formation, Pajarito and Caballo Mountains, Cerro Grande (Tvt2) 

The Tschicoma Formation of the Polvadera Group consists of thick dacitic to low-silica rhyolitic lava flows that make 
up the rugged Sierra de las Valles highlands west of Los Alamos. The flows erupted from large overlapping dome 
complexes. The upper portion of this unit (Tvt2) includes the Pajarito Mountain, Cerro Grande, and Caballo Mountain 
lobes of the Tschicoma Formation, as well as fine-grained dacites encountered in the subsurface of an unknown 
source. Lavas from the Pajarito Mountain, Cerro Grande, and Caballo Mountain centers are predominantly dacite, 
aged between 2.93 and 3.35 Ma (Broxton and Vaniman 2005, 090038). 

2.2.5.2 Tschicoma Formation, Rendija Canyon Lobe (Tvt1) 

The lower portion of the Tschicoma Formation (Tvt1) consists of the Rendija Canyon lobe and includes low-silica 
rhyolite erupted from a deeply eroded dome complex in the Rendija Canyon and Guaje Mountain area that has 
yielded ages between 4.98 and 5.36 Ma (Broxton et al. 2007, 106121). 

2.2.6 Cerros del Rio Basalt (Tb4} 

The Cerros del Rio volcanic field was active from approximately 4.5 to 2.0 Ma (WoldeGabriel et al. 2001, 092523). 
These rocks are mostly basalts and basaltic andesites, but subordinate dacite is also present. The Cerros del Rio 
Basalt is generally composed of thick sequences of stacked lava flows separated by interflow breccia, scoria, 
sediment, and ash. Outcrops of the Cerros del Rio Basalt cap the Tesuque Formation east of the Rio Grande and the 
Puye Formation in the vicinity of White Ro_ck. These basalts are.buried to increasing depths below the Plateau in the 
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central portions of the model and may lap onto or interfinger with the Tschicoma flows at isolated locations to the west 
(Cole et al. 2006, 095079). 

2.2.7 Ancha Formation 

The Ancha Formation was deposited on an alluvial slope in the Santa Fe area by west-flowing, ephemeral streams 
(Koning et al. 2002, 105711). It overlies older strata across an angular unconformity. The Ancha Formation contains a 
coarse-grained and a fine-grained part (Koning et al. 2002, 105711 ). 

2.2.7.1 Ancha Formation (QTa) 

Found near the base of the deposit and the mountain front to the east, the coarse-grained part is commonly reddish 
and consists of sandy pebbles to cobbles. The coarse-grained deposit laterally grades westward into a finer-grained 
deposit consisting of light yellowish brown to brownish yellow, silty-clayey sand (mostly very fine- to medium-grained). 
In many places, the Ancha Formation is not saturated. Where it is saturated, groundwater is found near the base of 
the deposit where the deposit is relatively thick (50-90 m thick). Most of the deposition occurred in the late Pliocene, 
with aggradation continuing near the mountain-front during the early Pleistocene (Koning et al. 2002, 105711). 

2.2.7.2 Ancha Formation, Santa Fe River (QTasr) 

An ancestral Santa Fe River was present during Ancha Formation deposition (primarily late Pliocene). The river 
deposited relatively coarse-grained sediment that interfingers southward and northward into alluvial slope deposits of 
unit QTa. The sediment of this unit contains sandy gravel (typically cobbles and pebbles) that interfinger with 
overbank facies of clayey-silty sand. Colors are generally reddish. Near Santa Fe, the unit is inset into lithesome S of 
the Tesuque Formation (Ttsc). 

2.2.8 Totavi Lentil (Tpt) 

This unit includes the Totavi Lentil as well as older river gravels. Based on new well data, it appears that the Totavi 
Lentil river gravels may form lenticular deposits of limited lateral extent and that ancient river deposits in the Pajarito 
Plateau area are coeval with a variety of stratigraphic units that span a longer time interval than previously recognized 
(Broxton and Vaniman 2005, 090038). The river gravels probably represent channel deposits of the ancestral Rio 
Chama/Rio Grande drainages and contain Precambrian and younger cobbles from northern source areas, indicating 
through-going, north-to-south fluvial systems dating to at least approximately 7 .9 Ma (Broxton and Vaniman 2005, 
090038; Broxton et al. 2006, 092520). 

2.2.9 Bearhead Rhyolite and Fanglomerates (Tjfp) 

This unit incorporates the pumiceous Bearhead Rhyolite, vitric pumiceous deposits related to the Peralta Tuff, and 
older fanglomerate material derived predominantly from erosion of the Keres Group volcanic highlands. These 
fanglomerates interfinger with Santa Fe Group sands within a north-south trending, troughlike structure in the central 
portion of the Plateau. This unit does not crop out; its existence and modeled geometry are based solely on well logs 
and cuttings and surrounding geologic controls. The geometry of this unit suggests deposition within a fault-controlled 
basin with associated episodic basaltic volcanism (Cole et al. 2006, 095079). This unit tends to be part of the most 
productive aquifer beneath the Pajarito Plateau (Purtymun 1995, 045344). 

2.2.10 Keres Group Volcanics (Tvk) 

The Keres Group includes basaltic and rhyolitic rocks that erupted as the JVF began to develop (Gardner et al. 1986, 
059104; Goff and Gardner 2004, 092526). These rocks intrude and cover Santa Fe Group rocks along the western 
edge of the EB (Cole et al. 2006, 095079). 
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2.2.11 Chamita Formation 

The Chamita Formation forms the upper part of the Santa Fe Group. 

2.2.11.1 Chamita Formation, Lithosome A (Tcac) 

Lithesome A. of the Chamita Formation is used to designate strata containing arkosic sand and granite-bearing gravel 
that were deposited on an alluvial slope by streams draining the west flank of the Sang re de Cristo Mountains south of 
Truchas Peaks (Cavazza 1986, 105708). Technically, lithesome A extends into the Tesuque Formation east of the 
Rio Grande (Koning and Aby 2005, 106162). 

Lithosome A that is younger than 13.2 Ma is relatively coarser grained (Koning 2002, 10571 O; Koning et al. 2002, 
105711; Koning et al. 2005, 106120), and consists of slightly orange-tan, coarse channel-fill of sandy conglomerate 
and conglomeratic sandstone, interbedded with subordinate clayey-silty sandstone. Unit Tcac reflects this coarse
grained lithesome A, excluding relatively fine-grained, distal alluvial slope strata. These relatively coarse strata 
correlate with the Cuarteles Member of the Chamita and Tesuque Formations (Koning and Aby 2005, 106162; Koning 
et al. 2005, 106120). The Cuarteles Member is considered part of the Tesuque Formation east of the Rio Grande and 
part of the Chamita Formation west of the Rio Grande. This unit interfingers westward with unit Ttca and gradationally 
overlies unit Ttca. 

2.2.11.2 Chamita and Tesuque Formations, Lithesome A (Ttca) 

Unit Ttca includes relatively fine-grained, distal alluvial slope strata that postdates the 13.2 Ma coarsening ofTcac 
(Koning et al. 2007, 106122). The sediment is a slightly orange-tan to tan, clayey-silty sandstone intercalated with 
subordinate coarse channel-fills of sandy conglomerate and conglomeratic sandstone. Gravel includes granite with 
minor, yellowish Paleozoic limestone and siltstone. Minor quartzite clasts are also present. The unit correlates with the 
fine-grained, distal Cuarteles Member of the Chamita and Tesuque Formations (Koning and Aby 2005, 106162; 
Koning et al. 2005, 106120) and also correlates with lithosome A sediment of the Pojoaque, Skull Ridge, and Nambe 
Members of the Tesuque Formation (Cavazza 1986, 105708). This unit grades laterally westward into lithosome B 
(Ttb) and laterally southward into deposits of the ancestral Santa Fe River (units Ttsc and Ttsf). 

2.2.11.3 Transition Zone between Ttca and Tear (Tcara) 

This unit reflects a zone of interfingering and mixing between coarse-grained lithesome A and the axial river deposits 
of the Chamita Formation. Lithesome A in this zone is typically a slightly orange-tan, silty-clayey sand, interbedded 
with minor pebbly channel-fills. The axial river deposits include floodplain deposits of claystone, siltstone, and very 
fine- to medium-grained sandstone that are subequal in proportion to coarse channel-fills of fine- to very coarse
grained sand, pebbly sand, and sandy pebbles-cobbles. Colors of the axial river deposits are generally tannish. This 
unit interfingers eastward with unit Ttca, and interfingers westward with unit Tear. It gradationally overlies lithosome B 
of the Tesuque Formation (Ttb). 

2.2.11.4 Chamita Formation, Axial River Deposits (Tear) 

Sediments deposited by the river system flowing south along the basin floor of the EB coarsened after -13.2 Ma 
(Koning et al. 2005, 106120; Koning et al. 2007, 106122). This coarser sediment consists primarily of channel-fills of 
sandstone, gravelly sandstone, and sandy conglomerate. Floodplain deposits of claystone, siltstone, and very fine- to 
medium-grained sandstone are subequal in proportion to the coarse channel-fills. The gravel of the axial river 
deposits contains felsic to intermediate volcanic clasts, with lesser quartzite and Paleozoic sedimentary clasts. 
Tannish colors generally typify the unit. The unit correlates to the Vallito, Hernandez, and Cejita Members of the 
Chamita Formation (Koning and Aby 2005, 106162). The unit includes sandy channel-fills from a drainage that flowed 
southeastward in the region that is now the Jemez Mountains. This unit interfingers eastward with unit Tcara and 
overlies units Ttb and Ttc. 
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2.2.12 B.4-9.3 Ma Basalts (Tb2) 

The Bayo Canyon Basalt is a rift basalt and consists of local. episodic, Miocene basalt to latitic ftows that are 8.4 to 
9.3 Ma (WoldeGabriel et al. 1996, 054427; WoldeGabriel et al. 2001, 092523) that are interbedded with basin 
sediments. The ftows are intermixed with both Keres Group and Santa Fe Group sedimentary units in a zone that 
extends from the central plateau east to Bayo Canyon, and south to Ancho Canyon (Cole et al. 2006, 095079). Model 
boundaries for this unit extend from the bottom of the oldest ftow to the top of the youngest ftow. Thus, the volume of 
this unit includes any intercalated sediments. 

2.2.13 11.6-13.1 Ma Basalts (Tb1) 

The Guaje Canyon Basalt (Tb1) is a thick sequence of basalt ftows contained within the Tesuque Formation in the 
vicinity of Guaje Canyon. The basalts range from 11.55 to 13.1 Ma (WoldeGabriel et al. 1996, 054427; WoldeGabriel 
et al. 2001, 092523). The Tb1 unit crosses the stratigraphic boundary between the Chamita Formation (Tear) and the 
Chama-El Rita Member of the Tesuque Formation (Ttc). The portion of this ftow unit within Ttc Is designated as Tb1a. 
The portion of this ftow unit within Tear is designated as Tb1 b. 

2.2.14 Tesuque Formation 

The Tesuque Formation forms the lower part of the Santa Fe Group. 

2.2.14.1 Tesuque Formation, Chama-El Rito Member (Ttc) 

In the study area, strata assigned to the Chama-El Rito Member are light orange-tan. Sediment consists primarily of 
very fine- to medium-grained sand, siltstone, and claystone. Pebble beds are very sparse. The unit was deposited on 
a southward-southeastward alluvial slope environment in the west part of the EB during the early to middle Miocene 
epoch. The unit includes quartz-rich sand from a southeast-ftowing, tributary drainage. This unit gradationally 
underlies unit Tear and interfingers eastward with lithosome B of the Tesuque Formation (Ttb). 

2.2.14.2 Tesuque Formation, Lithosome S, Coarse-Grained Part (Ttsc) 

An ancestral equivalent of the Santa Fe River deposited relatively coarse-grained sediment in the Santa Fe area 
during the early to middle Miocene epoch. This sediment was named lithosome S by Koning et al. (2004, 106104). 
Generally reddish, this sediment consists mostly of pebbly sand and sandy pebble channel-fills. Overbank deposits of 
clay, siltstone, and clayey very fine- to fine-grained sandstone are subordinate. Gravel includes granite with minor, 
yellowish Paleozoic limestone and siltstone. Minor quartzite clasts are also present. The unit grades northward into 
lithosomes A and B (units Ttca and Ttb) and westward into finer-grained lithosome S (Ttsf). The unit gradationally 
overlies the finer-grained part of lithosome S (Ttsf). 

2.2.14.3 Tesuque Formation, Lithosome S, Fine-Grained Part (Ttsf) 

This unit is also identified as a part of lithosome S by Koning et al. (2004, 106104). Although finer grained than the 
coarse-grained part of lithosome S (Ttsc), the finer-grained part of lithosome S is still, in an overall sense, coarser 
grained than lithosomes B and A to the north (units TTb and Ttca). This unit contains relatively abundant, reddish 
clay, silt, and very fine- to medium-grained sand deposits, which are intercalated with subordinate coarse-grained 
channel-fills of pebbly sand and sandy pebbles-cobbles. The finer-grained part of lithosome S grades northward into 
lithosomes A and B (units Ttca and Ttb) and westward into lithosome B (Ttb). The unit gradationally underlies the 
coarser-grained part of lithosome S (Ttsc). 

2.2.14.4 Tesuque Formation, Lithosome B (Ttb) 

Lithosome B was deposited on a wide basin floor between approximately 25 and 13 Ma by a drainage system flowing 
south southwest from the San Luis Basin and Penasco embayment (Cavazza 1986, 105708; Koning et al. 2005, 
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106120). Relatively fine-grained, overbank deposits predominate in the SEB model area (Koning 2002, 105710; 
Koning and Maldonado 2003, 106112). These consist of light gray to light greenish gray clay, silt, and very fine- to 
medium-grained sand. Subordinate coarse-grained channels contain medium- to very coarse-grained sand, pebbly 
sand, and sandy pebbles. Gravel includes clasts of Paleozoic sedimentary rocks (limestone, sandstone, and 
siltstone), in addition to minor quartzite and felsic-intermediate volcanic clasts. This unit grades southward into 
ancestral Santa Fe River deposits (units Ttsc and Ttsf) and eastward into alluvial slope deposits of lithosome A (Ttca). 

2.2.14.5 Tesuque Formation, Lower Lithosome A, Fine Grained (Ttal) 

In the Santa Fe area, adjacent to the Sangre de Cristo Mountain front, lies tannish to pinkish sand, clayey sand, and 
pebbly-cobbly sand. Gravel contains primarily granite clasts, although locally, yellowish Paleozoic limestone-siltstone 
clasts are present. This unit is well-consolidated and underlies fine-grained lithosome S. It grades northward into the 
lower, coarse-grained unit (Ttlc). 

2.2.14.6 Tesuque Formation, Lower Coarse Unit (Ttlc) 

At the base of the Santa Fe Group in the eastern E, lies relatively coarse-grained, alluvial slope deposits. This 
sediment is tannish to pinkish and contains channel-fills of sandy pebbles-cobbles, pebbly sand, and very fine- to very 
coarse-grained sand. Overbank beds of clay, silt, and very fine- to fine-grained sand are minor. Gravel contains 
primarily granite clasts, although the proportion of Paleozoic limestone clasts increases to the south. Near the Rio 
Tesuque drainage, the proportion of Paleozoic limestone clasts increases down section. This unit grades laterally 
southward into unit Ttal and is gradationally overlain by unit Ttca. This unit grades laterally westward into lithosome B 
(unitTtb). 

2.2.15 Bedrock (Bedr) 

Underlying the Santa Fe Group are various, typically well-cemented or indurated, formations that we have combined 
into one unit called "bedrock," or the Pre-Miocene-Tertiary bedrock. This surface represents the base of the Santa Fe 
Group, as defined by Grauch et al. (available at http://pubs.usgs.gov/pp/1761D. The combined formations of this unit 
are described from top to bottom (youngest to oldest). At the top of this unit are lava ftows and intercalated, mafic 
volcaniclastic deposits of the Cieneguilla basanite; this unit is typically dark gray. The Espinaso Formation consists of 
alluvial fan deposits that were shed away from a volcanic edifice centered near the Cerrillos Hills-La Cienega area. 
The sediment is composed of latitic to andesitic detritus. There are minor latitic flows intercalated in the well
cemented, light gray to gray alluvial fan deposits. The Galisteo Formation includes red sandstone, pebbly sandstone, 
and mudstone deposited in a depression formed during the Laramide orogeny. Sand and clasts in the study area are 
primarily of arkosic and granitic composition, with minor Paleozoic limestone detritus. Mesozoic-Paleozoic strata in 
the study area mostly consist of interbedded limestone, shale, and sandstone. 

The EB model includes an older/deeper unit of Proterozoic rocks that includes pink to red granite and gneiss to the 
southwest of the model (Goff 2009, 106105), and metasedimentary, metavolcanic, and granitic rocks to the east 
(Daniel 1995, 106123). This unit is not shown in the atlas because it will be added to the model at a later date when 
the full basin model is completed. Within the extent of the atlas, this unit is probably located at depths below sea level. 

3.0 MAPPING OF THE REGIONAL WATER-TABLE ELEVATION 

The regional aquifer beneath the Laboratory is a complex hydrogeological system. The top of the aquifer is 
predominantly under phreatic (water-table) conditions. However, there are also areas of local confinement that are 
caused by local hydrogeological conditions. In general. the top of the regional aquifer is defined by the elevation of the 
regional water table. In the areas of local confinement, there is a regional piezometric surface that represents the 
elevation of hydraulic heads in the confined zones. In general. the regional piezometric surface can be considered to 
represent a spatial continuation of the water table in the confined areas. Because the aquifer is predominantly under 
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phreatic conditions, in the text below, the term "regional water table" is used even though in some areas of the aquifer 
the term "regional piezometric surface" is more appropriate. 

The general shape of the regional water table is predominantly controlled by the areas of regional recharge to the 
west (flanks of Sierra de las Valles) and discharge to the east (the Rio Grande and the White Rock Canyon Springs). 
The structure of regional phreatic fiow is also expected to be impacted by (1) local infiltration zones (e.g., beneath wet 
canyons), (2) aquifer properties heterogeneity, and (3) discharge zones (water supply wells and springs). 

Information about the elevation of the regional water table is provided by existing data from monitoring wells (water 
levels) and selected springs (discharge elevations). Well data are predominantly applied to map the elevation of the 
regional water table; spring discharge elevations are used only in the vicinity of White Rock Cany~n to provide 
additional constraints on the water-table elevation. 

Water-table elevations vary in time due to transient effects that include pumping of the water supply wells, and large
and small-scale variability in aquifer recharge. Therefore, water-level maps represent specific periods of time. Based 
on analysis of 2008 water-level data (Koch and Schmeer 2009, 105181), it has been observed that water levels 
generally reached recent maxima in March 2008. The March 2008 data are likely to be the least affected by pumping 
and thus are potentially most representative of ambient flow conditions. Therefore, these data are used, in part, to 
construct the water-table map. 

Monthly averaged water levels for March 2008 are computed for 36 regional aquifer wells and presented in Table 3-1. 
For the wells, R-7, R-14, R-33, and R-36, water-level data are not available for March 2008 (Table 3-1), and 
alternative periods of representative measurements have been selected. For five wells, H-19, TW-1, TW-2, TW-3 and 
TW-4 (Table 3-1), historic water-level data considered to be Jess certain but important for constraining the water-table 
map in the northern portion of the Laboratory site are used. New water-level data are also available from a series of 
recently drilled wells (R-38, R-39, R-40, R-41, R-42, R-43, R-44, R-45, and R-46), but the measurements are difficult 
to interpret because they are preliminary and for a different time period. Future analysis will address how these data 
will be incorporated in the water-table mapping. The available preliminary water-level measurements for these wells 
are listed in Table 3-1 but are not applied in the mapping process. 

Inclusion of water-level data that do not represent the March 2008 time period is a source of uncertainty in the 
mapping process. Differences in the screen placements and local hydrogeologic conditions also complicate the 
interpretation of the water-level data for the following reasons. 

1. Some screens are substantially below the top of regional saturation (more than 60 ft); as a result, the 
collected water-level data may not be representative of the actual water-table elevations (TW-1, R-10a, R-13, 
R-18, R-20, R-21, R-24, R-26, R-32, and R-34; 10 wells in total). 

2. Some screens are long (more than 50 ft) and may represent composite water levels within the aquifer (DT-5A, 
DT-9, DT-10, R-8, R-13, and R-15; 6 wells in total). 

3. Some screens are potentially under confined conditions and may represent piezometric surface elevations 
(R-4 and R-24; 2 wells). 

4. R-25 is drilled in a complicated hydrogeological setting, and it is uncertain which of the R-25 screens (screen 
4 or 5) provides information about the water-table elevation. 

5. R-9 is screened in a zone (basalts within Santa Fe Group, Tb2) that is potentially disconnected from the 
regional aquifer. The regional aquifer screen R-12 is in a similar setting, but this screen has been plugged and 
abandoned. Water-table screens are located in various hydrostratigraphic units, including sedimentary and 
volcanic rocks with contrasting hydrogeologic properties (Table 3-1). The structure of the regional water table 
is probably impacted by groundwater flow within hydrostratigraphic units with contrasting properties. For 
example, low permeability lava flows may divert the phreatic groundwater flow. Lavas occur at or near the 
regional water table at R-5, R-9, and R-12 (Miocene basalts [Tb2], and at R-32, R-20, and R-22 [Cerros del 
Rio Basalts, Tb4]). 
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Related to issue 5 above, the regional water levels observed at R-9 and at the former R-12 regional screen are 
substantially lower than water levels observed at nearby wells. (Since December 2007, the regional screen at R-12, 
screen 3, is abandoned and not monitored; the regional screen of R-12 is replaced by R-36.) The regional screens in 
both wells are in Miocene basalt (Tb2). R-9 and R-12 monitoring wells are located near water supply wells PM-1 and 
0-1, and their low water levels might define cones of drawdown around the production wells. However, water levels at 
R-9 and R-12 do not respond to daily or seasonal changes in municipal water production, suggesting that their low 
heads are not caused by the water supply pumping. Alternatively, the regional screens at R-9 and R-12 may 
represent a deep compartmentalized zone within the Santa Fe Group basalt that is in poor hydraulic connection with 
the rest of the aquifer. 

Because of the uncertainties described above, we evaluated a series of alternative conceptual-model assumptions 
pertaining to the regional groundwater flow and chose the model presented in Plate 3-1. 

The process of water-table contouring is theoretically constrained by the following conformity rules (Freeze and 
Cherry 1979, 088742): (1) the contour lines should be perpendicular to the flow paths and (2) the length and the width 
of the flow net cells formed by the contour lines between two adjacent flow paths should have the same ratios. These 
rules are theoretically valid only for the case of a uniform isotropic aquifer with no recharge/discharge sources within 
now net cells. Deviations from the conformity rules are caused by aquifer heterogeneity and anisotropy as well as 
recharge/discharge sources within flow net cells. 

The regional water table is contoured by attempting to satisfy three goals simultaneously: (1) to match the water-level 
data at the monitoring wells, (2) to account for issues of data representativeness, and (3) to preserve flow net 
conformity. Plate 3-1 is a contour map of the regional water table that attempts to satisfy those three goals. The actual 
contouring is performed using a combination of manual and automated techniques. (The automated contouring is 
performed using the standard splining methods.) Table 3-1 lists the deviations between observed and predicted 
(based on the contoured water-table map) water levels. 

The water-level data and the contoured map (Plate 3-1) suggest potential mounding of the regional water table near 
TW-1, R-8, and R-36 (the water level at R-36 is slightly higher than the water levels of R-28 and R-11). The mounding 
may result from local recharge of the regional aquifer along Los Alamos, Pueblo, and Sandia Canyons. 

The water-level data represented by the contour map indicate that thick lavas near R-32 and R-22 may be the cause 
of the increased phreatic hydraulic gradients in this area. This may be the result of lower transmissive properties of 
lava flows compared with the more transmissive Puye Formation and Santa Fe Group sediments. The hydrogeologic 
properties associated with the lava flows may be also responsible for diverting the flow of phreatic groundwater to the 
north. The increased hydraulic gradients in the area of R-32 and R-22 may also be an indication of recharge in the 
lower Pajarito Canyon area that causes local mounding in the lavas, which are expected to be of low storativity when 
compared with the Puye Formation fanglomerates and Santa Fe Group sediments. 

Table 3-1 also lists the differences between observed and contoured water-level elevations displayed in Plate 3-1. 
Most of the discrepancies are minor and within 3 ft. Substantial deviations are calculated for locations at which the 
water-level data are uncertain: TW-1, R-5, R-9, R-8, R-10a, and R-25. The table also compares the predicted water 
levels with recently collected water-level data not included in the mapping. Substantial differences are observed only 
at R-41 and R-46 where static water-level conditions may not have been achieved. Future analysis will incorporate the 
water-level data from recently installed monitoring wells. 

Plate 3-2 identifies the modeled geologic units present at the regional water table model. 
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Table 3-1. 
Summary of Well-Screen Positions, Water-Level Observations, and Differences between Observed and Contoured Water Levels 

Observed Top of the Differences between 
Surface Screen Screen Screen Water-Level Representative Screen from the Observed and Contoured 

Well/Screen Geologic Elevation Top Bottom Length Elevation Measurement Water Level Water-Level Elevation 
Name Unit (ft) (ft bgs) (ftbgs) (ft) (ft) Period (ft) Comments (ft) 

H-19 Tpf 7172 - - - 6228.00 Jan-51 - Historic observation applied to constrain water-levels in the NW section of LANL site. 1.47 
The data are uncertain 

TW-1 Tear 6369.19 632.00 642.00 10.00 5B55.50 Feb-06 11B.31 Historic observation applied to constrain water-levels in the NE section of LANL site. 35.53 
The data are uncertain and potentially affected by well construction problems 

TW-2 Tear 6648.06 76B.OO 824.00 56.00 5845.70 Oct-OD -34.36 Historic observation applied to constrain water-levels in the N section of LANL site. 0.09 
The data are uncertain 

TW-3 Tear 6626.90 805.00 815.00 10.00 5840.10 Feb-06 1B.20 Historic observation applied to constrain water-levels in the N section of LANL site. 0.74 
The data are uncertain 

TW-4 Tvt1 7244.56 1195.00 1205.00 10.00 6071.50 Feb-06 21.94 Historic observation applied to constrain water-levels in the NW corner of LANL site. 1.79 
The data are uncertain 

CdV-16-3i Tvt2 7486.40 - - - 6136.75 Oct-05 - Open borehole. The data are uncertain 2.17 

CdV-R-15-3#4 Tpf 725B.90 1235.10 1278.90 43.BO 6019.50 Mar-OB -4.30 No comment -1.17 

CdV-R-37-2#2 Tvt2 7330.60 1188.70 1213.80 25.10 6137.00 Mar-OB -4.90 No comment 0.62 

DT-10 Tb4ffpfffcar 7019.00 1080.00 1408.00 328.00 5918.70 Mar-OB -20.30 Long screen; Composite water-level expected 1.31 

DT-5A Tb4ffpfffcar 7144.20 1172.00 1B21.00 649.00 5958.0B Mar-OB -14.12 Long screen; Composite water-level expected 0.10 

DT-9 Tb4ffpfffcar 6936.00 1040.00 1501.00 461.00 5915.12 Mar-OB 19.12 Long screen; Composite water-level expected 0.71 

R-1 Tjfp 6BB1.21 1031.12 1057.42 26.30 5878.27 Mar-OB 2B.1B No comment -0.44 

R-2 Tear 6770.38 906.45 929.57 23.12 5B70.65 Mar-OB 6.72 No comment -0.46 

R-4 Tear 6577.49 792.90 816.00 23.10 5830.83 Mar-OB 46.24 Hydrogeologic data suggest confined conditions -0.84 

R-5#3 Tear 6472.60 676.90 720.30 43.40 5766.75 Mar-OB -2B.95 No comment -42.83 

R-6 Tear 6995.80 1205.00 1228.00 23.00 5838.44 Mar-OB 47.64 Screen significantly below water table -O.B2 

R-7#3 Tjfp 6779.20 B95.50 937.40 41.90 5877.25 Apr-OB -6.45 Water-level data missing for Mar 200B -0.91 

R-B#1 Tear 6544.74 705.31 755.70 50.39 5B53.22 Mar-08 13.79 Long screen below water table 7.29 

R-9 Tb2 63B2.80 683.00 748.50 65.50 5691.52 Mar-08 -B.28 Water-level may be not representative of the regional water-table due to local aquifer -10B.48 
heterogeneities 

R-10a Tear 6363.74 690.00 700.00 10.00 5740.49 Mar-08 66.75 Screen significantly below water table -3.65 

R-11 Tjfp 6673.72 B55.00 B77.90 22.90 5837.7B Mar-OB 19.06 No comment 0.19 

R-13 Tpfffjfp 6673.05 95B.33 1018.72 60.39 5836.08 Mar-08 121.36 Long screen significantly below water table 0.18 

R-14#1 Tpfffjfp 7062.0B 1200.60 1233.20 32.60 58B0.19 Feb-08 1B.71 Water-level data missing for Mar 2008 0.00 

R-15 Tpfffjfp 6B20.00 95B.60 1020.30 61.70 5850.65 Mar-OB -10.75 Long screen: Campsite water-level expected -0.41 

R-16r Tpt 6256.97 600.00 617.60 17.60 5692.5B Mar-OB 35.61 No comment -0.08 

R-17#1 Tpf 6921.51 1057 10BO 23.00 58B4.77 Mar-OB 20.26 No comment -0.05 

R-1B Tpf 7404.83 1358.00 1381.00 23.00 6117.11 Mar-OB 70.28 Screen significantly below water table -0.93 

R-19#3 Tpf 7066.30 1171.40 1215.40 44.00 5B87.40 Mar-OB -7.50 No comment -0.73 

R-20#1 Tb4 6694.35 904.60 912.20 7.60 5864.60 Mar-OB 74.85 Screen significantly below water table 1.26 

R-21 Tpf 6656.24 B88.80 906.80 1B.OO 5854.53 Mar-OB B7.09 Screen significantly below water table 0.19 

R-22#1 Tb4 6650.50 B72.30 914.20 41.90 5755.00 Mar-OB -23.20 No comment 0.2B 
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Table 3-1. (continued) 

Observed Top of the Differences between 
Surface Screen Screen Screen Water-Level Representative Screen from the Observed and Contoured 

Well/Screen Geologic Elevation Top Bottom Length Elevation Measurement Water Level Water-Level Elevation 
Name Unit (ft) (ft bgs) (ft bgs) (ft) (ft) Period (ft) Comments (ft) 

R·23 Tear 6527.75 816.00 873.20 57.20 5697.41 Mar-08 -14.34 No comment 0.09 

R-24 Tear 6547.38 825.00 848.00 23.00 5830.04 Mar-08 107.66 Hydrogeologic data suggest confined conditions -1.17 

R-25#5 Tpf 7516.10 1294.70 1304.70 10.00 6234.27 Mar-08 12.87 Uncertain which of the R-25 screens characterizes water-table elevation (4 or 5) -4.15 

R-26#2 Tpf 7641.69 1422.00 1445.00 23.00 6538.00 Mar-08 318.31 Screen significantly below water table -2.20 

R-27 Tpf 6713.72 852 875 23.00 5898.21 Mar-08 36.49 No comment -0.79 

R-28 Tpfffjfp 6728.61 934.30 958.10 23.80 5838.31 Mar-08 44.00 Screen significantly below water table 1.13 

R-31#2 Tb4 6362.50 515.00 545.70 30.70 5827.44 Mar-08 -20.06 No comment 0.29 

R-32#1 Tb4ffpt 6637.63 867.50 875.20 7.70 ' 5852.74 Mar-08 82.61 Hydrogeologic data suggest confined conditions 0.19 

R-33#1 Tjfp 6853.33 995.50 1018.50 23.00 5871.20 Jun-08 13.37 Water-level data missing for Mar 2008 -0.34 

R-34 Tear 6629.99 883.70 906.60 22.90 5834.47 Mar-08 88.18 Screen significantly below water table 0.51 

R-35b Tpf 6625.21 825.40 848.50 23.10 5837.00 Mar-08 37.19 No comment -0.66 

R-36 Tear 6591.37 766.90 789.90 23.00 5839.47 Apr-08 15.00 Water-level data not available for Mar 2008 1.49 

R-38 Tpf 6668.58 821.20 831.20 10.00 5858.73 Jan-09 11.35 Recently installed well. Insufficient water-level record; Hydrogeologic data suggest 1.43 
confined conditions 

R-39 Tb4ffpf 6580.86 859.00 869.00 10.00 5754.16 Jan-09 32.30 Recently installed well. Insufficient water-level record; Hydrogeologic data suggest -2.85 
confined conditions 

R-40 # 2 Tpf 6718.00 849.30 870.00 20.70 5864.10 Oct-08 -4.60 Recently installed well. Insufficient water-level record -2.78 

R-41 Tpt 6650.50 965.00 975.00 10.00 5690.37 Mar-09 4.87 Recently installed well. Insufficient water-level record -72.26 

R-42 Tjfp 6759.02 931.80 952.90 21.10 5839.22 Nov-08 12.00 Recently installed well. Insufficient water-level record 0.49 

R-43#1 Tear 6732.65 903.90 924.60 20.70 5839.65 Jan-09 10.90 Recently installed well. Insufficient water-level record -1.88 

R-44#1 Tpf 6714.91 895.00 905.00 10.00 5835.91 Jan-09 16.00 Recently installed well. Insufficient water-level record -1.25 

R-45#1 Tpf 6704.02 880.00 890.00 10.00 5836.12 Jan-09 12.10 Recently installed well. Insufficient water-level record 0.45 

R-46 Tpf 7213.33 1340.00 1360.00 20.00 5885.33 Jan-09 12.00 Recently installed well. Insufficient water-level record -12.17 

"-=No data. 
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4.0 MAP SPECIFICATIONS 

All maps are presented in 11- x 17-in. format at a scale of 1:80,000. All map plates include the boundary of the 
Laboratory and major roads for reference. Unit codes and colors, as defined in Figure 2-5, are consistent for all plates, 
cross-sections, and 3-D views. The map indices for wells are consistent throughout the set of plates. 

Plates mapping the unit surfaces provide well locations only for those wells that contribute exact data to the surface 
that is mapped. "Exact" is used to mean "hard" data that provide an elevation value. Other wells contain "soft" data 
that provide "greater than,'' "less than," or "absent" constraints. While this "soft" information is used in the.development 
of the surfaces, well locations for these data are not shown. In some cases, the density of the data prevents 
identification of all wells with "hard" constraints. 

The principal component of an atlas is the set of maps or plates. The maps of this atlas provide the identification 
and/or definition of surface and subsurface features for the region encompassing the Laboratory and the town of 
Los Alamos (including White Rock), extending west past the Pajarito Fault zone into the Sierra de los Valles, and east 
approximately 8 mi past the eastern extent of the Laboratory boundary. The maps are presented using New Mexico 
state plane (NAD 83) coordinates (in feet). The mapped area, and the reference grid with labels outside of the map 
area, are extended to the full page size. Placement of map labels, legends, scale, north arrow, and descriptive text 
are therefore restricted to within the map area, resulting in the masking of some of the map data. 

The Laboratory site and most of the volcanic, geologic units are located within the western portion of the map area. 
For this reason, the sets of tabular data are normally placed within the upper-right (eastern) portions of the map 
plates. The caption is always located at the lower-right corner, the legend and data credits are normally placed in the 
lower-left corner, and the map scale and north arrow are usually at the upper-left corner of the plate. Many of the older 
units are defined only within the eastern portions of the map area. 

4.1 Base Map 

The base map (Plate 1-1) shows the extent of the Hydrogeologic Site Atlas as well as the locations of R-wells, water 
supply wells, and other wells or boreholes important in constraining the GFM. The base map also shows the location 
of the major roads and outlines of Laboratory properties. This map also depicts the surrounding land ownership. 
Plates 1-2 and 1-3 identify all wells that provide data to the geologic models of the Laboratory. Plate 1-2 identifies the 
vintage of the well data, highlighting the large amounts of new data that were used in this current GFM. 

Plate 1-3 provides a table that lists all wells that contributed to the 2009 GFM, including wells outside of the atlas 
extent but within the SEB. Where wells on a plate are completely within the extent of Laboratory SITE mode!, the 
wells are identified in the legend as Laboratory wells. If the set of wells for a plate consists only of wells outside of the 
Laboratory boundaries and within the SEB model, they are identified in the legend as SEB wells. The Buckman wells 
are within the Laboratory SITE model but provide minimal "exact" geologic contact information. These wells are 
displayed separately as the Buckman wells on selected sets of unit maps where they may be of interest. 

4.2 Geology 

The geology of the atlas region is presented in a series of plates. Plates 2-1 and 2-2 provide a comparison of the 
mapped geologic quadrangles, and the surface geology predicted by the modeled geologic unit surfaces. Plate 2-3 
provides a compilation of mapped fault trace data within the atlas extent, much of which is inferred. Plates 2-4 through 
2-83 provide structure contour maps of the unit surface elevations and isochors (vertical thickness). And finally, 
Plates 2-93 and 2-94 present a 3-D view for the atlas and that of the encompassing SEB model. 
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4.2.1 Surface Geology 

There are two plates that provide maps of the surface geology. Plate 2-1 provides the merged geologic quadrangle 
maps identified and referenced in Section 1.3. The unit names have been adjusted to reflect the mapping of source 
unit names to model unit names. Plate 2-2 provides the surface geologic map defined by the GFM and includes a 
breakout of the subunits of the Tshirege and Otowi members of the Bandelier Tuff not provided in the geologic 
quadrangle maps. Plate 2-3 provides fault trace data for the atlas area. The structural block model of the 2005 GFM is 
shown in the western portion of this plate. The faults to the west (in red) were mapped by the seismic hazards team at 
the Laboratory. Many of the other fault traces are inferred and/or poorly constrained. The inferred faults are older and 
do not intersect the Bandelier Tuff. Many of these are inferred based on apparent stratigraphic discontinuities in 
widely spaced well data. Some of these discontinuities may actually represent paleotopography. 

The fault traces can be extruded vertically or with a given dip to provide 3-D structural controls for flow models. 

4.2.2 Geologic Unit Morphology 

The 3-D morphology and geometry of the geologic units are presented in a series of plates: Plate 2-3 through 
Plate 2-83. Structure contours of the unit surfaces provide a 3-D definition of the units. Such maps are commonly 
defined as 2.5-D maps. Maps for the tops, isochors, and bottoms of all units are presented in top-to-bottom order 
through the set of units. Maps for the top and isochors of the Tshirege subunits are also provided. 

Each of these plates also identifies the position of all wells that contributed to the definition of the mapped surface. 
The number at the well position on the map provides an index to the included map table which shows the well name 
and the elevation or thickness of the unit at the well. The well numbers also correlate to those of Plates 1-2 and 1-3. 
For Plate 2-4, there were too many wells to place in a map table, so the user must refer to Plate 1-3 for top elevation 
values at the wells. 

The geologic outcrops can provide critical elevation control points for the surfaces. The geologic contacts are often 
exposed best in the canyons or regions of rugged topography, while wells intersecting these exposed units are usually 
located some distance within the Pajarito Plateau. The locations of unit outcrops are therefore identified on all plates, 
using the modeled color of the units. As these outcrops are often of limited geographical extent, e.g., when on the 
canyon walls, the structure contours for the top of the unit are clipped at the outcrop/topography so that the outcrop is 
visible to the map reader. For the Cerros del Rio Basalt, which outcrops over a broad surface area in the south-central 
portion, these top contours have been reinserted into the plate. 

4.3 Cross-Sections 

Geologic cross-sections of the GFM are provided for the atlas extent at 10,000-ft intervals in both the north-south and 
east-west directions. These sections identify both the geologic units and the water table. with a 1. 7 5x vertical 
exaggeration. The modeled water table is not defined throughout the atlas extent, so the water table may be absent 
from some lines and represented for only parts of other cross-section lines. The locations of the cross-section lines 
are shown in Plate 2-84. Plate 2-84 also provides the location of "source" geologic cross-sections that were used in 
the development of the GFM. 

4.4 3-D Views of the GFM 

The 3-D views of the GFM, with the southeast quadrant removed, are provided for the atlas extent as Plate 2-93 and 
for the SEB as Plate 2-94. 
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4.5 Water-Table Elevation and Geology 

Plate 3-1 shows the elevations of the regional water table, highlighting the 100-ft contour interval. Fainter contours at 
1 O- or 20-ft intervals are provided for finer resolution, especially in the central portion of the laboratory. The location of 
springs and major drainages are also indicated. Topographic contours are provided to allow visual determination of 
the depth to the water table. Plate 3-2 shows the modeled geology at the water-table surface. 
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ID Well name 
Top Bot 
elev. elev. ID Well name 

Top Bot 
elev. elev. 

1 16-2665 7517A 7392.4 71 54-1128 6653.2 6612.0 
2 16-2667 7532.0 7325.0 72 54-15462 6880.0 6580.0 
3 16-2668 7556.0 7368.5 73 54-24360 6670.6 6470.6 
4 16-2669 7584.3 7419.3 74 54-24361/27436 6695.1 6503.6 
5 16-2701 7547.0 7462.0 75 54-24362 6681.6 6492.6 
6 16-2702 7535.0 7466.0 76 54-24363 6692.D 6442.0 
7 16-2703 7549.6 7480.0 77 54-24364 6704.7 6504.7 
8 16-2704 7538.9 7469.0 
9 16-2706 7530.0 7440.0 
10 16-2708 7543.9 7429.5 
11 16-2709 7519.8 7486.0 
12 16-2711 7521.0 7453.0 
13 16-2712 7522.4 7422.0 
14 16-2735 7536.5 7446.0 
15 21-1811 7032.5 6772.5 
16 21-2523 7159.0 6839.0 
17 33-1230 6514.0 6284,0 
18 33-1231 6516.0 6201.0 
19 33-1232 6517.0 6271.0 
20 35-2004 7180.2 7080.2 

~ 

I. 
7170.7 7070.7 

..1L 7179.9 7079.9 

,...;;._ 7175.5 7082.5 

~ 7172.0 7072,0 

~ 7165.3 7065.3 

JL 7166.8 7066.8 
7171.1 7071.1 

JL 7103,4 6803,4 
7133.9 6433.9 

30 7240.7 6540.7 
31 7239.7 6619.7 

~ 54-24366 6680.7 6430.7 

~ 6692.1 6492.1 

~ 6715.6 6430.6 

~ 64 6725.0 6475.0 
82 6726.4 6476.9 

~ 1 6728.4 6528.4 
84 6748.5 6498.5 

'85 6746.0 6496.0 
'BB' 6677.2 6477.2 
!-fr- 6708.9 6703.9 
'BB' 6638.9 6507.9 
:J[: 6693.5 6493.5 

~ 6684.0 6484.0 
91 6684.B 6502.3 
92 54-24379 6675.6 6475.6 
93 54-24380 6697.6 6501.6 
94 54-24381 6660.1 6460.1 
95 54-24382 6672.4 6525.4 
96 54-24383 6653.7 6506.2 
97 54-24384 6605.5 6537.5 
98 54-24385 6677.4 6500.4 
99 54-24386 6676.8 6475.8 
100 54-24387 6616.0 6535.0 
101 54-24388 6664.8 6503.8 

32 !>4-1001 6781.7 6499.8 102 54-24389 6698.2 6498.2 
33 54-1002 6789.3 6499.9 103 54-24390 6704.0 6518.0 
34 54-1003 6791.7 6492.7 104 54-24391 6711.0 6511.0 
35 54-1004 6788.2 6448.2 105 54·24392 6666.4 6466.4 
36 54-1005 6778.5 6506.8 106 54-24393 6717.8 6511.8 
37 54-1006 6790.3 6500.3 107 54-24394 6726.1 6419.6 
38 54-1007 6790.3 6640.3 108 54-24395 6729.3 6529.3 
39 54-1008 6796.6 6646.6 109 54-24396 6684.0 6484.0 
40 54-1009 6792.0 6642.0 110 54-24397 6671.9 6427.6 
41 54-1010 6790.6 6748.2 111 54-24399 6793.0 6133.0 
42 54-1011 6792.2 6751.2 112 54-25105 6709.0 6007.7 
43 54-1012 6793.1 6752.1 113 54-G-2 6694.1 6592.1 
44 54-1013 6793.6 6752.6 114 54-0-5 6699.1 6586.1 
45 54-1014 6793.8 6752.8 115 Archerv 7185.0 6032.0 
46 54-1015 6708.2 6242.4 116 BH1 6915.8 6865.8 
47 54-1016 6700.4 6177.4 117 BH2 6914.4 6866.4 
48 54-1018 6787.7 6459,7 118 BH3 6896.4 6846.4 
49 54-1023 6884.0 6624,3 119 BH4 6929.2 6729.2 
50 54-1024 6885.0 6795.D 120 BH5 6913.8 6713.8 
51 54-1025 6889.5 6799.5 121 BH6 6911.9 6711.9 
52 54-1026 6889.6 6799.6 122 BH7 6910.0 6611.0 
53 54-1102 6720.6 6656.2 t23 Buckman 1 5510.0 4406.0 
54 54-1105 6710.5 6662.4 124 Buckman 2 5539.0 4066.0 
55 54-1106 6700.4 6648.4 125 Buckman 3A 5619.0 4169.0 
56 54-1107 6718.1 6588.1 
57 54-1108 6701.1 6649.1 
58 54-1110G-3 6691.2 6588.2 
59 54-1111 G-4 6674.6 6521.6 
60 54-1112 6693.2 6632.7 
61 54-1114 6667.2 6625.5 
62 54-1115 6672.0 6600.5 
63 54-1116 6683.0 6593.5 
64 54-1117 6679.7 6587.2 
65 54-1120 6688.3 6638.8 
66 54-1121 6673,5 6525.5 

126 Buckman 4 5646.0 4211.0 

...m.. 1r 5690.0 4255.0 
128 5718.0 4330.0 

"129' 5606.0 4143.0 

~ 5514.D 4562.0 

-ill- 5738.0 4303.0 
132 10 6045.0 4035.0 

133 11 6155.0 4152.0 
134 12 6250.0 4318.D 

~ 1 6721.6 6532.6 
2 6634.1 6535.1 

67 54-1123 6665.3 6565.3 137 CH-1 7170.6 6669.6 
68 54-1124 6636.1 6597.6 138 CH-2 7141.3 6634.3 
69 54-1125 6669.4 6605.9 139 CH-3 7169.9 6869.9 
70 54-1126 6655.8 6604.8 140 CH-4 7118.2 6815.2 

Con~tr.Lictedi,from·th~ 2DD91;ANl:GeDfogic FraJT1ework'.Model(Cole et atzooe,.106101) • Date! t-'liiy.2009< 

EP2009-0191 

ID Well name 

141 CdV-16-1i 
142 CdV-16·2i 
143 CdY-16-31 
144 CdV·R-15-3 
145 CdV-R-37-2 
146 DMB-1 
147 DSC-2 
148 DT-5 
149 DT-5A 
150 OT-SP 
151 DT-9 
152 DT-10 
153 EB-35 
154 EB-47 
155 G·1 
156 G-1A 
157 G-2 
158 G-3 
159 G-4 
160 G-5 
161 G-6 
162 GR-1 
163 GR-2 
164 GR-3 
165 GR-4 
166 H·19 
167 Kellv Fed 
168 LA-1 
169 LA·1B 
170 LA-2 
171 LA·3 
172 LA-4 
173 LA-5 
174 LA-6 
175 LADP-3 
176 LADP-4 
177 LADP-5 
178 LA0-4.5 
179 LA0·5 
180 LAD·6 
181 LAD·BA 

~ 
.-1.1 ~ 

~ 
..m.. 
~~~ 
188 MC'l 

189 MC3 
190 MCB-1 
191 MCB·2 
192 MCB-5 
193 MCB-0 
194 MCB-7 
195 MCB..S 
196 MCB..g 
197 MCB40 
198 MCB-11 
199 

I 
7cID" 
~ 6 

~ .2 
203 1 
~ 
~ .4 

~ -8.5 
207 M 1 
208 MCOl-4 
209 MCOl-5 
210 MCOl.fi 
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Top Bot 
elev. elev. ID Well name Top Bot 

elev. elev. ID Well name Top Bot 
elev. elev. 

7382.2 6699.2 
7457.1 6394.1 
7486.8 6081.8 
7258.9 5536.9 
7330.6 5666.6 
6276.1 6152.1 

~ 6859.2 6114.2 

,_1g_ 7034.5 5984.5 

~ 2 6838.2 6638.0 

~ 6862.6 6662.6 

~ 6870.6 6645.6 
216 6635.0 5635.0 

281 SC4 6682.1 6578.5 
282 scs 6661.8 6580.0 
283 SCC-1 6738.3 6338.3 
284 SCC-2 6723.7 6335.1 
285 SCC-3 6713.0 6369.0 
286 SCC-4 6709.2 6386.2 

7285.0 6880.0 
7144.5 6182.5 ~ 6415.0 5455.0 

2t8 6225.0 5205.0 
287 SCC·S 6683.6 6393.6 
288 SCC-6 6619.3 6359.8 

7144.2 5323.2 
7136.8 6651.9 
6936.0 5435.0 
7019.0 5610.D 
6930.0 5120.0 
7140.0 5580.0 

~ 7100.0 5100.0 
220 uo namlcs 34 5683.0 5120.0 
221 0-1 6400.9 3791.9 
222 0-4 6639.0 3833.0 
223 OSE Devils Throne 5985.0 3485.0 
224 P-12 7451.6 7251.6 

~ I· 6730.0 5840.0 

_;_ 6499.0 6367.0 
6365.0 4365.0 

292 7315.9 6615.9 
293 7607.7 6747.7 
294 6708.7 6547.7 

5978.9 3958.9 225 PM-1 6513.2 4012.2 295 SHB-CMR-1 7402.2 7334.7 
6015.9 3944.9 226 PM-2 67120 41120 296 SHB-CMR-10 7398.4 7338.4 
6057.8 4051.B 227 PM·3 6610.9 4058.9 297 SHB-CMR-2 7399.8 7337.3 
6138.B 4142.8 228 PM-4 6920.0 4000.0 298 SHB-CMR-3 7398.6 7343.6 
6235.0 4233.0 229 PM-5 7094.0 3974.0 299 SHB·CMR-4 7398.4 7346.0 
6309.6 4312.6 230 POl-4 6372.3 6191.3 300 SHB-CMR-5 7397.5 7345.0 
6424.4 4419.4 231 POT0-4A 6622.D 6448.0 301 SHB-CMR-6 7392.2 7334.7 
6416.2 4386.2 232 R-1 6881.2 5716.2 302 CMR-7 7394.9 7337.4 
6140.2 4096.2 233 R-2 6770.4 5827.4 303 CMR-8 7392.7 7340.2 
6212.2 4202.2 234 R-31 6390.1 6121.9 304 NISC·1 7439.2 7356.7 
6299.2 4371.2 235 R-4 6577.5 5732.5 305 NISC·2 7428.1 7345.6 
7172.0 5172.0 236 R-5 6472.6 5570.6 306 NISC-3 7427.8 7352.8 
6035.0 3332.0 237 R-< 6995.8 5692.6 307 NISC-4 7439.3 7356.8 
5624.0 4623.0 238 R-7 6779.2 5682.2 308 B-NISC·5 7432.5 7347.5 
5622.0 3366.0 239 R-B 6542.9 5520.9 309 B-SCC-1 7440.2 7342.7 
5651.0 4769.0 240 ... 63628 5611.8 310 B-SCC-2 7430.5 7345.5 
5672.0 4762.0 241 R-"1 6382,8 6060,8 311 B-SCC-3 7428.1 7343.1 
5970.9 3951.9 242 R-10 6362.3 5197.3 312 B-SCC-4 7441.9 7351.9 
5840.0 3816.0 243 R-11 6672.4 5745.4 313 B-SCC-5 7435.7 7353.2 
5770.0 3740.0 244 R-12 6499.6 5613.6 314 6655.4 6551.4 
6755.6 6406.6 245 R-13 6673.1 5540.1 315 7209.5 4917.5 
7049.7 6249.7 246 R-14 7062.1 5735.1 316 5850.0 3946.0 
7018.1 6298.1 247 R-15 6820.0 5713.0 317 St Michael 6870.0 4850.0 
6479.8 6417.9 248 R-16 6256.9 4969.9 318 TH-5 6590.7 6327.8 
6427.1 6400.1 249 R-17 6921.5 5754.5 319 TH-< 6642.4 6342.5 
6423.5 6397.6 250 R·18 7404.8 5974,B 320 TH-7 6223.5 6168.5 
6423.8 6408.8 251 R-19 7066.3 5163,8 321 TW-1 6369.9 5727.9 
6833.2 6510.2 252 R-20 6694.3 5329.3 322 TW-1A 6369.8 6144.8 
6624.4 6357.5 253 R-21 6656.2 5661.2 323 TW-2 6646.4 5812.4 
6458.4 6076.1 254 R-22 6650.5 5161,5 324 TW-3 6626.9 5811.9 
6400.0 4395.0 255 R-23 6527.8 5601.8 325 TW-4 7242.7 6037.7 
6304.8 6023.3 256 R-24 6547.4 5666.4 326 TW-B 6875.1 5810.1 
6764.6 6580.0 257 R-25 7516.1 5574.1 327 TestHole6-53 6921.2 6771.2 
6751.9 6580.0 258 R-25b 7516.0 6376.0 328 TestHole7•53 6701.0 6621.0 
6726.6 6582.5 259 R·26 7641.6 6151.1 329 US GS-TH 7227.4 7017.4 
7150.2 7045.2 260 R-27 6713.7 5726.7 330 WC0-3 6433.9 6420.0 
7076.4 6971.9 261 R-28 6728.5 5723.5 331 Yates 2 6605.0 2634.0 
6895.3 6791.3 262 R-31 6362,5 5259,5 
6875.5 6786.5 263 R-32 6637.6 5629.6 
6852.4 6751.4 264 R-33 6853.3 5723.3 
6824.4 6719.9 265 R-34 6630.0 5565.0 
6824.1 6721.1 266 R-35a 6623.1 5481.1 
6805.7 6701.7 267 R-36 6593.0 5728.0 
6805.4 6701.4 268 R-37 6860.0 5780.0 
6805,2 6700.7 269 R-38 6670.0 5760.0 
6827.1 6543.1 270 R-39 6580.0 5684.0 
6670.7 6570.7 271 R-40 6718.0 5905.0 
6775.2 6591.2 272 R-41 6650.0 6650.0 
6870.8 6759.3 273 R-42 6759.1 5731.1 
6850.2 6656.2 274 R-43 6730.0 5795.0 
6836.2 6069.2 275 R-44 6718.0 5624.0 
6780.5 6040.5 276 R-45 6699.0 5642.0 
7106.2 6263.D 277 R-46 7212.0 5797.0 
6837.2 6297.2 278 SC1 6691.5 6578.5 
6819.7 6102.7 279 SC2 6722.8 6580.0 
6811.1 6091.1 280 SC3 6701.7 6578.5 
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1,610,000 1,620,000 

1,780,00 

1,770,00 

1,760,00 

1,750,00 

Constructed frbril'the 2009-~ANL 

EP2009-0191 

· Geol0gic FrameWorkModeJ, 
(Cole•et_al: 20~9, 1Q6,1Q1) 

O~tcrops.are'dertved from the 
surface geologlcmap (Plate."2-2)-

.J:late: May2d0_9 

" lANL wells intersecting •. unit 

-·-- Ro?dS 

Unit thickn~ss con'tours (in feet) 

c::J l~s Alamos Natjonal [aboratory 

c:J Uni! extent. 

t±2l. Unit outcrop 

1,610,000 1,620,000 

1,630,000 

J Plat~ 2-2p: _Thickness of: the. Tshirege ~erilber,. unit 1? ,g_lassy.portion (Qbt1g):j 

1,630,000 1,640,000 1,650,000 1,660,000 1,670,000 1,680,000 1,690,000 

39 June 2009 



2009 Hydrogeo/ogic Site Atlas 

1,780,00 

1,770,00 

1,760,00 

1,750,00 

1,740,00 

June 2009 

1,610,000 1,620,000 

:'.·~Mit 0J.i ' 0 ~Miles 
'.Sfat~,-e1an~,co~fmff~rerSy-~te:f!'l; ~~ew Me~Xi?o,6entrarioi1e' 

: ;, ' '198~3,NOrth..0.:merlcari~Datum, · ' 

scALE'.1 :so:ooo' · 

:c:cinstructeif trom lhe26o9 LAN.L 
·Geologic Framework'Model·. ; 

' •(~ole,e!a!. 2009, j06J01)>;; 
' ,', ,~ ',, , . ,, - ""' -, , . ' , ' : 
; . !=J.utc~op~ are a"rivea from the . 
. '.surt:a~~.geologic·.map (Plate~;!'2)) 

bate· May 2009 

: 'LANI:: wells intersecting unit 
"' ··,"'. i, 

.-.-·Roads.· 
·top ~lelia!ii:>h'.cont,ours: (lnJeet) 

[:J Los 'Alamos National'.~aboratoiy ·• · 
c:::tunitextent . 

'' ~U~if<oui<:rbp. · 

1,610,000 1,620,000 

1,630,000 1,640,000 1,650,000 1,660,000 

,780,000 

,770,000 

,760,000 

,750,000 

,740,000 

1,630,000 1,640,000 1,650,000 1,660,000 1,670,000 1,680,000 1,690,000 
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1,780,00 

1,770,00 

1,760,00 

1,750,00 

1,610,000 1,620,000 

0.5 f 2 
l•llli·:::-1··1·c:::Jilil•lillilc:===::JrMnes 
Slate'P1'ane -Coordinate systerri,\New Mexi~'o,Central Zone: 

,1983 NcirthAmerlcan'DatUm 

s9A! . .E 1 ;~o;ooo 

Constructed fiomthe :ioo9.EANL · 
·Geologic Framework 'ModeL 
(Cole.et~1..2oos, 1os101)-

0utcr6ps "are perivea from the. 
surface geologic map (Plate 2-2)' 

:bate: May was 

LANLwells intersecting unit. 

u"nit"thickr\ess'coniours (i~ feel) 

t;~ Alamos l')latfonal .t:ab6~a!~rY 
Unit eXtent· 

Q Unit outcroR 

1,610,000 1,620,000 

EP2009-0191 

1,630,000 

1,630,000 

1,640,000 1,650,000 

1,640,000 1,650,000 
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1,660,000 

'Thickness 
1.0 
1.5 
2.0 
4.0 
1.5 
1.0 
1.5 
2.0 
1.0 
0.5 
1.5 
0.3 
1.5 
1.5 
3.0 
2.0 
12.0 
4.5 
0.5 
3.0 
3.0 
3.0 
3.2 
1.0 
4.0 
3 ~s -
2.0 

1.0 
3.0 
1.0 

1.0 
1.0 
5,0, 
2.2' 
s ~o 
14.0 
3.0 
3.0 

I.Plate 2"2~. • Thickn~ss of the Tsan~awi Pqrnice Sed {Qbtt) I 
1,660,000 1,670,000 1,680,000 1,690,000 

,780,000 

,770,000 

,760,000 

,750,000 

,740,000 

June 2009 
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1,610,000 1,620,000 1,630,000 1,640,000 

1,780,00 

1,770,00 

1,610,000 1,620,000 1,630,000 1,640,000 

June 2009 

1,650,000 1,660,000 1,670,000 1,680,000 

Buckman10 .. 

1,690,000 

,780,000 

,770,000 

,760,000 

,750,000 

,740,000 

rn1at~. 2~2~; :g(~uC;ture COl)~OOr~ C:if.tneJop,of ~nf.C~rr()· ioledo"int_ery~r(Cfotfl 
Q 

1,650,000 1,660,000 1,670,000 1,680,000 1,690,000 
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1,610,000 1,620,000 1,630,000 1,640,000 1,650,000 

1,780,00 

1,770,00 

1,760,00 

1,610,000 1,620,000 1,630,000 1,640,000 1,650,000 
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1,660,000 1,670,000 

1,660,000 1,670,000 

1,680,000 

Buckman10 

" 

1,680,000 
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1,690,000 

,780,000 

,770,000 

,760,000 

,750,000 

,740,000 

1,690,000 
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1,610,000 1,620,000 1,630,000 1,640,000 1,650,000 

1,780,00 

1,770,00 

1,760,00 

j,610,000 1,620,000 1,630,000 1,640,000 1,650,000 
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1,660,000 1,670,000 1,680,000 

Buckman1D 

" 

1,690,000 

,780,000 

,770,000 

6593.1 
6818~ t 
6700.0 
6774.5 
6899.8 
6420,3 
6511.3. 
6505.2 
6776.1 
6776.0 
6776.6 

.6381.7 ,760,000 
6463.6 

6625.0 
6515.0 
6546.0 
6618.0 
6624.0< 
6762.0 

,6658.0 
6607.0 
6618.7 
6623.0 
6604:2 ,750,000 

,740,000 

struc.tl:lre ,cg11tou~!> :(>fthebi>ttom .ot<the2ce ti;Olf>I~do i'ntervaL( act>\ I 
" 

1,660,000 1,670,000 1,680,000 1,690,000 
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1,780,00 

1,770,00 

1,760,00 

1,750,00 

1,740,00 

1,610,000 1,620,000 

"1· · 0:5. o· • 2. 
,w illiii fMi16s 
s~~t'e P1a~e»CocirC1iriate:System, NeW M-~~i~ti:Centrarzo~·~, 
" '' ' ' - 1983 Ncirth ArTi8ricBn''Datum - . " , / 

. ;SCALE 1is6;01l_ci., 

"' ·,, 

D~te:May 2009/ · 

' 
Buckmah· wells .. . . - ",'' : . ~ 

l'.~N~cw!:'Usintersecti~g.unit 

, ~Raaas < 
Top elevation tontours (in.feel)· 

;.ic::;J Los AI81)1.os Nati~nal Labora)ory 

c:J Unit'exlent,. 
, :Q Unitoutcrop: 

1,610,000 1,620,000 

EP2009-0191 

1,630,000 1,640,000 1,650,000 1,660,000 

1,630,000 1,640,000 1,650,000 1,660,000 
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1,670,000 

1,670,000 

1,680,000 

Bui;:kman10 

" 

1,680,000 
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1,690,000 

,750,000 

,740,000 

1,690,000 
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1,770,00 

1,760,00 

1,750,00 

1,740,00 

June 2009 

1,610,000 

> -ouicr&~~'~r~ de-~ve~ !io~ ih~- : 
-~uifaee:9~01ogic;ffi~p-(P1ale 2-1) 

:._oat;: M~y 2009 'o: . 

1,610,000 

1,620,000 1,630,000 1,640,000 1,650,000 1,660,000 

1,620,000 1,630,000 1,640,000 1,650,000 1,660,000 

46 

1,670,000 1,680,000 1,690,000 

ID WeUID 
229, PM-5 
232 R-1 
237 R-6 
244 R-12 

7.0 245. R~13 
18.0 246 R-14 
·47,5 247 R-15 
43,0 249 R-17 
15.0 250 R-18 
27.5 251 R-19 

'75,5 252 R-20 
37.0 253 R-21 

~--r.:"'~·:~:-~ 8:~~;;~=1-~~:~;~E==:=t 
'54:0 258 R-25b 
61.5 259.. R-26 

' 12:5 260 R-27 
25.9 263 R-32 

~=~==~:~~:i: ==~ ~:;~::1==a~:~~!~--===t ~ 81.0 '268 'R-37 
9.5 269 'R-38 
92.0 270 R-39' 
114.0' 271 R-40. 
168.0 274 R-43 
338.0 275 R-44 
246.0 277. .R-46 
252.0 284 SCC-2 
227.5 285 SCC-3 
356,0 286, SCC-4 
235.5 287 SCC-5 

.aso.o 2as sc1~2 
323.0 292 SHB-1 

r.;-;--~r.;-~-:c-~~-t:e~;~~:~i~~~-;~~~t=~t_~~~~~~;t:~~:t 

Buckman4 
0 Buckman 6 

" Buckmans 
() 

1,670,000 

328,6 233 R~2 

234.0 248 R-16 
320.0, 255 R-23 

Buckman 10 

" 

1,680,000 1,690,000 

,760,000 

,750,000 

,740,000 
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1,650,000 1,660,000 

1,650,000 1,660,000 
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1.750,00 

1,740,00 
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1,660,000 1,670,000 
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Buckman10 

" 
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1,610,000 1,620,000 1,630,000 1,640,000 1,650,000 1,660,000 

1,780,00 

1,770,00 
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1,740,00 

1,610,000 1,620,000 1,630,000 1,640,000 1,650,000 1,660,000 
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1,670,000 

Buckman4 
Q Buckman& 

0 
,.,Buckman5 

"' 
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1,680,000 

Buckman 10 
'I· 
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1,610,000 

·Date: May 2009: 

<> BuckmaQ well§.· 

LANL':vells'iritersecting unit 

.·.--.Roads 

1,620,000 

. ·Unit thickness contours (in feet) 

';C] ~osAla_nios'National:Laborato,Y 
· t:ll Unit extent· 

.. D Unit outcrop 

1,610,000 1,620,000 

1,630,000 1,640,000 

1,630,000 1,640,000 

1,650,000 1,660,000 1,670,000 

Buckman4 
0 Buckman& 

" Buckman5 

" 

1,680,000 

ID 
149 
151 
152 
162 
222 
227 
232 
233 
235 
236 
237 

,238 
239 

'243 
245 
246 

.247, 
251 
256 
261" 
264 
266 
267 
269. 
273 
274 
275c 
289· 
315 
321 

,323 
326' 

Buckman 10 .. 

1,690,000 

Well ID T 
~ OT-SA -DT-9 '-------'--

DT-10 -GR·1 '--'-----
0-4 
PM·3" 

~ 

-R-1 -R-2 -R-4 
R-5 -
R-6 --R-7 -R-8 
R-11 ~ 

R-13 730.0 
R-14 676,0 
R-15 512.0 
R-19 690.0 
R-24 275,0 
R-28 625.0 
R-33 480.0 
R·35a 660.0 
R-36 400.0 
R-38' 625.0 
R-42 517.0 
R-43." 480.0 
R-44 690.0. 
SCl-2 477.0 

,siama Mesa 592.0 
TW·f ,605.0 
.TW·2 317.0 
TW·B 494.0 

,760,000 

,750,000 

,740,000 

lhicki1ess pf-the:Puye FormatiQn, fangtomeratefF;pft, includitig ii'iterior fl~w .. units 

1,650,000 1,660,000 1,670,000 1,680,000 1,690,000 
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1,610,000 1,620,000 1,630,000 

1,790,00'1"";:'.:::::'.:::::'.::::'.::::'.:::::::::::::::::::::~!!lii~i'!Il~iii!l:!~-!l'ilt:iil!~ 

1,780,00 

1,770,00 

1,760,00 

1,750,00 

1,740,00 

il.5 ._ 0. ..1'· ·2, 
i•K::::JMl~iC.::::J••••c==:==ir Miles

·,st~t~ Pl8_n6JCoordlnate $}isteri,, •Ne~Me;fco Centraf 1Zone'. 
' " 1983'NorthAmefii'::an ocittim I 

"SCALE 1:80;000 . 

•' 
.. 'outcrops are derived from the,: 
surface. geolog_ic map.,Wlate 2-11. 

;>Date:.May 2.009 . 

.,. 'suckman weJJs. 

<•. ·L.ANL wellsJnters<?cting u~it 

---•.Roads 
' . uri(thickness ccih!ours (iij'feei)_ 

"'l!::J.Lo~Alarrios National Laboratory 
,.c:J Unit extent' 

· Ounitoutcrop,· 

1,610,000 1,620,000 

EP2009-0191 

1,630,000 

1,640,000 

1,640,000 

1,650,000 1,660,000 1,670,000 

Buckman: SF-2~:~:~ Buckman 7R 

• Buckma~u~km~:~ckman 9 

lsuckman3A 

Buckman4 
0 Buckman6 

" Buckman5 .. 

1,680,000 

ID. 
149 
151 

'" '" 222 
227 
232 
233 
235 
236 
237 
238 
239 
243 
245 
246 
247 
251 

,256 
261 
264 
266 
267 
269 
273 
m 

.275 
289 

<315 
321 
323 
325 

Buckman1D 
0 
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1,690,000 

We!llD = DT-SA 
OT-9.· -or~10 -GR-1 -Qo4 -PM-3 -R-1 -R-2 -R-4 

~ 

R-5 -R~6 -R-7 
R-8 -

~ 

,780,000 
R·11 --'--R-13, -R-14 -R-15 -R-19 -R-24 

·R·28 ---;;--R-33 -R-35a '-----'--
R·36 

'R-38 -R-42 -R-43 
R-44 ;--,---- ,770,000 

SCl-2 -
-,51 ma Mesa 

TW-1 -
~ 

TW-2 
~ 

TW-8 

,760,000 

,750,000 

,740,000 

Thickness-o('the P.uye Formation, ta:nglomei:ate {Fp~J,.-exclilding.interiol: flow-units 

1,650,000 1,660,000 1,670,000 1,680,000 1,690,000 
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1,780,00 

1,770,00 

1,760,00 

1,750,00 

1,740,00 

June 2009 

1,610,000 1,620,000 

Outcrops are derived tiom the 
surface geologic inap JPlate,2-1) 

Date: May·2009 

ii·.· ·Buckman wells· 

.LANL well~ iht!'rsectlng unit 
, -: -. Road_s 

\,Bottom .elevation contours (ih feet) 

CJ Los Alamos· National -L~bor?toryc 
l::J i:!nit extent ', 

D unit outcrop 

1,610,000 1,620,000 

1,630,000 

1,630,000 

1,640,000 1,650,000 1,660,000 1,670,000 1,680,000 1,690,000 

ID Well ID 
149 DT-SA 
151 or~s 

152 DT-10 
155 G-1 
156 G-1A 
157 G-2 
158 G-3 
159 G-4 
161 G-6 
162 GR-1 
163 GR-2 
164 ,GR-3 ,780,000 
172 LA-4 
221 0-1 
222 0-4 
225 PM-1 .2 
226 PM-2 .o 
'227 'PM-3 .9 
228 PM·4 .0 
229 P.M-5 .o .J 
232 R-1 5915;2 
233 R-2 6340.4 
235 R-4 6197,5 
236 R-5 6145.6 
237 R-6 6051.B 
238 R-7 6042.2 

,770,000 

239 R-9 5995.7 
240 R-9 5843.8 
242 R·10 5882.3 
243 R-11 5813.7 
244 R-12 5833.6 
245 R-13 5675.1 
246 R-14 5852.1 
247 R-15 5847.0 
251 R-19 5536.3 
252 R-20 ,5557,3 
255 R-23 5706.8 
256 R-24 ·6242.4 
261- R-28 5788.5 
262 R-31 5582.5 
264 R-33, 5889.3 
266 R~35a 5743.1 
267 R-36. 6018:0" 
269 R-38 5805.0 

,760,000 
Bm:kmo 8 SM~~~· Buckman 7R 

a Buckman 2 ~Buckman 9 

BuclrmM;euckmao3 

-273 R-42 5859~1 
274 R-43 5900.0 
275 R-44 5715.0 

Buckman4 
9 Buckman6 • 276 R-45 5734.0 

277 5807.0 BuckmanS 
0 

299 c5903.0 
315" 5874.5 
321 5764.9 ,750,000 

,740,000 

8uckmsn10 

" 

Plate 2.-34.' _Sttucture conti:>~rs ofthe bottom·of.the,Puye Fo.rmation, fcrnglOrlierafe (Tj)f) 

1,640,000 1,650,000 1,660,000 1,670,000 1,680,000 1,690,000 
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1,780,00 

1,770,00 

1,760,00 

1.750,00 

1,740,00 

1,610,000 1,620,000 

_0.5 o. '2 ••i:.::':l••cill•••illl=::::'.==::i1 Miles 
,State'Plan'e Coordinate System, New- Mexico c6ntr81 Zone' 

, '1983-NohhAmer!can Datum' ' 

SCALE;_ 1:s6,ooo 

Constructed !furn .the 2009 LANL 
Geologic Framewoik•Model 
(c91e et 81:2009, 106101): 

Outcrpps are,derlved_ from the 
suifaeegeo!ogicmap (Plate.2-1) 

·oate: May 2009 

:ci'. Buckman wells. 

o LA.NLwells iht<'!fsecting unit 

-.-Roaas 

··Top, elevation contours (iri• feet) 

c:Jl L~s Alamo~ National Laboratory 

c:J Unit.extent· • 

~ LJnitoutcrop 

1,610,000 1,620,000 

EP2009-0191 

1,630,000 1,640,000 1,650,000 

1,630,000 1,640,000 1,650,000 
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1,660,000 1,670,000 1,680,000 1,690,000 

,780,000 

,770,000 

,760,000 

"' "' "' "' 253, 

"' R·22 
255 R-23' 

'" R·27 

'" R·2S 
252 ,., 
"' ,., 264' R-33 

"' R-34 ,750,000 

'" R·35a 
m R·36 

'" R·37 

"' R·38 

'" R-39 

"' R~O 

"' '~' 
"' R·43 

"' R·~4 

"' R·45 

'" SCC·1 

"' SCC·2 

"' SCC·3 

"' SCC-4 

"' SCC-5 

"' SCC·6 

'" SCl-2 ,740,000 

''° SCOJ-3 

'" TH-5 
320 Hl-1 

"' T\'i-1 

"' TW-1A 
324 TW• 
326 TW• 

'" LAWS-01 
240 R·S 
241 R·S 

Structure contours ofthe top of.the Cerros del Rio B,asalt ff.b4) 

1,660,000 1,670,000 1,680,000 1,690,000 
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1,610,000 1,620,000 1,630,000 1,640,000 1,650,000 1,660,000 1,670,000 1,680,000 1,690,000 

1,790,00 ,790,000 

Q· 2 ,, 
ID We!!ID 

0:5' 144 CdV-R;15·3 --- !Miles 149 OT-SA 

State Plane Coordin<iite'.system, New,Me~!co CentraJ,zOne 
151 DT-9 
152 OT-10 

1~8~ ~bfttlAnje~f~'ri·Datum 184 LAOl-7 

SCAlE, 1.:s.o,oon , .205 MCOBT-4.4 
206 MCOBT-8.5 
211 MCDl-8 
212 MCOl·10 
221 0-1 
222 0-4 

1,780,00 
225 PM-1 ,780,000 226 PM-2 
227 PM"3 
228 PM-4 
232 R-1 
236 R-5 76~0 

237 R-6 41.0 
239 R·B '182.0 
243 R·11 349.0 
244 R-12 359.1 
245 R-13 427.0 
247 R·15 254.7 
248 R-16 293.0 
251 R-19 155,0 

1,770,00 252 R-20 _ 540,0 ,770,000 
253 • R-21 664.0 
254 R-22 983.0 
255 R-23 ,759.0 
260 R-27 131.0 
261 R·28 357.0 
262 R-31 425.0 
263 R-32 636.0 
265 R-34 532.0 
266 R-35a 346.0 
267 'R-36 350.0 
266 R-37 435.0 
269 R-38 565.0 
271 R-40 347.D 

1,760,00 273 R-42 267.0 ,760,000 
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275 R-44 363,0 
276 R-45 439.0 
269 SCl-2 233,7 
321 TW-1 460.0 
324 TW-3 122.0 
326 TW-8 145.0 
240 R-9 279.8 
241 R-9i 279.8 

1,750,00 Consiructed .from the,2009 LANL 
Geo!egicFramew6rkMode! ' 

,750,000 
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·surface geologic map (Plate 2-1) 
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Constructed fiom the 2009, LANL 
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1,610,000 1,620,000 1,630,000 1,640,000 1,650,000 

211 MCOl-8 
212 MCOl-10 
221 0-1 
222 0-4 
,zz5 PM-1 
226 PM-2 
227 PM-3 
228 PM-4 
232 R-1 
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_SCALE 1:80;000 

1,750,00 :Constructed from _the 2009 LANL 
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(Cole et al. 2009;.106101) " 

1,740,00 
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Consfructed!from the 2009'1'.ANL· 
·Geologic '.Frame\'Jor<Model· 
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· '«co1eetaF2009, 105101)'' 
;· '· ,,: ' ' ' i ., ' ' 
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'State P.l~fie-Cci~fdin8t0,Syst~m., New M~:Xico Central,~ohe 
:. 19~3' Nort~Am~rJCan Datum 

.SCALE 1:so,pbo' -· 

constructedJrom the 2009 LANL! 
. Geologip Framework Model

(Cole et al: 200~, 10~101) 

:outcrop; are derived:frorn the''. 
surface'.g0olbgic map.(Plate 2-1) 

" - " ,"' ,· 
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o ~ANL_wells {nt~rsecting,unit 
_, __ ·- R,~ads. 
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