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EXECUTIVE SUMMARY 
 

The Chemical Waste Landfill (CWL) at Sandia National Laboratories/New Mexico (SNL/NM) is 
an interim status landfill undergoing closure in accordance with 20.4.1.600 New Mexico 
Administrative Code (NMAC), incorporating Title 40, Code of Federal Regulations (CFR) 265, 
Subpart G and the CWL Final Closure Plan and Postclosure Permit Application (Closure Plan) 
(SNL/NM December 1992).  The Closure Plan, approved by the New Mexico Environment 
Department (NMED) in February 1993 (Sisneros February 1993), requires the U.S. Department 
of Energy (DOE) and SNL/NM to conduct a Corrective Measures Study (CMS) for the CWL and 
present the conceptual design for the recommended alternative in a Remedial Action Proposal 
(RAP).  Both of these requirements are addressed in this CMS Report.  A Post-Closure Care 
Plan and Permit Application (PCCP/PA) is also required because the NMED approval of the 
Closure Plan did not include approval of the associated Post-Closure Permit Application 
(Sisneros February 1993).   
 
On May 20, 2003, SNL/NM submitted a compilation of documents containing the CWL CMS 
Report (SNL/NM May 2003a), RAP (SNL/NM May 2003b), and PCCP/PA (SNL/NM May 2003c) 
as set forth in the amended Chapter 12 of the Closure Plan (SNL/NM February 2003).  On 
December 12, 2003, the NMED rejected the CWL CMS Report and postponed the review of the 
RAP and PCCP/PA pending the approval of a revised CMS Report (Kieling December 2003).  
The December 2003 NMED letter contained general and specific comments on the CMS Report 
and requested the report be resubmitted by December 31, 2004.   
 
Based on this direction and subsequent discussions with the NMED staff, SNL/NM and the DOE 
are withdrawing the CWL PCCP/PA (SNL/NM May 2003c) submitted with the CMS Report 
package on May 20, 2003. SNL/NM will prepare a revised PCCP/PA for submittal in accordance 
with 20.1.4.900 NMAC, incorporating 40 CFR 270.1(c), that will address the information 
requirements of 20.1.4.900 NMAC, incorporating 40 CFR 270.28.  The revised PCCP/PA will be 
submitted after NMED review and approval of this revised CMS Report and will be incorporated 
as part of the SNL/NM Resource Conservation and Recovery Act (RCRA) Part B permit renewal 
application (DOE February 2002).  The revised RAP that is required by the Closure Plan has 
been integrated into this revised CMS Report as an annex.  Resolution of all NMED CMS 
Report comments (Kieling December 2003) and the path to final closure were achieved through 
informal technical meetings.  This 10-month process is documented in the CWL CMS Report 
comment response document (Annex A) (SNL/NM October 2004), with which the NMED 
concurred in December 2004 (Bearzi December 2004a).   
 
Changes to Chapter 12 of the Closure Plan that are the result of direction provided by the 
NMED since rejection of the initial CMS Report (SNL/NM May 2003a) are being submitted 
concurrently, but under separate cover, with this revised CMS Report as part of the ongoing 
Closure Plan amendment initiated with the May 2003 submittal of the CMS Report (SNL/NM 
May 2003a), RAP (SNL/NM May 2003b), and PCCP/PA (SNL/NM May 2003c).  The Chapter 12 
amendment defines the new submittal sequence for the CMS Report, RAP, and PCCP/PA and 
clarifies the post-closure permit requirements. 
 
The vegetative soil cover recommended in the May 2003 CMS Report (SNL/NM May 2003a) 
and originally presented in the May 2003 RAP (SNL/NM May 2003b) has since been approved 
with conditions by the NMED for installation as an interim measure (Kieling September 2004).  
The detailed conceptual design, including changes requested by the NMED in the conditions for 
approval, is provided as an annex to this CMS Report.   
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The main objectives of this revised CMS Report are to: 
 

• Summarize the investigative and corrective action (voluntary corrective measure 
[VCM]) history of the CWL 

 
• Establish current site conditions supported by historic and recent analytical 

monitoring results 
 
• Establish whether further remediation is required prior to proceeding with formal 

closure and post-closure care 
 
• Identify, screen, evaluate, and select/recommend the final corrective measure 

alternative(s) for the CWL 
 
The NMED will make a final determination regarding whether additional remediation is required 
for the CWL to be protective of human health and the environment based upon the information 
presented in this revised CMS Report.  Additional supporting information specifically requested 
by the NMED to be included in the revised CMS Report (Kieling December 2003) is described 
as follows, along with cross-references to the specific sections and annexes where the 
information has been included in this report. 
 

• More detailed presentation of historic investigation and VCM results that were 
previously documented in project-specific final reports, with an emphasis on Vapor 
Extraction (VE) VCM information.   

 
– The requested additional information has been included in Sections 1.6, 1.7, 

and in Annexes B, C, D, and E. 
 

• Results for two additional soil-gas monitoring events to be conducted in 2004, 
three months apart, following the same sampling, laboratory, and evaluation 
methods used for the previous August 2001 soil-gas monitoring event.    

 
– These events were conducted in June and September 2004 and are presented 

in Section 1.6.2.1 and Annex D. 
 

• Results for seven groundwater sampling events conducted using the conventional 
sampling method (i.e., Bennett pump purging method) since completion of the VE 
VCM in July 1998.   

 
– The seven events were completed in September 2004, and the results are 

included in Section 1.6.3 and Annexes F and G.  Annex G presents detailed 
analytical results for all seven sampling events. 

 
• Results for five groundwater sampling events for the two deep regional aquifer 

wells (MW-7 and MW-8) installed during April and March 2003 (Annex H) using the 
conventional sampling method to resolve the ongoing chromium evaluation.   

 
– The five events were completed in September 2004, and the results are 

included in Section 1.6.3 and Annexes F and G.  Annex G presents detailed 
analytical results for all five sampling events. 
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This CMS generally follows U.S. Environmental Protection Agency (EPA) guidance for 
identifying and screening corrective measures alternatives (EPA December 1986, EPA June 
1988, EPA 1990, EPA 1994, EPA December 1996).  The CMS process is simplified for the CWL 
because the original waste and associated highly contaminated soil were removed as part of the 
Landfill Excavation VCM.  The associated volatile organic compound (VOC) soil-gas plume was 
largely removed and controlled as part of the VE VCM.  As a result of these VCMs, the site 
currently meets NMED- and EPA-approved risk-based criteria (i.e., cleanup standards), thereby 
achieving most of the requirements of a final corrective measure alternative as defined by EPA 
criteria (EPA 1990, EPA December 1996).   
 
The final corrective measures alternative for the CWL selected through the CMS process  is 
comprised of previously identified and required engineering controls (final cover), physical 
controls (access controls, soil-gas and groundwater monitoring, maintenance, and surveillance), 
and institutional controls (ICs) (industrial land-use designation and land-use restrictions).  These 
controls represent presumptive final remedies required by the NMED as part of the Closure Plan 
(SNL/NM December 1992), “Risk-Based Approach for Excavation and Backfilling of the 
Chemical Waste Landfill” (SNL/NM August 2000) and as stated in comments addressing the 
May 2003 CWL CMS Report (Kieling December 2003).   This is appropriate and consistent with 
EPA guidance as the remaining corrective measure alternative components are presumptive 
actions already formalized as regulatory requirements for CWL closure.  Therefore, only 
completion of the final landfill cover and the implementation of post-closure care monitoring and 
ICs remain to fully address all of the general and specific criteria presented for both the short- 
and long-term protection of human health and the environment.   
 
A key component of the required physical controls is groundwater and VOC soil-gas plume 
monitoring, which will address uncertainty regarding the potential future impact of the VOC soil-
gas plume on groundwater.  A conceptual corrective measure evaluation process (CCMEP) 
incorporating trigger levels for groundwater and VOC soil-gas monitoring results is presented in 
this CMS Report as required by the NMED (Kieling December 2003).   The CCMEP defines the 
general data collection and evaluation steps necessary to determine the need for future 
corrective actions, such as VE, should site conditions deviate significantly from the updated 
conceptual site model presented in this CMS Report (Section 1.7.1 and Annex E).  Post-closure 
care monitoring for the CWL is required by 20.4.1.900 NMAC, incorporating 40 CFR 270.1(c), 
and the Closure Plan (SNL/NM December 1992).    
 
The DOE and SNL/NM request NMED approval of this CMS Report and the recommended final 
corrective measures alternative.  DOE and SNL/NM also requests NMED approval of the at-
grade vegetative soil cover presented in the revised RAP (Annex I) as the final engineered 
cover for the CWL.  The PCCP/PA, planned for submittal in April 2005 after NMED approval of 
this CMS Report, will provide details regarding post-closure care activities that, when approved, 
will be conducted under the SNL/NM RCRA Part B permit. 
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1.0   INTRODUCTION 

The Chemical Waste Landfill (CWL) at Sandia National Laboratories/New Mexico (SNL/NM) is 
an interim status landfill undergoing closure in accordance with 20.4.1.600 New Mexico 
Administrative Code (NMAC), incorporating Title 40, Code of Federal Regulations (CFR) 265, 
Subpart G and the Closure Plan (SNL/NM December 1992).  The Closure Plan, approved by 
the New Mexico Environment Department (NMED) in February 1993 (Sisneros February 1993), 
requires that the U.S. Department of Energy (DOE) and SNL/NM conduct a Corrective 
Measures Study (CMS) for the CWL.  The Closure Plan is an enforceable document that details 
the approved closure process for the CWL.  This CMS is based upon combined 
U.S. Environmental Protection Agency (EPA) and NMED guidance, which includes the EPA 
1996 Subpart S Initiative (EPA May 1996).   
 
On May 20, 2003, SNL/NM submitted a compilation of documents containing the CWL CMS 
Report (SNL/NM May 2003a), Remedial Action Proposal (RAP) (SNL/NM May 2003b)1, and 
Post-Closure Care Plan and Permit Application (PCCP/PA) (SNL/NM May 2003c) as set forth in 
the amended Chapter 12 of the Closure Plan (SNL/NM February 2003).  On December 12, 
2003, the NMED rejected the CWL CMS Report and postponed the review of the PCCP/PA and 
RAP pending the approval of a revised CMS Report (Kieling December 2003).  The December 
2003 NMED letter contained general and specific comments on the CMS Report and requested 
the report be resubmitted on December 31, 2004.   
 
Based on this direction and subsequent discussions with the NMED staff, SNL/NM and the DOE 
hereby withdraw the CWL PCCP/PA (SNL/NM May 2003c) submitted with the CMS Report 
package on May 20, 2003.  SNL/NM will prepare a revised PCCP/PA for submittal as required 
by 20.1.4.900 NMAC, incorporating 40 CFR 270.1(c), that will address the information 
requirements of 20.1.4.900 NMAC, incorporating 40 CFR 270.28.  The revised PCCP/PA will be 
submitted after NMED approval of the CMS Report, and will be incorporated as part of the 
SNL/NM Part B permit renewal application.  The revised RAP that is required by the Closure 
Plan has been integrated into this CMS Report as an annex.  Resolution of all NMED CMS 
Report comments (Kieling December 2003) and the path to final closure were achieved through 
informal technical meetings.  This 10-month process is documented in the CWL CMS Report 
comment response document (SNL/NM October 2004), with which the NMED reviewed and 
concurred with in December 2004 (Bearzi December 2004a).  The CWL CMS Report comment 
response document and NMED concurrence letter are included as part of Annex A.  This 
revised CMS Report incorporates the agreements and resolutions of the CWL CMS Report 
comment response document (SNL/NM October 2004). 
 
The vegetative soil cover recommended in the May 2003 CMS Report (SNL/NM May 2003a) 
and originally presented in the May 2003 RAP (SNL/NM May 2003b) has since been approved 
with conditions by the NMED for installation as an interim measure (Kieling September 2004).  
The detailed conceptual design, including changes requested by the NMED in the conditions for 
approval, is presented in this CMS Report.   
 

                                                 
1 The term “remedial action proposal” was coined in the original Closure Plan (SNL/NM December 1992) as a 
document specific to the CWL closure process.  The CWL RAP is unique as defined in the amended Closure Plan 
and is not related to a Remedial Action Plan (a special form of Resource Conservation and Recovery Act permit), as 
described in 20.4.1.900 NMAC, incorporating 40 CFR 270, Subpart H. 
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Approval of the CMS Report by the NMED is the subject of a Closure Plan amendment 
initiated with the May 2003 submittal of the CMS Report (SNL/NM May 2003a), RAP 
(SNL/NM May 2003b), and PCCP/PA (SNL/NM May 2003c).  The amendment includes the 
replacement/revision of outdated Closure Plan appendices and information and, concurrent with 
the submittal of this revised CMS Report, includes changes to Chapter 12 of the Closure Plan 
that resulted from the NMED rejection of the initial CMS Report.  The Chapter 12 amendment 
defines the new submittal sequence for the CMS Report, RAP, and PCCP/PA and clarifies the 
post-closure permit requirements. 
 
The PCCP/PA will be submitted as a post-closure permit application in accordance with 
20.4.1.900 NMAC, incorporating 40 CFR 270.1(c), and will be incorporated as part of the 
SNL/NM Part B permit renewal package (DOE February 2002).  Upon approval, the PCCP/PA 
will be considered the sole source of operating conditions for the CWL post-closure care period, 
and the CWL Closure Plan will no longer be applicable.  This CMS Report and PCCP/PA lay the 
groundwork for all final CWL closure and post-closure care activities, respectively.   
 
The Administrative Record for the CWL includes the Closure Plan and related amendments, 
investigation and voluntary corrective measures (VCM) reports, CWL Quarterly Progress 
Reports, this CMS Report and the revised PCCP/PA.   
 
Chapter 1.0 presents the CMS approach, site information, regulatory framework, and a 
summary of the investigative and corrective action work completed at the CWL.  Many of the 
NMED comments (Kieling December 2003, SNL/NM October 2004) are addressed in 
Sections 1.6 and 1.7, including an updated discussion of the CWL conceptual site model (CSM).  
The identification and rationale for final corrective measures alternatives is presented in 
Chapter 2.0 based upon current site conditions.  The interrelated PCCP/PA requirements, 
including monitoring, maintenance and surveillance, and a conceptual corrective measure 
evaluation process (CCMEP) are summarized in Chapter 3.0.  Chapter 4.0 presents the 
proposed final corrective action alternative and requests NMED approval. 
 
 
1.1 CMS Approach and Purpose 
 
The scope and content of the CMS for the CWL are described in Chapter 12 of the Closure Plan 
and have been clarified through interactions with the NMED since December 2003.  The two 
reasons cited by the NMED for the rejection of the May 2003 CMS Report are related to 
inadequate characterization and/or presentation of data for the vadose zone soil-gas plume and 
groundwater.  The purpose of the CMS Report, incorporating specific NMED direction (Kieling 
December 2003), is to:  
 

• Summarize the investigative and corrective action history of the CWL 
 
• Establish current site conditions supported by historic and recent analytical 

monitoring results 
 
• Establish whether further remediation is required prior to proceeding with formal 

closure and post-closure care 
 
• Identify, screen, evaluate, and select/recommend the final corrective measure 

alternative(s) for the CWL 
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The NMED will make a final determination regarding whether additional remediation is required 
for the CWL to be protective of human health and the environment based upon the information 
presented in this revised CMS Report.  In essence, the NMED will make a final determination 
regarding whether the two completed VCMs meet the criteria for final corrective measures.  
 
The CMS process typically involves the identification, screening, and evaluation of final 
corrective measures alternative(s), with one alternative selected and recommended for 
approval.  For the CWL, this process is simplified because of the two VCMs completed from 
1997 through 2002, which resulted in current conditions that are protective of human health and 
the environment.  Based upon direction from the NMED (Kieling December 2003), post-closure 
care provisions are described and integrated into this CMS Report and the selected final 
corrective measure alternative.  The PCCP/PA is a requirement of the approved Closure Plan 
and required by 20.4.1.600 NMAC, incorporating 40 CFR 265.118.  However, the NMED 
requires that the CWL be transitioned from an interim status unit under 20.4.1.600 NMAC, 
incorporating 40 CFR 265, to a permitted unit under 20.4.1.500 NMAC, incorporating 40 CFR 
264, and requires a post-closure permit under 20.4.1.900 NMAC, incorporating 40 CFR 270.  
Therefore, post-closure requirements are summarized in this report and will be detailed and 
formalized in the PCCP/PA that will be submitted to the NMED after this revised CMS Report is 
approved. 
 
Consistent with the goals of the Final Resource Conservation and Recovery Act (RCRA) 
Corrective Action Plan (EPA 1994), the EPA anticipates that for most RCRA facilities, the 
studies needed for developing sound, environmentally protective remedies are relatively 
straightforward and may not require extensive evaluation of numerous remedial alternatives.  
Based upon the VCMs already completed, a more straightforward CMS approach applies to the 
CWL and is consistent with EPA and NMED guidance.   
 
 
1.2 Site Location and Description 
 
SNL/NM is located within the boundaries of Kirtland Air Force Base (KAFB), immediately south 
of the city of Albuquerque in Bernalillo County, New Mexico (Figure 1-1).  KAFB occupies 
52,233 acres.  SNL/NM is managed by the DOE and is co-operated by Sandia Corporation, a 
wholly owned subsidiary of Lockheed Martin Corporation.  Sandia Corporation performs 
research and development in support of various energy programs, nuclear weapons programs, 
and the national security mission.   
 
SNL/NM research and administration facilities occupy 2,842 acres and are divided into five 
Technical Areas (TAs), designated 1 through 5, and several remote test areas.  TA-1, TA-2, and 
TA-4 are separate research facilities in the north-central portion of KAFB.  TA-3 and TA-5 are 
contiguous research facilities that form a 4.5-square-mile rectangular area in the southwestern 
portion of KAFB (Figure 1-2).  TA-3 alone encompasses 2,000 acres. 
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The CWL is a 1.9-acre disposal site located in the southeastern corner of TA-3 at SNL/NM 
(Figure 1-2).  From 1962 until 1981, the CWL was used for the disposal of chemical, radioactive, 
and solid waste generated by SNL/NM research activities.  The CWL was used as a hazardous 
waste drum-storage facility from 1981 to 1989.  From 1981 through 1985, only solid waste was 
disposed of at the CWL; after 1985, all waste disposal ended, and after 1989, the CWL was no 
longer used as a hazardous waste drum-storage facility. 
 
As part of the Landfill Excavation (LE) VCM, the CWL was excavated from September 1998 
through February 2002 (SNL/NM April 2003).  All former disposal areas were completely 
excavated, involving the removal of more than 52,000 cubic yards (cy) of contaminated soil and 
debris.  A final risk assessment is presented in the LE VCM Final Report (SNL/NM April 2003), 
which demonstrates that the excavation and backfill materials meet the NMED-approved risk-
based cleanup standards designed to protect human health and the environment (SNL/NM 
August 2000).  The LE VCM Final Report was approved by the NMED on December 16, 2003 
(Moats December 2003).  The CWL is currently (as of November 2004) backfilled to a uniform 
depth of 4 feet below ground surface (bgs) following the specifications in the CWL Backfill and 
Compaction Plan (SNL/NM July 2002).  During April 2004, SNL/NM requested NMED approval 
to install the at-grade vegetative soil cover design presented in the RAP (SNL/NM May 2003b) 
as an interim measure while NMED issues and comments on the May 2003 CMS Report 
(SNL/NM May 2003a) were being resolved.  On September 22, 2004, the NMED approved this 
request with conditions (Kieling September 2004).  Plans to implement the cover are underway, 
with completion of fieldwork activities projected for 2005.   
 
 
1.3 Site Operational History 
 
Much of the documented information pertaining to historic disposal activities at the CWL comes 
from two reports: 
 

• “Characterization of the Sandia National Laboratories (SNLA) Chemical Waste 
Disposal Site” (Weston November 1984)  

 
• “RCRA Interim Status Groundwater Monitoring Plan” (IT December 1985) 

 
These reports were also used as the basis for early CWL closure planning documented in the 
Closure Plan (SNL/NM December 1992).  No disposal records are available for the period 
between 1962 and 1975, resulting in a high degree of uncertainty concerning the actual waste 
types, waste volumes, and disposal locations within the CWL.  However, from reconnaissance 
studies (Weston November 1984, IT December 1985), it was inferred that the waste pits were, 
for the most part, uniformly distributed throughout the 1.9-acre site.   
 
Disposal of waste into unlined pits and trenches at the CWL began in 1962.  Reportedly, 
separate pits were used for the disposal of acids, oxidizers, reducers, organic compounds, 
reactives, bulk materials, metal, neutral compounds, and salts.  Waste was to be separated by 
type and placed into the appropriate pits.  However, based upon evidence, including direct 
observation during the LE VCM (described in Section 1.6), it is apparent that this procedure was 
not always followed while the landfill was in operation.  In addition to pits and trenches, an 
unlined surface impoundment, approximately 23 by 6 feet in area by 7 feet deep, was used for 
disposal of chromic acid waste from the early 1970s to 1978.  Between 1979 and 1982, a lined 
surface impoundment, approximately 15 by 15 feet in area by 5 feet deep, was used to dispose 
of liquid chromic acid waste and ferric chloride.   
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During disposal operations, the original waste pits and trenches were excavated using a 
backhoe, forming pits from 8 to 12 feet deep by at least 2 feet wide.  After a pit had been filled 
with waste, a new one was excavated and given the same number as the original pit.  The 
number assigned to each waste pit corresponded to a specific chemical type.  Historically, 
markers were used for identifying pit locations.  These markers were subsequently destroyed or 
buried during grading activities. 
 
Disposal records are available that document SNL/NM’s Division of Industrial Hygiene (DIH) 
waste collection services after 1975.  DIH employees completed chemical disposal tickets to 
show the location of the waste pickup, the type of waste material, the contact personnel, the 
special instructions, and the designated disposal area.  However, some of these disposal tickets 
documented the disposal of “unknown” waste types. 
 
The rate at which the waste pits were filled varied depending upon the type(s) of waste.  Waste 
pits designated for organic contaminants were filled most quickly.  When the pits had been filled 
to capacity, they were covered with fill material and allowed to settle over time.  As the material 
settled, new fill material was added.  Heavy equipment traffic on the CWL surface, in addition to 
natural settling processes, resulted in compaction of the material. 
 
In 1981, all disposal of liquid waste into unlined pits ceased, and in 1982, liquid waste disposal 
was discontinued in the lined chromic acid pit (LCAP).  Liquid waste was stored next to the 
appropriate pit and later packaged into 55-gallon drums.  Chemically similar wastes, such as 
oils and solvents, were consolidated and disposed of off site at a permitted disposal facility.  
Solid waste disposal ended in 1985.   
 
From 1981 to 1989, the CWL operated under RCRA interim status as a hazardous waste drum-
storage facility with a 300-drum capacity.  Waste drums were staged in segregated areas 
according to waste type.  Operations at the CWL were discontinued completely in 1989, and all 
pits were covered with soil backfill.  The LCAP surface impoundment remained uncovered until 
April 1991, when it was covered with a sheet of plastic and approximately 2 inches of soil to 
minimize wind dispersal of chromium-contaminated dust.   
 
 
1.4 CWL Regulatory History 
 
RCRA landfill closure requirements for interim status facilities are codified under 
20.4.1.600 NMAC, incorporating 40 CFR Part 265, “Interim Status Standards for Owners and 
Operators of Hazardous Waste Treatment, Storage, and Disposal Facilities,” Subpart G 
(Closure and Post-Closure) and Subpart N (Landfills).  Because the CWL was operational when 
RCRA regulations were promulgated, the CWL qualified for interim status.  Interim status 
allowed facilities to continue operation while RCRA authorities implemented a staged approach 
to establishing dates for the submittal of permit applications.  The NMED is the lead regulatory 
agency overseeing CWL closure, although EPA Region 6 remains the lead agency for Toxic 
Substances Control Act (TSCA) issues.   
 
In 1985, groundwater monitoring began at the CWL (IT December 1985) as required in 
20.4.1.600 NMAC, incorporating 40 CFR Part 265, Subpart F.  To implement the closure 
provisions contained in 20.4.1.600 NMAC, incorporating 40 CFR 265, Subpart G, the DOE, 
SNL/NM, and the NMED began negotiating a Closure Plan in May 1988.  In 1990, 
trichloroethene (TCE) was identified in groundwater at a concentration exceeding the regulatory 
limit of 5 parts per billion (ppb).  This finding led to the development and incorporation of a 
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corrective action program into the Closure Plan in October 1991, which also addressed the 
closure performance standards of Subpart G.  In February 1993, the Closure Plan (SNL/NM 
December 1992) was conditionally approved by the NMED (Sisneros February 1993).  The 
Closure Plan included a PCCP/PA that was not approved by the NMED due to substantial 
uncertainty regarding site conditions and what would be required to achieve actual closure.  The 
Closure Plan is an enforceable document that details the approved closure process for the 
CWL.   
 
Since NMED approval of the Closure Plan in February 1993, several modifications and 
amendments have been made to update the Closure Plan as the CWL investigation and 
VCM phases of work were completed.  These changes to the Closure Plan are summarized in 
Table 1-1.  One of the most significant changes to the Closure Plan was the addition of 
Appendix S, approved with conditions by the NMED in March 1997 (Kelly March 1997), which 
described the two VCMs:  the Vapor Extraction (VE) VCM and the LE VCM.  These VCMs have 
involved more than five years of continuous corrective action at the CWL, at a cost of more than 
$25,000,000, and are summarized in Section 1.6.2.   
 
The Closure Plan defines the schedule and reporting requirements for investigative and 
corrective action activities required to close the site and move into post-closure care.  Table 1-2 
shows all of the Closure Plan schedule requirements along with a listing of the corresponding 
reports that SNL/NM has submitted to the NMED to fulfill the requirements. 
 
Annex A presents an index to regulatory actions, Closure Plan modifications, and approvals 
related to closure of the CWL.  Most of the regulatory approvals and actions are related to 
RCRA requirements, as implemented by the NMED.  The EPA (Region 6) exercised authority 
over the cleanup of polychlorinated biphenyls (PCBs) during the CWL LE VCM.  PCB cleanups 
are regulated under TSCA regulations.  TSCA-related actions are also included in Annex A. 
 
 
1.5 Closure Performance Standards 
 
The CWL at SNL/NM is an interim status landfill, and closure of the CWL is subject to the 
requirements of 20.4.1.600 NMAC, incorporating 40 CFR 265, Subpart G and the Closure Plan 
(SNL/NM December 1992).  The EPA has provided numerous guidance documents to aid in 
interpreting the level of performance required to design, construct, and operate a compliant 
closure system.  The closure performance standard for interim status landfills is defined in 
20.4.1.600 NMAC, incorporating 40 CFR 265.111 as follows: 

“The owner or operator must close the facility in a manner that: 

(a) Minimizes the need for further maintenance; 

(b) Controls, minimizes or eliminates, to the extent necessary to protect 
human health and the environment, post-closure escape of hazardous 
waste, hazardous constituents, leachate, contaminated runoff, or 
hazardous waste decomposition products to the ground or surface waters 
or to the atmosphere; and 

(c) Complies with the closure requirements of this subpart . . .” 
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Table 1-1 
Summary of Changes to the Closure Plan 

 
Closure Plan 

Action 
Request 
Date(s) 

Approval 
Date(s) Description 

Closure Plan and 
Postclosure  
Permit 
Application 
Submitted to 
NMED 

12-21-92 02-22-93 Closure Plan approved with conditions.  Approval did 
not include any actions beyond 40 CFR 265.110 
through 265.115—PCCP/PA portion of the original 
submittal was not approved. 

Class 1a Mod:  
Added  
Appendix S to the 
Closure Plan  

05-30-96 
11-04-96 

03-07-97 Two VCMs (VE and LE) approved with conditions as 
Appendix S of the Closure Plan.  The 10 conditions of 
approval became Addendum A to Appendix S. 

Temporary 
Authorization 
Request  

06-09-97 06-12-97 Approval requested to use 3 downgradient monitoring 
wells as part of the VE system, temporarily 
suspending groundwater monitoring at these wells. 

Class 2 Mod:  
Proposed new 
Appendix Gb to 
Closure Plan 

 

05-09-97 Not 
Approved 

Approval requested for a revised CWL Appendix G 
(“Sampling and Analysis Plan for Groundwater 
Assessment Monitoring at the CWL”) of the Closure 
Plan.  Proposed changes included biannual (every 
other year) Appendix IX sampling, a reduced 
analytical list for Appendix IX sampling, sampling 
twice a year for VOCs and metals, and use of low-
flow pumps.   

Class 2 Mod:   
Added 
Addendum B to 
Appendix S of the 
Closure Plan 
 

07-27-99 07-30-99: 
temporary 

authorization 
for 180 days, 

02-02-00:  
temporary 

authorization 
for 180 days, 

04-28-00:  
Approved 

Addendum B defined changes in the operational 
processes at the CWL for:  1) the use of a 
commercially available mechanical screening device 
as the primary means for waste segregation; 2) a 
brief description of the revised technical approach to 
the CWL excavation; 3) clarification of the SOB, 
including designation of a waste segregation tent; and 
4) a description of the dedicated corridor (haul road) 
for the transportation of waste and supplies between 
the CWL and the CAMU.   

Class 1a Mod:   
Schedule 
changes to  
Table 1-1 of 
Closure Plan 

03-30-99 
 

10-05-99 

02-02-00 Request to suspend schedule completion dates in 
Table 1-1 of the Closure Plan for the LE VCM, the 
CMS, and the CMI because of budget uncertainties.  
New dates proposed on 10-05-99 and approved on 
02-02-00. 

Class 1a Mod:   
Groundwater 
Monitoring 
Frequency 
Change 

04-27-00 05-05-00 Approved groundwater monitoring frequency change 
to biannual (every other year) sampling for 
Appendix IX constituents, excluding pesticides, 
herbicides, dioxins, and furans, and sampling 
semiannually (twice a year) instead of quarterly for 
VOCs and metals.   

Class 1 Mod:   
Change to 
Addendum B of 
Appendix S 

09-14-00 09-29-00 
(NMED 

approval) 
 

10-13-00 
(EPA 

approval) 

Minor extension of the LE VCM SOB requested to 
store excavated soils.  This was approved by NMED 
on 09-29-00 with the approval being subject to the 
conditions that the CAMU portion of the SOB be 
utilized only after receipt of approval from EPA 
Region 6.  EPA Region 6 approved the CAMU 
boundary change on 10-13-00.  

Refer to footnotes at end of table. 
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Table 1-1 (Continued) 
Summary of Changes to the Closure Plan 

 
Closure Plan 

Action 
Request 
Date(s) 

Approval 
Date(s) Description 

Class 1a Mod:   
Schedule 
changes to  
Table 1-1 of 
Closure Plan 

04-09-01 06-01-01 Approval of schedule revisions to Table 1-1 of the 
Closure Plan for the LE VCM, CMS, CMI, Cap 
Construction, and Post-Closure Care dates (2nd 
schedule change). 

Class 1 Mod:   
Change to 
Addendum B of 
Appendix S 

07-19-01 07-31-01 Modification to Addendum B of Appendix S changed 
a wet decontamination procedure for excavated rocks 
to a dry method using the mechanical screen. 

Class 1a Mod:  
Added 
Addendum C 
(Backfill and 
Compaction 
Plan) to  
Appendix S of the 
Closure Plan 

04-29-02 06-26-02 LE VCM Backfill and Compaction Plan, added as 
Addendum C, describes the approval process for 
backfilling the CWL excavation and identifies 
necessary actions prior to, during, and after 
backfilling, until the CMS process is complete.  
Addendum C approved with three conditions.  Three 
conditions were addressed by incorporating 
responses into the Backfill and Compaction Plan and 
resubmitting the revised plan to NMED (SNL/NM July 
2002, Revision 1).  The final risk assessment 
requested by NMED was submitted as part of the LE 
VCM Final Report. 

Class 1a Mod:  
Revision of 
Chapter 12 of the 
Closure Plan  

02-13-03 
 

10-17-03 
 

5-15-03 
approval with 

conditions 

The revision to Chapter 12 of the Closure Plan 
integrates the VCM program into the CWL closure 
process; provides a current description of the closure 
process; and identifies the content of the CMS 
Report, RAP, PCCP/PA, and Final Report.  Page 1-8 
was also revised to update the content of the Final 
Report that will be submitted after all final corrective 
action(s) are completed at the site. 

Class 3 Mod:  
Submittal of CMS 
Report, RAP, and 
PCCP/PA 

5/20/03 12/12/03 
Rejection of 
CMS Report 

9/14/04 
Required 

resubmittal of 
PCCP/PA 

under  
40 CFR 
270.1(c) 

Submittal of the CMS Report, RAP, and PCCP/PA in 
May 2003 was completed according to the 
Chapter 12 revision to the Closure Plan that was 
approved with conditions on May 15, 2003 (Bearzi 
May 2003).  On December 12, 2003, NMED rejected 
the CWL CMS Report and postponed the review of 
the PCCP/PA and RAP pending the approval of a 
revised CMS Report (Kieling December 2003).  
Resubmittal of the revised CMS Report required by 
December 31, 2004. 

Interim Measure 
Request 

04-19-04 09-22-04 
With 

conditions 

This request involved approval to install the at-grade 
vegetative soil cover presented in the May 2003 RAP 
as an interim measure while CMS Report issues are 
being resolved.    

Refer to footnotes at end of table. 
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Table 1-1 (Concluded) 
Summary of Changes to the Closure Plan 

 
Closure Plan 

Action 
Request 
Date(s) 

Approval 
Date(s) Description 

Class 2 Mod: 
Request to P&A 
MW-2A and Not 
Replace 

04-26-04 
 

07-30-04 
response 
to NMED 

NOD 
(Bearzi 

June 2004) 

12-06-04 
 

10-08-04 
NMED 

Notice for 
Public 

Comment 
Period 

Removal of groundwater monitoring well MW-2A from 
the CWL monitoring network requested, and rationale 
for not replacing with a new MW provided.  NMED 
approved the request to P&A the well and to not 
require a new replacement well after completing the 
required 30-day public comment period.   

Continuation of 
5/20/03 Class 3 
Mod  

12-31-04 
Submitted 
with this 

CMS 
Report  

PENDING This revised CMS Report and RAP are the 
continuation submittal.  The accompanying revision to 
Chapter 12 of the Closure Plan clarifies the scope 
and purpose of the CMS Report, as well as the scope 
and regulatory process for the PCCP/PA based upon 
direction from NMED. 

aClass 1 Modification requiring prior approval from NMED.  
bThis version of Appendix G is entitled “Revision 5.”  Earlier revisions (1-4) to Appendix G of the Closure Plan were 
prepared internally; however, this Class 2 Modification was the only Appendix G revision formally submitted to the 
NMED. 
CAMU = Corrective Action Management Unit. 
CFR = Code of Federal Regulations. 
CMI = Corrective Measures Implementation. 
CMS = Corrective Measures Study. 
CWL = Chemical Waste Landfill. 
EPA = U.S. Environmental Protection Agency. 
LE = Landfill Excavation. 
Mod = Modification. 
MW = Monitoring well. 
NMED = New Mexico Environment Department. 
P&A = Plug and abandon. 
PCCP/PA = Post-Closure Care Plan and Permit Application. 
RAP = Remedial Action Proposal. 
SOB = Site Operational Boundary. 
VCM = Voluntary Corrective Measure.  
VE = Vapor extraction.  
VOC = Volatile organic compound. 
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Table 1-2 
CWL Assessment and Corrective Action Requirements and  

Associated Regulatory Submittals from Table 1-1 of the Closure Plan 
 

Taska Starta Enda Regulatory Submittal 
I Preliminary Report January 1991 May 1991  
II Closure Plan Approval August 1991 February 1993 Closure Plan and Postclosure 

Permit Application (SNL/NM 
December 1992) 

III RCRA Site Investigation April 1991 November 1995 
Source Characterization April 1991 June 1992 
Surface Geophysics December 1991 March 1992 

Unsaturated Zone 
Characterization Report 
(SNL/NM November 1993) 

Shallow Soil-Gas Survey April 1991 June 1991 Quarterly Report (SNL/NM May 
1993a) 

Unsaturated Zone Characterization April 1991 October 1993 
Auger Borings July 1992 February 1993 
Monitor Well Borehole-Gas Sampling April 1991 June 1992 
Air Permeability Testing March 1993 July 1993 
Decision Point Reports July 1993 November 1993 

Unsaturated Zone 
Characterization Report 
(SNL/NM November 1993) 

Groundwater Assessment Plan January 1993 November 1995 
Work Plan for Well Installation and Aquifer 
Testing 

January 1993 April 1993 

NMED Review/Revisions June 1994 October 1993 

Groundwater Assessment Plan 
(SNL/NM May 1993b) 

Deviation Survey—Potentiometric Maps March 1993 May 1993 
Monitor Well Installation December 1993 June 1994 
Groundwater Quality Assessment May 1990 August 1994 
Aquifer Testing/Data Analysis June 1994 February 1995 
Rate and Extent Calculations February 1995 August 1995 
Data Evaluation and Decision Point Report July 1994 November 1995 
IV Investigative Analysis April 1991 November 1995 
V Laboratory and Modeling Studies April 1991 November 1995 

Groundwater Assessment 
Report (SNL/NM October 1995)

VI Reports Quarterly 
Reportsb 

Quarterly 
Reportsb Routine Quarterly Reporting 

CMS/VCM March 1996 September 2003
VCM Design and Implementation  May 1996 September 2003

Appendix S to the Closure Plan, 
approved by NMED on 
03-07-97, and  
VE VCM Final Report (SNL/NM 
May 2000a) 
and 
LE VCM Final Report (SNL/NM 
April 2003) 

CMS Data Analysis and Reportingc August 2001 May 2003c – CMS Report (SNL/NM May 
2003a) 
– RAP (SNL/NM May 2003b) 
– PCCP/PA (SNL/NM May 
2003c) 

Corrective Measures Implementation September 2003 August 2005  
Reports Quarterly 

Reportsb 
Quarterly 
Reportsb 

Routine Quarterly Reporting 
has been ongoing since 1993 

Cap Construction September 2003 May 2004  
Final Report Not Defined in 

Closure Plan 
Table 1-1 

Not Defined in 
Closure Plan 
Table 1-1 

Final Report will be submitted 
after completion of closure 
activities. 

Post-Closure Care September 2005 To Be 
Determined  

Refer to footnotes at end of table. 
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Table 1-2 (Concluded) 
CWL Assessment and Corrective Action Requirements and  

Associated Regulatory Submittals from Table 1-1 of the Closure Plan 
 

aInformation in these columns is taken directly from Table 1-1 of the Closure Plan (SNL/NM December 1992) as 
modified by the NMED-approved Class 1 closure plan modification (Bearzi June 2001). 
bThese reports contain field data, analytical results, VCM/CMS progress, groundwater monitoring results, and a 
projection of activities to be completed in the upcoming quarter for NMED review and approval.  Any change in 
activities described in the Closure Plan will be documented in these reports. 
cThis task includes verification data analysis (four areas), stakeholder interactions, CMS alternative analysis, 
conceptual design and alternative selection, and CMS report preparation.  NMED rejection of the May 2003 CMS 
Report has resulted in resubmittal of this revised CMS Report. 
CMS = Corrective Measures Study. 
CWL = Chemical Waste Landfill. 
LE = Landfill Excavation. 
NMED = New Mexico Environment Department. 
PCCP/PA = Post-Closure Care Plan and Permit Application. 
RAP = Remedial Action Proposal. 
RCRA = Resource Conservation and Recovery Act. 
VCM = Voluntary Corrective Measure. 
VE = Vapor extraction. 
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These performance standards have been integrated into the CMS process for the CWL and are 
addressed in the final corrective measures alternative evaluation presented in Chapter 2.0.  
 
 
1.6 Summary of Past Investigations 
 
As described in the revised Chapter 12 of the Closure Plan (SNL/NM December 1992, 
associated revisions), the scope of the CMS Report includes a summary of VCMs and past 
investigations at the CWL.  Table 1-3 provides an overview of CWL investigative and corrective 
action activities, including a description of work performed, objectives, results and conclusions, 
and a cross-reference to final reports that document the specific project activities.  More detailed 
information is provided for the unsaturated zone characterization in Section 1.6.1, for the two 
VCMs in Section 1.6.2, and for the groundwater monitoring program in Section 1.6.3.   
 
 
1.6.1 Summary of Unsaturated Zone Contaminant Characterization 
 
The primary purpose of this investigation, conducted between November 1992 and March 1993, 
was to characterize the lateral and vertical extent of organic and inorganic contaminants in the 
unsaturated zone beneath the CWL.  This investigation was performed as required in Table 1-1 
and Section 5 of the Closure Plan (SNL/NM December 1992).  The data collected were used to 
define the nature and extent of contamination at the CWL, refine the CWL CSM, and guide the 
subsequent saturated zone investigation (Groundwater Assessment Plan [GAP] [SNL/NM May 
1993b]).  In particular, the unsaturated zone characterization provided important information that 
was used to support and plan the two subsequent VCMs, including baseline data critical to 
evaluating the applicability of VE at the CWL.  Details of these characterization activities and 
results are presented in the “Chemical Waste Landfill Unsaturated Zone Contaminant 
Characterization” report (SNL/NM November 1993).  As a partial basis for the design of the 
unsaturated zone contaminant characterization, soil-gas sampling was conducted to define the 
lateral extent of volatile organic compounds (VOCs) in soil gas at 10, 30, and 50 feet bgs.  
Detailed results of this sampling event are presented in the May 1993 CWL Quarterly Closure 
Progress Report (SNL/NM May 1993a).   
 
One of the challenges of this investigation was the relatively complex, highly variable, alluvial 
geology of the vadose zone.  The entire vadose zone is comprised of approximately 500 feet of 
alluvial and fluvial sediments consisting of various mixtures of clay, silt, sand, and gravel.  The 
sedimentary sequence generally coarsens upwards, with dominantly finer-grained deposits 
found deeper, closer to the water table, and coarser-grained sediments more dominant near the 
ground surface (upper 100 feet of the vadose zone).  However, various discrete layers are inter-
layered and not typically laterally or vertically continuous, making the vadose zone highly 
heterogeneous on a scale of 1 to 20 feet vertically and tens of feet horizontally.  A generalized 
breakdown of the vadose zone alluvial stratigraphy into larger-scale zones or units for 
engineering design purposes is presented in Section 1.6.2.1 and incorporates the information 
for the upper 240 feet or so obtained during the unsaturated zone contaminant characterization 
drilling and sampling program.   
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Table 1-3 
Summary of Previous Investigations and VCMs Conducted at the CWL 

 
Year  Description of Investigation Investigation Objective(s) Summary of Results Final Report/Document 
1971 Soil boreholes (5) drilled to 50 ft at 

locations in and around CWL.  
Soil samples (3) collected from 
each borehole and analyzed for 
beryllium, chromium, cadmium, 
mercury, cyanide, and phenols. 

Investigate if hazardous wastes 
were migrating from the CWL 
disposal trenches. 

No contaminants detected above 
laboratory detection limits. 

“Characterization of the Sandia 
National Laboratories (SNLA) 
Chemical Waste Disposal Site” 
(Weston November 1984) 

1978 Contamination migration study 
using batch adsorption studies (for 
cesium, strontium, chromium, 
lead, mercury, nickel, and 
cadmium) and a chromium 
transport study in column test. 

Evaluate interactions between 
metal species, the soil solution, 
and solid phases on the 
movement through the soil profile.

Chromium determined as only 
COC based upon mobility in the 
soil as determined through 
adsorption and transport studies. 

“Solute Interactions and Transport 
in Soils from Waste Disposal Sites 
at Sandia Laboratories” (Persaud 
and Wierenga 1982) 

1981 Borehole drilled adjacent to 
unlined chromium disposal pit.  
Soil samples collected and 
analyzed for extractable 
chromium. 

Determine extent of chromium 
migration around the unlined 
chromium disposal pit. 

Chromium migration to a depth of 
45 ft below the unlined chromium 
disposal pit. 

“Investigation of Groundwater 
Contamination Potential at Sandia 
National Laboratories, 
Albuquerque, New Mexico” 
(Thomson and Smith 1985) 

1983 Soil boreholes (4) drilled adjacent 
to unlined chromium disposal pit.  
Soil samples collected and 
analyzed for extractable 
chromium. 

Determine extent of chromium 
migration around the unlined 
chromium disposal pit. 

Detected chromium migration 
vertically and laterally. 

“Investigation of Groundwater 
Contamination Potential at Sandia 
National Laboratories, 
Albuquerque, New Mexico” 
(Thomson and Smith 1985) 

1984 Geophysical field investigation 
using magnetometry, and GPR 
EM conductivity surveys. 

Delineate boundaries of trenches 
and basins, to locate subsurface 
targets, and to define approximate 
depths of subsurface anomalies. 

Mapped buried material detected 
and disposal pit boundaries were 
estimated. 

“Characterization of the Sandia 
National Laboratories (SNLA) 
Chemical Waste Disposal Site” 
(Weston November 1984) 

Refer to footnotes at end of table. 
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Table 1-3 (Continued) 
Summary of Previous Investigations and VCMs Conducted at the CWL 

 
Year  Description of Investigation Investigation Objective(s) Summary of Results Final Report/Document 
1985 Field investigation including soil 

boreholes (17), backhoe trenching 
(10), and soil sampling at 
locations in and around CWL.  
Soil samples were analyzed for 
metals, VOCs, SVOCs, TOC, and 
cyanide. 

Determine lateral and vertical 
extent of contamination. 

Determined estimated definition 
and area of contaminated zones.  
Broad range of inorganic and 
organic-contaminated soil, metal, 
and glass debris noted. 

Appendix D in the “RCRA Interim 
Status Groundwater Monitoring 
Plan, Chemical Waste Landfill,” 
SNL/NM, Albuquerque, New 
Mexico (IT December 1985) 

1985 Installation of monitoring wells 
BW-1, BW-2, MW-1, MW-2, and 
MW-3.  Soil samples from 
monitoring well boreholes 
analyzed for VOCs, TOC, and 
metals.  Groundwater samples 
collected in October 1985 for 
general chemistry, TOC, TOX, 
pesticides, herbicides, radium-
226, radium-228, gross alpha, and 
gross beta analyses.  

Comply with interim status 
facilities per New Mexico 
Hazardous Waste Management 
Regulations, Section 206.C.1. 

VOCs detected at low 
concentrations in soil samples 
from BW-1, MW-1, and MW-3 
boreholes. 
 
No parameters detected above 
primary drinking water standards 
in any groundwater sample. 

“RCRA Interim Status 
Groundwater Monitoring Plan, 
Chemical Waste Landfill,” 
SNL/NM, Albuquerque, New 
Mexico (IT December 1985) 

1987 Soil boreholes (7) drilled adjacent 
to unlined chromium disposal pit.  
Soil samples collected and 
analyzed for chromium. 

Assess the lateral contamination 
of chromium. 

Chromium migration 75 ft 
vertically, 65 to 70 ft laterally.  
Verified downward migration and 
dispersion of previous studies. 

“Chromium Distribution and 
Transport Beneath a 
Contaminated Site,” 
SAND88-1471, SNL/NM (Stein 
and McTigue February 1989) 

1988 Installation of monitoring wells 
BW-3, MW-1A, MW-2A, 
and MW-3A.  Soil samples 
collected from monitoring well 
boreholes BW-3 and MW-1A only.

Replace wells for groundwater 
monitoring network in response to 
NMED NOV. 

No chromium contamination 
detected in BW-3 borehole.  Low 
concentration of metals detected 
in MW-1A borehole. 

“RCRA Groundwater Monitoring 
Plan, Sandia National 
Laboratories, Albuquerque, 
Chemical Waste Landfill” 
(SNL/NM 1988) 

1989 Soil borings (6) drilled north of the 
CWL.  Soil samples analyzed for 
hydraulic conductivity, moisture 
content, and moisture 
characteristic relationships. 

Characterize the hydraulic 
properties of the materials at the 
CWL. 

No correlation between 
stratigraphic units over tens of 
meters. 

“Retention Curves and Saturated 
Hydraulic Conductivities for 
Area III Alluvium,” SNL/NM 
internal memorandum dated 
January 16, 1990 (McTigue and 
Stein January 1990) 

Refer to footnotes at end of table. 
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Table 1-3 (Continued) 
Summary of Previous Investigations and VCMs Conducted at the CWL 

 
Year  Description of Investigation Investigation Objective(s) Summary of Results Final Report/Document 
1990 Installation of monitoring 

well MW-4.  Soil samples 
collected from monitoring well 
borehole. 

Add well to groundwater 
monitoring network in response to 
second NMED NOV. 

No contamination detected in 
borehole soil samples. 

“Report on the Installation of 
Monitoring Well MW-4 at the 
Chemical Waste Landfill” 
(SNL/NM 1990) 

1991 Geophysical field investigation of 
disposal pit and trench locations 
using surface towed ordnance 
locator systems and GPR 
surveys. 

Perform geophysical evaluation 
and characterization at the CWL. 

Detailed map of buried material 
and waste pit boundaries. 

“Preliminary Site Assessment 
Geophysical Survey at the Sandia 
National Laboratory” (SNL/NM 
September 1991) 

1992 Installation of Thermal Enhanced 
Vapor Extraction wells (2).  Soil 
samples collected from borehole 
and analyzed for VOCs, SVOCs, 
petroleum hydrocarbons, PCBs, 
and metals.  Soil-gas samples 
collected for VOCs. 

Conduct physical and chemical 
characterization of subsurface and 
install two VE wells. 

TCE, PCE, acetone, PAHs, PCBs, 
and chromium detected in soil 
samples. 
 
27 VOCs detected in soil-gas 
samples.  TCE, PCE, TCA, and 
Freon®-113 were dominant 
compounds detected. 

“Results of the TEVES Phase 1 
Site Investigation” (IT 1992) 

1992 UCAP boreholes (3) drilled in 
vicinity of the UCAP. 

Evaluate distribution of chromium 
in the unsaturated zone. 

Volume of chromium-
contaminated soil estimated at 
8,000 cubic yards. 

“The Chemical Waste Landfill 
Unsaturated Zone Contaminant 
Characterization” (SNL/NM 
November 1993) 

1992 Soil-gas sampling for VOCs. Define areal extent of five target 
VOCs in the soil-gas samples. 

Results indicate soil-gas plume 
extends outside landfill. 
 
TCE was dominant VOC detected. 
Additional compounds tentatively 
detected or at estimated 
concentrations include 
trichlorofluoromethane and  
Freon®-113. 

“The Chemical Waste Landfill 
Quarterly Closure Progress 
Report” (SNL/NM May 1993a) 

Refer to footnotes at end of table. 
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Table 1-3 (Continued) 
Summary of Previous Investigations and VCMs Conducted at the CWL 

 
Year  Description of Investigation Investigation Objective(s) Summary of Results Final Report/Document 

1992–
1993 

Unsaturated zone investigation 
soil samples from boreholes (21) 
analyzed for VOCs, SVOCs, 
pesticides, herbicides, PCBs, and 
metals.  Soil-gas sampling for 
VOCs. 

Characterize lateral and vertical 
extent of organic and inorganic 
contaminants in the unsaturated 
zone beneath the CWL and 
outside the landfill. 

Elevated levels of TCE, TCA, and 
PCE (indicating presence of 
NAPL); PCBs detected in soil. 
 
Soil-gas plume noted to extend 
outside the landfill boundary. 

“The Chemical Waste Landfill 
Unsaturated Zone Contaminant 
Characterization” (SNL/NM 
November 1993) 

1993 Angle boreholes (2) drilled in 
vicinity of the 60s pit area.  Soil 
samples analyzed for chromium.  

Quantify the amount of soil 
beneath the 60s pit contaminated 
with chromium. 

Chromium detected at 
concentrations ranging from 4.9 to 
4,800 ppm.  Hexavalent chromium 
detected in soil samples. 

“The Chemical Waste Landfill 
Unsaturated Zone Contaminant 
Characterization” (SNL/NM 
November 1993) 

1994 Installation of monitoring 
wells BW-4, BW-4A, MW-2BU, 
MW-2BL, MW-5U, MW-5L, 
MW-6U, and MW-6L.  Soil 
samples analyzed for VOCs and 
metals from all well boreholes, 
and soil-gas samples collected 
from MW-2B borehole. 

Conduct additional groundwater 
investigation to characterize the 
vertical gradient, the lateral and 
vertical extent of the TCE plume, 
and the aquifer. 

Metals and organic compounds 
detected in samples. 
 
Freon®-113 and TCE were 
detected in almost all samples 
from 40 to 420 ft bgs at values 
ranging from 250 to 1900 ppbv 
and 110 to 5400 ppbv, 
respectively. 

 “CWL Groundwater Assessment 
Report” (SNL/NM October 1995) 

1995 CMS and VCM treatability and 
field pilot tests.  Chromate 
stabilization treatment study, 
cometabolic bioventing treatment 
study.  Conservative tracer test 
and PITT, several field vapor 
extraction pilot tests. 

Gather engineering data to 
evaluate treatment options for 
chromium and VOCs and to 
design the VE VCM.  In situ 
technologies and ex situ extracted 
vapor treatment technologies 
evaluated. 

Stabilization/Fixation was shown 
to be a viable option for chromate 
in soil.  Cometabolic bioventing 
was indicated to be effective for 
PCBs but inconclusive for TCE.  
Detailed design basis for VE VCM 
collected.  PITT quantified 
DNAPL.  See next entry for more 
information on the PITT. 

VE VCM Design Report (SNL/NM 
May 2000b).  “Field 
Implementation Work Plan,” 
Revision 1.0 (SNL/NM 1997).  VE 
VCM Final Report (SNL/NM May 
2000a). 

1995 TEVES Project Fully integrated, near-full scale 
demonstration of thermally 
enhanced VOC vapor extraction 
using both powerline and radio 
frequency heating. 

Approximately 240 lbs of VOCs 
and SVOCs, 55 gallons of oil, and 
11,000 gallons of water removed 
from the treatment area located 
immediately north of the UCAP. 

Design, Demonstration, and 
Evaluation of a Thermal 
Enhanced Vapor Extraction 
System (Phelan et al. 1997) 

Refer to footnotes at end of table. 
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Table 1-3 (Continued) 
Summary of Previous Investigations and VCMs Conducted at the CWL 

 
Year  Description of Investigation Investigation Objective(s) Summary of Results Final Report/Document 
1995 PITT 

 
Determine extent of potential 
NAPL in the southwestern corner 
of the CWL where high VOC 
levels in soil and soil-gas samples 
documented.  Conducted study to 
support the VE VCM.   

NAPL defined to a depth of 30 to 
35 ft bgs.  Estimated 2,200 lbs of 
VOC mass in NAPL. 

CWL VE VCM Final Report 
(SNL/NM May 2000a) 

1996 Electrokinetic Extraction System, 
soil borehole samples collected 
and analyzed for chromium and 
organics 

Demonstrate that electrokinetic 
process could be used to extract 
chromium contamination from 
unsaturated soils. 

Chromate and VOC 
concentrations detected at low 
concentrations 

“Electrokinetic Demonstration at 
the Unlined Chromic Acid Pit,” 
(Lindgren et al. January 1998) 

1996–
1997 

Installation of VE wells (6).  Soil 
and soil-gas samples analyzed for 
VOCs. 

Install well for active phase of VE 
VCM.   

VOC concentrations detected in 
both soil and soil-gas samples. 
 
VOC concentrations in soil-gas 
samples appear lower than 
concentrations from previous soil-
gas sampling.  Vinyl chloride, cis-
1,2-DCE, and trans-1,2-DCE 
detected in samples. 

“Chemical Waste Landfill 
Quarterly Closure Progress 
Report” (SNL/NM August 1997) 
 
CWL VE VCM Final Report 
(SNL/NM May 2000a) 

1997–
1998 

VE VCM—Active Phase or 
operation of soil VE system 
consisting of 11 wells. 

Reduce VOC contamination in 
subsurface and prepare the site 
for final restoration. 

Removed approximately 4E+09 
cubic ft of soil gas; 6,500 lbs of 
VOCs removed from subsurface. 
 
Dominant VOCs detected 
included TCE, acetone, toluene, 
methylene chloride, and 
Freon®-113. 

CWL VE VCM Final Report 
(SNL/NM May 2000a) 

1998–
Present 

VE VCM—Passive Phase or use 
of Baroballs® as low-pressure 
relief valves allowing soil gas to 
vent to the atmosphere during 
periods of high barometric 
pressure. 

Monitor VOC concentration 
rebound and continue VE in a 
passive mode during the LE VCM.

June and September 2004 soil-
gas sampling results indicate 
significant reductions in total VOC 
levels since July 1998. 

CWL VE VCM Final Report 
(SNL/NM May 2000a)  
 
This CMS Report, Annexes D  
and E. 

Refer to footnotes at end of table. 
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Table 1-3 (Continued) 
Summary of Previous Investigations and VCMs Conducted at the CWL 

 
Year  Description of Investigation Investigation Objective(s) Summary of Results Final Report/Document 
1998 Geophysical survey for LE VCM 

High resolution metal detector, 
magnetometer, and EM 
conductivity surveys conducted. 

Define the areas of waste 
disposal/burial within the landfill 
boundaries to help guide the LE 
VCM  

Areas of disposal/waste burial 
defined.  Data used to define 4 
general disposal areas within the 
CWL: North Area, East-Central 
Area, Southeast Area, and 
Southwest Area.  Areas defined 
where disposal did not appear to 
have occurred (Non-Designated 
Area).  

“Geophysical Investigation of the 
Chemical Waste Landfill, 
Technical Area III, Sandia 
National Laboratories, New 
Mexico” (Hyndman August 1998) 

1998–
2002 

LE VCM  
Excavation and Verification. 

Complete excavation/removal of 
former waste material and 
associated contaminated soil 
(above risk-based standards) from 
the landfill. 

All waste and contaminated soil 
exceeding NMED-approved 
cleanup standards were 
excavated to a maximum depth of 
30 ft bgs.  Final risk assessment 
demonstrates risk-based cleanup 
criteria met for excavation and 
backfill materials. 

LE VCM Final Report (SNL/NM 
April 2003) 
and 
Risk-Based Approach for 
Excavation and Backfilling of the 
CWL (SNL/NM August 2000) 

2002–
2005 

Ongoing LE VCM activities –  
1) Backfilling, 2) Waste 
Management/Disposal, and 3) 
SOB closure. 

1) Backfill the excavation to meet 
40 CFR 265 Subpart G and 
Backfill and Compaction Plan 
requirements  
2) Complete final waste 
characterization and disposal  
3) Complete scraping, sampling, 
and risk assessment of sample 
results for the site operational 
area to document for closure 

1) Excavation is currently 
backfilled to 4 feet bgs according 
to the specifications in the CWL 
Backfill and Compaction Plan –as 
of February 2003.  2) Final waste 
characterization and off-site 
disposal of remaining waste (<1% 
of the waste remains as of 
December 2004).  3) Scraping 
and verification sampling 
completed, and risk assessment 
and final reporting in progress. 

1) CWL Backfill and Compaction 
Plan, Addendum C to Appendix S 
of the Closure Plan, Revision 1 
(SNL/NM July 2002) 
 
2) and 3) Waste Management and 
SOB Addendums to the LE VCM 
Final Report will be prepared and 
submitted to the NMED after 
completion of activities. 

Refer to footnotes at end of table. 
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Table 1-3 (Concluded) 
Summary of Previous Investigations and VCMs Conducted at the CWL 

 
bgs = Below ground surface. 
BW = Background well. 
CFR = Code of Federal Regulations. 
COC = Constituent of concern. 
CWL = Chemical Waste Landfill. 
DCE = Dichloroethene. 
DNAPL = Dense, nonaqueous phase liquid. 
EM = Electromagnetic. 
ft = Foot (feet). 
GPR = Ground-penetrating radar. 
lbs = Pound(s). 
LE = Landfill Excavation. 
MW = Monitoring well. 
NAPL = Nonaqueous phase liquid. 
NMED  = New Mexico Environment Department. 
NOV = Notice of Violation. 
PAH = Polynuclear aromatic hydrocarbon. 
PCB = Polychlorinated biphenyl. 
PCE = Tetrachloroethene. 
PITT = Partitioning Interwell Tracer Test. 
ppbv = Parts per billion by volume. 
ppm = Parts per million. 
RCRA  = Resource Conservation and Recovery Act. 
SNL/NM = Sandia National Laboratories/New Mexico.  
SOB = Site Operational Boundary. 
SVOC = Semivolatile organic compound. 
TCA = Trichloroethane. 
TCE = Trichloroethene. 
TEVES = Thermally-Enhanced Vapor Extraction System. 
TOC = Total organic carbon. 
TOX = Total organic halogens. 
UCAP = Unlined chromium acid pit. 
VCM = Voluntary Corrective Measure. 
VE = Vapor extraction. 
VOC = Volatile organic compound. 
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The unsaturated zone characterization investigation included a shallow and deep soil-gas 
survey, soil sampling, and measuring in situ air permeabilities for contaminant transport 
evaluations.  The objectives of the characterization included the following:  
 

• Determine the horizontal and vertical extent of VOC contamination in the 
unsaturated zone. 

 
• Determine the vertical extent of nonaqueous phase liquid (NAPL) migration. 

 
• Determine the horizontal and vertical extent of other potential contaminants, 

including semivolatile organic compounds (SVOCs) and metals. 
 
• Evaluate the pathways by which unsaturated zone migration was occurring. 

 
The unsaturated zone field investigation began in late November 1992 and was completed in 
March 1993.  The investigation involved collecting soil and soil-gas samples from 21 boreholes 
drilled from 130 to 220 feet bgs in and around the CWL.  The landfill area was gridded in 
feet, with a point of origin placed at the southwestern corner of the CWL fence (Figure 1-3).  
The boreholes were given “names” consisting of their X and Y coordinates, in feet.  The first 
two, -030, 020 and -075, 015, were drilled via the resonant continuous-coring method, also 
known as the sonic method.  Temperatures of the cores generated during drilling reached 
values in excess of 140 degrees Celsius.  Such temperatures will volatize the VOC in the 
samples, which would then lead to underestimating the VOC concentration.  Accordingly, the 
remaining 19 boreholes were drilled via the dual-tube percussion method, which generates 
lower temperatures.  
 
Eight boreholes were drilled within the CWL and 13 boreholes were drilled outside of the CWL 
fenced area.  The boreholes were drilled near known pit and trench disposal locations 
(IT December 1985), in “hot spot” areas identified during the 1992 soil-gas survey (SNL/NM 
May 1993a), and in areas where contaminants were identified near the surface during earlier 
CWL investigations.  A total of 250 soil samples and 178 soil-gas samples were collected at 
10- and 20-foot-deep sampling intervals up to 220 feet bgs.  Soil and soil-gas sampling were 
performed in the same borehole as drilling progressed at each location.  Soil samples were 
collected from a core barrel or split-spoon sampler driven ahead of the drill bit and analyzed at 
an off-site EPA-approved analytical laboratory.  Soil-gas sampling was performed using a 
sampling probe located at the leading edge of the down-hole drilling equipment.  Once the 
sample probe was advanced to the desired depth, the drive mechanism was pulled back 
approximately 3 inches, exposing the probe tip.  The sampling probe was then connected to a 
glass sample bulb and air pump with polyethylene tubing.  After purging approximately 
3 volumes of the sampling equipment, a soil-gas sample was collected and submitted to the 
Environmental Restoration Chemistry Laboratory (ERCL) for VOC analysis.  Approximately 
7 percent of the soil-gas samples were collected in duplicate, with the duplicate samples sent to 
an off-site EPA-approved analytical laboratory.  More specific information regarding the 
sampling effort is presented in the “Chemical Waste Landfill Unsaturated Zone Contaminant 
Characterization” report (SNL/NM November 1993). 
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coordinate system

0, 0

-030  020

-075  -015
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Figure 1-3.  Index Map of Unsaturated Zone Characterization Boreholes (with Coordinates in Feet), and Cross Sections
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Note: 
A-A’ see Figures 1-4 and 1-6
B-B’ see Figures 1-5 and 1-7
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Acid Pit

Approximate location
of the Unlined Chromic
Acid Pit

Approximate location
of the Thermally Enhanced
Vapor Extraction Study
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CWL site boundary

Drilled via the sonic method
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1.6.1.1 Unsaturated Zone Contaminant Characterization Results 
 
Soil sampling and analysis, soil gas sampling and analysis, NAPL characterization, and air 
permeability testing was conducted as part of this first major investigation phase performed 
under the Closure Plan (SNL/NM December 1992).  Initial characterization of the nature and 
extent of contamination in the upper 200 feet of unsaturated zone (vadose zone) was completed 
during November 1992 through March 1993.  The following sections describe the investigation 
results that validated and refined the initial CSM presented in the Closure Plan (SNL/NM 
December 1992). 
 
 
1.6.1.1.1 Soil Sample Analytical Results–VOCs and Inorganic Constituents 
 
 
VOCs 
 
The results of the soil sample VOC analyses were tabulated in Appendix F, Tables F-1 and F-2 
of the “Chemical Waste Landfill Unsaturated Zone Contaminant Characterization” report 
(SNL/NM November 1993) and are summarized in Table B-1 (Annex B).  The primary 
contaminants detected in CWL soil samples from the upper 200 feet of the vadose zone were 
TCE, trichloroethane (TCA), tetrachloroethene (PCE), benzene, toluene, ethylbenzene, xylene, 
and acetone.  Acetone and methylene chloride were consistently detected at very low 
concentrations (ppb) in most of the soil samples.  Although some of these detections may 
represent actual soil contamination because both chemicals were disposed of at the CWL (such 
as the result of acetone at 39 parts per million [ppm] at location 165, -12 at 40 feet bgs), the 
persistence of these two chemicals in the deeper soil samples at consistently low 
concentrations is more consistent with commonly noted laboratory contamination that occurs as 
part of the analytical process.   
 
The VOC and TCE soil samples results are summarized by boring number in Table B-1 
(Annex B).  This table presents the TCE concentration detected, total VOCs (including acetone 
and methylene chloride), and net VOCs (total VOCs with acetone and methylene chloride 
subtracted from the total).  The results for samples that were analyzed using the methanol 
extraction procedure are also included in Table B-1 and were typically higher in samples that 
had greater than 2 ppm total VOC concentrations (SNL/NM November 1993).   
 
Schematic cross-sections were prepared along lines A-A’ (east-west) and B-B’ (north-south) as 
shown on Figure 1-3 to portray the distribution of total and net VOC contamination in the vadose 
zone as determined by the soil sample analytical results.  Figures 1-4 and 1-5 depict the TCE 
and total VOC results, and Figures 1-6 and 1-7 depict the TCE and net VOC results for A-A’ 
and B-B’, respectively.  Shaded areas in these cross-sections indicate total or net VOC 
concentrations greater than 1 ppm.  Boring locations were projected into these profile lines as 
indicated by arrows on Figure 1-3 to include as much data as possible.  In general, these 
cross-sections show a very limited distribution of TCE and total VOCs in the adsorbed-to-soil 
phase in the subsurface, primarily restricted to the southwestern corner (locations 017, 025 and 
020, 025) and the southeastern corner (locations 194, 050 and 165, -012).  Although not shown, 
SVOCs were primarily confined to the southwestern corner of the landfill and were typically 
associated with samples that also contained elevated VOC concentrations.   
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Figure 1-4.   Schematic Cross Section A-A' across Chemical Waste Landfill Showing
1993 Results of Total VOC Soil Sample Analytical Results
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Note:  See Annex B, Table B-1 for
analytical results depicted in this figure.
Shaded areas show sample results
(total) >100 parts per million.
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Note:  See Annex B, Table B-1 for
analytical results depicted in this figure.
Shaded areas show sample results
(total) >100 parts per million.
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Figure 1-6.   Schematic Cross Section A-A' across Chemical Waste Landfill Showing 1993
Results of Net VOC Soil Sample Analytical Results
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Note:  See Annex B, Table B-1 for
analytical results depicted in this figure.
Shaded areas show sample results
(total) >100 parts per million.
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Figure 1-7.   Schematic Cross Section B-B' across Chemical Waste Landfill Showing 1993
Results of Net VOC Soil Sample Analytical Results
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Note:  See Annex B, Table B-1 for
analytical results depicted in this figure.
Shaded areas show sample results
(total) >100 parts per million.
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The southwestern corner was the only location where NAPL was encountered (location 017, 
025).  Boring 022, 025 was drilled adjacent to location 017, 025 to determine the lateral and 
vertical extend of the NAPL contamination.  NAPL was not encountered and VOCs in soil 
samples consisted primarily of TCE, TCA, and PCE.  Total VOC and TCE concentrations were 
highest in this area as measured in soil samples from boring 022, 025 to a depth of 50 feet bgs.  
Although total VOCs greater than 1 ppm were detected to a depth of 50 feet bgs, the 
concentration of TCE declined to nondetectable levels between 20 and 30 feet bgs.  Samples 
from borings located outside this corner did not exceed 1 ppm total VOCs, indicating the VOC 
soil contamination in this corner of the CWL was limited both laterally and vertically (note that 
this is not true for soil-gas contamination, which is discussed later in Section 1.6.1.1.2). 
 
At the southeastern corner, total VOC concentrations were generally lower, consisting primarily 
of acetone, benzene, ethylbenzene, toluene, and xylene.  Unlike most other locations where 
acetone concentrations in soil samples were on the same order of magnitude as found in the 
field and laboratory quality control samples, at boring location 165, -012, acetone was noted at a 
concentration of 39 ppm in the sample from 40 feet bgs.   
 
Soil analytical results also indicated that no other organic contaminants were present beneath 
the CWL and surrounding area at significant concentrations relative to risk-based standards. No 
pesticides were detected in soil samples collected during this investigation.   
 
An attempt was made to correlate the VOC concentrations with variations in the lithology in the 
upper 200 feet, but no meaningful correlation could be demonstrated.  This attempt is depicted 
in Figure B-1 in Annex B.  The sediments in this depth interval consist mainly of very fine sand, 
silty sand, and sandy silt, with thin gravelly units.  The sand and silt usually have pervasive 
admixtures of pebbles and some cobbles.  As a rule, the sediments are poorly sorted.  
Differentiation between sandy silt and silty sands, the most common lithologies from borehole 
cuttings, is challenging due to the subtle changes and general lack of clear contacts.  The rare, 
relatively moderately- to well-sorted sand and gravel bodies represent alluvial-fan channels.  
These are typically elongated in a west-east direction and are thin and discontinuous.  In 
summary, although the boring program produced shallow subsurface geologic information, the 
drilling logs depict subtle differences in alluvial deposits that do not present any clear indications 
of geologic control on the distribution of VOC soil contamination. 
 
Soil analytical results also indicated that no other organic contaminants were present beneath 
the CWL and surrounding area at significant concentrations relative to risk-based standards.  
No pesticides were detected in soil samples collected during this investigation.  The only 
SVOCs and PCBs detected were associated with the NAPL in the southwestern corner of the 
CWL.   
 
 
Inorganic Constituents (Metals)  
 
Selected soil samples were analyzed for metals and background concentrations were 
determined for comparison as part of this investigation.  A total of 131 soil samples were 
analyzed for 23 individual metals.  Only 9 percent of the individual metals results (272 results of 
3,013 analyses) exceeded the calculated background concentrations (background mean 
concentration plus two standard deviations).  Of these results, 30 percent (83 of the 272 results) 
were related to common rock-forming minerals (aluminum, barium, calcium, iron, magnesium, 
manganese, potassium, and sodium).   
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The soil analytical results for metals identified chromium as the only metal of potential concern, 
and the chromium soil investigation results for three key areas of the CWL are summarized in 
the Unsaturated Zone Contaminant Characterization Final Report (SNL/NM November 1993).  
At the unlined chromic acid pit (UCAP), three soil borings were installed to a total depth of 
120 feet bgs as part of the Mixed Waste Landfill Integrated Demonstration (MWLID) during 
June 1992 (Figure 1-4).  A concentration of 7 ppm was used as the indicator for contamination.  
Based upon this focused soil sampling investigation that also integrated the sampling results of 
the Thermally Enhanced Vapor Extraction Study (TEVES) project, the depth of chromium 
contamination beneath the UCAP was limited to 70 feet bgs, with a total impacted soil volume 
estimate of 8,200 cy.  In the three soil borings installed within the boundaries of the UCAP as 
part of the MWLID, samples were collected at 5-foot intervals and analyzed for chromium using 
various analytical methods.  Total chromium results in two of the three borings were almost 
all significantly less than 100 milligrams (mg)/kilogram (kg), except for three samples from the 
15- to 30-foot-bgs depth in one of the borings.  In the boring located in the central part of the 
UCAP, total chromium concentrations exceeded 300 mg/kg from 10 to 60 feet bgs, but were all 
significantly less than 100 mg/kg below 65 feet bgs.  The maximum total chromium 
concentration was on the order of several thousand ppm in the 0- to 12-foot-bgs depth interval.  
The area beneath the UCAP with the highest chromium concentrations was later excavated 
during the LE VCM (excavation performed to a total depth of 18 feet bgs).  Soil samples 
were collected at 5-foot intervals in the two TEVES borings from the surface to a total depth of 
50 feet bgs.  These two borings were located approximately 25 feet north of the UCAP 
(Figure 1-4).  Total chromium results for all the soil samples were less than background except 
for one near-surface sample.   
 
Two angled boreholes were also installed under the area of the CWL referred to as the 60s Pits 
as part of the MWLID.  The total vertical depth of these angled boreholes beneath the 60s Pits 
area was estimated to be 39 feet bgs.  A preliminary screening evaluation of soil sample results 
for the 60s Pits area, using the same criteria as for the UCAP, indicated chromium 
contamination extending to a depth of 56 feet bgs, with a total impacted soil volume estimate 
of 5,500 cy.  During the Unsaturated Zone Contaminant Characterization field effort, 
borings 194, 050 and 165, -012 were installed in the near vicinity of the LCAP, but not directly 
through the former pit location (Figure 1-4).  Soil sample results indicated that chromium 
contamination had not migrated away from the former location of the LCAP.  All soil sample 
results from boring 165, -012 were below background (6.3 ppm), and the maximum result for 
soil samples from boring 194, 050 was 8.6 ppm at a depth of 170 feet bgs.   
 
For perspective, the background concentration for subsurface soil later approved by the NMED 
for chromium was 15.9 ppm (Dinwiddie September 1997) and the risk-based cleanup level 
is generally an order of magnitude higher than the 7 ppm concentration used to define 
“contamination” in the unsaturated zone characterization investigation (SNL/NM April 2003). 
The highest chromium and other metals concentrations identified during the investigation, 
including results from soil sampling conducted as part of the MWLID in soil samples, did not 
exceed risk-based soil action levels (100,000 mg/kg for chromium [NMED February 2004]).     
 
 
1.6.1.1.2 Soil-Gas Investigation Results 
 
Tables 1-4 and 1-5 list the detected range of VOC values for analyses performed at both the 
SNL/NM ERCL and certified off-site EPA-approved contract laboratory, respectively.  Only 
approximately 7 percent of the samples collected were analyzed at the off-site laboratory.  The  
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Table 1-4 
Summary of VOC Soil-Gas Analytical Results 

SNL/NM ER Chemistry Laboratory, 1993 
 

Analyte 
Range of Values  

(ppmv) 
Benzene ND-33.0 
Carbon tetrachloride ND-75.0 
Dichloromethane ND-64.3 
PCE ND-36.0 
Toluene ND-794.0 
1,1,1-TCA ND-469.0 
TCE ND-2,929.0 
Trichlorotrifluoromethane (Freon®-11) ND-251.9 
Xylenes ND-469.2 

ER = Environmental Restoration. 
ND = Not detected. 
PCE = Tetrachloroethene. 
ppmv = Parts per million volume basis. 
SNL/NM = Sandia National Laboratories/New Mexico. 
TCA = Trichloroethane. 
TCE = Trichloroethene. 
VOC = Volatile organic compound. 
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Table 1-5 
Summary of VOC Soil-Gas Detections 

Off-Site Laboratory Analytical Results, 1993 
 

Analyte 
Range of Values  

(ppmv) 
Benzene ND-4.2 
Carbon tetrachloride ND-0.24 
Chlorobenzene ND-0.41 
Chloroform ND-6.1 
1,2-Dichlorobenzene ND-0.59 
Dichlorodifluoromethane (Freon®-112) ND-1.3 
1,1-Dichloroethane ND-0.46 
1,2-Dichloroethane ND-4.1 
1,2-Dichloroethene ND-14.0 
1,2-Dichloropropane ND-0.59 
Ethylbenzene ND-0.36 
Methylene chloride ND-8.1 
PCE ND-11.0 
Toluene ND-30.0 
1,1,1-TCA ND-20.0 
1,1,2-TCA ND-0.42 
TCE ND-220.0 
Trichlorofluoromethane (Freon®-11) ND-10.0 
1,1,2-Trichloro-1,2,2-trifluoromethane (Freon®-113) ND-18.0 
m-Xylene ND-0.087 
o-Xylene ND-3.6 

ND = Not detected. 
PCE = Tetrachloroethene. 
ppmv = Parts per  million volume basis. 
TCA = Trichloroethane. 
TCE = Trichloroethene. 
VOC = Volatile organic compound. 
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reduced analyte list associated with ERCL analyses was obtained from Section 4.1 of the 
Closure Plan (SNL/NM December 1992).  A comparison of the results from the SNL/NM 
laboratory and the off-site laboratory shows that the results from the SNL/NM laboratory were 
consistently higher.  One explanation is that the soil-gas samples sent out to the laboratory may 
have undergone some volatization prior to analysis, resulting in an underestimation of actual 
soil-gas concentrations.  Additionally, the samples that were sent to the two laboratories were 
not always collected at exactly the same depth, and the results may therefore represent spatial 
variability with depth at the site.    
 
TCE was identified during soil-gas sampling as the VOC with the highest concentration and 
greatest areal distribution.  Other VOCs identified at several sampling locations included TCA, 
toluene, and xylenes.  Typically, the sum of TCE and TCA concentrations compromised most of 
the total VOC soil-gas concentration in any sample.  Exceptions were found in borings located 
at the southeastern corner of the landfill (location 165, -012) and east-central area of the landfill 
(location 170, 225).  Acetone was found in the boring at the southeastern location, and toluene 
and xylenes were found in samples from the east-central boring, consistent with soil sampling 
results. 
 
The highest concentrations of VOCs were found at varying depths across the site with most 
maximum values occurring at less than 50 feet bgs, typically along the southern edge and east-
central portions of the CWL.  The maximum total VOC concentration was detected at location 
022, 025 in the southwestern corner of the CWL, consistent with soil sampling results 
(Figure 1-3).  Total VOCs were detected at 4,377 ppm volume basis (ppmv) at 18 feet bgs and 
2,586 ppmv at 44 feet bgs, with levels declining rapidly with depth.  The final soil-gas sample at 
134 feet bgs from this location had a total VOC result of 36.4 ppmv.  Location 165, -012, near 
the southeastern corner of the CWL, had sample results that ranged from 5.5 to 1,503 ppmv 
total VOCs, with the maximum value occurring at 163 feet bgs.  The TCE and total VOC results 
for this location are presented in Table 1-6 and show relatively high soil-gas concentrations from 
a depth of 24 feet bgs to the total depth of 223 feet bgs.  Location 170, 225 along the east-
central border of the CWL had sample results that ranged from 24 to 1,115 ppmv total VOCs 
with the maximum value occurring at 24 feet bgs.  The next maximum value detected was 
550 ppmv in the 42.5-foot-bgs sample from location 055, 115, located in the southwestern 
portion of the CWL.   
 
The highest TCE vapor concentrations were detected in the southwestern (022, 025) and 
southeastern (165, -012) corners and along the eastern edge (170, 225), at depths ranging from 
18 to 163 feet bgs.  The locations with the maximum concentrations of TCE are the same as the 
locations with the maximum concentrations of VOCs due to the fact that TCE is typically the 
primary constituent in the total VOCs.  The soil-gas sampling also indicated that the NAPLs 
were present up to 50 feet bgs at one location in the southwestern portion of the CWL.  The 
depth of potential NAPL in the southwestern corner was determined to be 30 feet bgs in 1995 
based upon a partitioning interwell tracer test (PITT) (Table 1-3 and Section 1.6.2.1).  This 
portion of the CWL was the only area that contained TCE in soil vapor above 1,500 ppmv.   
 
Off-site migration of the VOC soil-gas plume was confirmed during this investigation and is 
reflected in the results from locations 235, 231 (east-central side); 165, -012 (southeastern 
side); and -090, -126 (southwestern side).  Results for locations 165, -012 and 235, 231 were 
highest, with significant concentrations (hundreds of ppmv total VOCs) occurring throughout the 
total sampling depth of these borings.  At location 165, -012, the highest total VOC 
concentration was 1,503 ppmv at 163 feet bgs, and at location 235, 231, the highest total  
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Table 1-6 
VOC Soil-Gas Analytical Results for Borehole 165, -012 

Unsaturated Zone Characterization, 1993 
 

Soil-Gas 
Sample 
Depth  
(ft bgs) 

Freon®-11 
(ppmv) 

Dichloromethane 
(ppmv) 

TCA 
(ppmv)

Carbon 
Tetrachloride 

(ppmv) 
Benzene
(ppmv) 

TCE 
(ppmv) 

Toluene 
(ppmv) 

Perchloroethene 
(ppmv) 

Xylenes 
(ppmv) 

Total VOCs 
(ppmv) 

12.5 ND ND ND 1.0 ND ND ND 4.0 0.5 5.5 
24 24.1 4.2 34.0 ND 0.9 327.7 10.2 8.7 0.6 410 

32.5 5.6 0.3 8.1 ND 0.6 73.1 14.0 2.3 0.9 105 
42.5 ND 6.0 74.3 ND 6.1 537.7 121.4 11.1 4.0 761 
52.5 4.3 0.4 9.7 ND 1.4 67.7 18.6 1.6 2.2 106 
62.5 ND ND 31.2 ND 3.6 182.7 35.3 3.2 1.1 257 
72.5 38.3 5.4 50.4 ND 5.6 256.3 41.1 4.4 2.0 404 
84 78.3 22.6 94.2 ND 10.0 430.9 54.0 6.5 2.5 699 

92.5 ND 9.4 28.3 ND 3.8 134.3 21.3 2.2 1.0 200 
104 37.6 5.5 42.8 ND 5.7 180.2 24.3 2.5 2.3 301 
123 136.1 47.1 137.9 ND 20.6 632.4 86.1 7.0 2.3 1070 
143 17.1 7.0 21.0 ND 3.8 79.6 11.8 0.9 2.5 144 
163 251.9 56.3 162.9 ND 29.8 863.9 126.0 8.7 3.8 1503 
183 66.9 13.9 35.8 ND 6.9 155.6 23.5 1.4 0.7 305 
203 79.7 12.6 33.9 ND 7.1 170.4 27.0 1.8 2.1 335 
223 205.1 21.8 73.1 ND 14.3 375.7 51.5 3.2 0.9 746 

bgs = Below ground surface 
ft = Foot (feet). 
ND = Not detected. 
ppmv = Parts per million volume basis. 
TCA = 1,1,1-Trichloroethane. 
TCE = Trichloroethene. 
VOC = Volatile organic compound. 
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VOC concentration was 373 ppmv at 163 feet bgs.  Results from all three of these borings 
indicate the off-site VOC soil-gas plume has higher concentrations at depth, typically between 
100 feet bgs and the total depth (203 to 223 feet bgs). 
 
The lateral extent of the VOC soil-gas plume was adequately defined during this investigation; 
however, the vertical extent was not defined.  Additional VOC soil-gas plume characterization 
was completed as part of the Groundwater Assessment during 1994 and 1995 and in 
preparation for the VE VCM during 1996.  This work defined the vertical extent of the VOC soil-
gas plume and is described in Section 1.6.2.1.  Figures 5-19 through 5-22 from the “Chemical 
Waste Landfill Unsaturated Zone Contaminant Characterization” report (SNL/NM November 
1993) are included as part of Annex B and show the TCE soil-gas plume at the following depth 
intervals:  0 to 50 feet bgs, 50 to 100 feet bgs, 100 to 150 feet bgs, and 150 to 200 feet bgs, 
respectively.  TCE is the most representative soil-gas VOC and the only VOC that has impacted 
groundwater such that the maximum contaminant level (MCL) was exceeded.  Therefore, 
delineation of this component of the VOC soil-gas plume was a primary focus of the 
Unsaturated Zone Contaminant Characterization effort (SNL/NM November 1993). 
 
 
1.6.1.1.3 NAPL Investigation Results 
 
One of the main objectives of the unsaturated zone characterization work was to determine the 
location and extent of potential NAPL within and surrounding the original disposal area.  The 
only location where NAPL was detected was at the southwestern corner, drilling location 
017, 025, at a depth of 6.5 feet bgs.  Due the presence of visible NAPL on the core barrel, this 
boring was terminated at 14.5 feet bgs.  The NAPL was analyzed and had a TCE concentration 
of 9,500 ppm and PCB concentration of 8,800 ppm.  Boring 022, 025 was drilled adjacent to 
location 017, 025 to determine the vertical and lateral extent of the NAPL contamination.  Total 
VOCs and TCE concentrations were highest in this area as measured in soil samples from 
boring 022, 025 to a depth of 50 feet bgs; however, TCE soil concentrations declined to 
nondetectable concentrations below 20 feet bgs.  The VOCs detected in related soil samples 
consisted primarily of TCE, TCA, and PCE.  Results for samples collected from borings located 
outside this corner did not exceed 1 ppm total VOCs, and NAPL was not encountered during 
sample collection.   
 
Calculations based upon NAPL indicator soil-gas concentrations measured in boring 022, 025 
suggest that NAPL potentially extends to an estimated depth of 50 feet bgs in the immediate 
vicinity of boring 017, 025.  However, soil sample results from borings 017, 025 and 022, 025 
indicate this depth is probably closer to 20 to 30 feet bgs.   No other areas of NAPL were 
identified based upon a review of all soil and soil-gas sampling results.  Based upon a 
conservative estimating approach assuming NAPL to a maximum depth of 50 feet bgs (using 
soil-gas concentrations as an indicator versus soil sample results), the volume of NAPL was 
estimated to be 17,273 gallons. 
 
As summarized in Table 1-3, an in situ PITT was performed during December 1995 to further 
refine the estimated extent and volume of NAPL in the southwestern corner of the CWL.  Based 
upon the PITT results, the depth of NAPL penetration (assumed to be TCE) was estimated to be 
approximately 30 feet bgs, the estimate of the lateral extent was significantly reduced, and a 
total NAPL volume ranging between 40 and 180 gallons was also calculated.  This new 
information contrasts with the previous estimate of TCE NAPL penetration depth (45 to 50 feet) 
and volume (17,273 gallons) relative to the southwestern corner disposal pits, as determined 
during the Unsaturated Zone Contaminant Characterization (SNL/NM November 1993).  
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Although NAPL was likely present at one time beneath other former organic disposal pits such 
as in the East-Central and Southeast disposal areas, the southwestern corner was the only 
location in 1993 where NAPL was identified. 
 
In summary, based upon the Unsaturated Zone Contaminant Characterization field 
investigation, the presence of NAPL was confirmed only beneath the southwestern corner of the 
CWL.  However, NAPL was also likely present at one time beneath other former organic 
disposal pits located in the east-central and southeastern disposal areas based upon VOC soil-
gas concentrations beneath these areas.  Updated NAPL information is provided in 
Section 1.6.2.1 based upon additional work completed as part of the VE VCM project. 
 
 
1.6.1.1.4 Air Permeability Testing Results 
 
Field measurements of soil air permeability also were conducted as part of the Unsaturated 
Zone Contaminant Characterization.  The results showed that large-scale permeabilities at the 
CWL were on the order of 50 to 300 Darcies, indicating that VE techniques would be applicable 
for removing contaminant mass in the form of soil gas from beneath the CWL.   
 
 
1.6.1.2 Unsaturated Zone Contaminant Characterization Conclusions 
 
The results of the investigation showed the following:   
 
 
Soil and NAPL Characterization 
 

• Lateral and vertical extent of VOC soil contamination is very limited.  Total VOC 
results greater than 1 ppm (minus methylene chloride and acetone) are confined to 
the upper 60 feet, and were detected at only two locations: 022, 025 (southwestern 
corner), and 165, -012 (southeastern corner).  

 
• VOCs with the highest concentrations and greatest areal distribution based upon 

soil samples were TCE and TCA.  Acetone and methylene chloride were detected 
frequently, but most commonly at very low concentrations typical of laboratory 
contamination as indicated by their presence as corresponding concentrations in 
quality control samples. 

 
• Lateral and vertical extent of inorganic (metals) soil contamination is also very 

limited, and chromium contamination does not appear to have migrated laterally 
beneath the former unlined (and lined) disposal pits. 

 
• The presence of NAPL is restricted to one location in the southwestern corner, 

with very limited lateral and vertical extent.  Estimates of the vertical extent range 
between 20 to 50 feet bgs depending upon the evaluation criteria used. Using the 
most conservative assumptions, the volume of NAPL was estimated to be 
17,273 gallons which was later reduced to 40 to 180 gallons based upon the PITT 
conducted in 1995. 
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VOC Soil-Gas Plume Characterization  
 

• VOC soil-gas concentrations at many locations increased with depth or remained 
high at the maximum sampling depth.  The vertical extent of the VOC soil-gas 
plume was not defined in this investigation. 

 
• The highest soil and soil-gas concentrations immediately beneath the CWL 

occurred at the southwestern corner (18 to 44 feet bgs at location 022, 025), the 
southeastern corner (94 to 123 feet bgs at location 194, 050), and the east-central 
area (24 to 32.5 feet bgs at location 170, 225).  The off-site sampling locations 
associated with the southwestern, southeastern, and east-central locations 
described above (locations -090, -126, 165, -012, and 235, 231, respectively) 
showed highest concentrations at deeper depths (82 to 203 feet bgs, 123 to 223 
feet bgs, and 52.5 to 183 feet bgs, respectively).   

 
• The lateral extent of the VOC soil-gas plume in the vadose zone was defined and 

determined to extend to the west, south, and east of the CWL boundary. 
 
A comparison of the soil-gas and soil sample results indicates that the volatile contaminants at 
the CWL are primarily within the soil-gas phase and are not present in significant quantities as 
residual adsorbed-to-soil phase contamination or as NAPL contamination.  The only exception 
to this is in the southwestern corner of the CWL where NAPL and highly contaminated soil were 
identified to a depth of 20 to 30 feet bgs.  This conclusion was and is supported by work 
performed by Petersen et al. (1988) and English and Loehr (1989), which indicates as soil 
moisture increases over 5 percent, the soil-gas partitions into the pore water and gas phase and 
does not adhere to soil particles (adsorbed-to-soil contamination).  Soil moisture contents in the 
vadose zone of the CWL typically range from 6 to 8 percent, and can be even higher depending 
upon the specific subsurface hydrogeologic setting.  Results from air permeability testing and 
geologic characterization of the vadose zone were important in demonstrating that VE 
techniques would be applicable for remediating the soil-gas plume beneath the CWL.   
 
Thus, the results of this unsaturated zone characterization investigation supported the initial 
CSM for contaminant transport by soil gas to the water table, as originally presented in the 
Closure Plan.  However, this study presented direct evidence that demonstrated the extent of 
NAPL migration out of the original disposal area was very limited, thus refining the original 
Closure Plan CSM that suggested NAPL migration downward may have been significantly more 
extensive.     
 
 
1.6.1.3 Groundwater Assessment and VE VCM Preliminary Field Testing 
 
The unsaturated zone characterization investigation provided compelling evidence that the CSM 
originally introduced in the Closure Plan was applicable to the CWL.  The probable magnitude 
and extent of NAPL was also better understood following this major phase of investigation.  
However, up to this point the three-dimensional nature of the VOC soil-gas plume – how it 
transitioned from the immediate region around the original disposal pits to the saturated zone 
some 500 feet below –  was not well understood.  This was largely due to a lack of sampling 
data for the horizon from nominally 200 to 450 feet bgs. This data gap was not to be satisfied 
until after the VE VCM multi-use wells were installed and sampled in early 1997.  However, new 
data were collected from other activities conducted from 1994 until these VE wells were 
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installed that influenced the understanding of the soil-gas plume and ultimately the VE VCM 
design.  
 
Between 1993, when the unsaturated zone contaminant characterization was completed, and 
1995, groundwater assessment activities were conducted at the CWL according to the 
requirements described in Chapter 7.0 of the Closure Plan (SNL/NM December 1992) and the 
NMED-approved GAP (SNL/NM May 1993b).  This phase of investigation was documented in 
the “CWL Groundwater Assessment Report” (GAR) (SNL/NM October 1995).  During late 1995 
through 1997, additional fieldwork was accomplished in preparation for conducting a VE VCM at 
the CWL.  These two interrelated phases of work at the CWL resulted in better definition of the 
nature and extent of the VOC soil-gas plume and provided conclusive evidence that the VOC 
soil-gas plume was contaminating groundwater.  These efforts completed the initial VOC soil-
gas plume characterization work started as part of the Unsaturated Zone Contaminant 
Characterization project (SNL/NM November 1993) described in the previous section.    
 
As part of the groundwater assessment field effort, new groundwater monitoring wells MW-2B, 
MW-5, MW-6, BW-4, and BW-4A were installed between January and June 1995, and an 
aquifer pump test was conducted at MW-2A.  A groundwater monitoring well/soil-gas study was 
initiated in 1990 and included five separate sampling events, with the last one occurring in July 
1994.  All five events are presented in the GAR (SNL/NM October 1995).  Soil-gas and 
groundwater samples were collected from BW-3, MW-1A, MW-2A, MW-3A, and MW-4 during 
most of the five sampling events.  The original objective of this study was to collect data to be 
used in equilibrium calculations and to support the Closure Plan CSM that suggested the 
primary mechanism of groundwater contamination was gaseous diffusion from the VOC soil-gas 
plume to the groundwater. 
 
A sampling method involving the use of a special bailer without any well purging prior to 
sampling was employed to collect groundwater samples representing the uppermost layer of the 
groundwater (i.e., most highly contaminated).  VOC soil-gas sampling at each well was 
accomplished by lowering and inflating a packer within the well casing to seal off the desired 
sampling zone.  In addition to the packer, a sampling device consisting of 500 feet of 1/4-inch 
Teflon™ tubing and a vacuum pump was used to collect gas samples.  In general, the screen 
lengths for the CWL wells are 20 feet, 5 feet above the air/water interface and 15 feet below.  
With this configuration, the soil-gas sample is drawn from the 5-foot interval just above the water 
table.  In order to obtain representative gas samples, 3 to 6 volumes of the isolated section of 
the well-bores were purged prior to collecting the sample.  After purging, the samples were 
collected into 6-liter SUMMA™-passivated canisters.  A more detailed explanation of the 
sampling methods and results is presented in the GAR (SNL/NM October 1995). 
 
Results of the groundwater/soil-gas sampling study indicated TCE soil-gas concentrations up to 
24 ppmv associated with groundwater TCE concentrations exceeding the MCL (SNL/NM 
October 1995).  This study verified that the VOC soil-gas plume had migrated downward 
reaching the water table and causing groundwater concentrations to exceed the MCL for TCE at 
several of the monitoring wells.  Another important conclusion of the groundwater assessment 
investigation conducted during this time is that the groundwater TCE concentrations measured 
in monitoring wells MW-5L and MW-6L (constructed with well screens isolated below the water 
table) are most likely the result of soil-gas transport through well bore (i.e., “short-circuiting”).  
This conclusion was based upon available field evidence and detailed computer simulation 
modeling. 
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Based upon the investigation results spanning 1992 through 1995 and documented in both the 
“Chemical Waste Landfill Unsaturated Zone Contaminant Characterization” report (SNL/NM 
November 1993) and the GAR (SNL/NM October 1995), SNL/NM and the DOE decided to 
pursue a VCM approach that would first focus on the VOC soil-gas plume and groundwater 
contamination abatement through VE.  The second phase of the VCM approach would address 
source removal through direct excavation of the original disposal areas. 
 
In May 1995, a VE VCM planning process was initiated and included VE VCM design data 
collection efforts (i.e., additional field sampling and analysis, laboratory treatability studies, and 
field pilot testing).  Concurrent with the VE VCM planning, SNL/NM conducted the TEVES 
demonstration project just north of the southwestern corner of the CWL during 1995 and 1996.  
The technology demonstration involved borehole drilling, soil-gas sampling, subsurface heating 
and high rate soil-gas extraction for removal of volatilized VOCs.  A significant body of field and 
analytical data generated during this demonstration was integrated into the CWL remediation 
process.  As described earlier in Section 1.6.1.1.3, a PITT was also conducted to more accurately 
estimate the extent and volume of NAPL present in the southwestern corner of the CWL.   
 
Shortly after completion of the TEVES demonstration, a short-duration field effort involving 
shallow and subsurface soil sampling and analysis as well as a shallow passive soil-gas survey 
was completed.  The soil sampling effort helped to better define the location of disposal pits and 
soil contamination around these pits.  The passive soil-gas survey provided more detailed 
information on the shallow sources of VOCs in, and adjacent to, the CWL.  One critical finding 
revealed that VOCs were present near the ground surface hundreds of feet beyond the CWL 
property boundary, indicating the lateral expansiveness of the soil-gas plume.  
 
Numerical modeling to assess VOC diffusion through the soil-gas medium was conducted 
during this general time period using a modified version of the MODFLOW code.  Compared to 
the previous modeling using the BOSS/GANDT code, this modeling effort more carefully 
considered disposal history and pit locations, as well as subsurface characteristics associated 
with the vadose zone. The results indicated that a soil-gas plume could indeed develop 
throughout the vadose zone and over a relatively wide area given shallow sources of VOCs 
(e.g., volatilization from localized zones of NAPL).  Up to and including this period, the effects of 
density-dependent advection, barometrically induced advection, and attenuation processes 
were not explicitly or implicitly simulated.  
 
In 1996, a number of shallow to deep boreholes were drilled and completed as pilot test wells, 
including wells VMW-1, EXT1, INJ1, TRD1, SM1, SM2, SM3, and SM4. The SM-series wells 
refer to boreholes lined with a SEAMIST™ membrane and multiple soil-gas sampling ports.  
These eight wells supplemented two pre-existing vadose zone wells (ECEW and SEEW) 
installed during the unsaturated zone investigation.  From October 1996 through January 1997, 
after VE pilot testing was completed, six new VE wells were installed.  Wells D-1 through D-3 
were installed as deep zone wells, and UI-1 through UI-3 were installed as intermediate zone 
wells.  D-1 and D-2 were injection wells, whereas the remaining wells were extraction wells.  All 
six wells were installed with multiple, depth-specific, soil-gas sampling ports as shown in 
Figures 1 and 2 in Annex D.  None of these wells were intended as subsurface characterization 
boreholes per se and therefore few soil samples or soil-gas samples for off-site laboratory 
analysis were collected during drilling.  However, collection of soil-gas field screening data 
(including on-site laboratory samples) from these wells during and after installation did generate 
useful soil-gas plume characterization information that resulted in a better understanding of the 
VOC soil-gas plume (lateral and vertical concentration profile).   
 



 
 

AL/12-04/WP/SNL04:r5609.doc   1-50

The VE VCM field pilot tests were conducted in 1996 after the pilot test wells were installed.  Of 
the six discrete pilot tests, five involved soil-vapor extraction or air injection and one was the 
PITT.  The PITT was conducted to more accurately estimate the extent and volume of NAPL 
present in the southwestern corner of the CWL.  The other five tests generated useful data on 
VOC concentrations in soil gas at various depths and locations around the CWL.  
 
A profile and map view of the VOC soil-gas plume representing conditions at the startup of 
Stage 1 (active) VE operations in July 1997 is presented in Figure 1-8.  The profile shown in 
Figure 1-8 was manually prepared and integrates the following VOC soil-gas plume information 
sources in an effort to show a comprehensive, interpreted representation of the VOC soil-gas 
plume. 
 

• VOC soil-gas sampling results from the “Chemical Waste Landfill Unsaturated 
Zone Contaminant Characterization” report (SNL/NM November 1993)  

 
• GAR (SNL/NM October 1995), including results for soil-gas sampling during the 

drilling of MW-2B, monitoring well/soil-gas groundwater sampling , and numerical 
modeling using the BOSS/GANDT code  

 
• TEVES Demonstration results (1995) 
 
• Field observations from a shallow soil sampling and Geoprobe® survey (1996) 
 
• Numerical modeling using a modified version of MODFLOW (1996) 
 
• The first phase of a surface Gore-Sorber soil-gas survey (August 1996) 
 
• Soil-gas sampling of existing vadose zone pilot test wells ECEW and SEEW 

 
• Field observations and field screening data from installation and use of vadose 

zone pilot test wells VMW-1, EXT1, INJ1, TDR1, SM1, SM2, SM3, and SM4  (pilot 
testing period, 1996) 

 
• Field observations and field screening data from installation and sampling of VE 

wells D-1, D-2, D-3, UI-1, UI-2, and UI-3. 
 
• Analytical results from soil-gas samples collected within a month after the startup 

of the Stage 1 VE VCM 
 
In April 1997, baseline soil-gas sample results obtained prior to the start of the VE VCM 
identified 29 compounds, including chlorinated hydrocarbons, aromatics, chlorinated aromatics, 
ketones, and Freon® compounds (SNL/NM May 2000a).  Compounds detected most 
frequently and at the highest concentrations were TCA (14 ppmv), Freon®-113 (28 ppmv), 
1,1-dichloroethylene (11 ppmv), PCE (11 ppmv), toluene (21 ppmv), and TCE (130 ppmv).  
 
Differences between this plume profile representing 1997 conditions versus profiles created 
based upon data and modeling performed through 1993 (such as Figure 3-1 in the Stage 1 VE 
VCM Design Report [SNL/NM May 2000b) are significant and related to many factors.  The two 
most important factors include:  1) more field information being available in 1997, especially 
concerning the vertical extent of the plume, and 2) the availability of better modeling results as 
opposed to the initial diffusion-modeling results that did not incorporate density-driven advective  



Figure 1-8 Vertical Profile and Map View of the VOC Soil-Gas Plume 1997 Pre-VE VCM
Chemical Waste Landfill, Sandia National Laboratories/New Mexico
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transport, barometric pressure-driven enhanced mixing near ground surface, or other 
abiotic/biotic attenuation and removal mechanisms.  Finally, the impact of pilot testing 
operations during 1995 and 1996 was also not taken into account in the earlier diffusion 
simulations. 
 
The field and laboratory data integrated with newer computer modeling demonstrated that, prior 
to the VE VCM, the VOC soil-gas plume extended from the ground surface to the water table at 
a total depth of 492 feet bgs.  The highest VOC soil-gas concentrations occurred from 
approximately 180 to 300 feet bgs.  The plume was laterally extensive within the upper 200 to 
300 feet bgs, exceeding 10 acres.  At the water table, the plume appeared to be less extensive 
laterally, possibly contacting the capillary fringe over as much as 4 acres.  A simplified estimate 
of the total gas-phase pore volume encompassed by the VOC plume was made by assuming 
the plume geometry approximates a cylinder with a surface area of 10 acres, a total soil porosity 
of 30 percent, and average soil moisture content of 7 percent by volume.  This equates to a total 
gas-phase pore volume of approximately 49,293,000 cubic feet (cf).  
 
 
1.6.2 VCM Program  
 
In 1996, an expedited approach to the CWL Corrective Action Program was proposed to 
accelerate risk reduction through source removal; mitigate groundwater impacts; and reduce the 
complexity, schedule, and cost of final closure.  The following key factors that led to developing 
the expedited approach are summarized as follows:   
 

• TCE concentrations in groundwater continued to exceed regulatory limits. 
 

• Additional site characterization completed in 1995 (SNL/NM October 1995) 
confirmed the source for TCE groundwater contamination was the VOC soil-gas 
plume. 

 
• Corrective measure alternatives to address the VOC soil-gas plume and 

contamination in the original disposal areas are well known and can be readily 
implemented. 

 
• Strategy that incorporates early, focused action will shorten the overall closure 

process and be cost-effective in the long term. 
 

• Regulatory agency acceptance allowed the VCM approach to be incorporated as 
part of the Closure Plan. 

 
• New cleanup initiatives were developed by the EPA (Area of Contamination policy 

[EPA March 1996] and Corrective Action Management Unit (CAMU) regulations 
[EPA 1993]) making it feasible to manage and treat excavated hazardous wastes 
on site, significantly reducing the cost to excavate source terms at sites like 
the CWL. 

 
• The DOE and SNL/NM Environmental Restoration (ER) Project were developing a 

programmatic strategy to more efficiently complete the ER Project, including 
reducing the closure schedule and the associated cost of the ER Project. 
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The expedited strategy included two interrelated VCMs:  VE and LE.  The two VCMs were 
incorporated as Appendix S to the Closure Plan in May 1996 through a Closure Plan 
amendment (Zamorski May 1996) that was approved with conditions on March 7, 1997 (Kelly 
March 1997).  The NMED conditions of approval were incorporated into Appendix S as 
Addendum A. 
 
Based upon the site characterization work performed between 1992 and 1995 and documented 
in the GAR, a VOC soil-gas plume was determined to be the source of the elevated levels of 
TCE in the groundwater (SNL/NM October 1995).  The original waste in the landfill was the 
source for the VOC soil-gas plume.  Therefore, the two VCMs were developed to address the 
two main sources of contamination and to mitigate the impact to groundwater beneath the CWL.  
The desired overall effect of both VCMs was to remediate the CWL such that the end-state 
conditions are protective of human health and the environment.  In a general sense, this would 
be accomplished by reducing TCE concentrations in groundwater to below the regulatory limit, 
preventing further degradation of groundwater quality by removing and/or controlling the VOC 
soil-gas plume and associated potential long-term sources of contamination, and removing the 
original waste and associated soil contamination such that industrial land-use risk-based 
standards are achieved.  A summary of each of these VCMs is presented in Sections 1.6.2.1 
(VE VCM) and 1.6.2.2 (LE VCM).  As part of each VCM, extensive planning and reporting 
documentation were prepared and submitted to the NMED, which is presented in the associated 
VCM final reports.  More detailed information is presented in the following VCM final documents, 
which were submitted to the NMED:   
 

• “Appendix S to the Chemical Waste Landfill Closure Plan, Voluntary Corrective 
Measures Plan for Vapor Plume Abatement” (SNL/NM May 1996) 

 
• “Chemical Waste Landfill, Stage 1 Vapor Extraction VCM Design Report” (SNL/NM 

May 2000b) 
 
• “Chemical Waste Landfill Vapor Extraction Voluntary Corrective Measures Final 

Report” (SNL/NM May 2000a) 
 

• “Chemical Waste Landfill – Landfill Excavation Voluntary Corrective Measure – 
Final Report” (SNL/NM April 2003) 

 
Of these reports, only Appendix S of the Closure Plan (presenting the VCM approach) and the 
CWL LE VCM Final Report have been reviewed and approved by the NMED (Kelly March 1997, 
Moats December 2003). 
 
 
1.6.2.1 Summary of VE VCM Results 
 
The VCM strategy for the CWL, as described in Appendix S of the Closure Plan and 
summarized in the previous section, included an initial active soil VE VCM.  A passive soil VE 
phase was conducted concurrently with the LE VCM, and is ongoing.  Extensive planning and 
field testing occurred from 1996 through early 1997 to develop a detailed design for the Stage 1 
active VE, which is documented in the Stage 1 VE VCM Design Report (SNL/NM May 2000b).  
This report provides detailed information regarding the pilot testing and treatability study results, 
the VE design basis, computer simulation modeling, and the final Stage 1 detailed design.   
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Annex C contains tables and figures depicting important information and results obtained 
directly from the Stage 1 VE Design Report that are provided as supplemental information 
supporting the VE VCM discussion that follows.  A more detailed explanation of the design effort 
and information included in Annex C is presented in the original report (SNL/NM May 2000b).  
The following tables and figures are provided in Annex C: 
 

• Stage 1 Vapor Extraction and Injection Well Configuration and Target Flow Rates 
(Table 5-1) 

 
• AIR3D Simulation Results for Stage 1 Design Scenario (Table 5-2)  
 
• Site Map Showing Known Pit Locations and the Four General Solvents Disposal 

Areas (Figure 1-2) 
 
• Vertical Profile of the Total VOC Distribution in Soil-Gas (ppmv) in 1993 

(Figure 3-1) [Note: this soil-gas plume cross-section does not include more recent 
information gained since 1993 and is not consistent with later interpretations of the 
plume] 

 
• Target Treatment Region During VE VCM, 0-200 foot bgs Depth Interval 

(Figure 3-2) 
 
• Target Treatment Region During VE VCM, 460-487 feet bgs Depth Interval 

(Figure 3-3) 
 
• Conceptual Relationship Between Air Flow Pattern Induced by Shallow Extraction 

Well and Primary VOC Sources (Figure 3-7) 
 
• Sketch Depicting Two Possible Models for Original VOC Transport into the Deep 

Zone and Influence of Soil-Gas Extraction (Figure 3-8) 
 
• Well Configuration for Stage 1 Design Scenario (Figure 4-9) 
 
• Estimated Radius of Influence – Shallow Stage 1 Wells (Figure 5-1) 
 
• Estimated Radius of Influence – Intermediate Wells (Figure 5-2) 
 
• Estimated Radius of Influence – Deep Wells (Figure 5-3) 

 
As part of establishing the design basis, an update of the CSM was presented that included 
detailed VOC disposal estimates, mass/volume distribution estimates (soil-gas phase, NAPL in 
pore water and adsorbed to surfaces), and a volumetric/mass balance summary.  Technical 
criteria for key elements of the final VE system design were also presented, including the 
following: 
 

• Number and location of remediation wells 
• New remediation well construction  
• Soil gas and VOC mass removal rates 
• Radius of influence for the target zones within the vadose zone 
• Factors influencing VOC concentrations during remediation 
• Integration with LE VCM 
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• Treatment time and VOC volume/mass removal to achieve VCM objectives 
• General system construction and operations and maintenance 

 
The development and selection process for the Stage 1 design included scenario descriptions, 
air flow modeling simulations, and an evaluation of results for the various scenarios tested that 
resulted in the selection of the final Stage 1 configuration/treatment alternative.  Components of 
the selected final alternative, including pump stations, flow and condensate controls, treatment 
and emissions stacks, and performance and environmental monitoring systems were also 
presented. 
 
The VE VCM was designed to prevent further degradation of the groundwater and reverse 
groundwater contamination, if possible, through extraction of contaminated soil gas from several 
specific depth intervals over the nominally 500-foot-thick vadose zone.  Minimization of long-
term, low-level exposure to VOCs entering the atmosphere was a secondary objective.  The 
most important factor for success was the simultaneous treatment of defined depth horizons of 
the vadose zone and treatment over the area of the plume exhibiting the highest soil-gas VOC 
concentrations.  Injection of clean air into the Deep Zone, over the water table, accelerated the 
cleanup process. 
 
One of the challenges presented by the soil-gas plume at the CWL was the relatively thick 
affected vadose zone, comprised of approximately 500 feet of alluvial and fluvial sediments 
consisting of various mixtures of clay, silt, sand, and gravel.  The sedimentary sequence 
generally coarsens upwards, with dominantly finer-grained deposits found near the water table 
and coarser-grained sediments more dominant near the ground surface (upper 100 feet of the 
vadose zone).  As shown in Figure 1-9 the vadose zone was divided into zones on the basis of 
general stratigraphy and depth from ground surface for engineering design purposes.  The 
stratigraphic zones, which are generalized groupings of the complex alluvial stratigraphy that 
comprises the vadose zone and water table aquifer beneath the CWL, are described as follows:   
 

• The Shallow Zone from grade to 110 feet bgs 
 

– Unconsolidated sand/silt/gravel from grade to 50 feet bgs 
 
– Silty sand/gravel (poorly sorted very fine to fine-grained) from 50 to 

110 feet bgs 
 

• The Upper Intermediate Zone from 110 to 285 feet bgs 
 

– Sandy silt (very fine-grained, few layers silty sand/gravel) from 100 to 
185 feet bgs 

 
– Silty sand from 185 to 195 feet bgs 
 
– Silty sand (thin gravel interbeds throughout and sand/gravel at base) from 

195 to 270 feet bgs 
 
– Sandy, clayey silt from 270 to 285 feet bgs 



Figure 1-9 Vertical Profile of Vadose Zone Lithologic Zones
Chemical Waste Landfill, Sandia National Laboratories/New Mexico
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• The Lower Intermediate Zone from 285 to 375 feet bgs 
 

– Silty sand (thin gravel interbeds) from 285 to 375 feet bgs 
 
• The Deep Zone from 375 to the water table position  
 

– Sandy, silty clay (with silty sand/gravel layers) from 375 to 475 feet bgs 
– Sand and gravel (partially cemented) from 475 to 490 feet bgs 
– Silty, sandy clay from 490 feet bgs to water table (variable) 

 
The final design of the Stage 1 VE system was largely based upon these zones and their 
physical characteristics because the geologic framework of the vadose zone directly affects the 
movement and distribution of soil gas.   
 
The VE VCM was guided by a series of five numerical performance objectives that were based 
upon the understanding that the relative level of risk posed by VOC soil gas was directly 
proportional to how close a specific mass of VOCs was to both the water table (potential 
drinking water exposure pathway) and the ground surface (inhalation exposure pathway).  Thus, 
a significant amount of treatment effort was directed to those portions of the vadose zone above 
200 feet bgs and below 400 feet bgs (referred to in the VE VCM program as the Shallow and 
Upper Intermediate Zones and Deep Zone, respectively).  In the portion of the vadose zone 
bounding the groundwater and ground surface, the objective was to reduce detected soil gas 
VOC concentrations to low levels (i.e., 2 ppmv).  Near the center of the vadose zone, at 
relatively large distances from the groundwater and atmosphere, the performance objective was 
higher (i.e., 200 ppmv).  These depth-specific performance objectives and the soil-gas plume at 
the startup of the active phase of VE in 1997 are shown in Figure 1-10 (profile a).  Note that 
although this cross-section shows the initial startup soil-gas plume configuration, the plume 
shape had already been affected by pilot testing and TEVES activities. 
 
On May 5, 1997, the first vacuum extraction wells were activated.  The VE VCM operated in two 
stages:  an active VE mode for a 13-month period (May 1997 to July 1998), referred to as 
Stage 1, followed by a passive VE phase (December 1998 to present).  The passive venting 
phase is discussed later in this section.  The Stage 1 phase was designed to reduce the 
magnitude and extent of the VOC soil-gas plume in the vadose zone beneath the CWL and the 
surrounding vicinity.   
 
 
Stage 1 VE Summary 
 
The active VE system design incorporated 11 extraction wells and two injection wells screened 
at various depths throughout a 490-foot vadose zone.  Figure 1-11 shows the well locations and 
the piping and pumping system that was constructed above grade.  Extracted soil gas was 
routed through an aboveground manifold system to five exhaust stacks.  Soil gas was ultimately 
discharged directly to the atmosphere without any treatment.  System monitoring and 
performance assessment integrated real-time, semiqualitative field screening using a calibrated 
organic vapor analyzer with periodic quantitative sampling using SUMMA® canisters and off-site 
analyses by EPA Method TO-14 (EPA November 1986).  Operation of the active VE system 
ended in July 1998, and preparations for the startup of the LE VCM began.  This discussion 
provides a summary of VE activities and an estimation of the total volume of soil gas and total 
mass of VOCs extracted from the subsurface during the active Stage 1 VE VCM. 
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Figure 1-10 Vertical Profiles of the Soil-Gas Plume
Before, During and Immediately After Stage 1 Vapor Extraction

Chemical Waste Landfill, Sandia National Laboratories/New Mexico
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Figure 1-11  Site Map Including Vapor Extraction and Air Injection System, as of June 1997
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Figure 1-12 is a plot of the instantaneous and cumulative discharge of air from exhaust 
stack S1, which received soil gas from the most contaminated portion of the site (southwestern, 
southeastern, and east-central areas).  Discharge charts for the remaining exhaust stacks, as 
well as a plot of the total discharge for all exhaust stacks, are found in Annex C.  The left vertical 
axis of the plots shows instantaneous air discharge rate in units of standard cubic feet/minute 
(scfm).  The right vertical axis shows the cumulative volumetric discharge of air in units of 
standard cubic feet (scf).  As can be seen in Figure 1-12, the air discharge rate for Stack S-1 
stayed relatively constant throughout Stage 1.  Stack S-1 received extracted soil gas from wells 
EXT-1, ECEW, and SEEW, and the discharge rate ranged from 332 to 552 scfm except when 
the system was shut down from December 18, 1997, to March 13, 1998, to monitor for possible 
VOC concentration rebound.  After March 13, 1998, the discharge rate for S1 reached pre-
shutdown levels of 359 to 454 scfm.  Wells EXT-1, ECEW, and SEEW removed approximately 
135,000,000 scf of soil gas from the vadose zone. 
 
Stack S2, which received extracted soil gas from wells D-1, UI-1, and UI-2, operated at a flow 
rate ranging from 72 to 524 scfm (Figure I-1 in Annex C, Appendix I).  Besides the shutdown 
period from December 11, 1997, to March 20, 1998, Stack S-2 discharged gas at a relatively 
consistent flow rate, ranging from 480 to 524 scfm.  Wells UI-1, UI-2, and D-1 removed 
approximately 160,000,000 scf of air from the vadose zone.  UI-3 operated from May 10, 1997, 
to October 3, 1997.  During that period, the extraction rate at Stack S3 ranged from 23 to 367 
scfm (Figure I-2 in Annex C, Appendix I).  After the initial startup period, the flow rate remained 
relatively constant at 279 to 367 scfm except for the 4-month shutdown period described below.  
UI-3 extracted a total of approximately 40,000,000 scf of air during its operational period. 
 
VMW-1 and MW-3A operated from May 28, 1997, to July 29, 1998 (Figure I-3 in Annex C, 
Appendix I).  The combined air extraction rate for wells VMW-1 and MW-3A ranged from 157 to 
201 scfm except for the period from November 11, 1997, to March 13, 1998, when the system 
was shut down to monitor for VOC concentration rebound.  By July 29, 1998, VMW-1 and 
MW-3A removed approximately 56,000,000 scf of air from the vadose zone. 
 
Wells MW-1A and MW-2A operated from June 18 to December 12, 1997, and during a brief 
period from July 22 to July 24, 1998 (Figure I-4 in Annex C, Appendix I).  While in operation, 
wells MW-1A and MW-2A extracted gas from the subsurface at a combined rate of 24 to 
52 scfm.  In all, MW-1A and MW-2A removed approximately 4,000,000 scf of air from the 
vadose zone. 
 
Figure I-5 (in Annex C, Appendix I) shows the sum of air extraction rates and cumulative air 
volumes extracted from all VE wells during Stage 1.  The cumulative air extraction rate is not as 
steady when compared to rates for the individual wells.  This is attributed to the fact that the VE 
wells operated during different periods and therefore the flow rate measurement frequency for 
all wells was not identical.  The total volume of air extracted from all wells is estimated to be 
approximately 400,000,000 cf.  If one pore volume corresponding to an effective zone of 
influence for all extraction wells is taken to be approximately 49,300,000 cf, then the average 
number of pore flushes for the unit volume of pore space in the swept region is 400,000,000 cf 
divided by 49,300,000 cf, or approximately 8 pore volumes.   
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Figure 1-12  Instantaneous and Cumulative Soil-Gas Volume Extraction from Wells EXT-1, SEEW, and ECEW from Startup through July 29, 1998
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Stage 1 VOC Removal Estimate 
 
Thirty-one VOCs were detected in SUMMA® canister samples collected during Stage 1 of the 
VE VCM from the five exhaust stacks (Table 1-7).  These five exhaust stacks were sampled 
during three different sampling events (Startup, 6-Month, and 1-Year) for a total of fifteen 
samples.  The soil-gas plume was also sampled during these same time periods.  
Figure 1-10 (profiles a through c) shows the associated cross-sectional profiles for total VOC 
concentrations.  Profiles b) and c) show the general size and total VOC concentration 
reductions achieved during Stage 1.  
 
VOCs detected most frequently from the 5 exhaust stacks, where 15 detections is the maximum 
number possible, include the following:  TCE (15), PCE (15), 1,1,2-trichlorotrifluoroethane 
[Freon®-113] (15), trichlorotrifluoromethane [Freon®-11] (14), m/p-xylenes (14), toluene (14), 
methylene chloride (14), 1,1,1-TCA (13), 1,1-dichloroethane (13), and o-xylene (13).  
Compounds detected at the highest concentration in extracted soil-gas streams (diluted with 
atmospheric air in some cases) include acetone (190 ppm), TCE (62 ppm), 
1,1,2-trichlorotrifluoroethane (26 ppm), and toluene (17 ppm).   
 
Figure 1-13 and Figures J-1 through J-5 (in Annex C, Appendix J) are plots of the instantaneous 
and cumulative mass discharge of VOCs from the five exhaust stacks.  The left vertical axis on 
the plots displays the instantaneous discharge of VOCs in units of pounds (lbs)/minute (min.).  
The right vertical axis shows cumulative mass of VOCs discharged in units of lbs.  Figure 1-13 
shows the instantaneous and cumulative mass of VOCs extracted from Stack S-1, which 
received a combined flow of soil gas from wells EXT-1, SEEW, and ECEW.  From the left axis, 
the instantaneous mass discharge rate decreased sharply during the first three months of 
Stage 1 from 0.03 to 0.007 lbs/min.  The majority of contamination was removed during the first 
2 pore volumes of soil gas extracted from the subsurface.  After the first pore volume, mass 
transfer limitations appear to have reduced the VOC removal rate.  Only a small degree of 
rebound in VOC concentrations was observed after the December 20, 1997, to March 13, 1998, 
rebound observation period (during which the system was not operated).  The observed 
rebound occurred, it is believed, as a result of VOC partitioning from the pore water, solid 
surfaces, or NAPL into the gas phase. Despite the outcome of diffusion simulations to the 
contrary, the three-month shutdown period may not have been long enough for significant 
rebound driven by contaminant diffusion to be observed at the monitoring points.  The extraction 
wells plumbed to Stack S-1 were responsible for removing a total of approximately 1,774 lbs of 
VOCs from the shallow subsurface, approximately 30 percent of the overall estimated mass 
removed during the Stage 1 VE (6,500 lbs).   
 
 
VOC Mass Estimates 
 
Two estimating procedures were followed to develop estimates of VOC mass extracted from the 
subsurface in terms of the instantaneous and cumulative VOC mass discharge rates.  These 
procedures and results obtained are presented in detail in the VE VCM Final Report (SNL/NM 
May 2000a).  The results are summarized as follows. 
 
During the VE VCM design phase, approximately 7,700 lbs of VOCs were estimated to have 
been distributed in soil pore space or on pore water and soil surfaces prior to the startup of the 
VE VCM (SNL/NM May 2000a).  Additionally, the PITT performed in December 1995 indicated 
approximately 2,200 lbs of VOCs were present as NAPL in the southwestern corner of the CWL, 
where relatively high concentrations of VOCs were observed in both soil and soil-gas samples  
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Table 1-7 
Summary of VOCs Detected in Soil-Gas Exhaust Samples and  

Ranges in Detected Concentrations 
 

Compound 

Range in Detected 
Concentrations 

(ppbv) 
Number of Times 

Detected 
Acetone ND – 190,000 8 
Benzene ND – 4,700 12 
Carbon Tetrachloride ND – 2,000 10 
Chlorobenzene ND – 50 7 
Chloroethane ND – 13 1 
Chloroform ND – 1,200 12 
1,2-Dibromoethane ND – 1,000 6 
1,2-Dichlorobenzene ND – 290 5 
1,3-Dichlorobenzene ND – 30 2 
1,4-Dichlorobenzene ND – 60 4 
Dichlorodifluoromethane ND – 600 5 
1,1-Dichloroethane ND – 160 7 
1,1-Dichloroethene ND – 6,500 13 
1,2-Dichloroethane ND – 600 4 
Ethylbenzene ND – 180 8 
4-Ethyltoluene ND – 30 4 
Methylene Chloride ND – 5,100 14 
Methyl Ethyl Ketone ND – 940 5 
4-Methyl-2-pentanone ND – 300 5 
Tetrachloroethene 2 – 2,300 15 
Toluene ND – 17,000 14 
1,2,4-Trichlorobenzene ND – 70 2 
1,1,1-Trichloroethane ND – 6,700 13 
1,1,2-Trichloroethane ND – 3 1 
Trichloroethene 83 – 62,000 15 
Trichlorotrifluoromethane ND – 5,000 14 
1,1,2-Trichlorotrifluoroethane 9 – 26,000 15 
1,2,4-Trimethylbenzene ND – 20 5 
1,3,5-Trimethylbenzene ND – 30 3 
m/p-Xylenes ND – 880 14 
o-Xylene ND – 600 13 

Note:  Exhaust samples were taken from five stacks during three sampling events (VE VCM startup, 6 
months after startup, and 1 year after startup) for a total of 15 samples. 
ND  = Not detected. 
ppbv = Parts per billion volume basis. 
VCM = Voluntary Corrective Measure. 
VE = Vapor Extraction. 
VOC = Volatile organic compound. 



Figure 1-13  Instantaneous and Cumulative VOC Mass Discharge from Stack S-1 (Wells EXT-1, SEEW, and ECEW) from Startup through July 29, 1998
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to a depth of approximately 30 feet bgs.  Thus, 9,900 lbs of VOCs were estimated to have been 
distributed on soil-gas, pore water, and soil surfaces, or as NAPL prior to the VE VCM pilot 
testing and full-scale operation period.   
 
During the active phase of the VE VCM, approximately 400,000,000 cf of soil-gas were 
extracted and 44,000,000 cf of atmospheric air were injected.  The hydraulic performance of the 
VE and air injection systems translated into the removal of approximately 6,500 lbs of VOCs 
from the subsurface.  Additionally, approximately 500 lbs of VOCs were removed during 
prior VE pilot testing (including the TEVES project) conducted in 1995 and 1996.  Of the 
approximately 30 VOCs measured in the extracted vapors, TCE, acetone, toluene, Freon®-113, 
and methylene chloride constituted the bulk of the extracted VOCs.   
 
The estimated VOC mass remaining in the unsaturated zone at the end of the VE VCM was 
calculated to be approximately 2,900 lbs based upon the following assumptions (SNL/NM May 
2000a):   
 

• The total estimated VOC mass in the unsaturated zone before any VE testing, 
including the NAPL phase, is 9,900 lbs (equivalent to the sum of the values of 
7,700 lbs and 2,200 lbs). 

 
• The total estimated VOC mass removed during pilot testing and the active VE 

phase is 7,000 lbs (equivalent to the sum of the two previously discussed 
estimated values of 6,500 lbs plus 500 lbs). 

 
• The total estimated remaining VOC mass is 2,900 lbs (9,900 minus 7,000 lbs), not 

including VOC mass removed during ongoing passive venting operations covering 
the last six years. 

 
 
Clarification of VOC Mass Estimates 
 
The estimates of VOC mass before and after the Stage 1 VE are reasonable attempts to 
semiquantitatively assess vadose zone conditions and the performance of the VE system.  
However, it is important to keep these estimates in context; they are based upon limited data 
and assumptions that in most cases cannot be verified.  Because of these realities, the VOC 
mass estimates have a significantly large associated error potential and should not be viewed 
as precise, quantitative values.   
 
 
Removal of NAPL and NAPL Mass Estimate Clarifications 
 
A good example of the VOC mass estimating challenge is illustrated below relative to the 
estimate of NAPL mass in the southwestern corner of the CWL.   Since completion of the LE 
VCM, additional information has been documented that clarifies the original estimates presented 
in the Unsaturated Zone Contaminant Characterization Report (SNL/NM November 1993) and 
the VE VCM Final Report (SNL/NM May 2000a).  Based upon newer information, as well as 
information known at the time the estimates were made, the estimate of NAPL mass was biased 
high.  In the Unsaturated Zone Contaminant Characterization Report (SNL/NM November 
1993), the estimate of NAPL volume was 17,273 gallons. The estimate, based upon the PITT 
that was specifically designed to provide higher resolution/quality data for the purpose of 
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defining the distribution and volume/mass of NAPL, was 40 to 180 gallons.  The large difference 
in these volume estimates illustrates two important concepts: 
 

1. The typical approach used by the SNL/NM ER Project has been conservative; 
when there is a lot of uncertainty in the data, the higher or more conservative 
estimate is used. 

 
2. When dealing with this type of estimating process, which requires multiple 

assumptions, limited data will typically result in much higher, more conservative 
numbers. 

 
The PITT provided high quality data that was used to refine both the distribution (lateral and 
vertical extent) and the volume estimate for NAPL.  The vertical extent was refined to a depth of 
30 feet bgs.  The NAPL mass estimate was estimated to be 2,200 lbs, which assumed the 
NAPL was 100 percent TCE.  This calculation used the following volume-to-mass conversion 
formula: 
 

180 gallons * 8.33 lbs/gallon water * 1.46 (TCE/water weight ratio) = 2,189 lbs 
 
Two elements of this calculation demonstrate conservatism.  First, the high end of the estimated 
volume range (180 gallons) was used.  Second, the assumption that all of the NAPL is TCE, 
which has a higher specific gravity relative to water, was made (note that oil has a lower specific 
gravity and would have yielded a much lower mass).  Although it was understood at the time 
that this assumption was not representative of the actual NAPL, this approach was used to 
provide a reasonable, conservative estimate.     
 
The following information documents the fact that the much lower NAPL mass estimate 
presented in the VE VCM Final Report (SNL/NM May 2000a) of 2,200 lbs is still biased high due 
to the assumption that the NAPL is TCE: 
 

• Original NAPL laboratory analytical results presented in the Unsaturated Zone 
Contaminant Characterization Report (SNL/NM November 1993) indicated a TCE 
concentration equivalent to approximately 1 percent (9,500 ppm).  The presence of 
PCBs at equivalent concentrations (8,800 ppm) suggests that a significant portion 
of the NAPL in this area was a PCB-containing oil/hydrocarbon.   

 
• During LE VCM pre-verification sampling in the Southwest Area, sample 

74-SW-D012-V013 was collected from the southwestern corner at a depth of 
12 feet bgs.  The off-site VOC analytical result for TCE was 0.102 mg/kg (ppm), 
and the on-site analytical result for total PCBs was 128.54 mg/kg (ppm).  
The highest VOC results were for 1,2-dichlorobenzene (11.90 mg/kg), PCE 
(3.21 mg/kg), and 1,2,4-trichlorobenzene (2.13 mg/kg).  After this area was 
excavated to 20 feet bgs, this same location was sampled for final verification (all 
off-site laboratory results).  The VOC results were all less than 1 mg/kg, TCE was 
not detected, and total PCB results were 0.151 mg/kg.  Off-site SVOC analyses 
showed several detections of SVOCs that were typical for samples that contained 
detectable total PCB concentrations, but all SVOC results were less than 1 mg/kg, 
with a maximum detected concentration of 0.0683 mg/kg for 2-methyl-
naphthalene.   
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• The southwestern corner of the CWL was excavated to a depth of 30 feet bgs 
based upon total PCB results.  TCE and VOC concentrations at the 20-foot-bgs 
depth did not required further investigation.   

 
Excavation in this area to a depth of 30 feet bgs removed all of the highly contaminated soil that 
did not pass risk-based cleanup standards, including all areas that may have previously 
contained NAPL (SNL/NM April 2003).  This excavation and sampling strategy was approved by 
the NMED (Section 1.6.2).  Although the earlier estimates of NAPL volume/mass in this area will 
always be uncertain, the fact that this soil and NAPL are now removed is not uncertain.  Based 
upon the knowledge gained through the LE VCM, it appears that TCE and other solvents were 
disposed of in this area and were probably present as NAPL at one time.  More importantly, 
PCB-containing oils were also disposed of in this area, and it appears the solvents acted to 
mobilize components of the oily liquids/NAPL, carrying them downward beneath the original 
disposal pits.  While a large percentage of the solvents eventually volatilized to form VOC soil 
gas, the heavier PCB oils appear to have remained adsorbed to soil, essentially trapped. 
 
Thus, the estimated total VOC soil-gas removal estimate for Stack S-1 of 1,774 lbs, which 
included the contribution from extraction well EXT-1, probably accounts for removal of all 
solvent NAPL in the southwestern corner.  Regardless, the LE VCM removed any remaining 
NAPL, if present, along with PCB-contaminated soil that did not meet risk-based concentrations.  
The LE VCM is discussed further in Section 1.6.2. 
 
 
Passive Soil Venting 
 
After completion of the Stage 1 VE operations in July 1998, a passive venting stage of 
operations was initiated.  The passive VE phase was conducted concurrently with the LE VCM 
by initially converting 10 of the 13 active VE wells to passive venting wells by installing 
BaroBalls® in December 1998.  The BaroBalls® act as low-pressure relief valves (1 millibar), 
allowing soil gas (including VOC soil gas) to vent to the atmosphere during periods of low 
barometric pressure.  The soil gas is drawn from the subsurface through a network of 10 
passive venting wells to the atmosphere by natural fluctuations in barometric pressure.  The 
10 wells initially converted to passive VE wells included UI-1, UI-2, UI-3, D-1, D-2, D-3, MW-1A, 
MW-2A, MW-3A, and VMW-1 (Figure 1-14).  
 
In June 1999, wells MW-1A, MW-2A, and MW-3A were decommissioned from the passive VE 
well network and incorporated into the groundwater monitoring program.  Because MW-1A and 
MW-3A did not contain water after the active VE was completed, they were returned to the 
passive venting operation.  MW-2A initially did not contain water, but later, in August 1999, it 
produced enough water to allow groundwater sampling to continue.  MW-2A was temporarily 
returned to passive venting in late 2003, prior to being plugged and abandoned in June 2004 
(see Section 1.6.3 for additional information regarding MW-2A).  The passive VE well network 
has included nine wells for most of the post-Stage 1 period covering August 1998 through 
November 2004.  These wells are UI-1, UI-2, UI-3, D-1, D-2, D-3, VMW-1, MW-1A, and MW-3A.   
 
In November 2004, the BaroBalls® were deactivated on wells D-1 though D-3.  These former 
extraction (D-1) and injection wells (D-2 and D-3) are equipped for soil-gas monitoring with 
stainless steel tubing and depth-isolated sampling ports attached to the outside of the well 
casing.  All three wells have isolated screen intervals at depth near the water table.  During 
times of low barometric pressure, soil gas from this deep interval flows through the well screen 
and moves up the well casing, venting to the atmosphere.  Since the BaroBalls® do not allow the  
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Figure 1-14
Passive Soil-Gas

Venting Wells
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atmospheric air to enter the well casing, these wells have now been only releasing soil gas (or 
“exhaling”) for the last six or more years.  Over time, it is possible this one-way exhaling process 
could create a pressure difference in the vadose zone (i.e., suction) that could result in a 
downward pull or draw on the remaining VOC soil-gas plume in a relatively local area around 
the well screens.  The potential adverse impacts of this downward pull are minimal in that VOC 
soil gas pulled downward to these deep well screens will simply exit up to the atmosphere 
during low barometric pressure events.  However, because the current soil-gas plume has very 
low concentration gradients with corresponding slow diffusion rates, any artificial downward pull 
on the VOC soil-gas plume, even though localized and small in extent, is not desirable.  
Therefore, these wells have been temporarily deactivated to allow assessment of the situation 
through ongoing soil-gas monitoring. 
 
 
Post-VE VCM Soil-Gas Monitoring 
 
Within six months of the Stage 1 VE startup, CWL groundwater monitoring results for TCE were 
reduced to below the MCL.  Since this time, six years of groundwater monitoring results 
continue to indicate the VE VCM accomplished the stated objectives.  The one exception to this, 
groundwater results for TCE from groundwater monitoring well MW-2A in June 2003, is 
interpreted as an anomaly and not representative of actual groundwater conditions (discussed 
in more detail in Section 1.6.3.3).  While these groundwater monitoring results appear to be a 
clear indication of  VE VCM “success,” uncertainty still exists relative to the potential for the 
remaining VOC soil-gas plume to impact groundwater such that the MCL for TCE is exceeded in 
the future.  Due to the inherent complexities associated with remediating a 500-foot-thick 
vadose zone, the ultimate indicator of VE VCM success or failure can reasonably be determined 
through monitoring of the VOC soil-gas plume and, less directly, the groundwater.   
 
Annex D provides a comprehensive VOC soil-gas plume monitoring report presenting six or 
more years of post-Stage 1 VE soil-gas plume monitoring results.  The Stage 1 VE was 
conducted between May 1997 and July 1998.  Passive venting using various configurations of 
site wells has been ongoing since completion of the Stage 1 VE VCM.  Monitoring results are 
presented and discussed for the following periods: 
 

• Stage 1 VE Period (four events):  April 1997, June 1997, December 1997, and 
June 1998 

 
• Post-Stage 1 VE Period (four events): June 1999, August 2001, June 2004, and 

September 2004 
 

The objective of this monitoring effort is twofold:  1) determine whether the soil-gas plume is 
increasing in concentration in a way that indicates a significant source of VOC contamination 
still exists (i.e., plume is “rebounding”), and 2) determine whether current conditions are 
protective of human health and the environment.  For the latter, the exposure route of concern is 
ingestion of groundwater.  The monitoring event results listed above provide the empirical data 
required to determine whether the stated objectives have been met.  Total VOCs and TCE 
analytical results for each monitoring event by well and sampling port are provided in Annex D, 
Tables 2 and 4, respectively.  Sampling methods, well and sampling port locations, total VOC 
concentration versus time plots, and a detailed evaluation of the soil-gas plume monitoring effort 
are also included in Annex D. 
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Figure 1-15 is intended as a continuation of Figure 1-10 and shows the VOC soil-gas plume in 
cross-sectional view.  Total VOC plume conditions are shown for June 1999 (profile d), June 
2004 (profile e), and September 2004 (profile f).  Profile g shows TCE concentrations for 
September 2004, the most recent monitoring data set.  When profiles e and f are compared to 
Figure 1-10, profiles a through c, the reduction of total VOC soil-gas concentrations can be 
observed.  Concentration reductions are most dramatic in the core of the plume, between 200 
and 300 feet bgs.  It is significant to note that the 50- and 100-ppmv regions/contours shown in 
Figure 1-15, profiles e and f, are inferred; the highest detections were 45.27 and 44.74 ppmv, 
respectively.  In Figure 1-15, profile g, the 50-ppmv contour for TCE is also inferred, as 
the maximum measured TCE concentration was 34 ppmv.  The only detection in the 2004 
monitoring results that exceeded 50 ppmv was detected from the shallowest sampling port 
(40 feet bgs) at UI-2.  This result is primarily comprised of acetone.   
 
Although the plume has spread both laterally and vertically through diffusion since completion of 
the Stage 1 VE (compare Figure 1-10, profile c to Figure 1-15, profiles e and f), the measured 
total VOC concentrations have been reduced from greater than 400 ppmv to less than 50 ppmv 
in the plume core, and the overall concentration gradients within the plume, which are the main 
drivers of diffusion, are much lower.  In addition, the overall plume extent is smaller than the 
plume extent prior to the Stage 1 VE VCM.  The current TCE component of the VOC soil-gas 
plume, which is the dominant VOC, is shown in Figure 1-15, profile g.  TCE is the primary soil-
gas constituent of concern (COC) because it is the only VOC that has impacted groundwater 
such that the MCL was exceeded.  At its deepest location (D-2, port 1 at 470 feet bgs) the 
5-ppmv contour is 20 feet above the current water table (490 feet bgs at the closest monitoring 
well, MW-2BU, as of June 2004), which is declining at a rate of 0.65 feet per year (ft/yr) (see 
Section 1.6.3 for supporting information). 
 
Since shutdown of the Stage 1 VE effort on July 29, 1998, monitoring of the soil-gas plume has 
been conducted for more than six years.  All of the monitoring results and methods used are 
presented in Annex D.   Although the three-month shutdown period during the Stage 1 VE VCM 
was a relatively short time during which to determine whether rebound was occurring, the four 
monitoring data sets collected and evaluated during the six-year monitoring period since 
completion of Stage 1 operations are sufficient to make this determination.  The results of this 
post-Stage 1 monitoring effort indicate rebound is not occurring, and the remaining VOC soil-
gas plume is diffusing in a slow and predictable manner.  In addition, natural processes are also 
acting to slowly degrade the remaining plume.  This diffusion and degradation process is shown 
by comparing Figure 1-10 (profile c) to Figure 1-15 (profiles e and f). 
 
Figures 1-16 through 1-18 depict the total VOC concentrations over time (April 1997 through 
September 2004) for the various sampling ports at monitoring wells D-1 through D-3, 
respectively.  Each line in these figures represents VOC soil-gas concentration trends at a 
depth-specific sampling port.  Port 1 is the deepest sampling port (470 to 480 feet bgs) and 
port 5 is the shallowest (100 to 120 feet bgs). The location of each monitoring well and the 
corresponding depth of each sampling port are shown in Figure 1 (Annex D).  The total VOC 
and TCE results for each well/sampling port are shown in Tables 2 and 4, respectively in 
Annex D.  Since June 1999, the first post-Stage 1 data set, these plots generally show a flat, 
slightly decreasing trend that is consistent with the interpretation that no rebound is occurring.  
An overall increasing trend over time would indicate a total VOC source still exists and is 
continuing to contribute to the soil-gas plume.  Due to the logarithmic scale on the left 
side/vertical axis of these plots representing total VOC concentration, small fluctuations in total 
VOC soil-gas concentrations appear magnified in closely spaced data sets.  This is shown for 
the June and September 2004 data points on all of these plots and reflects slightly higher total  



Figure 1-15 Vertical Profiles of the Soil-Gas Plume Post-Stage 1 Vapor Extraction
Chemical Waste Landfill, Sandia National Laboratories/New Mexico
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Figure 1-16 
Total VOC Concentration Vs. Time at Well D-1 Ports 

 



 



 
 

AL/12-04/WP/SNL04:r5609.doc   1-85

0.001

0.01

0.1

1

10

100

1000

Nov-
96

Mar-
97

Jul-
97

Nov-
97

Mar-
98

Jul-
98

Nov-
98

Mar-
99

Aug-
99

Dec-
99

Apr-
00

Aug-
00

Dec-
00

Apr-
01

Aug-
01

Dec-
01

Apr-
02

Sep-
02

Jan-
03

May-
03

Sep-
03

Jan-
04

May-
04

Sep-
04

Jan-
05

Time (mon-yy)

To
ta

l V
O

C
 C

on
ce

nt
ra

tio
n 

(p
pm

v

D2-P5

D2-P4

D2-P3

D2-P2

D2-P1

      Active Vapor
          Extraction Passive Vapor Extraction

  
Figure 1-17 

Total VOC Concentration Vs. Time at Well D-2 Ports 
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Figure 1-18 

Total VOC Concentration Vs. Time at Well D-3 Ports 
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VOC concentrations for some ports in the September 2004 data versus the June 2004 data.  
This is also shown in Figure 1-15 when profiles e and f are compared.  These changes are 
interpreted to represent typical natural variation in soil-gas concentrations and variability 
associated with the field collection and laboratory analysis process.  However, when the trends 
from August 2001 to September 2004 are examined without the June 2004 data included, 
almost all of the ports show a decreasing or flat tend.  These variations in closely spaced data 
sets are common with soil-gas analytical results and show the importance of spacing monitoring 
events over a longer period of time (such as annually or more).   
 
An exception to the typical decreasing or flat trends can be seen in the shallowest sampling port 
results (port 5) in all three wells, but particularly in D-1.  This trend reflects total VOC soil-gas 
diffusion toward the surface from the plume core around 200 feet bgs, which is expected.  
Increasing trends at various depths and locations within the monitoring network are expected as 
diffusion occurs from the higher concentration core of the plume to the lower concentration 
portions of the plume above, below, and laterally relative to the core area (see Figure 1-15).  
However, the key to determining whether or not plume rebound is occurring is the overall plume 
trend, based upon the results of the monitoring data from across the plume over significant 
periods of time (i.e., years).  The evaluation of overall trends indicates the VOC soil-gas plume 
is decreasing in concentration as slow diffusion in three dimensions and natural degradation 
occur within the vadose zone.   
 
A more detailed evaluation of the VOC soil-gas plume monitoring results is provided in Annex D. 
 
 
VE VCM Conclusions 
 
During the design phase for Stage 1, SNL/NM predicted that approximately 2.5 tons (5,000 lbs) 
of VOCs would be removed over a year of Stage 1 operations (SNL/NM May 2000b).  It was 
also predicted that the deep air injection would promote groundwater cleanup by cutting off 
the direct source of VOCs.  The fact that Stage 1 operations resulted in the removal of 
approximately 6,500 plus or minus 1,800 lbs of VOCs and a decline in groundwater contaminant 
concentrations to below the regulatory standard suggests that the subsurface system and 
current state of contamination are reasonably well understood.  The implications are that the 
CSMs of waste emplacement and contaminant fate and transport have been validated and 
updated, and uncertainties over the magnitude and extent of waste materials and contaminants 
have been greatly reduced.  Further large-scale efforts to characterize or remediate the vadose 
zone and groundwater do not appear necessary for completion of the closure process. 
 
Soil-gas monitoring results covering more than six years since completion of the Stage 1 VE 
VCM indicate the VOC soil-gas plume is not rebounding, and that slow diffusion and natural 
degradation are the dominant processes affecting the remaining plume.  The soil-gas monitoring 
results also indicate the combination of the VE and LE VCMs collectively removed all remaining 
significant VOC soil-gas sources capable of causing rebound of the VOC soil-gas plume.   
 
Based upon soil-gas and groundwater monitoring data collected since the end of the VE VCM in 
July 1998, the VOC soil-gas plume has been largely removed and controlled.  Current 
groundwater TCE concentrations are below the MCL, and it appears TCE will not exceed the 
MCL in the future.  The groundwater and soil-gas monitoring data collected since completion of 
the Stage 1 VE VCM supports this conclusion as does the transport modeling included as 
Attachment 2 of the “Risk-Based Approach for Excavation and Backfilling of the Chemical 
Waste Landfill” (SNL/NM August 2000).  Thus, the VOC soil-gas plume has been remediated 
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such that the current conditions are protective of human health and the environment.  The 
majority of the remaining VOC mass is now distributed throughout a smaller region of the 
vadose zone at lower concentrations.  Post-closure care monitoring of the VOC soil-gas plume 
and groundwater will provide the empirical data necessary to address uncertainty and validate 
the updated CSM presented in Section 1.7 and Annex E. 
 
 
1.6.2.2 Summary of LE VCM Results 
 
This section summarizes the LE VCM activities and results at the CWL.  Details of the LE VCM 
are presented in the LE VCM Final Report (SNL/NM April 2003).  The primary objective of the 
LE VCM was to eliminate contaminant source areas associated with the waste contents of the 
CWL.  To meet this objective, designated disposal areas, defined primarily based upon 
trenching and geophysical surveys, were excavated to a minimum of 12 feet bgs to remove all 
debris and highly contaminated soil.  Additional excavation was performed to remove debris 
buried deeper than 12 feet bgs and to remove soil contaminated at levels that exceeded the 
CWL risk-based criteria (SNL/NM August 2000).  Trenching and sampling were performed in 
areas within the landfill that were not excavated to 12 feet bgs to confirm geophysical survey 
data that indicated no debris was buried in these areas.   
 
The CWL was excavated from September 1998 through February 2002.  More than 52,000 cy 
of contaminated soil and debris (including chemical containers) were removed, segregated, and 
managed for final disposal.  Approximately 89 percent of the excavated soil was taken to the 
adjacent CAMU for final treatment and/or disposition.  Approximately 11 percent of the 
excavated soil has been returned to the excavation as backfill material.  Less than 1 percent of 
the total volume of excavated material, including debris, will be disposed of at permitted off-site 
disposal facilities.  Details regarding the removed waste, the approach to excavation, and 
verification soil sampling to determine the completion of excavation can be found in the LE VCM 
Final Report (SNL/NM April 2003) and CWL Quarterly Closure Progress Reports (SNL/NM 1991 
through November 2004) for ongoing off-site waste disposal.   
 
Photographs documenting the CWL prior to, during, and after completion of the LE VCM are 
provided in Figures 1-19 through 1-22.  Figure 1-19 shows the CWL in 1992 prior to 
implementation of the VCM program.  Photographs of LE VCM mechanical screening and 
excavation activities are shown in Figure 1-20.  Excavation to 30 feet bgs in the southwestern 
corner where NAPL was indicated during the Unsaturated Zone Contaminant Characterization 
investigation is shown in Figure 1-20b.  In this photograph, the excavator is positioned on the 
excavation floor at a depth of 20 feet bgs.  Figure 1-21 shows the LE VCM excavation near 
completion.  The more deeply excavated areas visible in the foreground of Figure 1-21 are 
areas that were excavated deeper than 12 feet bgs due to confirmatory geophysical results or 
pre-verification sampling results that failed risk-based criteria.  Four areas are shown consisting 
of the southern end on the far left of the photograph that appears as a gentle south-sloping 
ramp and three areas in shadow in the central foreground.  The obvious trench cut in the Non-
Designated Area bench to the right in the foreground is one of several trenches excavated and 
sampled to verify geophysical survey results that indicated these areas did not contain buried 
waste/debris or soil contaminated above risk-based standard.  Figure 1-22 shows the 
excavation backfilled to 4 feet bgs. 
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Figure 1-19 
View looking southeast of the CWL in 1992 
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Figure 1-20 

Photographs of LE VCM mechanical screening and excavation activities 

a. Mechanical Screen in operation that was used to  
 segregate debris from soil 

b. Excavation to 30 ft bgs in the Southwest Area of the CWL to  
 remove PCB-contaminated soil 
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Figure 1-21 
View of CWL near completion of the LE VCM looking west-northwest.  Excavator is located at the north end of the Southwest Area. 
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Figure 1-22 

View to the northeast of the CWL backfilled to 4 feet bgs – current conditions 



 



 

AL/12-04/WP/SNL04:r5609.doc  840857.01.07  12/17/04 6:04 PM 1-97

During the LE VCM, a risk-based approach was developed in consultation with the NMED that 
defined risk-based cleanup standards or criteria (SNL/NM August 2000).  The risk-based 
approach changed cleanup goals from background concentrations to risk-based criteria, 
consistent with the NMED-approved approach for other SNL/NM ER Project sites.  Risk-based 
criteria were also developed to allow excavated soil to be returned to the excavation as fill 
(i.e., replaceable soil), based upon soil sample analytical results. The LE VCM “Risk-Based 
Approach for Excavation and Backfilling of the Chemical Waste Landfill” (SNL/NM August 2000) 
presents the evaluation criteria for the excavation and fill material (including replaceable soil) 
analytical results, the verification soil sampling grid for the excavation (in situ excavation), and 
cleanup standards/criteria that were approved by the NMED for RCRA constituents (Lewis 
October 2000), and by EPA Region 6 for TSCA constituents (Cooke June 2002).  A graded 
approach was used to develop cleanup standards for unexcavated in situ soils (excavation 
sidewalls and floor) and fill materials (replaceable and local fill soil) based upon depth below 
grade.  Risk criteria were defined separately for the 0- to 5-foot depths and for depths greater 
than 5 feet bgs.  Transport modeling was performed for residual, adsorbed-to-soil phase 
contamination (in situ excavation and fill materials) and for the remaining VOC vapor plume in 
the deeper vadose zone to demonstrate that the resulting cleanup standards are protective of 
groundwater.   
 
As stipulated in the risk-based approach, all pre-verification sample results (samples collected 
from the excavation verification grid for on-site laboratory/fast turnaround analysis) were 
screened against the risk-based criteria point by point to determine whether additional 
excavation was required.  As a result of this first screening step, several areas of the CWL were 
excavated more deeply (greater than 12 feet bgs) and resampled to confirm removal of the 
constituents that exceeded risk levels.  Final verification samples (off-site laboratory) were 
collected after this screening step and were later combined with replaceable and fill soil off-site 
analytical results in order to perform a cumulative site risk assessment.  Figure 1-23 shows the 
final verification sample locations, along with the final extent of excavation (laterally and 
vertically).   
 
Similarly, excavated soil was initially stockpiled in 100-cy piles and sampled for on-site 
laboratory analysis (preliminary screening data) to determine whether it was appropriate for use 
as fill material.  The results for each 100-cy soil pile sample were screened against the risk-
based criteria to make this determination.  Any 100-cy soil pile that passed this preliminary 
screening process could then be combined with other soil piles that passed risk-based criteria 
into a maximum volume pile of 1,000 cy.  These larger piles were then sampled for off-site 
laboratory analysis (final verification data), and these final verification analytical results were 
included in the cumulative risk assessment along with the in situ excavation and fill material 
results.  
 
The results of the cumulative risk assessment presented in the LE VCM Final Report (SNL/NM 
April 2003) are summarized in Table 1-8 (shaded rows, text in italics) along with the risk-based 
criteria (unshaded rows) for direct comparison.  As shown in Table 1-8, the maximum detected 
concentrations for total PCBs and lead were below their respective threshold values for the two 
specified subsurface depth ranges.  The hazard index (HI) and excess cancer risk were also 
below the most restrictive guidance values (for the 0- to 5-foot depth range) for all combined 
data, regardless of depth (HI of 0.25 versus 1 and excess cancer risk of 8E-6 versus 1E-5).  The 
calculated ecological risk was low and acceptable for a “No Further Action” decision. 
 
Table 1-9 presents the screening threshold activities developed for radiological constituents and 
the maximum activities measured from final verification samples.  The screening threshold  
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Figure 1-23
Extent of LE VCM Excavation and
Final Verification Soil Sampling

Grid Locations
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Table 1-8 
Screening Thresholds and Maximum Concentration/Risk Results for  

Nonradiological COCs for the In Situ Excavation, Replaceable Soil and Fill Soil 
 

 
Requirements and Results for  

0 to 5 ft bgs 
Requirements and Results for  

>5 ft bgs 

 
Fill Soila 

0 to 5 ft bgs  

Unexcavated  
in situ material left 

in place  
0 to 5 ft bgs 

Fill Soilb 

5 ft bgs to extent of 
excavation  
(30 ft bgs) 

Unexcavated  
in situ material left in 

place >5 ft bgs 
PCB Threshold 
Screening Value  

<1 mg/kg  
 

<1 mg/kg  <100 mg/kg  
 

<100 mg/kg  

LE VCM Final Risk 
Results – Maximum PCB 
Results 

0.0118 mg/kg 0.94 mg/kg 8.735 mg/kg 
[replaceable soil] 

11.45 J 

Lead Threshold 
Screening Value 

<1,500 mg/kg  <1,500 mg/kg   <2,000 mg/kg  <2,000 mg/kg  

LE VCM Final Risk 
Results – Maximum Lead 
Results 

183 mg/kg 101 mg/kg 192 mg/kg 
[replaceable soil] 

162 mg/kg 

Sum of All 
Nonradiological COCs  
(Industrial Human 
Health) 

HI: < 1  
Excess Cancer 
Risk: < 1E-05 
 

HI: < 1  
Excess Cancer 
Risk: < 1E-05 

HI: < 2  
Excess Cancer 
Risk: < 1E-05 
 

HI: < 2  
Excess Cancer Risk: 
< 1E-05 

LE VCM Final Risk 
Results 

HI = 0.25 
Excess Cancer Risk = 8E-6 
Cumulative risk calculated using all 
data from all depths (backfill, 
replaceable soil, and excavation) 

HI = 0.25 
Excess Cancer Risk = 8E-6 
Cumulative risk calculated using all data 
from all depths (backfill, replaceable soil, 
and excavation) 

Ecological Risk  Passes 
SNL/NM 
ecological risk 

Passes SNL/NM 
ecological risk 

Insignificant 
pathway 

Insignificant pathway 

LE VCM Final Risk 
Results 

Based upon final risk analysis, 
ecological risks associated with the 
CWL are expected to be low and 
acceptable for a “No Further Action” 
recommendation 

No ecological risk requirements for soil 
deeper than 5 ft bgs 

Note:  This table adapted from Table 1 of the “Risk-Based Approach for Excavation and Backfilling of the Chemical 
Waste Landfill” (SNL/NM August 2000). 
aDoes not include replaceable soil.  No replaceable soil will be placed at a depth of less than 5 ft bgs. 
bDoes include replaceable soil.  All replaceable soil will be placed at a depth of greater than 5 ft bgs. 
bgs = Below ground surface. 
COC = Constituent of concern. 
CWL = Chemical Waste Landfill. 
ft = Foot (feet). 
HI  = Hazard Index. 
J = Estimated concentration. 
LE = Landfill Excavation. 
mg/kg = Milligram(s) per kilogram. 
PCB = Polychlorinated biphenyl. 
SNL/NM = Sandia National Laboratories/New Mexico. 
VCM = Voluntary Corrective Measure. 
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Table 1-9  
Screening Threshold Activities and Maximum Sample Activities for  

Radiological COCs for the In Situ Excavation, Replaceable Soil, and Fill Soil 
 

Radionuclide 

Screening Threshold 
Activities 

Above Background  
Resulting dose rate, 
Industrial Land-use 

Maximum Activities from All Excavation 
and Fill Samplesa 

Cobalt-60 0.215 pCi/g 0.6 mrem/yr 0.46 pCi/g 
Cesium-137 0.973 pCi/g 0.6 mrem/yr 0.534 pCi/g 
Thorium-232 5.85 pCi/g 0.6 mrem/yr 2.3 pCi/g 
Uranium-235 4.19 pCi/g 0.6 mrem/yr 0.454 pCi/g 
Uranium-238 21.6 pCi/g 0.6 mrem/yr 3.26 pCi/g 

Tritium (H-3) 
150,000 pCi/L 

or 
7.5 pCi/g 

1.4E-4 mrem/yr 
198,000 pCi/L 

or 
9.9 pCi/g 

Note:  This table adapted from Table 2 of the “Risk-Based Approach for Excavation and Backfilling of the Chemical 
Waste Landfill” (SNL/NM August 2000). 
aBold values exceed their respective screening threshold values but were accepted by the NMED (Moats December 
2003). 
COC = Constituents of concern. 
mrem/yr = Millirem per year. 
NMED = New Mexico Environment Department. 
pCi/g = Picocurie(s) per gram. 
pCi/L = Picocurie(s) per liter. 
SNL/NM = Sandia National Laboratories/New Mexico. 
 
 
values for cobalt-60 and tritium were exceeded by only one sample in each case.  For cobalt-60, 
the sample was collected from the excavation floor (southeast area) and was the only detection 
of cobalt-60 in all final verification samples (in situ excavation and fill soils).  In the case of 
tritium, the only sample exceeding the threshold value was from a 100-cy replaceable soil pile.  
According to the risk-based approach, SNL/NM can request NMED approval of these individual 
results as long as the overall cumulative risk criteria for radiological constituents are achieved.  
Because the cumulative radiological risks are well below the risk criteria, SNL/NM requested 
approval from the NMED at the June 12, 2002, meeting, prior to the start of backfilling 
operations.  As a result of this meeting, the NMED approved backfilling with three conditions 
and requested submittal of all final verification analytical results and a final risk assessment 
(Bearzi June 2002).  In response to this NMED request for additional information, SNL/NM 
proposed to submit the final verification analytical results and risk assessment in the LE VCM 
Report (Zamorski August 2002), which was transmitted to the NMED on April 10, 2003 
(Boardman April 2003). 
 
In summary, the final cumulative risk assessment in the LE VCM Final Report (SNL/NM April 
2003) assumed an industrial land-use scenario; used a conservative, reasonable maximum 
exposure approach; and addressed the cumulative risk from the in situ excavation, replaceable 
soil, and local fill soil off-site laboratory analytical results (excluding duplicates, 236 
sample results included).  Risk-based cleanup criteria were achieved (Table 1-8) even without 
taking into account the backfill materials.  The assumption was made that the industrial worker 
receptor is directly exposed to all remaining residual soil contamination regardless of depth 
(SNL/NM April 2003).  In addition, this final risk assessment also demonstrates that the CWL 
meets all applicable requirements for unrestricted radiological release.   
 
As of February 2004, the CWL excavation was backfilled to a uniform depth of 4 feet bgs 
(Figure 1-22) following the procedures and specifications in the CWL Backfill and Compaction 
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Plan (SNL/NM July 2002).  Recently completed LE VCM activities include disposal of most of 
the remaining waste, including all mixed waste.  The Site Operational Boundary (SOB) has 
been sampled, scraped, and most of the remaining equipment as well as the waste 
management tent have been demobilized.  The SOB Addendum to the LE VCM Final Report is 
in preparation and will be submitted to the NMED in early 2005.  The Waste Management 
Addendum to the LE VCM Final Report will also be completed and submitted to the NMED in 
2005. 
 
 
LE VCM Conclusions 
 
The results of the excavation, final verification soil sampling, and the final risk assessment 
demonstrate that the LE VCM has achieved the objective of removing all buried waste material 
and highly contaminated soil from the former disposal areas at the CWL.  This removal 
eliminated remaining sources for VOC soil gas, which is supported by ongoing VOC soil-gas 
monitoring results discussed in Section 1.6.2.1. 
 
The cumulative risk assessment demonstrates that the CWL meets the NMED-approved 
cleanup criteria, which are protective of human health and the environment and are based upon 
the final verification analytical data set that is representative of the end-state condition of the 
CWL.  Based upon ongoing VOC soil-gas plume monitoring results and the transport modeling 
performed as part of the development of the risk-based approach (included as Attachment 2, 
SNL/NM August 2000), the remaining residual soil contamination and the remaining VOC soil-
gas plume should not adversely impact human health and the environment, including 
groundwater (i.e., groundwater TCE concentrations are expected to remain below the MCL).  
However, groundwater and soil-gas monitoring are proposed as part of post-closure care in 
Chapter 3.0 to address uncertainty and to validate the updated CSM presented in Section 1.7 
and Annex E.  This monitoring will be detailed in the PCCP/PA. 
 
 
1.6.3 Summary of Groundwater Assessment  
 
This section summarizes 19 years of groundwater monitoring and investigations conducted at 
the CWL.  Groundwater monitoring has been conducted at the CWL since 1985, when the first 
detection-well monitoring network of five wells was installed.  Since that time, an additional 
12 monitoring wells have been installed, and several reports have been prepared and submitted 
to the NMED detailing the results of this work, including the following: 
 

• “Chemical Waste Landfill Final Closure Plan and Postclosure Permit Application” 
(Closure Plan) (SNL/NM December 1992) 

 
• “Chemical Waste Landfill Groundwater Assessment Plan” (GAP) (SNL/NM May 

1993b) 
 

• “Chemical Waste Landfill Groundwater Assessment Report” (GAR) (SNL/NM 
October 1995)  

 
• CWL Quarterly Progress Reports (SNL/NM 1991 to November 2004) 
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Of the documents listed above, only the Closure Plan and GAP have been approved by the 
NMED.  The primary objectives of the CWL groundwater assessment and monitoring program, 
as defined in the Closure Plan, consisted of the following activities:  
 

• Characterize the uppermost aquifer  
• Define the nature and extent of groundwater contamination 
• Determine the rate of contaminant migration from the landfill   

 
These objectives were achieved by performing the following activities:   
 

• Drilling sediment characterization boreholes, performing lithologic and geophysical 
logging, and constructing hydrogeologic cross-sections 

 
• Collecting and analyzing soil samples for VOCs, metals, and soil properties and 

characterizing natural groundwater chemistry within the upper and second water-
bearing zones in the area around the CWL 

 
• Installing additional monitoring wells to confirm groundwater flow direction, vertical 

hydraulic gradient, nature and extent of contamination and migration rate, and 
contaminant transport analysis, and establishing background concentrations for 
chromium  

 
• Performing slug and aquifer tests to estimate aquifer parameters for groundwater 

flow and transport calculations  
 
The groundwater assessment program at the CWL was performed in accordance with the 
general description provided in Chapter 7.0 of the Closure Plan (SNL/NM December 1992) with 
the specific procedures and activities described in the GAP (SNL/NM May 1993b).  The 
groundwater assessment program is referred to as the “Saturated Zone Characterization” in the 
Closure Plan (see Table 1-2). 
 
To complete the ongoing chromium evaluation, the NMED requested the installation of two 
additional deep regional aquifer monitoring wells (NMED September 2002).  MW-7 and MW-8 
were installed during March and April 2003 according to NMED direction provided in the field on 
the west side of the landfill, as close to the SOB as possible.  According to the agreement with 
the NMED, these two wells will be sampled for VOCs and metals for eight consecutive quarters 
after they are developed.  Table 1-10 summarizes all the wells in the CWL monitoring network 
and their water levels as of June 2003. 
 
In December 2003, the NMED rejected the CWL CMS Report submitted in May 2003 and 
presented general groundwater characterization requirements (Kieling December 2003).  In 
March 2004, these requirements were further discussed, and it was agreed that seven sampling 
events using the conventional sampling method on all CWL monitoring wells with a large 
enough diameter to accommodate the equipment would provide adequate groundwater 
characterization for the purpose of a final determination on the CMS Report.  It was agreed that 
for the two deep monitoring wells MW-7 and MW-8 the results of five sampling events using the 
conventional sampling method would be presented in this CMS Report.  The original NMED 
comments and the negotiated agreements regarding the required number of events are 
documented in the “Responses to NMED Comments on the CWL CMS Report” (SNL/NM 
October 2004), which is included as Annex A.   
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Table 1-10 
CWL Monitoring Wellsa and June 2003 Water Levelsb 

 

Well ID 

Measuring 
Point 

Elevation 
(TOC) 
(famsl) 

Ground 
Elevation 
(famsl) 

Top of Well 
Screen 
(ft bgs) 

Bottom of 
Well Screen

(ft bgs) 

Bottom of 
Well Screen

(famsl) 

Depth to 
Water 
(ft bgs) 

Depth to 
Water 
(famsl) 

Background Water Table Monitoring Wells 
BW-3 5,430.23 5,428.53 485 505 4,923.53 498.50 4,931.73 
BW-4A 5,431.36 5,429.24 485 505 4,924.24 498.81 4,932.55 
Water Table Aquifer Wells 
MW-1Ac 5,421.49 5,420.41 474 494 4,926.41 Dry NC 
MW-2Ad 5,418.58 5,417.08 473 493 4,924.08 487.61 4,930.97 
MW-2BU 5,419.42 5,417.37 476 496 4,921.37 489.25 4,930.17 
MW-3Ac 5,417.78 5,416.39 470 490 4,926.39 Dry NC 
MW-4 5,420.33 5,418.38 478 498 4,920.38 492.52 4,927.81 
MW-5U 5,416.01 5,414.02 477 497 4,917.02 485.80 4,930.21 
MW-6U 5,416.78 5,414.65 477 497 4,917.65 486.48 4,930.30 
Regional Aquifer Wells 
MW-2BL  5,419.39 5,417.37 532.5 552.5 4,864.87 493.57 4,925.82 
MW-5L 5,415.80 5,414.02 533 553 4,861.02 490.36 4,925.44 
MW-6L 5,417.13 5,414.65 539 559 4,855.65 491.86 4,925.27 
MW-7 5,419.51 5,416.79 618 638 4,778.79 506.91 4,912.60 
MW-8 5,419.26 5,416.92 612 632 4,784.92 506.72 4,912.54 
aMonitoring well information obtained from well construction diagrams. 
bAll calculations are estimated using water level data measured during June 2003 activities. 
cMW-1A and MW-3A are dry wells (sediment entered wells during VE VCM). 
dMonitoring well MW-2A was plugged and abandoned in June 2004. 
bgs = Below ground surface. 
BW = Background well. 
CWL = Chemical Waste Landfill. 
Dry = Well was dry after the VE VCM. 
famsl  = Feet above mean sea level. 
ft  = Foot (feet). 
ID = Identification. 
L = Screened interval completed below the water table. 
MW = Monitoring well. 
NC = Not calculated. 
TOC = Top of casing. 
U = Screened interval completed across the water table. 
VCM = Voluntary corrective measure. 
VE = Vapor extraction. 
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1.6.3.1 Summary of Groundwater Monitoring History 
 
Groundwater monitoring at the CWL was initiated in 1985, with the installation of the following 
five monitoring wells:  MW-1, MW-2, MW-3, BW-1, and BW-2 (Figure 1-24).  These wells 
established a detection-well network around the CWL and were completed at various depths, 
ranging from 445 to 980 feet bgs.  However, the NMED later determined that these wells were 
inadequate for detection monitoring, primarily due to well screen lengths that were determined 
to be too long.  As a result, a Notice of Violation (NOV) was issued to SNL/NM and the DOE in 
1987.  In response to the NOV, monitoring wells MW-1A, MW-2A, MW-3A, and BW-3 were 
installed in 1988 to replace the existing groundwater monitoring network (Figure 1-24), and 
sampling of MW-1, MW-2, MW-3, BW-1, and BW-2 was discontinued.  Each replacement well 
was constructed with 20-foot-long screen intervals installed across the water table in the upper 
part of the regional aquifer as required by the NMED.  In response to a second NOV issued by 
the NMED in early 1990 that concluded the existing monitoring well network was inadequate, 
monitoring well MW-4 was installed and added to the network.  All five wells were approved for 
detection monitoring by the NMED.    
 
VOCs were first detected in groundwater samples collected from MW-2A during detection 
monitoring in March 1990.  In April 1990, a subsequent groundwater sample collected from well 
MW-2A contained TCE at 7.3 ppb, confirming the presence of TCE above the MCL of 5 ppb.  All 
five wells were subsequently placed on an assessment monitoring program.  As a result of the 
TCE detected in groundwater samples, the NMED issued another NOV, which resulted in 
negotiation of a Compliance Agreement Report.  The NMED approved the Compliance 
Agreement Report in February 1990 (Hugest February 1990).  The Compliance Agreement 
Report describes the activities associated with an aquifer test and outlines further assessment 
required to characterize the vertical groundwater gradient and define the lateral and vertical 
extent of TCE in groundwater.  These NMED requirements resulted in developing Chapter 7.0 
of the Closure Plan (SNL/NM December 1992), which was approved in February 1993 
(Sisneros February 1993), and the GAP (SNL/NM May 1993b), which was approved in 
November 1993 (Garcia November 1993).   
 
As described in detail in the GAP, the following additional monitoring wells were installed 
between January and June 1995:  MW-2BU, MW-2BL, MW-5U, MW-5L, MW-6U, MW-6L, 
BW-4, and BW-4A (Figure 1-24).  The “U,” or “upper,” designator is for wells completed across 
the top of the water table, and the “L,” or “lower,” designator is for wells completed below the 
water table (SNL/NM May 1993b).  MW-2B, MW-5 and MW-6 are multiple completion wells 
that include two nested wells within the same borehole screened at different depth intervals 
(i.e., MW-2BL is the lower screened well and MW-2BU is the upper screened well; both installed 
within the MW-2B borehole).  The GAR (SNL/NM October 1995) was submitted to the NMED as 
a Closure Plan requirement in October 1995 and documented the results of the groundwater 
assessment program.   
 
In the spring of 1995, Appendix G of the Closure Plan was revised and updated as part of a 
Closure Plan modification request submitted to the NMED on June 30, 1995.  In May 2000, the 
NMED partially approved the revised Appendix G, including:   
 

• Reducing the groundwater sampling frequency from quarterly to semiannually 
(twice a year) at the CWL for VOCs and metals 

 
• Reducing Appendix IX sampling from annually to biannually (every two years)  
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• Eliminating sampling for pesticides, herbicides, dioxins, and furans from the 

biannual Appendix IX sampling event 
 
Water levels at the CWL have been declining at an approximate rate of 0.65 ft/yr.  Detailed 
hydrographs are presented in the Fiscal Year 2001 Annual Groundwater Monitoring Report 
(SNL/NM March 2002) and in the MW-2A Class 2 amendment request (SNL/NM July 2004).  
Historically, water levels were measured quarterly at all CWL wells.  However, since 2001, only 
wells MW-2BL, MW-5U, MW-5L, MW-6U, and MW-6L have been measured quarterly; the other 
wells are measured prior to sampling.  Potentiometric surface maps of the CWL (Figure 1-24) 
are consistent with the hydrogeologic conceptual model for the KAFB area, which shows the 
local groundwater flow direction is to the northwest due to the influence of groundwater 
withdrawals by the City of Albuquerque and KAFB.  Groundwater travel times from the CWL to 
these KAFB and municipal supply wells are on the order of hundreds to thousands of years 
(SNL/NM February 2001).   
 
 
1.6.3.2 Summary of Groundwater Analytical Results 
 
Several constituents have been detected in groundwater samples collected from CWL 
monitoring wells over the 19 years that groundwater monitoring has been conducted at the site.  
Detected analytes include various VOCs, SVOCs, total and dissolved metals, sulfide, total 
cyanide, and perchlorate.  All of the detected analytes have been at low concentrations and 
below their respective regulatory limit, with the exception of TCE and chromium.  TCE has been 
consistently detected in several monitoring wells since early 1990.  Chromium was first detected 
above the MCL in well BW-3 in February 1992.  Thus, TCE and chromium are the primary 
groundwater COCs at the CWL.   
 
The current groundwater monitoring network at the CWL consists of the following 13 wells:  
BW-3, BW-4A, MW-1A, MW-2BL, MW-2BU, MW-3A, MW-4, MW-5L, MW-5U, MW-6L, MW-6U, 
MW-7 and MW-8 (Figure 1-24).  All wells are screened across the top of the water table aquifer, 
with the exception of wells MW-2BL, MW-5L, and MW-6L, which are screened approximately 
30 feet below the water table.  To complete the chromium groundwater evaluation, MW-7 and 
MW-8 were installed during March and April 2003 as directed by the NMED in the draft 
Compliance Order (NMED September 2002).  No CWL-related activities were included when 
the Compliance Order was finalized (NMED April 2004).  The purpose of MW-7 and MW-8 is 
specific to resolving the groundwater chromium evaluation and they are screened below the 
water table in the deeper regional aquifer as directed by NMED staff in the field during well 
installation.  Wells MW-1A and MW-3A are not sampled because their screen intervals have 
been partially filled with sediment and have not contained water since completion of the VE 
VCM in July 1998.  Due to data quality concerns, these wells will not be restored for 
groundwater monitoring purposes; however, they are being retained for potential use should 
additional VE be required in the future.   
 
The following sections summarize groundwater analytical results for TCE and chromium in 
groundwater beneath the CWL and include the additional monitoring events and results required 
by the NMED (SNL/NM October 2004).  Complete details of CWL groundwater monitoring 
methods, activities, and results are presented in Chapter 7.0 of the Closure Plan (SNL/NM 
December 1992 and subsequent revisions), the GAP (SNL/NM May 1993b), the GAR (SNL/NM 
October 1995), and Quarterly Closure Progress Reports (SNL/NM 1991 to November 2004).   
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Summary of TCE in CWL Groundwater 
 
In March 1990, groundwater sampling for VOCs began at the CWL.  Groundwater samples 
collected from wells BW-3, BW-4A, MW-1A, MW-2A, MW-2BL, MW-2BU, MW-3A, MW-4, 
MW-5L, MW-5U, MW-6L, and MW-6U have been analyzed for VOCs between 30 and 50 times 
per well.  Wells MW-1, MW-2, MW-3, BW-1, and BW-2 are no longer sampled because they 
were not approved for detection monitoring by the NMED and they have all been plugged and 
abandoned.  A summary of TCE groundwater data collected through September 2004 is 
included in Annex F.  The data are presented in annotated graphs showing TCE concentrations 
versus time for all 12 CWL monitoring wells.  (Note: MW-1A and MW-3A were dry after 
completion of the VE VCM in July 1998.  MW-2A could not be sampled after June 2003 and was 
plugged and abandoned in June 2004.)  These plots also are annotated to show periods when 
different sampling methods were used (i.e., low-flow versus bailer or high-volume purging) and 
do not show results below analytical detection limits.   
 
Table 1-11 summarizes TCE groundwater results for the 12 NMED-approved CWL groundwater 
monitoring wells through May 2004.  No TCE concentrations have exceeded 0.9 micrograms 
(µg)/liter (L) in background wells BW-3 and BW-4A.  Prior to completing the VE VCM, TCE in 
groundwater exceeded the MCL in seven out of ten downgradient monitoring wells.   
 
The maximum TCE concentrations in these wells ranged from 7 to 31 µg/L in the water table 
wells, and 13 to 18 µg/L in the deeper wells.  After the VE VCM was completed, the range of 
maximum TCE concentrations was 0.38 to 12.5 µg/L.  Since the VE VCM was completed in 
July 1998, no groundwater samples collected from the CWL have exceeded the MCL for TCE, 
except for one occurrence at MW-2A in June 2003.  This result is interpreted to be related to 
well integrity problems and does not represent actual groundwater contamination caused by the 
remaining soil-gas plume (SNL/NM July 2004). 
 
In March 2004, the NMED clarified that the results of seven conventional method sampling 
events since the completion of the VE VCM would be required to provide adequate groundwater 
characterization information (SNL/NM October 2004).  Table 1-12 summarizes the TCE results 
for these seven events that were conducted during the following time periods:  February to 
March 2002, August 2002, January to February 2003, June 2003, February to March 2004, May 
2004, and August to September 2004.  No samples were collected at MW-2A after June 2003 
because of well damage and insufficient water for sampling (MW-2A was plugged and 
abandoned during June 2004).  TCE was not detected above the MCL of 5 µg/L in any 
groundwater samples except at MW-2A as discussed previously.  TCE has not been detected in 
background wells, and the maximum TCE concentrations for other monitoring wells ranged from 
0.415 to 1.46 µg/L.  Analytical results tables are included in Annex G for all seven events 
described and were previously presented to the NMED as part of the ongoing CWL Quarterly 
Reporting task. 
 
 
Summary of Chromium in CWL Groundwater 
 
In December 1988, groundwater sampling for metals began at the CWL.  Since that time, 
groundwater samples collected from wells MW-1, MW-2, MW-3, BW-3, BW-4A, MW-1A, 
MW-2A, MW-2BL, MW-2BU, MW-3A, MW-4, MW-5L, MW-5U, MW-6L, and MW-6U have been 
analyzed for metals between 22 and 54 times per well.  Wells MW-1, MW-2, MW-3, BW-1, and 
BW-2 are no longer sampled because they were not approved for detection monitoring by the 
NMED, and they all have been plugged and abandoned.  A summary of chromium groundwater  
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Table 1-11 
Summary of TCE in Groundwater Monitoring Wells for the CWL 

 
Prior to/During VE VCM After VE VCM Completion (July 1998) 

Well Name 

VOC 
Samples 
Collected 

Number of 
Nondetectionsa 

for TCE 

TCE Results 
Exceeding 

MCLb 

Maximum TCE 
Concentration (µg/L) 

and Date 

VOC 
Samples 
Collected 

Number of 
Nondetectionsa 

for TCE 

TCE Results 
Exceeding 

MCLb 

Maximum TCE 
Concentration (µg/L) 

and Date 
Background Water Table Monitoring Wells 
BW-3 34 33 0 0.71, May-98 16 15 0 0.90, Aug-98 
BW-4A 16 15 0 0.78, May-98 16 15 0 0.58, Aug-98 
Water Table Aquifer Wells 
MW-1A 30 20 3 7.0, Aug-93 and  

Nov-96 
0 0 0 Dry 

MW-2A 31 6 14 31.0, Nov-96 9 0 1 12.5, Jun-03 
MW-2BU 15 4 3 23.0, Nov-96 16 5 0 1.46, May-04 
MW-3A 30 13 0 4.0, Feb and Nov 96 0 0 0 Dry 
MW-4 33 27 1 7.0, Nov-94 16 7 0 1.30, Feb-00 
MW-5U 16 5 0 4.0, Nov-96 16 3 0 2.44, Feb-01 
MW-6U 16 13 0 0.61, May-98 16 8 0 0.72, Feb-01 
Regional Aquifer Wells 
MW-2BL 16 11 1 18.0, Nov-94 16 14 0 0.38, Aug-98 
MW-5L 14 1 5 16.0, Nov-95 16 10 0 0.79, Feb-00 
MW-6L 14 2 6 13.0, May- and  

Nov-95 
16 6 0 1.50, Nov-98 

aDetection limits typically ranged from 0.310 to 5 µg/L. 
bThe MCL for TCE established by the U.S. Environmental Protection Agency Primary Water Regulations [40 CFR 141.11(b)] and subsequent amendments is 
5.0 µg/L.   
BW = Background well. 
CFR = Code of Federal Regulations. 
CWL = Chemical Waste Landfill. 
Dry = Well was dry after the VE VCM. 
L = Screened interval completed below the water table. 
MCL  = Maximum contaminant level.  
µg/L = Microgram(s) per liter. 
MW = Monitoring well. 
TCE = Trichloroethene. 
U = Screened interval completed across the water table. 
VCM = Voluntary Corrective Measure. 
VE = Vapor extraction. 
VOC = Volatile organic compound. 
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Table 1-12 
Summary of TCE in Groundwater Monitoring Wells for the  

CWL Using the NMED-Approved Sampling Methoda  
February 2002 to September 2004 

 

 
VOC Samples 

Collected 

Number of 
Nondetectionsb 

for TCE 
TCE Results 

Exceeding MCLc 
Maximum TCE Concentration 

(µg/L) and Date 
Background Water Table Monitoring Wells 
BW-3 7 7 0 N/A 
BW-4A 7 7 0 N/A 
Water Table Aquifer Wells 
MW-1A 0 0 0 Dry 
MW-2A 4 0 1 12.5, Jun-03 
MW-2BU 7 1 0 1.46, May-04 
MW-3A 0 0 0 Dry 
MW-4 7 6 0 0.415, Jan-03 
MW-5U 7 0 0 1.00, Aug-02 
MW-6U 7 3 0 0.622, Feb-04 
Regional Aquifer Wells 
MW-2BL 7 7 0 N/A 
MW-5L 7 5 0 0.666, Jun-03 
MW-6L 7 4 0 0.798, Jun-03 

aNMED-approved sampling method involves using the Bennett pump purging method. 
bDetection limits typically ranged from 0.310 to 0.360 µg/L. 
cThe MCL for TCE established by the U.S. Environmental Protection Agency Primary Water Regulations (40 CFR 
141.11[b]) and subsequent amendments is 5.0 µg/L.   
BW = Background well. 
CFR = Code of Federal Regulations. 
CWL = Chemical Waste Landfill. 
Dry = Well was dry after the VE VCM. 
MCL  = Maximum contaminant level.  
µg/L = Microgram(s) per liter. 
L = Screened interval completed below the water table. 
MW = Monitoring well. 
N/A = Not applicable. 
NMED  = New Mexico Environment Department. 
TCE = Trichloroethene. 
U = Screened interval completed across the water table. 
VCM = Voluntary Corrective Measure. 
VE = Vapor Extraction. 
VOC = Volatile organic compound. 
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data collected through September 2004 is presented in Annex F as chromium concentrations 
versus time plots for all 12 CWL monitoring wells.   
 
Table 1-13 summarizes groundwater analytical results for chromium for the 12 NMED-approved 
monitoring wells through September 2004.  During 12 of the 54 sampling events, chromium 
concentrations intermittently exceeded the MCL of 0.1 ppm in background well BW-3, which 
was constructed with stainless steel screen.  The maximum detection was 0.69 ppm.  No 
groundwater analytical results for samples collected from adjacent background well BW-4A 
(polyvinyl chloride [PVC] screen construction) have exceeded the MCL for chromium.  The 
background wells are 20 feet apart and screened at the same depth interval. 
 
Total chromium concentrations have exceeded the MCL of 0.1 ppm in 4 of the 12 CWL wells:  
BW-3, MW-2BU, MW-4, and MW-2A.  Except for MW-2BU, these four wells are all constructed 
with stainless steel screens.  Well MW-2A (plugged and abandoned in June 2004) has been 
sampled for chromium 43 times and exceeded the MCL during seven of those sampling events.  
Of those seven occurrences, the maximum chromium concentration was 0.65 ppm.  Wells 
MW-2BU and MW-4 contained chromium concentrations greater than the MCL only once at 
0.41 and 0.177 ppm, respectively.  Except for one chromium detection above the MCL in well 
MW-2BU (PVC screen) in May 1996, all other groundwater samples that have exceeded the 
MCL for chromium were collected from wells with stainless steel screens.  In wells where 
chromium concentrations have exceeded the MCL, a comparable number of nondetections 
(Table 1-13) have also been reported.  Chromium concentrations versus time graphs have been 
plotted for the monitoring wells BW-3, BW-4A, MW-1A, MW-2A, MW-2BL, MW-2BU, MW-3A, 
MW-4, MW-5L, MW-5U, MW-6L, and MW-6U and are presented in Annex F.  These plots are 
annotated to show periods when different sampling methods were used (i.e., low-flow versus 
bailer or high-volume purging).  As shown on the graphs in Annex F, total chromium 
concentrations typically increased an order of magnitude when the wells were sampled with the 
high-volume sampling system.  The one detection of chromium in MW-2BU was from a sample 
collected with a bailer that had high turbidity, and is not a representative sample result.  After 
the wells were retrofitted with Quantum-Electrodynamics® low-flow pumps between August 
1996 and May 1997, chromium concentrations were below the MCL with a higher percentage of 
nondetections.   
 
In March 2004, the NMED clarified that the results of seven conventional method sampling 
events since the completion of the VE VCM would be required to provide adequate groundwater 
characterization information (SNL/NM October 2004).  Table 1-14 summarizes the chromium 
results for these seven events that were conducted during the following time periods:  February 
to March 2002, August 2002, January to February 2003, June 2003, February to March 2004, 
May 2004, and August to September 2004.  No samples were collected at MW-2A after June 
2003 because of well damage and insufficient water for sampling (MW-2A was plugged and 
abandoned during June 2004).  Total chromium concentrations have exceeded the MCL of 
0.1 ppm in 3 of 12 wells.  These wells are BW-3, MW-2A, and MW-4, all constructed with 
stainless steel screens.  The maximum chromium concentrations for these wells ranged from 
0.177 to 0.328 ppm.  The elevated chromium concentrations correlate to increased field turbidity 
measurements and are more common when sampling events occur at intervals greater than 
three-month periods.  Analytical results tables are included in Annex G for all seven events 
described and were previously presented to the NMED as part of the ongoing CWL Quarterly 
Reporting task. 
 



 

AL/12-04/WP/SNL04:r5609.doc  840857.01.07  12/17/04 6:04 PM 1-114

Table 1-13 
Summary of Chromium in Groundwater Monitoring Wells for the CWL 

 

Well Name 

Number of  
Metals Samples 

Collected 

Number of 
Nondetectionsa for 

Chromium 

Number of  
Chromium Results 
Exceeding MCLb 

Maximum Chromium  
Concentration (mg/L) 

and Date 
Background Water Table Monitoring Wells 
BW-3 54 6 12 0.69, Feb-92 
BW-4A 32 13 0 0.0046, Feb-95 
Water Table Aquifer Wells 
MW-1A 34 11 0 0.085, Nov-96 
MW-2A 43 6 7 0.65, Nov-95 
MW-2BU 22 10 1 0.41, Jun-96 
MW-3A 33 11 0 0.012, Nov-90 and  

Nov-92 
MW-4 48 11 1 0.177, Feb-02 
MW-5U 31 8 0 0.004, Nov-96 
MW-6U 31 8 0 0.005, Aug-02 
Regional Aquifer Wells 
MW-2BL 31 14 0 0.003, Nov-96 
MW-5L 25 12 0 0.00736, Sep-04 
MW-6L 25 12 0 0.011, May-96 

aDetection limits typically ranged from 0.00038 to 0.01 mg/L. 
bThe MCL for chromium established by the U.S. Environmental Protection Agency Primary Water Regulations 
(40 CFR 141.11[b]), and subsequent amendments is 0.1 mg/L.   
BW = Background well. 
CFR = Code of Federal Regulations. 
CWL = Chemical Waste Landfill. 
L = Screened interval completed below the water table. 
MCL  = Maximum contaminant level.   
mg/L  = Milligrams per liter. 
MW = Monitoring well. 
U = Screened interval completed across the water table. 
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Table 1-14 
Summary of Chromium in Groundwater Monitoring Wells for the  

CWL Using the NMED-Approved Sampling Methoda  
February 2002 to September 2004 

 

Well Name 

Number of  
Metals Samples 

Collected 

Number of 
Nondetectionsb for 

Chromium 

Number of  
Chromium Results 
Exceeding MCLc 

Maximum Chromium  
Concentration (mg/L) 

and Date 
Background Water Table Monitoring Wells 
BW-3 7 0 2 0.188, Feb-02 
BW-4A 7 2 0 0.00317, Feb-02 
Water Table Aquifer Wells 
MW-1A 0 0 0 Dry 
MW-2A 4 0 2 0.328, Feb-02 
MW-2BU 7 3 0 0.039, Sep-04 
MW-3A 0 0 0 Dry 
MW-4 7 0 1 0.177, Feb-02 
MW-5U 7 2 0 0.00277, Feb-02 
MW-6U 7 0 0 0.00506, Aug-02 
Regional Aquifer Wells 
MW-2BL 7 3 0 0.0023, Sep-04 
MW-5L 7 1 0 0.00736, Sep-04 
MW-6L 7 2 0 0.0063, May-04 

aNMED-approved sampling method involves using the Bennett pump purging method. 
bDetection limits typically ranged from 0.00038 to 0.0019 mg/L. 
cThe MCL for chromium established by the U.S. Environmental Protection Agency Primary Water Regulations 
(40 CFR 141.11[b]) and subsequent amendments is 0.1 mg/L.   
BW = Background well. 
CFR = Code of Federal Regulations. 
CWL = Chemical Waste Landfill. 
Dry = Well was dry after the VE VCM. 
L = Screened interval completed below the water table. 
MCL  = Maximum contaminant level.   
mg/L  = Milligrams per liter. 
MW = Monitoring well. 
NMED  = New Mexico Environment Department. 
U = Screened interval completed across the water table. 
VCM = Voluntary Corrective Measure. 
VE = Vapor Extraction. 
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Summary of Nickel in CWL Groundwater 
 
In March 2004, the NMED clarified that the adequate groundwater characterization information 
must include results for nickel (SNL/NM October 2004).  Table 1-15 summarizes the nickel 
results for the seven events that were conducted since completion of the VE VCM during the 
following time periods:  February to March 2002, August 2002, January to February 2003, 
June 2003, February to March 2004, May 2004, and August to September 2004.  The maximum 
detected nickel concentration in groundwater was 0.421 mg/L in background well BW-3.  There 
is no NMED or EPA drinking water standard for nickel; however, EPA Region 6 uses 730 µg/L 
(or 0.730 mg/L) for a nickel screening level in drinking water at the tap (EPA 2004).  Analytical 
results tables (including nickel) are included in Annex G for all seven events described and were 
previously presented to the NMED as part of the ongoing CWL Quarterly Reporting task. 
 
 
1.6.3.2.1 Deep Chromium Evaluation 
 
The GAR (SNL/NM October 1995) includes a summary of the various studies and actions taken 
to determine the source of the chromium in groundwater at the CWL.  Information related to the 
difficulty of collecting reproducible metals samples, the effects from various groundwater 
sampling methods, and the effects of geologic and well construction material are covered in the 
GAR.  Since 1995, groundwater analytical results have remained consistent with discussions 
presented in the GAR.  The data continue to show that the chromium analytical results that 
exceed the MCL are related to well construction (stainless steel screens) and/or turbidity 
(sediment suspended in the groundwater caused by high-volume purging methods).   
 
To complete the chromium evaluation, the NMED requested the installation of two additional 
deep regional aquifer monitoring wells in the draft Compliance Order (NMED September 2002).  
The NMED directed SNL/NM to install the deep regional aquifer wells on the west side of the 
landfill, as close to the CWL boundary as possible.  The purpose of the two deep wells is to 
determine whether chromium groundwater migrated through the upper part of the water table 
aquifer and is now present in the aquifer at a deeper level.  MW-7 was located downgradient of 
the UCAP near the southwestern end of the landfill (Figure 1-24).  MW-8 was located near the 
northwestern corner of the CWL, generally downgradient of all potential and identified chromium 
disposal areas (Figure 1-24).  The NMED provided specific direction regarding the location and 
construction of these deep monitoring wells.   
 
The target screen interval for these two wells, as directed by the NMED, was the first high-
conductivity hydrogeologic zone encountered beyond approximately 600 feet bgs.  It was 
determined from a review of boreholes in the vicinity of the two new locations that a high-
conductivity zone could be expected in the depth interval of approximately 620 to 660 feet bgs.    
 
These wells were installed in March and April 2003 according to NMED direction provided in the 
field and met the technical criteria for installation and screen placement outlined above.  Well 
construction diagrams are provided for these wells in Annex H.  According to the agreement 
with the NMED, these two wells were to be sampled for VOCs and chromium (total, dissolved, 
and hexavalent) for eight consecutive quarters after they were developed.  The NMED clarified 
in December 2003 that nickel results (total and dissolved) were also required (Kieling December 
2003).  If chromium and other constituents are not detected above their respective MCLs after 
eight groundwater sampling events, then both wells will be no longer required as part of the 
CWL groundwater monitoring network, and the chromium groundwater evaluation will be  
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Table 1-15 
Summary of Nickel in Groundwater Monitoring Wells for the  

CWL Using the NMED-Approved Sampling Methoda  
February 2002 to September 2004 

 

Well Name 
Number of  

Metals Samples Collected 
Number of  

Nondetections for Nickel 
Maximum Nickel  

Concentration (mg/L) and Date 
Background Water Table Monitoring Wells 
BW-3 7 0 0.421, Feb-04 
BW-4A 7 0 0.00594, Jun-03 
Water Table Aquifer Wells 
MW-1A 0 0 Dry 
MW-2A 4 0 0.356, Jun-03 
MW-2BU 7 0 0.00874, Sep-04 
MW-3A 0 0 Dry 
MW-4 7 0 0.908, Feb-02 
MW-5U 7 0 0.0038, Jun-03 
MW-6U 7 0 0.00567, Aug-02 
Regional Aquifer Wells 
MW-2BL 7 0 0.00255, Mar-04 
MW-5L 7 0 0.00931, Jun-03 
MW-6L 7 0 0.00928, May-04 

aNMED-approved sampling method involves using the Bennett pump purging method. 
BW = Background well.  
CWL = Chemical Waste Landfill. 
Dry = Well was dry after the VE VCM. 
L = Screened interval completed below the water table. 
mg/L  = Milligrams per liter. 
MW = Monitoring well. 
NMED  = New Mexico Environment Department. 
U = Screened interval completed across the water table. 
VCM = Voluntary Corrective Measure. 
VE = Vapor Extraction. 
 
 
completed.  If chromium or other constituents are detected above the MCL in one or both of 
these wells, additional monitoring requirements will be worked out with the NMED as part of the 
PCCP/PA.  SNL/NM will provide the monitoring results to the NMED and provide notice after 
successful completion prior to discontinuing the sampling of MW-7 and MW-8.   
 
The NMED clarified in March 2004 that the results of five conventional method sampling events 
for the deep monitoring wells would be required for this CMS Report.  The five completed 
events were conducted during the following time periods:  June 2003, December 2003, March 
2004, May 2004, and August 2004.  Table 1-16 summarizes TCE and total chromium results 
from both deep monitoring wells.  TCE concentrations have not been detected above laboratory 
method detection limits in wells MW-7 or MW-8.  Total chromium concentrations have not 
exceeded the MCL of 0.1 ppm.  The maximum chromium concentrations in MW-7 and MW-8 
are 0.00259 and 0.00228 ppm, respectively.  In addition, total and dissolved nickel and 
chromium parameters have been analyzed.  These analytes have not been detected above 
established regulatory limits (chromium) or screening levels (nickel).  The maximum detected 
concentration of total nickel is 0.00327 ppm at MW-7 and 0.00366 ppm at MW-8.  Analytical 
results tables are included in Annex G for all five events described and were previously 
presented to the NMED as part of the ongoing CWL Quarterly Reporting task. 
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Table 1-16  
Summary of TCE and Chromium in Additional Deep Regional Monitoring Wells for the CWL 

June 2003 to September 2004 
 

TCE Total Chromium 

Well Name 

Number of  
Metals 

Samples 
Collected 

Number of 
Nondetections 

for TCE 
TCE Results 

Exceeding MCLa 

Maximum TCE 
Concentration (µg/L) 

and Date 

Number of 
Nondetections 
for Chromium 

Number of  
Chromium Results 
Exceeding MCLa 

Maximum Chromium 
Concentration (mg/L) 

and Date 
Regional Aquifer Wells 
MW-7 5 5 0 N/A 2 0 0.00259, Mar-04 
MW-8 5 5 0 N/A 2 0 0.00228, May-04 

aThe MCL established by the U.S. Environmental Protection Agency Primary Water Regulations (40 CFR 141.11[b]) and subsequent amendments is 5.0 µg/L for 
TCE and 0.1 mg/L for total chromium. 
CFR = Code of Federal Regulations. 
CWL = Chemical Waste Landfill. 
MCL  = Maximum contaminant level.   
µg/L = Microgram(s) per liter. 
mg/L  = Milligrams per liter. 
MW = Monitoring well. 
N/A = Not applicable. 
TCE = Trichloroethene. 
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According to the installation agreement, three additional sampling events will be conducted and 
reported to the NMED in subsequent Quarterly Reports prior to making a final determination.  
As long as the total chromium and total and dissolved chromium concentrations continue to be 
below the regulatory standard during the three remaining events, sampling of these wells will be 
discontinued, and the chromium evaluation will be completed.  
 
 
1.6.3.3 Current Groundwater Conditions and Conclusions 
 
For 19 years, groundwater assessment and monitoring activities have been conducted at the 
CWL.  Two primary COCs have been detected above their respective MCLs:  TCE and 
chromium.  Since completion of the VE VCM in July 1998, TCE concentrations in site 
groundwater samples have remained below the MCL of 5 µg/L with one exception that is 
interpreted as an anomaly and not representative of actual groundwater conditions.  The recent 
history of monitoring well MW-2A is described in this section.  Soil-gas monitoring performed 
since completion of the VE VCM indicates the soil-gas plume is stable (not rebounding) with 
generally decreasing concentration trends, and will not impact groundwater in the future such 
that the MCL for TCE is exceeded.  Fourteen years of metals data have been collected and 
various studies have been conducted regarding the source of chromium in CWL groundwater.  
Soil with the highest chromium concentrations has been excavated as part of the LE VCM.  To 
complete the evaluation of chromium in groundwater, two deep regional aquifer wells were 
installed during March and April 2003.  Pending analytical results for the remaining three 
sampling events agreed to by the NMED, the evaluation of chromium in groundwater beneath 
the CWL will either be completed or additional planning will be conducted with the NMED.   
 
The following information summarizes the current groundwater conditions at the CWL: 
 

• Current groundwater analytical results provide adequate characterization 
information and are below applicable regulatory standards.  

 
• Analytical results for deep wells MW-7 and MW-8 will complete the chromium 

evaluation, pending the results of the final three sampling events. 
 

• The groundwater flow direction is generally to the northwest (Figure 1-24) at a rate 
of approximately 2 ft/yr.  The most conservative linear flow velocity calculated for 
TA-3 was 17 ft/yr (SNL/NM February 2001).  Based upon those flow rates, the 
groundwater travel time from the CWL to the nearest downgradient receptor well 
(4 miles) is at least 1,000 years (SNL/NM February 2001).   

 
• Groundwater monitoring will revert to semiannual intervals after completion of the 

September 2004 sampling event to provide eight events of data collected since 
completion of the VE VCM using the conventional sampling method (note: some 
wells must be sampled using the low-flow method due to well diameter limitations).  
All monitoring wells that can be sampled using the conventional method 
(i.e., Bennett pump purging method) will continue to be sampled in this manner.  
Samples from the 11 existing monitoring wells (not including MW-7 and MW-8) will 
be analyzed for VOCs and metals, and every other year for the full Appendix IX 
suite, with the exception of pesticides, herbicides, dioxins, and furans.   
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Details regarding post-closure care groundwater sampling requirements will be presented in the 
PCCP/PA that will be submitted to the NMED approximately three months after this CMS 
Report.   Post-closure care groundwater monitoring will be implemented after NMED approval of 
the PCCP/PA.   
 
 
MW-2A Recent History 
 
Monitoring well MW-2A was plugged and abandoned on June 8, 2004 due to damage to the 
well that resulted in the inability to collect groundwater samples.  During the June 2003 
groundwater sampling event, TCE was detected in the sample from MW-2A at a concentration 
of 12.5 µg/L, which represented a sudden increase and the first and only TCE detection 
exceeding the MCL (5 µg/L) since completion of the VE VCM in 1998.  Prior to this June 2003 
sample, only a slight increasing trend, from 1.2 µg/L in August 1999 to 4.05 µg/L in January 
2003, had been observed.  Because this trend was isolated to only MW-2A, SNL/NM installed a 
BaroBall™ in July 2003 to investigate whether the cause of TCE contamination in MW-2A was 
the result of TCE soil gas entering the well casing and being pushed downward to the 
groundwater via barometric pumping during high-pressure periods. This scenario was of 
particular concern because the VOC soil-gas plume appears to be present at a depth of 200 
to 300 feet bgs (approximately 200 feet above the water table) in the vicinity of MW-2A 
(Figures 1-10 and 1-15), and MW-2A has a documented bend in the well-casing within this 
depth interval.  Another groundwater sample was going to be collected to evaluate this 
hypothesis in December 2003 when the upper casing came loose during the manual removal of 
the BaroBall™ and annular materials (grout and soil) fell into the well.  Sampling of MW-2A 
could not be completed after this incident due to lack of sufficient water and the presence of 
foreign material in the well screen interval. 
 
SNL/NM described the well’s damage and its potential threat as a TCE soil-gas conduit to the 
water table in the “Class 2 Amendment to the Chemical Waste Landfill Closure Plan, Rationale 
for Decommissioning Monitoring Well CWL-MW2A and Plug and Abandonment Plan” (SNL/NM 
April 2004).   This Closure Plan amendment contains the following two parts:  
 

• Request for NMED approval to plug and abandon MW-2A (removal of monitoring 
well, which does not require a public comment period according to 40 CFR 265 
regulations)  

 
• Request for NMED approval to not install a new monitoring well to replace MW-2A 

(30-day public comment period required according to 40 CFR 265 regulations). 
 
The NMED agreed with the rationale originally presented in the April 2004 submittal for plugging 
and abandoning MW-2A.  However, the NMED requested revisions to the document in the form 
of a Notice of Deficiency (Bearzi June 2004).  These revisions were provided to the NMED 
(SNL/NM July 2004) and MW-2A was plugged and abandoned after receiving verbal NMED 
approval in June 2004.  NMED has formally approved the plugging and abandonment of MW-2A 
(Kieling October 2004) and completed the required 30-day public comment period on whether or 
not a replacement well is required (completed during October and November 2004).  The 
replacement of MW-2A will not be required based upon the NMED’s final determination (Bearzi 
December 2004b). 
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1.7 Summary of Current Conditions at the CWL 
 
After the NMED rejected the May 2003 CMS Report (SNL/NM May 2003a), SNL/NM requested 
NMED approval to install the vegetative soil cover design presented in the RAP (SNL/NM May 
2003b) as an interim measure while resolution of the CMS Report issues were being resolved.  
On September 22, 2004, the NMED approved this request with conditions (Kieling September 
2004).  Planning to implement the cover is underway, with fieldwork activities projected for 
2005.   
 
Ongoing activities at the CWL include groundwater monitoring, passive soil-gas venting, and the 
completion of LE VCM tasks.  Current groundwater monitoring will continue until the post-
closure care period begins and includes the following activities:  
 

• Semiannual groundwater sampling for VOCs and metals, and biennial sampling for 
Appendix IX (less pesticides, herbicides, dioxin, and furans) at wells BW-3, 
BW-4A, MW-1A, MW-2BU, MW-2BL, MW-3A, MW-4, MW-5U, MW-5L, MW-6U, 
and MW-6L 

 
• Quarterly sampling for VOCs and metals at the two newly installed deep regional 

aquifer wells to complete the chromium investigation  
 

• Semiannual water level measurements at all CWL wells 
 
Ongoing LE VCM activities that will be completed in 2005 include the following: 
 

• Final waste management and disposal 
 

• Final preparation and submittal of the SOB and Waste Management Addendums 
to the LE VCM Final Report  

 
• Installation of the vegetative soil cover proposed in the RAP (SNL/NM May 2003b) 

as an interim measure. 
 
The passive venting operation has been ongoing since July 1998 and is still operational today, 
allowing VOC soil gas to vent to the atmosphere during periods of low barometric pressure.  
The current passive system uses six wells outfitted with BaroBalls®, includingUI-1, UI-2, UI-3, 
MW-1A, MW-3A, and VMW-1 (Figure 1-14).  Details regarding post-closure care passive soil-
gas venting will be presented in the PCCP/PA. 
 
The current and long-term land use designation for the CWL is industrial (DOE et al. September 
1995).  The final cumulative risk assessment presented in the LE VCM Final Report (SNL/NM 
April 2003) demonstrates that the CWL meets the risk-based cleanup criteria for an industrial 
worker receptor (SNL/NM August 2000) and was approved by the NMED in December 2003 
(Moats December 2003), even without taking into account the backfill materials that separate 
the low-level contamination in the excavation bottom from the potential receptors at the surface.  
When the backfill materials are modeled in the assessment, the estimated risk posed by the site 
is even lower (SNL/NM April 2003).  The risk-based cleanup criteria were developed to protect 
human health and the environment and assumed end-state conditions including the placement 
of an engineered final cover and maintaining post-closure administrative controls (SNL/NM 
August 2000).  The site is also eligible for unrestricted radiological release based upon this risk 
assessment. 
 



 

AL/12-04/WP/SNL04:r5609.doc  840857.01.07  12/17/04 6:04 PM 1-122

Most of the additional fill material generated from the SOB scraping and sampling effort passed 
risk-based standards for placement below 5 feet bgs.  This soil was used as fill material and 
placed below 5 feet bgs in the Southeast and Southwest Areas.  The scraped soil that did not 
pass risk-based criteria for use as fill was containerized and disposed as waste.  All analytical 
results for additional fill material and cover materials characterized after completion of the LE 
VCM Final Report have been (or will be if additional materials are needed and subsequently 
sampled) evaluated against the NMED-approved risk-based criteria (SNL/NM August 2000) to 
ensure compliance.  Therefore, the final verification analytical results used in the LE VCM 
cumulative risk assessment are representative of the end-state conditions of the site.  Any 
additional fill and cover materials not included in the LE VCM final risk assessment will be 
integrated into a final, cumulative end-state risk assessment that will be documented in the Final 
Closure Report required by the Closure Plan.   
 
The closure process for the CWL was initiated in the early 1980s and formalized in 1988 with 
the start of Closure Plan negotiations with the NMED.  Since this time, several investigations 
and two major VCMs have been completed as part of the closure process.  The two VCMs 
alone have involved more than five years of continuous corrective action, at a cost of more than 
$25,000,000.  This estimate does not include the cost of establishing and managing the CAMU 
where the bulk of the excavated soils (89 percent) are being protectively managed.  The 
approximate cost of the CAMU, not including ongoing monitoring, maintenance, and 
surveillance costs, is $23,000,000.   
 
 
1.7.1 Updated CSM 
 
The updated CSM for the CWL presents a comprehensive, current understanding of the CWL 
as determined from more than two decades of investigation, characterization, and remediation 
activities.  This CSM validates and updates previously submitted CSMs, including the CSMs 
presented in the Final Closure Plan (SNL/NM December 1992), the VE VCM Final Report 
(SNL/NM May 2000a), and the LE VCM Final Report (SNL/NM April 2003).  The supporting 
information for this CSM is contained in numerous final reports documenting environmental 
work conducted at the CWL.  The most significant investigation and cleanup work has been 
conducted since the early 1990s in accordance with the requirements of the Closure Plan.  
Table 1-3 and Section 1.6 provide a summary of the environmental investigations and corrective 
action completed at the CWL.   
 
Of particular importance are two major remediation efforts/source removals that were conducted 
from 1997 through 2003; these two VCMs are summarized in detail in Section 1.6.2 of this CMS 
Report.  Groundwater assessment activities conducted since 1985 are summarized in 
Section 1.6.3.  The VOC soil-gas plume is the central focus in this CSM discussion because of 
past impacts on groundwater and the concern of potential future impacts such that the MCL for 
TCE in groundwater is exceeded.  Besides the Stage 1 VE and passive VE operations 
presented in Section 1.6.2.1, the 2004 Soil-Gas Monitoring Report presented in Annex D 
provides critical supporting information to this CSM discussion.   
 
The following CSM addresses conditions at the CWL starting with original disposal in the 1960s 
through late 2004 (current conditions).  Groundwater and soil-gas monitoring conducted since 
completion of the VE and LE VCMs provides the empirical data necessary to verify that 
performance objectives of these remediation projects have been met.  Future post-closure care 
monitoring proposed in Chapters 2.0 and 3.0 of this report will provide the data necessary to 
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address any remaining uncertainty regarding the potential future impacts of the VOC soil-gas 
plume.  A more detailed, comprehensive version of the CSM is provided in Annex E.   
 
 
1.7.1.1 Before Voluntary Corrective Measures 
 
 
Early Disposal Period 
 

• Waste disposal occurred between 1962 and 1985.  Liquid waste disposal in 
unlined pits produced the most significant environmental impact and ceased in 
1981.  Liquid waste included organic solvents and inorganic waste streams.  
Disposal records do not allow realistic disposal volumes/mass to be calculated.  
However, a rough order of magnitude estimate indicates the volume of liquid 
wastes disposed of was in the low tens of thousands of gallons.  Solid waste 
disposal continued until 1985. 

 
• Liquid waste was typically not containerized or, if containers were used, they were 

breached during disposal and compaction operations.  TCE appears to be the 
dominant solvent disposed of in the unlined pits. 

 
• The movement of liquid waste was very limited in the shallow disposal zone, 

primarily due to the dry characteristics of the sediments comprising the disposal 
area.  Liquids penetrated no more than 30 feet bgs at any location based upon 
characterization work and direct excavation and sampling performed during the LE 
VCM.   

 
• Movement of VOC soil gas was not limited, and both density-driven advective 

downward migration as well as diffusion in three dimensions, including to the 
atmosphere, occurred as soon as disposal began. 

 
• Strong concentration gradients were established in and around the disposal area 

as liquid waste began to volatilize.  Diffusion through the soil gas in the shallow 
vadose zone was initiated as soon as disposal occurred, driving TCE and VOCs in 
all directions away from the organic liquid disposal areas. 

 
 
Early Phase Soil-Gas Plume Development 
 

• During disposal, a significant mass of VOCs volatilized to the atmosphere in the 
open pits.  Burning operations that were reported in some of the pits also 
enhanced VOC volatilization and destruction.   

 
• TCE and VOCs that did not volatilize to the atmosphere formed localized, highly 

concentrated, dense soil gas immediately surrounding the liquid waste.  These 
highly concentrated soil-gas plumes moved downward through the vadose zone 
under the influence of gravity (i.e., density-driven advective flow), probably in 
individual pulses that coalesced over time into one coherent sinking plume.  As 
this dense plume of soil gas moved downward, diffusion occurred away from the 
plume in all directions reducing the TCE and VOC concentrations. 
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– Density-driven, downward advective flow is a transport mechanism that is 
dependent upon very high concentrations of TCE and VOCs (on the order of a 
1 percent or higher).  This process is therefore limited by the mass of liquid that 
is volatilizing.  Within a relatively short period after disposal, the available mass 
of organic liquids was probably largely depleted relative to generating the high-
concentration soil gas (10,000 ppmv would be equivalent to a 1-percent 
concentration) necessary for density-driven advective flow.  During this time 
and after, diffusion is continuously occurring in all directions from the disposal 
area, including up to the atmosphere. 

 
 
Geologic Controls 
 

• Alluvial depositional features throughout the vadose zone, dominated by the inter-
layering of more permeable sand and gravel layers within a general matrix of 
sandy or clayey silt, represent preferential pathways that are dominantly horizontal 
features (Figure 1-9).  Soil-gas transport by diffusion and advection (caused by 
transmission of barometric pressure fluctuations into the vadose zone) was, and 
continues to be, preferentially directed in lateral directions due to the physical 
structure (framework) of the vadose zone geology.    

  
• Density-driven advective downward flow encountered a geologic barrier between 

200 and 300 feet bgs (approximately 265 to 280 feet bgs) (Figure 1-9).  This 
geologic barrier consists of a more permeable sand/gravel layer (approximately 
5 feet thick) that overlies a relatively continuous, sandy-clayey silt layer 
(approximately 15 feet thick) with higher moisture content (capillary break/barrier).  
The combination of the more permeable layer underlain by a finer-grained, higher 
moisture content layer (barrier layer) impacted the density-driven soil-gas plume 
such that it spread through advection in a lateral direction, forming a relatively 
high-concentration “core” between 200 and 300 feet bgs (Figure 1-25). 

 
– Further downward movement was significantly impeded because higher 

resistance to soil-gas flow was encountered (i.e., capillary barrier – sandy-
clayey silt with high moisture content), soil-gas density differentials declined as 
TCE concentrations diffused away from the high-concentration area, and the 
finite mass of mobile TCE soil gas was effectively depleted by partitioning to 
pore water and sediment surfaces (i.e., immobilized). 

 
– Advective flow was dominant in the more permeable sand/gravel layer, 

whereas slower diffusion was dominant in the less permeable/higher moisture 
content, sandy-clayey silt layer. 

 
• Diffusion, and to a lesser degree advective flow, continued in three dimensions, 

including downward toward the water table.  This occurred and is occurring today 
away from the higher concentration plume core.  Formation of this high 
concentration plume core at depth in the vadose zone was a critical factor to the 
soil-gas plume impacting groundwater such that the MCL for TCE was exceeded 
in 1990 at monitoring well MW2A (profile a in Figure 1-10). 

 



Figure 1-25 Conceptual Model for Early Density-Driven Advective Flow and Plume Core Development
Chemical Waste Landfill, Sandia National Laboratories/New Mexico
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Final Soil-Gas Plume Evolution Prior to VCMs 
 
New concentration gradients were continually established as soil-gas transport through diffusion 
and advection occurred, resulting in new patterns of diffusion driving TCE outwards from not 
only the pits and immediate vicinity, but also the zone of relatively high TCE soil-gas 
concentration between 200 and 300 feet bgs.  
 

• Diffusion and barometrically-induced advection spread the TCE throughout the 
485-foot vadose zone.  Diffusion has always been the dominant process driving 
TCE transport to the capillary fringe, but both processes have played a role in 
driving TCE out laterally in all directions, including to the ground 
surface/atmosphere.  

 
• The capillary fringe is a region separating the unsaturated vadose zone from the 

fully saturated water table (Figure 1-26).  In this zone, water is held under tension 
and the moisture content increases from vadose zone background levels to 
100 percent closer to the water table.  The thickness of the capillary fringe varies 
with the grain-size distribution of the sediment, with smaller grain-size distributions 
resulting in thicker capillary fringe zones (i.e., silty clay will accommodate a thicker 
zone compared to a gravelly sand).   

 
• The capillary fringe acts to retard downward movement of VOCs by forcing a 

transition from relatively rapid transport through the soil-gas medium to relatively 
slow transport through essentially immobile soil moisture (Figure 1-26). Transport 
of TCE and VOCs at the top of the capillary fringe to the water table is dominated 
by aqueous phase diffusion, and aqueous phase diffusion is approximately 
four orders of magnitude slower than gas phase.  The free air and free liquid 
diffusivity coefficients for TCE are 8.35E-2 and 9.65E-6 square 
centimeters/second, respectively (Olesena et al. 2001). 

 
• The water table represents a no-flow boundary to soil-gas advection and therefore 

this process is not significant in moving TCE downward near the water table. 
 
• Once TCE molecules entered and mixed with the groundwater, they flowed slowly 

in a downgradient direction and were attenuated as migration occurred away from 
the initial point of contact. 

 
• By 1996, the combined action of transport and attenuation mechanisms created a 

soil-gas plume (delimiting TCE in soil gas above detection limits) extending 
throughout the vadose zone and covering 6 acres at ground surface, 10 acres at 
250 feet, and nearly 4 acres immediately above the water table.   

 
• Since the time of disposal to the start of vapor extraction and air injection 

remediation, abiotic and biotic destruction of TCE molecules in the vadose zone 
and groundwater system have slowly reduced the mass of TCE available for 
transport.  Although impossible to estimate, a significant portion of the original 
VOC mass volatilized to the atmosphere, both during disposal and since disposal 
activities ceased. 
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Figure 1-26 Conceptual Model for Capillary Fringe Dynamics with a Declining Water Table
Chemical Waste Landfill, Sandia National Laboratories/New Mexico
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1.7.1.2 After Voluntary Corrective Measures 
 
 
Source Removal – Original Disposal Area 
 

• Original sources of TCE, including all liquids (containerized and potentially present 
as NAPL bound in the upper vadose zone soil), were removed from the site via 
excavation to a maximum depth of 30 feet bgs (1998 to 2002).  Verification grid 
soil sampling results indicate the excavation meets industrial land use risk-based 
cleanup criteria – all soil that failed risk-based criteria was removed from the 
disposal area and surrounding vicinity.  Areas of deepest excavation coincide with 
locations identified during earlier investigations (southwestern corner of the CWL). 

 
• During the three or more years of excavation, various portions of the original 

disposal areas and excavated materials were exposed to the atmosphere as part 
of the approved excavation and waste management process.  Additional 
volatilization of VOCs to the atmosphere occurred during this time.  However, the 
VE VCM conducted immediately prior to the LE VCM targeted VOC soil-gas 
removal in the former disposal area to minimize the soil-gas concentrations 
encountered during the following excavation phase.   

 
 
Secondary Source Removal – Soil-Gas Plume 
 

• Soil-gas plume was reduced in magnitude and extent due to soil-vapor extraction 
and warm air injection (active phase of the VE VCM). A major driver of diffusion, 
the plume core near the middle of the vadose zone was greatly reduced in 
magnitude as indicated by measured soil gas total VOC (and TCE) concentrations 
declining from greater than 400 ppmv to less than 50 ppmv (compare profile a in 
Figure 1-10 to profile e and f in Figure 1-15; note that the 50- and 100-ppmv 
regions/contours shown in Figure 1-15, profiles e and f are inferred; the highest 
total VOC and TCE detections were all less than 50 ppmv).  

 
• TCE in the capillary fringe and uppermost groundwater was flushed back into soil 

gas due to reversed concentration gradients and porous media drying and 
extracted such that the groundwater plume almost completely disappeared. 

 
• Concentration gradients re-established at much lower levels as diffusion and 

barometric pressure-induced advection promote outward-directed flow of TCE 
from locations of relatively high TCE to locations of low TCE (e.g., the atmosphere 
and zones where most or all TCE was removed by soil-vapor extraction and air 
injection). 

 
• The small but measurable increase in VOC concentrations at port 1 in well D-2 is 

likely due to hot air injection that occurred during the VE VCM.  Termination of hot 
air injection at the screened interval of well D-2 may have caused a net flow of 
VOCs (TCE) into the treatment zone around D-2 because of TCE concentration 
gradients, thermal-temperature gradients, and moisture gradients. After three 
years (1998 to 2001), quasi-equilibrium was achieved and TCE concentrations at 
D-2 stabilized and began to decline again. 
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• As transport and attenuation processes continue to act on the plume, the 
concentration (and total mass) of TCE in pore water, sediment, and soil gas is 
declining. 

 
• Natural abiotic attenuation processes will continue to reduce the TCE and VOC 

mass in the vadose zone (EPA September 1998). 
 
• TCE concentrations throughout the vadose zone were reduced enough such that 

the diffusional flux of TCE from soil gas to capillary fringe pore water, and later to 
groundwater, is interpreted to be too small to promote more than 5 ppb TCE in the 
groundwater samples, especially taking into account the declining water table into 
finer-grained sediments, as addressed below. 

 
 
Declining Water Table and Capillary Fringe Affects 
 

• Water table continues to drop 0.65 ft/yr, which means 0.65 feet of additional 
vadose zone is added each year due to regional water withdrawal associated with 
KAFB and the City of Albuquerque.  This new vadose zone increment represents 
additional storage capacity and longer vertical transport distances for TCE soil gas 
before groundwater impact can occur. 

 
• For the next 30 or more years, the water table will be declining through a relatively 

fine-grained lithologic unit, which suggests that the capillary fringe will be 
relatively thick and its attenuating influence high.  During the years that TCE 
first encountered the water table, the capillary fringe was in a relatively coarse-
grained unit and the capillary fringe thickness at that time was less than in 2004 
(Figure 1-26). 

 
 
Final Conclusions 
 

• The only remaining source of contamination of concern at the CWL is the VOC 
soil-gas plume.  Soil-gas monitoring results since completion of both VCMs 
indicate no significant sources of VOC soil gas currently exist, and no indications 
of VOC soil-gas plume “rebound” (i.e., increasing VOC concentration trends 
indicating the plume regeneration) are present.  In general, overall soil-gas plume 
VOC concentrations are decreasing, and will continue to decline through ongoing 
passive venting operations and natural degradation mechanisms (EPA September 
1998). 

 
• TCE concentrations throughout the vadose zone have been reduced such that the 

diffusional flux of TCE from soil gas to capillary fringe pore water, and later to 
groundwater, is too limited to cause a future exceedence of the regulatory 
standard (5 µg/L) for TCE in the groundwater samples, especially considering the 
rate of current water table decline into a dominantly fine-grained lithology that will 
maximize capillary transport buffering affects. 

 
– Based upon past experience, one exception to this could be produced by a 

monitoring well “short circuiting,” or acting as an artificial conduit for soil gas 
downward transport (due to leaking seal/poor well integrity). 
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• Although soil-gas plume and groundwater monitoring results collected since 

completion of the VE VCM in July 1998 indicate the plume has stabilized, SNL/NM 
proposes to monitor both the soil-gas plume and groundwater during the post-
closure care period to verify groundwater will not be impacted such that regulatory 
standards are exceeded. 

 
• Chromium soil and groundwater contamination investigations have been largely 

completed.  The soil in the disposal areas that contained the highest 
concentrations of chromium were removed during the LE VCM, including highly 
contaminated soils in the UCAP area that was excavated to a depth of 18 feet bgs.  
The only remaining work involves monitoring the deep regional aquifer wells MW-7 
and MW-8 for three additional events to complete the eight events as required by 
the installation agreement with the NMED.  Five events have been completed and 
reported in this CMS Report.  Total and total dissolved chromium results have all 
been less than the regulatory standard, mostly nondetectable or at very low 
concentrations.  Completing the three remaining monitoring events will resolve the 
chromium investigation if the results continue to be below the regulatory standard. 
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2.0   IDENTIFICATION AND SCREENING OF 
CORRECTIVE MEASURES ALTERNATIVES 

2.1 Introduction 
 
The primary purpose of corrective action objectives is to identify, screen, and evaluate potential 
final corrective measures alternatives and recommend the final corrective action(s) to be taken 
at the CWL.  This CMS generally follows EPA guidance for identifying and screening corrective 
measures alternatives (EPA December 1986, EPA June 1988, EPA 1990, EPA 1994, EPA 
December 1996).  For the CWL, two major VCMs were completed that together comprise most 
of the requirements of a final corrective measure as defined by EPA criteria discussed in this 
section.  The identification, screening, and evaluation process followed in this CMS integrates 
previously formalized NMED requirements for closure that significantly focus the CMS process 
for the CWL. 
 
The EPA specifies two sets of criteria for evaluating all final corrective measures as part of the 
CMS process:  threshold criteria and balancing criteria (EPA 1990, EPA December 1996).  The 
four threshold criteria are used to initially screen potential final remedies, and all potential final 
remedies considered must achieve the following objectives:  
 

1. Protect human health and the environment 
2. Achieve media cleanup standards 
3. Control the source  
4. Comply with all applicable waste management requirements 

 
According to the typical CMS process, after the initial screening of potential final remedies, five 
balancing criteria are used to select the appropriate final remedy.  The EPA intentionally did not 
rank the balancing criteria in order of relative importance because any one of the criteria could 
be the most important for a given site (EPA December 1996).  The five balancing criteria consist 
of the following factors: 
 

1. Long-term reliability and effectiveness 
2. Reduction of toxicity 
3. Short-term effectiveness 
4. Implementability  
5. Cost 

 
Based upon the NMED comments provided in December 2003 for the May 2003 CMS Report, 
the main purpose of the CMS Report is to provide more detailed and comprehensive 
presentation of historic investigation and VCM results, as well as current site monitoring 
analytical results (groundwater and VOC soil-gas plume).  A review of this information is 
required prior to a final NMED determination regarding whether current site conditions are 
protective of human health and the environment, and correspondingly whether additional 
groundwater and/or VOC soil-gas plume remediation is necessary (Kieling December 2003).  
The additional supporting information to be provided in this revised CMS Report is described in 
this section, along with cross-references for the specific sections and annexes where the 
information has been included in this report. 
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• More detailed presentation of historic investigation and VCM results that were 
previously documented in project-specific final reports, with an emphasis on VE 
VCM information.   

 
– The requested additional information has been included in Sections 1.6, 1.7, 

and Annexes B, C, D, and E. 
 
• Results for two additional soil-gas monitoring events to be conducted in 2004, 

three months apart, following the same sampling, laboratory, and evaluation 
methods used for the previous August 2001 soil-gas monitoring event.    

 
– These events were conducted in June and September 2004 and the results are 

presented in Section 1.6.2.1 and Annex D. 
 
• Results for seven groundwater sampling events conducted using the conventional 

sampling method (i.e., Bennett pump purging method) since completion of the VE 
VCM in July 1998.   

 
– The seven events were completed in September 2004 and the results are 

included in Section 1.6.3 and Annexes F and G.  Annex G presents detailed 
analytical results for all seven sampling events. 

 
• Results for five groundwater sampling events for the two deep regional aquifer 

wells (MW-7 and MW-8 installed during April and March 2003) using the 
conventional sampling method to resolve the ongoing chromium evaluation.   

 
– The five events were completed in September 2004 and the results are 

included in Section 1.6.3 and Annex G.  Annex G presents detailed analytical 
results for all five sampling events. 

 
The following paragraphs summarize how each of the four threshold criteria has been met at the 
CWL. 
 
 
Criteria 1 and 2:  Protect human health and the environment and achieve media cleanup 
standards 
 
The completion of the two VCMs achieved protection of human health and the environment and 
the media cleanup standards.   
 
The VE VCM achieved the protection of human health and met cleanup standards by reducing 
TCE groundwater concentrations to levels below the MCL of 5 µg/L.  Groundwater 
concentrations have not exceeded the MCL for TCE during the six years of monitoring since the 
Stage 1 VE was completed in July 1998, with one exception that is interpreted as an anomaly 
and not representative of actual groundwater conditions.   
 
Protection of the environment was achieved by reducing the VOC soil-gas plume to levels that 
will not impact groundwater above MCLs in the future.  The performance objectives of the 
Stage 1 VE VCM were largely achieved, and more VOC soil-gas mass was removed from the 
vadose zone than originally planned in the Stage 1 Design Report (SNL/NM May 2000b).  VOC 
soil-gas concentrations were reduced throughout the 500-foot-thick vadose zone.  Current VOC 
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soil-gas data collected in June and September 2004 show that concentrations in the Shallow 
Zone (0 to 50 feet bgs) and Deep Zone (450 to 500 feet bgs) were reduced to less than 
10 ppmv, and the highest soil-gas concentrations in the plume core (200 to 300 feet bgs) 
were reduced from greater than 400 ppmv to less than 50 ppmv (refer to Figure 1-15, 
profiles e and f; note that the 50- and 100-ppmv regions/contours shown are inferred; the 
highest total VOC detections in 2004 monitoring results were all less than 50 ppmv).  
Concentration gradients across the vadose zone, which are the main drivers of VOC soil-gas 
diffusion (dominant transport mechanism), have been greatly reduced.  A review of VOC soil-
gas plume monitoring results since July 1998 indicate the remaining plume is stable, slowly 
diffusing, and continues to show an overall decreasing total VOC and TCE concentration trend.  
Based upon the monitoring results, the VOC soil-gas plume should not impact groundwater in 
the future such that TCE concentrations in groundwater exceed the MCL.   This conclusion is 
also supported by soil-gas transport modeling presented in Attachment 2 of the CWL Risk-
Based Approach (SNL/NM August 2000) that was approved by the NMED (Lewis October 
2000).  
 
The LE VCM achieved protection of human health and the environment and cleanup standards 
through the removal of all hazardous waste and contaminated soil in the original disposal area 
(i.e., source removal) above risk-based cleanup levels.  The LE VCM “Risk-Based Approach for 
Excavation and Backfilling of the Chemical Waste Landfill” (SNL/NM August 2000) documents 
the cleanup standards that were approved by both the NMED for RCRA constituents (Lewis 
October 2000) and the EPA Region 6 for TSCA constituents (Cooke June 2002).  The 
standards, or risk criteria, are protective of human health and the environment.  The final risk 
assessment in the LE VCM Final Report (SNL/NM April 2003) demonstrates that risk-based 
cleanup criteria have been achieved, even without taking into account the protective nature of 
the clean backfill materials (i.e., the assumption was made that the industrial worker receptor is 
directly exposed to all remaining residual contamination regardless of depth) (SNL/NM April 
2003).  Human health was further protected by the installation of the backfill material, which 
isolates the remaining residual contamination from direct human contact.  The LE VCM 
established protection of the environment by removal of source material that could escape to 
the atmosphere or percolate to groundwater.  The LE VCM Final Report (SNL/NM April 2003) 
was approved by the NMED in December 2003 (Moats December 2003).  Section 1.6.2.2 
presents a more detailed discussion of the LE VCM cumulative risk assessment and how the 
approved criteria were achieved. 
 
 
Criterion 3:  Control the source  
 
The VE and LE VCMs addressed the two major contamination sources at the CWL, which are 
the original waste in the disposal areas and the VOC soil-gas plume in the vadose zone.  The 
original waste disposal areas were completely removed during the LE VCM, and only residual 
contamination in the soil surrounding the former disposal areas remains.  The VOC soil-gas 
plume was largely removed and controlled during the VE VCM, which is supported by data from 
VOC soil-gas plume and groundwater monitoring conducted since completion of the Stage 1 VE 
VCM in July 1998.  These data also indicate the VOC soil-gas plume is not rebounding, and that 
slow diffusion and natural degradation are the dominant processes affecting the remaining 
plume.  Although the original mass of VOC wastes cannot be determined and the estimates of 
the mass removed by the two VCMs can only be approximated, the combination of the VCMs 
collectively removed a sufficient percentage of the original mass such that the current condition 
of the CWL is protective of human health and the environment.   
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Criterion 4:  Comply with all applicable waste management requirements 
 
All waste disposal and aboveground drum storage at the CWL was terminated by 1989.  All of 
the excavated waste associated with the LE VCM has been processed and managed according 
to the NMED-approved Waste Management Plan (SNL/NM November 1998 and associated 
Interim Change Notices) and the SNL/NM Environmental Safety and Health Manual, Chapter 19 
(SNL/NM December 2004).   
 
 
2.2 Corrective Action Objectives and the Final Corrective Measures Alternative 
 
Table 2-1 presents a logical progression of corrective action objectives, organized by media and 
associated pathway.  The media of interest, starting at the surface of the site and working down, 
are presented in the first column.  Corrective action objectives that would be appropriate for 
each media and pathway are presented in the second column.  The last column discusses what 
has already been accomplished to address the corrective action objectives listed in the second 
column for that particular media/pathway.  The purpose of Table 2-1 is to show a logical 
progression of media-specific corrective action objectives relative to more general threshold 
criteria, and to document what response actions are required or have already been taken to 
address them.   
 
For each media/pathway defined, only specific corrective action objectives are shown in the 
second column of Table 2-1.  The following general threshold criteria are addressed for each 
media/pathway: 
 

1. Remove/control the source of contamination (i.e., minimize source) 
2. Meet established cleanup standards/criteria 
3. Protect human health and the environment 
4. Minimize exposure to human and ecological receptors 
5. Verify long-term effectiveness 

 
As clarified by the NMED, the primary objective of this CMS Report is to establish current 
conditions based upon historic project documentation and current monitoring analytical results 
for the VOC soil-gas plume and groundwater for the purpose of an NMED final closure 
determination (Kieling December 2003).  Based upon the information presented in Sections 1.6, 
1.7, and 2.1, the four threshold criteria have been met.  Based upon the information 
summarized in Table 2-1, most of the media/pathway-specific corrective action objectives also 
have been met.  Only completion of a cover and the implementation of post-closure care 
monitoring and administrative/institutional controls (ICs) remain to fully address all of the 
general and specific criteria presented for both the short- and long-term protection of human 
health and the environment.   
 
Therefore, further analysis of corrective measures alternatives using corrective action objectives 
as evaluation criteria is not required.  Instead, the remainder of this CMS will focus on 
engineering controls and ICs that are necessary to ensure the long-term protection of human 
health and the environment.  The final corrective measures alternative for the CWL will be 
comprised of the previously identified and required engineering controls, physical controls, and 
ICs that represent presumptive final remedies based upon current conditions.  This is  
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Table 2-1 
Corrective Action Objective Conceptual Development 

 
Media/Pathway Corrective Action Objective Response 

1.  Landfill Waste and 
Shallow 
Subsurface 
Contaminated Soil 

1a) Remove waste and highly 
contaminated soil to prevent 
future groundwater 
degradation and minimize 
human/wildlife receptor 
exposure. 

1b) Meet NMED-approved risk-
based criteria. 

1c) Minimize future moisture from 
entering the former disposal 
area. 

1d) Verify source removal/control. 

1a)  The LE VCM, conducted from September 1998 through February 2002, removed waste and 
highly contaminated soil at the CWL (see Section 1.6.2.2).  VOC soil-gas monitoring data 
collected in June and September 2004 indicate all original sources of VOC soil gas were removed 
by the LE VCM. 
1b)  The LE VCM achieved the risk-based cleanup standards developed in the NMED-approved 
“Risk-based Approach to Excavation and Backfilling of the CWL” (SNL/NM August 2000).  This is 
documented in the LE VCM Final Report (SNL/NM April 2003) that was approved by the NMED 
(Moats December 2003).  A final cover, administrative controls, and maintaining industrial land-
use (institutional) controls are current and future requirements as per the risk-based cleanup 
levels (SNL/NM August 2000) approved by the NMED (Lewis October 2000). 
1c)  The installation of the vegetative soil cover approved by the NMED as an interim measure 
(Kieling September 2004) would accomplish this, but has not yet been implemented.  The 
excavation is currently backfilled to 4 ft bgs and the cover is planned for completion by July 2005. 
1d)  Verification of source removal/control was achieved through the excavation confirmatory soil 
samples and will be monitored through ongoing VOC soil-gas plume and groundwater monitoring. 

2.  Vadose Zone 
Beneath Original 
Disposal Area of 
the Landfill 

2a) Remove/control the VOC soil-
gas plume so groundwater 
TCE concentrations are 
below the MCL and 
human/wildlife receptor 
exposure is minimized. 

2b) Monitor vadose zone vapor 
concentrations to detect 
trends that may indicate 
groundwater concentrations 
could exceed the MCL in the 
future. 

2c) Verify source removal/control. 

2a)  The Stage 1 VE VCM, conducted from May 1997 through July 1998, removed and controlled 
the VOC soil-gas plume (see Section 1.6.2.1).  The VE VCM was successful as determined by 
VOC soil-gas monitoring results since completion of the VE VCM in July 1998 and groundwater 
monitoring results that show TCE is below the MCL in the current monitoring network.   
2b)  Monitoring of VOC soil gas in the vadose zone has been performed since the Stage 1 VE 
VCM system was shut down (July 1998), including sampling events in June 1999, August 2001, 
June 2004, and September 2004.  Five events have been completed as required by the NMED 
for adequate characterization of the VOC soil-gas plume (SNL/NM October 2004).  These results 
indicate a continued decreasing overall trend in the VOC soil-gas plume (no rebound) and that 
groundwater will not likely exceed the MCL for TCE in the future.  
2c)  Verification of source removal/control will be achieved through ongoing VOC soil-gas plume 
and groundwater monitoring. 

3.  Groundwater 3a) Detect concentrations that 
indicate MCLs may 
potentially be exceeded 
(trend data) or are exceeded 
(i.e., verification of 
groundwater compliance). 

NOTE:  Resolution of the 
chromium evaluation is included in 
this monitoring, but represents a 
specific, short-duration task.   

3a)  Groundwater monitoring has been performed at both semiannual and quarterly intervals 
since completion of the Stage 1 VE VCM and is ongoing (semiannually).  Since completion of the 
Stage 1 VE in July 1998, only one detection of TCE exceeding the MCL has occurred at MW-2A, 
and 7 events have been completed as required by the NMED for adequate characterization of 
groundwater (SNL/NM October 2004).  This detection appears to be an anomaly based upon an 
evaluation of all available data, and not representative of actual water table aquifer conditions 
(SNL/NM July 2004).  Groundwater monitoring will continue for the foreseeable future and will be 
detailed in the PCCP/PA.  

Refer to footnotes at end of table. 
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Table 2-1 (Concluded) 
Corrective Action Objective Conceptual Development 

 
bgs = Below ground surface. 
CWL = Chemical Waste Landfill. 
ft = Foot (feet). 
LE = Landfill Excavation. 
MCL = Maximum contaminant level. 
MW = Monitoring well. 
NMED = New Mexico Environment Department. 
PCCP/PA = Post-Closure Care Plan and Permit Application. 
TCE = Trichloroethene. 
VCM = Voluntary Corrective Measure. 
VE = Vapor extraction. 
VOC = Volatile organic compound. 
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appropriate and consistent with EPA guidance, as the remaining corrective actions are 
presumptive requirements already formalized as regulatory requirements for CWL closure. 
 
A key component of the required physical controls is groundwater and VOC soil-gas plume 
monitoring, which will address uncertainty regarding the potential future impact of the VOC soil-
gas plume on groundwater.  Post-closure care monitoring is required by 20.4.1.900 NMAC, 
incorporating 40 CFR 270.1(c), which imposes post-closure permit requirements for the CWL.    
 
The required components of the final corrective measures alternative are presented in Table 2-2 
along with the basis for selection.  Each component is separately discussed in Sections 2.3 
through 2.7.  As shown in the second column of Table 2-2, many of the corrective measures 
alternative components are already required under the draft Long-Term Environmental 
Stewardship Plan (LTESP) (SNL/NM August 2001) that was developed with input from the 
DOE, stakeholders, and the public.  The CWL is one of three engineered units at SNL/NM 
proposed under the draft LTESP and requires construction of an engineered cover as part of 
closure (SNL/NM August 2000).  Under the draft LTESP, the CWL is subject to physical access 
restrictions (fencing and signs), monitoring, and ICs (SNL/NM August 2001). 
 
 
2.3 Final Engineered Cover 
 
To complete backfilling operations associated with the LE VCM and to fulfill the end-state 
requirements of the “Risk-Based Approach for Excavation and Backfilling of the Chemical 
Waste Landfill” (SNL/NM August 2000), an engineered cover must be installed.  Although a final 
cover was assumed, the process used to develop risk-based cleanup standards/criteria did not 
integrate or take into account the protective nature of either clean backfill materials or the final 
cover (i.e., the assumption was made that the industrial worker receptor is directly exposed to 
all remaining residual contamination regardless of depth).  The CWL is also one of three 
engineered units at SNL/NM as defined in the draft LTESP (SNL/NM August 2001). The 
technical requirements for the CWL final cover are greatly reduced based upon the results of 
the VE and LE VCMs.   
 
The final engineered cover will be protective of human health and the environment by 
1) providing an additional physical barrier (beyond the backfill material) to the remaining residual 
contamination in the sidewalls and floor of the excavated landfill, and 2) minimizing the potential 
infiltration/percolation of surface water through the former disposal area. 
 
In December 2003, the NMED rejected the May 2003 CMS Report (SNL/NM May 2003a) that 
contained a more detailed evaluation of relevant final cover designs.  The main reason for the 
NMED’s rejection of the May 2003 CMS Report was related to inadequate characterization of 
groundwater and the VOC soil-gas plume.  Subsequently, informal technical meetings involving 
SNL/NM, the DOE, and the NMED were held to discuss and resolve the issues and concerns 
raised by the NMED (Kieling December 2003).  All parties agreed that the installation of a cover 
would ensure that the CWL is maintained in a protective manner pending resolution of the 
NMED CMS Report comments and completion and approval of the revised CMS Report.  
Because the primary CMS Report issues focused on 1) adequate characterization of the VOC 
soil-gas plume and groundwater and 2) whether or not additional remediation is required to 
address the VOC soil-gas plume, installing a cover prior to a final NMED determination on the 
CMS Report was not viewed as premature or in conflict with the overall path to closure.   
 
 



 

 

A
L/12-04/W

P
/S

N
L04:r5609.doc 

2-8
 

840857.01.07 12/20/04 8:21 A
M

 

Table 2-2 
Final Corrective Measure Alternative for the CWL 

 
Component Selection Basis Description 

Engineered 
Cover 

Required as an end-state condition in the NMED- 
approved “Risk-Based Approach for Excavation and 
Backfilling of the Chemical Waste Landfill” (SNL/NM 
August 2000) that documents the cleanup 
standards/criteria.   

To complete backfilling operations of the excavated CWL, a cover 
will be installed as an interim measure as approved by the NMED 
with conditions (Kieling September 2004).  This cover is planned to 
be installed by July 2005 and was selected based upon performance 
standards in 20.4.1.600 NMAC, incorporating 40 CFR Part 
265.111(a).   

Monitoring NMED has clarified that VOC soil-gas plume and 
groundwater monitoring will be required during the 
post-closure care period to address uncertainty 
regarding the potential future impact of the VOC soil-
gas plume on groundwater (Kieling December 2003).  
Monitoring is also required for the CWL under the 
draft LTESP (SNL/NM August 2001).   

Soil gas and groundwater monitoring will be proposed in the 
required PCCP/PA, planned for submittal in April 2005.  The 
PCCP/PA will address details regarding sampling frequency, specific 
monitoring wells to be included, point of compliance, and other 
specifics.  The PCCP/PA will also include a conceptual corrective 
measure evaluation process to address potential contaminant 
concentrations that are not protective of human health and the 
environment, as required by the NMED (Kieling September 2004).   

Surveillance and 
Maintenance 

Routine site surveillance and maintenance will be 
implemented as required by 20.4.1. 900 NMAC, 
incorporating 40 CFR 270.1(c) (imposing 40 CFR 
264.117 post-closure requirements) during the post-
closure care period to maintain the final cover, site 
fencing and signage, and monitoring well network, 
and is also required under the draft LTESP (SNL/NM 
August 2001). 

The primary purpose of surveillance and maintenance is to ensure 
the integrity of the final cover in accordance with the requirements of 
20.4.1.500 NMAC, incorporating 40 CFR 264.117(c).  Inspection for 
signs of human and/or animal disturbance and of perimeter fencing 
and signage will be required to verify physical and institutional 
access controls are effective as part of post-closure care 
requirements.  Periodic maintenance of monitoring wells may also 
be required. 

Access Controls 
(physical) 

Perimeter fencing and signage are required by the 
draft LTESP (SNL/NM August 2001). 

Fencing and signage specifications will be included in the PCCP/PA. 

Institutional 
Controls (non-
physical 
controls) 

Land-use designation must be maintained as 
industrial as per the “Risk-Based Approach for 
Excavation and Backfilling of the Chemical Waste 
Landfill” (SNL/NM August 2000) and the draft LTESP 
(SNL/NM August 2001). 

The CWL is located within the physical boundaries of KAFB on land 
owned and controlled by the DOE.  Specific activities that are 
restricted for the CWL will be formalized in the PCCP/PA and 
integrated into the final LTESP.   
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Table 2-2 (Concluded) 
Final Corrective Measure Alternative for the CWL 

 
CFR = Code of Federal Regulations. 
CWL = Chemical Waste Landfill. 
DOE = U.S. Department of Energy. 
KAFB  = Kirtland Air Force Base. 
LTESP = Long-Term Environmental Stewardship Plan. 
NMAC  = New Mexico Administrative Code. 
NMED  = New Mexico Environment Department. 
PCCP/PA = Post-Closure Care Plan and Permit Application. 
VOC = Volatile organic compound. 
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Based upon this understanding and additional technical information shared through informal 
discussions with the NMED over the period from January through March 2004, SNL/NM 
requested NMED approval to install the proposed vegetative soil cover presented in the May 
2003 RAP (SNL/NM May 2003b) as an interim measure (Wagner April 2004) to minimize the 
overall schedule impacts of the CMS Report rejection.  As addressed in this request, the need 
for a cover was previously established as part of the NMED-approved risk-based cleanup levels 
established for the LE VCM (SNL/NM August 2000) and would ensure the CWL is maintained in 
a protective manner pending final closure decisions.  Based upon informal discussions with the 
NMED intended to identify and address any concerns regarding the proposed cover design, 
additional information was provided to the NMED on July 29, 2004, that included confirmation of 
a design change requested by the NMED (Miller July 2004).  The NMED approved the request 
with conditions in September 2004 (Kieling September 2004).  Planning is underway and 
completion of the cover installation and related site fieldwork integrating NMED conditions for 
approval is expected by July 2005.  
 
 
2.3.1 Description of the Interim Measure Vegetative Soil Cover 
 
The CWL cover design was largely based upon the landfill cover design research and 
development efforts conducted for the Mixed Waste Landfill (MWL) project since 1995 (SNL/NM 
September 1999).  The objective of the MWL cover design research is to demonstrate, through 
site-specific field studies and supporting modeling efforts, that containment of hazardous and 
mixed waste in arid and semiarid environments can be accomplished in a manner protective of 
human health and the environment without synthetic materials and complex, multi-layer 
systems.  The EPA encourages the development and deployment of alternative cover designs 
that are innovative and take advantage of site-specific conditions.  The design of vegetative soil 
covers is an imprecise science, combining traditional engineering principles with shallow vadose 
zone geology, ecology, hydrology, climatology, sedimentology, botany, and agronomy.  
Principles from these applied sciences were applied to develop effective, site-specific cover 
designs for the MWL and CWL.   
 
The proposed CWL at-grade vegetative soil cover design is described in detail and shown in a 
series of engineering drawings in the revised RAP (Annex I).  A gently west-sloping, centrally-
crowned topography will be established at the site, including the SOB area on the eastern side 
of the former landfill.  The gentle, broad central crown will trend east to west through the central 
portion of the cover, acting to shed surface water to the northwest and southwest.  Drainage 
swales will be constructed along the northern, western, and southern sides of the former landfill 
to capture surface water that falls directly on the cover and channel it toward the northwestern 
and southwestern corners of the site.   
 
A subgrade drainage diversion (culvert) will be constructed at the southeastern corner of the 
CWL to divert the existing road ditch drainage from the east (north of the road) to under the 
asphalt road along the southern boundary of the cover.  Incorporating this diversion will prevent 
surface water coming from the east from flowing over the southern footprint of the CWL 
excavation due to the limited space between the southern end of the CWL and the asphalt road.  
Existing and new road ditches and swales will channel surface water along the southern, 
western and northern sides of the cover to the north and west, respectively (away from the 
cover).  The revegetated, gently sloping topography (less than 3-percent grade) and slight 
northeast and southeast inflection (i.e., gently west-sloping central crown) to the east of the 
former landfill will prevent significant run-on by directing the upgradient surface water toward the 
northern and southern boundary swales.   
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The CWL excavation is currently backfilled to a uniform depth of 4 feet bgs.  The vegetative soil 
cover approved by the NMED for installation as an interim measure will be completed above the 
existing backfilled surface and will consist of two discrete layers composed of  1) a 3-foot-thick 
native soil layer (subgrade for topsoil layer) installed from 4 feet to 1 foot bgs, and 2) a minimum 
1-foot-thick topsoil layer comprised of minimally compacted topsoil admixed with 3/8-inch 
crushed gravel installed from 1 foot bgs to local grade.  The topsoil layer will be revegetated 
with native plants.  
 
After completion of the cover, the excavation will have three distinct layers as follows: 
1) engineered backfill (from 12 to 30 feet bgs to 4 feet bgs), 2) a native soil layer (from 
4 feet bgs to 1 foot bgs), and 3) a topsoil layer (0.5 feet bgs to approximately 0.5 feet above the 
local ground surface).  The vegetative soil cover is defined as the upper two layers and will have 
different construction specifications as defined in the revised RAP included as Annex I.  More 
detailed information regarding the conceptual design is presented in Annex I. 
 
 
2.3.2 Rationale for Selection of the At-Grade Vegetative Soil Cover 
 
Three general final cover alternatives were evaluated in the original CMS Report (SNL/NM May 
2003a):  1) completing the backfilling according to the Backfill and Compaction Plan (SNL/NM 
July 2002) specifications, 2) installing a RCRA Subtitle C Cap, and 3) installing a vegetative soil 
cover at grade.  All three candidate alternatives represent engineered final cover designs with 
vegetated topsoil layers that meet the Corrective Action Objectives defined in Section 2.2, would 
be effective in the short term, and are implementable.   
 
The most significant design differences include the elevation or topographic profile (relief) of the 
cover, the linear footage of associated surface-water control swales, and the complexity of the 
cover layers.  These design differences directly impact logistics associated with installation, the 
cost of the alternative, and, most importantly, the level of effort and related costs of long-term 
maintenance.  During development of the Backfill and Compaction Plan (SNL/NM July 2002), a 
preliminary evaluation of the effect of elevating the topographic profile of the CWL above the 
surrounding area (pronounced central crown to prevent run-on) was performed.  The result of 
this earlier work indicated that as the local topographic relief over the landfill was increased, it 
became more complicated to design surrounding surface water swales along the northern and 
western sides that drained naturally without significant additional construction. 
 
Because all three candidate alternatives are similar, the evaluation focused primarily on the 
criterion of long-term effectiveness and reliability, consistent with the closure performance 
standards in 20.4.1.600 NMAC incorporating 40 CFR 265.111(a).  A key component of long-
term effectiveness and reliability is long-term surveillance and maintenance that would be 
required to ensure the effectiveness of the final alternative after construction and revegetation.  
The vegetative soil cover installed at grade will require the least amount of post-installation 
maintenance, and the RCRA Subtitle C cover would require the most long-term maintenance 
because of its more complex, layered design (incorporating man-made materials) and the relief 
of the cover above the surrounding area. 
 
Although all three alternatives should be effective in the long-term with ICs, the vegetative soil 
cover installed at grade will be the least expensive of the three alternatives and require the least 
amount of post-installation maintenance, as it represents the final action that would restore the 
site most closely to its former natural state.  Based upon the relatively simple design composed 
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of natural local materials, the long-term reliability and performance of this alternative is higher 
than the other two alternatives considered.  Therefore, the at-grade vegetative soil cover 
alternative (with ICs) is recommended as the final corrective measures alternative based upon 
the CMS Report submitted in May 2003 (SNL/NM May 2003a).   
 
 
2.4 Monitoring 
 
The NMED has clarified that VOC soil-gas plume and groundwater monitoring will be required 
during the post-closure care period to address uncertainty regarding the potential future impact 
of the VOC soil-gas plume on groundwater (Kieling December 2003).  
 
 
Groundwater Monitoring 
 
Depending upon the timing of NMED review and approval of this CMS Report and the PCCP/PA 
planned for submittal in April 2005, groundwater monitoring may include two components:  
1) post-closure groundwater monitoring of the upper aquifer, and 2) completion of remaining 
sampling events associated with the chromium evaluation.  A sampling and analysis plan (SAP) 
will be provided in the revised PCCP/PA that provides updated guidance, methods, and 
analytical protocol for collecting and analyzing groundwater samples consistent with the ongoing 
groundwater monitoring described in this report (Section 1.6.3).  This SAP will comply with 
20.4.1.500 NMAC, incorporating 40 CFR 264 Subpart F.  After NMED approval of the 
PCCP/PA, the SAP will replace Appendix G of the Closure Plan (SNL/NM December 1992) and 
associated revisions.  The current status and future actions for all groundwater monitoring and 
former VE system wells at the CWL will be addressed in the revised PCCP/PA. 
 
 
VOC Soil-Gas Monitoring 
 
Monitoring of the VOC soil-gas plume will be performed as part of post-closure care as required 
by the NMED (Kieling December 2003) to address uncertainty regarding the potential future 
impacts on groundwater from the remaining VOC soil-gas plume.  Samples will be collected 
from the existing soil-gas monitoring network and analyzed for TO-14 VOCs consistent with the 
monitoring that has been performed in the past to ensure the future data sets are comparable.   
 
The purpose of this monitoring is to provide “indicator data” regarding potential future impacts to 
groundwater and to provide data for evaluating the updated CSM (Section 1.7 and Annex E).  
These data will be used to evaluate the model assumptions, specifically, that all significant 
remaining VOC sources have been removed/controlled and that groundwater will not be 
impacted in the future such that the MCL for TCE is exceeded in the groundwater monitoring 
network.   
 
To address remaining uncertainty regarding the potential adverse impact of the VOC soil-gas 
plume on groundwater, a CCMEP will be formalized in the PCCP/PA as requested by the 
NMED (Kieling December 2003) and documented in the associated responses to NMED 
comments (SNL/NM October 2004).  This process, presented in Section 3.1.3 as part of the 
overview of the PCCP/PA, will involve a soil-gas trigger level for the deepest soil-gas sampling 
ports.  The post-closure care monitoring program, including the CCMEP, will be detailed in the 
PCCP/PA.  Longer-term data trends for both groundwater and VOC soil gas will support post-
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closure care decision-making regarding the need for additional remediation as well as the need 
for continued monitoring. 
 
 
2.5 Surveillance and Maintenance  
 
Routine site surveillance and maintenance will be implemented as required by 20.4.1.500 
NMAC, incorporating 40 CFR 264.117, during the post-closure care period to maintain the final 
cover, site fencing and signage, and monitoring well network.  The primary purpose of 
surveillance and maintenance is to ensure the integrity of the final cover.  Inspection for signs of 
human and/or animal disturbance and perimeter fencing and signage will be required to verify 
that physical and institutional access controls are effective as part of post-closure care 
requirements.  Periodic maintenance of monitoring wells may also be required. 
 
Routine site surveillance and maintenance will be formalized in the PCCP/PA and include 
information regarding the frequency and reporting aspects of this post-closure care activity. 
 
 
2.6 Access Controls 
 
Perimeter fencing and signage are required by the draft LTESP (SNL/NM August 2001), and 
associated specifications will be included in the PCCP/PA.  Surveillance and maintenance of 
fencing and signage will be covered as part of the routine site surveillance and maintenance 
activity. 
 
 
2.7 ICs 
 
ICs are defined in this CMS Report consistent with the definition presented in the draft LTESP 
(SNL/NM August 2001).  ICs for the CWL are primarily focused on land-use designation and 
land-use restriction issues.  Land-use designation must be maintained as industrial according to 
the “Risk-Based Approach for Excavation and Backfilling of the Chemical Waste Landfill” 
(SNL/NM August 2000) and the LTESP (SNL/NM August 2001).   
 
As required by Chapter 12 of the Closure Plan (SNL/NM December 1992 and subsequent 
revisions), specific actions must be taken by SNL/NM and the DOE as part of closure and post-
closure care requirements.  These actions, notifications, and certifications are presented in 
Section 3.1.6.  Additional information regarding land-use restrictions and other ICs will be 
covered in the PCCP/PA.   
 
 
2.8 Conclusions and Request for Approval 
 
Based upon current site conditions that are the result of two VCMs completed between 1997 
and 2002, the CWL meets the four EPA threshold criteria for final corrective measures 
alternatives.  To meet the corrective action objectives associated with maintaining the long-term 
protection of human health and the environment, the CWL must have a final engineered cover, 
post-closure physical controls (surveillance and maintenance, monitoring, and access controls), 
and post-closure institutional (land-use) controls.  All these components of the proposed final 
corrective measure alternative are required by the NMED (SNL/NM August 2000, Kieling 
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December 2003).  Groundwater monitoring is required during the post-closure care period as 
specified in the requirements of 20.4.1.900 NMAC, incorporating 40 CFR 270.1(c), imposing 
40 CFR 264.117, Subpart F, and soil-gas monitoring is required by the NMED (Kieling 
December 2003).  These two monitoring requirements will address future uncertainty associated 
with potential future impacts of the VOC soil-gas plume on groundwater. 
 
Therefore, SNL/NM requests NMED approval of this CMS Report and the recommended final 
corrective measures alternative presented in this section, with the understanding that details 
regarding post-closure care will be formalized in the PCCP/PA.  SNL/NM also requests NMED 
approval of the at-grade vegetative soil cover presented in Annex I (already approved by NMED 
as an interim measure) as the final engineered cover for the CWL. 
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3.0   OVERVIEW OF POST-CLOSURE CARE PLAN 

On May 20, 2003, the DOE submitted a compilation of documents containing the CMS Report 
(SNL/NM May 2003a), RAP (SNL/NM May 2003b), and PCCP/PA (SNL/NM May 2003c).  On 
December 12, 2003, the NMED rejected the CMS Report and postponed the review of the 
PCCP/PA and RAP pending the approval of a revised CMS Report.  Based upon this direction 
and subsequent discussions with the NMED, SNL/NM has withdrawn the May 2003 PCCP/PA.  
SNL/NM will prepare a revised PCCP/PA for submittal under 20.1.4.900 NMAC, incorporating 
40 CFR 270.1(c) that will address the information requirements of 20.1.4.900 NMAC, 
incorporating 40 CFR 270.28.  The revised PCCP/PA will and contain all information required 
for the post-closure period and is intended to supersede the CWL Closure Plan as the 
governing regulatory document.  Submittal of the revised PCCP/PA is planned for April 2005, 
after the NMED reviews and makes a preliminary determination on this CMS Report.  The 
revised PCCP/PA will be incorporated as part of the SNL/NM Part B permit application.   
 
One of the main concerns expressed by the NMED regarding the May 2003 CMS report was the 
uncertainty of future impacts of the VOC soil-gas plume on groundwater.  As explained in 
Sections 1.6.2.1, 1.7, 2.2, and 2.4, this uncertainty will be addressed through continued 
monitoring of both the VOC soil-gas plume and groundwater in the post-closure care period as 
required by the NMED (Kieling December 2003).  Another key NMED requirement to address 
future uncertainty is addressed in Section 3.1.3, which presents the conceptual corrective 
measure evaluation process that will be formalized as part of the PCCP/PA. 
 
Discussions between SNL/NM and NMED staff from January through October 2004 focused on 
resolving the NMED CMS Report comments and issues (Kieling December 2003) and have 
resulted in clarification of NMED requirements for the PCCP/PA content and permitting effort.  
The purpose of this section is to provide an overview of the PCCP/PA that will be revised and 
resubmitted to the NMED. The revised CWL PCCP/PA will follow the same general outline and 
format as the SNL/NM CAMU PCCP/PA.   
 
Section 3.1 provides an overview of the main post-closure care activities that will be further 
detailed in the revised PCCP/PA, along with a brief summary of related issues.  The overview in 
Section 3.1 is intentionally brief because these activities have already been discussed as part of 
the final corrective measures alternative described in Sections 2.3 through 2.7. 
 
 
3.1 Post-Closure Care Activities 
 
As discussed in Section 2.2 and shown in Table 2-2, the final corrective measures alternative 
for the CWL is comprised of previously identified and required engineering controls, physical 
controls, and ICs that represent presumptive final remedies based upon current conditions.  No 
further remediation is required to achieve the protection of human health and the environment.  
However, there remains uncertainty as to whether or not future conditions will meet the same 
criteria.  All of the components of the recommended final corrective measures alternative are 
consistent with typical post-closure care activities.   
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The following sections highlight the final corrective measures alternative components that will be 
integrated, further detailed, and formalized in the PCCP/PA planned for submittal to the NMED 
in April 2005.   
 
 
3.1.1 Groundwater Monitoring 
 
The NMED has clarified that VOC soil-gas plume and groundwater monitoring will be required 
during the post-closure care period to address uncertainty regarding the potential future impact 
of the VOC soil-gas plume on groundwater (Kieling December 2003).  Depending upon the 
timing of NMED review and approval of this CMS Report and the PCCP/PA planned for 
submittal in April 2005, groundwater monitoring may include two components:  1) post-closure 
groundwater monitoring of the upper aquifer, and 2) completion of remaining sampling events 
associated with the chromium evaluation.  A SAP will be provided in the revised PCCP/PA that 
provides updated guidance, methods, and analytical protocol for collecting and analyzing 
groundwater samples consistent with the ongoing groundwater monitoring described in this 
report (Section 1.6.3).  This SAP will comply with 20.4.1.500 NMAC, incorporating 40 CFR 264, 
Subpart F.   
 
After NMED approval of the PCCP/PA, the SAP will replace Appendix G of the Closure Plan 
(SNL/NM December 1992).  The current status and future actions for all groundwater monitoring 
and former VE system wells at the CWL will be addressed in the revised PCCP/PA.  Points of 
compliance will be defined as the well locations selected and approved by the NMED for post-
closure groundwater monitoring.   
 
The existing groundwater monitoring network is comprised of two upgradient and nine 
downgradient monitoring wells.  All of the existing wells are approved by the NMED for 
compliance monitoring with the exception of monitoring wells with casing diameters too small to 
accept the Bennett pump required for the NMED-approved conventional sampling method 
(MW-2BU, MW-5L and MW-6L).  However, these wells are approved by the NMED for 
performance monitoring and are appropriate for inclusion in the post-closure care groundwater 
monitoring network for that purpose. Therefore, specific wells within the existing the 
groundwater monitoring network will be proposed for post-closure care monitoring in the 
PCCP/PA and the final disposition of any wells not required for post-closure care groundwater 
monitoring will be clarified.   
 
 
3.1.2 VOC Soil-Gas Monitoring 
 
Monitoring of the VOC soil-gas plume will be performed as part of post-closure care as required 
by the NMED (Kieling December 2004) to address uncertainty regarding the potential future 
impacts on groundwater from the remaining VOC soil-gas plume.  Samples will be collected 
from the existing soil-gas monitoring network and analyzed for TO-14 VOCs consistent with the 
monitoring that has been performed in the past to ensure the future data sets are comparable.  
Data presentation, evaluation, and reporting will follow the general format of Annex D, but with 
significantly less evaluation detail.  This is because the monitoring report presented in Annex D 
is intended to comprehensively address six years of post-Stage 1 VE soil-gas monitoring, 
establish current conditions, and project future conditions (i.e., provide a baseline report for 
future reporting to reference). 
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The purpose of collecting and evaluating post-closure care soil-gas data is to provide “indicator 
data” regarding potential future impacts to groundwater, as well as data for evaluating the 
updated CSM (Section 1.7 and Annex E) and additional empirical data to support the 
groundwater monitoring program.   
 
 
3.1.3 Conceptual Corrective Measure Evaluation Process 
 
To address remaining uncertainty regarding the potential adverse impact of the VOC soil-gas 
plume on groundwater, a CCMEP will be formalized in the PCCP/PA as requested by the 
NMED (Kieling December 2003) and documented in the associated responses to the NMED 
comments (SNL/NM October 2004).  This process will involve a TCE soil-gas trigger level for 
the deepest soil-gas sampling ports and the regulatory standards for constituents in 
groundwater.   
 
In order to establish a soil-gas trigger level, the NMED required a calculation for the 
concentration at which TCE soil gas would be expected to cause groundwater degradation in 
excess of regulatory standards.  Other VOCs will be considered if warranted by future 
monitoring results; however, to date TCE is the only VOC that has been detected in 
groundwater exceeding the MCL of 5 µg/L.  A conservative approach, presented in Annex J, 
was used to develop the TCE soil-gas trigger level and involves the following steps: 
 

1. The calculation of the TCE concentration in soil gas that could potentially cause 
aqueous-phase TCE concentration of 5 µg/L above and in the capillary fringe.  
This calculation sequence is based on simple equilibrium partitioning and was 
calculated to be 0.42 ppmv TCE in soil gas using pressure and temperatures 
characteristic of subsurface conditions at the CWL.  

 
2. The selection of a site-specific soil-gas trigger level based upon qualitative 

comparison of the 0.42-ppmv value to site conditions that serve to attenuate TCE 
transport and reduce the magnitude of potential groundwater impact, and therefore 
invalidate the potential use of the 0.42-ppmv value as a representative trigger 
level.  Many of these site conditions or factors are summarized in this discussion in 
a bulleted list.  In addition, the informal “rule-of-thumb” (i.e., generic trigger) of 
10 ppmv total VOCs in soil gas that NMED has applied at other sites to indicate 
when corrective action should be undertaken to protect groundwater resources 
was considered in making the selection. A preliminary site-specific trigger level of 
20 ppmv TCE in soil gas to be applied to the deepest sampling ports (P1) of 
wells D-1, D-2, and D-3 was selected (refer to Figure 1 in Annex D for location of 
these wells and sampling ports). 

 
3. A conservative calculation sequence was performed to ensure that 20 ppmv TCE 

will be effective as a trigger level (i.e., sound technical basis, conservative, and 
protective of human health and the environment) and is provided in Annex J. The 
time versus distance of transport relationship for TCE to migrate under molecular 
diffusion through various lengths of capillary fringe (i.e., zone of near full saturation 
where all water is held under tension and essentially static) was quantitatively 
explored and compared to projected annual declines in the water table through 
calculation steps using conservative values for transport parameter values. 
Essentially, it was confirmed that not enough TCE diffusion is occurring through 
the capillary fringe to establish the necessary TCE concentrations at the water 
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table that would translate into 5 µg/L at monitoring wells given aquifer 
dilution considerations as recommended by EPA (i.e., dilution attenuation factor 
[DAF] = 20). 

 
The first step of this process is based on simple equilibrium conditions existing between soil gas 
and groundwater, which results in a TCE soil gas concentration of 0.42 ppmv.  However, this 
equilibrium condition is not representative of the actual TCE transport process in the vadose 
zone and through the capillary fringe/water table interface, and finally the aquifer.  However, it is 
a conservative starting point to a process that arrives at a TCE trigger level that balances 
technical accuracy and conservatism to ensure the protection of groundwater beneath the CWL, 
as well as regulatory precedent.   As previously discussed in Sections 1.6.2.1, 1.7.1, and Annex 
E, and shown conceptually in Figure 1-26, the capillary fringe acts in a general sense to 
attenuate the transfer of TCE mass from soil gas to groundwater.  The water table is currently 
located in, and declining within, the finer-grained sandy-clayey silt versus the much coarser and 
more permeable sand-gravel layer where it was located in 1990 when TCE groundwater 
contamination was first determined to exceed 5 µg/L (Figure 1-26).  Because of the current and 
projected future position of the capillary fringe and water table, the VOC soil-gas plume, at 
recently defined magnitude and extent, is believed incapable of  impacting groundwater such 
that future groundwater sample results will exceed the TCE MCL of 5 µg/L.  This interpretation 
is further supported by the following factors: 
 

• VOC soil-gas plume was reduced in magnitude and extent due to soil-vapor 
extraction and warm air injection (Stage 1 VE).  VOC soil-gas concentrations are 
the primary driver of diffusion and have been greatly reduced throughout the 
vadose zone by the Stage 1 VE VCM. 

 
• A major driver of diffusion, the plume core near the middle of the vadose zone that 

contained some of the highest detected VOC concentrations at the beginning of 
Stage 1, was greatly reduced in magnitude.  TCE and total VOC soil-gas 
concentrations were reduced from greater than 400 ppmv to less than 50 ppmv 
(compare profile a in Figure 1-10 to profile e in Figure 1-15). 

 
• TCE in the capillary fringe and uppermost groundwater was flushed back into soil 

gas due to reversed concentration gradients and porous media drying, and 
extracted such that the groundwater plume almost completely disappeared. This 
experience provides strong evidence that vertical migration of TCE once in the 
aquifer was very limited or that aquifer dilution was very effective in reducing 
concentrations and that any TCE that enters the aquifer in the future will also 
experience limited vertical transport or high dilution. This is also supportive of the 
strongly held belief that vertical recharge due to percolation of moisture through 
the vadose zone is extremely low and not significant in driving TCE mass through 
the water table interface. 

 
• As natural attenuation processes and passive venting continue to act on the 

plume, the concentration (and total mass) of TCE in soil gas, in pore water, and on 
sediment is declining. 
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• Transport of TCE at the top of the capillary fringe to the water table is dominated 
by aqueous phase diffusion, and aqueous phase diffusion is approximately four 
orders of magnitude slower than gas phase.  The free air and free liquid diffusivity 
coefficients for TCE are 8.35E-2 and 9.65E-6 square centimeters/second, 
respectively (Olesena et al. 2001). 

 
• TCE reaching the water table will experience advective-dispersive transport away 

from the point of initial contact with the water table. Consequently, the transport of 
TCE from the water table contact point to the groundwater monitoring screen  
involves attenuation of the TCE groundwater concentration.   

 
– Based on review data from many groundwater contamination sites, the EPA 

has determined that a DAF of 20 adequately accounts for the contaminant 
attenuation (in this case TCE) from the water table to the monitoring location. 

 
• Water table continues to drop approximately 0.65 ft/yr, which means 0.65 feet of 

additional vadose zone is added each year due to regional water withdrawal 
associated with KAFB and the City of Albuquerque.  This new vadose zone 
increment represents additional storage capacity and longer vertical transport 
distances for TCE in both soil gas above the capillary fringe and pore water within 
the capillary fringe before groundwater impact can occur. 

 
• Through the post-closure care period, the water table is projected to decline 

through a relatively fine-grained lithologic unit, which suggests that the capillary 
fringe will be relatively thick and its attenuating influence high. During the years 
that TCE first encountered the water table, the capillary fringe was in a relatively 
coarse-grained unit and the capillary fringe thickness was significantly less than in 
2004 (Figure 1-26).  Even if the steady water table decline decreases or stops, the 
capillary fringe will remain relatively thick and within the finer-grained sandy-clayey 
silt lithology versus the much coarser and more permeable sand-gravel layer 
where it was located in 1990.  

 
Based upon the information summarized above and presented in more detail in 
Sections 1.6.2.1, 1.7.1, and Annex E, SNL/NM believes that a soil-gas TCE trigger level of 
20 ppmv at the deepest sampling ports will be protective of groundwater, and therefore, of 
human health and the environment.  This approach is also balanced relative to NMED 
precedence in using a generic or rule-of-thumb value of 10 ppmv because the CWL vadose 
zone and water table aquifer system have been characterized over the past 19 years and 
remediated through the VE VCM conducted from 1997 through 1998.  These deep sampling 
ports (470 to 480 feet bgs) are a minimum of 10 feet above the water table as measured at the 
nearest monitoring well (MW2BU) in June 2004.  Final NMED approval of a soil-gas trigger level 
will be formalized as part of the PCCP/PA, after NMED approval of this CMS Report. 
 
The groundwater trigger level is set at the MCL for TCE (and corresponding regulatory 
standards for other constituents), originally established by the EPA for application to the point of 
water consumption (i.e., the tap).  Based upon calculated groundwater flow rates at the CWL, 
the groundwater travel time from the CWL to the nearest downgradient receptor well 
(approximately 4 miles) is at least 1,000 years (SNL/NM February 2001).  Thus, should 
significant groundwater impact (i.e., TCE greater than the MCL) occur as a result of TCE 
transfer from soil gas, a mechanism is in place to rapidly identify the situation and respond 
accordingly.  As demonstrated by the VE VCM that SNL/NM conducted in the late 1990s, 
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increasing concentrations of TCE in groundwater caused by VOC soil gas can be rapidly and 
dramatically reversed. Thus, if the need arises, SNL/NM and the NMED have a straightforward 
path to recourse.  A soil-gas trigger level of 20 ppmv TCE is consistent with the two-trigger 
system (groundwater and soil gas) under development for the PCCP/PA. 
 
In the event that a measured concentration of soil gas or groundwater exceeds the 
corresponding trigger level during post-closure care monitoring, the CCMEP shown in 
Figure 3-1 would be used to ensure that adequate data are collected to determine whether 
additional remedial action is warranted.  The increased frequency of data collection included in 
the CCMEP (see #3 in Figure 3-1 and corresponding explanation) will ensure adequate 
information to eliminate field sampling or laboratory error as part of the evaluation process.  In 
addition, recommendations in the technical letter report will be based upon data trends versus 
single detections.  If data trends in soil-gas monitoring results and/or groundwater monitoring 
results indicate an established trend representing conditions in conflict with the updated CSM, 
the CCMEP will result in a technical letter report recommending action.  Any technical letter 
reports resulting from the CCMEP will present and evaluate both soil-gas and groundwater 
trends to support recommendations and decision-making.  If remedial action is warranted, 
based upon past experience, the current presumptive remedy would be VE.  However, this 
assumption will be re-evaluated and addressed in the technical letter report.  
 
 
3.1.4 Access Controls 
 
Physical access controls will include perimeter fencing and signage that are required by the 
draft LTESP (SNL/NM August 2001), and associated specifications will be included in the 
PCCP/PA.   
 
Perimeter fencing and temporary signs will be installed after completion of the at-grade 
vegetative soil cover.  As stipulated in the RAP (Annex I), existing fencing will be used where 
possible.  Permanent signs will be installed as stipulated in the final NMED-approved PCCP/PA.  
Surveillance and maintenance of fencing and signage will be covered as part of the routine site 
surveillance and maintenance activity. 
 
 
3.1.5 Surveillance and Maintenance  
 
Routine site surveillance and maintenance will be implemented as required by 20.4.1.500 
NMAC, incorporating 40 CFR 264.117, during the post-closure care period to maintain the final 
cover, site fencing and signage, and monitoring well network.  The primary purpose of 
surveillance and maintenance is to ensure the integrity of the final cover.  The criteria for 
successful revegetation and frequency of cover maintenance and surveillance activities will be 
addressed in the PCCP/PA.  Inspection for signs of human and/or animal disturbance and 
perimeter fencing and signage will be required to verify that physical and institutional access 
controls are effective as part of post-closure care requirements.  Periodic maintenance of 
monitoring wells may also be required. 
 
Routine site surveillance and maintenance will be formalized in the PCCP/PA and include 
information regarding the frequency and reporting aspects of this post-closure care activity. 
 



 

AL/12-04/WP/SNL04:r5609.doc  840857.01.07  12/17/04 6:04 PM 3-7

 

 
 

Figure 3-1 
Conceptual Corrective Measure Evaluation Process  

(see next page for explanation of the numbered sequence shown on the logic flow diagram) 

Conceptual Corrective Measures Process for CWL 

Long-Term Monitoring 

TCE Action Level Exceeded: 
• Groundwater = 5 ppb 
• Soil Gas  = 20  ppmv 

Evaluation Process: 
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3. Evaluate data 

Letter Report to NMED 
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Explanation for Figure 3-1 
 

1. Long-term monitoring is assumed to be annual groundwater and soil-gas 
monitoring that will be proposed in the PCCP/PA.   

 
2. Action level for groundwater is the MCL, the action level for soil gas is only for the 

deepest ports of the “D” wells (470 and 480 feet bgs).   
 
3. Step 1 initiates resampling to verify the result(s) that exceeded the trigger level.  

Step 2 is based upon the CSM.  Because diffusion rates for soil gas in the vadose 
zone and through the capillary fringe into groundwater are very slow, a minimum 
two-year period for data collection is necessary to determine trends.  Sample 
frequency will be doubled – i.e., semiannual sampling will be performed during this 
period.  Four data points plus the original exceedence will then be evaluated to 
determine the significance of the exceedence.   

 
 If the exceedence is in groundwater and the trend is increasing through the first 

year of increased monitoring, the monitoring well integrity should be tested and 
determined.   

 
4. After the two years of increased monitoring frequency, a brief technical letter report 

will be prepared and submitted to the NMED within three months of receiving the 
final data set that summarizes what occurred, presents the results of the increased 
monitoring, and provides recommendations.  This report will serve as the basis to 
address both groundwater and soil-gas data collected over that period, compare 
the trends or lack thereof, and propose an integrated interpretation as to what is 
occurring as the basis for a final “recommendation.”  The recommendation will 
include whether or not remediation is warranted based upon the data and CSM, 
and whether VE is still the presumptive remedy.   Other remediation options, such 
as co-metabolic bioventing, may be more appropriate depending upon the 
situation.    

 
5. This is an NMED Decision Point.  After the technical letter report is submitted to 

the NMED, a meeting will be scheduled to discuss the data evaluation and 
recommendation. 

 
 “No.”  Based upon the CSM, exceedences are not completely unexpected; 

however, exceedences are expected to be relatively short term (one to three 
years).   If the data trend is decreasing, the most likely recommendation would be 
to continue performing long-term monitoring. 

 
6. “Yes.”  If the data trend is increasing or stabilized above the action level, 

remediation may be necessary.  VE is the current presumptive corrective measure 
alternative for both groundwater and deep soil gas based upon past experience at 
the CWL.  The technical letter report will address whether or not VE remains the 
presumptive remedy based upon the specific situation and, if not, what other 
options may be more viable.   

 
7. If data trends are not clear, different actions may be appropriate and 

recommended in the technical letter report and/or requested by the NMED. 
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3.1.6 ICs 
 
ICs for the CWL are primarily focused on land-use designation and land-use restriction issues.  
Land-use designation must be maintained as industrial as specified in the “Risk-Based 
Approach for Excavation and Backfilling of the Chemical Waste Landfill” (SNL/NM August 2000) 
and the draft LTESP (SNL/NM August 2001).  As required by Chapter 12 of the Closure Plan 
(SNL/NM December 1992 and subsequent revisions), specific actions must be taken by 
SNL/NM and the DOE as part of closure and post-closure care requirements.  These actions, 
notifications, and certifications are summarized in Table 3-1. 
 

Table 3-1 
Closure and Post-Closure Notifications and Certifications 

 
Notification/ 
Certification Regulatory Driver Scope and CWL Reference 

Schedule/ 
Timing 

112 Notification 20.4.1.600 NMAC 
incorporating 40 CFR 
265.112 (d)(1) 

Notification to start closure At least 60 
days prior to 
start of closure. 

 
115 Notifications  

20.4.1.600 NMAC 
incorporating 40 CFR 
265.115  

Notifications for certification of completion 
of closure.  As per Section 1.2.1.2 of the 
Closure Plan, these certifications will be 
submitted with the Final Report. 

Within 60 days 
of completion 
of closure. 

 
119 Notice 

20.4.1.600 NMAC 
incorporating 40 CFR 
Part 265.119 and 116 
(for survey plat) 

Submit to County Zoning Authority a 
notation on the property deed.  Submit 
survey plat as per 40 CFR 265.116 to 
county zoning authority, DOE property 
management, NMED and EPA.  Document 
land-use restrictions.  Send notification to 
NMED that the property deed notation has 
been submitted. 

No later than 
60 days after 
certification of 
closure. 

Certification of 
Post-Closure 
Care 
Completion 

20.4.1.500 NMAC 
incorporating 40 CFR 
264.120 

Notification for completion of post-closure 
care 

Within 60 days 
of completion 
of post-closure 
care. 

CFR = Code of Federal Regulations. 
CWL = Chemical Waste Landfill. 
DOE = U.S. Department of Energy. 
EPA = U.S. Environmental Protection Agency. 
NMAC  = New Mexico Administrative Code. 
NMED  = New Mexico Environment Department. 
 
 
The CWL is located within the physical boundaries of KAFB on land owned and controlled by 
the DOE.  As such, the CWL is subject to government controls.  In the event of base closure, 
the Department of Defense does have the authority to restrict property interest by methods such 
as easement.  For active bases, ICs are commonly addressed through remedy selection 
documents, base master plans, and separate Memoranda of Understanding.   
 
Memoranda of Understanding or similar ICs will describe that, in the event that future land use 
of the CWL requires alterations to the cover or surrounding area, mitigating measures may need 
to be taken to maintain the protection of human health and the environment based upon the 
risk-based cleanup standards achieved at the CWL (SNL/NM August 2000, SNL/NM April 
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2003).  The following general restrictions apply to the CWL and will be addressed in the LTESP 
relative to future land use for this engineered unit:   
 

1. The elevation of the surface of the former landfill must not be lowered (i.e., the 
engineered final cover). 

 
2. The final cover surface and surrounding area should not be altered such that 

drainage and infiltration are negatively affected (i.e., increasing the potential for 
water infiltration in the immediate vicinity of the former CWL). 

 
3. Excavation, drilling, or construction involving intrusive activities are prohibited 

during the post-closure care period.  Pending the results of post-closure care 
monitoring, these restrictions could potentially be eased or modified. 

 
Additional information regarding ICs will be provided in the PCCP/PA. 
 
 
3.1.7 Post-Closure Care Reporting 
 
Reporting is an important component of post-closure care.  Reporting requirements will be 
detailed in the PCCP/PA.  A standard presentation format and reporting frequency will be 
developed and presented in the PCCP/PA to meet all relevant regulatory requirements.  At a 
minimum, CWL post-closure care reporting will present the following information for each 
defined reporting period: 
 

• Groundwater monitoring analytical results in a standard format 
 
• VOC soil-gas monitoring results presented in a standard format  
 
• Conditions of the monitoring network and notification of any foreseen changes, 

such as groundwater monitoring wells going dry due to declining water levels 
 
• Surveillance and maintenance results, including cover inspection 

results/conditions, revegetation progress, any signs of adverse animal or human 
disturbances, fencing and signage conditions, and any corrective actions taken 

 
If VOC soil-gas or groundwater trigger levels are exceeded during the reporting period, the 
subsequent post-closure report will address the CCMEP steps that will be taken and provide 
details regarding specific monitoring locations where increased frequency sampling will occur. 
 
 
3.1.8 Post-Closure Care Activity Reassessment 
 
One of the main purposes of collecting post-closure monitoring data is to address uncertainty 
relative to interpreted site conditions.  The two VCMs conducted at the CWL have resulted in 
current conditions that are protective of human health and the environment.  Post-closure care 
monitoring is intended to provide additional information that will either verify that this condition 
has been established for the long term or indicate that unexpected potential adverse impacts 
are actually occurring.  In addition, the at-grade vegetative soil cover is designed to provide 
long-term performance with minimal maintenance by re-establishing a diverse native plant 
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community and topography that mimics, for the most part, the pre-CWL, gently west-sloping 
east mesa topography and ecosystem of this region. 
 
As part of the PCCP/PA, a post-closure care activity reassessment schedule will be developed 
along with general evaluation criteria to provide a framework for post-closure care period 
reassessment and decision-making.  Reassessment criteria for decreasing the frequency of, 
and/or terminating, groundwater and VOC soil-gas monitoring activities will be established in the 
PCCP/PA, based upon the work completed at the CWL since the mid-1990s that has resulted in 
the current conditions established in this CMS Report. 
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4.0   PATH TO CLOSURE 

From January through September 2004, the NMED and SNL/NM have met to resolve NMED 
issues associated with the CMS Report submitted in May 2003 (Kieling December 2003).  This 
effort is largely documented in the SNL/NM CMS Report comment response document 
(SNL/NM October 2004), which was submitted to the NMED for concurrence in October 2004 
(Wagner October 2004).  NMED concurrence was received in December 2004 (Bearzi 
December 2004a).  The SNL/NM CMS Report comment response document and NMED 
concurrence letter are presented in Annex A. 
 
Table 4-1 provides a preliminary schedule intended as a guide for the CWL path to closure 
through final NMED approval of this revised CMS Report and submittal of the PCCP/PA.   



 

AL/12-04/WP/SNL04:r5609.doc  840857.01.07  12/17/04 6:04 PM 4-2

Table 4-1 
Preliminary Schedule for Final NMED Approval of the  

Revised December 2004 CWL CMS Report and PCCP/PA 
 

Closure Activity Regulatory Driver Description/Comments 
Approximate 

Schedule/Timing 
Planning and 
installation of the 
RAP cover as an  
Interim Measure 

NMED approval 
of SNL/NM 
Interim Measure  

NMED technical input in the conditional 
approval letter (Kieling September 2004) 
has been incorporated into the revised 
RAP included as Annex I. 

November 2004–
July 2005 

SNL/NM submits 
revised CMS Report 
and Chapter 12 
Amendment to 
Closure Plan  

Closure Plan  CMS Report (Section 2.8) requests 
NMED approval of the recommended 
final corrective measures alternative and 
RAP cover design as the required final 
engineered cover for closure of the CWL. 

End of December 
2004 

NMED reviews and 
issues RSI  

Closure Plan and 
20.4.1.600 
NMAC 
incorporating 40 
CFR 265.112  

Complete NMED review and provide 
CMS Report comments.  Actual schedule 
will depend upon timing and extent of 
NMED review and comments/issues. 

January–March 
2005   
[estimated] 

SNL/NM RSI 
Response 

NMED Assume a focused RSI process, with 
NMED comments received by end of 
March 2005. 

April–early June 
2005 

SNL/NM submits the 
PCCP/PA for NMED 
Review and 
Approval 

Closure Plan  
20.4.1.900 
NMAC 
incorporating 40 
CFR 270.1(c) 

PCCP/PA will be submitted under 
40 CFR 270.1(c).  The revised PCCP/PA 
will address the information requirements 
of 40 CFR 270.28. 

April 2005  
(estimated)–after 
NMED approval of 
this revised CMS 
Report) 

SNL/NM completes 
Cover Installation  

NMED approval 
of SNL/NM 
Interim Measure  

Cover installation, restoration of southern 
boundary asphalt road, and related field 
activities completed. 

July 2005 

NMED Approval, 
Public Comment 
Period, NMED Final 
Approval of CWL 
Closure  

Closure Plan and 
40 CFR 265.112 

Required 30-day public comment 
initiated by NMED after SNL/NM RSI 
response reviewed and approved.  Final 
NMED approval for the CMS Report after 
30-day public comment period in July 
2005. 

Early June–
August 2005 

NMED Review and 
Approval of 
PCCP/PA 

Closure Plan  
20.4.1.900 
NMAC 
incorporating 40 
CFR 270.21(c) 

Assumes submittal by end of April 2005; 
2-month NMED review and 2-month 
SNL/NM RSI response schedule.  

August 2005 

CFR = Code of Federal Regulations. 
CMS = Corrective Measures Study. 
CWL = Chemical Waste Landfill. 
NMAC  = New Mexico Administrative Code. 
NMED = New Mexico Environment Department. 
PCCP/PA = Post-Closure Care Plan and Permit Application. 
RAP = Remedial Action Proposal. 
RSI = Request for Supplemental Information. 
SNL/NM = Sandia National Laboratories/New Mexico. 
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Table A-1 
Regulatory History of the CWL 

 

CWL Action 
Request 
Date(s) 

Approval 
Date(s) Description 

Closure Plan Documents and History 
CWL Closure Plan 
and Postclosure  
Permit Application 
Submitted to NMED 

12-21-92 02-22-93 Closure Plan approved with conditions.  Approval did not 
include any actions beyond 40 CFR 265.110 through 
265.115—Post-Closure Care Plan portion of the original 
submittal was not approved. 

Class 1a Mod:  
Added Appendix S to 
the Closure Plan  

05-30-96 
11-04-96 

03-07-97 Two VCMs (VE and LE) approved with conditions as 
Appendix S of the Closure Plan.  The 10 conditions of 
approval became Addendum A to Appendix S. 

Temporary 
Authorization 
Request  

06-09-97 06-12-97 Requested approval to use 3 downgradient monitor wells as 
part of the VE system, temporarily suspending groundwater 
monitoring at these wells. 

Class 2 Mod:  
Proposed new 
Appendix G to 
Closure Planb 

05-09-97 Not Approved Approval requested for a revised CWL Appendix G 
(“Sampling Analysis Plan for Groundwater Assessment 
Monitoring at the CWL”) of the Closure Plan.  Proposed 
changes included biannual (every other year) Appendix IX 
sampling, a reduced analytical list for Appendix IX sampling, 
sampling twice a year for VOCs and metals, and use of low-
flow pumps.   

Class 2 Mod:   
Added Addendum B 
to Appendix S of the 
CWL Closure Plan 
 

07-27-99 07-30-99: 
temporary 

authorization 
for 180 days, 

02-02-00:  
temporary 

authorization 
for 180 days, 

04-28-00:  
Approved 

Addendum B defined changes in the operational processes 
at the CWL for:  1) the use of a commercially available 
mechanical screening device as the primary means for 
waste segregation; 2) a brief description of the revised 
technical approach to the CWL excavation; 3) clarification of 
the site operational boundary, including designation of a 
waste segregation tent; and 4) a description of the dedicated 
corridor (haul road) for the transportation of waste and 
supplies between the CWL and the CAMU.   

Class 1a Mod:   
Schedule changes to 
Table 1-1 of Closure 
Plan 

03-30-99 
 

10-05-99 

02-02-00 Request to suspend schedule completion dates in Table 1-1 
of the Closure Plan for the LE VCM, the CMS, and the CMI 
because of budget uncertainties.  New dates proposed on 
10-05-99 and approved on 02-02-00. 

Class 1a Mod:   
Groundwater 
monitoring frequency 
change 

04-27-00 05-05-00 Approved groundwater monitoring frequency change to 
biannual (every other year) sampling for Appendix IX 
constituents, excluding pesticides, herbicides, dioxins and 
furans; and sampling semiannually (twice a year) instead of 
quarterly for VOCs and metals.   

Class 1 Mod:   
Change to 
Addendum B of 
Appendix S 

09-14-00 09-29-00 
(NMED 

approval) 
 

10-13-00 (EPA 
approval) 

Minor extension of the LE VCM SOB requested to store 
excavated soils.  This was approved by NMED on 09-29-00 
with the approval being subject to the conditions that the 
CAMU portion of the SOB be utilized only after receipt of 
approval from EPA Region VI.  EPA Region VI approved the 
CAMU boundary change on 10-13-00.  

Class 1a Mod:   
Schedule changes to 
Table 1-1 of Closure 
Plan 

04-09-01 06-01-01 Approval of schedule revisions to Table 1-1 of the Closure 
Plan for the LE VCM, CMS, CMI, Cap Construction, and 
Post-Closure Care dates (2nd schedule change). 

Class 1 Mod:   
Changed 
Addendum B to 
Appendix S 

07-19-01 07-31-01 Modification to Addendum B of Appendix S changed a wet 
decontamination procedure for excavated rocks with a dry 
method using the mechanical screen. 

Refer to footnotes at end of table. 
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Table A-1 (Continued) 
Regulatory History of the CWL 

 

CWL Action 
Request 
Date(s) 

Approval 
Date(s) Description 

Closure Plan Documents and History (Continued) 
Class 1a Mod:  
Added Addendum C 
(Backfill and 
Compaction Plan) to 
Appendix S of the 
Closure Plan 

04-29-02 06-26-02 LE VCM Backfill and Compaction Plan added as Addendum 
C and describes the approval process for backfilling the 
CWL excavation and identifies necessary actions prior to, 
during, and after backfilling, until the CMS process is 
complete.  Addendum C approved with three conditions.  
Three conditions were addressed by incorporating 
responses into the Backfill and Compaction Plan and re-
submitting the revised plan to NMED (July 2002 Revision 1).  
The final risk screening assessment requested by NMED 
was submitted as part of the LE VCM Final Report. 

Class 1a Mod:  
Revision of Chapter 
12 of the Closure 
Plan  

02-13-03 
 

10-17-03 
 

5-15-03 
approval with 

conditions 

The revision to Chapter 12 of the Closure Plan integrates the 
VCM program into the CWL closure process; provides a 
current description of the closure process; and identifies the 
content of the CMS Report, Remedial Action Proposal, Post-
Closure Care Plan, and Final Report.  Page 1-8 was also 
revised to update the content of the Final Report that will be 
submitted after all final corrective action(s) are completed at 
the site. 

Class 3 Mod:  
Submittal of CMS 
Report, RAP, and 
PCCP/PA 

5/20/03 12/12/03 
Rejection of 
CMS Report 

9/14/04 
Required 

resubmittal of 
PCCP/PA 

under 40 CFR 
270.1(c) 

Submittal of the CMS Report, RAP, and PCCP/PA in May 
2003 was completed according to the Chapter 12 revision to 
the Closure Plan that was approved with conditions on May 
15, 2003 (Bearzi May 2003).  On December 12, 2003, 
NMED rejected the CWL CMS Report and postponed the 
review of the PCCP/PA and RAP pending the approval of a 
revised CMS Report (Kieling December 2003).  Resubmittal 
of the revised CMS Report required by December 31, 2004. 

Interim Measure 
Request 

04-19-04 09-22-04 
With conditions 

This request involved approval to install the at-grade 
vegetative soil cover presented in the May 2003 RAP as an 
interim measure while CMS Report issues are being 
resolved.    

Class 2 Mod: 
Request to P&A 
MW-2A and Not 
Replace 

04-26-04 
 

07-30-04 
response to 

NMED 
NOD 

(Bearzi 
June 2004) 

12-06-04 
 

10-08-04 
NMED Notice 

for Public 
Comment 

Period 
 

Removal of groundwater monitoring well MW-2A from the 
CWL monitoring network requested, and rationale for not 
replacing with a new MW provided.  NMED approved the 
request to P&A the well and to not require a new 
replacement well after completing the required 30-day public 
comment period.   

Continuation of 
5/20/03 Class 3 Mod  

12-31-04 
Submitted 
with this 

CMS 
Report  

PENDING This revised CMS Report and RAP are the continuation 
submittal.  The accompanying revision to Chapter 12 of the 
Closure Plan clarifies the scope and purpose of the CMS 
Report, as well as the scope and regulatory process for the 
PCCP/PA based upon direction from NMED. 

Refer to footnotes at end of table. 
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Table A-1 (Continued) 
Regulatory History of the CWL 

 

CWL Action 
Request 
Date(s) 

Approval 
Date(s) Description 

Landfill Excavation Project Documents and History 
SAP 11-09-98 07-09-99 Original SAP for the LE VCM.  Defined original approach to 

excavation sampling and analytical protocol.  Approved by 
NMED with five conditions. 

WMP 11-09-98 07-09-99 Original WMP for excavation of CWL.  Defined original 
planning assumptions and approach to waste segregation, 
characterization, and management.  Approved by NMED 
with five conditions. 

ICN #1 for the SAP 05-22-99 
Prepared in 
March 1999 

 
10-05-99 
Response 

to RSI 

07-09-99 
 

Approval with 
conditions, and 

RSI 

The most significant changes described in this ICN were the 
discontinuation of field screening as a method used to 
segregate waste into piles and the increase of the staged 
soil pile size to an operationally-efficient size. Redundancy 
between on- and off-site sampling was also reduced.  
Designated excavation areas were also incorporated into 
this ICN.   

ICN #1 for the WMP 05-22-99 
Prepared in 
March 1999 

 
10-05-99 
Response 

to RSI 

07-09-99 
 

Approval with 
conditions, and 

RSI 

This ICN reorganized several sections of the original WMP.  
The changes were based upon actual waste materials 
encountered during excavation rather than those anticipated 
in the original WMP.  It expanded the excavation, 
segregation, and management planning sections of the 
document.  In addition to these changes, project personnel 
information was updated.  Additional changes were made to 
ensure consistency with changes proposed to the SAP and 
to incorporate changes reflected in newly promulgated 
regulations.  Changes related to streamlining the excavation 
process to increase worker health and safety included the 
use of EPA’s AOC policy, the use of a mechanical screening 
device rather than a site-built sorting table as a primary 
means for waste segregation, and the elimination of field 
screening of soils for waste minimization. 

Risk-Based 
Approach for 
Excavation and 
Backfilling of the 
CWL 

09-08-00 10-11-00 This guidance document provided the risk-based criteria that 
were used to determine the completion of excavation and to 
determine which excavated soils could be returned to the 
excavation as backfill material.  The changes described in 
this document were intended to bring the CWL excavation 
project into alignment with risk-based strategies at other 
SNL/NM ER sites and to avoid volume problems at the 
CAMU waste cell.  NMED approved this approach by letter, 
and it was published in the November 29, 2000 CWL 
Quarterly Report for August through October 2000. 

ICN #2 for the SAP 12-21-00 01-25-01 This defined the verification sampling strategy for 
replaceable soils and for clean backfill.  It also defined the 
process used for the final risk determination for the CWL, 
including the use of off-site laboratory data. 

ICN #2 for the WMP 07-24-01 07-31-01 The WMP and ICN #1 for the WPM called for a 
representative number of debris items to be sampled by 
chipping, cutting, snipping, or otherwise obtaining a sample 
of the debris material.  The approach described in this ICN 
allowed a mechanized process (shredding), cutting tools, 
and/or other appropriate technologies by which to obtain 
those chip, cut, or snip samples of soft debris, metal, wood, 
and concrete.  The sampling and analysis frequency and the 
analytical program were not changed by this ICN. 

Refer to footnotes at end of table. 
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Table A-1 (Continued) 
Regulatory History of the CWL 

 

CWL Action 
Request 
Date(s) 

Approval 
Date(s) Description 

Landfill Excavation Project Documents and History (Continued) 
ICN #3 to the SAP 07-24-01 07-31-01 This ICN eliminated the preverification sampling step in 

areas that were actually less contaminated than expected 
during excavation (North Area).  It also allowed for the use of 
off-site laboratories when on-site capabilities were not 
available. 

Request for 
Contained-In 
Determinations 

08-01-01 01-24-02 
Approval with 

conditions 

This request established criteria for making contained-in 
determinations for contaminated soil, debris, and storm 
water associated with the CWL and CAMU. 

ICN #4 to the SAP 02-25-02 06-21-02 This is an addition to the SAP for investigation of PCB 
contamination in the southern part of the Southwest Area of 
the CWL. 

ICN #5 to the SAP 
and ICN #3 to the 
WMP 

12-20-02 Awaiting 
approval 

These changes will formalize the contained-in determination 
implementation process for debris and will identify related 
text changes in the SAP and WMP. 

TSCA Related Documents and History 
TSCA Cleanup 
Notification and 
Certification 

12-17-98 No response – 
automatic 
approval 

DOE provided EPA with cleanup notification and 
certification, as required under 40 CFR 761.61(a) of the 
planned remediation at the CWL.  The following information 
was provided: 1) CWL VCM Plan (Appendix S of the Closure 
Plan for the CWL); 2) SAP for the CWL Excavation; 3) WMP 
for the CWL Excavation; 4) matrix and supporting 
information, directing readers to PCB-specific information in 
the above documents; and 5) a written certification. 

TSCA Request for 
Storage of PCB Soils 

02-29-00 04-28-00 DOE requested approval under 40 CFR 761.61(c) for: a) 
approval of a 180-day extension for storage of regulated 
PCB materials at the CWL, allowing storage until 
September 4, 2000; and b) Approval of risk-based storage 
under 40 CFR 761.61(c), beginning September 5, 2000, and 
effective for a period of two years following the completion of 
the CWL excavation and backfilling.  EPA granted approval 
for storage through September 4, 2001 on April 28, 2000. 

TSCA Request for 
Extended Storage of 
Regulated PCB Soils 

09-05-00 
 
 
 

04-10-01 
Additional 
information 
provided 

 

12-04-00 
Temporary 

Authorization 
 
 

05-22-01 
Conditional 
Approval 

This request was for approval of extended storage of bulk 
PCB-contaminated soils.  On November 15, 2000, EPA 
responded that additional justification was needed.  On 
December 4, 2000, EPA granted a temporary extension until 
September 4, 2001.  On April 10, 2001, DOE provided 
additional justification for continued storage of bulk soils at 
the CAMU and PCB soils at the CWL.  On May 22, 2001, 
EPA granted a conditional approval for extended storage, 
the period determined by an EPA decision on a risk-based 
request (40 CFR 761.61[c]) for management of regulated 
PCB materials. 

Risk-Based 
Approach Request 
for TSCA 

10-30-01 06-21-02 DOE requested EPA approval for implementing the risk-
based approach developed for RCRA constituents, for 
management of TSCA-regulated constituents (PCBs).  
Request included all original planning documents (and 
associated ICNs), the risk-based approachb, and Appendix S 
to the Closure Plan (and associated modifications).  Storage 
of PCB regulated material approved through September 20, 
2003. 

aClass 1 Modification requiring prior approval from NMED.  
bThis version of Appendix G is entitled "Revision 5."  Earlier revisions (1 - 4) to Appendix G of the Closure Plan were 
prepared internally, however this Class 2 Modification was the only Appendix G revision formally submitted to the NMED. 
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Table A-1 (Concluded) 
Regulatory History of the CWL 

 
AOC = Area of Contamination. 
CAMU = Corrective Action Management Unit. 
CFR = Code of Federal Regulations. 
CMI = Corrective Measures Implementation. 
CMS = Corrective Measures Study. 
CWL = Chemical Waste Landfill. 
DOE = U.S. Department of Energy. 
EPA = U.S. Environmental Protection Agency. 
ER = Environmental Restoration. 
ICN = Interim Change Notice. 
LE = Landfill Excavation. 
Mod = Modification. 
NMED = New Mexico Environment Department. 
PCB = Polychlorinated biphenyl. 
RCRA = Resource Conservation and Recovery Act. 
RSI  = Request for Supplemental Information. 
SAP = Sampling and Analysis Plan. 
SNL/NM = Sandia National Laboratories/New Mexico.  
SOB = Site Operational Boundary. 
TSCA = Toxic Substances Control Act. 
VCM = Voluntary Corrective Measure. 
VE = Vapor extraction. 
VOC = Volatile organic compound. 
WMP = Waste Management Plan. 



 

 

ANNEX B 
Unsaturated Zone Contaminant Characterization  

November 1993 
Supporting Information 



Total Net
Depth (ft) TCE VOC VOC TCE Tot. VOC Net VOC
5 1300.000 2311.00 2148.00
6.5 9500.000 16133.00 14645.0
8.5 210.000 331.80 121.80

Total Net
Depth (ft) TCE VOC VOC TCE Tot. VOC Net VOC
5 11.000 81.900 58.600 100.000 144.440 143.040
10a 32.500 55.875 43.500
14a 108.500 253.235 250.035 120.000 227.425 223.275
15.5 180.000 540.700 528.300 160.000 421.000 417.000
20 110.000 450.100 425.900
25 30.000 348.720 245.920 74.000 546.330 312.130
30 ND 96.000 4.200
35 ND 148.900 5.000 ND 111.100 ND
40 ND 118.100 4.100
45 ND 41.000 2.000 ND 173.400 ND
50 ND 113.300 ND
60 ND 0.016 ND
70 ND 0.042 0.012
82 ND 0.027 0.008
90 ND 0.018 0.001
100 ND 0.012 ND
110b ND 0.011 ND ND 1.583 1.003
120 ND 0.008 ND
130 ND 0.012 ND

Total Net
Depth (ft) TCE VOC VOC TCE Tot. VOC Net VOC
5 ND 0.021 ND ND 2.040 1.300
10 ND 0.019 ND
15a ND 0.013 ND ND 6.217 0.730
20a ND 0.017 ND
30 ND 0.021 0.001
40 ND 0.020 ND
50 ND 0.026 0.005

aAverage of two samples
bMatrix-spike sample  

Table B-1.   Unsaturated Zone Contaiminant Characterization Soil Sample Anaytical Results  

Note:  Net VOC = Total VOC - (acetone + methylene chloride)

Volatile Organic Compounds

Unsaturated Zone Contaminant Characterization report (SNL/NM November 1993)

All results reported in milligram(s)/kilogram (mg/kg)

Data from Appendix F - Tables F-1 and F-2

Methanol-Extracted

Methanol-Extracted
CWL +017 +025

Methanol-Extracted
CWL +022 +025

CWL +023 +223
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Total Net 
Depth (ft) TCE VOC VOC TCE Tot. VOC Net VOC
10 0.002 0.018 0.004
15 ND 0.042 0.004 ND 2.560 2.040
20 ND 0.009 0.003
30a ND 0.010 ND
40 ND 0.011 ND
50 ND 0.013 0.002
60 ND 0.008 0.002
70 ND 0.006 ND
80 ND 0.006 ND
90 ND 0.007 0.002
100 ND 0.012 0.002
120b ND 0.008 ND
140 ND 0.010 0.001
160 ND 0.007 ND

Total Net
Depth (ft) TCE VOC VOC TCE Tot. VOC Net VOC
5 ND 0.020 0.004 ND 1.046 0.858
10 ND 0.008 ND
15a ND 0.010 ND ND 1.836 1.476
20a ND 0.010 0.002
30 ND 0.012 0.003
40 ND 0.013 0.004
60 ND 0.013 ND
80b ND 0.006 ND
90 ND 0.014 ND
100 ND 0.012 ND
120 ND 0.008 ND
140 ND 0.048 ND

Total Net
Depth (ft) TCE VOC VOC TCE Tot. VOC Net VOC
60 ND ND ND
80 ND 0.002 ND
100 ND 0.002 ND
120 ND 0.002 ND
140 ND 0.001 ND
160 ND 0.001 ND
180 ND 0.001 ND

aAverage of two samples
bMatrix-spike sample

Table B-1 (continued).   Soil Sample Analytical Results:  Volatile Organic Compounds (mg/kg)
Note:  Net VOC = Total VOC - (acetone + methylene chloride)

Methanol-Extracted
CWL +055 +115

Methanol-Extracted

Methanol-Extracted
CWL +068 +350

CWL +100 -150
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Total Net
Depth (ft) TCE VOC VOC TCE Tot. VOC Net VOC
12 ND 0.072 0.005 ND 1.725 1.000
20a 0.005 0.045 0.009 0.460 2.245 1.735
30 ND 23.840 1.420
40 ND 39.950 0.630
50 ND 19.140 0.760
60 ND 10.950 1.290
70 ND 0.134 ND
80 ND 0.030 ND
90 ND 0.068 ND
100 ND 0.176 0.004
120 ND 0.096 ND
140 ND 0.083 0.005
160 ND 0.043 ND
180 ND 0.046 ND
200 ND 0.072 ND
220 ND 0.058 ND

Total Net
Depth (ft) TCE VOC VOC TCE Tot. VOC Net VOC
5 ND 0.047 ND ND 1.485 1.400
10 ND 0.071 ND
40 ND 16.52 0.520
50 ND 18.65 0.550
60 ND 0.939 0.039
70 ND 8.200 ND
80 0.008 0.126 0.031
90 ND 0.016 ND
100 ND 0.071 ND
120 ND 0.303 0.003
140 ND 0.131 0.001
140b 0.0440  N/A N/A
160 ND 0.035 0.001
180 ND 0.013 ND
200 ND 0.019 ND

aAverage of two samples
bAverage of two matrix-spike samples

Methanol-Extracted

CWL +165 -012

Table B-1 (continued).   Soil Sample Analytical Results:  Volatile Organic Compounds (mg/kg)
Note:  Net VOC = Total VOC - (acetone + methylene chloride)

CWL +170 +225

Methanol-Extracted
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Total Net
Depth (ft) TCE VOC VOC TCE Tot. VOC Net VOC
5 ND ND ND ND 1.654 1.435
10 ND 0.008 ND
15a ND 0.013 0.002 ND 1.331 1.167
20a ND 0.010 ND
30 ND 0.008 ND
40 ND 0.008 0.002
50 ND 0.009 ND
60 ND 0.006 ND
70b ND 0.002 ND
80 ND 0.015 ND
90 ND 0.014 ND
100 ND 0.043 0.008

Total Net
Depth (ft) TCE VOC VOC TCE Tot. VOC Net VOC
N/A ND 0.022 0.009 ND 1.690 1.300
10 ND 1.127 ND 0.026 1.166 0.606
20 ND 0.024 ND 0.048 1.288 1.234
30 ND 0.239 0.003
40 ND 1.921 ND
50 ND 1.082 0.012
60 ND 0.049 ND
70 ND 0.010 ND
80 ND 0.010 ND
90 ND 0.010 ND
100 ND 0.004 ND
110 ND 0.007 ND
120 ND 0.006 ND
130 ND 0.019 ND
140 ND 0.030 ND
150 ND 0.015 ND
170 ND 0.024 ND
190 ND 0.013 ND

aAverage of two samples
bMatrix-spike sample

Table B-1 (continued).   Soil Sample Analytical Results:  Volatile Organic Compounds (mg/kg)
Note:  Net VOC = Total VOC - (acetone + methylene chloride)

Methanol-Extracted
CWL +191 +377

Methanol-Extracted
CWL +194 +050
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Total Total
Depth (ft) TCE VOC VOC TCE Tot. VOC Net VOC
60 ND 0.025 0.003 ND 3.748 2.438
80b ND 0.013 ND
100 ND 0.015 0.003
120 ND 0.019 0.003
140 ND 0.021 0.004
160 ND 0.024 0.005
180 ND 0.026 0.003
189 ND 0.003 ND

Total Net
Depth (ft) TCE VOC VOC TCE Tot. VOC Net VOC
10 ND 4.081 0.040
20 ND 0.621 ND ND 3.460 1.400
30a ND 0.211 0.004
40 ND 7.718 0.072 ND 12.790 1.650
50 ND 0.226 0.004
60 ND 1.922 0.071
70 ND 0.026 0.009
80 ND 0.006 ND
90 ND 0.007 0.001
100 ND 0.005 ND
120 ND 0.002 ND
140 ND 0.005 ND
160 ND 0.007 ND
180 ND 0.007 0.001
200 ND 0.012 0.002

Total Net
Depth (ft) TCE VOC VOC TCE Tot. VOC Net VOC
20 ND 0.013 0.003 ND 2.225 1.695
40 ND 0.002 ND ND 1.592 1.442
60 ND 0.009 ND
80 ND 0.012 0.004
100 ND 0.013 0.003
120 ND 0.021 0.004
140 ND 0.016 0.004
160 ND 0.027 0.006
180 ND 0.018 0.004

aAverage of two samples
bMatrix-spike sample

Table B-1 (continued).   Soil Sample Analytical Results:  Volatile Organic Compounds (mg/kg)
Note:  Net VOC = Total VOC - (acetone + methylene chloride)

CWL +200 -130

Methanol-Extracted
CWL +448 +150

Methanol-Extracted
CWL +235 +231

Methanol-Extracted
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Total Net
Depth (ft) TCE VOC VOC TCE Tot. VOC Net VOC
20 ND 0.008 0.002 ND 0.878 0.558
40 ND 0.013 0.003
60 ND 0.008 0.002
80 ND 0.007 0.001
100 ND 0.005 0.001
120 ND 0.007 0.002
140 ND 0.009 0.002
160 ND 0.007 0.001

Total Net
Depth (ft) TCE VOC VOC TCE Tot. VOC Net VOC
5 ND 0.022 0.003 0.091 4.032 3.312
10 0.040 0.060 0.051
15 0.002 0.028 0.006 0.056 1.330 1.256
20 0.007 0.065 0.024
25 ND 0.105 0.009 0.087 0.846 0.748
30 ND 0.077 0.020
35 ND 0.047 0.008
40 ND 0.050 0.008
70 ND ND ND
80 ND 0.054 ND
90 ND 0.021 ND
130 ND ND ND ND 3.070 1.800
135 ND 0.009 ND ND 2.220 2.000

Total Net
Depth (ft) TCE VOC VOC TCE Tot. VOC Net VOC
10 ND ND ND
20 ND 0.009 ND
30 ND ND ND
40 ND 0.008 ND
50 ND 0.058 0.004
60 ND 0.014 ND
70 ND ND ND ND 7.160 0.560
79 0.098 0.747 0.272 0.016 0.128 0.111
90 ND 0.129 0.031
100 ND 0.058 0.010
110 0.200 0.318 0.258
120 ND 0.049 0.008
130 ND 0.024 0.004
140 ND ND ND
152 ND 0.021 0.005
160 ND 0.087 0.080
170 ND 0.152 0.032

Table B-1 (continued).   Soil Sample Analytical Results:  Volatile Organic Compounds (mg/kg)
Note:  Net VOC = Total VOC - (acetone + methylene chloride)

Methanol-Extracted
CWL -075 -015

Methanol-Extracted
CWL +450 -003

Methanol-Extracted
CWL -030 +020
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Total Net
Depth (ft) TCE VOC VOC TCE Tot. VOC Net VOC
20 ND 0.023 ND ND 0.864 0.584
40 ND 0.025 0.003
60 ND 0.037 0.002
80 ND 0.011 ND
100 ND 0.031 0.001
120 ND 0.041 0.001
140 ND 0.026 0.002
160 ND 0.014 ND
180 ND 0.032 0.006
200 ND 0.010 ND

Total Net
Depth (ft) TCE VOC VOC TCE Tot. VOC Net VOC
20 ND 0.011 ND ND 0.991 0.687
40 ND 0.018 0.002 ND 0.941 0.491
60 ND 0.013 0.003
80 ND 0.012 0.002
100 ND 0.010 0.002
120 ND 0.012 0.003
140 ND 0.014 0.003
160 ND 0.012 0.002
180 ND 0.007 ND
200 ND 0.011 0.002

Total Net
Depth (ft) TCE VOC VOC TCE Tot. VOC Net VOC
60 ND 0.015 0.004 ND 1.270 0.910
80 ND 0.014 0.003
100 ND 0.013 0.006
120 ND 0.009 0.003
140 ND 0.009 0.003
160 ND 0.012 0.003
180 ND 0.016 0.004
200 ND 0.010 0.004

Methanol-Extracted
CWL -090 -126

Methanol-Extracted
CWL -158 +374

Methanol-Extracted
CWL -190 -226

Note:  Net VOC = Total VOC - (acetone + methylene chloride)
Table B-1 (continued).   Soil Sample Analytical Results:  Volatile Organic Compounds (mg/kg)
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Total Net 
Depth (ft) TCE VOC VOC TCE Tot. VOC Net VOC
20 ND 0.017 0.003 ND 3.644 1.854
40 ND 0.023 0.006 ND 4.118 2.268
60 ND 0.027 0.008
80 ND 0.015 0.002
100 ND 0.020 0.006
120 ND 0.017 0.004
140 ND 0.016 0.004
160 ND 0.021 0.003
180 ND 0.019 0.003
200 ND 0.019 0.002

Total Net
Depth (ft) TCE VOC VOC TCE Tot. VOC Net VOC
20 ND 0.013 0.002 ND 0.269 0.069
40 ND 0.010 0.002
60 ND 0.011 0.002
80 ND 0.012 0.002
100 ND 0.008 0.001
120 ND 0.011 0.002
140 ND 0.006 0.001
160 ND 0.007 0.002

Methanol-Extracted
CWL -327 -020

Table B-1 (concluded).   Soil Sample Analytical Results:  Volatile Organic Compounds (mg/kg)

Methanol-Extracted
CWL -227 -020

Note:  Net VOC = Total VOC - (acetone + methylene chloride)
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ANNEX C 
VE VCM Project – Supporting Information 
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Index to Annex C 
 

Tables and figures from the Stage 1 VE VCM Design Report (SNL/NM May 2000b): 
 
Appendix I from the VE VCM Final Report (SNL/NM May 2000a) 
 
Appendix J from the VE VCM Final Report (SNL/NM May 2000a) 



 

 

 

Stage I VE VCM Design Report 
May 2000b 

Tables and Figures 
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Index to Stage 1 VE VCM Design Report  
Supporting Information 

 
 

• Stage 1 Vapor Extraction and Injection Well Configuration and Target Flow Rates 
(Table 5-1) 

 
• AIR3D Simulation Results for Stage 1 Design Scenario (Table 5-2)  
 
• Site Map Showing Known Pit Locations and the Four General Solvents Disposal 

Areas (Figure 1-2) 
 
• Vertical Profile of the Total VOC Distribution in Soil-Gas (ppmv) in 1993  

(Figure 3-1) [Note: this soil-gas plume cross section does not include more recent 
information gained since 1993, and is not consistent with later interpretations of 
the plume] 

 
• Target Treatment Region During VE VCM, 0–200 ft bgs Depth Interval (Figure 3-2) 
 
• Target Treatment Region During VE VCM, 460–487 ft bgs Depth Interval  

(Figure 3-3) 
 
• Conceptual Relationship Between Air Flow Pattern Induced by Shallow Extraction 

Well and Primary VOC Sources (Figure 3-7) 
 
• Sketch Depicting Two Possible Models for Original VOC Transport into the Deep 

Zone and Influence of Soil-Gas Extraction (Figure 3-8) 
 
• Well Configuration for Stage 1 Design Scenario (Figure 4-9) 
 
• Estimated Radius of Influence – Shallow Stage 1 Wells (Figure 5-1) 
 
• Estimated Radius of Influence – Intermediate Wells (Figure 5-2) 
 
• Estimated Radius of Influence – Deep Wells (Figure 5-3) 

 



























 

 

VE VCM Final Report 
May 2000a 
Appendix I 

 















 

 

VE VCM Final Report 
May 2000a 
Appendix J 

 











































 

 

ANNEX D 
September 2004 Soil-Gas Monitoring Report 
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TECHNICAL MEMORANDUM 

To: Don Schofield (SNL/NM 6134)  

Cc: Mike Mitchell (Gram, Inc. SNL/NM 6134) 

From: James Studer (InfraSUR, LLC) 

Date: December 13, 2004 

Re: Evaluation of Soil-Gas Sampling Data for the Period April 1997 through 
September 2004, Chemical Waste Landfill, Sandia National Laboratories, 
Albuquerque, NM 

 
This technical memorandum presents an evaluation of soil-gas sampling and analytical 
data collected during eight sampling events conducted over approximately seven years 
from a series of 24 stainless steel subsurface monitoring ports located beneath the 
Chemical Waste Landfill (CWL) site located in Technical Area III of Sandia National 
Laboratories/New Mexico (SNL/NM). These monitoring ports are integral components of 
a remediation well network installed as part of the Vapor Extraction Voluntary Corrective 
Measure (VE VCM). The primary purpose of the multiple soil-gas sampling events using 
these ports was to quantify the number and concentration of volatile organic compounds 
(VOCs) within the limits of a soil-gas VOC plume and delineate concentration trends 
over time. The VOCs are present as the result of past waste disposal operations at the 
CWL and primarily consist of chlorinated and fluorinated solvents and aromatic and 
ketone compounds. The nominal seven-year monitoring period addressed in this 
memorandum includes the following events: 
 

• The period after short-term VE VCM design phase pilot tests were completed, 
immediately before the start of the VE VCM. 

 
• The startup of the VE VCM Stage 1 vapor extraction and air injection system. 
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• Approximately 12 months of active vapor extraction and air injection including 
two periods of approximately one month and three months of system shutdown 
for “rebound” monitoring. 

 
• Approximately six years of passive vapor extraction concurrent with landfill 

excavation activities and continuing through September 2004. 
 
The focus of the soil-gas data evaluation described herein was to develop observations 
and conclusions, based solely on the eight sets of soil-gas data collected during the seven-
year monitoring period, that can be used elsewhere within the Corrective Measures Study 
(CMS) process to answer the questions of whether or not the soil-gas VOC plume 
remains a significant threat to human health and the environment, and if so, the nature of 
that threat. Consequently, this document focuses on the data collected since active 
extraction and injection were terminated in July 1998.  These post-VE VCM soil-gas 
monitoring results represent near-natural advection and dispersion conditions, influenced 
only by localized centers of passive extraction and surface excavation, and provide more 
useful information regarding current conditions. 
 
This report presents the physical setting of the soil-gas sampling network, field data 
collection and laboratory analytical methods utilized, and the data evaluation including 
results and conclusions based on the data collected since the active phase of the VE VCM 
ended. Background information on the CWL and all environmental investigations and 
remedial actions at the site are presented in the CMS Report, to which this evaluation is 
appended. Section 1.6.2.1 of the CMS Report presents a comprehensive summary of the 
VE VCM. Key data and interpretations of this evaluation will not be repeated in this 
report.  
 
SOIL-GAS SAMPLING NETWORK 
 
Each of the 24 soil-gas monitoring ports is constructed as an isolated sampling device in 
the annulus of former multi-purpose remediation wells associated with the VE VCM. 
Currently, six former multi-purpose remediation wells are located at the site and referred 
to as UI-1, UI-2, UI-3, D-1, D-2, and D-3. The UI designation refers to “Upper 
Intermediate” indicating the general depth horizon in which these wells are screened. The 
D designation refers to “Deep” and is similarly indicative of the screen depth interval. 
During the VE VCM, these six wells were used for either extraction of soil gas under 
vacuum or for injection of atmospheric air under pressure. Upon termination of the active 
stage of the VE VCM in July 1998, each of the six wells were converted to passive soil-
vapor extraction wells with the installation of Baro-Ball® low differential pressure check 
valves at the top of casing. The soil-gas monitoring ports have undergone no 
modifications since original construction and, through the latest sampling event 
(September 2004) have been utilized in a consistent manner.  
 
Figure 1 presents a plan view of the CWL site, the location of the former multi-purpose 
remediation wells, and the location of each of the 24 soil-gas ports. The vertical position 
of the soil-gas ports relative to each other, the ground surface, the general position of the 
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water table, and the well screens of the former multi-purpose remediation wells are also 
depicted in Figure 1. As shown in Figure 1, three soil-gas ports are associated with each 
of the UI series wells and five soil-gas ports are associated with each of the D series 
wells. A photograph of the UI-3 remediation wellhead and sampling ports is shown in 
Figure 2. Finally, a schematic indicating the general nature and operation of the Baro-
Ball®-equipped passive extraction well is presented as Figure 3.  
 
FIELD AND LABORATORY METHODS 
 
The eight soil-gas sampling events were conducted from shortly before the VE VCM 
startup (VE VCM baseline) to September 2004. Despite significant modifications to the 
well network as the VE VCM transitioned from active remediation to passive 
remediation, the 24 ports were not affected and the process of sampling these ports and 
analyzing samples obtained remained consistent. The major exception is that early 
sampling events using these ports involved collection of certain samples for analysis at 
the on-site Environmental Restoration Chemistry Laboratory (ERCL). The analytical 
program, however, quickly transitioned to complete reliance on an off-site contract 
laboratory to conduct analyses and report results for soil-gas VOC concentrations. Only 
those data derived from the outside contract laboratory are addressed herein. Also, 
immediately before or after soil-gas sampling was completed at individual ports, 
subsurface pressure was measured using pressure gauges (i.e., Magnehelic® gauges) and 
passive venting flow rate was measured using a heated anemometer (but only when an 
exhaust of soil gas out of the well was observed). However, these ancillary measurements 
were not performed after the August 2001 sampling event. Although the subsurface gas-
phase pressure and the state and magnitude of passive venting at the time of sampling are 
believed to potentially exhibit some minor influence on the concentration of VOCs 
detected in soil-gas samples, the pressure and flow rate data are not discussed further in 
this memorandum.  The focus of the current summary is to present those analytical data 
from the eight events that are most useful and comparable, as well as the observations 
and conclusions derived from these results. 
 
The general sequence followed during the eight events, directly resulting in collection of 
soil-gas samples for laboratory analysis, is as follows: 
 

1. Set up sampling equipment at selected well/port with port sampling order 
determined by level of soil-gas contamination and desire to sample ports in 
regions of lower soil-gas impact first followed by ports in regions of higher 
impact. 

 
2. Inspect ports and measure background VOC concentrations in the breathing zone 

using photoionization detector (PID) instrumentation. 
 
3. Purge antecedent soil gas from sampling port and riser and formation immediately 

surrounding port. 
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4. Take periodic measurement of total VOC concentration in purged soil gas using 
PID instrumentation. 

 
5. Terminate purging operation once PID readings stabilize. 
 
6. Connect soil-gas sampling container to port tubing and fill sample container.   
 
7. Label the soil-gas sample container and complete sampling documentation 

including chain-of-custody (COC) form. 
 
8. Ship all filled soil-gas sample containers under COC to either on-site laboratory 

or off-site fixed laboratory for analysis.   
 
Soil-gas samples were screened at monitoring ports with a PID containing an ultraviolet 
lamp with an ionization potential of 11.8 electron volts (eV).  The 11.8 eV lamp detects 
higher ionization potentials of contaminants than the standard 10.0 eV lamp and was 
selected because of the multi-component nature of the soil-gas plume at the CWL.  
Freon 113 (1,1,2-trichloro-1,2,2-trifluoroethane) for example, is frequently detected in 
soil gas at the CWL and has an ionization potential of 11.78 eV.  Therefore, the 11.8 eV 
lamp can detect the presence of Freon 113, which the standard 10.0 eV lamp cannot 
(EPA 1994). 
 
Soil-gas samples were screened with the PID during purging of the monitoring port 
sample tubing and port.  A vacuum pump, connected to the sample tubing via a 
Swagelok® fitting, was used to purge stagnant and/or pre-existing soil gas from the 
monitoring ports.  PID readings were monitored during purging and recorded in the field 
book once they had stabilized at a specific level with fluctuations up or down of less than 
10 percent relative to that level.   
 
Soil-gas samples were collected in 6-liter SUMMA® canisters for off-site laboratory 
analysis of VOCs by U.S. Environmental Protection Agency (EPA) Compendium 
Method TO-14.  Table 1 lists the analytes for which quantitative concentration estimates 
can be obtained and reported using EPA Method TO-14. The passivated stainless steel 
SUMMA® canisters were shipped from the laboratory under vacuum and were connected 
directly to the sampling ports by Swagelok® fittings.  Soil gas was drawn into the sample 
container by the pressure differential between the atmosphere and the container interior.  
A needle valve was used to control soil-gas flow into the canister.  The canister usually 
reached atmospheric equilibrium within 1 minute of opening the valve.  After sample 
collection, the valve was closed, and the canister was shipped back to the laboratory with 
a COC form containing the sample identification number, sample location, date and time, 
elevation, and ambient pressure.  A plug Swagelok® fitting was fastened to the canister 
opening to ensure that the canister remained airtight during shipment to the laboratory.  
The canisters required no special preservation during transport and storage.  
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DATA EVALUATION 
 
This section describes the evaluation process and results for the soil-gas analytical results 
obtained since April 1997. The subsequent section presents the conclusions derived from 
the data evaluation process.  
 
The laboratory analytical data upon which this evaluation was based was derived from 
the following eight soil-gas sampling events: 
 

• April 1997 representing post-pilot testing conditions and baseline soil-gas plume 
conditions for the VE VCM. 

 
• June 1997 representing conditions approximately one month after startup of most 

of the Stage 1 VE VCM system. 
 
• December 1997 representing conditions approximately six months after startup of 

most of the Stage 1 VE VCM system, including a three-month shutdown period to 
discern whether concentration “rebound” was occurring or to be expected. 

 
• June 1998 representing conditions at the conclusion of the active stage (i.e., 

Stage 1) of the VE VCM, approximately 12 months after startup of most of the 
Stage 1 system. 

 
• June 1999 representing conditions approximately two years after startup of most 

of the Stage 1 VE VCM system and coinciding with approximately one year of 
passive vapor extraction and one year of the Landfill Excavation (LE) VCM. The 
LE VCM began in September 1998. 

 
• August 2001 representing conditions approximately four years after startup of the 

Stage 1 VE VCM system and coinciding with approximately three years of 
passive vapor extraction and three years of open excavation during the LE VCM. 

 
• June 2004 representing conditions approximately seven years after startup of the 

VE VCM system and coinciding with approximately six years of passive vapor 
extraction and 5.5 years of open excavation during the LE VCM.  The CWL 
excavation was backfilled to a uniform depth of 4 feet (ft) below ground surface 
(bgs) by February 2004. 

 
• September 2004 representing soil-gas plume conditions three months beyond the 

June 2004 sampling event.   
 
Data Analysis  
 
The data evaluation described in this document builds on prior efforts dating back to 
1997 to: 
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1. Collect and organize analytical data as they became available from the off-site 
laboratory. 

 
2. Review and validate analytical results to verify accuracy and representativeness. 
 
3. Evaluate the data on an event-by-event basis and in a cumulative fashion to 

ascertain the nature, extent, and concentration trends over time of the soil-gas 
VOC plume relative to remedial actions.  

 
Specific data analysis efforts for the current evaluation included: 
 

1. Updating existing tabulated summaries by including the June and September 2004 
event data.  

 
2. Updating existing graphical representations of the data (i.e., concentration versus 

time and concentration versus depth plots) by including the June and September 
2004 event data.  

 
3. Developing new graphical representations for selected data (e.g., preparation of 

trichloroethene (TCE)-specific plots and creation of vertical profiles of recently 
collected data). 

 
4. Evaluating the entire data set in an attempt to identify data transcription errors, 

laboratory quality assurance /quality control issues (e.g., dilution and detection 
limit influences on interpretations), overall trends, and outliers.  

 
5. Reviewing tabulated and graphical representations against professional judgment 

and the CWL Conceptual Site Model (updated in this CMS Report in 
Section 1.7.1 and Annex E) to discern the nature and magnitude of the VOC soil-
gas plume and behavior of plume under past and future natural and induced 
stresses. 

 
The raw field data and laboratory reports for the eight CWL soil-gas sampling events can 
be found in the records center at SNL/NM and are therefore not replicated here. The 
laboratory reports, or complete summaries, are also available in various reports submitted 
to the New Mexico Environment Department (NMED) over the years.  
 
Results 
 
Table 2 presents total VOC concentrations for all 24 soil-gas monitoring ports across 
the eight sampling events. The total VOC concentration for a soil-gas sample 
collected from a specific port is the sum of all detected concentrations for the 
constituents in the EPA Compendium Method TO-14 analyte list (Table 1). Detected 
total VOC values are presented for nearly all ports with the exception of the first 
sampling event in April 1997. For this event, one-third of the 24 ports were sampled 
and analyzed according to Method TO-14.  
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The April 1997 event represents the baseline sample event for the VE VCM, which is 
of limited value given the relatively low number of data points available. On-site 
ERCL laboratory results are not included because, or various reasons, the ERCL data 
is not comparable to the off-site laboratory results. However, because the June 1997 
sampling event occurred within one month of startup of most of the Stage 1 VE VCM 
system, it is reasonable to assume that baseline conditions in certain locations within 
the vadose zone can be inferred from the more complete June 1997 data set. For 
example, the June 1997 event occurred shortly after the deep remediation wells D-1, 
D-2, and D-3 were turned on and before several of the deep extraction wells were 
brought online (particularly MW-1A, -2A, and -3A).  It is also significant to note that 
the April 1997 data set was collected after pilot testing was conducted in 1996. 
 
As a first step in the detailed evaluation of the data, a basic evaluation of the total 
VOC concentration data (Table 2) was conducted to indicate the general nature and 
extent, as well as transport and fate behavior, of the overall soil-gas plume during the 
period of investigation. Specifically, the regions of highest and lowest VOC 
concentration in soil gas (and by extension, in pore water and on sediment surfaces), 
regardless of specific compound, are indicated. Additionally, the changes in these 
regions of high and low VOC mass in response to vapor extraction and air injection 
activities point to the overall nature of the soil-gas plume, and the sampling data 
provide valuable insights relative to understanding these changes.    
 
A cursory review of the data clearly indicates that there was a general trend of higher 
total VOC concentrations in the upper reaches of the vadose zone and lower total 
VOC concentrations in the lower reaches. However, upon closer inspection, there 
appears to have been a more complex structure to the soil-gas plume immediately 
before the VE VCM was started up in May 1997. The entries in Table 2 associated 
with the first three sampling dates were reorganized from highest detected 
concentration to lowest detected concentration and compared in an attempt to 
determine where VOC concentrations were highest in April 1997. These data are 
presented in Table 3. 
 
The information in the fourth column in Table 3 represents the postulated order of 
ports from high to low total VOC concentration for the VE VCM baseline of April 
1997. The relative magnitudes and trends among the three sampling events from 1997 
were evaluated together to identify regions where concentrations were high and 
remained high, or were high but rapidly diminished, or were low and increased over 
time. As can be observed in the table, it appears that the upper one-half of the vadose 
zone (above 250 ft bgs) contained significantly more VOCs than the lower half of the 
vadose zone, from approximately 250 to 500 ft bgs. However, data for the second and 
fourth ranked ports, D2-P4 and D1-P3, respectively, each positioned at 240-ft depth, 
indicate that a potentially significant mass of VOCs was present near the middle of 
the vadose zone at the start of VE VCM operations. Concentrations decline 
moderately from this middle horizon to the ground surface (where a zero 
concentration boundary effectively exists). A much steeper decline is evident from 



AL/12-04/WP/SNL04:r5609-d.doc  840857.01.07 12/17/04 5:54 PM D-8

this middle zone to the water table where detected total VOC concentrations did not 
appear to exceed 10 parts per million (ppm).  
 
Returning to Table 2, the region of highest total VOC concentration (not considering 
acetone) as of September 2004 (some seven years later) is indicated by the maximum 
detection at D1-P3 at 240 ft bgs. Three months earlier, the calculated values for 
D1-P3 and D2-P4 (both at 240 ft bgs) were the highest values. Total VOC 
concentration values for ports nominally 100 feet above and below this horizon were 
also elevated compared to values for ports in the upper 150 feet and below 350 feet 
bgs. Thus, it appears that in 2004, the center or core of the soil-gas plume coincides 
vertically with the middle region of the vadose zone as it did in 1997.  
 
This soil-gas plume core appears to extend between wells D-1 and D-2 and probably 
significantly beyond these two wells. This seems reasonable as a relatively high 
degree of historical solvent disposal occurred near the surface between these two 
points. On the other hand, values for the five D-3 ports 100 feet to the west of well 
D-2 were below 10 ppm. This would suggest that the core of the soil-gas plume does 
not extend to this area.  However, D-3 does not include a port at 240 ft bgs. The 
lenticular nature of the core indicates that higher concentrations could exist in the 
200- to 300-ft depth interval at D-3.  
 
The total VOC concentration values for all ports were plotted against time for each 
group of ports to support more detailed evaluation. Plots for ports at wells UI-1, UI-2, 
and UI-3 are presented as Figures 4, 5, and 6, respectively. Figures 7, 8, and 9 present 
plots for ports at wells D-1, D-2, and D-3, respectively.  
 
Figures 4 through 9 are useful in showing the changes in total VOC soil-gas 
concentrations at specific monitoring ports over time and efficiently comparing these 
changes at all ports completed at varying depths within the same borehole. These 
data, taken as a whole, provide insight into the behavior of the overall VOC soil-gas 
plume starting with a time immediately before large-scale vapor extraction and air 
injection, continuing through approximately one year of these actions (including a 
rebound observation period of three months) and, subsequently, a succession of six 
years under conditions of limited VOC soil-gas removal (passive phase) and exposure 
of the shallow subsurface (former disposal areas) due to landfill-wide waste and soil 
excavation.  
 
A basic trend evident to some degree in all of the graphs (and nearly all the ports) is 
described as follows. The total VOC concentration tended to be elevated immediately 
before the VE VCM commenced and then declined rapidly by one, two, or even three 
orders of magnitude early in the active stage of the VE VCM. After a few months of 
active vapor extraction and air injection, the rate of change in concentration declined 
or even approached zero. Then, in late 1997 and early 1998, with the system shut 
down for a total of approximately four months, detected concentrations continued to 
support the established trend. Coinciding with termination of active VE VCM 
operations in July 1998, detected concentrations were generally at the lowest level 
and then increased quickly, but not nearly to the levels observed or inferred before the 
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start of actual vapor extraction and air injection operations. In the years since active 
vapor extraction and air injection were terminated, detected concentrations appear to 
have declined slowly.  
 
The basic trend in total VOC concentrations observed at most monitoring ports 
suggests several things: 
 

1. The response of the VOC soil-gas plume to the combined action of vapor 
extraction and air injection was rather consistent throughout the plume. 

 
2. Concentration rebound was not significant in the vicinity of the ports and 

therefore it is unlikely that concentrated source(s) of VOCs are still present in 
the subsurface. 

 
3. Mechanisms of VOC transport and fate such as advection, diffusion, sorption, 

and abiotic degradation are active but in concert are not causing rapid changes 
in VOC soil-gas concentrations. 

 
4. Sampling and analysis error and small-scale heterogeneous structure of the 

VOC soil-gas plume introduce “noise” to the basic trend but do not mask the 
trend as manifested in the data from most ports.  

 
Deviations from the basic trend described above are evident in the data from UI2-P3, 
D1-P1 and -P2, and the P1, P2, and P3 ports at D-2. At UI2-P3, acetone uniquely 
dominated and influenced the total VOC concentration estimates over time. The 
deeper ports at D-1 and D-2 exhibited low VOC concentrations to begin with – any 
perturbations in the vadose zone and VOC soil-gas plume due to remediation 
activities or sampling and analysis error could cause large percentage increases in 
detected concentrations that would be magnified by the semi-log format of the plots 
(vertical axis).  
 
Due to the relatively high concentration of acetone detected at UI2-P3, plots of 
detected acetone concentration versus depth and time were prepared for all UI-2 ports 
and the relatively proximate UI-1 ports (Figures 10 and 11, respectively). It is 
believed that the high acetone concentration at UI2-P3 resulted from acetone that 
leaked from a buried container in one of the east-central pits during the active vapor 
extraction phase. The leak is indicated by several sources of data: the plotted UI2-P3 
data in Figure 10, VOC concentration data for soil gas extracted from screens of 
nearby extraction wells ECEW and UI-2 (not presented herein), and visually observed 
and recorded evidence of waste settlement in a pit next to well UI-2 (not presented 
herein).  Although the acetone concentration is quite high, the extent of acetone 
impact is limited to the zone immediately around and above the UI2-P3 port. Little or 
no acetone was detected during the period below UI2-P3, at ports P2 and P1, and at 
any monitored depth approximately 100 feet south (at UI-1 as shown in Figure 11). 
Also, no significant acetone detections have been observed for UI-3 to the east.  The 
limited acetone impact is attributed to the infinite solubility characteristic of acetone 
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having more influence over its subsurface migration than its relatively high volatility 
characteristic.  
 
The somewhat unique behavior of the lower three ports at D-2 is believed to be the 
result of, at least in part, the response of the vadose zone and soil-gas plume to hot air 
injection. Hot air, approaching 200 degrees Fahrenheit, was injected through the D-2 
screen for a total of approximately eight months. Pressure, temperature, moisture, and 
VOC concentration gradients were established as a result of the injection activities. 
The most rapidly changing parameter, pressure, was high when air was being 
injected. Temperature increased around the injection screen. The sediment dried out 
and thus moisture decreased. Any pre-existing VOCs were likely forced under 
pressure to migrate away from the injection screen. Termination of air injection 
resulted in equilibration of these gradients over a period of time. Relaxation of the 
temperature, moisture, and VOC gradients resulted in VOC migration into the region 
of the subsurface that had been cleared previously, resulting in increasing VOC 
concentrations in soil gas. The situation appears to have stabilized, with increases 
observed during recent sampling events probably the result of general plume 
expansion and/or sampling and analysis variation (i.e., error).  
  
The analytical data for all sampling events were reviewed to determine both the number 
of detected VOCs comprising the soil-gas plume, and which VOCs were most significant 
in terms of lateral and vertical extent.  The number and types of VOCs appear to be 
consistent across the eight sampling events as well as the relative occurrence and 
dominance across the plume. Therefore, to simplify the discussion, only the most recently 
collected data will be described.    
 
The September 2004 sampling event resulted in the detection of 26 individual VOCs 
among the 24 ports with the range at individual ports being 1 to 20. Twenty VOCs were 
detected at port UI1-P3.  At UI2-P3, because the acetone concentration was so high, the 
detection limits for all other VOCs were excessively elevated and no other VOCs could 
be detected. Removing this datum point results in a more representative range of 9 to 20 
VOCs with an average of 12 VOCs detected. The VOCs detected most often (and 
disregarding the UI2-P3 port) are: TCE (23/23); tetrachloroethene (PCE) (23/23); 
trichlorofluoromethane (Freon 11) (23/23); dichlorodifluoromethane (Freon 12) (23/23); 
1,1,2-trichloro-1,2,2-trifluoroethane (Freon 113) (23/23); 1,1,1-trichloroethane (TCA) 
(23/23); chloroform (23/23); 1,1-dichloroethene (DCE) (23/23); 1,2-dichloropropane 
(22/23); and methylene chloride (20/23). Those VOCs detected less often were: toluene 
(12/23); 1,1-dichloroethane (DCA) (9/23); acetone (8/23 – including UI2-P3); benzene 
(5/23); and 1,2-DCA (5/23). Detected no more than twice were: ethylbenzene; 
1,3,5 trimethylbenzene; m-, p-, xylene; carbon tetrachloride; carbon disulfide; 
2-butanone; 1,1,2-TCA; o-Xylene; 1,2-dichlorobenzene; 1,2-dibromoethane; and 
chlorobenzene.  
 
As indicated above, 8 of the 26 VOCs detected are ubiquitous throughout the  
soil-gas plume. Of these, the rank order from highest average concentration to lowest 
average concentration, with average concentration shown in parentheses, is as follows: 
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1. TCE (9.6 parts per million volume basis [ppmv]) 
2. Freon 113 (1.8 ppmv) 
3. 1,1-DCE (0.64 ppmv) 
4. PCE (0.54 ppmv) 
5. Freon 12 (0.44 ppmv) 
6. Chloroform (0.31 ppmv) 
7. 1,1,1-TCA  (0.12 ppmv) 
8. Freon 11 (0.10 ppmv) 

 
Of these VOCs, TCE is clearly the most significant VOC on the basis of average 
concentration. TCE is also the only VOC that has been consistently detected in 
groundwater. The drinking water Maximum Contaminant Limit (MCL) for TCE is also 
among the lowest MCLs established by the EPA at 5 micrograms/liter. It is for these 
reasons that TCE has been singled out by both SNL/NM and the NMED as the principal 
VOC contaminant of concern at the CWL. An evaluation of the data with respect to 
detected TCE soil-gas concentrations is therefore appropriate and is presented as follows. 
 
Table 4 is similar in format and purpose to Table 2 except that it exclusively presents 
detected TCE concentrations. The data summarized in Table 4 were used to create plots 
of TCE soil-gas concentration versus time and depth for ports at wells D-1, D-2, and D-3. 
These plots are presented as Figures 12, 13, and 14, respectively. A review of these plots 
indicates that the trend in TCE concentration versus depth and time closely mimics the 
total VOC concentration trends discussed previously. This is not surprising as TCE is the 
predominant VOC comprising the soil-gas plume.  
 
Figure 12 for well D-1 ports clearly show the vertical profile of TCE distribution within 
the soil-gas plume, near the core of the plume. It also shows how this region of the soil-
gas plume has been changing. As the detected TCE concentration at the 240-ft depth 
slowly declined, the detected TCE concentrations above and below slowly increased. 
These changes occurred in a rather uniform fashion and are consistent with the situation 
of a soil-gas plume of finite TCE mass expanding primarily under diffusion through the 
vadose zone. The diffusion is driven by concentration gradients within the soil-gas 
medium as well as the pore water and solid surface mediums. Mass within the core of the 
plume is redistributing in all three dimensions resulting in the observable decrease in 
TCE (and all VOC) concentrations within the core as well as observable increases around 
the periphery of the core. The plot for well D-3 ports (Figure 14), as well as the plot for 
UI-3 (Figure 6) supports the assertion that VOCs are migrating from the regions of high 
VOC concentrations to regions of lower VOC concentrations. At UI-3, located outside 
the area of original waste disposal, it appears that VOCs are slowly increasing at the three 
ports as VOCs diffuse upward from a lateral extension of the soil gas plume core below 
200 ft. The UI-3 data supports not only the diffusion assertion but also the assertion that 
the hydrostratigraphy of the vadose zone (and specifically laterally extensive horizons of 
preferential permeability) exerts a significant influence over the relative expansion of the 
soil-gas plume.  
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A noticeable feature of the TCE plots (as well as the total VOC plots) is that detected 
concentrations (and sums of individual concentrations) at most ports appear to be 
converging at a level between 10 to 20 ppmv. The redistribution of the finite TCE (and 
all VOC) mass from the core to periphery appears to be a slow process, and typical 
concentrations throughout the soil-gas plume may hover around 10 ppmv for a number of 
years before ultimately trending towards zero.  
 
A series of vertical profiles of the soil-gas plume based on total VOC concentration 
values were developed during the VE VCM and presented in the VE VCM Final Report 
(SNL/NM, May 2000a). These profiles are presented as Figure 15 (profiles a through c) 
and Figure 16 (profile d).  To create these profiles the entire set of detected concentration 
data from the 24 monitoring ports was synthesized with information obtained from other 
sources (e.g., lithographic information and soil gas data from other temporary monitoring 
ports). A similar approach was taken in development of profiles using the data collected 
from the June and September 2004 sampling events. These profiles are presented as 
Figure 16 (profile e, f, and g) and together with the profiles presented previously 
represent a time-series of interpreted soil-gas plume extent and magnitude based on total 
VOC concentration for the following periods: 
 

• Immediately before the VE VCM remediation started (April 1997) 
• After six months of Stage 1 operation (December 1997) 
• After one year of Stage 1 operation (June 1998) 
• After one year of Stage 1 and one year of passive venting operation (June 1999) 
• After six years of passive venting (June 2004) 
• Three months after the previous sampling event (September 2004). 
 

In addition to these six profiles, the seventh and last profile of Figure 16 (profile g) is a 
profile with the same format yet representing the interpreted extent and magnitude of the 
soil-gas plume based on detected TCE soil-gas concentrations. 
 
Major observations from these profiles are: 
 

1. The soil-gas plume appears to have been more extensive in the spring of 1997 
than it is today. 

 
2. The VE VCM active vapor extraction and air injection phase (Stage 1) appears to 

have had a dramatic impact on the soil-gas plume, with significant contraction of 
the outer boundaries of the plume (as defined by the 5-ppmv contour). 

 
3. The core of the plume appears to have collapsed during Stage 1 with the 

maximum total VOC concentration dropping from greater than 400 ppmv at the 
start of the VE VCM to less than 50 ppmv based upon measured concentrations.  

 
4. The change in plume structure over five years (from 1999 to 2004) appears to be 

consistent with slow diffusion causing an apparent slight expansion in the outer 
limits of the plume yet significant concentration reductions in the core.  
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5. The structure of the interpreted TCE concentration profile is very similar to the 

structure of the interpreted total VOC concentration profile for the same sampling 
event.  

 
The September 2004 interpretation developed integrating the June 2004 interpretation. 
The three-month period between these sampling events can be considered insignificant 
compared to the typical twelve-month to several-year intervals between earlier sampling 
events. Notwithstanding this perspective, the interpreted deviation of the September 2004 
profile from the June 2004 profile in the vicinity of D-3 lower ports may point to a 
significant process at work. The entire lower surface of the soil-gas plume as defined by 
the 5-ppmv contour is drawn to indicate that it is slowly moving towards the water table. 
Also, a lobe of contaminated soil gas is depicted to have migrated preferentially into the 
D-3 screen interval (and ports P1 and P2). However, it is possible that only the 
preferential migration is occurring due to operation of the Baro-Balls® encouraging 
VOC-containing soil gas to flow preferentially towards the upper portion of the screen 
interval (and lowermost port) at the D-series wells. If this is the case, the entire bottom 
surface of the soil-gas plume may not, in fact, be encroaching on the water table.  
 
CONCLUSIONS 
 
This report documents an evaluation of soil-gas monitoring data collected over eight 
sampling events performed at the CWL. The monitoring data consists of detected soil-gas 
concentrations for VOCs included as analytes in the EPA TO-14 analytical method. A 
total of 26 different VOCs were detected at least once during the eight sampling events. 
The most important VOC detected was TCE due to the widespread distribution, relatively 
high concentrations, and low MCL.  A number of tables and graphs were constructed 
using the analytical data, as well as vertical profiles.   
 
The VOC soil-gas concentrations at each of the 24 monitoring ports provide insight into 
the nature, extent, and trends over time of the entire VOC soil-gas plume. Natural forces 
acting on the plume were diffusion and advection caused by barometric pressure 
fluctuations, as well as abiotic and biotic transformation/destruction. Remedial or 
artificial forces acting on the plume during the period were vacuum- and pressure-
induced advection causing volatilization and dilution, localized heating and drying, and 
enhanced soil gas-atmospheric exchange and VOC volatilization caused by soils/waste 
excavation. Since completion of the Stage 1 VE VCM in July 1998, natural forces have 
dominated and continue to slowly change the remaining plume. The trends indicated by 
the data presented in this report are clear and correlate well to the various stages of 
remediation.  
 
Analysis of the available data indicates that significant concentration rebound did not 
occur after the Stage 1 VE VCM was terminated and that it will not occur in the future. 
Furthermore, the VOC soil-gas plume appears to be slowly dissipating.  Immediately 
after termination of active extraction and air injection, VOC concentrations rose and then 
leveled off generally one order of magnitude lower than initial detected VOC 
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concentrations (i.e., 1,000 ppmv leveled off near 100 ppmv and 100 ppmv leveled off 
near 10 ppmv).  Over much of the plume, total VOC concentrations appear to be 
converging on 10 to 20 ppmv. TCE concentrations are trending in a similar manner. 
 
At sites where VOC concentrations rise rapidly upon termination of vapor extraction to 
approach or even exceed initial concentrations, concentration rebound is probably the 
cause. In these cases, VOC mass transfer from concentrated VOC mass not entirely 
removed by prior vapor extraction efforts is significant. For the CWL, however, where 
rebound does not appear to have occurred, the rise in VOC concentrations (including 
TCE) has been modest. Where a rise has been observed, it is believed to be the result of 
the termination of induced flow patterns that involved significant circulation of soil gas 
void of VOCs or containing relatively low concentrations of VOCs. Now, relatively slow 
mass transfer of dispersed VOCs from soil surfaces to soil moisture, and then to soil gas, 
appears to be occurring via diffusion.  The fact that VOC concentrations have not only 
leveled off but are slowly declining within the core of the plume, and that there is a 
concomitant slow increase in VOCs in the more peripheral regions of the soil-gas plume, 
is strong evidence that a highly concentrated source of VOCs (i.e., nonaqueous-phase 
liquid [NAPL]) is no longer present in the vadose zone beneath the CWL. The 
elimination of original waste and highly contaminated soil from beneath the CWL via the 
LE VCM means that there is no significant remaining source for VOC soil gas. 
Therefore, the fate of the plume is one of slow diffusion and slight advective-driven 
mixing. With abiotic and biotic destruction mechanisms continuing to slowly eliminate 
VOCs (including TCE) (EPA September 1998), and with a modest increase in the storage 
of VOCs within the vadose zone due to a steadily declining water table, the future 
impacts to the groundwater (aquifer) beneath the site are expected to be slight and to have 
no adverse effect on human health or the environment.  
 
The individual sampling events over the years have produced empirical data that support 
the development of a consistent series of interpretations. These interpretations lead to the 
conclusion that the VOC soil-gas plume was greatly reduced by the VE VCM and is 
slowly dissipating through natural processes and ongoing passive venting.  Monitoring 
data collected since completion of the VE VCM strongly support the conclusion that no 
remaining significant sources of VOC soil gas remain in the vadose zone beneath the 
CWL. 
 
REFERENCES 
 
EPA, see U.S. Environmental Protection Agency. 
 
Sandia National Laboratories/New Mexico (SNL/NM), 2000.  “Chemical Waste Landfill 
Vapor Extraction Voluntary Corrective Measures Final Report,” Sandia National 
Laboratories, Albuquerque, New Mexico. 
 
SNL/NM, see Sandia National Laboratories/New Mexico. 
 



AL/12-04/WP/SNL04:r5609-d.doc  840857.01.07 12/17/04 5:54 PM D-15

U.S. Environmental Protection Agency (EPA), 1994.  “Final RCRA Corrective Action 
Plan,” Office of Solid Waste and Emergency Response, EPA/520/R/94/004, 
U.S. Environmental Protection Agency, Washington D.C.   
 
U.S. Environmental Protection Agency (EPA), September 1998.  “Technical Protocol for 
Evaluating Natural Attenuation of Chlorinated Solvents in Ground Water,” Office of 
Research and Development, EPA/600/R-98/128, U.S. Environmental Protection Agency, 
Washington, D.C. 
 



AL/12-04/WP/SNL04:r5609-d.doc  840857.01.07 12/17/04 5:54 PM D-16

TABLES 
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Table 1. EPA Compendium Method TO-14 Analyte List for August 2001 Sampling Event 
 

Compound Compound 
Acetone 1,2-Dichloropropane,  

Benzene cis-1,3-Dichloropropene,  

Benzyl chloride trans-1,3-Dichloropropene,  

Bromodichloromethane Ethylbenzene 

Bromoform 4-Ethyltoluene,  

Bromomethane Hexachlorobutadiene 

2-Butanone,  2-Hexanone,  

Carbon disulfide Methylene chloride 

Carbon tetrachloride 4-methyl-2-Pentanone,  

Chlorobenzene Styrene 

Chloroethane 1,1,2,2-Tetrachloroethane,  

Chloroform Tetrachloroethene 

Chloromethane Toluene 

Dibromochloromethane 1,1,2-Trichloro-1,2,2-trifluoroethane,  

1,2-Dibromoethane,  1,2,4-Trichlorobenzene,  

1,2-Dichloro-1,1,2,2-tetrafluoroethane,  1,1,1-Trichloroethane,  

1,2-Dichlorobenzene,  1,1,2-Trichloroethane,  

1,3-Dichlorobenzene,  Trichloroethene 

1,4-Dichlorobenzene,  Trichlorofluoromethane 

Dichlorodifluoromethane 1,2,4-Trimethylbenzene,  

1,1-Dichloroethane,  1,3,5-Trimethylbenzene,  

1,2-Dichloroethane,  Vinyl acetate 

1,1-Dichloroethene,  Vinyl chloride 

cis-1,2-Dichloroethene,  m-, p-Xylene,  

trans-1,2-Dichloroethene,  o-Xylene,  
 
EPA – U.S. Environmental Protection Agency. 
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Table 2. Total VOC Concentrations for all Soil-Gas Monitoring Ports 
 

 
In Situ 

Port 

 
Depth  
(ft bgs) 

 
April 
1997 

 
June 
1997 

 
December 

1997

 
June 
1998

 
June 
1999

 
August 

2001 

 
June 2004 

 
September 

2004
 Stage 1 VE VCM Passive Venting Period

UI-1 100-150 
UI1-P1 120 NS 55.0 19.6 6.32 9.94    45.42 9.36 21.41
UI1-P2 80 246 31.1 0.895 0.222 9.63 13.0 10.61 10.67
UI1-P3 40 1317 127 58.4 112 246 141 11.78 11.47 

UI-2 96-146 
UI2-P1 136 195 162 45.5 10.5 4.21 7.98 4.42 2.85
UI2-P2 80 269 104 NS 0.126 1.65 4.37 5.52 6.90
UI2-P3 36 NS 677 1413 17.6 2117 1800 813.7 850.0
UI-3 110-140 
UI3-P1 120 NS 12.8 6.82 0.413 2.03 6.58 9.41 8.27
UI3-P2 79 NS 11.5 0.649 0.125 0.789 3.31 4.63 4.30
UI3-P3 40 NS 0.246 0.276 0.005 0.238 1.81 1.88 2.02
D-1 455-485  
D1-P1 470 0.011 0.035 1.58 0.105 0.231 0.921 0.612 0.82
D1-P2 350 NS 0.477 6.52 0.02 20.7 31.7 18.73 30.53
D1-P3 240 NS 428 141 261 78.4 61.5 45.27 44.74
D1-P4 160 NS 87.8 128 167 21.4 30.1 33.32 38.41
D1-P5 100 207 30.4 1.95 0.248 4.93 11.9 14.59 18.22
D-2 455-485  
D2-P1 470 0.008 0.038 0.54 0.058 6.95 8.40 4.17 6.60
D2-P2 440 NS 0.076 0.209 0.453 4.38 11.8 3.85 9.29
D2-P3 350 NS 6.11 0.514 0.091 22.9 25.9 15.42 23.41
D2-P4 240 NS 462 90.3 0.047 101 52.9 34.72 17.62
D2-P5 120 NS 222 172 5.4 33.0 29.4 29.26 34.23
D-3 456-486  
D3-P1 480 3.03 48.0 0.013 0.001 4.47 1.85 0.31 3.30
D3-P2 440 NS 79.8 0.003 0.017 4.04 0.519 0.96 5.14
D3-P3 350 NS 9.19 0.04 0.106 2.76 3.98 3.39 2.34
D3-P4 170 NS 89.0 0.006 0.037 5.01 15.0 6.11 9.40
D3-P5 120 NS 17.5 0.058 0.009 2.17 6.20 8.39 7.10 

Notes:  1) The total VOC concentration, in parts per million (ppm) is the sum of all constituents in the EPA Compendium 
Method TO-14 analyte list (Table 1).  
EPA – U.S. Environmental Protection Agency. 
ft bgs – feet below ground surface.  
NS – not sampled. 
VE VCM – Vapor Extraction Voluntary Corrective Measure. 
VOC – volatile organic compound. 
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Table 3. Ranking of Total VOC Concentrations from 1997 Sampling Events  - 
Estimation of Baseline Plume Structure 

April 
1997 

June 1997 December 
1997 

Estimated Rank Order for April 
1997 Based on Synthesis of 

Three Sampling Events 
UI1-P3 at 
1317 ppm 

UI2-P3 at 
677 ppm 

UI2-P3 at 
1413 ppm 

UI2-P3 at 36-ft depth bgs (acetone 
is almost completely responsible) 

UI2-P2 at 
269 ppm 

D2-P4 at 
462 ppm 

D2-P5 at 
172 ppm 

D2-P4 at 240-ft depth 

UI1-P2 at 
246 ppm 

D1-P3 at 
428 ppm 

D1-P3 at 
141 ppm 

UI1-P3 at 40-ft depth (severely 
reduced by VE VCM due to 
nearby extraction well screen) 

D1-P5 at 
207 ppm 

D2-P5 at 
222 ppm 

D1-P4 at 
128 ppm 

D1-P3 at 240 ft  

UI2-P1 at 
195 ppm 

UI2-P1 at 
162 ppm 

D2-P4 at 
90 ppm 

D2-P5 at 120 ft 

 UI1-P3 at 
127 ppm 

UI1-P3 at 
58 ppm 

UI2-P2 at 80 ft 

   UI2-P2 at 
104 ppm 

UI2-P1 at 
45 ppm 

UI1-P2 at 80 ft 

  D3-P4 at 
89 ppm 

 D1-P5 at 100 ft 

 D1-P4 at 
88 ppm 

 UI2-P1 at 136 ft (more persistent 
than D1-P5) 

 D3-P2 at 
80 ppm 

 D1-P4 at 160 ft (more persistent 
than D3-P4) 

 UI1-P1 at 
55 ppm 

 D3-P4 at 170 ft 

 D3-P1 at 
48 ppm 

 UI1-P1 at 120 ft 

 UI1-P2 at 
31 ppm 

 D3-P5 at 120 ft 

 D1-P5 at 
30 ppm 

  

Notes:  
1) Concentration values rounded to nearest one ppm. 
2) Port and concentration value not shown if value is significantly below 30 ppm. 
3) For April 1997, most of the ports were not sampled for TO-14 analysis. 
bgs – below ground surface. 
ft – foot/feet. 
ppm – parts per million. 
VE VCM – Vapor Extraction Voluntary Corrective Measure. 
VOC – volatile organic compound. 
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Table 4. Summary of TCE Concentrations for all Soil Gas Monitoring Ports 
 

In Situ 
Port 

Depth  
(ft bgs) 

(2) 

April 
1997 
(3) 

June-
July 
1997 

November-
December 

1997 

June-
July 
1998 

June 
1999 August 2001 June 

2004 

September
2004 

 Stage 1 VE VCM Passive Venting Period
UI-1 100-150 
UI1-P1 120 NS 27.0 9.30 3.0 5.9 9.1 6.0 14.0
UI1-P2 80 120 20.0 0.760 0.19 4.9 6.7 5.9 6.1

UI1-P3 40 58 28.0 12.0 4.5 14.0 
16.0 

7.9 
7.9 3.8 4.0 

UI-2 96-146 
UI2-P1 136 87 78.0 21.0 5.5 1.9 4.6 3.0 1.9
UI2-P2 80 56 5.4 NS 0.091 1.0 2.4 3.4 4.1

UI2-P3 36 NS U 
U U 0.037 0.70 

0.64 
U 
U 1.6 U 

UI-3 110-140 
UI3-P1 120 NS 7.4 0.800 U 1.2 4.0 6.1 5.3
UI3-P2 79 NS 9.8 0.230 0.110 0.6 2.0 3.0 2.8
UI3-P3 40 NS 0.20 0.039 0.005 0.16 1.0 1.3 1.2
D-1 455-485 
D1-P1 470 0.009 U 0.960 0.077 0.17 0.25 0.25 0.27
D1-P2 350 0.0039 0.092 3.4 0.013 11.0 19.0 13.0 22.0

D1-P3 240 0.0025 200.0 75.0 
68.0 

160.0 
130.0 44.0 44.0 34.0 34.0 

D1-P4 160 0.0094 46.0 72.0 120.0 14.0 21.0 25.0 29.0
D1-P5 100 130 20.0 1.5 0.220 2.5 7.1 9.8 13.0
D-2 455-485 
D2-P1 470 0.006 U 0.330 U 0.94 5.8 3.1 4.6
D2-P2 440 NS (5) 0.010 0.110 0.082 1.0 7.6 2.5 5.9
D2-P3 350 NS 2.6 0.210 0.064 12.0 18.0 11.0 17.0

D2-P4 240 NS 220.0 55.0 U 40.0 
35.0 

38.0 
38.0 26.0 13.0 

D2-P5 120 NS 150.0 84.0 3.1 21.0 20.0 22.0 25.0
D-3 456-486 
D3-P1 480 1.7 22.0 0.005 U 1.9 1.2 0.2 2.1
D3-P2 440 NS 41.0 U U 1.8 0.26 0.75 3.4
D3-P3 350 NS 3.6 0.024 U 1.6 2.4 2.2 1.5

D3-P4 170 NS 47.0 0.005 
0.002

U 2.5 9.9 4.5 6.6 

D3-P5 120 NS 6.9 0.033 0.009 1.1 4.0 6.0 4.9 
See next page for notes   
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Notes for Table 4: 
 

Notes: 
1) This table presents analytical results for the 24 stainless steel sampling ports associated with the six 

dual-purpose wells. The analytical results are associated with soil-gas samples collected and analyzed 
per EPA Compendium Method TO-14. 

2) Depth interval provided adjacent to the vapor monitoring well ID indicates the screened interval of the 
well.  The depth adjacent to the vapor sampling port ID indicates the depth of the dedicated stainless 
steel sampling port. 

3) The April 1997 column includes analytical results representing baseline or pre-Stage 1 VE VCM startup 
(which was May 5, 1997) and includes data for samples collected as late as May 2, 1997.   

EPA – U.S. Environmental Protection Agency. 
ft-bgs – feet below ground surface. 
ID – identification. 
NS – not sampled for Method TO-14 analysis. 
TCE – trichloroethene. 
U – TCE not detected. 
VE VCM – Vapor Extraction Voluntary Corrective Measure. 
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FIGURES 
 



Figure 1  VOC Soil Gas Plume Monitoring Network
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Figure 2 Typical Soil Gas Monitoring Well Showing External Soil Gas Sampling 
Ports.  Photograph of well UI3 during Stage 1 Vapor Extraction showing 
depth-specific sampling ports. 

 

 



Figure 3  Schematic of a Typical Passive Gas Venting Well
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Figure 4. Total VOC Concentration Vs. Time at Well UI-1 Ports 
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Figure 5. Total VOC Concentration Vs. Time at Well UI-2 Ports 
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Figure 6. Total VOC Concentration Vs. Time at Well UI-3 Ports 
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Figure 7. Total VOC Concentration Vs. Time at Well D-1 Ports 
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Figure 8. Total VOC Concentration Vs. Time at Well D-2 Ports 
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Figure 9. Total VOC Concentration Vs. Time at Well D-3 Ports 
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Figure 10. Acetone Concentration Vs. Depth and Time at Well UI-1
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Figure 11. Acetone Concentration Vs. Depth and Time at Well UI-2
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Figure 12. TCE Soil Gas Concentration Vs. Time at Well D-1 Ports
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Figure 13. TCE Soil Gas Concentration Vs. Time at Well D-2 Ports
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Figure 14. TCE Soil Gas Concentration Vs. Time at Well D-3 Ports
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Figure 15 Vertical Profiles of the Soil Gas Plume
before, during and immediately after Stage 1 Vapor Extraction

Chemical Waste Landfill, Sandia National Laboratories/New Mexico
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Figure 16 Vertical Profiles of the Soil Gas Plume Post-Stage 1 Vapor Extraction
Chemical Waste Landfill, Sandia National Laboratories/New Mexico

D-33

84
08

57
.0

10
70

00
0 

A
14



 

 

ANNEX E 
Updated CWL Conceptual Site Model 
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TECHNICAL MEMORANDUM 

To: Don Schofield (SNL/NM 6134)  

Cc: Mike Mitchell (Gram, Inc. SNL/NM 6134) 

From: James Studer (InfraSUR, LLC) 

Date: December 13, 2004 

Re: Updated Conceptual Site Model 

 
Introduction 
This conceptual site model (CSM) for the Chemical Waste Landfill (CWL) presents a 
comprehensive, updated understanding of past, present, and future volatile organic compound 
(VOC) contamination at the CWL developed from more than two decades of investigation, 
characterization, and remediation activities.  This CSM validates and updates previously 
submitted CSMs, including the CSM presented in the Final Closure Plan (SNL/NM December 
1992), the Vapor Extraction (VE) Voluntary Corrective Measure (VCM) Final Report (SNL/NM 
May 2000), and the Landfill Excavation (LE) VCM Final Report (SNL/NM April 2003).  The 
supporting information for this CSM is contained in numerous final reports documenting 
environmental work conducted at the CWL.  The most significant investigation and cleanup 
work has been conducted since the early 1990s in accordance with the requirements of the 
Closure Plan.  Table 1-3 and Section 1.6 of this Corrective Measures Study (CMS) Report 
provide a summary of the environmental investigations and corrective action completed at the 
CWL.  Of particular importance are two major remediation efforts that were conducted from 
1997 through 2003; these VCMs were CSM-driven actions and are summarized in detail in 
Section 1.6.2 of the CMS Report.  For the VOC soil-gas plume, the 2004 Soil-Gas Monitoring 
Report presented in Annex D is a critical supporting document that presents the results of four 
soil-gas monitoring events conducted over the five-year period since the active phase of VE was 
completed in July 1998. The groundwater assessment and monitoring history are presented in 
Section 1.6.3.   
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This CSM and related supporting documentation provide the basis for the conclusions presented 
in Sections 2.1 and 2.2 of the CMS Report, which are summarized as follows: 
 

• Sources of contamination have been removed and/or controlled such that the current 
condition of the CWL is protective of human health and the environment  

 
• Remaining contamination, primarily the vadose zone soil-gas plume, will not impact 

groundwater such that regulatory standards are exceeded in the future 
 
Sandia National Laboratories/New Mexico (SNL/NM) stresses that the CSM presented herein is 
an interpretation of the past, present, and future conditions at the CWL as these conditions relate 
to VOC transport and fate. This interpretation is based upon professional judgment supported by 
detailed data evaluations presented or referenced elsewhere within the CMS Report. The CSM is 
intended as a tool to be used to guide current and future decision-making relative to corrective 
measures and post-closure care.  
 
Hydrogeologic Setting 
The site of the former CWL is located between the Manzano Mountains (to the east) and the  
Rio Grande (to the west) on the gently west-sloping mesa forming the eastern portion of the  
Rio Grande basin.  The east mesa is comprised of recent alluvial fan deposits underlain by the 
Santa Fe Group fluvial sediments. The geology underlying the CWL is the result of erosion of 
the mountains to the east and deposition of unconsolidated alluvial and fluvial sediments in the 
Rio Grande rift or valley.  As the Rio Grande valley subsided, bedrock of igneous and 
sedimentary origin comprising the Manzano Mountains to the east was eroded, transported to the 
west, and  deposited to form the east mesa.  Younger alluvial fan material was deposited over a 
thick sequence of fluvial sediments previously deposited by the ancestral Rio Grande. A thick 
sequence of relatively unconsolidated fluvial and alluvial deposits occurs beneath the CWL and 
extends downward to the upper bedrock surface, which is present thousands of feet beneath the 
CWL.  As is typical with these types of depositional environments (alluvial fans and fluvial 
systems), the sediments range in grain size from fine clay to coarse gravels, with mixtures of 
clay, silt, and sand most prevalent.  Coarser materials such as sand and gravel represent higher 
energy deposition (such as in stream and river channels) and are generally discontinuous 
laterally, pinching out into finer-grained layers comprised of the dominant silt, fine sand, and 
clay.  The geologic framework beneath the CWL that comprises the shallow disposal zone, the 
vadose zone, and the water table aquifer is a complex system of horizontally layered, 
interfingering, often laterally and vertically discontinuous alluvial and fluvial sediments.    
 
The upper surface of the water table (which is considered the upper surface of the groundwater 
zone or regional aquifer) is approximately 490 to 500 feet below ground surface (bgs) at the site 
as of June 2004.  Due to regional pumping at Kirtland Air Force Base and the City of 
Albuquerque to the north and west, the water table is dropping approximately 0.65 feet per year 
(ft/yr).  Beneath the water table, the pore spaces between sediment particles are completely 
saturated with water (i.e., water saturation is essentially 100 percent).  Conversely, nearly  
490 feet of sediment above this zone is less than fully saturated.  This zone is commonly referred 
to as the vadose zone and at nearly 500 feet in thickness is considered to be a dominant feature of 
the CWL site. For perspective, the disposal zone of the CWL (upper 12 feet) comprises less than 



AL/12-04/WP/SNL04:r5609-e.doc  840857.01.07  12/18/04 9:47 AM E-3

3 percent of this very thick vadose zone.  The typical saturation level in this vadose zone is 10 to 
25 percent, which is relatively low compared to many areas across the United States because of 
the semiarid meteorological conditions in this region.  Shallow caliche layers in the upper 5 feet 
of the subsurface that occur throughout the Rio Grande basin and that were documented in the 
sidewalls of the CWL excavation during the LE VCM, along with infiltration studies conducted 
at the nearby Mixed Waste Landfill, indicate surface water does not generally penetrate beyond a 
depth of approximately 2 to 4 feet bgs.     
 
The alluvial and fluvial depositional environments responsible for the vadose zone stratigraphy 
produced sedimentary sequences or horizons beneath the site that show variation both laterally 
and vertically.  Despite the complex interfingering nature of the sediments, ten relatively large-
scale, discernable horizons have been identified and grouped for engineering purposes into four 
zones. The four zones of the vadose zone and associated horizons are as follows and are depicted 
in Figure E-1: 
 

• The Shallow Zone (SZ) from grade to 110 feet bgs 
 

– Unconsolidated sand/silt/gravel from grade to 50 feet bgs 
– Silty sand/gravel (poorly sorted very fine- to fine-grained) from 50 to 110 feet bgs 
 

• The Upper Intermediate Zone (UIZ) from 110 to 285 feet bgs 
 

– Sandy silt (very fine-grained, few layers silty sand/gravel) from 110 to 185 feet bgs 
– Silty sand from 185 to 195 feet bgs 
– Silty sand (thin gravel interbeds throughout and sand/gravel at base) from 195 to 

270 feet bgs 
– Sandy, clayey silt from 270 to 285 feet bgs 

 
• The Lower Intermediate Zone (LIZ) from 285 to 375 feet bgs 
 

– Silty sand (thin gravel interbeds) from 285 to 375 feet bgs 
 

• The Deep Zone (DZ) from 375 feet to the water table position (declining 0.65 ft/yr) 
 

– Sandy, silty clay (with silty sand/gravel layers) from 375 to 475 feet bgs 
– Sand and gravel (partially cemented) from 475 to 490 feet bgs 
– Silty, sandy clay from 490 feet bgs to water table (variable) 

 
The water table is currently positioned within the deepest horizon, a silty, sandy clay, and at a 
constant decline of 0.65 ft/yr, will remain in this horizon until the year 2050. At that time, the 
water table will exit the silty, sandy clay layer, which extends to approximately 520 feet bgs, and 
enter a high frequency alternating sequence of thin silty sand layers and silty, sandy clay layers.   
 
Disposal History   
The CWL was operated by SNL/NM from 1962 to 1985. Wastes were placed within the upper 
part of the SZ (i.e., in excavated pits numbering more than 20) from 1962 through 1981. Waste 
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materials consisted primarily of liquids, either containerized and placed into open pits or directly 
poured into the pits.  Liquid disposal into unlined pits or trenches ceased in 1981.  The liquids 
consisted of organic or inorganic chemicals or a mixture of both.  
 
Generally, the wastes were disposed of on a weekly basis in relatively small quantities over the 
nominal 20-year period.  The pits were typically left open and, often, small quantities of solid 
waste and/or excavated sediment were pushed into the pits to provide temporary cover.  
Periodically, SNL/NM waste management employees would make additional disposal space 
available within specific pits by igniting waste within the pit and allowing the waste materials to 
burn or volatilize. When a pit was filled with enough inert material, such as metal and temporary 
sediment cover material, a layer of sediment was pushed onto the pit and heavy construction 
equipment was used to consolidate the contents of the pit, resulting in additional space for further 
use in disposal operations. Eventually, when this consolidation would not produce significant 
additional space, a new pit was excavated.  At the termination of unlined pit disposal operations 
in 1981, the entire site was covered with several inches of fill material.  This process of disposal 
resulted in significant volatilization of organic liquid to the atmosphere.  Based upon excavation 
results during the LE VCM, the estimated volume of containerized liquid waste surviving the 
active disposal period had been grossly overestimated.  This probably relates to the way in which 
wastes were compacted after pits were filled. 
 
Due to the nature of disposal documentation, an accurate estimate of disposal volumes and mass 
is impossible.  Existing disposal records and historic information are incomplete and, where 
available, typically lack basic information such as the chemical composition and volume of the 
waste material.  Waste disposal estimates generated for the Closure Plan and further refined for 
the VE VCM should be considered as rough order of magnitude estimates only, with very large 
associated error.  Based upon this earlier work, it was estimated that less than  
46,000 gallons of organic chemicals were placed into the numerous pits during the period.  The 
vast majority of this volume consisted of 26 spent solvents, such as acetone, trichloroethene 
(TCE), perchloroethene, trichloroethane, and several Freon® compounds.  Polychlorinated 
biphenyl-containing oils were also disposed of at the CWL.  These spent solvents, as well as the 
inorganic heavy metal chromium, have been the principal focus of intensive site characterization 
and remediation activity since the 1970s.  Based upon the results of the VE and LE VCMs, in 
terms of contaminant mass observed and/or recovered, as well as recent soil-gas sampling 
results, the earlier liquid waste estimates are probably considerably overestimated due to the lack 
of complete information and the way in which volume projections were calculated to address the 
issue of inadequate documentation of past disposal. 
 
Subsurface Contaminant Transport Mechanisms 
 
 NAPL Transport, Volatilization, and Diffusion 
A fraction of the mostly hydrophobic and volatile spent solvent waste placed into the excavated 
pits moved beyond the confines of the pits and spread into the SZ. These spent solvents 
(hereafter referred to as VOCs) migrated from the pits primarily in the form of nonaqueous-
phase liquid (NAPL) or as a gas phase. However, much of the VOC waste never entered the 
greater vadose zone due to immediate volatilization to the atmosphere or fire-induced 
volatilization from burning operations.  Additionally, some of the NAPL that had been 
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containerized never left the containers. The finite volume of VOC-containing NAPL that did 
enter the SZ penetrated as far as 30 feet bgs (as indicated by observations made in the 
southwestern corner of the CWL – the last area where liquid disposal was occurring prior to the 
termination of liquid disposal).  The migration occurred under the force of gravity before the 
NAPL was immobilized by opposing capillary tensional forces as the volume of NAPL left 
behind in the pore spaces depleted the mobile volume such that no more NAPL movement was 
possible. Of the VOC mass that entered the SZ in liquid form, and subsequently became 
immobilized, much of the mass volatilized into the soil gas occupying the non-liquid-filled 
sediment pore space and eventually exited the vadose zone at the ground surface (and entered the 
atmosphere) a few feet to a few tens of feet away from the point of disposal. The VOCs that 
volatilized into the subsurface soil gas but did not migrate to the atmosphere continued to 
migrate laterally in all directions away from, and vertically downward, into increasingly larger 
volumes of the vadose zone consisting of sediment particles, pore water, and soil gas.  The 
VOCs migrated through much of the SZ and then, in sequential order, encountered the UIZ, LIZ, 
and DZ.  Eventually, an extremely small percentage of the VOCs that entered the vadose zone 
transited the DZ and reached the saturated zone at approximately 485 feet bgs. Some time later, 
VOCs dissolved into mobile groundwater, forming a spatially limited groundwater plume that 
was detected in 1990 at groundwater monitoring well MW-2A.  
 
During and after disposal operations, movement of VOCs through the vadose zone was caused or 
moderated by several general processes in the following order of importance:  1) molecular 
diffusion through the soil-gas medium, 2) advective-dispersive transport via soil-gas flow, and  
3) reversible and irreversible attenuation. As discussed previously, VOC transport via NAPL 
migration was very limited and is currently not a factor. Additionally, due to the extremely low 
infiltration rate through the vadose zone, VOC transport via aqueous-phase transport was (and is) 
essentially insignificant. Although NAPL transport itself was very limited, the presence of NAPL 
in and immediately below certain disposal pits heavily influenced the early nature and magnitude 
of VOC migration through soil gas.  Molecular diffusion was driven by VOC concentration 
gradients between adjacent points or regions of soil gas of differing VOC concentration and 
promoted three-dimensional expansion of the vadose zone impacted by VOCs (i.e., the soil-gas 
plume).  Likewise, density-driven, advective-dispersive flow occurred as a result of differences 
in VOC concentration between adjacent regions of soil gas. Because density-driven flow is more 
sensitive to concentration differences and mass flux limitations, this process was not as 
significant as molecular diffusion over the longer period of VOC soil-gas plume development.   
 
Molecular diffusion has been the dominant transport mechanism that has expanded the limits of 
the plume and will continue to do so as long as VOCs are present at significant levels.  The rate 
of plume expansion has, however, slowed dramatically and will continue to slow as 
concentration gradients decline due to numerous mechanisms discussed in this document.  It is 
important to note that the VE VCM removed a considerable mass of the original VOC soil-gas 
plume, resulting in lower concentration gradients across the entire plume.  The LE VCM, which 
followed, removed the original source of VOC soil gas through direct excavation, essentially 
eliminating the near-surface source of VOC soil gas in the plume. 
 



AL/12-04/WP/SNL04:r5609-e.doc  840857.01.07  12/18/04 9:47 AM E-6

 Density- and Barometric Pressure-Driven Advection 
Advective-dispersive flow was of secondary importance in terms of expanding the soil-gas 
plume. VOC transport due to velocity-dependent dispersion was not significant because of 
relatively low soil-gas velocity, and will therefore not be directly referenced in this document. 
Two different mechanisms, in the following order of importance, have promoted advective flow 
of VOCs through the soil-gas medium: a) soil gas density-driven advection, and b) barometric 
pressure-induced advection.  
 
Density-gradients within the soil-gas medium caused pressure-gradients and corresponding flow 
between regions of native soil gas and soil gas containing high concentrations of VOCs.  Most 
VOCs of interest have a much higher molecular weight (on the order of three or more times 
larger) compared to the average molecular weight of naturally-occurring soil gas.  Density-
driven advective flow occurred during and soon after disposal and was responsible for early, 
relatively rapid, and mostly downward movement of soil gas.  Vaporized VOCs and soil gas 
mixed immediately adjacent to the liquid source of VOCs and began to move generally 
downward under the influence of gravity.  As the high-concentration soil-gas plume moved 
downward and outward, diffusion continued to occur in all directions, lowering the VOC 
concentration of the sinking soil gas, spreading the VOC plume laterally and vertically.  
Figure E-2 presents a conceptualization of the density-driven advection process. Because 
density-driven flow is mass-limited (i.e., a certain mass of VOC liquid must rapidly volatilize 
and form a soil-gas plume of sufficient density to move downward under the force of gravity), 
this process was only significant for a short period of time relative to the overall period of plume 
development.  In the case of barometric pressure-induced advection, propagation of diurnal and 
storm front-generated pressure pulses into the vadose zone caused pressure gradients that 
promoted the complex movement of soil gas from regions of high pressure to low pressure.  
Beyond these two mechanisms, shallow infiltration fronts and temperature gradients may also 
have influenced plume development. Soil-gas advection caused by barometric pressure 
fluctuations, shallow infiltration fronts, and temperature gradients occurs continuously at the 
CWL. 
 
 Attenuation Mechanisms 
The general process of plume attenuation involved several mechanisms serving as 
counterweights to the processes of plume expansion (i.e., gas-phase diffusion and advection) by 
slowing or arresting the spread of the finite mass of VOCs through the vadose zone. These 
mechanisms include dissolution of VOC molecules into the pore water and attachment of 
molecules to the sediment inorganic and organic solid surfaces. This mechanism caused removal 
of VOC molecules from the soil gas and was largely reversible. Other attenuation mechanisms 
influenced the spatial and temporal distribution of VOCs in the soil gas, pore water, and 
sediment phases. Since disposal operations started, abiotic and biotic destruction mechanisms 
(e.g., hydrolysis and aerobic biodegradation by heterotrophic bacteria, respectively) have likely 
irreversibly eliminated VOCs throughout the soil-gas plume. Transfer or elimination of 
molecules from the soil-gas phase via these widely recognized reversible and irreversible 
mechanisms may have resulted in declining concentrations in the soil-gas phase, which, in turn, 
reduced the magnitude of VOC concentration gradients, the primary factor driving  
molecular diffusion. The EPA recognizes and has documented abiotic mechanisms that result in 



AL/12-04/WP/SNL04:r5609-e.doc  840857.01.07  12/18/04 9:47 AM E-7

the natural attenuation of aliphatic VOCs such as TCE (EPA September 1998).  VOC 
concentrations/reductions have resulted in a continuous decline in the rate of diffusion.  
 
As explained previously, diffusion is the dominant transport process responsible for the overall 
nature and extent of the soil-gas plume. However, for a short time during and after disposal 
operations at certain pits, advective flow due to density gradients was as important as diffusion in 
locally extending the downward limits of VOC impact.  Density-dependent flow is further 
explained in the following paragraph, as well as attenuation mechanisms that severely limited the 
impact of this process. 
 
In situ volatilization of VOCs from organic liquid waste created limited regions of soil gas 
containing high VOC concentrations immediately beneath certain pits (e.g., pits in the southwest 
and southeast disposal areas). These limited regions of VOC-laden, relatively dense soil gas 
moved in a dominant downward direction, essentially displacing and mixing with antecedent soil 
gas containing little or no VOCs.  The combination of finite VOC mass in, and immediately 
beneath, the disposal areas and attenuation mechanisms (including laterally directed mass flux 
and significant volatilization losses to the atmosphere) arrested the density-dependent vertical 
movement of the soil gas and associated VOCs in a relatively short time period (estimated at less 
than 10 years) after disposal. Partitioning was most important in plume attenuation because 
VOCs left the mobile soil-gas phase and entered the essentially stationary pore water and 
sediment phases as the non-impacted pore water and sediment surfaces were encountered. By 
this mechanism of partitioning, approximately 50 percent of the mobile VOCs were removed 
from the soil gas and, in the context of density-driven transport, were immobilized.  
 
Hydrogeologic Controls on VOC Transport 
 

Hydrogeologic Controls Influencing Overall Soil-Gas Plume Migration 
The interfingering, horizontally layered, and often laterally discontinuous nature of the alluvial 
stratigraphy creates the structural framework that heavily influences how soil gas and any solutes 
therein migrate through the CWL subsurface. VOC transport through soil gas at the CWL 
continues to be influenced by the physical characteristics of the vadose zone sediments. At any 
point in the soil-gas medium, the average velocity of VOC transport as a result of advection is 
nearly equal to the average velocity of the soil gas itself at that same point and is a direct 
function of the alluvial material permeability to gas flow, fluid viscosity, and pressure gradients.  
The average velocity is also directly related to the magnitude of VOC retardation due to 
interphase mass transfer, which is heavily influenced by the physiochemical makeup of the 
sediments. The average velocity of VOC transport due to diffusion at any point in the soil-gas 
medium is primarily dependent upon the individual VOC diffusivity and alluvial material 
properties, air-filled porosity, and pore channel geometry. However, the influence of vadose zone 
physical characteristics is weaker for diffusion than advection.  As is the case for VOC transport 
via advection, the magnitude of VOC retardation due to interphase mass transfer is a major factor 
in determining the rate of VOC migration by diffusion mechanisms.  
 
Transport of VOCs throughout the period of soil-gas plume development was influenced by the 
physical characteristics of the ten previously described alluvial horizons.  The prior description 
of how two of the UIZ horizons impeded downward flow of dense, VOC-containing soil gas is a 
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good example of this hydrogeologic control on a relatively large scale.  Although it is important 
to understand the physical characteristics of these relatively large-scale horizons, it should be 
noted that the sediment properties within these units varied consistently in both the lateral and 
vertical directions. The cumulative effect of localized, smaller-scale lithologic and moisture 
characteristics exerted the greatest influence over VOC transport, particularly via advection and, 
to a lesser extent, by diffusion.  
 
Each of the alluvial horizons contains sub-horizontal beds/layers of noticeably different 
characteristics. For example, the silty sand horizon of the UIZ contains thin gravel interbeds. 
Each distinct interbed represents a unique combination of mineralogy, bulk density, porosity, 
moisture content, and soil-gas saturation. This small-scale layering is important because VOC 
transport behavior through the soil-gas medium is as heavily influenced by the small-scale 
lithologic features as the large-scale structure defined by the ten horizons. This is particularly the 
case where barometric pressure fluctuations cause preferential flow of VOC-containing soil gas 
in layers or beds of high gas permeability relative to the materials above and below. The very 
low viscosity of soil gas compared to that of water, for example, results in a magnified response 
of soil-gas mobility to relatively small changes in not only properties such as grain-size 
distribution (pore geometry) and moisture saturation but also gas-phase density and pressure 
gradients.  The combination of small-scale bedding/layering of relatively high permeability to 
gas flow and constantly changing gas-phase pressures create these preferential flow paths.   
 
While the larger-scale horizons have lateral dimensions on the order of many tens of feet, the 
individual lithologic layers or beds have a lateral continuity of approximately 10 to 30 feet and a 
typical vertical thickness of a few inches but, in some cases, as much as 5 feet.  The layers 
containing a higher percentage of sand and gravel are characterized by larger grain sizes, 
relatively low moisture content, and a relatively high degree of interconnected, air-filled 
porosity. The spatial distribution and continuity of these beds/layers are important because they 
promote significantly greater soil-gas movement laterally compared to vertically. This is due to 
the preferential flow channels created by the lateral continuity which, though limited, are much 
more extensive than in the vertical directions. The dominant diffusion process also takes 
advantage of these preferential pathways. The numerous specific layers and beds have 
continuously influenced VOC transport resulting in soil-gas plume lateral dimensions (at 
maximum plume width) that are currently at least two times greater than the nominal 500-foot 
vertical dimension. 
 
 Hydrogeologic Control in UIZ Relative to Downward Migration 
A sequence of three lithologic units near the base of the UIZ served to impede further downward 
migration of VOC-laden soil gas undergoing density-dependent advection. The sequence 
consists of relatively thick silty sand that overlies a relatively continuous 5-foot-thick sand/gravel 
layer (considered to be part of the general silty sand horizon) that overlies a relatively continuous 
15-foot-thick sandy, clayey silt horizon (Figure E-1).   The upper interface, between the silty 
sand horizon and the sand/gravel layer, is positioned at approximately 265 feet bgs, The lower 
interface, between the sand/gravel layer and sandy, clayey silt, is positioned at approximately 
270 feet bgs. The two interfaces between these three lithologic units, more specifically, the 
differences in grain-size distributions and moisture contents on either side of each of the two 
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interfaces, were responsible for impeding the soil-gas plume. This is explained in detail in the 
following paragraphs. 
 
The sequence of changes in grain-size distribution (and corresponding pore-size distribution) 
with downward transition, from the silty sand to the sand/gravel and finally to the sandy, clayey 
silt, translates into a combined capillary break and “sponge” effect that ultimately impedes 
downward-directed flow of VOC-laden soil gas. The following discussion describes how the 
movement of soil moisture within the various alluvial lithologies comprising the vadose zone 
creates a “sponge layer” (i.e., higher moisture content layer).  The following paragraph explains 
how this sponge layer then acts as a barrier to downward VOC soil-gas movement.  The term 
“capillary break” is commonly used in the science of variably saturated porous media flow to 
describe a situation in which a relatively fine-grained, porous medium overlies a relatively 
coarse-grained, porous medium. Moisture infiltrating through this sequence under less-than-full 
saturation accumulates above the interface between these units until gravitational forces 
overcome capillary forces. Once a positive hydraulic head of appropriate magnitude is achieved, 
some of the moisture rapidly penetrates into the coarse-grained medium and flows downward 
within discrete flow channels. The moisture will continue to penetrate downward with the 
distance determined by the volume of moisture available to flow through the channels, the 
thickness of the coarse-grained unit, and the nature of the soils underlying the coarse-grained 
unit. At this site, the underlying soils are fine-grained, sandy, clayey silt, which serve as a barrier 
to downward flow of moisture until enough moisture ponds above the interface to create a 
positive head large enough to overcome pore-entry pressures.  Once pore-entry pressures are 
exceeded, the moisture enters the finer-grained unit.  The finer-grained unit is relatively 
continuous and thick at this site and the moisture, once in contact, will tend to be held under 
capillary forces, which are relatively high due to the small grain-size diameter, high-particle 
surface area, and small pore throats. The term “sponge” is used to describe the effect this finer-
grained unit has on moisture within a generally dry vadose zone.  
 
Given the variably saturated flow conditions, the middle unit of the three-sequence system (the 
sand/gravel), has an average moisture content lower than the average moisture content for the 
units above and below. The moisture content in the lower unit is the highest of the sequence, 
because it has the smallest average grain size. The combination of pore geometries and moisture 
contents are important to soil-gas flow.  These features determine the amount and continuity of 
pore volume available for vertical and lateral advection of VOC-laden soil gas and are also 
important in determining the capacity for VOC dissolution into pore water and sorption to 
inorganic and organic particle surfaces.  The combination of sandy silt and sand/gravel layer 
(capillary break) over sandy, clayey silt (sponge) represents a vertical barrier to VOC soil-gas 
flow, allowing for lateral soil-gas flow and diffusion of VOCs above the sponge, and then 
essential immobilization of mobile VOCs as the sponge accepts VOCs into storage (i.e., pore 
water and solid surfaces) thus eliminating any remaining density-driven momentum of the soil-
gas plume after penetrating 265 feet through the vadose zone. This process is conceptually 
depicted in Figure E-2. 
 
The fact that this “capillary break-sponge” sequence is positioned approximately 265 feet bgs 
means that the soil-gas plume had to penetrate through 265 feet of sediment before encountering 
the sequence and in so doing, the mass of VOCs ultimately challenging the sequence was 
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significantly reduced after attenuation through diffusion and dispersion and mass transfer into 
pore water and onto sediment surfaces within the upper 265 feet. Had this sequence existed at  
50 feet instead of 265 feet bgs, the vertical plunge of the density-driven soil-gas plume might not 
have been arrested as effectively as it was.  Similar sequences exist throughout the vadose zone, 
yet it is the unique combination of lateral continuity, significant unit thicknesses, and position 
deeper within the middle of the vadose zone that stopped the density-driven flow. The currently 
observed soil-gas plume “core” in the general 200- to 300-foot depth interval exists because of 
the capillary break-sponge sequence and the fact that prior vacuum extraction and air injection 
activities focused above and below this general depth interval.   
 
Once density-driven advective flow was effectively stopped, molecular diffusion became the 
dominant transport mechanism, which resulted in the VOC soil-gas plume reaching the 
groundwater.  Despite the changing importance of the various transport mechanisms over the 
period of disposal operations, movement of VOCs through the vadose zone has been dominated 
by transport through the soil-gas phase.  As stated previously, aqueous-phase transport of VOCs 
has not been a significant factor in moving VOCs through the vadose zone. 
 
 Capillary Fringe and Declining Water Table Dynamics  
By the mid 1980s, molecules of TCE and Freon®-113 had migrated a vertical distance of  
485 feet bgs through soil gas.  This movement occurred over an area of approximately 2 acres 
and dissolved into a zone of soil water immediately above the water table, in a region of static 
water held under tension, known as the capillary fringe. The capillary fringe acts to retard 
downward movement of VOCs by forcing a transition from relatively rapid transport through the 
soil-gas medium to relatively slow transport through essentially immobile soil moisture. The 
magnitude of attenuation is proportional to the thickness of the capillary fringe and inversely 
proportional to the VOC concentration gradient in the aqueous phase across this zone. 
 
The thickness of the capillary fringe varies with the grain-size distribution of the sediment, with 
smaller grain-size distributions resulting in thicker capillary fringe zones (i.e., silty clay will 
accommodate a thicker zone compared to a gravelly sand). The upper surface of the capillary 
fringe is characterized by water saturation at the background level above it (e.g., 20 percent), and 
the lower surface, coincident with the water table, is characterized by water saturation near 
100 percent. The change in water saturation from top to bottom of the capillary fringe is not 
linear.  Close to 100 percent saturation (i.e., no open void spaces) can be expected even near the 
middle of the zone.  Because the water table is steadily declining beneath the CWL, most of the 
pore water present in the capillary fringe at any time is formerly shallow groundwater that 
resisted gravity drainage as the water table declined. The height above the water table to which 
former groundwater is retained is a complex function of several parameters that includes the 
grain-size distribution and the layering sequence of sediments. As the water table declines into 
lithologic layers of different characteristics, the retention height (and thus the thickness of the 
capillary fringe) changes accordingly.  If the water table is declining into increasingly fine-
grained sediments, as is currently the case at the site (Figure E-1), the influence of the capillary 
fringe as a transient attenuation feature increases in importance. A conceptualization of the 
influence of the capillary fringe and dropping water table is presented in Figure E-3. 
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The capillary fringe acts to retard downward movement of VOCs.  To continue to move 
downward and contact the water table, all VOC molecules in soil gas must eventually dissolve 
into and diffuse through the pore water of the capillary fringe according to gas-liquid equilibrium 
partitioning theory, as expressed by Henry’s Law.  The thickness of the capillary fringe will 
remain relatively high and the drainage of the capillary fringe will be relatively low for the next 
few decades because the water table is declining through a relatively thick, silty clay horizon 
(Figures E-1 and E-3).  Consequently, the retained pore water represents, from a practice 
perspective, an immobile phase through which the TCE molecules must diffuse until the mobile 
water phase (i.e., the groundwater below the water table) is encountered. This is a slow process 
because molecular diffusion of TCE is much slower through water than through soil gas; TCE 
diffusion through water is four orders of magnitude slower than through soil gas.  TCE 
partitioning out of the pore water and attaching onto sediment surfaces within the capillary fringe 
accentuates the transport time difference.  
 
In the idealized case of a 10-foot-thick capillary fringe and water table positioned completely 
within a silty clay, drainage through the entire capillary fringe would be insignificant because 
percolation of moisture from the overlying vadose zone and water table fluctuations are 
insignificant. Under these idealized conditions, TCE molecules would be forced to dissolve and 
diffuse through almost 10 feet of essentially static pore water.  If, as is the case at this site, the 
soil gas TCE concentrations are relatively low due to significant separation from the source of 
VOCs and remediation has reduced concentrations throughout the vadose zone, the driving 
mechanism for diffusion is low and the transit of detectable levels of TCE through the capillary 
fringe would take on the order of years. In comparison, TCE diffusion through soil gas over the 
same distance (i.e., 10 feet), given a similar antecedent concentration gradient within the soil-gas 
medium, would take on the order of days to tens of days. 
 
TCE diffused through the pore water in the capillary fringe and first encountered the 
groundwater at the water table in the late 1980s (based upon the detected level at MW-2A in 
1990).  The area over which TCE first encountered the groundwater was approximately 2 acres, 
centered beneath the CWL.  Because the water table in the early to mid 1980s was declining 
through the sand and gravel horizon of the DZ (Figure E-1), the capillary fringe was both 
relatively thin and rapidly shifting downward in step with the water table. The time of TCE 
transit was probably one year or less. Once dissolved in groundwater at, and below, the water 
table over the entire area, TCE molecules flowed with the groundwater in the same direction and 
at a slightly retarded velocity compared to the groundwater.  
 
Groundwater Flow, Transport, and Attenuation Dynamics 
The direction of groundwater flow at a specific location and depth is influenced by the physical 
characteristics of the corresponding sediments at, and in, the vicinity of the location of flow.  The 
direction of flow within the clayey sediments is directed down towards underlying sandy layers 
that are being depressurized by regional pumping. Within the sandy layers, the direction of flow 
is sub-horizontal and towards the pumping centers. In the late 1980s, groundwater flow 
immediately beneath the water table was predominantly lateral and directed to the northwest at 
an average linear velocity of 4.3 E-2 feet/day or 16 ft/yr.  However, as indicated previously, a 
vertical component of flow also existed due to distant and deep groundwater pumping.  Because 
groundwater recharge from precipitation is negligible, this vertical component of flow (the 



AL/12-04/WP/SNL04:r5609-e.doc  840857.01.07  12/18/04 9:47 AM E-12

average vertical linear velocity component) effectively equals the average annual drop in the 
water table of 0.65 ft/yr.  
 
The average linear TCE velocity in groundwater is slightly retarded compared to the bulk 
groundwater velocity resulting from the hydrophobic nature of TCE.  This causes some of the 
TCE molecules to leave the water phase and attach to inorganic and organic surfaces of the 
sediment.  The magnitude of retardation is a function of the TCE solid-water partitioning 
coefficient (commonly referred to as the Kd value), bulk density, and porosity of sediments 
through which flow is occurring.  At most sites where the groundwater is contaminated with 
TCE, including the CWL, the average linear velocity of TCE is between 80 and 90 percent of the 
corresponding groundwater velocity.  Thus, the average linear velocity of TCE transport through 
mobile groundwater in the sand and gravel horizon at the base of the DZ (circa 1996), assuming 
a retardation factor of 1.18 and predominantly laterally directed flow, was (16 ft/yr) / 1.18, or 
13.6 ft/yr.  This horizon is now fully part of the vadose zone, and the average linear velocity of 
TCE transport through mobile groundwater in the silty clay now determines advective TCE 
transport below the water table. Assuming a retardation factor of 1.18 and predominantly 
downward-directed flow, this value is (0.65 ft/yr) / 1.18 or 0.55 ft/yr. 
 
Due to dispersive mixing of water molecules and TCE molecules as flow through the sediment 
porous media occurs, and also molecular diffusion of TCE molecules through the aqueous phase, 
some TCE molecules migrated vertically downward beyond the water table further than what 
would have been expected on the basis of groundwater flow pathlines based solely on advection. 
Purging of groundwater to develop and sample monitoring wells near the soil-gas plume also 
pulled TCE further into the groundwater zone. However, since the time TCE first dissolved in 
groundwater at the water table, in the middle to late 1980s, the maximum natural vertical 
penetration beyond the consistently declining water table has not exceeded 5 feet.  
 
By May of 1990, transport of TCE molecules through the capillary fringe and the groundwater 
below the water table was sufficient to result in the detection of TCE molecules in groundwater 
sampled from monitoring well MW-2A. MW-2A (now plugged and abandoned) is located  
10 feet west of the western boundary of the CWL and was screened across the water table. The 
detection of TCE in 1990 may have been assisted by gas-phase transport of TCE molecules 
through the well casing, commonly referred to as “short-circuiting.”  TCE probably entered the 
well casing through discontinuities in the upper sections of the MW-2A well seal and casing that 
were exposed to relatively high concentrations of TCE soil gas.  This is thought to have occurred 
at the 200- to 300-foot-bgs depth where a distinct bend in the casing was documented.  The TCE 
concentration probably rose in the well casing and in the formation immediately adjacent to the 
screen over time, and subsequent contact and interphase transfer of a portion of the TCE with the 
water table then occurred.  Enough TCE could have easily transferred to the groundwater in this 
way such that the maximum contaminant limit (MCL) was exceeded in the June 2003 
groundwater sample. 
 
By 1996, the combined effects of transport and attenuation mechanisms created a VOC soil-gas 
plume (including all detected VOCs in soil gas above detection limits) extending throughout the 
vadose zone and covering 6 acres at ground surface, 10 acres at 250 feet, and nearly 4 acres 
immediately above the water table.  These dimensions are reflected in the vertical profile of the 
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soil-gas plume, as it existed in 1997 (Figure E-4, profile a). The mass of VOCs as TCE that 
corresponds to this plume geometry is 7,700 pounds (lbs) (3,500 kilograms [kg]). This assumes 
an average VOC molecular weight and partitioning coefficients equal to that of TCE were 
present in the vadose zone (but outside of the disposal pits) within the limits of the soil-gas 
plume. The mass includes VOCs dissolved in soil moisture and attached to solid surfaces. 
Concurrently, an average concentration of 10 micrograms/liter (µg/L) of TCE was dissolved in a 
thin lense of groundwater at, and immediately below, the water table (i.e., within the limits of the 
groundwater plume). This translates into 0.25 kg or one-half lb of dissolved-phase TCE present 
in the groundwater in 1996 for the 4-acre area and a groundwater plume thickness of  
5 feet. Given the four order of magnitude difference in VOC mass in the vadose zone versus the 
groundwater, vadose zone attenuation mechanisms were extremely effective in minimizing 
groundwater VOC impacts, as of 1997.  
 
Impact of VCM Activities 
The detection of TCE in groundwater at upward-trending concentrations, ranging up to 31 µg/L, 
prompted SNL/NM to initiate, with New Mexico Environment Department (NMED) approval, a 
VCM program consisting of a VE remediation (VE VCM) followed by a landfill excavation 
remediation (LE VCM).  Pilot testing in support of the VE VCM and technology development 
programs were conducted in 1995 and 1996. Multi-purpose remediation wells to be used for soil-
vapor extraction, air injection, and soil-gas monitoring were installed in the fall and winter of 
1996 through early 1997.  Startup of the VE VCM occurred during the period from early May 
through July 1997 and active extraction and air injection operations (including a continuous 
three-month “rebound” observation period) ceased in July 1998, to make way for the LE VCM. 
Approximately six months after the system was first started, groundwater sampling and analysis 
demonstrated that no MCLs were exceeded at any monitoring wells that were sampled.  
 
Starting in July 1998 and continuing through the completion of major LE VCM activities in 
2002, ten of the VE VCM wells were operated in passive VE mode.  These wells had been fitted 
with Baro-Balls™ that act like low-pressure check valves for allowing soil-gas flow out of the 
well but prohibiting atmospheric air entry to the vadose zone. Passive VE continues as of 
December 2004 and will continue during the post-closure care period. Well MW-2A was 
decommissioned in June 2004 and is therefore not part of the passive system. Wells MW-1A, 
MW-2A, D-1, D-2, and D-3 are being removed from the system as of November 2004 due to 
concern that passive soil-gas extraction at these wells is counterproductive to the goal of 
maintaining VOCs in isolation within the vadose zone rather than in close proximity and contact 
with groundwater. 
 
The active stage of the VE VCM involved injection of atmospheric air near the center of the 
landfill and immediately over the water table and extraction of VOC-laden soil gas above and 
around these injection points, at depth intervals corresponding to the SZ, UIZ, and DZ. Air 
injection created pressurized zones within the vadose zone and the act of soil-gas extraction 
created zones under vacuum. Soil gas flows from zones of high pressure to zones of low 
pressure. Thus, systematic gas movement throughout the vast majority of the soil-gas plume was 
induced. The in situ distribution of VOCs was disrupted by bulk soil-gas flow and stripping-
induced volatilization.  This intentional disruption was sustained for a total of approximately 
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nine months (after subtracting a three-month period of no operations during which monitoring 
for VOC rebound effects occurred).  
 
The active VE operations resulted in the extraction of 400,000,000 cubic feet (cf) of soil gas 
from the vadose zone beneath, and immediately adjacent to, the former CWL. This represents a 
pore volume exchange of 8.  On a percentage basis, 34 percent of the total soil gas removed was 
extracted from the SZ (135 E6 cf /400 E6 cf). The remaining 66 percent was removed from the 
UIZ, LIZ, and DZ with the vast majority derived from the UIZ. Concurrent with the extraction 
operations, a total of 44,000,000 cf of atmospheric air was injected at two wells positioned 
within the landfill boundary and screened over the water table (approximately 485 feet bgs at the 
time).  The combined effect of air injection over the water table and the removal of large 
quantities of soil gas from the SZ and UIZ resulted in a strong, upward-directed bulk flow of soil 
gas through the vadose zone. The movement of VOCs, wherever present in the vadose zone, was 
predominantly upward and away from the water table.  
 
The air injected at D-2 and D-3 was heated via heat transfer during transit through the positive 
displacement pumps. At well D-3 the air was injected at a temperature of approximately  
100 degrees Fahrenheit (°F) while at the other well (D-2) the relatively low permeability to air 
around the injection screen created significant resistance that led to injection temperatures of 
almost 200°F. The injection of sustained hot, dry air immediately over the water table resulted in 
significant changes to the soil-gas plume. Termination of air injection also led to changes in the 
soil-gas plume. These changes were magnified around well D-2 because the injected air 
temperatures approached the boiling point of water. The influence of air injection on the soil-gas 
plume is discussed in this document. 
 
The mass of VOCs (TCE) extracted during active operations was 6,500 lbs and, including prior 
pilot testing efforts and passive VE VCM operations, an estimated total of 7,000 lbs of VOCs 
(TCE) has been removed from the vadose zone.  An undetermined amount of VOC (TCE) mass 
was also removed as part of the LE VCM.  At the completion of the LE VCM, 52,000 cubic 
yards (cy) of waste materials and soil/sediment had been excavated, including 8,950 cy of soil 
that required treatment for organic contamination.  From early 1999 through February 2004, a 
significant portion of the CWL former disposal area was open to the atmosphere and additional 
volatilization of VOCs occurred.  Because it is impossible to obtain realistic concentrations of 
VOCs in stockpiled soil once excavated, processed through a mechanical screen, and loaded into 
stockpiles prior to sampling, reliable estimates of VOC and TCE mass removed by the LE VCM 
cannot be made. 
 
The combination of the VE VCM and LE VCM resulted in the elimination of the original source 
of VOCs and significant reductions in the total mass and average concentration representative of 
the entire soil-gas plume. The soil-gas plume was pushed upward, and concentrations in the soil 
gas, pore water, and sediment phases were significantly reduced.  Changes in the soil-gas  
plume from shortly after startup through September 2004 are graphically depicted in Figures E-4 
and E-5.  The remaining total VOC mass associated with the soil gas, pore water, and sediment 
within the soil-gas plume in July 1999 was estimated to be 2,900 pounds.  A recent estimate of 
remaining mass in the soil-gas plume based upon the September 2004 monitoring data (more 
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than five years later) is 300 lbs (see Attachment A for the supporting information for this 
estimate). 
 
Shortly after active soil-vapor extraction and air injection were initiated, groundwater TCE 
concentrations began to decline, and within six months of operations (by January 1998), TCE 
was no longer detected above the MCL at groundwater monitoring wells.  Since the VE VCM 
was completed, TCE has only been detected one time above the MCL at a CWL monitoring well.  
This detection occurred in June 2003 at MW-2A, which has since been plugged and abandoned 
with NMED approval (Bearzi December 2004) due to well damage and lack of water.  Based 
upon an evaluation of all available data, it appears this one detection in June 2003 was 
anomalous (related to “short circuiting”) and does not reflect actual groundwater conditions.  In 
addition to VE VCM, LE VCM, and ongoing passive soil-gas venting, natural abiotic 
mechanisms are reducing the mass of VOC soil gas in the vadose zone beneath the CWL (EPA 
September 1998 and SNL/NM May 2000). 
 
VE VCM Impacts to the Deep Zone 
The injection of very hot, pressurized air at D-2 caused the aggressive displacement of 
antecedent moisture-laden soil gas with very warm dry air (soil gas is typically in equilibrium 
with soil moisture and exists at a relative humidity of 99.9 percent).  As the hot, dry air flowed 
through the porous media, it evaporated the pore water and dried out the sediment, flushing the 
liberated moisture away to cool and condense elsewhere.  The various gradients established by 
operating well D-2 and, to a lesser extent, well D-3, were heat/temperature, moisture, pressure, 
and VOC concentration gradients. 
 
As the drying zone expanded, it eventually encountered the capillary fringe and accelerated the 
evaporation of pore water within the capillary fringe.  This induced an upward-directed, 
unsaturated flow gradient from the surface of the groundwater to the top of the capillary fringe.  
The pressurized air also caused the partial collapse of the capillary fringe immediately beneath 
the injection screen.  However, the net effect was to induce a form of groundwater pumping into 
the vadose zone.  VOCs present in the groundwater, primarily TCE, were driven into the vadose 
zone and, along with VOCs already present in the vadose zone around the injection screen, were 
subsequently extracted at one of several extraction wells or pushed higher into the sediment 
column.  Operation of well D-3 provided a similar if not more subdued effect.   
 
Upon termination of hot, dry air injection operations at well D-2, the various gradients in the 
vadose zone around well D-2 promoted immediate changes in situ as the natural response to the 
preference for a state of quasi-equilibrium. The extension of the soil-gas plume back into the 
well D-2 area is noticeable in Figure E-5.   Although TCE was not detected in soil-gas samples 
from the deepest sampling ports prior to VE, the concentrations of TCE at the deepest sampling 
ports since June 1999 appear to be stable based upon the results of four soil-gas monitoring 
events.  Operation of well D-3 did not destabilize conditions enough to cause a major 
redistribution of TCE back towards the D-3 well screen and vicinity. 
 
Current Mechanisms Affecting the Remaining Soil-Gas Plume  
The transport processes of diffusion and advection, as well as abiotic and biotic attenuation, 
continually act to reduce the magnitude of the soil-gas plume core located between 200 and 
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300 feet bgs, while at the same time increasing the lateral extent of the plume.  Passive venting at 
six deep wells and four intermediate depth wells (including VMW-1) promotes the concurrent 
lateral and vertical expansion of the plume and concentration reductions in the core.  TCE 
concentrations are declining relatively rapidly in the plume core, while increasing slightly along 
the periphery of the plume.  Eventually the redistribution, removal, and in situ destruction of the 
finite TCE mass will be complete such that the groundwater will not be threatened.  Chlorinated 
aliphatic compounds such as TCE will naturally degrade/attenuate over time through abiotic 
mechanisms (EPA September 1998).  As of September 2004, the soil-gas plume continues to 
extend throughout the vertical extent of the vadose zone and, using VOC concentrations of parts 
per billion as a measure, for a thousand feet laterally in all directions. If the soil-gas plume is 
delimited at a concentration limit of 5 parts per million by volume, the overall vertical extent of 
the plume is less than 480 feet (Figure E-5).  
 
Conclusions Regarding Potential Future Soil-Gas Plume Impacts to Groundwater 

1. Though the soil-gas plume is diminishing at a relatively rapid pace, it still represents a 
potential threat to groundwater quality. However, the groundwater is not likely to be 
impacted again above the TCE MCL of 5 µg/L because the VE VCM and LE VCM have 
eliminated disposal pit contents and VOC-containing NAPL associated with some of the 
original pits, thus eliminating the original sources of VOC soil-gas plume. 

 
2. Soil-gas density-driven advective flow stopped some years ago due to natural attenuation 

processes and the VE VCM and LE VCM have significantly reduced the three-
dimensional TCE concentration gradient field driving the diffusion process. 

 
3. Because density-driven advective flow is no longer occurring, slow lateral diffusion (and 

advection) controlled by the alluvial geology is the dominant transport mode and 
downward vertical migration is significantly reduced. 

 
4. The soil-gas plume is stable and soil gas VOC (including TCE) concentrations are 

generally trending downward. 
 
5. The capillary fringe has dropped with the water table into generally finer-grained 

sediments and will continue to provide a significant deterrent to TCE soil gas-
groundwater interaction (TCE must travel via slow aqueous-phase diffusion through a 
relatively thick  capillary fringe before encountering the water table). 

 
6. The declining water table adds 0.65 feet of new vadose zone per year, thus ensuring that 

the very small fraction of finite TCE mass beneath the site that migrates to 495 feet in 
depth and greater is exposed to new storage components (i.e., pore water and sediment 
surfaces).  

 
7. Abiotic and biotic in situ destruction mechanisms, though relatively slow, will continue 

to eliminate TCE molecules until there are no TCE molecules remaining in the vadose 
zone and groundwater (EPA September 1998).   
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The preferential lateral flow of TCE-laden soil gas, the capillary fringe effect, and the declining 
water table continue to limit dissolution of TCE into, and transport within, groundwater. TCE 
molecules will diffuse through the capillary fringe and enter the groundwater system but will not 
accumulate to historical levels. The TCE molecules that enter the groundwater and survive for an 
extended period will not travel far through the groundwater system and will not threaten human 
health or the environment. 
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Figure E-1 Vertical Profile of Vadose Zone Lithologic Zones
Chemical Waste Landfill, Sandia National Laboratories/New Mexico
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Figure E-2  Conceptual Model for Early Density-Driven Advective Flow and Plume Core Development
Chemical Waste Landfill, Sandia National Laboratories/New Mexico
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Figure E-3 Conceptual Model for Capillary Fringe Dynamics with a Declining Water Table
Chemical Waste Landfill, Sandia National Laboratories/New Mexico
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Figure E-4 Vertical Profiles of the Soil Gas Plume
before, during and immediately after Stage 1 Vapor Extraction

Chemical Waste Landfill, Sandia National Laboratories/New Mexico
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Figure E-5 Vertical Profiles of the Soil Gas Plume Post-Stage 1 Vapor Extraction
Chemical Waste Landfill, Sandia National Laboratories/New Mexico

E-22

84
08

57
.0

10
70

00
0 

A
19



 

 

ATTACHMENT A 
Supporting Calculations for the TCE Mass Estimate 
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Workbook Supporting Sandia National Labs Chemical Waste Landfill Closure Process - 
Corrective Measures Study

Estimation of Trichloroethylene (TCE) Remaining within Confines of Volatile Organic 
Compound (VOC) Soil Gas Plume

Prepared by: Jim Studer, P.E., InfraSUR, LLC

Date: December 16, 2004

Procedure:

1. Using the included illustration of the vertical and projected concentric horizontal extent of the soil gas plume 
based upon TCE (and total VOC) concentrations from September 2004 sampling event, estimate 
the pore volume of that portion of the soil-gas plume containing 5 ppmv TCE or greater.
(Refer to included figure, which is modified from Figure E-5 to support this estimation of TCE mass)

2. Estimate pore volume for concentration ranges 100 to 50 ppmv; 50 to 20 ppmv; 
20 to 10 ppmv; and 10 to 5 ppmv.

3. Using procedures and parameter values described in the Stage 1 VE VCM Design Report  
Attachments 3 and 4 (SNL/NM May 2000b),  calculate TCE mass in soil gas and then corresponding TCE mass 
in aqueous phase and on solid phase.

4. Sum TCE mass in the three phases to calculate estimate of Total TCE mass in plume.

5. Optional - estimate Total VOC mass by multiplying TCE mass by a factor determined
by an estimate of the ratio of TCE to all detected VOCs summed. This can be referred
to as Total VOC Mass (as TCE). Because TCE is heavier than the average VOC
detected at CWL soil gas plume in Sept 2004, the factor is probably between 1.1 - 1.2.
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Estimation of Trichloroethylene (TCE) Remaining within Confines of Volatile Organic 
Compound (VOC) Soil Gas Plume  (continued)

1. Using the profile (see included figure) based on  
Total VOC and TCE concentrations from September 2004 sampling event, estimate 
the pore volume of that portion of the soil gas plume containing 5 ppmv TCE or greater.
(Refer to included figure).

Based on new depiction of plume profile the following measurements were obtained by 
assuming that there is radial symmetry around an axis positioned halfway between well 
D-1 and well D-2 and hor scale is 1 in = 174.1 ft and vert scale 1 in = 350 ft
Vertical distortion of 2 (aspect ratio V/H)

Discrete Area
Dimension  Radius Ft Area in Ft2 Area r2 - r1 in ft2
Centerline to 50 ppmv contou 116.7 42785.1 42785.1
Centerline to 20 ppmv contou 222.8 155948.5 113163.4
Centerline to 10 ppmv contou 341.2 365737.0 209788.5
Centerline to 5 ppmv contour 426.5 571464.1 205727.1

Diameter of plume at maximum lateral extent is estimated to be 853 feet
This translates into an area of 571,500 sq ft or 13.1 acres
Area defining interface between 5 ppmv contour and capillary fringe is approx 1 acre

Calculate the pore volume corresponding to each area in above table consistent with the
approach used in the Stage 1 VE VCM Design Report, which assumed a total porosity of 40 percent.
In a departure from this approach, assume a cylinder geometry instead of a spherical geometry.

Region Area  in ft2 Thickness ft Volume ft3 volume liters Pore space @ 0.4
> 50 ppmv 42785.1 35 1.5E+06 4.2E+07 1.7E+07
50 to 20 113163.4 192.5 2.2E+07 6.2E+08 2.5E+08
20 to 10 209788.5 122.5 2.6E+07 7.3E+08 2.9E+08
10 to 5 205727.1 70 1.4E+07 4.1E+08 1.6E+08

420
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Estimation of Trichloroethylene (TCE) Remaining within Confines of Volatile Organic 
Compound (VOC) Soil Gas Plume  (continued)

Calculate the volume and mass of TCE for each discrete volume assuming the following:

Total porosity as stated above is 0.40
Water saturation is 0.25 (i.e. 3/4 of available porosity is gas filled) and NAPL saturation is 0.0
TCE specific gravity is 1.47 giving a density of 1.47 gm/cm3
TCE concentration values (C) from illustration (profile) with Cavg = (Cmax - Cmin) / 3 +Cmin
Volume in cm3 is 1000* vol in liters

TCE mass is calculated using the ideal gas law PV=nRT, where P = 0.83 atm
V is TCE gas volume in cm3, n = mole TCE; R = UGC or 82.057 (atm*cm3)/(gm*mol*K)
T is taken as 15.6 C or 288.75 K; finally mass in gm is # Moles * MW (131.4 gm/mole)

Discrete Vol PV cm3 Gas Vol cm3Cavg (ppmv) TCE Gas Vol cm3 TCE mass gm
> 50 ppmv 1.7E+10 1.3E+10 60 7.6E+05 3.5E+03
50 to 20 2.5E+11 1.9E+11 30 5.6E+06 2.6E+04
20 to 10 2.9E+11 2.2E+11 13.33 2.9E+06 1.3E+04
10 to 5 1.6E+11 1.2E+11 6.67 8.2E+05 3.8E+03

Total TCE mass gm 4.6E+04
Total TCE mass kg 4.6E+01
Total TCE mass lbs 1.0E+02

100 pounds TCE in gas phase is equal to the following # of gallons assuming 
8.33 pounds/gal * 1.47

8.2 gallons
Less than 10 gal of TCE in the gas phase of  soil gas plume region.

At every site where VOCs in soil gas exist there is also VOCs in the corresponding
pore water and on sediment surfaces. This is due to thermodynamic/molecular forces encouraging
the partitioning of the specific VOC into surrounding media.

Previous calculations completed for the Stage 1 VE VCM Design (SNL/NM May 2000b)
provide matrix partitioning values given as fractional multipliers that sum to a value of 1.0. 
The detailed procedure and calculations are presented in Attachment 4 of the Design Report and
as stated in the attachment the procedure is based on the work of Washington as described in 
the Journal Ground Water (June-October 1996).
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The procedure attempts to properly address the complex nature of matrix partitioning and this
 involves assignment of values for a number of  parameters. These parameters and the 
corresponding values assigned for the current exercise are given below:

Parameter Value Unit
dry bulk density 1.55 gm/cm3
particle density 2.65 gm/cm3
solid phase organic carbon content 2.00E-05 gm oc/gm soil
organic carbon sorption coeff 125 cm3 H2O/gm oc
fraction water saturation 0.25 unitless
dimensionless Henry's Law Constant 0.243 unitless
      (KH/RT)

For a subsurface temperature of 15.6 C, the fraction of TCE mass in gas phase, aqueous phase, 
and soild phase (Rg, Ra, Rs) is as follows:

Rg = 0.34 Mt * Rg = Mg
Ra = 0.48 Mt * Ra = Ma
Rs = 0.18 Mt * Rs = Ms
These sum to 1.0 Rg + Ra + Rs = 1.0

Mg + Ma + Ms = Mt
Page 4 of 5
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Thus, given a mass of TCE in soil gas Mg of 4.6E+01 kg
the corresponding mass of TCE in the other two media under equilibrium conditions is:

Mt * 0.34 = 4.6E+01 kg

Mt = 1.4E+02 kg

Mt * Ra = Ma

Mt * 0.48 = Ma

Ma = 6.5E+01 kg

Mt * Rs  = Ms

Mt * 0.18 = Ms

Ms = 2.4E+01

Mg + Ma + MS= 1.4E+02 KG 

It is estimated that there remains as of Sept 2004 140 kg (308 lbs) of TCE within 
the three-dimensional volume of subsurface defined by the TCE soil gas plume to
a minimum soil gas concentration of 5 ppmv.
This approaches a 95% mass reduction since 1995.
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ANNEX F 
Groundwater Assessment – Summary of Historic Chromium and Trichloroethene Results 
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Summary of Detected Chromium in MW-1A
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Installed 31-Jul-88.

May 97:  Low-flow sample collected;
CWL-MW1A connected to VE VCM network, and no GWM 
activities conducted.

Aug 99 to present:  CWL-MW1A  
has not recovered and no 
groundwater samples collected 
since May-97.

Jul 98:  CWL-MW1A decomissioned from VE 
VCM and comissioned as a passive venting well.

Jun 99:  CWL-MW1A decomissioned 
as passive venting well.

Notes:
Cr was not detected above associated laboratory method detection 
limits in groundwater samples collected during Dec-88, Mar-89, Mar-
90, Feb-91 to May-92, Nov-94, and Aug-95.
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Summary of Detected Chromium in MW-2A
Note: This well was decomissioned in June 2004
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Cr
MCLInstalled 01-Aug-88.

May 97:  Low-flow sample collected;
CWL-MW2A connected to VE VCM network, and no GWM 
activities conducted.

Jul 98:  CWL-MW2A decomissioned from VE 
VCM and comissioned as a passive venting well.

Jun 99:  CWL-MW2A decomissioned 
as passive venting well.

Aug 99 and Oct 99:  Bailer 
sample collected.

Feb 00:  Resume low-flow 
sampling.

Aug 01:  Low-
flow sampling 
ends-return to 
conventional 
method.

Notes:
Elevated Cr concentrations correlate to increased field turbidity 
measurements.

Cr was not detected above associated laboratory method detection limits 
in groundwater samples collected during Jan-90, Mar-90, May-92, Nov-
94, Feb-01, and Aug-01.
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Summary of Detected Chromium in MW-2BL
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Installed 05-Jun-94.

May 97:  Begin low-flow sampling.

Aug 01:  Low-flow sampling 
ends-return to conventional 
method.

Notes:
Cr was not detected above associated laboratory method detection 
limits in groundwater samples collected during Nov-94, Aug-95, Nov-
95, Aug-96, Feb-97, May-97, Aug-97, Nov-98, Feb-99, May-99, Oct-
99, and Aug-02 to Jun-03.
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Summary of Detected Chromium in MW-2BU
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Installed 05-Jun-94.

May 96:  Bailer 
sample collected.

Aug 96:  Low-flow sampling begins.

Notes:
Cr was not detected above associated laboratory method detection 
limits in groundwater samples collected during Feb-97, May-99 to 
Aug-01, and Aug-02 to Jun-03.
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Summary of Detected Chromium in MW-3A
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Cr
MCLInstalled 11-Aug-88.

May 97:  Low-flow sample collected;
CWL-MW3A connected to VE VCM.

Aug 99 to present:  CWL-MW3A has 
not recovered and no groundwater 
samples collected since May-97.

Jul 98:  CWL-MW3A decomissioned from VE 
VCM and comissioned as a passive venting well.

Jun 99:  CWL-MW3A decomissioned 
as passive venting well.

Notes:
Cr was not detected above associated laboratory method detection limits 
in groundwater samples collected during Dec-88, Mar-89, Jun-89, Feb-91
May-91, Nov-91, Feb-92, May-92, Nov-94, Aug-95, and Feb-97.
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Summary of Detected Chromium in MW-4
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Installed May-90.

May 97:  Begin low-flow sampling.

Aug 01:  Low-flow sampling ends-
return to conventional method.

Notes:
Elevated Cr concentration correlates to increased field turbidity 
measurements.

Cr was not detected above associated laboratory method detection 
limits in groundwater samples collected during May-91 to Aug-92, 
Nov-94, Aug-95, May-99, Aug-99, and Feb-01.
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Summary of Detected Chromium in MW-5L
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Installed 19-Apr-94.

Nov 96:  Low-flow sampling begins.

May 96 and Aug 96:  Bailer 
sample collected.

Notes:
Cr was not detected above associated laboratory method detection 
limits in groundwater samples collected during May-96, Feb-97, May
97, Nov-98 to Aug-01, and Jun-03.
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Summary of Detected Chromium in MW-5U
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Installed 19-Apr-94.

May 97:  Begin low-flow sampling.

Aug 01:  Low-flow sampling 
ends-return to conventional 
method.

Notes:
Cr was not detected above associated laboratory method detection 
limits in groundwater samples collected during Nov-94, Aug-95, Nov-
95, Aug-96, Feb-97, Oct-99, Jun-03, and Aug-04.
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Summary of Detected Chromium in MW-6L
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Installed 04-May-94.

May 96 and Aug 96:  Bailer sample collected.

Nov 96:  Low-flow sampling begins.

Notes:
Cr was not detected above associated laboratory method detection 
limits in groundwater samples collected during Nov-96, Feb-97, May-
97, Nov-98, May-99 to Aug-01, Aug-02, and Jan-03.
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Summary of Detected Chromium in MW-6U
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Installed 04-May-94.

May 97:  Begin low-flow sampling.

Aug 01:  Low-flow sampling 
ends-return to conventional 
method.

Notes:
Cr was not detected above associated laboratory method detection 
limits in groundwater samples collected during Nov-94, Aug-95, Feb-
97, and Aug-99 to Aug-01.
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Summary of Detected Chromium in BW-3
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May 97:  Begin low-flow sampling.

Aug 01:  Low-flow sampling 
ends-return to conventional 
method.

Installed 22-Sep-88.

Notes:
Elevated Cr concentrations correlate to increased field turbidity 
measurements.

Cr was not detected above associated laboratory method detection 
limits in groundwater samples collected during Mar-90, May-99, Aug-
99, Feb-00, Feb-01, and Aug-01.
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Summary of Detected Chromium in BW-4A
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Installed 16-May-94

May 97:  Begin low-flow sampling.

Aug 01:  Low-flow sampling 
ends-return to conventional 
method.

Notes:
Cr was not detected above associated laboratory method detection limits
in groundwater samples collected during Nov-94, Aug-95, Feb-97, May-
97, Nov-98, May-99 to Aug-01, Jan-03, and Jun-03.
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Summary of Detected TCE in MW-1A
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Installed 31-Jul-88.

May 97:  Low-flow sample collected;
VE VCM initiated;
CWL-MW1A connected to VE VCM network, and no 
GWM activities conducted.

Aug 99 to present:  CWL-MW1A 
has not recovered and no 
groundwater samples collected 
since May-97.

Jul 98:  VE VCM ends; Passive venting begins;
CWL-MW1A decomissioned from VE VCM and 
comissioned as a passive venting well.

Jun 99:  Passive venting ends; 
CWL-MW1A decomissioned as 
passive venting well.

Notes:
VOC analysis were not performed prior to Mar-90

TCE was not detected above associated laboratory method detection limits in 
groundwater samples collected during Mar-90 to Aug-90,  Feb-91 to Nov-92, 
May-93, Nov-93, Feb-94, Feb-95, May-95, and Nov-95 to Aug-96.
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Summary of Detected TCE Concentrations in MW-2A
Note: This well was decommissioned in June 2004
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Installed 01-Aug-88.

May 97:  Begin low-flow sampling; 
VE VCM initiated;
CWL-MW2A connected to VE VCM network, and no GWM 
activities conducted.

Aug 99 and Oct 99:  Bailer 
sample collected.

Feb 00:  Resume low-flow 
sampling.

Aug 01:  Low-flow 
sampling ends-return 
to conventional 
method.

Jul 98:  VE VCM ends; Passive venting begins;
CWL-MW2A decomissioned from VE VCM; 
and comissioned as a passive venting well.

Jun 99:  Passive venting ends;
CWL-MW2A decommissioned as 
passive venting well.

Notes:
VOC analysis were not performed prior to Mar-90

TCE was not detected above associated laboratory method 
detection limits in groundwater samples collected during Dec-90, 
Feb-91, Sep-91, Nov-91, Sep-92,  and Nov-95.

Maximum concentration values used for sampling events with 
mulitiple samples.

Additional bailer samples collected prior to 
purging for Sep-90, Dec-90, May-95, and Aug-
95 sampling events.
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Summary of Detected TCE in MW-2BL
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Installed 05-Jun-94.

May 97:  Begin low-flow sampling;
VE VCM initiated.

Aug 01:  Low-flow sampling 
ends-return to conventional 
method.

Jul 98:  VE VCM ends.

Notes:
TCE was not detected above associated laboratory method 
detection limits in groundwater samples collected during Aug-94, 
Dec-94 to May-97, Nov-98 to Feb-01, Feb-02 to Sep-04.

Nov-94:  Elevated TCE concentration due to laboratory quality control 
problems.  CWL-MW2BL was resampled in Dec-94 and TCE was not 
detected above laboratory method detection limit.
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Summary of Detected TCE Concentrations in MW-2BU
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Installed 05-Jun-94.

May 97:  VE VCM initiated.

Jul 98:  VE VCM ends.

Aug 96:  Begin low-flow sampling.

Notes:
TCE was not detected above associated laboratory method 
detection limits in groundwater samples collected during Sep-94 to 
Feb-95, Aug-96, Nov-98, Feb-99, Aug-99, Oct-99, and Feb-02.

No VOCs analyzed in Nov-95.

Bailer samples collected from Sep-
94 through Jun-96.
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Summary of Detected TCE in MW-3A
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Installed 11-Aug-88.

May 97:  Low-flow sample collected; 
VE VCM initiated;
CWL-MW3A connected to VE VCM network, and no GWM 
activities conducted.

Aug 99 to present:  CWL-MW3A 
has not recovered and no 
groundwater samples collected 
since May-97.

Jul 98:  VE VCM ends; Passive venting begins;
CWL-MW3A decomissioned from VE VCM and 
comissioned as a passive venting well.

Jun 99:  Passive venting ends;
CWL-MW3A decomissioned as 
passive venting well.

Notes:
VOC analysis were not performed prior to Mar-90

TCE was not detected above associated laboratory method 
detection limits in groundwater samples collected during Mar-90, 
Aug-90 to Aug-92,  Nov-94, May-95, and Nov-95.
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Summary of Detected TCE in MW-4
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Installed 04-May-90.

May 97:  Begin low-flow sampling;
VE VCM initiated.

Aug 01:  Low-flow sampling 
ends-return to conventional 
method.

Jul 98:  VE VCM ends.

Notes:
TCE was not detected above associated laboratory method 
detection limits in groundwater samples collected during May-90 to 
Aug-94, Feb-95 to Feb-97, Feb-99, Feb-02, Aug-02, and Jun-03 to 
Aug-04. Nov-94:  Elevated TCE concentration due to laboratory quality control problems.  

CWL-MW4 was resampled in Dec-94 and TCE was not detected above laboratory
method detection limit.
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Summary of Detected TCE in MW-5L
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Installed 19-Apr-94.

May 97:  VE VCM initiated.

Jul 98:  VE VCM ends.

Nov 96:  Low-flow sampling begins.

Feb 95:  Bailer sampling begins.

Aug 96:  Bailer sampling ends.

Notes:
TCE was not detected above associated laboratory method 
detection limits in groundwater samples collected during Nov-96, 
Aug-98 to May-99, Oct-99, Feb-02, Aug-02, Feb-04 to Aug-04
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Summary of Detected TCE in MW-5U
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Installed 19-Apr-94.

May 97:  Begin low-flow sampling; 
VE VCM initiated.

Aug 01:  Low-flow sampling 
ends-return to conventional 
method.

Jul 98:  VE VCM ends.

Notes:
TCE was not detected above associated laboratory method 
detection limits in groundwater samples collected during Aug-94 to 
May-95, May-96, Feb-99, May-99, and Aug-99.
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Summary of Detected TCE in MW-6L
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Installed 04-May-94.

May 97:  VE VCM initiated.

Jul 98:  VE VCM ends.

Nov 96: Low-flow sampling begins.

Feb 95:  Bailer sampling begins.

Aug 96:  Bailer sampling ends.

Notes:
TCE was not detected above associated laboratory method 
detection limits in groundwater samples collected during Nov-96, 
Feb-97, Aug-99, Oct-99, Feb-02, Aug-02, Feb-04, and Aug-04.
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Summary of Detected TCE Concentrations in MW-6U
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Installed 04-May-94.

May 97:  Begin low-flow sampling;
VE VCM initiated.

Aug 01:  Low-flow sampling 
ends-return to conventional 
method.

Jul 98:  VE VCM ends.

Notes:
TCE was not detected above associated laboratory method 
detection limits in groundwater samples collected during Aug-94 to 
Feb-97, Aug-97, Nov-97, Nov-98 to Oct-99, Aug-02, Jan-03, and 
Aug-04.

Additional bailer samples collected prior to purging for May-95, Aug-
95, Feb-96, and May-96 sampling events.
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Summary of Detected TCE in BW-3
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Installed 22-Sep-88.

May 97:  Begin low-flow sampling;
VE VCM initiated.

Aug 01:  Low-flow sampling 
ends-return to conventional 
method.

Jul 98:  VE VCM ends.

Notes:
TCE was not detected above associated laboratory method 
detection limits in groundwater samples collected during Mar-90 to 
Feb-98, and Nov-98 to Aug-04.
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Summary of Detected TCE in BW-4A
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Installed 16-May-94.

May 97:  Begin low-flow sampling;
VE VCM initiated.

Aug 01:  Low-flow sampling 
ends-return to conventional 
method.

Jul 98:  VE VCM ends.

Notes:
TCE was not detected above associated laboratory method 
detection limits in groundwater samples collected during Aug-94 to 
Feb-98, and Nov-98 to Aug-04.



 

 

ANNEX G 
Groundwater Assessment – Analytical Results Tables for: 

 
• Seven Sampling Events for the Monitoring 

Network, and  
• Five Sampling Events for the Deep Aquifer 

Monitoring Network (MW-7 and MW-8)  
 

Conducted Since Completion of the VE VCM in July 1998 
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Appendix G 
Appendix G provides Groundwater Sampling Summary tables for each of eight groundwater 
sampling events that were performed at the CWL between February 2002 and August 2004.   
 
Table 1 lists each sampling event that includes seven groundwater monitoring network (indicated 
by M) and five deep aquifer well (indicated by D) sampling events.  The descriptions of the 
sampling summary in each section of this appendix refer to Table 1.   
 
 
 

Table 1 
Summary of Monitoring Well Sampling 

2002-2004 
Sandia National Laboratories/New Mexico 

Chemical Waste Landfill 
 
 

 
 

February
March 
2002 

August 
2002 

January
February 

2003 

June 
2003 

December  
2003 

March 
2004 

May  
2004 

August 
2004 

Groundwater 
Monitoring 

Network 
 

M1 M2 M3 M4 -- M5 M6 M7 

Deep Aquifer 
Wells 

 
-- -- -- D1 D2 D3 D4 D5 

-- = No sampling event for that period. 
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Chemical Waste Landfill  
Groundwater Sampling Summary 

February/March 2002 
 

Table 1-1  Monitoring Well Groundwater Elevations 
Table 1-2  Volumes Purged from Monitoring Wells 
Table 1-3  Summary of Field Measurements 
Table 1-4  Sample Number Identification 
Table 1-5  Analysis, Methods, Sample Containers, Preservatives, and Holding Times 
Table 1-6  List of Volatile Organic Compounds Analyzed 
Table 1-7  List of Semi-Volatile Organic Compounds Analyzed 
Table 1-8  List of Polychlorinated Biphenyls and Herbicides Analyzed 
Table 1-9  List of Metal Parameters Analyzed  
Table 1-10  List of General Chemistry and Radiological Parameters Analyzed 
Table 1-11  Summary of Detected Organic Parameters 
Table 1-12  Summary of Metal Parameters 
Table 1-13  Summary of General Chemistry Parameters 
 
The first groundwater monitoring network sampling (M1) was performed in February-March 
2002.  The deep wells had not yet been installed.   
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Chemical Waste Landfill 
Groundwater Sampling Summary 

August 2002 
 

Table 2-1  Monitoring Well Groundwater Elevations 
Table 2-2  Volumes Purged from Monitoring Wells 
Table 2-3  Summary of Field Measurements 
Table 2-4  Sample Number Identification 
Table 2-5  Analysis, Methods, Sample Containers, Preservatives, and Holding Times 
Table 2-6  List of Volatile Organic Compounds Analyzed 
Table 2-7  List of Metal Parameters Analyzed  
Table 2-8  Summary of Detected Organic Parameters 
Table 2-9  Summary of Metal Parameters 
 
The second groundwater monitoring network sampling (M2) was performed August 2002.  The 
deep wells had not yet been installed. 
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Chemical Waste Landfill 
Groundwater Sampling Summary 

January and February 2003 
 

Table 3-1  Monitoring Well Groundwater Elevations 
Table 3-2  Volumes Purged from Monitoring Wells 
Table 3-3  Summary of Field Measurements 
Table 3-4  Sample Number Identification 
Table 3-5  Analysis, Methods, Sample Containers, Preservatives, and Holding Times 
Table 3-6  List of Volatile Organic Compounds Analyzed 
Table 3-7  List of Metal Parameters Analyzed 
Table 3-8  Summary of Detected Organic Parameters 
Table 3-9  Summary of Metal Parameters 
 
The third groundwater monitoring network sampling (M3) was performed in January -February 
2003.  The deep wells had not yet been installed. 
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Chemical Waste Landfill 
Groundwater Sampling Summary 

June 2003 
 

Table 4-1 Monitoring Well Groundwater Elevations 
Table 4-2  Volumes Purged from Monitoring Wells 
Table 4-3  Summary of Field Measurements 
Table 4-4  Sample Number Identification 
Table 4-5  Analysis, Methods, Sample Containers, Preservatives, and Holding Times 
Table 4-6  List of Volatile Organic Compounds Analyzed 
Table 4-7  List of Metal Parameters Analyzed 
Table 4-8  List of General Chemistry Parameters Analyzed 
Table 4-9  Summary of Detected Organic Parameters 
Table 4-10  Summary of Metal Parameters 
Table 4-11  Summary of Anion, Cation, and Alkalinity Analyses 
 
The fourth groundwater monitoring network sampling (M4) and the first deep aquifer sampling 
(D1) events were performed in June 2003.   
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Chemical Waste Landfill 
Groundwater Sampling Summary 
December 2003 and March 2004 

 
Table 5-1  Monitoring Well Groundwater Elevations 
Table 5-2  Volumes Purged from Monitoring Wells 
Table 5-3  Summary of Field Measurements 
Table 5-4  Sample Number Identification 
Table 5-5  Analysis, Methods, Sample Containers, Preservatives, and Holding Times 
Table 5-6  List of Volatile Organic Compounds Analyzed 
Table 5-7  List of Semi-Volatile Organic Compounds Analyzed 
Table 5-8  List of Chlorinated Herbicides and Polychlorinated Biphenyls Analyzed  
Table 5-9  List of Metal Parameters Analyzed 
Table 5-10  List of General Chemistry, Cyanide, and Sulfide Parameters Analyzed 
Table 5-11  Summary of Detected Volatile and Semi-Volatile Organic Compounds, 
Polychlorinated Biphenyls, and Herbicides 
Table 5-12  Summary of Total Metal Parameters 
Table 5-13  Summary of Dissolved Metal Parameters 
Table 5-14  Summary of Total Cyanide and Sulfide Analyses 
Table 5-15  Summary of Anion, Alkalinity, and Hexavalent Chromium Analyses 
 
The second deep aquifer sampling (D2) event was performed in December 2003.  The fifth 
groundwater monitoring network (M5) and the third deep aquifer (D3) sampling events were 
performed in March 2004.  These events are combined on the above sampling summary tables.   
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Chemical Waste Landfill 
Groundwater Sampling Summary 

May 2004 
 

Table 6-1  Monitoring Well Groundwater Elevations 
Table 6-2  Volumes Purged from Monitoring Wells 
Table 6-3  Summary of Field Measurements 
Table 6-4  Sample Number Identification 
Table 6-5  Analysis, Methods, Sample Containers, Preservatives, and Holding Times 
Table 6-6  List of Volatile Organic Compounds Analyzed 
Table 6-7  List of Metal Parameters Analyzed 
Table 6-8  Summary of Detected Volatile Organic Compounds 
Table 6-9  Summary of Total Metal Parameters 
Table 6-10  Summary of Dissolved Metal Parameters 
Table 6-11  Summary of Hexavalent Chromium Analyses 
 
The sixth groundwater monitoring network (M6) and the fourth deep aquifer (D4) sampling 
events were performed in May 2004.   
 



 

AL/12-04/WP/SNL04:r5609-g.doc  840857.01.07 12/17/04 8:53 AM G-8

Chemical Waste Landfill 
Groundwater Sampling Summary 

August 2004 
 

Table 7-1  Monitoring Well Groundwater Elevations 
Table 7-2  Volumes Purged from Monitoring Wells 
Table 7-3  Summary of Field Measurements 
Table 7-4  Sample Number Identification 
Table 7-5  Analysis, Methods, Sample Containers, Preservatives, and Holding Times 
Table 7-6  List of Volatile Organic Compounds Analyzed 
Table 7-7  List of Metal Parameters Analyzed 
Table 7-8  Summary of Detected Volatile Organic Compounds 
Table 7-9  Summary of Total Metal Parameters 
Table 7-10  Summary of Dissolved Metal Parameters 
Table 7-11  Summary of Hexavalent Chromium Analyses 
 
The seventh groundwater monitoring network (M7) and the fifth deep aquifer (D5) sampling 
events were performed in August 2004.   
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Table 1-1 
Monitoring Well Groundwater Elevations 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, February/March 2002 

 
 
 
 

Well Number 

Measuring 
Point 

Elevation 
(famsl) 

Average 
Depth to 
Watera  
(feet) 

 
Groundwater 

Elevation 
(famsl) 

 
Total Well 

Depthb 
(feet) 

 
Static Water 

Heightc 
(feet) 

 
CWL-BW2 

 
5433.54 

 
504.58 

 
4928.96 

 
998.00 

 
493.42 

 
CWL-BW3 

 
5430.23 

 
497.99 

 
4932.24 

 
507.48 

 
9.49 

 
CWL-BW4A 

 
5431.36 

 
498.36 

 
4933.00 

 
510.00 

 
11.64 

 
CWL-MW1A 

 
5421.49 

 
NM 

 
NM 

 
495.00 

 
NM 

 
CWL-MW2A 

 
5418.58 

 
487.14 

 
4931.44 

 
495.00 

 
7.86 

 
CWL-MW2BL 

 
5419.39 

 
491.84 

 
4927.55 

 
557.50 

 
65.66 

 
CWL-MW2BU 

 
5419.42 

 
487.78 

 
4931.64 

 
501.00 

 
13.22 

 
CWL-MW3A 

 
5417.78 

 
NM 

 
NM 

 
492.00 

 
NM 

 
CWL-MW4 

 
5420.33 

 
491.44 

 
4928.89 

 
503.00 

 
11.56 

 
CWL-MW5L 

 
5415.80 

 
489.52 

 
4926.28 

 
558.00 

 
68.48 

 
CWL-MW5U 

 
5416.01 

 
485.22 

 
4930.79 

 
502.00 

 
16.78 

 
CWL-MW6L 

 
5417.13 

 
490.96 

 
4926.17 

 
564.00 

 
73.04 

 
CWL-MW6U 

 
5416.78 

 
485.88 

 
4930.90 

 
502.00 

 
16.12 

 
aMeasurements transcribed from Groundwater Sample Collection Logs and adjusted for well deviation. 
bDerived from well completion logs. 
cCalculated as difference between depth to water and total well depth. 
BW = Background well. 
CWL = Chemical waste landfill. 
famsl = Feet above mean sea level.  Measured from top of casing. 
Groundwater elevation = (measuring point elevation) – (average depth to water). 
L = Lower well completion zone. 
MW = Monitoring well. 
NM = Not measured.  MW-1A and MW-3A are dry wells.  
U = Upper well completion zone. 
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Table 1-2 
Volumes Purged from Monitoring Wells 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, February/March 2002 

 

 
 

Well Number 

 
Volume Purgeda 

(gal) 

 
Time Pumped 

(minutes) 

Average Pump 
Rate 

(gal/minute) 

 
Well Pumped to 

Dryness 
 
CWL-BW2 

 
50 

 
75 

 
0.67 

 
No 

 
CWL-BW3 

 
24 

 
40 

 
0.60 

 
Yes 

 
CWL-BW4A 

 
26 

 
36 

 
0.72 

 
Yes 

 
CWL-MW2Ab 

 
11,000 mL 

 
107 

 
102.80 mL/minute 

 
No 

 
CWL-MW2Ac 

 
32 

 
43 

 
0.74 

 
Yes 

 
CWL-MW2BL 

 
508 

 
449 

 
1.13 

 
No 

 
CWL-MW2BU 

 
2,500 mL 

 
105 

 
23.81 mL/minute 

 
Yes 

 
CWL-MW4 

 
50 

 
54 

 
0.93 

 
No 

 
CWL-MW5L 

 
80,000 mL 

 
430 

 
186.05 mL/minute 

 
No 

 
CWL-MW5U 

 
30 

 
35 

 
0.86 

 
Yes 

 
CWL-MW6L 

 
85,000 mL 

 
342 

 
248 mL/minute 

 
No 

 
CWL-MW6U 

 
32 

 
83 

 
0.39 

 
Yes 

 
aVolume of groundwater purged before sampling. 
bLow-flow sampling method. 
cConventional sampling method. 
BW = Background well. 
CWL = Chemical waste landfill. 
gal = Gallon(s). 
L = Lower well completion zone. 
mL = Milliliter(s). 
MW = Monitoring well. 
U = Upper well completion zone. 
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Table 1-3 
Summary of Field Measurements 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, February/March 2002 

 
 

Well Number 
 

Measurement Period 
 

pH 
 

Temperature °C 
SC 

(µmhos/cm) 
Turbidity 

(NTU) 
 
CWL-BW2 

 
Purge measurementsa: 

 
 

 
6.71 
6.72 
6.72 

 

 
19.5 
19.6 
19.6 

 

 
1,130 
1,131 
1,129 

 

 
38.1 
36.0 
37.3 

 
CWL-BW3 

 
Purge measurementsa: 

 
 

 
7.12 
7.12 
7.10 

 

 
16.69 
16.71 
16.71 

 

 
934 
940 
944 

 

 
33.5 
27.0 
24.3 

 
CWL-BW4A 

 
Purge measurementsa: 

 
 

 
6.85 
6.83 
6.85 

 

 
14.06 
15.01 
15.06 

 

 
1,009 
1,068 
1,067 

 

 
16.5 
5.06 
5.01 

 
CWL-MW2A 
(QED) 

 
Purge measurementsa: 

 
 

 
7.22 
7.22 
7.22 

 

 
11.3 
11.3 
11.4 

 

 
758 
759 
760 

 

 
1.66 
1.58 
1.74 

 
CWL-MW2A 
(BENNETT) 

 
Purge measurementsa: 

 
 

 
7.24 
7.24 
7.23 

 

 
17.6 
18.7 
18.4 

 

 
919 
931 
935 

 

 
84.7 
88.9 
114 

 
CWL-MW2BL 

 
Purge measurementsa: 

 
 

 
6.81 
6.81 
6.81 

 

 
20.52 
20.53 
20.50 

 

 
1,198 
1,197 
1,196 

 

 
1.08 
0.69 
0.57 

 
CWL-MW2BU 

 
Purge measurementsa: 

 
 

 
6.98 
NM 
NM 

 

 
18.4 
NM 
NM 

 

 
984 
NM 
NM 

 

 
4.62 
NM 
NM 

 
CWL-MW4 

 
Purge measurementsa: 

 
 

 
6.75 
6.75 
6.75 

 

 
20.6 
20.7 
20.6 

 

 
1,055 
1,058 
1,055 

 

 
61.1 
60.2 
62.3 

 
CWL-MW5L 

 
Purge measurementsa: 

 
 

 
6.87 
6.87 
6.87 

 

 
17.6 
17.7 
17.8 

 

 
1,081 
1,080 
1,080 

 

 
1.39 
1.53 
1.64 

 
CWL-MW5U 

 
Purge measurementsa: 

 
 

 
6.95 
6.94 
7.00 

 

 
17.94 
18.21 
18.26 

 

 
1,097 
1,065 
1,060 

 

 
3.72 
2.04 
1.67 

Refer to footnotes at end of table. 
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Table 1-3 (Concluded) 
Summary of Field Measurements 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, February/March 2002 

 
 

Well Number 
 

Measurement Period 
 

pH 
 

Temperature °C 
SC 

(µmhos/cm) 
Turbidity 

(NTU) 
 
CWL-MW6L 

 
Purge measurementsa: 

 
 

 
6.86 
6.87 
6.86 

 

 
17.5 
17.7 
18.0 

 

 
1,025 
1,024 
1,027 

 

 
0.78 
0.61 
0.35 

 
CWL-MW6U 

 
Purge measurementsa: 

 
 

 
6.87 
6.88 
6.88 

 

 
17.2 
17.4 
17.9 

 

 
1,008 
1,010 
1,020 

 

 
14.5 
7.94 
7.38 

aLast three water quality measurements prior to sampling.  See Attachment A for complete record. 
BW = Background well. 
CWL = Chemical waste landfill. 
L = Lower well completion zone. 
µmhos/cm  = Micromhos per centimeter. 
MW = Monitoring well. 
NM = Not measured.   
NTU = Nephelometric turbidity units. 
SC = Specific conductance. 
U = Upper well completion zone. 
°C = Degrees Celsius. 
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Table 1-4 
Sample Number Identification 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, February/March 2002 

 
Sample 

Identification ARCOC 
Sample  
Number 

Date  
Sampled Laboratory 

Sample  
Type 

CWL-BW2 605124 049223 2-18-02 GEL Environmental Sample 

CWL-BW3 605122 049221 2-14-02 GEL Environmental Sample 

CWL-BW4A 605123 049222 2-15-02 GEL Environmental Sample 

CWL-MW2A 605125 049224 2-19-02 GEL Environmental Sample 

CWL-MW2A 605212 049224 2-19-02 RPSD Sample Split 

CWL-MW2A 605283 049224 2-21-02 GEL Environmental Sample 

CWL-MW2BL 605126 049225 3-5-02 GEL Environmental Sample 

CWL-MW2BU 605126 049226 2-28-02 GEL Environmental Sample 

CWL-MW2BU 605127 049226 2-25-02 GEL Environmental Sample 

CWL-MW4 605128 049227 2-12-02 GEL Environmental Sample 

CWL-MW5L 605129 049228 3-6-02 GEL Environmental Sample 

CWL-MW5U 605130 049229 2-8-02 GEL Environmental Sample 

CWL-MW6L 605131 049230 3-7-02 GEL Environmental Sample 

CWL-MW6U 605132 049231 2-11-02 GEL Environmental Sample 

CWL-MW6U 605132 049232 2-11-02 GEL Duplicate Sample 

CWL-EB1 605133 049233 2-5-02 GEL Equipment Blank 

CWL-EB2 605134 049234 2-8-02 GEL Equipment Blank 

CWL-EB3 605135 049235 2-12-02 GEL Equipment Blank 

CWL-EB4 605204 049236 2-13-02 GEL Equipment Blank 

CWL-EB5 605205 049237 2-14-02 GEL Equipment Blank 

CWL-EB6 605206 049238 2-18-02 GEL Equipment Blank 

CWL-EB7 605207 049239 2-19-02 GEL Equipment Blank 

CWL-EB8 605208 049240 2-25-02 GEL Equipment Blank 

 
ARCOC = Analysis Request and Chain of Custody Record. 
BW = Background well. 
CWL = Chemical Waste Landfill. 
GEL = General Engineering Laboratories. 
RPSD = Radiation Protection Sample Diagnostics Laboratory, Sandia National Laboratories/New Mexico. 
L = Lower well completion zone. 
MW = Monitoring well. 
EB = Equipment blank sample. 
U = Upper well completion zone. 
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Table 1-5 
Analysis, Methods, Sample Containers, Preservatives, and Holding Times 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, February/March 2002 

 

 
Analysis 

 
Methoda 

Container Type/ 
Volume/Preservative 

 
Holding Time 

Appendix IX Volatile Organic 
Compounds 

8260 Glass; 3 x 40 mL; HCl, 4°C 14 days 

Appendix IX Semi-Volatile 
Organic Compounds 

8270C Amber Glass; 2 x 1L; 4°C 7 days/40b days 

Appendix IX Polychlorinated 
Biphenyls 

8082 Amber Glass; 2 x 1L; 4°C 7 days/40b days 

Appendix IX Chlorinated 
Herbicides 

8151A Amber Glass; 3 x 1L; 4°C 7 days/40b days 

Total Cyanide 9010 Polyethylene; 500mL; NaOH, 4°C 14 days 

Total Sulfide 376.2 Polyethylene; 250mL; NaOH, 4°C 7 days 

Appendix IX metals + iron 6020/7470A Polyethylene; 500 mL; HNO3, 4°C 28 days/180 daysc

Dissolved Chromium 6020 Polyethylene, 250 mL; 4°C 180 days 
 
aU.S. Environmental Protection Agency, 1990, “Test Methods for Evaluating Solid Waste 
Physical/Chemical Methods,” SW-846, 3rd ed., U.S. Environmental Protection Agency, Washington, D.C. 
b7 days for extraction and 40 days after extraction. 
cHolding time for mercury is 28 days; all other metals are 180 days. 
HCl = Hydrochloric acid. 
HNO3 = Nitric acid. 
mL = Milliliter(s). 
NaOH = Sodium Hydroxide. 
°C = Degrees Celsius. 
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Table 1-6 
List of Volatile Organic Compounds Analyzed 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, February/March 2002 

 
 

EPA Test Method 8260a  
(Appendix IX List)b 

Quantitation 
Limit 
(µg/L) 

 
MCL 
(µg/L) 

 
EPA Test Method 8260a 

(Appendix IX List)b 

Quantitation 
Limit 
(µg/L) 

 
MCL 
(µg/L) 

1,1,1,2-Tetrachloroethane                1.0 NE Carbon tetrachloride               1.0 5.0 

1,1,1-Trichloroethane                    1.0 200 Chlorobenzene                        1.0 100 

1,1,2,2-Tetrachloroethane                1.0 NE Chloroethane                          1.0 NE 

1,1,2-Trichloroethane                    1.0 5.0 Chloroform                              1.0 NE 

1,1-Dichloroethane                       1.0 NE Chloromethane                       1.0 NE 

1,1-Dichloroethene                       1.0 7.0 2-Chloro-1,3-butadine             1.0 NE 

1,2,3-Trichloropropane                   1.0 NE Dibromochloromethane           1.0 NE 

1,2,4-Trichlorobenzene                   1.0 70.0 Dibromomethane                   1.0 NE 

1,2-Dibromo-3-chloropropane              1.0 0.2 Dichlorodifluoromethane         1.0 NE 

1,2-Dibromoethane                        1.0 0.05 Ethyl benzene                         1.0 700 

1,2-Dichloroethane                       1.0 5.0 Propionitrile                            5.0 NE 

1,2-Dichloropropane                      1.0 5.0 Ethyl methacrylate                  5.0 NE 

2-Butanone                               5.0 NE Iodomethane                           5.0 NE 

2-Hexanone                               5.0 NE Isobutyl alcohol                       50.0 NE 

4-methyl-, 2-Pentanone                   5.0 NE Methacrylonitrile                      5.0 NE 

Acetone                                  5.0 NE Methyl methacrylate                5.0 NE 

Acetonitrile                             25.0 NE Methylene chloride                  5.0 5.0 

Acrolein                                 5.0 NE Pentachloroethane                  5.0 NE 

Acrylonitrile                            5.0 NE Styrene                                  1.0 100 

Allyl chloride                           5.0 NE Tetrachloroethene                   1.0 5.0 

Benzene                                  1.0 5.0 Toluene                                  1.0 1,000 

Bromodichloromethane                     1.0 NE Trichloroethene                       1.0 5.0 

Bromoform                                1.0 NE Trichlorofluoromethane           1.0 NE 

Bromomethane                             1.0 NE Vinyl acetate                           5.0 NE 

Carbon disulfide                         5.0 NE Vinyl chloride                           1.0 2.0 
 
Refer to footnotes at end of table. 
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Table 1-6 (Concluded) 
List of Volatile Organic Compounds Analyzed 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, February/March 2002 

 
 

EPA Test Method 8260a 
(Appendix IX List)b 

Quantitation 
Limit 
(µg/L) 

 
MCL 
(µg/L) 

 
EPA Test Method 8260a 

(Appendix IX List)b 

Quantitation 
Limit 
(µg/L) 

 
MCL 
(µg/L) 

Xylene (Total)                                   3.0 10,000 trans-1,2-Dichloroethene        1.0 100 

bis-Chloroisopropyl ether                5.0 NE trans-1,3-Dichloropropene      1.0 NE 

cis-1,3-Dichloropropene                  1.0 NE trans-1,4-Dichloro-2-butene   5.0 NE 

 
aU.S. Environmental Protection Agency, 1990, “Test Methods for Evaluating Solid Waste Physical/Chemical Methods,” SW-846, 3rd 
ed., U.S. Environmental Protection Agency, Washington, D.C. 
bTitle 40 Code of Federal Regulations (CFR), Part 264, Standards for Owners and Operators of Hazardous Waste Treatment, 
Storage, and Disposal Facilities, Appendix IX, Groundwater Monitoring List. 
EPA = U.S. Environmental Protection Agency. 
MCL = Maximum contaminant levels (established by the U.S. EPA Primary Drinking Water Regulations in 40 CFR 141.11(b), 

subsequent amendments, or the New Mexico Environmental Improvement Board in the New Mexico Register, Title 20, 
Chapter 7, Part 1). 

µg/L = Microgram(s) per liter. 
NE = Not established. 



 

AL/12-04/WP/SNL04:r5609-g.doc  840857.01.07 12/17/04 8:53 AM G-17

Table 1-7 
List of Semi-Volatile Organic Compounds Analyzed 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, February/March 2002 

 
 

EPA Test Method 8270Ca  
(Appendix IX List)b 

Quantitati
on Limit 
(µg/L) 

 
MCL 
(µg/L) 

 
EPA Test Method 8270Ca 

(Appendix IX List)b 

Quantitation 
Limit 
(µg/L) 

 
MCL
(µg/L) 

alpha,.alpha-Dimethylphenethylamine   9.71 NE 3,3'-Dimethylbenzidine                   9.71 NE 

1,2,4,5-Tetrachlorobenzene               9.71 NE 3-Methylcholanthrene                     9.71 NE 

1,2,4-Trichlorobenzene                   9.71 70.0 3-Nitroaniline                           9.71 NE 

1,2-Dichlorobenzene                      9.71 600 3-benzodioxole, 5-(2-Propenyl)-1     9.71 NE 

1,2-Diphenylhydrazine                    9.71 NE 4-Aminobiphenyl                          9.71 NE 

1,3,5-Trinitrobenzene                    9.71 NE 4-Bromophenyl phenyl ether             9.71 NE 

1,3-Dichlorobenzene                      9.71 NE 4-Chloro-3-methylphenol                  9.71 NE 

1,3-Dinitrobenzene                       9.71 NE 4-Chlorobenzenamine                      9.71 NE 

1,4-Dichlorobenzene                      9.71 75.0 4-Chlorophenyl phenyl ether             9.71 NE 

1,4-Dioxane                              9.71 NE 4-Dimethylaminoazobenzene           9.71 NE 

1,4-Naphthoquinone                       9.71 NE 4-Methylphenol                           9.71 NE 

1-Methylnaphthalene                      0.971 NE 4-Nitroaniline                           9.71 NE 

1-Naphthylamine                          9.71 NE 4-Nitrophenol                            9.71 NE 

2,3,4,6-Tetrachlorophenol                9.71 NE 4-Nitroquinoline-1-oxide                 9.71 NE 

2,4,5-Trichlorophenol                    9.71 NE 5-Nitro-o-toluidine                      9.71 NE 

2,4,6-Trichlorophenol                    9.71 NE 7,12-Dimethylbenz(a)anthracene     9.71 NE 

2,4-Dichlorophenol                       9.71 NE Acenaphthene                             0.971 NE 

2,4-Dimethylphenol                       9.71 NE Acenaphthylene                           0.971 NE 

2,4-Dinitrophenol                        19.4 NE Acetophenone                             9.71 NE 

2,4-Dinitrotoluene                       9.71 NE Aniline                                  9.71 NE 

2,6-Dichlorophenol                       9.71 NE Anthracene                               0.971 NE 

2,6-Dinitrotoluene                       9.71 NE Aramite                                  9.71 NE 

2-Acetylaminofluorene                    9.71 NE Benzidine                                9.71 NE 

2-Chloronaphthalene                      0.971 NE Benzo(a)anthracene                       0.971 NE 

2-Chlorophenol                           9.71 NE Benzo(a)pyrene                           0.971 0.2 

2-Methylnaphthalene                      0.971 NE Benzo(b)fluoranthene                     0.971 NE 

2-Methylpyridine                         9.71 NE Benzo(ghi)perylene                       0.971 NE 

2-Naphthalenamine                        9.71 NE Benzo(k)fluoranthene                     0.971 NE 

2-Nitroaniline                           9.71 NE Benzoic acid                             19.4 NE 

2-Nitrophenol                            9.71 NE Benzyl alcohol                           9.71 NE 

3,3'-Dichlorobenzidine                   9.71 NE Butylbenzyl phthalate                    9.71 NE 
 
Refer to footnotes at end of table. 
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Table 1-7 (Continued) 
List of Semi-Volatile Organic Compounds Analyzed 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, February/March 2002 

 
 

EPA Test Method 8270Ca  
(Appendix IX List)b 

Quantitation 
Limit 
(µg/L) 

 
MCL 
(µg/L) 

 
EPA Test Method 8270Ca 

(Appendix IX List)b 

Quantitation 
Limit 
(µg/L) 

 
MCL 
(µg/L) 

Carbazole                                9.71 NE Methapyrilene                            9.71 NE 

Chlorobenzilate                          9.71 NE Methoxychlor                             9.71 40.0 

Chrysene                                 0.971 NE Methyl methacrylate                     9.71 NE 

Di-n-butyl phthalate                     9.71 NE Methyl methanesulfonate             9.71 NE 

Di-n-octyl phthalate                     9.71 NE Methyl parathion                         9.71 NE 

Diallate                                 9.71 NE Naphthalene                              0.971 NE 

Dibenz[a,h]anthracene                    0.971 NE Nitro-benzene                            9.71 NE 

Dibenzofuran                             9.71 NE Triethylphosphorothioate           9.71 NE 

Diethylphthalate                         9.71 NE Parathion                                9.71 NE 

Dimethoate                               9.71 NE Pentachlorobenzene                    9.71 NE 

Dimethylphthalate                        9.71 NE Pentachloroethane                       9.71 NE 

Dinitro-o-cresol                         9.71 NE Pentachloronitrobenzene             9.71 NE 

Dinoseb                                  9.71 7.0 Pentachlorophenol                       9.71 1.0 

Diphenyl amine                           9.71 NE Phenacetin                               9.71 NE 

Disulfoton                               9.71 NE Phenanthrene                             0.971 NE 

Ethyl methacrylate                       9.71 NE Phenol                                   9.71 NE 

Ethyl methanesulfonate                   9.71 NE Phorate                                  9.71 NE 

Famphur                                  9.71 NE Pronamide                                9.71 NE 

Fluoranthene                             0.971 NE Pyrene                                   0.971 NE 

Fluorene                                 0.971 NE Pyridine                                 9.71 NE 

Hexachlorobenzene                        9.71 1.0 Sulfotepp                                9.71 NE 

Hexachlorobutadiene                      9.71 NE Thionazin                                9.71 NE 

Hexachlorocyclopentadiene                9.71 50.0 Tributylphosphate                        9.71 NE 

Hexachloroethane                         9.71 NE bis(2-Chloroethoxy)methane        9.71 NE 

Hexachlorophene                          485 NE bis(2-Chloroethyl)ether                9.71 NE 

Hexachloropropene                        9.71 NE bis(2-Ethylhexyl)phthalate            9.71 6.0 

Indeno(1,2,3-c,d)pyrene                  0.971 NE bis-Chloroisopropyl ether             9.71 NE 

Isodrin                                  9.71 NE n-Nitroso-di-n-butylamine             9.71 NE 

Isophorone                               9.71 NE n-Nitrosodiethylamine                  9.71 NE 

Isosafrole                               9.71 NE n-Nitrosodimethylamine               9.71 NE 

Kepone                                   9.71 NE n-Nitrosodipropylamine                9.71 NE 
 
Refer to footnotes at end of table. 
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Table 1-7 (Concluded) 
List of Semi-Volatile Organic Compounds Analyzed 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, February/March 2002 

 
 

EPA Test Method 8270Ca 
(Appendix IX List)b 

Quantitation 
Limit 
(µg/L) 

 
MCL 
(µg/L) 

 
EPA Test Method 8270Ca 

(Appendix IX List)b 

Quantitation 
Limit 
(µg/L) 

 
MCL 
(µg/L) 

n-Nitrosomethylethylamine                9.71 NE o-Cresol                                 9.71 NE 

n-Nitrosomorpholine                      9.71 NE o-Toluidine                              9.71 NE 

n-Nitrosopiperidine                      9.71 NE para-Phenylenediamine         19.4 NE 

n-Nitrosopyrrolidine                     9.71 NE    
 
aU.S. Environmental Protection Agency, 1990, “Test Methods for Evaluating Solid Waste Physical/Chemical Methods,” SW-846, 3rd 
ed., U.S. Environmental Protection Agency, Washington, D.C. 
bTitle 40 Code of Federal Regulations (CFR), Part 264, Standards for Owners and Operators of Hazardous Waste Treatment, 
Storage, and Disposal Facilities, Appendix IX, Groundwater Monitoring List. 
EPA = U.S. Environmental Protection Agency. 
MCL = Maximum contaminant levels (established by the U.S. EPA Primary Drinking Water Regulations in 40 CFR 141.11(b), 

subsequent amendments, or the New Mexico Environmental Improvement Board in the New Mexico Register, Title 20, 
Chapter 7, Part 1). 

µg/L = Microgram(s) per liter. 
NE = Not established. 
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Table 1-8 
List of Polychlorinated Biphenyls and Herbicides Analyzed 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, February/March 2002 

 
 

Appendix IX Lista 
 

EPA Test Methodb 
Quantitation Limit 

(µg/L) 
MCL 
(µg/L) 

 
Aroclor-1016 

 
8082 

 
0.098 

 
0.5 

 
Aroclor-1221 

 
8082 

 
0.098 

 
0.5 

 
Aroclor-1232 

 
8082 

 
0.098 

 
0.5 

 
Aroclor-1242 

 
8082 

 
0.098 

 
0.5 

 
Aroclor-1248 

 
8082 

 
0.098 

 
0.5 

 
Aroclor-1254 

 
8082 

 
0.098 

 
0.5 

 
Aroclor-1260 

 
8082 

 
0.098 

 
0.5 

 
2,4,5-T 

 
8151A 

 
0.488 

 
NE 

 
2,4,5-TP 

 
8151A 

 
0.488 

 
50.0 

 
2,4-D 

 
8151A 

 
0.488 

 
70.0 

 
aTitle 40 Code of Federal Regulations (CFR), Part 264, Standards for Owners and Operators of 
Hazardous Waste Treatment, Storage, and Disposal Facilities, Appendix IX, Groundwater Monitoring List. 
bU.S. Environmental Protection Agency, 1990, “Test Methods for Evaluating Solid Waste 
Physical/Chemical Methods,” SW-846, 3rd ed., U.S. Environmental Protection Agency, Washington, D.C. 
D = Dichlorophenoxyacetic acid. 
EPA = U.S. Environmental Protection Agency. 
MCL = Maximum contaminant levels (established by the U.S. EPA Primary Drinking Water Regulations 

in 40 CFR 141.11(b), subsequent amendments, or the New Mexico Environmental Improvement 
Board in the New Mexico Register, Title 20, Chapter 7, Part 1). 

µg/L = Microgram(s) per liter. 
NE = Not established. 
T = Trichlorophenoxyacetic acid. 
TP = Trichlorophenoxypropionic acid. 
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Table 1-9 
List of Metal Parameters Analyzed 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, February/March 2002 

 
 

Appendix IX Lista 
 

EPA Test Methodb 
Quantitation Limit 

(mg/L) 
MCL 

(mg/L) 
 
Antimony 

 
6020 

 
0.002 

 
0.006 

 
Arsenic 

 
6020 

 
0.003 

 
0.05 

 
Barium 

 
6020 

 
0.002 

 
2.0 

 
Beryllium 

 
6020 

 
0.0002 

 
0.004 

 
Cadmium 

 
6020 

 
0.001 

 
0.005 

 
Chromium 

 
6020 

 
0.003 

 
0.1 

 
Cobalt 

 
6020 

 
0.001 

 
NE 

 
Copper 

 
6020 

 
0.001 

 
NE 

 
Ironc 

 
6020 

 
0.025 

 
NE 

 
Lead 

 
6020 

 
0.002 

 
NE 

 
Mercury 

 
7470A 

 
0.0002 

 
0.002 

 
Nickel 

 
6020 

 
0.002 

 
NE 

 
Selenium 

 
6020 

 
0.005 

 
0.05 

 
Silver 

 
6020 

 
0.001 

 
NE 

 
Thallium 

 
6020 

 
0.0005 

 
0.002 

 
Tin 

 
6020 

 
0.005 

 
NE 

 
Vanadium 

 
6020 

 
0.010 

 
NE 

 
Zinc 

 
6020 

 
0.010 

 
NE 

 
Dissolved Chromium 

 
6020 

 
0.003 

 
0.1 

 
aTitle 40 Code of Federal Regulations (CFR), Part 264, Standards for Owners and Operators of 
Hazardous Waste Treatment, Storage, and Disposal Facilities, Appendix IX, Groundwater Monitoring List. 
bU.S. Environmental Protection Agency, 1990, “Test Methods for Evaluating Solid Waste 
Physical/Chemical Methods,” SW-846, 3rd ed., U.S. Environmental Protection Agency, Washington, D.C. 
cAdditional metal parameter. 
EPA = U.S. Environmental Protection Agency. 
MCL = Maximum contaminant levels (established by the U.S. EPA Primary Drinking Water Regulations 

in 40 CFR 141.11(b), subsequent amendments, or the New Mexico Environmental Improvement 
Board in the New Mexico Register, Title 20, Chapter 7, Part 1). 

mg/L = Milligram(s) per liter. 
NE     =   Not established. 
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Table 1-10 
List of General Chemistry and Radiological Parameters Analyzed 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, February/March 2002 

 
 

Appendix IX Lista 
 

EPA Test Methodb 
Quantitation Limit 

(mg/L) 
MCL 

(mg/L) 
 
Total Cyanide 

 
9012A 

 
0.005 

 
0.2 

 
Total Sulfide 

 
376.2 

 
0.050 

 
NE 

 
Tritium 

 
906.0 

 
1.88 ± 02 pCi/L 

 
NE 

 
aTitle 40 Code of Federal Regulations (CFR), Part 264, Standards for Owners and Operators of 
Hazardous Waste Treatment, Storage, and Disposal Facilities, Appendix IX, Groundwater Monitoring List. 
bU.S. Environmental Protection Agency, 1990, “Test Methods for Evaluating Solid Waste 
Physical/Chemical Methods,” SW-846, 3rd ed., U.S. Environmental Protection Agency, Washington, D.C. 
EPA = U.S. Environmental Protection Agency. 
MCL = Maximum contaminant levels (established by the U.S. EPA Primary Drinking Water Regulations 

in 40 CFR 141.11(b), subsequent amendments, or the New Mexico Environmental Improvement 
Board in the New Mexico Register, Title 20, Chapter 7, Part 1). 

mg/L = Milligram(s) per liter. 
NE = Not established. 
pCi/L = Picocurie(s) per liter. 
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Table 1-11 
Summary of Detected Organic Parameters 
Sandia National Laboratories/New Mexico 

Chemical Waste Landfill, February/March 2002 
 

Sample No.:
Well No.:

Sample Type:
Sample Method:

Laboratory:
Date Sampled:

049223 
CWL- BW2 

Environmental 
Bennett Pump 

GEL 
2/18/02 

049221 
CWL-BW3 

Environmental 
Bennett Pump 

GEL 
2/14/02 

049222 
CWL-BW4A 

Environmental 
Bennett Pump 

GEL 
2/15/02 

049224 
CWL-MW2A 

Environmental 
QED Pump 

GEL 
2/19/02 

049224 
CWL-MW2A 

Environmental 
Bennett Pump 

GEL 
2/21/02 

049225 
CWL-MW2BL 
Environmental 
Bennett Pump 

GEL 
3/5/02 

049226 
CWL-MW2BU 
Environmental 

QED Pump 
GEL 

2/28/02 

 
Parameter 

 
Methoda 

MCL
(µg/L) 

 
All results in µg/L 

4-Methyl-2-
Pentanone 

8260 NE 1.41 J ND(0.770) P2 ND(0.770) P2 ND(0.770) ND(0.770) ND(0.770) ND(0.770) 

2-Hexanone 8260 NE ND(5.0) V 1.12 J ND(0.780) ND(5.0) V ND(0.780) ND(0.780) ND(0.780) 

Acetone 8260 NE ND(2.20) ND(5.62) V, P2 ND(2.20) P2 ND(2.20) ND(5.0) V ND(5.0) V ND(5.0) V 

Trichloroethene 8260 5.0 ND(0.310) ND(0.310) P2 ND(0.310) P2 1.73 2.50 ND(0.310) ND(1.35) V 

Bis(2-Ethylhexyl) 
phthalate 

8270B NE ND(9.8) V ND(9.71) V ND(9.71) V ND(9.8) V ND(9.8) V ND(10) V NA 

 
 Refer to footnotes at end of table. 
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Table 1-11 (Concluded) 
Summary of Detected Organic Parameters  
Sandia National Laboratories/New Mexico 

Chemical Waste Landfill, February/March 2002 
 

Sample No.:
Well No.:

Sample Type:
Sample Method:

Laboratory:
Date Sampled:

049227 
CWL-MW4 

Environmental 
Bennett Pump 

GEL 
2/12/02 

049228 
CWL-MW5L 

Environmental 
QED Pump 

GEL 
3/6/02 

049229 
CWL-MW5U 

Environmental 
Bennett Pump 

GEL 
2/8/02 

049230 
CWL-MW6L 

Environmental 
QED Pump 

GEL 
3/7/02 

049231 
CWL-MW6U 

Environmental 
Bennett Pump 

GEL 
2/11/02 

049232 
CWL-MW6U 

Duplicate 
Bennett Pump 

GEL 
2/11/02 

 
Parameter 

 
Methoda 

MCL
(µg/L) 

 
All results in µg/L 

4-Methyl-2-
Pentanone 

8260 NE ND(0.770)  ND(0.770) ND(0.770) P2 ND(0.770) ND(0.770) P2 ND(0.770) P2 

2-Hexanone 8260 NE ND(0.780) ND(0.780) ND(0.780) P2 ND(0.780) ND(0.780) P2 ND(0.780) P2 

Acetone 8260 NE ND(2.20)  ND(5.0) V ND(8.03) V, P2 2.26 J ND(7.45) V, P2 ND(7.81) V, P2

Trichloroethene 8260 5.0 ND(0.310)  ND(0.310) 0.612 J, P2 ND(0.310) UJ 0.398 J, P2 0.373 J, P2 

Bis(2-Ethylhexyl) 
phthalate 

8270B NE ND(0.0388) ND(10) V 0.470 J ND(10) V ND(9.9) V ND(9.9) V 

aU.S. Environmental Protection Agency, 1990, “Test Methods for Evaluating Solid Waste Physical/Chemical Methods,” SW-846, 3rd ed., U.S. Environmental Protection Agency, Washington, D.C. 
BW = Background well. 
CWL = Chemical Waste Landfill. 
GEL = General Engineering Laboratories. 
J  = Analyte detected less than laboratory quantitation limit, or is an estimated concentration. 
L  = Lower well completion zone. 
MCL = Maximum contamination levels (established by the U.S. EPA Primary Drinking Water Regulations in 40 CFR 141.11(b), subsequent amendments or  
   the New Mexico Environmental Improvement Board in the New Mexico Register, Title 20, Chapter 7, Part 1). 
µg/L = Microgram(s) per liter. 
MW  = Monitoring well. 
NA  = Not analyzed. 
ND ( ) = Analyte not detected (quantitation detection limit is indicated in parentheses). 
NE  = Not established. 
P2   =  Insufficient quality control data to determine laboratory precision. 
U  = Upper well completion zone. 
UJ  = The analyte was analyzed for but not detected.  The associated value is an estimate and may be inaccurate or imprecise. 
V  = Analyte qualified as not detected per data validation procedures.  Reference associated analytical data reports. 
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Table 1-12 
Summary of Metal Parameters 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, February/March 2002 

 
Sample No.:

Well No.:
Sample Type:

Sample Method:
Laboratory:

Date Sampled:

 
049223 

CWL-BW2 
Environmental 
Bennett Pump 

GEL 
2/18/02 

 
049221 

CWL-BW3 
Environmental 
Bennett Pump 

GEL 
2/14/02 

 
049222 

CWL-BW4A 
Environmental 
Bennett Pump 

GEL 
2/15/02 

 
049224 

CWL-MW2A 
Environmental 

QED Pump 
GEL 

2/19/02 

 
049224 

CWL-MW2A 
Environmental 
Bennett Pump 

GEL 
2/21/02 

 
049225 

CWL-MW2BL 
Environmental 
Bennett Pump 

GEL 
3/5/02 

 
049226 

CWL-MW2BU 
Environmental 

QED Pump 
GEL 

2/25/02 
 

 
Parameter 

 
 

Methoda 

 
MCL 

(mg/L) 
 

All results in mg/L 

Antimony 6020 0.006 0.00024 J,B3 0.00111 B,J,B3 0.00032 B,J,B3 ND(0.000111) UJ 0.00017 J,B3 ND(0.000555) 0.00064 J,B3 

Arsenic 6020 0.05 0.00276 J,B2,B3 0.00334 B,J,B2,B3 0.00224 B,J,B2,B3 ND(0.000145) UJ 0.00089 B,J,B2,B3 ND(0.000725) UJ 0.0107 B 

Barium 6020 2.0 0.0744 J 0.0727 B 0.0627 B 0.0643 J 0.0731 0.0629 0.027 

Beryllium 6020 0.004 0.00006 J,B3 ND(0.000034) ND(0.000034) ND(0.000034) UJ ND(0.00017) ND(0.000034) ND(0.000034) 

Cadmium 6020 0.005 ND(0.00005) UJ 0.00039 B,J,B2,B3 0.00051 B,J,B2,B3 ND(0.00005) UJ ND(0.00005) UJ ND(0.00025) UJ ND(0.00005) UJ 

Chromium 6020 0.1 1.95 B, J 0.188 B 0.00317 B,J,B2,B3 0.00704 B, J 0.328 B 0.00146 
B,J,B2,B3 

0.00185 B,J,B3 

Cobalt 6020 NE 0.00792 J 0.00196 B 0.0005 B,J,B2,B3 0.00012 J 0.00494 B ND(0.000018) UJ ND(0.000018) UJ

Copper 6020 NE 0.0228 J 0.00802 0.00208 J,B2,B3 0.00187 J,B3 0.0181 0.00083 J,B3 0.0009 J,B3 

Iron 6020 NE 19.3 J 3.99 0.0152 J,B2,B3 ND(0.00792) UJ 5.22 ND(0.0396) ND(0.0792) 

Lead 6020 NE 0.00215 J 0.00154 B,J 0.0004 B,J,B2,B3 0.00021 J,B3 0.00053 J,B3 ND(0.000385) UJ ND(0.000077) UJ

Mercury 7470A 0.002 ND(0.000073) ND(0.000073) ND(0.000073) ND(0.000073) ND(0.000073) ND(0.000073) ND(0.000073) 

Nickel 6020 NE 0.134 J 0.128 B 0.00282 B,J,B2,B3 0.230 J 0.217 B,J 0.00101 J 0.00121 J 

Selenium 6020 0.05 0.00384 J,B2 0.00208 B,J,B3 0.00265 B,J 0.00354 J 0.00175 J,B3 ND(0.00109) UJ 0.00547 B 

Silver 6020 NE 0.00018 
B,J,B2,B3 

0.00058 B,J,B2,B3 0.00054 B,J,B2,B3 0.00017 B,J,B3 ND(0.000101) 0.00225 B,J,B3 0.00056 B,J,B3 

Thallium 6020 0.002 ND(0.000014) UJ 0.00011 J,B2,B3 0.00011 J,B2,B3 ND(0.000014) UJ ND(0.000014) UJ ND(0.00007) ND(0.000014) UJ

Tin 6020 NE 0.0008 J 0.00215 J 0.00024 J,B2,B3 ND(0.000179) UJ 0.00061 J,B3 ND(0.000895) 0.00021 J,B3 

Vanadium 6020 NE 0.00842 B,J,B2 0.00725 B,J,B2,B3 0.00351 B,J,B2,B3 0.00196 B,J 0.00524 B,J,B2,B3 0.00319 B,J,B2 0.0048 B,J 

Zinc 6020 NE 0.00968 B,J,B2 0.0222 B 0.0108 B,J,B2,B3 0.00599 B,J 0.0232 B,J,B3 ND(0.00487) UJ 0.00789 B,J,B2 

Dissolved 
Chromium 

6020 0.1 0.617 B 0.164 B 0.00336 B,J,B3 0.00757 B 0.428 B 0.00146 B,J,B3 NA 

Refer to footnotes at end of table. 
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Table 1-12 (Continued) 
Summary of Metal Parameters 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, February/March 2002 

 
Sample No.:

Well No.:
Sample Type:

Sample Method:
Laboratory:

Date Sampled:

 
049227 

CWL-MW4 
Environmental 
Bennett Pump 

GEL 
2/12/02 

 
049228 

CWL-MW5L 
Environmental 

QED Pump 
GEL 

3/6/02 

 
049229 

CWL-MW5U 
Environmental 
Bennett Pump 

GEL 
2/8/02 

 
049230 

CWL-MW6L 
Environmental 

QED Pump 
GEL 

3/7/02 

 
049231 

CWL-MW6U 
Environmental 
Bennett Pump 

GEL 
2/11/02 

 
049232 

CWL-MW6U 
Duplicate 

Bennett Pump 
GEL 

2/11/02 

 
Parameter 

 
Methoda 

 
MCL 

(mg/L) All results in mg/L 

Antimony 6020 0.006 0.00027 J,B3 ND(0.000555) 0.00033 J,B3 ND(0.000111) 0.00017 J,B3 0.00017 J,B3 

Arsenic 6020 0.05 0.0022 J,B2 ND(0.000725) UJ 0.00192 J,B2 0.00037 B,J,B3 0.00164 J,B2 0.003 J,B2 

Barium 6020 2.0 0.0854 0.0641 0.0789 0.0696 B 0.0773 0.0764 

Beryllium 6020 0.004 0.00006 J,B3,P2 ND(0.000034) ND(0.000034) UJ ND(0.000034) ND(0.000034) ND(0.000034) 

Cadmium 6020 0.005 0.00035 B,J,B3 ND(0.00025) UJ 0.00005 B,J,B2,B3 ND(0.00005) UJ ND(0.00005) 0.00009 B,J,B2,B3 

Chromium 6020 0.1 0.177 B,J,P2 0.00476 B,J 0.00277 B,J,B2,B3,P2 0.00133 B,J,B3 0.0044 B,J,B2 0.00392 B,J,B2 

Cobalt 6020 NE 0.00602 ND(0.000018) UJ 0.00011 J ND(0.000018) UJ 0.00015 B,J,B2 0.00014 B,J,B2 

Copper 6020 NE 0.0159 0.00066 J,B3 0.00177 J,B2,B3 0.0009 J,B3 0.003 J,B2 0.0018 J,B2,B3 

Iron 6020 NE 21.7 B ND(0.00792) 0.042 B,J,B2,B3 ND(0.0396) 0.127 B,J,B2 0.0878 B,B2 

Lead 6020 NE 0.00425 ND(0.000385) UJ 0.00029 J,B2,B3 0.00013 J,B3 0.00033 J,B2,B3 0.00032 J,B2,B3 

Mercury 7470A 0.002 ND(0.000073) ND(0.000073) ND(0.000073) ND(0.000073) ND(0.000073) ND(0.000073) 

Nickel 6020 NE 0.908 0.00162 J 0.00285 0.00109 J 0.00269 0.00233 

Selenium 6020 0.05 0.00295 J ND(0.00109) UJ 0.0031 J 0.00399 J 0.00278 J 0.00242 J 

Silver 6020 NE 0.00035 B,J,B2,B3 0.00255 B,J 0.00028 B,J,B2,B3 0.00044 B,J,B3 0.00019 B,J,B2,B3 0.00017 B,J,B2,B3 

Thallium 6020 0.002 0.00002 J,B2,B3 0.0001 B,J,B3 ND(0.000014) 0.00005 J,B3 0.00012 J,B2,B3 0.00008 J,B2,B3 

Tin 6020 NE 0.00239 J ND(0.000895) 0.00174 J ND(0.000179) 0.00067 J 0.00068 J 

Vanadium 6020 NE 0.00547 B,J,B2 0.00551 B,J 0.00413 B,J,B2,B3 0.00283 B,J 0.00458 B,J,B2 0.00406 B,J,B2 

Zinc 6020 NE 0.0586 B ND(0.00487) UJ 0.0718 B 0.00418 B,J 0.014 B 0.0133 B 

Dissolved 
Chromium 

6020 0.1 0.188 B,J,P2 0.00133 B,J,B3 0.00308 B,J,B3 0.00169 B,J 0.00491 B 0.00389 B,J,B3 

Refer to footnotes at end of table.  
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Table 1-12 (Concluded) 
Summary of Metal Parameters 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, February/March 2002 

 
Values in bold exceed established maximum concentration levels. 
aU.S. Environmental Protection Agency, 1990, “Test Methods for Evaluating Solid Waste Physical/Chemical Methods,” SW-846, 3rd ed., U.S. Environmental Protection Agency, Washington, D.C. 
B   = Analyte present in laboratory method blank sample. 
B2   = Analyte present in equipment blank sample. 
B3   = Analyte present in laboratory initial calibration blank or continuing calibration blank. 
BW   = Background well. 
CWL  = Chemical Waste Landfill. 
GEL  = General Engineering Laboratories. 
J   = Analyte present at concentration less than laboratory quantitation limit, or is an estimated concentration. 
L   = Lower well completion zone. 
MCL  = Maximum contamination levels (established by the U.S. EPA Primary Drinking Water Regulations in 40 CFR 141.11(b), subsequent amendments or the New Mexico Environmental Improvement 

Board in the  
New Mexico Register, Title 20, Chapter 7, Part 1). 

mg/L  = Milligram(s) per liter. 
MW  = Monitoring well. 
ND ( ) = Analyte not detected (quantitation limit is indicated in parentheses). 
NE   = Not established. 
P2   = Insufficient quality control data to determine laboratory precision. 
U   = Upper well completion zone. 
UJ   = The analyte was analyzed for but not detected.  The associated value is an estimate and may be inaccurate or imprecise. 
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Table 1-13 
Summary of General Chemistry Parameters 
Sandia National Laboratories/New Mexico 

Chemical Waste Landfill, February/March 2002 
 

Sample No.:
Well No.:

Sample Type:
Sample Method:

Laboratory:
Date Sampled:

049223 
CWL- BW2 

Environmental 
Bennett Pump 

GEL 
2/18/02 

049221 
CWL-BW3 

Environmental 
Bennett Pump 

GEL 
2/14/02 

049222 
CWL-BW4A 

Environmental 
Bennett Pump 

GEL 
2/15/02 

049224 
CWL-MW2A 

Environmental 
QED Pump 

GEL 
2/19/02 

049224 
CWL-MW2A 

Environmental 
Bennett Pump 

GEL 
2/21/02 

049225 
CWL-MW2BL 
Environmental 
Bennett Pump 

GEL 
3/5/02 

049226 
CWL-MW2BU 
Environmental 

QED Pump 
 
 

 
Parameter 

 
Methoda 

MCL
(mg/L)

 
All results in mg/L 

Total Cyanide 9012A 0.2 ND(0.00289) ND(0.00289) ND(0.00289) ND(0.00289) ND(0.00289) ND(0.00289) NA 

Total Sulfide 376.2 NE ND(0.023) ND(0.023) ND(0.023) ND(0.023) ND(0.023) ND(0.023) NA 

 
 Refer to footnotes at end of table. 
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Table 1-13 (Concluded) 
Summary of General Chemistry Parameters  
Sandia National Laboratories/New Mexico 

Chemical Waste Landfill, February/March 2002 
 

Sample No.:
Well No.:

Sample Type:
Sample Method:

Laboratory:
Date Sampled:

049227 
CWL-MW4 

Environmental 
Bennett Pump 

GEL 
2/12/02 

049228 
CWL-MW5L 

Environmental 
QED Pump 

GEL 
3/6/02 

049229 
CWL-MW5U 

Environmental 
Bennett Pump 

GEL 
2/8/02 

049230 
CWL-MW6L 

Environmental 
QED Pump 

GEL 
3/7/02 

049231 
CWL-MW6U 

Environmental 
Bennett Pump 

GEL 
2/11/02 

049232 
CWL-MW6U 

Duplicate 
Bennett Pump 

GEL 
2/11/02 

 
Parameter 

 
Methoda 

MCL
(mg/L)

 
All results in mg/L 

Total Cyanide 9012A 0.2 ND(0.00289) ND(0.00289) ND(0.00289) 
R,A2 

ND(0.00289) ND(0.00289) ND(0.00289) 

Total Sulfide 376.2 NE ND(0.023) ND(0.023) 0.026 J ND(0.023) ND(0.023) ND(0.023) 

aU.S. Environmental Protection Agency, 1990, “Test Methods for Evaluating Solid Waste Physical/Chemical Methods,” SW-846, 3rd ed., U.S. 
Environmental Protection Agency, Washington, D.C. 
A2  = Laboratory accuracy and/or bias measurements for the associated matrix spike sample do not meet acceptance criteria. 
BW = Background well. 
CWL = Chemical Waste Landfill. 
GEL = General Engineering Laboratories. 
J  = Analyte detected less than laboratory quantitation limit, or is an estimated concentration. 
L  = Lower well completion zone. 
MCL = Maximum contamination levels (established by the U.S. EPA Primary Drinking Water Regulations in 40 CFR 141.11(b), subsequent  
   amendments or the New Mexico Environmental Improvement Board in the New Mexico Register, Title 20, Chapter 7, Part 1). 
mg/L = Milligram(s) per liter. 
MW = Monitoring well. 
ND ( ) = Analyte not detected (quantitation detection limit is indicated in parentheses). 
NE  = Not established. 
U  = Upper well completion zone. 
R  = The data was validated as unusable for their intended purpose.  The analyte may or may not be present. 
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Table 2-1 
Monitoring Well Groundwater Elevations 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, August 2002 

 
 
 
 

Well Number 

Measuring 
Point 

Elevation 
(famsl) 

Average 
Depth to 
Watera  
(feet) 

 
Groundwater 

Elevation 
(famsl) 

 
Total Well 

Depthb 
(feet) 

 
Static Water 

Heightc 
(feet) 

 
CWL-BW3 

 
5430.23 

 
497.79 

 
4932.44 

 
507.48 

 
9.69 

 
CWL-BW4A 

 
5431.36 

 
498.42 

 
4932.94 

 
510.00 

 
11.58 

 
CWL-MW1A 

 
5421.49 

 
NM 

 
NM 

 
495.00 

 
NM 

 
CWL-MW2A 

 
5418.58 

 
487.16 

 
4931.42 

 
495.00 

 
7.84 

 
CWL-MW2BL 

 
5419.39 

 
492.38 

 
4927.01 

 
557.50 

 
65.12 

 
CWL-MW2BU 

 
5419.42 

 
487.51 

 
4931.91 

 
501.00 

 
13.49 

 
CWL-MW3A 

 
5417.78 

 
NM 

 
NM 

 
492.00 

 
NM 

 
CWL-MW4 

 
5420.33 

 
491.60 

 
4928.73 

 
503.00 

 
11.40 

 
CWL-MW5L 

 
5415.80 

 
489.57 

 
4926.23 

 
558.00 

 
68.43 

 
CWL-MW5U 

 
5416.01 

 
485.83 

 
4930.18 

 
502.00 

 
16.17 

 
CWL-MW6L 

 
5417.13 

 
491.16 

 
4925.97 

 
564.00 

 
72.84 

 
CWL-MW6U 

 
5416.78 

 
486.48 

 
4930.30 

 
502.00 

 
15.52 

 
aMeasurements transcribed from Groundwater Sample Collection Logs and adjusted for well deviation. 
bDerived from well completion logs. 
cCalculated as difference between depth to water and total well depth. 
BW = Background well. 
CWL = Chemical Waste Landfill. 
famsl = Feet above mean sea level.  Measured from top of casing. 
Groundwater elevation = (measuring point elevation) – (average depth to water). 
L = Lower well completion zone. 
MW = Monitoring well. 
NM = Not measured.  MW-1A and MW-3A are dry wells.  
U = Upper well completion zone. 
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Table 2-2 
Volumes Purged from Monitoring Wells 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, August 2002 

 

 
 

Well Number 

 
Volume Purgeda 

(gal) 

 
Time Pumped 

(minutes) 

Average Pump 
Rate 

(gal/minute) 

 
Well Pumped to 

Dryness 
 
CWL-BW3 

 
21 

 
37 

 
0.57 

 
Yes 

 
CWL-BW4A 

 
22 

 
35 

 
0.63 

 
Yes 

 
CWL-MW2A 

 
21 

 
32 

 
0.66 

 
Yes 

 
CWL-MW2BL 

 
505 

 
404 

 
1.25 

 
No 

 
CWL-MW2BU 

 
400 mL 

 
7 

 
57.14 mL/minute 

 
No 

 
CWL-MW4 

 
50 

 
78 

 
0.64 

 
No 

 
CWL-MW5L 

 
9,000 mL 

 
89 

 
101.12 mL/minute 

 
No 

 
CWL-MW5U 

 
16 

 
20 

 
0.80 

 
Yes 

 
CWL-MW6L 

 
7,000 mL 

 
101 

 
69.31 mL/minute 

 
No 

 
CWL-MW6U 

 
20 

 
25 

 
0.80 

 
Yes 

 
aVolume of groundwater purged before sampling. 
BW = Background well. 
CWL = Chemical waste landfill. 
gal = Gallon(s). 
L = Lower well completion zone. 
mL = Milliliter(s). 
MW = Monitoring well. 
U = Upper well completion zone. 



 

AL/12-04/WP/SNL04:r5609-g.doc  840857.01.07 12/17/04 8:53 AM G-32

Table 2-3 
Summary of Field Measurements 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, August 2002 

 
 

 
Well Number 

 
Measurement Period 

 
pH 

 
Temperature °C 

SC 
(µmhos/cm) 

Turbidity 
(NTU) 

 
CWL-BW3 

 
Purge measurementsa: 

 
 

 
7.12 
7.10 
7.18 

 

 
20.2 
20.6 
20.8 

 

 
924 
920 
920 

 

 
56.5 
27.4 
20.9 

 
CWL-BW4A 

 
Purge measurementsa: 

 
 

 
6.64 
6.64 
6.62 

 

 
19.5 
19.8 
19.9 

 

 
1,019 
1,025 
1,030 

 

 
1.80 
0.96 
0.82 

 
CWL-MW2A 
 

 
Purge measurementsa: 

 
 

 
7.23 
7.27 
7.27 

 

 
19.7 
19.9 
19.8 

 

 
829 
838 
844 

 

 
27.4 
12.4 
6.57 

 
CWL-MW2BL 

 
Purge measurementsa: 

 
 

 
6.73 
6.73 
6.73 

 

 
22.2 
22.0 
22.0 

 

 
1,078 
1,075 
1,075 

 

 
0.57 
0.46 
0.45 

 
CWL-MW2BU 

 
Purge measurementsa: 

 
 

 
NM 
8.15 
8.24 

 

 
NM 
21.5 
21.6 

 

 
NM 
926 
921 

 

 
NM 
8.16 
0.91 

 
CWL-MW4 

 
Purge measurementsa: 

 
 

 
6.83 
6.84 
6.84 

 

 
21.4 
21.5 
21.5 

 

 
945 
948 
946 

 

 
4.98 
3.29 
3.13 

 
CWL-MW5L 

 
Purge measurementsa: 

 
 

 
6.37 
6.38 
6.38 

 

 
21.7 
21.6 
21.8 

 

 
1,057 
1,058 
1,058 

 

 
2.29 
2.16 
2.60 

 
CWL-MW5U 

 
Purge measurementsa: 

 
 

 
7.19 
7.08 
7.08 

 

 
19.3 
19.9 
20.0 

 

 
837 
872 
874 

 

 
1.51 
1.03 
1.60 

Refer to footnotes at end of table. 
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Table 2-3 (Concluded) 
Summary of Field Measurements 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, August 2002 

 
 

 
Well Number 

 
Measurement Period 

 
pH 

 
Temperature °C 

SC 
(µmhos/cm) 

Turbidity 
(NTU) 

 
CWL-MW6L 

 
Purge measurementsa: 

 
 

 
6.46 
6.46 
6.46 

 

 
22.4 
22.6 
23.7 

 

 
1,006 
1,006 
1,006 

 

 
2.51 
1.69 
1.15 

 
CWL-MW6U 

 
Purge measurementsa: 

 
 

 
6.98 
6.97 
6.96 

 

 
20.0 
20.5 
20.9 

 

 
914 
928 
935 

 

 
2.62 
2.49 
1.39 

aLast three water quality measurements prior to sampling.  For complete record reference Attachment A. 
BW = Background well. 
°C = Degrees Celsius. 
CWL = Chemical waste landfill. 
L = Lower well completion zone. 
µmhos/cm = Micromhos per centimeter. 
MW = Monitoring well. 
NM = Not measured. 
NTU = Nephelometric turbidity units. 
SC = Specific conductance. 
U = Upper well completion zone. 
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Table 2-4 
Sample Number Identification 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, August 2002 

 
 

Sample 
Identification ARCOC 

Sample  
Number 

Date  
Sampled Laboratory 

Sample  
Type 

CWL-BW3 605614 059552 8-28-02 GEL Environmental Sample 

CWL-BW4A 605615 059553 8-29-02 GEL Environmental Sample 

CWL-MW2A 605616 059554 8-22-02 GEL Environmental Sample 

CWL-MW2BL 605617 059555 8-20-02 GEL Environmental Sample 

CWL-MW2BU 605618 059556 8-26-02 GEL Environmental Sample 

CWL-MW4 605619 059557 8-26-02 GEL Environmental Sample 

CWL-MW5L 605620 059558 8-15-02 GEL Environmental Sample 

CWL-MW5U 605621 059559 8-19-02 GEL Environmental Sample 

CWL-MW5U 605621 059560 8-19-02 GEL Duplicate Sample 

CWL-MW6L 605622 059561 8-16-02 GEL Environmental Sample 

CWL-MW6U 605623 059562 8-16-02 GEL Environmental Sample 

CWL-EB1 605624 059563 8-16-02 GEL Equipment Blank 

CWL-EB2 605625 059564 8-19-02 GEL Equipment Blank 

CWL-EB3 605626 059565 8-21-02 GEL Equipment Blank 

CWL-EB4 605627 059566 8-22-02 GEL Equipment Blank 

CWL-EB5 605628 059567 8-27-02 GEL Equipment Blank 

CWL-EB6 605629 059568 8-28-02 GEL Equipment Blank 

CWL-FB1 605631 059570 8-28-02 GEL Field Blank 

 
ARCOC = Analysis Request and Chain of Custody Record. 
BW = Background well. 
CWL = Chemical Waste Landfill. 
EB = Equipment blank sample. 
FB = Field blank sample. 
GEL = General Engineering Laboratories. 
L = Lower well completion zone. 
MW = Monitoring well. 
U = Upper well completion zone. 
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Table 2-5 
Analysis, Methods, Sample Containers, Preservatives, and Holding Times 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, August 2002 

 
 

 
Analysis 

 
Methoda 

Container Type/ 
Volume/Preservative 

 
Holding Time 

Appendix IX Volatile Organic 
Compounds 

8260B Glass; 3 x 40 mL; HCl, 4°C 14 days 

Appendix IX metals + iron 6020/7470A Polyethylene; 500 mL; HNO3, 4°C 28 days/180 daysb

 
aU.S. Environmental Protection Agency, 1990, “Test Methods for Evaluating Solid Waste 
Physical/Chemical Methods,” SW-846, 3rd ed., U.S. Environmental Protection Agency, Washington, D.C. 
bHolding time for mercury is 28 days; all other metals are 180 days. 
°C = Degrees Celsius. 
HCl = Hydrochloric acid. 
HNO3 = Nitric acid. 
mL = Milliliter(s). 
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Table 2-6 
List of Volatile Organic Compounds Analyzed 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, August 2002 

 
 

 
EPA Test Method 8260Ba  

(Appendix IX List)b 
MDL 
(µg/L) 

 
MCL 
(µg/L) 

 
EPA Test Method 8260Ba 

(Appendix IX List)b 
MDL 
(µg/L) 

 
MCL 
(µg/L) 

1,1,1,2-Tetrachloroethane                0.300 NE Carbon tetrachloride               0.290 5.0 

1,1,1-Trichloroethane                    0.340 200 Chlorobenzene                       0.320 100 

1,1,2,2-Tetrachloroethane                0.490 NE Chloroethane                          0.500 NE 

1,1,2-Trichloroethane                    0.440 5.0 Chloroform                              0.360 NE 

1,1-Dichloroethane                       0.410 NE Chloromethane                       0.500 NE 

1,1-Dichloroethene                       0.410 7.0 2-Chloro-1,3-butadine             0.200 NE 

1,2,3-Trichloropropane                   0.600 NE Dibromochloromethane           0.290 NE 

1,2,4-Trichlorobenzene                   0.420 70.0 Dibromomethane                    0.500 NE 

1,2-Dibromo-3-chloropropane              0.750 0.2 Dichlorodifluoromethane         0.430 NE 

1,2-Dibromoethane                        0.250 0.05 Ethyl benzene                         0.210 700 

1,2-Dichloroethane                       0.290 5.0 Propionitrile                            1.22 NE 

1,2-Dichloropropane                      0.250 5.0 Ethyl methacrylate                  1.00 NE 

2-Butanone                               2.31 NE Iodomethane                           1.88 NE 

2-Hexanone                               1.45 NE Isobutyl alcohol                       10.5 NE 

4-methyl-, 2-Pentanone                   1.78 NE Methacrylonitrile                      1.01 NE 

Acetone                                  4.50 NE Methyl methacrylate                1.11 NE 

Acetonitrile                             10.4 NE Methylene chloride                 3.30 5.0 

Acrolein                                 4.06 NE Pentachloroethane                  4.50 NE 

Acrylonitrile                            2.00 NE Styrene                                  0.250 100 

Allyl chloride                           1.0 NE Tetrachloroethene                   0.330 5.0 

Benzene                                  0.330 5.0 Toluene                                  0.390 1,000 

Bromodichloromethane                     0.380 NE Trichloroethene                      0.360 5.0 

Bromoform                                0.500 NE Trichlorofluoromethane           0.500 NE 

Bromomethane                             0.500 NE Vinyl acetate                           1.32 NE 

Carbon disulfide                         1.91 NE Vinyl chloride                           0.550 2.0 
 
Refer to footnotes at end of table. 
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Table 2-6 (Concluded) 
List of Volatile Organic Compounds Analyzed 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, August 2002 

 
 

 
EPA Test Method 8260Ba 

(Appendix IX List)b 
MDL 
(µg/L) 

 
MCL 
(µg/L) 

 
EPA Test Method 8260Ba 

(Appendix IX List)b 
MDL 
(µg/L) 

 
MCL 
(µg/L) 

Xylenes (Total)                                   0.250 10,000 trans-1,2-Dichloroethene        0.370 100 

Bis(2-Chloroisopropyl)ether                1.00 NE trans-1,3-Dichloropropene      0.290 NE 

cis-1,3-Dichloropropene                  0.300 NE trans-1,4-Dichloro-2-butene   1.17 NE 

 
aU.S. Environmental Protection Agency, 1990, “Test Methods for Evaluating Solid Waste Physical/Chemical Methods,” SW-846, 3rd 
ed., U.S. Environmental Protection Agency, Washington, D.C. 
bTitle 40 Code of Federal Regulations (CFR), Part 264, Standards for Owners and Operators of Hazardous Waste Treatment, 
Storage, and Disposal Facilities, Appendix IX, Groundwater Monitoring List. 
EPA = U.S. Environmental Protection Agency. 
MCL = Maximum contaminant levels (established by the U.S. EPA Primary Drinking Water Regulations in 40 CFR 141.11(b), 

subsequent amendments, or the New Mexico Environmental Improvement Board in the New Mexico Register, Title 20, 
Chapter 7, Part 1). 

MDL = The minimum detection level of an analyte that can be determined, but not quantified, with 99% confidence. 
µg/L = Microgram(s) per liter. 
NE = Not established. 
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Table 2-7 
List of Metal Parameters Analyzed 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, August 2002 

 
 

Appendix IX Lista 
 

EPA Test Methodb 
MDL 

(mg/L) 
MCL 

(mg/L) 
 
Antimony 

 
6020 

 
0.00028 

 
0.006 

 
Arsenic 

 
6020 

 
0.001 

 
0.01 

 
Barium 

 
6020 

 
0.00019 

 
2.0 

 
Beryllium 

 
6020 

 
0.00008 

 
0.004 

 
Cadmium 

 
6020 

 
0.00004 

 
0.005 

 
Chromium 

 
6020 

 
0.00038 

 
0.1 

 
Cobalt 

 
6020 

 
0.00006 

 
NE 

 
Copper 

 
6020 

 
0.00069 

 
NE 

 
Ironc 

 
6020 

 
0.0158 

 
NE 

 
Lead 

 
6020 

 
0.00005 

 
NE 

 
Mercury 

 
7470A 

 
0.000047 

 
0.002 

 
Nickel 

 
6020 

 
0.00007 

 
NE 

 
Selenium 

 
6020 

 
0.00064 

 
0.05 

 
Silver 

 
6020 

 
0.00004 

 
NE 

 
Thallium 

 
6020 

 
0.00002 

 
0.002 

 
Tin 

 
6020 

 
0.00082 

 
NE 

 
Vanadium 

 
6020 

 
0.00544 

 
NE 

 
Zinc 

 
6020 

 
0.00109 

 
NE 

 
aTitle 40 Code of Federal Regulations (CFR), Part 264, Standards for Owners and Operators of Hazardous Waste 
Treatment, Storage, and Disposal Facilities, Appendix IX, Groundwater Monitoring List. 
bU.S. Environmental Protection Agency, 1990, “Test Methods for Evaluating Solid Waste Physical/Chemical 
Methods,” SW-846, 3rd ed., U.S. Environmental Protection Agency, Washington, D.C. 
cAdditional metal parameter. 
EPA = U.S. Environmental Protection Agency. 
MCL = Maximum contaminant levels (established by the U.S. EPA Primary Drinking Water Regulations in 40 CFR 

141.11(b), subsequent amendments, or the New Mexico Environmental Improvement Board in the New 
Mexico Register, Title 20, Chapter 7, Part 1). 

MDL = The minimum detection level of an analyte that can be determined, but not quantified, with 99% confidence. 
mg/L = Milligram(s) per liter. 
NE = Not established. 



 

 

A
L/12-04/W

P/SN
L04:r5609-g.doc 

G
-39

 
840857.01.07 12/17/04 8:53 A

M
 

Table 2-8 
Summary of Detected Organic Parameters 
Sandia National Laboratories/New Mexico 

Chemical Waste Landfill, August 2002 
 

Sample No.:
Well No.:

Sample Type:
Sample Method:

Laboratory:
Date Sampled:

059552 
CWL- BW3 

Environmental 
Bennett Pump 

GEL 
8-28-02 

059553 
CWL-BW4A 

Environmental 
Bennett Pump 

GEL 
8-29-02 

059554 
CWL-MW2A 

Environmental 
Bennett Pump 

GEL 
8-22-02 

059555 
CWL-MW2BL 
Environmental 
Bennett Pump 

GEL 
8-20-02 

059556 
CWL-MW2BU 
Environmental 

QED Pump 
GEL 

8-26-02 

059557 
CWL-MW4 

Environmental 
Bennett Pump 

GEL 
8-26-02 

 
Parameter 

 
Methoda 

MCL
(µg/L) All results in µg/L 

Trichloroethene 8260B 5.0 ND (0.360) ND (0.360) 3.07 ND (0.360) 1.15 ND (0.360) 

 

Sample No.:
Well No.:

Sample Type:
Sample Method:

Laboratory:
Date Sampled:

059558 
CWL-MW5L 

Environmental 
QED Pump 

GEL 
8-15-02 

059559 
CWL-MW5U 

Environmental 
Bennett Pump 

GEL 
8-19-02 

059560 
CWL-MW5U 

Duplicate 
Bennett Pump 

GEL 
8-19-02 

059561 
CWL-MW6L 

Environmental 
QED Pump 

GEL 
8-16-02 

059562 
CWL-MW6U 

Environmental 
Bennett Pump 

GEL 
8-16-02 

 
Parameter 

 
Methoda 

MCL
(µg/L) 

 
All results in µg/L 

Trichloroethene 8260B 5.0 ND (0.360) 1.00 0.938 (1.00) ND (0.360) ND (0.360) 
 

aU.S. Environmental Protection Agency, 1990, “Test Methods for Evaluating Solid Waste Physical/Chemical Methods,” SW-846, 3rd ed., U.S. Environmental Protection Agency, Washington, D.C. 
If result detected below laboratory quantitation limit, then quantitation limit is indicated in parenthesis. 
BW  = Background well. 
CWL = Chemical Waste Landfill. 
EPA = U.S. Environmental Protection Agency. 
GEL = General Engineering Laboratories. 
L  = Lower well completion zone. 
MCL = Maximum contamination levels (established by the U.S. EPA Primary Drinking Water Regulations in 40 CFR 141.11(b), subsequent amendments or  
   the New Mexico Environmental Improvement Board in the New Mexico Register, Title 20, Chapter 7, Part 1). 
µg/L = Microgram(s) per liter. 
MW  = Monitoring well. 
ND ( ) = Analyte not detected (quantitation limit is indicated in parentheses). 
U  = Upper well completion zone. 
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Table 2-9 
Summary of Metal Parameters 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, August 2002 

 
 

Sample No.:
Well No.:

Sample Type:
Sample Method:

Laboratory:
Date Sampled:

 
059552 

CWL-BW3 
Environmental 
Bennett Pump 

GEL 
8-28-02 

 
059553 

CWL-BW4A 
Environmental 

QED Pump 
GEL 

8-29-02 

 
059554 

CWL-MW2A 
Environmental 
Bennett Pump 

GEL 
8-22-02 

 
059555 

CWL-MW2BL 
Environmental 
Bennett Pump 

GEL 
8-20-02 

 
059556 

CWL-MW2BU 
Environmental 

QED Pump 
GEL 

8-26-02 

 
059557 

CWL-MW4 
Environmental 
Bennett Pump 

GEL 
8-26-02 

Parameter Methoda 
MCL 

(mg/L) All results in mg/L 

Antimony 6020 0.006 0.000308(0.002) ND(0.00028) ND(0.00028) ND(0.00028) ND(0.00028) ND(0.00028) 

Arsenic 6020 0.01 0.00123(0.003) B,J 0.00113(0.003) B,J ND(0.001) 0.00122(0.003) 
B,B3,J 

ND(0.001) ND(0.001) 

Barium 6020 2.0 0.0588 0.0533 0.0609 0.0646 ND(0.00019) 0.0675 B2,J 

Beryllium 6020 0.004 ND(0.00008) ND(0.00008) ND(0.00008) ND(0.00008) ND(0.00008) ND(0.00008) 

Cadmium 6020 0.005 0.000135(0.001) 0.000097(0.001) 0.00221 ND(0.00004) ND(0.00004) 0.000084(0.001) 

Chromium 6020 0.1 0.0814 0.000598(0.003) 
B,B2,B3,J 

0.0735 A2,J ND(0.00038) B3,UJ ND(0.00038) B3,UJ 0.00255(0.003) A2,J 

Cobalt 6020 NE 0.00162 0.000202(0.001) 0.00119 0.000156(0.001) ND(0.00006) 0.00379 

Copper 6020 NE 0.00566 0.00249 B2,J 0.0335 0.00148 B,B2,J 0.00252 0.00263 B2,J 

Iron 6020 NE 1.13 0.185 0.722 0.255 ND(0.0158) 0.549 B2,J 

Lead 6020 NE 0.000283(0.002) B2,J 0.000124(0.002) B2,J 0.000222(0.002) B2,J 0.000055(0.002) B2,J ND(0.00005) 0.000065(0.002) B2,J

Mercury 7470A 0.002 ND(0.000047) ND(0.000047) ND(0.000047) ND(0.000047) B3,UJ ND(0.000047) ND(0.000047) 

Nickel 6020 NE 0.201 0.00436 B2,J 0.257 0.00148(0.002) B2,J 0.000533(0.002) 0.357 

Selenium 6020 0.05 0.00209(0.005) 0.00255(0.005) 0.0025(0.005) 0.00247(0.005) ND(0.00064) 0.00246(0.005) B2,J 

Silver 6020 NE ND(0.00004) ND(0.00004) ND(0.00004) ND(0.00004) ND(0.00004) ND(0.00004) 

Thallium 6020 0.002 0.000411(0.0005) 
B2,J 

0.000058(0.0005) 
B2,B3,J 

0.000155(0.0005) 
B2,B3,J  

0.000542 0.000068(0.0005) 
B3,J 

0.000067(0.0005) 
B2,B3,J 

Tin 6020 NE ND(0.00082) ND(0.00082) 0.00721 ND(0.00082) ND(0.00082) ND(0.00082) 

Vanadium 6020 NE 0.00988(0.010) ND(0.00544) ND(0.00544) ND(0.00544) ND(0.00544) ND(0.00544) 

Zinc 6020 NE 0.0311 0.0129 0.0905 0.00275 (0.010) 
B,B2,J 

0.00444(0.010) B,J 0.00809(0.010) B2,J 

Refer to footnotes at end of table. 
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Table 2-9 (Continued) 
Summary of Metal Parameters 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, August 2002 

 
 

Sample No.:
Well No.:

Sample Type:
Sample Method:

Laboratory:
Date Sampled:

 
059558 

CWL-MW5L 
Environmental 

QED Pump 
GEL 

8-15-02 

 
059559 

CWL-MW5U 
Environmental 
Bennett Pump 

GEL 
8-19-02 

 
059560 

CWL-MW5U 
Duplicate 

Bennett Pump 
GEL 

8-19-02 

 
059561 

CWL-MW6L 
Environmental 

QED Pump 
GEL 

8-16-02 

 
059562 

CWL-MW6U 
Environmental 
Bennett Pump 

GEL 
8-16-02 

Parameter Methoda 
MCL 

(mg/L) All results in mg/L 

Antimony 6020 0.006 ND(0.00028) 0.000299(0.002) 0.00032(0.002) ND(0.00028) 0.00037(0.002) 

Arsenic 6020 0.01 ND(0.001) B3,UJ 0.00138(0.003) B3,J 0.00132(0.003) B3,J 0.00141(0.003) B3,J 0.00254(0.003) B3,J 

Barium 6020 2.0 0.0555 0.0688 0.0713 0.0553 0.0692 

Beryllium 6020 0.004 ND(0.00008) ND(0.00008) ND(0.00008) ND(0.00008) ND(0.00008) 

Cadmium 6020 0.005 ND(0.00004) 0.000199(0.001) 0.000213(0.001) ND(0.00004) 0.000125(0.001) 

Chromium 6020 0.1 0.00536 0.000592(0.003) B3,J 0.000703(0.003) B3,J ND(0.00038) B3,UJ 0.00506 

Cobalt 6020 NE 0.000224(0.001) 0.000148(0.001) 0.000148(0.001) 0.000172(0.001) 0.000182(0.001) 

Copper 6020 NE 0.00123 0.00212 B2,J 0.00267 B2,J 0.00124 0.00193 

Iron 6020 NE 0.336 0.212 0.222 0.272 0.262 

Lead 6020 NE 0.000082(0.002) 0.000165(0.002) B2,J 0.000216(0.002) B2,J ND(0.00005) 0.000306(0.002) 

Mercury 7470A 0.002 ND(0.000047) ND(0.000047) B3,UJ ND(0.000047) B3,UJ ND(0.000047) B3,UJ ND(0.000047) B3,UJ 

Nickel 6020 NE 0.00236 0.00281 0.00297 0.00172(0.002) 0.00567 

Selenium 6020 0.05 0.00284(0.005) B,J 0.00311(0.005) B,J 0.00351(0.005) B,J 0.00289(0.005) B,J 0.00282(0.005) B,J 

Silver 6020 NE 0.000045(0.001) ND(0.00004) ND(0.00004) 0.000079(0.001) ND(0.00004) 

Thallium 6020 0.002 0.000484(0.0005) 0.000212(0.0005) 
B3,J 

0.000078(0.0005) 
B2,B3,J 

0.000051(0.0005) 
B3,J 

0.000079(0.0005) 
B3,J 

Tin 6020 NE ND(0.00082) ND(0.00082) ND(0.00082) ND(0.00082) ND(0.00082) 

Vanadium 6020 NE ND(0.00544) ND(0.00544) ND(0.00544) ND(0.00544) ND(0.00544) 

Zinc 6020 NE 0.00214(0.010) B,J 0.0623 0.0627 0.00192(0.010) B,J 0.0114 

Refer to footnotes at end of table.  
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Table 2-9 (Concluded) 
Summary of Metal Parameters 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, August 2002 

 
If result detected below laboratory quantitation limit, then quantitation limit is indicated in parenthesis. 
aU.S. Environmental Protection Agency, 1990, “Test Methods for Evaluating Solid Waste Physical/Chemical Methods,” SW-846, 3rd ed., U.S. Environmental Protection Agency, Washington, D.C. 
A2   = Laboratory accuracy and/or bias measurements for the associated matrix spike and duplicate samples do not meet acceptance criteria. 
B   = Analyte present in laboratory method blank sample. 
B2   = Analyte present in equipment blank sample. 
B3   = Analyte present in laboratory initial calibration blank or continuing calibration blank. 
BW   = Background well. 
CWL  = Chemical Waste Landfill. 
EPA  = U.S. Environmental Protection Agency. 
GEL  = General Engineering Laboratories. 
J   = The associated value is an estimated quantity. 
L   = Lower well completion zone. 
MCL  =  Maximum contamination levels (established by the U.S. EPA Primary Drinking Water Regulations in 40 CFR 141.11(b), subsequent amendments or the New Mexico Environmental Improvement  

 Board in the New Mexico Register, Title 20, Chapter 7, Part 1). 
mg/L  =  Milligram(s) per liter. 
MW  =  Monitoring well. 
ND ( ) =  Analyte not detected (quantitation limit is indicated in parentheses). 
NE   =  Not established. 
U   =  Upper well completion zone. 
UJ   =  The analyte was analyzed for but not detected.  The associated value is an estimate and may be inaccurate or imprecise. 
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Table 3-1 
Monitoring Well Groundwater Elevations 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, January and February 2003 

 
 
 
 

Well Number 

Measuring 
Point 

Elevation 
(famsl) 

Average 
Depth to 
Watera  
(feet) 

 
Groundwater 

Elevation 
(famsl) 

 
Total Well 

Depthb 
(feet) 

 
Static Water 

Heightc 
(feet) 

 
CWL-BW3 

 
5430.23 

 
498.11 

 
4932.12 

 
507.48 

 
9.37 

 
CWL-BW4A 

 
5431.36 

 
498.68 

 
4932.68 

 
510.00 

 
11.32 

 
CWL-MW1A 

 
5421.49 

 
NM 

 
NM 

 
495.00 

 
NM 

 
CWL-MW2A 

 
5418.58 

 
487.17 

 
4931.41 

 
495.00 

 
7.83 

 
CWL-MW2BL 

 
5419.39 

 
491.95 

 
4927.44 

 
557.50 

 
65.55 

 
CWL-MW2BU 

 
5419.42 

 
489.16 

 
4930.26 

 
501.00 

 
11.84 

 
CWL-MW3A 

 
5417.78 

 
NM 

 
NM 

 
492.00 

 
NM 

 
CWL-MW4 

 
5420.33 

 
491.63 

 
4928.70 

 
503.00 

 
11.37 

 
CWL-MW5L 

 
5415.80 

 
490.07 

 
4925.73 

 
558.00 

 
67.93 

 
CWL-MW5U 

 
5416.01 

 
485.86 

 
4930.15 

 
502.00 

 
16.14 

 
CWL-MW6L 

 
5417.13 

 
491.56 

 
4925.57 

 
564.00 

 
72.44 

 
CWL-MW6U 

 
5416.78 

 
486.42 

 
4930.36 

 
502.00 

 
15.58 

 
aMeasurements transcribed from Groundwater Sample Collection Logs and adjusted for well deviation. 
bDerived from well completion logs. 
cCalculated as difference between depth to water and total well depth. 
BW = Background well. 
CWL = Chemical waste landfill. 
famsl = Feet above mean sea level.  Measured from top of casing. 
Groundwater elevation = (measuring point elevation) – (average depth to water). 
L = Lower well completion zone. 
MW = Monitoring well. 
NM = Not measured.  MW-1A and MW-3A are dry wells.  
U = Upper well completion zone. 
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Table 3-2 
Volumes Purged from Monitoring Wells 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, January and February 2003 

 

 
 

Well Number 

 
Volume Purgeda 

(gal) 

 
Time Pumped 

(minutes) 

Average Pump 
Rate 

(gal/minute) 

 
Well Pumped to 

Dryness 
 
CWL-BW3 

 
19 

 
57 

 
0.33 

 
Yes 

 
CWL-BW4A 

 
18 

 
45 

 
0.40 

 
Yes 

 
CWL-MW2A 

 
22 

 
59 

 
0.37 

 
Yes 

 
CWL-MW2BL 

 
505 

 
360 

 
1.40 

 
No 

 
CWL-MW2BU 

 
1,000 mL 

 
16 

 
62.50 mL/minute 

 
Yes 

 
CWL-MW4 

 
48 

 
50 

 
0.96 

 
No 

 
CWL-MW5L 

 
8,000 mL 

 
61 

 
131.15 mL/minute 

 
No 

 
CWL-MW5U 

 
20 

 
45 

 
0.44 

 
Yes 

 
CWL-MW6L 

 
8,000 mL 

 
76 

 
105.26 mL/minute 

 
No 

 
CWL-MW6U 

 
20 

 
40 

 
0.50 

 
Yes 

 
aVolume of groundwater purged before sampling. 
BW = Background well. 
CWL = Chemical waste landfill. 
gal = Gallon(s). 
L = Lower well completion zone. 
mL = Milliliter(s). 
MW = Monitoring well. 
U = Upper well completion zone. 
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Table 3-3 
Summary of Field Measurements 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, January and February 2003 

 
 

 
Well Number 

 
Measurement Period 

 
pH 

 
Temperature °C 

SC 
(µmhos/cm) 

Turbidity 
(NTU) 

 
CWL-BW3 

 
Purge measurementsa: 

 
 

 
7.41 
7.38 
7.42 

 

 
13.9 
14.5 
16.2 

 

 
863 
872 
904 

 

 
28.2 
10.9 
8.52 

 
CWL-BW4A 

 
Purge measurementsa: 

 
 

 
6.82 
6.81 
6.81 

 

 
12.1 
12.7 
12.9 

 

 
893 
905 
914 

 

 
1.09 
0.80 
0.50 

 
CWL-MW2A 
 

 
Purge measurementsa: 

 
 

 
7.30 
7.41 
7.44 

 

 
14.6 
14.7 
15.0 

 

 
768 
760 
756 

 

 
47.4 
23.0 
18.0 

 
CWL-MW2BL 

 
Purge measurementsa: 

 
 

 
6.90 
6.90 
6.90 

 

 
20.4 
20.4 
20.3 

 

 
1,069 
1,067 
1,071 

 

 
0.10 
0.10 
0.20 

 
CWL-MW2BU 

 
Purge measurementsa: 

 
 

 
NM 
7.91 
8.18 

 

 
NM 
13.7 
15.6 

 

 
NM 
754 
794 

 

 
NM 
3.49 
4.91 

 
CWL-MW4 

 
Purge measurementsa: 

 
 

 
6.95 
6.97 
6.98 

 

 
19.2 
19.2 
19.1 

 

 
959 
959 
958 

 

 
14.4 
9.55 
7.68 

 
CWL-MW5L 

 
Purge measurementsa: 

 
 

 
6.84 
6.83 
6.83 

 

 
13.7 
14.2 
14.7 

 

 
939 
955 
960 

 

 
3.77 
1.17 
0.70 

 
CWL-MW5U 

 
Purge measurementsa: 

 
 

 
7.13 
7.05 
7.04 

 

 
14.6 
15.3 
16.4 

 

 
790 
812 
808 

 

 
1.39 
0.27 
0.17 

Refer to footnotes at end of table. 
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Table 3-3 (Concluded) 
Summary of Field Measurements 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, January and February 2003 

 
 

 
Well Number 

 
Measurement Period 

 
pH 

 
Temperature °C 

SC 
(µmhos/cm) 

Turbidity 
(NTU) 

 
CWL-MW6L 

 
Purge measurementsa: 

 
 

 
6.93 
6.92 
6.91 

 

 
14.1 
14.4 
14.6 

 

 
905 
912 
916 

 

 
1.16 
0.78 
0.29 

 
CWL-MW6U 

 
Purge measurementsa: 

 
 

 
7.02 
7.01 
7.01 

 

 
14.8 
15.0 
16.5 

 

 
830 
820 
817 

 

 
1.20 
0.43 
0.19 

aLast three water quality measurements prior to sampling.  For complete record reference Attachment A. 
BW = Background well. 
°C = Degrees Celsius. 
CWL = Chemical waste landfill. 
L = Lower well completion zone. 
µmhos/cm = Micromhos per centimeter. 
MW = Monitoring well. 
NM = Not measured. 
NTU = Nephelometric turbidity units. 
SC = Specific conductance. 
U = Upper well completion zone. 
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Table 3-4 
Sample Number Identification 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, January and February 2003 

 
 

Sample 
Identification ARCOC 

Sample  
Number 

Date  
Sampled Laboratory 

Sample  
Type 

CWL-BW3 606063 060993 1-31-03 GEL Environmental Sample 

CWL-BW4A 606064 060994 1-30-03 GEL Environmental Sample 

CWL-MW2A 606065 060995 1-16-03 GEL Environmental Sample 

CWL-MW2BL 606066 060996 2-5-03 GEL Environmental Sample 

CWL-MW2BU 606067 060997 1-23-03 GEL Environmental Sample 

CWL-MW4 606068 060998 1-28-03 GEL Environmental Sample 

CWL-MW5L 606069 060999 1-20-03 GEL Environmental Sample 

CWL-MW5U 606070 061000 1-10-03 GEL Environmental Sample 

CWL-MW5U 606070 061001 1-10-03 GEL Duplicate Sample 

CWL-MW6L 606071 061002 1-21-03 GEL Environmental Sample 

CWL-MW6U 606072 061003 1-14-03 GEL Environmental Sample 

CWL-EB1 606073 061004 1-7-03 GEL Equipment Blank 

CWL-EB2 606074 061005 1-10-03 GEL Equipment Blank 

CWL-EB3 606075 061006 1-14-03 GEL Equipment Blank 

CWL-EB4 606076 061007 1-17-03 GEL Equipment Blank 

CWL-EB5 606077 061008 1-28-03 GEL Equipment Blank 

CWL-EB6 606078 061009 1-30-03 GEL Equipment Blank 

CWL-EB7 606079 061010 1-31-03 GEL Equipment Blank 

CWL-FB1 606080 061011 1-30-03 GEL Field Blank 

 
ARCOC = Analysis Request and Chain of Custody Record. 
BW = Background well. 
CWL = Chemical Waste Landfill. 
GEL = General Engineering Laboratories. 
EB = Equipment blank sample. 
FB = Field blank sample. 
L = Lower well completion zone. 
MW = Monitoring well. 
U = Upper well completion zone. 
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Table 3-5 
Analysis, Methods, Sample Containers, Preservatives, and Holding Times 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, January and February 2003 

 
 

 
Analysis 

 
Methoda 

Container Type/ 
Volume/Preservative 

 
Holding Time 

Appendix IX Volatile Organic 
Compounds 

8260B Glass; 3 x 40 mL; HCl, 4°C 14 days 

Appendix IX metals + iron 6020/7470A Polyethylene; 500 mL; HNO3, 4°C 28 days/180 daysb

 
aU.S. Environmental Protection Agency, 1990, “Test Methods for Evaluating Solid Waste 
Physical/Chemical Methods,” SW-846, 3rd ed., U.S. Environmental Protection Agency, Washington, D.C. 
bHolding time for mercury is 28 days; all other metals are 180 days. 
°C = Degrees Celsius. 
HCl = Hydrochloric acid. 
HNO3 = Nitric acid. 
mL = Milliliter(s). 
 



 

AL/12-04/WP/SNL04:r5609-g.doc  840857.01.07 12/17/04 8:53 AM G-49

Table 3-6 
List of Volatile Organic Compounds Analyzed 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, January and February 2003 

 
 

 
EPA Test Method 8260Ba  

(Appendix IX List)b 
MDL 
(µg/L) 

 
MCL 
(µg/L) 

 
EPA Test Method 8260Ba 

(Appendix IX List)b 
MDL 
(µg/L) 

 
MCL 
(µg/L) 

1,1,1,2-Tetrachloroethane                0.300 NE Carbon tetrachloride               0.290 5.0 

1,1,1-Trichloroethane                    0.340 200 Chlorobenzene                       0.320 100 

1,1,2,2-Tetrachloroethane                0.490 NE Chloroethane                          0.500 NE 

1,1,2-Trichloroethane                    0.440 5.0 Chloroform                              0.360 NE 

1,1-Dichloroethane                       0.410 NE Chloromethane                       0.500 NE 

1,1-Dichloroethene                       0.410 7.0 2-Chloro-1,3-butadine             0.200 NE 

1,2,3-Trichloropropane                   0.600 NE Dibromochloromethane           0.290 NE 

1,2,4-Trichlorobenzene                   0.420 70.0 Dibromomethane                    0.500 NE 

1,2-Dibromo-3-chloropropane              0.750 0.2 Dichlorodifluoromethane         0.430 NE 

1,2-Dibromoethane                        0.250 0.05 Ethyl benzene                         0.210 700 

1,2-Dichloroethane                       0.290 5.0 Propionitrile                            1.22 NE 

1,2-Dichloropropane                      0.250 5.0 Ethyl methacrylate                  1.00 NE 

2-Butanone                               2.31 NE Iodomethane                           1.88 NE 

2-Hexanone                               1.45 NE Isobutyl alcohol                       10.5 NE 

4-methyl-, 2-Pentanone                   1.78 NE Methacrylonitrile                      1.01 NE 

Acetone                                  4.50 NE Methyl methacrylate                1.11 NE 

Acetonitrile                             10.4 NE Methylene chloride                 3.30 5.0 

Acrolein                                 4.06 NE Pentachloroethane                  4.50 NE 

Acrylonitrile                            2.00 NE Styrene                                  0.250 100 

Allyl chloride                           1.0 NE Tetrachloroethene                   0.330 5.0 

Benzene                                  0.330 5.0 Toluene                                  0.390 1,000 

Bromodichloromethane                     0.380 NE Trichloroethene                      0.360 5.0 

Bromoform                                0.500 NE Trichlorofluoromethane           0.500 NE 

Bromomethane                             0.500 NE Vinyl acetate                           1.32 NE 

Carbon disulfide                         1.91 NE Vinyl chloride                           0.550 2.0 
 
Refer to footnotes at end of table. 



 

AL/12-04/WP/SNL04:r5609-g.doc  840857.01.07 12/17/04 8:53 AM G-50

Table 3-6 (Concluded) 
List of Volatile Organic Compounds Analyzed 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, January and February 2003 

 
 

 
EPA Test Method 8260Ba 

(Appendix IX List)b 
MDL 
(µg/L) 

 
MCL 
(µg/L) 

 
EPA Test Method 8260Ba 

(Appendix IX List)b 
MDL 
(µg/L) 

 
MCL 
(µg/L) 

Xylenes (Total)                                   0.250 10,000 trans-1,2-Dichloroethene        0.370 100 

Bis(2-Chloroisopropyl)ether                1.00 NE trans-1,3-Dichloropropene      0.290 NE 

cis-1,3-Dichloropropene                  0.300 NE trans-1,4-Dichloro-2-butene   1.17 NE 

 
aU.S. Environmental Protection Agency, 1990, “Test Methods for Evaluating Solid Waste Physical/Chemical Methods,” SW-846, 3rd 
ed., U.S. Environmental Protection Agency, Washington, D.C. 
bTitle 40 Code of Federal Regulations (CFR), Part 264, Standards for Owners and Operators of Hazardous Waste Treatment, 
Storage, and Disposal Facilities, Appendix IX, Groundwater Monitoring List. 
EPA = U.S. Environmental Protection Agency. 
MCL = Maximum contaminant levels (established by the U.S. EPA Primary Drinking Water Regulations in 40 CFR 141.11(b), 

subsequent amendments, or the New Mexico Environmental Improvement Board in the New Mexico Register, Title 20, 
Chapter 7, Part 1). 

MDL = The minimum detection level of an analyte that can be determined, but not quantified, with 99% confidence. 
µg/L = Microgram(s) per liter. 
NE = Not established. 
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Table 3-7 
List of Metal Parameters Analyzed 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, January and February 2003 

 
 

Appendix IX Lista 
 

EPA Test Methodb 
MDL 

(mg/L) 
MCL 

(mg/L) 
 
Antimony 

 
6020 

 
0.00028 

 
0.006 

 
Arsenic 

 
6020 

 
0.001 

 
0.01 

 
Barium 

 
6020 

 
0.00019 

 
2.0 

 
Beryllium 

 
6020 

 
0.00008 

 
0.004 

 
Cadmium 

 
6020 

 
0.00004 

 
0.005 

 
Chromium 

 
6020 

 
0.00038 

 
0.1 

 
Cobalt 

 
6020 

 
0.00006 

 
NE 

 
Copper 

 
6020 

 
0.00069 

 
NE 

 
Ironc 

 
6020 

 
0.0158 

 
NE 

 
Lead 

 
6020 

 
0.00005 

 
NE 

 
Mercury 

 
7470A 

 
0.000047 

 
0.002 

 
Nickel 

 
6020 

 
0.00007 

 
NE 

 
Selenium 

 
6020 

 
0.00064 

 
0.05 

 
Silver 

 
6020 

 
0.00004 

 
NE 

 
Thallium 

 
6020 

 
0.00002 

 
0.002 

 
Tin 

 
6020 

 
0.00082 

 
NE 

 
Vanadium 

 
6020 

 
0.00544 

 
NE 

 
Zinc 

 
6020 

 
0.00109 

 
NE 

 
aTitle 40 Code of Federal Regulations (CFR), Part 264, Standards for Owners and Operators of Hazardous Waste 
Treatment, Storage, and Disposal Facilities, Appendix IX, Groundwater Monitoring List. 
bU.S. Environmental Protection Agency, 1990, “Test Methods for Evaluating Solid Waste Physical/Chemical 
Methods,” SW-846, 3rd ed., U.S. Environmental Protection Agency, Washington, D.C. 
cAdditional metal parameter. 
EPA = U.S. Environmental Protection Agency. 
MCL = Maximum contaminant levels (established by the U.S. EPA Primary Drinking Water Regulations in 40 CFR 

141.11(b), subsequent amendments, or the New Mexico Environmental Improvement Board in the New 
Mexico Register, Title 20, Chapter 7, Part 1). 

MDL = The minimum detection level of an analyte that can be determined, but not quantified, with 99% confidence. 
mg/L = Milligram(s) per liter. 
NE = Not established. 
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Table 3-8 
Summary of Detected Organic Parameters 
Sandia National Laboratories/New Mexico 

Chemical Waste Landfill, January and February 2003 
 

Sample No.:
Well No.:

Sample Type:
Sample Method:

Laboratory:
Date Sampled:

060993 
CWL- BW3 

Environmental 
Bennett Pump 

GEL 
1-31-03 

060994 
CWL-BW4A 

Environmental 
Bennett Pump 

GEL 
1-30-03 

060995 
CWL-MW2A 

Environmental 
Bennett Pump 

GEL 
1-16-03 

060996 
CWL-MW2BL 
Environmental 
Bennett Pump 

GEL 
2-5-03 

060997 
CWL-MW2BU 
Environmental 

QED Pump 
GEL 

1-23-03 

060998 
CWL-MW4 

Environmental 
Bennett Pump 

GEL 
1-28-03 

 
Parameter 

 
Methoda 

MCL
(µg/L) All results in µg/L 

Acetone 8260B NE ND(4.50) ND(4.50) ND(4.50) ND(4.50) ND(4.50) ND(4.50) 

Bromoform 8260B NE 1.72 U, B1 ND(0.500) ND(0.500) ND(0.500) ND(0.500) ND(0.500) 

Dibromochloromethane 8260B NE 1.0 U, B1 1.0 U, B1, B2 ND(0.290) ND(0.290) ND(0.290) ND(0.290) 

Trichloroethene 8260B 5.0 ND(0.360) ND(0.360) 4.05 ND(0.360) 1.16 0.415(1.000) J 
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Table 3-8 (Concluded) 
Summary of Detected Organic Parameters 
Sandia National Laboratories/New Mexico 

Chemical Waste Landfill, January and February 2003 
 
 

Sample No.:
Well No.:

Sample Type:
Sample Method:

Laboratory:
Date Sampled:

060999 
CWL-MW5L 

Environmental 
QED Pump 

GEL 
1-20-03 

061000 
CWL-MW5U 

Environmental 
Bennett Pump 

GEL 
1-10-03 

061001 
CWL-MW5U 

Duplicate 
Bennett Pump 

GEL 
1-10-03 

061002 
CWL-MW6L 

Environmental 
QED Pump 

GEL 
1-21-03 

061003 
CWL-MW6U 

Environmental 
Bennett Pump 

GEL 
1-14-03 

 
Parameter 

 
Methoda 

MCL
(µg/L) 

 
All results in µg/L 

Acetone 8260B NE ND(4.50) 5.51U, B1 238U, B1 ND(4.50) 7.27U, B1 

Bromoform 8260B NE ND(0.500) ND(0.500) ND(0.500) ND(0.500) ND(0.500) 

Dibromochloromethane 8260B NE ND(0.290) ND(0.290) ND(0.290) ND(0.290) ND(0.290) 

Trichloroethene 8260B 5.0 0.666(1.000) J 0.624(1.000) J 0.636(1.000) J 0.639(1.000) J ND(0.360) 
 

If result detected below laboratory quantitation limit, then quantitation limit is indicated in parenthesis. 
aU.S. Environmental Protection Agency, 1990, “Test Methods for Evaluating Solid Waste Physical/Chemical Methods,” SW-846, 3rd ed., U.S. Environmental Protection Agency, Washington, D.C. 
BW  = Background well. 
CWL = Chemical Waste Landfill. 
EPA = U.S. Environmental Protection Agency. 
GEL = General Engineering Laboratories. 
J  = The associated value is an estimated quantity and/or detected below the practical quantitation limit. 
L  = Lower well completion zone. 
MCL = Maximum contamination levels (established by the U.S. EPA Primary Drinking Water Regulations in 40 CFR 141.11(b), subsequent amendments or  
   the New Mexico Environmental Improvement Board in the New Mexico Register, Title 20, Chapter 7, Part 1). 
µg/L = Microgram(s) per liter. 
MW  = Monitoring well. 
ND ( ) = Analyte not detected (quantitation limit is indicated in parentheses). 
U  = Upper well completion zone. 
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Table 3-9 
Summary of Metal Parameters 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, January and February 2003 

 
 

Sample No.:
Well No.:

Sample Type:
Sample Method:

Laboratory:
Date Sampled:

 
060993 

CWL-BW3 
Environmental 
Bennett Pump 

GEL 
1-31-03 

 
060994 

CWL-BW4A 
Environmental 
Bennett Pump 

GEL 
1-30-03 

 
060995 

CWL-MW2A 
Environmental 
Bennett Pump 

GEL 
1-16-03 

 
060996 

CWL-MW2BL 
Environmental 
Bennett Pump 

GEL 
2-5-03 

 
060997 

CWL-MW2BU 
Environmental 

QED Pump 
GEL 

1-23-03 

 
060998 

CWL-MW4 
Environmental 
Bennett Pump 

GEL 
1-28-03 

Parameter Methoda 
MCL 

(mg/L) All results in mg/L 

Antimony 6020 0.006 0.000295(0.002) B3,J ND(0.00028) ND(0.00028) ND(0.00028) 0.000689(0.002) B3,J ND(0.00028) 

Arsenic 6020 0.01 0.00101(0.003) B2,J ND(0.001) 0.00272(0.003) 
B,B2,J 

0.00121(0.003) B,J 0.00746 B,J 0.00161(0.003) 
B,B2,J 

Barium 6020 2.0 0.0684 0.0592 0.0579 0.0527 0.0172 0.0649 

Beryllium 6020 0.004 ND(0.00008) ND(0.00008) ND(0.00008) ND(0.00008) ND(0.00008) ND(0.00008) 

Cadmium 6020 0.005 0.000198(0.001) A2,J 0.000041(0.001) 
A2,B2,J 

0.000155(0.001) B2,J ND(0.00004) ND(0.00004) 0.0001(0.001) A2,J 

Chromium 6020 0.1 0.0726 ND(0.00038) B3,UJ 0.189 A2,J ND(0.00038) ND(0.00038) 0.00179(0.003) B3,J 

Cobalt 6020 NE 0.00268 0.000233(0.001) J 0.00276 0.000226(0.001) J 0.000147(0.001) J 0.00268 

Copper 6020 NE 0.00404 0.00147 B2,J 0.00555 B2,J 0.00142 B,B2,J 0.00241 0.00203 B2,J 

Iron 6020 NE 1.40 0.268 2.09 0.307 0.244 1.14 

Lead 6020 NE 0.000207(0.002) B2,J ND(0.00005) 0.000173(0.002) B2,J ND(0.00005) 0.000266(0.002) J 0.000076(0.002) A2,J

Mercury 7470A 0.002 0.00007(0.0002) B,J 0.000062(0.0002) B,J ND(0.000047) B3,UJ ND(0.000047) ND(0.000047) B3,UJ ND(0.000047) 

Nickel 6020 NE 0.310 0.00282 B2,J 0.352 0.00211 B2,J 0.00226 0.243 J 

Selenium 6020 0.05 0.00406 B,B2,J 0.00332(0.005) 
B,B2,J 

0.00341(0.005) 
B,B2,J 

0.00219(0.005) 
B2,B3,J 

0.00339(0.005) B,J 0.00549 B,J 

Silver 6020 NE 0.000067(0.001) J ND(0.00004) ND(0.00004) ND(0.00004) 0.000308(0.001) J ND(0.00004) 

Thallium 6020 0.002 0.000471(0.0005) 
B2,J 

0.000166(0.0005) 
B,B2,B3,J 

0.000318(0.0005) J 0.000185(0.0005) 
B2,J 

0.000107(0.0005) 
B3,J 

0.000302(0.0005) 
B,B3,J 

Tin 6020 NE 0.00247(0.005) J 0.00127(0.005) J 0.00375(0.005) J ND(0.00082) 0.000837(0.005) J ND(0.00082) 

Vanadium 6020 NE 0.00742(0.010) B,J ND(0.00544) 0.0162 ND(0.00544) ND(0.00544) ND(0.00544) 

Zinc 6020 NE 0.00913(0.010) J 0.00554(0.010) B2,J 0.00836(0.010) B2,J 0.00134(0.010) B2,J 0.0101 0.0044(0.010) B2,J 

Refer to footnotes at end of table. 
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Table 3-9 (Continued) 
Summary of Metal Parameters 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, January and February 2003 

 
 

Sample No.:
Well No.:

Sample Type:
Sample Method:

Laboratory:
Date Sampled:

 
060999 

CWL-MW5L 
Environmental 

QED Pump 
GEL 

1-20-03 

 
061000 

CWL-MW5U 
Environmental 
Bennett Pump 

GEL 
1-10-03 

 
061001 

CWL-MW5U 
Duplicate 

Bennett Pump 
GEL 

1-10-03 

 
061002 

CWL-MW6L 
Environmental 

QED Pump 
GEL 

1-21-03 

 
061003 

CWL-MW6U 
Environmental 
Bennett Pump 

GEL 
1-14-03 

Parameter Methoda 
MCL 

(mg/L) All results in mg/L 

Antimony 6020 0.006 ND(0.00028) ND(0.00028) ND(0.00028) ND(0.00028) ND(0.00028) 

Arsenic 6020 0.01 0.00369 B,J 0.00342 B,B2,J 0.00427 B,B2,J 0.00296(0.003) B,J 0.00335 B,B2,J 

Barium 6020 2.0 0.0648 0.0724 0.0747 0.0629 0.0725 

Beryllium 6020 0.004 ND(0.00008) ND(0.00008) ND(0.00008) ND(0.00008) ND(0.00008) 

Cadmium 6020 0.005 ND(0.00004) 0.000129(0.001) B2,J 0.000105(0.001) B2,J ND(0.00004) 0.000085(0.001) B2,J

Chromium 6020 0.1 0.00199(0.003) 
A2,B3,J 

0.00138(0.003) B2,J 0.00124(0.003) B2,J ND(0.00038) 0.00173(0.003) B2,J 

Cobalt 6020 NE 0.000274(0.001) J 0.000088(0.001) J 0.000103(0.001) J 0.000218(0.001) J 0.000263(0.001) J 

Copper 6020 NE 0.00129 0.00169 B2, J 0.00172 B2,J 0.00204 0.00207 B2,J 

Iron 6020 NE 0.323 0.134 0.146 0.279 0.341 

Lead 6020 NE ND(0.00005) 0.000088(0.002) J 0.000079(0.002) J ND(0.00005) 0.000075(0.002) J 

Mercury 7470A 0.002 ND(0.000047) B3,UJ ND(0.000047) B3,UJ ND(0.000047) B3,UJ ND(0.000047) B3,UJ ND(0.000047) 

Nickel 6020 NE 0.00469 0.00165(0.002) B2,J 0.0016(0.002) B2,J 0.00203 0.00239 

Selenium 6020 0.05 0.00364(0.005) B,J 0.00233(0.005) 
B,B3,J 

0.00252(0.005) 
B,B3,J 

0.00378(0.005) B,J 0.00559 B,J 

Silver 6020 NE 0.000131(0.001) J ND(0.00004) ND(0.00004) 0.000103(0.001) J ND(0.00004) 

Thallium 6020 0.002 0.000048(0.0005) 
B3,J 

0.000317(0.0005) J 0.000123(0.0005) 
B2,B3,J 

0.000032(0.0005) 
B3,J 

0.000203(0.0005) J 

Tin 6020 NE ND(0.00082) ND(0.00082) ND(0.00082) ND(0.00082) ND(0.00082) 

Vanadium 6020 NE ND(0.00544) ND(0.00544) ND(0.00544) ND(0.00544) ND(0.00544) 

Zinc 6020 NE 0.00198(0.010) J 0.055 0.0533 0.00186(0.010) J 0.00905(0.010) J 

Refer to footnotes at end of table.  
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Table 3-9 (Concluded) 
Summary of Metal Parameters 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, January and February 2003 

 
Values in bold exceed established maximum concentration levels. 
If result detected below laboratory quantitation limit, then quantitation limit is indicated in parenthesis. 
aU.S. Environmental Protection Agency, 1990, “Test Methods for Evaluating Solid Waste Physical/Chemical Methods,” SW-846, 3rd ed., U.S. Environmental Protection Agency, Washington, D.C. 
A2   = Laboratory accuracy and/or bias measurements for the associated matrix spike and duplicate samples do not meet acceptance criteria. 
B   = Analyte present in laboratory method blank sample. 
B2   = Analyte present in equipment blank sample. 
B3   = Analyte present in laboratory initial calibration blank or continuing calibration blank. 
BW   = Background well. 
CWL  = Chemical Waste Landfill. 
GEL  = General Engineering Laboratories. 
J   = The associated value is an estimated quantity and/or detected below the practical quantitation limit. 
L   = Lower well completion zone. 
MCL  =  Maximum contamination levels (established by the U.S. EPA Primary Drinking Water Regulations in 40 CFR 141.11(b), subsequent amendments or the New Mexico Environmental  

 Improvement Board in the New Mexico Register, Title 20, Chapter 7, Part 1). 
mg/L  =  Milligram(s) per liter. 
MW  =  Monitoring well. 
ND ( ) =  Analyte not detected (quantitation limit is indicated in parentheses). 
NE   =  Not established. 
U   =  Upper well completion zone. 
UJ   =  The analyte was analyzed for but not detected.  The associated value is an estimate and may be inaccurate or imprecise. 
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Table 4-1 
Monitoring Well Groundwater Elevations 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, June 2003 

 
 
 
 

Well Number 

Measuring 
Point 

Elevation 
(famsl) 

Average 
Depth to 
Watera  
(feet) 

 
Groundwater 

Elevation 
(famsl) 

 
Total Well 

Depthb 
(feet) 

 
Static Water 

Heightc 
(feet) 

 
CWL-BW3 

 
5430.23 

 
498.19 

 
4932.04 

 
507.48 

 
9.29 

 
CWL-BW4A 

 
5431.36 

 
498.79 

 
4932.57 

 
510.00 

 
11.21 

 
CWL-MW1A 

 
5421.49 

 
NM 

 
NM 

 
495.00 

 
NM 

 
CWL-MW2A 

 
5418.58 

 
487.47 

 
4931.11 

 
495.00 

 
7.53 

 
CWL-MW2BL 

 
5419.39 

 
492.53 

 
4926.86 

 
557.50 

 
64.97 

 
CWL-MW2BU 

 
5419.42 

 
488.21 

 
4931.21 

 
501.00 

 
12.79 

 
CWL-MW3A 

 
5417.78 

 
NM 

 
NM 

 
492.00 

 
NM 

 
CWL-MW4 

 
5420.33 

 
492.00 

 
4928.33 

 
503.00 

 
11.00 

 
CWL-MW5L 

 
5415.80 

 
490.33 

 
4925.47 

 
558.00 

 
67.67 

 
CWL-MW5U 

 
5416.01 

 
485.77 

 
4930.24 

 
502.00 

 
16.23 

 
CWL-MW6L 

 
5417.13 

 
491.82 

 
4925.31 

 
564.00 

 
72.18 

 
CWL-MW6U 

 
5416.78 

 
486.44 

 
4930.34 

 
502.00 

 
15.56 

 
CWL-MW7 

 
NA 

 
506.91d 

 
NA 

 
643.00d 

 
136.09d 

 
CWL-MW8 

 
NA 

 
506.72d 

 
NA 

 
637.00d 

 
130.28d 

 
aMeasurements transcribed from Groundwater Sample Collection Logs and adjusted for well deviation. 
bDerived from well completion logs. 
cCalculated as difference between depth to water and total well depth. 
dReported values are estimated and not adjusted for well deviation.  Well completion logs, survey data, 
and well deviation data are currently unavailable for CWL-MW7 and CWL-MW8. 
BW = Background well. 
CWL = Chemical Waste Landfill. 
famsl = Feet above mean sea level.  Measured from top of casing. 
Groundwater elevation = (measuring point elevation) – (average depth to water). 
L = Lower well completion zone. 
MW = Monitoring well. 
NA = Not applicable. 
NM = Not measured.  MW-1A and MW-3A are dry wells.  
U = Upper well completion zone. 
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Table 4-2 
Volumes Purged from Monitoring Wells 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, June 2003 

 

 
 

Well Number 

 
Volume Purgeda 

(gal) 

 
Time Pumped 

(minutes) 

Average Pump 
Rate 

(gal/minute) 

 
Well Pumped to 

Dryness 
 
CWL-BW3 

 
20 

 
31 

 
0.65 

 
Yes 

 
CWL-BW4A 

 
23 

 
43 

 
0.53 

 
Yes 

 
CWL-MW2A 

 
18 

 
49 

 
0.37 

 
Yes 

 
CWL-MW2BL 

 
505 

 
315 

 
1.60 

 
No 

 
CWL-MW2BU 

 
300 mL 

 
10 

 
30 mL/minute 

 
No 

 
CWL-MW4 

 
50 

 
91 

 
0.55 

 
No 

 
CWL-MW5L 

 
5,000 mL 

 
79 

 
63.29 mL/minute 

 
No 

 
CWL-MW5U 

 
19 

 
30 

 
0.63 

 
Yes 

 
CWL-MW6L 

 
5,000 mL 

 
67 

 
74.63 mL/minute 

 
No 

 
CWL-MW6U 

 
23 

 
51 

 
0.45 

 
Yes 

 
CWL-MW7 

 
385 

 
238 

 
1.62 

 
No 

 
CWL-MW8 

 
370 

 
223 

 
1.66 

 
No 

 
aVolume of groundwater purged before sampling. 
BW = Background well. 
CWL = Chemical waste landfill. 
gal = Gallon(s). 
L = Lower well completion zone. 
mL = Milliliter(s). 
MW = Monitoring well. 
U = Upper well completion zone. 
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Table 4-3 
Summary of Field Measurements 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, June 2003 

 
 

 
Well Number 

 
Measurement Period 

 
pH 

 
Temperature °C 

SC 
(µmhos/cm) 

Turbidity 
(NTU) 

 
CWL-BW3 

 
Purge measurementsa: 

 
 

 
7.34 
7.35 
7.35 

 

 
19.60 
19.77 
19.84 

 

 
1,022 
1,022 
1,022 

 

 
88.4 
26.6 
16.3 

 
CWL-BW4A 

 
Purge measurementsa: 

 
 

 
7.01 
7.00 
6.99 

 

 
20.24 
20.31 
20.31 

 

 
1,145 
1,143 
1,140 

 

 
1.0 
0.6 
0.3 

 
CWL-MW2A 
 

 
Purge measurementsa: 

 
 

 
7.40 
7.42 
7.18 

 

 
20.7 
21.0 
21.7 

 

 
932 
931 
925 

 

 
9.12 
22.9 
27.2 

 
CWL-MW2BL 

 
Purge measurementsa: 

 
 

 
6.82 
6.82 
6.82 

 

 
22.9 
22.9 
23.0 

 

 
1,164 
1,164 
1,164 

 

 
0.47 
0.41 
0.48 

 
CWL-MW2BU 

 
Purge measurementsa: 

 
 

 
7.98 
8.12 
8.12 

 

 
19.6 
19.6 
20.1 

 

 
462 
880 
888 

 

 
1.62 
1.93 
1.91 

 
CWL-MW4 

 
Purge measurementsa: 

 
 

 
6.91 
6.91 
6.91 

 

 
21.1 
21.2 
21.2 

 

 
1,032 
1,031 
1,032 

 

 
9.92 
9.89 
9.91 

 
CWL-MW5L 

 
Purge measurementsa: 

 
 

 
7.16 
7.17 
7.17 

 

 
18.8 
19.1 
19.4 

 

 
1,040 
1,041 
1,041 

 

 
2.00 
1.59 
1.40 

 
CWL-MW5U 

 
Purge measurementsa: 

 
 

 
7.13 
7.12 
7.10 

 

 
22.5 
22.4 
22.5 

 

 
944 
946 
946 

 

 
0.89 
0.64 
0.85 

 
CWL-MW6L 

 
Purge measurementsa: 

 
 

 
6.90 
6.89 
6.89 

 

 
20.8 
21.0 
20.9 

 

 
1,110 
1,112 
1,111 

 

 
1.19 
1.24 
1.20 

 
CWL-MW6U 

 
Purge measurementsa: 

 
 

 
7.06 
7.06 
7.06 

 

 
19.6 
19.9 
19.9 

 

 
1,003 
1,004 
1,004 

 

 
0.30 
0.17 
0.16 

Refer to footnotes at end of table. 
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Table 4-3 (Concluded) 
Summary of Field Measurements 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, June 2003 

 
 

 
Well Number 

 
Measurement Period 

 
pH 

 
Temperature °C 

SC 
(µmhos/cm) 

Turbidity 
(NTU) 

 
CWL-MW7 

 
Purge measurementsa: 

 
 

 
6.93 
6.93 
6.93 

 

 
23.1 
23.2 
23.2 

 

 
1,040 
1,041 
1,041 

 

 
5.24 
5.14 
4.24 

 
CWL-MW8 

 
Purge measurementsa: 

 
 

 
6.88 
6.89 
6.88 

 

 
22.6 
22.6 
22.5 

 

 
1,033 
1,034 
1,034 

 

 
3.56 
3.13 
3.48 

aLast three water quality measurements prior to sampling.  For complete record reference Attachment A. 
BW = Background well. 
°C = Degrees Celsius. 
CWL = Chemical waste landfill. 
L = Lower well completion zone. 
µmhos/cm = Micromhos per centimeter. 
MW = Monitoring well. 
NTU = Nephelometric turbidity units. 
SC = Specific conductance. 
U = Upper well completion zone. 
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Table 4-4 
Sample Number Identification 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, June 2003 

 
 

Sample 
Identification ARCOC 

Sample  
Number 

Date  
Sampled Laboratory 

Sample  
Type 

CWL-BW3 606466 062335 6-12-03 GEL Environmental Sample 

CWL-BW4A 606467 062338 6-13-03 GEL Environmental Sample 

CWL-MW2A 606458 062315 6-3-03 GEL Environmental Sample 

CWL-MW2BL 606464 062328 6-9-03 GEL Environmental Sample 

CWL-MW2BU 606462 062324 6-11-03 GEL Environmental Sample 

CWL-MW4 606465 062332 6-10-03 GEL Environmental Sample 

CWL-MW5L 606461 062323 6-10-03 GEL Environmental Sample 

CWL-MW5U 606459 062318 6-5-03 GEL Environmental Sample 

CWL-MW5U 606459 062319 6-5-03 GEL Duplicate Sample 

CWL-MW6L 606460 062322 6-4-03 GEL Environmental Sample 

CWL-MW6U 606463 062325 6-6-03 GEL Environmental Sample 

CWL-MW7 606468 062396 6-16-03 GEL Environmental Sample 

CWL-MW8 606469 062399 6-17-03 GEL Environmental Sample 

CWL-BW3-EB 606466 062336 6-10-03 GEL Equipment Blank 

CWL-BW4A-EB 606467 062339 6-12-03 GEL Equipment Blank 

CWL-MW2A-EB 606458 062316 5-30-03 GEL Equipment Blank 

CWL-MW2BL-EB 606464 062329 6-6-03 GEL Equipment Blank 

CWL-MW4-EB 606465 062333 6-10-03 GEL Equipment Blank 

CWL-MW5U-EB 606459 062320 6-3-03 GEL Equipment Blank 

CWL-MW6U-EB 606463 062326 6-5-03 GEL Equipment Blank 

CWL-MW7-EB 606468 062397 6-13-03 GEL Equipment Blank 

CWL-MW8-EB 606469 062400 6-17-03 GEL Equipment Blank 

CWL-FB 606464 062330 6-9-03 GEL Field Blank 

 
ARCOC = Analysis Request and Chain of Custody Record. 
BW = Background well. 
CWL = Chemical Waste Landfill. 
GEL = General Engineering Laboratories. 
EB = Equipment blank sample. 
FB = Field blank sample. 
L = Lower well completion zone. 
MW = Monitoring well. 
U = Upper well completion zone. 
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Table 4-5 
Analysis, Methods, Sample Containers, Preservatives, and Holding Times 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, June 2003 

 
 

 
Analysis 

 
Methoda 

Container Type/ 
Volume/Preservative 

 
Holding Time 

Appendix IX Volatile Organic 
Compounds 

8260B Glass; 3 x 40 mL; HCl, 4°C 14 days 

Appendix IX metals + iron 6020/7470A Polyethylene; 500 mL; HNO3, 4°C 28 days/180 daysb

Cations (calcium, 
magnesium, potassium, 
sodium) 

6020 Polyethylene; 500 mL; HNO3, 4°C 180 days 

Anions (bromide, chloride, 
fluoride, sulfate) 

9056 Polyethylene; 250 mL; 4°C 28 days 

Alkalinity 310.1 Polyethylene; 250 mL; 4°C 14 days 
 
aU.S. Environmental Protection Agency, 1990, “Test Methods for Evaluating Solid Waste 
Physical/Chemical Methods,” SW-846, 3rd ed., U.S. Environmental Protection Agency, Washington, D.C. 
bHolding time for mercury is 28 days; all other metals are 180 days. 
°C = Degrees Celsius. 
HCl = Hydrochloric acid. 
HNO3 = Nitric acid. 
mL = Milliliter(s). 
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Table 4-6 
List of Volatile Organic Compounds Analyzed 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, June 2003 

 
 

 
EPA Test Method 8260Ba  

(Appendix IX List)b 
MDL 
(µg/L) 

 
MCL 
(µg/L) 

 
EPA Test Method 8260Ba 

(Appendix IX List)b 
MDL 
(µg/L) 

 
MCL 
(µg/L) 

1,1,1,2-Tetrachloroethane                0.300 NE Carbon tetrachloride               0.290 5.0 

1,1,1-Trichloroethane                    0.340 200 Chlorobenzene                       0.320 100 

1,1,2,2-Tetrachloroethane                0.490 NE Chloroethane                          0.500 NE 

1,1,2-Trichloroethane                    0.440 5.0 Chloroform                              0.360 NE 

1,1-Dichloroethane                       0.410 NE Chloromethane                       0.500 NE 

1,1-Dichloroethene                       0.410 7.0 2-Chloro-1,3-butadine             0.200 NE 

1,2,3-Trichloropropane                   0.600 NE Dibromochloromethane           0.290 NE 

1,2,4-Trichlorobenzene                   0.420 70.0 Dibromomethane                    0.500 NE 

1,2-Dibromo-3-chloropropane              0.750 0.2 Dichlorodifluoromethane         0.430 NE 

1,2-Dibromoethane                        0.250 0.05 Ethyl benzene                         0.210 700 

1,2-Dichloroethane                       0.290 5.0 Propionitrile                            1.22 NE 

1,2-Dichloropropane                      0.250 5.0 Ethyl methacrylate                  1.00 NE 

2-Butanone                               2.31 NE Iodomethane                           1.88 NE 

2-Hexanone                               1.45 NE Isobutyl alcohol                       10.5 NE 

4-methyl-, 2-Pentanone                   1.78 NE Methacrylonitrile                      1.01 NE 

Acetone                                  4.50 NE Methyl methacrylate                1.11 NE 

Acetonitrile                             10.4 NE Methylene chloride                 3.30 5.0 

Acrolein                                 4.06 NE Pentachloroethane                  4.50 NE 

Acrylonitrile                            2.00 NE Styrene                                  0.250 100 

Allyl chloride                           1.0 NE Tetrachloroethene                   0.330 5.0 

Benzene                                  0.330 5.0 Toluene                                  0.390 1,000 

Bromodichloromethane                     0.380 NE Trichloroethene                      0.360 5.0 

Bromoform                                0.500 NE Trichlorofluoromethane           0.500 NE 

Bromomethane                             0.500 NE Vinyl acetate                           1.32 NE 

Carbon disulfide                         1.91 NE Vinyl chloride                           0.550 2.0 
 
Refer to footnotes at end of table. 
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Table 4-6 (Concluded) 
List of Volatile Organic Compounds Analyzed 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, June 2003 

 
 

 
EPA Test Method 8260Ba 

(Appendix IX List)b 
MDL 
(µg/L) 

 
MCL 
(µg/L) 

 
EPA Test Method 8260Ba 

(Appendix IX List)b 
MDL 
(µg/L) 

 
MCL 
(µg/L) 

Xylenes (Total)                                   0.250 10,000 trans-1,2-Dichloroethene        0.370 100 

Bis(2-Chloroisopropyl)ether                1.00 NE trans-1,3-Dichloropropene      0.290 NE 

cis-1,3-Dichloropropene                  0.300 NE trans-1,4-Dichloro-2-butene   1.17 NE 

 
aU.S. Environmental Protection Agency, 1990, “Test Methods for Evaluating Solid Waste Physical/Chemical Methods,” SW-846, 3rd 
ed., U.S. Environmental Protection Agency, Washington, D.C. 
bTitle 40 Code of Federal Regulations (CFR), Part 264, Standards for Owners and Operators of Hazardous Waste Treatment, 
Storage, and Disposal Facilities, Appendix IX, Groundwater Monitoring List. 
EPA = U.S. Environmental Protection Agency. 
MCL = Maximum contaminant levels (established by the U.S. EPA Primary Drinking Water Regulations in 40 CFR 141.11(b), 

subsequent amendments, or the New Mexico Environmental Improvement Board in the New Mexico Register, Title 20, 
Chapter 7, Part 1). 

MDL = The method detection level of an analyte that can be determined, but not quantified, with 99% confidence. 
µg/L = Microgram(s) per liter. 
NE = Not established. 
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Table 4-7 
List of Metal Parameters Analyzed 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, June 2003 

 
 

Appendix IX Lista 
 

EPA Test Methodb 
MDL 

(mg/L) 
MCL 

(mg/L) 
 
Antimony 

 
6020 

 
0.00028 

 
0.006 

 
Arsenic 

 
6020 

 
0.001 

 
0.01 

 
Barium 

 
6020 

 
0.00019 

 
2.0 

 
Beryllium 

 
6020 

 
0.00008 

 
0.004 

 
Cadmium 

 
6020 

 
0.00004 

 
0.005 

 
Chromium 

 
6020 

 
0.00038 

 
0.1 

 
Cobalt 

 
6020 

 
0.00006 

 
NE 

 
Copper 

 
6020 

 
0.00069 

 
NE 

 
Ironc 

 
6020 

 
0.0158 

 
NE 

 
Lead 

 
6020 

 
0.00005 

 
NE 

 
Mercury 

 
7470A 

 
0.000047 

 
0.002 

 
Nickel 

 
6020 

 
0.00007 

 
NE 

 
Selenium 

 
6020 

 
0.00064 

 
0.05 

 
Silver 

 
6020 

 
0.00004 

 
NE 

 
Thallium 

 
6020 

 
0.00002 

 
0.002 

 
Tin 

 
6020 

 
0.00082 

 
NE 

 
Vanadium 

 
6020 

 
0.00544 

 
NE 

 
Zinc 

 
6020 

 
0.00109 

 
NE 

 
aTitle 40 Code of Federal Regulations (CFR), Part 264, Standards for Owners and Operators of Hazardous Waste 
Treatment, Storage, and Disposal Facilities, Appendix IX, Groundwater Monitoring List. 
bU.S. Environmental Protection Agency, 1990, “Test Methods for Evaluating Solid Waste Physical/Chemical 
Methods,” SW-846, 3rd ed., U.S. Environmental Protection Agency, Washington, D.C. 
cAdditional metal parameter. 
EPA = U.S. Environmental Protection Agency. 
MCL = Maximum contaminant levels (established by the U.S. EPA Primary Drinking Water Regulations in 40 CFR 

141.11(b), subsequent amendments, or the New Mexico Environmental Improvement Board in the New 
Mexico Register, Title 20, Chapter 7, Part 1). 

MDL = The method detection level of an analyte that can be determined, but not quantified, with 99% confidence. 
mg/L = Milligram(s) per liter. 
NE = Not established.  
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Table 4-8 
List of General Chemistry Parameters Analyzed 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, June 2003 

 
 

Appendix IX Lista 
 

EPA Test Methodb 
MDL 

(mg/L) 
MCL 

(mg/L) 
 
Bromide 

 
9056 

 
0.0978 

 
NE 

 
Chloride 

 
9056 

 
0.322 

 
NE 

 
Fluoride 

 
9056 

 
0.0553 

 
4.0 

 
Sulfate 

 
9056 

 
1.93 

 
NE 

 
Calcium (dissolved) 

 
6020 

 
0.040 

 
NE 

 
Magnesium (dissolved) 

 
6020 

 
0.00633 

 
NE 

 
Potassium (dissolved) 

 
6020 

 
0.0151 

 
NE 

 
Sodium (dissolved) 

 
6020 

 
0.00968 

 
NE 

 
Alkalinity 

 
310.1 

 
1.45 

 
NE 

 
aTitle 40 Code of Federal Regulations (CFR), Part 264, Standards for Owners and Operators of Hazardous Waste 
Treatment, Storage, and Disposal Facilities, Appendix IX, Groundwater Monitoring List. 
bU.S. Environmental Protection Agency, 1990, “Test Methods for Evaluating Solid Waste Physical/Chemical 
Methods,” SW-846, 3rd ed., U.S. Environmental Protection Agency, Washington, D.C. 
EPA = U.S. Environmental Protection Agency. 
MCL = Maximum contaminant levels (established by the U.S. EPA Primary Drinking Water Regulations in 40 CFR 

141.11(b), subsequent amendments, or the New Mexico Environmental Improvement Board in the New 
Mexico Register, Title 20, Chapter 7, Part 1). 

MDL = The method detection level of an analyte that can be determined, but not quantified, with 99% confidence. 
mg/L = Milligram(s) per liter. 
NE = Not established.
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Table 4-9 
Summary of Detected Organic Parameters 
Sandia National Laboratories/New Mexico 

Chemical Waste Landfill, June 2003 
 

Sample No.:
Well No.:

Sample Type:
Sample Method:

Laboratory:
Date Sampled:

062335 
CWL- BW3 

Environmental 
Bennett Pump 

GEL 
6-12-03 

062338 
CWL-BW4A 

Environmental 
Bennett Pump 

GEL 
6-13-03 

062315 
CWL-MW2A 

Environmental 
Bennett Pump 

GEL 
6-3-03 

062328 
CWL-MW2BL 
Environmental 
Bennett Pump 

GEL 
6-9-03 

062324 
CWL-MW2BU 
Environmental 

QED Pump 
GEL 

6-11-03 

062332 
CWL-MW4 

Environmental 
Bennett Pump 

GEL 
6-10-03 

 
Parameter 

 
Methoda 

MCL 
(µg/L) All results in µg/L 

Acetone 8260B NE ND (4.50) ND (4.50) ND (4.50) ND (4.50) ND (4.50) ND (4.50) 

Trichloroethene 8260B 5.0 ND (0.360) UJ ND (0.360) UJ 12.5 J ND (0.360) 1.15 J ND (0.360) 

Refer to footnotes at end of table. 
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Table 4-9 (Concluded) 
Summary of Detected Organic Parameters 
Sandia National Laboratories/New Mexico 

Chemical Waste Landfill, June 2003 
 
 

Sample No.: 
Well No.: 

Sample Type: 
Sample Method: 

Laboratory: 
Date Sampled: 

062323 
CWL-MW5L 

Environmental 
QED Pump 

GEL 
6-10-03 

062318 
CWL-MW5U 

Environmental
Bennett Pump 

GEL 
6-5-03 

062319 
CWL-MW5U 

Duplicate 
Bennett Pump 

GEL 
6-5-03 

062322 
CWL-MW6L 

Environmental
QED Pump 

GEL 
6-4-03 

062325 
CWL-MW6U 

Environmental
Bennett Pump 

GEL 
6-6-03 

062396 
CWL-MW7 

Environmental
Bennett Pump 

GEL 
6-16-03 

062399 
CWL-MW8 

Environmental
Bennett Pump

GEL 
6-17-03 

 
Parameter 

 
Methoda 

MCL 
(µg/L) 

 
All results in µg/L 

Acetone 8260B NE ND (4.50) ND (4.50) 9.99 ND (4.50) ND (4.50) ND (4.50) 5.00 U, B1 

Trichloroethene 8260B 5.0 0.425 (1.00) J 0.692 (1.00) J 0.795 (1.00) J 0.798 (1.00) J 0.374 (1.00) J ND (0.360) UJ ND (0.360) 
 

Values in bold indicate detected analytes. 
If result detected below laboratory quantitation limit, then quantitation limit is indicated in parenthesis. 
aU.S. Environmental Protection Agency, 1990, “Test Methods for Evaluating Solid Waste Physical/Chemical Methods,” SW-846, 3rd ed., U.S. Environmental Protection Agency, Washington, D.C. 
BW  = Background well. 
B1  = Analyte present in trip blank. 
GEL  = General Engineering Laboratories. 
J  = The associated value is an estimated quantity and/or detected below the practical quantitation limit. 
L  = Lower well completion zone. 
MCL  = Maximum contamination levels (established by the U.S. EPA Primary Drinking Water Regulations in 40 CFR 141.11(b), subsequent amendments or  

the New Mexico Environmental Improvement Board in the New Mexico Register, Title 20, Chapter 7, Part 1). 
µg/L  = Microgram(s) per liter. 
MW  = Monitoring well. 
ND ( ) = Analyte not detected (quantitation limit is indicated in parentheses). 
U  = Upper well completion zone. 
UJ  = The analyte was analyzed for, but was not detected.  The associated value is an estimate and may be inaccurate or imprecise. 
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Table 4-10 
Summary of Metal Parameters 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, June 2003 

 
Sample No.:

Well No.:
Sample Type:

Sample Method:
Laboratory:

Date Sampled:

 
062335 

CWL-BW3 
Environmental 
Bennett Pump 

GEL 
6-12-03 

 
062338 

CWL-BW4A 
Environmental 
Bennett Pump 

GEL 
6-13-03 

 
062315 

CWL-MW2A 
Environmental 
Bennett Pump 

GEL 
6-3-03 

 
062328 

CWL-MW2BL 
Environmental 
Bennett Pump 

GEL 
6-9-03 

 
Parameter 

 
Methoda 

 
MCL 

(mg/L) All results in mg/L 

Antimony 6020 0.006 0.000465 (0.002) B3, J ND (0.00028) ND (0.00028) ND (0.00028) 

Arsenic 6020 0.01 0.00132 (0.003) B, B2, J 0.00172 (0.003) B, B2, J ND (0.001) B3, UJ 0.00199 (0.003) B3, J 

Barium 6020 2.0 0.0626 0.0538 0.0553 0.0603 

Beryllium 6020 0.004 ND (0.00008) ND (0.00008) ND (0.00008) ND (0.00008) 

Cadmium 6020 0.005 ND (0.00004) ND (0.00004) 0.000098 (0.001) J ND (0.00004) 

Chromium 6020 0.1 0.0805 ND (0.00038) B3, UJ 0.0847 ND (0.0019) 

Cobalt 6020 NE 0.00202 0.000246 (0.001) J 0.00225 0.000149 (0.001) B, J 

Copper 6020 NE 0.0051 0.000691 (0.001) J 0.00448 0.000701 (0.001) B2, J 

Iron 6020 NE 2.17 J 0.310 B2, J 1.31 0.235 

Lead 6020 NE 0.000428 (0.002) J 0.00008 (0.002) B2, J 0.00027 (0.002) J ND (0.00005) 

Mercury 7470A 0.002 ND (0.000047) ND (0.000047) ND (0.000047) B3, UJ ND (0.000047) B3, UJ 

Nickel 6020 NE 0.304 0.00594 0.356 0.00128 (0.002) J 

Selenium 6020 0.05 0.00139 (0.005) J 0.00155 (0.005) J 0.00166 (0.005) B3, J 0.00164 (0.005) B3, J 

Silver 6020 NE ND (0.00004) ND (0.00004) ND (0.00004) ND (0.00004) 

Thallium 6020 0.002 0.000098 (0.0005) B2, J 0.000032 (0.0005) B2, J 0.000122 (0.0005) B2, J ND (0.00002) 

Tin 6020 NE ND (0.00082) ND (0.00082) ND (0.00082) ND (0.00082) 

Vanadium 6020 NE 0.0105 ND (0.00544) 0.00707 (0.010) J ND (0.00544) 

Zinc 6020 NE 0.0289  0.00559 (0.010) B, B2, J 0.0152 B2, J 0.00285 (0.010) B, B2, J 
Refer to footnotes at end of table. 
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Table 4-10 (Continued) 
Summary of Metal Parameters 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, June 2003 

 
Sample No.:

Well No.:
Sample Type:

Sample Method:
Laboratory:

Date Sampled:

 
062324 

CWL-MW2BU 
Environmental 

QED Pump 
GEL 

6-11-03 

 
062332 

CWL-MW4 
Environmental 
Bennett Pump 

GEL 
6-10-03 

 
062323 

CWL-MW5L 
Environmental 

QED Pump 
GEL 

6-10-03 

 
062318 

CWL-MW5U 
Environmental 
Bennett Pump 

GEL 
6-5-03 

 
Parameter 

 
Methoda 

 
MCL 

(mg/L) All results in mg/L 

Antimony 6020 0.006 0.000616 (0.002) B3, J 0.000366 (0.002) B, B3, J ND (0.00028) 0.00036 (0.002) B, B3, J 

Arsenic 6020 0.01 0.00603 B, B2, J ND (0.001) B3, UJ ND (0.001) B3, UJ 0.00263 (0.003) B3, J 

Barium 6020 2.0 0.0165 0.0658 0.063 0.0784 

Beryllium 6020 0.004 ND (0.00008) ND (0.00008) ND (0.00008) ND (0.00008) 

Cadmium 6020 0.005 ND (0.00004) 0.00009 (0.001) B2, J ND (0.00004) 0.000359 (0.001) 

Chromium 6020 0.1 ND (0.00038) B3, UJ 0.0272 ND (0.00038) ND (0.00038) 

Cobalt 6020 NE 0.000109 (0.001) J 0.00517 0.000355 (0.001) B, J 0.000182 (0.001) B, B3, J 

Copper 6020 NE 0.000937 (0.001) J 0.0027 0.00134 0.00175 

Iron 6020 NE 0.166 2.48 0.238 0.178 

Lead 6020 NE 0.000188 (0.002) B2, J 0.000767 (0.002) B2, J 0.000163 (0.002) J 0.000162 (0.002) B2, J 

Mercury 7470A 0.002 ND (0.000047) ND (0.000047) B3, UJ ND (0.000047) B3, UJ ND (0.000047) B3, UJ 

Nickel 6020 NE 0.000501 (0.002) B2, J 0.485 0.00931 0.00342 

Selenium 6020 0.05 0.00192 (0.005) J 0.00177 (0.005) B3, J 0.00138 (0.005) B3, J 0.00163 (0.005) B3, J 

Silver 6020 NE 0.000066 (0.001) J ND (0.00004) 0.000072 (0.001) J ND (0.00004) 

Thallium 6020 0.002 0.000308 (0.0005) J 0.000059 (0.0005) J ND (0.00002) 0.000051 (0.0005) J 

Tin 6020 NE ND (0.00082) ND (0.00082) ND (0.00082) 0.000839 (0.005) J 

Vanadium 6020 NE ND (0.00544) ND (0.00544) ND (0.00544) ND (0.00544) 

Zinc 6020 NE 0.00551 (0.010) B, B2, J 0.0152 B2, J 0.0041 (0.010) B, J 0.0627 
Refer to footnotes at end of table. 
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Table 4-10 (Continued) 
Summary of Metal Parameters 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, June 2003 

 
Sample No.: 

Well No.: 
Sample Type: 

Sample Method: 
Laboratory: 

Date Sampled: 

 
062319 

CWL-MW5U 
Duplicate 

Bennett Pump 
GEL 

6-5-03 

 
062322 

CWL-MW6L 
Environmental 

QED Pump 
GEL 

6-4-03 

 
062325 

CWL-MW6U 
Environmental 
Bennett Pump 

GEL 
6-6-03 

 
062396 

CWL-MW7 
Environmental 
Bennett Pump 

GEL 
6-16-03 

 
062399 

CWL-MW8 
Environmental 
Bennett Pump 

GEL 
6-17-03 

 
Parameter 

 
Methoda 

 
MCL 

(mg/L) All results in mg/L 

Antimony 6020 0.006 0.000295 (0.002) B, B3, J ND (0.00028) ND (0.00028) ND (0.00028) ND (0.00028) 

Arsenic 6020 0.01 0.0021 (0.003) B3, J ND (0.001) B3, UJ ND (0.001) B3, UJ ND (0.001) 0.00214 (0.003) B, B2, J 

Barium 6020 2.0 0.0786 0.0574 0.0727 0.0616 0.0615 

Beryllium 6020 0.004 ND (0.00008) ND (0.00008) ND (0.00008) ND (0.00008) ND (0.00008) 

Cadmium 6020 0.005 0.000291 (0.001) B2, J ND (0.00004) 0.000045 (0.001) J ND (0.00004) ND (0.00004) 

Chromium 6020 0.1 ND (0.00038) 0.00157 (0.003) B3, J 0.00439 B2, J ND (0.00038) B3, UJ ND (0.00038) B3, UJ 

Cobalt 6020 NE 0.000187 (0.001) B, B3, J 0.000096 (0.001) B, B3, J 0.000081 (0.001) B, B3, J 0.000187 (0.001) J 0.000448 (0.001) J 

Copper 6020 NE 0.00179 ND (0.00069) 0.000882 (0.001) J ND (0.00069) ND (0.00069) 

Iron 6020 NE 0.192 0.194 0.154 0.314 0.307 

Lead 6020 NE 0.000194 (0.002) B2, J 0.000058 (0.002) J 0.000084 (0.002) B2, J 0.000215 (0.002) B2, J 0.000121 (0.002) J 

Mercury 7470A 0.002 ND (0.000047) B3, UJ ND (0.000047) B3, UJ ND (0.000047) B3, UJ ND (0.000047) 0.000172 (0.0002) J 

Nickel 6020 NE 0.0038 0.00109 (0.002) J 0.00144 (0.002) J 0.000569 (0.002) J 0.001 (0.002) J 

Selenium 6020 0.05 0.00101 (0.005) B3, J 0.00136 (0.005) B3, J 0.00125 (0.005) B3, J 0.00164 (0.005) J 0.00226 (0.005) J 

Silver 6020 NE ND (0.00004) ND (0.00004) ND (0.00004) ND (0.00004) 0.000046 (0.001) J 

Thallium 6020 0.002 0.000045 (0.0005) J ND (0.00002) 0.000039 (0.0005) J 0.00002 (0.0005) J ND (0.00002) 

Tin 6020 NE ND (0.00082) ND (0.00082) ND (0.00082) ND (0.00082) ND (0.00082) 

Vanadium 6020 NE ND (0.00544) ND (0.00544) ND (0.00544) ND (0.00544) ND (0.00544) 

Zinc 6020 NE 0.0909 0.00219 (0.010) B, J 0.0116 B2, J 0.00705 (0.010) B, B2, J 0.00505 (0.010) B, J 
Refer to footnotes at end of table. 
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Table 4-10 (Concluded) 
Summary of Metal Parameters 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, June 2003 

 
If result detected below laboratory quantitation limit, then quantitation limit is indicated in parenthesis. 
aU.S. Environmental Protection Agency, 1990, “Test Methods for Evaluating Solid Waste Physical/Chemical Methods,” SW-846, 3rd ed., U.S. Environmental Protection Agency, Washington, D.C. 
B   = Analyte present in laboratory method blank sample. 
B2   = Analyte present in equipment blank sample. 
B3   = Analyte present in laboratory initial calibration blank or continuing calibration blank. 
BW   = Background well. 
CWL  = Chemical Waste Landfill. 
GEL  = General Engineering Laboratories. 
J   = The associated value is an estimated quantity and/or detected below the practical quantitation limit. 
L   = Lower well completion zone. 
MCL  =  Maximum contamination levels (established by the U.S. EPA Primary Drinking Water Regulations in 40 CFR 141.11(b), subsequent amendments or the New Mexico Environmental  

 Improvement Board in the New Mexico Register, Title 20, Chapter 7, Part 1). 
mg/L  =  Milligram(s) per liter. 
MW  =  Monitoring well. 
ND ( ) =  Analyte not detected (quantitation limit is indicated in parentheses). 
NE   =  Not established. 
U   =  Upper well completion zone. 
UJ   =  The analyte was analyzed for but not detected.  The associated value is an estimate and may be inaccurate or imprecise. 
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Table 4-11 
Summary of Anion, Cation, and Alkalinity Analyses 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, June 2003 

 
 

Sample No.: 
Well No.: 

Sample Type: 
Sample Method: 

Laboratory: 
Date Sampled:

 
062396 

CWL-MW7 
Environmental 
Bennett Pump 

GEL 
6-16-03 

 
062399 

CWL-MW8 
Environmental 
Bennett Pump 

GEL 
6-17-03 

Parameter 
 

Methoda 
MCL 

(mg/L) All results in mg/L 
 
Bromide 

 
9056 NE 0.454 0.892 

 
Chloride 

 
9056 NE 103 98.6 

 
Fluoride 

 
9056 4.0 1.61 1.64 

 
Sulfate 

 
9056 NE 72.8 78.7 

 
Calcium  (dissolved) 

 
6020 NE 114 107 

 
Magnesium 
(dissolved) 

 
6020 NE 27.8 J 28.7 

 
Potassium (dissolved) 

 
6020 NE 6.68 6.39 

 
Sodium   (dissolved) 

 
6020 NE 76.8 J 92.6 J 

 
Alkalinity 

 
310.1 NE 352 193 

 
aU.S. Environmental Protection Agency, 1990, “Test Methods for Evaluating Solid Waste Physical/Chemical Methods,” SW-846, 3rd ed., U.S. 
Environmental Protection Agency, Washington, D.C. 
GEL  = General Engineering Laboratories. 
J   = The associated value is an estimated quantity and/or detected below the practical quantitation limit. 
MCL  = Maximum contamination levels (established by the U.S. EPA Primary Drinking Water Regulations in 40 CFR 141.11(b), subsequent 

amendments or the New Mexico Environmental Improvement Board in the New Mexico Register, Title 20, Chapter 7, Part 1). 
mg/L  =  Milligram(s) per liter. 
MW  =  Monitoring well. 
NE   =  Not established. 



 

AL/12-04/WP/SNL04:r5609-g.doc  840857.01.07 12/17/04 8:53 AM G-74

Table 5-1 
Monitoring Well Groundwater Elevations 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, December 2003 and March 2004 

 

 
 
 

Well Number 

Measuring 
Point 

Elevation 
(famsl) 

Depth to 
Watera  
(feet) 

 
Groundwater 

Elevation 
(famsl) 

 
Total Well 

Depthb 
(feet) 

 
Bottom of 

Well 
Elevation 
(famsl) 

 
Static 
Water 
Heightc 
(feet) 

December 2003 
 
CWL-MW7 

 
5419.51 

 
507.12 

 
4912.39 

 
643.00 

 
4773.79 

 
138.60 

 
CWL-MW8 

 
5419.26 

 
507.38 

 
4911.88 

 
637.00 

 
4779.92 

 
131.96 

February and March 2004 
 
CWL-BW3 

 
5430.23 

 
499.20 

 
4931.03 

 
507.48 

 
4921.05 

 
9.98 

 
CWL-BW4A 

 
5431.36 

 
499.43 

 
4931.93 

 
510.00 

 
4919.24 

 
12.69 

 
CWL-MW1A 

 
5421.49 

 
NM 

 
NM 

 
495.00 

 
4925.41 

 
NC 

 
CWL-MW2A 

 
5418.58 

 
NM 

 
NM 

 
495.00 

 
4922.08 

 
NC 

 
CWL-MW2BL 

 
5419.39 

 
493.85 

 
4925.54 

 
557.50 

 
4859.87 

 
65.67 

 
CWL-MW2BU 

 
5419.42 

 
489.55 

 
4929.87 

 
501.00 

 
4916.37 

 
13.50 

 
CWL-MW3A 

 
5417.78 

 
NM 

 
NM 

 
492.00 

 
4924.38 

 
NC 

 
CWL-MW4 

 
5420.33 

 
492.86 

 
4927.47 

 
503.00 

 
4915.38 

 
12.09 

 
CWL-MW5L 

 
5415.80 

 
490.82 

 
4924.98 

 
558.00 

 
4856.02 

 
68.96 

 
CWL-MW5U 

 
5416.01 

 
486.22 

 
4929.79 

 
502.00 

 
4912.02 

 
17.77 

 
CWL-MW6L 

 
5417.13 

 
492.53 

 
4924.60 

 
564.00 

 
4850.65 

 
73.95 

 
CWL-MW6U 

 
5416.78 

 
486.88 

 
4929.90 

 
502.00 

 
4912.65 

 
17.25 

 
CWL-MW7 

 
5419.51 

 
507.51 

 
4912.00 

 
643.00 

 
4773.79 

 
138.21 

 
CWL-MW8 

 
5419.26 

 
507.30 

 
4911.96 

 
637.00 

 
4779.92 

 
132.04 

 
aMeasurements transcribed from Groundwater Sample Collection Logs. 
bDerived from well completion logs. 
cCalculated as difference between depth to water and bottom of well. 
BW = Background well. 
CWL = Chemical Waste Landfill. 
famsl = Feet above mean sea level.  Measured from top of casing. 
L = Lower well completion zone. 
MW = Monitoring well. 
NC = Not calculated. 
NM = Not measured.  CWL-MW1A and CWL-MW3A are dry wells, and CWL-MW2A was damaged in  

December 2003.  
U = Upper well completion zone. 
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Table 5-2 
Volumes Purged from Monitoring Wells 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, December 2003 and March 2004 

 

 
 

Well Number 

 
Volume Purgeda 

(gal) 

 
Time Pumped 

(minutes) 

Average Pump 
Rate 

(gal/minute) 

 
Well Pumped to 

Dryness 
December 2003 
 
CWL-MW7 

 
395 

 
240 

 
1.65 

 
No 

 
CWL-MW8 

 
380 

 
240 

 
1.58 

 
No 

February and March 2004 
 
CWL-BW3 

 
16 

 
48 

 
0.33 

 
Yes 

 
CWL-BW4A 

 
19 

 
55 

 
0.35 

 
Yes 

 
CWL-MW2BL 

 
515 

 
270 

 
1.91 

 
No 

 
CWL-MW2BU 

 
1,000 mL 

 
16 

 
62.50 mL/minute 

 
No 

 
CWL-MW4 

 
69 

 
127 

 
0.54 

 
No 

 
CWL-MW5L 

 
9,000 mL 

 
96 

 
93.75 mL/minute 

 
No 

 
CWL-MW5U 

 
19 

 
50 

 
0.38 

 
Yes 

 
CWL-MW6L 

 
9,000 mL 

 
131 

 
68.70 mL/minute 

 
No 

 
CWL-MW6U 

 
20 

 
45 

 
0.44 

 
Yes 

 
CWL-MW7 

 
402 

 
247 

 
1.63 

 
No 

 
CWL-MW8 

 
385 

 
242 

 
1.59 

 
No 

 
aVolume of groundwater purged before sampling. 
BW = Background well. 
CWL = Chemical waste landfill. 
gal = Gallon(s). 
L = Lower well completion zone. 
mL = Milliliter(s). 
MW = Monitoring well. 
U = Upper well completion zone. 
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Table 5-3 
Summary of Field Measurements 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, December 2003 and March 2004 

 
 

 
Well Number 

 
Measurement Period 

 
pH 

 
Temperature °C 

SC 
(µmhos/cm) 

Turbidity 
(NTU) 

December 2003 
 
CWL-MW7 

 
Purge measurementsa: 

 
 

 
6.93 
6.93 
6.93 

 

 
17.2 
17.2 
17.3 

 

 
872 
871 
872 

 

 
4.82 
4.81 
4.82 

 
CWL-MW8 

 
Purge measurementsa: 

 
 

 
6.82 
6.83 
6.83 

 

 
21.03 
21.02 
21.03 

 

 
850 
850 
850 

 

 
2.43 
2.44 
2.43 

February and March 2004 
 
CWL-BW3 

 
Purge measurementsa: 

 
 

 
7.64 
7.67 
7.67 

 

 
14.82 
14.80 
14.80 

 

 
952 
951 
951 

 

 
13.1 
14.0 
14.0 

 
CWL-BW4A 

 
Purge measurementsa: 

 
 

 
7.24 
7.26 
7.29 

 

 
14.52 
14.76 
14.95 

 

 
991 
984 
980 

 

 
3.72 
3.34 
3.37 

 
CWL-MW2BL 

 
Purge measurementsa: 

 
 

 
7.14 
7.14 
7.14 

 

 
18.81 
18.85 
18.83 

 

 
1,020 
1,025 
1,022 

 

 
0.76 
0.72 
0.71 

 
CWL-MW2BU 

 
Purge measurementsa: 

 
 

 
8.03 
8.01 
8.00 

 

 
10.2 
10.3 
10.4 

 

 
990 
981 
986 

 

 
NM 
NM 
NM 

 
CWL-MW4 

 
Purge measurementsa: 

 
 

 
7.27 
7.27 
7.27 

 

 
17.09 
17.25 
17.11 

 

 
912 
912 
911 

 

 
12.8 
14.2 
13.4 

 
CWL-MW5L 

 
Purge measurementsa: 

 
 

 
7.00 
7.00 
7.00 

 

 
13.6 
13.7 
13.8 

 

 
1,116 
1,082 
1,085 

 

 
1.23 
1.20 
1.23 

 
CWL-MW5U 

 
Purge measurementsa: 

 
 

 
7.36 
7.38 
7.38 

 

 
14.32 
15.31 
15.12 

 

 
890 
892 
892 

 

 
0.22 
0.21 
0.18 

Refer to footnotes at end of table. 
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Table 5-3 (Concluded) 
Summary of Field Measurements 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, December 2003 and March 2004 

 
 

 
Well Number 

 
Measurement Period 

 
pH 

 
Temperature °C 

SC 
(µmhos/cm) 

Turbidity 
(NTU) 

 
CWL-MW6L 

 
Purge measurementsa: 

 
 

 
6.91 
6.91 
6.91 

 

 
13.4 
13.0 
12.9 

 

 
1,233 
1,221 
1,220 

 

 
0.71 
0.75 
0.75 

 
CWL-MW6U 

 
Purge measurementsa: 

 
 

 
7.38 
7.36 
7.36 

 

 
12.86 
13.43 
13.84 

 

 
906 
905 
906 

 

 
0.28 
0.38 
0.21 

 
CWL-MW7 

 
Purge measurementsa: 

 
 

 
7.21 
7.21 
7.22 

 

 
20.14 
20.09 
20.05 

 

 
892 
894 
898 

 

 
1.15 
1.01 
1.27 

 
CWL-MW8 

 
Purge measurementsa: 

 
 

 
7.25 
7.26 
7.25 

 

 
19.60 
19.54 
19.64 

 

 
898 
899 
898 

 

 
0.71 
0.55 
0.54 

aLast three water quality measurements prior to sampling.  For complete record reference Attachment A. 
BW = Background well. 
°C = Degrees Celsius. 
CWL = Chemical Waste Landfill. 
L = Lower well completion zone. 
µmhos/cm = Micromhos per centimeter. 
MW = Monitoring well. 
NM = Not measured. 
NTU = Nephelometric turbidity units. 
SC = Specific conductance. 
U = Upper well completion zone. 
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Table 5-4 
Sample Number Identification 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, December 2003 and March 2004 

 
 

Sample 
Identification ARCOC 

Sample  
Number 

Date  
Sampled Laboratory 

Sample  
Type 

CWL-MW7 606967 063574 12-15-03 GEL Environmental Sample 

CWL-MW7 606967 063575 12-15-03 GEL Duplicate Sample 

CWL-MW8 606969 063578 12-16-03 GEL Environmental Sample 

CWL-EB1 606966 063572 12-15-03 GEL Equipment Blank 

CWL-EB2 606968 063576 12-16-03 GEL Equipment Blank 

CWL-BW3 607197 064191 2-27-04 GEL Environmental Sample 

CWL-BW4A 607198 064193 2-26-04 GEL Environmental Sample 

CWL-MW2BL 607199 064195 3-4-04 GEL Environmental Sample 

CWL-MW2BU 607200 064197 3-5-04 GEL Environmental Sample 

CWL-MW4 607201 064199 3-2-04 GEL Environmental Sample 

CWL-MW5L 607202 064201 3-2-04 GEL Environmental Sample 

CWL-MW5U 607203 064204 2-24-04 GEL Environmental Sample 

CWL-MW6L 607204 064206 3-3-04 GEL Environmental Sample 

CWL-MW6U 607206 064210 2-25-04 GEL Environmental Sample 

CWL-MW6U 607206 064211 2-25-04 GEL Duplicate Sample 

CWL-MW7 607208 064125 3-3-04 GEL Environmental Sample 

CWL-MW7 607208 064126 3-3-04 GEL Duplicate Sample 

CWL-MW8 607210 064220 3-1-04 GEL Environmental Sample 

CWL-MW6U-EB 607205 064208 2-24-04 GEL Equipment Blank 

CWL-MW7-EB 607207 064213 3-1-04 GEL Equipment Blank 

CWL-MW8-EB 607209 064218 3-1-04 GEL Equipment Blank 

CWL-FB1 607202 064202 3-2-04 GEL Field Blank 

CWL-FB2 607210 064221 3-1-04 GEL Field Blank 

 
ARCOC = Analysis Request and Chain of Custody Record. 
BW = Background well. 
CWL = Chemical Waste Landfill. 
GEL = General Engineering Laboratories. 
EB = Equipment blank sample. 
FB = Field blank sample. 
L = Lower well completion zone. 
MW = Monitoring well. 
U = Upper well completion zone. 
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Table 5-5 
Analysis, Methods, Sample Containers, Preservatives, and Holding Times 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, December 2003 and March 2004 

 
 

 
Analysis 

 
Methoda 

Container Type/ 
Volume/Preservative 

 
Holding Time 

Appendix IX Volatile Organic 
Compounds 

8260B Glass; 3 x 40 mL; HCl, 4°C 14 days 

Appendix IX Semi-volatile 
Organic Compounds 

8270C Amber Glass; 4 x 1 L; 4°C 7 days 

Appendix IX Chlorinated 
Herbicides 

8151A Amber Glass; 4 x 1 L; 4°C 7 days 

Appendix IX Polychlorinated 
Biphenyls 

8082 Amber Glass; 4 x 1 L; 4°C 7 days 

Appendix IX metals + iron 6020/7470A Polyethylene; 500 mL; HNO3, 4°C 28 days/180 daysb

Total chromium and nickel 6020 Polyethylene; 500 mL; HNO3, 4°C 180 days 

Dissolved chromium and 
nickel 

6020 Polyethylene; 250 mL; HNO3, 4°C 180 days 

Cyanide 9012A Polyethylene; 500 mL; NaOH, 
4°C 

28 days 

Sulfide 9034 Polyethylene; 500 mL; NaOH, 
4°C 

28 days 

Anions (bromide, chloride, 
fluoride, sulfate) 

9056 Polyethylene; 250 mL; 4°C 28 days 

Cations (calcium, 
magnesium, potassium, 
sodium) 

6020 Polyethylene; 500 mL; HNO3, 4°C 180 days 

Alkalinity 310.1 Polyethylene; 500 mL; 4°C 14 days 

Hexavalent chromium HACH 8023 Glass beaker; 50 mL 24 hours 
 
aU.S. Environmental Protection Agency, 1990, “Test Methods for Evaluating Solid Waste 
Physical/Chemical Methods,” SW-846, 3rd ed., U.S. Environmental Protection Agency, Washington, D.C. 
bHolding time for mercury is 28 days; all other metals are 180 days. 
°C = Degrees Celsius. 
HCl = Hydrochloric acid. 
HNO3 = Nitric acid. 
L = Liter(s). 
mL = Milliliter(s). 
NaOH = Sodium hydroxide. 
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Table 5-6 
List of Volatile Organic Compounds Analyzed 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, December 2003 and March 2004 

 
 

 
EPA Test Method 8260Ba  

(Appendix IX List)b 
MDL 
(µg/L) 

 
MCL 
(µg/L) 

 
EPA Test Method 8260Ba 

(Appendix IX List)b 
MDL 
(µg/L) 

 
MCL 
(µg/L) 

1,1,1,2-Tetrachloroethane                0.300 NE Carbon tetrachloride               0.290 5.0 

1,1,1-Trichloroethane                    0.340 200 Chlorobenzene                        0.320 100 

1,1,2,2-Tetrachloroethane                0.490 NE Chloroethane                          0.500 NE 

1,1,2-Trichloroethane                    0.440 5.0 Chloroform                              0.360 NE 

1,1-Dichloroethane                       0.410 NE Chloromethane                       0.500 NE 

1,1-Dichloroethene                       0.410 7.0 Chloroprene 0.200 NE 

1,2,3-Trichloropropane                   0.600 NE Dibromochloromethane           0.290 NE 

1,2,4-Trichlorobenzene                   0.420 70 Dibromomethane                    0.500 NE 

1,2-Dibromo-3-chloropropane              0.750 0.2 Dichlorodifluoromethane         0.430 NE 

1,2-Dibromoethane                        0.250 0.05 Ethyl benzene                         0.210 700 

1,2-Dichloroethane                       0.290 5.0 Ethyl cyanide 1.22 NE 

1,2-Dichloropropane                      0.250 5.0 Ethyl methacrylate                  1.00 NE 

2-Butanone                               2.31 NE Iodomethane                           1.88 NE 

2-Hexanone                               1.45 NE Isobutanol 10.5 NE 

4-methyl-, 2-Pentanone                   1.78 NE Methacrylonitrile                      1.01 NE 

Acetone                                  4.50 NE Methyl methacrylate                1.11 NE 

Acetonitrile                             10.4 NE Methylene chloride                 3.30 5.0 

Acrolein                                 4.06 NE Pentachloroethane                  4.50 NE 

Acrylonitrile                            2.00 NE Styrene                                  0.250 100 

Allyl chloride                           1.0 NE Tetrachloroethene                   0.330 5.0 

Benzene                                  0.330 5.0 Toluene                                  0.390 1,000 

Bromodichloromethane                     0.380 NE Trichloroethene                      0.360 5.0 

Bromoform                                0.500 NE Trichlorofluoromethane           0.500 NE 

Bromomethane                             0.500 NE Vinyl acetate                           1.32 NE 

Carbon disulfide                         1.91 NE Vinyl chloride                           0.550 2.0 
 
Refer to footnotes at end of table. 
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Table 5-6 (Concluded) 
List of Volatile Organic Compounds Analyzed 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, December 2003 and March 2004 

 
 

 
EPA Test Method 8260Ba 

(Appendix IX List)b 
MDL 
(µg/L) 

 
MCL 
(µg/L) 

 
EPA Test Method 8260Ba 

(Appendix IX List)b 
MDL 
(µg/L) 

 
MCL 
(µg/L) 

Xylenes (Total)                                   0.250 10,000 trans-1,2-Dichloroethene        0.370 100 

Bis(2-Chloroisopropyl)ether                1.00 NE trans-1,3-Dichloropropene      0.290 NE 

cis-1,3-Dichloropropene                  0.300 NE trans-1,4-Dichloro-2-butene   1.17 NE 

 
aU.S. Environmental Protection Agency, 1990, “Test Methods for Evaluating Solid Waste Physical/Chemical Methods,” SW-846, 3rd 
ed., U.S. Environmental Protection Agency, Washington, D.C. 
bTitle 40 Code of Federal Regulations (CFR), Part 264, Standards for Owners and Operators of Hazardous Waste Treatment, 
Storage, and Disposal Facilities, Appendix IX, Groundwater Monitoring List. 
EPA = U.S. Environmental Protection Agency. 
MCL = Maximum contaminant levels (established by the U.S. EPA Primary Drinking Water Regulations in 40 CFR 141.11(b), 

subsequent amendments, or the New Mexico Environmental Improvement Board in the New Mexico Register, Title 20, 
Chapter 7, Part 1). 

MDL = The method detection level of an analyte that can be determined, but not quantified, with 99% confidence. 
µg/L = Microgram(s) per liter. 
NE = Not established. 
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Table 5-7 
List of Semi-Volatile Organic Compounds Analyzed 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, December 2003 and March 2004 

 
 

EPA Test Method 8270Ca  
(Appendix IX List)b 

MDL 
(µg/L) 

 
MCL 
(µg/L) 

 
EPA Test Method 8270Ca 

(Appendix IX List)b 
MDL 
(µg/L) 

 
MCL 
(µg/L) 

alpha-alpha 
Dimethylphenethylamine 3.34 - 3.95 NE 2-Nitroaniline 0.621 - 0.736 NE 

1,2,4,5-Tetrachlorobenzene 1.17 - 1.39 NE 2-Nitrophenol 0.573 - 0.678 NE 

1,2,4-Trichlorobenzene 0.689 - 0.816 70 3,3'-Dichlorobenzidine 0.495 - 0.586 NE 

1,2-Dichlorobenzene 0.398 - 0.471 600 3,3'-Dimethylbenzidine 1.66 - 1.97 NE 

1,2-Diphenylhydrazine 0.835 - 0.989 NE 3-Methylcholanthrene 1.83 - 2.17 NE 

1,3,5-Trinitrobenzene 4.85 - 5.75 NE 3-Nitroaniline 0.971 - 1.15 NE 

1,3-Dichlorobenzene 0.398 - 0.471 NE 3-benzodioxole, 5-(2-Propenyl)-1 1.09 - 1.29 NE 

1,3-Dinitrobenzene 4.85 - 5.75 NE 4-Aminobiphenyl 1.59 - 1.89 NE 

1,4-Dichlorobenzene 0.301 - 0.356 75 4-Bromophenyl phenyl ether 1.18 - 1.4 NE 

1,4-Dioxane 4.85 - 5.75 NE 4-Chloro-3-methylphenol 0.67 - 0.793 NE 

1,4-Naphthoquinone 1.27 - 1.51 NE 4-Chlorobenzenamine 1.07 - 1.26 NE 

1-Methylnaphthalene 0.485 - 0.575 NE 4-Chlorophenyl phenyl ether 0.816 - 0.966 NE 

1-Naphthylamine 0.709 - 0.839 NE 4-Dimethylaminoazobenzene 2.1 - 2.48 NE 

2,3,4,6-Tetrachlorophenol 1.35 - 1.6 NE 4-Nitroaniline 0.65 - 0.77 NE 

2,4,5-Trichlorophenol 0.942 - 1.11 NE 4-Nitrophenol 4.85 - 5.75 NE 

2,4,6-Trichlorophenol 0.379 - 0.448 NE 4-Nitroquinoline-1-oxide 2.14 - 2.53 NE 

2,4-Dichlorophenol 0.456 - 0.54 NE 5-Nitro-o-toluidine 1.51 - 1.79 NE 

2,4-Dimethylphenol 0.456 - 0.54 NE 7,12-Dimethylbenz(a)anthracene 4.85 - 5.75 NE 

2,4-Dinitrophenol 4.85 - 5.75 NE Acenaphthene 0.485 - 0.575 NE 

2,4-Dinitrotoluene 0.68 - 0.805 NE Acenaphthylene 0.485 - 0.575 NE 

2,6-Dichlorophenol 0.854 - 1.01 NE Acetophenone 0.359 - 0.425 NE 

2,6-Dinitrotoluene 0.485 - 0.575 NE Aniline 1.56 - 1.85 NE 

2-Acetylaminofluorene 0.738 - 0.874 NE Anthracene 0.485 - 0.575 NE 

2-Chloronaphthalene 0.388 - 0.46 NE Aramite 4.85 - 5.75 NE 

2-Chlorophenol 0.398 - 0.471 NE Benzidine 4.85 - 5.75 NE 

2-Methylnaphthalene 0.485 - 0.575 NE Benzo(a)anthracene 0.485 - 0.575 NE 

2-Methylpyridine 0.845 - 1 NE Benzo(a)pyrene 0.485 - 0.575 0.2 

2-Naphthalenamine 1.87 - 2.22 NE Benzo(b)fluoranthene 0.485 - 0.575 NE 

Refer to footnotes at end of table. 
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Table 5-7 (Continued) 
List of Semi-Volatile Organic Compounds Analyzed 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, December 2003 and March 2004 

 
 

EPA Test Method 8270Ca  
(Appendix IX List)b 

MDL 
(µg/L) 

 
MCL 
(µg/L) 

 
EPA Test Method 8270Ca  

(Appendix IX List)b 
MDL 
(µg/L) 

 
MCL 
(µg/L) 

Benzo(ghi)perylene 0.485 - 0.575 NE Hexachloroethane 0.417 - 0.494 NE 

Benzo(k)fluoranthene 0.485 - 0.575 NE Hexachlorophene 243 - 287 NE 

Benzoic acid 9.71 - 11.5 NE Hexachloropropene 1.4 - 1.66 NE 

Benzyl alcohol 0.883 - 1.05 NE Indeno(1,2,3-c,d)pyrene 0.485 - 0.575 NE 

Butylbenzyl phthalate 0.66 - 0.782 NE Isodrin 0.515 - 0.609 NE 

Carbazole 0.485 - 0.575 NE Isophorone 0.573 - 0.678 NE 

Chlorobenzilate 0.612 - 0.724 NE Isosafrole 1.56 - 1.85 NE 

Chrysene 0.485 - 0.575 NE Kepone 0.942 - 1.11 NE 

Di-n-butyl phthalate 0.971 - 1.15 NE Methapyrilene 0.408 - 0.483 NE 

Di-n-octyl phthalate 0.845 - 1 NE Methoxychlor 0.903 - 1.07 40 

Diallate 1.17 - 1.38 NE Methyl methacrylate 3.77 - 4.46 NE 

Dibenz[a,h]anthracene 0.485 - 0.575 NE Methyl methanesulfonate 0.786 - 0.931 NE 

Dibenzofuran 0.408 - 0.483 NE Methyl parathion 1.07 - 1.26 NE 

Diethylphthalate 0.864 - 1.02 NE Naphthalene 0.107 - 0.126 NE 

Dimethoate 0.738 - 0.874 NE Nitro-benzene 0.612 - 0.724 NE 

Dimethylphthalate 0.515 - 0.609 NE O,O,O-Triethylphosphorothioate 1.06 - 1.25 NE 

Dinitro-o-cresol 0.971 - 1.15 NE Parathion 1.19 - 1.41 NE 

Dinoseb 1.24 - 1.47 7.0 Pentachlorobenzene 1.17 - 1.38 NE 

Diphenyl amine 0.767 - 0.908 NE Pentachloroethane 0.981 - 1.16 NE 

Disulfoton 0.748 - 0.885 NE Pentachloronitrobenzene 1.92 - 2.28 NE 

Ethyl methacrylate 0.893 - 1.06 NE Pentachlorophenol 4.85 - 5.75 1.0 

Ethyl methanesulfonate 0.951 - 1.13 NE Phenacetin 1.72 - 2.03 NE 

Famphur 0.718 - 0.851 NE Phenanthrene 0.485 - 0.575 NE 

Fluoranthene 0.485 - 0.575 NE Phenol 0.291 - 0.345 NE 

Fluorene 0.485 - 0.575 NE Phorate 0.456 - 0.54 NE 

Hexachlorobenzene 0.631 - 0.747 1.0 Pronamide 1.69 - 2 NE 

Hexachlorobutadiene 0.311 - 0.368 NE Pyrene 0.485 - 0.575 NE 

Hexachlorocyclopentadiene 0.971 - 1.15 50 Pyridine 4.85 - 5.75 NE 

Refer to footnotes at end of table. 
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Table 5-7 (Continued) 
List of Semi-Volatile Organic Compounds Analyzed 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, December 2003 and March 2004 

 
 

EPA Test Method 8270Ca 
(Appendix IX List)b 

MDL 
(µg/L) 

 
MCL 
(µg/L) 

 
EPA Test Method 8270Ca 

(Appendix IX List)b 
MDL 
(µg/L) 

 
MCL 
(µg/L) 

Sulfotepp 1.04 - 1.23 NE n-Nitrosodimethylamine 4.85 - 5.75 NE 

Thionazin 0.602 - 0.713 NE n-Nitrosodipropylamine 0.728 - 0.862 NE 

Tributylphosphate 0.573 - 0.678 NE n-Nitrosomethylethylamine 1.72 - 2.03 NE 

bis(2-Chloroethoxy)methane 0.466 - 0.552 NE n-Nitrosomorpholine 0.816 - 0.966 NE 

bis(2-Chloroethyl)ether 1.33 - 1.57 NE n-Nitrosopiperidine 4.85 - 5.75 NE 

bis(2-Ethylhexyl)phthalate 1.26 - 1.49 6.0 n-Nitrosopyrrolidine 0.932 - 1.1 NE 

bis-Chloroisopropyl ether 0.777 - 0.92 NE o-Cresol 0.437 - 0.517 NE 

m,p-Cresol 0.573 - 0.678 NE o-Toluidine 0.932 - 1.1 NE 

n-Nitroso-di-n-butylamine 1.04 - 1.23 NE para-Phenylenediamine 4.85 - 5.75 NE 

n-Nitrosodiethylamine 4.85 - 5.75 NE    

 
aU.S. Environmental Protection Agency, 1990, “Test Methods for Evaluating Solid Waste Physical/Chemical Methods,” SW-846, 3rd 
ed., U.S. Environmental Protection Agency, Washington, D.C. 
bTitle 40 Code of Federal Regulations (CFR), Part 264, Standards for Owners and Operators of Hazardous Waste Treatment, 
Storage, and Disposal Facilities, Appendix IX, Groundwater Monitoring List. 
EPA = U.S. Environmental Protection Agency. 
MCL = Maximum contaminant levels (established by the U.S. EPA Primary Drinking Water Regulations in 40 CFR 141.11(b), 

subsequent amendments, or the New Mexico Environmental Improvement Board in the New Mexico Register, Title 20, 
Chapter 7, Part 1). 

MDL = The method detection level of an analyte that can be determined, but not quantified, with 99% confidence. 
µg/L = Microgram(s) per liter. 
NE = Not established. 
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Table 5-8 
List of Chlorinated Herbicides and Polychlorinated Biphenyls Analyzed 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, December 2003 and March 2004 

 
 

Appendix IX Lista 
 

EPA Test Methodb 
MDL 
(µg/L) 

MCL 
(µg/L) 

 
2,4,5-T 

 
8151A 0.0804 – 0.0882 

 
NE 

 
2,4,5-TP 

 
8151A 0.0922 – 0.101 

 
50 

 
2,4-D 

 
8151A 0.0882 – 0.0968 

 
70 

Aroclor 1016 
 

8082 0.0481 - 0.061 
 

0.5 

Aroclor 1221 
 

8082 0.0801 - 0.102 
 

0.5 

Aroclor 1232 
 

8082 0.0481 - 0.061 
 

0.5 

Aroclor 1242 
 

8082 0.0577 - 0.0732 
 

0.5 

Aroclor 1248 
 

8082 0.0481 - 0.061 
 

0.5 

Aroclor 1254 
 

8082 0.0481 - 0.061 
 

0.5 

Aroclor 1260 
 

8082 0.0481 - 0.061 
 

0.5 
 
aTitle 40 Code of Federal Regulations (CFR), Part 264, Standards for Owners and Operators of Hazardous Waste 
Treatment, Storage, and Disposal Facilities, Appendix IX, Groundwater Monitoring List. 
bU.S. Environmental Protection Agency, 1990, “Test Methods for Evaluating Solid Waste Physical/Chemical 
Methods,” SW-846, 3rd ed., U.S. Environmental Protection Agency, Washington, D.C. 
D = Dichlorophenoxyacetic acid. 
EPA = U.S. Environmental Protection Agency. 
MCL = Maximum contaminant levels (established by the U.S. EPA Primary Drinking Water Regulations in 40 CFR 

141.11(b), subsequent amendments, or the New Mexico Environmental Improvement Board in the New 
Mexico Register, Title 20, Chapter 7, Part 1). 

MDL = The method detection level of an analyte that can be determined, but not quantified, with 99% confidence. 
µg/L = Microgram(s) per liter. 
NE = Not established. 
T = Trichlorophenoxyacetic acid. 
TP = Trichlorophenoxypropionic acid. 
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Table 5-9 
List of Metal Parameters Analyzed 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, December 2003 and March 2004 

 
 

Appendix IX Lista 
 

EPA Test Methodb 
MDL 

(mg/L) 
MCL 

(mg/L) 
 
Antimony 

 
6020 0.00028 - 0.0014 

 
0.006 

 
Arsenic 

 
6020 0.001 - 0.005 

 
0.01 

 
Barium 

 
6020 0.00019 - 0.00095 

 
2.0 

 
Beryllium 

 
6020 0.00008 - 0.0004 

 
0.004 

 
Cadmium 

 
6020 0.00004 - 0.0002 

 
0.005 

 
Chromium 

 
6020 0.00038 - 0.0019 

 
0.1 

 
Cobalt 

 
6020 0.00006 - 0.0003 

 
NE 

 
Copper 

 
6020 0.00069 - 0.00345 

 
NE 

 
Ironc 

 
6020 0.0158 - 0.079 

 
NE 

 
Lead 

 
6020 0.00005 - 0.00025 

 
NE 

 
Mercury 

 
7470A 0.000047 

 
0.002 

 
Nickel 

 
6020 0.00007 - 0.00035 

 
NE 

 
Selenium 

 
6020 0.00064 - 0.0032 

 
0.05 

 
Silver 

 
6020 0.00004 - 0.0002 

 
NE 

 
Thallium 

 
6020 0.00002 - 0.0001 

 
0.002 

 
Tin 

 
6020 0.00082 - 0.0041 

 
NE 

 
Vanadium 

 
6020 0.00544 - 0.0272 

 
NE 

 
Zinc 

 
6020 0.00109 - 0.00545 

 
NE 

 
aTitle 40 Code of Federal Regulations (CFR), Part 264, Standards for Owners and Operators of Hazardous Waste 
Treatment, Storage, and Disposal Facilities, Appendix IX, Groundwater Monitoring List. 
bU.S. Environmental Protection Agency, 1990, “Test Methods for Evaluating Solid Waste Physical/Chemical 
Methods,” SW-846, 3rd ed., U.S. Environmental Protection Agency, Washington, D.C. 
cAdditional metal parameter. 
EPA = U.S. Environmental Protection Agency. 
MCL = Maximum contaminant levels (established by the U.S. EPA Primary Drinking Water Regulations in 40 CFR 

141.11(b), subsequent amendments, or the New Mexico Environmental Improvement Board in the New 
Mexico Register, Title 20, Chapter 7, Part 1). 

MDL = The method detection level of an analyte that can be determined, but not quantified, with 99% confidence. 
mg/L = Milligram(s) per liter. 
NE = Not established.  
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Table 5-10 
List of General Chemistry, Cyanide, and Sulfide Parameters Analyzed 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, December 2003 and March 2004 

 
 

Appendix IX Lista 
 

EPA Test Methodb 
MDL 

(mg/L) 
MCL 

(mg/L) 
 
Bromide 

 
9056 

 
0.0978 

 
NE 

 
Chloride 

 
9056 

 
0.322 

 
NE 

 
Fluoride 

 
9056 

 
0.0553 

 
4.0 

 
Sulfate 

 
9056 

 
1.93 

 
NE 

 
Calcium (dissolved) 

 
6020 

 
0.200 

 
NE 

 
Magnesium (dissolved) 

 
6020 

 
0.0317 

 
NE 

 
Potassium (dissolved) 

 
6020 

 
0.0753 

 
NE 

 
Sodium (dissolved) 

 
6020 

 
0.0484 

 
NE 

 
Cyanide 

 
9012A 

 
0.00172 

 
0.2 

 
Sulfide 

 
9034 

 
0.385 

 
NE 

 
Alkalinity 

 
310.1 

 
1.45 

 
NE 

 
aTitle 40 Code of Federal Regulations (CFR), Part 264, Standards for Owners and Operators of Hazardous Waste 
Treatment, Storage, and Disposal Facilities, Appendix IX, Groundwater Monitoring List. 
bU.S. Environmental Protection Agency, 1990, “Test Methods for Evaluating Solid Waste Physical/Chemical 
Methods,” SW-846, 3rd ed., U.S. Environmental Protection Agency, Washington, D.C. 
EPA = U.S. Environmental Protection Agency. 
MCL = Maximum contaminant levels (established by the U.S. EPA Primary Drinking Water Regulations in 40 CFR 

141.11(b), subsequent amendments, or the New Mexico Environmental Improvement Board in the New 
Mexico Register, Title 20, Chapter 7, Part 1). 

MDL = The method detection level of an analyte that can be determined, but not quantified, with 99% confidence. 
mg/L = Milligram(s) per liter. 
NE = Not established.
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Table 5-11 
Summary of Detected Volatile and Semi-Volatile Organic Compounds, Polychlorinated Biphenyls, and Herbicides 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, December 2003 and March 2004 

 

Sample No.:
Well No.:

Sample Type:
Sample Method:

Laboratory:
Date Sampled:

064191 
CWL- BW3 

Environmental 
Bennett Pump 

GEL 
2-27-04 

064193 
CWL-BW4A 

Environmental 
Bennett Pump 

GEL 
2-26-04 

064195 
CWL-MW2BL 
Environmental 
Bennett Pump 

GEL 
3-4-04 

064197 
CWL-MW2BU 
Environmental 

QED Pump 
GEL 

3-5-04 

064199 
CWL-MW4 

Environmental 
Bennett Pump 

GEL 
3-2-04 

 
Parameter 

 
Methoda 

MCL 
(µg/L) 

 
All results in µg/L 

Trichloroethene 8260B 5.0 ND (0.360) UJ ND (0.360) ND (0.360) 1.10 ND (0.360) UJ 

Benzyl alcohol 8270C NE ND (1.02) ND (0.883) ND (0.910) NA 1.76 (11.5) J 

Bis(2-Ethylhexyl)phthalate 8270C 6.0 ND (1.46) ND (1.26) 3.35 (10) J NA ND (1.49) 

 
 

Sample No.:
Well No.:

Sample Type:
Sample Method:

Laboratory:
Date Sampled:

064201 
CWL-MW5L 

Environmental 
QED Pump 

GEL 
3-2-04 

064204 
CWL-MW5U 

Environmental 
Bennett Pump 

GEL 
2-24-04 

064206 
CWL-MW6L 

Environmental 
QED Pump 

GEL 
3-3-04 

064210 
CWL-MW6U 

Environmental 
Bennett Pump 

GEL 
2-25-04 

064211 
CWL-MW6U 

Duplicate 
Bennett Pump 

GEL 
2-25-04 

 
Parameter 

 
Methoda 

MCL 
(µg/L) 

 
All results in µg/L 

Trichloroethene 8260B 5.0 ND (0.360) UJ 0.792 (1.0) J ND (0.360) 0.591 (1.0) J 0.622 (1.0) J 

Benzyl alcohol 8270C NE ND (0.883) ND (0.883) ND (0.910) ND (0.892) ND (0.892) 

Bis(2-Ethylhexyl)phthalate 8270C 6.0 ND (1.26) ND (1.26) 3.50 (10) J ND (1.27) ND (1.27) 

Refer to footnotes at end of table. 
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Table 5-11 (Concluded) 
Summary of Detected Volatile and Semi-Volatile Organic Compounds, Polychlorinated Biphenyls, and Herbicides 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, December 2003 and March 2004 

 

Sample No.:
Well No.:

Sample Type:
Sample Method:

Laboratory:
Date Sampled:

063574 
CWL-MW7 

Environmental 
Bennett Pump 

GEL 
12-15-03 

063575 
CWL-MW7 
Duplicate 

Bennett Pump 
GEL 

12-15-03 

064215 
CWL-MW7 

Environmental 
Bennett Pump 

GEL 
3-3-04 

064216 
CWL-MW7 
Duplicate 

Bennett Pump 
GEL 

3-3-04 

063578 
CWL-MW8 

Environmental 
Bennett Pump 

GEL 
12-16-03 

064220 
CWL-MW8 

Environmental 
Bennett Pump 

GEL 
3-1-04 

 
Parameter 

 
Methoda 

MCL 
(µg/L) 

 
All results in µg/L 

Trichloroethene 8260B 5.0 ND (0.360) ND (0.360) ND (0.360) ND (0.360) ND (0.360) ND (0.360) UJ 

Benzyl alcohol 8270C NE NA NA NA NA NA NA 

Bis(2-
Ethylhexyl)phthalate 

8270C 6.0 NA NA NA NA NA NA 

 

If result detected below laboratory quantitation limit, then quantitation limit is indicated in parenthesis. 
aU.S. Environmental Protection Agency, 1990, “Test Methods for Evaluating Solid Waste Physical/Chemical Methods,” SW-846, 3rd ed., U.S. Environmental Protection Agency, Washington, D.C. 
BW  = Background well. 
CWL  = Chemical Waste Landfill. 
GEL  = General Engineering Laboratories. 
J  = The associated value is an estimated quantity and/or detected below the practical quantitation limit. 
L  = Lower well completion zone. 
MCL  = Maximum contamination levels (established by the U.S. EPA Primary Drinking Water Regulations in 40 CFR 141.11(b), subsequent amendments or the New Mexico Environmental  

Improvement Board in the New Mexico Register, Title 20, Chapter 7, Part 1). 
µg/L  = Microgram(s) per liter. 
MW  = Monitoring well. 
ND ( ) = Analyte not detected (quantitation limit is indicated in parentheses). 
U  = Upper well completion zone. 
UJ  = The analyte was analyzed for, but was not detected.  The associated value is an estimate and may be inaccurate or imprecise. 
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Table 5-12 
Summary of Total Metal Parameters 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, December 2003 and March 2004 

 
Sample No.:

Well No.:
Sample Type:

Sample Method:
Laboratory:

Date Sampled:

064191 
CWL- BW3 

Environmental 
Bennett Pump 

GEL 
2-27-04 

064193 
CWL-BW4A 

Environmental 
Bennett Pump 

GEL 
2-26-04 

064195 
CWL-MW2BL 
Environmental 
Bennett Pump 

GEL 
3-4-04 

064197 
CWL-MW2BU 
Environmental 

QED Pump 
GEL 

3-5-04 

 
Parameter 

 
Methoda 

 
MCL  

(mg/L) All results in mg/L 

Antimony 6020 0.006 0.000315 (0.002) J ND (0.00028) ND (0.00028) 0.000512 (0.002) J 

Arsenic 6020 0.01 0.00192 (0.003) B3, J ND (0.001) B3, UJ ND (0.001) 0.0036 B3, J 

Barium 6020 2.0 0.0653 0.0609 0.0577 0.0185 

Beryllium 6020 0.004 ND (0.00008) ND (0.00008) ND (0.00008) ND (0.00008) 

Cadmium 6020 0.005 0.000045 (0.001) J 0.000052 (0.001) J ND (0.00004) 0.000174 (0.001) J 

Chromium 6020 0.1 0.138 A2, J 0.00294 (0.003) B, J 0.00194 (0.003) B, J 0.00262 (0.003) B, J 

Cobalt 6020 NE 0.00165 0.000305 (0.001) J 0.000269 (0.001) J 0.000131 (0.001) J 

Copper 6020 NE 0.0112 0.00142 0.000893 (0.001) B, J 0.00258 

Iron 6020 NE 4.05 0.650 0.561 0.192 

Lead 6020 NE 0.000748 (0.002) J 0.000302 (0.002) J 0.000056 (0.002) J 0.000251 (0.002) J 

Mercury 7470A 0.002 ND (0.000047) ND (0.000047) ND (0.000047) ND (0.000047) 

Nickel 6020 NE 0.421 0.00262 0.00255 0.00268 

Selenium 6020 0.05 0.000963 (0.005) J 0.00117 (0.005) B3, J 0.00226 (0.005) J 0.00359 (0.005) B, B3, J 

Silver 6020 NE 0.000046 (0.001) J ND (0.00004) ND (0.00004) 0.00103 J 

Thallium 6020 0.002 0.000411 (0.0005) J ND (0.00002) 0.000368 (0.0005) J 0.000028 (0.0005) B3, J 

Tin 6020 NE ND (0.00082) ND (0.00082) ND (0.00082) ND (0.00082) 

Vanadium 6020 NE ND (0.00544) ND (0.00544) ND (0.00544) ND (0.00544) 

Zinc 6020 NE 0.020 0.0103 ND (0.00109) 0.00713 (0.010) J 
Refer to footnotes at end of table. 
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Table 5-12 (Continued) 
Summary of Total Metal Parameters 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, December 2003 and March 2004 

 
Sample No.:

Well No.:
Sample Type:

Sample Method:
Laboratory:

Date Sampled:

064199 
CWL-MW4 

Environmental 
Bennett Pump 

GEL 
3-2-04 

064201 
CWL-MW5L 

Environmental 
QED Pump 

GEL 
3-2-04 

064204 
CWL-MW5U  

Environmental 
Bennett Pump 

GEL 
2-24-04 

064206 
CWL-MW6L 

Environmental 
QED Pump 

GEL 
3-3-04 

 
Parameter 

 
Methoda 

 
MCL  

(mg/L) All results in mg/L 

Antimony 6020 0.006 ND (0.00028) ND (0.00028) 0.000299 (0.002) B3, J ND (0.00028) 

Arsenic 6020 0.01 0.0014 (0.003) J 0.00101 (0.003) J ND (0.001) ND (0.001) 

Barium 6020 2.0 0.0643 0.0588 0.0644 0.0552 

Beryllium 6020 0.004 ND (0.00008) ND (0.00008) ND (0.00008) ND (0.00008) 

Cadmium 6020 0.005 0.000134 (0.001) J ND (0.00004) 0.000184 (0.001) J ND (0.00004) 

Chromium 6020 0.1 0.00739 A2,B, B2, J 0.0015 (0.003) A2, B, J 0.00171 (0.003) B, J 0.00556 B, J 

Cobalt 6020 NE 0.00285 0.000284 (0.001) J 0.000149 (0.001) J 0.00026 (0.001) J 

Copper 6020 NE 0.0041 0.000779 (0.001) J 0.00213 0.000926 (0.001) B, J 

Iron 6020 NE 1.62 0.551 0.309 0.572 

Lead 6020 NE 0.000175 (0.002) J ND (0.00005) 0.000348 (0.002) J ND (0.00005) 

Mercury 7470A 0.002 ND (0.000047) ND (0.000047) ND (0.000047) ND (0.000047) 

Nickel 6020 NE 0.213 0.00243 0.00187 (0.002) J 0.00298 

Selenium 6020 0.05 0.00141 (0.005) B3, J 0.00129 (0.005) B3, J 0.00168 (0.005) B, J 0.00271 (0.005) J 

Silver 6020 NE 0.000046 (0.001) J 0.000052 (0.001) J 0.000487 (0.001) J ND (0.00004) 

Thallium 6020 0.002 0.000027 (0.0005) B3, J ND (0.00002) 0.000351 (0.0005) J 0.000036 (0.0005) B, B3, J 

Tin 6020 NE ND (0.00082) ND (0.00082) ND (0.00082) ND (0.00082) 

Vanadium 6020 NE ND (0.00544) ND (0.00544) ND (0.00544) ND (0.00544) 

Zinc 6020 NE 0.00854 (0.010) B, J 0.00251 (0.010) B, J 0.0593 ND (0.00109) 
Refer to footnotes at end of table. 
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Table 5-12 (Continued) 
Summary of Total Metal Parameters 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, December 2003 and March 2004 

 
Sample No.:

Well No.:
Sample Type:

Sample Method:
Laboratory:

Date Sampled:

064210 
CWL-MW6U 

Environmental 
Bennett Pump 

GEL 
2-25-04 

064211 
CWL-MW6U 

Duplicate 
Bennett Pump 

GEL 
2-25-04 

063574 
CWL-MW7 

Environmental 
Bennett Pump 

GEL 
12-15-03 

063575 
CWL-MW7 
Duplicate 

Bennett Pump 
GEL 

12-15-03 

 
Parameter 

 
Methoda 

 
MCL  

(mg/L) All results in mg/L 

Antimony 6020 0.006 0.000289 (0.002) J 0.000347 (0.002) J ND (0.0014)  ND (0.0014)  

Arsenic 6020 0.01 0.00193 (0.003) J 0.00165 (0.003) J ND (0.005) ND (0.005) 

Barium 6020 2.0 0.0663 0.0721 0.0609 0.0629 

Beryllium 6020 0.004 ND (0.00008) ND (0.00008) ND (0.0004) ND (0.0004) 

Cadmium 6020 0.005 0.000055 (0.001) J 0.000059 (0.001) J ND (0.0002) ND (0.0002) 

Chromium 6020 0.1 0.00347 B, B2, J 0.00331 B, B2, J ND (0.0019)  ND (0.0019)  

Cobalt 6020 NE 0.000209 (0.001) J 0.000227 (0.001) J ND (0.0003) ND (0.0003) 

Copper 6020 NE 0.00121 0.0014 0.0043 (0.005) B, J ND (0.00345) 

Iron 6020 NE 0.390 0.436 ND (0.079) 0.340 

Lead 6020 NE 0.000154 (0.002) J 0.000181 (0.002) J 0.00027 (0.010) J ND (0.00025) 

Mercury 7470A 0.002 ND (0.000047) ND (0.000047) ND (0.000047) B3, UJ ND (0.000047) B3, UJ 

Nickel 6020 NE 0.00207 0.00218 0.00192 (0.010) B, J 0.00187 (0.010) B, J 

Selenium 6020 0.05 ND (0.00064) B3, UJ 0.00142 (0.005) B3, J ND (0.0032) 0.00778 (0.025) B2, B3, J 

Silver 6020 NE ND (0.00004) ND (0.00004) ND (0.0002) ND (0.0002) 

Thallium 6020 0.002 0.000139 (0.0005) B2, J 0.000075 (0.0005) B2, B3, J ND (0.0001) ND (0.0001) 

Tin 6020 NE ND (0.00082) ND (0.00082) ND (0.0041) ND (0.0041) 

Vanadium 6020 NE ND (0.00544) ND (0.00544) ND (0.0272) ND (0.0272) 

Zinc 6020 NE 0.00814 (0.010) J 0.00851 (0.010) J ND (0.00545) ND (0.00545) 
Refer to footnotes at end of table. 
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Table 5-12 (Continued) 
Summary of Total Metal Parameters 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, December 2003 and March 2004 

 
Sample No.:

Well No.:
Sample Type:

Sample Method:
Laboratory:

Date Sampled:

064215 
CWL-MW7 

Environmental 
Bennett Pump 

GEL 
3-3-04 

064216 
CWL-MW7 
Duplicate 

Bennett Pump 
GEL 

3-3-04 

063578 
CWL-MW8 

Environmental 
Bennett Pump 

GEL 
12-16-03 

064220 
CWL-MW8 

Environmental 
Bennett Pump 

GEL 
3-1-04 

 
Parameter 

 
Methoda 

 
MCL  

(mg/L) All results in mg/L 

Antimony 6020 0.006 NA NA ND (0.0014)  NA 

Arsenic 6020 0.01 NA NA ND (0.005) NA 

Barium 6020 2.0 NA NA 0.0617 NA 

Beryllium 6020 0.004 NA NA ND (0.0004) NA 

Cadmium 6020 0.005 NA NA ND (0.0002) NA 

Chromium 6020 0.1 0.00259 (0.003) B, J 0.00255 (0.003) B, J ND (0.0019)  0.00219 (0.003) A2, B, B2, J 

Cobalt 6020 NE NA NA ND (0.0003) NA 

Copper 6020 NE NA NA ND (0.00345) NA 

Iron 6020 NE NA NA 0.251 NA 

Lead 6020 NE NA NA ND (0.00025) NA 

Mercury 7470A 0.002 NA NA ND (0.000047) B3, UJ NA 

Nickel 6020 NE 0.00243 0.00237 0.00217 (0.010) B, B2, J 0.00231 B2, J 

Selenium 6020 0.05 NA NA 0.00435 (0.025) B3, J NA 

Silver 6020 NE NA NA ND (0.0002) NA 

Thallium 6020 0.002 NA NA ND (0.0001) NA 

Tin 6020 NE NA NA ND (0.0041) NA 

Vanadium 6020 NE NA NA ND (0.0272) NA 

Zinc 6020 NE NA NA 0.00576 (0.050) B, B2, J NA 
Refer to footnotes at end of table. 
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Table 5-12 (Concluded) 
Summary of Total Metal Parameters 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, December 2003 and March 2004 

 
Values in bold exceed established maximum concentration levels. 
If result detected below laboratory quantitation limit, then quantitation limit is indicated in parenthesis. 
aU.S. Environmental Protection Agency, 1990, “Test Methods for Evaluating Solid Waste Physical/Chemical Methods,” SW-846, 3rd ed., U.S. Environmental Protection Agency, Washington, D.C. 
A2   = Laboratory accuracy and/or bias measurements for the associated matrix spike and/or duplicate do not meet acceptance criteria. 
B   = Analyte present in laboratory method blank sample. 
B2   = Analyte present in equipment blank sample. 
B3   = Analyte present in laboratory initial calibration blank or continuing calibration blank. 
BW   = Background well. 
CWL  = Chemical Waste Landfill. 
GEL  = General Engineering Laboratories. 
J   = The associated value is an estimated quantity and/or detected below the practical quantitation limit. 
L   = Lower well completion zone. 
MCL  =  Maximum contamination levels (established by the U.S. EPA Primary Drinking Water Regulations in 40 CFR 141.11(b), subsequent amendments or the New Mexico Environmental  

 Improvement Board in the New Mexico Register, Title 20, Chapter 7, Part 1). 
mg/L  =  Milligram(s) per liter. 
MW  =  Monitoring well. 
ND ( ) =  Analyte not detected (quantitation limit is indicated in parentheses). 
NE   =  Not established. 
U   =  Upper well completion zone. 
UJ   =  The analyte was analyzed for but not detected.  The associated value is an estimate and may be inaccurate or imprecise. 
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Table 5-13 
Summary of Dissolved Metal Parameters 
Sandia National Laboratories/New Mexico 

Chemical Waste Landfill, December 2003 and March 2004 

Sample No.:
Well No.:

Sample Type:
Sample Method:

Laboratory:
Date Sampled:

064191 
CWL- BW3 

Environmental 
Bennett Pump 

GEL 
2-27-04 

064193 
CWL-BW4A 

Environmental 
Bennett Pump 

GEL 
2-26-04 

064195 
CWL-MW2BL 
Environmental 
Bennett Pump 

GEL 
3-4-04 

064197 
CWL-MW2BU 
Environmental 

QED Pump 
GEL 

3-5-04 

064199 
CWL-MW4 

Environmental 
Bennett Pump 

GEL 
3-2-04 

 
Parameter 

 
Methoda 

MCL 
(mg/L) All results in mg/L 

Chromium 6020 0.1 0.00122 (0.003) A2, B, J 0.00273 (0.003) B, J 0.00243 (0.003) B, J 0.00256 (0.003) B, J 0.00267 (0.003) A2, B, 
J 

 
 
 
 
 

Sample No.:
Well No.:

Sample Type:
Sample Method:

Laboratory:
Date Sampled:

064201 
CWL-MW5L 

Environmental 
QED Pump 

GEL 
3-2-04 

064204 
CWL-MW5U 

Environmental 
Bennett Pump 

GEL 
2-24-04 

064206 
CWL-MW6L 

Environmental 
QED Pump 

GEL 
3-3-04 

064210 
CWL-MW6U 

Environmental 
Bennett Pump 

GEL 
2-25-04 

064211 
CWL-MW6U 

Duplicate 
Bennett Pump 

GEL 
2-25-04 

Parameter Methoda 
MCL 

(mg/L) All results in mg/L 

Chromium 6020 0.1 0.00206 (0.003) A2, B, J 0.00164 (0.003) B, J 0.00198 (0.003) B, J 0.00334 B, J 0.00704 B, J 

Refer to footnotes at end of table. 
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Table 5-13 (Continued) 
Summary of Dissolved Metal Parameters 
Sandia National Laboratories/New Mexico 

Chemical Waste Landfill, December 2003 and March 2004 

Sample No.: 
Well No.: 

Sample Type: 
Sample Method: 

Laboratory: 
Date Sampled: 

063574 
CWL-MW7 

Environmental 
Bennett Pump 

GEL 
12-15-03 

063575 
CWL-MW7 
Duplicate 

Bennett Pump 
GEL 

12-15-03 

064215 
CWL-MW7 

Environmental 
Bennett Pump 

GEL 
3-3-04 

064216 
CWL-MW7 
Duplicate 

Bennett Pump 
GEL 

3-3-04 

063578 
CWL-MW8 

Environmental 
Bennett Pump 

GEL 
12-16-03 

064220 
CWL-MW8 

Environmental 
Bennett Pump 

GEL 
3-1-04 

Parameter Methoda 
MCL 

(mg/L) All results in mg/L 
Antimony 6020 0.006 ND (0.0014) ND (0.0014) NA NA ND (0.0014) NA 

Arsenic 6020 0.01 ND (0.005) ND (0.005) NA NA ND (0.005) NA 

Barium 6020 2.0 0.0636 0.0617 NA NA 0.0615 NA 

Beryllium 6020 0.004 ND (0.0004) ND (0.0004) NA NA ND (0.0004) NA 

Cadmium 6020 0.005 ND (0.0002) ND (0.0002) NA NA ND (0.0002) NA 

Calcium 6020 NE 121 118 NA NA 114 NA 

Chromium 6020 0.1 ND (0.0019) ND (0.0019) 0.00275 (0.003) B, J 0.0027 (0.003) B, J ND (0.0019) 0.00169 (0.003) A2, B, J

Cobalt 6020 NE ND (0.0003) ND (0.0003) NA NA ND (0.003) NA 

Copper 6020 NE ND (0.00345) ND (0.00345) NA NA ND (0.00345) NA 

Iron 6020 NE 0.219 0.251 NA NA 0.202 NA 

Lead 6020 NE ND (0.00025) ND (0.00025) NA NA 0.0003 (0.010) J NA 

Magnesium 6020 NE 26.7 28.4 NA NA 28.3 NA 

Mercury 7470A 0.002 ND (0.000047) ND (0.000047) NA NA ND (0.000047) NA 

Nickel 6020 NE 0.00196 (0.010) B, J 0.00191 (0.010) B, J 0.00244 0.00266 0.00197(0.010) B, B2, J 0.00217 

Potassium 6020 NE 6.55 6.45 NA NA 6.38 NA 

Selenium 6020 0.05 0.00481 (0.025) B3, J ND (0.0032) NA NA 0.00406 (0.025) B3, J NA 

Silver 6020 NE ND (0.0002) ND (0.0002) NA NA ND (0.0002) NA 

Sodium 6020 NE 83.0 78.5 NA NA 81.4 NA 

Thallium 6020 0.002 ND (0.0001) ND (0.0001) NA NA 0.00211 (0.0025) B, J NA 

Tin 6020 NE ND (0.0041) ND (0.0041) NA NA ND (0.0041) NA 

Vanadium 6020 NE ND (0.0272) ND (0.0272) NA NA ND (0.0272) NA 

Zinc 6020 NE 0.00556 (0.050) B, J ND (0.00545) NA NA 0.00773 (0.050) B, B2, J NA 

Refer to footnotes at end of table. 



 

 

A
L/12-04/W

P/SN
L04:r5609-g.doc 

G
-97

 
840857.01.07 12/17/04 8:53 A

M
 

 

Table 5-13 (Concluded) 
Summary of Dissolved Metal Parameters 
Sandia National Laboratories/New Mexico 

Chemical Waste Landfill, December 2003 and March 2004 
 
Values in bold exceed established maximum concentration levels. 
If result detected below laboratory quantitation limit, then quantitation limit is indicated in parenthesis. 
aU.S. Environmental Protection Agency, 1990, “Test Methods for Evaluating Solid Waste Physical/Chemical Methods,” SW-846, 3rd ed., U.S. Environmental Protection Agency, Washington, D.C. 
A2   = Laboratory accuracy and/or bias measurements for the associated matrix spike and/or duplicate do not meet acceptance criteria. 
B   = Analyte present in laboratory method blank sample. 
B2   = Analyte present in equipment blank sample. 
B3   = Analyte present in laboratory initial calibration blank or continuing calibration blank. 
BW   = Background well. 
CWL  = Chemical Waste Landfill. 
GEL  = General Engineering Laboratories. 
J   = The associated value is an estimated quantity and/or detected below the practical quantitation limit. 
L   = Lower well completion zone. 
MCL  =  Maximum contamination levels (established by the U.S. EPA Primary Drinking Water Regulations in 40 CFR 141.11(b), subsequent amendments or the New Mexico Environmental  

 Improvement Board in the New Mexico Register, Title 20, Chapter 7, Part 1). 
mg/L  =  Milligram(s) per liter. 
MW  =  Monitoring well. 
ND ( ) =  Analyte not detected (quantitation limit is indicated in parentheses). 
NE   =  Not established. 
U   =  Upper well completion zone. 
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Table 5-14 
Summary of Total Cyanide and Sulfide Analyses 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, December 2003 and March 2004 

Sample No.:
Well No.:

Sample Type:
Sample Method:

Laboratory:
Date Sampled:

064191 
CWL- BW3 

Environmental 
Bennett Pump 

GEL 
2-27-04 

064193 
CWL-BW4A 

Environmental 
Bennett Pump 

GEL 
2-26-04 

064195 
CWL-MW2BL 
Environmental 
Bennett Pump 

GEL 
3-4-04 

064197 
CWL-MW2BU 
Environmental 

QED Pump 
GEL 

3-5-04 

064199 
CWL-MW4 

Environmental 
Bennett Pump 

GEL 
3-2-04 

 
Parameter 

 
Methoda 

MCL 
(mg/L) All results in mg/L 

Cyanide, total 9012A 0.2 ND (0.00172) ND (0.00172) 0.00573 NA ND (0.00172) 

Sulfides 9034 NE 2.94 ND (0.385) 2.14 (2.50) J NA 3.54 

 

Sample No.:
Well No.:

Sample Type:
Sample Method:

Laboratory:
Date Sampled:

064201 
CWL-MW5L 

Environmental 
QED Pump 

GEL 
3-2-04 

064204 
CWL-MW5U 

Environmental 
Bennett Pump 

GEL 
2-24-04 

064206 
CWL-MW6L 

Environmental 
QED Pump 

GEL 
3-3-04 

064210 
CWL-MW6U 

Environmental 
Bennett Pump 

GEL 
2-25-04 

064211 
CWL-MW6U 

Duplicate 
Bennett Pump 

GEL 
2-25-04 

 
Parameter 

 
Methoda 

MCL 
(mg/L) All results in mg/L 

Cyanide, total 9012A 0.2 0.00681 ND (0.00172) 0.0111 ND (0.00172) ND (0.00172) 

Sulfides 9034 NE 0.735 (2.50) J 1.80 (2.50) J 1.54 (2.50) J 2.40 (2.50) J ND (0.385) 
aU.S. Environmental Protection Agency, 1990, “Test Methods for Evaluating Solid Waste Physical/Chemical Methods,” SW-846, 3rd ed., U.S. Environmental Protection Agency, Washington, D.C. 
BW   = Background well. 
CWL  = Chemical Waste Landfill. 
GEL  = General Engineering Laboratories. 
J   = The associated value is an estimated quantity and/or detected below the practical quantitation limit (indicated in parenthesis). 
L   = Lower well completion zone. 
MCL  =  Maximum contamination levels (established by the U.S. EPA Primary Drinking Water Regulations in 40 CFR 141.11(b), subsequent amendments or the New Mexico Environmental  

 Improvement Board in the New Mexico Register, Title 20, Chapter 7, Part 1). 
mg/L  =  Milligram(s) per liter. 
MW  =  Monitoring well. 
NA   =  Not analyzed. 
ND ( ) =  Analyte not detected (quantitation limit is indicated in parentheses). 
NE   =  Not established. 
U   =  Upper Well completion zone. 
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Table 5-15 
Summary of Anion, Alkalinity, and Hexavalent Chromium Analyses 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, December 2003 and March 2004 

 

Sample No.: 
Well No.: 

Sample Type: 
Sample Method: 

Laboratory: 
Date Sampled: 

063574 
CWL-MW7 

Environmental 
Bennett Pump 

GEL 
12-15-03 

063575 
CWL-MW7 
Duplicate 
Bennett 
Pump 
GEL 

12-15-03 

Field 
CWL-MW7 

Environmental 
Bennett Pump 

GEL 
3-3-04 

063578 
CWL-MW8 

Environmental 
Bennett Pump 

GEL 
12-16-03 

Field 
CWL-MW8 

Environmental 
Bennett Pump 

GEL 
3-1-04 

Parameter 
 

Methoda 
MCL 

(mg/L) 
All results in mg/L 

 
Bromide 

 
9056 NE 0.624 0.609 NA 0.599 NA 

 
Chloride 

 
9056 NE 107 107 NA 104 NA 

 
Fluoride 

 
9056 4.0 1.69 1.71 NA 1.70 NA 

 
Sulfate 

 
9056 NE 77.8 77.3 NA 82.0 NA 

 
Alkalinity 

 
310.1 NE 305 309 NA 305 NA 

 
Hexavalent 
Chromium 

 
HACH 
8023b 

NE NA NA 0.01 NA 0.02 

 
aU.S. Environmental Protection Agency, 1990, “Test Methods for Evaluating Solid Waste Physical/Chemical Methods,” SW-846, 3rd ed., U.S. 
Environmental Protection Agency, Washington, D.C. 
bField analysis performed with HACH model DR/890 Colorimeter. 
CWL  = Chemical Waste Landfill. 
GEL  = General Engineering Laboratories. 
MCL  = Maximum contamination levels (established by the U.S. EPA Primary Drinking Water Regulations in 40 CFR 141.11(b), subsequent 

amendments or the New Mexico Environmental Improvement Board in the New Mexico Register, Title 20, Chapter 7, Part 1). 
mg/L  =  Milligram(s) per liter. 
MW  =  Monitoring well. 
NA   =  Not analyzed. 
NE   =  Not established. 
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Table 6-1 
Monitoring Well Groundwater Elevations 
Sandia National Laboratories/New Mexico 

Chemical Waste Landfill, May 2004 
 

 
 
 

Well Number 

Measuring 
Point 

Elevation 
(famsl) 

Depth to 
Watera  
(feet) 

 
Groundwater 

Elevation 
(famsl) 

 
Total Well 

Depthb 
(feet) 

 
Bottom of 

Well 
Elevation 

(famsl) 

 
Static 
Water 
Heightc 
(feet) 

 
CWL-BW3 

 
5430.23 

 
499.30 

 
4930.93 

 
507.48 

 
4921.05 

 
9.88 

 
CWL-BW4A 

 
5431.36 

 
499.68 

 
4931.68 

 
510.00 

 
4919.24 

 
12.44 

 
CWL-MW1A 

 
5421.49 

 
NA 

 
NA 

 
495.00 

 
4925.41 

 
NC 

 
CWL-MW2A 

 
5418.58 

 
NA 

 
NA 

 
495.00 

 
4922.08 

 
NC 

 
CWL-MW2BL 

 
5419.39 

 
494.29 

 
4925.10 

 
557.50 

 
4859.87 

 
65.23 

 
CWL-MW2BU 

 
5419.42 

 
NA 

 
NA 

 
501.00 

 
4916.37 

 
NC 

 
CWL-MW3A 

 
5417.78 

 
NA 

 
NA 

 
492.00 

 
4924.38 

 
NC 

 
CWL-MW4 

 
5420.33 

 
493.04 

 
4927.29 

 
503.00 

 
4915.38 

 
11.91 

 
CWL-MW5L 

 
5415.80 

 
491.09 

 
4924.71 

 
558.00 

 
4856.02 

 
68.69 

 
CWL-MW5U 

 
5416.01 

 
486.69 

 
4929.32 

 
502.00 

 
4912.02 

 
17.30 

 
CWL-MW6L 

 
5417.13 

 
492.80 

 
4924.33 

 
564.00 

 
4850.65 

 
73.68 

 
CWL-MW6U 

 
5416.78 

 
487.28 

 
4929.50 

 
502.00 

 
4912.65 

 
16.85 

 
CWL-MW7 

 
5419.51 

 
507.65 

 
4911.86 

 
643.00 

 
4773.79 

 
138.07 

 
CWL-MW8 

 
5419.26 

 
507.37 

 
4911.89 

 
637.00 

 
4779.92 

 
131.97 

 
aMeasurements transcribed from Groundwater Sample Collection Logs. 
bDerived from well completion logs. 
cCalculated as difference between depth to water and bottom of well. 
BW = Background well. 
CWL = Chemical Waste Landfill. 
famsl = Feet above mean sea level.  Measured from top of casing. 
L = Lower well completion zone. 
NA = Not applicable since CWL-MW1A and CWL-MW3A are dry wells, CWL-MW2A  
  was damaged in December 2003, and water level meter became entangled with CWL-MW2BU pump system. 
NC = Not calculated. 
MW = Monitoring well. 
U = Upper well completion zone. 
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Table 6-2 
Volumes Purged from Monitoring Wells 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, May 2004 

 

 
 

Well Number 

 
Volume Purgeda 

(gal) 

 
Time Pumped 

(minutes) 

Average Pump 
Rate 

(gal/minute) 

 
Well Pumped to 

Dryness 
 
CWL-BW3 

 
14 

 
36 

 
0.39 

 
Yes 

 
CWL-BW4A 

 
15 

 
41 

 
0.37 

 
Yes 

 
CWL-MW2BL 

 
505 

 
299 

 
1.69 

 
No 

 
CWL-MW2BU 

 
1,200 mL 

 
20 

 
60 mL/minute 

 
Yes 

 
CWL-MW4 

 
54 

 
98 

 
0.55 

 
No 

 
CWL-MW5L 

 
9,500 mL 

 
131 

 
72.52 mL/minute 

 
No 

 
CWL-MW5U 

 
22 

 
45 

 
0.49 

 
Yes 

 
CWL-MW6L 

 
9,000 mL 

 
176 

 
51.14 mL/minute 

 
No 

 
CWL-MW6U 

 
26 

 
59 

 
0.44 

 
Yes 

 
CWL-MW7 

 
400 

 
242 

 
1.65 

 
No 

 
CWL-MW8 

 
385 

 
224 

 
1.72 

 
No 

 
aVolume of groundwater purged before sampling. 
BW = Background well. 
CWL = Chemical Waste Landfill. 
gal = Gallon(s). 
L = Lower well completion zone. 
mL = Milliliter(s). 
MW = Monitoring well. 
U = Upper well completion zone. 
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Table 6-3 
Summary of Field Measurements 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, May 2004 

 
 

Well Number 
 

Measurement Period 
 

pH 
 

Temperature °C 
SC 

(µmhos/cm) 
Turbidity 

(NTU) 
 
CWL-BW3 

 
Purge measurementsa: 

 
 

 
NM 
7.32 
7.33 

 

 
NM 

19.13 
19.36 

 

 
NM 
978 
978 

 

 
NM 
5.51 
4.99 

 
CWL-BW4A 

 
Purge measurementsa: 

 
 

 
6.94 
6.90 
6.90 

 

 
18.73 
19.10 
19.35 

 

 
1,075 
1,075 
1,074 

 

 
2.72 
2.48 
2.45 

 
CWL-MW2BL 

 
Purge measurementsa: 

 
 

 
6.81 
6.81 
6.81 

 

 
22.20 
22.20 
22.25 

 

 
1,104 
1,104 
1,104 

 

 
0.62 
0.65 
0.71 

 
CWL-MW2BU 

 
Purge measurementsa: 

 
 

 
8.41 
8.27 
8.25 

 

 
17.33 
17.72 
17.69 

 

 
888 
867 
867 

 

 
2.68 
2.20 
2.17 

 
CWL-MW4 

 
Purge measurementsa: 

 
 

 
6.86 
6.86 
6.87 

 

 
20.25 
20.28 
20.31 

 

 
986 
985 
986 

 

 
9.99 
8.87 
8.45 

 
CWL-MW5L 

 
Purge measurementsa: 

 
 

 
7.81 
7.79 
7.81 

 

 
15.63 
15.75 
15.76 

 

 
1,072 
1,070 
1,071 

 

 
1.06 
1.03 
1.04 

 
CWL-MW5U 

 
Purge measurementsa: 

 
 

 
6.91 
6.92 
6.92 

 

 
18.9 
19.3 
19.5 

 

 
1,013 
1,007 
999 

 

 
0.48 
0.30 
0.31 

 
CWL-MW6L 

 
Purge measurementsa: 

 
 

 
7.47 
7.39 
7.38 

 

 
20.85 
20.89 
20.97 

 

 
897 
874 
891 

 

 
1.05 
0.98 
0.67 

 
CWL-MW6U 

 
Purge measurementsa: 

 
 

 
6.98 
6.97 
6.98 

 

 
19.6 
20.4 
20.5 

 

 
953 
953 
953 

 

 
1.71 
0.38 
0.46 

Refer to footnotes at end of table. 
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Table 6-3 (Concluded) 
Summary of Field Measurements 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, May 2004 

 
 

Well Number 
 

Measurement Period 
 

pH 
 

Temperature °C 
SC 

(µmhos/cm) 
Turbidity 

(NTU) 
 
CWL-MW7 

 
Purge measurementsa: 

 
 

 
6.89 
6.89 
6.89 

 

 
22.67 
22.68 
22.75 

 

 
987 
987 
986 

 

 
1.33 
1.28 
1.26 

 
CWL-MW8 

 
Purge measurementsa: 

 
 

 
6.86 
6.86 
6.86 

 

 
22.36 
22.40 
22.38 

 

 
975 
975 
976 

 

 
0.66 
0.59 
0.67 

aLast three water quality measurements prior to sampling.  For complete record reference Attachment C. 
BW  = Background well. 
°C  = Degrees Celsius. 
CWL  = Chemical Waste Landfill. 
L  = Lower well completion zone. 
µmhos/cm = micro-mohs per centimeter 
MW  = Monitoring well. 
NM  = Not measured. 
NTU  = Nephelometric turbidity units. 
SC  = Specific conductance. 
U  = Upper well completion zone. 

 



 

AL/12-04/WP/SNL04:r5609-g.doc  840857.01.07 12/17/04 8:53 AM G-104

Table 6-4 
Sample Number Identification 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, May 2004 

 
Sample 

Identification ARCOC 
Sample  
Number 

Date  
Sampled Laboratory 

Sample  
Type 

CWL-BW3 607502 064860 5-6-04 GEL Environmental Sample 

CWL-BW4A 607503 064862 5-7-04 GEL Environmental Sample 

CWL-MW2BL 607504 064864 5-24-04 GEL Environmental Sample 

CWL-MW2BU 607505 064866 5-18-04 GEL Environmental Sample 

CWL-MW4 607506 064868 5-12-04 GEL Environmental Sample 

CWL-MW5L 607507 064870 5-14-04 GEL Environmental Sample 

CWL-MW5U 607508 064872 5-4-04 GEL Environmental Sample 

CWL-MW6L 607509 064874 5-17-04 GEL Environmental Sample 

CWL-MW6U 607510 064876 5-5-04 GEL Environmental Sample 

CWL-MW6U 607510 064877 5-5-04 GEL Duplicate Sample 

CWL-MW7 607511 064879 5-10-04 GEL Environmental Sample 

CWL-MW8 607512 064881 5-11-04 GEL Environmental Sample 

CWL-MW8 607512 064882 5-11-04 GEL Duplicate Sample 

CWL-EB1 607513 064884 5-4-04 GEL Equipment Blank 

CWL-EB2 607514 064886 5-7-04 GEL Equipment Blank 

CWL-FB1 607504 064888 5-24-04 GEL Field Blank 

CWL-FB2 607506 064889 5-12-04 GEL Field Blank 

 
ARCOC = Analysis Request and Chain of Custody Record. 
BW = Background well. 
CWL = Chemical Waste Landfill. 
GEL = General Engineering Laboratories. 
EB = Equipment blank sample. 
FB = Field blank sample. 
L = Lower well completion zone. 
MW = Monitoring well. 
U = Upper well completion zone. 
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Table 6-5 
Analysis, Methods, Sample Containers, Preservatives, and Holding Times 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, May 2004 

 

 
Analysis 

 
Methoda 

Container Type/ 
Volume/Preservative 

 
Holding Time 

Appendix IX Volatile Organic 
Compounds 

8260B Glass; 3 x 40 mL; HCl, 4°C 14 days 

Appendix IX metals + iron 6020/7470A Polyethylene; 500 mL; HNO3, 4°C 28 days/180 daysb 

Total chromium and nickel 6020 Polyethylene; 500 mL; HNO3, 4°C 180 days 

Dissolved chromium and nickel 6020 Polyethylene; 250 mL; HNO3, 4°C 180 days 

Hexavalent chromium 7196A Polyethylene; 250 mL; 4°C 24 hours 

 
aU.S. Environmental Protection Agency, 1990, “Test Methods for Evaluating Solid Waste Physical/Chemical 
Methods,” SW-846, 3rd ed., U.S. Environmental Protection Agency, Washington, D.C. 
bHolding time for mercury is 28 days; all other metals are 180 days. 
°C = Degrees Celsius. 
HCl = Hydrochloric acid. 
HNO3 = Nitric acid. 
mL = Milliliter(s). 
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Table 6-6 
List of Volatile Organic Compounds Analyzed 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, May 2004 

 
 

EPA Test Method 8260Ba  
(Appendix IX List)b 

MDL 
(µg/L) 

 
MCL 
(µg/L) 

 
EPA Test Method 8260Ba 

(Appendix IX List)b 
MDL 
(µg/L) 

 
MCL 
(µg/L) 

1,1,1,2-Tetrachloroethane                0.300 NE Carbon tetrachloride                    0.290 5.0 

1,1,1-Trichloroethane                    0.340 200 Chlorobenzene                            0.320 100 

1,1,2,2-Tetrachloroethane                0.490 NE Chloroethane                             0.500 NE 

1,1,2-Trichloroethane                    0.440 5.0 Chloroform                               0.360 NE 

1,1-Dichloroethane                       0.410 NE Chloromethane                            0.500 NE 

1,1-Dichloroethene                       0.410 7.0 Chloroprene 0.200 NE 

1,2,3-Trichloropropane                   0.600 NE Dibromochloromethane               0.290 NE 

1,2,4-Trichlorobenzene                   0.420 70 Dibromomethane                         0.500 NE 

1,2-Dibromo-3-chloropropane              0.750 0.2 Dichlorodifluoromethane             0.430 NE 

1,2-Dibromoethane                        0.250 0.05 Ethyl benzene                            0.210 700 

1,2-Dichloroethane                       0.290 5.0 Ethyl cyanide 1.22 NE 

1,2-Dichloropropane                      0.250 5.0 Ethyl methacrylate                       1.00 NE 

2-Butanone                               2.31 NE Iodomethane                              1.88 NE 

2-Hexanone                               1.45 NE Isobutanol 10.5 NE 

4-methyl-, 2-Pentanone                   1.78 NE Methacrylonitrile                        1.01 NE 

Acetone                                  4.50 NE Methyl methacrylate                    1.11 NE 

Acetonitrile                             10.4 NE Methylene chloride                      3.30 5.0 

Acrolein                                 4.06 NE Pentachloroethane                        4.50 NE 

Acrylonitrile                            2.00 NE Styrene                                  0.250 100 

Allyl chloride                           1.00 NE Tetrachloroethene                        0.330 5.0 

Benzene                                  0.330 5.0 Toluene                                  0.390 1,000 

Bromodichloromethane                     0.380 NE Trichloroethene                          0.360 5.0 

Bromoform                                0.500 NE Trichlorofluoromethane               0.500 NE 

Bromomethane                             0.500 NE Vinyl acetate                            1.32 NE 

Carbon disulfide                         1.91 NE Vinyl chloride                           0.550 2.0 
 
Refer to footnotes at end of table. 
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Table 6-6 (Concluded) 
List of Volatile Organic Compounds Analyzed 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, May 2004 

 
 

EPA Test Method 8260Ba 
(Appendix IX List)b 

MDL 
(µg/L) 

 
MCL 
(µg/L) 

 
EPA Test Method 8260Ba 

(Appendix IX List)b 
MDL 
(µg/L) 

 
MCL 
(µg/L) 

Xylenes (Total)                                   0.250 10,000 trans-1,2-Dichloroethene            0.370 100 

Bis(2-Chloroisopropyl)ether                1.00 NE trans-1,3-Dichloropropene          0.290 NE 

cis-1,3-Dichloropropene                  0.300 NE trans-1,4-Dichloro-2-butene        1.17 NE 

 
aU.S. Environmental Protection Agency, 1990, “Test Methods for Evaluating Solid Waste Physical/Chemical Methods,” SW-846, 3rd ed., U.S. 
Environmental Protection Agency, Washington, D.C. 
bTitle 40 Code of Federal Regulations (CFR), Part 264, Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and 
Disposal Facilities, Appendix IX, Groundwater Monitoring List. 
EPA = U.S. Environmental Protection Agency. 
MCL = Maximum contaminant levels (established by the U.S. EPA Primary Drinking Water Regulations in 40 CFR 141.11(b), subsequent 

amendments, or the New Mexico Environmental Improvement Board in the New Mexico Register, Title 20, Chapter 7, Part 1). 
MDL = The method detection level of an analyte that can be determined, but not quantified, with 99% confidence. 
µg/L = Microgram(s) per liter. 
NE = Not established. 
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Table 6-7 

List of Metal Parameters Analyzed 
Sandia National Laboratories/New Mexico 

Chemical Waste Landfill, May 2004 
 

 
Appendix IX Lista 

 
EPA Test Methodb 

MDL 
(mg/L) 

MCL 
(mg/L) 

 
Antimony 

 
6020 0.00028 

 
0.006 

 
Arsenic 

 
6020 0.001 

 
0.01 

 
Barium 

 
6020 0.00019 

 
2.0 

 
Beryllium 

 
6020 0.00008 

 
0.004 

 
Cadmium 

 
6020 0.00004 

 
0.005 

 
Chromium 

 
6020 0.00038 

 
0.1 

 
Cobalt 

 
6020 0.00006 

 
NE 

 
Copper 

 
6020 0.00069 

 
NE 

 
Ironc 

 
6020 0.0158 

 
NE 

 
Lead 

 
6020 0.00005 

 
NE 

 
Mercury 

 
7470A 0.000047 

 
0.002 

 
Nickel 

 
6020 0.00007 

 
NE 

 
Selenium 

 
6020 0.00064 

 
0.05 

 
Silver 

 
6020 0.00004 

 
NE 

 
Thallium 

 
6020 0.00002 

 
0.002 

 
Tin 

 
6020 0.00082 

 
NE 

 
Vanadium 

 
6020 0.00544 

 
NE 

 
Zinc 

 
6020 0.00109 

 
NE 

 
Hexavalent Chromium 

 
7196A 0.0054 

 
NE 

 
aTitle 40 Code of Federal Regulations (CFR), Part 264, Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and 
Disposal Facilities, Appendix IX, Groundwater Monitoring List. 
bU.S. Environmental Protection Agency, 1990, “Test Methods for Evaluating Solid Waste Physical/Chemical Methods,” SW-846, 3rd ed., U.S. 
Environmental Protection Agency, Washington, D.C. 
cAdditional metal parameter. 
EPA = U.S. Environmental Protection Agency. 
MCL = Maximum contaminant levels (established by the U.S. EPA Primary Drinking Water Regulations in 40 CFR 141.11(b), subsequent 

amendments, or the New Mexico Environmental Improvement Board in the New Mexico Register, Title 20, Chapter 7, Part 1). 
MDL = The method detection level of an analyte that can be determined, but not quantified, with 99% confidence. 
mg/L = Milligram(s) per liter. 
NE = Not established. 
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Table 6-8 
Summary of Detected Volatile Organic Compounds 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, May 2004 

Sample No.:
Well No.:

Sample Type:
Sample Method:

Laboratory:
Date Sampled:

064860 
CWL- BW3 

Environmental 
Bennett Pump 

GEL 
5-6-04 

064862 
CWL-BW4A 

Environmental 
Bennett Pump 

GEL 
5-7-04 

064864 
CWL-MW2BL 
Environmental 
Bennett Pump 

GEL 
5-24-04 

064866 
CWL-MW2BU 
Environmental 

QED Pump 
GEL 

5-18-04 

064868 
CWL-MW4 

Environmental 
Bennett Pump 

GEL 
5-12-04 

 
Parameter 

 
Methoda 

MCL 
(µg/L) 

 
All results in µg/L 

2-Butanone 8260 NE ND (2.31) ND (2.31) ND (2.31) ND (2.31) ND (2.31) 

Acetone 8260 NE ND (4.50) 107 N ND (4.50) ND (4.50) 6.28 N 

Toluene 8260 1,000 ND (0.390) ND (0.390) ND (0.390) ND (0.390) ND (0.390) 

Trichloroethene 8260 5 ND (0.360) UJ ND (0.360) ND (0.360) 1.46 ND (0.360) 
 
 
 
 

Sample No.:
Well No.:

Sample Type:
Sample Method:

Laboratory:
Date Sampled:

064870 
CWL-MW5L 

Environmental 
QED Pump 

GEL 
5-14-04 

064872 
CWL-MW5U 

Environmental 
Bennett Pump 

GEL 
5-4-04 

064874 
CWL-MW6L 

Environmental 
QED Pump 

GEL 
5-17-04 

064876 
CWL-MW6U 

Environmental 
Bennett Pump 

GEL 
5-5-04 

064877 
CWL-MW6U 

Duplicate 
Bennett Pump 

GEL 
5-5-04 

 
Parameter 

 
Methoda 

MCL 
(µg/L) 

 
All results in µg/L 

2-Butanone 8260 NE ND (2.31) ND (2.31) ND (2.31) ND (2.31) ND (2.31) 

Acetone 8260 NE ND (4.50) ND (4.50) ND (4.50) ND (4.50) ND (4.50) 

Toluene 8260 1,000 ND (0.390) ND (0.390) ND (0.390) 0.467 (1.00) J 0.438 (1.00) J 

Trichloroethene 8260 5 ND (0.360) 0.835 (1.00) J 0.522 (1.00) J ND (0.360) UJ 0.484 (1.00) J 
Refer to footnotes at end of table. 
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Table 6-8 (Concluded) 
Summary of Detected Volatile Organic Compounds 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, May 2004 

 

Sample No.:
Well No.:

Sample Type:
Sample Method:

Laboratory:
Date Sampled:

064879 
CWL-MW7 

Environmental 
Bennett Pump 

GEL 
5-10-04 

064881 
CWL-MW8 

Environmental 
Bennett Pump 

GEL 
5-11-04 

064882 
CWL-MW8 

Duplicate 
Bennett Pump 

GEL 
5-11-04 

 
Parameter 

 
Methoda 

MCL 
(µg/L) 

 
All results in µg/L 

2-Butanone 8260 NE 15.0 ND (2.31) ND (2.31) 

Acetone 8260 NE ND (4.50) 7.14 N 6.07 N 

Toluene 8260 1,000 ND (0.390) ND (0.390) ND (0.390) 

Trichloroethene 8260 5 ND (0.360) ND (0.360) ND (0.360) 
 

If result detected below laboratory quantitation limit, then quantitation limit is indicated in parenthesis. 
aU.S. Environmental Protection Agency, 1990, “Test Methods for Evaluating Solid Waste Physical/Chemical Methods,” SW-846, 3rd ed., U.S. Environmental Protection Agency, Washington, D.C. 
BW  = Background well. 
CWL  = Chemical Waste Landfill. 
GEL  = General Engineering Laboratories. 
J  = The associated value is an estimated quantity and/or detected below the practical quantitation limit. 
L  = Lower well completion zone. 
MCL  = Maximum contamination levels (established by the U.S. EPA Primary Drinking Water Regulations in 40 CFR 141.11(b), subsequent amendments or the New Mexico Environmental  

Improvement Board in the New Mexico Register, Title 20, Chapter 7, Part 1). 
µg/L  = Microgram(s) per liter. 
MW  = Monitoring well. 
N  = Evidence of the presence of the compound due to suspected carryover from a non-client sample. 
ND ( ) = Analyte not detected (quantitation limit is indicated in parentheses). 
U  = Upper well completion zone. 
UJ  = The analyte was analyzed for, but was not detected.  The associated value is an estimate and may be inaccurate or imprecise. 
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Table 6-9 
Summary of Total Metal Parameters 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, May 2004 

 
Sample No.:

Well No.:
Sample Type:

Sample Method:
Laboratory:

Date Sampled:

064860 
CWL- BW3 

Environmental 
Bennett Pump 

GEL 
5-6-04 

064862 
CWL-BW4A 

Environmental 
Bennett Pump 

GEL 
5-7-04 

064864 
CWL-MW2BL 
Environmental 
Bennett Pump 

GEL 
5-24-04 

064866 
CWL-MW2BU 
Environmental 

QED Pump 
GEL 

5-18-04 

 
Parameter 

 
Methoda 

 
MCL 

(mg/L) All results in mg/L 

Antimony 6020 0.006 0.00029 (0.002) B, B3, J 0.000484 (0.002) B3, J ND (0.00028) 0.000636 (0.002) B3, J 

Arsenic 6020 0.01 0.00159 (0.003) B3, J ND (0.001) ND (0.001) 0.00681 

Barium 6020 2.0 0.0591 0.0529 0.0556 0.019 

Beryllium 6020 0.004 ND (0.00008) ND (0.00008) ND (0.00008) ND (0.00008) 

Cadmium 6020 0.005 0.00295 (0.001) J 0.000319 (0.001) J ND (0.00004) ND (0.00004) 

Chromium 6020 0.1 0.0167 0.00297 (0.003) B, J 0.00124 (0.003) B, J 0.0047 

Cobalt 6020 NE 0.000645 (0.001) J 0.000203 (0.001) J 0.000229 (0.001) J 0.000236 (0.001) J 

Copper 6020 NE 0.0232 0.00705 0.00107 0.00277 B, J 

Iron 6020 NE 0.604 0.558 0.510 0.396 

Lead 6020 NE 0.000412 (0.002) B, J 0.000314 (0.002) J ND (0.00005) 0.000308 (0.002) J 

Mercury 7470A 0.002 ND (0.000047) B3, UJ ND (0.000047) ND (0.000047) ND (0.000047) 

Nickel 6020 NE 0.340 0.00372 0.00203 0.00803 

Selenium 6020 0.05 0.000682 (0.005) J 0.00207 (0.005) B, B3, J 0.00132 (0.005) J 0.00487 (0.005) B, B3, J 

Silver 6020 NE 0.000072 (0.001) J 0.000056 (0.001) J ND (0.00004) 0.00137 

Thallium 6020 0.002 0.000041 (0.0005) B, B3, J ND (0.00002) 0.000375 (0.0005) J 0.000033 (0.0005) B3, J 

Tin 6020 NE ND (0.00082) ND (0.00082) ND (0.00082) 0.00109 (0.005) J 

Vanadium 6020 NE ND (0.00544) ND (0.00544) ND (0.00544) ND (0.00544) 

Zinc 6020 NE 0.0828 0.0459 ND (0.00109) 0.00917 (0.010) J 
Refer to footnotes at end of table. 
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Table 6-9 (Continued) 
Summary of Total Metal Parameters 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, May 2004 

 
Sample No.:

Well No.:
Sample Type:

Sample Method:
Laboratory:

Date Sampled:

064868 
CWL-MW4 

Environmental 
Bennett Pump 

GEL 
5-12-04 

064870 
CWL-MW5L 

Environmental 
QED Pump 

GEL 
5-14-04 

064872 
CWL-MW5U  

Environmental 
Bennett Pump 

GEL 
5-4-04 

064874 
CWL-MW6L 

Environmental 
QED Pump 

GEL 
5-17-04 

 
Parameter 

 
Methoda 

 
MCL 

(mg/L) All results in mg/L 

Antimony 6020 0.006 ND (0.00028) ND (0.00028) 0.000377 (0.002) B, B3, J ND (0.00028) 

Arsenic 6020 0.01 ND (0.001) 0.0021 (0.003) J 0.00265 (0.003) B3, J 0.00174 (0.003) J 

Barium 6020 2.0 0.0611 0.0533 0.0695 0.0548 

Beryllium 6020 0.004 ND (0.00008) ND (0.00008) ND (0.00008) ND (0.00008) 

Cadmium 6020 0.005 0.000097 (0.001) J ND (0.00004) 0.000231 (0.001) J 0.00018 (0.001) J 

Chromium 6020 0.1 0.00685 0.00339 B, J 0.00223 (0.003) J 0.0063 

Cobalt 6020 NE 0.00265 0.000349 (0.001) J 0.000179 (0.001) J 0.000431 (0.001) J 

Copper 6020 NE 0.00175 0.00115 (0.001) B, J 0.00295 0.00211 B, J 

Iron 6020 NE 1.03 0.585 0.287 0.717 

Lead 6020 NE 0.000073 (0.002) J 0.000065 (0.002) J 0.000295 (0.002) B, J 0.000124 (0.002) J 

Mercury 7470A 0.002 ND (0.000047) ND (0.000047) B3, UJ ND (0.000047) B3, UJ ND (0.000047) B3, UJ 

Nickel 6020 NE 0.225 0.00229 0.00295 0.00928 

Selenium 6020 0.05 0.0021 (0.005) B, B3, J 0.00389 (0.005) B, B3, J ND (0.00064) 0.00352 (0.005) B, B3, J 

Silver 6020 NE ND (0.00004) ND (0.00004) ND (0.00004) 0.00898 

Thallium 6020 0.002 0.000106 (0.0005) B3, J 0.000309 (0.0005) J 0.000326 (0.0005) J 0.000096 (0.0005) B3, J 

Tin 6020 NE ND (0.00082) ND (0.00082) ND (0.00082) ND (0.00082) 

Vanadium 6020 NE ND (0.00544) ND (0.00544) ND (0.00544) ND (0.00544) 

Zinc 6020 NE 0.00603 (0.010) J 0.00357 (0.010) B, J 0.0674 0.00612 (0.010) B, J 
Refer to footnotes at end of table. 
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Table 6-9 (Continued) 
Summary of Total Metal Parameters 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, May 2004 

 
Sample No.: 

Well No.: 
Sample Type: 

Sample Method: 
Laboratory: 

Date Sampled: 

064876 
CWL-MW6U 

Environmental 
Bennett Pump 

GEL 
5-5-04 

064877 
CWL-MW6U 

Duplicate 
Bennett Pump 

GEL 
5-5-04 

064879 
CWL-MW7 

Environmental 
Bennett Pump 

GEL 
5-10-04 

064881 
CWL-MW8 

Environmental 
Bennett Pump 

GEL 
5-11-04 

064882 
CWL-MW8 

Duplicate 
Bennett Pump 

GEL 
5-11-04 

 
Parameter 

 
Methoda 

 
MCL 

(mg/L) All results in mg/L 

Antimony 6020 0.006 ND (0.00028) ND (0.00028) NA NA NA 

Arsenic 6020 0.01 0.00311 B3, J 0.00339 B3, J NA NA NA 

Barium 6020 2.0 0.0712 0.072 NA NA NA 

Beryllium 6020 0.004 ND (0.00008) ND (0.00008) NA NA NA 

Cadmium 6020 0.005 0.000096 (0.001) B2, J 0.000082 (0.001) B2, J NA NA NA 

Chromium 6020 0.1 0.00305 B2, J 0.00293 (0.003) B2, J 0.00187 (0.003) B, B2, B3, 
J 

0.00194 (0.003) B, B3, J 0.00228 (0.003) B, B3, J 

Cobalt 6020 NE 0.000148 (0.001) J 0.000165 (0.001) J NA NA NA 

Copper 6020 NE 0.00186 B2, J 0.0018 B2, J NA NA NA 

Iron 6020 NE 0.297 B2, J 0.288 B2, J NA NA NA 

Lead 6020 NE 0.000168 (0.002) B, B2, J 0.00018 (0.002) B, B2, J NA NA NA 

Mercury 7470A 0.002 ND (0.000047) B3, UJ ND (0.000047) B3, UJ NA NA NA 

Nickel 6020 NE 0.00202 B2, J 0.00198 (0.002) B2, J 0.00327 0.0032 0.00366 

Selenium 6020 0.05 0.000737 (0.005) J 0.00108 (0.005) J NA NA NA 

Silver 6020 NE ND (0.00004) ND (0.00004) NA NA NA 

Thallium 6020 0.002 0.000084 (0.0005) B, B2, 
B3, J 

0.000078 (0.0005) B, B2, 
B3, J 

NA NA NA 

Tin 6020 NE ND (0.00082) ND (0.00082) NA NA NA 

Vanadium 6020 NE ND (0.00544) ND (0.00544) NA NA NA 

Zinc 6020 NE 0.0191 0.0212 NA NA NA 
Refer to footnotes at end of table. 
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Table 6-9 (Concluded) 
Summary of Total Metal Parameters 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, May 2004 

 
If result detected below laboratory quantitation limit, then quantitation limit is indicated in parenthesis. 
aU.S. Environmental Protection Agency, 1990, “Test Methods for Evaluating Solid Waste Physical/Chemical Methods,” SW-846, 3rd ed., U.S. Environmental Protection Agency, Washington, D.C. 
B   = Analyte present in laboratory method blank sample. 
B2   = Analyte present in equipment blank sample. 
B3   = Analyte present in laboratory initial calibration blank or continuing calibration blank. 
BW   = Background well. 
CWL  = Chemical Waste Landfill. 
EPA  = U.S. Environmental Protection Agency. 
GEL  = General Engineering Laboratories. 
J   = The associated value is an estimated quantity and/or detected below the practical quantitation limit. 
L   = Lower well completion zone. 
MCL  =  Maximum contamination levels (established by the U.S. EPA Primary Drinking Water Regulations in 40 CFR 141.11(b), subsequent amendments or the New Mexico Environmental  

 Improvement Board in the New Mexico Register, Title 20, Chapter 7, Part 1). 
mg/L  =  Milligram(s) per liter. 
MW  =  Monitoring well. 
NA   =  Not analyzed. 
ND ( ) =  Analyte not detected (quantitation limit is indicated in parentheses). 
NE   =  Not established. 
U   =  Upper well completion zone. 
UJ   =  The analyte was analyzed for but not detected.  The associated value is an estimate and may be inaccurate or imprecise. 
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Table 6-10 
Summary of Dissolved Metal Parameters 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, May 2004 

 

Sample No.:
Well No.:

Sample Type:
Sample Method:

Laboratory:
Date Sampled:

064879 
CWL-MW7 

Environmental 
Bennett Pump 

GEL 
5-10-04 

064881 
CWL-MW8 

Environmental 
Bennett Pump 

GEL 
5-11-04 

064882 
CWL-MW8 

Duplicate 
Bennett Pump 

GEL 
5-11-04 

 
Parameter 

 
Methoda 

MCL 
(mg/L) All results in mg/L 

Chromium 6020 0.1 0.00166 (0.003) B, B2, B3, J 0.00184 (0.003) B, B3, J 0.00214 (0.003) B, B3, J 

Nickel 6020 NE 0.00314 0.00309 0.00332 

 
If result detected below laboratory quantitation limit, then quantitation limit is indicated in parenthesis. 
aU.S. Environmental Protection Agency, 1990, “Test Methods for Evaluating Solid Waste Physical/Chemical Methods,” SW-846, 3rd ed., U.S. Environmental Protection Agency, Washington, D.C. 
B   = Analyte present in laboratory method blank sample. 
B2   = Analyte present in equipment blank sample. 
B3   = Analyte present in laboratory initial calibration blank or continuing calibration blank. 
CWL  = Chemical Waste Landfill. 
GEL  = General Engineering Laboratories. 
J   = The associated value is an estimated quantity and/or detected below the practical quantitation limit. 
MCL  =  Maximum contamination levels (established by the U.S. EPA Primary Drinking Water Regulations in 40 CFR 141.11(b), subsequent amendments or the New Mexico Environmental  

 Improvement Board in the New Mexico Register, Title 20, Chapter 7, Part 1). 
mg/L  =  Milligram(s) per liter. 
MW  =  Monitoring well. 
NE   =  Not established. 
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Table 6-11 
Summary of Hexavalent Chromium Analyses 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, May 2004 

 

Sample No.: 
Well No.: 

Sample Type: 
Sample Method: 

Laboratory: 
Date Sampled: 

064879 
CWL-MW7 

Environmental 
Bennett Pump 

GEL 
5-10-04 

064881 
CWL-MW8 

Environmental 
Bennett Pump 

GEL 
5-11-04 

064882 
CWL-MW8 

Duplicate 
Bennett Pump 

GEL 
5-11-04 

Parameter 
 

Methoda 
MCL 

(mg/L) All results in mg/L 
 
Hexavalent Chromium 7196A NE ND (0.0054) 0.00772 (0.010) J 0.0062 (0.010) J 

 
aU.S. Environmental Protection Agency, 1990, “Test Methods for Evaluating Solid Waste Physical/Chemical Methods,” SW-846, 3rd ed., U.S. Environmental Protection Agency, Washington, D.C. 
EPA  = U.S. Environmental Protection Agency. 
GEL  = General Engineering Laboratories. 
MCL  = Maximum contamination levels (established by the U.S. EPA Primary Drinking Water Regulations in 40 CFR 141.11(b), subsequent amendments or the New Mexico Environmental  

Improvement Board in the New Mexico Register, Title 20, Chapter 7, Part 1). 
mg/L  =  Milligram(s) per liter. 
MW  =  Monitoring well. 
ND ( ) =  Analyte not detected (quantitation limit is indicated in parentheses). 
NE   =  Not established. 
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Table 7-1 
Monitoring Well Groundwater Elevations 
Sandia National Laboratories/New Mexico 

Chemical Waste Landfill, August 2004 
 

 
 
 

Well Number 

Measuring 
Point 

Elevation 
(famsl) 

Depth to 
Watera  
(feet) 

 
Groundwater 

Elevation 
(famsl) 

 
Total Well 

Depthb 
(feet) 

 
Bottom of 

Well 
Elevation 

(famsl) 

 
Static 
Water 
Heightc 
(feet) 

 
CWL-BW3 

 
5430.23 

 
499.91 

 
4930.32 

 
507.48 

 
4921.05 

 
9.27 

 
CWL-BW4A 

 
5431.36 

 
499.68 

 
4931.68 

 
510.00 

 
4919.24 

 
12.44 

 
CWL-MW1A 

 
5421.49 

 
NA 

 
NA 

 
495.00 

 
4925.41 

 
NC 

 
CWL-MW2A 

 
5418.58 

 
NA 

 
NA 

 
495.00 

 
4922.08 

 
NC 

 
CWL-MW2BL 

 
5419.39 

 
494.70 

 
4924.69 

 
557.50 

 
4859.87 

 
64.82 

 
CWL-MW2BU 

 
5419.42 

 
490.28 

 
4929.14 

 
501.00 

 
4916.37 

 
12.77 

 
CWL-MW3A 

 
5417.78 

 
NA 

 
NA 

 
492.00 

 
4924.38 

 
NC 

 
CWL-MW4 

 
5420.33 

 
493.44 

 
4926.89 

 
503.00 

 
4915.38 

 
11.51 

 
CWL-MW5L 

 
5415.80 

 
491.45 

 
4924.35 

 
558.00 

 
4856.02 

 
68.33 

 
CWL-MW5U 

 
5416.01 

 
486.73 

 
4929.28 

 
502.00 

 
4912.02 

 
17.26 

 
CWL-MW6L 

 
5417.13 

 
493.06 

 
4924.07 

 
564.00 

 
4850.65 

 
73.42 

 
CWL-MW6U 

 
5416.78 

 
487.31 

 
4929.47 

 
502.00 

 
4912.65 

 
16.82 

 
CWL-MW7 

 
5419.51 

 
508.00 

 
4911.51 

 
643.00 

 
4773.79 

 
137.72 

 
CWL-MW8 

 
5419.26 

 
507.74 

 
4911.52 

 
637.00 

 
4779.92 

 
131.60 

 
aMeasurements transcribed from Groundwater Sample Collection Logs. 
bDerived from well completion logs. 
cCalculated as difference between depth to water and bottom of well. 
BW = Background well. 
CWL = Chemical waste landfill. 
famsl = Feet above mean sea level.  Measured from top of casing. 
L = Lower well completion zone. 
NA = Not applicable since CWL-MW1A and CWL-MW3A are dry wells, and CWL-MW2A  
  was plugged and abandoned in June 2004. 
NC = Not calculated.    
MW = Monitoring well. 
U = Upper well completion zone. 
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Table 7-2 
Volumes Purged from Monitoring Wells 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, August 2004 

 

 
 

Well Number 

 
Volume Purgeda 

(gal) 

 
Time Pumped 

(minutes) 

Average Pump 
Rate 

(gal/minute) 

 
Well Pumped to 

Dryness 
 
CWL-BW3 

 
18 

 
40 

 
0.45 

 
Yes 

 
CWL-BW4A 

 
15 

 
33 

 
0.45 

 
Yes 

 
CWL-MW2BL 

 
500 

 
330 

 
1.51 

 
No 

 
CWL-MW2BU 

 
1,000 mL 

 
25 

 
40 mL/minute 

 
Yes 

 
CWL-MW4 

 
50 

 
87 

 
0.57 

 
No 

 
CWL-MW5L 

 
14,000 mL 

 
54 

 
259 mL/minute 

 
No 

 
CWL-MW5U 

 
21 

 
45 

 
0.47 

 
Yes 

 
CWL-MW6L 

 
9,000 mL 

 
93 

 
97 mL/minute 

 
No 

 
CWL-MW6U 

 
19 

 
34 

 
0.56 

 
Yes 

 
CWL-MW7 

 
402 

 
346 

 
1.16 

 
No 

 
CWL-MW8 

 
381 

 
260 

 
1.46 

 
No 

 
aVolume of groundwater purged before sampling. 
BW = Background well. 
CWL = Chemical Waste Landfill. 
gal = Gallon(s). 
L = Lower well completion zone. 
mL = Milliliter(s). 
MW = Monitoring well. 
U = Upper well completion zone. 
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Table 7-3 
Summary of Field Measurements 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, August 2004 

 
 

Well Number 
 

Measurement Period 
 

pH 
 

Temperature °C 
SC 

(µmhos/cm) 
Turbidity 

(NTU) 
 
CWL-BW3 

 
Purge measurementsa: 

 
 

 
7.40 
7.43 
7.41 

 

 
19.04 
19.23 
19.59 

 

 
938 
937 
938 

 

 
4.56 
2.15 
2.11 

 
CWL-BW4A 

 
Purge measurementsa: 

 
 

 
6.99 
6.94 
6.95 

 

 
17.02 
17.69 
18.07 

 

 
1,036 
1,041 
1,043 

 

 
0.88 
0.65 
0.27 

 
CWL-MW2BL 

 
Purge measurementsa: 

 
 

 
6.86 
6.86 
6.87 

 

 
22.68 
22.71 
22.74 

 

 
977 
979 
977 

 

 
0.53 
0.39 
0.41 

 
CWL-MW2BU 

 
Purge measurementsa: 

 
 

 
NM 
8.44 
8.49 

 

 
NM 

20.19 
19.99 

 

 
NM 
796 
787 

 

 
NM 
8.79 
8.75 

 
CWL-MW4 

 
Purge measurementsa: 

 
 

 
6.89 
6.89 
6.89 

 

 
20.36 
20.34 
20.29 

 

 
961 
961 
961 

 

 
10.0 
10.2 
10.8 

 
CWL-MW5L 

 
Purge measurementsa: 

 
 

 
6.87 
6.87 
6.88 

 

 
19.63 
20.08 
19.90 

 

 
1,043 
1,044 
1,045 

 

 
3.88 
2.93 
3.33 

 
CWL-MW5U 

 
Purge measurementsa: 

 
 

 
6.98 
6.95 
6.95 

 

 
18.48 
18.87 
19.03 

 

 
962 
960 
959 

 

 
0.47 
0.27 
0.35 

 
CWL-MW6L 

 
Purge measurementsa: 

 
 

 
6.88 
6.88 
6.88 

 

 
22.34 
22.57 
22.64 

 

 
1,038 
1,039 
1,039 

 

 
0.51 
0.33 
0.48 

 
CWL-MW6U 

 
Purge measurementsa: 

 
 

 
7.03 
7.00 
7.00 

 

 
17.51 
18.15 
18.56 

 

 
922 
923 
923 

 

 
0.38 
0.42 
0.25 

Refer to footnotes at end of table. 
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Table 7-3 (Concluded) 
Summary of Field Measurements 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, August 2004 

 
 

Well Number 
 

Measurement Period 
 

pH 
 

Temperature °C 
SC 

(µmhos/cm) 
Turbidity 

(NTU) 
 
CWL-MW7 

 
Purge measurementsa: 

 
 

 
6.88 
6.89 
6.88 

 

 
21.94 
21.98 
21.99 

 

 
961 
961 
961 

 

 
1.17 
1.10 
1.13 

 
CWL-MW8 

 
Purge measurementsa: 

 
 

 
6.90 
6.91 
6.91 

 

 
22.13 
22.23 
22.30 

 

 
952 
952 
952 

 

 
0.67 
NM 
NM 

aLast three water quality measurements prior to sampling.  For complete record reference Attachment C. 
BW  = Background well. 
°C  = Degrees Celsius. 
CWL  = Chemical Waste Landfill. 
L  = Lower well completion zone. 
MW  = Monitoring well. 
NM  = Not measured. 
NTU  = Nephelometric turbidity units. 
SC  = Specific conductance. 
U  = Upper well completion zone. 
µmhos/cm = micro-mohs per centimeter 
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Table 7-4 
Sample Number Identification 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, August 2004 

 
Sample 

Identification ARCOC 
Sample  
Number 

Date  
Sampled Laboratory 

Sample  
Type 

CWL-BW3 607771 065656 8-23-04 GEL Environmental Sample 

CWL-BW4A 607772 065658 8-24-04 GEL Environmental Sample 

CWL-MW2BL 607773 065660 9-8-04 GEL Environmental Sample 

CWL-MW2BU 607774 065662 9-9-04 GEL Environmental Sample 

CWL-MW4 607775 065664 8-17-04 GEL Environmental Sample 

CWL-MW5L 607776 065667 9-2-04 GEL Environmental Sample 

CWL-MW5U 607777 065669 8-19-04 GEL Environmental Sample 

CWL-MW6L 607778 065671 8-30-04 GEL Environmental Sample 

CWL-MW6U 607780 065675 8-20-04 GEL Environmental Sample 

CWL-MW6U 607780 065676 8-20-04 GEL Duplicate Sample 

CWL-MW7 607781 065678 8-25-04 GEL Environmental Sample 

CWL-MW8 607783 065683 8-26-04 GEL Environmental Sample 

CWL-MW8 607783 065684 8-26-04 GEL Duplicate Sample 

CWL-EB1 607779 065673 8-19-04 GEL Equipment Blank 

CWL-EB2 607782 065681 8-26-04 GEL Equipment Blank 

CWL-FB1 607775 065665 8-17-04 GEL Field Blank 

CWL-FB2 607781 065679 8-25-04 GEL Field Blank 

 
ARCOC = Analysis Request and Chain of Custody Record. 
BW = Background well. 
CWL = Chemical Waste Landfill. 
GEL = General Engineering Laboratories. 
EB = Equipment blank sample. 
FB = Field blank sample. 
L = Lower well completion zone. 
MW = Monitoring well. 
U = Upper well completion zone. 
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Table 7-5 
Analysis, Methods, Sample Containers, Preservatives, and Holding Times 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, August 2004 

 

 
Analysis 

 
Methoda 

Container Type/ 
Volume/Preservative 

 
Holding Time 

Appendix IX Volatile Organic 
Compounds 

8260B Glass; 3 x 40 mL; HCl, 4°C 14 days 

Appendix IX metals + iron 6020/7470A Polyethylene; 500 mL; HNO3, 4°C 28 days/180 daysb 

Total chromium and nickel 6020 Polyethylene; 500 mL; HNO3, 4°C 180 days 

Dissolved chromium and nickel 6020 Polyethylene; 250 mL; HNO3, 4°C 180 days 

Hexavalent chromium 7196A Polyethylene; 250 mL; 4°C 24 hours 

 
aU.S. Environmental Protection Agency, 1990, “Test Methods for Evaluating Solid Waste Physical/Chemical 
Methods,” SW-846, 3rd ed., U.S. Environmental Protection Agency, Washington, D.C. 
bHolding time for mercury is 28 days; all other metals are 180 days. 
°C = Degrees Celsius. 
HCl = Hydrochloric acid. 
HNO3 = Nitric acid. 
mL = Milliliter(s). 
 



 

AL/12-04/WP/SNL04:r5609-g.doc  840857.01.07 12/17/04 8:53 AM G-123

Table 7-6 
List of Volatile Organic Compounds Analyzed 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, August 2004 

 
 

EPA Test Method 8260Ba  
(Appendix IX List)b 

MDL 
(µg/L) 

 
MCL 
(µg/L) 

 
EPA Test Method 8260Ba 

(Appendix IX List)b 
MDL 
(µg/L) 

 
MCL 
(µg/L) 

1,1,1,2-Tetrachloroethane                0.300 NE Carbon tetrachloride                    0.290 5.0 

1,1,1-Trichloroethane                    0.340 200 Chlorobenzene                            0.320 100 

1,1,2,2-Tetrachloroethane                0.490 NE Chloroethane                             0.500 NE 

1,1,2-Trichloroethane                    0.440 5.0 Chloroform                               0.360 NE 

1,1-Dichloroethane                       0.410 NE Chloromethane                            0.500 NE 

1,1-Dichloroethene                       0.410 7.0 Chloroprene 0.200 NE 

1,2,3-Trichloropropane                   0.600 NE Dibromochloromethane               0.290 NE 

1,2,4-Trichlorobenzene                   0.420 70 Dibromomethane                         0.500 NE 

1,2-Dibromo-3-chloropropane              0.750 0.2 Dichlorodifluoromethane             0.430 NE 

1,2-Dibromoethane                        0.250 0.05 Ethyl benzene                            0.210 700 

1,2-Dichloroethane                       0.290 5.0 Ethyl cyanide 1.22 NE 

1,2-Dichloropropane                      0.250 5.0 Ethyl methacrylate                       1.00 NE 

2-Butanone                               2.31 NE Iodomethane                              1.88 NE 

2-Hexanone                               1.45 NE Isobutanol 10.5 NE 

4-methyl-, 2-Pentanone                   1.78 NE Methacrylonitrile                        1.01 NE 

Acetone                                  4.50 NE Methyl methacrylate                    1.11 NE 

Acetonitrile                             10.4 NE Methylene chloride                      3.30 5.0 

Acrolein                                 4.06 NE Pentachloroethane                        4.50 NE 

Acrylonitrile                            2.00 NE Styrene                                  0.250 100 

Allyl chloride                           1.00 NE Tetrachloroethene                        0.330 5.0 

Benzene                                  0.330 5.0 Toluene                                  0.390 1,000 

Bromodichloromethane                     0.380 NE Trichloroethene                          0.360 5.0 

Bromoform                                0.500 NE Trichlorofluoromethane               0.500 NE 

Bromomethane                             0.500 NE Vinyl acetate                            1.32 NE 

Carbon disulfide                         1.91 NE Vinyl chloride                           0.550 2.0 
 
Refer to footnotes at end of table. 
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Table 7-6 (Concluded) 
List of Volatile Organic Compounds Analyzed 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, August 2004 

 
 

EPA Test Method 8260Ba 
(Appendix IX List)b 

MDL 
(µg/L) 

 
MCL 
(µg/L) 

 
EPA Test Method 8260Ba 

(Appendix IX List)b 
MDL 
(µg/L) 

 
MCL 
(µg/L) 

Xylenes (Total)                                   0.250 10,000 trans-1,2-Dichloroethene             0.370 100 

Bis(2-Chloroisopropyl)ether                1.00 NE trans-1,3-Dichloropropene          0.290 NE 

cis-1,3-Dichloropropene                  0.300 NE trans-1,4-Dichloro-2-butene        1.17 NE 

 
aU.S. Environmental Protection Agency, 1990, “Test Methods for Evaluating Solid Waste Physical/Chemical Methods,” SW-846, 3rd ed., U.S. 
Environmental Protection Agency, Washington, D.C. 
bTitle 40 Code of Federal Regulations (CFR), Part 264, Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and 
Disposal Facilities, Appendix IX, Groundwater Monitoring List. 
EPA = U.S. Environmental Protection Agency. 
MCL = Maximum contaminant levels (established by the U.S. EPA Primary Drinking Water Regulations in 40 CFR 141.11(b), subsequent 

amendments, or the New Mexico Environmental Improvement Board in the New Mexico Register, Title 20, Chapter 7, Part 1). 
MDL = The method detection level of an analyte that can be determined, but not quantified, with 99% confidence. 
µg/L = Microgram(s) per liter. 
NE = Not established. 
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Table 7-7 

List of Metal Parameters Analyzed 
Sandia National Laboratories/New Mexico 

Chemical Waste Landfill, August 2004 
 

 
Appendix IX Lista 

 
EPA Test Methodb 

MDL 
(mg/L) 

MCL 
(mg/L) 

 
Antimony 

 
6020 0.00028 

 
0.006 

 
Arsenic 

 
6020 0.001 

 
0.01 

 
Barium 

 
6020 0.00019 

 
2.0 

 
Beryllium 

 
6020 0.00008 

 
0.004 

 
Cadmium 

 
6020 0.00004 

 
0.005 

 
Chromium 

 
6020 0.00038 

 
0.1 

 
Cobalt 

 
6020 0.00006 

 
NE 

 
Copper 

 
6020 0.00069 

 
NE 

 
Ironc 

 
6020 0.0158 

 
NE 

 
Lead 

 
6020 0.00005 

 
NE 

 
Mercury 

 
7470A 0.000047 

 
0.002 

 
Nickel 

 
6020 0.00007 

 
NE 

 
Selenium 

 
6020 0.00064 

 
0.05 

 
Silver 

 
6020 0.00004 

 
NE 

 
Thallium 

 
6020 0.00002 

 
0.002 

 
Tin 

 
6020 0.00082 

 
NE 

 
Vanadium 

 
6020 0.00544 

 
NE 

 
Zinc 

 
6020 0.00109 

 
NE 

 
Hexavalent Chromium 

 
7196A 0.0054 

 
NE 

 
aTitle 40 Code of Federal Regulations (CFR), Part 264, Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and 
Disposal Facilities, Appendix IX, Groundwater Monitoring List. 
bU.S. Environmental Protection Agency, 1990, “Test Methods for Evaluating Solid Waste Physical/Chemical Methods,” SW-846, 3rd ed., U.S. 
Environmental Protection Agency, Washington, D.C. 
cAdditional metal parameter. 
EPA = U.S. Environmental Protection Agency. 
MCL = Maximum contaminant levels (established by the U.S. EPA Primary Drinking Water Regulations in 40 CFR 141.11(b), subsequent 

amendments, or the New Mexico Environmental Improvement Board in the New Mexico Register, Title 20, Chapter 7, Part 1). 
MDL = The method detection level of an analyte that can be determined, but not quantified, with 99% confidence. 
mg/L = Milligram(s) per liter. 
NE = Not established. 
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Table 7-8 
Summary of Detected Volatile Organic Compounds 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, August 2004 

 

Sample No.:
Well No.:

Sample Type:
Sample Method:

Laboratory:
Date Sampled:

065656 
CWL- BW3 

Environmental 
Bennett Pump 

GEL 
8-23-04 

065658 
CWL-BW4A 

Environmental 
Bennett Pump 

GEL 
8-24-04 

065660 
CWL-MW2BL 
Environmental 
Bennett Pump 

GEL 
9-8-04 

065662 
CWL-MW2BU 
Environmental 

QED Pump 
GEL 

9-9-04 

065664 
CWL-MW4 

Environmental 
Bennett Pump 

GEL 
8-17-04 

 
Parameter 

 
Methoda 

MCL 
(µg/L) 

 
All results in µg/L 

Toluene 8260 1,000 1.0 U, B1 ND (0.390) ND (0.390) ND (0.390) ND (0.390) 

Trichloroethene 8260 5 ND (0.360) ND (0.360) ND (0.360) 0.800 (1.00) J ND (0.360) 
 
 
 
 

Sample No.:
Well No.:

Sample Type:
Sample Method:

Laboratory:
Date Sampled:

065667 
CWL-MW5L 

Environmental 
QED Pump 

GEL 
9-2-04 

065669 
CWL-MW5U 

Environmental 
Bennett Pump 

GEL 
8-19-04 

065671 
CWL-MW6L 

Environmental 
QED Pump 

GEL 
8-30-04 

065675 
CWL-MW6U 

Environmental 
Bennett Pump 

GEL 
8-20-04 

065676 
CWL-MW6U 

Duplicate 
Bennett Pump 

GEL 
8-20-04 

 
Parameter 

 
Methoda 

MCL 
(µg/L) 

 
All results in µg/L 

Toluene 8260 1,000 ND (0.390) ND (0.390) ND (0.390) 0.537 (1.00) J ND (0.390) 

Trichloroethene 8260 5 ND (0.360) 0.850 (1.00) J ND (0.360) ND (0.360) ND (0.360) 
Refer to footnotes at end of table. 
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Table 7-8 (Concluded) 
Summary of Detected Volatile Organic Compounds 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, August 2004 

 

Sample No.:
Well No.:

Sample Type:
Sample Method:

Laboratory:
Date Sampled:

065678 
CWL-MW7 

Environmental 
Bennett Pump 

GEL 
8-25-04 

065683 
CWL-MW8 

Environmental 
Bennett Pump 

GEL 
8-26-04 

065684 
CWL-MW8 

Duplicate 
Bennett Pump 

GEL 
8-26-04 

 
Parameter 

 
Methoda 

MCL 
(µg/L) 

 
All results in µg/L 

Toluene 8260 1,000 ND (0.390) ND (0.390) ND (0.390) 

Trichloroethene 8260 5 ND (0.360) ND (0.360) ND (0.360) 
 

If result detected below laboratory quantitation limit, then quantitation limit is indicated in parenthesis. 
aU.S. Environmental Protection Agency, 1990, “Test Methods for Evaluating Solid Waste Physical/Chemical Methods,” SW-846, 3rd ed., U.S. Environmental Protection Agency, Washington, D.C. 
BW  = Background well. 
CWL  = Chemical Waste Landfill. 
GEL  = General Engineering Laboratories. 
J  = The associated value is an estimated quantity and/or detected below the practical quantitation limit. 
L  = Lower well completion zone. 
MCL  = Maximum contamination levels (established by the U.S. EPA Primary Drinking Water Regulations in 40 CFR 141.11(b), subsequent amendments or  the New Mexico Environmental  

Improvement Board in the New Mexico Register, Title 20, Chapter 7, Part 1). 
µg/L  = Microgram(s) per liter. 
MW  = Monitoring well. 
ND ( ) = Analyte not detected (quantitation limit is indicated in parentheses). 
U  = Upper well completion zone. 
UJ  = The analyte was analyzed for, but was not detected.  The associated value is an estimate and may be inaccurate or imprecise. 



 

 

A
L/12-04/W

P/SN
L04:r5609-g.doc 

G
-128

 
840857.01.07 12/17/04 8:53 A

M
 

Table 7-9 
Summary of Total Metal Parameters 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, August 2004 

 
Sample No.:

Well No.:
Sample Type:

Sample Method:
Laboratory:

Date Sampled:

065656 
CWL- BW3 

Environmental 
Bennett Pump 

GEL 
8-23-04 

065658 
CWL-BW4A 

Environmental 
Bennett Pump 

GEL 
8-24-04 

065660 
CWL-MW2BL 
Environmental 
Bennett Pump 

GEL 
9-8-04 

065662 
CWL-MW2BU 
Environmental 

QED Pump 
GEL 

9-9-04 

 
Parameter 

 
Methoda 

 
MCL 

(mg/L) All results in mg/L 

Antimony 6020 0.006 0.000533 (0.002) B3, J ND (0.00028) ND (0.00028) 0.000832 (0.002) J 

Arsenic 6020 0.01 0.00439 B, J 0.00519 B, J ND (0.001) 0.00441 

Barium 6020 2.0 0.0561 0.0539 0.0592 0.0201 

Beryllium 6020 0.004 ND (0.00008) ND (0.00008) ND (0.00008) ND (0.00008) 

Cadmium 6020 0.005 0.00164 0.00043 (0.001) J ND (0.00004) 0.000444 (0.001) J 

Chromium 6020 0.1 0.0173 0.00114 (0.003) J 0.0023 (0.003) B, J 0.039 B 

Cobalt 6020 NE 0.000707 (0.001) J 0.000204 (0.001) J 0.000342 (0.001) B, J 0.000431 (0.001) B, J 

Copper 6020 NE 0.00218 0.0016 0.00122 0.0104 

Iron 6020 NE 0.462 0.317 0.631 0.574 

Lead 6020 NE 0.00008 (0.002) J ND (0.00005) ND (0.00005) 0.00129 (0.002) B, J 

Mercury 7470A 0.002 ND (0.000047) ND (0.000047) B3, UJ ND (0.000047) ND (0.000047) 

Nickel 6020 NE 0.294 0.00339 0.00161 (0.002) J 0.00874 

Selenium 6020 0.05 0.00174 (0.005) B3, J 0.0011 (0.005) B3, J 0.00145 (0.005) B, J 0.00286 (0.005) B, J 

Silver 6020 NE ND (0.00004) ND (0.00004) ND (0.00004) 0.00112 B 

Thallium 6020 0.002 0.000055 (0.0005) B3, J ND (0.00002) 0.00029 (0.0005) B, J 0.000104 (0.0005) B, J 

Tin 6020 NE ND (0.00082) ND (0.00082) ND (0.00082) 0.00557 

Vanadium 6020 NE ND (0.00544) ND (0.00544) ND (0.00544) 0.00695 (0.010) J 

Zinc 6020 NE 0.077 0.0115 0.00171 (0.010) B, J 0.0279 B 
Refer to footnotes at end of table. 
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Table 7-9 (Continued) 
Summary of Total Metal Parameters 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, August 2004 

 
Sample No.:

Well No.:
Sample Type:

Sample Method:
Laboratory:

Date Sampled:

065664 
CWL-MW4 

Environmental 
Bennett Pump 

GEL 
8-17-04 

065667 
CWL-MW5L 

Environmental 
QED Pump 

GEL 
9-2-04 

065669 
CWL-MW5U  

Environmental 
Bennett Pump 

GEL 
8-19-04 

065671 
CWL-MW6L 

Environmental 
QED Pump 

GEL 
8-30-04 

 
Parameter 

 
Methoda 

 
MCL 

(mg/L) All results in mg/L 

Antimony 6020 0.006 ND (0.00028) ND (0.00028) 0.000526 (0.002) J ND (0.00028) 

Arsenic 6020 0.01 ND (0.001) ND (0.001) B3, UJ 0.00186 (0.003) B, B3, J ND (0.001) 

Barium 6020 2.0 0.0541 0.0539 0.0712 0.0563 

Beryllium 6020 0.004 ND (0.00008) ND (0.00008) ND (0.00008) ND (0.00008) 

Cadmium 6020 0.005 0.00012 (0.001) J ND (0.00004) 0.000283 (0.001) J ND (0.00004) 

Chromium 6020 0.1 0.00115 (0.003) B3, J 0.00736 B, J ND (0.00038) 0.00132 (0.003) J 

Cobalt 6020 NE 0.00235 0.000273 (0.001) J 0.000254 (0.001) J 0.000192 (0.001) J 

Copper 6020 NE 0.00196 0.00323 0.00211 0.0012 

Iron 6020 NE 1.49 0.479 0.376 0.444 

Lead 6020 NE 0.000052 (0.002) J 0.00089 (0.002) J ND (0.00005) 0.000086 (0.002) B, J 

Mercury 7470A 0.002 ND (0.000047) ND (0.000047) ND (0.000047) B3, UJ ND (0.000047) B3, UJ 

Nickel 6020 NE 0.179 A2, J 0.0046 0.00352 0.00205 

Selenium 6020 0.05 0.00099 (0.005) J 0.00236 (0.005) B3, J ND (0.00064) B3, UJ 0.00175 (0.005) B3, J 

Silver 6020 NE ND (0.00004) ND (0.00004) ND (0.00004) ND (0.00004) 

Thallium 6020 0.002 0.000442 (0.0005) J 0.000261 (0.0005) J 0.000325 (0.0005) J 0.000283 (0.0005) J 

Tin 6020 NE ND (0.00082) 0.00132 (0.005) J ND (0.00082) ND (0.00082) 

Vanadium 6020 NE ND (0.00544) ND (0.00544) ND (0.00544) ND (0.00544) 

Zinc 6020 NE 0.00695 (0.010) J 0.0513 0.0541 0.00162 (0.010) B, J 
Refer to footnotes at end of table. 
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Table 7-9 (Continued) 
Summary of Total Metal Parameters 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, August 2004 

 
Sample No.: 

Well No.: 
Sample Type: 

Sample Method: 
Laboratory: 

Date Sampled: 

065675 
CWL-MW6U 

Environmental 
Bennett Pump 

GEL 
8-20-04 

065676 
CWL-MW6U 

Duplicate 
Bennett Pump 

GEL 
8-20-04 

065678 
CWL-MW7 

Environmental 
Bennett Pump 

GEL 
8-25-04 

065683 
CWL-MW8 

Environmental 
Bennett Pump 

GEL 
8-26-04 

065684 
CWL-MW8 

Duplicate 
Bennett Pump 

GEL 
8-26-04 

 
Parameter 

 
Methoda 

 
MCL 

(mg/L) All results in mg/L 

Antimony 6020 0.006 ND (0.00028) ND (0.00028) NA NA NA 

Arsenic 6020 0.01 0.00644 B2, J 0.00614 B, B2, J NA NA NA 

Barium 6020 2.0 0.0695 0.0711 NA NA NA 

Beryllium 6020 0.004 ND (0.00008) ND (0.00008) NA NA NA 

Cadmium 6020 0.005 0.000163 (0.001) J 0.000178 (0.001) J NA NA NA 

Chromium 6020 0.1 0.00186 (0.003) B2, J 0.00189 (0.003) B2, J 0.000473 (0.003) J 0.00175 (0.003) B, B2, J ND (0.00038) 

Cobalt 6020 NE 0.000175 (0.001) J 0.000187 (0.001) J NA NA NA 

Copper 6020 NE 0.0012 0.00122 NA NA NA 

Iron 6020 NE 0.247 0.258 NA NA NA 

Lead 6020 NE ND (0.00005) ND (0.00005) NA NA NA 

Mercury 7470A 0.002 ND (0.000047) ND (0.000047) NA NA NA 

Nickel 6020 NE 0.00238 0.00251 0.00176 (0.002) J 0.00175 (0.002) J 0.00191 (0.002) J 

Selenium 6020 0.05 0.00167 (0.005) B3, J 0.00169 (0.005) B3, J NA NA NA 

Silver 6020 NE ND (0.00004) ND (0.00004) NA NA NA 

Thallium 6020 0.002 0.000054 (0.0005) B2, B3, J 0.000047 (0.0005) B2, B3, J NA NA NA 

Tin 6020 NE ND (0.00082) ND (0.00082) NA NA NA 

Vanadium 6020 NE ND (0.00544) ND (0.00544) NA NA NA 

Zinc 6020 NE 0.00738 (0.010) B, J 0.00707 (0.010) B, J NA NA NA 
Refer to footnotes at end of table. 
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Table 7-9 (Concluded) 
Summary of Total Metal Parameters 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, August 2004 

 
If result detected below laboratory quantitation limit, then quantitation limit is indicated in parenthesis. 
aU.S. Environmental Protection Agency, 1990, “Test Methods for Evaluating Solid Waste Physical/Chemical Methods,” SW-846, 3rd ed., U.S. Environmental Protection Agency, Washington, D.C. 
B   = Analyte present in laboratory method blank sample. 
B2   = Analyte present in equipment blank sample. 
B3   = Analyte present in laboratory initial calibration blank or continuing calibration blank. 
BW   = Background well. 
CWL  = Chemical Waste Landfill. 
EPA  = U.S. Environmental Protection Agency. 
GEL  = General Engineering Laboratories. 
J   = The associated value is an estimated quantity and/or detected below the practical quantitation limit. 
L   = Lower well completion zone. 
MCL  =  Maximum contamination levels (established by the U.S. EPA Primary Drinking Water Regulations in 40 CFR 141.11(b), subsequent amendments or the New Mexico Environmental  

 Improvement Board in the New Mexico Register, Title 20, Chapter 7, Part 1). 
mg/L  =  Milligram(s) per liter. 
MW  =  Monitoring well. 
ND ( ) =  Analyte not detected (quantitation limit is indicated in parentheses). 
NE   =  Not established. 
U   =  Upper well completion zone. 
UJ   =  The analyte was analyzed for but not detected.  The associated value is an estimate and may be inaccurate or imprecise. 
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Table 7-10 
Summary of Dissolved Metal Parameters 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, August 2004 

 

Sample No.:
Well No.:

Sample Type:
Sample Method:

Laboratory:
Date Sampled:

065678 
CWL-MW7 

Environmental 
Bennett Pump 

GEL 
8-25-04 

065683 
CWL-MW8 

Environmental 
Bennett Pump 

GEL 
8-26-04 

065684 
CWL-MW8 

Duplicate 
Bennett Pump 

GEL 
8-26-04 

 
Parameter 

 
Methoda 

MCL 
(mg/L) All results in mg/L 

Chromium 6020 0.1 0.000429 (0.003) J ND (0.00038) ND (0.00038) 

Nickel 6020 NE 0.0017 (0.002) J 0.00154 (0.002) J 0.00167 (0.002) J 

 
If result detected below laboratory quantitation limit, then quantitation limit is indicated in parenthesis. 
aU.S. Environmental Protection Agency, 1990, “Test Methods for Evaluating Solid Waste Physical/Chemical Methods,” SW-846, 3rd ed., U.S. Environmental Protection Agency, Washington, D.C. 
CWL  = Chemical Waste Landfill. 
GEL  = General Engineering Laboratories. 
J   = The associated value is an estimated quantity and/or detected below the practical quantitation limit. 
MCL  =  Maximum contamination levels (established by the U.S. EPA Primary Drinking Water Regulations in 40 CFR 141.11(b), subsequent amendments or the New Mexico Environmental  

 Improvement Board in the New Mexico Register, Title 20, Chapter 7, Part 1). 
mg/L  =  Milligram(s) per liter. 
MW  =  Monitoring well. 
NE   =  Not established. 
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Table 7-11 
Summary of Hexavalent Chromium Analyses 

Sandia National Laboratories/New Mexico 
Chemical Waste Landfill, August 2004 

 

Sample No.: 
Well No.: 

Sample Type: 
Sample Method: 

Laboratory: 
Date Sampled: 

065678 
CWL-MW7 

Environmental 
Bennett Pump 

GEL 
8-25-04 

065683 
CWL-MW8 

Environmental 
Bennett Pump 

GEL 
8-26-04 

065684 
CWL-MW8 

Duplicate 
Bennett Pump 

GEL 
8-26-04 

Parameter 
 

Methoda 
MCL 

(mg/L) All results in mg/L 
 
Hexavalent Chromium 7196A NE ND (0.0054) HT, UJ ND (0.0054) HT, R ND (0.0054) HT, R 

 
aU.S. Environmental Protection Agency, 1990, “Test Methods for Evaluating Solid Waste Physical/Chemical Methods,” SW-846, 3rd ed., U.S. Environmental Protection Agency, Washington, D.C. 
CWL  = Chemical Waste Landfill. 
EPA =  U.S. Environmental Protection Agency. 
GEL  = General Engineering Laboratories. 
MCL  = Maximum contamination levels (established by the U.S. EPA Primary Drinking Water Regulations in 40 CFR 141.11(b), subsequent amendments or the New Mexico Environmental  

Improvement Board in the New Mexico Register, Title 20, Chapter 7, Part 1). 
mg/L  =  Milligram(s) per liter. 
MW  =  Monitoring well. 
HT   =  Holding time was exceeded for the analysis. 
ND ( ) =  Analyte not detected (quantitation limit is indicated in parentheses). 
NE   =  Not established. 
R   =  The data qualified as unusable for their intended purpose. 
UJ   =  The analyte was analyzed for but not detected.  The associated value is an estimate and may be  



 

 

ANNEX H 
Well Construction Diagrams for MW-7 and MW-8 



WELL DATABASE SUMMARY SHEET

CWL-MW7Well Name:

1267ER ADS #:

WEST SIDE OF CWLGeo Location:

414175.8(X) Easting:

1444738.66(Y) Northing:

WDCDrilling Contractor:

SNLOwner Name:

CWL ER PROJECTProject Name:

10-MAR-2003Date Drilling Started:

20-MAR-2003Well Completion Date:

4912.91Initial Water Elevation:

506.6
Initial Depth To Water:

5416.79Ground Surface:

5419.51Top of Inner Well Casing:

5419.97Protective Casing:

2.6Casing Stickup:

23-JUN-2003Survey Date:

VLADIMIR JIRIKSurveyed By:

SAND AND GRAVELCompletion Zone:

SANTA FEFormation of Completion:

5417.23Concrete Pad:

MUD ROTARYDrilling Method:

805Borehole Depth:
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WELL DATABASE SUMMARY SHEET

CWL-MW8Well Name:

1267ER ADS #:

WEST SIDE OF CWLGeo Location:

414163.46(X) Easting:

1445013.36(Y) Northing:

WDCDrilling Contractor:

SNLOwner Name:

CWL ER PROJECTProject Name:

25-MAR-2003Date Drilling Started:

02-APR-2003Well Completion Date:

4912.81Initial Water Elevation:

506.45
Initial Depth To Water:

5416.92Ground Surface:

5419.26Top of Inner Well Casing:

5419.64Protective Casing:

2.3Casing Stickup:

23-JUN-2003Survey Date:

VLADIMIR JIRIKSurveyed By:

SILTY SANDCompletion Zone:

SANTA FEFormation of Completion:

5417.2Concrete Pad:

MUD ROTARYDrilling Method:

805Borehole Depth:

0-10' BACKFILL WITH CEMENT.  50/50 BENTONITE CHIPS
AND 10/20 SAND**

Well Comment:
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At-Grade Vegetative Soil Cover  



 
AL/12-04/WP/SNL04:r5609-i.doc  840857.01.07 12/17/04 8:58 AM i

TABLE OF CONTENTS 
 
 
LIST OF SHEETS .........................................................................................................................iii 
LIST OF TABLES.......................................................................................................................... v 
ACRONYMS AND ABBREVIATIONS..........................................................................................vii 
 
1.0 INTRODUCTION............................................................................................................1-1 
 

1.1 Scope .................................................................................................................1-2 
 
2.0 VEGETATIVE SOIL COVER..........................................................................................2-1 

 
2.1 Vegetative Soil Cover Conceptual Design..........................................................2-1 
2.2 Construction Specifications ................................................................................2-4 
2.3 Construction QC.................................................................................................2-6 
2.4 Grading and Revegetation .................................................................................2-7 
2.5 Engineered Controls...........................................................................................2-8 

 
3.0 PROPOSED IMPLEMENTATION, COMPLETION AND FINAL NMED  
 APPROVAL SCHEDULE ...............................................................................................3-1 
 
4.0 REFERENCES...............................................................................................................4-1 
 



 
AL/12-04/WP/SNL04:r5609-i.doc  840857.01.07 12/17/04 8:58 AM ii

This page intentionally left blank. 
 



 
AL/12-04/WP/SNL04:r5609-i.doc  840857.01.07 12/17/04 8:58 AM iii

ATTACHMENTS 
 
Attachment 1  Chemical Waste Landfill Conceptual Landfill Cover Design 

1/3 Site Grading Plan 
2/3 Sections A-A’, B-B’, and Asphalt Road Profile 
3/3 Section C-C’ and Cover Detail 

 
Attachment 2 Tables 5-4 and 5-5  Mixed Waste Landfill Cover modeling results using  
 historical precipitation data and maximum precipitation data, respectively. 
 
 Figures 5-23, 5-24 and 5-25 depict the average annual infiltration  
 predicted by the three models used to determine optimal cover thickness. 
 
 
Attachment 3  Revegetation Specifications 
 



 
AL/12-04/WP/SNL04:r5609-i.doc  840857.01.07 12/17/04 8:58 AM iv

This page intentionally left blank. 



 
AL/12-04/WP/SNL04:r5609-i.doc  840857.01.07 12/17/04 8:58 AM v

LIST OF TABLES 
 
Table 
 
2-1 Testing Methods and Frequencies for the Native Soil and Topsoil Layers ........2-7 
 
3-1 Preliminary Schedule for Final Closure of the CWL ...........................................3-1 



 
AL/12-04/WP/SNL04:r5609-i.doc  840857.01.07 12/17/04 8:58 AM vi

This page intentionally left blank. 
 



 
AL/12-04/WP/SNL04:r5609-i.doc  840857.01.07 12/17/04 8:58 AM vii

ACRONYMS AND ABBREVIATIONS 
 

 
ASTM  American Society for Testing and Materials  
bgs  below ground surface 
CFR Code of Federal Regulations 
CME Corrective Measures Evaluation 
CMS Corrective Measures Study 
CWL Chemical Waste Landfill 
LE  Landfill Excavation 
NMAC  New Mexico Administrative Code 
QC  quality control 
RAP Remedial Action Proposal 
SNL/NM Sandia National Laboratories/New Mexico 
USCS  Unified Soil Classification System 
VCM Voluntary Corrective Measure 
VOC volatile organic compound 



 
AL/12-04/WP/SNL04:r5609-i.doc  840857.01.07 12/17/04 8:58 AM viii

This page intentionally left blank. 
 
 



AL/12-04/WP/SNL04:r5609-i.doc  840857.01.07 12/17/04 8:58 AM 1-1

1.0   INTRODUCTION 

The Chemical Waste Landfill (CWL) at Sandia National Laboratories/New Mexico (SNL/NM) is 
an interim status landfill being closed under 20.4.1.600 New Mexico Administrative Code 
(NMAC), incorporating 40 Code of Federal Regulations (CFR) 265 Subpart G and the CWL 
Final Closure Plan (SNL/NM December 1992).  Two Voluntary Corrective Measures (VCMs) 
have been performed at the site to address the volatile organic compound (VOC) soil gas plume 
and to remove the original waste contents of the CWL.   
 
The May 2003 CMS Report evaluated various final engineered cover options and proposed the 
at-grade vegetative soil cover design that was presented in the May 2003 Remedial Action 
Proposal (RAP).  The NMED subsequently rejected the May 2003 CMS Report, primarily due to 
inadequate characterization of groundwater and the VOC soil gas plume.  Subsequently 
informal technical meetings involving SNL/NM, DOE, and NMED were held to discuss and 
resolve the issues and concerns raised by the NMED (Kieling December 2003).  SNL/NM 
requested approval to install the May 2003 RAP cover design as an interim measure in April 
2004 (Wagner April 2004).  As addressed in this request, the need for a cover was previously 
established as part of the NMED approved risk-based cleanup levels established for the LE 
VCM (SNL/NM August 2000), and would ensure the CWL is maintained in a protective manner 
pending final closure decisions.  Based upon informal discussions with NMED intended to 
identify and address any concerns regarding the proposed cover design, additional information 
was provided to NMED on July 29, 2004 that included confirmation of a design change 
requested by NMED (Miller July 2004).  NMED approved the request with conditions in 
September 2004 (Kieling September 2004).   
 
The May 2003 RAP has been revised based upon technical input from the NMED, documented 
in the NMED interim cover approval letter (Kieling September 2004).  These changes are 
reflected in the subsequent text and engineering drawings (Sheets 1 through 3).  Planning is 
underway and completion of the cover installation and related site field work is expected by July 
2005. 
 
This RAP provides the following changes relative to the May 2003 RAP: 
 

• engineering drawings showing the southeast drainage diversion change 
(Attachment 1)  

 
• updated technical specifications for cover layer thicknesses 

 
• quality control testing frequency changes 

 
• supporting documentation for the cover design basis as developed from the Mixed 

Waste Landfill (MWL) cover design and modeling effort 
 
• specifications regarding the re-vegetation effort 

 
Section 2.8 of the CWL CMS Report requests NMED approval of this revised RAP as the final 
engineered cover for the CWL. 
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1.1 Scope 
 
The scope of this revised RAP is to provide a detailed conceptual design and a preliminary 
implementation schedule for the at-grade vegetative soil cover approved by NMED as an interim 
measure pending a final determination on this revised, CWL CMS Report (Kieling September 
2004).  The following information is provided: 
 

• Conceptual design engineering drawings,  including a site drainage/grading plan 
and cross-sectional profiles (Sheets 1/3 through 3/3, Attachment 1) 

 
• Conceptual design description, including design basis and performance objectives 

(Section 2.1) 
 

• Construction specifications for the two layers of the cover (native soil and topsoil 
layers) (Section 2.2) 

 
• Construction quality control (QC), including field and laboratory testing 

(Section 2.3) 
 

• Grading and re-vegetation specifications (Section 2.4) 
 

• Proposed implementation, completion, and final NMED approval schedule 
(Section 3.0) 

 
• References (Section 4.0) 

 
 
.
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2.0   VEGETATIVE SOIL COVER 

The following sections describe the at-grade vegetative soil cover proposed as the final 
corrective measure alternative in this revised CMS Report.  Section 2.1 presents the conceptual 
design and grading plan, Section 2.2 presents the main construction and engineering 
specifications for the design, Section 2.3 discusses construction QC, and Section 2.4 addresses 
the revegetation requirements and approach.   
 
 
2.1 Vegetative Soil Cover Conceptual Design 
 
The proposed vegetative soil cover design is shown in the attached CWL Conceptual Landfill 
Cover Design package, Sheets 1/3 through 3/3 (Attachment 1).  Sheet 1/3 shows the proposed 
grading plan and drainage features. A gently west-sloping, centrally-crowned topography will be 
established at the site, including the site operational boundary area on the east side of the 
former landfill.  The gentle, broad central crown will trend east to west through the central 
portion of the cover, acting to shed surface water to the northwest and southwest (Sheet 1).  
Drainage swales will be constructed along the north, west, and south sides of the former landfill 
to capture and channel surface water that falls directly on the cover toward the northwest and 
southwest corners of the site.   
 
A subgrade drainage diversion (culvert) will be constructed at the southeast corner of the CWL 
to divert the existing road ditch drainage from the east (north side of road) under the asphalt 
road along the southern boundary of the cover (Sheet 1/3).  This diversion is being incorporated 
to prevent surface water (coming from the east) from flowing over the southern footprint of the 
CWL excavation due to limited space between the south end of the CWL and the asphalt road. 
Existing and new road ditches and swales will channel surface water along the south, west and 
north sides of the cover to the north and west, respectively (away from the cover).  The re-
vegetated, gently sloping topography (<3% grade) and slight northeast and southeast inflection 
(i.e. gently west-sloping central crown) to the east of the former landfill will prevent significant 
run-on by directing the upgradient surface water toward the north and south boundary swales.   
 
An important part of the conceptual design involves re-establishing the east-west asphalt road 
along the southern boundary of the former landfill (see Sheet 1/3).  This road was removed 
during the Landfill Excavation (LE) VCM to allow sidewall sloping associated with excavation in 
this area.  The temporary detour road and asphalt road are part of Kirtland Air Force Base 
property that must be restored and returned; therefore, the current gravel detour road will be 
removed.  The subgrade drainage diversion at the southeast corner of the CWL will divert 
upgradient surface water under the road to minimize surface water flow along the southern 
boundary swale.  The southern boundary swale will be located on the north side of this road 
from the southeast to southwest corner of the site and will only receive runoff from the 
immediate vicinity.  This localized surface water will flow to the culvert at the southwest corner 
of the site, where flow to the west continues in connected road ditches.   
 
The vegetative soil cover will be completed at or near the former ground surface of the 
excavated CWL to re-establish the gently west-sloping, centrally-crowned topographic gradient 
shown on Sheet 1/3.  The cover will consist of two discrete layers; 1) approximately 3-foot-thick 
native soil layer (subgrade for topsoil layer) installed from 4 to 1 ft bgs, and 2) minimum 1-foot-
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thick topsoil layer comprised of minimally compacted topsoil admixed with 3/8-inch crushed 
gravel installed from 1 ft bgs to local grade.   
 
The total depth of the excavation ranges from 12 feet below ground surface (bgs) throughout 
most of the CWL to a maximum depth of 30 feet bgs in the southwest corner.  Several areas 
within the southeast and southwest areas of the CWL were excavated deeper than 12 feet bgs 
to remove soil with concentrations exceeding risk-based criteria and to remove more deeply 
buried debris.  Areas within the CWL where no disposal occurred were excavated to a uniform 
depth of 4 feet bgs and trenched for verification purposes.  The CWL excavation is currently 
backfilled to a uniform depth of 4 feet bgs.  Thus, the excavation will have three distinct layers 
after installation of the cover as follows: 1) engineered backfill (12 to 30 feet bgs to 4 feet bgs), 
2) native soil layer (4 feet bgs to 1 ft bgs), and 3) topsoil layer (1 ft bgs to grade).  The 
vegetative soil cover is defined as the upper two layers, and will have different construction 
specifications as defined in Section 2.2.  Sheet 3/3 shows a simplified cross-sectional view 
(cover detail) of these layers.  The topsoil layer will be revegetated with native plants according 
to the specifications in Section 2.4.   
 
 
Design Basis 
 
The SNL/NM ER Project has been involved in landfill cover design research and development 
since 1995 as part of the MWL project.  The objective of the MWL cover design research is to 
demonstrate, through site-specific field studies and supporting modeling efforts, that 
containment of hazardous and mixed waste in arid and semiarid environments can be 
accomplished in a manner protective of human health and the environment without synthetic 
materials and complex, multi-layer systems.  The EPA encourages the development and 
deployment of alternative cover designs that are innovative and take advantage of site-specific 
conditions.  The design of vegetative soil covers is an imprecise science, combining traditional 
engineering principles with shallow vadose zone geology, ecology, hydrology, climatology, 
sedimentology, botany, and agronomy.  Principles from these applied sciences were applied to 
develop effective, site-specific cover designs for the MWL and CWL.   
 
Proper design of a vegetative soil cover depends on a thorough understanding of soil water 
storage, the physics of soil water movement, evapotranspiration, vegetative cover, climate, and 
geologic setting.  Vegetative soil cover design combines layers of natural soil, native plant 
species, and climatic conditions to form a sustainable, functioning ecosystem that maintains the 
natural water balance.  The scientific basis for the proposed CWL vegetative soil cover 
presented in the RAP is based upon the research conducted at the nearby MWL, located less 
than 1.5 miles north of the CWL in the same geologic setting.  Information documenting the 
MWL cover design parameters, including soil water storage, the physics of soil water 
movement, evapotranspiration, vegetative cover, climate, and geologic setting; is contained in 
the final report “Deployment of an Alternative Cover and Final Closure of the Mixed Waste 
Landfill” (SNL/NM September 1999) on record with the NMED.  A summary report on the design 
and optimization of vegetative soil covers for deployment at SNL/NM and KAFB will be available 
in September 2004.  This report captures and documents site-specific hydrologic, climatic, and 
vegetative parameters used to optimize cover design and thickness and to assess long-term 
performance.  Final regulatory approval of the MWL cover design is pending completion of the 
public hearing process. 
 
The specifics of the CWL cover design vary from the cover proposed for the MWL, however, the 
design parameters are the same.  A less stringent and complex CWL cover design is 
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appropriate because the CWL was excavated and risk-based standards were achieved.   The 
primary performance objective for both the MWL and CWL cover designs is to minimize 
infiltration and percolation of surface water into the subsurface.  EPA’s HELP-3 water-balance 
model developed for design of landfill covers and two other unsaturated flow models were used 
to predict infiltration through a vegetative cover and determine optimal cover thickness.  Input 
parameters included precipitation data for Albuquerque for the past 65 years.  In addition, a 
more conservative approach using the wettest 8 years was also modeled.   Modeling using the 
maximum precipitation data indicated infiltration of less than 2 percent of the annual total 
precipitation and a significant decrease as the cover thickness was increased from 1 to 3 feet.  
The following tables and figures from the “Deployment of an Alternative Cover and Final Closure 
of the Mixed Waste Landfill” (SNL/NM September 1999) are included as Attachment 2 at the 
end of this RAP and summarize the MWL modeling results. 
 

• Tables 5-4 and 5-5 summarize the cover modeling results using historical 
precipitation data and maximum precipitation data, respectively. 

 
• Figures 5-23, 5-24 and 5-25 depict the average annual infiltration predicted by the 

three models used to determine optimal cover thickness. 
 
Therefore, the vegetative soil cover proposed in the RAP for the CWL will achieve this objective 
and minimize long-term maintenance requirements consistent with 20.4.1.600 NMAC, 
incorporating 40 CFR Part 265.111(a).   
 
The MWL cover design research demonstrates that natural soils and native vegetation, namely, 
vegetative soil covers, will meet equivalency requirements prescribed for RCRA Subtitle D and 
C caps as promulgated in Title 40 CFR 264.  The results also demonstrate that vegetative soil 
covers, utilizing readily-available, naturally-occurring materials and processes, will adequately 
address EPA-prescribed performance-based criteria.  In essence, a vegetative soil cover 
represents a cover design based upon the natural analogue that has performed well over 
thousands of years. 
 
 
Performance Objectives 
 
The primary objectives for the final cover are to minimize long-term maintenance consistent with 
20.4.1.600 NMAC, incorporating 40 CFR Part 265.111(a), and minimize infiltration of moisture 
into the former landfill.  A secondary objective is to provide a physical barrier between the 
surface and excavation floor, where the highest residual soil contamination concentrations 
occur. 
 
The vegetative soil cover will achieve these performance objectives based upon the design 
specifications presented in this RAP.  The vegetative soil cover installed at/near grade is 
recommended in this revised CWL CMS Report  because it was the cover design that would 
require the least amount of long-term maintenance to ensure long-term performance, consistent 
with the closure performance standards in 20.4.1.600 NMAC incorporating 40 CFR 265.111(a).  
Moisture infiltration will be minimized in two ways.  The 1-foot-thick, minimally compacted topsoil 
layer will act as a moisture storage layer based on the lower compaction specifications and 
material properties of this layer.  Minimization of deeper infiltration will occur through direct 
evaporation to the atmosphere during dry climate conditions.  An important aspect of this design 
are the native plants that will uptake moisture stored in this layer.  The minimum 1-foot 
thickness of the topsoil layer is specifically designed to support and facilitate the development of 
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maximum root density for this purpose.  For the dominant native grass species of the east mesa 
ecosystem, maximum root density occurs in the upper 1-foot of soil (Peace et al. November 
2004).  The native plants will also minimize potential surface erosion to maintain the topsoil 
thickness over time. 
 
The native soil layer immediately beneath the topsoil layer will provide a moisture storage layer 
approximately 3-feet-thick moisture storage layer and will prevent deeper moisture infiltration 
based on the compaction specifications and material properties of this layer.  Saturated 
hydraulic conductivity testing of the upper surface of the native soil layer will be performed and 
compared to the results already obtained for the excavation floor to confirm the requirements of 
20.4.1.600 NMAC, incorporating 40 CFR Part 265.310(a)(5) are met.  Field studies and 
modeling conducted in support of the Mixed Waste Landfill cover design effort show that even 
during heavy precipitation periods, moisture does not penetrate deeper than 2 feet bgs in the 
native soils (Peace et al. September 2002).  Therefore, the combined 4-foot thickness of the 
topsoil and native soil layers will provide more than adequate moisture storage and prevent 
deeper infiltration into the backfill, even during heavy precipitation periods.  A vegetative soil 
cover of sufficient thickness to store precipitation and support a healthy vegetative community 
will minimize deeper moisture infiltration, reduce water and wind erosion, and require minimal 
long-term maintenance. 
 
Cover installation activities will include site preparation, land surveying, compaction, fill and 
grading east of the CWL to establish the desired topography, grading to install swales, 
placement and compaction of the native soil layer, placement and minimal compaction of the 
topsoil layer, and revegetation of the topsoil layer and surrounding area.  The asphalt road 
along the southern boundary will also be restored as part of the cover implementation effort, and 
the former Technical Area 3 perimeter fence will be re-established.  A perimeter fence with 
appropriate signs and access gates will also be installed around the former landfill boundary. 
 
 
2.2 Construction Specifications  
 
The CWL was completely excavated from 1998 to 2002, and is currently (as of December 2004) 
backfilled to a uniform depth of 4 ft bgs.  The native soil layer will be installed to a relatively 
uniform depth of approximately 1 ft bgs.  The final layer of the proposed design is the topsoil 
layer, which will be placed and minimally compacted above the native soil layer.  After 
installation, the topsoil layer will have a minimum thickness of 1 foot, and will be revegetated 
with native plants as described in Section 2.4.  Additional topsoil will be used as necessary to 
create the gently west-sloping, centrally-crowned topography shown in Sheet 1/3.  A cross-
sectional view and the general specifications for three layers comprising backfill and the cover 
are shown in Sheet 3/3, labeled “cover detail.” 
 
The screening, compaction, and moisture specifications for the backfill and native soil layers are 
shown below for comparison.  The fill material specifications relative to grain size distributions 
are also presented for the two layers comprising the vegetative soil cover; the native soil and 
topsoil layers. 
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Existing Backfill Specifications (total depth to 4 feet bgs)  
 

• Fill screened to remove all material >4 inches 
 

• Placed in 12-inch loose lifts 
 

• Compacted to >90% maximum dry density –3%/+2%, based upon Standard 
Proctor at or near optimum moisture content 

 
Native Soil Layer (4 feet bgs to ~1 foot bgs) 
 

• Native soil (fill) screened to remove all material >2 inches 
 

• Placed in 8-inch loose lifts 
 

• Compacted to >90% maximum dry density –/+2%, based upon Standard Proctor 
at or near optimum moisture content 

 
Fill material specifications are provided below for the native soil and topsoil layers.  These 
gradation and classification specifications exceed the requirements for fill material used to 
backfill the excavation to 4 ft bgs, although similar local materials were used for the underlying 
backfill layer.  The native soil layer will has stricter placement and compaction specifications 
than the underlying backfill, which are the result of the thinner loose lift requirement (8-inch 
versus 12-inch for backfill layer) and defined gradation specification.  This gradation 
specification covered below will be achieved through screening all native soil layer fill material to 
2-inch minus using a mechanical screen.  The screening requirement for the backfill layer was 
4-inch minus.    
 
 
Native Soil Layer 
 
Native soil fill will be obtained from a nearby borrow area and be classified by the Unified 
Soil Classification System (USCS) as SM (silty sand, sand-silt mixtures), as determined in 
accordance with American Society for Testing and Materials (ASTM) D4318 and ASTM D2487.  
The subgrade fill will be screened to remove all material >2 inches in size.  The fill will conform 
to the following gradation: 
 

Sieve Designation Percent Passing 
#4 ≥85 
#10 65–100 
#40 50–100 
#200 10–40 
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Topsoil Layer 
 
Topsoil Layer soil will be obtained from a nearby borrow area and be classified by the USCS as 
SM (silty sand, sand-silt mixtures) in accordance with ASTM D4318 and ASTM D2487.  The 
topsoil layer fill will conform to the following gradation: 
 

Sieve Designation Percent Passing 
#10 70–100 
#40 65–100 
#200 20–45 

 
 
The existing topsoil layer in the borrow area has been removed and stockpiled for use as the 
vegetative soil cover topsoil layer.  Because this material is ideal topsoil for the cover and does 
not contain significant gravel or cobbles (i.e. undesirable oversize materials), post excavation 
processing will be initially minimized.  Therefore, mechanical screening of the topsoil will not be 
required to remove oversized material or the organic material, as the organic material will 
facilitate revegetation efforts that are critical to cover performance.  However, screening the 
topsoil will remain an option based upon actual field conditions.  In addition, 3/8-inch crushed 
gravel, ASTM size #8, 25 percent by volume, will be mixed with the topsoil before placement 
and grading to help stabilize the topsoil layer while revegetation is occurring.  The gravel will be 
clean, with no more than 5 percent passing the #4 sieve. 
 
 
2.3 Construction QC 
 
Installation of the final subgrade and cover will include oversight by a qualified Construction 
Quality Assurance engineer.  Field activities and decisions will be documented in daily field logs.  
Information that will be documented includes, but is not limited to, the following: 
 

• Daily weather conditions, including temperature and precipitation events 
 

• Daily excavation and cover installation inspections, including visual observations of 
any conditions that could affect operations (e.g., ponded or frozen water, muddy 
or excessively wet soil, evidence of subsidence in the compacted layers, 
evidence of material >4 inches in size, visible debris in fill material) 

 
• Equipment used, maintenance logs, and any problems experienced with major 

equipment 
 

• Lifts completed in each area, the depth bgs, and the origin of the fill (native soil 
layer) or topsoil material 

 
• Results of field and laboratory testing to ensure specifications are met 

 
• Problems encountered and corrective actions taken to resolve them 

 
The QC testing presented in Table 2-1 will be performed to verify compaction and moisture 
specifications, material specifications, and hydraulic conductivity specifications for the former 
landfill as per the requirements of 20.4.1.600 NMAC, incorporating 40 CFR 265.310(a)5 and 
Section 2.2.  
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Table 2-1 

Testing Methods and Frequencies for the Native Soil and Topsoil Layers 
 

Fill Test Method Frequency 
Pre-Placement Testing: 

Gradation (ASTM D-422) 1/1,500 cubic yards 
Classification (ASTM D-2487) 1/1,500 cubic yards 

Native Soil Layer 

Standard Proctor (ASTM D-698) 1/1,500 cubic yards 
Gradation (ASTM D-422) 1/1,500 cubic yards Topsoil Layer 
Classification (ASTM D-2487) 1/1,500 cubic yards 

Installation Testing: 
Ksat 6 samples from the upper lift of 

the 2.4-acre cover area, 
distributed in a grid-like pattern 
across the cover  

Native Soil Layer 

Field Density and Moisture Testing 
(ASTM D-2922 and ASTM D-3017) 

3/lifta,b [lift = ~2.4 acres] 

aQuality Control checks for density shall be conducted for at least 1 of every 20 Nuclear Methods by the 
Sand Cone Method (ASTM D1556). 
bQuality Control checks for moisture content shall be conducted for at least 1 of every 20 Nuclear 
Methods (shallow depth) by Direct Water Content Measurements (ASTM D2216). 
ASTM = American Society for Testing and Materials. 
Ksat = Saturated hydraulic conductivity. 
 
 
A final letter report signed by a professional engineer will be prepared after backfilling and cover 
installation activities are completed.  The letter report will document compliance with the 
requirements defined in this RAP and supporting implementation plans, and will address any 
significant deviations and how they were resolved.  As-built final engineering drawings will be 
prepared and submitted, along with the letter report, in the Final Closure Report required by 
Chapters 1 and 12 of the Closure Plan (SNL/NM December 1992 and subsequent revisions). 
 
 
2.4 Grading and Revegetation 
 
After installation of the cover is completed, the cover and surrounding area (including the 
swales) will be seeded and mulched using conventional equipment and methods.  Re-
establishing a diverse community of native plants, grasses in particular, is an important 
component of the short-term and long-term performance of the vegetative cover.  The 
revegetation effort will be performed in compliance with the requirements of the City of 
Albuquerque Specification 1012, Native Grass Reseeding, as per the CWL LE VCM Surface 
Soil Disturbance Permit.  Seeded mulch mats and watering of the area will be considered, as 
appropriate, to ensure a successful revegetation effort.  Technical specifications for the 
revegetation effort are provided in Attachment 3.  
 
The cover revegetation effort will build upon experience gained from similar recent efforts at the 
adjacent Corrective Action Management Unit (CAMU).  In particular, the seed mixture used will 
be adjusted to remove particular plant species that have proven to be problematic at the CAMU.  
Other lessons learned will be integrated and discussed in the CWL Post-Closure Care Plan and 
Permit Application (PCCP/PA), which is planned for submittal to the NMED in April 2005.  The 
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issue of what constitutes “successful revegetation” will be addressed in the PCCP/PA and 
documented in the Final Closure Report along with documentation for the backfill and cover 
installation efforts.   
 
 
2.5 Engineered Controls 
 
A perimeter fence with access gates will be installed around the former CWL with appropriate 
signs to prevent inadvertent human intrusion.  Where possible existing fences will be used.  The 
fence and signs will be routinely inspected as part of post-closure care surveillance & 
maintenance activities.  These activities will be described and formalized in the PCCP/PA. 
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3.0   PROPOSED IMPLEMENTATION, COMPLETION AND 
FINAL NMED APPROVAL SCHEDULE 

A preliminary schedule for the implementation, completion, and final NMED-approval (as the 
final engineered cover) of the at-grade vegetative soil cover is presented in Table 3-1.   The 
proposed schedule begins with the submittal of this RAP as part of the revised CWL CMS 
Report and extends through final NMED approval of the CMS Report and RAP as the final 
engineered cover (pending NMED review) required for closure of the CWL.  This schedule is 
preliminary and involves assumptions that are subject to change. 
 

Table 3-1 
Preliminary Schedule for Final Approval of the RAP Cover Design as the Final CWL Cover 

Through Review and Approval of the December 2004 CWL CMS Report 
 

Closure Activity Regulatory Driver Description/Comments 
Approximate 

Schedule/Timing 
Planning and 
Installation of the 
RAP cover as an  
Interim Measure 

NMED approval 
of SNL/NM 
Interim Cover 
Approval 
Request   

The design and specifications in this 
RAP comprise the Interim Measure 
Cover.  NMED technical input 
summarized in the NMED conditional 
approval letter (Kieling September 
2004) has been incorporated. 

November 2004 
through July 2005 

SNL/NM Submits 
this RAP as Annex I 
to the revised CMS 
Report  

Closure Plan  CMS Report (Section 2.8) requests 
NMED approval of the RAP cover 
design as the required final engineered 
cover for closure of the CWL. 

End of December 
2004 

NMED Review and 
Issues RSI  

Closure Plan and 
40 CFR 265.112 

Complete NMED review and provide 
CMS Report comments.  Actual 
schedule will depend upon timing and 
extent of NMED review and 
comments/issues. 

January – March 
2005   
[estimated] 

SNL/NM RSI 
Response 

NMED Assume a focused RSI process, with 
NMED comments received by end of 
March 2005. 

April – early June 
2005 

SNL/NM completes 
Interim Cover 
Installation  

NMED approval 
of SNL/NM 
Interim /cover 
Approval 
Request   

Cover installation, restoration of south 
boundary asphalt road, and related 
field activities completed. 

July 2005 

NMED Approval, 
Public Comment 
Period, NMED Final 
Approval  

Closure Plan and 
40 CFR 265.112 

Required 30-day public comment 
initiated by NMED after SNL/NM RSI 
response reviewed and approved.  
Final NMED approval for the CMS 
Report after 30-day public comment 
period in July 2005 

Early June - August 
2005 

CFR = Code of Federal Regulations. 
CMS = Corrective Measures Study. 
CWL = Chemical Waste Landfill. 
KAFB  = Kirtland Air Force Base. 
NMED = New Mexico Environment  

Department. 

PCCP = Post-Closure Care Plan. 
RAP = Remedial Action Proposal. 
RSI = Request for Supplemental 

Information. 
SNL/NM = Sandia National Laboratories/ 

New Mexico. 
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ATTACHMENT 1 
Chemical Waste Landfill 

Conceptual Landfill Cover Design 











 

 

ATTACHMENT 2 
Tables 5-4 and 5-5  Mixed Waste Landfill Cover modeling results using 

historical precipitation data and maximum precipitation data, respectively. 
 

Figures 5-23, 5-24 and 5-25 depict the average annual infiltration 
predicted by the three models used to determine optimal cover thickness. 
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Table 5-4 
Summary of Mixed Waste Landfill Cover Modeling Results Using Historical Precipitation Data 

 

Model Parameter 
1 ft 

Cover 
2 ft 

Cover 
3 ft 

Cover 
4 ft 

Cover 
5 ft 

Cover 
HELP-3 Cumulative Infiltration (cm) 28.0 0.09 0.15 0.00 0.00 
UNSAT-H Cumulative Infiltration (cm) 41.5 15.00 8.44 5.79 4.15 
VS2DT Cumulative Infiltration (cm) 37.5 5.49 0.43 0.07 0.09 
HELP-3 Average Flux (cm/s) 1.4E-08 4.3E-11 7.1E-11 0.0E+00 0.0E+00 
UNSAT-H Average Flux (cm/s) 2.0E-08 7.3E-09 4.1E-09 2.8E-09 2.0E-09 
VS2DT Average Flux (cm/s) 1.8E-08 2.7E-09 2.1E-10 3.6E-11 4.5E-11 
HELP-3 Average Infiltration Rate (cm/yr) 0.4314 0.0014 0.0023 0.0000 0.0000 
UNSAT-H Average Infiltration Rate (cm/yr) 0.6396 0.2307 0.1299 0.0891 0.0638 
VS2DT Average Infiltration Rate (cm/yr) 0.5768 0.0844 0.0066 0.0011 0.0014 
HELP-3 Maximum Volumetric Moisture Content 0.28 0.18 0.17 0.16 0.16 
UNSAT-H Maximum Volumetric Moisture Content 0.21 0.15 0.13 0.12 0.11 
VS2DT Maximum Volumetric Moisture Content 0.20 0.13 0.10 0.09 0.09 

 
cm = Centimeter(s). 
cm/s = Centimeter(s) per second. 
cm/yr = Centimeter(s) per year. 
ft = Foot (feet). 
yrs = Years. 
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Table 5-5 
Summary of Mixed Waste Landfill Cover Modeling Results Using Maximum Precipitation Data 

 

Model Parameter 
1 ft 

Cover 
2 ft 

Cover 
3 ft 

Cover 
4 ft 

Cover 
5 ft 

Cover 
HELP-3 Cumulative Infiltration (cm) 35.4 0.20 0.47 0.58 0.86 
UNSAT-H Cumulative Infiltration (cm) 70.1 33.8 25.8 23.2 21.8 
VS2DT Cumulative Infiltration (cm) 77.7 19.4 3.38 0.78 0.66 
HELP-3 Average Flux (cm/s) 1.8E-08 1.0E-10 2.3E-10 2.9E-10 4.3E-10 
UNSAT-H Average Flux (cm/s) 3.5E-08 1.7E-08 1.3E-08 1.1E-08 1.1E-08 
VS2DT Average Flux (cm/s) 3.8E-08 9.6E-09 1.7E-09 3.9E-10 3.3E-10 
HELP-3 Average Infiltration Rate (cm/yr) 0.5539 0.0032 0.0073 0.0091 0.0135 
UNSAT-H Average Infiltration Rate (cm/yr) 1.0959 0.5277 0.4024 0.3624 0.3400 
VS2DT Average Infiltration Rate (cm/yr) 1.2144 0.3024 0.0529 0.0122 0.0104 
HELP-3 Maximum Volumetric Moisture Content 0.30 0.20 0.18 0.17 0.17 
UNSAT-H Maximum Volumetric Moisture Content 0.24 0.17 0.14 0.14 0.13 
VS2DT Maximum Volumetric Moisture Content 0.22 0.15 0.12 0.10 0.10 
 
cm = Centimeter(s). 
cm/s = Centimeter(s) per second. 
cm/yr = Centimeter(s) per year. 
ft = Foot (feet). 
yrs = Years. 
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Figure 5-23
Average Annual Infiltration predicted by HELP-3 using Maximum Precipitation Data
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Figure 5-24
Average Annual Infiltration Rates predicted by UNSAT-H using Maximum Precipitation Data
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Figure 5-25
Average Annual Infiltration Rates predicted by VS2DT using Maximum Precipitation Data
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ATTACHMENT 3 
Revegetation Specifications 
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CWL cover, swales, and surrounding areas disturbed by cover construction activities will be re-
seeded consistent with the City of Albuquerque, Specification 1012, Native Grass Seeding.  The 
following information provides a more detailed explanation of the re-seeding effort, and is based 
upon the specifications developed for the MWL cover design (Deployment of an Alternative 
Cover and Final Closure of the Mixed Waste Landfill, SNL/NM September 1999, Appendix F) 
 
 
Seed Mix for Cover and Reclaimed Areas 
 
Seed shall be labeled in accordance with USDA rules and regulations under the Federal Seed 
Act.  Seed shall be furnished in sealed bags or containers clearly labeled to show the name and 
address of the supplier, the seed name, the lot number, net weight, origin, the percentage of 
weed seed content, the guaranteed percentage of purity and germination, pounds of live seed of 
each seed species, the total pounds of pure live seed in the container, and the date of the last 
germination test which shall be within a period of 6 months prior to commencement of planting 
operations. Seed shall be from a current or previous year's crop.  The following seed mixture 
shall be used: 
 
 Species    (lb/acre pure live seed) 
 "Paloma" Indian rice grass 5.0 
 "Viva" Galleta grass 4.0 
 "Hatchita" Black grama 3.0 
 Sand dropseed 1.5 
 Crested wheat grass 5.0 
 Alkali sacaton 1.5 
 Total rate: 20 lb/acre 
 
NOTE:  Mixture may be modified based upon the results of the recent MWL/TA3 plant study 
currently in publication process.  
 
 
2.2.2 Fertilizer 
 

A starter fertilizer containing nitrogen, phosphorous, potassium, and sulfur shall be 
used. A 20-20-0-22 shall be acceptable. 

 
 
2.2.3 Mulch 
 

The Contractor shall furnish all labor, materials, tools and equipment to place a grain 
straw (wheat, oats, or barley) mulch on the reclaimed areas. The straw mulch shall be 
applied at the rate of 2 tons/acre. The straw mulch shall be clean, free of seed, and 
free of noxious weeds. 

 
 
2.2.4 Equipment 
 

The Contractor shall provide appropriate types of equipment for the performance of 
drill seeding and mulch spreading. Seeding of the grass species shall be performed 
with a rangeland grass drill equipped with multiple seed bins, depth bands, and press 
wheels. Drills shall have agitators to prevent the seed from segregating and lodging in 
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the seed box. The depth bands should be suitable for placing the seed at a depth that 
does not exceed 1/2 inch. 

 
Mulch crimping equipment shall properly crimp the straw without cutting the straw. 
Discing equipment shall not be used. 

 
 
3.1.1 Topsoil Preparation 
 

Prior to seeding, the Contractor shall till the top 3 inches of the surface into an even 
and loose seed bed, free of clods in excess of 4 inches in diameter, and bring the tilled 
surface to the desired line and grade.  The area to be seeded shall be free of erosion 
rills and gullies. 

 
 
3.1.2 Seeding 
 

1) The Contractor shall seed the constructed cover, laydown and borrow areas, 
drainage swale, and other locations impacted by construction activities.  The 
CAMU soil stockpile area shall not be seeded. 

 
2) The Contractor shall apply the seed mix uniformly to the prepared surface by 

means of drill seeding at not less than the minimum rate specified in Part 2.2.1 
of this specification. 

 
3) Seed shall be uniformly drilled to a maximum depth of 1/2 inch using 

equipment specified in Part 2.2.4 of this specification. 
 

4) The Contractor shall seed in a pattern perpendicular to the slope, working 
from the top of the slope down and using row markers to indicate seeded 
areas. 

 
5) The Contractor shall seed the grass mixture in either the spring or fall.  Spring 

seeding shall be performed after the chances of freezing temperatures have 
passed. Fall seeding shall be performed before the ground is frozen and 
covered with snow and after the time temperatures would cause germination. 

 
6) The stand of grass resulting from the seeding shall not be considered 

satisfactory until accepted by the Operator.  The Contractor shall provide a 
one-year warranty to assure the stand of grass from the seeding.  If areas are 
determined to be unacceptable, the unacceptable areas shall be reseeded in 
accordance with these specifications. 

 
 
3.1.3 Fertilizer 
 

Fertilizer shall be placed at a spreading volume of 10 lb/acre unless otherwise 
specified by the Operator. 
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3.1.4 Mulch 
 

Mulch shall be straw spread uniformly at a rate of 2 tons/acre immediately following 
seeding. Mulch shall be anchored into the soil to a depth of at least 2 inches with no 
more than one pass of the crimping equipment.  The crimping operation shall proceed 
perpendicular to the slope so as not to encourage the formation of rivulets down slope.  
Mulching shall not be performed when wind interferes with placement. 
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ANNEX J 
Supporting Information for the Development of a  

TCE Soil-Gas Trigger Level 
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Calculation of TCE concentration in Soil Gas Required to Produce  
5 ug/L TCE in Pore Water at Equilibrium    
CWL at Sandia National Laboratories     
        

Procedure        
Use Henry's Law Constant, the gas-liquid equilibrium partitioning coefficient,    
at specific values of pressure and temperature, to estimate the desired TCE concentration  
        

Concentrations must be converted to the same units, in this case ug/L   
        

The equation is   Ku = Cv/Cw  where:       
     Ku  = unit-less Henry's Law Constant      
     Cv =  gas phase concentration in ug/L      
     Cw = aqueous phase concentration in ug/L     
        

Ku for TCE is 0.38       
This value assumes pressure (P) is 0.82 atmosphere (atm) and temperature (T) is 18° C   
        
At the CWL, TCE is present over the capillary fringe at concentrations ranging from less than 0.1 ppmv to approximately 5 ppmv 
Soil gas concentrations are typically reported in ppmv so the Cv will be calculated in ug/L and then converted to ppmv. 
     Cv = Ku * Cw        
     Cv = 0.38 * 5 ug/L       
     Cv = 1.9 ug/L       
       
        

Converting to ppmv, use the relationship;      
        
Soil gas concentration in ug/L = soil gas concentration in ppmv * (TCE molecular weight* Pressure at Sampling Location in Atm)/(R * T in Kelvin units) 
Then, solving for        
     Cv ug/L = Cv ppmv *(MW*P)/(R * T)   
where R is the universal gas constant with value of 0.08206 atm L/mole/K       
      
Solving for Cv in ppmv the equation is: Cv ppmv = Cv ug/L * (R * T) / (MW * P)   
 Cv ppmv = 1.9 ug/L * (0.08206 * 291.15) / (131.4 * 0.82)  
      

 Cv ppmv = 0.42 ppmv     
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Calculations Supporting a Soil Gas TCE Trigger Level of 20 ppmv 
for SNL/NM Chemical Waste Landfill Closure/Post-Closure Care 
       
Prepared by Jim Studer, P.E.  InfraSUR, LLC   

8-Dec-04       
    Six Pages   
Background      
The CWL is in the process of final closure/post closure care planning. 
A soil gas plume containing one volatile organic compound (VOC) of 
significance (trichloroethylene [TCE]) exists in the vadose zone over 
the saturated zone with an upper surface currently positioned at 
approximately 490 feet below ground surface (ft bgs).   
The water table defines the upper surface of   
the aquifer and is currently positioned approximately 495 ft bgs. 
The sediments positioned between the upper surface of the saturated 
zone and the water table are within the portion of the capillary fringe 
that is saturated with pore water held under suction pressure  
 (i.e., capillary pressure).      
       
Soil gas TCE concentrations are believed to exceed a level that could  
cause groundwater TCE concentrations determined at nearby CWL  
groundwater monitoring wells to exceed the EPA MCL of 5 ug/L. 
However, it appears that TCE soil gas concentrations of such  
magnitude are not present immediately over the capillary fringe.   
With time, and continued TCE transport, TCE soil gas concentrations  
could potentially rise immediately over and within the capillary fringe to  
eventually cause groundwater samples collected from nearby   
groundwater monitoring wells to exceed 5 ug/L.   
       
Because of this circumstance, NMED and SNL/NM have agreed that soil  
gas monitoring will be conducted during post-closure care and further- 
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more that the soil gas monitoring program will include a soil gas trigger 
level for TCE. The trigger level is to be applied to detected TCE  
concentrations from samples collected from the deep ports of wells D-1,  
D-2, and D-3 (i.e., P1 ports). The trigger level if exceeded would initiate  
more involved assessment activities to support a  remedial   
action decision-making process (Conceptual Corrective   
Measure Evaluation Process) .     
       
Thus, it is necessary to develop a trigger level for TCE in soil gas. 
During the process of coordination on corrective measure study  
report preparations, SNL/NM proposed a preliminary trigger level 
       
of 20 ppmv. This trigger level is intended to be specific to CWL  
conditions and was selected by SNL/NM based on professional judgment  
and a desire to propose a trigger level that is similar to a generic "Rule  
of Thumb" trigger level that NMED has historically used elsewhere. 
       
The "Rule of Thumb" trigger or guidance level used by NMED is 10ppmv 
total VOCs in soil gas, and has been applied independent of vadose 
zone depth or other considerations. The value of 10 ppmv is   
essentially equivalent to the multiplication of a soil gas VOC   
concentration (assumed here to be TCE) in equilibrium with the  
aqueous phase concentration of 5 ug/L (i.e., the TCE MCL) and the  
EPA derived Dilution Attenuation Factor (DAF) for water table to  
monitoring well of 20. The TCE equilibrium concentration calculation is  
presented as the first sheet of this annex. For the pressure and  
temperature conditions assumed, the TCE soil gas concentration in  
equilibrium with 5 ug/L is 0.42 ppmv.    
       
 0.42 ppmv * 20  = 8.4 ppmv.     
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Rounding this calculated value up results in 10 ppmv.  
       
The SNL preliminary value of 20 ppmv is two times higher than the  
generic NMED value and was selected in acknowledgement of the fact  
that the combination of the aqueous phase TCE concentration and 
EPA derived DAF of 20 does not account for the following:  
       
1. TCE attenuation from the P1 port horizon to top of saturated zone  
within capillary fringe;     
       
2.  TCE attenuation through capillary fringe (currently estimated   
to be approximately 5 to 10 ft thick)    
       
3. Increase in water table depth below ground surface of 0.65 ft/yr, 
resulting in increased storage for TCE mass and increased time for  
TCE to reach water table.     
       
4. Natural degradation of TCE due to abiotic and biotic processes,  
leading to loss of TCE mass with time.    
       
The following calculations apply Fick's First and Second Law's of  
diffusion to demonstrate that a TCE Trigger Level of 20 ppmv will be  
a protective indicator level for TCE soil gas at the deep sampling ports,  
using 5 ug/L concentration in groundwater at CWL monitoring wells     
as the bounding condition (i.e. 20 ppmv of TCE in soil gas measured  
at the deepest sampling ports will not result in measured groundwater  
TCE concentrations equal to or exceeding 5 ug/L at CWL monitoring wells). 
       
In applying Fick's laws, the site-specific features listed above  as No. 1  
and No. 4 will be assumed to have no influence on TCE concentrations  
with distance of transport and time of transport. This is a simplifying  
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and conservative assumption.     
       
Fick's First Law      
       
 F = - D dc/dx     
       
 where,      
       
 F = mass flux, M/L2T    

 
D = Diffusion Coefficient, 
L2/T    

 C = concentration , M/L3    
 x = distance, L     
       
and Fick's Second Law     
       
 (partial of C/partial of t) =    

  
 D*  (second partial C/ second partial 
x)  

       
 where,      
       
 t = time, T     
 D* = apparent diffusion coefficient, L2/T   
       
D* is apparent diffusion coefficient for non-sorbing species in porous 
media. TCE is not a non-sorbing species but will be assumed to be 
so, again adding consevatism to this calcualtion process.  
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 D* = wD      
       
 where,      
       
 w = an emperical coefficient that takes into account the  
 solid phase of porous media on diffusion. Lab studies have 
 defined a range in w values of 0.1 to 0.5.   
       
The Fick's Second Law can be used to estimate the time for a specific  
TCE concentration front to traverse any vertical distance. This time  
estimate can then be compared to the zone of capillary fringe that must 
be traversed and also evaluate if the TCE concentration front will be  
able to overcome the  water table rate decline, which is 0.65 ft/yr. 
of 0.65 ft/yr.      
       
Consider the following scenario for which Crank, 1956 developed a  
one-dimensional numerical solution.    
       
The scenario: where there are two layers of saturated porous media  
with zero hydraulic gradient between them and the top layer contains  
TCE at a constant concentration with time, and the TCE concentration 
is initially zero in the second layer but increases with time due to  
a concentration gradient driven diffusion of TCE.   
       
If the aqeous phase TCE concentration in the upper boundary layer,  
representing the upper part of the capillary fringe, can promote  
diffusion of TCE through the capillary fringe such that an aqueous  
phase TCE concentration equal to  the DAF of 20 times the TCE MCL is   
achieved, then a situation exists where the TCE MCL at nearby  
groundwater monitoring wells could be exceeded.   
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The solution:       
       
 Ci (x,t) = Co erfc ( x/2 SQR (D*t) )   
       
 where x, D*, and t are as previously defined and  
       
 where Ci is the concentration at a specific location x  
 and time t     
       
 Co is the initial concentration (at the constant boundary) 
       
 "erfc" refers to the complementary error function   
 as shown in Ground Water (Freeze and Cherry, 1979) 
 Appendix V.      
The complementary error function is defined as   
erfc (beta) = 1 - erf (beta)     
       
A tabulation of beta values from 0 to 3.0 against erf (beta)  
and erfc (beta) values is presented in Appendix V    
of Ground Water (page 539, Appendix V).    
       
Applying the complementary error function, with reasonable parameter  
values, will result in an estimate of the time for the aqueous phase  
TCE concentration breakthrough front of 20 times MCL or 100 ug/L 
to traverse 0.65 ft (0.2 m) of capillary fringe on the way to the water  
table.       
       
Based on the previously defined relationship of 0.42 ppmv  = 5 ug/L 
for TCE, a 20 ppmv soil gas concentration  = 232.6 ug/L.  
       
The diffusion coefficient for TCE in free standing water at 25 degrees C 
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is 9.65 E-6 cm2/sec  or 9.65 E-10 m2/sec    
       
Using D* = wD and assuming a w = 0.3 factor D* is calculated. 
       
 D* = 0.3 * 9.65 E-10   = 2.9 E-10 ms/sec   
       
Thus,        
       
Ci (0.2 m ,t) = 232.6 ug/l  erfc (0.2m / 2 SQRT (2.9 E-10 m2/sec t)) 
       
Ci / Co = 100 ug/l / 232.6 ug/l = 0.429923 or 0.43   
       
0.43 = erfc (0.2 / 2 SQRT 2.9 E-10)  = erfc (beta)   
       
Using chart interpolation, beta is calculated to be 0.55835  
       
Thus, beta  = 0.55835 = (0.2 / 2 SQRT (2.9 E-10 t))   
       
solving for t,      
       
 t = 0.04  /( (1.16 E-9)(0.31175))   
       
 t = 1.11 E8 sec  = 1,280 days  = 3.5 years  
       
If the time to achieve the Ci value of 100 ug/L at 0.65 ft is greater than 
a period of 365 days, then it is inferred that TCE (in significant  
concentrations/mass) would not catch up with the dropping water table   
and TCE concentrations in groundwater could not develop to exceed 5 ug/L  
at monitoring wells.      
       
This appears to be the case using reasonable, conservative   
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assumptions. TCE at high enough concentration will not migrate 
vertically downward at high enough rate to keep up with, much less 
exceed the rate of water table decline.     
       
Therefore, it is concluded that 20 ppmv is a reasonable and protective TCE  
soil gas trigger level to apply at the deep P1 sampling ports associated with   
wells D-1 through D-3.  It appears that a higher trigger level concentration  
could be used with confidence, but a value of 20 ppmv is consistent    
with the general NMED Rule of Thumb of 10 ppmv, as applied incorporating   
more site-specific information at the CWL.   
This analysis further supports the updated conceptual site model  
conclusion presented in Annex E and Section 1.7.1.2 of this CMS Report   
that the current and future VOC soil gas plume conditions, which are  
the result of two VCMs, are protective of groundwater and human health  
and the environment.     
References:      
       
Crank, 1956,      
The Mathematics of Diffusion, Oxford University Press, Oxford, 347 pg 
       
Freeze, Allan, J Cherry, 1979, GROUND WATER, Prentice Hall, 604 pg 
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Estimation of TCE Mass Added to Storage as Vadose Zone Increases in Thickness Jim Studer 
CWL at SNL/NM      InfraSUR  7/26/04 
         
The water table is dropping on average 0.65 ft per year at the CWL and is expected to continue into the future  (6.5 ft per decade) 
and it is assumed that the top of the capillary fringe is also dropping on average 0.65 ft per year  
As the water table drops the vadose zone increases in thickness      
As the vadose zone increases in thickness, the volume of gas filled pore space, pore water in contact with soil gas, 
and sediment surface in contact with pore water (which is in contact with soil gas) increases   
TCE in soil gas above the newly desaturated zone will enter this zone and partition into the three phases  
The TCE will enter primarily by diffusion through soil gas, but some advective flow of soil gas might move TCE as well 
         
Assuming that the newly desaturated zone contained negligible TCE prior to desaturation, calculate the mass of TCE that  
will partition under equilibrium into the three phases and therefore in effect be removed from the mass of TCE undergoing transport 
         
Site assumptions representative of CWL conditions will be used.    
         
TCE MW is 131.4 gm/mole         
Soil gas concentration of TCE at upper constant flux boundary located at 480 ft is Cv = 5 ppmv  
Area is taken to be 2 acre or  87120 sq feet =  80937128.4 cm2    
Depth interval is taken as 0.65 * 10 years (for 2000 through 2010) = 6.5 ft or 198.12 cm  
Total volume of desaturated zone (new vadose zone) is  =  1.60E+10 cm3   
Total Porosity is 0.34 per GAR       
Average Dry Bulk Density taken as 1.8 gm/cm3 (GAR 1995)      
Volumetric water content for vadose zone is taken to be 0.15 which is the high end of the range 0.1 - 0.15 from GAR  
(GAR single value is 0.07) 
(Higher volumetric water content is used because of recent dewateringdelayed yield, relatively fine grained material, 500 ft depth) 
At poposity of 0.34 and VMC of 0.15 the pore saturation by water Sw is estimated to be volumetric water content/porosity = 0.44 
Pore saturation by soil gas is Total Pore Volume (PV) - Sw  = Sa for a two phase system and therefore Sa =  1 - 0.44 = 0.56 
Pressure = 0.82 atm (due to higher elevation of Albuquerque area)     
Temperature = 18 C or 291.15 K       
Ku = unitless Henry's Law Constant is 0.38      
Kd  = water-soil equilibrium partitioning coefficient      
Kd = Koc * foc = Octonol-water partitioning coeff * fraction organic carbon    
where Koc for TCE  = 0.125 m3/kg (Falta 1989 as reported in the GAR, 1995)    
and foc = 6.8 E-4 (average of low and high bounding values for CWL where foc = TOC/1.724 per Allison 1965 as reported in the GAR) 
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   0.000679      
Thus, Kd =  0.084875 cm3/g        
A value of 0.012 cm3/g will be used as this was the single value taken in the GAR BOSS analysis and helps to account for  
significantly higher TOC values that were thrown out due to outlier concern    
         
Volumetric Calculations        
         
Total volume of desaturated zone (new vadose zone) is  =  1.60E+10 cm3   
over ten year period        
         
Total air-filled volume = total volume * total porosity * Sa =  3.05E+09 cm3   
         
Total water-filled volume  = total volume * total porosity * Sw  =  2.41E+09 cm3   
         
Total sediment (solid) volume = total volume * (1-total porosity)  =  1.06E+10 cm3   
         
To check the sum of these three should equal total volume 1.60E+10 m3          
         
TCE Mass in Storage at Equilibrium       
         
TCE in soil gas = total air-filled volume * TCE soil gas concentration (Cv)    
Using relation of 0.4 ppmv = 1.9 ug/L air per Cv calculation (previous workbook sheet), 5 ppmv  = 23.75 
ug/L   
Converting Cv to ug/cm3 knowing that 1000cm3 is one liter , 23.75*(1 L/1000 cm3) =  0.02 ug/cm3   
TCE soil gas  =  7.25E+07 ug  or 7.25E+04 mg    
         
TCE in pore water = water filled volume * (Cv/Ku) =  1.50E+08 ug   or  1.50E+05 mg   
         
TCE sorbed to sediment surfaces  = (sediment volume * Bulk Density) * (Cw/Kd) 1.40E+04 g  
Cw  = Cv/Ku =  6.25E-08 g/cm3    1.40E+07 mg  
         
Total TCE mass in total volume  =  1.43E+07 mg   or 1.43E+04 gm    or 1.43E+01 kg 
       14.3 KG TCE 

 



 

 

A
L/12-04/W

P/SN
L04:R

5609-J.doc 
J-12

 
840857.01.07 12/17/04 11:00 A

M
 

 
Estimation of TCE Mass Added to Storage as Vadose Zone Increases in Thickness Jim Studer 
CWL at SNL/NM       InfraSUR  7/26
         
The water table is dropping on average 0.65 ft per year at the CWL and is expected to continue into the future  (6.5 ft per decade) 
and it is assumed that the top of the capillary fringe is also dropping on average 0.65 ft per year  
As the water table drops the vadose zone increases in thickness      
As the vadose zone increases in thickness, the volume of gas filled pore space, pore water in contact with soil gas, 
and sediment surface in contact with pore water (which is in contact with soil gas) increases   
TCE in soil gas above the newly desaturated zone will enter this zone and partition into the three phases  
The TCE will enter primarily by diffusion through soil gas, but some advective flow of soil gas might move TCE as well 
         
Assuming that the newly desaturated zone contained negligible TCE prior to desaturation, calculate the mass of TCE that  
will partition under equilibrium into the three phases and therefore in effect be removed from the mass of TCE undergoing transport 
         
Site assumptions representative of CWL conditions will be used.    
         
TCE MW is 131.4 gm/mole         
Soil gas concentration of TCE at upper constant flux boundary located at 480 ft is Cv = 5 ppmv  
Area is taken to be 2 acre or  87120 sq feet =  80937128.4 cm2    
Depth interval is taken as 0.65 * 10 years (for 2000 through 2010) = 6.5 ft or 198.12 cm  
Total volume of desaturated zone (new vadose zone) is  =  1.60E+10 cm3   
Total Porosity is 0.34 per GAR       
Average Dry Bulk Density taken as 1.8 gm/cm3 (GAR 1995)      
Volumetric water content for vadose zone is taken to be 0.15 which is the high end of the range 0.1 - 0.15 from GAR (GAR single value is 0.0
(Higher volumetric water content is used because of recent dewateringdelayed yield, relatively fine grained material, 500 ft depth) 
At poposity of 0.34 and VMC of 0.15 the pore saturation by water Sw is estimated to be volumetric water content/porosity =  
Pore saturation by soil gas is Total Pore Volume (PV) - Sw  = Sa for a two phase system and therefore Sa =  1 - 0.44 = 0.56 
Pressure = 0.82 atm (due to higher elevation of Albuquerque area)     
Temperature = 18 C or 291.15 K       
Ku = unitless Henry's Law Constant is 0.38      
Kd  = water-soil equilibrium partitioning coefficient      
Kd = Koc * foc = Octonol-water partitioning coeff * fraction organic carbon    
where Koc for TCE  = 0.125 m3/kg (Falta 1989 as reported in the GAR, 1995)    
and foc = 6.8 E-4 (average of low and high bounding values for CWL where foc = TOC/1.724 per Allison 1965 as reported in the GAR) 
   0.000679      
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Thus, Kd =  0.084875 cm3/g        
A value of 0.012 cm3/g will be used as this was the single value taken in the GAR BOSS analysis and helps to account for  
significantly higher TOC values that were thrown out due to outlier concern    
         
Volumetric Calculations        
         
Total volume of desaturated zone (new vadose zone) is  =  1.60E+10 cm3   
over ten year period        
         
Total air-filled volume = total volume * total porosity * Sa =  3.05E+09 cm3   
         
Total water-filled volume  = total volume * total porosity * Sw  =  2.41E+09 cm3   
         
Total sediment (solid) volume = total volume * (1-total porosity)  =  1.06E+10 cm3   
         
To check the sum of these three should equal total volume 1.60E+10 m3       OK   
         
TCE Mass in Storage at Equilibrium       
         
TCE in soil gas = total air-filled volume * TCE soil gas concentration (Cv)    
Using relation of 0.4 ppmv = 1.9 ug/L air per Cv calculation (previous workbook sheet), 5 ppmv  = 23.75 
ug/L  23.75 ug/L 
Converting Cv to ug/cm3 knowing that 1000cm3 is one liter , 23.75*(1 L/1000 cm3) =  0.02 ug/cm3  
TCE soil gas  =  7.25E+07 ug  or 7.25E+04 mg    
         
TCE in pore water = water filled volume * (Cv/Ku) =  1.50E+08 ug   or 1.50E+05 mg  
         
TCE sorbed to sediment surfaces  = (sediment volume * Bulk Density) * (Cw/Kd) 1.40E+04 g  
Cw  = Cv/Ku =  6.25E-08 g/cm3    1.40E+07 mg  
         
Total TCE mass in total volume  =  1.43E+07 mg   or 1.43E+04 gm    or 1.43E+01 kg 
       14.3 KG TCE 

 


	CWL-CMS
	TABLE OF CONTENTS
	LIST OF FIGURES
	Figure 1-1
	Figure 1-2
	Figure 1-3.
	Figure 1-4
	Figure 1-5
	Figure 1-6
	Figure 1-7
	Figure 1-8
	Figure 1-9
	Figure 1-10
	Figure 1-11
	Figure 1-12
	Figure 1-13
	Figure 1-14
	Figure 1-15
	Figure 1-16
	Figure 1-17
	Figure 1-18
	Figure 1-19
	Figure 1-20
	Figure 1-21
	Figure 1-22
	Figure 1-23
	Figure 1-24
	Figure 1-25
	Figure 1-26
	Figure 3-1

	LIST OF TABLES
	Table 1-1
	Table 1-2
	Table 1-3
	Table 1-4
	Table 1-5
	Table 1-6
	Table 1-7
	Table 1-8
	Table 1-9
	Table 1-10
	Table 1-11
	Table 1-12
	Table 1-13
	Table 1-14
	Table 1-15
	Table 1-16
	Table 2-1
	Table 2-2
	Table 3-1
	Table 4-1

	LIST OF ANNEXES
	ACRONYMS AND ABBREVIATIONS
	EXECUTIVE SUMMARY
	1.0 INTRODUCTION
	1.1 CMS Approach and Purpose
	1.2 Site Location and Description
	1.3 Site Operational History
	1.4 CWL Regulatory History
	1.5 Closure Performance Standards
	1.6 Summary of Past Investigations
	1.7 Summary of Current Conditions at the CWL

	2.0 IDENTIFICATION AND SCREENING OF
	2.1 Introduction
	2.2 Corrective Action Objectives and the Final Corrective Measures Alternative
	2.3 Final Engineered Cover
	2.4 Monitoring
	2.5 Surveillance and Maintenance
	2.6 Access Controls
	2.7 ICs
	2.8 Conclusions and Request for Approval

	3.0 OVERVIEW OF POST-CLOSURE CARE PLAN
	3.1 Post-Closure Care Activities

	4.0 PATH TO CLOSURE
	5.0 REFERENCES
	ANNEX A
	Responses to NMED Comments on the CWL CMS Report
	Attachment A
	Attachment B
	Attachment C
	NMED Concurrence Letter
	Table A-1

	ANNEX B
	ANNEX C
	Stage I VE VCM Design Report
	Appendix I
	Appendix J

	ANNEX D
	TABLES
	Table 1.
	Table 2
	Table 3
	Table 4.

	FIGURES
	Figure 1
	Figure 2
	Figure 3
	Figure 4.
	Figure 5
	Figure 6.
	Figure 7.
	Figure 8.
	Figure 9.
	Figure 10.
	Figure 11.
	Figure 12.
	Figure 13.
	Figure 14.
	Figure 15
	Figure 16


	ANNEX E
	Figure E-1
	Figure E-2
	Figure E-3
	Figure E-4
	Figure E-5
	ATTACHMENT A

	ANNEX F
	ANNEX G
	ANNEX H
	ANNEX I
	TABLE OF CONTENTS
	ATTACHMENTS
	LIST OF TABLES
	Table 2-1
	Table 3-1

	ACRONYMS AND ABBREVIATIONS
	1.0 INTRODUCTION
	1.1 Scope

	2.0 VEGETATIVE SOIL COVER
	2.1 Vegetative Soil Cover Conceptual Design
	2.2 Construction Specifications
	2.3 Construction QC
	2.4 Grading and Revegetation
	2.5 Engineered Controls

	3.0 PROPOSED IMPLEMENTATION, COMPLETION AND
	4.0 REFERENCES
	ATTACHMENT 1
	ATTACHMENT 2
	ATTACHMENT 3

	ANNEX J




