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Ethylene Dibromide In Situ Biodegradation Pilot (ISB) Test Report, Bulk Fuels Facility, Solid Waste Management Units ST-106 and SS-111, Kirtland Air 
Force Base (AFB), New Mexico, EPA ID# NM9570024423, HWB-KAFB-19-011; Notice of Disapproval (NOD) letter dated March 4, 2020.  

New Mexico Environment Department (NMED) due date: March 19, 2021 
Comment Response to NMED NOD 

NMED COMMENT RESPONSE TO COMMENT 
1. Inconsistency in the Designations of Wells 

NMED Comment: The Permittee used multiple designations for wells in the 
Report. For instance, on Figure 2 of the Report, well KAFB-106008 is 
designated as KAFB-1068. Use of multiple designations for wells results in 
confusion for document reviewers and the public. The Permittee must use the 
official full designation for each well in every instance in all future documents 
submitted to NMED. 

In order to avoid confusion and maintain consistency with recently submitted 
documents, well designations have been changed as appropriate throughout the 
revised Report (e.g., from KAFB-1068 to KAFB-106008 on Figure 2). Air Force 
agrees with the global direction to consistently refer to wells by the same name, as 
required in the NMED letter dated September 2, 2020 (NMED, 2020).  A list of wells 
associated with the Bulk Fuels Facility site, and a list of their current designations 
are included as Attachment 1 to this Response to Comments (RTC) table (Appendix 
A of the revised Report).  
 
Please note that well KAFB-106008 was not associated with the pilot test and was 
only included for location reference. 

2. Executive Summary, page ES-3 
Permittee Statement: "The modified Phase 3 was approved by the NMED in a 
letter dated August 7, 2018 (NMED, 2018)." 
 
NMED Comment: It should be noted that the NMED's letter dated August 7, 
2018 approved the proposed modification under the following conditions: 1. 
Bioaugmentation shall remain as an approved, but deferred, component of the 
pilot test, and 2. The biochemistry/LNAPL technical working group shall meet 
as soon as practicable to review pilot test results and to discuss the deferral of 
bioaugmentation. The response letter must include details of the technical 
work group meeting where the deferral of bioaugmentation was discussed and 
along with any conclusions reached. 

The pilot test was conducted in accordance with the NMED-approved documents, 
which detail the technical approach. Given evidence of bio-stimulation of native 
bacteria and non-detectable or low ethylene dibromide (EDB) concentrations at pilot 
test wells, NMED agreed that bio-augmentation could be deferred (NMED, 2018). 
Because the administrative record documents this change to the Work Plan it is not 
necessary to reference the technical working group (TWG) so this reference was 
deleted. 
 
A TWG meeting was held on September 17, 2018 during which pilot test results 
were reviewed and the deferral of bio-augmentation was discussed. The TWGs 
established for the Bulk Fuels Facility (BFF) project are not required by Kirtland 
AFB’s Hazardous Waste Treatment Facility Operating Permit (HWTF Permit 
Number NM9570024423) and are solely advisory. No formal minutes are kept by 
either NMED or the Air Force.  As stated by Ms. Stringer in BFF Stakeholder 
meetings, the NMED Hazardous Waste Bureau is responsible for scheduling TWG 
meetings if the Department believes they will support the Corrective Measures 
Evaluation (CME). 
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3. Section 1, Introduction, page 1-1 
Permittee Statement: "[Anaerobic in-situ bioremediation] ISB, with and 
without bioaugmentation, is a common remedial approach to treat 
chlorinated solvents such as trichloroethene and is a promising technology 
for promoting the degradation of EDB to nontoxic products." 
 
NMED Comment: Anaerobic in-situ bioremediation of chlorinated solvents 
(e.g., trichloroethene) produces toxic byproducts such as vinyl chloride. 
Some byproducts are recalcitrant under anaerobic conditions. Although 
Section 4.5.2, EDB, EDB Degradation Products, pages 4-20, discusses EDB 
degradation products, the discussion lacks detail; therefore, it is not clear 
whether or not EDB produces toxic byproducts under anaerobic conditions 
(e.g., bromoethane, bromoethanol, vinyl bromide). Provide a more detailed 
discussion regarding EDB toxic degradation byproducts under anaerobic 
conditions in the revised Report. 

In addition to this specific comment, uncertainties regarding possible EDB 
degradation products were also raised in the 02 April 2020 letter issued by NMED 
as an important consideration effecting decisions about moving forward with this 
technology. The most common anaerobic degradation pathway for EDB involves 
dihaloelimination resulting in the formation of ethene and bromide (Wilson et al., 
2008; Henderson et al., 2008; Koster van Groos et al., 2018). Sequential 
hydrogenolysis to bromoethane and then ethane is also possible (Henderson et al., 
2008). A minor branching product of tentatively identified vinyl bromide was 
observed in the laboratory under slower EDB hydrolysis degradation conditions, but 
vinyl bromide was not detected during anaerobic biodegradation studies (Koster van 
Groos et al., 2018). Due to low EDB concentrations in the field, concentrations of 
possible vinyl bromide and bromoethane products were likely low and challenging 
to measure under field conditions. It was therefore not attempted. Bromoethanol is 
a possible aerobic product, but unlikely to form anaerobically. Additional text has 
been added to Section 4.5.2 regarding degradation products.  
 
 

4. Section 1.3, Site History, page 1-3 
Permittee Statement: "Based on historical Air Force fuel usage, AvGas 
containing EDB as a lead scavenger would have been in use from 
approximately the 1940s to 1975." 
 
NMED Comment: Aviation fuels are known to contain additives. Clarify 
whether or not the fuels currently used at the site contain other potentially 
toxic fuel additives in the revised Report. 

The Permittee statement was included to identify the source of the EDB and the 
length of time fuel containing EDB was used at Kirtland AFB. This corrective action 
addresses historical release from the BFF. Construction of the updated fuels facility 
was completed on March 18, 2011. At this time, fuel receipt became fully automated 
and required balance of fuel delivery and receipt to the gallon. The current operation 
of the fueling facility is not relevant to corrective action under the Resource 
Conservation and Recovery Act (RCRA) permit.   
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5. Section 1.4, Site Conditions, pages 1-3 and 1-4 
Permittee Statement: "Based on data reviewed for the pilot test design, the 
groundwater gradient in the pilot test area was less than 0.002 foot/foot (First 
Quarter 2016), and the direction of groundwater flow had shifted from north-
northeast to a more east-southeast direction, likely due to continuing water-
conservation practices and seasonal fluctuations, as discussed in the Second 
Quarter 2018 Quarterly Monitoring Report (USACE, 2018b)."  
 
NMED Comment: According to Figure 2, Site Location Map, extraction well 
KAFB-106EX1 is located downgradient (east-southeast) from injection well 
KAFB-106INl that is consistent with current groundwater flow direction; 
hence, well KAFB-106EX1 is likely effective to enhance the hydraulic 
gradient, recirculate groundwater in the vicinity, and facilitate the 
distribution of the injection fluid. However, extraction well KAFB-106EX2 
is located upgradient (west-northwest) from injection well KAFB-106INl. 
Well KAFB-106EX2 is less effective for the distribution of the injection 
fluid as demonstrated during the tracer test. In the response letter, provide an 
explanation for the purpose of using well KAFB-106EX2. 

The pilot test used one injection and two extraction wells to distribute amendments 
in the pilot test area. The use of two extraction wells rather than one facilitated 
greater overall flow rates and a shorter recirculation period. All three tracers used 
during the pilot test (fluorescein, deuterated water, and iodide) arrived at KAFB-
106EX2 (~76 feet from injection well at the surface) prior to KAFB-106EX1 (~92 
feet from the injection well at the surface). The tracer data demonstrated that 
injected water was distributed to monitoring wells surrounding the injection well 
and ultimately to both extraction wells. This system design was reviewed and 
approved by the NMED (NMED, 2016) and provided clear evidence of EDB 
biodegradation at multiple monitoring locations/wells. Please refer to Attachment 2 
of the RTC Table (Appendix A of the revised Report) for discussion of the pilot 
test scope and timeline of NMED approvals. No revision to the text has been made. 
 

6. Section 1.4, Site Conditions, page 1-4 
Permittee Statement: "Additionally, treatability testing using Kirtland AFB 
soil and groundwater showed that bioaugmentation with a known 
debrominating culture (SDC-9) significantly enhanced EDB degradation 
rates (Figure 3). These results indicated that ISB, by stimulating the activity 
of indigenous EDB degrading organisms (i.e., biostimulation) or 
bioaugmenting with a debrominating culture (e.g., SDC-9), showed promise 
for enhancing EDB degradation at Kirtland AFB." 
 
NMED Comment: According to Figure 3, Concentrations of EDB in 
Anaerobic Microcosms Prepared with Aquifer Samples Collected from the 
BFF Source Area, the microcosm vessel augmented with the debrominating 
culture demonstrated EDB degradation. However, other vessels amended 
with nutrients but only aimed to stimulate indigenous microbes did not 
appear to demonstrate EDB degradation. Accordingly, the statement is 
inaccurate and misleading. Correct the statement for accuracy or provide an  
 
 

The text has been revised to improve its clarity and accuracy. We agree that 
treatments without SDC-9 did not provide evidence of EDB biodegradation in 
microcosm tests (Figure 3 of Report). However, numerous rounds of groundwater 
sampling showed that organisms known to dehalogenate EDB or its chlorinated 
analog, 1,2-dichloroethane, were present in site groundwater, as stated in this section 
of the Report. Thus, the two sets of results showed promise of ISB in different 
manners. Regarding the treatability tests, it is possible that the native bacteria at the 
site did not survive sample collection and/or under microcosm conditions, thus 
leading to the negative data in the laboratory. It is difficult to accurately simulate 
subsurface conditions in a laboratory setting. 
 
The pilot test was designed specifically to take both sets of results (microcosms and 
molecular analysis) into account. The phased design of the pilot test allowed for 
initial testing of biostimulation (i.e., to determine if the native dehalogenating 
bacteria could biodegrade EDB) and secondary bioaugmentation with SDC-9 if 
biostimulation did not work. Field scale biostimulation using lactate and inorganic 
nutrients was extremely effective, so bioaugmentation was unnecessary. If SDC-9 
was added at the beginning of the pilot test with lactate and inorganic nutrients, it 
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6. Section 1.4, Site Conditions, page 1-4 (continued) 
 
additional explanation regarding other vessels/methods that did not appear to 
demonstrate EDB degradation in the revised Report. 

would not have been possible to determine whether the SDC-9 culture or native 
dehalogenating bacteria were responsible for the observed biodegradation of EDB. 
Please refer to Attachment 2 of the RTC Table (Appendix A of the revised Report), 
which discusses NMED approval of the modified Phase 3 event. As noted in NMED 
Comment #2 above, bioaugmentation remains “as an approved, but deferred, 
component of the pilot test.” Given successful biostimulation of native bacteria and 
non-detectable or low EDB concentrations at pilot test wells, there was/is little 
reason to bioaugment as part of the scope of the pilot test. If applicable, 
bioaugmentation may be considered in the CME if ISB is evaluated for larger scale 
application. 

7. Section 2.3, Well Design and Installation, page 2-3 
Permittee Statement: "Existing monitoring wells KAFB-106063 (screened 
from 505 to 520 feet bgs [below ground surface], with top of screen 
approximately 25 feet below the water table) and KAFB-106064 (screened 
from 485 to 505 feet bgs, with top of screen approximately 5 feet below the 
water table) were used for groundwater monitoring during the pilot test, 
along with the other newly installed wells." 
 
NMED Comment: According to Appendix A, Site Photographs, a 
photograph shows that light non-aqueous phase liquid (LNAPL) was 
detected in well KAFB-106S2. Presumably, KAFB-106S2 is the same well 
identified as KAFB-1068 in Figure 2, Site Location Map. In the revised 
Report, correct the well nomenclature in Figure 2 as necessary to be 
consistent. Additionally, since well KAFB-106S2 is located upgradient of 
the pilot test area, LNAPL may be present in the pilot test area as well. Wells 
with screened intervals submerged below the water table are not appropriate 
to evaluate the presence or absence of LNAPL. Well KAFB-106063 was 
used to evaluate the intermediate groundwater zone for the purpose of the 
pilot test; therefore, the submerged screen is acceptable. However, well 
KAFB-106064 was used to evaluate the shallow groundwater zone; 
therefore, the screened interval must not be submerged. It is critical that the 
extent of LNAPL plume is delineated. If this issue has not already been 
addressed, submit a work plan to propose to replace submerged screened  
 
 
 

The site photograph in Appendix B (formally Appendix A) is correctly labeled, 
“LNAPL bailed from KAFB-106MW1-S” (“LNAPL” has been changed to “NAPL” 
to be consistent with the Report text). KAFB-106S2 is not the same well as KAFB-
1068 (or well identification KAFB-106008 which is clarified in the revised 
document) or KAFB-106MW1-S. KAFB-106S2 was installed as part of the Source 
Zone Characterization. Specific information regarding this well is documented in the 
Source Zone Characterization Report, that will be revised for NMED delivery in 
April 2021.  KAFB-106S2 and KAFB-106008 were not sampled as part of the ISB 
pilot test project  
 
NAPL delineation was not the intent of the pilot test (refer to Attachment 2 of the 
RTC Table [Appendix A of the revised Report] for a brief description of the pilot 
test scope). KAFB-106064 was in place before the pilot test was designed and 
performed. While KAFB-106064 is traditionally described as a shallow well, it is 
acknowledged that its screened interval was submerged at the time of the pilot test. 
Data from KAFB-106064 were carefully evaluated, including through examination 
of injected tracers, and observations from KAFB-106064 were consistent with wells 
KAFB-106MW1-S and 106MW2-S, both shallow groundwater monitoring wells. 
Both KAFB-106MW1-S and 106MW2-S are located approximately 50 feet from 
KAFB-106064 and their screens intersect the water table. No revisions have been 
made to the text. 
 
This pilot test is not the appropriate vehicle for directing the Air Force to develop a 
work plan to define the nature and extent of NAPL. NMED acknowledged this in its 
02 April 2020 letter “…that the scope of the pilot was not to determine the extent of 
LNAPL”. The Air Force agrees that it is important to understand the nature and 
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7. Section 2.3, Well Design and Installation, page 2-3 (continued) 
 
intervals of all monitoring wells installed to evaluate the shallow 
groundwater zone in the source area (e.g., KAFB-106064). 
 

extent of NAPL to the extent necessary to support the CME. Please also note that 
fifteen newly installed groundwater monitoring wells that are screened across the 
water table have been installed since 2018. Eight of these wells were installed in the 
source area.  Nine of these were installed during the recent coring activities and will 
be discussed the Revised Source Zone Characterization Report to be submitted in 
April 2021. Additional source area wells were installed in accordance with the 
NMED approved Work Plan for Data Gap Monitoring Well Installation KAFB-
106248 to KAFB-106252 (KAFB, 2019). 
 

8. Section 2.3, Well Design and Installation, page 2-4 
Permittee Statement: "The two pairs of nested groundwater monitoring 
wells, two extraction wells, and one injection well were installed by Cascade 
Drilling (formerly National Exploration Wells & Pumps) using an Air 
Rotary Casing Hammer (ARCH) drill rig from January through March 2017. 
During borehole advancement, soil cuttings were logged every 5 feet by the 
site geologist in accordance with the Unified Soil Classification System and 
American Standard Test Method International D1586-84." 
 
NMED Comment: The Air Rotary Casing Hammer (ARCH) drilling method 
pulverizes soil cuttings and prevents the ability to observe details in soil 
cores such as presence or absence of fractures and exact locations of 
hydrocarbon stains. Undisturbed soil cores characterize the subsurface 
conditions more accurately and such information can maximize the 
effectiveness of remediation later on. Acknowledge the shortcomings related 
to the drilling method used in the revised Report. 

The air rotary casing hammer (ARCH) drilling method was determined to be the best 
approach for the installation of the tightly spaced wells required for the pilot test. 
This drilling method was approved by NMED (NMED, 2016) and is authorized 
under RCRA Permit NM9570024423, Section 6.5.9. No revisions to the text have 
been made. Photoionization detector readings were collected from the drill cuttings 
and were recorded by the geologist on the soil boring log.  Collecting and 
interpreting undisturbed soils cores for the presence or absence of fractures or 
carefully identifying hydrocarbon stains was beyond the scope of the pilot test 
(Attachment 2 of the RTC Table [Appendix A of the revised Report]).   
 

 

9. Section 2.3, Well Design and Installation, page 2-4 
Permittee Statement: "Soil drill cuttings from just above and in the saturated 
zone were screened for presence of NAPL and volatile organic compounds 
(VOCs) using a photo ionization detector (PID) to collect head space 
measurements. Drill cuttings were also visually inspected for evidence of 
staining. PID readings were recorded on the soil boring logs (Appendix C)." 
 
 
 
 
 

The specific objective of this pilot test was to assess EDB biodegradation in 
groundwater in a well-controlled study.  Wells were specifically installed for this 
purpose and with necessary characterization of drill cuttings to support the study 
design.  Further characterization of soil samples from the borings was beyond the 
scope of the pilot test (Attachment 2 of the RTC Table [Appendix A of the revised 
Report]). All well installation and sampling activities were performed in accordance 
with the NMED-approved Work Plan (KAFB, 2016). No revisions to the text have 
been made.  
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9. Section 2.3, Well Design and Installation, page 2-4  (continued) 
 
NMED Comment: The collection of soil samples for laboratory analyses is 
necessary for every boring in the source area. The soil sampling data will 
provide useful information to determine the extent of soil contamination. The 
described field screening method does not provide sufficient data for site 
characterization. Propose to collect soil samples from every boring at the site 
in all future work plans. 

As detailed in the 09 July 2020 letter from the Air Force to Mr. Pierard, the Air Force 
has respectfully requested that NMED cease including global comments for future 
unrelated work in individual notices of disapproval. 

10. Section 2.3, Well Design and Installation, page 2-4 
Permittee Statement: "Table 1 presents the completion details for the wells, 
including surveyed elevations and coordinates, and screen depths."  
NMED Comment: According to Table 1, Well Completion and Survey Data, 
the depth to groundwater and the depth to the screened interval in injection 
well KAFB-1061N1 are recorded as 477.00 feet bgs and 477 -497 feet bgs, 
respectively. The depth to the top of the screened interval coincides with the 
depth of the water table. However, the depth to the top of the filter pack is 
recorded as 467 feet bgs according to Appendix C, Well Installation Forms, 
which is 10 feet above the depth to the water table. Since the filter pack is 
positioned above the water table, the injection fluid applied from the well is 
likely to follow the least resistant pathway above the water table, rather than 
in the aquifer matrix due to the lack of the hydrostatic pressure. The screen 
and filter pack intervals should have been positioned below the water table. 
The pilot test data obtained from the injection wells with screened intervals 
positioned above the water table may generate positively biasedꞏ results for 
the shallow groundwater zone because injection fluids will be distributed in 
larger lateral extent on the groundwater interface. No revision required. 

Comment noted. As suggested, no revision has been made to the text. 
 
It is important to note that well installation was performed in accordance with the 
NMED-approved Work Plan (KAFB, 2016). NMED reviewed and approved via 
email the draft well completion diagrams generated by the field geologist prior to 
initiating well installation. 
 
The comment illustrates the value of using appropriate tracers during the pilot test. 
These tracers captured the transport and distribution of water from injection to 
sampling location. Tracers were observed at KAFB-106064, which did have a 
submerged screen, at similar concentrations and time intervals as KAFB-106MW2-
S and KAFB-106MW1-S, and at the intermediate wells, where the screens are 35+ 
feet below the water table. These tracer results demonstrated that injected water 
arrived at deeper sampling locations in addition to shallower locations.  
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11. Section 2.3.1, Groundwater Monitoring Well Installation, page 2-5 
Permittee Statement: "The two shallow monitoring wells (KAFB-106MW1-
S and KAFB 106MW2-S) were constructed with 4-inch diameter, Schedule 
80, polyvinyl chloride (PVC) riser pipe; and the two intermediate wells 
(KAFB-106MW1-I and KAFB-106MW2-1) were constructed with 3-inch 
diameter, Schedule 80, PVC riser pipe."  
 
NMED Comment: The screened intervals for intermediate wells KAFB-
106MW1-I and KAFB-1062-I were both installed at 513 - 523 feet bgs.  
11. Section 2.3.1, Groundwater Monitoring Well Installation, page 2-5 
(continued) 
 
According to Section 1.4, Site Conditions, the deepest depths of the water 
table at the site ranged from 500 to 502 feet bgs in 2009, which is 
approximately 25 feet below the current groundwater table. According to 
Appendix C, Well Installation Forms, the elevated PID readings are recorded 
at the depths ranging from 485 feet to 510 feet bgs in the borings installed in 
the pilot test area.   
 
Adsorbed and submerged LNAPL may be present at depths of 485 feet to 
510 feet bgs. The PID readings corresponding with the depth of the screened 
intervals for the intermediate wells (513 - 523 feet bgs) are relatively low; 
therefore, adsorbed LNAPL is unlikely to be  present at the screened depth. 
These intermediate wells may be useful to evaluate the  distribution of the 
injection fluids at the deeper groundwater bearing zone during the pilot test; 
however, since the screened intervals of the wells do not correspond with the 
depths where adsorbed/submerged LNAPL is present, these wells are not 
suitable for future LNAPL monitoring and remediation purposes. No 
revision required. 

Comment noted. As suggested, no revision has been made to the text. As detailed in 
the response to Comment #7 above, NAPL delineation was not the purpose of the 
pilot test (Attachment 2 of RTC Table [Appendix A of the revised Report]). 
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12. Section 2.4.4, Pump Installation, page 2-11 
Permittee Statement: "A 6-inch sanitary well seal and a 1.5-inch-diameter 
threaded steel pipe were installed in the injection well casing to convey 
water from the piping exiting the system Conex box to the screened interval 
of the injection well. The injection pipe extended down into the water 
column and was fitted with a 4-inch diameter, custom designed and  
fabricated down-hole flow control valve (FCV, manufactured by Baski, Inc.) 
to limit risks of cavitation within the pipe, and to minimize volatilization and 
aeration of the anaerobic recirculation water."  
 
NMED Comment: The flow control valve was used to regulate the injection 
flowrate, indicating that the injection was controlled by flowrate rather than 
pressure. Explain whether the injection flowrate was regulated by the height 
of the water column or the  groundwater extraction flowrate or both. In 
addition, during the Phase 2 and Phase 3 periods of the pilot test, the height 
of the water column in the injection well significantly  increased due to the 
biofouling of the screen. Unless this issue is resolved, the tested remedial 
approach would not be practicable for long-term or large-scale operations 
due to well screens clogging from biofouling and restricting the ability to 
add amendments to the contaminated groundwater. Discuss potential 
measures to resolve the issue in the revised Report. 

The injection flow rate was controlled through regulation of extraction well pumping 
rates and was equal to the combined flow rate of the two extraction wells. The Baski 
down-hole flow control valve (FCV) was installed to provide backpressure to ensure 
piping remained full of water throughout the treatment system. This limited the risk 
of cavitation within the pipe, minimized constituent volatilization, and minimized 
aeration of the anaerobic recirculation water. The text in Section 2.4.4 has been 
revised to clarify this.  
 
Wells installed under the pilot test were designed to recirculate groundwater together 
with treatment amendments to determine whether EDB biodegradation could be 
stimulated. The wells were designed to perform as necessary for the study as scoped 
and were not sized for extended operation. Well rehabilitation was not performed 
during the pilot test period described in the Report as it could have impacted or 
complicated interpretation of collected data. Contingencies for biofouling will be 
addressed under the CME when assessing this technology for larger-scale operation.  
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13. Section 2.6, Recirculation Pilot System Equipment and Materials, 
page 2-13 

Permittee Statement: "The system was designed to extract groundwater from 
the two extraction well locations and reinject that groundwater in the 
injection well after tracer or amendment addition, at a design flow rate of up 
to 24 gpm."  
 
NMED Comment: According to Figure 6, Process Flow Diagram, and Figure 
5, Recirculation and Amendment System Piping and Instrumentation 
Diagram, an injection or transfer pump that delivers the injection fluid is not 
depicted in the system. Explain how the fluid is delivered to the injection 
well without a transfer pump in the response letter. In addition, LNAPL is 
present at the site; however, the components depicted in the system do not 
appear to have a mechanism to remove LNAPL, if present, from the 
recovered groundwater. Explain how LNAPL is handled by the recirculation 
system in the response letter. The system must have a mechanism to remove 
LNAPL from the recovered groundwater. 

A chemical feed pump was used to pulse the concentrated amendment solution from 
the amendment tank into the injection well piping located within the Conex box 
system (labeled as “Chemical Feed Pump” in Figure 5, Process Flow Diagram). This 
in-line injection allowed for introduction of amendments to the recirculation water 
stream under pressure. Sufficient pressure from the extraction well pumps existed to 
deliver groundwater through the amendment system and to the injection well without 
the need for additional pumps. Text in Section 2.6has been revised for clarification.  
 
Pump intakes were designed to be below the water surface and NAPL was not 
expected to be entrained in extracted water. As NAPL was not expected in the 
process stream, the treatment system was not designed to remove NAPL and no 
mechanism to remove it from the recovered groundwater was in place. During and 
after recirculation operations, NAPL was not observed in the filters/filter canisters 
of the recirculation system (for particulate removal) or at injection well 
KAFB-106IN1.  
 
NMED reviewed and approved the system design. Refer to Attachment 2 of the RTC 
Table (Appendix A of the revised Report), which summarizes the scope of the pilot 
test. 

14. Section 3.3, Phase 1 -Tracer Testing, page 3-3 
Permittee Statement: "During the entire Phase 1 recirculation period, 
approximately 1,024,000 gallons of water were extracted and reinjected."  
 
NMED Comment: Based on the distance from the injection well to the 
extraction wells, aquifer thickness, effective porosity, and volume of 
groundwater extracted and reinjected, provide an estimate for how many 
pore volumes of groundwater were exchanged in the treatment zone. 
Additionally, provide the estimate of pore volumes exchanged for the 
subsequent phases of the pilot test. Include the calculations and discussion in 
the revised Report. 

The system was designed to recirculate water and distribute water to monitoring 
locations to demonstrate in situ biodegradation of EDB. Tracers were used to provide 
evidence regarding the distribution and mixing of injected water to monitoring 
locations. The suggested calculations were not included in the scope of the approved 
Work Plan (KAFB, 2016) and the measured evidence of distribution at field scale 
provided by tracers is arguably stronger. Calculation and discussion of the estimated 
pore volumes exchanged within the treatment zone will not be included in the revised 
Report. If applicable, modeling of amendment distribution in the subsurface may be 
considered in the CME if ISB is evaluated for larger scale application. 
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15. Section 3.3, Phase 1-Tracer Testing, page 3-4 
Permittee Statements: "The likely cause of the inaccurate [pressure 
transducer] readings was electrical interference from the extraction well 
pumps' power leads running down the well to the pump near the drop tubes 
where the transducers and their control wires were housed. As a result, 
manual water level readings were periodically measured using the Solinst 
water level meter. Manual water level readings are summarized in Table 5." 
and, "During recirculation system operation, it became apparent that the 
water level readings from pressure transducers located in the extraction well 
drop pipes were not accurate. While the readings returned to the SCADA 
were erratic, the overall trends in the data were decipherable."  
 
NMED Comment: The recirculation operation during the Phase 1 period was 
conducted from October 2 to November 3, 2017. According to Table 5, 
Manual Extraction Well Water Level Measurements, only three 
measurements (October 17, 23, and 31, 2017) were collected during that 
time. The data should have been collected more frequently, particularly at 
the beginning of the recirculation process because the drawdown data would 
be useful to determine the properties of the aquifer. In the revised Report, 
provide the original data initially collected from the pressure transducers and 
demonstrate how the data is decipherable. Additionally, correlate the erratic 
data collected from the pressure transducers with the limited data collected 
manually and provide interpreted data for the missing portion of the 
drawdown data between October 2 and 17, 2017, if possible. 

Drawdown was monitored to avoid unnecessarily drawing water below the top of 
well screens and not to assess aquifer properties in any way. This monitoring was to 
be performed using pressure transducers, but after the inaccurate readings of water 
level provided by pressure transducers in the extraction wells became apparent 
during Phase 1, manual water level measurements were used to track water level 
from that time on. Aquifer testing was not included in the NMED-approved Work 
Plan (KAFB, 2016), and it is not the intended goal of this pilot test (Attachment 2 of 
the RTC Table [Appendix A of the revised Report]). The reference to transducer 
data has been removed by removing the following statement from Section 3.4 of the 
revised Report, “While the readings returned to the SCADA were erratic, the overall 
trends in the data were decipherable.”  

16. Section 3.3, Phase 1- Tracer Testing, page 3-5 
Permittee Statement: "The field water quality parameters, NAPL, and water 
level measurements were recorded on the purge logs for each well. Purge 
logs and sample collection logs are included as Appendix F." 
 
NMED Comment: Appendix F, Field Sampling Records, does not clearly 
indicate whether NAPL was detected in the wells. A photograph included in 
Appendix A shows the presence of LNAPL in the vicinity of the test site. In 
the response letter explain whether LNAPL was detected from the wells, and 
if so, provide the gauging data in the revised Report. 
 
 

If NAPL was detected in the wells during sampling, it was recorded on the Sample 
Collection Log and/or the Purge Log. No NAPL was detected at the other 
groundwater monitoring wells after the initial observation at KAFB-106MW1-S 
during pump installation, or during monitoring and sampling activities conducted 
prior to 2020. NAPL was not detected at KAFB-106MW1-S after November 2017. 
NAPL was observed in both extraction wells during a video survey of the wells in 
January 2020. Text discussing more recent well maintenance activities and 2020 
NAPL removal activities has been included as Section 3.7.1 and 3.7.2 in the revised 
Report. 
 
A “Depth to NAPL” column has been added to Table 3 for measurements collected 
during groundwater sampling.  
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17. Section 3.4, Phase 2- Biostimulation, page 3-6 
Permittee Statement: "During the recirculation period, groundwater was 
extracted and an easily fermentable sodium lactate-based substrate (WilClear 
Plus®, manufactured by JRW Bioremediation), nutrient (DAP), and 
conservative tracer (Kl) were added to the recirculated process water 
stream." 
 
NMED Comment: Commercially available remediation products were used 
for the pilot test. The Report does not include information for the products. 
Provide all available information for the products (e.g., safety data sheets) in 
the revised Report. 

Safety data sheets have been included in Appendix G of the revised Report and 
appendix callouts updated accordingly. Safety data sheets were also included in the 
NMED-approved Work Plan (KAFB, 2016). 

18. Section 3.4, Phase 2 - Biostimulation, page 3-7 
Permittee Statement: "A pulsed amendment injection scenario was 
implemented in an attempt to minimize biofouling in the injection well." 
 
NMED Comment: Explain how a pulsed amendment injection scenario 
would minimize biofouling in the injection well in the revised Report. 

Amendment delivery into the recirculation water process stream, and thus the 
injection well screen, was pulsed such that there were periods of time when the 
recirculation process water contained biostimulation amendments and other times 
where the flow contained only recirculated groundwater. This was intended to flush 
the well screen and filter pack with water less conducive to biological growth and 
fouling. The process of pulsing amendments into the aquifer and contingencies for 
biofouling were included in the NMED-approved Work Plan (KAFB, 2016). The 
injection well performed as required to meet the objectives of the pilot test and well 
redevelopment/rehabilitation was not recommended as it could have impacted or 
complicated interpretation of the data. Additional text has been added to Section 3.5 
to clarify this statement.  

19. Section 3.4, Phase 2 - Biostimulation, page 3-7 
Permittee Statement:" ... an increase in mounding (up to 9 feet above static 
[476 feet bgs)) at the injection well was observed." 
 
NMED Comment: The water column increased to 467 feet bgs due to the 
mounding in the injection well. The depth to the top of the filter pack is 467 
feet bgs according to Appendix C. The mounded water laterally asserts 
pressure through the interval of the filter pack and spreads above the 
groundwater interface. Based on the inappropriate design of the injection 
well, the data collected from the pilot test is likely biased (see Comment 10). 

Well installation was performed in accordance with the NMED-approved Work Plan 
(KAFB, 2016). NMED reviewed and approved via email the draft well completion 
diagrams generated by the field geologist prior to initiating well installation.  
 
There is little evidence that data collected during the pilot test are biased. 
Conservative tracers injected during the study demonstrated that water was 
distributed to wells with differing screen intervals. Based on tracer data, it is not 
clear how preferential flow might account for the orders of magnitude decreases in 
EDB observed during the pilot test. 
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20. Section 3.4, Phase 2 - Biostimulation, page 3-8 
Permittee Statement: "Introduction of amendments using the new 
concentrations began on December 29, 2017. The active portion of Phase 2 
was extended until February 7, 2018 to deliver the planned mass of 
amendments." 
 
NMED Comment: Clarify the design (target) concentrations of the 
amendments in the aquifer beneath the pilot test area and explain the basis 
for the design concentrations. Provide the calculations and explanation in 
terms of the total volume of groundwater to be recirculated, the mass and 
volume of amendments, and the stoichiometric/theoretical requirement of the 
amendments in the revised Report. 

The goal of the carbon substrate amendment (primarily lactate) was to facilitate its 
fermentation with resulting production of hydrogen, which can be limiting for 
dehalogenation. Similarly, bioavailability of nitrogen and phosphorus can be limited 
so these were also amended. Estimated concentrations of carbon substrate and 
diammonium phosphate (DAP) were outlined in the NMED-approved Work Plan 
(KAFB, 2016) and were adjusted in the field as necessary. 
 
The treatability test (see Figure 3) using Kirtland AFB soils and groundwater utilized 
100 milligrams per liter (mg/L) of lactate and 50 mg/L of DAP, which helped 
provide a basis for loading. Due to possible concerns regarding distribution and 
sorption of amended substrate, and consistent with contractor experience and typical 
substrate loading rates (AFCEE et al., 2004) slightly higher concentrations of 
fermentable substrate were targeted (~300 mg/L). As lactate makes up 
approximately half of the estimated fermentable content of Wilclear Plus, 
approximately 150 mg/L of lactate was expected, consistent with what was measured 
during Phase 2 recirculation activities. However, these initial amendment 
concentrations were intended to be adjusted, if necessary, to achieve desired 
conditions. 
 
Prior to any amendment additions, the site groundwater was anaerobic and low 
quantities of alternate electron acceptors such as nitrate and sulfate were present. 
Quantities of bioavailable mineral electron acceptors (e.g., iron and manganese) are 
also difficult to estimate. As stoichiometric/theoretical requirements to drive 
anaerobic remediation are often based on the demands of alternate electron acceptors 
(mostly absent in the present case), the low concentrations of these electron 
acceptors complicated such an approach. Similarly, the low concentrations of EDB 
were not expected to drive amendment requirements. Instead, treatability testing, 
contractor experience, and typical substrate loading rates (AFCEE et al., 2004) 
provided the general basis for target loading rates. 
 
Further information regarding amendment concentrations has been provided in 
Section 3.5 of the revised Report. 
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21. Section 3.4, Phase 2 - Biostimulation, page 3-8 
Permittee Statement: "During Phase 2, approximately 11 feet of water level 
drawdown was observed at KAFB-106EX2 during active Phase 2 system 
operations. The flowrate at KAFB- 106EX2 was incrementally reduced to 7 
gpm beginning on January 8 through January 22, 2018 to prevent drawdown 
of water below the top of the screened interval." 
 
NMED Comment: Contrary to the action taken during the operation of the 
Phase 2 period, it is appropriate to reduce the water level to intersect the 
screened interval in the extraction well. Eleven feet of water level drawdown 
is sufficient to reduce the water level below the top of the screened interval 
and it should have been maintained. The drawdown would have allowed 
LNAPL that may be present at the interface to be recovered from the 
extraction well. However, despite the benefit of potential LNAPL recovery, 
the flowrate was reduced to prevent drawdown of water below the top of the 
screened interval. The reduction of flowrate was intended to minimize 
aeration of groundwater. LNAPL recovery must be a primary focus of 
remedial efforts and must not be compromised. The issues associated with 
aeration of groundwater must be resolved by other means, as necessary. No 
revision necessary. 

Comment noted. As suggested, no revision to the text has been made. 
 
This pilot test was performed specifically to investigate the potential for anaerobic 
in situ bioremediation of EDB (Attachment 2 of the RTC Table [Appendix A of the 
revised Report]). The design and operation of the extraction wells was solely for this 
purpose and not for NAPL recovery. Drawdown of groundwater below the screened 
interval of the extraction wells was avoided to minimize aeration of extracted 
groundwater, which could have inhibited anaerobic EDB biodegradation and 
increased biofouling. Further, the aboveground treatment system was not designed 
to remove NAPL. Additionally, NAPL recovery was not included or approved by 
NMED in the Work Plan (KAFB, 2016).  
 
A pilot test is a focused, limited-scale test of a technology that is used to determine 
potential effectiveness under field conditions and the feasibility of including the 
technology in the final remedy. It is not intended to be used as a remediation tool. 
As this pilot is nearing the end of its NMED-approved scope, any evaluation of 
reduction of aeration are moot. The evaluation of NAPL recovery will be included 
in the CME. 
 
 

22. Section 3.5, Phase 3- Biostimulation, page 3-9 
Permittee Statement: "Therefore, similar to Phase 2, the purpose of Phase 3 
was to continue to evaluate biostimulation in the subsurface after distribution 
of treatment amendments in recirculated groundwater. Phase 3 also consisted 
of two operational periods, a recirculation/mixing (active) period, and a 
subsequent passive monitoring period (no recirculation)."  
 
NMED Comment: Since the Permittee did not implement an evaluation of 
bioaugmentation during the Phase 3 period of the pilot test, the testing 
conducted during Phases 2 and 3 appears to be almost identical. Explain the 
significance of conducting Phase 3 of the pilot test in the revised Report. 
Revise the Report to combine the discussion of Phase 3 with that of Phase 2, 
as appropriate. 

Sections 3.5 and 3.6 describe the operations and monitoring activities during Phase 
2 and 3 respectively, and it is prudent to accurately describe these individually. Phase 
2 and Phase 3 were ultimately similar in terms of amendments provided. However, 
initial subsurface conditions were different, with lower initial EDB concentrations 
and the desired microbial community likely stimulated after Phase 2. As described 
in the Phase 3 EDB ISB Pilot Test Notification Letter to NMED (KAFB, 2018), 
Phase 3 was conducted to assess further possible enhancement of EDB degradation 
kinetics and possible expansion of the treatment zone. Phase 3 also allowed for some 
validation of the performance observed during Phase 2. Since the two phases were 
performed sequentially with different baseline conditions, separate discussions have 
been retained, despite their similarities. Phase 2 and 3 associated sampling events 
are denoted separately and, for clarity, are also described separately.  
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23. Section 3.5, Phase 3 -Biostimulation, page 3-10 
Permittee Statement: "Increased mounding was also observed throughout the 
active portion of Phase 3 at the injection well (see Figure 7), increasing to 
approximately 35 feet above the static level by the end of Phase 3 active 
recirculation." 
 
NMED Comment: Since the filter pack of the injection well is set above the 
water table, an excessive injection pressure (35 feet of water) likely further 
pushed the fluid laterally above the water table, rather than within the aquifer 
matrix. Due to the design of the injection well, the distribution of amendments 
is likely limited to the interface {see Comments 10 and 19). Additionally, the 
issue of well screen fouling must be resolved, if this remedy is to be considered 
as part of a future remedy. No revision necessary. 

Comment noted. As suggested, no revisions have been made. It seems likely that 
much of the increased head at the injection well during recirculation resulted from 
fouling in the immediate vicinity of the well rather than throughout the aquifer itself. 
As previously noted in other response to comments (Comments #5, 10, 19), the 
added conservative tracers in the recirculated water were observed at the 
intermediate wells and it is not clear what evidence suggests that amendments were 
limited to the interface as suggested here and in earlier comments. 
 
The injection well performed as required to meet the objectives of the pilot test. 
Given its performance, well redevelopment/rehabilitation was not recommended 
during the test as it could have impacted or complicated data interpretation. 
Downhole equipment and pumps were removed from the two extraction wells and 
injection well in January 2020 to assess condition and to conduct video surveys of 
the wells. Section 3.7.1 of the revised Reports summarizes the well maintenance 
activities performed in 2020.  
 
Wells installed under the pilot test were not intended for extended operation.  If ISB 
is evaluated for larger scale application as part of the CME, biofouling and well 
maintenance will be evaluated further.  

24. Section 3.5, Phase 3 -Biostimulation, page 3-11 
Permittee Statement: "After approximately 40 minutes of pumping, the water 
level in the well was manually checked and found to have drawn down 
below the transducer to the level of the pump intake (492 feet bgs). Thus, it 
seemed the loss of well capacity suggested by the increased mounding at the 
injection well (shown on Figure 7) was preventing groundwater from 
flowing into the well to sustain pumped flow to the surface; likely due to 
fouling of the well screen." 
 
NMED Comment: Explain whether measures to remediate the biofouling 
were developed during the pilot test. If so, provide a detailed explanation in 
the revised Report. Unless the issue is resolved, the remedial approach would 
not be practicable for long-term or larger scale implementation (see 
Comments 12 and 23). 

Refer to responses to Comments # 12, 18, and 23 for discussion of fouling during 
the pilot test. 
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25. Section 3.5, Phase 3 -Biostimulation, page 3-11 
Permittee Statement: "As a result, of the decreased well capacity, sample 
collection using the injection well pump was no longer possible, and samples 
from KAFB-106INl were 
collected using a 0.85-inch by 36-inch stainless steel bailer lowered to the 
groundwater through the transducer drop tube." 
 
NMED Comment: It should be noted that the sample collected from the 
injection well was not representative of groundwater conditions. The sample 
collected from the injection well was likely the remaining injection fluid that 
is stagnant in the injection well. The data obtained from the sample must not 
be used in any decision-making process, such as the evaluation and selection 
of remedial alternatives, confirmation that an area meets contaminant 
standards, or conclusion that a site meets the requirements for a Corrective 
Action Complete status. No revision necessary. 

Agreed. After the sampling pump at KAFB-106IN1 ceased operating, collecting 
samples by bailer was the only feasible option, albeit imperfect. Samples from 
KAFB-106IN1 were not relied upon to arrive at the conclusions of the pilot test. No 
revisions have been made to the text.  

26. Section 3.7, NAPL Sampling, page 3-12 
Permittee Statement: "Measurable NAPL was detected in the shallow nested 
well KAFB 106MW1-S during QED pump installation on September 5, 
2017. Three separate measurements were collected using a Solinst interface 
probe and confirmed a thickness of approximately 0.27 to 0.31 feet. NAPL 
was not detected at any other shallow monitoring wells within or around the 
treatment zone, or in the injection well." 
 
NMED Comment: LNAPL was also present in well KAFB-106S2 that is 
located near the pilot test area. Unless the extent of the LNAPL plume is 
delineated and eliminated, the groundwater that is treated for dissolved phase 
constituents (e.g., EDB) will be re-contaminated by residual LNAPL. 
LNAPL will act as a source of the dissolved phase contaminants. It is 
essential to eliminate all recoverable LNAPL from the site (see Comment 
30). 

Comment noted. No revisions have been made to the text. To clarify, well KAFB-
106S2 is not the same well as KAFB-106MW1-S and was not used for the ISB pilot 
test project.  Groundwater monitoring well KAFB-106S2 (screened across the water 
table) is located near the pilot test area and has never had any indication of NAPL. 
Please refer to Attachment 2 of the RTC Table (Appendix A of the revised Report) 
for scope of the pilot test and separate efforts to evaluate and delineate the vertical 
and lateral extent of NAPL.  
 
As detailed in the response to Comment #21 above, the evaluation of NAPL recovery 
will be included in the CME. 
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27. Section 3.7, NAPL Sampling, page 3-12 
Permittee Statement: "The extraction wells were not gauged for NAPL, as 
the top of the well screens were designed to be installed below the static 
water level." 
 
NMED Comment: A primary focus for the remedy at the site is an abatement 
of LNAPL. Once LNAPL is abated, the concentrations of the dissolved 
constituents are likely to gradually decrease. Therefore, the screened 
intervals of the extraction wells should not have been designed to be 
submerged below the water table. In the future, the screened intervals of all 
shallow groundwater monitoring and recovery wells must intersect the water 
table to capture LNAPL unless otherwise pre-approved by NMED. 

Comment noted. No revisions have been made to the text. Please refer to Attachment 
2 of the RTC Table (Appendix A of the revised Report) for scope of the pilot test 
and separate efforts to evaluate and delineate the vertical and lateral extent of NAPL. 
As detailed in response to Comment #7, NAPL delineation was not the intent of the 
pilot test.   

28. Section 3. 7, NAPL Sampling, page 3-13 
Permittee Statement: "Additional product recovery was attempted on 
September 13 and 14, 2017, and approximately 60 milliliters [of LNAPL] 
were recovered and sent to the APTIM Lawrenceville laboratory." 
 
NMED Comment: APTIM executed the pilot test and prepared the Report. 
APTIM should not have sent the samples to an internal corporate-owned 
laboratory. Industry standards provide that all laboratory analyses should 
have been conducted by a certified and independent third-party laboratory to 
avoid the perception of conflict of interest. The analytical results reported 
from the laboratory affiliated with the consultant must be identified as such 
in the Report. Revise the Report accordingly. 
 
 
 
 
 
 
 
 
 
 
 
 

When NAPL was discovered in September 2017 at KAFB-106MW1-S, samples 
were collected and sent to Pace Analytical and Clark Testing for certified analysis. 
 
An additional NAPL sample was collected and sent to APTIM’s Biotechnology 
Development and Applications Group (BDAG) Laboratory in Lawrenceville, New 
Jersey to facilitate EDB compound-specific isotope analysis (CSIA) funded through 
a separate research grant investigating EDB attenuation and remediation (ESTCP 
project ER-201331). All isotope data included in the Report were collected and 
analyzed through this separately funded project. The results of EDB CSIA are 
included in the Report as they provide a supporting line of evidence of EDB 
degradation. The application of this method for documenting EDB degradation is 
also discussed in a U.S. Environmental Protection Agency (EPA) document on 
natural attenuation of lead scavengers from leaded fuels (Wilson et al., 2008). The 
methods used for stable isotope analysis are research methods, not industry standard 
methods and are performed by non-accredited laboratories such as the University of 
Oklahoma. 
 
Additional details regarding the separately funded EDB isotope work are provided 
in a recent peer-reviewed journal paper: 
  
Koster van Groos, P., P.B. Hatzinger, S. Streger, S. Vainberg, P. Philip, and T. 
Kuder. 2018. Carbon isotope fractionation of 1,2-dibromoethane (EDB) by 
biological and abiotic processes. Environ. Sci. Technol. 52, 3440-3448. 
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28. Section 3.7, NAPL Sampling, page 3-13 (continued) The volatile organic compound (VOC) analyses performed at APTIM’s BDAG 
Laboratory were shared to provide additional information regarding the NAPL, but 
do not otherwise affect interpretations or conclusions of the Report or pilot test. 
Given the concern expressed in the comment provided by NMED and that APTIM’s 
BDAG Laboratory is not specifically certified for VOC analyses, the relevant 
passage has been removed from the revised Report. 

29. Section 3. 7, NAPL Sampling, page 3-13 
Permittee Statement: "The δ13C value of the EDB in the NAPL, as 
determined by the University of Oklahoma, was approximately -21 ± 2 ‰." 
 
NMED Comment: In the revised Report, discuss the implication of the 
finding associated with the C13 [sic] isotope analysis for the EDB in the 
NAPL in comparison to the ratios of isotopes for the EDB in the 
groundwater samples collected during the pilot test. 

A brief discussion related to the carbon isotope composition of EDB in the NAPL 
was provided in Section 4.5.2, which states, “[t]he δ13C values of EDB in the NAPL 
sample and at well KAFB-106EX2 were consistently the most negative with values 
of -16‰ or lower, which indicates they were the least degraded,” and “[t]he baseline 
evaluation performed with samples collected prior to the pilot test included EDB 
δ13C values as high as -5‰, significantly higher than the EDB of the NAPL and 
located at KAFB-106EX2, indicating significant isotope fractionation and providing 
further evidence of EDB degradation under ambient conditions at the site prior to 
the pilot test.” Text referencing this later discussion has been added to Section 3.2 
for clarity and consistency. 

30. Section 3.7, NAPL Sampling, page 3-13 
Permittee Statement: "The fall and rise of the water table during well 
installation and development may have impacted the vertical transport and 
subsequent distribution of NAPL in the lower vadose zone, capillary fringe, 
and top of the unconfined aquifer; causing the measureable [sic] NAPL at 
KAFB-106MW1-S." 
 
NMED Comment: Section 1.4 states, "[t]he deepest depth to water, 
representing the lowest historical groundwater elevation, measured at 
groundwater wells in the BFF source area ranged from approximately 500 to 
502 feet bgs in 2009. In recent years, the water table has been rising due to 
water-conservation efforts by the Albuquerque community and reduction of 
pumping of production wells by Albuquerque Bernalillo County Water 
Utility Authority. As a result, the current vadose zone at the BFF site is 
approximately 455 to 480 feet thick." At the time the LNAPL release 
occurred, the water table was approximately 20 to 30 feet below the current 
depth of the water table. Therefore, adsorbed and submerged LNAPL may 
also be present at depths below the current groundwater interface. Propose to 
submit a work plan to investigate the vertical and lateral extent of LNAPL at 
  

Comment noted. No revisions have been made to the text. Please refer to Attachment 
2 of the RTC Table (Appendix A of the revised Report) for scope of the pilot test 
and separate efforts to evaluate and delineate the vertical and lateral extent of NAPL. 
Additional source area wells were installed in accordance with the NMED-approved 
Work Plan for Data Gap Monitoring Well Installation KAFB-106248 to KAFB-
106252 (KAFB, 2019) to address continued water table rise and to further delineate 
the source area plume. Additional soil coring was performed as part of this field 
effort, as discussed in response to Comment #7.  
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30. Section 3.7, NAPL Sampling, page 3-13 
 
the current groundwater interface and at depths below the current water table 
where LNAPL was likely trapped as the water table rose. 

31. Section 3.10, Quality Control, page 3-15 
Permittee Statement: "Laboratory data packages are also provided in 
Appendix G-2." 
 
NMED Comment: Appendix G-2 was not included in the Report. Ensure that 
Appendix G-2 is included in the revised Report. 

Appendix G-2 (renamed as Appendix I-3) has been included in the revised Report. 

32. Section 3.11.1, Soil IDW, page 3-16 
Permittee Statement: "All drill cuttings were containerized in plastic-lined, 
steel roll-off containers pending laboratory analysis for waste 
characterization and disposal. Each roll-off was sampled for waste 
characterization." 
 
NMED Comment: Provide more detailed information regarding the sampling 
method for waste characterization in the revised Report. More specifically, 
explain the frequency of sample collection (e.g., soil volume per sample), 
whether composite or discrete samples were collected, and the number of 
subsamples in a composite sample, if collected, in the revised Report. 

Additional details regarding soil investigation-derived waste sampling and 
characterization has been included in Section 3.11.1 of the revised Report.  

33. Section 3.11.2, Liquid IDW - Development and Decontamination, 
page 3-18 

Permittee Statement: "Non-hazardous waste manifests are included in 
Appendix H-3. Hazardous liquid IDW generated from development and 
decontamination activities was disposed of by Chemical Transportation, Inc. 
and Clean Harbors at Clean Harbors Deer Trail, LLC in Colorado. 
Hazardous waste manifests are included in Appendix H-4." 
 
NMED Comment: Non-hazardous waste manifests are included in Appendix 
H-4 and hazardous waste manifests are included in Appendix H-3 of the 
Report. Correct the typographical errors in the revised Report. 

The appendix callout errors have been corrected in the revised Report. Non-
hazardous waste manifests have been included as Appendix J-3, and hazardous 
waste manifests included as Appendix J-4. 
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34. Section 4.2.2, Tracer Distribution During Phase 2 and 3, Phase 2, 
page 4-5 

Permittee Statements: "Also evident in the iodide data is that final 
concentrations observed at the nearest monitoring wells of 17 mg/L (KAFB-
106MW2-S) and 18 mg/L (KAFB- 106064) are equivalent with injected 
iodide concentrations (KAFB-1061N), which indicates that most of the 
groundwater observed at these wells was previously amended and 
reinjected." and, "Overall, iodide concentrations observed during the Phase 2 
recirculation period indicated good distribution of injected waters, 
particularly within the treatment zone encompassing the shallow monitoring 
wells nearest to the injection well."  
 
NMED Comment: The tracer volume injection into the aquifer is estimated 
to be less than 30% of pore volume for the radial distance between the 
injection well and well KAFB-106MW2-S. Therefore, the highest 
concentrations of the tracer detected in the wells cannot be equivalent to the 
tracer concentrations of the injection fluid if uniform distribution of the 
injection fluid was achieved within the aquifer matrix. The top depth to the 
filter pack was set above the water table; therefore, the injection fluid may 
have migrated above the groundwater interface without being adequately 
mixed in the aquifer. Consequently, an undiluted or less diluted tracer 
solution may have reached the wells and been detected in the samples 
collected from the wells. The injection well construction likely provides 
positively biased data (see Comments 10, 19 and 23). 

The comment states, “the tracer volume injected into the aquifer is estimated to be 
less than 30% of pore volume for the radial distance between the injection well and 
well KAFB-106MW2-S. Therefore, the highest concentration of the tracer detected 
in the wells cannot be equivalent to the tracer concentrations of the injection fluid 
if uniform distribution of the injection fluid was achieved within the aquifer 
matrix.” This is inaccurate. Perhaps the distance to KAFB-106S2 rather than 
KAFB-106MW2-S was considered during drafting of this comment. KAFB-
106MW2-S was associated with this pilot test and KAFB-106S2 was not. 
 
As demonstrated in Table 16 of the Report, 106MW2-S is located 28 feet (at the 
surface) from the injection well. Conservatively, assuming an average thickness of 
water flow of 50 feet and a reasonably conservative effective porosity of 0.33, then 
the pore volume between the injection well and KAFB-106MW2-S is: (28 
𝑓𝑡)2∗𝜋∗50𝑓𝑡∗0.33 = 40,640 𝑓𝑡3 ~ 304,000 𝑔𝑎𝑙𝑙𝑜𝑛𝑠. Similar math for KAFB-
106064 results in a conservative pore volume estimate of ~373,000 gallons. Given 
that approximately 960,000 gallons of water containing the tracer were recirculated 
during Phase 2 of the pilot test, it seems extremely likely that the iodide 
concentrations observed at KAFB-106MW2-S and KAFB-106064 (within ~30% of 
the expected injected concentrations) support the conclusion that “most of the 
groundwater observe at these wells was previously amended and reinjected.” 
 
It is unclear what evidence exists suggesting positive bias in the data. The data are 
accurate, and many lines of evidence supported the broader conclusions of the 
Report. No revisions have been made to the text. 
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35. Section 4.2.3, Distribution of Fermentable Substrate, page 4-7 
Permittee Statement: "Recirculated groundwater during Phase 2 and Phase 3 
was amended with WilClear Plus®, which served as a fermentable substrate 
to stimulate debrominating organisms in the subsurface during the pilot test." 
 
NMED Comment: Although the Permittee asserts that debrominating 
organisms are present at the site, the data provided in Figure 3, 
Concentrations of EDB in Anaerobic Microcosms Prepared with Aquifer 
Samples Collected from the BFF Source Area, indicate otherwise (see 
Comment 6). The result of the microcosm study appears contradictory; 
however, the pilot test successfully demonstrated the occurrence of in-situ 
EDB degradation through carbon isotope analysis of EDB. No revision 
necessary. 

Please refer to Comment #6 and the detailed response in reference to the microcosm 
tests described in Figure 3. As noted, the data from the microcosms and the 
molecular analysis of groundwater samples were at odds (i.e., dehalogenating 
bacteria were present in the aquifer, but they did not active in laboratory 
microcosms). The field study was designed in phases, in part, because of these 
results.  As suggested, no revision to the text has been made. 
 
 
 

36. Section 4.2.3, Distribution of Fermentable Substrate, page 4-8 
Permittee Statement: "While lactate was introduced to the subsurface at 
around 110 mg/L, concentrations at monitoring wells never exceeded 4 
mg/L." 
 
NMED Comment: Provide information regarding the volume of the lactate 
solution introduced through the injection well in the revised Report. 

The volume of fermentable substrate introduced during each recirculation phase 
(Phases 2 and 3) were provided in Table 6, which is referenced in Sections 3.5 and 
3.6. 
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37. Section 4.2.3, Distribution of Fermentable Substrate, page 4-8 
Permittee Statement: "The observed increases in acetate and propionate 
strongly suggest that organic substrate capable of stimulating reductive 
debromination of EDB was distributed to most wells during the pilot test." 
 
NMED Comment: Lactate is fermented to acetate and propionate by various 
bacteria and is not limited by debrominating bacteria. The statement is 
speculative and can be misleading. Revise the statement for accuracy. 

The relevant paragraph has been revised to provide better clarity that the 
fermentative conditions indicated by lactate transformation are conducive to 
reductive debromination of EDB. 
 
Many resources are available in the literature that explain the overall paradigm of 
anaerobic bioremediation of halogenated substances. While the exact mechanism for 
each case of reductive dehalogenation is not known, for many cases, dehalogenating 
organisms of interest (e.g., Dehalococcoides spp.) utilize dissolved hydrogen (H2) 
as their electron donor and a halogenated species (e.g., TCE or EDB) as their 
terminal electron acceptor. Through such a mechanism these dehalogenating 
organisms respire or “breath” the organohalide species, much as our cells respire 
oxygen. Fermentation of organic substrates by separate populations of fermenting 
organisms (i.e., not the dehalogenating species themselves) has been identified as a 
suitable manner for developing hydrogen species in situ. This mechanism provides 
much of the foundation supporting the practice of anaerobic in situ biodegradation 
for halogenated compounds and many different types of substances may stimulate 
fermentation and hydrogen production. In the source area at Kirtland AFB, it is 
almost certain that some fuel related hydrocarbons are fermented resulting in 
elevated H2 concentrations which may be utilized by naturally occurring 
dehalogenating organisms. As noted in the Report, baseline data provided some 
evidence that this “natural” attenuation process, stimulated by the co-occurring fuels 
has likely attenuated EDB at the site without significant intervention. 
 
Through study and practical experience, lactate has found use as an effective 
substrate to rapidly stimulate hydrogen production. Many fermenters can utilize it 
resulting in quick and efficient production of hydrogen, as well as acetate and 
propionate products. The statement in the Report was intended as an observation of 
evidence (through elevated concentrations of lactate fermentation daughter products 
acetate and propionate) that the overall EDB debrominating system was likely 
stimulated at most wells through distribution of lactate. The text has been revised to 
clarify the discussion. 
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38. Section 4.3, Microbial Analysis, page 4-9 
Permittee Statement: "This increase in EBAC [eubacteria] after Phase 1 
recirculation activity may be the result of organic carbon and nutrient 
redistribution in the treatment zone along with the increased groundwater 
flows due to recirculation."  
 
NMED Comment: Although the carbon substrate and nutrients were not 
distributed during the Phase 1 period of the pilot test, the measured microbial 
population increased approximately two orders of magnitude. The increase 
in microbial population occurred before the biostimulation period was 
implemented. The observation indicates that microbial population can be 
increased with or without biostimulation amendments. Since hydrocarbon 
constituents (e.g., benzene, toluene) are ubiquitous in the groundwater, they 
may also be utilized as carbon substrates by anaerobic bacteria. In this case, 
an amendment of appropriate electron acceptors (e.g., sulfate) may further 
increase microbial populations and enhance biodegradation of the 
contaminants. Figure 19, APS Concentrations-All Wells, indicates that the 
population of sulfate reducing bacteria in groundwater samples collected 
from all wells except injection well KAFB-106IN plateaued during the Phase 
2 and Phase 3 biostimulation period of the pilot test; sulfate may be a 
limiting factor for the population growth. Evaluate whether an amendment of 
appropriate electron acceptors enhances biodegradation of contaminants 
without compromising EDB degradation. Provide the discussion in the 
revised Report. 

The quoted Permittee statement is focused on redistribution of carbon and nutrients 
that were present in the subsurface prior to the introduction of amendments. 
Increased groundwater flows and groundwater extraction from differently impacted 
depth intervals during the recirculation periods of the pilot test will have facilitated 
redistribution of these materials within the aquifer without provision of amendments. 
We acknowledge that extra mixing/redistribution in the subsurface likely increased 
the nutrients and bioavailability of hydrocarbons that can be fermented to support 
reductive debromination of EDB, which has likely been occurring at the site without 
significant intervention for some time. 
 
The pilot test was specifically focused on EDB degradation and discussion of 
benzene and toluene was provided to place observed EDB degradation in context. 
Introduction of supplemental electron acceptors (such as sulfate) to enhance 
hydrocarbon degradation and impacts of elevated concentrations of such competing 
electron acceptors upon EDB degradation was outside the scope of the pilot test. The 
Report has not been revised to include a discussion of these issues. As stated 
previously, the potential expansion of this technology beyond the biodegradation of 
EDB will take place in the CME, if appropriate. 
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39. Section 4.3, Microbial Analysis, page 4-9 
Permittee Statement: "As with the high cell numbers prior to recirculation 
and amendments at the site, the large numbers of organisms capable of 
reductive debromination (105 to 106 cells/ml for DHBt, and around 105 
cells/ml for DSB) after biostimulation, suggest that EDB debromination 
activity may have been stimulated during the pilot test."  
 
NMED Comment: According to Figure 21, DHBt Concentrations -All Wells, 
and Figure 24, 058 Concentrations -All Wells, the populations of DHBt and 
DSB appear to have plateaued during the Phase 2 and Phase 3 biostimulation 
period of the pilot test in all wells. These figures suggest that EDB 
debromination activity may not be stimulated by carbon substrate and 
nutrient amendments. The increase of the DHBt and DSB population was 
observed in groundwater samples collected from intermediate wells KAFB-
106063, KAFB-106MW1-I and KAFB-106MW2-I during the Phase 1 period 
that was not related to biostimulation. Correct the statement for accuracy, 
discuss the implication of the observed population growth, acknowledge that 
other conclusions could be reached, and state that the data is not conclusive 
in the revised Report. 

The text discussing cell populations of likely debrominating organisms has been 
revised. We agree that such data do not provide conclusive evidence of degradation 
activity, and must be supported by other lines of evidence. 
 
Bacterial counts of Dehalobacter spp.(DHBt), Desulfitobacterium spp. (DSB), etc., 
quantified through qPCR analyses of DNA are imperfect measures of activity. Little 
change in already high numbers should not be interpreted as evidence of no change 
in overall debromination activity. While large population numbers typically 
correspond to greater activity, the presence of cell DNA itself doesn’t indicate 
whether the organisms are actively expressing genes of interest or otherwise 
performing the roles associated with their presence. It does suggest, however, that 
they may be stimulated to activity, if not active already. The enumerated organisms 
are also representative of a likely more diverse community of dehalogenating 
organisms and are only quantified through the use of qPCR probes of varying 
specificity. It is probable that other organisms facilitating dehalogenating processes 
were not specifically quantified using this tool. Overall, the presence of the 
organisms at high numbers provide a strong line of evidence that supports the 
conclusion that observed EDB decreases were the result of anaerobic 
biodegradation. 
 
Increased counts at the intermediate wells were noted for many different organisms 
and were likely indicative of more oligotrophic conditions at these wells (e.g., lower 
hydrocarbon concentrations) prior to any recirculation. Given such conditions, 
recirculation of labile hydrocarbons to these deeper locations during Phase 1 likely 
increased microbial activity at these intervals. 
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40. Section 4.4, Geochemistry, pages 4-10 and 4-11 
Permittee Statement: "DO [dissolved oxygen] concentrations were below 1 
mg/L at all wells, with most concentrations below 0.5 mg/L." and, "The low 
DO concentrations within the treatment zone reflect favorable conditions for 
reductive debromination of EDB."  
 
NMED Comment: The site groundwater is anaerobic due to the presence of 
hydrocarbons which favors reductive debromination of EDB. Hydrocarbons 
in the aquifer may serve as carbon substrate to degrade EDB anaerobically. 
When dissolved hydrocarbons are utilized for EDB debromination, the 
concentrations of hydrocarbons may also decrease which provides 
synergistic degradation. However, carbon substrates (e.g., lactic acid) that 
were amended to stimulate indigenous bacteria are more readily utilized in 
comparison to hydrocarbons. Subsequently, the degradation of hydrocarbons 
may potentially be hindered. Since EDB may be naturally degrading due to 
the current site conditions (e.g., anaerobic  conditions, presence of 
hydrocarbons), the amendment of the carbon substrate may not be useful. 
Evaluate the necessity of the amendment to balance the EDB and 
hydrocarbon constituents degradation and provide the discussion in the 
revised Report. 

This comment is partially addressed in response to Comment #37 above. The 
supplied carbon substrate (lactate) likely increased dissolved hydrogen 
concentrations in the groundwater more rapidly than fermentation of the more 
complex hydrocarbons otherwise present at the site. This elevated hydrogen likely 
resulted in the enhanced EDB biodegradation that was observed. We acknowledge, 
however, that EDB is very likely attenuating in the source area without intervention, 
facilitated by the fermentation of hydrocarbons in the subsurface as suggested in the 
NMED comment. Evaluating tradeoffs between degradation of EDB and 
hydrocarbons as suggested by the comment was beyond the scope of the pilot test 
(Attachment 2 of the RTC Table [Appendix A of the revised Report]). As stated 
previously, the potential expansion of this technology beyond the biodegradation of 
EDB will take place in the CME, if appropriate. No revisions have been made to the 
text. 
 
 

41. Section 4.4, Geochemistry, page 4-11 
Permittee Statement: "With the exception of KAFB-106EX2 (25 mg/L), 
sulfate concentrations in shallow wells were low (<5 mg/L) under baseline 
conditions presumably due to past sulfate reduction to sulfide."  
 
NMED Comment: Sulfate is a critical component for anaerobic 
biodegradation of dissolved hydrocarbon constituents. Since hydrocarbons 
are present in addition to EDB at the site, hydrocarbons must be remediated 
as well. According to Figure 19, APS Concentrations -All Wells, the 
population of sulfate reducing bacteria is abundant; however, sulfate  
concentrations appear to be insufficient to increase the activity of the sulfate 
reducing bacteria. Evaluate the viability of sulfate amendment to promote 
biodegradation of dissolved phase hydrocarbons in the revised Report (see 
Comment 38) and propose to submit a work plan for a pilot test to evaluate 
the effect of sulfate amendment, as appropriate. 

The objective of this pilot test was to stimulate in situ anaerobic biodegradation of 
EDB (Attachment 2 of the RTC Table [Appendix A of the revised Report]). Sulfate 
concentrations were evaluated as they are indicative of biogeochemical conditions. 
While the fate of other dissolved organics was tracked, the primary focus was EDB. 
Evaluating relationships between sulfate and hydrocarbons was beyond the scope of 
the pilot test.  See response to Comment #38. As stated previously, the potential 
expansion of this technology beyond the biodegradation of EDB will take place in 
the CME, if appropriate. No revisions have been made to the text. 
 
 



 

25 
 
 

42. Section 4.4, Geochemistry, page 4-11 
Permittee Statement: "The low sulfate concentrations within the treatment 
zone reflect favorable conditions for reductive debromination of EDB."  
 
NMED Comment: Clarify whether elevated sulfate levels inhibit reductive 
debromination of EDB in the revised Report. Also, propose to submit a work 
plan to evaluate the sulfide concentrations in the groundwater; if sulfide 
levels are too high in the groundwater, sulfate amendment may not increase 
the activity of sulfate reducing bacteria. 

Sulfate was monitored during the pilot test as a general geochemical indicator. The 
Permittee statement has been revised to clarify that low sulfate concentrations, or the 
observed decrease in sulfate concentrations, at the site are reflective of reducing 
conditions which were favorable for reductive debromination. Impacts of differing 
sulfate or sulfide concentrations on EDB biodegradation were outside the scope of 
the study and were not specifically investigated. As stated previously, the potential 
expansion of this technology beyond the biodegradation of EDB will take place in 
the CME, if appropriate. Site-specific comments on these factors would be 
speculative and no revisions have been made to the text.  
 

43. Section 4.4, Geochemistry, page 4-12 
Permittee Statement: "Due to the low solubility of ferric (Fe(III)) iron under 
circumneutral conditions as found at the site, dissolved iron concentrations 
are often assumed to reflect concentrations of more reduced ferrous (Fe(II)) 
iron. Minerals containing oxidized Fe(lll) are fairly ubiquitous and elevated 
dissolved iron concentrations are usually indicative of iron reducing 
environments. Baseline measurements at the site indicated dissolved iron 
concentrations ranging from 1 mg/L (KAFB-106MW1-S) to 12 mg/L 
(KAFB-106MW2-S) in shallow wells, but concentrations at deeper, less 
impacted wells were all less than 1 mg/L."  
 
NMED Comment: According to Figure 27, Iron (Dissolved) Concentrations 
-All Wells, the dissolved iron concentration in the baseline groundwater 
sample collected from  intermediate well KAFB-106MW2-I exceeds 11 
mg/L. Accordingly, the statement is not accurate. Correct the statement or 
Figure 27 to resolve the discrepancy in the revised Report. Additionally, the 
dissolved oxygen concentration in the baseline groundwater sample collected 
from the same intermediate well KAFB-106MW2-I is recorded as 
approximately 1.8 mg/L, which is higher than the most wells according to 
Figure 25, Dissolved Oxygen -All Wells. The inverse relationship between 
the levels of dissolved iron and oxygen is not clearly demonstrated by the 
data collected during the pilot test. Remove or revise the statement, as 
appropriate. 

The Report and figure are both correct. It is possible that NMED misread the figure 
due to similar color and symbol between 106MW2-S and 106MW2-I? Baseline 
concentrations for KAFB-106MW2-I are provided in Table 14, and indicate results 
of 0.053 mg/L and 0.0514 mg/L for parent and field duplicate samples, respectively. 
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44. Section 4.4, Geochemistry, page 4-12 
Permittee Statement: "During the Phase 2 recirculation period when lactate 
amendments were introduced, methane concentrations generally fell again, 
but increased by many OOM [(orders of magnitude)] at several wells during 
the following passive period, with concentrations exceeding 10,000 µg/L at 
the injection well and KAFB-106MW2-S." 
 
NMED Comment: Methane may be beneficial to EDB remediation since it is 
considered a viable substrate for similar halogenated compounds (e.g., 
chlorinated ethenes). However, methanogens are known to produce ethene 
and ethane under the presence of brominated compounds (e.g., EDB). If 
methanogens produce more ethene and ethane which are main end products 
of EDB, they may potentially hinder degradation of EDB (e.g., via Le Ch 
atelier's principle). Regardless, the increased methane production is merely 
an indicator of bacterial activity but not necessarily effective remediation. 
No revision or response required. 

The Permittee Statement is a factual presentation of the methane concentrations 
observed. No revisions have been made to the text. 
 
Methane may indeed be a viable substrate for aerobic EDB degradation by 
methanotrophs, as demonstrated by Koster van Groos et al. (2018), through a process 
called aerobic co-metabolism. Although microaerophilic conditions and 
contributions from this degradation pathway may occur, this is not an anaerobic 
process, and is very unlikely to outweigh the contributions from known anaerobic 
degradation pathways in an anaerobic environment.  
 
The comment states, “methanogens are known to produce ethene and ethane under 
the presence of brominated compounds (e.g., EDB).” The current scientific 
consensus and EPA guidance (Wiedemeier et al., 1998) indicates that ethene and 
ethane are known and expected daughter products of reductive dehalogenation, and 
important indicators of degradation, even in the presence of methane and presumably 
methanogenesis. Some early literature (Belay and Daniels, 1987; Holliger et al., 
1992) suggests that methanogens may dehalogenate some chlorinated and 
brominated ethanes, forming ethene and ethane as daughter products. However, 
these studies predated the discovery of true dehalogenating strains (e.g., 
Dehalococcoides and Dehalogenimonas) and may be inaccurate. Even if correct, this 
observation confirms formation of ethene/ethane as daughter products of 
halogenated compounds, rather than production from carbon dioxide or methane. 
We agree that increased methane production is expected and not an indicator of 
effective EDB remediation. 
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45. Section 4.5.1, Benzene and Toluene, page 4-14 
Permittee Statements: "With the exception of the injection well (KAFB-
1061N1) and monitoring well KAFB-106MW1-S, benzene concentrations in 
shallow monitoring wells for the remainder of the pilot test ranged in 
concentration from 1,680 µg/L at KAFB-106MW2S to 4,400 µg/L at KAFB-
106EX2, indicating limited losses due to biodegradation or abiotic 
mechanisms (e.g., volatilization, dilution)." and,  "Interestingly, benzene 
increased during the passive periods at the shallow well KAFB-106MW1-S 
to concentrations as high as 9,800 µg/L. The higher concentration at KAFB-
106MW1-S is similar to baseline conditions prior to recirculation and may 
be the result of increased mass transfer from residual NAPL phases, as 
NAPL had previous[ly] been observed at that location."  
 
NMED Comment: Unless LNAPL is eliminated, LNAPL constituents will 
constantly leach into the groundwater and re-contaminate the aquifer. In 
order to abate LNAPL, the extent of LNAPL plume must be delineated 
laterally and vertically (see Comment 30). The reduction of all dissolved 
phase constituent concentrations will likely occur once the bulk of LNAPL is 
removed from the site. 

Comment noted. No revisions have been made to the text. Please refer to Attachment 
2 of the RTC Table (Appendix A of the revised Report) for scope of the pilot test 
and separate efforts to evaluate and delineate the vertical and lateral extent of NAPL. 
 

46. Section 4.5.1, Benzene and Toluene, page 4-15 
Permittee Statement: "Interestingly, toluene concentrations decreased during 
Phase 4 passive monitoring at shallow wells KAFB-106MW2-S to 150 µg/L 
(from 4,900 µg/L in the previous sampling event) and KAFB-106064 to 960 
µg/L (from 11,000 µg/L in the previous sampling event). These decreases 
were far greater than for benzene and may indicate some anaerobic 
biodegradation of toluene."  
 
NMED Comment: Toluene is known to be more bioavailable as a carbon 
substrate than benzene. Presumably, anaerobic bacteria responsible for 
hydrocarbon degradation depleted the amended carbon substrates (e.g., 
lactate) during the Phase 4 passive monitoring period and initiated utilization 
of subsequently bioavailable hydrocarbon constituent, toluene. Further 
decline of toluene levels may be expected along with the decline of benzene 
level later in the passive monitoring period. Clarify whether the passive 
monitoring is on-going at this time and provide a reference that presents the 
most recent analytical data in the revised Report. 

Comment noted. No revisions have been made to the text. The pilot test was focused 
on EDB biodegradation (Attachment 2 of the RTC Table [Appendix A of the revised 
Report]). Toluene and benzene were discussed to place EDB degradation in context. 
Anaerobic degradation of toluene coupled to a variety of electron acceptors is a well-
known process and the decrease in toluene was evident, so it was factually presented.  
 
After collection of Phase 4 samples in January 2019, sampling of the groundwater 
monitoring, extraction, and injection wells resumed in March 2020 after the 
extraction and injection well pumps were removed and the wells surveyed with a 
camera to assess downhole equipment and well conditions.  Starting in 2020, 
samples were collected quarterly and analyzed for the same constituents as approved 
in the Work Plan (KAFB, 2016).  Monitoring and sampling activities performed in  
2020, along with analytical results and data interpretations, have been incorporated 
into this revised Report.  
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47. Section 4.5.2, EDB, EDB Degradation Products, pages 4-20 and 4-
21 

Permittee Statements: "Based the assumption of reductive debromination and 
its stoichiometry, equivalent quantities of EDB degraded can be estimated 
using measured concentrations of ethene and ethane ... "and, "During and 
after the Phase 2 recirculation period, estimates of EDB equivalents 
degraded based on ethene and ethane increased to magnitudes similar to 
initial EDB concentrations, suggesting substantial conversion. The highest 
estimate of EDB equivalents degraded occurred at KAFB-106MW1-S after 
Phase 3 biostimulation efforts with an estimated concentration of 
approximately 270 µg/L."  
 
NMED Comment: According to Tables 7 through 15, the concentrations of 
ethane, ethene, and methane were detected in the baseline groundwater 
samples collected from the pilot test wells. These dissolved gas constituents 
may or may not be degradation products of EDB. Since other hydrocarbon 
constituents (e.g., benzene and toluene) are concurrently present with EDB 
and the degradation products (ethane, ethene, and methane) are not exclusive 
to EDB biodegradation products, the quantity of degraded EDB cannot be 
estimated by measured concentrations of ethene and ethane. It should be 
noted that methanogens produce ethane and ethene under the presence of 
halogenated compounds and the presence of brominated compounds drives 
methanogens to produce even more ethane and ethene from small organic 
compounds such as carbon dioxide. Remove the statements from the revised 
Report. 

The text has been revised to indicate that estimates of EDB degraded using ethene 
and ethane product concentrations assumed stoichiometric conversion as well as 
negligible contributions of ethene and ethane from sources other than EDB. 
Of the three gases discussed in NMED’s comment, only ethene and ethane are 
anaerobic degradation products of EDB. Laboratory studies have demonstrated near 
complete dehalogenation of EDB to form ethene. Production of ethane from ethene 
or from bromoethane under reducing conditions also has been demonstrated (e.g., 
Henderson et al., 2008).  
 
The comment states, “it should be noted that methanogens produce ethane and 
ethene under the presence of halogenated compounds and the presence of 
brominated compounds drives methanogens to produce even more ethane and ethene 
from small organic compounds such as carbon dioxide.” This statement is 
inconsistent with the current scientific consensus and EPA guidance (Wiedemeier et 
al., 1998) that ethene and ethane are daughter products of reductive dehalogenation, 
even in the presence of methane and methanogenesis. It would be helpful if NMED 
provided information that demonstrates widespread ethene and ethane synthesis 
from carbon dioxide by methanogens. As previously noted, early scientific literature 
(prior to discovery of Dehalococcoides sp.) suggested that methanogens may 
dehalogenate some chlorinated and brominated compounds to ethane and ethene 
(Belay and Daniels, 1987; Holliger et al., 1992); but this is very different than de 
novo synthesis of ethane or ethane from carbon dioxide. Rather, they are daughter 
products of the halogenated compounds and a critical line of evidence of their 
biodegradation as per our conclusion and per EPA guidance.  
 
Laboratory results indicating near stoichiometric conversion of EDB to ethene, and 
EPA guidance and environmental practice of utilizing ethene and ethane as daughter 
products for mass balance determinations of chlorinated solvents in methanogenic 
environments support the Air Force’s statements. In fact, the presence of ethene and 
ethane provide strong evidence of the processes described. 
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48. Section 4.5.2, EDB, EDB Degradation Products, page 4-22 
Permittee Statement: "The largest apparent increase in bromide to chloride 
ratio occurred during and after the Phase 3 recirculation period. This 
coincided with use of a new certified analytical laboratory after the original 
analytical laboratory measuring bromide ceased operations. Several of the 
increases in bromide appear to be on the order of 1 mg/L, which corresponds 
to degradation of approximately 1,200 µg/L of EDB- much more than was 
observed in aqueous phase measurements during the pilot test."  
 
NMED Comment: Since the notable increase occurred when an analytical 
laboratory was changed, the data generated from the new laboratory may or 
may not be accurate. Even if the analytical method is consistent and the new 
laboratory is certified for the analysis, the observed increase may potentially 
be caused by changes associated with various differences among 
laboratories. The samples should have been analyzed by two independent 
certified laboratories to confirm the results. Incorporate this measure when 
an analytical laboratory is to be changed during the course of periodic 
groundwater monitoring and sampling in the future. No revision required. 

Comment noted. No revisions have been made to the text. Closure of the analytical 
laboratory was not anticipated during the course of the study. Duplicative laboratory 
analysis was not required in the NMED-approved Work Plan (KAFB, 2016). The 
replacement laboratory met all project data quality objectives.   
 
As detailed in the 09 July 2020 letter from the Air Force to Mr. Pierard, the Air Force 
has respectfully requested that NMED cease including global comments for future 
unrelated work in individual notices of disapproval. 
 

49. Section 4.5.2, EDB, Carbon Isotope Analysis of EDB, page 4-22 
Permittee Statement: "As EDB degrades, its carbon (C) stable isotope 
composition can change as EDB with a heavy C isotope substitution (13C) 
degrades slightly slower than EDB with only 12C (Koster van Groos et al, 
2018)."  
 
NMED Comment: Provide information regarding the difference in 
degradability of EDB with 12C and 13C in the revised Report. Additionally, 
according to Figure 38, EDB δ13C-Shallow Wells, EDB δ13C values notably 
increased in groundwater samples collected from wells  KAFB-106MW2-S 
and KAFB-106064 prior to Phase 2 of the pilot test, in which biostimulation 
was initiated. Provide an explanation for whether the occurrence of abiotic 
degradation (e.g., hydrolysis, oxidation) can also increase the fraction of 13C 
EDB in the  revised Report. 

The reference provided in the Report (Koster van Groos et al, 2018) discusses 
biological and abiotic isotope effects associated with EDB degradation. The text has 
been revised to indicate that relative differences in 12C and 13C degradation rates are 
less than 4%, and that both biological and abiotic degradation result in isotope 
fractionation. The Report will also be updated to specifically identify the shift in 
isotope composition at wells KAFB-106064 and KAFB-106MW2-S noted in the 
NMED comment and will share that this increase was consistent with the decrease 
observed in EDB at the same locations. Further, the Report has been revised to 
indicate that while isotope information itself only provides evidence of degradation 
and not the mechanism, the shift in isotope composition was likely a biologically 
facilitated process due to the relative speed and other lines of evidence noted during 
the pilot test. 
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50. Section 5.1, Conclusions, pages 5-1 and 5-2 
Permittee Statements: "Baseline measurements indicated that EDB was 
likely degrading prior to the pilot test." and, "ISB appears to be a promising 
approach targeting EDB source areas in Kirtland AFB  groundwater. While 
debromination may be occurring at Kirtland AFB without additional  
support, the addition of biostimulation amendments and mixing of water 
appeared to  enhance reductive debromination."  
 
NMED Comment: The degradation of hydrocarbon constituents (e.g., 
benzene and toluene) appeared to be hindered by the amended carbon 
substrates (see Comment 46). The pilot test demonstrated in-situ anaerobic 
biodegradation of EDB in the most pilot test wells; however, future 
remediation must focus on the abatement of LNAPL. Once the LNAPL 
plume is delineated and remediated, EDB levels will likely reduce naturally. 
The vertical and lateral extent of LNAPL must be investigated (see 
Comment 30). 

It is not clear which data appear to indicate that benzene or toluene degradation is 
hindered by lactate addition. Please refer to response to Comment #46. 
 
The comment further discusses the need for addressing NAPL at the site, which is 
outside the scope of the pilot test. Please refer to Attachment 2 of the RTC Table 
(Appendix A of the revised Report) for scope of the pilot test and separate efforts to 
evaluate and delineate the vertical and lateral extent of NAPL. No revisions have 
been made to the text. 
 
 
 

51. Figure 9, Fluoroscein [sic] Concentrations -Shallow Wells 
NMED Comment: The tracer concentrations in injection well KAFB-106IN1 
are depicted below 10 ug/L during the baseline, Phase 1 Tracer Test, and 
Non-pumping Passive Phase according to Figure 9. Section 4.2.1, Tracer 
Distribution During Phase 1, page 4-2, states that three measurements of 
fluorescein concentrations of injected water collected directly from the 
KAFB-l06IN1 sample port averaged 570 µg/L during the 24 hours of tracer 
injection, while background concentrations were not detected. The data 
presented in the figure is therefore not accurate. Revise the figure to show 
that the tracer concentration in the injection well was 570 ug/L during the 
injection period. 

Data indicated for KAFB-106IN1 are from samples collected by the sample pump 
located within the well below the injection flow control (Baski) valve, or by bailer 
after the sample pump no longer functioned. Thus, during the injection process, 
samples were not collected from the KAFB-106IN1 sampling location. The dotted 
line connecting data from before and after recirculation periods for KAFB-106IN1 
has been removed from Figure 9 to help clarify the issue. The line connecting data 
from before and after recirculation suggests that interpolation between the two may 
be appropriate, which it is not.  
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52. Figure 11, δ2H Concentrations-Shallow Wells 
NMED Comment: The δ2H  values of deuterium labeled water in injection 
well KAFB-106IN1 are depicted between -80‰ and -100‰ during the 
baseline, Phase 1 Tracer Test, and Non-pumping Passive Phase according to 
Figure 11. Section 4.2.1, Tracer Distribution During Phase 1, page 4-3, states 
that three measurements of δ2H values of the injected water averaged +590‰ 
during the 24 hours of tracer injection, while background δ2H values at the 
test area ranged from -97‰ to -92‰. The data presented in the figure is 
therefore not accurate. Revise the figure to show that the δ2H value in the 
injection well was +590‰ during the injection period. 

See response to Comment #51. Similarly, the dotted lines connecting data from 
before and after recirculation periods have been removed from Figure 11 for KAFB-
106IN1. 

53. Figure 13, Iodide Concentrations - Shallow Wells 
NMED Comment: The tracer concentrations in injection well KAFB-
1061N1 are depicted below 9 mg/L during the Phase 2 and 3 Biostimulation 
Recirculation, Non-pumping Passive Phase according to Figure 13. Section 
4.2.2, Tracer Distribution During Phase 2 and 3, page 4-4, states that iodide 
results from the injectate ranged from 18 to 26 mg/L. The data presented in 
the figure is therefore not accurate. Revise the figure to show that the tracer 
concentration in the injection well was 18 to 26 mg/L during the injection 
period. 

See response to Comment #51. Similarly, the dotted lines connecting data from 
before and after recirculation periods have been removed from Figure 13 for KAFB-
106IN1. 

54. Figure 15, Lactic Acid Concentrations -All Wells (Except 1061N1) 
NMED Comment: The lactic acid concentrations were positively detected in 
groundwater samples collected from wells KAFB-106MW2-S, KAFB-
106MW2-I, KAFB-106MW1-S, and KAFB-106064 prior to Phase 1 Tracer 
Recirculation according to Figure 15 although lactic acid was not amended 
to the injection fluid during Phase 1. Provide an explanation for the 
detections in the revised Report. 

The detection of low concentrations of lactic acid in the aquifer prior to amendment 
is interesting. One explanation is low-level bacterial fermentation of organics in the 
aquifer and the text has been revised to introduce this possibility. The fermented 
organics could be petroleum hydrocarbons, bacterial exopolysaccharides (EPS), 
and/or dead biomass. Such lactate would then be expected to further ferment to 
acetate and propionate, which were also detected in situ.  
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CURRENT WELL DESIGNATIONS 



Attachment 1
Current Well Designations

Current Database ID
Previous Database ID (if 

different)
KAFB-003 KAFB-3, KAFB003
KAFB-015 KAFB-15, KAFB015
KAFB-016 KAFB-16, KAFB016
KAFB-106001 KAFB-1061
KAFB-106002 KAFB-1062
KAFB-106003 KAFB-1063
KAFB-106004 KAFB-1064
KAFB-106005 KAFB-1065
KAFB-106006 KAFB-1066
KAFB-106007 KAFB-1067
KAFB-106008 KAFB-1068
KAFB-106009 KAFB-1069
KAFB-106010 KAFB-10610
KAFB-106011 KAFB-10611
KAFB-106012R KAFB-10612R
KAFB-106013 KAFB-10613
KAFB-106014 KAFB-10614
KAFB-106015 KAFB-10615
KAFB-106016 KAFB-10616
KAFB-106017 KAFB-10617
KAFB-106018 KAFB-10618
KAFB-106019 KAFB-10619
KAFB-106020 KAFB-10620
KAFB-106021 KAFB-10621
KAFB-106022 KAFB-10622
KAFB-106023 KAFB-10623
KAFB-106024 KAFB-10624
KAFB-106025 KAFB-10625
KAFB-106026 KAFB-10626
KAFB-106027 KAFB-10627
KAFB-106028 KAFB-10628-510
KAFB-106029 No change
KAFB-106030 No change
KAFB-106031 No change
KAFB-106032 No change
KAFB-106033 No change
KAFB-106034 No change
KAFB-106035 No change
KAFB-106036 No change
KAFB-106037 No change
KAFB-106038 No change
KAFB-106039 No change
KAFB-106040 No change
KAFB-106041 No change
KAFB-106042 No change
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Attachment 1
Current Well Designations

Current Database ID
Previous Database ID (if 

different)
KAFB-106043 No change
KAFB-106044 No change
KAFB-106045 No change
KAFB-106046 No change
KAFB-106047 No change
KAFB-106048 No change
KAFB-106049 No change
KAFB-106050 No change
KAFB-106051 No change
KAFB-106052 No change
KAFB-106053 No change
KAFB-106054 No change
KAFB-106055 No change
KAFB-106057 No change
KAFB-106058 No change
KAFB-106059 No change
KAFB-106060 No change
KAFB-106061 No change
KAFB-106062 No change
KAFB-106063 No change
KAFB-106064 No change
KAFB-106065 No change
KAFB-106066 No change
KAFB-106067 No change
KAFB-106068 No change
KAFB-106069 No change
KAFB-106070 No change
KAFB-106071 No change
KAFB-106072 No change
KAFB-106073 No change
KAFB-106074 No change
KAFB-106075 No change
KAFB-106076 No change
KAFB-106077 No change
KAFB-106078 No change
KAFB-106079 No change
KAFB-106080 No change
KAFB-106081 No change
KAFB-106082 No change
KAFB-106083 No change
KAFB-106084 No change
KAFB-106085 No change
KAFB-106086 No change
KAFB-106087 No change
KAFB-106088 No change
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Attachment 1
Current Well Designations

Current Database ID
Previous Database ID (if 

different)
KAFB-106089 No change
KAFB-106090 No change
KAFB-106091 No change
KAFB-106092 No change
KAFB-106093 No change
KAFB-106094 No change
KAFB-106095 No change
KAFB-106096 No change
KAFB-106097 No change
KAFB-106098 No change
KAFB-106099 No change
KAFB-106100 No change
KAFB-106101 No change
KAFB-106102 No change
KAFB-106103 No change
KAFB-106104 No change
KAFB-106105 No change
KAFB-106106 No change
KAFB-106107 No change
KAFB-106148-484 No change
KAFB-106149-484 No change
KAFB-106150-484 No change
KAFB-106151-484 No change
KAFB-106152-484 No change
KAFB-106153-484 No change
KAFB-106154-484 No change
KAFB-106155-484 No change
KAFB-106156-484 No change
KAFB-106201 No change
KAFB-106202 No change
KAFB-106203 No change
KAFB-106204 No change
KAFB-106205 No change
KAFB-106206 No change
KAFB-106207 No change
KAFB-106208 No change
KAFB-106209 No change
KAFB-106212 No change
KAFB-106213 No change
KAFB-106214 No change
KAFB-106215 No change
KAFB-106216 No change
KAFB-106217 No change
KAFB-106218 No change
KAFB-106219 No change
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Attachment 1
Current Well Designations

Current Database ID
Previous Database ID (if 

different)
KAFB-106220 No change
KAFB-106221 No change
KAFB-106222 No change
KAFB-106223 No change
KAFB-106224 No change
KAFB-106225 No change
KAFB-106226 No change
KAFB-106227 No change
KAFB-106229 No change
KAFB-106228 No change
KAFB-106230 No change
KAFB-106231 No change
KAFB-106232 No change
KAFB-106233 No change
KAFB-106234 No change
KAFB-106235-438 KAFB-106235-463
KAFB-106235-472 KAFB-106235-492
KAFB-106235-501 KAFB-106235-521
KAFB-106236-436 KAFB-106236-461
KAFB-106236-470 KAFB-106236-490
KAFB-106236-499 KAFB-106236-519
KAFB-106240-449 No change
KAFB-106241-428 No change
KAFB-106242-418 No change
KAFB-106243-425 No change
KAFB-106244-445 No change
KAFB-106245-460 No change
KAFB-106247-490 No change
KAFB-106S1-447 No change
KAFB-106S2-451 No change
KAFB-106S3-449 No change
KAFB-106S4-446 No change
KAFB-106S5-446 No change
KAFB-106S7-491 No change
KAFB-106S8-491 No change
KAFB-106S9-447 No change
KAFB-3411 KAFB3411
ST106-VA2 VA HOSPITAL WELL
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Attachment 2 –Scope of EDB ISB Pilot Test 

Pilot Test Scoping and Development 

In 2013, Department of Defense’s (DoD) Environmental Security Technology Certification Program 
(ESTCP) funded a demonstration project (ER-201331) to better understand natural attenuation of 1,2-
dibromoethane (EDB) and the potential to enhance EDB biodegradation. Multiple DoD sites were 
considered for the demonstration and ultimately Kirtland Air Force Base (AFB) was selected based on its 
history of EDB groundwater contamination. Separately, a Treatability Study Work Plan was submitted to 
the New Mexico Environment Department (NMED) on May 2, 2014 and NMED approval was received 
via email communication on May 7, 2014 (Blaine, 2014). Microbial community analyses and bench-scale 
treatability studies were performed using Kirtland AFB soils and groundwater, and the results indicated 
that in situ bioremediation (ISB) showed promise for enhancing EDB biodegradation at Kirtland AFB, 
either through biostimulation of native debrominating organisms or through bioaugmentation with an 
exogenous debrominating culture (e.g., SDC-9).  

Results of these studies were presented to the NMED and the Bulk Fuels Facility (BFF) 
Biogeochemistry/LNAPL Technical Working Group (TWG)1 in May 2015 (Hatzinger, 2015). This 
presentation also proposed the demonstration of in situ EDB biodegradation through a single-well 
bio-sparging test funded through ESTCP project ER-201331.  In response to a request from NMED’s 
Chief Scientist, the Air Force agreed to expand the scope of the pilot test to provide more meaningful 
results regarding ISB of EDB. A conceptual pilot test memo (white paper; KAFB, 2015) was provided to 
NMED in July 2015, and the pilot test was discussed at an August 2015 meeting of the 
LNAPL/Biogeochemical TWG.  NMED’s Chief Scientist concurred with the conceptual approach and 
requested that the Air Force seek funding for the pilot test. The ESTCP contracting office was unable to 
process the request to expand the scope of the pilot test prior to the funding expiration date, but funding of 
the effort was successful through an alternate contract vehicle in September 2015 (USACE Rapid 
Response).  

With the exception of isotope analyses performed with ESTCP funding, the proposed expanded pilot test 
was funded through the USACE Rapid Response contract. Discussions regarding the scope and design of 
the pilot test continued for another year and included a presentation in April 2016 to the 
Biogeochemistry/LNAPL TWG of a nearly complete design (Koster van Groos, 2016). Suggested 
changes by NMED, including the request for nested monitoring wells that included both shallow and 
intermediate wells, were incorporated into the final pilot test design. The Ethylene Dibromide In Situ 
Biodegradation Pilot Test Work Plan (Work Plan; KAFB, 2016a) was submitted to NMED for review in 
October 2016.  

As described in the Work Plan (KAFB, 2016a), the scope of the pilot test was to investigate anaerobic 
ISB of EDB: 

The primary objective of this pilot test is to evaluate the extent to which potential treatment 
amendments for in situ biostimulation and bioaugmentation enhance anaerobic EDB 

 
1 The Biogeochemistry/LNAPL TWG was involved in the development of the scope of work for the ISB Pilot at the 
direction of NMED’s Chief Scientist. The TWGs established for the BFF project are not required by Kirtland AFB’s 
Hazardous Waste Treatment Facility Operating Permit (HWTF Permit No. NM9570024423) and no formal minutes 
are kept by either NMED or the Air Force. TWGs are part of the stakeholder engagement program for BFF and are 
solely advisory.  All regulatory decisions regarding work plan scope, well construction, and other issues were made 
solely by NMED. 
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biodegradation processes. Evaluation of the test will be completed through a comprehensive 
groundwater sampling regimen that assesses direct and indirect indicators of EDB 
biodegradation. This pilot test is primarily designed to inform whether the proposed amendments 
can stimulate enhanced anaerobic EDB biodegradation. Information regarding the distribution 
of amendments in the subsurface will be collected primarily to aid interpretation of 
biodegradation effectiveness, but may provide some insight into how similar systems may be 
scaled up for larger scale bioremediation treatments. 
 

NMED Involvement and Approvals 

As the regulator, NMED was actively involved throughout the pilot test, from its conception, design, and 
work planning, through field activities, and most recently with evaluation of results in the Report. A 
timeline of approved documents and permits is summarized below, as well as a discussion of NMED’s 
involvement during field activities.  

The design and installation methods of the pilot test system, the phased approach to system operation, and 
the associated sampling plan were discussed at various stages (Hatzinger, 2015; Koster van Groos, 2016) 
and reviewed by the NMED in the Work Plan (KAFB, 2016a). NMED approved the Work Plan with 
conditions in a letter dated December 12, 2016 (NMED, 2016a), which also recognized the scope of the 
pilot test scope: 

The work plan addresses activities to be performed at the Bulk Fuels Facility (BFF) site to 
evaluate the extent to which potential treatment amendments enhance anaerobic ethylene 
dibromide (EDB) biodegradation processes. 

As requested, responses to the seven conditions listed in the approval letter, along with a revised Work 
Plan, were provided to NMED within 30 days of receipt on December 22, 2016. No further comments 
were received from NMED.  

Prior to submitting the Work Plan (KAFB, 2016a), a Notice of Intent to Discharge was submitted to the 
NMED Ground Water Quality Bureau on November 7, 2016 (KAFB, 2016b). It was determined that a 
discharge permit would not be required for injection and recirculation activities associated with the pilot 
test, as stated in the NMED letter dated December 16, 2016 (NMED, 2016b).  

During well installation, lithologic logs were sent to NMED for review. Additionally, the final design for 
each well was provided to NMED for review and approval prior to the start of well construction. NMED 
also signed off on all well construction details for the newly installed groundwater monitoring, extraction, 
and injection wells. Throughout the pilot test, NMED and stakeholders were briefed regarding the test at 
various Stakeholders Meetings held in January, March, and June 2018. Weekly updates were also sent to 
NMED via email to summarize all field activities. 

Light non-aqueous phase liquid (LNAPL) was discovered during pump installation at groundwater 
monitoring well KAFB-106MW1-S in September 2017.  NMED was notified, as outlined in the Work 
Plan (KAFB, 2016a) and a meeting was held in September 2017. In an email correspondence sent on 
September 25, 2017 (NMED, 2017), NMED communicated that it had no concerns or remaining 
questions regarding the start of Phase 1 of the pilot test.  

After evaluation of Phase 2 data, it was evident that the rate of anaerobic biodegradation of EDB was 
significantly enhanced as a result of biostimulation and that bioaugmentation was not warranted at that 
time. As a result, Kirtland AFB submitted the Phase 3 EDB ISB Pilot Test Notification Letter (KAFB, 
2018) to NMED, which outlined a revised plan for the third phase (Phase 3) of the pilot test. The 
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modified Phase 3 (i.e.: continued biostimulation rather than bioaugmentation) was previously agreed upon 
during a technical meeting among representatives from NMED, the Secretary of the Air Force’s office, 
the Air Force Civil Engineer Center, APTIM and USACE on June 7, 2018. NMED approved the Phase 3 
EDB ISB Pilot Test Notification Letter with two conditions in a letter dated August 7, 2018 (NMED, 
2018). The conditions included scheduling a TWG meeting to review pilot test results and discuss the 
deferral of bioaugmentation and that bioaugmentation should remain as an approved, but deferred, 
component of the pilot test. A biogeochemistry TWG meeting was held on September 17, 2018 to give an 
update on pilot test results to date and discuss the deferral of bioaugmentation. During that TWG meeting 
most participants agreed that bioaugmentation was not warranted.  

LNAPL Delineation and Additional Work 

Numerous comments in the Notice of Deficiency indicate that the ISB Pilot Test did not adequately 
consider LNAPL in the source area. As noted above, the NMED-approved scope was focused on the 
evaluation of the anaerobic biodegradation of EDB. Measurement of LNAPL, if any was observed, was 
intended to help inform the evaluation of EDB ISB and was not a separate study objective. In fact, 
measurable LNAPL was not expected at the pilot test location, as noted in the NMED-approved Work 
Plan: 

LNAPL is not expected in the area of the pilot test, as LNAPL has not been measured (or 
determined by sheen) in groundwater monitoring wells in the test area or immediately upgradient 
since Q4 2011. It is also noted that LNAPL was not observed at wells in this area prior to the 
submergence of the top of screen at KAFB-106064 (a total of 12 quarterly measurements between 
Q1 2012 and Q4 2014; screen was submerged by Q1 2015). However, newly installed wells will 
be monitored for presence of LNAPL several days after installation. If LNAPL is observed during 
well monitoring, a conference call will be initiated among USACE, CB&I, USAF, and the New 
Mexico Environment Department (NMED) to discuss whether the project should move forward at 
the planned location. 

As described above, a conference call to discuss observed LNAPL was held in September 2017 and 
NMED communicated afterwards that it had no concerns regarding the start of the pilot test at the planned 
location. 

The Air Force is addressing the nature and extent of LNAPL through the vadose zone coring that was 
performed in 2018 and summarized in the October 25, 2019 Source Zone Characterization Report. 
Additional source area wells will be installed in accordance with the NMED approved Work Plan for 
Data Gap Monitoring Well Installation KAFB-106248 to KAFB-106252 (KAFB, 2019) to address the 
problem of continued water table rise and to further delineate the EDB and benzene plumes. Soil coring 
will also be performed as part of this field effort. The proposed wells will be gauged for LNAPL, and 
thickness reported to NMED in Quarterly Monitoring Reports. Long-term or larger-scale viability of 
anaerobic ISB for EDB can be evaluated together with all appropriate alternatives as larger scale and 
more comprehensive remedies are considered at the site. 
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PREFACE 

This Ethylene Dibromide In Situ Biodegradation Pilot Test Report has been prepared by Aptim Federal 
Services, LLC (APTIM) for Kirtland Air Force Base underthe U.S. Army Corps of Engineers (USACE), 
under Contract Number WW912DY16D0022, Delivery Order W912PP19F00539128F-12-D-0003, Task 
Order 0025. It pertains to the Kirtland Air Force Base Bulk Fuels Facility, Solid Waste Management 
Units ST-106 and SS-111 located in Albuquerque, New Mexico. This report was prepared in accordance 
with applicable federal, state, and local laws and regulations, including the New Mexico Hazardous 
Waste Act, New Mexico Statutes Annotated 1978, the New Mexico Water Quality Act, New Mexico 
Hazardous Waste Management Regulations, Resource Conservation and Recovery Act, and the Water 
Quality Control Commission Regulations. 

This Pilot Test Report presents and describes all activities and data associated with the ethylene 
dibromide in situ biodegradation pilot test. Mr. Larry Woscyna is the Contracting Officer’s 
Representative for the USACE Omaha District, Mr. Matthew Ellender is the USACE Omaha District 
Project Engineer; Mr. Scott Clark is the Kirtland Air Force Base Restoration Interim Section Chief; and 
Mrs. Kathleen Romalia is the APTIM Project Manager. 

 

 

   
Kathleen Romalia 
Aptim Federal Services, LLC 
Project Manager  
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EXECUTIVE SUMMARY 

This Ethylene Dibromide In Situ Biodegradation Pilot Test Report (Report) was prepared to describe 

activities and data associated with the pilot test conducted at the Bulk Fuels Facility (BFF) on Kirtland 

Air Force Base (AFB) in accordance with the New Mexico Environment Department (NMED) letter 

dated February 25, 2019 (NMED, 2019). The BFF site was the location of an accidental leak of aviation 

gasoline and jet propellant fuel grades 4 and 8 that was discovered in 1999. Based on historical Air Force 

fuel usage, aviation gasoline containing ethylene dibromide/1,2-dibromoethane (EDB) as a lead 

scavenger would have been in use from approximately the 1940s to 1975 (United States Army Corps of 

Engineers [USACE]Kirtland AFB, 2011a). The investigation and remediation of the BFF leak (Solid 

Waste Management Units ST-106 and SS-111) is being implemented pursuant to the Resource 

Conservation and Recovery Act (RCRA) corrective action provisions in Part 6 of the Kirtland AFB 

Hazardous Waste Treatment Facility Operating Permit (Permit No.Number NM9570024423, referred to 

as the RCRA Permit) (NMED, 2010). This pilot test was performed pursuant to the NMED-approved 

Ethylene Dibromide In Situ Biodegradation Pilot Test Work Plan (Work Plan; USACEKirtland AFB, 

2016a) and Phase 3 Notification Letter (USACEKirtland AFB, 2018a). 

This stand-alone Executive Summary briefly summarizes the pilot test objectives, construction activities, 

results, and conclusions of this Report. Sections 1 through 3 of the main report Report describe the 

activities performed during the implementation of the pilot test. Section 4 describes pilot test analytical 

results and performance. Section 5 provides conclusions. 

The pilot test was conducted to investigate anaerobic in situ bioremediation of EDB in groundwater 

associated with the BFF site. In situ bioremediation, with and without bioaugmentation, is a common 

remedial approach to treat chlorinated solvents such as trichloroethene and is a promising technology for 

promoting the degradation of EDB to nontoxic products. The pilot test was primarily designed to evaluate 
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the extent to which potential treatment amendments for in situ biostimulation and bioaugmentation 

enhance anaerobic EDB biodegradation processes. 

Site preparation activities, mobilization, and installation of the Pilot Test System were performed from 

September 2016 through May 2017. Construction of the Pilot Test System consisted of the installation 

and development of seven wells; construction of underground piping, conduit, and direct buried electrical 

lines, and the installation of the system control building with required electrical service and components.  

The pilot test utilized one injection, two extraction, and six monitoring wells, including existing 

monitoring wells KAFB-106064 and KAFB-106063 (nine wells total) (Figure ES-1). Well KAFB-

106IN1 was installed and used as an injection well for recirculated groundwater and amendment 

injection; wells KAFB-106EX1 and KAFB-106EX2 were installed and used as groundwater extraction 

wells; and existing wells KAFB-106064 and KAFB-106063, and new nested wells KAFB-106MW1-S, 

KAFB-106MW1-I, KAFB-106MW2-S, and KAFB-106MW2-I were used as monitoring wells. The new 

shallow groundwater monitoring wells (KAFB-106MW1-S and KAFB-106MW2-S) are screened with 

15 feet above the static water table and 20 feet extending below the water table, as measured at the time 

of well installation. The new intermediate wells (KAFB-106MW1-I and KAFB-106MW2-I) were 

installed within the intermediate groundwater zone are screened 35 feet below the water table. 

The system for amending and recirculating groundwater was designed by Aptim Federal Services, LLC, 

together with subcontractors, and was fabricated by Calcon Systems Inc. The system is contained within a 

20-foot long Conex box. The Conex box has a partition wall, separating the enclosure into two spaces. 

The smaller of the two spaces is the system control room that houses the supervisory control and data 

acquisition system with integrated computer, electrical control panel, Baski flow control valve controls 

and associated nitrogen cylinder, and a combination air conditioner/heater. The larger space houses 
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system process components. Shakedown testing was performed on May 16 through 17, 2017 prior to full 

system start-up.  

The pilot test was implemented in four phases, each briefly described below:  

 Phase 1—Evaluation of baseline conditions and the distribution of recirculated water using 

tracer amendments. 

 Phase 2—Evaluation of biostimulation in the subsurface after distribution of treatment 

amendments in recirculated groundwater. 

 Phase 3— Additional evaluation of biostimulation in the subsurface after distribution of 

treatment amendments in recirculated groundwater. 

 Phase 4—Continued Extended long-term monitoring with no active extraction/injection 

addition of amendments or recirculation of groundwater. 

Groundwater samples were collected intermittently at extraction, injection, and the six groundwater 

monitoring wells during the active and the passive portions of the phases, except for Phase 4, which did 

not include an active recirculation portion. Samples were sent to numerous analytical laboratories for 

analysis.  

Per the Work Plan (USACEKirtland AFB, 2016a), Phase 3 was to consist of both biostimulation and 

bioaugmentation with a known debrominating culture (SDC-9); however, after review of field results 

from both Phase 1 and Phase 2, it was determined that bioaugmentation was not yet warranted. Due to the 

success of biostimulation during Phase 2, Phase 3 was modified to further evaluate biostimulation and a 

Phase 3 Notification Letter was submitted to the NMED on July 26, 2018. The modified Phase 3 was 

approved by the NMED in a letter dated August 7, 2018 (NMED, 2018), which also stated that 

“bioaugmentation shall remain as an approved, but deferred component of the pilot test.”.  
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Placeholder for Figure ES-1. 
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The results for the four phases of the pilot test are summarized below: 

 EDB concentrations at shallow monitoring wells during the baseline evaluation ranged from 

20.1 micrograms per liter (µg/L) at Kirtland AFB (KAFB)-106IN1 to 432 µg/L at KAFB-

106MW1-S, and among the intermediate wells EDB was only detected at KAFB-106MW2-I 

with a concentration of approximately 0.122 µg/L. EDB concentrations are shown on 

Figure ES-2. Baseline microbial results indicated that the subsurface was biologically active 

prior to pilot test activities. 

 EDB concentrations at shallow monitoring wells during the Phase 1 (tracer test) recirculation 

period ranged from 50.4 µg/L (KAFB-106EX1) to 137 µg/L (KAFB-106EX2) (Figure ES-2). 

EDB concentrations at the shallow monitoring wells decreased during the following Phase 1 

passive period, with EDB reductions of approximately 75 percent (%) observed at wells 

KAFB-106064 (20.1 µg/L), KAFB-106EX1 (12.9 µg/L), and KAFB-106MW2-S (15 µg/L) 

after the one-month passive period (Figure ES-2). Biostimulation amendments were not added 

during Phase 1. The results from tracer test during Phase 1 indicated that the targeted 

treatment zone encompassing the shallow groundwater monitoring wells were hydraulically 

connected with the injection well. Distribution of tracers to groundwater sampled by 

monitoring wells nearest to the injection well (KAFB-106MW2-S and KAFB-106064) 

occurred within 5 days of operation, suggesting a high likelihood of successfully distributing 

biostimulation amendments to that favor help facilitate reductive debromination of EDB. 

 During the Phase 2 (biostimulation) recirculation period, the range of EDB concentrations 

observed at shallow monitoring wells was less variable, ranging from 66.4 µg/L at KAFB-

106MW1-S to a maximum of 90.9 µg/L at KAFB-106EX2 (Figure ES-2). EDB was detected 

at the intermediate monitoring wells during the Phase 2 recirculation period. Except for 

KAFB-106EX2, EDB concentrations decreased during the Phase 2 passive period by 
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approximately 90 percent (%) or more with concentrations down to below detection limits 

(KAFB-106IN1, KAFB-106MW2-S). 

 During the Phase 3 (biostimulation) recirculation period, the range of EDB concentrations 

observed at shallow monitoring wells was more variable than during the Phase 2 recirculation 

period, ranging from approximately 3 µg/L at KAFB-106064 to a maximum of 97 µg/L 

KAFB-106EX2 (Figure ES-2). Except for KAFB-106EX2, EDB concentrations during the 

subsequent passive period decreased by 95% or more relative to maximums observed during 

the preceding recirculation period, with concentrations ranging down to 0.019 µg/L (KAFB-

106MW2-S). 

 No significant rebound in EDB concentrationsThere was little evidence of significant 

increases in EDB concentrations (i.e., rebound) was noted during the Phase 4 sampling events, 

which concluded in October 2020. Based on iodide tracer concentrations, groundwater 

transport in the vicinity of the pilot test appeared limited during this period. During Phase 4, 

EDB concentrations ranged from 0.016 µg/L at KAFB-106MW2-S to 62 µg/L at KAFB-

106EX2. EDB decreased by an additional 80% at KAFB-106MW1-S106EX2 since the last 

passive sampling event of relative to the concentration measured during the Phase 3first Phase 

4 sampling event in January 2019 (62 µg/L) with a final EDB concentration of 0.36 µg/L 

measured during the October 2020 sampling event. 
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EDB degradation was evident during the pilot test with a greater than threetwo-log reduction (>99.9%) at 

all wells examined. In October 2020, EDB concentrations at all but two wells were to below the United 

States Environmental Protection Agency (EPA) maximum contaminant level (MCL) of 0.05 µg/L (EPA, 

2009). The two wells exceeding the EPA MCL for EDB in October 2020 were at wells KAFB-106MW2-

S (0.087 µg/L) and and KAFB-106064 106EX2 (0.36 µg/L)after biostimulation efforts. EDB degradation 

was evident through comparison with benzene and toluene concentrations, and the production of EDB 

degradation products ethene, ethane, and bromide suggested that this degradation occurred by reductive 

debromination. Dissolved oxygen, sulfate, iron, and methane concentrations observed throughout much of 

the pilot test indicated that bulk anaerobic conditions generally considered to be necessary for reductive 

debromination were present. Higher EDB delta carbon-13 (δ13C) values (observed to be as high as +5 per 

mille) provided additional isotopic evidence of EDB degradation. 
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1. INTRODUCTION 

This Ethylene Dibromide In Situ Biodegradation Pilot Test Report (Report) has been prepared by Aptim 

Federal Services, LLC (APTIM) for Kirtland Air Force Base (AFB) under the U.S. Army Corps of 

Engineers (USACE), Omaha District, under Contract Number (No.) W912DY16D0022, Delivery Order 

W912PP19F0053W9128F-12-D-0003, Task Order 0025. The test described in this Report was 

implemented at the Kirtland Air Force Base (AFB) Bulk Fuels Facility (BFF) site, Solid Waste 

Management Units (SWMUs) ST-106 and SS-111. The investigation and remediation of the BFF leak 

(SWMUs ST-106 and SS-111) is being implemented pursuant to the Resource Conservation and 

Recovery Act (RCRA) corrective action provisions in Part 6 of the Kirtland AFB Hazardous Waste 

Treatment Facility Operating Permit (Permit No. NM9570024423, referred to as the RCRA Permit) (New 

Mexico Environment Department [NMED], 2010). This pilot test was performed pursuant to the Ethylene 

Dibromide In Situ Biodegradation Pilot Test Work Plan (Work Plan; USACEKirtland AFB, 2016a) and 

the Phase 3 Notification Letter (Kirtland AFBUSACE, 2018a). 

This pilot test was conducted to investigate anaerobic in situ bioremediation (ISB) of  

1,2-dibromoethane (i.e., ethylene dibromide [EDB]). ISB, with and without bioaugmentation, is a 

common remedial approach to treat chlorinated solvents such as trichloroethene and is a promising 

technology for promoting the degradation of EDB to nontoxic products. This pilot test was designed to 

evaluate the use of in situ biostimulation to enhance anaerobic EDB biodegradation processes.  

1.1 Pilot Test Objectives 

The primary objective of this pilot test was to evaluate the extent to which potential treatment 

amendments for ISB enhance anaerobic EDB biodegradation processes. Evaluation of the test was 

completed through comprehensive groundwater sampling that assessed both direct and indirect indicators 

of EDB biodegradation.  
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1.2 Site Description 

Kirtland AFB is located in Bernalillo County, in central New Mexico, southeast of and adjacent to the 

City of Albuquerque and the Albuquerque International Sunport (Figure 1). The approximate area of the 

base is 52,287 acres, and it is bordered by Albuquerque to the north and west, the Isleta Pueblo 

Reservation to the south, and the Cibola National Forest to the east. The BFF site is located in the 

northwestern part of Kirtland AFB, and is comprised of two SWMUs, designated as ST-106 and SS-111. 

The pilot test was performed near the EDB contaminant source in an undeveloped area just south of 

Randolph Road, at the location identified on Figure 2.  

The pilot test area included groundwater injection, extraction, and monitoring wells installed near the 

existing monitoring well cluster that includes Kirtland AFB (KAFB)-106062, KAFB-106063, and KAFB-

106064, approximately 300 feet to the east of Building 1024 (Figure 2). The water table at the test 

location occurs at approximately 480 feet below ground surface (bgs), and the pilot test groundwater 

wells are screened in the shallow and intermediate zones of the aquifer within the Santa Fe Group. Well 

screens of the shallow monitoring wells were placed to target the highest EDB concentrations (i.e., 

approximately the top 20 feet of the aquifer), located in a zone of inter-bedded sands and gravels with 

occasional finer layers, and groundwater extraction and injection primarily facilitated flow in the soil 

materials of greatest hydraulic conductivity.  

1.3 Site History 

The BFF site was the location of a historical, accidental release of aviation gasoline (AvGas) and jet 

propellant fuel grades 4 (JP-4) and 8 (JP-8). Historical aerial photography revealed that the area was used 

for fuel storage and processing as early as 1951 (CH2M HILL, 2001). From 1953 to late 1975, the 

primary fuel stored and used at the BFF was AvGas. The use of AvGas and JP-4 at Kirtland AFB was 

phased out in 1975 and 1993, respectively (Kirtland AFBUSACE, 2011a). JP-8 was handled through the 

Former Fuel Offloading Rack (FFOR) until the leak was discovered in 1999.  
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Based on historical Air Force fuel usage, AvGas containing EDB as a lead scavenger would have been in 

use from approximately the 1940s to 1975. EDB is a suspected human carcinogen that was historically 

added to leaded fuels to prevent the build-up of lead oxide deposits in engines, including aircraft engines.  

The fuels are thought to have leaked undetected over approximately 3 to 4 decades at the FFOR through 

leak points during fuel transfer. The released fuel migrated through the vadose zone to eventually reach 

the water table. The migration followed a disjointed, meandering path caused by subsurface 

heterogeneity, where frequent changes in the alluvial lithology and confining layers created preferential 

flow pathways. This resulted in non-uniform residual contamination of the vadose zone and measurable 

non-aqueous phase liquid (NAPL) on the surface of the underlying unconfined aquifer. The presence of 

NAPL fuel hydrocarbons on the water table indicated that substantial releases had occurred.  

1.4 Site Conditions 

The historical water table in the vicinity of Kirtland AFB was estimated to be approximately 350 feet bgs 

before extensive groundwater pumping from the regional aquifer occurred. Throughout the history of the 

BFF site, the water table has fallen due to groundwater pumping to supply drinking water to the residents 

of Albuquerque. The deepest depth to water, representing the lowest historical groundwater elevation, 

measured at groundwater wells in the BFF source area ranged from approximately 500 to 502 feet bgs in 

2009. In recent years, the water table has been rising due to water-conservation efforts by the 

Albuquerque community and reduction of pumping of production wells by Albuquerque Bernalillo 

County Water Utility Authority. As a result, the current vadose zone at the BFF site is approximately 455 

to 480 feet thick.  

The background gradient at the pilot test location is small and pumping of wells and reinjection during 

pilot test operations induced gradients exceeding that of the background. Based on data reviewed for the 

pilot test design, the groundwater gradient in the pilot test area was less than 0.002 foot/foot (First Quarter 
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2016), and the direction of groundwater flow had shifted from north-northeast to a more east-southeast 

direction, likely due to continuing water-conservation practices and seasonal fluctuations, as discussed in 

the Second Quarter 2018 Quarterly Monitoring Report (Kirtland AFBUSACE, 2018b).    

Prior to the pilot test during quarterly sampling in 2014 and 2015, groundwater samples were collected 

from 13 monitoring wells to analyze the in situ microbial community at Kirtland AFB using Microbial 

Insight’s QuantArray-Chlor protocol. Four consecutive quarters of samples were collected from the 13 

monitoring wells, from the Fourth Quarter 2014 through the Third Quarter 2015. The method of 

collection and analysis has been discussed in previous quarterly reports, which can be found on the Air 

Force Administrative Records site (http://afcec.publicadmin-record.us.af.mil/Search.aspx). Results 

indicated that microorganisms likely to dehalogenate EDB, or its chlorinated analog 1,2-dichloroethane, 

are present in the subsurface. EDB biodegradation activity, however, was not readily stimulated during ex 

situ treatability tests, but bioaugmentation Additionally, treatability testing using Kirtland AFB soil and 

groundwater showed that bioaugmentation with a known debrominating culture (SDC-9) significantly 

enhanced EDB degradation rates during the same tests (Figure 3). The inability to stimulate 

biodegradation activity during treatability tests may have resulted from the lack of viable debrominating 

organisms in the collected samples or other challenges simulating subsurface conditions in the lab. The 

success with a bioaugmentation culture, however, demonstrated that viable debrominating organisms 

could degrade EDB in the presence of site soils and groundwater. These results indicated that ISB, by 

stimulating the activity of indigenous EDB-degrading organisms (i.e., biostimulation) or bioaugmenting 

with a debrominating culture (e.g., SDC-9),  showed promise for enhancing EDB degradation at Kirtland 

AFB, , either through stimulation of the by stimulating the activity of indigenous EDB-

degradingdehalogenating organisms that were observed to be present in situ, (i.e., biostimulation) or 

through bioaugmentatingon with an exogenous debrominating culture (e.g., SDC-9),. The pilot test 

performed here was designed to test both biostimulation and bioaugmentation options, as appropriate. 
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Biostimulation was successful at pilot test scale in the field and bioaugmentation with an exogenous 

culture was not performed..  

1.5 Report Organization 

This Report contains a detailed summary of the pilot test implementation, including design 

considerations, field activities, and a comprehensive documentation of results. The remainder of this 

Report contains the following sections: 

 Section 2 – Pilot System Design and Construction 

 Section 3 – Pilot System Operation and Monitoring 

 Section 4 – Pilot Test Results 

 Section 5 – Conclusions  

Figures, tables, and appendices are available following the body of this Report.  
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2. PILOT SYSTEM DESIGN AND CONSTRUCTION 

Site preparation activities, mobilization, and installation of the Pilot Test System were performed from 

September 2016 through May 2017. Construction of the Pilot Test System consisted of well installation 

and development; installation of underground piping, conduit, and direct buried electrical lines; and 

installation of the system control building with required electrical service and components. Appendix A B 

includes 20 representative photographs of various site activities. 

2.1 Permitting 

Prior to initiating construction activities, the following permits were obtained: 

 Kirtland AFB Dig Permit (utility clearance) 

 Kirtland AFB Civil Engineer Work Permit 

 Office of the State Engineer (OSE) Drill and Install Permit 

 OSE Change of Water Rights 

 Albuquerque Environmental Health Department Fugitive Dust Permit 

One dig permit (Air Force Form 103) was submitted to Kirtland AFB on July 20, 2016 for well 

installation and trenching for utilities associated with the system. The dig permit was approved on 

August 15, 2016, and a permit number was issued (1607-014).  

Surface disturbances at the pilot test location totaled an area greater than ¾ acre and required submittal of 

a Fugitive Dust Permit Application, which was submitted to the Albuquerque Environmental Health 

Department on May 12, 2014, prior to initiation of excavation activities, in accordance with 20.11.20 
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New Mexico Administrative Code. The permit application was approved, and the Fugitive Dust Permit 

(6621-C) was issued on May 14, 2014.  

Two separate permits to “Drill a Well with No Consumptive Use of Water” were submitted to the OSE 

for monitoring wells, and extraction and injection wells, respectively. Permits were issued for the 

monitoring wells on November 17, 2016 and for the extraction and injection wells on August 15, 2016. 

An “Application for Permit to Change an Existing Water Right” was also submitted to the OSE for the 

extraction and injection wells. The intention of the change of water rights permit was not to increase the 

allowable groundwater diversion described in RG-1579 through RG-1589, but rather to change the 

purpose of use to pollution control and recovery, and by adding places of use not currently described in 

the Kirtland AFB water rights (RG-1579 through RG-1589) for the extraction and injection wells. The 

change of water rights application was approved by the OSE on December 7, 2016. 

Additionally, a Notice of Intent was submitted to the NMED Ground Water Quality Bureau on 

October 26, 2016 to determine whether a Discharge Permit was required, in accordance with the 

requirements found in 20.6.2.1201.A New Mexico Administrative Code. NMED Ground Water Quality 

Bureau determined that a Discharge Permit was not required for pilot test activities in a letter dated 

December 16, 2016. Appendix B C includes all relevant permits. 

2.2 Utility Clearance 

Prior to the initiation of construction activities, a utility clearance was undertaken at the pilot test site by 

High Mesa Consulting Group (under subcontract to APTIM) in September 2016. Kirtland AFB utility 

representatives also performed a utility locate in order to process the submitted dig permits. 
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2.3 Well Design and Installation 

The pilot test utilized one injection, two extraction, and six monitoring wells, including existing 

monitoring wells KAFB-106064 and KAFB-106063 (nine wells total). Well KAFB-106IN1 was installed 

and used as an injection well for recirculated groundwater, tracer, and amendment injection; wells 

KAFB-106EX1 and KAFB-106EX2 were installed and used as groundwater extraction wells; and 

existing wells KAFB-106064 and KAFB-106063, and new nested wells KAFB-106MW1-S, 

KAFB-106MW1-I, KAFB-106MW2-S, and KAFB-106MW2-I were used as groundwater monitoring 

wells. The pilot test wells, which included KAFB-106063, KAFB-106064, and the seven newly installed 

wells, are shown on Figure 2. A cross-sectional view illustrating the depths of the pilot test wells is shown 

on Figure 4. 

The pilot test wells were sited to accommodate existing well infrastructure, site utilities, and to facilitate 

use of existing wells for monitoring. The two extraction wells were located 75 to 92 feet from the single 

injection well, as shown in Figure 2. As detailed later in this Report, the extraction wells were used to 

periodically recirculate groundwater during individual phases of the pilot test. The periods of active 

groundwater recirculation were designed to facilitate the distribution of amendments at the test location.   

Pumping was halted after sufficient amendment distribution and ISB treatment performance was 

monitored. 

Existing monitoring wells KAFB-106063 (screened from 505 to 520 feet bgs, with top of screen 

approximately 25 feet below the water table) and KAFB-106064 (screened from 485 to 505 feet bgs, with 

top of screen approximately 5 feet below the water table) were used for groundwater monitoring during 

the pilot test, along with the other newly installed wells. The design and locations of the new wells were 

selected to evaluate EDB biodegradation and were located near the injection well to facilitate evaluating 

the impacts of biostimulation amendments. The four new monitoring wells were installed within two 

boreholes utilizing a nested configuration with two wells in each borehole in accordance with the Work 
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Plan (Kirtland AFBUSACE, 2016a). Each borehole contained a shallow well with approximately 15 feet 

of screen in the vadose zone and 20 feet of screen in the aquifer, along with a deeper well (intermediate) 

with the top of a 10-foot screen set approximately 35 feet below the water table. Well screen intervals 

were isolated within the borehole using bentonite seals. Well construction diagrams are presented in 

Appendix C D and general construction information for each well is summarized in Table 1.  

The two pairs of nested groundwater monitoring wells, two extraction wells, and one injection well were 

installed by Cascade Drilling (formerly National Exploration Wells & Pumps) using an Air Rotary Casing 

Hammer (ARCH) drill rig from January through March 2017.  

During borehole advancement, soil cuttings were logged every 5 feet by the site geologist in accordance 

with the Unified Soil Classification System and American Standard Test Method International D1586-84. 

Soil drill cuttings from just above and in the saturated zone were screened for presence of NAPL and 

volatile organic compounds (VOCs) using a photo ionization detector (PID) to collect headspace 

measurements. Drill cuttings were also visually inspected for evidence of staining. PID readings were 

recorded on the soil boring logs (Appendix CD). Staining was not observed during drilling activities; 

however, elevated PID readings and fuel-like odors were recorded from depths ranging from 473 feet bgs 

to 515 feet bgs at the wells. 

Soil boring logs and well construction diagrams for monitoring, extraction, and injection wells installed 

during the pilot test are located in Appendix CD. Soil borings were reviewed by a professional geologist 

and submitted to the OSE, in accordance with well permit requirements. Table 1 presents the completion 

details for the wells, including surveyed elevations and coordinates, and screen depths. All newly 

installed well locations are depicted on Figure 2. 
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2.3.1 Groundwater Monitoring Well Installation 

Drilling of groundwater monitoring wells began on January 8, 2017, and was completed on February 16, 

2017, using Cascade’s ARCH drill rig. The four monitoring wells were installed within two boreholes, 

utilizing a nested well design in accordance with the Work Plan (Kirtland AFBUSACE, 2016a). Well 

construction diagrams are presented in Appendix C D and general construction information for each well 

is summarized in Table 1.  

The two shallow monitoring wells (KAFB-106MW1-S and KAFB-106MW2-S) were constructed with 

4-inch diameter, Schedule 80, polyvinyl chloride (PVC) riser pipe; and the two intermediate wells 

(KAFB-106MW1-I and KAFB-106MW2-I) were constructed with 3-inch diameter, Schedule 80, PVC 

riser pipe. The shallow and intermediate monitoring wells are nested within a telescoping borehole (13-

3/8-inch upper and 11-3/4-inch lower diameter) to a depth of approximately 535 feet bgs. The shallow 

wells were fitted with 35-foot screens, set with 15 feet of screen in the vadose zone and 20 feet in the 

aquifer. The placement of the shallow monitoring well screens is was intended to account for potential 

water table rise and allow for future monitoring and characterization activities after the completion of this 

pilot test in the event it is necessary to support the Corrective Measures Evaluation. The intermediate 

wells are fitted with 10-foot screens, with top of screen installed approximately 35 feet below the water 

table. Monitoring wells were equipped with a Schedule 80 PVC flush-threaded end cap installed below 

the screened interval. Additional well construction details are summarized in Table 1 and Appendix CD. 

2.3.2 Borehole Deviation and Borehole Abandonment 

Upon achievement of total depth at the intended borehole location for KAFB-106MW2 (see Figure 6 of 

the Work Plan), borehole deviation was evaluated using several tools, including a Reflex EZ-Trac 6122 

digital field instrument, a mechanical drift detector (Eastman Whipstock Eastco), and a gyroscopic 

deviation tool.   The deviation was measured and evaluated while the drive casing was in the borehole 

prior to any well installation activities. The bottom of the borehole was measured to be deviated 26.35 
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feet, on an azimuth of 113.5 degrees from the north, using the gyroscopic deviation tool. The results from 

this gyroscopic deviation survey are included in Appendix DE. The deviation was likely caused by the 

casing entry angle, coupled with a change in lithology at 225 feet bgs. Because this borehole was 

determined to have too large of a vertical deviation, no well infrastructure was installed, and it was 

abandoned on January 30, 2017. The Borehole Abandonment Activity Report (Kirtland AFBUSACE, 

2017a) and NMED approval letter have been included in Appendix DE. 

A second borehole was drilled for well KAFB-106MW2 approximately 10 feet to the northwest of the 

original, abandoned borehole. The deviation of this second borehole at 520 feet bgs was measured to be 

89.7 degrees, which is was approximately 3 feet from plumb, within the project specifications of less than 

5 feet deviation over the entire depth of the borehole. All other pilot test boreholes were advanced with 

minor, acceptable deviations that met specifications. 

2.3.3 Extraction Well Installation 

Drilling of the extraction wells (KAFB-106EX1 and KAFB-106EX2) began on February 21, 2017 and 

was completed on March 12, 2017, using Cascade’s ARCH drill rig. Well construction was completed in 

accordance with the Work Plan (Kirtland AFBUSACE, 2016a). Well construction diagrams are presented 

in Appendix C D and general construction information for each well is summarized in Table 1.  

Each extraction well was installed to a total depth of approximately 537 feet bgs. To minimize the 

likelihood of aeration of extracted water through water table depression during system operation, the two 

extraction wells were installed with 15-foot long screens, the top of which are located 10 feet below the 

static groundwater level. Additional design and construction details for the extraction wells are provided 

in Table 1 and Appendix CD. Well vaults are discussed in Section 2.3.5. A KSPI 700 submersible 

hydrostatic level transducer was installed in the 1.25-inch PVC drop tube at each extraction well.  
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2.3.4 Injection Well Installation 

Drilling of the injection well (KAFB-106IN1) began on March 16, 2017 and was completed on March 20, 

2017, using Cascade’s ARCH drill rig. The injection well was constructed in the same manner as the 

extraction wells (see Section 2.3.3) in accordance with the Work Plan (Kirtland AFBUSACE, 2016a); 

however, the injection well was installed with 20 feet of Schedule 80 PVC, 0.010-inch machine slotted 

screen, with the top of screen at the static groundwater level and extending 20 feet into the water column. 

A well construction diagram is presented in Appendix C D and general construction information for the 

well is summarized in Table 1. Similar to the extraction wells, a KSPI 700 submersible hydrostatic level 

transducer was installed in the 1.25-inch PVC drop tube at the injection well.  

2.3.5 Extraction and Injection Well Vaults 

Fiberglass well vaults were installed to house extraction and injection wellheads, plumbing, fittings, and 

remote instrumentation necessary for operation and monitoring of the recirculation system. The floor of 

each vault consists of a poured concrete slab to provide water containment in the event of a leak. An 

integrated leak detection sensor was installed in each of the three well vaults, to automatically alert 

system operators and shut down the system in case of a leak. Each vault is approximately 5 feet long, 

4 feet wide, and 3.8 feet deep. Each wellhead is located approximately 6 inches from the wall of the vault, 

and the top of the sanitary seal is located approximately 8 inches from the concrete floor. 

Due to the location of the pilot test area being in an open field, traffic-rated vaults were not required. The 

upper edge of each vault extends approximately 4 inches above grade to protect the vault from surface 

runoff water intrusion, and has a hinged, locking cover. The well vaults are protected by four steel 

concrete bollards located at each corner of the vaults.  
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2.4 Well Development 

Development of the groundwater monitoring, extraction, and injection wells was initiated after drilling 

and construction of all new wells was completed. Because development close to active drilling could 

cause poor or incomplete well development of the wells, NMED approved postponement of well 

development until after completion of all well installation activities in an email dated January 30, 2017 

(NMED, 2017). Details regarding development of the monitoring, extraction, and injection wells are 

discussed in the sections below. Well development logs are provided in Appendix CD. 

2.4.1 Groundwater Monitoring Well Development 

Groundwater monitoring well development was conducted in accordance with the Groundwater 

Investigation Work Plan (Kirtland AFBUSACE, 2011b). Well development consisted of surging, bailing, 

and pumping to remove fine sediment using a small drill rig equipped with a surge block, stainless steel 

bailer, and electric submersible pump. Development was considered complete when a turbidity of less 

than 10 nephelometric turbidity units was achieved for water clarity, at least five well volumes were 

removed from the well plus any additional water that was added to the well during drilling, and field 

parameters had stabilized. Field water quality parameters were monitored at regular (5- to 10-minute) 

intervals during pumping and were considered stabilized when the following criteria were met for three 

consecutive readings: pH within 0.1 pH units, temperature within 1 degree Celsius, and specific 

conductance within 10 percent (%). Field data were recorded on well development forms by APTIM 

scientists, as presented in Appendix CD. 

Liquid investigation-derived waste (IDW) generated during monitoring well development was stored in 

275-gallon totes. Waste management and disposal are discussed in Section 3.11.  
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2.4.2 Extraction Well Development 

The extraction wells were developed using Cascade’s well development rig. Wells were developed using 

a combination of methods including bailing, surging, and pumping. Initial bailing was conducted to 

remove sediment from the borehole and filter pack prior to beginning well development. After initial 

bailing, mechanical surging and over-pumping was conducted. Field tests for total solids (by Imhoff cone 

method) were performed, water levels were monitored, and water quality parameters including turbidity 

measurements were monitored during development. A constant rate test was performed after initial 

development was completed. Each well was pumped at approximately 20 gallons per minute (gpm) for a 

period of no less than 180 minutes. Water levels in the extraction well were manually measured to 

estimate the specific capacity. Additionally, water levels were manually measured in one observation well 

to monitor drawdown during constant rate testing.  

The extraction wells were developed until well efficiency met at least 70% and had a specific capacity of 

3 to 5 gpm per foot, at the discretion of the APTIM scientist. Field data were recorded on well 

development forms by APTIM scientists, as presented in Appendix CD.  

Purge water IDW generated during development was transferred to 19,000-gallon Baker storage tanks 

located within the construction yard. Waste management and disposal are discussed in Section 3.11. 

2.4.3 Injection Well Development 

The injection well was developed using Cascade’s well development rig in the same manner as the 

extraction wells, as described in Section 2.4.2; however, based on the limited effectiveness and low 

specific capacity (2.3 gpm per foot) achieved after 120 minutes pumping at a rate of 20 gpm, jetting was 

conducted to further develop the well. The jetting device consisted of four jets and an extraction pump 

that was attached to the bottom of the device. Jetting was conducted in 1-foot intervals starting at the top 

of the saturated screen, working downward. Each 1-foot section of screen was jetted for at least 1 minute. 
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Imhoff cone and water level readings were collected at a frequency of one minute during jetting activities. 

A 120-minute constant rate test was performed at the injection well after jetting was completed and 

indicated that the specific capacity of the well had improved. Field data were recorded on well 

development forms by APTIM scientists, as presented in Appendix CD. 

Purge water IDW generated during development was transferred to 19,000-gallon Baker storage tanks 

located within the construction yard. Waste management and disposal are discussed in Section 3.11. 

2.4.4 Pump Installation 

Dedicated stainless steel Geotech bladder sampling pumps were originally installed in each of the six 

groundwater monitoring wells being used for the pilot test (KAFB-106064, KAFB-106063, KAFB-

106MW1-S, KAFB-106MW1-I, KAFB-106MW2-S, and KAFB-106MW2-I) in March 2017. Multiple 

failure points were observed on the Geotech pumps during initial pump testing. After numerous 

unsuccessful attempts to pull, repair, and/or replace faulty pumps, a decision was made to replace the 

pumps with QED Environmental Systems (QED) MicroPurge® Model P1101HM bladder pumps with 

PVC bodies. These new QED pumps were installed in the monitoring wells in September 2017 and 

baseline samples were recollected (Section 3.23). No operational issues were observed from that point 

forward, except for minor decreases observed in discharge volumes. Decreased discharge volume is 

common with bladder pumps as the Teflon™ bladder creases overtime with use and is not able to open to 

full capacity during recharge/filling.  

The QED bladder pumps were hung on a poly-coated stainless steel hanging cable such that the pump 

intake area is was set at approximately the middle point of the saturated screen interval. The top of the 

pump string includes a single aluminum well cap with access to the discharge line, hanging cable, and air-

line. This hanging well cap fits into the top of the sanitary well seal. Well tubing is twin-bonded, 

Teflon™-lined polyethylene tubing and consists of a ¼-inch outside diameter air supply line and a 3/8-



SECTION 2 

Kirtland AFB BFF 2-11 March 2021April 2019 
EDB In Situ Biodegradation Pilot Test Report 2-11 KAFB-019-0001 
Bulk Fuels Facility, SWMUs ST-106/SS-111  

inch outside diameter water discharge line. During pump installation at KAFB-106MW1-S, measurable 

NAPL was detected. A discussion of the NAPL and sampling that occurred is discussed in Section 3.72.  

In March 2017 following the successful well development, multi-stage centrifugal stainless steel 

submersible pumps (Grundfos 25S50-26, 5.5 horsepower) were installed in each extraction well. The 

extraction well pump intakes were set at 497 feet bgs, approximately 20 feet below the water table (as 

measured during well installation) and 10 feet above the total depth of the well to allow sufficient room 

for drawdown during pumping. The pumps are attached to approximately 500 feet of 1.5-inch threaded 

steel pipe, which is were attached to a 6-inch sanitary well seal at the top of each well casing. Corrosion 

of the pumps and pipe materials was minimized through use of corrosion resistant materials and the 

installation of sacrificial zinc anodes on the drop pipes. 

A 6-inch sanitary well seal and a 1.5-inch-diameter threaded steel pipe were installed in the injection well 

casing to convey water from the piping exiting the system Conex box to the screened interval of the 

injection well. The injection pipe extended down into the water column and was fitted with a 4-inch 

diameter, custom designed and fabricated down-hole flow control valve (FCV, manufactured by Baski, 

Inc.) which provided backpressure to ensure that piping remained full of water throughout the treatment 

system. This to limitlimited the risks of cavitation within the pipe, and to minimized volatilization of 

constituents, and minimized aeration of the anaerobic recirculation water. A check valve was installed at 

the base of the FCV, with an electric submersible pump (Grundfos 5SQE-10-410, 2.3 horsepower) with 

variable speed frequency drive installed underneath to sample groundwater in the vicinity of the injection 

well (when the recirculation system is was off, and water is was not being injected). The injection well 

sampling pump intake was set at 492 feet bgs, approximately 10 feet above the total depth of the well. 

Corrosion of the FCV was also minimized through use of corrosion resistant materials and the installation 

of sacrificial zinc anodes on the drop pipe.  
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The extraction and injection well pumps were connected to the control room via power supply lines that 

were run up along-side the drop pipe within the well casing, through the well vault and underground to a 

conduit stuck-up adjacent to the Conex box. These power supply cables then entered the Conex box and 

landed on the terminals of the appropriate variable frequency drives. In 2020, downhole equipment (drop 

pipe, valves, and transducer) and Grundfos pumps were removed from extraction and injection wells 

(KAFB-106EX1, KAFB-106EX2, and KAFB-106IN1) to assess the condition of the wells and 

equipment. The well maintenance performed at the extraction and injection wells is discussed in 

Section 3.7. 

2.5 Well Survey 

The location and elevation of each well casing was surveyed by a New Mexico-licensed professional land 

surveyor from High Mesa Consulting Group in accordance with the United States Geological Survey 

Standard Operating Procedure developed for all monitoring wells on Kirtland AFB (U.S. Geological 

Survey [USGS], 2016).  

Coordinates are based on the North American Datum of 1983 New Mexico State Plane Coordinate 

System. Elevations are based on the North American Vertical Datum of 1988. The elevation and 

horizontal location measurements were made to an accuracy of 0.01 and 0.1 foot, respectively. Results of 

the survey are summarized in Table 1. 

2.6 Recirculation Pilot System Equipment and Materials 

The pilot test involved multiple test phases requiring recirculation of anaerobic groundwater and addition 

of tracers and amendments to this water. The equipment necessary to perform the pilot test was installed 

in the appropriate wells (as detailed above) and a portable shipping (Conex-type) container, and included 

the necessary pumps, filters, mixers, meters, electrical, and piping to add tracers/amendments and 
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distribute them in the subsurface (as detailed in this section). The container was also used for security and 

environmental control and was located adjacent to the well field test area, see Figure 2. 

The system for amending and recirculating water was designed by APTIM, together with subcontractors, 

and was fabricated by Calcon Systems Inc. (Calcon). As discussed in Section 3.1, APTIM and the Calcon 

performed all necessary system installation, shakedown verification testing (including, but not limited to, 

pressure testing and alarm functionality testing), and start-up tasks. The system as-built drawings and 

component specification sheets are presented in Appendix EF. 

A 20-ft long Conex box was used to house the recirculation and tracer/ amendment delivery system 

components. Figure 5 presents a schematic of the Conex box treatment system. The box has a partition 

wall, separating the enclosure into two spaces. The smaller of the two spaces is the system control room, 

which is rated as a non-hazardous atmosphere, and houses the supervisory control and data acquisition 

(SCADA) system with integrated computer, electrical control panel, Baski FCV controls and associated 

nitrogen cylinder, and a combination air conditioner/heater. The larger space, which includes the 

recirculation water piping/fittings, flowmeters, pressure transmitters, tracer/amendment tanks, chemical 

feed pump, and other system process components, is rated as a Class 1, Division 2 atmosphere, due to the 

possible presence of fuel hydrocarbons in the recirculation water flowing through the piping in this 

portion of the enclosure. All electrical components and connections in this portion of the enclosure are 

intrinsically safe to meet the hazardous atmosphere classification. This space also contains a floor leak 

sensor, which continuously monitors for water on the floor of the enclosure (in the case of a pipe failure 

or other leak), having the ability to shut down the system and notify appropriate personnel in the case of 

an alarm condition. 

The main components of the recirculation system are identified on a process flow diagram (see Figure 6), 

while a more detailed design is presented on the piping and instrumentation diagram (P&ID), which is 
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shown on Figure 5. To maintain the anaerobic conditions of the groundwater and aquifer and to prevent 

the loss of volatile components within the groundwater, the system was designed to minimize gas 

exchange between the recirculated groundwater and the atmosphere. The system was designed to extract 

groundwater from the two extraction well locations and reinject that groundwater in the injection well 

after tracer or amendment addition, at a design flow rate of up to 24 gpm. This design flow rate was 

achieved by the system, but operational flowrates changed during the pilot test based on tracer results and 

other site conditions, as discussed further in Section 3. 

Electrical power for system operation is was supplied by on-base grid power through an electrical line 

that runs from the power source on the east side of the site to the recirculation system (see Figure 2). A 

480-volt, 3-phase electrical service is was required to operate the 60-horsepower extraction well pump 

motors. APTIM worked with base civil engineering personnel and a licensed electrical subcontractor to 

procure and install the necessary transformer and underground service line to the main disconnect switch 

on the system enclosure (Conex box). Trenching of the main power supply cable to the Conex box was 

required. Appropriate dig and base civil engineer permits were acquired prior to starting. Trenching and 

installation of the electrical power line was completed from April 17 to April 21, 2017. The electrical line 

was installed in a 3-foot deep trench. The route of the electrical power line is presented on Figure 2. 

The treatment system includes a SCADA system for remote monitoring of flow rates and other 

parameters, to compliment on-site adjustments and regular operation and maintenance. Process 

instrumentation, including pressure, level, and flow gauges/switches, were installed at critical locations in 

the system, as shown on the P&ID (Figure 5), to ensure safe and controlled operation. The programmable 

SCADA and logic controllers contain the process control logic to monitor and regulate the operation of 

the various system components, both locally and remotely. The SCADA enables the application of power 

to the pumps, regulates flowrates, pressures and operation of the FCV, while continuously monitoring the 
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system safety interlocks and making emergency call outs when the system is was offline or in alarm 

mode.  

Water conveyance pipelines connecting the Conex box to the extraction and injection wells were installed 

in trenches approximately 4 feet deep (below the frost line). The underground conveyance piping consists 

of double containment system that houses the 2-inch piping. The conveyance piping, injection valve 

pneumatic tubing, pump electrical leads, well vault leak detection wire, Baski nitrogen line, and water 

level transducer wire leading from the Conex box to the wells are all located within the trenches. Where 

extraction and injection well piping breaches the ground surface and enters the container (above grade), 

the piping transitions to 1.5-inch single-walled Schedule 80 PVC, and is was insulated to prevent 

freezing. Trenching began in April 2017 and well pipelines were connected to the system container and 

pressure tested on April 20, 2017.  

Groundwater extraction occurred through the use of electric submersible well pumps 

(Grundfos 25S50-26) with variable speed frequency drives. Each of the two 4-inch-diameter pumps are 

fully submersible and capable of maintaining design flows. The variable speed frequency drives were 

controlled by input values from the SCADA system to fine tune motor operation to adjust flow rates, as 

needed. Once groundwater was extracted from each of the two extraction wells, it was directed through a 

pair of particle filters prior to combining flows. These filters were used to prevent undesired particulates 

from entering the amendment and reinjection portions of the system. Generally, 100-micron (µm) 

polyethylene woven (poly-woven) filters were used in the lead canisters, while 50-µm poly-woven filters 

were used in the lag canisters. During system operation, it was determined that the 100- and 50-µm filters 

had a longer operation lifetime. Earlier use of 50- and 20-µm pleated cellulose filters at the onset of the 

demonstration resulted in frequent filter changes and quick pressure build-up. The change to poly-woven 

filters with larger nominal pore sizes significantly improved filter runtimes.  
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Bourdon tube pressure gauges and switches are were installed on the upstream side of the particle filters 

(as shown on the P&ID, Figure 5), between filters, and on the downstream side of the filters to sense 

back pressure on the filters. The SCADA system had two alarm set points associated with these pressure 

switches. The first (high pressure alarm) is was an indicator to the system operator that the filters are in 

need of cleaning/changing, while the second (high-high pressure alarm) shuts-down the system until the 

filters are cleaned/ changed and the system iswas manually restarted. The poly-woven filters are were 

housed within 20-inch polypropylene Pentek canisters that are pressure rated to 100 pounds per square 

inch. ProSense® pressure transmitters are installed along the aboveground extraction well piping, 

upstream of the filters. Additionally, a pressure transmitter is was connected to the injection well 

manifold within the well vault. These monitored the pressures of the system and are connected to the 

SCADA. Once the groundwater exits the filters from each pipeline, the flows from each extraction well 

are was combined into one 2-inch Schedule 80 PVC pipeline that dischargeds to the injection well.  

Signet 2551 Magmeter flow meters were installed along each extraction and injection well pipeline, just 

downstream of the filters (three flow meters, one on each pipeline). Totalizing meter installation reports, 

calibration documentation, and specification sheets were submitted to the OSE, as required by the Change 

of Water Rights Conditions of Approval for permitted wells RG-1579 POD316 through POD318. This 

documentation is contained in Appendix BC. 

Prior to reaching the injection well, extracted groundwater was mixed with either tracers or other 

amendments (depending on the phase of operation, as discussed in Section 3) using an amendment 

delivery system consisting of a 550-gallon amendment tank, control valves, pressure gauges, positive 

displacement variable speed metering pumps (chemical feed pump; LMI E711-368SI), and a pressure 

regulating tank.  
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The amendment tank is was fitted with an EchoSonic® ultrasonic level sensor that is was programmed 

with the SCADA. The level sensor is was a non-contact sensor that is installed on the top of the 

amendment tank. The tank has an 8-inch opening with vented lid. Mixtures of water and 

fluorescein/deuterated water tracer or water and sodium lactate, diammonium phosphate (DAP), and 

potassium iodide (KI) were batched/mixed within the amendment tank prior to distribution, via the 

chemical feed pump, into the injection well piping. Tracer/amendment storage and mixing is further 

discussed in Section 3. The amendment tank is was fitted with an outlet port and tubing that connects to 

the chemical feed pump and calibration column (4,000 milliliter graduated cylinder). The calibration 

column is was connected to the chemical feed pump via a gate valve and tubing connections. Pump tests 

were performed using the calibration cylinder and deionized (DI) water to determine and dial-in the 

appropriate flowrate of the chemical feed pump. The chemical feed pump was used to pulse concentrated 

amendment solution from the amendment tank into the injection well piping. This in-line injection 

allowed for introduction of amendments to the recirculation water stream under pressure. 

After the concentrated amendment solution enters entered the injection well piping, it flows flowed 

through a 19-inch PVC static mixer to help blend dilute and mix the amendments with the groundwater 

(Figure 6). A 31.8-gallon HydroPro pressure tank is was connected to the recirculation piping within the 

system container, to regulate the pressure spikes within the recirculation system. A wall-mounted 

Rosemount™ pressure transmitter is was connected to the pressure tank piping. 

A down-hole FCV and submersible pump, both installed in the injection well (as discussed in 

Section 2.4.4), is was controlled by input values from the SCADA system, as needed. The system was 

designed to shut down   automatically if the water level transducer in the injection well indicated that the 

water level in the well casing has risen to a predetermined level, or if the water level transducer in one or 

both of the extraction wells indicated that the water level has dropped to within approximately 2 feet of 

the top of the extraction well screen. 
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The Conex box was pre-fabricated by Calcon at their facility in San Ramon, California and delivered on 

April 13, 2017 to the pilot test site. Final design as-builts and specification sheets for system components 

are included in Appendix EF. 
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3. PILOT SYSTEM OPERATION AND MONITORING 

The pilot testing was performed in four phases. The duration and a timeline of each of these phases are 

summarized in Table 2. Data were collected and evaluated during each phase of the pilot test and the 

results were used to adjust each phase duration, as needed. The first phase (Phase 1) started after 

installation, development, and testing of the wells and equipment associated with the Pilot Test System. 

Phase 1 included an evaluation of baseline conditions, and operation of the recirculation system while 

performing a tracer test to evaluate distribution of injected water in the subsurface. The second phase 

(Phase 2) included an evaluation of biostimulation on EDB degradation through operation of the 

recirculation system and the addition of nutrients and a fermentable substrate to the subsurface. The third 

phase (Phase 3) of the pilot testing was originally proposed to include bioaugmentation with an 

exogenous debrominating culture (SDC-9), and an evaluation of enhanced EDB degradation. However, as 

discussed in Section 3.56, bioaugmentation was deemed not necessary based on results during Phase 2, 

and a further evaluation of biostimulation was performed as Phase 3. The modified Phase 3 was approved 

by the NMED in a letter dated August 7, 2018 (NMED, 2018), which also stated that “bioaugmentation 

shall remain as an approved, but deferred component of the pilot test”. The fourth and final phase (Phase 

4) continued groundwater monitoring without recirculation or addition of amendments.The fourth and 

final phase (Phase 4) of the pilot test consists of post-treatment monitoring and assessment and is 

ongoing.  Activities during this final phase focus on longer-term performance of ISBPhase 4 monitoring 

was concluded in October 2020. For reference, Safety Data Sheets (SDSs) for all tracers and amendments 

used during the pilot test are included in Appendix G. 

3.1 Pilot System Start-up Testing 

Final electrical and piping connections, including power and control wiring between the Conex box 

control panel and the extraction/injection well pumps and vault control components/sensors, and final 

pipe connections between the stubbed-up extraction/injection well piping and the Conex box were made 
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by Calcon and APTIM from May 11 through 16, 2017. Shakedown testing of the Pilot Test System, 

which included testing the extraction well pumps; pressure and flow transmitters; leak detection and level 

sensors; chemical feed pump; Baski FCV and control system; injection well sample pump; remote 

telemetry; and alarm interlocks was performed on May 16 and 17, 2017 prior to full system start-up. 

There were no notable operational issues with the system during shakedown testing, with all interlocks 

and associated alarms working properly. The Pilot Test System was started on June 29, 2017 during the 

first baseline sampling event at the extraction and injection wells. The Pilot Test System was restarted and 

retested on September 26, 2017, after a three-month project delay caused by faulty monitoring well 

sampling pumps (discussed in Section 2.4.4) and just prior to initiation of tracer testing (Phase 1).  

3.2 2017 NAPL Sampling 

Measurable NAPL was detected in the shallow nested well KAFB-106MW1-S during QED pump 

installation on September 5, 2017. Three separate measurements were collected using a Solinst oil-water 

interface probe and confirmed a thickness of approximately 0.27 to 0.31 feet. NAPL was not detected at 

any other shallow monitoring wells within or around the treatment zone, or in the injection well on 

September 5, 2017. The extraction wells were not gauged for NAPL at this time, as the top of the well 

screens were designed to be installed below the static water level. Well KAFB-106MW1-S was bailed on 

September 8, 2017 and approximately 60 milliliters of product were recovered. The product was 

containerized and submitted to Pace Analytical® (Pace) for the following analysis: 

 C3-C12 PIANO Quantitative Molecular Characterization by gas chromatography-mass 

spectrometry (VOC Fingerprinting) 

 C8-C40 Full Scan Qualitative Molecular Characterization by gas chromatography-mass 

spectrometry (semivolatile organic compound Fingerprinting) 

 Density and Viscosity 
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Density and viscosity analyses were subcontracted to Clark Testing. Additional product recovery 

occurred on September 13 and 14, 2017, and approximately 60 milliliters sent to the APTIM 

Biotechnology Development and Applications Group in Lawrenceville, New Jersey to facilitate EDB 

compound-specific isotope analysis (CSIA) efforts funded under Environmental Security Technology 

Certification Program (ESTCP). NAPL has not been detected in KAFB-106MW1-S since October 2017 

(Table 3), but KAFB-106MW1-S was continually monitored for its presence on a weekly basis. 

The NAPL analysis by Pace indicated a great variety of hydrocarbons, but notably benzene 

(31.8 milligrams per kilogram [mg/kg]) and EDB (20.5 mg/kg) concentrations were low compared to 

toluene (7,396 mg/kg) and ethylbenzene (6,098 mg/kg). This laboratory report is included in 

Appendix I-3. The delta carbon-13 (δ13C) value of EDB in the NAPL, as determined by the University of 

Oklahoma, was approximately -21±2 per mil (‰). Brief discussion of the carbon isotope composition of 

EDB in the NAPL is provided in Section 4.5.2. 

The fall and rise of the water table during well installation and development may have impacted the 

vertical transport and subsequent distribution of NAPL in the lower vadose zone, capillary fringe, and top 

of the unconfined aquifer; causing the measurable NAPL at KAFB-106MW1-S. 

3.23.3 Baseline Sampling 

Initial baseline sampling occurred from June 29 through August 16, 2017 using Geotech dedicated 

bladder pumps at the monitoring wells and submersible Grundfos pumps at the extraction and injection 

wells. During this time, KAFB-106MW1-S was not sampled due to numerous pump failures 

(Section 2.4.4). Baseline samples were recollected for all analyses except for Microbial Insights 

QuantArray-Chlor from September 18 through September 26, 2017. All pilot test wells were sampled 

prior to Phase 1 recirculation activities to establish pre-test baseline conditions. Purged groundwater was 

passed through a flow-through cell equipped with a YSI™ ProDSS multi-parameter water quality meter 
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for evaluation of geochemical stabilization parameters (pH, dissolved oxygen [DO], oxidation-reduction 

potential [ORP], temperature, and specific conductivity). Turbidity was measured with a Hach™ 

Model 2100Q turbidity meter. Water quality meters were calibrated prior to each sampling event, in 

accordance with manufacture’s recommendations. Table 3 summarizes the field water quality 

measurements collected prior to sampling. Table 4 presents the suite of analytes that were measured by 

the certified analytical laboratories and the sampling frequency. An evaluation of baseline and other 

analytical testing results are presented in Section 4. 

3.33.4 Phase 1 – Tracer Testing 

The purpose of Phase 1 was to evaluate baseline conditions and the distribution of recirculated water 

using tracer amendments. Groundwater (without biostimulation or bioaugmentation amendments) was 

extracted from the two extraction wells at flow rates of 10 gpm from each well, combined, and after 

tracers were added (during a 24-hour period), the water was reinjected back into the subsurface at the 

injection well. The recirculation portion of Phase 1, which was conducted for four weeks from October 2 

to November 3, 2017, distributed injected water throughout the pilot testing zone and established new 

experimental baseline measurements for comparison to later biostimulation phases. The passive portion of 

Phase 1 began on November 3, 2017, upon shutdown of the recirculation system, and concluded on 

December 21, 2017. 

During Phase 1, two conservative (i.e., non-reactive) tracers of water flow were used to evaluate 

subsurface transport characteristics. The two tracers used were fluorescein and water labeled with 

additional deuterium, a stable isotope (i.e., non-radioactive) of hydrogen (Appendix G). Prior to injection, 

the fluorescein and deuterated water were homogenized with 22 gallons of deionized water in a 55-gallon 

drum. The drum was plumbed to the inlet of the chemical feed pump via 3/8-inch diameter polyethylene 

tubing. Over a period of approximately 24 hours, from October 2 through 3, 2017, approximately 54 

54 grams of fluorescein and 15 kilograms of deuterium oxide (2H2O) were injected into the treatment 
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zone through the recirculated groundwater. During the entire Phase 1 recirculation period, approximately 

1,024,000887,000 gallons of water were extracted and reinjected. 

During Phase 1 recirculation system operation, increased back pressure upstream of the sediment filters at 

pressure transmitters PIT-103 and PIT-109 (Figure 5) was observed, caused by an increased loading on 

the filters, resulting in more frequent filter changes than was originally anticipated, with KAFB-106EX1 

experiencing a faster sediment loading rate. Initially, sediment was observed on the 10-inch long pleated 

cellulose filters CF-1-1 and CF-1-3; though this diminished in the short-term. A number of what appeared 

to be biological masses were also observed on filters during this time. Several approaches were used to 

mitigate the heavy filter loading and frequent filter change-out rate by increasing the effective filter 

surface area. The 10-inch long canister housings at CF-1-1 through CF-1-4 were replaced with 20-inch 

long canister housings, and woven polyethylene filter cartridges replaced the existing pleated cellulose. 

During the majority of Phase 1, 100- and 50-µm woven polyethylene filters were ultimately used on both 

extraction well lines in the lead and lag positions, respectively, with much improved runtimes. 

Water level readings in the extraction and injection wells were continuously monitored by the SCADA 

system and monitored manually periodically. During recirculation system operation, it became apparent 

that the water level readings from pressure transducers located in the extraction well drop pipes were not 

accurate. While the readings returned to the SCADA were erratic, the overall trends in the data were 

decipherable. The likely cause of the inaccurate readings was electrical interference from the extraction 

well pumps’ power leads running down the well to the pump near the drop tubes where the transducers 

and their control wires were housed. As a result, manual water level readings were periodically measured 

using the Solinst water level meter to avoid unnecessarily drawing down below the top of the screened 

interval in the extraction wells. Manual water level readings are summarized in Table 5. 
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Eight groundwater sampling events designed to quantify transport properties during active recirculation 

were conducted during Phase 1, with two additional sampling events conducted approximately 2 and 

4 weeks after recirculation activities ceased. Groundwater fluorescein concentrations and delta deuterium 

(measure of hydrogen isotope composition) (δ2H) values were determined for these samples. In addition, 

groundwater measurements were collected during one subset of the recirculation sampling events 

(Day 23, collected on October 24 and 25, 2017) to determine baseline conditions for the other analytes 

presented in Table 4. 

Groundwater samples were collected intermittently at extraction, injection, and the six groundwater 

monitoring wells during the active portion of Phase 1, and biweekly during the passive portion. 

KAFB-106MW1-S/I, KAFB-106MW2-S/I, KAFB-106064, KAFB-106063, KAFB-106EX1, 

KAFB 106EX2, and KAFB-106IN1 were sampled using either dedicated QED MicroPurge® Model 

P1101HM bladder pumps (monitoring wells) or the down-hole extraction pumps or injection well 

sampling pump (the injection well was not sampled during active recirculation). Prior to purging, depth to 

water measurements and depth to NAPL (if present) were collected at groundwater monitoring wells 

KAFB-106MW1-S, KAFB-106064, and KAFB-106063; extraction wells, and the injection well. Water 

level measurements were also collected during purging to monitor for drawdown. Water levels were 

measured using a portable water level indicator and interface probe (Solinst). Both manual water level 

measurements (Solinst probe) and transducer measurements were collected from extraction and injection 

wells. Due to the size of the well casing and placement of the dedicated tubing bundle, water level 

measurements could not be obtained from KAFB-106MW1-I, KAFB-106MW2-I, and 

KAFB-106MW2-S. The field water quality parameters, NAPL, and water level measurements were 

recorded on the purge logs for each well. Purge logs and sample collection logs are included as 

Appendix FH. 
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Each well was purged to remove stagnant water from the well in order to collect a representative 

groundwater sample. Purged groundwater passed through a flow-through cell equipped with a YSI™ 

ProDSS multi-parameter water quality meter for evaluation of geochemical stabilization parameters (pH, 

DO, ORP, temperature, and specific conductivity). Turbidity was measured with a Hach™ Model 2100Q 

turbidity meter. Purging continued until three stable field measurements for DO, pH, ORP, specific 

conductivity, temperature, and turbidity were obtained. Stabilization criteria for field measurements were 

three consecutive readings within 10% of each other. Water quality meters were calibrated prior to each 

sampling event, or after anomalous readings were observed. Samples from the extraction and injection 

wells were collected from sample ports located along the system piping, upstream of the sediment filters. 

Table 3 summarizes the field water quality measurements collected prior to sampling. Table 4 presents 

the suite of analytes that were measured by the certified analytical laboratories. Both hydrogen and carbon 

isotopes were reported using (δ) notation, where δ2H or δ13C = Rsample/Rstandard-1 and R is the 2H/1H or 

13C/12C ratio of the sample and the standard (Vienna Standard Mean Ocean Water for δ2H, and Vienna 

Pee Dee Belemnite for δ13C), respectively. Note that the commonly included multiplier of 103 has been 

omitted from the equation but should be incorporated to report δ values as per mille (‰). CSIA of EDB 

CSIA) in samples was performed ere analyzed by Dr. Tomasz Kuder at the University of Oklahoma, 

through funding provided by ESTCP Project ER-201331. 

Ten sampling events were conducted during Phase 1. Additionally, three samples were collected from the 

injection well sampling port, which was representative of the groundwater being injected on October 2 

and 3, 2017. Fluorescein and δ2H data suggested good hydrologic control and connectivity at the test site. 

Tracer testing results are further discussed in Section 4.  

3.43.5 Phase 2 – Biostimulation 

The purpose of Phase 2 was to evaluate biostimulation in the subsurface after distribution of treatment 

amendments in recirculated groundwater. Phase 2 consisted of two operational periods, a 
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recirculation/mixing (active) period, and a subsequent passive monitoring period (no recirculation). 

During the recirculation period, groundwater was extracted and an easily fermentable sodium lactate-

based substrate (WilClear Plus®, manufactured by JRW Bioremediation), nutrient (DAP), and 

conservative tracer (KI) were added to the recirculated process water stream. The amended water was 

reinjected to distribute the amendments throughout the pilot testing zone. The goal of these amendments 

was to stimulate activity of native microbial populations capable of debrominating EDB. For reference, 

SDSs for the amendments are included in Appendix G. 

Upon completion of the passive Phase 1 monitoring period, the recirculation system was restarted on 

December 11, 2017 and allowed to run at extraction rates of 10 gpm (each well) prior to introducing 

amendments. The active portion of Phase 2 began on December 21, 2017 with the injection of treatment 

amendments for biostimulation and continued until February 7, 2018. A concentrated solution of the 

amendments was prepared in the amendment mixing tank (AT-1, see Figure 5) and added to the process 

stream by the chemical feed pump manufactured by LMI (P-2-1).  

The concentrated amendment solution was prepared using water obtained from the Kirtland AFB potable 

water plant located on Texas Drive and transferred to the project site in 275-gallon totes. The water was 

transferred from the totes into the amendment tank via a sump pump and garden hose. Volume marks on 

the tank were used to bring the water up to the desired level. DAP and KI were weighed using a kitchen 

scale and poured into the tank. The sodium lactate was pumped from 55-gallon drums into the tank using 

a drum pump and tubing. A Goulds submersible mixing pump was deployed within the amendment tank 

to mix the amendments and keep the constituents in solution. During this homogenization, specific 

conductivity in the tank was measured at regular intervals until it was determined that the readings had 

stabilized. After reaching stabilization, the chemical feed pump was turned on to start amendment 

injection. During operation, amendment delivery into the recirculation water process stream, and 

subsequently delivered to the injection well, was pulsed such that there were periods of time when the 
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recirculation process water contained amendments and other times flow contained only recirculated 

groundwater. A The pulsed amendment injection scenario was implemented in an attempt toto minimize 

biofouling in the injection well by flushing the well screen and filter pack with water less conductive to 

biological growth and fouling. Additional batches of amendments were mixed once the level within the 

amendment tank reached a predetermined low level. A new batch was typically mixed every 4 to 7 days 

during recirculation. Over the approximately 7-week active injection period in Phase 2, approximately 

290 gallons of WilClear Plus®, 150 kilograms of DAP, and 71 kilograms of KI were injected into the 

treatment zone. Table 6 summarizes the injected quantities for each Phase of the pilot test. The targeted 

concentration of fermentable substrate (300 mg/L) was consistent with that outlined in Work Plan 

(Kirtland AFB, 2016a), albeit using broader diversity of fermentable substrates rather than lactate alone. 

The targeted concentration of DAP (50 mg/L) was approximately half that of the Work Plan due to 

concerns regarding precipitation of solids. These targeted concentrations were consistent with contractor 

experience, typical substrate loading rates (AFCEE et al., 2004), and treatability testing performed using 

site materials (100 mg/L lactate and 50 mg/L DAP). The targeted KI concentration was consistent with 

the Work Plan (Kirtland AFB, 2016a). During the entire Phase 2 recirculation period, approximately 

1,468467,000 gallons of water were extracted, amended, and then reinjected, but due to testing of the 

system and the challenges described in the following paragraph, only approximately 927,000 gallons were 

recirculated during the period that carbon substrate, DAP, and KI were introduced.. 

Approximately two hours after amendment injection began on December 21, 2017, a leak was observed 

originating from the chemical feed pump. The system was shut down and the chemical feed pump head 

and four-way valve were dismantled to determine the cause of the leak. Small crystals were observed 

within the check ball housings and on the check balls within the four-way valve. The affected areas were 

cleaned with cotton swabs and deionized water, reassembled, and the system was restarted. During a 

system check on December 23, 2017, it was observed that while the chemical feed pump was running, no 

amendment fluid was being conveyed through the tubing to the injection point on the recirculation 
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process piping. Coincident to this, an increase in mounding (up to 9 feet above static [476 feet bgs]) at the 

injection well was observed. The system was shut down to diagnose and rectify the crystallization issue. It 

was determined that amendment concentrations needed to be decreased in the amendment tank. Lower 

amendment concentrations and running the AT-1 submersible mixchemical feed pump more frequently 

rectified the crystallization issue, and facilitated the introduction of amendments at target rates.allowing 

the chemical feed up to operate properly. Introduction of amendments using the new concentrations began 

on December 29, 2017. The active portion of Phase 2 was extended until February 7, 2018 to deliver the 

planned mass of amendments. 

During Phase 2, approximately 11 feet of water level drawdown was observed at KAFB-106EX2 during 

active Phase 2 system operations. The flowrate at KAFB-106EX2 was incrementally reduced to 7 gpm 

beginning on January 8 through January 22, 2018 to prevent drawdown of water below the top of the 

screened interval. Extraction well KAFB-106EX1 did not display a similar drawdown trend, and thus, 

remained at 10 gpm throughout Phase 2. Table 5 presents the measured water levels and flowrates for the 

two extraction wells during Phase 2. 

The passive portion of Phase 2 began on February 7, 2018, when the recirculation system was shut down, 

and concluded in July 2018. After the chemical feed pump was turned off and injection of the 

amendments ceased, the extraction wells were allowed to run for several hours to flush the injection well 

screen and filter pack. During the passive period of Phase 2, groundwater in the treatment zone was 

monitored for approximately 3 4 months to evaluate whether EDB degradation was enhanced (as further 

described in Section 4). 

Groundwater samples were collected on a weekly basis during active recirculation and on a monthly basis 

during the passive portion of Phase 2 at extraction, injection, and monitoring wells, to evaluate the 

effectiveness of biostimulation. An additional passive sampling event was conducted, resulting in seven 
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total sampling events for Phase 2. Groundwater sampling was performed as described in Section 3.34. 

Table 3 summarizes the field water quality measurements collected prior to sampling. Table 4 presents 

the suite of analytes measured by the certified analytical laboratories. An evaluation of the Phase 2 

sampling results is presented in Section 4. 

3.53.6 Phase 3 – Biostimulation 

As described in the Work Plan (Kirtland AFBUSACE, 2016a), Phase 3 originally included a recirculation 

period that included both biostimulation and bioaugmentation. The Work Plan proposed that the 

biostimulation-portion of Phase 3 be similar to Phase 2 and that a debrominating bioaugmentation culture 

(SDC-9) would be injected into KAFB-106IN1 and distributed with the recirculation system. As 

presented in the Phase 3 Ethylene Dibromide In Situ Biodegradation Pilot Test Notification Letter, Bulk 

Fuels Facility, Kirtland AFB, New Mexico (Kirtland AFBUSACE, 2018a), after evaluating analytical data 

from the passive period for Phase 2, it became evident that the rate of anaerobic EDB biodegradation was 

significantly enhanced as a result of biostimulation, and that bioaugmentation was not warranted as a part 

of Phase 3. Analytical results from the passive period of Phase 2 were discussed in the letter. NMED 

approved removal of bioaugmentation from Phase 3 in their letter dated August 7, 2018 (NMED, 2018), 

concluding that bioaugmentation remain an approved, but deferred, component of the pilot test.  

Therefore, similar to Phase 2, the purpose of Phase 3 was to continue to evaluate biostimulation in the 

subsurface after distribution of treatment amendments in recirculated groundwater. Phase 3 also consisted 

of two operational periods, a recirculation/mixing (active) period, and a subsequent passive monitoring 

period (no recirculation). During the recirculation period, groundwater was extracted and WilClear Plus® 

and DAP were added to the process water stream before reinjecting it to distribute the amendments 

throughout the pilot testing zone.  
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Upon completion of the passive Phase 2 monitoring period, the active portion of Phase 3 began on 

July 30, 2018, with the groundwater extraction rates of 10 gpm at KAFB-106EX1 and 7 gpm at 

KAFB--106EX2. The injection of treatment amendments for biostimulation continued until September 9, 

2018. A concentrated solution of the amendments was prepared in a similar fashion to that in Phase 2 

(discussed in Section 3.3.15). A pulsed amendment injection scenario was again implemented in an 

attempt to minimize biofouling in the injection well. Over the approximately 5-week active injection 

period in Phase 3, approximately 340 gallons of WilClear Plus® and 143 kilograms of DAP were injected 

into the treatment zone. Table 6 summarizes the actual injected quantities for each Phase of the pilot test. 

During the entire Phase 3 recirculation period, approximately 924926,000 gallons of water were 

extracted, amended, and then reinjected. 

The water table drawdown measured at KAFB-106EX2 during the active portion of Phase 2 became 

apparent again during Phase 3 system operations (as shown on Figure 7). The extraction flow rate at 

KAFB-106EX2 was incrementally reduced from 7 to 4 gpm during Phase 3 (beginning on August 6 

through August 30, 2018) to prevent drawdown of water below the top of the screened interval. 

Extraction well KAFB-106EX1 remained at 10 gpm during Phase 3. Increased mounding was also 

observed throughout the active portion of Phase 3 at the injection well (see Figure 7), increasing to 

approximately 35 feet above the static level by the end of Phase 3 active recirculation.  

The recirculation system was shut down on September 9, 2018, initiating the passive portion of Phase 3 

that concluded on November 19, 2018. After the chemical feed pump was turned off and injection of the 

amendments ceased, the extraction wells were allowed to run for several hours to flush the injection well 

screen and filter pack. During the passive period of Phase 3, groundwater in the treatment zone was 

monitored for approximately 3 months to evaluate whether EDB degradation was enhanced (as further 

described in Section 4). 
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Groundwater samples were collected weekly during active recirculation and monthly during the passive 

portion of Phase 3 at extraction, injection, and monitoring wells to evaluate the effectiveness of 

biostimulation. An additional recirculation sampling event was conducted, resulting in seven sampling 

events for Phase 3 (Table 4).  

During the first Phase 3 passive sampling event (September 2018), the injection well sampling pump 

mounted below the FCV failed to pump water to the surface. After approximately 40 minutes of pumping, 

the water level in the well was manually checked and found to have drawn down below the transducer to 

the level of the pump intake (492 feet bgs). Thus, it seemed the loss of well capacity suggested by the 

increased mounding at the injection well (shown on Figure 7) was preventing groundwater from flowing 

into the well to sustain pumped flow to the surface; likely due to fouling of the well screen. Fine sand, 

silt, and grey biological-like growth were observed on the transducer cable and probe when it was pulled 

to collect manual water level measurement. As a result, of the decreased well capacity, sample collection 

using the injection well pump was no longer possible, and samples from KAFB-106IN1 were collected 

using a 0.85-inch by 36-inch stainless steel bailer lowered to the groundwater through the transducer drop 

tube. Samples were collected with the bailer during the Phase 3 passive sampling events conducted on 

October 4 and November 19, 2018.  

Groundwater sampling methods were performed as described in Section 3.34. Table 3 summarizes the 

field water quality measurements collected prior to sampling. Table 4 presents the suite of analytes 

measured by the certified analytical laboratories. An evaluation of Phase 3 sampling results is presented 

in Section 4. 

3.63.7 Phase 4 – Long-TermExtended Monitoring 

Phase 4 consists consisted of continued groundwater monitoring with no active recirculation and began 

upon completion of the final Phase 3 sampling event on November 19, 2018. The recirculation system 
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was not operated during Phase 4, except briefly during extraction well sampling during the January 2019 

monitoring event. During this Phase and in accordance with the Work Plan (Kirtland AFBUSACE, 

2016a), groundwater samples are to be collected on a bi-monthly basisregularly at extraction, injection, 

and monitoring wells to evaluate the performance of the technology and quantify any rebound of EDB. 

Only oOne sampling event has been was conducted as a part of Phase 4 in 2019, from under the current 

contract, on January 16 through January 21, 2019. This sampling event occurred approximately 2 months 

after the Phase 3 passive period was concluded, in accordance with the Work Plan (Kirtland AFBUSACE, 

2016a). After a period of time that allowed for greater water infiltration into the pilot test area, Continued 

sampling of the groundwater monitoring, extraction, and injection wells is plannedresumed under a 

separate contractin March 2020 after the extraction and injection well pumps were removed and the wells 

surveyed with a camera to assess downhole equipment and well conditions. Starting in 2020, samples 

were collected quarterly and analyzed for the same constituents as approved in the Work Plan (Kirtland 

AFB, 2016a). Extraction and injection well maintenance activities are discussed in the following 

subsections. Phase 4 monitoring continued through October 2020 and a total of five sampling events were 

conducted during Phase 4. Groundwater sampling methods were performed as described in Section 3.34; 

however, samples were collected using dedicated bladder pumps rather than Grundfos pumps at the two 

extraction wells and injection well in 2020. Table 3 summarizes the field water quality measurements 

collected prior to sampling. Table 4 presents the suite of analytes measured by the certified analytical 

laboratories. An evaluation of Phase 4 sampling results to datethrough 2020 is presented in Section 4. 

3.7.1 Extraction and Injection Well Maintenance 

To assess the condition of extraction and injections wells of the pilot test (KAFB-106EX1, 

KAFB-106EX2, and KAFB-106IN1), well manifolds and all downhole equipment (drop pipe, valves, 

transducer, and pump) were removed and video camera survey was performed. 
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The downhole well infrastructure from KAFB-106EX1, KAFB-106EX2, and KAFB-106IN1 were 

removed by a drilling subcontractor using a pump rig from January 27 through January 30, 2020. All 

three wells were video surveyed on February 13, 2020. The video showed that KAFB-106IN1 had 

moderate to severe build-up of viscous semi-solid materials throughout most of the screened interval. 

Video logs from the two extraction wells (KAFB-106EX1 and KAFB-106EX2) showed minor build-up 

on the screen slots. This type of buildup is commonly observed with in situ remedial projects, as a result 

from microbial growth. Both extraction wells contained a yellow-orange liquid floating on the water 

surface, which was interpreted to be NAPL. The thickness of the suspected NAPL was visually estimated 

during video logging to be 0.5 feet at KAFB-106EX1 and 12 feet at KAFB-106EX2. The presence of 

NAPL was confirmed with a Solinst oil-water interface probe on February 17, 2020, when the NAPL 

thickness was measured at 11.2 feet at KAFB-106EX2 and 0.65 feet at KAFB-106EX1. No NAPL was 

present in KAFB-106IN1. A dedicated QED MicroPurge® Model P1101HM bladder pump dedicated 

bladder pump of the same model was also installed in KAFB-106IN1 on March 4, 2020. 

3.7.2 2020 NAPL Removal Activities 

NAPL was bailed by hand from KAFB-106EX1 and a dedicated QED MicroPurge® Model P1101HM 

bladder pump was installed on March 4, 2020 to resume quarterly sampling activities. The pump was 

subsequently removed from KAFB-106EX1 to allow for NAPL removal via a large mechanical bailer. 

Pump installation and groundwater sampling was delayed at KAFB-106EX2 to avoid coating the 

dedicated pump with NAPL and to allow for collection of representative groundwater samples without 

bias that can be caused by an NAPL source present in the well. 

 A dedicated bladder pump of the same model was also installed in KAFB-106IN1 on March 4, 2020. 

On June 30 and July 1, 2020 a large bailer operated by a pump rig was used to remove NAPL from 

extraction wells KAFB-106EX1 and KAFB-106EX2. NAPL was effectively removed using the large 
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bailer, with less than a tenth of a foot remaining. Approximately one gallon was removed from 

KAFB-106EX1 and 16 gallons were removed from KAFB-106EX2. A dedicated QED MicroPurge® 

Model P1101HM bladder pump was installed in KAFB-106EX2 on July 1, 2020 and sampling of 

KAFB-106EX2 resumed during third quarter 2020. KAFB-106EX2 was not sampled during previous 

quarters in 2020 to avoid coating the dedicated pump with NAPL during pump installation and to allow 

for collection of representative groundwater samples without bias that can be caused by an NAPL source 

present in the well. The dedicated bladder pump was also reinstalled in KAFB-106EX1 on July 1, 2020.. 

Once mechanical NAPL removal activities were completed, the shallow groundwater monitoring wells 

and injection well (KAFB-106IN1) were gauged for NAPL using a Solinst Model 122 oil-water interface 

probe. Two of the three shallow groundwater monitoring wells (KAFB-106MW1-S and KAFB-

106MW2-S) and the injection well (KAFB-106IN1) are screened within the vadose zone (screens 

intersect the current water table). Groundwater monitoring well KAFB-106064 has a submerged screen. 

NAPL was not observed during this gauging event at the injection well or surrounding shallow 

groundwater monitoring wells.  

To further remove possible trace NAPL from extraction wells KAFB-106EX1 and KAFB-106EX2, 

absorbent socks were installed in both wells on September 22, 2020 and socks remained emplaced for 

several weeks. The absorbent socks were removed from both extraction wells on October 1, 2020 and a 

Solinst oil-water interface probe was used to evaluate NAPL presence. NAPL was not detected in either 

KAFB-106EX1 or KAFB-106EX2 after the absorbent socks were removed. 

It should be noted that the goal of the pilot test was not to treat or characterize the nature and extent of 

NAPL. NAPL characterization efforts are included in the Source Zone Characterization Report that will 

be revised for delivery to NMED in April 2021. 
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3.7 NAPL Sampling 

Measurable NAPL was detected in the shallow nested well KAFB-106MW1-S during QED pump 

installation on September 5, 2017. Three separate measurements were collected using a Solinst interface 

probe and confirmed a thickness of approximately 0.27 to 0.31 feet. NAPL was not detected at any other 

shallow monitoring wells within or around the treatment zone, or in the injection well. The extraction 

wells were not gauged for NAPL, as the top of the well screens were designed to be installed below the 

static water level. Well KAFB-106MW1-S was bailed on September 8, 2017 and approximately 60 

milliliters of product were recovered. The product was containerized and submitted to Pace Analytical® 

(Pace) for the following analysis: 

 C3-C12 PIANO Quantitative Molecular Characterization by gas chromatography-mass 

spectrometry (VOC Fingerprinting) 

 C8-C40 Full Scan Qualitative Molecular Characterization by gas chromatography-mass 

spectrometry (semivolatile organic compound Fingerprinting) 

 Density and Viscosity 

Density and viscosity analyses were subcontracted to Clark Testing. Additional product recovery was 

attempted occurred on September 13 and 14, 2017, and approximately 60 milliliters were recovered and 

sent to the APTIM Lawrenceville laboratoryDevelopment and Applications Groupto facilitate EDB 

CSIAefforts . NAPL has not been detected in KAFB-106MW1-S since that time, but KAFB-106MW1-S 

has was been continually monitored for its presence on a weekly basis. 

The NAPL analysis by Pace indicated a great variety of hydrocarbons, but notably benzene 

(31.8 milligrams per kilogram [mg/kg]) and EDB (20.5 mg/kg) concentrations were low compared to 

toluene (7,396 mg/kg) and ethylbenzene (6,098 mg/kg). This laboratory report is included in Appendix G. 
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The NAPL received by APTIM was noted to contain similar quantities of toluene (7,190 milligrams per 

liter [mg/L]) and ethylbenzene (5,340 mg/L) and was presumed to have similar composition to that 

evaluated by Pace. The NAPL sample received by APTIM was also equilibrated with water at 1:1 and 

1:10 ratios, and equilibrated aqueous concentrations for EDB, benzene, and toluene were approximately 

150 micrograms per liter (µg/L), 160 µg/L, and 8,200 µg/L, respectively. The EDB and toluene 

concentrations are similar to that observed during baseline testing as described in Section 4.1, but the 

equilibrated benzene concentrations were smaller. The δ13C value of the EDB in the NAPL, as determined 

by the University of Oklahoma, was approximately --21±2‰. Brief 

3.8 The fall and rise of the water table during well installation and development 
may have impacted the vertical transport and subsequent distribution of 
NAPL in the lower vadose zone, capillary fringe, and top of the unconfined 
aquifer; causing the measureablemeasurable NAPL at KAFB-106MW1-
S.Sample Analysis 

All sampling activities were conducted in accordance with Sections 5.2.4 and 5.2.5 of the Groundwater 

Investigation Work Plan (Kirtland AFBUSACE, 2011b), and the site-specific Quality Assurance Project 

Plan, which is an appendix to the Groundwater Investigation Work Plan. Evaluation of EDB carbon 

isotopes was performed by CSIA as part of a U.S. Department of Defense Environmental Security 

Technology Certification Program ESTCP Project ER-201331 entitled, “Natural Attenuation and 

Biostimulation for In Situ Treatment of 1,2-Dibromoethane (EDB).” The monitoring, extraction, and 

injection wells were sampled for baseline conditions in June 2017. Samples were submitted for the 

following analyses: 

 VOCs (United States Environmental Protection Agency [EPA] Method 8260B) 

 EDB (EPA Method 8011) 

 Dissolved iron and manganese (EPA Method 6010C) 
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 Anions – bromide, nitrate, nitrite, chloride, and sulfate (EPA Method 9056A) 

 Nitrate and nitrite as nitrogen (EPA Method 353.2) 

 Iodide (EPA Method 300.0) 

 Reduced Gases (RSK SOP-175; EPA 3810) 

 Volatile Fatty Acids (EPA Method 300 Modified) 

 Alkalinity (Standard Method 2320B) 

 Microbial Community (QuantArray-Chlor) 

 Dissolved ortho-phosphate (Standard Method 4500 PE and EPA Method 9056A) 

 EDB CSIA (Kuder et al, 2012) 

 δ2H (Hydrogen/H2O Equilibration Isotope Ratio Mass Spectrometry) 

 Fluorescein Dye Tracer (Spectrofluorophotometry) 

Due to ultimate replacement of the Geotech bladder pumps with the QED MicroPurge® Model P1101HM 

bladder pumps in September 2017, baseline samples were recollected from September 18 through 26, 

2017. Baseline samples were not originally collected at KAFB-106MW1-S in June 2017 due to repeated 

pump failures. Analytical results from baseline samples are discussed in Section 4.0. Table 4 presents the 

suite of analytes that were measured by the analytical laboratories and the sampling frequency for the 

remaining phases of the pilot test.  

3.9 Sample Documentation 
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Sample collection logs, purge logs, and chain-of-custody form were completed by field personnel during 

monitoring and sampling activities. Sample collection logs and purge logs are included in Appendix FH. 

Chain-of-custody forms are included with the laboratory reports (Appendix GI-3).  

3.10 Quality Control 

Field quality control samples were collected as part of each sampling event and included field duplicate 

and trip blank samples. Duplicate samples were analyzed to estimate the overall reproducibility of the 

sampling and analysis process and were collected immediately after the original/parent sample to reduce 

variability. Trip blank samples were used to evaluate potential contamination by VOCs during sampling, 

shipment, and laboratory processing. Additionally, internal laboratory quality control samples, including 

laboratory control samples, replicates, matrix spikes, matrix spike duplicates, and surrogate spike samples 

were analyzed concurrently with the groundwater samples.  

The groundwater analytical data were validated for precision, bias, accuracy, representativeness, 

comparability, and completeness, and appropriate data qualifiers were appended to the analytical data in 

the project database. The data validation results are presented in the Data Quality Evaluation Reports, 

which is are included as Appendix GI-1 (June 2017 through January 2019 data) and Appendix I-2 (March 

2020 through October 2020 data). Laboratory data packages are also provided in Appendix GI-23. 

3.11 Waste Management 

IDW generated during the pilot test included soil generated from drilling activities and ; liquid IDW 

generated during drilling operations, well development, equipment decontamination, and groundwater 

sampling; solid and liquid IDW generated during NAPL removal activities at the extraction wells. All soil 

and liquid IDW generated during implementation of the pilot test was handled and disposed of in 

accordance with the Waste Management Plan of the Groundwater Investigation Work Plan (Kirtland 

AFBUSACE, 2011b) and the Work Plan (Kirtland AFBUSACE, 2016a). Kirtland AFB Landfill disposal 



SECTION 3 

Kirtland AFB BFF 3-21 March 2021April 2019 
EDB In Situ Biodegradation Pilot Test Report 3-21 KAFB-019-0001 
Bulk Fuels Facility, SWMUs ST-106/SS-111  

letters and approvals; waste profiles; and hazardous and non-hazardous waste manifests for liquid IDW 

are provided in Appendix HJ.  

3.11.1 Soil IDW 

Soil IDW was generated during drilling and well installation activities at two nested monitoring wells, 

two extraction wells, and one injection well. All drill cuttings were containerized in plastic-lined, steel 

roll-off containers pending laboratory analysis for waste characterization and disposal. The field geologist 

collected soil cuttings from each 5 to 10-foot interval during drilling activities, which represented a 

composite of the depth interval contained within the specific roll-off container. The cuttings were stored 

in sealable gallon-sized bags which were labelled with the associated depth interval and roll-off. The 

sealable bags were stored on ice in a cooler until they were sampled for waste characterization to provide 

protection from loss of volatiles, despite the roll-off being exposed during the same time period. Each A 

sample was collected from each sealable gallon-sized bag (representing soil contained in a specific roll-

off) was sampled without homogenization for waste characterization. IDW soil samples collected for 

VOC analysis were collected in jars, filled with no headspace. Approximately 16 ounces were collected 

per composite sample. Once the analytical results were received, reviewed, and determined to meet 

landfill requirements, a “Request for Disposal” letter was provided to Kirtland AFB for approval to 

dispose of the contents of each container. Analytical results for all roll-off containers confirmed that the 

drill cuttings were not a hazardous waste, and they met the requirement for disposal at the Kirtland AFB 

Construction and Demolition Landfill. Soil IDW disposal letters generated for the roll-off containers and 

associated approval letters are provided in Appendix HJ-1.  

On January 25, 2017 at 12:30 p.m. approximately ¼ to ½ cubic yards of semi-saturated soil was released 

to the ground surface within the pilot test construction area while attempting to move a roll-off bin. The 

spill was reported by Kirtland AFB both verbally and in written format to the NMED Hazardous Waste 

Bureau within twenty-four hours. A Corrective Action Report was submitted to both the NMED 
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Hazardous Waste Bureau and Ground Water Quality Bureau on February 9, 2017 (Kirtland AFBUSACE, 

2017b) and is included in Appendix HJ-2. 

3.11.2 Liquid IDW – Development and Decontamination 

Liquid IDW was generated during decontamination resulting from drilling activities, and during 

development. The following steps were followed during IDW liquid handling, storage, and 

characterization for liquid IDW generated during drilling and well development activities: 

1. Development and decontamination water were transferred into appropriately sized storage 

tanks located at the drill site for temporary accumulation, pending laboratory analysis.  

a. For monitoring wells, liquid IDW generated from development activities was typically 

accumulated in 275 gallons totes. During development of the pilot test monitoring wells, 

an average of two totes were filled per well. Water from different wells was not 

combined. 

b. For extraction and injection wells, liquid IDW was accumulated in 19,000-gallon Baker 

tanks, since the development procedures for these tanks are more intensive and produced 

a greater amount of water. During development of the extraction and injection wells, one 

Baker tank was filled for each extraction well, and two Baker tanks were filled for the 

injection well. Jetting was performed at the injection well as part of the development 

process and the procedure created a greater volume of liquid IDW. 

2. Storage tank and totes were labeled with pending analysis stickers containing the dates of 

accumulation, well identification, and generator point of contact information.  

3. Once development of a specific well was complete, a composite water sample was collected 

from the storage container(s) using a disposable bailer and analyzed for the following: anions 
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(EPA Method 300), nitrate (EPA Method 353.2), dissolved metals (EPA Method 6010), total 

lead (EPA Method 6010), semivolatile organic compounds (EPA Method 8270), VOCs (EPA 

Method 8260), and EDB (EPA Method 8011). 

4. Liquid IDW containerized in totes (from monitoring well development) that was determined 

to be hazardous was transferred into 55-gallon drums and moved to the less than 90-day 

accumulation area. Hazardous waste labels were affixed to the drums showing generator 

information, accumulation dates, waste numbers, and the Kirtland EPA identification number. 

Drums were stored on appropriately sized secondary containment. 

Non-hazardous liquid IDW generated from development and decontamination activities was disposed of 

by Chemical Transportation, Inc. and Clean Harbors at their respective facility located in Albuquerque, 

New Mexico. Non-hazardous waste manifests are included in Appendix HJ-3. Hazardous liquid IDW 

generated from development and decontamination activities was disposed of by Chemical Transportation, 

Inc. and Clean Harbors at Clean Harbors Deer Trail, LLC in Colorado. Hazardous waste manifests are 

included in Appendix HJ-4.  

3.11.3 Liquid IDW – Purge Water 

Analytical data from groundwater sampling was incorporated with the data collected during liquid IDW 

sampling of the development/decontamination water to generate both hazardous and non-hazardous waste 

profiles for disposal of purge water (Appendix HJ-5). The highest concentrations observed in IDW and 

groundwater samples were used to generate the waste profiles, thus eliminating the need to frequently 

sample liquid IDW generated during sampling activities. Hazardous purge water was transferred into 

55-gallon, open-top metal drums placed on secondary containment pads located within the less than 

90-day accumulation area. Non-hazardous purge water was placed in a single 275-gallon tote.  
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Hazardous liquid IDW generated from groundwater sampling activities conducted prior to 2020 was 

disposed of by Chemical Transportation, Inc. and Clean Harbors at Clean Harbors Aragonite, LLC in 

Grantsville, Utah and by Advanced Chemical Transportation at their local facility. The non-hazardous 

liquid IDW generated from groundwater sampling activities conducted prior to 2020 was disposed of by 

Advanced Chemical Transportation at their local facility on March 19, 2019. Hazardous liquid IDW 

generated from groundwater sampling activities conducted from March through October 2020 was 

disposed of by ACTenviro (formerly Advanced Chemical Transportation) at their Albuquerque facility. 

3.11.4 NAPL IDW 

Liquid IDW consisting of groundwater and NAPL bailed from extraction wells KAFB-106EX1 and 

KAFB-106EX2 in June/July 2020 was transferred into two 55-gallon, open-top metal drums placed on 

secondary containment pads located within the less than 90-day accumulation area. A new profile was 

generated for the waste consisting of NAPL comingled with groundwater (Appendix J-5) and the waste 

was removed by ACTenviro on September 29, 2020. The hazardous waste manifest is included in 

Appendix J-4. 

The absorbent socks used to remove residual NAPL remaining in the extraction wells were contained 

within a U.S. Department of Transportation-approved 5-gallon pail on a secondary containment pad 

located within the less than 90-day accumulation area. The absorbent sock waste was removed on 

December 26, 2020 by ACTenviro under a new profile (Appendix J-5). The hazardous waste manifest is 

included in Appendix J-4. 
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4. PILOT TEST RESULTS 

This section describes the analytical results associated with the pilot test. Analytical data tables for each 

well are included as Tables 7 through 15. 

4.1 Baseline Conditions 

All pilot test wells were sampled prior to Phase 1 recirculation activities to establish pre-test baseline 

conditions, including measures of various tracers used, microbial community, geochemistry, contaminants 

(e.g., benzene and EDB), EDB degradation products (e.g., ethene, ethane, bromide), and EDB CSIA. As 

noted in Section 3.72, NAPL was observed at KAFB-106MW1-S during this period, and a sample of the 

NAPL was collected for analysis. 

The pilot test was sited near existing well KAFB-106064, which contained EDB at concentrations of 

17 µg/L (Second Quarter 2016; Kirtland AFBUSACE, 2016c) and 9.3 µg/L (Fourth Quarter 2016; 

Kirtland AFBUSACE, 2017c) and benzene at concentrations of 1,100 µg/L (Second Quarter 2016) and 

1,000 µg/L (Fourth Quarter 2016) prior to installation of the new pilot test wells. After installation and 

development of the new pilot test wells, EDB and benzene concentrations of baseline groundwater 

samples at KAFB-106064 were measured at 143 µg/L and 4,730 µg/L, respectively. These increases at 

KAFB-106064 may have been the result of different types of sample pumps (bladder pumps) placed at 

different depths, heterogenous distribution of EDB and benzene in the subsurface, or perhaps due to 

increased mass transfer from residual NAPL during well installation and development. Higher 

concentrations were also observed at the other newly installed wells, where EDB ranged from 20.1 µg/L 

(KAFB-106IN1) to 432 µg/L (KAFB-106MW1-S) and benzene ranged from 586 µg/L (KAFB-106MW2-

S) to 7,320 µg/L (KAFB-106MW1-S). The highest EDB and benzene concentrations observed were at 

KAFB-106MW1-S where NAPL was previously observed and collected (September 2017). EDB 



SECTION 4 

Kirtland AFB BFF 4-2 March 2021April 2019 
EDB In Situ Biodegradation Pilot Test Report 4-2 KAFB-019-0001 
Bulk Fuels Facility, SWMUs ST-106/SS-111  

concentrations from baseline sampling and during the most recent sampling during the pilot test (Phase 4) 

are presented in Figure 8. 

As will be further described below, representative microorganisms likely capable of EDB debromination 

were present in large numbers at shallow wells during the baseline evaluation, together with a reducing 

environment favorable for reductive debromination. Elevated concentrations of the EDB degradation 

products ethene, ethene, and bromide, together with more positive EDB δ13C values (up to -5‰) at wells 

during the baseline evaluation, indicated that EDB degradation was likely ongoing or had previously 

occurred at the pilot test location. In this a phased approach, the pilot test evaluated whether EDB 

degradation could be enhanced through addition of biostimulation amendments. 

4.2 Amendment Distribution 

Various tracers were amended to the recirculated groundwater to evaluate and verify the distribution and 

transport times between wells during the pilot test. These tracers included fluorescein dye (Phase 1), 

deuterium labeled water (2H2O, Phase 1), and iodide (Phase 2). Fluorescein is a fluorescent tracer often 

used in studies of groundwater flow in karst systems, 2H2O occurs as approximately 0.03% of water, and 

iodide is perhaps best known as an additive in iodized table salt, albeit at low concentrations. In addition 

to these tracers, biostimulation amendments added to the groundwater included a fermentable sodium 

lactate-based substrate with nutrients (WilClear Plus®) and DAP. 

4.2.1 Tracer Distribution During Phase 1 

Fluorescein was added together with deuterated water over a period of 24 hours while the recirculation 

system operated at 20 gpm (10 gpm at KAFB-106EX1, and 10 gpm at KAFB-106EX2). Three 

measurements of fluorescein concentrations of injected water collected directly from the KAFB-106IN1 

sample port averaged 570 µg/L during the 24 hours of tracer injection, while background concentrations 

were non-detectable. 
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Figures 9 and 10 show measured fluorescein concentrations in samples collected from shallow and 

intermediate wells, respectively. The average transport times for the anaerobic shallow wells with high 

EDB concentrations, as indicated by the date of maximum tracer contribution, were of primary interest 

and are provided in Table 16. These indicate that transport times increased with increasing distance, and 

no strong indications of preferential flow were apparent. Decreases in maximum concentrations with 

increasing distances from the injection well were indicative of dispersion within the subsurface as 

expected. After the 30 days of groundwater recirculation and , the added fluorescein was redistributedion, 

in the groundwater and fluorescein concentrations among the shallow wells of the pilot test ranged from 

3.7 µg/L (KAFB-106EX1) to 8.2 µg/L (KAFB-106EX2). After an additional month without groundwater 

recirculation (passive portion of Phase 1), fluorescein concentrations in the groundwater ranged from 

4.1 µg/L (KAFB-106MW1-S) to 5.5 µg/L (KAFB-106064) among the shallow wells. Among the 

intermediate monitoring wells, fluorescein was observed at a maximum of 92 µg/L at KAFB-106MW2-I 

after 7 days of recirculation, and at a maximum of 50 µg/L at KAFB-106MW1-I after 30 days of 

recirculation. No fluorescein was observed at the   existing intermediate monitoring well KAFB-106063 

during Phase 1. 

Deuterium labeled water was added at the same time as the fluorescein to ensure that at least one tracer 

was measurable during the tracer test. Three measurements of δ2H values of the injected water averaged 

+590‰ during the 24 hours of tracer injection, while background δ2H values at the test area ranged 

from -97‰ to -92‰. Figures 11 and 12 show measured δ2H values of the water samples collected from 

shallow and intermediate wells. There is clear agreement between the fluorescein and δ2H data, which 

provides confidence in observed transport times and water distribution. After the 30 days of groundwater 

recirculation, the deuterated water was redistributed in the groundwater and δ2H values among the 

shallow wells of the pilot test ranged from -90‰ (KAFB-106EX1) to -84‰ (KAFB-106EX2). After an 

additional month without groundwater recirculation (passive portion of Phase 1), δ2H values in the 

groundwater ranged from -89‰ (KAFB-106MW1-S) to -86‰ (KAFB-106MW2-S) among the shallow 
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wells. Among the intermediate monitoring wells, δ2H was observed at a maximum of +19‰ at KAFB-

106MW2-I after 7 days of recirculation, and at a maximum of -62‰ at KAFB-106MW1-I after 30 days 

of recirculation. For reference, Vienna Standard Mean Ocean Water has a δ2H value of 0‰, by definition. 

As with fluorescein, no significant shift in δ2H values was observed at the existing intermediate 

monitoring well KAFB-106063 during Phase 1. 

The results from the Phase 1 tracer test indicated that the targeted treatment zone encompassing the 

shallow groundwater monitoring wells were hydraulically connected with the injection well. Additionally, 

it was evident that amendments were distributed in the treatment zone under the planned operating 

conditions. In particular, distribution of amendments to groundwater sampled by monitoring wells nearest 

to the injection well (KAFB-106MW2-S and KAFB-106064) occurred within 5 days of operation, 

suggesting a high likelihood of successfully distributing biostimulation amendments to that favor 

reductive debromination of EDB. Based on these observations during Phase 1 operations, the 

recirculation system was operated similarly to distribute biostimulation amendments during Phases 2 and 

3. 

4.2.2 Tracer Distribution During Phase 2, 3, and 34 

Phase 2 

Iodide, introduced as KI, was used as conservative tracer to verify distribution of water containing 

biostimulation amendments, and to allow for distinction between recirculated waters and background 

water. During the Phase 2 recirculation period, four samples of the injected groundwater were collected 

directly from the KAFB-106IN1 sample port while the chemical feed pump was operating. Iodide results 

from the injectate ranged from 18 to 26 mg/L. Adjusting for the timing of amendment cycles, the average 

concentration of iodide in reinjected water ranged from 15 to 18.6 mg/L. 
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Figures 13 and 14 show iodide concentrations of samples collected from shallow and intermediate wells, 

respectively, during the pilot test. The iodide data are consistent with observations made using other 

tracers during Phase 1, showing more rapid transport to the shallow monitoring wells nearest to the 

injection well (KAFB-106MW2-S and KAFB-106064), with amendments arriving at the more distant 

extraction wells last. Also evident in the iodide data is that final concentrations observed at the nearest 

monitoring wells of 17 mg/L (KAFB-106MW2-S) and 18 mg/L (KAFB-106064) are equivalent with 

injected iodide concentrations (KAFB-106IN), which indicates that most of the groundwater observed at 

these wells was previously amended and reinjected. Groundwater at the more distant shallow groundwater 

monitoring well (KAFB-106MW1-S) was measured at 11 mg/L during the recirculation period, slightly 

lower than injected concentrations, indicating that a fraction of that water represented background 

conditions, or water that had previously been recirculated (during Phase 1) without iodide amendments. 

Lower concentrations of iodide observed at the extraction wells, 2.7 mg/L at KAFB-106EX2 and 

1.3 mg/L at KAFB-106EX1, indicate longer transport times and dispersion consistent with Phase 1 

results, and dilution due to extraction of water from both inside and outside the treatment zone. Consistent 

with Phase 1 tracer study results, elevated iodide concentrations up to 7.3 mg/L were observed at the 

nearest intermediate monitoring well (KAFB-106MW2-I), while transport to the other intermediate 

monitoring wells were slower, with an iodide measurement of 1.2 mg/L at KAFB-106MW1-I and no 

detections of iodide at KAFB-106063. Overall, iodide concentrations observed during the Phase 2 

recirculation period indicated good distribution of injected waters, particularly within the treatment zone 

encompassing the shallow monitoring wells nearest to the injection well. 

After recirculation of amendments at the start of Phase 2, a passive period without recirculation, but with 

continued monitoring, commenced and lasted more than four months and included four sampling events. 

Changes in iodide concentrations during the Phase 2 passive period were also informative. Iodide 

concentrations among the shallow groundwater monitoring wells nearest the injection well were fairly 

constant, with concentrations ranging from 17 to 22 mg/L for wells KAFB-106064 and  
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KAFB-106MW2-S, and concentrations ranging from 13 to 16 mg/L for KAFB-106MW1-S. These iodide 

concentrations indicated that the sampled groundwater remained heavily influenced by treatment 

activities. Interestingly, iodide concentrations at KAFB-106EX1 increased from 1.3 mg/L at the end of 

recirculation to 8.3 mg/L during the Phase 2 passive period, and iodide concentrations at KAFB-106EX2 

decreased from 2.7 mg/L at the end of recirculation to 0.3 mg/L during the Phase 2 passive period. While 

a decrease in iodide concentrations can result from iodide oxidation to iodate, the reducing conditions 

present at the site suggest this process should be limited. Rather the shifts in iodide concentrations at the 

outer boundaries of the treatment zone provide evidence that groundwater from outside the treatment zone 

is entering the treatment zone at KAFB-106EX2, and that groundwater with higher iodide concentrations 

from within the treatment zone are continuing to flow toward KAFB-106EX1. These data are consistent 

with a general west to east groundwater flow at the pilot site under ambient conditions at the time of the 

pilot test. A similar decrease in iodide concentrations was also observed at the intermediate monitoring 

well KAFB-106MW2-I, indicating that this well may also be located close to the upgradient edge of the 

treatment zone and influenced by groundwater from outside the treatment zone during passive periods. 

Phase 3 

During Phase 3 amendment and recirculation activities, no additional iodide was added to the aquifer as 

KI; however, iodide already present in the subsurface after Phase 2 was redistributed. As such, the 

presence of iodide still served as a conservative tracer to allow for distinction between recirculated waters 

(from either Phase 2 or 3) and background groundwater with low iodide concentrations. At the end of the 

Phase 3 recirculation period, iodide concentrations among the shallow groundwater monitoring wells 

ranged from 4.5 mg/L (KAFB-106MW2-S) to 6.2 mg/L (KAFB-106MW1-S). This tight range indicates 

that amendments continued to be distributed well in the treatment zone during Phase 3. Interestingly, 

iodide concentrations of the intermediate monitoring wells increased during Phase 3 recirculation, with 

concentrations increasing to 15 mg/L (KAFB-106MW1-I), 10 mg/L (KAFB-106MW2-I), and 5.2 mg/L 

(KAFB-106063). While some redistribution of iodide was apparent during Phase 2 passive periods, these 
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increases in iodide concentrations at the intermediate monitoring wells indicate that transport to these 

locations generally took longer than the period of active recirculation with iodide amendments during 

Phase 2 and continued to be redistributed to deeper locations during Phase 3 recirculation activities. This 

is logical considering the shallower screen intervals of both the injection well and extraction wells. 

As during Phase 2, a passive period without recirculation, but with continued monitoring, commenced 

after recirculation ended. Iodide concentrations among the shallow groundwater monitoring wells nearest 

to the injection well varied little, with concentrations ranging from 6.3 mg/L (KAFB-106MW1-S) to 

3.6 mg/L (KAFB-106MW2-S). These concentrations of iodide during the passive period indicated that 

the sampled groundwater remained heavily influenced by treatment activities. As before, iodide 

concentrations at KAFB-106EX1 increased from 4.6 mg/L at the end of recirculation to 6.2 mg/L during 

the Phase 3 passive period, and iodide concentrations at KAFB-106EX2 decreased from 4.6 mg/L at the 

end of recirculation to 0.5 mg/L during the Phase 3 passive period. These data remain consistent with a 

general west to east groundwater flow at the pilot site under ambient conditions. As during Phase 2, a 

similar decrease in iodide concentrations was also observed at the intermediate monitoring well KAFB-

106MW2-I, again indicating that this well may be located close to the upgradient edge of the treatment 

zone and influenced by groundwater from outside the treatment zone during passive periods. 

Phase 4 

As described previously, Phase 4 of the pilot test did not include any groundwater recirculation efforts, or 

introduction of additional amendments to the subsurface. The presence of iodide served as a conservative 

tracer of groundwater that had previously been amended and recirculated. During Phase 4, iodide 

concentrations among the shallow monitoring wells ranged from 3.8 mg/L (KAFB-106064) to 6.3 mg/L 

(KAFB-106MW2-S); iodide concentrations at KAFB-106EX1 ranged from 6.8 mg/L (August 2020) to 

10 mg/L (March 2020); iodide concentrations at KAFB-106EX2 ranged from non-detections to 0.35 

(October 2020); and iodide concentrations at the injection well (KAFB-106IN1) ranged from 2.6 mg/L 
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(October 2020) to 5.1 mg/L (August 2020). Detectable concentrations of iodide among the intermediate 

groundwater monitoring wells ranged from 0.35 mg/L (KAFB-106MW2-I) to 13 mg/L (KAFB-

106MW1-I) during Phase 4.  

Iodide concentrations observed at shallower wells during Phase 4 passive period were consistent with 

those observed during Phase 3. This consistency indicates limited groundwater flux across the pilot test 

location over the approximately two-year period that passed since water was last recirculated. The 

sampled groundwater remained heavily influenced by treatment activities. During Phase 4, iodide 

concentrations at intermediate depth groundwater monitoring wells were more variable and a decrease in 

iodide concentrations was evident in at least two (KAFB-106MW1-I and KAFB-106MW2-I) of the three 

wells (Figure 14). Sulfate and methane concentrations at KAFB-106MW1-I and KAFB-106MW2-I 

during Phase 4 (see Section 4.4) indicate less reducing conditions at these wells, and the decrease in 

iodide at these wells may have resulted from possible oxidation of iodide to iodate, or influx of 

groundwater from outside the treatment zone. 

4.2.3 Distribution of Fermentable Substrate  

Recirculated groundwater during Phase 2 and Phase 3 was amended with WilClear Plus®, which served 

as a fermentable substrate to stimulate debrominating organisms in the subsurface during the pilot test. As 

noted in the discussion of tracers above, reinjected groundwater was distributed throughout the treatment 

zone of the pilot test. However, due to possible sorption and retardation of organic compounds, the 

distribution of this fermentable substrate may have been slower than that of the tracers and observations 

of substrate and its immediate transformation products (e.g., acetate and propionate) provide additional 

insight regarding substrate distribution. During the Phase 2 recirculation period, three samples of the 

injected groundwater were collected directly from the KAFB-106IN1 sample port while the chemical feed 

pump was operating. Lactate concentrations of the injectate ranged from 140 to 154 mg/L. Adjusting for 

the timing of amendment cycles, the average concentration of lactate in reinjected water was 
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approximately 110 mg/L. While measurements of reinjected substrate concentrations at KAFB-106IN1 

were not made during Phase 3 recirculation activities, the system was operated under similar conditions, 

and lactate concentrations likely averaged near between 100 and 150 mg/L as observed during Phase 2 

recirculation. 

Figures 15, 16, and 17 shows measured lactate, acetate, and propionate concentrations of samples 

collected at all the monitoring wells during the pilot test. All three compounds were observed in baseline 

samples, perhaps as a result of low-level fermentation of organics present in the aquifer. While lactate 

was introduced to the subsurface at around 110 concentrations between 100 and 150 mg/L, concentrations 

at monitoring wells never exceeded 4 mg/L. Biological transformation of lactate, however, results in the 

production of both acetate and propionate. While acetate and propionate , which were generally not 

detected in the amended and reinjected injected groundwater at concentrations of less than 30 mg/L 

during Phase 2, significantly higher concentrations were observed at monitoring wells, presumably as a 

result of in situ transformation of the amended carbon substrate. Figures 16 and 17 show measured acetate 

and propionate concentrations, respectively, from samples collected at all the monitoring wells during the 

pilot test. All wells showed clear increases in acetate concentrations, ranging from a lowest maximum of 

44 mg/L in KAFB-106EX2 to a highest maximum of 151 mg/L in KAFB-106MW2-S. Likewise, 

propionate concentrations clearly increased due afterto  biostimulation amendments, with only KAFB-

106063 having no detections. Propionate concentrations in the wells ranged from a lowest maximum of 

6.8 mg/L in KAFB-106MW1-I to a highest maximum of 74.9 mg/L in KAFB-106064. The observed 

decrease in lactate concentrations, together with increases in acetate and propionate strongly suggest that 

lactate fermentative conditions organic substrate capable of stimulating conducive to reductive 

debromination of EDB were present as distributed toat most wells during the pilot test. As expected, 

concentrations of acetate and propionate decreased at many of the wells during passive periods, and 

extended monitoring to evaluate whether stimulated debrominating activity is sustained may be beneficial 

in the evaluation of the potential viability of this technology in the Corrective Measures Evaluation.. 
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4.3 Microbial Analysis 

As described in Section 4.2.3, amendments were supplied in the treatment area during Phase 2 and 3 to 

stimulate biological activity capable of reductive debromination of EDB. Figures 18 to 24 show 

populations of total eubacteria (EBAC), sulfate reducing bacteria (APS), methanogens (MGN), 

Dehalobacter spp. (DHBt), Dehalobacter DCM (DCM), Dehalogenimonas spp. (DHG), and 

Desulfitobacterium spp. (DSB) as determined by Microbial Insights’ QuantArray-Chlor assay analysis.  

Generally, the results indicated that the groundwater contained large populations of microorganisms prior 

to pilot test activities, with EBAC counts ranging from around 106 cells per milliliter (cells/mL) to 

107 cells/mL, APS counts ranging from 104 cells/mL to 105 cells/mL, and representative organisms likely 

capable of EDB debromination (i.e., DHBt and DSB) ranging from around 104 to 105 cells/mL in baseline 

samples. This is consistent with microbial analyses from at KAFB-106064 in 2015 and an order of 

magnitude (OOM) or greater than observed at a background well in 2015 (Kirtland AFBUSACE, 2016b). 

Given the large release of hydrocarbons at the site that can provide energy for diverse microbial 

communities, this high level of activity is not surprising. With one exception during Phase 4 (KAFB-

106IN1), populations of Dehalococcoides spp. (DHC), a well-known dehalogenating species, were below 

30 cells/mL throughout the pilot test and these DHC populations were not expected to contribute to EDB 

degradation during the pilot test without bioaugmentation. Fortunately, for the pilot test, the high number 

of other likely debrominating organisms suggested that biostimulation to increase their activity was 

possible.  

During the various phases of the pilot test, the measured populations increased by as much as two OOM 

depending on the organism and monitoring well examined. Increased microbial populations were 

particularly apparent at the deeper wells (i.e., KAFB-106063, KAFB-106MW1-I and KAFB-106MW2-I), 

likely because conditions at these locations were more oligotrophic prior to recirculation. For populations 

of EBAC, much of the observed increase in population size occurred during Phase 1 recirculation 

activities. As with the deeper wells, this increase in EBAC after Phase 1 recirculation activity may be the 
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result of organic carbon and nutrient redistribution in the treatment zone along with the increased 

groundwater flows due to recirculation. As with the high cell numbers prior to recirculation and 

amendments at the site, the large numbers of organisms likely capable of reductive debromination (105 to 

106 cells/mL for DHBt, and around 105 cells/mL for DSB) observed after biostimulation, suggest 

indicated that the microbial capacity for EDB debromination remained very prevalent activity may have 

been stimulated during the pilot test. Unfortunately, the microbial analyses performed do not provide 

direct information regarding the biodegradation activity of the microbial community. Such activity must 

be inferred from other lines of evidence collected during the pilot test, such as changes in EDB 

concentrations, products of EDB degradation, and shifts in isotope composition of residual EDB. 

Three microbial populations that increased by more than 2 OOM during pilot test activities are MGN, 

DHG, and DCM. Stimulation of methanogens was also evident from increases in methane within the 

treatment zone, as discussed below in Section 4.4. The increases in DHG and DCM occurred only after 

the addition of biostimulation amendments, but it is unclear whether these directly impacted EDB 

degradation. DHG are known to reductively dehalogenate 1,2-dichloroethane (Moe et al., 2009), the 

chlorinated analog of EDB, and DHG likely also dehalogenate EDB. DCM are particularly known for 

their ability to grow using dichloromethane (Justicia-Leon et al., 2012), but are also a species of 

Dehalobacter (DHBt) that may include the ability to reductively dehalogenate other compounds. As with 

the larger numbers of DHBt and DSB present at the site, tThe growth of DHG and DCM suggest that 

EDB debromination activity may have been stimulated during the study, but, as with the other microbial 

data, these data are not conclusive in isolation.. 

4.4 Geochemistry 

DO, sulfate, iron, and methane were monitored during the pilot test as indicators of in situ redox 

conditions (Figures 25 to 28). DO was monitored during purging activities using a water quality meter 

(YSI™ ProDSS). Samples for sulfate, iron, and methane were collected from pilot test wells and 



SECTION 4 

Kirtland AFB BFF 4-12 March 2021April 2019 
EDB In Situ Biodegradation Pilot Test Report 4-12 KAFB-019-0001 
Bulk Fuels Facility, SWMUs ST-106/SS-111  

submitted for laboratory analysis. All four parameters indicate that intended anaerobic conditions 

favoring reductive debromination of EDB occurred during the pilot test. 

The pilot test was sited within a zone significantly impacted by hydrocarbons. DO concentrations at the 

shallow wells most impacted were low (less than 1 mg/L) under baseline conditions presumably due to 

past aerobic degradation of some of these hydrocarbons. Intermediate wells were not as impacted by 

hydrocarbons and generally had greater DO concentrations ranging from 1.7 mg/L at KAFB-106MW2-I 

to 7.4 mg/L at KAFB-106MW1-I. During Phase 1 recirculation without biostimulation amendments, DO 

decreased to less than 0.5 mg/L in the wells, except for extraction well KAFB-106EX1 (2.1 mg/L) and 

intermediate wells KAFB-106MW1-I (8.4 mg/L) and 106063 (1.9 mg/L). Extraction well KAFB-106EX1 

is located near the eastern edge of the hydrocarbon and EDB plume and pumping may have drawn in 

more oxygen rich and less impacted groundwater from greater depths or from further east. As indicated 

by tracer tests, intermediate wells KAFB-106MW1-I and KAFB-106063 were less impacted by 

recirculated water during the Phase 1 recirculation period. During and after Phase 2 and Phase 3 

recirculation periods in which amendments were introduced to groundwater, DO concentrations were 

below 1 mg/L at all wells, with most concentrations below 0.5 mg/L. Occasional DO concentrations 

above 1 mg/L were observed at the extraction wells KAFB-106EX1 and KAFB-106EX2 during passive 

periods. The extraction well samples were collected by briefly turning on the recirculation pumps and the 

slightly elevated DO concentrations may have resulted from minor introductions of oxygen during this 

sampling process, or it may have resulted from collection of more oxygenated waters occurring in situ. 

During Phase 4, DO concentrations remained below 1 mg/L except at extraction wells KAFB-106EX1 

and KAFB-106EX2 during the final sampling event (October 2020). The elevated DO at the two 

extraction wells is unexplained and other parameters and analytes at these wells generally appear 

consistent with previous observations. Overall, tThe low DO concentrations within the treatment zone 

reflect favorable conditions for reductive debromination of EDB. 
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With the exception of KAFB-106EX2 (25 mg/L), sulfate concentrations in shallow wells were low 

(<5 mg/L) under baseline conditions presumably due to past sulfate reduction to sulfide. Sulfate reduction 

is indicative of bulk reducing conditions in the aquifer that favor EDB debromination and, under site 

conditions, the resulting sulfide typically might precipitates together with dissolvedinteract with other 

subsurface elements metals (e.g., iron) to form sulfide minerals. Prior to Phase 4 of the pilot test, 

Throughout the pilot test, sulfate concentrations at KAFB-106EX2 always exceeded 10 mg/L with a 

maximum concentration of 39.7 mg/L (Phase 2 passive), perhaps as a and may be the result of extracting 

groundwater richer in sulfate from outside the treatment zone. Intermediate wells were not as impacted by 

hydrocarbons and generally had greater sulfate concentrations under baseline conditions ranging from 

16.4 mg/L at KAFB-106063 to 23.8 mg/L at KAFB-106MW1-I. During Phase 1 recirculation without 

biostimulation amendments, there was an increase in sulfate concentrations among the shallow wells as 

sulfate was redistributed at the site with concentrations ranging from 13.8 mg/L at KAFB-106064 to 28.5 

at KAFB-106EX1, and among the intermediate wells with concentrations ranging from 15.4 mg/L at 

KAFB-106MW2-I to 26 mg/L at KAFB-106063. During the subsequent Phase 1 passive period, sulfate 

generally decreased in the wells to less than 5 mg/L due to sulfate reduction, but concentrations exceeding 

10 mg/L were still observed at the extraction wells and two of the three intermediate wells (KAFB-

106063 and KAFB-106MW1-I). During and after Phase 2 and Phase 3 recirculation periods, sulfate 

concentrations were below 5 mg/L in the wells (except for KAFB-106EX2) and were often not detected. 

During the recirculation events themselves, both extraction wells had sulfate concentrations exceeding 

5 mg/L, and it is likely that much of this observed sulfate was drawn to the extraction wells from outside 

the treatment zone. During Phase 4, after observation of NAPL in KAFB-106EX2 and KAFB-106EX1, 

its subsequent removal, and installation of new sampling pumps, lower sulfate concentrations of less than 

1 mg/L were noted in KAFB-106EX2, consistent with more reducing conditions observed at other 

locations. During Phase 4, sulfate concentrations at intermediate wells KAFB-106MW1-I and KAFB-

106MW2-I increased to more than 5 mg/L, perhaps indicating somewhat more oxidized conditions. 

Overall, the low sulfate concentrations (below 20 mg/L), and observed decreases in sulfate concentrations 
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within the treatment zone reflected reducing favorable conditions favorable for reductive debromination 

of EDB. 

Due to the low solubility of ferric (Fe(III)) iron under circumneutral conditions as found at the site, 

dissolved iron concentrations are often considered indicative assumed to reflect concentrations of more 

reduced ferrous (Fe(II)) iron. Minerals containing oxidized Fe(III) are fairly ubiquitous and elevated 

dissolved iron concentrations are usually indicative of iron reducing environments. Baseline 

measurements at the site indicated dissolved iron concentrations ranging from 1 mg/L (KAFB-106MW1-

S) to 12 mg/L (KAFB-106MW2-S) in shallow wells, but concentrations at deeper, less impacted wells 

were all less than 1 mg/L. During and after Phase 2 and Phase 3 recirculation periods, dissolved iron 

concentrations increased due to iron reduction and maximum concentrations at individual wells ranged 

from 4.2 mg/L in KAFB-106EX2 to 22.1 mg/L in KAFB-106MW2-I. During Phase 4, dissolved iron 

concentrations ranged from 0.885 mg/L in KAFB-106MW2-I to 15.2 mg/L in KAFB-106MW2-S. 

Generally, tThese elevated dissolved iron concentrations observed during the pilot test are consistent with 

bulk reducing conditions that facilitate in the aquifer that are generally viewed as necessary for reductive 

debromination of EDB. 

High methane concentrations in the subsurface are frequently indicative of methanogenesis that occurs 

under anaerobic conditions. Methane was observed during baseline measurements among shallow wells 

with concentrations ranging from 2 µg/L at KAFB-106MW1-S to 179 µg/L at KAFB-106064. The higher 

concentrations support the interpretation that the treatment zone was anaerobic prior to pilot test 

activities. During the Phase 1 recirculation period, methane concentrations dropped to less than 10 µg/L 

suggesting mixing from less methanogenic regions, increased abiotic losses (e.g., due to degassing under 

flow conditions), or methane oxidation. During the Phase 1 passive period, methane concentrations 

rebounded with a maximum concentration of 350 µg/L at KAFB-106MW2-S. During the Phase 2 

recirculation period when lactate amendments were introduced, methane concentrations generally fell 
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again, but increased by many OOM at several wells during the following passive period, with 

concentrations exceeding 10,000 µg/L at the injection well and KAFB-106MW2-S. After the Phase 3 

recirculation period where lactate amendments were introduced, methane concentrations increased further 

and all wells, except for KAFB-106MW1-I, exceeded 100 µg/L. Shallow wells KAFB-106MW2-S and 

KAFB-106064 exceeded 10,000 µg/L. During Phase 4, while elevated methane concentrations were noted 

throughout the pilot test area, the lowest methane concentrations were observed at KAFB-106MW1-I and 

KAFB-106MW2-I, and may indicate somewhat more oxidized conditions at these locations. Methane 

concentrations measured during Phase 4 were above 100 µg/L in all wells except KAFB-106MW1-I and 

KAFB-106MW2-I; and exceeded 10,000 µg/L in shallow monitoring wells KAFB-106MW2-S and 

KAFB-106064. It should also be noted that the aqueous solubility of methane at 1 atmosphere is in the 

range of 20,000 µg/L, so it is feasible that minor pockets of gas-phase methane existed near wells with 

highest methane concentrations. These elevated methane concentrations are consistent with the increased 

populations of methanogens discussed in Section 4.3 and are indicative of reducing conditions favorable 

for EDB debromination. 

4.5 Selected Contaminants of Interest 

The primary objective of this pilot test was to evaluate the potential for enhanced anaerobic EDB 

biodegradation. Degradation of Oother contaminants co-located with EDB due to the nature of their 

common sources, including benzene and toluene, was ere not the objective of targeted by this pilot test. 

However, benzene and toluene can bewere used to help evaluate the fate of EDB. Both benzene and 

toluene are slightly less water soluble and more volatile than EDB, and their behavior helps constrain 

expectations for some abiotic EDB loss mechanisms, such as volatilization. Additionally, benzene and 

toluene are generally less susceptible than EDB to degradation under anaerobic conditions. As such, it is 

helpful to discuss the behaviors of benzene and toluene prior to discussing EDB degradation observed 

during the pilot test. Figures 29 to 31 show concentrations of benzene, toluene, and EDB, respectively for 
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all wells of the pilot test, and Table 17 shows the reduction of benzene, toluene, and EDB associated with 

each Phase of the pilot test, as well as from baseline evaluation to the most recent Phase 4 sampling.  

4.5.1 Benzene and Toluene  

Benzene concentrations in shallow monitoring wells during the baseline evaluation ranged from 586 µg/L 

at KAFB-106MW2-S to 8,240 µg/L at KAFB-106MW1-S; benzene was not detected in the intermediate 

wells during baseline measurements. The measured benzene baseline concentrations were somewhat 

higher than those measured prior to pilot test well installation and development activities (benzene 

concentrations were approximately 1,000 µg/L at well KAFB-106064). This increase may have been the 

result of different types of sample pumps (bladder pumps) placed at different depths, heterogenous 

distribution of benzene in the subsurface, or perhaps due to increased mass transfer from residual NAPL 

during well installation and development. It should be noted that the highest benzene concentration was 

observed at KAFB-106MW1-S where NAPL was present at the start of the pilot test (September 2017). 

During the Phase 1 recirculation period, benzene concentrations at shallow monitoring wells were more 

evenly distributed throughout the site and ranged from 2,730 µg/L (KAFB-106MW2-S) to 3,630 µg/L 

(KAFB-106MW1-S). With the exception of the injection well (KAFB-106IN1) and monitoring well 

KAFB-106MW1-S, benzene concentrations in shallow monitoring wells for the remainder of the pilot test 

ranged in concentration from 1,680 500 µg/L at KAFB-106MW2S 106MW2-S to 4,4006,700 µg/L at 

KAFB-106EX2, indicating limited losses due to biodegradation or abiotic mechanisms (e.g., 

volatilization, dilution). Benzene concentrations as low as 750 590 µg/L were observed at the injection 

well during Phase 4 sampling, but as noted in Section 3.4, this well was sampled using a bailer later in the 

pilot test after the dedicated submersible pump at the well stopped operating. Interestingly, benzene 

increased during the passive periods at the shallow well KAFB-106MW1-S to concentrations as high as 

9,800 µg/L. The higher concentration at KAFB-106MW1-S is similar to baseline conditions prior to 

recirculation and may be the result of increased mass transfer from residual NAPL phases, as NAPL had 

previous been observed at that location. 
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Relative to the shallower monitoring wells, benzene concentrations at the intermediate wells during the 

pilot test were more variable and interpreting changes in these benzene concentrations is more 

challenging. As noted earlier, benzene was not detected at the intermediate wells during baseline 

measurements, but benzene concentrations increased after recirculation activities mixed groundwater over 

a greater depth. During Phase 2 and Phase 3 recirculation periods, benzene concentrations ranged from 

1,200 µg/L to 3,600 µg/L at the intermediate wells. However, these benzene concentrations decreased to 

approximately 50 µg/L during the Phase 2 passive period at KAFB-106MW1-I and 106MW2-I, ; and to 

approximately 130 µg/L0.67 µg/L at KAFB-106MW2-I during by the end of Phase 4 passive monitoring. 

No significant decrease in benzene concentrations was noted at KAFB-106063. The observed decreases in 

benzene concentrations may be due to sorption in the soils or degradation, but may also be attributed in 

part to the influx of groundwater not impacted by benzene as decreases in the iodide tracer were also 

observed in KAFB-106MW2-I.  

Toluene concentrations in shallow monitoring wells during the baseline evaluation ranged from 

1,540 µg/L at KAFB-106MW2-S to 13,200 µg/L at KAFB-106MW1-S, and toluene concentrations were 

less than 10 µg/L in all three intermediate monitoring wells, significantly less than the EPA maximum 

contaminant level (MCL) of 1,000 µg/L (EPA, 2009). As with benzene, the highest toluene concentration 

was observed at KAFB-106MW1-S where NAPL was present at the start of the pilot test. During the 

Phase 1 recirculation period, toluene concentrations at shallow monitoring wells were more evenly 

distributed throughout the site and ranged from 4,740 µg/L (KAFB-106MW2-S) to 9,330 µg/L 

(KAFB-106MW1-S). Toluene concentrations in the shallow monitoring wells for the remainder of 

Phases 1 through 3 ranged in concentration from 3,300 µg/L at the injection well to 19,500 µg/L at 

KAFB-106064, indicating limited losses due to biodegradation or abiotic mechanisms during this time 

(e.g., volatilization, dilution). Interestingly, toluene concentrations decreased during Phase 4 passive 

monitoring at many shallow wells (see Figure 30). These decreases were far greater than for benzene and 

may indicate some anaerobic biodegradation of toluene.  
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As with benzene, toluene concentrations at the intermediate wells during the pilot test were more variable 

and interpreting changes in these toluene concentrations is challenging. Toluene impacts at the 

intermediate wells were limited during the baseline evaluation, but toluene concentrations increased after 

recirculation activities mixed groundwater over a greater depth. During Phase 2 and Phase 3 recirculation 

periods, toluene concentrations increased to concentrations as high as 19,000 µg/L at the intermediate 

wells, but as observed with benzene, toluene concentrations decreased during the following passive 

periods at wells KAFB-106MW1-I and KAFB-106MW2-I, decreasing to below concentrations as low as 

7.4 µg/Ldetectable concentrations at KAFB-106MW2-I during Phase 4 passive monitoring. No 

significant decreases in toluene concentrations were noted at KAFB-106063.Toluene concentrations 

decreased during Phase  4 passive monitoring at KAFB-106063 to a concentration of 1,800 µg/L (from 

19,000 µg/L during Phase 3 passive period). As noted with benzene, the observed decreases in toluene 

concentrations at the intermediate wells may be due to sorption in the soils or degradation, but may also 

be attributed in part to the influx of groundwater not impacted by toluene as decreases in iodide tracer 

were also observed in KAFB-106MW2-I and KAFB-106MW1-I..  

Overall, the trends among benzene and toluene concentrations suggest that losses during and after 

recirculation were limited at the shallower wells, but interpretation of trends at the intermediate wells is 

more challenging. With the exception of toluene decreases noted among shallow monitoring wells during 

Phase 4 monitoring, the reasonably constant benzene and toluene concentrations observed in the shallow 

zone throughout the pilot test provide a good point of comparison to help evaluate EDB degradation. As 

noted below, dDecreases in EDB concentrations much greater than observed for benzene and toluene 

provide strong evidence of EDB degradation, as other abiotic loss mechanisms leading to lower 

concentrations would likely be mirrored in benzene and toluene data. 

4.5.2 EDB  

EDB Concentrations  
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EDB was the primary contaminant targeted by these pilot test efforts. EDB concentrations in shallow 

monitoring wells during the baseline evaluation ranged from 20.1 µg/L at KAFB-106IN1 to 432 µg/L at 

KAFB-106MW1-S, and among the intermediate wells EDB was only detected at KAFB-106MW2-I with 

a concentration of approximately 0.1 µg/L. These baseline EDB concentrations were somewhat higher 

than that measured prior to pilot test well installation, when EDB concentrations at KAFB-106064 were 

9.3 µg/L (Fourth Quarter 2016 Kirtland AFBUSACE, 2017c) and 17 µg/L (Second Quarter 2016; 

Kirtland AFBUSACE, 2016c). This increase may have been the result of different types of sample pumps 

(bladder pumps) placed at different depths, heterogenous distribution of EDB in the subsurface, or 

perhaps due to increased mass transfer from residual NAPL during well installation. As with benzene and 

toluene, the highest EDB concentration during the baseline evaluation was observed at KAFB-106MW1-

S where NAPL was present at the start of the pilot test. 

EDB concentrations at shallow monitoring wells were more evenly distributed during the Phase 1 

recirculation period and ranged from 50.4 µg/L (KAFB-106EX1) to 137 µg/L (KAFB-106EX2), with 

EDB concentrations at wells closer to the injection well ranging from 68 µg/L (KAFB-106MW2-S) to 

104 µg/L (KAFB-106MW1-S). Compared to the EDB concentrations observed during Phase 1 

recirculation, concentrations at the shallow monitoring wells decreased during the following Phase 1 

passive period, with EDB reductions of approximately 75% observed at wells KAFB-106064 (20.3 µg/L), 

KAFB-106EX1 (12.9 µg/L), and KAFB-106MW2-S (15 µg/L) after the one-month passive period. This 

is slightly less than a one-log reduction (i.e., 90%), as indicated in Table 17. Decreases of similar 

magnitude were not observed for benzene and toluene, where losses were less than 25% and, in most 

cases, less than 10% with some increases in concentration. These observations are consistent with some 

ongoing EDB degradation that may have been further stimulated by groundwater recirculation and 

nutrient redistribution from other locations within the aquifer. Whether this apparent EDB degradation 

would have been sustained for longer periods was not assessed during this pilot test as Phase 2 

recirculation and biostimulation activities commenced as planned after the approximately one-month 
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passive period. Decreases in EDB concentrations were observed at the intermediate monitoring wells too, 

with losses up to 95%. However, these EDB reductions were mirrored in benzene and toluene data, and 

may be due to degradation or other processes, such as sorption in the soils or influx of unimpacted 

groundwater. 

During the last sampling of the Phase 2 recirculation period, the range of EDB concentrations observed at 

shallow monitoring wells was less variable, ranging from 66.4 µg/L at KAFB-106MW1-S to a maximum 

of 90.9 µg/L at KAFB-106EX2. This indicated good some redistribution of EDB within the treatment 

zone and provides a good point of comparison for changes during the subsequent passive period. Except 

for KAFB-106EX2, where no change in EDB concentration was observed, EDB concentrations decreased 

during the Phase 2 passive period by approximately 90% or more. As indicated in Table 17, this 

corresponds to one-log (90%) to three-log reduction (99.9%) relative to maximum concentrations 

measured during Phase 2 recirculation. Notably, EDB was not detected at the injection well (KAFB-

106IN1) or KAFB-106MW2-S at the end of the passive period, with detection limits of approximately 

0.02 µg/L. As mentioned earlier, no significant decreases of benzene and toluene were observed, 

providing evidence that abiotic losses (e.g. volatilization) were limited, and that anaerobic EDB 

degradation was stimulated during this passive period. As during the Phase 1 passive period, decreases in 

EDB concentrations were observed at the intermediate monitoring wells, but decreases in benzene and 

toluene were also observed, such that changes were not exclusive to EDB. In addition to EDB, benzene, 

and toluene degradation, other possible explanations leading to these decreases at intermediate wells 

include sorption in the soils or influx of unimpacted groundwater. 

Due to the large decrease in EDB concentrations during Phase 2 and apparent in situ biodegradation 

activity of indigenous debrominating organisms, a decision was made to delay the planned 

bioaugmentation of the treatment zone with exogenous debrominating organisms (Kirtland AFBUSACE, 

2018a). Instead, additional recirculation with more organic substrate and nutrients was performed during 
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Phase 3 with the goal of expanding the biological treatment zone. Interestingly, and in contrast to Phase 1 

and Phase 2 recirculation activities and in contrast to other solutes (e.g., iodide, benzene, toluene), EDB 

concentrations observed during Phase 3 recirculation exhibited a new pattern. Measured EDB 

concentrations at the extraction wells were reasonably constant during this recirculation period, with 

concentrations at KAFB-106EX1 ranging from 11 µg/L to 20 µg/L, and concentrations at KAFB-106EX2 

ranging from 47 µg/L to 97 µg/L. Based on flows through the treatment system from the extraction wells, 

EDB in the reinjected groundwater ranged from approximately 35 µg/L to 45 µg/L, yet concentrations at 

the monitoring wells were less, ranging from approximately 3 µg/L at KAFB-106064 to 11 µg/L at 

KAFB-106MW1-S. Notably, EDB concentrations also decreased at the shallow wells during this 

recirculation period with time. Observing concentrations lower than injected concentrations and 

decreasing EDB concentrations during the recirculation period suggests that EDB degradation was 

stimulated and occurred between the injection well and the shallow monitoring wells during the Phase 3 

recirculation period. Similar decreases in concentrations were not observed for benzene or toluene. 

Except for KAFB-106EX2 and KAFB-106MW1-S, where changes in EDB concentrations were less, 

EDB concentrations during the subsequent passive period decreased by 95% or more relative to 

maximums observed during the preceding recirculation period. As indicated in Table 17, these decreases 

corresponded to one-log (90%) to three-log reduction (99.9%) relative to maximum concentrations 

measured during Phase 3 recirculation, and EDB was detected at concentrations less than the EPA MCL 

of 0.05 µg/L (EPA, 2009) at the injection well (KAFB-106IN1) and wells KAFB-106MW2-S and KAFB-

106064. As mentioned earlier, no significant losses of benzene and toluene were observed, providing 

evidence that abiotic losses (e.g. volatilization) were limited, and that anaerobic EDB degradation was 

stimulated during this passive period. Overall, the footprint of enhanced EDB degradation appeared larger 

after Phase 3 activities than during Phase 2. As during the Phase 1 and 2 passive periods, decreases in 

EDB concentrations were observed among the intermediate monitoring wells during Phase 3, but because 

similar decreases in benzene and toluene were also observed, such changes were not exclusive to EDB 

and could not be solely attributed to reductive debromination. 
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Phase 4 extended monitoring of the pilot test performance commenced after Phase 3, and one five 

sampling rounds were performed has been completed to date that, the first of which occurred 

approximately four months after Phase 3 recirculation activities were halted. While There was no 

significant rebound in EDB concentrations was noted during this sampling eventPhase 4., During Phase 4, 

EDB decreased by an additional 80% at KAFB-106MW1-S since the last passive sampling event during 

Phase 3to non-detectable concentrations at all wells except KAFB-106EX2 and KAFB-106MW2-S. 

Concentrations of EDB have decreased in KAFB-106EX2 from 55 µg/L (last Phase 3 passive sampling 

event) to 0.36 µg/L at the end of Phase 4. Concentrations of EDB have increased slightly in KAFB-

106MW2-S from 0.019 µg/L (last Phase 3 passive sampling event) to 0.087 µg/L at the end of Phase 4. 

Figure 8 shows the EDB concentrations measured during baseline and Phase 4 sampling events at all pilot 

test wells. Table 17 and Figure 32 show the overall extent of reduction in EDB, benzene, and toluene 

from baseline measurements (or the highest observed concentrations for intermediate wells) to the most 

recent Phase 4 sampling event (October 2020). With the exception of KAFB-106EX2, EDB reductions 

were greater than 9799% in the all six shallow wells, with five our of the wells exhibiting greater than 

two-log reductions (99%), and two of the wells exhibiting greater than three-log reductions (99.9%). 

Further, three four of the shallow wells were below the EPA MCL of 0.05 µg/L (EPA, 2009) for EDB 

during their most recent sampling event (Figure 8). Except for decreases of toluene at two shallow wells 

during the most recent sampling, and at intermediate wells, rReductions of benzene and toluene were 

much more limited. The large and rapid reductions in EDB concentrations in an environment conducive 

to reductive debromination strongly suggests that in situ anaerobic biodegradation of EDB occurred. 

EDB Degradation Products 

Reductive debromination of EDB by various debrominating organisms often results in stoichiometric 

production of one mole of ethene and two moles of bromide for each mole of EDB reduced (Koster van 

Groos et al, 2018). Under reducing conditions, ethene can also be further transformed to ethane, and both 

gases as well as bromide are reasonably stable under anaerobic conditions. Elevated concentrations of 



SECTION 4 

Kirtland AFB BFF 4-23 March 2021April 2019 
EDB In Situ Biodegradation Pilot Test Report 4-23 KAFB-019-0001 
Bulk Fuels Facility, SWMUs ST-106/SS-111  

these degradation products can provide additional evidence of reductive debromination of EDB under 

both baseline conditions and during pilot test efforts. During laboratory studies (Koster van Groos et al, 

2018), a minor branching product of tentatively identified vinyl bromide was observed during slower 

EDB hydrolysis conditions, but vinyl bromide was not detected during anaerobic biodegradation studies. 

Sequential hydrogenolysis of EDB to bromoethane and then ethane is also possible (Henderson et al., 

2008). Accurate measurement of trace concentrations of vinyl bromide or bromoethane products, as might 

be expected given relatively low parent EDB concentrations, is challenging and was not attempted during 

this pilot test. 

Based Assumingthe assumption of stoichiometric conversion of EDB to ethene and ethane during 

reductive debromination and that contributions of ethene and ethane from sources other than EDB were 

negligible,  and its stoichiometry, equivalent quantities of EDB degraded by this mechanism werecan be 

estimated using measured concentrations of ethene and ethane: 

𝑪𝑬𝑫𝑩ି𝒅𝒆𝒈𝒓𝒂𝒅𝒆𝒅 ൌ 𝑴𝑾𝑬𝑫𝑩 ∗ ൬
𝑪𝒆𝒕𝒉𝒆𝒏𝒆

𝑴𝑾𝒆𝒕𝒉𝒆𝒏𝒆


𝑪𝒆𝒕𝒉𝒂𝒏𝒆
𝑴𝑾𝒆𝒕𝒉𝒂𝒏𝒆

൰ 

wWhere C indicates concentrations in units of mass per volume, and MW indicates the molecular weights 

of the respective compounds. Figures 33 and 34 show estimated equivalents quantities of EDB degraded 

through this mechanism based on the formation quantities of ethene and ethane products observed at the 

shallow and intermediate wells, respectively. In shallow wells, estimates ofd equivalents of EDB 

degraded converted to ethene and ethane during the baseline evaluation ranged from approximately 20 

µg/L at KAFB-106EX1 to over 130 µg/L at both KAFB-106064 and KAFB-106MW2-S, indicating that 

there was likely EDB debromination occurring prior to any pilot test activities. During the Phase 1 

recirculation period, these estimates of EDB equivalents degraded decreased and ranged from 5 µg/L 

(KAFB-106MW2-S and KAFB-106EX2) to 24 µg/L (KAFB-106064). Many geochemical measures (e.g., 

sulfate, iron, methane) indicated more oxidizing conditions during this recirculation period, which may be 
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attributed to redistribution of the low concentrations of DO observed at KAFB-106EX1 throughout the 

treatment zone. The small quantities of DO introduced during this process may have helped facilitate 

some ethene and ethane consumption. During the Phase 1 passive period, increases in estimates of EDB 

equivalents degraded based on ethene and ethane were noted, which is consistent with the decreases in 

EDB concentrations during this period described earlier, providing further evidence of EDB degradation 

prior to biostimulation efforts. 

During and after the Phase 2 recirculation period, estimates of EDB equivalents degraded based on ethene 

and ethane increased to magnitudes similar to initial EDB concentrations, suggesting substantial 

conversion. The highest such estimate of EDB equivalents degraded occurred at KAFB-106MW1-S after 

Phase 3 biostimulation efforts with an estimated concentration of approximately 270 µg/L. This is also 

the location where the highest initial EDB concentrations were noted during the baseline evaluation with 

a concentration of over 400 µg/L. During Phase 4, the highest estimate of EDB degraded occurred at 

KAB-106EX2 with an estimated maximum concentration of approximately 309 µg/L. Extraction well 

KAFB-106EX2 also had a high initial EDB concentration of 143 µg/L measured during the baseline 

evaluation, and NAPL was observed in this well during Phase 4. Interestingly, dDecreases in ethene and 

ethane occurred with time at several wells the injection well (KAFB-106IN1) and KAFB-106MW2-S 

during the Phase 2 and Phase 3 passive periods, despite large EDB reductions at these locations. This 

decrease in ethene and ethane could indicate slowed production of these compounds due to the lower 

parent EDB concentrations, together with some ethene or ethane degradation or partitioning into gas-

phase pockets that may be present due to methanogenesis. As described in Section 4.4, very high methane 

concentrations were observed at these several wells that could reflect the presence of gas-phase methane. 

Reductive debromination of EDB often can results in the production of two moles of bromide for each 

mole of EDB degraded. However, tTwo challenges for examining bromide released during this process 

are the presence of bromide in background water and that expected bromide released from EDB could be 
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quite small. For example, degradation of 100 µg/L of EDB results in release of just 0.085 mg/L of 

bromide, which may be challenging to measure. One method for distinguishing the release of bromide 

from background water is to examine the ratio of bromide to chloride as these anions are typically 

correlated due to their frequent common sources. Deviation from a constant ratio in favor of greater 

bromide might indicate a unique source of bromide, such as EDB debromination.  

Figure 35 shows concentrations of bromide vs. chloride for all the wells of the pilot test, and Figures 36 

and 37 show the bromide to chloride ratio with time for the shallow and intermediate wells, respectively. 

The dashed red line in each of these figures approximates the background ratio of 0.0089 0079 based on 

previous studies (Kirtland AFBUSACE, 2016b). Examining these figures, very few samples were 

enriched in chloride relative to bromide compared to the background, but many samples were enriched in 

bromide. The largest apparent increase in bromide to chloride ratio occurred during and after the Phase 3 

recirculation period. This coincided with use of a new certified analytical laboratory after the original 

analytical laboratory measuring bromide ceased operations. There was also a significant increase in 

bromide to chloride ratio in shallow wells KAFB-106EX1, KAFB-106MW2-S, and KAFB-106MW1-S 

towards the end of Phase 4. Several of the increases in bromide appear to be on the order of 1 mg/L, 

which corresponds to degradation of approximately 1,200 µg/L of EDB – much more than was observed 

in aqueous phase measurements during the pilot test. One explanation for this large excess of bromide 

could be stimulation of debrominating organisms within the treatment zone and continuing release and 

degradation of EDB from a separate phase source (e.g. NAPL), which would certainly be of interest.  

Carbon Isotope Analysis of EDB 

Examining the isotope composition of pollutants provides a novel measure of their degradation (Hunkeler 

et al., 2008, Wilson et al., 2008). As EDB degrades, its carbon (C) stable isotope composition can change 

as EDB with a heavy C isotope substitution (13C) degrades slightly slower than EDB with only 12C 

(Koster van Groos et al, 2018). Biological and abiotic degradation of EDB both result in changes in the 
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isotope composition of EDB, and differences in reaction rates between the two EDB species are generally 

within 4% of each other. The isotope composition of EDB does not shift as a result of dilution and 

volatilization is expected to have negligible impact on isotope composition under site conditions. As such, 

a shift in EDB δ13C from more negative values to more positive values (corresponding to an increase in 

relative 13C abundance) provides additional evidence of EDB degradation. Figure 38 shows δ13C values of 

EDB sampled at shallow monitoring wells during the pilot test, as well as of EDB extracted from the 

NAPL recovered at well KAFB-106MW1-S during baseline studies. Unfortunately, it was not possible to 

measure the isotope composition of each sample, as low EDB concentrations and high concentrations of 

other VOCs, such as benzene and toluene complicated the analyses. 

The δ13C values of EDB in the NAPL sample and at well KAFB-106EX2 were consistently the most 

negative with values of -16‰ or lower, which indicates they were the least degraded. This is consistent 

with the other measures of EDB degradation discussed earlier and as shown in Table 17 and Figure 32. 

The baseline evaluation performed with samples collected prior to the pilot test included EDB δ13C values 

as high as -5‰, significantly higher than the EDB of the NAPL and located at KAFB-106EX2, indicating 

significant isotope fractionation and providing further evidence of EDB degradation under ambient 

conditions at the site prior to the pilot test. δ13C values of EDB during passive periods of the pilot test 

were typically more positive than preceding recirculation periods, providing further evidence of enhanced 

degradation during passive periods. δ13C of EDB at KAFB-106064 and KAFB-106MW2-S increased 

between baseline measurements and the first passive period, suggesting EDB degradation after initial 

recirculation efforts prior to the introduction of biostimulation amendments, consistent with observed 

decreases in EDB concentration at these locations. The highest δ13C value of EDB (+5‰) was from a 

sample collected at KAFB-106EX1 during the Phase 2 passive period and represents a large shift in 

isotope composition and significant EDB degradation. , yet wWe suspect, however, that if isotope 

analyses were feasible with lower concentration samples, even higher δ13C values would have been 

observed at several of the wells. Overall, the increases in δ13C values of EDB observed provide strong 
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supporting evidence that EDB degraded during the pilot test. Additionally, while isotope fractionation can 

result from both biological and abiotic degradation mechanisms, the relatively rapid shifts and other lines 

of evidence noted during the pilot test suggest that the shift in isotope composition was likely the result of 

biodegradation processes. Overall, the increases in δ13C values of EDB observed provide strong 

supporting evidence that EDB degraded during the pilot test. 
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5. CONCLUSIONS 

5.1 Conclusions 

The primary objective of this pilot test was to demonstrate anaerobic ISB as a treatment technology 

targeting EDB in impacted groundwater at Kirtland AFB. Based on the pilot test data reviewed here, the 

following conclusions regarding the effectiveness of ISB for EDB treatment were made: 

 Enhanced ISB of EDB was successfully demonstrated (see Figure 32 and Figure 8). EDB 

degradation was evident during the pilot test with a greater than two-log reduction (>99%) at 

all wells examined.EDB degradation was evident during the pilot test with a greater than 

three-log reduction (99.9%) to below the EPA MCL of 0.05 µg/L at wells KAFB-106MW2-S 

and KAFB-106064 after biostimulation efforts. While meeting the EPA MCL of 0.05 µg/L 

was not a specific objective of the pilot test, only two of the wells, KAFB-106MW2-S (0.087 

µg/L) and KAFB-106EX2 (0.36 µg/L), exceeded this level EDB during the October 2020 

sampling event. EDB degradation was evident through comparison with benzene and toluene 

concentrations, and the production of EDB degradation products ethene, ethane, and bromide 

suggested that this degradation occurred by reductive debromination. Higher EDB δ13C values 

(observed to be as high as +5‰ at KAFB-106EX1) provided additional isotopic evidence of 

EDB degradation. 

 Baseline measurements indicated that EDB was likely degrading prior to the pilot test. 

QuantArray-Chlor analyses indicated that microorganisms likely capable of degrading EDB 

were present during the baseline assessment and throughout the pilot test. During the baseline 

assessment, degradation products of reductive debromination (e.g., ethene, ethane, bromide) 

were present in the groundwater and EDB was observed to have more positive δ13C values (up 

to -5‰). These all indicate EDB degradation prior to ISB treatment.  
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 Tracer and biostimulation amendments were distributed throughout the treatment zone, with 

highest concentrations of iodide and propionate observed at wells KAFB-106MW1-S, KAFB-

106MW2-S, and KAFB-106064 (see Figure 13 and 17). The continued presence and 

consistency among iodide concentrations through Phase 4 indicates that groundwater influx at 

the site has been limited. 

 Measurements of DO, sulfate, iron, and methane indicate that reducing conditions favorable 

for reductive debromination of EDB were achieved throughout the site. 

 During the pilot test, the performance of one extraction well (KAFB-106EX2) and the injection well 

(KAFB-106IN1) deteriorated, but the performance of these wells remained sufficient to finish the 

pilot test. Well maintenance such as mechanical and/or chemical rehabilitation may be required for 

long-term viability. 

 

 ISB appears to be a promising approach targeting EDB source areas in Kirtland AFB groundwater. 

While debromination may be occurring at Kirtland AFB without additional support, the addition of 

biostimulation amendments and mixing of water appeared to enhance reductive debromination. 

  

 Continued quarterly monitoring at all nine pilot test wells for the parameters specified in the 

Work Plan (Kirtland AFB, 2016a) may be unnecessary, and it is recommended that future 

monitoring proceed only at wells KAFB-106063 and KAFB-106064 in accordance with the 

most recently approved groundwater monitoring work plan. Based on recent groundwater 

results and in accordance with the Work Plan (Kirtland AFB, 2016a), sampling at seven wells 

associated with the pilot test should be complete (KAFB-106MW1-S, KAFB-106MW1-I, 

KAFB-106MW2-S, KAFB-106MW2-I, KAFB-106EX1, KAFB-106EX2, and KAFB-
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106IN1). Significant rebound of EDB was not observed during Phase 4 passive monitoring 

and sampling a subset of pilot test groundwater monitoring wells consistent with site-wide 

monitoring efforts can provide representative information regarding long-term pilot test 

performance. 

 The pilot test is complete and it is recommended that aboveground components of the 

groundwater recirculation system and other infrastructure be removed from the site. No final 

remedy has been selected at this time for the BFF site and this equipment is currently not 

required. All groundwater monitoring, extraction, and injection wells associated with the pilot 

test will remain in place. 



REFERENCES 

Kirtland AFB BFF REF-1 March 2021April 2019 
EDB In Situ Biodegradation Pilot Test Report REF-1 KAFB-019-0001 
Bulk Fuels Facility, SWMUs ST-106/SS-111  

6. REFERENCES 

Air Force Center for Environmental Excellences (AFCEE, Naval Facilities Engineering Service enter 
(NFESC) and the Environmental Security Technology Certification Program (ESTCP). 2004 
Principles and Practices of Enhances Anaerobic Bioremediation of Chlorinated Solvents. Prepared 
by the Parsons Corporation, Denver, Colorado. August (available at 
https://frtr.gov/costperformance/pdf/remediation/principles_and_practices_bioremediation.pdf). 

CH2M HILL. 2001. Stage 1 Abatement Plan Report for the Bulk Fuels Facility (ST-106). Kirtland Air 
Force Base, New Mexico. May 21. 

EPA. 2009. National Primary Drinking Water Regulations, EPA 816-F 09-004, U.S. Environmental 

Protection Agency, Washington, D.C. 

Hunkeler, D., Meckenstock, R. U., Sherwood Lollar, B., Schmidt, T. C., & Wilson, J. T. 2008. A Guide 

for Assessing Biodegradation and Source Identification of Organic Ground Water Contaminants 

using Compound Specific Isotope Analysis (CSIA), EPA 600/R-08/148. USEPA Publication, 

(December), 1–82. https://doi.org/EPA/600/R-08/148. 

Justicia-Leon, S. D., Ritalahti, K. M., Mack, E. E., & Löffler, F. E. 2012. Dichloromethane fermentation 

by a Dehalobacter sp. in an enrichment culture derived from pristine river sediment. Applied and 

Environmental Microbiology, 78(4), 1288–1291. https://doi.org/10.1128/AEM.07325-11. 

Koster Van Groos, P. G., Hatzinger, P. B., Streger, S. H., Vainberg, S., Philp, R. P., & Kuder, T. 2018. 

Carbon Isotope Fractionation of 1,2-Dibromoethane by Biological and Abiotic Processes. 

Environmental Science and Technology, 52(6). https://doi.org/10.1021/acs.est.7b05224. 

Kuder, T., Wilson J.T., Philip, P., He, Y.T. 2012. Carbon Isotope Fractionation in Reactions of 

1,2-Dibromoethane with FeS and Hydrogen Sulfide. Environ. Sci. Technol. 46, 7495-7502. 

Moe, W. M., Yan, J., Nobre, M. F., da Costa, M. S., & Rainey, F. A. 2009. Dehalogenimonas 

lykanthroporepellens gen. nov., sp. nov., a reductively dehalogenating bacterium isolated from 

chlorinated solvent-contaminated groundwater. International Journal of Systematic and 

Evolutionary Microbiology, 59(11), 2692–2697. https://doi.org/10.1099/ijs.0.011502-0. 

NMED. 2019. February 25, 2019 correspondence from Mr. John Kieling, Bureau Chief to Colonel 

Richard W. Gibbs, Base Commander, 377 AB/CC, Kirtland AFB, NM and Mr. Chris Segura, Chief, 

Installation Support Section, AFCEC/CZOW, Kirtland AFB, NM, re: Bulk Fuels Facility Spill, 

Solid Waste Management Unit ST-106/SS-11, Kirtland Air Force Base, EPA ID# NM9570024423, 



REFERENCES 

Kirtland AFB BFF REF-2 March 2021April 2019 
EDB In Situ Biodegradation Pilot Test Report REF-2 KAFB-019-0001 
Bulk Fuels Facility, SWMUs ST-106/SS-111  

HWB-KAFB-19-MISC. 

NMED. 2018. August 7, 2018 correspondence from Mr. Juan Carlos Borrego, Deputy Secretary, 

Environment Department, to Colonel Richard W. Gibbs, Base Commander, 377 AB/CC, Kirtland 

AFB, NM and Mr. Chris Segura, Chief, Installation Support Section, AFCEC/CZOW, Kirtland 

AFB, NM, re: Phase 3 Ethylene Dibromide In Situ Biodegradation Pilot Test, Notification letter, 

Bulk Fuels Facility, Solid Waste Management Unit ST-106/SS-11, Kirtland Air Force Base, EPA 

ID# NM9570024423, HWB-KAFB-13-MISC. 

NMED. 2017. Correspondence email from Diane Agnew, NMED HWB to Adria A. Bodour, 

AFCEC/CZRX, RE: Requesting NMED Approval for Development Postpone of Monitoring, 

Extraction, and Injection Wells for EDB Bioremediation Pilot Test Work Plan, January 30.  

NMED. 2010. Hazardous Waste Treatment Facility Operating Permit, EPA ID No. NM9570024423, 

Issued to U.S. Air Force for the Open Detonation Unit Located at Kirtland Air Force Base, 

Bernalillo County, New Mexico, by the NMED Hazardous Waste Bureau. July. 

Kirtland AFBUSACE. 2018a. Phase 3 Ethylene Dibromide In Situ Biodegradation Pilot Test, 

Notification letter, Bulk Fuels Facility, Kirtland Air Force Base, New Mexico. Prepared by Aptim 

Federal Services, LLC for Kirtland AFBthe USACE Albuquerque District under USACE Contract 

No. W9128F-12-D-0003, Task Order 0025. July. 

Kirtland AFBUSACE, 2018b. Quarterly Report – April-June 2018, Bulk Fuels Facility, Solid Waste 

Management Unit ST-106/SS-111, Kirtland Air Force Base, New Mexico. Prepared by EA 

Engineering, Science, and Technology, Inc., PBC for Kirtland AFBthe USACE Albuquerque 

District under USACE Contract No. W912DR-12-D-0006, Delivery Order DM01. September. 

Kirtland AFBUSACE. 2017a. Borehole Abandonment Activities Report, Performed as part of the 

construction effort for the Eythlene Dibromide In Situ Biodegradation Pilot Test, Bulk Fuels 

Facility, Kirtland Air Force Base, New Mexico. Prepared by Aptim Federal Services, LLC for the 

Kirtland AFB USACE Albuquerque District under USACE Contract No. W9128F-12-D-0003, Task 

Order 0025. March. 

Kirtland AFBUSACE. 2017b. Corrective Action Report fo Accidental Soil Release, Kirtland Air Force 

Base, New Mexico. Prepared by Aptim Federal Services, LLC for Kirtland AFBthe USACE 

Albuquerque District under USACE Contract No. W9128F-12-D-0003, Task Order 0025. February. 



REFERENCES 

Kirtland AFB BFF REF-3 March 2021April 2019 
EDB In Situ Biodegradation Pilot Test Report REF-3 KAFB-019-0001 
Bulk Fuels Facility, SWMUs ST-106/SS-111  

Kirtland AFBUSACE. 2017c. Quaterly Monitoring Report April-June 2016, Bulk Fuels Facility, Solid 

Waste Management Unit ST-106/SS-111. Prepared by EA Engineering, Science, and Technology, 

Inc., PBC for Kirtland AFBthe USACE Albuquerque District under USACE Contract No. 

W912DR-12-D-0006, Delivery Order DM01. March.  

Kirtland AFBUSACE. 2016a. Ethylene Dibromide In Situ Biodegradation Pilot Test Work Plan, Bulk 

Fuels Facility, Kirtland Air Force Base, New Mexico. Prepared by CB&I Federal Services, LLC. for 

Kirtland AFBthe USACE Albuquerque District under USACE Contract No. W9128F-12-D-0003, 

Task Order 0025. December. 

Kirtland AFBUSACE. 2016b. Quarterly Pre-Remedy Monitoring and Site Investigation Report for 

October – December 2015 and Annual Report for 2015, Bulk Fuels Facility, Solid Waste 

Management Unit ST-106/SS-111. Prepared by CB&I Federal Services, LLC. fKirtland AFB or the 

USACE Albuquerque District under USACE Contract No. W912DY-10-D-0014, Delivery Order 

0002. April. 

Kirtland AFBUSACE. 2016c. Quarterly Monitoring Report, October-December 2016 and Annual Report 

for 2016, Bulk Fuels Facility, Solid Waste Management Unit ST-106/SS-111. Prepared by EA 

Engineering, Science, and Technology, Inc., PBC for Kirtland AFBthe USACE Albuquerque 

District under USACE Contract No. W912DR-12-D-0006, Delivery Order DM01. September. 

Kirtland AFBUSACE. 2011a. Interim Measures Work Plan, Bulk Fuels Facility (BFF) Spill, Solid Waste 

Management Units ST-106 and SS-111, Kirtland Air Force Base, Albuquerque, New Mexico. 

Prepared by Shaw Environmental & Infrastructure, Inc. for Kirtland AFB the USACE Albuquerque 

District under USACE Contract No. W912DY-10-D-0014, Delivery Order 0002. March. 

Kirtland AFBUSACE. 2011b. Groundwater Investigation Work Plan, Bulk Fuels Facility (BFF) Spill, 

Solid Waste Management Units ST-106 and SS-111, Kirtland Air Force Base, Albuquerque, New 

Mexico. Prepared by Shaw Environmental & Infrastructure, Inc. for the USACE Albuquerque 

District Kirtland AFB under USACE Contract No. W912DY-10-D-0014, Delivery Order 0002. 

March. 

USGS. 2016. Definition of Land Survey Objective / Measuring Points and Land Survey Campaign among 

the Kirtland Air Force Base Monitoring Well Network. Prepared by the USGS for Kirtland AFB. 

Wilson, J. T., Banks, K., Earle, R., He, Y., Kuder, T., & Adair, C. (2008). Natural attenuation of the lead 

scavengers 1,2-dibromoethane (EDB) and 1,2-dichloroethane (1,2-DCA) at motor fuel release sites 



REFERENCES 

Kirtland AFB BFF REF-4 March 2021April 2019 
EDB In Situ Biodegradation Pilot Test Report REF-4 KAFB-019-0001 
Bulk Fuels Facility, SWMUs ST-106/SS-111  

and implications for risk management. EPA Report 600/R-08/107. U.S. EPA, Office of Research and 

Development, National Risk Management Research Laboratory, Ada, OK., (September), 1–74. 

Retrieved from http://purl.access.gpo.gov/GPO/LPS77736.   



REFERENCES 

Kirtland AFB BFF REF-5 March 2021April 2019 
EDB In Situ Biodegradation Pilot Test Report REF-5 KAFB-019-0001 
Bulk Fuels Facility, SWMUs ST-106/SS-111  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

THIS PAGE INTENTIONALLY LEFT BLANK 
 
 

 



FIGURES 

Kirtland AFB BFF  March 2021April 2019 
EDB In Situ Biodegradation Pilot Test Report  KAFB-019-0001 
Bulk Fuels Facility, SWMUs ST-106/SS-111  

FIGURES 

 
  



TABLES 

Kirtland AFB BFF  March 2021April 2019 
EDB In Situ Biodegradation Pilot Test Report  KAFB-019-0001 
Bulk Fuels Facility, SWMUs ST-106/SS-111  

TABLES 

 
  



APPENDIX A 

Kirtland AFB BFF  March 2021April 2019 
EDB In Situ Biodegradation Pilot Test Report  KAFB-019-0001 
Bulk Fuels Facility, SWMUs ST-106/SS-111  

APPENDIX A 
NMED NOTICE OF DISAPPROVAL, RESPONSE TO COMMENTS 

TABLE, AND REDLINED REVISED FINAL REPORT 

 



APPENDIX AB 

Kirtland AFB BFF  March 2021April 2019 
EDB In Situ Biodegradation Pilot Test Report  KAFB-019-0001 
Bulk Fuels Facility, SWMUs ST-106/SS-111  

APPENDIX AB 
SITE PHOTOGRAPHS 

 



APPENDIX BC 

Kirtland AFB BFF  March 2021April 2019 
EDB In Situ Biodegradation Pilot Test Report  KAFB-019-0001 
Bulk Fuels Facility, SWMUs ST-106/SS-111  

APPENDIX BC 
APPROVED PERMITS 

 
 
 

 



APPENDIX CD 

Kirtland AFB BFF  March 2021April 2019 
EDB In Situ Biodegradation Pilot Test Report  KAFB-019-0001 
Bulk Fuels Facility, SWMUs ST-106/SS-111  

APPENDIX CD 
WELL INSTALLATION FORMS 

 
 
 

 
 



APPENDIX DE 

Kirtland AFB BFF  March 2021April 2019 
EDB In Situ Biodegradation Pilot Test Report  KAFB-019-0001 
Bulk Fuels Facility, SWMUs ST-106/SS-111  

APPENDIX DE 
BOREHOLE ABANDONMENT AND DEVIATION TEST 

DOCUMENTATION  
 
 
 

 



APPENDIX EF 

Kirtland AFB BFF  March 2021April 2019 
EDB In Situ Biodegradation Pilot Test Report  KAFB-019-0001 
Bulk Fuels Facility, SWMUs ST-106/SS-111  

APPENDIX EF 
FINAL PILOT TEST SYSTEM DESIGN DRAWINGS AND 

SPECIFICATION SHEETS 
 
 
 

EF-1. Final Design Drawings  
 
EF-2. Specification Sheets 
 



APPENDIX G 

Kirtland AFB BFF  March 2021April 2019 
EDB In Situ Biodegradation Pilot Test Report  KAFB-019-0001 
Bulk Fuels Facility, SWMUs ST-106/SS-111  

APPENDIX G 
SAFETY DATA SHEETS 

 
 
 

 



APPENDIX FH 

Kirtland AFB BFF  March 2021April 2019 
EDB In Situ Biodegradation Pilot Test Report  KAFB-019-0001 
Bulk Fuels Facility, SWMUs ST-106/SS-111  

APPENDIX FH 
FIELD SAMPLING RECORDS 

 
 

FH-1. Groundwater Purge Logs 
 
FH-2. Sample Collection Logs 

 



APPENDIX GI 

Kirtland AFB BFF  March 2021April 2019 
EDB In Situ Biodegradation Pilot Test Report  KAFB-019-0001 
Bulk Fuels Facility, SWMUs ST-106/SS-111  

APPENDIX GI 
DATA QUALITY EVALUATION REPORT AND DATA PACKAGES 

 
 
 

GI-1. Data Quality Evaluation Report (June 2017 – January 2019) 
 
I-2. Data Quality Evaluation Report (March 2020 – October 2020) 
 
GI-23. Data Packages 
 



APPENDIX HJ 

Kirtland AFB BFF  March 2021April 2019 
EDB In Situ Biodegradation Pilot Test Report  KAFB-019-0001 
Bulk Fuels Facility, SWMUs ST-106/SS-111  

APPENDIX HJ 
WASTE DISPOSAL DOCUMENTATION 

 
 
 

HJ-1. Soil IDW Disposal Letters and Approvals 
 
HJ-2. Corrective Action Report 
 
HJ-3. Non-Hazardous Waste Manifests 
 
HJ-4. Hazardous Waste Manifests 
 
HJ-5. Waste Profiles 
 
 
 























































 
 

Science | Innovation | Collaboration | Compliance 
 
 

 
 
 
 
 

 
 
 
 
 

 
 
 
September 25, 2020 
 
 
Colonel Ryan S. Nye, USAF 
Vice Commander 
377th Air Base Wing 
2000 Wyoming Blvd SE 
Kirtland AFB NM 87117 
 
RE:  APPROVAL - REQUEST FOR EXTENSION     

RESPONSE TO COMMENTS FOR THE MARCH 4, 2020 DISAPPROVAL ETHYLENE 
DIBROMIDE IN SITU BIODEGRADATION PILOT TEST REPORT 
BULK FUELS FACILITY SOLID WASTE MANAGEMENT UNITS ST-106 AND SS-111  
KIRTLAND AIR FORCE BASE, NEW MEXICO 
EPA ID# NM6213820974 
HWB-KAFB-19-011 

 
Dear Colonel Nye: 
 
The New Mexico Environment Department (NMED) has received Kirtland Air Force Base 
(Permittee) Response to Comments for the March 4, 2020 Disapproval Ethylene Dibromide In 
Situ Biodegradation Pilot Test Report, Bulk Fuels Facility, Solid Waste Management Units ST-
106/SS-111 (RTC), dated September 8, 2020 and received on September 11, 2020.  
 
The RTC raises several points of concern that I would like to address.  The first and second 
issues pertain to concerns regarding the scope of the Ethylene Dibromide (EDB) Biodegradation 
Pilot Test.  This issue was raised previously and responded to by NMED.  Rather than restating 
our response I have enclosed an e-mail to your staff as well as a letter to Colonel King that 
speaks to this issue.  NMED concluded that the comments in the Notice of Disapproval (NOD) 
were consistent with the scope of the approved work plan.  
 
The RTC goes further to suggest that the NOD does not reflect the agreement that the 
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Permittee may rely upon commitments and directions from NMED.  The comments contained 
in the NOD relate directly to the NMED approved work plan and, as such, are consistent with 
our agreement. The NOD does not contain comments unrelated to the scope of the approved 
work plan nor is the NOD based on a “failure” of the pilot to address delineation of light non-
aqueous phase liquid (LNAPL) as suggested in the RTC.  In fact, in NMED’s letter to Colonel King, 
it was noted that the questions and concerns raised during the pilot do not represent a failure 
of the pilot.  Addressing these issues and concerns early in the process will allow NMED to 
collaboratively consider the viability, scalability, and potential deployment of this technology in 
a robust, data-driven corrective measures evaluation (CME). 
 
The third issue raise in the RTC is the inclusion of “global issues” for future work.  This issue was 
raised by your staff in regard to other NMED correspondence related to the Facility.  NMED 
agreed to provide a consolidated, stand alone, listing of such issues to assure they can be 
broadly addressed in future correspondence to NMED.  This letter was issued by NMED in 
September 2, 2020. 
 
Regarding the fourth issue associated with technical comments and clarifying questions, NMED 
is anxious to discuss these items in order to assist the Permittee in responding to the NOD. 
 
Finally, the RTC states, “[t]o allow time for NMED's review of the RTC table, a meeting between 
NMED and the Air Force to discuss the RTC table and for the Air Force to revise the ISB [In Situ 
Biodegradation] Pilot [R]eport the Air Force respectfully requests an additional extension to 20 
November 2020. This date was based on the assumption that the meeting would be held before 
the end of September.” Although we welcome the opportunity to discuss the response to 
comments contained in the RTC, NMED is not able to commit to a meeting on this topic in 
September due to the late request and competing priorities at NMED.   My staff will work with 
your staff to set up a call focused on the technical issues raised in our NOD.  Your request for an 
extension of time to submit the revised report to November 20, 2020 is approved. 
 
If you have any questions, please contact me at (505) 476-6035. 
 
Sincerely,  
 
 
 
 
Kevin M. Pierard, Chief 
Hazardous Waste Bureau 
 
Enclosures 
 
cc: D. Cobrain, NMED HWB 
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B. Wear, NMED HWB 
 M. Suzuki, NMED HWB 
 L. King EPA Region 6 (6LCRRC) 
 S. Kottkamp, KAFB 
 K. Lynnes, KAFB 
 C. Cash, KAFB 
 
File: KAFB 2020 Bulk Fuels Facility Spill and Read  
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                                    CERTIFIED MAIL - RETURN RECEIPT REQUESTED 
 
 
 
January 25, 2021 
 
 
 
 
Colonel David S. Miller    Lt. Colonel Wayne J. Acosta 
Base Commander     Civil Engineer Office 
377 ABW/CC      377 Civil engineer Division  
2000 Wyoming Blvd SE    2050 Wyoming Blvd SE, Suite 116 
Kirtland AFB, NM 87117                Kirtland AFB, NM 87117 
 
 
RE:  APPROVAL – SECOND REQUEST FOR EXTENSION TO SUBMIT THE 

RESPONSE TO COMMENTS FOR THE MARCH 4, 2020 DISAPPROVAL ETHYLENE 
DIBROMIDE IN SITU BIODEGRADATION PILOT TEST REPORT 
BULK FUELS FACILITY SOLID WASTE MANAGEMENT UNITS ST-106 AND SS-111 
KIRTLAND AIR FORCE BASE, NEW MEXICO 
EPA ID# NM6213820974 
HWB-KAFB-19-011 
 

Dear Colonel Miller and Lt. Colonel Acosta: 
 
The New Mexico Environment Department (NMED) has received the Kirtland Air Force Base 
(Permittee) second request for an extension of time to submit the revised Ethylene Dibromide 
In Situ Biodegradation Pilot Test Report, (Report)dated November 11, 2020.  The revision was 
required by NMED’s March 4, 2020 Disapproval Ethylene Dibromide In Situ Biodegradation Pilot 
Test Report, Bulk Fuels Facility, Solid Waste Management Units ST-106/SS-111 (NOD).  A Draft 
Response to Comments (RTC) table addressing NMED’s comments and the Permittee’s first 
request for an extension of time was submitted to NMED on September 11, 2020.  The time 
extension was approved by NMED on September 25, 2019.  The current request for an 
extension of time also includes a request for a meeting to discuss the Permittee’s draft 
comments. 
 

NEW MEXICO 
ENVIRONMENT DEPARTMENT 

 
Harold Runnels Building  

1190 Saint Francis Drive, PO Box 5469 
Santa Fe, NM  87502-5469 
Telephone (505) 827-2855     

www.env.nm.gov 
 
 
 
 
 
 
 

 

Michelle Lujan Grisham 
Governor 

 
Howie C. Morales 

Lt. Governor 
 
 

 

James C. Kenney 
Cabinet Secretary 

 
Jennifer J. Pruett 
Deputy Secretary  

 

http://www.env.nm.gov/


Col. Miller and Lt. Col. Acosta 
January 4, 2020 
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NMED has expressed, for several months, its willingness to meet to discuss the NOD in further 
detail.  We remain willing to meet with you and your staff.    
 
The Air Force’s request for a second extension of time to submit the revised report to NMED is 
hereby approved.  The revised Report and response to comments must be submitted no later 
than March 19, 2021. 
 
If you have any questions, please contact me at (505) 629-6494. 
 
Sincerely, 
 
 
 
 
Kevin M. Pierard, Chief  
Hazardous Waste Bureau 
 
cc: D. Cobrain, NMED HWB 

B. Wear, NMED HWB 
M. Suzuki, NMED HWB 
L. Andress, NMED HWB 

 S. Kottkamp, KAFB 
 K. Lynnes, KAFB 
 C. Cash, KAFB 
 D. Agnew, ABCWUA 
 A. Tafoya, VA 
 
 
File: KAFB 2020 Bulk Fuels Facility Spill and Reading 
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Aptim Federal Services, 
LLC 

USACE Rapid Response Program 
Photo Log 

PROJECT No.: 500433 Project Title: Kirtland Air Force Base, Bulk Fuels Facility Program/TO: W9128F-12-D-0003 Task Order 0025 

 

 
Description: High Mesa potholing for utilities at KAFB-106IN1. 

 
Description: Cascade drilling with ARCH rig; lifting drive casing and drill string. 
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Aptim Federal Services, 
LLC 

USACE Rapid Response Program 
Photo Log 

PROJECT No.: 500433 Project Title: Kirtland Air Force Base, Bulk Fuels Facility Program/TO: W9128F-12-D-0003 Task Order 0025 

 

 
Description: Geologist collecting soil cuttings from hopper during drilling operations for lithologic classification. 

 
Description: EZ Trac ready for downhole deviation testing. 
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Aptim Federal Services, 
LLC 

USACE Rapid Response Program 
Photo Log 

PROJECT No.: 500433 Project Title: Kirtland Air Force Base, Bulk Fuels Facility Program/TO: W9128F-12-D-0003 Task Order 0025 

 

 
Description: Cascade installing PVC casing during well installation activities.  

 
Description: ACT removing roll-off containing soil cuttings. 
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Aptim Federal Services, 
LLC 

USACE Rapid Response Program 
Photo Log 

PROJECT No.: 500433 Project Title: Kirtland Air Force Base, Bulk Fuels Facility Program/TO: W9128F-12-D-0003 Task Order 0025 

 

Description: Cascade well development rig setup. 

 
Description: Well development setup at KAFB-106IN1, with jetting tool. 
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Aptim Federal Services, 
LLC 

USACE Rapid Response Program 
Photo Log 

PROJECT No.: 500433 Project Title: Kirtland Air Force Base, Bulk Fuels Facility Program/TO: W9128F-12-D-0003 Task Order 0025 

 
Description: Installing KAFB-106EX1 well vault and trenching for utilities/pipeline.  

 
Description: Installing Grunfos pump at KAFB-106EX2. 
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Aptim Federal Services, 
LLC 

USACE Rapid Response Program 
Photo Log 

PROJECT No.: 500433 Project Title: Kirtland Air Force Base, Bulk Fuels Facility Program/TO: W9128F-12-D-0003 Task Order 0025 

 

Description: Recirculation system conex box prior to connection to electrical and conveyance piping. 

 
Description: Trenching to place conveyance piping. 
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Aptim Federal Services, 
LLC 

USACE Rapid Response Program 
Photo Log 

PROJECT No.: 500433 Project Title: Kirtland Air Force Base, Bulk Fuels Facility Program/TO: W9128F-12-D-0003 Task Order 0025 

 

 
Description: Interior of conex box recirculation system (wet side); showing extraction and injection well piping, 
amendment tank, flow meters (yellow), pressure transmitters, emergency stop button, and blue filter canisters. 

 
Description: Interior of recirculation system control room.  
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Aptim Federal Services, 
LLC 

USACE Rapid Response Program 
Photo Log 

PROJECT No.: 500433 Project Title: Kirtland Air Force Base, Bulk Fuels Facility Program/TO: W9128F-12-D-0003 Task Order 0025 

 

Description: Working on the main electrical disconnect and meter wiring. 

Description: SCADA system main control screen, allowing both local and remote access and control of the recirculation 
system. 
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Aptim Federal Services, 
LLC 

USACE Rapid Response Program 
Photo Log 

PROJECT No.: 500433 Project Title: Kirtland Air Force Base, Bulk Fuels Facility Program/TO: W9128F-12-D-0003 Task Order 0025 

 

Description: Description: Fluorescein being introduced to the recirculated groundwater through the injection port, 
and flowing through the static mixer during Phase 1 tracer test. 
 

 
Description: Chemical feed pump (right) and calibration column. 
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Aptim Federal Services, 
LLC 

USACE Rapid Response Program 
Photo Log 

PROJECT No.: 500433 Project Title: Kirtland Air Force Base, Bulk Fuels Facility Program/TO: W9128F-12-D-0003 Task Order 0025 

 

 
Description: Weighing amendments for Phase 2 recirculation. 

 
Description: Treatment amendments homogenized in tank and ready for injection. 
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Aptim Federal Services, 
LLC 

USACE Rapid Response Program 
Photo Log 

PROJECT No.: 500433 Project Title: Kirtland Air Force Base, Bulk Fuels Facility Program/TO: W9128F-12-D-0003 Task Order 0025 

 

 
Description: Completed extraction/injection well vault and wellhead manifold.  

 
Description: NAPL bailed from KAFB-106MW1-S.  
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Aptim Federal Services, 
LLC 

USACE Rapid Response Program 
Photo Log 

PROJECT No.: 500433 Project Title: Kirtland Air Force Base, Bulk Fuels Facility Program/TO: W9128F-12-D-0003 Task Order 0025 

 

Description: Groundwater sampling at KAFB-106MW2. 

 
Description: Groundwater sampling setup with high pressure controller for bladder pump. 
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DfVfS JQ, 

EFFECTlVE DATE OF Tl IIS Al'PUCATION FORM: I 0/ 14 

SUBMITTAJ, iJA'rE/TIMJ: 

RECEIVEDLW 

l'I·:RMIT# 6-'15:± ~ p ... -... ;-
A PRO@R~l~lCPERMIT (PERMIT) lS A FUGITlVE DUST CONTROL PERMIT, VALID FOR lJPTO FIVE YEARS, lSSUEDTO A 

0 0 
PE llMrT~~ TlJKT PERFORMS ROUTINE MAlNTENANCE OR ROUTINE ACTlVE OPERATIONS ON LAND OR AT FACILITlES OF 

% OF AN itn.Jti>R MORE, WHICH DOES NOT INCLUDE FULL DEPTH RECONSTRUCTION OF A H.OAOWAV OR SUBSTANTIAL 

REMOVA~iAND REPLACEMENT OF A MANMAOE FACILITY. 

PART A. - BlJSfNE S, AGENCY, OR PROPERTY OWNER 

I. BlJSLNESS/AGENCY NAME: KIRTLAND AIR FOR(E BASE BULK FUELS FAClLf'l'Y 

ANO/OR 

2. PROPERTY OWNERS NAME 
~~~~~~~~~~~~-

PART B. - FACILITY INFORMATION AND GENERAL ACTIVITIES 

(CLEARLY PRINT OR TYPE) 

(CLEARLY PRINT OR TYPE) 

lFTHE PERMITTEE WISHES TO INCLUDE MULTIPLE FAClLITY(SITE) LOCATIONS UNDERTHESAMEPERMIT,SUBMIT 
THE REQUIRED lNFORMATION REQUESTED FOR EACH INDIVIDUAL SlTE BY SUBMITTING ADDlTIONAL 
COPIES OF PAGES 1 & 2 AS NECESSARY. 

I SUBMIT AS AN ATTACHMENT TO THIS APPLICATION AN (8Yz"x11" OR 11" x 17") SITE MAP FOR EACH FACILITY LOCATION I 
I. FUGITIVE DUST FACILITY (SITE) LOCATION: KIRTLAND AIR FORCE BASE BULK FUELS f ACILrl'Y 

2. STRJ-:lff ADDRESS Of FACILITY (if available) _ ________________ _ 

3. MAJOR CROSS STREl,TS OR INTERSECTION NEARBY FACILITY: Gibson Blvd. SE and Truman St. SE 

5 f' AC:~K 8/S/t( 4. To rAL ACRES OF THIS FACILITY ____ , ______ _ 
I~-~ -C51< 

5 . TOTN.. ACRES OP THIS FACILITY SUBJECT TO ROUTINE MAINTENANCE/ ACTIVE OPERATIONS __ -+r _ _ A_C_R_E_S _(_ J6_ l _l6_ 

6. TOTAL MILES OF ROADS/EASEMENTS FOR THIS FACILITY SUBJECT TO ROUTlNE MNNTENANCE/ ACTlVE OPERATIONS NA 

7. TOTAL MILES OF ROADS/EASEMENTS FOR THIS FAC!LITY CONVERTED TO ACRES NA 

8. PROVIDE A DESCRIPTION OF THIS FACILITY'S OPERA'flON(S): INSTALi ,ATfON OF WELLS, WATER TflEATMHNT S VSTEM, SOIL VAPOR EXTRACTION 

SVSTGM l'OR PIJ EL CON'l'AMl1 /\TION CHARACTf';RIZ1\TlON A D RitMEDIATION AT SWMUS ST- 106 AND SS-111. 

9. DESCR!llE THE TYPE OF AC'l'lVITIES AT THIS FACILl'IY THAT MAY GENERATE f'UG!T!VE DUST; SURFACE DfSTlJRBANCE DURING WELL 

INST ~LATION AND CONSTRUCTION ACTfVITIES. 

Page 1 of 7 (PROGRAMMATIC FUGJTWE DUST C.O.,RO p RM~ICAT~r 'RED 
Department Review by ·?- Required (nitials of PermitteeiJ!;ffi_ 
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A B c E 
I 

EMISSION 
GF.NERAL DE ' RJP tl.'I or THE REASONABLY 

ACRES ROl'NDEO TO NEAR ES I' CONTROL 
SOlJRO: AVAILABLE CONTROL MEASURE(S) ClJllRENTLY TOTAL FEE PER 

CLASSIFICA'flON 
WHOLE NUMBER TO BE FACTOR 

IN PLACE OR TO RE USED TO MAINTAIN TflE CLASSIFICATION 
(SEE DEFINITIONS AT 

CONTROi.LEO AT EACHSOCIRCE MULTIPLIER 
(COLlJMN B 

Cl.ASSIFICATION FROM COLUMN (20.11.2.15 G. 
ACRl<:AGE /\I' EACH SOURCE CLASSIFICATION 

THE BOTTOM OF THIS 
A NMACFEES 

CLAIMED IN COLUMN A TIMl':S(X) 
TAOLE) 

(CONVERT MILES TO ACRES) REGULATION) 
(SEE PART EUSTON PAGE J) COLUMNC) 

(EXAMPLE: TRAFFIC, WINDBREAKS, ETC.) 

I.OW IMPACT .I - ·-
MODERATE 

WATERING, TRAFFIC, LANDSC:APING (~V.:Tc· ~ 

IMPACT Aoi .5 SUPPRESSION, ENFORCED SPEED LIMITS ' ~ -t'-;-K - AND TRAFFIC CALMING, RESEEDING; SEE ~ or.s; 
-r>1<- 't!C/16 D-1) tdG/I( 

HIGH IMPACT .9 - I -
MULTIPLY THE SUM OF COLUMN (E) BY $135.00 $135.00 x ~ ~-5 ~;-;f; I 

ANTICIPATED PERMIT FEE DUE 5~76'1 . .i Tfk 

AllBREVIAn:n l)E)' INITONS OF SOURCE CLASSIF"ICATIONS Jf ' 1"2 ~ z. 5 g /~ 
NO IMPACT MEANS ACTIVE AND INACTIVE SURFACE AREAS THAT PRODUCE VfRTUALLY NO FUGITIVE DUST. SUCH LAND SURFACES ARE EXEMPT 

FROM THE FUGITIVE DUST CONTROL REGULATION OR REQUIREMENTS TO PAY FEES 

LOW ll\11'ACr MEANS ACTIVE AND !NACIWE SURFACE AREAS rHAT ARE APPROXIMATELY 90% CONTROLLED 

MODUtATE IMPACT MEANS ACTIVE AND INACTIVE SURFACE AREAS THAT ARE APPROXIMATELY 50% CONTROLLED 

HIGH JMl'ACT MEANS ACTIVE AND INACTIVE SURFACE AREAS THAT ARE APPROXIMATELY 10% CONTROLLED 

UPON RECEIPT OF YOUR APPUCA TION, THE DEPARTMENT WILL REVIEW AND VERIFY THE INFORMATION SUBMITTED. ONCE THE DEPARTMENT 

HAS DETERMINED TIL\T THE APPLICATION IS COMPLETE, THE DEPARTMENT WILL SIGN THE APPLJCA TION AND RETIJRN A COMPLETED COPY TO 

YOU AS YOUR PERMIT. SUBSEQUENTIN, AN INVOICE WILL BE SENT TO YOU FOR INITIAL PAYMENT OF THE PERMIT FEE. EACH YEAR 

THEREAFTER, THE DEPARTMENT WILL ALSO SEND AN INVOICE FOR THE ANNUAL l'EES DUE. THE APPLICATION MAY BE SENT BY MAIL TO THE 

ADO RESS THAT APPEARS AT THE TOP OF PAG~; l OF THIS FORM OR IT MAY BE HAND Ot:UVERED TO THE SAME ADDRESS BETWEEN THE ROlJRS OF 

8:00AM- 4:30PM MONDAY THROUGH FRIDAY. 

PART D. - FUGlTIVE DUST CONTROL PLAN (CLEARLY PRINT OR TYPE) 

THE "PERMITTE E" IS REQUlRED TO COMPLY WITH A FUGITIVE DUST CONTROL PLAN (PLAN) THAT DETAILS THE FUGITIVE DUST CONTROL 

MEASURES TUA TWILL BE USED TO MITIGATE THE RELEASE OF FUGITIVE OUST FROM ROUTINE ACTIVE OPERATIONS AND MAINTENANCE. IF 

YOU ARf. NOT SUBMITTING, AS AN ATTACHMENT TO THIS APPLICATION, AN ALTERNATIVE PLAN THEN YOU MUST COMPLETE PART DI - 02 
BELOW TO COMPLETE YOUR FUGITIVE DUST CONTROl. PLAN. 

1. SUMMARIZE 1N DETAii . HOW THE REASONABLY A VA!LABLE CONTROL MEASURES CURRENTLY fN PLACE, OR THAT YOU HA VE SELECTED IN COLUMN 

0 OF THE PART C TABLE ABOVE WILL BE US ED TO LIMIT OR PREVENT THE RELEASE OF FUGITIVE OUST FROM ROUTINE ACTIVE OPERATIONS AND/OR 

MAINTENANCE AT THIS FACILITY. (FOR EXAMPLE CREDIT CAN BE TAKEN FOR: EXISTING TREES OR SHRUBBERY, ALONG AT LEAST 50% OF THE 

PERJMETER OF THE f ACIL!TY, AS A WINDBREAK; OR SALVAGED VEHICLES, MATERIALS, OR EQUIPMENT AT A SALVAGE YARD THAT FORM AN EFFECTIVE 

WCNDBREAK; OR EXISTING FENCING THAT PREVENTS VEHICLE ACCESS TO PROPERTY AS A TRAFFIC CONTROL). DESCRIBE THE HEIGHT, LENGTH, 

LOCATIONS, TYPES, Ai.\10UNTS, ETC. FOR ALL METHODS TO BE USED AS CONTROL MEASURES. AS A GENERAL RULE, THE DEPARTMENT WILL ALLOW 

CREDIT FOR WINDBREAKS FOR A LATERAL DISTANCE EQUAL TO I 0 TIMES THE HEIGHT OF THE WINDBREAK. THEREFORE, A 6 FOOT HIGH WINDREAK WILL 

BE CREDITED WITH REDUCING DUST EMISSIONS FOR A DISTANCE OF 60 FEET FROM THE FENCE. 

Watering - using wet suppression will help reduce the amount of dust that will become air bound from activities at site. The wet 
suppression will be used as needed; if wind speeds pick up, more water will be added to the affected areas. During a high wind event 
the activities will be stopped. 
Traffic - traffic controls, including decreased speed limits with appropriate enforcement; other traffic calming methods, vehicle 
access restrictions and controls; road closures or barricades; and off road vehicle access controls and closures will reduce the amount 
of d1.,1st generated. Also, using properly secured tarps or cargo covering that covers the entire surface area of the load will prevent 
leakage from the truck bed, s ideboards, tailgate, or bottom dump gate will decreas.e dust. The active areas will be fenced which will 
reduce traffic during construction and maintenance operations. 
Landscaping - reseeding using native grasses as specified in 20.11.20.24 NMAC for areas where the pipeline trench affects the soil 

Page .2 of 7 (PROGRAMMATIC FUGITIVE OUST CONTROL PERMIT APPLICATION) 

Department Review by ~ Required Initials of Permittee /lf!fJ,.,,. 
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PART E. - REA ' ONABLY AVAILO E CONTROL MEASURES 

THE "PERMITTEE" SllALL INCLUDE IN TUE PERMIT APPLICATION ONE Oil 10ltE OF THE APPLICABLE REASONABLY AVAILABLE CONTROL 

TYPE MEAS{IRES LISTED KELOW (ABBREVIATED LIST), QR 0 t: OR MOIU: OTllf:R (ALH'.RNATIVE) FUGITIVE DlJST CONTROL MEASURl!:S, 

INCLUDING MEASURES TAKEN TO COMPLY WITH ANY OTHER STATUTE OR REGULATION THAT WOULD ALSO Elll<l!:CrlVELY CONTROL rnGITIVE 

DOST DlJRINC ROUTINE ACTIVE OPERATIONS AND MAINTENANCE AND INACTIVE OPERATIONS. FOR A MOJU: COMPLETE UST OF CONTROL TVPE 

MEASURES YOU CAN REFER TO SECTlON 23 OF PART 20.11.20 NMAC - FUGITIVE DlJST CONTROL. 

IF THE "PERMITTEE" CHOOSES TO SUBMIT AS AN ATTACHMENT TO TllIS APPLICATION AN ALTERNATIVE FUGITIVE DUST CONTROL PLAN 

(PLAN) IN UEU OF USING ANY OF THE REASONABLY AVAILABLE CONTROL MEASURES GIVtN JN PART EBEL.OW OR FROM SECTION 23 OF PART 

20.11.20 NMAC - FUGITIVE OUST CONTROL, THE ALTERNATIVE PUN (SUCH AS A STORM WATER POLLUTION PREVENTION PLAN) MUST 

INCLUDE DETAILED INFORMATION THAT ADDRESSES: l) THE REASONABLY A VAILADLE CONTROL MEASURES TO MITIGATE TilE RELEASE Oii 

FUGITIVE OUST FROM ROlJTIN E ACTIVE OPERATIONS AND MAlNTtNANO~; AND 2) ACTION(S) TO BE 'f AKEN TO MITIGATE PROPERTY DAMAGE 

(SEE PART 0 Of THIS APPLICATION). IF SUBMITTING AN ALTERNATIVE PLAN YOU STILL MUST COMPU:n; PAR'fS A, B,C, F, AND G Of THIS 

Al'l'LICATION. 

USE THE ONE WORD UNDj,;RLINEDHEADlNGS BELOW WHEN FILLING INTHECONTROLMEASURESINCOLl/MN DOFTHE PARTCTABLE ON PAGE 

2. THESE MJ<:ASURl<:S CAN REDUCE THE RELEASE OF FUGITfVE DUST FROM YOUR FACILITY QR RF.DUCE THE AMOUNT 01' ACREAGEl,..111..E ' 

REQUIRING CONTROL IF APPLIED AS PERMANENT STABILIZATION (FOil EXAMPl"E: MAINTAINED PAVEMENT). 

PAVING 

• paving using well-maintained recycled asphalt, asphaltic concrete, concrete, or petroleum products legal for such use; 
• using paved or gravel entry/exit aprons with devices, such as steel grates, capable of knocking mud and bulk material off vehicle tires; 
• surfacing with gravel or other mulch material of a size and density sufficient to prevent surface material from becoming airborne 

WATERING 

• using wet suppression; 
• watering the site at the beginning and/or end of each day sufficient to stabilize the area; 
• using dust suppressants applied in amounts, rates, and maintained as recommended by the manufacturer (submit manufacturer's data with 

application) 

WINDBREAKS 

• installing upwind windbreaks, including fabric fences with the bottom of the fence sufficiently anchored to the ground to prevent material 
from blowing underneath the fence; all windbreaks and fabric fences should be maintained in an upright and functional condition at all 
times; all accumulated material on the windward side of the windbreak should be periodically removed to prevent failure of the windbreak; 

• installing permanent perimeter and interior walls; 
• For Salvage Yards - using salvaged vehicles arranged in rows with minimum spacing between vehicles; 
• For Construction or Storage Yards - using construction materials, equipment, trailers, buildings or structures to create a windbreak; 
• Using dense hedges, shrubbery or trees; 
• Using sand fences, board rail fences, or similar fences that have openings on approximately 50% of the surface; 
• Natural barriers 

TRAFFIC 

• using traffic controls, including decreased speed limits with appropriate enforcement; other traffic calming methods, vehicle access 
restrictions and controls; road closures or barricades; and off-road vehicle access controls and closures; 

• cleaning up spillage and track out as necessary to prevent particulates from being pulverized and entrained into the atmosphere; 
• performing regularly scheduled vacuum street cleaning or wet sweeping; 
• using properly secured tarps or cargo covering that covers the entire surface area of the load; 
• installing fencing to limit vehicle access to property 

LANDSCAPING 

• reseeding using native grasses as specified in 20. 11.20.24 NMAC - native grass seeding and mulch specifications; 
. • xeriscaping; 

1ii: 
i .. ~,. • mulching and crimping of straw or hay as specified in Section 20. l l .20.24 NMAC; 

• conventional landscaping techniques 

IT IS REQUIRED DURING A fftCH WIND EVENT THAT ALL FUGITIVE OUST SOURCES CEASE ALL ACTIVE OPERATIONS THAT ARE CAPABLE OF 

PRODUCING FUGITIVE OUST. A HIGH WIND EVENT IS A CONDITION ANNOUNCED BY THE DEPARTMENT OF WIND SPEEDS OF APPROXIMATELY 

30 MILES PER HOUR OR GREATER THAT, WHEN ACCOMPANIED BY DRY SOIL CONDITIONS, IS LIKELY TO RESULT IN WIDESPREAD REDUCED 

VISIBILITY DUE TO BLOWING FUGITIVE DUST AND MAY RESULT IN ELEVATED PARTICULATE LEVELS THAT MAY CONTRIBUTE TO AN 

Page 4 of 7 (P~9-G~MA TIC FUGITIVE DUST CONTROL PERMIT APPLICATION) 
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· l DCEUD~aOR~OUTIDNOFAMBIE ~~t_Q~U_A_L_rr_v_s_T_A_N_D_A_R_o_s_. ________ ~~--------------~ 
PART F. -SIGNATURE AC1THOl~ . OF PERMJTTEE 

Tms Al'PUCATION SllALL INCLU OE A FUGrflVE DUST CONTROL PLAN THAT MA v lJTILIZE REASONABLY AVAILABLE CONTROL MEASURES TO 

MITIGAn; HJGITIVE DUST TO MEET THE OBJECTIVES OF PART 20.11.20 NMAC - FUGlTIYF; DUST CONTROL 

RY SIGNING BELOW, THE APl'UCANT CERTIFIES THAT THE INFORMATION PROVIDED IN THIS APPLICATION FOR A FUGITIVE OUST CONTROL 

PROGRAMMATIC PERMIT IS TRUE, ACCURATE AND COMPLETE, ANO THE APPLICANT AGREES TO BE THE "PERMITTEE". 

A " PERM ITI'EE" IS A Pf.RSO • OWNF:ll OR Ol'ERATOR AND ALL L "GAL m:rn ·, 'CESSOR 'Ai"IO ASSIGNS WHO HAS APPLIED f'OR AND 

OllTAI f.I) A FUG111Vt: DUST CONTROL PERMrl' APPllOYl.:O BY THE OEPARTMl:NT. Tut c Pt:nMnTI; E" AGREES TO TAKE AtL ACTIONS 

REQUuttD UY TU • F GrftVE O U "I' CONTltoll'EllMIT IS Uf:O BY TUE OEJ'ARTM F. TTO PREVENT A YIOLATIONOf'20.l l.20 NMAC- FtJGl'flVE 

OU T CO JfWL, I L OINC TO(>PJ G ACTIVF. OPERJ\'110 , IFNECE · ARY. TUE' PF.RMITTEE" IS Rt: PONSfllLEFORCOMPl,YI G W1UITif£ 

FUGITIVF. I> ST CONTROL PERMIT. THE FU .my~: 0 S'f CONTROL PLAN, AND AU. llE()UIRJ;~rnNTS OF PART 20.11.20 NMAC- f'UG11'1VE OUST 

CONTROi •• FAll.IJRE i·o COl\'Jl>LY SHAU. n . A VIOl.ATION OF PAR 20.11 .20 NMAC - FUGITIVE DUST CONTROL. 

THE PERMITTEE SIGNATURE BOX MUST BE COMPLETED 

!ONE SET OF SIGNATURE PAGES IS ADEQUATE FOR MULTIPLE FACILITY (SITE) LOCATIONS TO BE PERMITTED 
UNDER THE SAME PERMITTEE AND OWNER) 

~B&I FEDERAL. SERVIC!;S (COMPLETE ALL APPLICABLE INFORMATION) 

IF A BUSINESS, PRINT PERMITTEE'S BUSCNESS NAME 

Mi~e Amdurer Project Manager 
PRINT NAME 01' INDI VI DUAi. SIGNING FOR PERMITTEE PRINT TITLE OF lNDlVIDUAL SIGNING FOR PERMfTIEE 

/f/,cL/ /J tr4---
SIGNATURE OF PERMITIEE ~FPERMIHEE DA TE SUBMITTED 

TSt< 
2400 Louisiana Blvd. NE Sui'le lQQ Albuaucroue New Mexico 87ll0 8 /S-116 

MAILING ADDRESS or PERMITTEE CITY STATE ZrPCODE 

60 S-26Z-'B~o€' ~o S"-"16~ - 'f S-ZI 
303 q 86 ;!~93- ~Q3 513 U~3 NIA 505-262-8855 

PHONE NUMBER OF PERMITIEE CELL PHONE OF PERMlTTEE PAGER NUMBER OF PERMITTEE FAX NUMBER OF PF.RMITTEE 

-r~Y-c7i... l<~tce.1.@c l3:c Fe.dexo.Jl...~e1ru1'ces. c.om, 
::Mr~ f!.ft['lfBtl~ft(@~BIFC:~Clt1'1:l,Sf.:R l'1e!;1S.~?""' (Jes-;jnee..-: T~~ K~Kd 
EMAIL ADDRESS OF PERMITTEE 

THE PERMITTEE SHALL MAKE THE PERMIT AVAILABLE AND EXPLAIN THE REQUIREMENTS OF THE PERMIT TO APPROPRJATE EMPLOYEES, 

AGENTS, CONTRACTORS, AND ANY OTHER PERSON INVOLVED IN ACTIVE OPERATIONS OR MAINTENANCE AT THIS FACILITY TO ASSIST IN 

MAINTAINING COMPLIANCE WITH PART 20. l 1.20 - FUGITIVE DUST CONTROL. 

THE PERMITTEE IS RESPONSIBLE FOR MAINTAINING CONTROL MEASURES THAT PREVENT OR ABATE UNREASONABLE INTERFERENCE WITH 

PUBLIC WELFARE, VISIBILITY AND THE REASONABLE USE OF PROPERTY. 

THE APPLICANT SIGNING ABOVE AND APPLYING TO BE THE "PERMITTEE", MAY DESIGNATE AN ADDITIONAL PERSON(S) (INCLUDES AN 

ENTITY(IES)I TO BE A RESPONSIBLE PERSON AS DEFINED IN 20.11.20.700 NMAC (DEFINITIONS), IF THE PERSON(S) AGREES IN WRITING TO 

BE A RESPONSIBLE PERSON. 

BEFORE DEPARTMENT REVIEW AND ISSUANCE OF A FUGITIVE DUST CONTROL PROGRAMMATIC PERMIT, IF THE PERMITTEE WISHES TO 

DESIGNATE A PERSON(S) AS A RESPONSIBLE PERSON(S) FOR COMPLYING WITH ALL OR SPECIFIC ELEMENTS OF THE FUGlTIVE DUST CONTROL 

PERMIT, THE FUGITIVE DUST CONTROL PLAN, AND PART 20.11.20 NMAC.- FUGITIVE DUST CONTROL, THEN THE PERMITTEE MAY REQUEST 

AN ADDITIONAL RESPONSIBLE PERSON SIGNATURE FORM, WHICH MAY BE A ODED TO THE FUGITIVE DUST CONTROL PERMIT APPLICATION. 

THE RESPONSIBLE PERSON SIGNATURE FORM MUST INCLUDE ALL APPLICABLE INFORMATION CONCERNING THE DESIGNATED RESPONSIBLE 

PERSON(S). AFTER THE ISSUANCE OF THE PERMIT, THE DEPARTMENT MAY APPROVE IN WRJTJNG AN AMENDMENT TO THE PERMIT TO ADD OR 

Page 5 of 7 (P~ 
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l'll:I.OW ONI Y IF DIFl'l;Rl:N OIAN THE 

PERSON WHO HAS S:(iNl:D AS THt. PERMl rTF E IN SlcCT'ION F. 
However, READ All. THE !NFORMATl()N BHOW, !cVL·N ll' N(JI Sl(iNJNG THE Fi\CIUIY OWNER INFORMATIOt-.: Box. Tl IE PERMIT'l l' E MUST 

rN!TfAL Tl!E 130TTOM RJ<.J [ rt' CORNt.K OF ALL 5 PAGl 'S ro ENSURE THAT ALI. rHE Al'PUCATJON INFORMATION PROV IDED HAS BliEN REVIEWED. 

IF THE PER:VllTTH FAILS TO COMPI ,\'WITH l 'HE: PROVISIONS OF 20.11 .20 NMAC - FUGITIVE DliS'f CONTltOL, nm OWNER, IF Dll' H ;lt£1 T 

FROM rm: PERMITTEE, SHALL BE RESPONSIBLE FOR COMPL\'1."iG WITll Tm: r~: ni"llT. (I' 'J'llE PERMITTEE f'AILS TO TAKI<: ALI. K[Q[jlREO 

ACTION TO PREVf:NT A VIOIAl'ION OF 20.1 l.20 NMAC-- Ft:GITIVE Dus·r COl\'TROL, Tm: OWNER SHALL BE R•:SPONSmu: TO TAKE ALI. 

ACTIONS RF.QlllRf:D TO PRF.VENT Oil SA TISFACTORll.\' RESOLVf: A VIOLATION OF 20.11.20 NMAC - FUGITIVE DllST CONTROL, INCLUDING 

STOf>I'lNG ALL ACTIVE OPERATIONS, IF NECt:SSARY. To Mrn<;ATE FUGITIVE DUST, ALL INACTIVF: DISTURBED SURFACE ARF.AS Ml:ST BE 

STABILIZED ANO MAINTAINED IN STABLE CONOITlON DY THE OWNER, PERMl'f'TEE OR PERSON IU'.SPONSlllLF. FOR MAlNTENANCt: OF Tm: 

FACILITY. FAii .UR•: TO COMPLY SHALL BE A VIOLATION OF 20.11.20 NMAC - l:<'l!GITIVF. DUST CONTUOL. 

FACJLJTY OWNER INFORMATION (coMPL£TE ALL ArPLlCABU: INFORMATION) 

UNITED STA'! ES AIR FORCE. l<.JRTLJ\N[) A IR FOR E OAS" 
[FA BliSfNESS, PRfNT FAC ILITY OWNF.R'S BUSINESS NAMF. 

lnstal lation Commander 
PRINT TIT! .E OF INDIVIDUAL S!UNINU FOR FAULi l'Y OWNER 

S t(iNAllJRE OF FACILITY OWNER 

2050 Wyoming Blvd SE Kirtland AFB 
MAIUNG ADDRESS OF F AC!LITY OWNER 

(505)846-8546 NI A 
PHONE OF FACI! ITV OWNFR [FL!. OF FAC ILITY OWNER 

JOHN.PIKE@U .AF.MIL 
E MAIL ADDRESS OF FACILITY OWNER 

~~~::}:Q_IAA~~~~-
l NIT! AL Sor FACll.!TY OWN ER 

NM 
STA'l'I ' 

-~NIA 
PAlitl{ \)[· FACfLfTY O WNER 

3 )Jw l'I 
DAT E SIGNED 

87117 
Z if>Curw 

(505)853-6970 
FAX OF F AC!UT Y OWNER 

THE GENERAL PROVISIONSor20. I l .20NMAC - Fuurrrv1: DUST CONTROl.- S l'ATESTllAT!TSHALLBE A VIOLATIONOf'20. l l.20NMACTO 

ALLOW FUGITIVE DUS r, TRACK-Our, OR TRANSPORTED MATERIAL FROM ANY AC'l IVE OPERATION, OPEN STORAGE P!LF., STOCKPfLE, PAVED OR lJNPAVED 

ROADWAY, DISTURBH) SURFACE AREA, OR INACTIVE DISTURBED SUIU'ACE AREA TO CROSS OR Bt. CARRIED BEYOND THE PROPERTY LIN E, RIGHT-OF

WJ\ Y, EASEMENT OR ANY OTHER AREA UNDER CONTROL OF THE PERSON Gl :NERATING OR ALLOWING THE FUGITIVE DUST IF Tl IE FUGITIVE DUST MAY: 

I) WITH REASONABLE PROBABILJTY INJURE HUMAN HEALTH ORAN/MAI. OR PLANT l.IFE; 

2) UNREASONABLY INTERFERE WITH THE PUBLIC WELFARE, VISIBILITY OR Tl!E Rk:ASONABLE USE OF PROPERTY; 

3) BE VISIBLE f'OR A TOTAL OF l 5 MINUT!iS OR MORE DURJNG ANY CONSECUTIVE ONE HOUR OBSERVATION PER!OD USING THE VISIBLE FUGITIVE DUST 

DE I'ECT!ON METHOD IN 20.11 .20.26 (VISUAL Dl '.TERMINATION OF l'UGIT!VE DUST EMISSIONS VIOLATIONS) OR AN EQUIV Al .ENT METHOD APPROVED IN 

WRJTING BY Tl fE DEPAR l'MENT. 

PURSUANT TO THE Arn. QUALITY COl'iTROL ACT, CHAPTER 74, AR'HCU: 2 NEW MEXICO STATUTES ANNOTATED 1978, AS AMENDED; Tm; 
ALBUQUERQUE JOINT AIR QUALITY CONTROL BOARD ORDINANCE, 9-5-1-1 ROA 1994; THE BERNALILl.O COUNTY JOINT AIR QUALITY 

CONTROL BOARD ORDINANCE, BERNALILLO COUNTY ORDINANCE 94-5, ANO THE ALBUQUERQUE/BERNALILLO COUNTY AIR Q[;AL!TY 

CONTROL BOARD (A/BCAQCB) REGVLATION TITLF. 20, CHAPTER 11, PART 20, N~;W MEXICO ADMINISTRATIV•: CODE (NMAC), (20.11.20 
NMAC)- FVGITJVE DUST CONTl{Ql., ANl> liPON AIJTHORlZEO SIGNA TIJRES BELOW, l 'HIS APP LI CATION TOGETHER WITH ASSOCIATED ORA WINGS, 

PLANS, APPENDED DOCIJM~~NTS, OTHER DATA, AND ANY CONDlTIONS ATTACHED TO Tm: PERMIT BY Tm: DEPARTMENT, WILL BECOMF. TUE 

FtJGITIVE DUST CONTROL PROGRAMMATIC PERMIT. 

AIU:A BICLOW FOR DEPARTME:"ll' USE. 

DOES Tm: DEPAlffMf.~T APPROVAL BEi.OW INCLUUE APl'UOVAL FOR ANY BL'LK MA'l'[ UIAL STOCKPILES To Exc rmo 15 l'[t: r YES x No 

IF Yf.S, MAXl'.1-ll 1M llElGflT ALJ.OWEU _____ _ _ FEET 

D£EMEO 
ISSUE DATE EXPIRATION 

APPLICATION REVIEWED BY: COMPU~n; PERMIT ISSliED BY: 
DATE 

DATE - -
·--(' Kl"-/·<, 

-----:- /)h· ff / i't 120 {:./ I/ I / L( 1211 J'? ('..)- -. Ii I /ij_ 120 lv1 - /,h l 
AIR QtlALl'fY PROGRAM AIR QUALITY PROGRAM 
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Table 1. Fugitive Dust Permit Acre Cale~ 

-1f fl_ 
Gibson Laydown yard " i::::i I 
Gibson Laydown yard (additional) S4 I " 
Soil Vapor Wells Laydown yard and the Bulk 

Fuels Facility 

Groundwater Treatment Pipeline / 
Groundwater Infiltration Gallery/ 

Groundwater Treatment S~m 

Veteran Affairs Hospipir(aydown yard 

TOTAL / 

~ 
conversion 

width~ 
additonal 30% for from feet to 

length (feet) feet surrounding area acres 

v //1315 1 L ~00 126000 not necessary 2.30E-05 
r1 {/_M/ 75 37500 not necessary 2.30E-05 

ha 1525 915000 not necessary 2.30E-05 
8350 40 334000 not necessary 2.30E-05 
500 500 250000 325000 2.30E-05 
100 100 10000 13000 2.30E-05 
150 150 22500 not necessary 2.30E-05 

w i th Vt~ ~ cJJv<Jf.J 
~S- sh-owl/l. 

acres 

2.9 
0.9 

21 .0 
7.7 
7.5 
0.3 
0.5 
41 
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length (feet) width (feet) square feet
additional 30% for 
surrounding area?

conversion from 
feet to acres

acres

Soil Vapor Wells Laydown yard and the 
Bulk Fuels Facility

600 1210 726000 not necessary 2.30E‐05 16.7

Veteran Affairs Hospital Laydown yard 150 150 22500 not necessary 2.30E‐05 0.5
EDB Biorecirculation Pilot Test Area 290 200 58000 not necessary 2.30E‐05 1.3

18.5

Table 1. Fugitive Dust Permit Acre Calculations

TOTAL
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FIGURE  1
FACILITY BOUNDARY MAP

WITH ACTIVE OPERATION AREAS

Projection : NAD83 State Plane New Mexico Central FIPS3002 Feet

Revision Date:  08/04/16

H:\Kirtland_AFB\GIS_Documents\Project_Maps\Misc_Maps\KAFB_109_operations.mxd    08/04/16
Service Layer Credits: Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AEX,
Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User Community

1 in = 1,000 feet

Total Active Acres = 18.5 Acres

±
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TOM BLAINE, P.E. 

STATE OF NEW MEXICO 
OFFICE OF THE STATE ENGINEER 

DISTRICT 1 

5550 San Antonio Drive, N.E. 
NEW MEXICO STATE ENGINEER Albuquerque, NM 87109 (505) 383-4000 

August 15, 2016 

File No.: RG-1579 

Kirtland Air Force Base 
c/o Wayne Bitner, Chief Environmental Restoration 
AFCEC/Kirtland AFB IST; Bldg 20685 
2050 Wyoming Blvd, SE 
Kirtland AFB, NM 87117 

RE: MONITORING WELL PERMIT RG-1579 (POD316, POD317, and POD318) 

Greetings, 

Enclosed is your copy of Permit No.: RG-1579 POD316, POD317, and POD318 to drill 
exploratory wells with no consumptive use, has been approved in accordance with the attached 
Conditions of Approval. 

C i t p r.,Burrus 
_/ 

ater Resource Specialist 
Albuquerque, OSE, District 1 

CB;cb; 
Enclosure as stated 
c:WRAB 
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Purpose: 

\AC\-553f(o 
~lS.oO FileNo. R&' /~7f 

NEW MEXICO OFFICE OF THE STATE ENGINEER 

D 

APPLICATION FOR PERMIT TO DRILL A WELL 

WITH NO CONSUMPTIVE USE OF WATER 

(check applicable box): 

For fees, see State Enaineer website: httn://www.ose.state.nm.us/ 

Pollution Control And I Or Recovery D Geo-Thermal 

D Exploratory Construction Site Df.l-Watering Qg Other (Describe) : Two groundwater extraction wells 

B and one injection well 

D Monitoring Mineral De-Watering 

A separate permit will be required to apply water to beneficial use. 

D Temporary Request - Requested Start Date: Requested End Date: 

Plugging Plan of Operations Submitted? D Yes [XI No 

1. APPLICANT(S) 

Name: Kirtland Air Force Base Name: 

Contact or Agent: check here if Agent !XI Contact or Agent: check here if Agent D 
Wayne Bitner, Chief Environmental Restoration > ,...., ! CJ) 

.--. ".Q~ 

Mailing Address: Mailing Address: en '- :::j 
> ::: ('T1 

AFCEC/Kirtland AFB IST; Bldg 20685; 2050 Wyoming Blvd SE c ·1 fT1 
c;-) :i z 

I ~ c;) -
City: Kirtland AFB City: 

UJ ,z 
rn 

:J2 
~ m 

'; ::o 

State: NM Zip Code:87117 State: Zip Code: 
- - ; v1 
N 0 .. q:::!:! -- ><_; Phone: N/A Home Cell Phone: Home Cnll> - (") 

Phone (Work):505-853-3484 Phone (Work): 
'· -, ('T1 
•-:> 

E-mail (optional):ludie.bitner@us.af.mil E-mail (optional): 

FOR OSE INTERNAL USE Application for Permit, Form wr-07, Rev 4/12112 

File Number: RG-- I IS77 I Trn Number: 

Trans Description (optional): 17~1/ 111" h Yfi 
Sub-Basin: 

PCW/LOG Due Date: 

Page 1of3 
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2. WELL(S) Describe the well(s) applicable to this application. 

Location Required: Coordinate location must be reported in NM State Plane (NAO 83), UTM (NAO 83), m Latitude/Longitude 
(Lat/Long - WGS84). 
District II (Roswell) and District VII (Cimarron) customers, provide a PLSS location in addition to above. 

1XJ NM State Plane (NAD83) (Feet) 0 UTM (NAD83) (Meters) D Lat/Long (WGS84) (to the nearest D NM West Zone []Zone 12N 1 /1 olh of second) D NM East Zone []Zone 13N 
IXJNM Central Zone 

Provide if known: 
-Public Land Survey System (PLSS) 

Well Number (if known): X or Easting or Y or Northing (Quarters or Halves, Section, Township, Range) OR 
Longitude: or Latitude: - Hydrographic Survey Map & Tract; OR 

- Lot, Block & Subdivision; OR 
- Land Grant Name 

KAFB-106EX1 1542418.47 1473782.33 

/700 310 
KAFB-106EX2 1542254.00 1473837.97 ):> 

,...., r- U> 

poo sl7 = m -t - ::=: )> -
KAFB-1061N1 1542331.87 1473810.39 ::c- L:: f"Tl 

c:: I 71 f"T1 

/7oD s. //J G") ::> z 
I '? e 

w . ~ m 
-0 . r:i 

:x 1 :::0 
-: U) -I:-/ " , ..... . ..,, 

.r:- ,, ..,, 
N >< -

- ("") 

-• m 
NOTE: If more well locations need to be described, complete form WR-08 (Attachment 1 - POD Descriptions) J 

Additional well descriptions are attached: 0Yes ~No If yes, how many 

Other description relating well to common landmarks, streets, or other: See attached Figure 1 

Well is on land owned by: Kirtland Air Force Base 

Well Information: NOTE: If more than one (1) well needs to be described, provide attachment. Attached? [8 Yes 0No 
If yes, how many a Wllll§ 

Approximate depth of well (feet):See attachment Outside diameter of well casing (inches): 6" 

Driller Name: TBD Driller License Number: TBD 

3. ADDITIONAL STATEMENTS OR EXPLANATIONS 

Please see attachments for well locations and installation details. Extraction wells KAFB-106EX1 and KAFB-106EX2, and 

the injection well KAFB-1061N1 will be advanced into the upper 20 to 30 feet of the water table as part of an in-situ 

bioremediation pilot test. The two extraction wells will be located approximately 90 feet upgradient and downgradient 

from the single injection well, respectively, and will be used to periodically recirculate groundwater during individual 

phases of the recirculation pilot test. 

FOR OSE INTERNAL USE Application for Permit, Form wr-07 

File Number: R rs- I 7? Trn Number: 

/c-0 31 h.1 31& Page 2 of3 
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4. SPECIFIC REQUIREMENTS: The applicant must include the following, as applicable to each well type. Please check the appropriate 
boxes, to indicate the information has been included and/or attached to this application: 

Exploratory: Pollution Control and/or Recovery: Construction Mine De-Watering: 
D Include a D Include a plan for pollution De-Watering: D Include a plan for pollution 
description of control/recovery, that includes the D Include a description of the control/recovery, that includes the following: 
any proposed following: proposed dewatering D A description of the need for min.e . 
pump test, if D A description of the need for the operation, dewatering. 
applicable. pollution control or recovery operation. D The estimated duration of D The estimated maximum period of time 

D The estimated maximum period of the operation, for completion of the operation. 
time for completion of the operation. D The maximum amount of D The source(s) of the water to be diverted. 
D The annual diversion amount. water to be diverted, 0The geohydrologic characteristics of the 
D The annual consumptive use D A description of the need aquifer(s). 
amount. for the dewatering operation, DThe maximum amount of water to be 
D The maximum amount of water to be and, diverted per annum. 
diverted and injected for the duration of D A description of how the 0The maximum amount of water to be 
the operation. diverted water will be disposed diverted for the duration of the operation. 
D The method and place of discharge. of. DThe quality of the water. 

Monitoring: D The method of measurement of Geo-Thermal: 0The method of measurement of water 
D Include the water produced and discharged. D Include a description of the diverted. 
reason for the D The source of water to be injected. geothermal heat exchange DThe recharge of water to the aquifer. 
monitoring D The method of measurement of project, DDescription of the estimated area of 
well, and, water injected. D The amount of water to be hydrologic effect of the project. 
0The D The characteristics of the aquifer. diverted and re-injected for the 0The method and place of discharge. 
duration D The method of determining the project, DAn estimation of the effects on surface 
of the planned resulting annual consumptive use of D The time frame for water rights and underground water rights 
monitoring. water and depletion from any related constructing the geothermal from the mine dewatering project. 

stream system. heat exchange project, and, DA description of the methods employed to 
D Proof of any permit required from the D The duration of the project. estimate effects on surface water rights and 
New Mexico Environment Department. D Preliminary surveys, design underground water rights. 
D An access agreement if the data, and additional Dlnformation on existing wells, rivers, 
applicant is not the owner of the land on information shall be included to springs, and wetlands within the area of 
which the pollution plume control or provide all essential facts hydrologic effect. 
recoverv well is to be located. relatina to the reauest. 

ACKNOWLEDGEMENT 

I, We (name of applican""'"'t(._.s)...,), _ __ ~E=R-.IC.-......H ...... .._F...,.R..-O=E~H=Ll~C.;..;H.._, ..... C.._O=LO~N=EL=,~U._.S"'""A"'-F...._, ""'37'""'7....:.A...;;:B::....:W~C..;:O'"'"'M"'"M=A-"N-"'D;...;E~R.,;__ _____ _ 
Print Name(s) 

affirm that the foregoing statements are true to the best of (my, our) knowledge and belief. 

App~~ Applicant Signature 

ACTION .OF THE STATE ENGINEER 
,...., 1-cn 
c:::::i ID~ 

-=> 
CT\ •:> -I 

. / This application is: ~ ~~ 
~approved g pe1 liall7 eppi oved Cl4erried Ci"J _! 3 I __ r... 

provided it is not exercised to the detriment of any others having existing rights, and is not contrary to the conservation of wab:J in NE)WC 
Mexico nor detrimental to the public welfare and further subject to the attached conditions of approval. f"T1 -c - rri 

Witness my hand and seal this /, r day of Ai/q v <; -1-- 20 ___& ' for the State Engineer, = ~ ~ 
, ToJ:JJ .Brafnd' P.··e r ~ ~sg ,' s . .'. . . -;::, "'< ~ 

. State Engineer :::; n 
::> fTI 

/ 
B: 

Signature Print ' 
Title: 

Print 

FOR OSE INTERNAL USE Application for Permit, Fenn wr-07 

I File Number. £'&- /(7/ I Tm Number: 

h . 3/E:J Page 3 of 3 
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NEW MEXICO OFFICE OF THE STATE ENGINEER 
PERMIT TO DRILL WELL WITH NO CONSUMPTIVE USE 

CONDITIONS OF APPROVAL 

This application is approved provided it is not exercised to the detriment of any others having existing 
rights, and is not contrary to the conservation of water in New Mexico nor detrimental to the public 
welfare of the state; and further subject to the following conditions of approval: 

Permittee: 

Permit Number: 

Application File Date: 

Priority: 

Source: 

Points of Diversion: 

Purpose of Use: 

Place of Use: 

Amount of Water: 

Kirtland Air Force Base 
clo Wayne Bitner, Chief Environmental Restoration 
AFCECIKirtland AFB IST; Bldg 20685 
2050 Wyoming Blvd, SE 
Kirtland AFB, NM 87117 

RG-1579 

August 8, 2016 

NIA 

Groundwater 

RG-1579 POD316 (KAFB-106EX1) located at a point where X = 
1,542,418.47 feet and Y = 1,473,782.33 feet, NMSPCS NAD83, 
Central Zone within Section 36, Township 10 North, Range 03 East, 
Bernalillo County, New Mexico. 

RG-1579 POD317 (KAFB-106EX2) located at a point where X = 
1,542,225.0 feet and Y = 1,473,837.97 feet, NMSPCS NAD83, Central 
Zone within Section 36, Township 10 North, Range 03 East, 
Bernalillo County, New Mexico. 

RG-1579 POD318 (KAFB-1061Nl) located at a point where X = 
1,542,331.87 feet and Y = 1,473,810.39 feet, NMSPCS NAD83, 
Central Zone within Section 36, Township 10 North, Range 03 East, 
Bernalillo County, New Mexico. 

All wells are located on land owned by Kirtland Air Force Base. 

Exploration 

NIA 

NIA 

Page 1of2 

File No: RG-1579 
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NEW MEXICO OFFICE OF THE STATE ENGINEER 
PERMIT TO DRILL WELL WITH NO CONSUMPTIVE USE 

CONDITIONS OF APPROVAL 

I. No water shall be appropriated and beneficially used under this permit. 

2. Wells RG-1579 POD316, POD317, and POD318 shall be drilled and constructed by a driller 
licensed in the State of New Mexico in accordance with 19.27.4 NMAC. 

3. Completed and properly executed Well Records on the form provided by the State Engineer shall 
be filed within 10 days after the wells are drilled. 

4. The Permittee is responsible for obtaining an access agreement. 

5. If artesian water is encountered, the Permittee and driller shall comply with Subsection C of 
19 .27.4.31 NMAC and all rules and regulations pertaining to the drilling and casing of the 
artesian wells. 

6. Wells RG-1579 POD316, POD317, and POD318 shall be plugged upon completion of the 
permitted use, and a plugging report shall be filed with the State Engineer within 10 days after the 
wells are plugged. 

7. Wells RG-1579 POD316, POD317, and POD318 must be completed within one year of the 
approval date of this permit. 

8. Water shall be used from the well for exploration purposes only, unless and until a permit 
for a specific use has been issued by the State Engineer. 

Witness my hand and seal this 

, , , Tom Blaine, P.E. 
. _ ... State Engineer 

/JJdk/) ... : 
-~. /A:· / . 
: •. / : 

By: ~~~~~~~~~+---~ 
-: ,;· .. '" , f: tiristopher. Burru 

·,~, O)\T a~~r 'Res?µr~e, Specialist 
' -~~·a· ·

0
• ·,·~\.~~,,,District 1 

''t(l111l''1', 

Page 2of2 
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FIGURE 1 
PROPOSED WELL LOCATIONS 
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ATTACHMENT I 
WELL SUMMARY 
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KIRTLAND AIR FORCE BASE 
BULK FUELS FACILITY 

WELL SUMMARY 
ESTCP Extraction and Injection Wells 

Extraction and injection wells will be installed in accordance with the Ethylene Dibromide Recirculati~ 
Pilot Test Work Plan (CB&I, 2016). KAFB-106EX1 and KAFB-106EX2 will be used as extraction wells, 
and KAFB-1061Nl will be used as an injection well for recirculated groundwater and amendment 
injection. The two extraction wells will be located approximately 90 feet upgradient and downgradient 
from the single injection well, respectively, and will be used to periodically recirculate groundwater 
during individual phases of the recirculation pilot test. Groundwater will be extracted from each 
extraction well at a rate of up to 25 gallons per minute, and injected into KAFB-106IN l at a rate of up to 
50 gallons per minute. 

Both the extraction and injection wells will be dilled using Air Rotary Casing Hammer (ARCH) and will 
be constructed within a 11 % -inch borehole. The wells will be constructed using 6-inch diameter, PVC 
flush threaded riser pipe and equipped with a 0.040-inch slot stainless steel wire wrap screen with a 5-foot 
PVC sump ( 6-inch diameter), and flush threaded bottom cap. For the injection well (KAFB-106IN l ), the 
20-foot screen will be installed with the top of screen at static groundwater level and extend to 20-feet 
below static water level (groundwater is approximately 480 feet below ground surface; consequently the 
screen may extend from 480 to 500 feet below ground surface). To minimize aeration of extracted water, 
the two extraction wells will be installed with 20-foot screens, the top of which will be located 5 feet 
below the static groundwater level (groundwater is approximately 480 feet below ground surface; 
consequently the screen may extend from 485 to 505 feet below ground surface). Following placement of 
the well screen and riser pipe, filter pack (sand) will be placed adjacent to the well screen followed by a 
fine sand seal and bentonite chip seal. A cement/bentonite grout will extend from the bentonite chip seal 
to near ground surface. The bentonite chip seal will be hydrated in lifts using a "clean" water source. 
Details of well construction are described below. 

• The target depth of the well will be re-assessed before drilling using groundwater levels from off
setting wells to project groundwater level at the selected boring location. Currently, depth to static 
groundwater level is 480-feet below ground surface. If groundwater is encountered during drilling 
at a shallower depth, then drilling will be stopped temporarily, and the hole will be allowed to 
equilibrate for approximately 1 hour to determine the water table elevation. 

• If the boring is over drilled beyond the bottom of the proposed sump elevation by more than l 0 
feet, the borehole will be backfilled with filter pack material to an elevation approximately 5 feet 
below the proposed bottom of sump elevation. 

• At the completion drilling and before well construction, a borehole deviation measuring device will 
be used to log the borehole. The device may be similar to the Reflex EZ-Shot (Single Shot) 
Deviation Tool or other acceptable device. The results will be used to assess borehole deviation, 
which is limited to a total of 5 feet or less over the 505 or 510 foot depth of the borehole. 

• The wells will be constructed within the borehole using a 5-foot PVC sump and flush threaded cap; 
flush-threaded stainless steel wire wrap screen with a 0.040-inch slot; and 6-inch PVC riser pipe to 
the top of the well stick-up (approximately 485 feet). The sump will extend 5 feet below the 
bottom of the screened interval. Centralizers will be placed just below the screen and just above 
the screen. 
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• Once the well string is emplaced inside the driven casing, the 10/20 sand filter pack will be installed 
in the annular space between the well string and the borehole from the total depth of the bore hole to 
l 0 feet above the top of screen. The filer pack will be emplaced by filling the annulus between the 
well string and outer driven casing using a treme pipe, then slowly extracting the driven casing, 
allowing the volume of filter pack to fill the annulus between the well string and the borehole wall. 
This will be done incrementally in 10-foot lifts, never allowing the screen to be directly exposed to 
the fonnation. During this process the screen interval will be gently surged between lifts to insure 
filter pack placement with no voids. 

• A 10-foot hydrated bentonite seal will be emplaced above the sand filter pack, incrementally 
hydrated with potable water in 1-foot lifts. The seal will' be allowed to hydrate for 30 minutes after 
the last lift is emplaced. 

• 

• 

• 

A high solids (20 wt%) bentonite grout will be emplaced by tremie pipe to within 30 feet of the 
surface. The bentonite grout will be installed in lifts (approximately 70 feet thick) to prevent 
collapse of the PVC casing. ~ 

CJ"\ 

To the ground surface, a cement/bentonite grout mixture will be installed over the high-solids ~ 
bentonite grout using a tremie pipe. The mixture will consist of 94 pounds of Portland cement <tp 7 
gallons of approved water and 3 percent by weight of sodium bentonite powder. co 

-0 
The wells will be finished below grade, in a fiberglass well vault approximately 4' by 6' by 4qfi 
. N size. •• ·· O .,,, 

+- _.; ..,, 
As summarized above, both injection and extraction wells will be installed in a similar manner. H~eve~g 
injection well will require the installation of 1.5-inch black steel injection pipe, a Baski flow control valve 
and associated controls, and a transducer to monitor injection levels. Additionally a 1-inch flush threaded 
Sch. 40 PVC pipe will be installed to allow access for collection of groundwater level measurements. A 
sanitary seal will be used to secure the injection pipe, power cable, Baski Valve controls, access drop 
pipe, and transducer. The injection pipe will extend from the well seal to approximately the mid-point of 
the screen interval (490 feet bgs); this is where the Baski valve will be set. 

The injection pipe will be composed of 60 feet of 1.5 inch fusion bonded epoxy (FBE) coated steel NPT 
threaded discharge pipe from the valve to above the water table, coupled to 1.5 inch black carbon steel 
pipe to the surface. Couples will be black carbon steel on the black carbon steel pipe. The injection pipe 
will be suspended from the surface and centralizers will be used to center and stabilize the tubing during 
injection. The injection pipe will connect to the Baski flow control valve, below which will be a Grundfos 
pump. A flow meter and totalizer (volumes will be measured in gallons) will be used measure the 
injection rate and volume of groundwater entering the injection well. 

References 

CB&I. 2016. Ethylene Dibromide Recirculation Pilot Test Work Plan. Prepared by CB&I Federal 
Services. Draft. July. 

USACE. 2011. Groundwater Investigation Work Plan, Bulk Fuels Facility (BFF) Spill, Solid Waste 
Management Units ST-106 and SS-111, Kirtland Air Force Base, Albuquerque, New Mexico. 
Prepared by Shaw Environmental & Infrastructure, Inc. for the USACE Albuquerque District under 
USACE Contract No. W912DY-10-D-0014, Delivery Order 0002. March. 
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Colonel Eric H. Froehlich 
377 ABW/CC 

DEPARTMENT OF THE AIR FORCE 
377TH AIR DASE WING (Al'GSC) 

2000 Wyoming Blvd SE 
Kirtland AFB NM 87117-5000 

Office of the State Engineer 
c/o Christopher Burrus, Water Rights Division 
5550 San Antonio Blvd. NE 
Albuquerque NM 87109 

Dear Mr. Burrus 

JUL 2 B 2016 

I . 
co 

Kirtland Air Force Base (AFB) is submitting herein one "Application for Permit to Drill 
Wells with No Consumptive Use of Water" for the temporary pilot system extraction wells 
KAFB-106EX1 and KAFB-106EX2, and injection well KAFB-106IN1 . The extraction and 
injection wells will be advanced into the upper 20 to 30 feet of the water table as part of an in
situ bioremediation pilot test at Kirtland AFB Bulk Fuels Facility Solid Waste· Management 
Unit (SWMU) ST-106/SS-l l 1. These wells are proposed to be advanced on Kirtland AFB 
property. 

As part of the Environmental Security Technology Certification Program (ESTCP) 
project, an in-situ pilot test will evaluate the potential use of enhanced EDB degradation using a 
biostimulation or bioaugmentation recirculation system. The recirculation system will be 
designed to extract, amend, and reinject groundwater throughout a 150-foot demonstration zone. 
The components of the recirculation system will include the extraction and injection wells and 
their equipment, a tracer and amendment delivery system, and ancillary equipment to power the 
recjrculation system. The system will be designed to allow anaerobic mixing of multiple 
amendments and a bioaugmentation culture into extracted groundwater, prior to discharge to the 
injection well. 

The extraction and injection wells will be constructed using approximately 485 feet of 6 
inch diameter polyvinyl chloride (PVC) casing equipped with 20 feet of flush-threaded stainless 
steel wire wrap screen (0.040 slot) with a 5-foot PVC (6-inch diameter) sump and flush-threaded 
bottom cap. The top of the screen for the injection well (KAFB-106IN1) will be set at static 
groundwater level and extend to 20-feet below static water level. The two extraction wells 
(KAFB-106EX1 and KAFB-106EX2) will be installed with 20-foot screens, with the top of 
screen set at 5 feet below the static groundwater level. The two extraction wells will be located 
approximately 90 feet upgradient and downgradient from the single injection well, respectively, 
and will be used to periodically recirculate groundwater during individual phases of the 
recirculation pilot test. The extraction wells will be designed to extract groundwater at a rate of 
up to 25 gallons per minute each, and the injection well will recirculate amended groundwater 

f 
I 
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into the aquifer at a rate of up to 50 gallons per minute. However, the flow may be dictated by 
the capacity of the wells to either extract groundwater or inject amended groundwater. Discharge 
piping from the recirculation system will extend down into the water column, ending at 
approximately the mid-point of the screen interval. 

Relevant information describing the use of the two extraction wells (KAFB-106EX1 and 
KAFB-106EX2) and one injection well (KAFB-106INI) are as follows: 

• 

• 

• 

• 

The need for installing the two extraction wells and one injection well is as follows: 
An in-situ bioremediation pilot test will be conducted to determine and evaluate 
the potential for enhanced EDB degradation after biostimulation or 
bioaugmentation with EDB degrading microorganisms using a recirculation 
system. 

The estimated maximum period of time for completion of the operation: 
Recirculation will be performed three times during the pilot test; the active 
pumping timeframe within each stage will last for a period of approximately four 
weeks. The initial recirculation stage will mix a tracer in groundwater to evaluate 
subsurface transport and mixing characteristics. The four weeks of active 
pumping will be followed by approximately four weeks of monitoring. In the 
second recirculation stage, groundwater will be amended with inorganic nutrients 
and yeast extract, and reinjected into the aquifer to assess the performance of 
biostimulation for EDB degradation. This second active pumping stage will be 
followed by approximately twelve weeks of monitoring. In the third recirculation 
stage, groundwater will be amended with a bioaugmentation culture and inorganic 
nutrients and reinjected into the aquifer to assess the performance of 
bioaugmentation for EDB degradation. This third active pumping stage will be 
followed by approximately twelve weeks of monitoring. After active recirculation 
is complete, groundwater will be monitored for approximately 12 weeks. 

The annual diversion amount for each well: 
Up to 40 acre-feet per year. en 

):!It 

c 
The annual consumptive use for each well: ~ 

There is no consumptive use. The amount of groundwater removed by the tvl0' 
extraction wells (approximately 80 acre-feet per year) will be amended and " 
reinjected into the aquifer. ~ 

N 

...... 
'j . .. 

n 1 
ni 
;o 

- U') 

- o 
.r:- •1 ...,, 

The maximum amount of water to be diverted for the duration of the operation: - ;~ • 
Groundwater will be extracted from KAFB-106EX1 and KAFB-106EX2 at a rate - ~ 

of up to 25 gallons per minute per well ( 40 acre-feet per year) or a total of up to 
50 gpm (80 acre feet per year). 
Groundwater extracted from the aquifer will be injected back into the aquifer at a 
rate of up to 50 gallons per minute during this operation. 
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• 

• 

• 

• 

• 

• 

The method and place of discharge: 
The groundwater from extraction wells KAFB-106EX1 and KAFB-106EX2, 
which are located within SWMU ST-106/SS-111, will be discharged to injection 
well KAFB-1061Nl, which is located upgradient from the extraction wells (see 
attached figure). 

The method of measurement of water produced and discharged: 
Extracted groundwater will measured through a totalizing flow meter. Injected 
amended groundwater will also be measured through another totalizing flow 
meter (both instantaneous and total flow will be logged). 

The source of water to be injected: 
Injected water will be extracted from two proposed extraction wells (KAFB-
106EX1 and KAFB-106EX2) installed as part of the in-situ bioremediation pilot 
test at SWMU ST-I 06/SS-111. The extracted water will be amended with :;-.,. 

"'-> J C/) 
c::i CO :-i 

C: l> 
0 -1 
c:: rri 
-i1 fT1 

inorganic nutrients prior to injection. 
°' :x:z,. 

The method of measurement of water injected: a=; 
The amount of water entering the injection well will be measured using a flow cb 
meter (both instantaneous and total flow will be logged). 

-0 
:JC 

The characteristics of the aquifer: ~ 
The aquifer is primarily comprised of unconsolidated sand and gravel, with an~ 
average hydraulic conductivity of 63 feet/day. -

The method of determining the resulting annual consumptive use of water and depletion 
from any related stream system: 

Groundwater extracted from KAFB-106EX1 and KAFB-106EX2 are each 
projected to be extracted at a rate of up to 25 gallons per minute, equivalent to 40 
acre-feet per year per well. The groundwater will be metered as it is extracted 
from the aquifer and pumped to the recirculation system, and will be metered as 
the amended groundwater is injected into the aquifer well KAFB-106IN 1. The 
volume removed from the extraction wells will be equal to the amount injected 
into the aquifer; therefore, there is no consumptive use. 

J;z 
C> 

• Proof of any permit required from the New Mexico Environment Department (NMED): 
The NMED/Hazardous Waste Bureau and Ground Water Quality Bureau has 
determined that a discharge permit will not be required for the short-term in-situ 
pilot test. If the pilot test is successful, then Kirtland AFB will work with NMED 
to identify any permits required if a full-scale system is to be designed and 
implemented. 

• An access agreement if the applicant is not the owner of the land on which the pollution 
plume control or recovery well is to be located: 

Kirtland AFB is the landowner. 
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In addition to the application, this packet contains a summary of the well construction for 
the extraction and injection wells, and a figure showing the well locations. The well construction 
d~tails may be subject to change. · 

Please contact Mr. L. Wayne Bitner at (505) 853-3484 or at ludie.bitner@us.af.mil or Mr. 
Scott Clark at (505) 846-9017 or at scott.clark@us.af.mil if you have any questions. 

Sincerely 

£1J 
ERICH. F OEHLICH, Colonel, USAF 
Commander 

Attachment: 
WR07 Application for Permit to Drill Wells with No Consumptive Use of Water 

cc: 
AFCEC/CZ (Bodour, Bitner, Clark), letter only 
USACE-Omaha District Office (Ellender), letter only 
USACE-ABQ District Office (Simpler, Phaneuf, Dreeland, Sanchez, Salazar), letter only 
Public Info Repository, Administrative Record/Information Repository (AR/IR) and File 
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STATE OF NEW MEXICO 
OFFICE OF THE ST ATE ENGINEER 

TOM BLAINE, P.E. 
STATE ENGINEER 

File No: RG-1579 
Permit No. RG-1579 PODs 325-328 

Kirtland Air Force Base 

DISTRICT I 

November 17, 2016 

c/o Wayne Bitner, Chief Envirorunental Restoration 
AFCEC/Kirtland AFB IST; Bldg 20685 
2050 Wyoming Blvd SE 
Kirtland AFB, NM 87117 

Greetings: 

5550 San Antonio Dr. NE 
Albuquerque, NM 87109-4127 

(505) 383-4000 

Your copy of Permit to Drill Monitoring Wells RG-1579 PODs 325-328, which has been approved in 
accordance with the attached Conditions of Approval, is enclosed. 

Sincerely, 

JJ~ct!H 
Sharon Kindel 

Water Resource Master 

Enclosures 
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[i=tte No. 

NEW MEXICO OFFICE OF THE STATE ENGINEER 

WITH NO CONSUMPTIVE USE OF WATER 

(check applicable box): 

For fees see State Enoineer website: htto://www.ose.state.nm.us/ 

Purpose: D Pollution Control And I Or Recovery D Geo-Thermal 

D Exploratory D Construction Site De-Watering D Other (Describe) : 

00 Monitoring D Mineral De-Watering 

A separate permit will be required to apply water to beneficial use. 

D Temporary Request - Requested Start Date: Requested End Date: 

Plugging Plan of Operations Submitted? D Yes IX] No 

1. APPLICANT(S) 

Name: Kirtland Air Force Base Name: 

~ = -O"" 

:z:: 
0 --,........ 
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~ 
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Contact or Agent: check here if Agent !XI Contact or Agent: check here if Agent D 
Wayne Bitner, Chief Environmental Restoration 

Mailing Address: Mailing Address: 

AFCEC/Kirtland AFB IST; Bldg 20685; 2050 Wyoming Blvd SE 

City: Kirtland AFB City: 

State: NM Zip Code:87117 State: Zip Code: 

Phone: N/A Home Cell Phone: Home Cell 

Phone (Work):505-853-3484 Phone (Work) : 

E-mail (optional) : ludie.bitner@us.af.mil E-mail (optional): 

FOR OSE INTERNAL USE Application for Permit, Form wr-07, Rev 4/12/12 

File Number. Tm Number. 5 q 
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c ( 

2. WELL(S) Describe the well(s) applicable to this application. 

Location Required: Coordinate location must be reported in NM State Plane (NAO 83), UTM (NAO 83), m Latitude/Longitude 
(Lat/Long - WGS84). 
District II (Roswell) and District VII (Cimarron) customers, provide a PLSS location in addition to above. 

!Kl NM State Plane (NAD83) (Feet) 0 UTM (NAD83) (Meters) D Lat/Long (WGS84) (to the nearest D NM West Zone []Zone 12N 1/10th of second) D NM East Zone []Zone 13N 
[XINM Central Zone 

Provide if known: 
-Public Land Survey System (PLSS) 

Well Number (if known): X or Easting or Y or Northing (Quarters or Halves, Section, Township, Range) OR 
Longitude: or Latitude: - Hydrographic Survey Map & Tract; OR 

- Lot, Block & Subdivision; OR 
- Land Grant Name 

KAFB-106MW1-S 1542329.391 1473729.014 

KAFB-106MW1-1 1542329.391 1473729.014 

KAFB-106MW2-S 1542340.467 1473757.397 , 

!"..> 
i-- (J) 

= ':'".J - 1 
- ::~ 

KAFB-106MW2-1 1542340.467 1473757.397 
- rn z -
Cl 111 . .,;:: - . . ) -....., . 
-0 ' 1 

-::; - ) 
~-

NOTE: If more well locations need to be described, complete form WR-08 (Attachment 1 - POD Descriptions) - • J .. ....., 
Additional well descriptions are attached: 0Yes ~No If yes, how many c..n , ..,.., 
Other description relating well to common landmarks, streets, or other: See attached Figure 1 l..O ~· ("') 

- J.l 

Well is on land owned by: Kirtland Air Force Base 

Well Information: NOTE: If more than one (1) well needs to be described, provide attachment. Attached? ~Yes 0No 
If yes, how many ~ lll!llllli 

Approximate depth of well (feet) : approximately 535 feet bgs I Outside diameter of well casing (inches): See attachment 

Driller Name: TBD I Driller License Number: TBD 

3. ADDITIONAL STATEMENTS OR EXPLANATIONS 

Please see attachments for well locations and installation details. The four groundwater monitoring wells will be installed 

within two boreholes utilizing a nested design, with two wells in each borehole. The well locations and design of the 

groundwater monitoring wells were selected to evaluate EDB biodegradation during the pilot test. 

FOR OSE INTERNAL USE Application for Penni!, Fann wr-07 

I File Number: I Tm Number. 

Page 2 of 3 
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4. SPECIFIC REQUIREMENTS: The applicant must include the folloWing, as applicable to each well type. Please check the appropriate 
boxes, to indicate the information has been included and/or attached to this application: 

Exploratory: Pollution Control and/or Recovery: Construction Mine De-Watering: 
Olncludea D Include a plan for pollution De-Watering: D Include a plan for pollution 
description of controVrecovery, that includes the D Include a description of the controVrecovery, that includes the folloWing: 
any proposed following: proposed dewatering D A description of the need for mine 
pump test, if DA description of the need for the operation, dewatering. 
applicable. pollution control or recovery operation. D The estimated duration of D The estimated maximum period of time 

D The estimated maximum period of the operation, for completion of the operation. 
time for completion of the operation. 0 The maximum amount of 0 The source(s) of the water to be diverted. 
0 The annual diversion amount. water to be diverted, OThe geohydrologic characteristics of the 
0 The annual consumptive use 0 A description of the need aquifer(s). 
amount for the dewatering operation, OThe maximum amount of water to be 
0 The maximum amount of water to be and, diverted per annum. 
diverted and Injected for the duration of 0 A description of how the OThe maximum amount of water to be 
the operation. diverted water will be disposed diverted for the duration of the operation. 
O The method and place of discharge. of. OThe quality of the water. 

Monitoring: O The method of measurement of Geo-Thennal: OThe method of measurement of water 
~Include the water produced and discharged. 0 Include a description of the diverted. 
reason for the O The source of water to be Injected. geothermal heat exchange OThe recharge of water to the aquifer. 
monitoring 0 The method of measurement of project, []Description of the estimated area of 
well, and, water injected. 0 The amount of water to be hydrologlc effect of the project. 
~The O The characteristics of the aquifer. diverted and re-injected for the OThe method and place of discharge. 

duration 0 The method of determining the project, []An estimation of the effects on surface 
of the planned resulting annual consumptive use of 0 The time frame for water rights and underground water rights 
monitoring. water and depletion from any related constructing the geothermal from the mine dewatering project. 

stream system. heat exchange project, and, (JI\ description of the methods employed to 
O Proof of any permit required from the 0 The duration of the project. estimate effects on surface water rights and 
New Mexico Environment Department. 0 Preliminary surveys, design underground water rights. 
0 An access agreement if the data, and additional Onformation on existing wells, rivers, 
applicant is not the owner of the land on information shall be included to springs, and wetlands within the area of 
which the pollution plume control or provide all essential facts hydrologic effect. 
recovery well ls to be located. relatina to the reauesl 

ACKNOWLEDGEMENT 

I, We (name of applicant(s)), ERICH. FROEHLICH, COLONEL, USAF, 377 ABW COMMANDER 
Print Name(s) 

affirm that the foregoing statements are true to the best of (my, our) knowledge and belief. 

?{Z~ 
Applicant Signature Applicant Signature 

ACTION OF THE STATE ENGINEER 

This application is: - . ·.'.? 
'!st( approved 0 partially approved D denied 0 i 

provided it Is not exercised to the detrimeMof any others having existing rights, and is not contrary to the conservation of wa~r in New 
Mexico nor detrimental to the public welfare and further subject to the attached conditions of approval. :::i.; J i 

Witness my hand and seal this ~Y of f\J O\J MW20 lJ2_, for the State Engineer, :; ~ ~ 
_,,To'm· Blaine, P.E. 

0 -g 
~<"Sia~ , state Engine"' 

By:~~ ShtVz>., l::i i~k( 
Signature - Print 

Trtte: lA.)qk /!..£svl_{.fl.L fnfl<sk 
Print 

FOR OSE INTERNAL USE Application for Penni!, Fonn wr-07 

I File Number: I TmNumber: 
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NEW MEXICO OFFICE OF THE STATE ENGINEER 
PERMIT TO DRILL MONITORING WELLS 

CONDITIONS OF APPROVAL 

This application is approved provided it is not exercised to the detriment of any others having 
existing rights, and is not contrary to the conservation of water in New Mexico nor detrimental to 
the public welfare of the state; and further subject to the following conditions of approval: 

Permittee: Kirtland Air Force Base 

Permit Number: RG-1579 PODs 325-328 

Application File Date: November 10, 2016 

Monitoring Wells/Points of Diversion (PODs): 

OSEPODNo. KAFB Well No. NM State Plane (NAD83) 
NM Central Zone (feet) 
x y 

RG-1579 POD325 KAFB-106MW1-S 1542329.4 1473729.0 
RG-1579 POD326 KAFB-106MW1-I 1542329.4 1473729.0 
RG-1579 POD327 KAFB-106MW2-S 1542340.5 1473757.4 
RG-1579 POD328 KAFB-106MW2-I 1542340.5 1473757.4 

1. No water shall be appropriated and beneficially used under this permit. 

2. Water shall be used from wells for monitoring purposes only unless and until a permit for a 
specific use has been issued by the State Engineer. 

3. The wells shall be drilled and constructed by a driller licensed in the State of New Mexico in 
accordance with 19.27.4 NMAC. 

4. If artesian water is encountered, the Permittee and driller shall comply with Subsection C of 
19.27.4.31 NMAC. 

5. The wells shall be drilled and completed within one year of issuance of this permit. Well 
Records for RG-1579 PODs 325-328 shall be filed no later than twenty (20) days after 
completion of the wells in accordance with Subsection K of 19.27.4.29 NMAC (i.e. due by 
December 7, 2017). 

6. Upon completion of permitted use, the wells shall be plugged under State Engineer-approved 
Plugging Plans, and Plugging Records shall be filed with the State Engineer within twenty 
(20) days after the wells are plugged in accordance with Subsection C of 19.27.4.30 NMAC. 

Witness my hand and seal this l 71
h day of November 2016 . 

.. : 
~~ '.:\' 

'•,' .,,,, 
Page 1of1 
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File Number: 

(For OSE Use Only) 

NEW MEXICO OFFICE OF THE STATE ENGINEER 
TOTALIZING METER REPORT 

1. PERMITTEE

*OSE File/Permit Number:

Name:  Work Phone: 

Contact:  Home Phone: 

Address:  Cell Phone: 

City:  Fax:  

State:   Zip: E-mail (optional):

2. LOCATION OF WELL

*OSE Well/POD Number:

a.(   )1/4 (   )1/4 (   )1/4 Section(s):(   )Township :( )Range :( )N.M.P.M. 

b.  Subdivision 

c. Latitude:    d  m    s    Longitude: d     m    s 

d. Latitude:  (  ) Longitude:  ( ) 

e. East (m), North (m), UTM Zone 13, NAD (  )27 or (  ) 83 

3. PURPOSE OF USE

( )Domestic  ( )Livestock  ( )Irrigation  ( )Municipal  ( )Commercial  ( )Industrial  ( )Other: Pollution Control and Recovery

4. FLOW METER DATA

*Serial Number: Make:
Total # of Dials:   Model: 

Multiplier:   X ( )    Meter Size:

Units: ( ) Acre-feet  ( )Barrels  ( )Cubit-feet  ( )Gallons  Other:
Fixed Numbers (Check one): 0 (  ) or 00 (  ) or 000 (  ) or none (  ) 

5. METER READING

*Reading Date:  / / 

*Actual Meter Reading

(All numbers dials and fixed included):

6. ADDITIONAL STATEMENTS OR EXPLANATIONS:

*Submitted by:   Date:     / /  

INSTRUCTIONS: 

Specific questions should be answered as follows: 
(4) -Serial Number is printed on top of lid of meter cover, meter body or meter flange

-Total # of Dials is the number of dials that move on register
-Fixed Numbers is the number of zeroes that do not move on register
-If you have a trouble trying to find the rest of the meter data required under this section, see Illustration 1

(5)

Please submit readings of all digits of register and date of the reading

(6)

Under comments, give any pertinent information concerning repair of meter, dates out of service, etc.

* This is a mandatory item and must be filled in with each meter reading reported. If a meter has been replaced, you have to
completely fill this form and provide this office with initial reading and date of installation of the new installed meter, and
last reading of the replaced meter.

__________________________Do Not Write Below This Line________________________ 

File Number:                       Trn Number:  

Form: wr-26

Page 1 of 1 
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File Number: 

(For OSE Use Only) 

NEW MEXICO OFFICE OF THE STATE ENGINEER 
TOTALIZING METER REPORT 

1. PERMITTEE

*OSE File/Permit Number:

Name:  Work Phone: 

Contact:  Home Phone: 

Address:  Cell Phone: 

City:  Fax:  

State:   Zip: E-mail (optional):

2. LOCATION OF WELL

*OSE Well/POD Number:

a.(   )1/4 (   )1/4 (   )1/4 Section(s):(   )Township :( )Range :( )N.M.P.M. 

b.  Subdivision 

c. Latitude:    d  m    s    Longitude: d     m    s 

d. Latitude:  (  ) Longitude:  ( ) 

e. East (m), North (m), UTM Zone 13, NAD (  )27 or (  ) 83 

3. PURPOSE OF USE

( )Domestic  ( )Livestock  ( )Irrigation  ( )Municipal  ( )Commercial  ( )Industrial  ( )Other: Pollution Control and Recovery

4. FLOW METER DATA

*Serial Number: Make:
Total # of Dials:   Model: 

Multiplier:   X ( )    Meter Size:

Units: ( ) Acre-feet  ( )Barrels  ( )Cubit-feet  ( )Gallons  Other:
Fixed Numbers (Check one): 0 (  ) or 00 (  ) or 000 (  ) or none (  ) 

5. METER READING

*Reading Date:  / / 

*Actual Meter Reading

(All numbers dials and fixed included):

6. ADDITIONAL STATEMENTS OR EXPLANATIONS:

*Submitted by:   Date:     / /  

INSTRUCTIONS: 

Specific questions should be answered as follows: 
(4) -Serial Number is printed on top of lid of meter cover, meter body or meter flange

-Total # of Dials is the number of dials that move on register
-Fixed Numbers is the number of zeroes that do not move on register
-If you have a trouble trying to find the rest of the meter data required under this section, see Illustration 1

(5)

Please submit readings of all digits of register and date of the reading

(6)

Under comments, give any pertinent information concerning repair of meter, dates out of service, etc.

* This is a mandatory item and must be filled in with each meter reading reported. If a meter has been replaced, you have to
completely fill this form and provide this office with initial reading and date of installation of the new installed meter, and
last reading of the replaced meter.

__________________________Do Not Write Below This Line________________________ 

File Number:                       Trn Number:  

Form: wr-26

Page 1 of 1 
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File Number: 

(For OSE Use Only) 

NEW MEXICO OFFICE OF THE STATE ENGINEER 
TOTALIZING METER REPORT 

1. PERMITTEE

*OSE File/Permit Number:

Name:  Work Phone: 

Contact:  Home Phone: 

Address:  Cell Phone: 

City:  Fax:  

State:   Zip: E-mail (optional):

2. LOCATION OF WELL

*OSE Well/POD Number:

a.(   )1/4 (   )1/4 (   )1/4 Section(s):(   )Township :( )Range :( )N.M.P.M. 

b.  Subdivision 

c. Latitude:    d  m    s    Longitude: d     m    s 

d. Latitude:  (  ) Longitude:  ( ) 

e. East (m), North (m), UTM Zone 13, NAD (  )27 or (  ) 83 

3. PURPOSE OF USE

( )Domestic  ( )Livestock  ( )Irrigation  ( )Municipal  ( )Commercial  ( )Industrial  ( )Other:Pollution Control and Recovery

4. FLOW METER DATA

*Serial Number: Make:
Total # of Dials:   Model: 

Multiplier:   X ( )    Meter Size:

Units: ( ) Acre-feet  ( )Barrels  ( )Cubit-feet  ( )Gallons  Other:
Fixed Numbers (Check one): 0 (  ) or 00 (  ) or 000 (  ) or none (  ) 

5. METER READING

*Reading Date:  / / 

*Actual Meter Reading

(All numbers dials and fixed included):

6. ADDITIONAL STATEMENTS OR EXPLANATIONS:

*Submitted by:   Date:     / /  

INSTRUCTIONS: 

Specific questions should be answered as follows: 
(4) -Serial Number is printed on top of lid of meter cover, meter body or meter flange

-Total # of Dials is the number of dials that move on register
-Fixed Numbers is the number of zeroes that do not move on register
-If you have a trouble trying to find the rest of the meter data required under this section, see Illustration 1

(5)

Please submit readings of all digits of register and date of the reading

(6)

Under comments, give any pertinent information concerning repair of meter, dates out of service, etc.

* This is a mandatory item and must be filled in with each meter reading reported. If a meter has been replaced, you have to
completely fill this form and provide this office with initial reading and date of installation of the new installed meter, and
last reading of the replaced meter.

__________________________Do Not Write Below This Line________________________ 

File Number:                       Trn Number:  

Form: wr-26
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Ground SurfaceGround Surface

Extraction Well Completion Diagram KAFB-106EX1

Not to Scale
BGS = Below Ground Surface

50
04

33
_0

30
50

10
0_

A
7

Concrete Filled BollardConcrete Filled Bollard

Bentonite GroutBentonite Grout

3/8" Bentonite Chips3/8" Bentonite Chips

10/20 Colorado Silica Sand10/20 Colorado Silica Sand

9"x5' Steel Protective Casing
with Hinged Cover

9"x5' Steel Protective Casing
with Hinged Cover

3'x3' Concrete Well Pad3'x3' Concrete Well Pad

Portland Cement with 5% Bentonite
Calculated:______________

Actual:______________

Portland Cement with 5% Bentonite
Calculated:______________

Actual:______________
Top of High Solids Bentonite Grout
(ft BGS) ________
Top of High Solids Bentonite Grout
(ft BGS) ________

SDR 17 PVC
Flush Threaded Riser Pipe
SDR 17 PVC
Flush Threaded Riser Pipe

PVC CentralizersPVC Centralizers

Combination LockCombination Lock

3/8" Bentonite Chips
Calculated: ____________

Actual: ____________

3/8" Bentonite Chips
Calculated: ____________

Actual: ____________

 0.04" Slot Stainless Steel Wire Wrap Screen 0.04" Slot Stainless Steel Wire Wrap Screen

 304 Stainless Steel 5-ft Sump 304 Stainless Steel 5-ft Sump

Cement/Bentonite GroutCement/Bentonite Grout

20/40 Colorado Silica Sand20/40 Colorado Silica Sand

Pump/MotorPump/Motor

PVC CentralizersPVC Centralizers

PVC CentralizersPVC Centralizers

Installation Start Date/Time: ______________
Installation End Date/Time: ______________
Completion Date: ______________________

Installation Start Date/Time: ______________
Installation End Date/Time: ______________
Completion Date: ______________________

PVC CentralizersPVC Centralizers

Discharge PipeDischarge Pipe

Pump Power CablePump Power Cable

PVC Centralizers ft BGSPVC Centralizers ft BGS

11/3/4" Borehole (ft BGS) ____________11/3/4" Borehole (ft BGS) ____________

10/20 Colorado Silica Sand (ft BGS)
__________ to _________
Calculated: ____________

Actual: ____________

10/20 Colorado Silica Sand (ft BGS)
__________ to _________
Calculated: ____________

Actual: ____________

High Solids Bentonite Grout
______ to _______(ft BGS) 
Calculated: _____________

Actual: _____________

High Solids Bentonite Grout
______ to _______(ft BGS) 
Calculated: _____________

Actual: _____________

Top of Well Vault ElevationTop of Well Vault Elevation

13-3/8" Borehole13-3/8" Borehole

(4,816.90) = (4,816.90) = Elevations are NAVD 88 Datum values based on NGS Control Station
"Hanger", Elevation = 5,343.43 ft. GPS/RTK methods and GEO1D99 
model were used to determine elevations of all surveyed points.

Elevations are NAVD 88 Datum values based on NGS Control Station
"Hanger", Elevation = 5,343.43 ft. GPS/RTK methods and GEO1D99 
model were used to determine elevations of all surveyed points.

Top of Casing Elevation (ft BGS) ______Top of Casing Elevation (ft BGS) ______

1.5" Pipe
60' Stainless at Bottom with
460' Carbon Steel Pipe at Top

1.5" Pipe
60' Stainless at Bottom with
460' Carbon Steel Pipe at Top

1.25-inch Drop Tube with
Dedicated Transducer

1.25-inch Drop Tube with
Dedicated Transducer

Fiberglass Vault ~5x4x3 feet deepFiberglass Vault ~5x4x3 feet deepWater and Electrical UtilitiesWater and Electrical Utilities

TBD (AMSL)TBD (AMSL)

3/3/17@12063/3/17@1206
3/12/17@16253/12/17@1625

4/19/174/19/17

Top of Cement Seal (ft BGS) _________Top of Cement Seal (ft BGS) _________44

4040 446446
260.37 ft3260.37 ft3

34.19 ft334.19 ft3
34.19 ft334.19 ft3

15.3 ft315.3 ft3
15.3 ft315.3 ft3

26.55 ft326.55 ft3
27.0 ft327.0 ft3

477477 522522

681.82 ft3681.82 ft3

4040

260260

33

Water Table (ft BGS) ______________Water Table (ft BGS) ______________

Top of Seal (ft BGS) ______________Top of Seal (ft BGS) ______________

Bottom of Seal (ft BGS) ____________Bottom of Seal (ft BGS) ____________

Top of Screen (ft BGS) ____________Top of Screen (ft BGS) ____________

Bottom of Screen (ft BGS) ________Bottom of Screen (ft BGS) ________

Bottom of Sump (ft BGS) _________Bottom of Sump (ft BGS) _________

Total Depth (ft BGS) _____________Total Depth (ft BGS) _____________

446446

477477

477477

487487

502502

507507

537537
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Borehole was pot holed
with air knife to 5 feet
bgs. No cuttings
returned.

Began drilling with 13-3/8
inch casing @ 1206 on
3/3/17. Using under
reamer.

PID = 0.0 ppm @ cyclone
and breathing zone (BZ).

PID = 0.1 ppm @ cyclone
and 0.0 ppm @ BZ.
Kelly down @ 1212, new
20' connection @ 1231.

Water added @ cyclone
for dust suppression.

Vault

Top of Casing

Top of
Portland
Cement with
Bentonite

Portland
Cement with
Bentonite

ML

CL

No Lithologic Description.

SILT with Gravel (ML); brown (7.5YR
4/4); 75% silt; 25% fine gravel to 3/4";
subangular to subrounded; trace sand.
Note: gravel is granitic.

Same as above (5 ft).

Gravelly SILT (ML); brown (7.5YR 4/4);
60% silt; 40% coarse gravel to 2";
subangular to subrounded. Note:
method of drilling is causing gravel to
fracture.

SILT with Gravel (ML); reddish brown
(5YR 5/3); 80% silt; 20% gravel;
subangular; trace coarse sand. Note:
some fractured gravel.

Lean CLAY with Gravel (CL); reddish
brown (5YR 5/3); nonplastic; 80% clay;
20% fine gravel; subangular.
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Material Description

Date TD Reached: 3/12/2017
Date Completed: 4/19/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 3/3/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers

Page 1 of 18

Borehole ID: KAFB-106EX1

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards/T. Kunkel

Surface Completion Type: Vault

H
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P

ID
At Time of Drilling: 477.00
At End of Drilling: Not Recorded
After Drilling: 479.00
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PID = 0.0 ppm @ cyclone
and BZ.

Kelly down @ 1242, new
20' connection @ 1253.

Water added at cyclone.

No hammering.

PID = 0.0 ppm @ cyclone
and BZ.

Kelly down @ 1328; trip
out drill rod, add drill
collars and 2 stabilizers.
New 20' connection @

Portland
Cement with
Bentonite

Top of High
Solids
Bentonite
Grout

CL

ML

Lean CLAY with Gravel (CL); reddish
brown (5YR 5/3); nonplastic; 80% clay;
20% fine gravel; subangular.
SILT with Sand (ML); light brown (7.5YR
6/4); 85% silt; 15% fine to coarse sand;
subangular to subrounded.

Same as above (31 ft).

SILT (ML); light brown (7.5YR 6/3); 90%
silt; 10% coarse sand; subangular to
subrounded; trace gravel.

Same as above (42 ft).

Same as above (42 ft); 10% gravel to
1/8"; subangular.

Same as above (42 ft); 10% gravel to
1/8"; subangular.

Remarks
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Material Description

Date TD Reached: 3/12/2017
Date Completed: 4/19/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 3/3/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers

Page 2 of 18

Borehole ID: KAFB-106EX1

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards/T. Kunkel

Surface Completion Type: Vault

H
ea
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pa

ce
P

ID
At Time of Drilling: 477.00
At End of Drilling: Not Recorded
After Drilling: 479.00
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1433.
Hammering.

PID = 0.0 ppm @ cyclone
and BZ.

Hammering.

Kelly down @ 1453, new
20' connection @ 1514.

PID = 0.0 ppm @ cyclone
and BZ.

Water added at cyclone
for dust suppression;
hammering.

High Solids
Bentonite
Grout

ML

SILT (ML); brown (7.5YR 5/4); 90% silt;
trace clay; 10% fine gravel to 3/4";
subangular.

Same as above (60 ft).

SILT with Sand (ML); light brown (7.5YR
6/4); 75% silt; 20% fine to coarse sand;
subangular to subrounded; 5% fine
gravel to 3/4"; subangular to
subrounded.

Same as above (70 ft).

Same as above (70 ft).

Same as above (70 ft); 75% silt; 25%
fine to coarse sand.
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Material Description

Date TD Reached: 3/12/2017
Date Completed: 4/19/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 3/3/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers

Page 3 of 18

Borehole ID: KAFB-106EX1

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards/T. Kunkel

Surface Completion Type: Vault
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P

ID
At Time of Drilling: 477.00
At End of Drilling: Not Recorded
After Drilling: 479.00
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Hammering
intermittently.

Kelly down @ 1528, new
20' connection @ 1537.

Hammering
intermittently.

PID = 0.0 ppm @ cyclone
and BZ.

Hammering
intermittently. Water
added at cyclone for dust
suppression.

Kelly down @ 1551, new
20' connection @ 1613.

High Solids
Bentonite
Grout

ML

SM

SW

SM

SILT (ML); reddish brown (5YR 5/3);
90% silt; 5% fine to coarse sand; 5%
gravel; subangular to subrounded.

Same as above (90 ft).

Silty SAND (SM); brown (7.5YR 5/3);
60% fine sand; subrounded to rounded;
trace fine gravel; 40% silt.

Same as above (99 ft).

Same as above (99 ft); 80% fine to
coarse sand; trace gravel; 20% silt.

Same as above (99 ft); 80% fine to
coarse sand; trace gravel; 20% silt.

Well-graded SAND (SW); pale brown
(10YR 6/3); 90% fine to coarse sand;
subangular to subrounded; 10% fine
gravel to 3/4"; subangular to
subrounded; trace silt.
Description on next page.
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Material Description

Date TD Reached: 3/12/2017
Date Completed: 4/19/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 3/3/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106EX1

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards/T. Kunkel

Surface Completion Type: Vault
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PID = 0.0 ppm @ cyclone
and BZ.

Hammering
intermittently.

Water added at cylcone
for dust suppression;
hammering.

PID = 0.0 ppm @ cyclone
and BZ.

Kelly down @ 1630, new
20' connection @ 1639.

Water added @ cyclone
and on hammer for dust
suppression.

Slow drilling; hammering.

PID = 0.0 ppm @ cyclone
and BZ.

High Solids
Bentonite
Grout

SM

CL

Silty SAND (SM); light brown (7.5YR
6/4); 70% very fine sand; subrounded;
30% silt.

Same as above (120 ft).

Same as above (120 ft); trace coarse
sand; subangular; trace gravel to 1/2";
subrounded.

Same as above (120 ft); trace coarse
sand; subangular; trace gravel to 1/2";
subrounded.

Same as above (120 ft); brown (7.5YR
5/4); 60% fine sand; trace coarse sand;
subrounded; 40% silt.

Lean CLAY with Sand (CL); brown
(7.5YR 5/3); very hard; 85% clay; 15%
fine sand; trace gravel.
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Material Description

Date TD Reached: 3/12/2017
Date Completed: 4/19/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 3/3/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106EX1

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards/T. Kunkel

Surface Completion Type: Vault
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After Drilling: 479.00
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Water added at cylcone
and hammer for dust
suppression; hammering.

PID = 0.0 ppm @ cyclone
and BZ.

Kelly down @ 1710, new
20' connection @ 1718.
End of 3/3/17. Resume
drilling @ 0747 on
3/4/17. Slow drilling;
hammering.

PID = 0.0 ppm @ cyclone
and BZ.

Hammering
intermittently.

Kelly down @ 0833, new
20' connection @ 0839.

High Solids
Bentonite
Grout

CL

ML

SW

SM

SW-
SM

SW

Lean CLAY with Sand (CL); brown
(7.5YR 5/3); very hard; 85% clay; 15%
fine sand; trace gravel.

SILT (ML); brown (7.5YR 5/4); 90% silt;
trace clay; 10% fine sand; subrounded.

SILT with Sand (ML); brown (7.5YR 5/4);
70% silt; 5% clay; 25% fine to coarse
sand; subrounded.
Well-graded SAND (SW); brown (7.5YR
5/4); 90% fine to coarse sand;
subrounded to rounded; 10% silt.

Silty SAND (SM); brown (7.5YR 4/4);
50% fine to coarse sand; subrounded;
35% silt; 15% clay.

Well-graded SAND with Silt (SW-SM);
light brown (7.5YR 6/4); 90% fine to
coarse sand; subrounded; 10% silt; trace
clay.

Well-graded SAND (SW); light brown
(7.5YR 6/4); 100% fine to very coarse
sand; subrounded; trace silt.
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Material Description

Date TD Reached: 3/12/2017
Date Completed: 4/19/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 3/3/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106EX1

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards/T. Kunkel

Surface Completion Type: Vault
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Some hammering. PID =
0.0 ppm @ cyclone and
BZ.

Hammering.

Water used at surface for
dust suppression while
drilling.

Hammering. PID = 0.0
ppm @ cyclone and BZ.

Kelly down @ 0929, new
20' connection @ 1036.

Slow drilling; hammering.

High Solids
Bentonite
Grout

SW

Well-graded SAND (SW); light brown
(7.5YR 6/4); 100% fine to very coarse
sand; subangular to subrounded; trace
fine gravel; trace silt. Note: sand is
granitic minerals.

Same as above (180 ft); 90% fine to very
coarse sand; 10% gravel to 1/4";
subangular to subrounded.

Same as above (180 ft); pale brown
(10YR 6/3); 90% fine to very coarse
sand; subrounded; 10% fine gravel to
1/8".

Well-graded SAND with Gravel (SW);
pale brown (10YR 6/3); 80% fine to very
coarse sand; subrounded; 20% gravel to
3/8"; subrounded.

Same as above (202 ft).
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Material Description

Date TD Reached: 3/12/2017
Date Completed: 4/19/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 3/3/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106EX1

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards/T. Kunkel

Surface Completion Type: Vault
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After Drilling: 479.00
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PID = 0.0 ppm @ cyclone
and BZ.

Hammering
intermittently.

Kelly down @ 1108, new
20' connection @ 1116.

Very slow drilling;
hammering.

Hammering continuously.

PID = 0.0 ppm @ cyclone
and BZ.

Water added at cyclone
for dust suppression.

Kelly down @ 1238, new
20' connection @ 1244.

High Solids
Bentonite
Grout

SW

GP

SW

Well-graded SAND with Gravel (SW);
pale brown (10YR 6/3); 80% fine to very
coarse sand; subrounded; 20% gravel to
3/8"; subrounded.

Poorly graded GRAVEL (GP); 100% fine
gravel to 1/4"; subrounded.
Well-graded SAND (SW); pale brown
(10YR 10/3); 100% sand; subrounded;
trace gravel. Note: sand and gravel are
granitic minerals.

Same as above (216 ft).

Same as above (216); 90% sand; 10%
fine gravel to 1/4".

Same as above (216); 90% sand; 10%
fine gravel to 1/4".

Well-graded SAND with Gravel (SW);
pale brown (10YR 10/3); 80% fine to
very coarse sand; subrounded; 20%
gravel to 1/4". Note: sand and gravel are
granitic minerals.
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Material Description

Date TD Reached: 3/12/2017
Date Completed: 4/19/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 3/3/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106EX1

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards/T. Kunkel

Surface Completion Type: Vault
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Hammering. PID = 0.0
ppm @ cyclone and BZ.

Hammering almost
continuously.

Hammering.

PID = 0.1 ppm @ cyclone
and 0.0 ppm @ BZ.

Kelly down @ 1330.
Place 5 foot section of
13-3/4" casing @ 1354.
Begin tripping in 260 feet
of 11-3/4" casing. End of
3/4/17. Resume drilling
@ 0805 on 3/5/17.

No hammering; no water
added downhole.

High Solids
Bentonite
Grout

SW

CL

Well-graded SAND (SW); pale brown
(10YR 6/3); 100% fine to coarse sand;
trace gravel; subangular to subrounded.
Note: gravel is granitic minerals.

Same as above (240 ft).

Same as above (240 ft); trace gravel to
1/8".

Same as above (240 ft); 90% fine to
coarse sand; 10% gravel to 3/8";
subrounded.

Sandy lean CLAY (CL); yellowish brown
(10YR 5/4); dry; 75% clay; 25% fine
sand; trace fine gravel to 1/4".

Same as above (260 ft).
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Material Description

Date TD Reached: 3/12/2017
Date Completed: 4/19/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 3/3/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106EX1

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards/T. Kunkel

Surface Completion Type: Vault
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PID = 0.2 ppm @ cyclone
and 0.1 ppm @ BZ.

Hammering
intermittently.

Kelly down @ 0826, new
20' connection @ 0832.

PID = 0.1 ppm @ cyclone
and BZ.

Hammering
intermittently; no water
added downhole.

Kelly down @ 0851, new
20' connection @ 0858.

High Solids
Bentonite
Grout

CL

SP

ML

SC

Sandy lean CLAY (CL); yellowish brown
(10YR 5/4); dry; 75% clay; 25% fine
sand; trace fine gravel to 1/4".
Lens of fine to medium sand.

Poorly graded SAND (SP); light brown
(7.5YR 6/4); dry; 85% fine sand; 15%
medium to coarse sand.

Same as above (276 ft).

SILT (ML); strong brown (7.5YR 5/6);
dry; 100% silt; trace fine sand.

Clayey SAND (SC); light brown (7.5YR
6/3); 75% fine sand; trace medium and
coarse sand; trace fine gravel; 25% clay;
low plasticity.

Same as above (291 ft); 15% fine gravel
to 1/2". Note: gravel is mafics and
quartz.
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Material Description

Date TD Reached: 3/12/2017
Date Completed: 4/19/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 3/3/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106EX1

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards/T. Kunkel

Surface Completion Type: Vault
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PID = 0.2 ppm @ cyclone
and 0.1 ppm @ BZ.

Some hammering.

Hammering; no water
added downhole.

Kelly down @ 0922, new
20' connection @ 0929.

PID = 0.3 ppm @ cyclone
and 0.1 ppm @ BZ.
Windy.

Hammering; no water
added downhole.

High Solids
Bentonite
Grout

SC

SW

Clayey SAND (SC); light brown (7.5YR
6/3); 60% fine sand; trace medium and
coarse sand; 15% fine gravel to 1/2";
25% clay; low plasticity.

Well-graded SAND with Gravel (SW);
light brown (7.5YR 6/4); dry; 80% fine to
coarse sand; 20% fine gravel to 1/2";
subangular to rounded. Note: gravel is
mafics and granitic minerals.

Same as above (303 ft).

Same as above (303 ft).

Same as above (303 ft).

Same as above (303 ft).
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Material Description

Date TD Reached: 3/12/2017
Date Completed: 4/19/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 3/3/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106EX1

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards/T. Kunkel

Surface Completion Type: Vault
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PID = 0.3 ppm @ cyclone
and 0.2 ppm @ BZ.
Hammering; no water
added downhole.

Kelly down @ 0954, new
20' connection @ 1000.

PID = 0.2 ppm @ cyclone
and 0.1 ppm @ BZ.

Very windy, gusts to 32
mph.

Kelly down @ 1048. Stop
drilling for the day due to
high winds. Resume
drilling @ 1010 on

High Solids
Bentonite
Grout

SW

CL

SW

SW-
SM

Well-graded SAND with Gravel (SW);
light brown (7.5YR 6/4); dry; 80% fine to
coarse sand; 20% fine gravel to 1/8";
subangular to rounded. Note: gravel is
mafics and granitic minerals.

Same as above (330 ft).

Same as above (330 ft).

Same as above (330 ft).

Lean CLAY (CL); hard clay lens with
sand and gravel.

Well-graded SAND with Gravel (SW);
light brown (7.5YR 6/4); dry; 80% fine to
coarse sand; 20% fine gravel to 1/8";
subangular to rounded. Note: gravel is
mafics and granitic minerals.

Well-graded SAND with Silt and Gravel
(SW-SM); reddish yellow (7.5YR 6/6);
dry; 60% fine to coarse sand; 30% fine
gravel to 3/8"; subangular to rounded.
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Material Description

Date TD Reached: 3/12/2017
Date Completed: 4/19/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 3/3/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106EX1

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards/T. Kunkel

Surface Completion Type: Vault
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3/11/17. Had to pull
casing back and redrill
part of the borehole.
PID = 0.1 ppm @ cyclone
and BZ.

Hammering with casing
hammer; no water added
downhole.

Hammering downhole
and with casing hammer.

Kelly down @ 1036, new
20' connection @ 1045.

PID = 0.2 ppm @ cyclone
and 0.1 ppm @ BZ.

Hammering continuously.

High Solids
Bentonite
Grout

SW-
SM

GW-
GM

SW-
SM

Well-graded SAND with Silt and Gravel
(SW-SM); reddish yellow (7.5YR 6/6);
dry; 60% fine to coarse sand; 30% fine
gravel to 3/8"; subangular to rounded.
Note: gravel is fragmented from bit;
mafics and granitic minerals.

Same as above (360 ft); gravel to 3/4".

Well-graded GRAVEL with Silt and Sand
(GW-GM); brown (7.5YR 5/4); dry; 60%
fine to coarse gravel to 3/4"; angular to
rounded; 30% fine to coarse sand; 10%
silt. Note: gravel is mafics and granitic
minerals.
Well-graded SAND with Silt and Gravel
(SW-SM); brown (7.5YR 4/3); 70% fine
to coarse sand; 20% fine gravel to 1/4";
10% silt.

Same as above (372 ft).

Same as above (372 ft).
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Material Description

Date TD Reached: 3/12/2017
Date Completed: 4/19/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 3/3/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106EX1

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards/T. Kunkel

Surface Completion Type: Vault
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After Drilling: 479.00
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Hammering; no water
added downhole.

Kelly down @ 1118, new
20' connection @ 1134.

PID = 0.1 ppm @ cyclone
and BZ.

Kelly down @ 1216, new
20' connection @ 1457.
Rig repairs.

High Solids
Bentonite
Grout

SW

SP

SW

Well-graded SAND with Silt and Gravel
(SW-SM); brown (7.5YR 4/3); 70% fine
to coarse sand; 20% fine gravel to 1/4";
10% silt.

Poorly graded SAND (SP); brown
(7.5YR 5/3); dry; 90% medium to coarse
sand; trace fine gravel to 1/8"; 10% silt.
Well-graded SAND with Gravel (SW);
brown (7.5YR 5/4); dry; 70% fine to
coarse sand; 30% fine gravel to 1/2";
subangular to rounded; trace silt. Note:
gravel is mafics and granitic minerals.

Same as above (396 ft).

Same as above (396 ft).

Same as above (396 ft).

Same as above (396 ft).
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Material Description

Date TD Reached: 3/12/2017
Date Completed: 4/19/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 3/3/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106EX1

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards/T. Kunkel

Surface Completion Type: Vault
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After Drilling: 479.00
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PID = 0.9 ppm @ cyclone
and 0.0 ppm @ BZ.

Hammering continuously
with casing hammer.
Hammering intermittently
with downhole hammer.

No water added
downhole.

Kelly down @ 1520, new
20' connection. End of
3/11/17. Resume drilling
@ 0746 on 3/12/17.

PID = 0.1 ppm @ cyclone
and BZ.

Hammering; no water
added downhole.

High Solids
Bentonite
Grout

Top of
Bentonite Seal

SW

ML

SW

Well-graded SAND with Gravel (SW);
brown (7.5YR 5/4); dry; 70% fine to
coarse sand; 30% fine gravel to 1/2";
subangular to rounded; trace silt. Note:
gravel is mafics and granitic minerals.

Same as above (420 ft).

Same as above (420 ft); light brown
(7.5YR 6/4); 80% fine to coarse sand;
15% fine gravel to 1/4"; angular to
rounded; 5% silt.

Same as above (420 ft); light brown
(7.5YR 6/4); 80% fine to coarse sand;
15% fine gravel to 1/4"; angular to
rounded; 5% silt.

Same as above (420 ft); light brown
(7.5YR 6/4); 80% fine to coarse sand;
15% fine gravel to 1/4"; angular to
rounded; 5% silt.

SILT (ML); lens.

Well-graded SAND with Gravel (SW);
light brown (7.5YR 6/4); dry; 80% fine to
coarse sand; 15% fine gravel to 1/2";
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Material Description

Date TD Reached: 3/12/2017
Date Completed: 4/19/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 3/3/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106EX1

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards/T. Kunkel

Surface Completion Type: Vault
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At End of Drilling: Not Recorded
After Drilling: 479.00
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Hammering.

Kelly down @ 0806, new
20' connection @ 0823.

PID = 0.1 ppm @ cyclone
and BZ.

PID = 0.2 ppm @ cyclone
and 0.1 ppm @ BZ.

PID = 0.1 ppm @ cyclone
and BZ.

PID = 1.8 ppm @ cyclone
and 0.3 ppm @ BZ.

Kelly down @ 0852, new
20' connection @ 0927.
Top of groundwater @
477 feet bgs.

Bentonite Seal

Top of 10/20
Sand

SW

SP-
SM

angular to rounded; 5% silt. Note: gravel
is mafics and granitic minerals.
Well-graded SAND with Gravel (SW);
light brown (7.5YR 6/4); dry; 80% fine to
coarse sand; 15% fine gravel to 1/2";
angular to rounded; 5% silt. Note: gravel
is mafics and granitic minerals.

Poorly graded SAND with Silt (SP-SM);
yellowish brown (10YR 5/4); dry; 80%
fine to medium sand; 10% fine gravel to
1/4"; rounded; 10% silt. Note: gravel is
mafics and granitic minerals.

Same as above (457 ft).

Same as above (457 ft).

Same as above (457 ft).
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Material Description

Date TD Reached: 3/12/2017
Date Completed: 4/19/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 3/3/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106EX1

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards/T. Kunkel

Surface Completion Type: Vault
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At End of Drilling: Not Recorded
After Drilling: 479.00
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PID = 18.7 ppm @
cyclone and 0.3 ppm @
BZ.

PID = 119.8 ppm @
cyclone and 0.5 ppm @
BZ.

PID = 850 ppm @
cyclone and 1.7 ppm @
BZ.
Approximately 200
gallons of water added
downhole.

PID = 747 ppm @
cyclone and 6.2 ppm @
BZ.
Kelly down @ 1020, new
20' connection @ 1039.

PID = 31.4 ppm @
cyclone and 1.7 ppm @
BZ.

PID = 9.8 ppm @ cyclone
and 0.3 ppm @ BZ.

Hammering.
Approximately 50 gallons
of water added

Top of
Stainless Steel
0.040 Slot
Screen

Stainless Steel
0.040 Slot
Screen

Bottom of
Screen

Stainless Steel
Sump

Bottom of
Sump

SP-
SM

SW

Poorly graded SAND with Silt (SP-SM);
yellowish brown (10YR 5/4); wet; 80%
fine to medium sand; 10% fine gravel to
1/4"; rounded; 10% silt. Note: gravel is
mafics and granitic minerals.

Same as above (480 ft).

Well-graded SAND with Gravel (SW);
dark yellowish brown (10YR 4/4); wet;
75% fine to coarse sand; 25% fine
gravel to 1/2"; subangular to rounded.
Note: gravel is mafics and granitic
minerals.

Same as above (492 ft).

Same as above (492 ft); poor cuttings
returns.
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Material Description

Date TD Reached: 3/12/2017
Date Completed: 4/19/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 3/3/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106EX1

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards/T. Kunkel

Surface Completion Type: Vault
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At End of Drilling: Not Recorded
After Drilling: 479.00
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downhole.

PID = 4.6 ppm @ cyclone
and 0.3 ppm @ BZ.

PID = 1.7 ppm @ cyclone
and 0.3 ppm @ BZ.

Kelly down @ 1130, new
20' connection @ 1600.

Approximately 100
gallons of water added
downhole.
Total depth = 537 feet
bgs. Reached total depth
@ 1625 on 3/12/17.

Bottom of
10/20 Filter
Pack

Native Backfill

Bottom of Rat
Hole

SW

Well-graded SAND with Gravel (SW);
dark yellowish brown (10YR 4/4); wet;
75% fine to coarse sand; 25% fine
gravel to 1/2"; subangular to rounded.
Note: poor cuttings returned.

Same as above (510 ft); gravel to 1".

Same as above (510 ft); gravel to 1".

Same as above (510 ft); gravel to 1".

Same as above (510 ft); gravel to 1".
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Material Description

Date TD Reached: 3/12/2017
Date Completed: 4/19/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 3/3/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106EX1

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards/T. Kunkel

Surface Completion Type: Vault
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At Time of Drilling: 477.00
At End of Drilling: Not Recorded
After Drilling: 479.00
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Ground SurfaceGround Surface

Extraction Well Completion Diagram KAFB-106EX2

Not to Scale
BGS = Below Ground Surface

50
04

33
_0

30
50

10
0_

A
11

Concrete Filled BollardConcrete Filled Bollard

Bentonite GroutBentonite Grout

3/8" Bentonite Chips3/8" Bentonite Chips

10/20 Colorado Silica Sand10/20 Colorado Silica Sand

9"x5' Steel Protective Casing
with Hinged Cover

9"x5' Steel Protective Casing
with Hinged Cover

3'x3' Concrete Well Pad3'x3' Concrete Well Pad

Portland Cement with 5% Bentonite
Calculated:______________

Actual:______________

Portland Cement with 5% Bentonite
Calculated:______________

Actual:______________
Top of High Solids Bentonite Grout
(ft BGS) ________
Top of High Solids Bentonite Grout
(ft BGS) ________

SDR 17 PVC
Flush Threaded Riser Pipe
SDR 17 PVC
Flush Threaded Riser Pipe

PVC CentralizersPVC Centralizers

Combination LockCombination Lock

3/8" Bentonite Chips
Calculated: ____________

Actual: ____________

3/8" Bentonite Chips
Calculated: ____________

Actual: ____________

 0.04" Slot Stainless Steel Wire Wrap Screen 0.04" Slot Stainless Steel Wire Wrap Screen

 304 Stainless Steel 5-ft Sump 304 Stainless Steel 5-ft Sump

Cement/Bentonite GroutCement/Bentonite Grout

20/40 Colorado Silica Sand20/40 Colorado Silica Sand

Pump/MotorPump/Motor

PVC CentralizersPVC Centralizers

PVC CentralizersPVC Centralizers

Installation Start Date/Time: ______________
Installation End Date/Time: ______________
Completion Date: ______________________

Installation Start Date/Time: ______________
Installation End Date/Time: ______________
Completion Date: ______________________

PVC CentralizersPVC Centralizers

Discharge PipeDischarge Pipe

Pump Power CablePump Power Cable

PVC Centralizers ft BGSPVC Centralizers ft BGS

11/3/4" Borehole (ft BGS) ____________11/3/4" Borehole (ft BGS) ____________

10/20 Colorado Silica Sand (ft BGS)
__________ to _________
Calculated: ____________

Actual: ____________

10/20 Colorado Silica Sand (ft BGS)
__________ to _________
Calculated: ____________

Actual: ____________

High Solids Bentonite Grout
______ to _______(ft BGS) 
Calculated: _____________

Actual: _____________

High Solids Bentonite Grout
______ to _______(ft BGS) 
Calculated: _____________

Actual: _____________

Top of Well Vault ElevationTop of Well Vault Elevation

13-3/8" Borehole13-3/8" Borehole

(4,816.90) = (4,816.90) = Elevations are NAVD 88 Datum values based on NGS Control Station
"Hanger", Elevation = 5,343.43 ft. GPS/RTK methods and GEO1D99 
model were used to determine elevations of all surveyed points.

Elevations are NAVD 88 Datum values based on NGS Control Station
"Hanger", Elevation = 5,343.43 ft. GPS/RTK methods and GEO1D99 
model were used to determine elevations of all surveyed points.

Top of Casing Elevation (ft BGS) ______Top of Casing Elevation (ft BGS) ______

1.5" Pipe
60' Stainless at Bottom with
460' Carbon Steel Pipe at Top

1.5" Pipe
60' Stainless at Bottom with
460' Carbon Steel Pipe at Top

1.25-inch Drop Tube with
Dedicated Transducer

1.25-inch Drop Tube with
Dedicated Transducer

Fiberglass Vault ~5x4x3 feet deepFiberglass Vault ~5x4x3 feet deepWater and Electrical UtilitiesWater and Electrical Utilities

TBD (AMSL)TBD (AMSL)

2/21/17@16222/21/17@1622
2/26/17@16282/26/17@1628

4/19/174/19/17

Top of Cement Seal (ft BGS) _________Top of Cement Seal (ft BGS) _________44

4040 446446
260.0 ft3260.0 ft3

34.19 ft334.19 ft3
34.19 ft334.19 ft3

15.3 ft315.3 ft3
13.4 ft313.4 ft3

28.8 ft328.8 ft3
35.0 ft335.0 ft3

476.8476.8 535535

441.18 ft3441.18 ft3

4040

260260

33

Water Table (ft BGS) ______________Water Table (ft BGS) ______________

Top of Seal (ft BGS) ______________Top of Seal (ft BGS) ______________

Bottom of Seal (ft BGS) ____________Bottom of Seal (ft BGS) ____________

Top of Screen (ft BGS) ____________Top of Screen (ft BGS) ____________

Bottom of Screen (ft BGS) ________Bottom of Screen (ft BGS) ________

Bottom of Sump (ft BGS) _________Bottom of Sump (ft BGS) _________

Total Depth (ft BGS) _____________Total Depth (ft BGS) _____________

446.4446.4

477477

476.8476.8

487487

502502

507507

537537
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Borehole was pot holed
with air knife to 5 feet
bgs. No cuttings
returned.

Begin drilling with 13-3/8"
drive casing @ 1622 on
2/21/17. Driller is using
under reamer on
downhole hammer, roller
stabilizer, and two drill
collars. Cuttings brought
to surface will be biased
fine.

No water added
downhole.
Kelly down @ 1638, new
20' connection @ 1644.

PID = 0.1 ppm @ cyclone
and BZ.

No water added.

Hammering downhole.

Vault

Top of Casing

Top of
Portland
Cement with
Bentonite

Portland
Cement with
Bentonite

ML

CL

SILT with Gravel (ML); based on water
knief.

SILT with Gravel (ML); yellowish red
(5YR 4/6); dry; 80% silt; 20% fine gravel
to 1/2"; subangular to rounded; trace
coarse sand. Note: gravel is mafics and
granitic minerals.

Same as above (5 ft).

Same as above (5 ft); 70% silt; 30%
gravel to 1".

Gravelly SILT (ML); light reddish brown
(5YR 6/4); dry; 60% silt; 30% fine to
coarse gravel to 1"; 10% coarse sand;
trace medium sand. Note: gravel is
mafics and granitic minerals. Large
gravel fragments present.

Sandy lean CLAY (CL); light brown
(7.5YR 6/3); slightly moist; 70% clay;
30% fine to coarse sand; trace gravel to
1/4".
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Material Description

Date TD Reached: 2/26/17
Date Completed: 4/19/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 2/21/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers

Page 1 of 18

Borehole ID: KAFB-106EX2

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Vault
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At Time of Drilling: 477.00
At End of Drilling: Not Recorded
After Drilling: 476.60
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Hammering downhole.

Kelly down @ 1701. End
of 2/21/17. Resume
drilling @ 0923 on
2/22/17.

PID = 0.0 ppm @ cyclone
and BZ.

Hammering downhole;
no water added
downhole.

PID = 0.0 ppm @ cyclone
and BZ.

Kelly down @ 1008, new
20' connection @ 1052.

Portland
Cement with
Bentonite

Top of High
Solids
Bentonite
Grout

ML

CH

ML

Gravelly SILT (ML); light reddish brown
(5YR 6/4); slightly moist; 60% silt; trace
clay; 40% fine gravel to 1/2"; subangular
to rounded; trace medium to coarse
sand.

Same as above (30 ft).

Fat CLAY with Sand (CH); light brown
(7.5YR 6/4); slightly moist; medium
plasticity; 75% clay; 25% fine to coarse
sand.

Gravelly SILT (ML); reddish brown (5YR
5/4); dry; 60% silt; 20% fine to medium
sand; trace coarse sand; 20% fine gravel
to 1/4".

Same as above (43 ft).

Same as above (43 ft).
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Material Description

Date TD Reached: 2/26/17
Date Completed: 4/19/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 2/21/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106EX2

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Vault
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PID = 0.1 ppm @ cyclone
and BZ.

Hammering downhole
and with casing hammer.

PID = 0.1 ppm @ cyclone
and BZ.

No water added
downhole.

Kelly down @ 1102, new
20' connection @ 1110.

PID = 0.1 ppm @ cyclone
and BZ.

Hammering downhole
and with casing hammer.

High Solids
Bentonite
Grout

ML

CL

ML

Sandy SILT (ML); reddish yellow (7.5YR
6/6); dry; 70% silt; 25% fine to coarse
sand; 5% fine gravel to 1/4"; angular to
rounded.

Same as above (60 ft).

Same as above (60 ft).

Sandy lean CLAY (CL); yellowish red
(5YR 5/6); slightly moist; 70% clay; 25%
fine to medium sand; 5% fine gravel to
1/8".

Same as above (75 ft).

Sandy SILT with Gravel (ML); pink (5YR
7/4); 40% silt; 40% fine to medium sand;
20% gravel. Note: gravel is fragmented
and coated with silt.

Remarks

Li
th

ol
o

gi
c

Lo
g

Well Diagram

N
um

be
r

D
ep

th
 (

ft)

60

65

70

75

80

85

90

S
am

pl
e 

T
yp

e

U
.S

.C
.S

.

Material Description

Date TD Reached: 2/26/17
Date Completed: 4/19/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 2/21/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106EX2

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Vault
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No water added.

Kelly down @ 1140, new
20' connection @ 1253.

PID = 0.1 ppm @ cyclone
and BZ.

Continuous hammering.

PID = 0.1 ppm @ cyclone
and BZ.

Kelly down @ 1305, new
20' connection @ 1418.

High Solids
Bentonite
Grout

ML

CL

SP

CL

Sandy SILT with Gravel (ML); pink (5YR
7/4); 40% silt; 40% fine to medium sand;
20% gravel. Note: gravel is fragmented
and coated with silt.

Sandy lean CLAY (CL); brown (7.5YR
5/4); nonplastic; 70% clay; 30% fine
sand; trace gravel fragments. Note:
gravel is mafics.

Poorly graded SAND (SP); light brown
(7.5YR 6/4); dry; 100% fine sand; trace
medium and coarse sand; trace fine
gravel to 1/4"; subangular to rounded.
Note: gravel is mafics and granitic
minerals.

Same as above (98 ft).

Same as above (98 ft).

Same as above (98 ft).

Lean CLAY with Sand (CL); strong
brown (7.5YR 5/6); slightly moist; 60%
clay; 20% silt; 20% fine sand.
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Material Description

Date TD Reached: 2/26/17
Date Completed: 4/19/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 2/21/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106EX2

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Vault

H
ea

ds
pa

ce
P

ID
At Time of Drilling: 477.00
At End of Drilling: Not Recorded
After Drilling: 476.60

B
O

R
E

H
O

LE
_L

O
G

 -
 C

B
&

I_
D

R
IL

LI
N

G
.G

D
T

 -
 5

/9
/1

7 
16

:2
8 

- 
Z

:\K
A

F
B

 R
A

P
ID

\G
IN

T
\K

A
F

B
_R

A
P

ID
_1

1-
1

-2
0

16
.G

P
J

 
D-30



PID = 0.1 ppm @ cyclone
and BZ.

Hammering downhole
and with casing hammer.

No water added.

Kelly down @ 1433, new
20' connection @ 1439.

PID = 0.1 ppm @ cyclone
and BZ.

Hammering.

High Solids
Bentonite
Grout

CL

Lean CLAY with Sand (CL); strong
brown (7.5YR 5/6); slightly moist; 60%
clay; 20% silt; 20% fine sand.

Same as above (120 ft).

Same as above (120 ft).

Same as above (120 ft).

Same as above (120 ft).

Same as above (120 ft).
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Material Description

Date TD Reached: 2/26/17
Date Completed: 4/19/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 2/21/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106EX2

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Vault
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Kelly down @ 1459, new
20' connection @ 1525.

PID = 0.1 ppm @ cyclone
and BZ.

Added 20 gallons of
water downhole to clear
clay plug from under
reamer.

Kelly down @ 1636, new
20' connection @ 1649.

High Solids
Bentonite
Grout

CL

SP

CL

ML

SM

SP

Lean CLAY with Sand (CL); strong
brown (7.5YR 5/6); slightly moist; 60%
clay; 20% silt; 20% fine sand.

Poorly graded SAND (SP); brown
(7.5YR 5/3); dry; 95% fine sand; trace
medium sand; 5% gravel fragments.

Lean CLAY with Sand (CL); reddish
yellow (7.5YR 6/6); slightly moist;
nonplastic; 80% clay; 20% fine to
medium sand.

Same as above (163 ft).

Sandy SILT (ML); light brown (7.5YR
6/4); dry; 60% silt; 40% fine to coarse
sand; trace gravel fragments.

Silty SAND (SM); light brown (7.5YR
6/4); dry; 80% fine to coarse sand; 20%
silt.
Poorly graded SAND (SP); light brown
(7.5YR 6/4); dry; 95% fine sand; trace
medium and coarse sand; 5% gravel
fragments.
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Material Description

Date TD Reached: 2/26/17
Date Completed: 4/19/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 2/21/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106EX2

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Vault
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PID = 0.1 ppm @ cyclone
and BZ.

Hammering; slow rate of
penetration.

Kelly down @ 1525. End
of 2/22/17. Resume
drilling @ 1103 on
2/23/17.

PID = 0.0 ppm @ cyclone
and BZ.

Hammering; no water
added downhole.

High Solids
Bentonite
Grout

SP

SW

SP

SM

Poorly graded SAND (SP); light brown
(7.5YR 6/4); dry; 95% fine sand; trace
medium and coarse sand; 5% gravel
fragments.

Well-graded SAND (SW); light brown
(7.5YR 6/3); dry; 95% fine to coarse
sand; trace gravel fragments; 5% silt.

Same as above (184 ft).

Poorly graded SAND (SP); light brown
(7.5YR 6/4); dry; 100% fine sand; trace
medium and coarse sand; trace silt.

Same as above (192 t).

Silty SAND (SM); light brown (7.5YR
6/4); dry; 75% fine sand; trace medium
and coarse sand; 25% silt.
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Material Description

Date TD Reached: 2/26/17
Date Completed: 4/19/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 2/21/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106EX2

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Vault
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Continuous hammering;
no water added
downhole.

Kelly down @ 1149, new
20' connection @ 1300.

PID = 0.1 ppm @ cyclone
and BZ.

@ 225 - 240 ft: almost no
drill cuttings returned.

Kelly down @ 1410, new
20' connection @ 1420.

High Solids
Bentonite
Grout

ML

SW-
SM

CL

Sandy SILT (ML); light brown (7.5YR
6/3); dry; 70% silt; 30% fine to medium
sand; trace coarse sand.

Same as above (210 ft).

Well-graded SAND with Silt (SW-SM);
brown (7.5YR 5/4); dry; 90% fine to
coarse sand; 10% silt.

Sandy lean CLAY (CL); brown (7.5YR
5/3); nonplastic; 60% clay; 40% fine to
coarse sand; trace gravel fragments.

@ 225 ft: Possible GRAVEL lens.

Same as above (222 ft).

Same as above (222 ft).
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Material Description

Date TD Reached: 2/26/17
Date Completed: 4/19/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 2/21/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106EX2

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Vault
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Added approximately 200
gallons of water
downhole.

Stop drilling @ 1450 on
2/23/17 due to casing
hammer failure. Resume
drilling @ 0837 on
2/24/17.

Added approximately 40
gallons of water
downhole to lift cuttings.

Kelly down @ 0903, new
5' connection @ 0914.
Trip to telescope in
11-3/4" casing. Resume
drilling @ 1640.
PID = 0.1 ppm @ cyclone
and BZ.

Poor cuttings returned.

High Solids
Bentonite
Grout

CL

SM

GM

CL

Sandy lean CLAY (CL); brown (7.5YR
5/3); nonplastic; 60% clay; 40% fine to
coarse sand; trace gravel fragments.

Silty SAND with Gravel (SM); brown
(7.5YR 5/4); 40% fine to coarse sand;
20% gravel fragments; 40% silt. Note:
possibly interbedded GRAVEL lens.

Same as above (247 ft).

Silty GRAVEL (GM); 60% gravel
fragments; 40% silt.

Lean CLAY with Sand (CL); reddish
brown (5YR 5/4); low plasticity; 75%
clay; 25% fine to medium sand.
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Material Description

Date TD Reached: 2/26/17
Date Completed: 4/19/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 2/21/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106EX2

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Vault
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Poor cuttings returned.

Kelly down @ 1715. End
of 2/24/17. Resume
drilling @ 0807 on
2/25/17.

PID = 0.1 ppm @ cyclone
and BZ.

Hammering.

Poor cuttings returned.

No water added
downhole. Good returns.

Kelly down @ 0905, new
20' connection @ 0928.

High Solids
Bentonite
Grout

CL

SW

Lean CLAY with Sand (CL); reddish
brown (5YR 5/4); low plasticity; 75%
clay; 25% fine to medium sand.

Same as above (270 ft).

Same as above (270 ft).

Well-graded SAND with Gravel (SW);
brown (7.5YR 5/4); dry to slightly moist;
85% fine to coarse sand; 15% fine
gravel to 1/4". Note: lots of gravel
fragments.

Same as above (285 ft).

Same as above (285 ft).
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Material Description

Date TD Reached: 2/26/17
Date Completed: 4/19/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 2/21/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106EX2

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Vault

H
ea

ds
pa

ce
P

ID
At Time of Drilling: 477.00
At End of Drilling: Not Recorded
After Drilling: 476.60

B
O

R
E

H
O

LE
_L

O
G

 -
 C

B
&

I_
D

R
IL

LI
N

G
.G

D
T

 -
 5

/9
/1

7 
16

:2
8 

- 
Z

:\K
A

F
B

 R
A

P
ID

\G
IN

T
\K

A
F

B
_R

A
P

ID
_1

1-
1

-2
0

16
.G

P
J

 
D-36



PID = 0.1 ppm @ cyclone
and BZ.

No hammering; no water
added downhole.

Hammering downhole
only. Add approximately
50 gallons of water to
remove clay from
hammer and bit.

Kelly down @ 1100,
change to tricone bit.
New 20' connection @
1414.

PID = 0.1 ppm @ cyclone
and 0.0 ppm @ BZ.

High Solids
Bentonite
Grout

SW

SW-
SM

Well-graded SAND with Gravel (SW);
brown (7.5YR 5/4); dry to slightly moist;
85% fine to coarse sand; 15% fine
gravel to 1/4". Note: lots of gravel
fragments.

Same as above (300 ft).

Same as above (300 ft).

Well-graded SAND with Silt and Gravel
(SW-SM); brown (7.5YR 4/4); 70% fine
to coarse sand; 20% fine gravel to 1/2";
10% silt.

Same as above (317 ft).
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Material Description

Date TD Reached: 2/26/17
Date Completed: 4/19/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 2/21/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106EX2

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Vault
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Slow rate of penetration.

Hammering; no water
added downhole.

Kelly down @ 1543, new
20' connection @ 1611.

PID = 0.1 ppm @ cyclone
and 0.0 ppm @ BZ.

Hammering; no water
added downhole.

Rate of penetration
increases.

Kelly down @ 1720, new
20' connection @ 1730.

High Solids
Bentonite
Grout

SW-
SM

SP

SW

Well-graded SAND with Silt and Gravel
(SW-SM); brown (7.5YR 4/4); dry to
moist; 70% fine to coarse sand; 20% fine
gravel to 1/2"; 10% silt.

Same as above (330 ft).

Poorly graded SAND (SP); pink (7.5YR
7/3); dry; 100% fine sand; trace medium
and coarse sand.

Well-graded SAND with Gravel (SW);
brown (7.5YR 4/4); dry; 75% fine to
coarse sand; 25% fine gravel to 1/2";
trace silt. Note: interbedded SAND
(75%) with Silt (10%) and Gravel (15%).

Same as above (344 ft).

Same as above (344 ft).
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Material Description

Date TD Reached: 2/26/17
Date Completed: 4/19/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 2/21/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106EX2

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Vault
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After Drilling: 476.60
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PID = 0.1 ppm @ cyclone
and 0.0 ppm @ BZ.

Hammering; no water
added downhole.

Good cuttings returned.

Kelly down @ 1800. End
of 2/25/17. Resume
drilling @ 0900 on
2/26/17.

PID = 0.1 ppm @ cyclone
and 0.0 ppm @ BZ.

Hammering. No water
added downhole.

High Solids
Bentonite
Grout

SW

SW-
SM

Well-graded SAND with Gravel (SW);
brown (7.5YR 4/4); dry; 75% fine to
coarse sand; 25% fine gravel to 1/2";
trace silt. Note: interbedded SAND
(75%) with Silt (10%) and Gravel (15%).

Same as above (360 ft).

Same as above (360 ft).

Well-graded SAND with Silt and Gravel
(SW-SM); brown (7.5YR 4/4); 70% fine
to coarse sand; 20% fine gravel to 1/2";
10% silt.

Same as above (377 ft).
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Material Description

Date TD Reached: 2/26/17
Date Completed: 4/19/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 2/21/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106EX2

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Vault
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After Drilling: 476.60
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Kelly down @ 0920, new
20' connection @ 0928.

PID = 0.1 ppm @ cyclone
and 0.0 ppm @ BZ.

Stop drilling to repair
casing hammer.

Kelly down @ 1047, new
20' connection @ 1128.
Conduct rig repairs.

High Solids
Bentonite
Grout

SW-
SM

SP-
SM

SW-
SM

Well-graded SAND with Silt and Gravel
(SW-SM); brown (7.5YR 4/4); 70% fine
to coarse sand; 20% fine gravel to 1/2";
10% silt.

Same as above (390 ft).

Same as above (390 ft).

Poorly graded SAND with Silt (SP-SM);
brown (7.5YR 5/3); dry; 90% fine sand;
trace medium and coarse sand; 10% silt.

Same as above (407 ft).

Well-graded SAND with Silt and Gravel
(SW-SM); pinkish gray (7.5YR 6/2); dry;
70% fine to coarse sand; 20% gravel to
1/4"; angular to rounded; 10% silt.
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Material Description

Date TD Reached: 2/26/17
Date Completed: 4/19/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 2/21/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106EX2

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Vault
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PID = 0.2 ppm @ cyclone
and 0.1 ppm @ BZ.

Hammering; no water
added downhole.

PID = 0.1 ppm @ cyclone
and BZ.

Kelly down @ 1204, new
20' connection @ 1244.

PID = 0.2 ppm @ cyclone
and 0.1 ppm @ BZ.

Hammering; no water
added downhole.

High Solids
Bentonite
Grout

Top of
Bentonite Seal

SW-
SM

Well-graded SAND with Silt and Gravel
(SW-SM); pinkish gray (7.5YR 6/2); dry;
70% fine to coarse sand; 20% fine
gravel to 1/4"; angular to rounded; 10%
silt. Note: gravel is mafics and granitic
minerals.

Same as above (420 ft).

Same as above (420 ft).

Same as above (420 ft).

Same as above (420 ft).
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Material Description

Date TD Reached: 2/26/17
Date Completed: 4/19/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 2/21/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106EX2

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Vault
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Hammering; no water
added downhole.

Kelly down @ 1326, new
20' connection @ 1350.

PID = 0.2 ppm @ cyclone
and 0.1 ppm @ BZ.

PID = 0.2 ppm @ cyclone
and 0.1 ppm @ BZ.

PID = 2.7 ppm @ cyclone
and 0.2 ppm @ BZ.

Kelly down @ 1420, new
20' connection @ 1429.
Top of groundwater @
477 feet bgs.

Bentonite Seal

Top of 10/20
Sand

SW-
SM

SM

SW-
SM

Well-graded SAND with Silt and Gravel
(SW-SM); pinkish gray (7.5YR 6/2); dry;
70% fine to coarse sand; 20% fine
gravel to 1/4"; angular to rounded; 10%
silt. Note: gravel is mafics and granitic
minerals.

Boulders or large cobbles.

Silty SAND (SM); light brown (7.5YR
6/3); dry; 75% fine to coarse sand; 5%
fine gravel to 1/8"; subrounded to
rounded; 20% silt.

Same as above (456 ft).

Same as above (456 ft). Note: slight fuel
odor.

Same as above (456 ft); moist. Note:
slight fuel odor.

Well-graded SAND with Silt (SW-SM);
brown (7.5YR 4/3); moist; 90% fine to
coarse sand; trace fine gravel to 1/8";
10% silt. Note: slight fuel odor.
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Material Description

Date TD Reached: 2/26/17
Date Completed: 4/19/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 2/21/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106EX2

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Vault
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Measurement based on
level measured at
monitoring well prior to
drilling disturbance.
PID = 44.7 ppm @
cyclone and 0.1 ppm @
BZ.

PID = 127.9 ppm @
cyclone and 0.3 ppm @
BZ.

PID = 293.6 ppm @
cyclone and 33.5 ppm @
BZ.

PID = 227.9 ppm @
cyclone and 28.7 ppm @
BZ.
Kelly down @ 1508, new
20' connection @ 1520.

PID = 125.4 ppm @
cyclone and 12.2 ppm @
BZ.

PID = 7.4 ppm @ cyclone
and 4.2 ppm @ BZ.

Top of
Stainless Steel
0.040 Slot
Screen

Stainless Steel
0.040 Slot
Screen

Bottom of
Screen

Stainless Steel
Sump

Bottom of
Sump

SW-
SM

SW

Well-graded SAND with Silt (SW-SM);
brown (7.5YR 4/3); wet; 90% fine to
coarse sand; trace fine gravel to 1/8";
10% silt. Note: Fuel odor.

Same as above (480 ft). Note: strong
fuel odor.

Same as above (480 ft). Note: strong
fuel odor.

Well-graded SAND with Gravel (SW);
dark yellowish brown (10YR 4/4); wet;
75% fine to coarse sand; 25% fine
gravel to 1/2"; subrounded to rounded;
trace silt. Note: gravel is mafics and
granitic minerals. Fuel odor.

Same as above (497 ft).
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Material Description

Date TD Reached: 2/26/17
Date Completed: 4/19/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 2/21/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106EX2

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Vault
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PID = 5.6 ppm @ cyclone
and 2.8 ppm @ BZ.

PID = 2.2 ppm @ cyclone
and 2.4 ppm @ BZ.

Kelly down @ 1556, new
20' connection @ 1608.

PID = 1.9 ppm @ cyclone
and 2.2 ppm @ BZ.

Poor cuttings returned.

PID = 2.1 ppm @ cyclone
and 0.8 ppm @ BZ.

PID = 3.3 ppm @ cyclone
and 1.0 ppm @ BZ.

PID = 2.9 ppm @ cyclone
and 1.2 ppm @ BZ.

Total depth = 537 feet
bgs. Reached total depth
@ 1628 on 2/26/17.

Bottom of
10/20 Filter
Pack
Native Backfill
Bottom of Rat
Hole

SW

Well-graded SAND with Gravel (SW);
dark yellowish brown (10YR 4/4); wet;
75% fine to coarse sand; 25% fine
gravel to 1/2"; subrounded to rounded;
trace silt. Note: gravel is mafics and
granitic minerals. Fuel odor.

Same as above (510 ft).

Same as above (510 ft).

Same as above (510 ft).

No cuttings returned.
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Material Description

Date TD Reached: 2/26/17
Date Completed: 4/19/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 2/21/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106EX2

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Vault
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Ground SurfaceGround Surface

Top of Cement Seal (ft BGS) ________Top of Cement Seal (ft BGS) ________

Sampling Pump/MotorSampling Pump/Motor
Stainless Steel Check ValveStainless Steel Check Valve
Flow Control ValveFlow Control Valve

Injection Well Completion Diagram KAFB-106IN1

Not to Scale
BGS = Below Ground Surface

50
04

33
_0

30
50

10
0_

A
8

Concrete Filled BollardConcrete Filled Bollard

Bentonite GroutBentonite Grout

3/8" Bentonite Chips3/8" Bentonite Chips

10/20 Colorado Silica Sand10/20 Colorado Silica Sand

9"x5' Steel Protective Casing
with Hinged Cover

9"x5' Steel Protective Casing
with Hinged Cover

3'x3' Concrete Well Pad3'x3' Concrete Well Pad

Portland Cement with 5% Bentonite
Calculated: ________

Actual: ________

Portland Cement with 5% Bentonite
Calculated: ________

Actual: ________ Top of High Solids Bentonite Grout
(ft BGS) __________
Top of High Solids Bentonite Grout
(ft BGS) __________

SDR 17 PVC
Flush Threaded Riser Pipe
SDR 17 PVC
Flush Threaded Riser Pipe

PVC CentralizersPVC Centralizers

Combination LockCombination Lock

High Solids Bentonite Grout
_______ to _______ ft BGS

Calculated: ________
Actual: ________

High Solids Bentonite Grout
_______ to _______ ft BGS

Calculated: ________
Actual: ________

3/8" Bentonite Chips
Calculated: ________

Actual: ________

3/8" Bentonite Chips
Calculated: ________

Actual: ________

 0.04" Slot Stainless Steel
Wire Wrap Screen

 0.04" Slot Stainless Steel
Wire Wrap Screen

 304 Stainless Steel Sump 304 Stainless Steel Sump

Cement/Bentonite GroutCement/Bentonite Grout

20/40 Colorado Silica Sand20/40 Colorado Silica Sand

PVC CentralizersPVC Centralizers

PVC Centralizers at the top
and bottom of the screen

PVC Centralizers at the top
and bottom of the screen

Installation Start Date/Time: ___________________
Installation End Date/Time: ___________________
Completion Date: ___________________________

Installation Start Date/Time: ___________________
Installation End Date/Time: ___________________
Completion Date: ___________________________

PVC CentralizersPVC Centralizers

Injection PipeInjection Pipe

Pump Power CablePump Power Cable

PVC Centralizers ft BGSPVC Centralizers ft BGS

11 3/4" Borehole (ft BGS)_________11 3/4" Borehole (ft BGS)_________260260

10/20 Colorado Silica Sand
_______ to _______ ft BGS

Calculated: ________
Actual: ________

10/20 Colorado Silica Sand
_______ to _______ ft BGS

Calculated: ________
Actual: ________

Top of Well Vault ElevationTop of Well Vault Elevation

13-3/8" Borehole13-3/8" Borehole

(4,816.90) = (4,816.90) = Elevations are NAVD 88 Datum values based on NGS Control Station
"Hanger", Elevation = 5,343.43 ft. GPS/RTK methods and GEO1D99 
model were used to determine elevations of all surveyed points.

Elevations are NAVD 88 Datum values based on NGS Control Station
"Hanger", Elevation = 5,343.43 ft. GPS/RTK methods and GEO1D99 
model were used to determine elevations of all surveyed points.

Top of Casing Elevation (ft BGS) _______Top of Casing Elevation (ft BGS) _______

1.5" Pipe
60' Stainless at Bottom with
460' Carbon Steel Pipe at Top

1.5" Pipe
60' Stainless at Bottom with
460' Carbon Steel Pipe at Top

1.25-inch Drop Tube with
Dedicated Transducer

1.25-inch Drop Tube with
Dedicated Transducer

Fiberglass Vault ~5x4x3 feet deepFiberglass Vault ~5x4x3 feet deep
44

33

4040 436436

4040

Water and Electrical UtilitiesWater and Electrical Utilities

TBD (AMSL)TBD (AMSL)

3/16/17@08203/16/17@0820
3/20/17@15003/20/17@1500

4/19/174/19/17

Water Table (ft BGS) ______________Water Table (ft BGS) ______________

Top of Seal (ft BGS) ______________Top of Seal (ft BGS) ______________

Bottom of Seal (ft BGS) ____________Bottom of Seal (ft BGS) ____________

Top of Screen (ft BGS) ____________Top of Screen (ft BGS) ____________

Bottom of Screen (ft BGS) ________Bottom of Screen (ft BGS) ________

Bottom of Sump (ft BGS) _________Bottom of Sump (ft BGS) _________

Total Depth (ft BGS) _____________Total Depth (ft BGS) _____________

436436

477477
467467

477477

497497

502502

537537

254.76 ft3254.76 ft3

34.19 ft334.19 ft3
34.19 ft334.19 ft3

15.3 ft315.3 ft3
36.2 ft336.2 ft3

26.85 ft326.85 ft3
29.5 ft329.5 ft3

467467 514514

561.49 ft3561.49 ft3
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Borehole was pot holed
with air knife to 5 feet
bgs. No cuttings
returned.

Begin drilling with 13-3/8"
drive casing @ 0820 on
3/16/17. Driller is using
underreamer and
stabilizer.

Hammering downhole
only. No water added
downhole.

Kelly down @ 0839, new
20' connection @ 0855.

PID = 0.1 ppm @
breathing zone (BZ) and
cyclone.

Hammering downhole.
No water added
downhole.

Vault

Top of Casing

Top of
Portland
Cement with
Bentonite

Portland
Cement with
Bentonite

ML

SILT with Gravel (ML); based on water
knife.

SILT with Gravel (ML); yellowish red
(5YR 5/6); dry; 80% silt; 20% fine gravel
to 1/2"; subangular to rounded; trace
coarse sand. Note: gravel is mafics and
granitic minerals; fragmented by
downhole hammer.

Same as above (5 ft).

Same as above (5 ft); gravel to 1".

Gravelly SILT (ML); light reddish brown
(5YR 6/4); dry; 60% silt; 30% fine to
coarse gravel; subangular to rounded;
10% coarse sand. Note: gravel is mafics
and granitic minerals.

Sandy SILT (ML); yellowish red (5YR
4/6); dry; 70% silt; trace clay; 30% fine to
coarse sand; trace fine gravel to 1/8".
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Material Description

Date TD Reached: 3/20/2017
Date Completed: 4/19/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 3/16/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers

Page 1 of 18

Borehole ID: KAFB-106IN1

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Vault
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Hammering downhole.
No water added
downhole.

Kelly down @ 0925, new
20' connection @ 0937.

PID = 0.2 ppm @ BZ and
0.4 ppm @ cyclone.

Hammering downhole.
No water added
downhole.

Kelly down @ 1015, new
20' connection @ 1355.

Portland
Cement with
Bentonite

Top of High
Solids
Bentonite
Grout

ML

CH

ML

CL

Sandy SILT (ML); yellowish red (5YR
4/6); dry; 70% silt; trace clay; 30% fine to
coarse sand; trace fine gravel to 1/8".

Fat CLAY (CL); strong brown (7.5YR
5/8); medium plasticity; 100% clay; trace
fine sand.
Gravelly SILT (ML); light reddish brown
(5YR 6/4); dry; 60% silt; trace clay; 40%
fine gravel to 3/4"; angular to
subrounded; trace fine sand.

Same as above (35 ft).

Sandy lean CLAY (CL); light brown
(7.5YR 6/3); nonplastic; 70% clay; 30%
fine sand; trace fine gravel to 1/8".

Gravelly lean CLAY (CL); reddish brown
(5YR 5/4); dry; 60% fines; 30% fine
gravel to 1/2"; subrounded to rounded;
10% fine sand. Note: majority of the
fines observed in cuttings were clay.

Same as above (46 ft).
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Material Description

Date TD Reached: 3/20/2017
Date Completed: 4/19/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 3/16/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers

Page 2 of 18

Borehole ID: KAFB-106IN1

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Vault
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After Drilling: 476.60
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PID = 0.1 ppm @ BZ and
cyclone.

Hammering downhole.
No water added
downhole.

Begin hammering with
casing hammer.

Kelly down @ 1424, new
20' connection @ 1439.

PID = 0.1 ppm @ BZ and
0.3 ppm @ cyclone.

Hammering downhole
and with casing hammer.
No water added
downhole.

High Solids
Bentonite
Grout

CL

Gravelly lean CLAY (CL); reddish brown
(5YR 5/4); dry; 60% fines; 30% fine
gravel to 1/2"; subrounded to rounded;
10% fine sand. Note: majority of the
fines observed in cuttings were clay.
@ 61 ft: Sandy lean CLAY with Gravel
(CL); reddish yellow (7.5YR 4/6); dry;
70% fines; 15% fine to coarse sand;
15% fine gravel to 1/8". Note: majority of
the fines observed in cuttings were clay.

Same as above (61 ft).

Same as above (61 ft).

Sandy lean CLAY (CL); yellowish red
(5YR 5/6); dry; medium plasticity; 70%
clay; 25% fine to medium sand; 5%
gravel fragments.
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Material Description

Date TD Reached: 3/20/2017
Date Completed: 4/19/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 3/16/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106IN1

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Vault
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At End of Drilling: Not Recorded
After Drilling: 476.60
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Hammering downhole
and with casing hammer.
No water added
downhole.

Kelly down @ 1520, new
20' connection @ 1530.

PID = 0.2 ppm @ BZ and
cyclone.

Hammering downhole
and with casing hammer.

No water added
downhole.

Kelly down @ 1553, new
20' connection @ 1640.

High Solids
Bentonite
Grout

CL

SP

SM

CL

Sandy lean CLAY (CL); yellowish red
(5YR 5/6); dry; medium plasticity; 70%
clay; 25% fine to medium sand; 5%
gravel fragments.

Color change to gray from 93 - 95 ft.

Poorly graded SAND (SP); brown
(7.5YR 5/4); dry; 90% fine sand; 10%
silt.

Same as above (97 ft); trace coarse
sand.

Same as above (97 ft).

Silty SAND with Gravel (SM); pink (5Y
7/4); dry; 40% fine to coarse sand; 20%
gravel fragments; angular; 40% silt.

Same as above (110 ft).

Description on following page.
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Material Description

Date TD Reached: 3/20/2017
Date Completed: 4/19/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 3/16/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106IN1

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Vault
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At End of Drilling: Not Recorded
After Drilling: 476.60
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PID = 0.1 ppm @ BZ and
0.2 ppm @ cyclone.
Hammering downhole
and with casing hammer.

No water added
downhole.

Kelly down @ 1710. End
of 3/16/17. Resume
drilling @ 0745 on
3/17/17.

PID = 0.1 ppm @ BZ and
0.2 ppm @ cyclone.

Hammering downhole
and with casing hammer.
No water added
downhole.

High Solids
Bentonite
Grout

CL

SW

CL

Lean CLAY with Sand (CL); light reddish
brown (5YR 6/8); dry to slightly moist;
80% clay; 20% fine sand; trace medium
and coarse sand.

Same as above (120 ft).

Well-graded SAND with Gravel (SW);
reddish gray (5YR 5/2); dry; 80% fine to
coarse sand; 20% fine gravel to 1/4";
subrounded to rounded.

Same as above (132 ft).

Sandy lean CLAY (CL); reddish yellow
(5YR 6/8); dry to slightly moist; low
plasticity; 60% clay; 40% fine sand; trace
gravel fragments.

Same as above (142 ft).
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Material Description

Date TD Reached: 3/20/2017
Date Completed: 4/19/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 3/16/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers

Page 5 of 18

Borehole ID: KAFB-106IN1

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Vault
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At End of Drilling: Not Recorded
After Drilling: 476.60
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Hammering. No water
added dowhole or at
cyclone.

Kelly down @ 0819, new
20' connection @ 0829.

PID = 0.2 ppm @ BZ and
0.3 ppm @ cyclone.

Hammering downhole
and with casing hammer.

Kelly down @ 0907, new
20' connection @ 0927.

High Solids
Bentonite
Grout

CL

SW

SP

Sandy lean CLAY (CL); reddish yellow
(5YR 6/8); dry to slightly moist; low
plasticity; 60% clay; 40% fine sand; trace
gravel fragments.

Same as above (150 ft).

Well-graded SAND (SW); reddish yellow
(5YR 6/6); dry; 95% fine to coarse sand;
trace gravel fragments; 5% silt.

Poorly graded SAND (SP); light brown
(7.5YR 6/4); dry; 100% fine sand; trace
medium and coarse.

Same as above (165 ft).

Same as above (165 ft).
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Material Description

Date TD Reached: 3/20/2017
Date Completed: 4/19/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 3/16/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106IN1

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Vault
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PID = 0.1 ppm @ BZ and
cyclone.

No hammering. Suspend
drive casing while
moving down.

No water added
downhole.

Kelly down @ 0952, new
20' connection.

PID = 0.1 ppm @ BZ and
cyclone.

Hammering downhole
and with casing hammer.
No water added
downhole.

High Solids
Bentonite
Grout

SP

SW

SP

SW

Poorly graded SAND (SP); light brown
(7.5YR 6/4); dry; 100% fine sand; trace
medium and coarse.

Well-graded SAND with Gravel (SW);
light brown (7.5YR 6/4); 85% fine to
coarse sand; 15% fine gravel to 1/4";
subrounded to rounded. Note: gravel is
mafics and granitic minerals.

Same as above (185 ft).

Same as above (185 ft).

Poorly graded SAND (SP); light brown
(7.5YR 6/3); dry; 100% medium sand;
trace coarse sand.

Well-graded SAND with Gravel (SW);
light brown (7.5YR 6/4); 80% fine to
coarse sand; 20% fine gravel to 1/2";
angular to rounded. Note: gravel is
mafics and granitic minerals.
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Material Description

Date TD Reached: 3/20/2017
Date Completed: 4/19/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 3/16/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106IN1

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Vault
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Hammering downhole
and with casing hammer.

Kelly down @ 1026, new
20' connection @ 1034.

PID = 0.1 ppm @ BZ and
cyclone.

Driller added
approximately 100
gallons of water
downhole.

Hard drilling.

Hammering.

Kelly down @ 1138, new
20' connection @ 1245.

High Solids
Bentonite
Grout

SW

CL

GW

SW

Well-graded SAND with Gravel (SW);
light brown (7.5YR 6/4); 80% fine to
coarse sand; 20% fine gravel to 1/2";
angular to rounded. Note: gravel is
mafics and granitic minerals.

Well-graded SAND (SW); pinkish gray
(7.5YR 6/2); dry; 100% fine to coarse
sand.

Well-graded SAND with Gravel (SW);
pinkish gray (7.5YR 6/2); 70% fine to
coarse sand; 30% fine gravel to 1/4";
angular to rounded.
Lean CLAY with Sand (CL); strong
brown (7/5YR 5/6); moist; 80% clay;
20% fine to medium sand.
Well-graded GRAVEL with Sand (GW);
dark brown (7.5YR 3/3); 50% fine to
coarse gravel to 1-1/4"; angular to
rounded; 45% fine to coarse sand; 5%
silt. Note: gravel is mafics and granitic
minerals.
Well-graded SAND with Gravel (SW);
brown (7.5YR 4/4); 75% fine to coarse
sand; 25% fine to coarse gravel to 1";
subangular to rounded; trace silt. Note:
gravel is mafics and granitic minerals.

Same as above (224 ft).

Same as above (224 ft).
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Material Description

Date TD Reached: 3/20/2017
Date Completed: 4/19/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 3/16/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106IN1

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Vault
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Hammering downhole
and with casing hammer.
No water added
downhole.

Kelly down @ 1305, new
5' connection @ 1333.
Trip drill sting to run in
with 11-3/4" casing. End
of 3/17/17. Resume
drilling @ 0835 on
3/18/17.
PID = 0.1 ppm @ BZ and
cyclone.

Hammering downhole
and intermittently with
casing hammer.

High Solids
Bentonite
Grout

SW

SM

CL

Well-graded SAND with Gravel (SW);
brown (7.5YR 4/4); 75% fine to coarse
sand; 25% fine to coarse gravel to 1";
subangular to rounded; trace silt. Note:
gravel is mafics and granitic minerals.

Same as above (240 ft).

Silty SAND with Gravel (SM); brown
(7.5YR 5/4); 60% fine to medium sand;
20% fine gravel to 1/2"; subangular to
rounded; 20% silt.

Sandy lean CLAY (CL); yellowish brown
(10YR 5/4); low plasticity; 70% clay; 25%
fine sand; 5% fine gravel to 1/8";
subrounded to rounded.

Same as above (258 ft).
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Material Description

Date TD Reached: 3/20/2017
Date Completed: 4/19/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 3/16/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106IN1

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Vault
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PID = 0.0 ppm @ BZ and
0.1 ppm @ cyclone.
No water added
downhole.

Kelly down @ 0800, new
20' connection @ 0910.

PID = 0.1 ppm @ BZ and
cyclone.

Driller added
approximately 100
gallons of water dowhole.
Resume drilling @ 1310.

Hammering downhole.

Kelly down @ 1328, new
20' connection @ 1341.

High Solids
Bentonite
Grout

CL

SP

Sandy lean CLAY (CL); yellowish brown
(10YR 5/4); low plasticity; 70% clay; 25%
fine sand; 5% fine gravel to 1/8";
subrounded to rounded.

No cuttings returned. Cyclone plugged
and drill bit is stuck. Cuttings appear to
be coarse sand with gravel and clay.

Poorly graded SAND (SP); light brown
(7.5YR 6/4); 100% fine sand; trace
medium and coarse sand.

Same as above (283 ft).

Same as above (283 ft).
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Material Description

Date TD Reached: 3/20/2017
Date Completed: 4/19/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 3/16/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106IN1

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Vault
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PID = 0.0 ppm @ BZ and
cyclone.

Hammering downhole.
No water added
downhole.

Kelly down @ 1356, new
20' connection @ 1403.

PID = 0.0 ppm @ BZ and
cyclone.

No water added
downhole.

High Solids
Bentonite
Grout

SP

SW

CL

SW

Poorly graded SAND (SP); light brown
(7.5YR 6/4); 100% fine sand; trace
medium and coarse sand.
Well-graded SAND with Gravel (SW);
brown (7.5YR 6/4); 80% fine to coarse
sand; 20% fine to coarse gravel to 1";
subangular to rounded; trace silt.

Same as above (302 ft).

Same as above (302 ft).

Same as above (302 ft).

Sandy lean CLAY (CL); nonplastic; 60%
clay; 20% fine to medium sand; 20% fine
gravel to 1/4"; angular to rounded.

Well-graded SAND with Gravel (SW);
brown (7.5YR 4/4); 70% fine to coarse
sand; 30% fine gravel to 1/4";
subrounded to rounded.
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Material Description

Date TD Reached: 3/20/2017
Date Completed: 4/19/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 3/16/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106IN1

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Vault
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After Drilling: 476.60
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Hammering downhole
and with casing hammer.
No water added
downhole.

Kelly down @ 1442, new
20' connection @ 1555.

PID = 0.0 ppm @ BZ and
0.1 ppm @ cyclone.

No water added
downhole.

Kelly down @ 1613, new
20' connection @ 1621.

High Solids
Bentonite
Grout

SW

SM

GW-
GM

SW

SP

Well-graded SAND with Gravel (SW);
brown (7.5YR 4/4); 70% fine to coarse
sand; 30% fine gravel to 1/4";
subrounded to rounded.
Silty SAND with Gravel (SM); brown
(7.5YR 4/2); 50% fine to coarse sand;
25% fine gravel to 1/2"; subrounded to
rounded; 25% silt. Note: gravel is mafics
and granitic minerals.
Well-graded GRAVEL with Silt and Sand
(GW-GM); brown (7/5YR 4/2); 50% fine
to coarse gravel to 1"; subangular to
rounded; 40% fine to coarse sand; 10%
silt. Note: sand and gravel are mafics
and granitic minerals.

Well-graded SAND with Gravel (SW);
brown (7.5YR 4/2); 70% fine to coarse
sand; 25% fine gravel to 1/2";
subangular to rounded; 5% silt. Note:
gravel is mafics and granitic minerals.

Same as above (341 ft).

Poorly graded SAND (SP); brown
(7.5YR 5/4); 100% fine sand; trace
medium and coarse sand; trace fine
gravel to 1/8"; rounded. Note: gravel is
granitic minerals.

Same as above (350 ft).
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Material Description

Date TD Reached: 3/20/2017
Date Completed: 4/19/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 3/16/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106IN1

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Vault
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PID = 0.0 ppm @ BZ and
0.1 ppm @ cyclone.

No water added
downhole.

Kelly down @ 1656, new
20' connection @ 1704.

PID = 0.1 ppm @ BZ and
cyclone.

No water added
downhole.

High Solids
Bentonite
Grout

SP

SW

GM

SW

Poorly graded SAND (SP); brown
(7.5YR 5/4); 100% fine sand; trace
medium and coarse sand; trace fine
gravel to 1/8"; rounded. Note: gravel is
granitic minerals.
Well-graded SAND (SW); light brown
(7.5YR 6/4); dry; 90% fine to coarse
sand; 10% fine gravel to 1/4";
subrounded to rounded. Note: gravel is
mafics and granitic minerals.

Silty GRAVEL with Sand (GM); pinkish
gray (7.5YR 6/2); dry; 50% fine gravel to
1/2"; 30% fine to coarse sand; 20% silt.
Note: gravel is mafics and granitic
minerals.

Well-graded SAND with Gravel (SW);
brown (7.5YR 5/4); 80% fine to coarse
sand; 20% fine gravel to 1/2";
subrounded to rounded. Note: gravel is
mafics and granitic minerals.

Same as above (380 ft).

Remarks

Li
th

ol
o

gi
c

Lo
g

Well Diagram

N
um

be
r

D
ep

th
 (

ft)

360

365

370

375

380

385

390

S
am

pl
e 

T
yp

e

U
.S

.C
.S

.

Material Description

Date TD Reached: 3/20/2017
Date Completed: 4/19/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 3/16/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers

Page 13 of 18

Borehole ID: KAFB-106IN1

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Vault
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After Drilling: 476.60
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No water added
downhole.

Kelly down @ 1730. End
of 3/18/17. Resume
drilling @ 0810 on
3/19/17.

PID = 0.1 ppm @ BZ and
cyclone.

Hammering with casing
hammer. No water added
downhole.

Kelly down @ 0838, new
20' connection @ 0845.

High Solids
Bentonite
Grout

SW

SP

ML

SP

SW

Well-graded SAND with Gravel (SW);
brown (7.5YR 5/4); 80% fine to coarse
sand; 20% fine gravel to 1/2";
subrounded to rounded. Note: gravel is
mafics and granitic minerals.

Same as above (390 ft).

Same as above (390 ft).

Poorly graded SAND (SP); pale brown
(10YR 6/3); 90% fine sand; trace
medium sand; 5% fine gravel to 1/4";
rounded; 5% silt. Note: gravel is mafics
and granitic minerals.

SILT (ML); strong brown (7.5YR 4/6);
90% silt; 5% fine sand; 5% fine gravel to
1/8".
Poorly graded SAND (SP); brown
(7.5YR 5/2); 90% fine sand; 5% fine
gravel to 1/8"; rounded; 5% silt. Note:
gravel is mafics and granitic minerals.

Well-graded SAND (SW); light brown
(7.5YR 6/3); dry; 90% fine to coarse
sand; 5% fine gravel to 1/4"; 5% silt.
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Material Description

Date TD Reached: 3/20/2017
Date Completed: 4/19/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 3/16/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106IN1

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Vault
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PID = 0.1 ppm @ BZ and
cyclone.

No water added
downhole.

Kelly down @ 0914, new
20' connection @ 0925.

PID = 0.2 ppm @ BZ and
cyclone.

Top of
Bentonite Seal

SW

Well-graded SAND (SW); light brown
(7.5YR 6/3); dry; 90% fine to coarse
sand; 5% fine gravel to 1/4"; 5% silt.

Same as above (420 ft).

Well-graded SAND with Gravel (SW);
light brown (7.5YR 6/4); dry; 80% fine to
coarse sand; 20% fine gravel to 1/2";
trace silt.

Same as above (432 ft).

Same as above (432 ft).
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Material Description

Date TD Reached: 3/20/2017
Date Completed: 4/19/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 3/16/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106IN1

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Vault
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After Drilling: 476.60
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Hammering with casing
hammer. No water added
downhole.

Kelly down @ 0954, new
20' connection @ 1200.

PID = 0.1 ppm @ BZ and
0.7 ppm @ cyclone.
Slight fuel odor.

PID = 0.1 ppm @ BZ and
7.5 ppm @ cyclone.

Hammering with casing
hammer.

PID = 0.1 ppm @ BZ and
4.1 ppm @ cyclone.

PID = 0.3 ppm @ BZ and
10.2 ppm @ cyclone.

Top of groundwater @
477 feet bgs. Kelly down
@ 1252, new 20'
connection @ 1300.

Bentonite Seal

Top of 10/20
Sand

Top of
Stainless Steel
0.040 Slot
Screen

SW

SP-
SM

SW

Well-graded SAND with Gravel (SW);
light brown (7.5YR 6/4); dry; 80% fine to
coarse sand; 20% fine gravel to 1/2";
trace silt.

Same as above (450 ft); 70% sand; 30%
gravel to 1-1/2".

Poorly graded SAND with Silt (SP-SM);
yellowish brown (10YR 5/4); dry; 80%
fine sand; trace medium sand; 10% fine
gravel to 1/4"; rounded; 10% silt. Note:
gravel is mafics and quartz.

Same as above (458 ft).

Same as above (458 ft).

Same as above (458 ft).

Well-graded SAND with Gravel (SW);
dark yellowish brown (10YR 4/4); wet;
75% fine to coarse sand; 25% fine
gravel to 1"; subangular to rounded.
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Material Description

Date TD Reached: 3/20/2017
Date Completed: 4/19/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 3/16/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106IN1

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Vault
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After Drilling: 476.60
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PID = 0.2 ppm @ BZ and
11.5 ppm @ cyclone.

Hammering. No water
added downhole.

PID = 0.2 ppm @ BZ and
18.9 ppm @ cyclone.

PID = 1.8 ppm @ BZ and
1,721 ppm @ cyclone.

PID = 4.6 ppm @ BZ and
518.6 ppm @ cyclone.

Kelly down @ 1344, new
20' connection.

PID = 6.2 ppm @ BZ and
460.8 ppm @ cyclone.

Hammering downhole
and with casing hammer.
No water added
downhole.
PID = 5.2 ppm @ BZ and
61.9 ppm @ cyclone.

Stainless Steel
0.040 Slot
Screen

Bottom of
Screen

Stainless Steel
Sump

Bottom of
Sump

SW

Well-graded SAND with Gravel (SW);
dark yellowish brown (10YR 4/4); wet;
75% fine to coarse sand; 25% fine
gravel to 1"; subangular to rounded.
Note: gravel is mafics and quartz.

Same as above (480 ft).

Same as above (480 ft).

Same as above (480 ft).

Same as above (480 ft).

Same as above (480 ft).
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Material Description

Date TD Reached: 3/20/2017
Date Completed: 4/19/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 3/16/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106IN1

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Vault
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At End of Drilling: Not Recorded
After Drilling: 476.60
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PID = 6.0 ppm @ BZ and
54.3 ppm @ cyclone.

PID = 1.7 ppm @ BZ and
16.8 ppm @ cyclone.

Kelly down @ 1415.
Added approximately
1,000 gallons of water
downhole. End of
3/19/17. Resume drilling
@ 1415 on 3/20/17.
PID = 0.1 ppm @ BZ and
0.2 ppm @ cyclone.

PID = 0.0 ppm @ BZ and
0.1 ppm @ cyclone.

PID = 0.1 ppm @ BZ and
0.3 ppm @ cyclone.

PID = 0.1 ppm @ BZ and
cyclone.

Kelly down @ 1500. Total
depth = 537 feet bgs.
Reached total depth on
3/20/17. Added
approximately 1,000
gallons of water
downhole.

Bottom of
10/20 Filter
Pack

Native Backfill

Bottom of Rat
Hole

SW

Well-graded SAND with Gravel (SW);
dark yellowish brown (10YR 4/4); wet;
75% fine to coarse sand; 25% fine
gravel to 1"; subangular to rounded.
Note: gravel is mafics and quartz.

Same as above (510 ft).

Same as above (510 ft).

Same as above (510 ft).

Same as above (510 ft).
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Material Description

Date TD Reached: 3/20/2017
Date Completed: 4/19/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 3/16/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106IN1

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Vault
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At Time of Drilling: 477.00
At End of Drilling: Not Recorded
After Drilling: 476.60
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Water Table (ft BGS) _____________Water Table (ft BGS) _____________

Filter Pack 16/30
Calculated: _________
Actual: _____________

Filter Pack 16/30
Calculated: _________
Actual: _____________

Top of Filter Pack (ft BGS) ________Top of Filter Pack (ft BGS) ________

Top of Seal (ft BGS) _____________Top of Seal (ft BGS) _____________

Top of Screen (ft BGS) ___________Top of Screen (ft BGS) ___________

Top of Hole Plug (ft BGS) _________Top of Hole Plug (ft BGS) _________

Bottom of Hole Plug (ft BGS) ______Bottom of Hole Plug (ft BGS) ______

Bottom of Screen (ft BGS) ________Bottom of Screen (ft BGS) ________

10 ft. Screen (0.02-inch slot)10 ft. Screen (0.02-inch slot)

High Solids Bentonite Grout
_______ to _______ ft BGS
Calculated: _________
Actual: _____________

High Solids Bentonite Grout
_______ to _______ ft BGS
Calculated: _________
Actual: _____________

Top of High Solids
Bentonite Grout (ft BGS) _________
Top of High Solids
Bentonite Grout (ft BGS) _________

Monitoring Well Completion Diagram KAFB-106MW1

Not to Scale
BGS = Below Ground Surface

500433_03050100_A10

Bentonite GroutBentonite Grout

3/8 inch Bentonite Chips3/8 inch Bentonite Chips

10/20 Colorado Silica Sand10/20 Colorado Silica Sand

Cement Seal with 5% Bentonite
Calculated: _________
Actual: ____________

Cement Seal with 5% Bentonite
Calculated: _________
Actual: ____________

Top of Cement Seal (ft BGS) _____Top of Cement Seal (ft BGS) _____0.50.5

3939

3939 427427

427427

458458

Cement/Bentonite GroutCement/Bentonite Grout

20/40 Colorado Silica Sand20/40 Colorado Silica Sand

3.0-inch PVC ID (KAFB-106MW1-I)3.0-inch PVC ID (KAFB-106MW1-I)

13-3/8-inch Borehole13-3/8-inch Borehole

4-inch PVC ID (KAFB-106MW1-S)4-inch PVC ID (KAFB-106MW1-S)

11-3/4-inch Borehole (ft BGS) ______11-3/4-inch Borehole (ft BGS) ______

Bentonite Chips
Calculated: _______

Actual: ___________

Bentonite Chips
Calculated: _______

Actual: ___________

5 ft. Hole Plug (TR-60)
Calculated: _______

Actual: ___________

5 ft. Hole Plug (TR-60)
Calculated: _______

Actual: ___________

Filter Pack 16/30
Calculated: _______

Actual: ___________

Filter Pack 16/30
Calculated: _______

Actual: ___________

Total Depth (ft BGS) _____________Total Depth (ft BGS) _____________

Top of Screen (ft BGS) ___________Top of Screen (ft BGS) ___________

Bottom of Screen (ft BGS) ______Bottom of Screen (ft BGS) ______
Bottom of 2.5 ft. Sump (ft BGS) ______Bottom of 2.5 ft. Sump (ft BGS) ______

35 ft. Screen
(0.02-inch slot)

35 ft. Screen
(0.02-inch slot)

1-inch Drop Tube1-inch Drop Tube

Ground SurfaceGround Surface

4 ft. x 4 ft. Concrete Pad4 ft. x 4 ft. Concrete Pad

478478

503503

508508

513513

523523

Bottom of Sump (ft BGS) ________Bottom of Sump (ft BGS) ________528528

Installation Start Date/Time: ___________________
Installation End Date/Time: ___________________
Completion Date: ___________________________

Installation Start Date/Time: ___________________
Installation End Date/Time: ___________________
Completion Date: ___________________________

200200

463463

498498
500.5500.5

555555

37.51 ft337.51 ft3

223.23 ft3223.23 ft3
227.27 ft3227.27 ft3

31.5 ft331.5 ft3

21.0 ft321.0 ft3
19.4 ft319.4 ft3

3.5 ft33.5 ft3
3.5 ft33.5 ft3

19.6 ft319.6 ft3
30.0 ft330.0 ft3

37.5 ft337.5 ft3

37.51 ft337.51 ft3

1/8/17@ 07451/8/17@ 0745
1/12/17@16381/12/17@1638

3/24/173/24/17
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Location pot-holed with
water knife to 5 feet bgs.
No cuttings returned.

Begin drilling with 13 3/8"
drive casing on 1/8/17 @
0745.

No hammering, no water
added.

Kelly down @ 0750, new
20'connection @ 0755.

PID = 0.0 ppm @ cyclone
and breathing zone (BZ).

No hammering.

Top of
Casing/Top of
Cement Seal

Portland
Cement with
Bentonite

ML

No lithologic description.

SILT with Gravel (ML); yellowish red
(5YR 4/6); dry to slightly moist; 85% silt;
15% fine gravel; subrounded to rounded.
Note: gravel is mafic.

Same as above (5 ft).

Same as above (5 ft).

Same as above (5 ft).

Gravelly SILT (ML); light reddish brown
(5YR 6/4); dry; 60% silt; 40% fine gravel;
angular to rounded; trace very fine sand.
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Material Description

Date TD Reached: 1/12/2017
Date Completed: 3/24/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 1/8/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers

Page 1 of 19

Borehole ID: KAFB-106MW1

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Flush

H
ea

ds
pa

ce
P

ID
At Time of Drilling: 478.00
At End of Drilling: Not Recorded
After Drilling: 476.30
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Kelly down @ 0804, new
20' connection @ 0811.

PID = 0.0 ppm @ cyclone
and BZ. Hammering
intermittently. No water
added.

Kelly down @ 0818, new
20' connection @ 0826.

Top of High
Solids
Bentonite
Grout

ML

Gravelly SILT (ML); light reddish brown
(5YR 6/4); dry; 60% silt; 40% fine gravel;
angular to rounded; trace very fine sand.

Same as above (30 ft).

Same as above (30 ft); reddish brown
(5YR 5/4); 50% silt; 50% fine to coarse
gravel; angular to rounded; trace fine
and medium sand. Note: gravel is mafics
and quartz.

Same as above (30 ft); reddish brown
(5YR 5/4); 50% silt; 50% fine to coarse
gravel; angular to rounded; trace fine
and medium sand. Note: gravel is mafics
and quartz.

Same as above (30 ft); reddish brown
(5YR 5/4); 50% silt; 50% fine to coarse
gravel; angular to rounded; trace fine
and medium sand. Note: gravel is mafics

Remarks
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Material Description

Date TD Reached: 1/12/2017
Date Completed: 3/24/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 1/8/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers

Page 2 of 19

Borehole ID: KAFB-106MW1

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Flush
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At Time of Drilling: 478.00
At End of Drilling: Not Recorded
After Drilling: 476.30
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PID = 0.0 ppm @ cyclone
and BZ.

Begin hammering. No
water added.

Kelly down @ 0831, new
20' connection @ 0837.
PID = 0.0 ppm @ cyclone
and BZ.

Hammering. No water
added.

High Solids
Bentonite
Grout

ML

and quartz.
Gravelly SILT (ML); reddish brown (5YR
5/4); 50% silt; 50% fine to coarse gravel;
angular to rounded; trace fine and
medium sand. Note: gravel is mafics and
quartz.

Same as above (60 ft).

SILT with Gravel (ML); yellowish red
(5YR 5/6); dry; 80% silt; 20% fine gravel;
angular to rounded.

Same as above (75 ft).

Same as above (70 ft).

SILT (ML); light reddish brown (5YR
6/4); dry; 90% silt; 10% fine gravel;
rounded; trace fine sand.

Remarks
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Material Description

Date TD Reached: 1/12/2017
Date Completed: 3/24/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 1/8/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers

Page 3 of 19

Borehole ID: KAFB-106MW1

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Flush
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At Time of Drilling: 478.00
At End of Drilling: Not Recorded
After Drilling: 476.30
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Hammering. No water
added.

Kelly down @ 0845, new
20' connection @ 0857.
PID = 0.0 ppm @ cyclone
and BZ.

Hammering. No water
added.

Hammering. No water
added.

Kelly down @ 1416, new
20' connection @ 1423.
PID = 0.0 ppm @ cyclone
and BZ.

High Solids
Bentonite
Grout

ML

SP-
SM

SILT (ML); light reddish brown (5YR
6/4); dry; 90% silt; 10% fine gravel;
rounded; trace fine sand.

Same as above (90 ft).

Same as above (90 ft).

Same as above (90 ft).

Same as above (90 ft).

Poorly graded SAND with Silt and Gravel
(SP-SM); very pale brown (10YR 7/3);
dry; 60% fine to medium sand; 30% fine
gravel; angular to rounded; 10% silt.
Note: gravel is granitic minerals and
mafics.

Remarks
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Material Description

Date TD Reached: 1/12/2017
Date Completed: 3/24/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 1/8/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers

Page 4 of 19

Borehole ID: KAFB-106MW1

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Flush
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At Time of Drilling: 478.00
At End of Drilling: Not Recorded
After Drilling: 476.30
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Hammering. No water
added downhole. Water
added at cyclone for dust
suppression.

Kelly down @ 1515, new
20' connection @ 1523.
PID = 0.0 ppm at cyclone
and BZ.

Hammering. No water
added at cyclone or
downhole.

High Solids
Bentonite
Grout

SP-
SM

SM

SC

Poorly graded SAND with Silt and Gravel
(SP-SM); very pale brown (10YR 7/3);
dry; 60% fine to medium sand; 30% fine
gravel; angular to rounded; 10% silt.
Note: gravel is granitic minerals and
mafics.

Silty SAND (SM); yellowish red (5YR
5/6); 50% fine sand; 10% fine gravel;
subrounded to rounded; 40% silt. Note:
gravel is granitic minerals and mafics.

Same as above (126 ft).

Same as above (126 ft).

Clayey SAND (SC); yellowish red (5YR
5/6); moist; 60% fine sand; trace fine
gravel; 40% clay; trace silt.
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Material Description

Date TD Reached: 1/12/2017
Date Completed: 3/24/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 1/8/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers

Page 5 of 19

Borehole ID: KAFB-106MW1

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Flush
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At Time of Drilling: 478.00
At End of Drilling: Not Recorded
After Drilling: 476.30
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PID = 0.0 ppm @ cyclone
and BZ.

Kelly down @ 1535, new
20' connection @ 1548.

PID = 0.0 ppm @ cyclone
and BZ.

Hammering. No water
added.

Kelly down @ 1602, new
20' connection @ 1608.
PID = 0.0 ppm @ cyclone
and BZ.

High Solids
Bentonite
Grout

SC

SW

SP

Clayey SAND (SC); yellowish red (5YR
5/6); moist; 60% fine sand; trace fine
gravel; 40% clay; trace silt.

Same as above (150 ft).

Well-graded SAND (SW); reddish yellow
(7.5YR 6/6); slightly moist; 90% fine to
coarse sand; 10% fine gravel.

Same as above (159 ft).

Poorly graded SAND (SP); light brown
(7.5YR 6/4); slightly moist; 100% fine to
medium sand; trace fine gravel.

Same as above (170 ft).
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Material Description

Date TD Reached: 1/12/2017
Date Completed: 3/24/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 1/8/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers

Page 6 of 19

Borehole ID: KAFB-106MW1

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Flush
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At Time of Drilling: 478.00
At End of Drilling: Not Recorded
After Drilling: 476.30
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Hammering. No water
added.

Hammering. No water
added.

Kelly down @ 1627. End
drilling with 13 3/8"
casing at 200 ft. Begin
drilling with 11 3/4"
casing @ 1300 on 1/9/17.

No hammering. No water
added.

High Solids
Bentonite
Grout

SP

SW

Poorly graded SAND (SP); light brown
(7.5YR 6/4); slightly moist; 100% fine to
medium sand; trace fine gravel.

Same as above (180 ft).

Well-graded SAND with Gravel (SW);
light brown (7.5YR 6/4); moist; 80% fine
to coarse sand; 20% fine gravel to 1/2";
angular to rounded. Note: gravel is
granitic and mafics.

Well-graded SAND (SW); light brown
(7.5YR 6/4); slightly moist; 90% fine to
medium sand; trace coarse sand; 10%
fine gravel to <1/2"; angular to rounded.

Same as above (200 ft).

Remarks
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Material Description

Date TD Reached: 1/12/2017
Date Completed: 3/24/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 1/8/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers

Page 7 of 19

Borehole ID: KAFB-106MW1

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Flush
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At Time of Drilling: 478.00
At End of Drilling: Not Recorded
After Drilling: 476.30
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No hammering. No water
added.

Hammering.

Kelly down @ 1335, new
20' connection @ 1347.

End of 1/9/17. Resume
drilling @ 1040 on
1/10/17.

Hammering. No water
added.

Kelly down @ 1054, new
20' connection @ 1059.
PID = 0.1 ppm @ cyclone
and BZ.

High Solids
Bentonite
Grout

SW

Well-graded SAND with Gravel (SW);
reddish yellow (7.5YR 6/6); moist; 75%
fine to coarse sand; 25% fine gravel to
1"; subrounded to rounded.
@ 212 ft: Same as above (210 ft); 70%
fine to coarse sand; 30% fine gravel.

Same as above (210 ft); 70% fine to
coarse sand; 30% fine gravel.

Same as above (210 ft); brown (7.5YR
5/4); 70% fine to coarse sand; 30% fine
gravel to 3/4". Note: gravel is granitic
minerals and mafics.

Same as above (210 ft); brown (7.5YR
5/4); 70% fine to coarse sand; 30% fine
gravel to 3/4". Note: gravel is granitic
minerals and mafics.
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Material Description

Date TD Reached: 1/12/2017
Date Completed: 3/24/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 1/8/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers

Page 8 of 19

Borehole ID: KAFB-106MW1

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Flush
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Hammering. No water
added.

Kelly down @ 1109, new
20' connection @ 1115.
PID = 0.1 ppm @ BZ and
cyclone.

Hammering. Water
added at cyclone.

High Solids
Bentonite
Grout

SW

SM

CL

Well-graded SAND with Gravel (SW);
brown (7.5YR 5/4); moist; 70% fine to
coarse sand; 30% fine gravel to 3/4";
subrounded to rounded. Note: gravel is
granitic minerals and mafics.

Same as above (240 ft).

Same as above (240 ft); % fine sand
increases; fine gravel to 1"; trace silt.

Silty SAND with Gravel (SM); brown
(7.5YR 5/3); 60% fine to medium sand;
20% fine gravel to 7/8"; subangular to
rounded; 20% silt. Note: gravel is
granitic minerals and mafics.

Sandy lean CLAY (CL); yellowish brown
(10YR 5/4); firm; 65% clay; 30% fine
sand; 5% fine gravel to 1/2"; subrounded
to rounded. Note: gravel is granitic
minerals and mafics.
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Material Description

Date TD Reached: 1/12/2017
Date Completed: 3/24/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 1/8/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106MW1

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Flush
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At End of Drilling: Not Recorded
After Drilling: 476.30
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Hammering. Water
added at cyclone.

Kelly down @ 1130, new
20' connection @ 1136.

PID = 0.1 ppm @ BZ and
0.0 ppm @ cyclone.

Hammering. No water
added downhole.

Kelly down @ 1149, new
20' connection @ 1153.
PID = 0.0 ppm @ cyclone
and 0.1 ppm @ BZ.

High Solids
Bentonite
Grout

CL

SW

SP

Sandy lean CLAY (CL); yellowish brown
(10YR 5/4); firm; 65% clay; 30% fine
sand; 5% fine gravel to 1/2"; subrounded
to rounded. Note: gravel is granitic
minerals and mafics.

Same as above (270 ft).

Same as above (270 ft).

Well-graded SAND (SW); light yellowish
brown (10YR 6/4); moist; 95% fine to
coarse sand; 5% fine gravel to 3/4";
subrounded to rounded. Note: gravel is
granitic minerals and mafics.

Same as above (290 ft).

Poorly graded SAND (SP); very pale
brown (10YR 7/4); slightly moist; 100%
fine sand; trace fine gravel to 1/8".
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Material Description

Date TD Reached: 1/12/2017
Date Completed: 3/24/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 1/8/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106MW1

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Flush
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At End of Drilling: Not Recorded
After Drilling: 476.30
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Hammering. No water
added downhole.

Hammering. No water
added downhole.

Kelly down @ 1206, new
20' connection @ 1215.
PID = 0.1 ppm @ BZ and
top of casing, and 0.0
ppm @ cyclone.

Hammering. No water
added downhole; added
at cyclone.

High Solids
Bentonite
Grout

SP

SW

GW

Poorly graded SAND (SP); very pale
brown (10YR 7/4); slightly moist; 100%
fine sand; trace fine gravel to 1/8".

Well-graded SAND (SW); brown (7.5YR
5/4); moist; 100% fine to coarse sand;
trace fine gravel to 1/8".

Same as above (305 ft).

Well-graded SAND with Gravel (SW);
strong brown (7.5YR 5/6); dry to slightly
moist; 75% fine to coarse sand; 20% fine
gravel to 3/4"; 5% silt.

Well-graded SAND (SW); brown (10YR
5/3); dry to slightly moist; 100% fine to
coarse sand; trace silt.

Well-graded GRAVEL with Sand (GW);
yellowish brown (10YR 5/4); 60% fine to
coarse gravel to 1.25"; 40% fine to
coarse sand.
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Material Description

Date TD Reached: 1/12/2017
Date Completed: 3/24/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 1/8/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106MW1

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Flush
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At End of Drilling: Not Recorded
After Drilling: 476.30

B
O

R
E

H
O

LE
_L

O
G

 -
 C

B
&

I_
D

R
IL

LI
N

G
.G

D
T

 -
 5

/8
/1

7 
10

:4
1 

- 
Z

:\K
A

F
B

 R
A

P
ID

\G
IN

T
\K

A
F

B
_R

A
P

ID
_1

1-
1

-2
0

16
.G

P
J

 
D-93



Hammering. No water
added downhole.

Kelly down @ 1323, new
20' connection @ 1330.
PID = 0.0 ppm @ BZ,
cyclone, and casing top.

Rig repair @ 1350,
resume drilling @ 1540.

Hammering. No water
added downhole; added
at cyclone.

Kelly down @ 1550, new
20' connection @ 1555.
PID = 0.0 ppm @ BZ,
cyclone, and casing top.

High Solids
Bentonite
Grout

GW

SW

Well-graded GRAVEL with Sand (GW);
slightly moist; yellowish brown (10YR
5/4); 60% fine to coarse gravel to 1.35";
40% fine to coarse sand.
Well-graded SAND (SW); brown (10YR
5/4); slightly moist; 95% fine to coarse
sand; 5% fine gravel to 1/4"; trace silt.

Same as above (332 ft).

Same as above (332 ft).

Well-graded SAND with Gravel (SW);
yellowish brown (10YR 5/6); 75% fine to
coarse sand; 25% fine gravel to 3/4";
subrounded to rounded. Note: gravel is
granitic minerals and mafics.

Same as above (348 ft.)
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Material Description

Date TD Reached: 1/12/2017
Date Completed: 3/24/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 1/8/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106MW1

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Flush
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At End of Drilling: Not Recorded
After Drilling: 476.30
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Hammering. No water
added downhole.

Kelly down @ 1623, new
20' connection @ 1630.
PID = 0.1 ppm @ BZ and
0.0 ppm @ cyclone and
casing top.

Hammering. No water
added downhole.

High Solids
Bentonite
Grout

SW

Well-graded SAND with Gravel (SW);
yellowish brown (10YR 5/6); 75% fine to
coarse sand; 25% fine gravel to 3/4";
subrounded to rounded. Note: gravel is
granitic minerals and mafics.

Same as above (360 ft).

Same as above (360 ft).

Same as above (360 ft).

Same as above (360 ft).

Same as above (360 ft).
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Material Description

Date TD Reached: 1/12/2017
Date Completed: 3/24/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 1/8/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106MW1

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Flush
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After Drilling: 476.30
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Hammering. No water
added downhole.

Kelly down @ 1700, new
20' connection.

End of 1/10/17. Resume
drilling @ 0738 on
1/11/17.

Hammering. No water
added downhole

Kelly down @ 0757, new
20' connection @ 0802.
PID = 0.1 ppm @ BZ and
0.0 ppm @ cyclone.

High Solids
Bentonite
Grout

SW

SP

Well-graded SAND with Gravel (SW);
yellowish brown (10YR 5/6); 75% fine to
coarse sand; 25% fine gravel to 3/4";
subrounded to rounded. Note: gravel is
granitic minerals and mafics.

Same as above (390 ft).

Same as above (390 ft)

Poorly graded SAND (SP); pale brown
(10YR 6/3); dry to slightly moist; 100%
fine sand; trace medium sand; trace silt.

Same as above (406 ft).

Same as above (406 ft).
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Material Description

Date TD Reached: 1/12/2017
Date Completed: 3/24/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 1/8/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106MW1

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Flush
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After Drilling: 476.30
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Hammering. No water
added downhole.

Stop drilling for rig repair
@ 0815. Resume drilling
@ 1315.

Kelly down @ 1330, new
20' connection @1400.
PID = 0.1 ppm @ BZ and
0.0 ppm @ cyclone.

Hammering. No water
added downhole.

Stop drilling for rig repair
@ 1420. Resume drilling
@ 1425.

High Solids
Bentonite
Grout

Top of
Bentonite Seal

SP

SW

Poorly graded SAND (SP); pale brown
(10YR 6/4); dry to slightly moist; 100%
fine sand; trace medium sand; trace silt.
Well-graded SAND (SW); yellowish
brown (10YR 5/4); dry; 90% fine to
coarse sand; 10% fine gravel to 1/2";
trace silt.

Same as above (421 ft).

Same as above (421 ft); grayish brown
(10YR 5/2); 5% fine gravel to 1/4"; 5%
silt.

Well-graded SAND with Gravel (SW);
brownish yellow (10YR 6/6); dry; 80%
fine to coarse sand; 20% fine gravel to
3/4"; trace silt. Note: gravel is granitic
minerals and mafics.
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Material Description

Date TD Reached: 1/12/2017
Date Completed: 3/24/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 1/8/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106MW1

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Flush
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After Drilling: 476.30
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Hammering. No water
added downhole.

Water added at cyclone.
Kelly down @ 1440. Pull
back 100' casing due to
sand locking. End of
1/11/17. Resume drilling
@ 1036 on 1/12/17.

PID = 0.0 ppm @ BZ and
cyclone.

Hammering. No water
added downhole.

Slight fuel odor @ 473
feet. Hammering. Rate of
casing penetration
slowing.

Kelly down @ 1115, new
20' connection @ 1120.
PID = 0.0 ppm @ BZ and
3.7 ppm @ cyclone.

Bentonite Seal

Top of 16/30
Sand

Top of 4"
Schedule 80
PVC 0.020"
Screen

SW

SP

SW

SP

Well-graded SAND (SW); strong brown
(7.5YR 5/6); dry; 100% fine to coarse
sand; trace silt.

Same as above (450 ft).

Poorly graded SAND (SP); dark
yellowish brown (10YR 4/6); 90% fine
sand; trace medium sand; 5% fine gravel
to 3/4"; subrounded to rounded; 5% silt.

Poorly graded SAND with Silt (SP);
yellowish brown (10YR 5/4); 80% fine to
medium sand; 10% fine gravel to 1/2";
rounded; 10% silt.

Well-graded SAND with Gravel (SW);
yellowish brown (10YR 5/6); moist; 75%
fine to coarse sand; 25% fine gravel to
3/4"; rounded; trace silt. Note: gravel is
granitic minerals and mafics.

Poorly graded SAND (SP); description
on next page.
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Material Description

Date TD Reached: 1/12/2017
Date Completed: 3/24/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 1/8/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106MW1

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Flush
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At End of Drilling: Not Recorded
After Drilling: 476.30
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Hammering, slow drilling.

PID = 3.8 ppm @ cyclone
and 0.0 ppm @ BZ.

PID = 23.4 ppm @
cyclone.
PID = 90.1 ppm @
cyclone.

PID = 392.5 ppm @
cyclone.

Kelly down @ 1215, new
20' connection @ 1315.

PID = 9.5 ppm @ BZ and
36.5 ppm @ top of
casing.

PID = 54.3 ppm @
cyclone and 2.7 ppm @
BZ.

Hammering, slow drilling.
PID = 54.7 ppm @
cyclone and 2.1 ppm @
BZ.

Bottom of
Screen

Sump

Top of TR-60
Plug

Top of 16/30
Sand

SP

SW

Poorly graded SAND (SP); strong brown
(7.5YR 5/6); wet; 90% fine sand; trace
medium sand; 10% fine gravel to 1/2";
trace silt. Note: fuel odor.

Same as above (480 ft).

Same as above (480 ft).

Same as above (480 ft).

Well-graded SAND with Gravel (SW);
dark yellowish brown (10YR 4/4); wet;
80% fine to coarse sand; 20% fine
gravel to 1"; subrounded to rounded.
Note: gravel is granitic minerals and
mafics.

Same as above (500 ft).
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Material Description

Date TD Reached: 1/12/2017
Date Completed: 3/24/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 1/8/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106MW1

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Flush
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At End of Drilling: Not Recorded
After Drilling: 476.30
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Hammering. No water
added.

Kelly down @ 1423, new
20' connection @ 1429.
PID = 1.7 ppm @ top of
casing and 0.2 ppm @
BZ.

Hammering. PID = 0.8
ppm @ cyclone. No
water added.

PID = 0.5 ppm @
cyclone.

PID = 0.1 ppm @
cyclone.

Hammering, slow drilling.

Kelly down @ 1530, new
20' connection @ 1535.
PID = 0.2 ppm @
cyclone, 0.3 ppm @ top

Top of 3"
Schedule 80
PVC 0.020"
Screen

Bottom of
Screen

Sump

Bottom of
Sump

Bottom of
16/30 Filter
Pack

Native Backfill

SW

Well-graded SAND with Gravel (SW);
dark yellowish brown (10YR 4/4); wet;
80% fine to coarse sand; 20% fine
gravel to 1"; subrounded to rounded.
Note: gravel is granitic minerals and
mafics.
@ 512 ft: Same as above (510 ft);
yellowish brown (10YR 5/6); 60% fine to
coarse sand; 40% fine to coarse gravel
to 1.25".

Same as above (510 ft); yellowish brown
(10YR 5/6); 60% fine to coarse sand;
40% fine to coarse gravel to 1.25".

Same as above (510 ft); yellowish brown
(10YR 5/6); 60% fine to coarse sand;
40% fine to coarse gravel to 1.25".

Well-graded SAND (SW); dark yellowish
brown (10YR 4/6); wet; 90% fine to
coarse sand; 10% fine gravel to 3/4";
rounded. Note: gravel is granitic
minerals and mafics.
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Material Description

Date TD Reached: 1/12/2017
Date Completed: 3/24/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 1/8/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers

Page 18 of 19

Borehole ID: KAFB-106MW1

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Flush
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At Time of Drilling: 478.00
At End of Drilling: Not Recorded
After Drilling: 476.30
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of casing, and 0.1 ppm
@ BZ.

PID = 0.4 ppm @ cyclone
and 0.1 ppm @ BZ.

PID = 0.3 ppm @ cyclone
and 0.1 ppm @ BZ.

Hammering, slow drilling.

PID = 0.2 ppm @ cyclone
and 0.1 ppm @ BZ.

PID = 0.1 ppm @ cyclone
and BZ.
Total Depth = 558 feet
bgs. Reached total depth
@ 1638 on 1/12/17.

Native Backfill

Bottom of Rat
Hole

SW

Well-graded SAND (SW); dark yellowish
brown (10YR 4/6); wet; 90% fine to
coarse sand; 10% fine gravel to 3/4";
rounded. Note: gravel is granitic
minerals and mafics.

Same as above (540 ft).

Same as above (540 ft).
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Material Description

Date TD Reached: 1/12/2017
Date Completed: 3/24/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 1/8/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers

Page 19 of 19

Borehole ID: KAFB-106MW1

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Flush
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At Time of Drilling: 478.00
At End of Drilling: Not Recorded
After Drilling: 476.30
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Top of Cement Seal (ft BGS) ______Top of Cement Seal (ft BGS) ______

Installation Start Date/Time: ___________________
Installation End Date/Time: ___________________
Completion Date: ___________________________

Installation Start Date/Time: ___________________
Installation End Date/Time: ___________________
Completion Date: ___________________________

Water Table (ft BGS) _____________Water Table (ft BGS) _____________

Filter Pack 16/30
Calculated: _________
Actual: ____________

Filter Pack 16/30
Calculated: _________
Actual: ____________

Top of Filter Pack (ft BGS) ________Top of Filter Pack (ft BGS) ________

Top of Seal (ft BGS) _____________Top of Seal (ft BGS) _____________

Top of Screen (ft BGS) ___________Top of Screen (ft BGS) ___________

Top of Hole Plug (ft BGS) _________Top of Hole Plug (ft BGS) _________

Bottom of Hole Plug (ft BGS) ______Bottom of Hole Plug (ft BGS) ______

Bottom of Screen (ft BGS) ________Bottom of Screen (ft BGS) ________

10 ft. Screen (0.02-inch slot)10 ft. Screen (0.02-inch slot)

High Solids Bentonite Grout
_______ to _______ ft BGS
Calculated: __________
Actual: _____________

High Solids Bentonite Grout
_______ to _______ ft BGS
Calculated: __________
Actual: _____________

Top of High Solids
Bentonite Grout (ft BGS) _________
Top of High Solids
Bentonite Grout (ft BGS) _________

Monitoring Well Completion Diagram KAFB-106MW2

Not to Scale
BGS = Below Ground Surface

500433_03050100_A9

Bentonite GroutBentonite Grout

3/8 inch Bentonite Chips3/8 inch Bentonite Chips

10/20 Colorado Silica Sand10/20 Colorado Silica Sand

Cement Seal with 5% Bentonite
Calculated: _________
Actual: ____________

Cement Seal with 5% Bentonite
Calculated: _________
Actual: ____________

0.50.5

1/31/17@14201/31/17@1420
2/16/17@11402/16/17@1140

3/24/173/24/17

1010

1010 428428

428428

458458

11-3/4-inch Borehole (ft BGS) ______11-3/4-inch Borehole (ft BGS) ______

Cement/Bentonite GroutCement/Bentonite Grout

20/40 Colorado Silica Sand20/40 Colorado Silica Sand

3.0-inch PVC ID (KAFB-106MW2-I)3.0-inch PVC ID (KAFB-106MW2-I)

13-3/8-inch Borehole13-3/8-inch Borehole

4-inch PVC ID (KAFB-106MW2-S)4-inch PVC ID (KAFB-106MW2-S)

Bentonite Chips
Calculated: _______

Actual: ___________

Bentonite Chips
Calculated: _______

Actual: ___________

5 ft. Hole Plug (TR-60)
Calculated: _______

Actual: ___________

5 ft. Hole Plug (TR-60)
Calculated: _______

Actual: ___________

Filter Pack 16/30
_____ to _____ ft BGS

Calculated: _______
Actual: ___________

Filter Pack 16/30
_____ to _____ ft BGS

Calculated: _______
Actual: ___________

Total Depth (ft BGS) _____________Total Depth (ft BGS) _____________

Top of Screen (ft BGS) ___________Top of Screen (ft BGS) ___________

Bottom of Screen (ft BGS) ______Bottom of Screen (ft BGS) ______
Bottom of 2.5 ft. Sump (ft BGS) ______Bottom of 2.5 ft. Sump (ft BGS) ______

35 ft. Screen
(0.02-inch slot)

35 ft. Screen
(0.02-inch slot)

1-inch Drop Tube1-inch Drop Tube

Ground SurfaceGround Surface

4 ft. x 4 ft. Concrete Pad4 ft. x 4 ft. Concrete Pad

478478

502502

507507

513513

523523

Bottom of Sump (ft BGS) ________Bottom of Sump (ft BGS) ________528528

260260

463463

498498

507507 552552

500.5500.5

557557

9.26 ft39.26 ft3

236.32 ft3236.32 ft3
601.60 ft3601.60 ft3

21.0 ft321.0 ft3
50.75 ft350.75 ft3

3.5 ft33.5 ft3
3.5 ft33.5 ft3

30.8 ft330.8 ft3
39.75 ft339.75 ft3

30.8 ft330.8 ft3
34.5 ft334.5 ft3

9.3 ft39.3 ft3
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Borehole was pot holed
with water knife to 5 feet
bgs. No cuttings
returned.

Begin drilling with 13-3/8
casing @ 1420 on
1/31/17. Driller is using
drill rod assembly with
roller stabilizer and 2 drill
collars.

No hammering. No water
added downhole.

Kelly down @ 1433, new
20' connected @ 1445.

PID = 0.0 ppm @
breathing zone (BZ) and
cyclone.

No hammering. No water
added downhole.

Intermittent hammering.

Top of
Casing/Top of
Cement Seal

Portland
Cement with
Bentonite

ML

No Lithologic Description.

SILT with Gravel (ML); yellowish red
(5YR 4/6); dry; 80% silt; 20% fine gravel
to 3/4"; subangular to rounded; trace
coarse sand. Note: gravel is mafics and
granitic minerals.

Same as above (5 ft).

Same as above (5 ft); gravel to 1.25".

Gravelly SILT (ML); light reddish brown
(5YR 6/4); dry; 60% silt; 30% fine to
coarse gravel to 1.5"; angular to
subrounded; 10% coarse sand; angular
to rounded. Note: rock fragments to 1/4";
angular.

Sandy SILT (ML); yellowish red (5YR
4/6); dry; 70% silt; trace clay; 30% fine to
coarse sand. Note: greater percentage
of coarse sand present.

Gravelly SILT (ML); light reddish brown
(5YR 6/4); dry; 60% silt; trace clay; 40%
fine gravel to 3/4"; angular to
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Material Description

Date TD Reached: 2/16/2017
Date Completed: 3/24/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 1/31/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers

Page 1 of 19

Borehole ID: KAFB-106MW2

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Flush
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At Time of Drilling: 478.00
At End of Drilling: Not Recorded
After Drilling: 476.00
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Some hammering.

Kelly down @ 1508, new
20' connection @ 1625.

PID = 0.0 ppm @ BZ and
cyclone.

Hammering. No water
added downhole.

Kelly down @ 1700. End
of 1/31/17. Resume
drilling @ 1424 on 2/2/17
with a button bit and

Top of High
Solids
Bentonite
Grout

ML

CL

ML

subrounded; trace medium to coarse
sand.
Gravelly SILT (ML); light reddish brown
(5YR 6/4); dry; 60% silt; trace clay; 40%
fine gravel to 3/4"; angular to
subrounded; trace medium to coarse
sand.

Same as above (30 ft).

Sandy lean CLAY (CL); light brown
(7.5YR 6/3); 70% clay; 30% fine sand;
trace fine gravel to 1/4"; angular. Note:
gravel is coated with clay.

Gravelly SILT (ML); reddish brown (5YR
5/4); dry; 60% silt; trace clay; 40% fine
gravel to 1/4"; rounded; trace fine sand.
Note: gravel is coated with clay.

Same as above (46 ft).

Same as above (46 ft).

Description on next page.
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Material Description

Date TD Reached: 2/16/2017
Date Completed: 3/24/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 1/31/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers

Page 2 of 19

Borehole ID: KAFB-106MW2

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Flush

H
ea

ds
pa

ce
P

ID
At Time of Drilling: 478.00
At End of Drilling: Not Recorded
After Drilling: 476.00
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downhole hammer.
Cuttings biased fine with
current drill assembly.

PID = 0.1 ppm @ cyclone
and 0.0 ppm @ BZ.

Downhole hammering.
No water added
downhole.

Kelly down @ 1436, new
20' connection @ 1445.

PID = 0.1 ppm @ cyclone
and 0.0 ppm @ BZ.

Downhole hammering.
No water added
downhole.

Hammering downhole
and with casing hammer.

High Solids
Bentonite
Grout

ML

CL

SILT with Sand (ML); reddish yellow
(7.5YR 6/6); dry; 75% silt; trace clay;
25% fine to coarse sand; angular to
rounded. Note: fragmented gravels.

Same as above (60 ft).

Same as above (60 ft).

Same as above (60 ft).

Same as above (60 ft).

Sandy lean CLAY (CL); yellowish red
(5YR 5/6); dry to slightly moist; 70% clay;
25% fine to medium sand; 5% gravel
fragments.
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Material Description

Date TD Reached: 2/16/2017
Date Completed: 3/24/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 1/31/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers

Page 3 of 19

Borehole ID: KAFB-106MW2

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Flush
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At Time of Drilling: 478.00
At End of Drilling: Not Recorded
After Drilling: 476.00
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Hammering downhole.
No water added
downhole.

Kelly down @ 1524, new
20' connection. End of
2/2/17. Resume drilling
@ 0735 on 2/3/17.

PID = 0.2 ppm @ cyclone
and 0.0 ppm @ BZ.

Kelly down @ 0757, new
20' connection @ 0910.
PID = 0.3 ppm @ cyclone
and 0.1 ppm @ BZ.

High Solids
Bentonite
Grout

CL

ML

CL

Sandy lean CLAY (CL); yellowish red
(5YR 5/6); dry to slightly moist; 70% clay;
25% fine to medium sand; 5% gravel
fragments.

Same as above (90 ft).

Same as above (90 ft).

Same as above (90 ft).

Sandy SILT with Gravel (ML); pink (5YR
7/4); dry; 40% silt and clay; 40% fine to
medium sand; 20% gravel fragments;
angular.

Same as above (110 ft).

Lean CLAY with Sand (CL); light reddish
brown (5YR 6/4); dry to slightly moist;
80% clay; 20% fine to medium sand.
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Material Description

Date TD Reached: 2/16/2017
Date Completed: 3/24/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 1/31/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers

Page 4 of 19

Borehole ID: KAFB-106MW2

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Flush
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At Time of Drilling: 478.00
At End of Drilling: Not Recorded
After Drilling: 476.00
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Hammering downhole
and with casing hammer.
No water added
downhole.

Continuous hammering.

Kelly down @ 0946, new
20' connection @ 1000.

Continuous hammering.

High Solids
Bentonite
Grout

CL

SW

CL

Lean CLAY with Sand (CL); light reddish
brown (5YR 6/4); dry to slightly moist;
80% clay; 20% fine to medium sand.
Note: gravel fragments.

Same as above (120 ft).

Same as above (120 ft).

Well-graded SAND with Gravel (SW);
reddish brown (5YR 5/3); dry; 80% fine
to coarse sand; 20% gravel fragments;
angular.

Same as above (132 ft).

Sandy lean CLAY (CL); reddish yellow
(5YR 6/8); slightly moist; low plasticity;
60% clay; 40% fine sand. Note: gravel
fragments.

Same as above (141 ft).
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Material Description

Date TD Reached: 2/16/2017
Date Completed: 3/24/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 1/31/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers

Page 5 of 19

Borehole ID: KAFB-106MW2

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Flush
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At Time of Drilling: 478.00
At End of Drilling: Not Recorded
After Drilling: 476.00
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Kelly down @ 1023. Trip
out drill rod to conduct
repairs. End of 2/3/17.
Resume drilling @ 0817
on 2/4/17.

Stop drilling @ 0840 due
to rig repairs. Resume
drilling @ 0944 on
2/7/17.

Hammering downhole
and with casing hammer.
No water added
downhole.

Kelly down @ 0954, new
20' connection.

High Solids
Bentonite
Grout

CL

SW

Sandy lean CLAY (CL); reddish yellow
(5YR 6/8); slightly moist; low plasticity;
60% clay; 40% fine sand. Note: gravel
fragments.

Well-graded SAND (SW); reddish yellow
(5YR 6/6); dry; 95% fine to coarse sand;
5% silt. Note: gravel fragments present
and higher percentage of fine sand.

Same as above (155 ft).

Same as above (155 ft); light brown
(7.5YR 6/4); dry to slightly moist; 100%
fine to coarse sand.

Same as above (155 ft); light brown
(7.5YR 6/4); dry to slightly moist; 100%
fine to coarse sand.

Same as above (155 ft); light brown
(7.5YR 6/4); dry to slightly moist; 100%
fine to coarse sand.
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Material Description

Date TD Reached: 2/16/2017
Date Completed: 3/24/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 1/31/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106MW2

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Flush
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After Drilling: 476.00
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PID = 0.2 ppm @ cyclone
and 0.1 ppm @ BZ.
Hydraulic head failure,
replace drill rig. Resume
drilling @ 0812 on
2/9/17.

Continuous hammering.
No water added
downhole.

Kelly down @ 0830, new
20' conneciton @ 0838.

PID = 0.1 ppm @ cyclone
and BZ.

Continuous hammering.

High Solids
Bentonite
Grout

SW

Well-graded SAND (SW); light brown
(7.5YR 6/4); dry to slightly moist; 100%
fine to coarse sand.

Well-graded SAND with Gravel (SW);
light brown (7.5YR 6/4); moist; 85% fine
to coarse sand; 15% fine gravel to 1/4";
subrounded to rounded. Note: gravel is
mafics and quartz.

Same as above (185 ft).

Same as above (185 ft).

Same as above (185 ft); gravel to 3/4".

Same as above (185 ft); gravel to 3/4".
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Material Description

Date TD Reached: 2/16/2017
Date Completed: 3/24/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 1/31/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers

Page 7 of 19

Borehole ID: KAFB-106MW2

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Flush
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At End of Drilling: Not Recorded
After Drilling: 476.00
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Continuous hammering.

Kelly down @ 0856, new
20' connection @ 0912.

PID = 0.2 ppm @ cyclone
and 0.1 ppm @ BZ.

Hammering. No water
added downhole.

Kelly down @ 0946, new
20' connection @ 0952.

High Solids
Bentonite
Grout

SW

GW

SW

Well-graded SAND with Gravel (SW);
light brown (7.5YR 6/4); moist; 85% fine
to coarse sand; 15% fine gravel to 3/4";
subrounded to rounded. Note: gravel is
mafics and quartz.

Same as above (210 ft); 80% fine to
coarse sand; 20% gravel to 3/4"; angular
to rounded.

Well-graded GRAVEL with Sand (GW);
dark brown (7.5YR 3/3); 50% fine to
caorse gravel to 1"; angular to rounded;
45% fine to coarse sand; 5% silt. Note:
gravel is mafics and quartz.
Well-graded SAND with Gravel (SW);
brown (7.5YR 4/4); 75% fine to coarse
sand; 25% fine to coarse gravel to 1";
subangular to rounded; trace fines. Note:
gravel is mafics and granitic minerals.

Same as above (225 ft).
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Material Description

Date TD Reached: 2/16/2017
Date Completed: 3/24/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 1/31/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106MW2

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Flush
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At Time of Drilling: 478.00
At End of Drilling: Not Recorded
After Drilling: 476.00
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PID = 0.2 ppm @ cyclone
and 0.1 ppm @ BZ.
Hammering. Bit in drive
shoe.

Hammering.

Kelly down @ 1038, new
5' connection @ 1047.
Water added at cyclone
for dust suppression. Trip
out drill bit to survey
borehole and trip in
11-3/4" casing. End of
2/9/17. Resume drilling
@ 1042 on 2/14/17.
PID = 0.2 ppm @ cyclone
and 0.1 ppm @ BZ.
Driller using rod
assembly with under
reaming bit and
downhole hammer.

High Solids
Bentonite
Grout

SW

SM

CL

Well-graded SAND with Gravel (SW);
brown (7.5YR 4/4); 75% fine to coarse
sand; 25% fine to coarse gravel to 1";
subangular to rounded; trace fines. Note:
gravel is mafics and granitic minerals.
@ 241 ft: gravel is more rounded.

Silty SAND with Gravel (SM); brown
(7.5YR 5/3); 60% fine to medium sand;
20% fine gravel to 1/2"; subrounded to
rounded; 20% silt.

Sandy lean CLAY (CL); yellowish brown
(10YR 5/4); low plasticity; 70% clay; 30%
fine sand; trace fine gravel to 1/8";
rounded.

Same as above (255 ft).

Same as above (255 ft).
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Material Description

Date TD Reached: 2/16/2017
Date Completed: 3/24/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 1/31/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106MW2

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Flush
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At End of Drilling: Not Recorded
After Drilling: 476.00
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Hammering downhole.
No water added
downhole.

Kelly down @ 1053, new
20' connection @ 1400.
Water added @ cyclone.

PID = 0.1 ppm @ cyclone
and BZ.

Hammering downhole.

Intermittent hammering
of casing.

Kelly down @ 1415, new
20' connection @ 1421.

High Solids
Bentonite
Grout

CL

SP

SC

SW

Sandy lean CLAY (CL); yellowish brown
(10YR 5/4); low plasticity; 70% clay; 30%
fine sand; trace fine gravel to 1/8";
rounded.

Poorly graded SAND (SP); light brown
(7.5YR 6/4); 100% fine sand; trace
medium and coarse sand; trace fine
gravel.

Same as above (276 ft).

Clayey SAND with Gravel (SC); brown
(7.5YR 5/4); 60% fine to medium sand;
trace coarse sand; 15% fine gravel to
1/4"; subrounded to rounded; 25% clay.
Note: clay is slightly plastic.

Well-graded SAND with Gravel (SW);
light brown (7.5YR 6/4); 80% fine to
coarse sand; 20% gravel fragments.
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Material Description

Date TD Reached: 2/16/2017
Date Completed: 3/24/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 1/31/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106MW2

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Flush
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After Drilling: 476.00
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PID = 0.1 ppm @ cyclone
and BZ.

Hammering downhole
and with casing hammer.
No water added
downhole.

Kelly down @ 1438, new
20' connection @ 1443.

PID = 0.2 ppm @ cyclone
and 0.1 ppm @ BZ.

Hammering downhole
and with casing hammer.

High Solids
Bentonite
Grout

SW

CL

SW

Well-graded SAND with Gravel (SW);
light brown (7.5YR 6/4); 80% fine to
coarse sand; 20% gravel fragments.

Same as above (300 ft).

Same as above (300 ft).

Same as above (300 ft).

Sandy lean CLAY with Gravel (CL);
brown (10YR 4/3); 70% clay; 15% fine to
medium sand; trace coarse sand; 15%
fine gravel to 1/8"; subrounded to
rounded.

Well-graded SAND with Gravel (SW);
brown (7.5YR 4/4); 70% fine to coarse
sand; 30% fine gravel to 1/8". Note:
gravel fragments to 1/2".
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Material Description

Date TD Reached: 2/16/2017
Date Completed: 3/24/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 1/31/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106MW2

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Flush
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After Drilling: 476.00
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Hammering downhole
and with casing hammer.

Kelly down @ 1516, new
20' connection @ 1523.

PID = 0.2 ppm @ cyclone
and 0.1 ppm @ BZ.

No downhole
hammering; using casing
hammer intermittently.

Kelly down @ 1535. End
of 2/14/17. Resume
drilling @ 0934 on
2/15/17.

High Solids
Bentonite
Grout

SW

ML

Well-graded SAND with Gravel (SW);
brown (7.5YR 4/4); 70% fine to coarse
sand; 30% fine gravel to 1/8". Note:
gravel fragments to 1/2".

Same as above (330 ft).

Same as above (330 ft).

SILT (ML); light brown (7.5YR 6/4); 90%
silt; 5% fine sand; 5% fine gravel to 1/4".

Same as above (347 ft).

Same as above (347 ft).
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Material Description

Date TD Reached: 2/16/2017
Date Completed: 3/24/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 1/31/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106MW2

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Flush
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Hammering downhole
and with casing hammer.
No water added
downhole.

Coarse gravel @ 370 to
373 feet bgs.

Kelly down @ 1020, new
20' connection @ 1127.

PID = 0.2 ppm @ cyclone
and 0.1 ppm @ BZ.

Hammering downhole
and with casing hammer.

High Solids
Bentonite
Grout

ML

SW

GW-
GM

SW

SILT (ML); light brown (7.5YR 6/4); 90%
silt; 5% fine sand; 5% fine gravel to 1/4".

Well-graded SAND (SW); light brown
(7.5YR 6/4); 90% fine to coarse sand;
10% fine gravel to 1/4"; trace silt. Note:
gravel is mafics and quartz. Gravel
fragments present.

Same as above (363 ft).

Well-graded GRAVEL with Silt and Sand
(GW-GM); pinkish gray (7.5YR 6/2); dry;
60% fine gravel to 1/4"; 30% fine to
coarse sand; 10% silt. Note: gravel is
mafics and quartz. Gravel fragments
present.

Same as above (375 ft).

Well-graded SAND (SW); brown (7.5YR
5/4); 100% fine to coarse sand.
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Material Description

Date TD Reached: 2/16/2017
Date Completed: 3/24/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 1/31/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106MW2

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Flush

H
ea

ds
pa

ce
P

ID
At Time of Drilling: 478.00
At End of Drilling: Not Recorded
After Drilling: 476.00
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Water added @ cyclone
for dust suppression.

Kelly down @ 1213, new
20' connection @ 1300.

PID = 0.2 ppm @ cyclone
and 0.1 ppm @ BZ.

Hammering downhole
and with casing hammer.
No water added
downhole.

Kelly down @ 1326, new
20' connection @ 1336.

High Solids
Bentonite
Grout

SW

Well-graded SAND (SW); brown (7.5YR
5/4); 100% fine to coarse sand.

Well-graded SAND with Gravel (SW);
brown (7.5YR 5/4); 70% fine to coarse
sand; 30% fine gravel to 1/2";
subrounded to rounded; trace silt. Note:
gravel fragments present.

Same as above (394 ft).

Same as above (394 ft).

Well-graded SAND (SW); light brown
(7.5YR 6/3); dry; 90% fine to coarse
sand; 5% fine gravel to 1/8"; 5% silt.
Note: gravel fragments present.

Same as above (408 ft).
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Material Description

Date TD Reached: 2/16/2017
Date Completed: 3/24/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 1/31/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106MW2

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Flush
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After Drilling: 476.00
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PID = 0.2 ppm @ cyclone
and 0.1 ppm @ BZ.

Hammering downhole
and with casing hammer.
No water added
downhole.

Kelly down @ 1406, new
20' connection @ 1601.

PID = 0.2 ppm @ cyclone
and 0.1 ppm @ BZ.

Hammering downhole
and with casing hammer.

High Solids
Bentonite
Grout

Top of
Bentonite Seal

Bentonite Seal

SW

Well-graded SAND (SW); light brown
(7.5YR 6/3); dry; 90% fine to coarse
sand; 5% fine gravel to 1/8"; 5% silt.
Note: gravel fragments present.

Same as above (420 ft).

Same as above (420 ft).

Same as above (420 ft).

Same as above (420 ft).

Same as above (420 ft).
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Material Description

Date TD Reached: 2/16/2017
Date Completed: 3/24/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 1/31/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106MW2

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Flush
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After Drilling: 476.00
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Kelly down @ 1650, new
20' connection @ 1700.

PID = 0.1 ppm @ cyclone
and 0.0 ppm @ BZ.

Hammering.

Top of saturated cuttings
@ 474 feet bgs. Water
level is artifically high
from drilling.

Kelly down @ 1733. End
of 2/15/17. Resume
drilling @ 0740 on
2/16/17.

Bentonite Seal

Top of 16/30
Sand

Top of 4"
Schedule 80
PVC 0.020"
Screen

SW

SP

Well-graded SAND with Gravel (SW);
light brown (7.5YR 6/4); dry; 80% fine to
coarse sand; 20% fine gravel to 1/4";
trace silt. Note: gravel fragments
present.

Poorly graded SAND (SP); yellowish
brown (10YR 5/4); dry; 80% fine to
medium sand; 10% fine gravel to 1/4";
10% silt.

Same as above (457 ft).

Same as above (457 ft); moist.

Same as above (457 ft); wet.

Same as above (457 ft); wet. Note:
strong fuel odor.
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Material Description

Date TD Reached: 2/16/2017
Date Completed: 3/24/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 1/31/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers

Page 16 of 19

Borehole ID: KAFB-106MW2

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Flush
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At Time of Drilling: 478.00
At End of Drilling: Not Recorded
After Drilling: 476.00
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Static water level @ 478
feet bgs.

Hammering downhole
and with casing hammer.

PID = 1135 ppm @
cyclone and 2.2 ppm @
BZ.

Add approximately 25
gallons of clean water
downhole to lift cuttings
to surface.

PID = 924 ppm @
cyclone and 1.8 ppm @
BZ.

Kelly down @ 0843, new
20' connection @ 0856.

PID = 276 ppm @
cyclone and 4.6 ppm @
BZ.

Hammering.

PID = 63 ppm @ cyclone
and 2.1 ppm @ BZ.

Sump

Top of TR-60
Plug

Top of 16/30
Sand

SP

SW

Poorly graded SAND (SP); yellowish
brown (10YR 5/4); wet; 80% fine to
medium sand; 10% fine gravel to 1/4";
10% silt.

Same as above (480 ft).

Same as above (480 ft).

Well-graded SAND with Gravel (SW);
dark yellowish brown (10YR 4/4/); wet;
75% fine to coarse sand; 25% fine
gravel to 1/2"; subangular to rounded.
Note: gravel is mafics and quartz. Gravel
fragments present.

Same as above (494 ft).

Same as above (494 ft).
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Material Description

Date TD Reached: 2/16/2017
Date Completed: 3/24/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 1/31/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers

Page 17 of 19

Borehole ID: KAFB-106MW2

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Flush
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At Time of Drilling: 478.00
At End of Drilling: Not Recorded
After Drilling: 476.00
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Poor cuttings return from
510 to 525 feet bgs.
Add approximately 100
gallons of clean water
downhole to lift cuttings
to surface.

PID = 21.2 ppm @
cyclone and 1.1 ppm @
BZ.
Kelly down @ 0931, new
20' connection @ 0946.

PID = 8.9 ppm @ cyclone
and 1.0 ppm @ BZ.

PID = 7.1 ppm @ cyclone
and 0.8 ppm @ BZ.

Kelly down @ 1041, new
20' connection @ 1050.

Top of 3"
Schedule 80
PVC 0.020"
Screen

Sump

Bottom of
Sump

SW

SW

Well-graded SAND with Gravel (SW);
dark yellowish brown (10YR 4/4/); wet;
75% fine to coarse sand; 25% fine
gravel to 1/2"; subangular to rounded.
Note: gravel is mafics and quartz. Gravel
fragments present.

Same as above (510 ft).

Same as above (510 ft).

Same as above (510 ft); dark yellowish
brown (10YR 4/6); 80% fine to coarse
sand; 20% fine gravel to 1/4"; rounded;
trace silt.

Same as above (510 ft); dark yellowish
brown (10YR 4/6); 80% fine to coarse
sand; 20% fine gravel to 1/4"; rounded;
trace silt.

No Lithologic Description; limited
cuttings returned. Cuttings appear to be
Well-graded SAND (SW) with trace
gravel to 1/4".
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Material Description

Date TD Reached: 2/16/2017
Date Completed: 3/24/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 1/31/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers
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Borehole ID: KAFB-106MW2

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Flush
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At Time of Drilling: 478.00
At End of Drilling: Not Recorded
After Drilling: 476.00
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PID = 1.1 ppm @ cyclone
and 0.5 ppm @ BZ.
Hammering; very slow
drilling.

PID = 10.1 ppm @
cyclone and 0.2 ppm @
BZ.

PID = 0.2 ppm @ cyclone
and BZ.

PID = 0.2 ppm @ cyclone
and BZ. Total depth =
557 feet bgs. Reached
total depth @ 1140 on
2/16/17.

Bottom of
16/30 Sand

Native Backfill

Bottom of Rat
Hole

SW

No Lithologic Description; limited
cuttings returned. Cuttings appear to be
Well-graded SAND (SW) with trace
gravel to 1/4".

Same as above (540 ft); No lithologic
description.

Same as above (540 ft); No lithologic
description.

Remarks

Li
th

ol
o

gi
c

Lo
g

Well Diagram

N
um

be
r

D
ep

th
 (

ft)

540

545

550

555

560

565

570

S
am

pl
e 

T
yp

e

U
.S

.C
.S

.

Material Description

Date TD Reached: 2/16/2017
Date Completed: 3/24/2017

Ground Elevation AMSL (ft): Not Recorded
Y Coordinate:

Project Location: KAFB, Albuquerque,  NM

Project Number: 500433

Date Started: 1/31/2017

X Coordinate:

Project Name: KAFB RAPID SWMU ST-106/SS-111

Client: US Army Corps of Engineers

Page 19 of 19

Borehole ID: KAFB-106MW2

Hole Diameter Upper (in.): 13-3/8
Hole Diameter Lower (in.): 11-3/4

Groundwater Levels BGS (ft):

Drillling Contractor: Cascade Drilling
Drilling Method: Air Rotary Casing Hammer
Logged By: T. Richards

Surface Completion Type: Flush
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At Time of Drilling: 478.00
At End of Drilling: Not Recorded
After Drilling: 476.00
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SUSANA MARTINEZ 
Governor 

JOHN A. SANCHEZ 
Lieutenant Governor 

NEW MEXICO 

ENVIRONMENT DEPARTMENT 

2905 Rodeo Park Drive East, Building 1 

Santa Fe, New Mexico 87505-6303 

Phone (505) 476-6000 Fax (505) 476-6030 

www.env.nm.gov 

CERTIFIED MAIL - RETURN RECEIPT REQUESTED 

April 20, 2017 

Colonel Eric. H. Froelich 

Base Commander 

377 ABW/CC 

2000 Wyoming Blvd SE 

Kirtland AFB, NM 87117-5606 

Lieutenant Colonel Wayne J. Acosta 

Civil Engineer Office 

3 77 Civil Engineering Division 

2050 Wyoming Blvd SE, Suite 116 

Kirtland AFB, NM 87117-5270 

RE: BULK FUELS FACILITY EXPANSION OF THE DISSOLVED-PHASE PLUME 

GROUNDWATER TREATMENT SYSTEM DESIGN, REVISION 2 

SOLID WASTE MANAGEMENT UNIT ST-106/SS-111 

KIRTLAND AIR FORCE BASE 

EPA ID# NM9570024423, HWB-KAFB-13-MISC 

Dear Colonel Froelich and Lt. Colonel Acosta: 

BUTCH TONGA TE 
Cabinet Secretary 
J. C. BORREGO

Deputy Secretary

The New Mexico Environment Department ("NMED") is in receipt of the Kirtland Air Force 
Base ("KAFB") report titled Borehole Abandonment Activities Report, Pe,formed as part of the 
construction effort for the Ethylene Dibromide In Situ Biodegradation Pilot Test (''Report"), 
dated March 8, 2017. The Report addresses abandonment activities relating to a borehole for 
groundwater monitoring well KAFB-106MW2. The Report also documents revisions to the 
original borehole abandonment plan due to delivery of an incorrect grout mixture for borehole 
abandonment. 

NMED concurs with the Office of the State Engineer's February 20, 2017 approval of the 
original borehole abandonment plan. It is noted that the drilling contractor placed pre-mixed 
material that did not meet the OSE approved specifications down the borehole from 500 feet 
below ground surface ("bgs") to 87 feet bgs. KAFB is proposing to complete borehole 
abandonment with 95-97 percent Type I/II Portland cement and 3-5 percent bentonite grout mix 
from 87 to 2 feet bgs. From 2 feet bgs to the ground surface, KAFB proposes to use native soil 
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Kirtland AFB BFF March 2017 
Borehole Abandonment Activities Report KAFB-RPD-016-0019

March 8, 2017 

Subject: Borehole Abandonment Activities Report,  
Performed as part of the construction effort for the Ethylene Dibromide In Situ 
Biodegradation Pilot Test. 
Bulk Fuels Facility, Kirtland Air Force Base, New Mexico  

This Borehole Abandonment Activity Report has been prepared by CB&I Federal Services LLC (CB&I) for 
the U.S. Army Corps of Engineers (USACE), Omaha District, under Contract No. W9128F-12-D-0003, Task 
Order 0025 to address borehole abandonment at the original KAFB-106MW2 location. The activities 
described in this Report were performed at the Kirtland Air Force Base (AFB) Bulk Fuels Facility (BFF) site. 

The original borehole KAFB-106MW2 was evaluated and determined to have a large vertical deviation after 
drilling (approximately 85.35 degrees at the bottom of the borehole). The deviation was measured and 
evaluated while the drive casing was in the borehole prior to any well installation activities. It was determined 
that the deviation was too great for successful well installation and that the borehole should be abandoned.  

No well infrastructure was placed in the original borehole for KAFB-106MW2, and the borehole contained 
only the 11 ¾ inch drive casing. Depth to water was measured at approximately 475 feet below ground surface 
(bgs) in the borehole for KAFB-106MW2. This depth was likely slightly elevated compared to site 
background due to recent drilling activities and the fact that the drive casing extended below the water table, 
which can cause artificial elevation within the casing. 

No future borehole or well abandonment activities, for boreholes or wells that cross the water table, shall be 
performed without a plan approved by the New Mexico Environment Department and the Office of the State 
Engineer (OSE) in accordance with Section 6.5.17.10 of the Hazardous Waste Treatment Facility Operating 
Permit (Environmental Protection Agency identification number NM9570024423) and Section 19.27.4 of the 
New Mexico Administrative Code. 

Completed Borehole Abandonment Activities 

Borehole abandonment commenced on January 30, 2017 after verbal communication with the OSE prior to 
submittal of a plugging plan or approval of that plan. 

Several 20-foot sticks of 11 ¾ inch drive casing were removed from the borehole and the native formation was 
allowed to collapse into the borehole from a depth of 557 feet bgs to approximately 500 feet bgs. 

The planned borehole abandonment material was a 1 to 1 ratio by weight of Portland cement and sand slurry 
containing 6 gallons of water per 94 pound bag of cement (9-sack cement/sand slurry). This material was 
ordered from a concrete/cement supply company by the drilling subcontractor and premixed off site. Upon 
delivery of the pre-mixed material in a cement truck, the drilling subcontractor and contractor personnel asked 
the driver if the correct material had been mixed and delivered. Both parties were told yes by the 
concrete/cement company. A tremie pipe was placed to 500 feet bgs and was used to pump the material to 
approximately 450 feet bgs. It was observed that the material seemed dense and difficult to tremie. The narrow 
tremie pipe was then removed and the material was placed from 450 feet to approximately 87 feet bgs (depth 
measured after settling) using the drive casing as the tremie pipe. The drive casing was incrementally removed 
as the cement/sand slurry was placed. The theoretical volume of sealant required for the 11 ¾ inch borehole 
from a depth of 500 feet was calculated to be approximately 13 cubic yards. The actual volume recorded 
during grouting activities was 13 cubic yards, bringing the cement/sand slurry up to 87 feet bgs. From the total 
borehole depth of 557 to 500 feet bgs, native formation backfilled the bottom of the borehole as the drive 
casing was removed, that volume was approximately 1.6 cubic yards. 
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Kirtland AFB BFF March 2017  
Borehole Abandonment Activities Report   KAFB-RPD-016-0019 

Since the theoretical amount of cement/sand slurry did not exceed the actual amount placed down hole and the 
depth where placement of sealing started was 500 feet bgs, no bridging of material occurred in the borehole.  

Later that day, after borehole abandonment had commenced to approximately 87 feet bgs, it was discovered 
that the material that had been delivered and placed in the borehole was a 2-sack cement/sand slurry (flowable 
fill material) containing approximately 1 gallon of water per 6.2 pounds of cement. The concrete/cement 
company had misheard the order placed by the drilling subcontractor and mixed and delivered the wrong 
material to the site. The material had been difficult to tremie into the borehole due to the high sand content of 
the mix. 

The original borehole plugging plan was submitted to the OSE on February 6, 2017 and reflected the incorrect 
material placed. The OSE provided approval with modifications on February 10, 2017 stating that the correct 
material should be placed in accordance with NMAC 19.27.4.30.C.1. The OSE approval and original plugging 
plan are included as Attachment 1. The drilling subcontractor contacted the OSE on February 14, 2017 and 
discussed the improper material that was used to backfill and was informed by the OSE to use an approved 
material for plugging the top 87 feet of the borehole. The plugging plan was then revised to reflect the material 
that should have been used for abandonment, included as Attachment 2.  

After abandonment is complete, a well plugging report will be submitted to the OSE within 20 days after 
completion of well abandonment activities documenting the deviation from the plugging plan and the actual 
material that had been placed in the borehole. 

Additional Borehole Abandonment Activities that have not been performed   

Abandonment of the original borehole KAFB-106MW2 is not complete pending approval of material to be 
placed from approximately 87 feet bgs to 2 feet bgs. The following mix is proposed for this depth interval: a 
95-97% Type I/II Portland cement and 3-5% bentonite grout mix with 6 gallons of water per 94 pounds of 
cement with an additional 1.5 to 2.5 gallons of water added for the bentonite volume. 

The cement slurry discussed above is proposed to be placed via tremie pipe. The theoretical volume used to fill 
this interval is approximately 3.5 cubic yards (over estimate based on potential loose formation in this zone) 
providing that the borehole has not accumulated native formation above the sealant that was originally placed 
to 87 feet bgs.  

From a depth of two feet to ground surface, the borehole is proposed to be filled with native soil from the 
surface of the site. The borehole is located in an undeveloped area of Kirtland AFB and the native soil will be 
reseeded at the end of construction activities. 
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Kirtland AFB BFF March 2017  
Borehole Abandonment Activities Report   KAFB-RPD-016-0019 

 

 

 

 

Attachment 1 
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Kirtland AFB BFF March 2017  
Borehole Abandonment Activities Report   KAFB-RPD-016-0019 

 

 

 

 

Attachment 2 
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DEPARTMENT OF THE AIR FORCE 
377TH AIR BASE WING (AFGSC) 

Colonel Dawn A. Nickell 
377 ABW/CV 
2000 Wyoming Blvd SE 
Kirtland AFB NM 87117-5000 

Mr. John Kieling, Bureau Chief 
Hazardous Waste Bureau (HWB) 
New Mexico Environment Department (NMED) 
2905 Rodeo Park Drive East, Building 1 
Santa Fe NM 87505-6303 

Dear Mr. Kieling 

FEB 2 2 2011 

Kirtland Air Force Base is submitting herein one revised "Well Plugging Plan of 
Operations" for one borehole that would have contained the two nested wells (KAFB-106MW2-
S and KAFB-106MW2-I). Kirtland AFB is proposing to plug and abandon the borehole, which 
had no well infrastructure installed, due to a borehole deviation measurement of 26.35 feet. The 
deviation measured at the borehole was too large for successful well installation, thus the 
overdrive casing will be removed and the borehole grouted using a Portland cement-sand slurry. 

If you have any questions or concerns, please contact Mr. Scott Clark at (505) 846-9017 
or at scott.clark@us.af.mil. 

Sincerely, 

~ 
DAWN A. NICKELL, Colonel, USAF 
Vice Commander 

cc: 
NMED-RPD (McQuillan), letter/hard copy 
NMED-GWQB (Agnew, Pullen, Hunter), letter/hard copy 
EPA Region 6 (King, Ellinger), electronic 
SAF-IEE (Lynnes), electronic 
AFCEC/CZ (Bodour, Clark), electronic 
USACE-Omaha District Office (Ellender), electronic 
USACE-ABQ District Office (Simpler, Phaneuf), electronic 
Public Info Repository, Administrative Record/Information Repository, and File, letter/hard copy 
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WELL PLUGGING 
PLAN OF OPERATIONS 

 
 

 
 
 

NOTE: A Well Plugging Plan of Operations shall be filed with and accepted by the Office of the State Engineer prior 
to plugging. 

 
I.  FILING FEE:  There is no filing fee for this form. 

 
II. GENERAL / WELL OWNERSHIP: 

 

Existing Office of the State Engineer POD Number (Well Number) for well to be plugged: ________________________                                                        

Name of well owner:  ___________________________________________________________________________________                                                                                                                                                                       

Mailing address: ______________________________________________________________________________________                                                                                                                                                                               

City:                                                                                State:                                                              Zip code:  __________                       

Phone number:                                                                              E-mail:                                                                                        
 
 

III. WELL DRILLER INFORMATION: 
 

Well Driller contracted to provide plugging services:      

New Mexico Well Driller License No.:     Expiration Date:     
 
 

IV. WELL INFORMATION: 
 

Note: A copy of the existing Well Record for the well to be plugged should be attached to this plan. 
 

1)           GPS Well Location:          Latitude:                             deg,                       min,                      sec 
Longitude:   deg,    min,    sec, NAD 83 

 
 

2)           Reason(s) for plugging well:                                                                                                                                              
 
 
 
 
 

3) Was well used for any type of monitoring program or environmental assessment?                   If yes, please use 
section VII of this form to detail what hydrogeologic parameters were monitored.   If the well was used to 
monitor contaminated or poor quality water, authorization from the New Mexico Environment Department may be 
required prior to plugging. 

 

4)           Does the well tap brackish, saline, or otherwise poor quality water?                       If yes, provide additional detail, 

including analytical results and/or laboratory report(s):                                                                                                     
 
 
 
 
 

5) Static water level:    feet below land surface / feet above land surface   (circle one) 
 

6) Depth of the well:   feet 
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7) Inside diameter of innermost casing:    inches. 

 
8) Casing material:     

 
9) The well was constructed with: 

 

   an open-hole production interval, state the open interval:     
 

   a well screen or perforated pipe, state the screened interval(s):     
 
 

10) What annular interval surrounding the artesian casing of this well is cement-grouted?     
 

11) Was the well built with surface casing?    If yes, is the annulus surrounding the surface casing grouted or 

otherwise sealed?     If yes, please describe:     
 
 
 

12) Has all pumping equipment and associated piping been removed from the well?    If not, describe 
remaining equipment and intentions to remove prior to plugging in Section VII of this form. 

 
 

V. DESCRIPTION OF PLANNED WELL PLUGGING: 
 

Note: If this plan proposes to plug an artesian well in a way other than with cement grout, placed bottom to top with a tremie 
pipe, a detailed diagram of the well showing proposed final plugged configuration shall be attached, as well as any additional 
technical information, such as geophysical logs, that are necessary to adequately describe the proposal. 

 

1) Describe the method by which cement grout shall be placed in the well, or describe requested plugging methodology 

proposed for the well:     
 
 
 
 
 

2) Will well head be cut-off below land surface after plugging?     
 
 

VI.  PLUGGING AND SEALING MATERIALS: 
 

Note: The plugging of a well that taps poor quality water may require the use of a specialty cement or specialty sealant 
 

1) For plugging intervals that employ cement grout, complete and attach Table A. 
 

2) For plugging intervals that will employ approved non-cement based sealant(s), complete and attach Table B. 
 

3) Theoretical volume of grout required to plug the well to land surface:     
 

4) Type of Cement proposed:     
 

5) Proposed cement grout mix:   gallons of water per 94 pound sack of Portland cement. 
 

6) Will the grout be:   batch-mixed and delivered to the site 
 

   mixed on site 
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7) Grout additives requested, and percent by dry weight relative to cement: _P1_ea_se_s_ee_a_u_ac_he_d_1e_tte_r. ________ _ 

8) Additional notes and calculations: No well records for PODs 327 and 328 have been submitted as no well has been installed. 

yn. ADDITIONAL INFORMATION; List additional information below, or on separate sheet(s): 

ym. SIGNATJJRE; 

I, DAWN A. NICKELL, COLONEL, USAF, 377 ABW VICE COMMANDER ' say that I have carefully read the foregoing Well Plugging Plan of 
Operations and any attachments, which are a part hereof; that I am familiar with the rules and regulations of the State 
Engineer pertaining to the plugging of wells and will comply with them, and that each and all of the statements in the Well 
Plugging Plan of Operations and attachments are true to the best of my kpowledge and belief. 

~ bh&/7 
Signature of Applicant Date 

IX. ACTION OF THE STATE ENGINEER; 

This Well Plugging Plan of Operations is: 

Trn. No 

___ Approved subject to the attached conditions. 
___ Not approved for the reasons provided on the attached letter. 

Witness my hand and official seal this ______ day of _________________ _ 

Tom Blaine P.E., New Mexico State Engineer 

Well Plugging Plan 
Version: January 21 , 2016 
Page 3 of5 
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TABLE A - For plugging intervals that employ cement grout.  Start with deepest 

interval. 

 
 Interval 1 – deepest Interval 2 Interval 3 – most shallow 
   Note:  if the well is 

non-artesian and breaches 
only one aquifer, 

use only this column. 

 
Top of proposed interval 

of grout placement (ft bgl) 
   

 
Bottom of proposed 

interval of grout 
placement (ft bgl) 

   

 
Theoretical volume of 

grout required per interval 
(gallons) 

   

 
Proposed cement grout 

mix gallons of water per 
94-lb. sack of Portland 

cement 

   

Mixed on-site or batch- 
mixed and delivered? 

   

 
Grout additive 1 

requested 

   

 
Additive 1 percent by dry 
weight relative to cement 

   

 
 

Grout additive 2 
requested 

   

 
 
 

Additive 2 percent by dry 
weight relative to cement 
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TABLE B - For plugging intervals that will employ approved non-cement based sealant(s).  Start with deepest 

interval. 
 
 
 Interval 1 – deepest Interval 2 Interval 3 – most shallow 
    

Note:  if the well is 
non-artesian and breaches 

only one aquifer, 
use only this column. 

 
 

Top of proposed interval 
of sealant placement 

(ft bgl) 

   

 
 

Bottom of proposed 
sealant of grout placement 

(ft bgl) 

   

 
 

Theoretical volume of 
sealant required per 

interval (gallons) 

   

 
 
 

Proposed abandonment 
sealant (manufacturer and 

trade name) 

   

 

 
E1-22



Date ----------------: 1/27/2017322 SRG   8.6330.6N/A
MEAS TRUE TRUE INCL DIRECTION DOGLEG CLOSURE CLOSURE TEMP

DEPTH VERTICAL VERTICAL (HORZ) 100/FT DISTANCE DIR

DEPTH X-SECTION N+/S- E+/W- (F)

(FEET) (FEET) (FEET) (DEG) (AZIMUTH) (FEET) (FEET) (DEG) (FEET) (DEG) (DEG)

======= ======= =======  ======  =========== ======= =======  =======  =======  ====== =====

0 0.00 0.00 -89.35 114.70 0.00 0.00 0.00 0.00 0.00 44.8

25 25.00 0.26 -89.45 101.60 -0.08 0.25 0.68 0.26 108.70 45.7

50 50.00 0.56 -89.11 83.30 -0.08 0.56 1.63 0.56 98.67 45.7

75 74.99 0.97 -89.00 97.60 -0.09 0.97 1.04 0.97 95.39 46.6

100 99.99 1.47 -88.68 89.90 -0.12 1.47 1.42 1.47 94.64 46.6

125 124.98 2.15 -88.22 92.30 -0.13 2.15 1.86 2.15 93.59 47.5

150 149.97 2.94 -88.18 92.50 -0.17 2.93 0.16 2.94 93.27 46.6

175 174.95 3.76 -88.04 94.20 -0.22 3.75 0.60 3.76 93.29 47.5

200 199.94 4.61 -88.04 97.20 -0.30 4.60 0.41 4.61 93.74 48.3

225 224.92 5.62 -87.32 102.80 -0.48 5.60 3.02 5.62 94.94 50.1

250 249.89 6.84 -86.98 109.20 -0.83 6.79 1.86 6.84 96.97 50.1

275 274.85 8.15 -86.94 107.00 -1.24 8.05 0.49 8.15 98.77 50.1

300 299.81 9.54 -86.59 108.70 -1.68 9.39 1.45 9.54 100.11 51.9

325 324.76 11.10 -86.19 109.00 -2.18 10.88 1.60 11.10 101.35 51.0

350 349.70 12.79 -85.97 110.10 -2.76 12.49 0.93 12.79 102.44 51.9

375 374.64 14.58 -85.76 111.20 -3.39 14.18 0.90 14.58 103.46 51.0

400 399.57 16.45 -85.57 113.10 -4.11 15.93 0.95 16.45 104.45 52.7

425 424.49 18.38 -85.48 113.40 -4.88 17.72 0.37 18.38 105.38 49.2

450 449.41 20.33 -85.47 116.40 -5.71 19.51 0.95 20.33 106.30 52.7

475 474.33 22.30 -85.36 115.30 -6.58 21.31 0.56 22.30 107.15 54.5

500 499.25 24.32 -85.28 114.60 -7.44 23.16 0.39 24.32 107.80 56.2

525 524.17 26.35 -85.35 113.50 -8.27 25.02 0.46 26.35 108.29 57.1

106-NW2106-NW2106-NW2106-NW2
RECTANGULAR

Projected Depth --:Svy Ref Point -----: Traverse --------------: N/AN/AWater Contact--------:Survey Type ---------:Hole ID--------------: IDS TechnicianIDS TechnicianIDS TechnicianIDS Technician
COORDINATES

CommentsLatitude ---------------: N/A Thank You! 775-385-4006775-385-4006775-385-4006775-385-4006Property -----------: Kirtland AFBKirtland AFBKirtland AFBKirtland AFBMag Dec -----------:Backsite ------------: Jason FarnsworthJason FarnsworthJason FarnsworthJason FarnsworthCustomer-----------: CascadeCascadeCascadeCascade
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