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PREFACE 

This Quarterly Pre-Remedy Monitoring and Site Investigation Report for April – June 2014 has been 

prepared by CB&I Federal Services LLC (CB&I) for the U.S. Army Corps of Engineers (USACE), under 

Contract No. W912DY-10-D-0014, Delivery Order 0002. It pertains to the Kirtland Air Force Base Bulk 

Fuels Facility Spill, Solid Waste Management Units ST-106 and SS-111, located in Albuquerque, New 

Mexico. This Report was prepared in accordance with all applicable federal, state, and local laws and 

regulations, including the New Mexico Hazardous Waste Act, New Mexico Statutes Annotated 1978, 

New Mexico Hazardous Waste Management Regulations, Resource Conservation and Recovery Act, and 

regulatory correspondence between the New Mexico Environment Department Hazardous Waste Bureau 

and the U.S. Air Force, dated April 2, June 4, August 6, and December 10, 2010. 

This work was performed under the authority of USACE Contract No. W912DY-10-D-0014, Delivery 

Order 0002. All work was conducted from April through June 2014.  Mr. John McBee is the USACE 

Albuquerque District Project Manager; Mr. Wayne Bitner, Jr. is the Kirtland Air Force Base Restoration 

Section Chief; and Dr. Michael Amdurer is the CB&I Project Manager. This Report was prepared by 

Caitlin LaChance, Virginia Bracht, Jan Martin, and Rachel Hobbs. 

 

 

   

Michael Amdurer PG, PhD 
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FFOR Former Fuel Offloading Rack 

 

g/mol gram per mole 

GRO gasoline range organics 

GWQB Ground Water Quality Bureau (NMED) 

 

HWB Hazardous Waste Bureau (NMED) 

 

ICE internal combustion engine 

IDW investigation-derived waste 

 

KAFB Kirtland AFB 

 

LOQ limit of quantitation 

 

MCL maximum contaminant level 

mg/L milligram per liter 
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ACRONYMS AND ABBREVIATIONS (concluded) 

mV millivolt 

 

NAPL non-aqueous phase liquid 

NMAC New Mexico Administrative Code 

NMED New Mexico Environment Department 

NOI  Notice of Intent 

 

O2 oxygen 

ORP oxidation-reduction potential 

 

ppbv part per billion by volume 

ppmv part per million by volume 

 

QAPjP Quality Assurance Project Plan 

QC quality control 

 

ROI radius of influence 

 

SM Standard Method 

SVE soil-vapor extraction 

SVEW soil-vapor extraction well 

SVM soil vapor monitoring 

SVMW soil vapor monitoring well 

 

TPH total petroleum hydrocarbons 

 

USACE U.S. Army Corps of Engineers 

 

VA Veterans Affairs 

VOC volatile organic compound 
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EXECUTIVE SUMMARY 

This Quarterly Pre-Remedy Monitoring and Site Investigation Report (hereafter referred to as Report) has 

been prepared in response to correspondence dated June 4, 2010 from the New Mexico Environment 

Department (NMED) Hazardous Waste Bureau (NMED, 2010a) to Kirtland Air Force Base (AFB), which 

outlines the reporting, sampling, and analysis requirements related to the characterization and remediation 

of contaminated groundwater, soil, and soil vapor at Solid Waste Management Units (SWMUs) ST-106 

and SS-111, Bulk Fuels Facility (BFF) Spill, Kirtland AFB, New Mexico. Quarterly reporting 

incorporates information and data collected in support of ongoing remediation and site characterization 

activities related to the Stage 2 abatement action for the Former Fuel Offloading Rack, designated as 

SWMU ST-106, and the phase-separated, hydrocarbon-impacted groundwater, designated as 

SWMU SS-111. As specified by the NMED-Hazardous Waste Bureau, quarterly reporting for the 

SWMUs ST-106 and SS-111 sites has been integrated due to the interrelated nature of the sites, and the 

applicability of different data sets to characterization and remediation activities at the BFF Spill site. 

Quarterly pre-remedy monitoring and site investigation reporting presents field and analytical data and 

information associated with the operation, maintenance, and performance of the interim remedial 

measures soil-vapor extraction (SVE) and treatment systems; characterization and remediation activities 

associated with the groundwater, vadose zone, and Former Fuel Offloading Rack investigations; and 

quarterly pre-remedy monitoring for groundwater and soil vapor at the BFF Spill site. Additional interim 

measures, including the installation of an air sparge/SVE system and the implementation of a bench scale 

treatability test, are also included in this Report. 

While the major site characterization findings from the quarterly reports are cumulative, the text in this 

Report reflects investigative findings from Second Quarter calendar year (CY) 2014 only. Cumulative 

data from past quarters can be found in the appendices of this Report. 
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Vadose Zone 

 The catalytic oxidizer system operated at an average destruction removal efficiency of approximately 

88 percent based on field measurements of flow and total hydrocarbons. 

 Approximately 93,485 pounds of hydrocarbons were recovered and removed from the subsurface by 

the SVE system during Second Quarter CY 2014. In addition, approximately 68,397 pounds of 

hydrocarbons were estimated to have been biodegraded in the subsurface based on differential oxygen 

concentrations in the subsurface. This results in an estimated 161,882 pounds of hydrocarbons that 

were either recovered and removed, or biodegraded during Second Quarter CY 2014. 

 The highest total volatile organic compound (VOC), benzene, and 1,2-dibromoethane/ethylene 

dibromide (EDB) concentrations were found in wells located along the westernmost portion of the 

former underground fuel transfer lines, between the depths of 100 and 250 feet below ground surface 

(bgs). 

 Compared to vapor plume maps from previous quarters, the Second Quarter CY 2014 VOC 

concentration footprints in the range greater than 1,000 parts per million by volume appear similar to 

those observed since Third Quarter CY 2013 with maximum concentrations between 100 and 250 feet 

bgs directly beneath the Former Fuels Offloading Rack (FFOR) area. Prior to Third Quarter CY 2013, 

the highest VOC concentrations were observed in the southeastern portion of the BFF at depths of 

350 to 450 feet bgs, but these concentrations have decreased since that time.    

 Maximum benzene concentrations in soil vapor were similarly located below the FFOR area between 

50 and 250 feet bgs. Prior to Second Quarter CY 2013, the highest benzene concentrations were 

observed in the southeastern portion of the BFF at depths of 350 to 450 feet bgs, but these 

concentrations have decreased since that time. To the north of Randolph Road, the benzene 

concentrations in soil-vapor monitoring wells at all depths have generally decreased compared to 

previous quarters. 

 Recognizing that the detection limits for EDB in quarterly soil-vapor samples measured by 

U.S. Environmental Protection Agency Method TO-15 were elevated, resulting in fewer detections, 

all Second Quarter CY 2014 soil-vapor samples were analyzed for EDB using the California Air 

Resources Board Method 422 in order to provide greater resolution in the soil-vapor EDB data. The 

California Air Resources Board Method 422 employs an electron-capture detector, which is very 

sensitive to halogenated VOCs such as EDB in soil vapor. EDB concentrations in soil vapor were 

mapped for Second Quarter CY 2014. The highest EDB concentrations are co-located with the 

highest total VOC and benzene concentrations in wells located along the westernmost portion of the 

former underground fuel-transfer lines between 50 and 250 feet bgs. 

Groundwater and Non-Aqueous Phase Liquid 

 Based on an analysis of historical and current groundwater levels at the site, overall, the water table 

has risen between approximately 8 and 11.25 feet since 2009. This rise can be attributed to the water-

conservation practices implemented by the City of Albuquerque and the San Juan-Chama Diversion 

Project completed in December 2008 to reduce groundwater withdrawals. Water levels across the site 

rose approximately 0.5 to 3.6 feet from First Quarter CY 2014 to Second Quarter CY 2014 
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 These rising water levels have caused a number of Shallow Zone well screens to become flooded with 

the tops of the screens below the current water table. As of April 2014, 29 Shallow Zone wells have 

flooded screens, eight wells have tops of screens within 2 feet of the water table, and 17 wells have 

tops of screens more than 2 feet above the water table. 

 Rising groundwater levels continue to result in flooding of non-aqueous phase liquid (NAPL) with 

decreases in NAPL thickness or observed presence in monitoring wells. NAPL was not detected in 

any monitoring wells during Second Quarter CY 2014. The majority of the NAPL mass observed in 

2009, the year of lowest water levels, is now trapped below the water table. 

 The plume orientation is North 35° to 45° East. The flow change to almost due east at the 

northern extent of the study site seen in Fourth Quarter CY 2013 is not apparent in the Second 

Quarter CY 2014. The groundwater gradient across the site is also flatter than observed in any 

previous quarters since monitoring started in First Quarter 2011. 

 The leading edge of the EDB plume has been defined and is approximately 4,000 feet downgradient 

of the leading edge of the NAPL area. The three newest monitoring well clusters are downgradient of 

the plume with the nearest cluster approximately 700 feet downgradient of the leading edge, and the 

farthest cluster approximately 2,200 feet downgradient. The entire EDB plume, including the NAPL 

area, is approximately 6,000 feet long. The 6,000-foot length is measured from the source area under 

the FFOR to the leading edge of the EDB plume. 

 Vertically, the EDB plume covers the largest area in the shallow-depth wells: 26 shallow wells (0 to 

15 feet below the water table) show EDB contamination over an area approximately 6,000 feet long. 

Twelve intermediate depth wells (15 to 30 feet below the water table) show a smaller area of EDB 

contamination, approximately 5,000 feet long.  Two deep wells (30 to 130 feet below the water table) 

show EDB contamination. The deepest part of the EDB plume is located off base where it is observed 

in wells Kirtland AFB-106037 located 200 feet south of Gibson Boulevard, and Kirtland AFB-

106058 located 700 feet north of Gibson Boulevard. Additional details are provided in Section 5.3.1.  

 Based on the analysis of the degradation indicator compounds (e.g., dissolved oxygen, oxidation-

reduction potential, alkalinity, iron, and manganese) and compound-specific isotope analysis, 

microbial degradation is limiting the extent of a majority of the organic compounds, including 

benzene, toluene, and total xylenes. These organic compounds have not migrated significantly beyond 

the historical NAPL area, which also indicates degradation. Compound-specific isotope analysis for 

EDB also indicates partial degradation of this compound. 

  



EXECUTIVE SUMMARY 

Kirtland AFB BFF  Q2, 2014 

Quarterly Monitoring & Site Investigation Report KAFB-014-0022c 

April – June 2014 
ES-4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

THIS PAGE INTENTIONALLY LEFT BLANK 
 



SECTION 1 

Kirtland AFB BFF  Q2, 2014 

Quarterly Monitoring & Site Investigation Report KAFB-014-0022c 

April – June 2014 
1-1 

1. INTRODUCTION 

The Bulk Fuels Facility (BFF) Spill site is located within the western portion of Kirtland Air Force Base 

(AFB), New Mexico (Figure 1-1) and is comprised of two solid waste management units (SWMUs) 

designated as SWMUs ST-106 and SS-111. The component of the BFF Spill project related to 

investigation and remediation of the vadose zone near the Former Fuel Offloading Rack (FFOR) is 

designated as SWMU ST-106. The non-aqueous phase liquid (NAPL)-impacted groundwater component 

of the project is designated as SWMU SS-111. Figure 1-2 depicts the legends and acronyms used on the 

figures for this Report.  

This Quarterly Pre-Remedy Monitoring and Site Investigation Report (also referred to as the Second 

Quarter calendar year [CY] 2014 Report or Report) has been prepared to summarize ongoing site 

investigation, and remedial and pre-remedy monitoring activities at SWMUs ST-106 and SS-111 at the 

BFF Spill site at Kirtland AFB, New Mexico (U.S. Environmental Protection Agency [EPA] 

Identification Number NM9570024423/HWB-KAFB-10-004). As specified by the New Mexico 

Environment Department (NMED)–Hazardous Waste Bureau (HWB) in its regulatory letter dated June 4, 

2010 to Kirtland AFB (NMED, 2010a; Appendix I-4), quarterly reporting for SWMUs ST-106 and 

SS-111 has been integrated because 1) the nature of the sites is interrelated, and 2) to avoid applying 

different data sets for characterization and remediation activities at the BFF Spill site. 

On April 2, 2010, regulatory control of the BFF Spill site was transferred from the NMED Ground Water 

Quality Bureau (GWQB) to the NMED-HWB (NMED, 2010b; Appendix I-4). Historically, semiannual 

reports have presented data regarding ongoing remediation of the SWMU ST-106 vadose zone 

contamination associated with the FFOR, and ongoing characterization and interim remediation instituted 

to begin recovery of NAPL in the groundwater at SWMU SS-111. Activities and data related to 

SWMU ST-106 were conducted as the Stage 2 abatement action under the NMED-GWQB–approved 
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Stage 2 Abatement Plan for the Bulk Fuels Facility (ST-106) (U.S. Air Force, 2002). This plan identified 

soil-vapor extraction (SVE) as the preferred abatement option to be implemented at SWMU ST-106 to 

attain abatement standards and requirements set forth in Section 4103 of Title 20, New Mexico 

Administrative Code (NMAC), Chapter 6, Part 2. SWMU ST-106 remediation was initiated before 

the discovery of NAPL impacts to groundwater. Following the discovery of fuel components at 

SWMU SS-111, Kirtland AFB instituted NAPL recovery directly from the aquifer surface at three well 

locations, using the same SVE technology approved for the Stage 2 abatement action for SWMU ST-106. 

These actions were conducted as interim measures while site characterization activities continued. 

This Second Quarter CY 2014 Report describes the operation, maintenance, and performance of interim 

remedial measures as well as site characterization and monitoring activities completed at the BFF Spill 

site during the period of April through June 2014. Quarterly reports present data and information related 

to ongoing activities at the BFF Spill site, including the following: 

 Pre-remedy groundwater and soil-vapor monitoring (SVM) 

 Interim measure investigation at the FFOR 

 Status of additional interim measures 

 SVE unit monitoring and maintenance 

Quarterly reports continue to allow information regarding successive investigation phases to be regularly 

disseminated to stakeholders by being presented in context with other site-related data. Data collected 

during each quarter are presented in the related quarterly report text; however, cumulative data or data 

collected from previous quarterly reports are presented in the appendices. In addition, all text discussion 

remains cumulative where necessary for the period of the site investigation. Reporting requirements 

specified in the letter from the NMED-HWB dated June 4, 2010, include the following (NMED, 2010a; 

Appendix I-4):  
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 Field and laboratory analytical results for groundwater, soil, and soil vapor 

 Laboratory analysis of soil-vapor samples collected from the SVE systems 

 Graphs showing trends of major contaminants versus time 

 A table of surveyed well locations 

 Descriptions of the installation of groundwater and SVM wells (if applicable) 

 Measurements of light non-aqueous phase liquid (referred to as NAPL in the Report text) 

 A table of water levels and water-level map 

 Plume contaminant maps and cross-sections 

 Geologic and geophysical logs of wells and boreholes (if applicable) 

 Operation, maintenance, and performance data for remedial measures 

 Quality assurance/quality control (QC) data 

 Projected activities and future recommendations (also included in specific sections) 

These requirements are incorporated into this Second Quarter CY 2014 Report for April through 

June 2014, as applicable. Previous quarterly reports have included a conceptual site model as Section 7. 

KAFB will be performing additional work in late 2014 and into 2015 to fill identified data gaps at ST-106 

and SS-111. Because these new data will lead to revisions of the conceptual site model, Section 7 has 

been removed from this report for Second Quarter CY 2014. The following appendices provide 

information that supplements this Second Quarter CY 2014 Report: 

 Appendix A, “Summary of SVE System Operation, Maintenance, Repair, and Hydrocarbon Recovery 

Calculations” 

 Appendix B, “Data Quality Evaluation Reports and Data Packages” 

 Appendix C, “Waste Disposal Documentation” 

 Appendix D, “Well Installation Forms” 

 Appendix E, “Historical Data Summaries” 

 Appendix F, “Time-Series Plots” 

 Appendix G, “Field Sampling Data and Records” 

 Appendix H, “Slug Test Results” 

 Appendix I, “Correspondence”  

 Appendix J, “Additional Cross-Sections” 

 Appendix K, “NAPL and Soil Hydraulic Property Laboratory Reports” 
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 Appendix L, “Soil-Vapor Extraction Vacuum Calculations” 

 Appendix M, “Geophysical Records” 

 Appendix N, “PneuLog
®
 Evaluation Report, Praxis Environmental Technologies, Inc.” 

 Appendix O, “Emissions Test Report for the SVE System” 

In the following sections of this Second Quarter CY 2014 Report, the term NAPL is used to describe the 

mixture of separate-phase organic liquid that has been observed in the subsurface. 
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2. SVE REMEDIATION SYSTEM PERFORMANCE 

This section describes the operations and performance of the BFF SVE system during the reporting 

period from April through June 2014. The SVE and SVM wells are presented on Figure 2-1. Detailed 

operations data and calculations are presented in Appendix A. 

2.1 SVE Remediation System Description, Monitoring, and Calculations 

2.1.1 Description of SVE System  

As part of the Phase II Remediation Interim Measures Plan, the internal combustion engine (ICE) 

unit-based SVE system was replaced with a system designed for longer-term operation (U.S. Army Corps 

of Engineers [USACE], 2013c). The SVE system design is in compliance with federal and state 

regulations and requirements. The primary purpose of the current SVE system is to increase hydrocarbon 

removal from the BFF vadose zone soil. As the SVE system operates, data gathered from the system and 

the surrounding monitoring wells will provide more information for characterization and evaluation of the 

contamination. This data will provide feedback for the Corrective Measures Evaluation, the final 

remediation system design, and any additional interim measures that may be necessary. 

The SVE system began operation on January 28, 2013, and consisted of two extraction wells 

(Kirtland AFB [KAFB]-106160 and KAFB-106161).  The SVE wells KAFB-106161 and KAFB-106160 

were installed at locations with the highest measured and estimated contaminant concentrations to 

maximize remediation potential. During the First Quarter CY 2014, CB&I Federal Services LLC (CB&I) 

initiated an expansion of the BFF SVE system by adding three extraction well clusters (Pnuelog
®
 wells 

KAFB-106149, KAFB-106150, and KAFB-106154) to the SVE manifold system. KAFB-106149 well 

cluster consists of three wells with total depths of 200 feet (screened interval of 24 feet below ground 

surface (bgs) to 194 feet bgs), 350 feet (screened interval of 199 feet bgs to 349 feet bgs), and 484 feet 

(screened interval of 354 feet bgs to 484 feet bgs). KAFB-106150 well cluster consists of three wells with 
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total depths of 200 feet (screened interval of 25 feet bgs to 200 feet bgs), 350 feet (screened interval of 

206 feet bgs to 350 feet bgs), and 484 feet (screened interval of 355 feet bgs to 484 feet bgs).  

KAFB-106154 well cluster consists of three wells with total depths of 200 feet (screened interval of 

28 feet bgs to 197 feet bgs), 350 feet (screened interval of 201 feet bgs to 350 feet bgs), and 484 feet 

(screened interval of 355 feet bgs to 484 feet bgs).  These wells were selected based on the results of pilot 

testing performed during the Fourth Quarter CY 2013.  Between March 24 and 31, 2014, Snyder 

Construction permanently piped these wells to the catalytic oxidizer (CATOX) system.  A valve was 

installed at each wellhead to control flow, and a dilution air valve with a filter and silencer was also added 

to allow dilution of the soil-vapor stream with outside air.  During construction, the SVE system, 

including the CATOX, was shut off, and the existing wells (KAFB-106160 and KAFB-106161) and their 

lines were closed and evacuated. The piping was then pressure-tested at 5 pound per square inch of air 

for leaks. After successful tests, the lines were joined to the existing piping system with tees. The 

aboveground piping manifold transports the vapors to a blower skid and a CATOX unit to destroy the 

hydrocarbon vapors in the extracted well gas. On April 9, 2014, extraction from the entire system began. 

During Second Quarter CY 2014, valves at various extraction wells and various depths were adjusted to 

optimize the vapor concentration in the extracted vapor.  Optimization is primarily dependent on the 

temperature of the CATOX. When the temperature of the system is cool, wells with high concentrations 

are opened further and/or wells with low concentrations are closed. The goal is to have a high catalyst 

temperature without triggering a high-temperature alarm, and to pull all of the air from the wells without 

having to open the dilution air valve of the system. 

2.1.2 Vapor Monitoring and Sampling 

During the reporting period, quarterly vapor samples from vapor extraction wells KAFB-106160 and 

KAFB 106161, SVM wells, and SVE system inlet and exhaust ports were collected for laboratory 

analysis. Samples were also analyzed using the field Horiba MEXA 584L emissions analyzer for 

petroleum hydrocarbon concentration in parts per million by volume (ppmv) and for percent oxygen (O2), 



SECTION 2 

Kirtland AFB BFF  Q2, 2014 

Quarterly Monitoring & Site Investigation Report KAFB-014-0022c 

April – June 2014 
2-3 

carbon monoxide (CO), and carbon dioxide (CO2). Laboratory analytical data packages for vapor samples 

collected during the Second Quarter CY 2014 are provided in Appendix B-3. Appendix B-2 presents the 

Data Quality Evaluation Report for the soil-vapor data collected during Second Quarter CY 2014. Field 

Horiba measurements taken January 2013 through June 2014 from KAFB-106160, KAFB-106161, 

and the SVE system inlet and exhaust ports at the same time as the analytical samples are provided in 

Table 2-1. 

Vapor samples from all operating vapor extraction wells are taken on a weekly basis and analyzed using 

the Horiba analyzer for petroleum hydrocarbon concentration in ppmv and for percent O2, CO, and CO2 

as shown on Figure 2-2    

2.1.3 Calculation of Destruction Removal Efficiency 

Field or laboratory analytical data from the SVE system influent and exhaust samples provide information 

on the treatment efficiency of the SVE unit. The treatment destruction removal efficiency (DRE) for the 

SVE system is calculated as follows: 

     
                             

             
       

The DRE values are presented in Table 2-2.  DRE values are calculated each quarter using both 

laboratory data for volatile organic compounds (VOCs) and field measurement data for VOCs taken with 

the Horiba MEXA 584L emissions analyzer. All pre- and post-CATOX readings taken with the Horiba 

MEXA 584L emissions analyzer and calculated DRE values are provided in Table 2-3.  The laboratory 

data for VOCs shown in Table 2-2 indicate possible dilution of the sample with ambient air for the 

KAFB-106161 – IN and the CATOX-IN samples.  Laboratory QC data and limits are within acceptable 

ranges, thus, the VOC values are valid.  It is likely that dilution of the pre-CATOX samples could have 
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occurred during sample collection, therefore, resulting in an anomalous result.  The anomalously low 

values for the CATOX-IN samples resulted in a calculated DRE value of only 57 percent (%).  However, 

the average DRE value based on field measurements for the quarter is estimated to be approximately 88% 

(Table 2-3). 

2.1.4 Calculation of Biodegradation 

The Air Force Civil Engineer Center – Environmental Center of Excellence has published guidance to 

estimate the biodegradation of petroleum hydrocarbons in the subsurface based on the difference in 

oxygen concentrations in an uncontaminated area versus the extracted off-gas (Leeson and Hinchee, 

1996a and b). The mass of petroleum hydrocarbons biodegraded can be calculated using the following 

equations: 

1. HCBioM = (CV,bkgd – CV,O2)/100 × Q × Cr × O2 × MWO2 × (28.3 /feet
3
) × (kg/1,000g) ×  

(1,440 min/day) × (2.2 lb/kg) × D  

2. HCBioV = HCBioM × (1/[6.5 lb/gal]) 

 
Where: 

 

HCBioM = Mass of hydrocarbons biodegraded (pound) 

HCBioV = Volume of hydrocarbons biodegraded (gallon) 

CV,bkgd = Concentration of oxygen in background, uncontaminated area (%) 

CV,O2 = Concentration of oxygen in extracted off-gas (%) 

Q = Flow rate (standard cubic feet per minute) 

Cr = Mass ratio of hydrocarbon to oxygen degraded based on stoichiometry (1/3.5) 

O2 = density of oxygen (moles/liter), 0.0346 moles/liter for Albuquerque, New Mexico and 25 degrees 

Celsius (°C) 

MWO2 = Molecular weight of oxygen (grams/mole), 32 gram per mole (g/mol) for O2 

D = Days in operation during quarter 

g = grams 

min/day = minutes per day 

lb/kg = pounds per kilogram 

lb/gal = pounds per gallon 

During the Second Quarter CY 2014, the total mass biodegraded by the SVE System was 68,397 pounds 

(10,523 gallons).  Calculations for the quarterly biodegradation are presented in Appendix A, Table A-1.  
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2.1.5 Calculation of Total Mass Recovery 

The total mass recovery is the amount of hydrocarbons removed from the subsurface via the SVE system.  

The summary of the vapor-operating data for Second Quarter CY 2014 is presented in Table 2-4. An error 

in Table 2-4 from previous quarters was discovered in the QC of Third Quarter CY 2013. The error was 

rectified; Table 2-4 now reflects more accurate Total Mass Recovery values. The table was revised by 

+0.7% for First Quarter CY 2013, and by -19.3% for Second Quarter CY 2013. These changes resulted 

from using 6.5 pounds per gallon (rather than 6.2 as in previous quarters) to better reflect the jet fuel 

contaminant, as well as from using calculations based on pre-CATOX vapor concentration readings 

(rather than pre-knockout readings as had been done in First and Second Quarters CY 2013). During 

the Second Quarter CY 2014, the total vapor mass recovered and treated by the SVE system was 

93,485 pounds (14,282 gallons).  Adding the mass biodegraded (Section 2.1.4), the total mass of 

hydrocarbons removed by the SVE system during the Second Quarter CY 2014 was 161,882 pounds 

(24,905 gallons). 

2.1.6 SVE Tracking 

In order to track the progress of the SVE system, data were collected regularly at the CATOX unit, the 

SVE wellheads, and the network of monitoring wells during Second Quarter CY 2014 (Table 2-5). 

CATOX operation data, including inlet and outlet temperature, natural gas meter readings, and lower 

explosive limit meter readings, were collected at least four times per week while the SVE system was 

running (Table 2-6). Figure 2-3 shows the flow rate and vacuum pressure measured at the CATOX unit 

during Second Quarter CY 2014. Figure 2-2 shows the total hydrocarbons measured at the CATOX unit. 

2.1.6.1 Determination of Vacuum Isopleths from SVE System 

Vacuum data was obtained using the network of monitoring wells in Table 2-5 and were used to develop 

vacuum isopleths.  Previous to the Second Quarter CY2014, vacuum isopleths were based on the average 
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of all monitoring rounds to date.  However, due to the addition of the three new extraction wells, only the 

data for the Second Quarter CY 2014 was used to calculate the average corrected vacuum at each 

monitoring well.  Vacuum pressures at all monitoring wells were collected once per week while the SVE 

system was running (Table 2-7).  Figures 2-4 through 2-6 show the corrected observed vacuum measured 

in each of the monitoring wells at depths of 450, 350, and 250 feet bgs, respectively.  Appendix L 

describes the method for determining the corrected observed vacuum.  

2.1.6.2 Determination of Radius of Influence 

The radius of influence (ROI) had been previously determined by evaluating the distance at which the 

corrected observed vacuum was equal to 0.2 and 0.5 inches of water column.  As a result of NMED 

comments, this method will no longer be used.  An alternate method of determining the ROI based on 

pore velocity calculations is currently being developed.  The alternate method and estimated ROI will be 

presented in the Third Quarter CY 2014 Report. 

2.2 SWMU ST-106 FFOR SVE System and SWMU SS-111 SVE System 

2.2.1 System Operation 

The SVE ICE units were decommissioned in June 2013, and Permit #1984-M1 was cancelled on 

June 25, 2013. 

2.2.2 Hydrocarbon Recovery and Degradation 

Refer to Appendix E-4 and Tables E-1, E-2, E-3, and E-4 for the previous hydrocarbon recovery data of 

SVE ICE Units 249, 335, 344, and 345, respectively.  

2.3 Waste Generation 

Approximately 270 gallons of condensate were disposed of off site as hazardous waste on April 8, 2014 

by Advanced Chemical Transport, Inc. During First Quarter CY 2014, 2,455 gallons of condensate waste 
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were generated. During the colder months of the year, condensate is pumped from the tank every 2 weeks 

and removed from the site by a subcontractor (currently, Advanced Chemical Transport Inc.). The liquid 

condensate is primarily generated during cooler-season months (typically October through April) as 

warm, moisture-laden subsurface soil vapor moves up the extraction wells to the cooler ground surface 

where it condenses in the system piping.  Disposal documentation for liquid condensate waste generated 

in this and previous quarterly reports is provided in Appendix C-2. 

2.4 SVE and Treatment System Operational Summary 

During Second Quarter CY 2014, operational changes continued to be evaluated to improve the operation 

of the SVE system. The goal of these efforts was to extract the maximum amount of combustion 

constituents (fuel and oxygen) from the subsurface, thereby maximizing overall mass-recovery rates and 

achieving the highest possible total mass removal. The SVE cumulative hydrocarbon mass recovery over 

time is presented on Figure 2-7, and the total benzene, toluene, ethylbenzene, xylenes compounds 

removed from the SVE system from First Quarter CY 2013 to Second Quarter CY 2014 are presented on 

Figure 2-8.  The amount of benzene, toluene, ethylbenzene, and xylene (BTEX) in the mixture was 

generally estimated by the ratio of each analyte) to total VOCs in the CATOX inlet vapor.   

Emission testing (also known as stack testing) of the SVE unit was conducted in Fourth Quarter CY 2013,  

First Quarter CY 2014, and Second Quarter CY 2014 in accordance with 20.11.65.D New Mexico 

Administrative Code Volatile Organic Compounds. The emissions testing conducted in Second Quarter 

CY 2014 was performed on June 26, 2014. Results from the test indicate the SVE system is in 

compliance with Permit #3036-EP. The average VOC emission rate was measured at 7.9 pounds per hour. 

For further information, refer to the Emission Test Report for the SVE system in Appendix O. 
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In general, the SVE system was fully operational during Second Quarter CY 2014 with the exception of 

between April 21, 2014 and May 5, 2014 when the SVE system was shut down for repair of the blower 

unit.    
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3. SITE INVESTIGATION 

3.1 Site Investigation Objectives 

This Second Quarter CY 2014 Report presents the monitoring methods and results for field activities 

performed at the Kirtland AFB BFF Spill site for the period of April 1, 2014 through June 30, 2014. 

Where appropriate, the text and data presented in this section are cumulative from First Quarter CY 2011 

through Second Quarter CY 2014. The groundwater investigation, vadose zone investigation, interim 

measures, and NAPL containment measures for SWMUs ST-106 and SS-111 have been conducted 

concurrently. Approved work plans (USACE; 2011a, 2011b, 2011c, 2011d, and 2012a) for these four 

projects and approved letter addenda (Appendix I-2) stating requirements for the installation of the NAPL 

containment well and two SVE wells provide guidance for the work activities performed during each 

quarter.  

The activities described herein comply with the NMED technical directives to Kirtland AFB for 

performing interim measures for the BFF Spill (SWMUs ST-106 and SS-111) as stated in the August 6, 

2010 (NMED, 2010c; Appendix I-4) and December 10, 2010 (NMED, 2010d; Appendix I-4) letters from 

the NMED to Kirtland AFB. This section describes in detail the monitoring methods used and activities 

performed at the BFF Spill site. Figures 3-1 and 3-2 illustrate the groundwater and soil vapor monitoring 

locations used during quarterly sampling. Sections 4 and 5 present the monitoring results for the vadose 

zone and groundwater, respectively. 

3.2 Site Activities 

Site activities performed during April through June 2014 comprised ongoing operation and maintenance 

of the SVE treatment system, and quarterly groundwater and soil-vapor sampling. During the Second 

Quarter CY 2014, CB&I began the implementation of the following interim measures at the BFF: NAPL 

and dissolved-phase 1,2-dibromoethane/ethylene dibromide (EDB) aerobic remediation via installation 
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and pilot testing of an air sparge (AS) and SVE system; NAPL in-situ anaerobic remediation via a bench-

scale treatability study; and vadose zone remediation via the excavation of soil along the former pipeline 

route in the FFOR. These interim measures activities are discussed below in Sections 3.2.1, 3.2.2, 

and 3.2.5. Appendices D and G are updated each quarter, as applicable, and present cumulative lithologic 

logs, well completion diagrams, well development records, and field sampling records.  

3.2.1 Installation of Air Sparge and SVE Well  

As part of the NAPL and dissolved-phase EDB aerobic remediation interim measure, a combination AS 

and SVE well (KAFB-106211) and accompanying AS/SVE system were installed during the Second 

Quarter CY 2014 in accordance with the AS and SVE Pilot Implementation Work Plan (USACE, 2014a; 

Appendix I-2).  The pilot implementation includes air sparging of the shallow groundwater and recovery 

of the injected air by the SVE system.  KAFB-106211, a combination AS and SVE well, was installed in 

a single boring roughly 25 feet upgradient of the existing groundwater monitoring well KAFB-10617.  

Drilling began June 4, 2014, and installation of the two wells was completed June 19, 2014. The AS well 

was installed into the shallow groundwater with a 1¼-inch-diameter polyvinyl chloride riser and 5 feet of 

screen. The top of the screen was installed approximately 20 feet below groundwater level at 496 feet bgs. 

The SVE well was installed in the vadose zone soil with a 3-inch polyvinyl chloride riser and 30 feet of 

screen. The bottom of the screen was set 10 feet above the groundwater level at 467 feet bgs.  

During the installation of the AS well, split-spoon core samples were obtained from 477 feet bgs 

(approximately at the water table) to 497 feet bgs (approximately 20 feet below the water table). A section 

of the core was submitted for vertical permeability testing. The results of this analysis are presented in 

Appendix K-1. 

The AS/SVE system is a trailer-mounted system that is designed to provide 15 to 25 standard cubic feet 

per minute of air to the AS injection wellhead, and to pull 100 standard cubic feet per minute of soil vapor 
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from the SVE well. Two carbon adsorbers remove any hydrocarbons or other VOCs from the soil vapor. 

Each adsorber contains 2,000 pounds of virgin, coal-based granular-activated carbon. The two adsorbers 

are arranged in a lead-lag configuration. The AS/SVE system was installed on a packed gravel pad within 

a fenced-in area near the AS/SVE wells. Full operation of the AS/SVE system began June 30, 2014, and 

the system is currently operated 24 hours per day, 7 days per week.  

Prior to AS/SVE system startup, a baseline vapor soil sample was collected at KAFB-106211, and a 

baseline groundwater was collected at KAFB-10617. The results of these samples are presented in 

Sections 4.3 and 5.1.2 respectively. Sampling and analyzing groundwater in monitoring well 

KAFB-10617, and the soil vapor at the SVE wellhead and the exhaust of the granular-activated carbon 

treatment system will be conducted at the AS/SVE system and reported in the Third Quarter CY 2014 

Report.  

3.2.2 Bench Scale Treatability Study 

During the Second Quarter CY 2014, CB&I began a treatability study using microcosm tests to assess the 

effectiveness of different amendments for enhancing removal of BTEX by biodegradation, and EDB by 

both biotic (biodegradation) and abiotic mechanisms.  The work was conducted in accordance with the 

Treatability Study Work Plan (USACE, 2014b; Appendix I-2).  The primary focus of the treatability 

study is anaerobic sulfate-enhanced degradation, and treatments designed to promote this activity are 

being evaluated, including sulfate, sulfate with ferrous iron, and sulfate with ferrous iron and lactate. 

These treatments will be used to stimulate natural hydrocarbon-degrading bacteria that can degrade both 

BTEX and EDB, and produce sulfide minerals to enhance abiotic EDB degradation (Kuder et al., 2012; 

Wilson et al., 2008). Other treatments evaluated during the study will include augmentation with a known 

dehalogenating Dehalococcoides culture together with lactate to assess anaerobic degradation of EDB and 

addition of oxygen to assess relative rates of anaerobic versus aerobic degradation of plume constituents. 

Select treatments are also being evaluated with the addition of nitrogen and phosphorous to assess 
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whether inorganic nutrients are required for enhanced biotreatment. These data will provide information 

on the most effective amendments for enhancing degradation of both BTEX and EDB in the NAPL zone 

and in areas adjacent to and downgradient of the NAPL zone that contain only dissolved BTEX and EDB.  

Aquifer solids and groundwater were collected from two locations at Kirtland AFB. One set of samples 

was collected from newly installed well KAFB-106210, which is in the center of the NAPL area and is 

expected to have high concentrations of BTEX and EDB. The second set of samples was collected during 

the replacement of well KAFB-10612 with KAFB-10612R, which, based on existing site data, is located 

on the edge of the existing BTEX plume. These latter samples will be used to evaluate the effect of 

amendments on dissolved-phase BTEX and EDB without the potential confounding effects from NAPL 

materials that include repartitioning of BTEX and EDB from the NAPL into the dissolved phase. One 

sample container of groundwater and several soil cores were collected from each well. Upon collection, 

the groundwater samples and cores were placed in coolers with ice and shipped overnight to CB&I’s 

laboratory in Lawrenceville, New Jersey. Upon receipt, the groundwater samples and cores were 

inspected and stored at 4°C. The full Treatability Study Work Plan can be found in Appendix I-2. 

3.2.3 Well Installation 

During the Second Quarter CY 2014, CB&I abandoned existing groundwater monitoring well 

KAFB-10612, installed the replacement groundwater monitoring well KAFB-10612R, and installed the 

groundwater monitoring well KAFB-106210.  Based on the requirements established by the 

NMED-HWB, the groundwater monitoring well KAFB-10612 was abandoned on May 8, 2014, in 

accordance with the procedures described in Section 4.2.3.2 of the Groundwater Investigation Work Plan 

(USACE, 2011b). The well abandonment log can be found in Appendix D-5 of this Second Quarter 

CY 2014 Report. Appendix D-4 includes paperwork documenting how KAFB-10612 became inoperable.  
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Well KAFB-10612R was installed approximately 50 feet west of the original well KAFB-10612 location . 

The drilling and installation of replacement well KAFB-10612R followed the same construction 

procedures as the shallow groundwater monitoring wells installed as part of the SWMU SS-111 

groundwater investigation, as described in Sections 4.2.3 and 4.2.4 of the Groundwater Investigation 

Work Plan (USACE, 2011b). The borehole was investigated for utility clearance to 5 feet with a hand 

auger or an air-knife to ensure no utilities were present. Borehole advancement (drilling) was performed 

using the air rotary casing hammer (ARCH) drilling method. The ARCH method uses a steel-insulator 

casing, advanced with a drill bit/rod, to prevent borehole collapse and to seal off any contaminated zones 

to avoid cross-contamination of stratigraphic units. The borehole was drilled using an 11¾-inch 

outside diameter drive casing to a depth of approximately 200 feet bgs, and a 9⅝-inch  outside diameter 

casing was advanced to the total depth of the borehole. These drive casing sizes effectively advance a 

12-inch-diameter borehole to approximately 200 feet bgs, and a 10-inch-diameter borehole from 

approximately 200 feet bgs to the total depth of the borehole.  

To allow for the potential continuing rise of the groundwater table, the well construction included a 

30-foot screen length with no more than 15 feet of screen situated below the water table as directed in the  

April 13, 2012 NMED letter, Requirement for Characterization Plan Conditional Approval: Additional 

Groundwater Monitoring Wells, Addendum to Groundwater Investigation Work Plan March 2011. A 

continuous core sample was collected from 490 feet bgs (approximately at the water table) to 510 feet bgs 

(approximately 20 feet below the water table) using split-spoon sampling techniques. The continuous 

split-spoon sample provided material for bench-scale testing for use in upcoming interim measures. A 

section of this material was submitted for vertical permeability testing. The results of this analysis are 

presented in Appendix K-1. No additional core samples were collected in the vadose zone soil at this 

location. 
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Well KAFB-106210 was drilled and installed between April 26, 2014 and May 1, 2014, using the 

methods described above and in Sections 4.2.3 and 4.2.4 of the Groundwater Investigation Work Plan 

(USACE, 2011a). A continuous core sample was collected from 486 feet bgs (approximately at the water 

table) to 503 feet bgs using split-spoon sampling techniques. The continuous split-spoon sample provided 

material for bench-scale treatability testing described in Section 3.2.2, for use in designing upcoming 

interim measures. A section of this material was submitted for vertical permeability testing. The results of 

this analysis are presented in Appendix K-1. No additional core samples were collected in the vadose 

zone soil at this location. Soil classification logs and well completion diagrams for the new groundwater 

monitoring wells are included in Appendix D-1. 

Wells KAFB-10612R will be integrated into the monitoring well program and sampled on a quarterly 

basis in accordance with Section 5.2 of the Groundwater Investigation Work Plan (USACE, 2011b) and 

the project-specific Quality Assurance Project Plan (QAPjP; USACE, 2011g). A dedicated pump will be 

installed in the new well in accordance with the Groundwater Investigation Work Plan. 

The primary function of well KAFB-106210 was to provide material for the bench scale treatability tests 

for upcoming interim measures. This well will not be included in the quarterly groundwater monitoring 

network, and no groundwater sample was collected at KAFB-106210 during Second Quarter CY 2014.   

No geophysical logging was conducted during Second Quarter CY 2014. Table 3-1 provides a 

cumulative list of when each borehole was logged using required geophysical techniques as stated in the 

Groundwater Investigation Work Plan (USACE, 2011b). Appendix M contains logs for all geophysically 

logged boreholes. 

No new SVM wells, Pneulog
®
 wells, or SVE wells were installed during Second Quarter CY 2014. Soil 

classification logs and completion diagrams for all wells are included in Appendix D-1. The vapor and 
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permeability profiles for data collected during PneuLog
®
 testing are presented in the report submitted by 

Praxis Environmental Technologies, Inc. (Appendix N). The summary statistics for the permeability data 

for these wells are presented in Table E-10 in Appendix E-4. 

3.2.4 Surveying 

Wells KAFB-106210, KAFB 10612R, and KAFB-106211 were installed during Second Quarter 

CY 2014, and survey data for these wells are presented in this Report (Table 3-2). Two wells, 

KAFB-106059 and KAFB-106009, were resurveyed during Fourth Quarter CY 2013 after their surface 

completions were rebuilt. The coordinates of these wells have been updated in the project database, and 

the survey data are presented in Table 3-2. Surveying was conducted in accordance with the Interim 

Measures Work Plan (USACE, 2011a) and the NMAC Minimum Standards for Surveying in New Mexico 

(Title 12, Chapter 8, Section 2; NMAC, 2007). The wells were surveyed by a New Mexico-licensed 

professional land surveyor, and signed survey plates are provided in Appendix G-5. Horizontal 

coordinates are based on the New Mexico State Plane Coordinate System, Central Zone (North American 

Datum of 1983), as published by the National Geodetic Survey. Elevations are determined to the nearest 

0.01 foot and referenced to the 1988 National Geodetic Vertical Datum, which are obtained from 

permanent benchmarks. 

3.2.5 FFOR Investigation 

No FFOR soil sampling activities were performed during Second Quarter CY 2014.  The FFOR borehole 

locations are shown on Figure 3-3, and a sample collection summary is presented in Table 3-3. Sample 

collection logs from all rounds of FFOR soil sampling are provided in Appendix G-7. Analytical results 

from all rounds of direct-push soil sampling at the FFOR can be found in Appendix E-4 Table E-12. Soil 

boring logs for FFOR and other shallow soil borings are provided in Appendices D-2 and D-3. 
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The objective of the FFOR soil investigation sampling is to identify areas of shallow soil containing 

NAPL or hazardous constituents that exceed the NMED soil screening levels as part of the NMED-

directed interim measures investigation (USACE, 2011a). The work was performed as specified in the 

correspondence dated December 10, 2010, from the NMED to Kirtland AFB (NMED, 2010d) and with 

procedures outlined in the Interim Measures Work Plan (USACE, 2011a). Data from step-out samples 

collected during Third Quarter CY 2013 indicate that no further sampling is necessary to delineate the 

extent of contamination in the area of the FFOR.   

On June 25, 2014, CB&I began excavation of soil in the vicinity of the FFOR that exceeded NMED 

residential soil screening levels.  The excavation area will remove approximately 1,700 cubic yards of 

contaminated soil and will extend to a maximum depth of 20 feet bgs. More soil may be excavated if 

excavation confirmation samples identify the need to increase the excavation size. Exceptions include 

select areas where existing infrastructure and utilities prevent any excavation. The excavation activities 

will be conducted in accordance to the Interim Measures Work Plan (USACE 2011a) and will be 

discussed in detail in subsequent quarterly reports.  

3.2.6 Slug Testing 

No slug testing was conducted during Second Quarter CY 2014. Appendix H contains a complete report 

of previous slug tests. 

3.2.7 Quarterly Groundwater Sampling Field Activities 

Second Quarter CY 2014 samples from groundwater monitoring wells were collected using dedicated 

and portable Bennett pump sampling systems. The production well samples were collected from the 

appropriate ports at the Kirtland AFB pump house locations. Production well samples were not collected 

at KAFB-016 due to malfunction of the natural gas engine that powers the pump. Groundwater 

monitoring well KAFB-10612 was abandoned on May 8, 2014, in accordance with the procedures 
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described in Section 4.2.3.2 of the Groundwater Investigation Work Plan (USACE, 2011b). Replacement 

well KAFB-10612R was installed approximately 50 feet west of the original well KAFB-10612 location 

and sampled during Second Quarter CY 2014 in place of KAFB-10612.  

Field data were obtained and analyzed using the In-Situ
™

 Troll 9500, and parameters included the 

following: temperature in °C, pH, specific conductivity in micro Siemens per centimeter, dissolved 

oxygen (DO) in milligrams per liter (mg/L), oxidation-reduction potential (ORP) in millivolts (mV), and 

turbidity in nephelometric turbidity units. Field alkalinity data and water level were also recorded when 

applicable. Field purge data for each well sampled during Second Quarter CY 2014 are included in 

Appendix G-1. Samples were collected using laboratory-provided 40-milliliter volatile organic analysis 

bottles, 1-liter amber bottles, and 250-milliliter plastic poly bottles.  During the quarterly groundwater 

sampling event from April 7 through June 9, 2014, 118 groundwater samples, 12 field duplicates, 

1 equipment rinse blank, 6 ambient blanks, and 19 trip blanks were collected and submitted to Empirical 

Laboratories LLC in Nashville, Tennessee, (a U.S. Department of Defense [DOD] Environmental 

Laboratory Accreditation Program-certified laboratory) for analyses. Sample collection logs for the 

Second Quarter CY 2014 groundwater sampling event are provided in Appendix G-2. 

Samples were tested for the following list of analyses:  

 VOCs –EPA Method SW8260B 

 EDB – EPA Method SW8011 

 Semivolatile organic compounds – EPA Method SW8270D 

 Polynuclear aromatic hydrocarbons – EPA Method SW8270D low level (ST106-VA2 only) 

 Total petroleum hydrocarbons (TPH) as gasoline (C6-C10) – EPA Method SW8015B 

 TPH as diesel (C10-C28) – EPA Method SW8015B 

 Total and dissolved metals – EPA Method SW6010B 

 Anions (chloride, sulfate, and bromide) – EPA Method 300.0 

 Ammonia as nitrogen – Standard Method (SM) 4500 NH3BG 

 Sulfide – SM4500 S2CF 

 Nitrate and nitrite as nitrogen – EPA Method 353.2 

 Carbonate and bicarbonate alkalinity – SM2320B 
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During Second Quarter CY 2014, two baseline AS/SVE groundwater samples were also collected at 

KAFB-10617 and analyzed for the following parameters: 

 VOCs – EPA Method SW8260B 

 EDB – EPA Method SW8011 

 TPH as gasoline (C6-C10) – EPA Method SW8015B 

 TPH as diesel (C10-C28) – EPA Method SW8015B 

 Total iron – EPA Method SW6010B/SW6010C 

 Anion (sulfate) – EPA Method 300.0 

 Sulfide – SM4500 S2CF 

Appendix B-1 presents the Data Quality Evaluation Report for the groundwater data collected. It also 

includes an attached reference table that identifies each sample location, sample date, sample number, and 

associated sample delivery group assigned by the laboratory. Drinking water compliance sampling was 

not conducted during the Second Quarter CY 2014. Laboratory analytical data packages for groundwater 

samples collected during the Second Quarter CY 2014 can be found in Appendix B-3. 

Existing dedicated Bennett sample pumps, tubing bundles, and sounding pipes were removed as needed 

due to malfunction. They were repaired after removal and tested using the compressed air delivery 

systems designed for use with the Bennett Model 1800-7 sample system. The sample systems were then 

reinstalled for operations.  No new sampling systems were installed during the Second Quarter CY 2014. 

The following describes the pump system removal, re-installation, and maintenance activities performed 

by JR Drilling during Second Quarter CY 2014: 

May 5, 2014 

 KAFB-106101 – Pulled sampling system. Cleared all lines using compressed air. Tested and 

reinstalled sampling system. 

 KAFB-106044 – Pulled sampling system. Replaced all connection fittings. Removed excess drop 

pipe. Tested and reinstalled sampling system. 
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May 6, 2014 

 KAFB-106093 – Pulled sampling system. Attempted to repair pump. Pump replaced after test failed. 

Removed excess drop pipe. Tested and reinstalled sampling system. 

May 7, 2014 

 KAFB-106061 – Pulled sampling system. Replaced all connection fittings. Tested and reinstalled 

sampling system. 

May 8, 2014 

 KAFB-106001 – Pulled sampling system. Pump compromised due to extreme rust and degradation. 

Well will be sampled using portable system in the future. 

May 14, 2014 

 KAFB-10612R – Installed new sampling system and drop pipe. Tested system. System functioning. 

May 15, 2014 

 KAFB-106044 – Pulled sampling system. Attempted to repair pump. Pump replaced after test failed. 

Tested and reinstalled sampling system. 

May 27, 2014 

 KAFB-106077 – Pulled sampling system. Replaced all connection fittings. Tested and reinstalled 

sampling system. 

May 28, 2014 

 KAFB-106073 – Pulled sampling system. Replaced all connection fittings. Removed excess drop 

pipe. Tested and reinstalled sampling system. 

June 19, 2014 

 KAFB-106017 – Repaired water discharge fitting at surface. Pulled sampling system. Replaced all 

connection fittings. Tested and reinstalled sampling system. 

3.2.8 Quarterly Soil-Vapor Sampling Field Activities 

During Second Quarter CY 2014, soil-vapor samples were collected from SVM wells, SVE wells, and the 

SVE CATOX unit (serial number 16512). Samples were analyzed using the field Horiba MEXA 584L 
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emissions analyzer. Analyses were gathered for petroleum hydrocarbon concentrations and measured in 

ppmv as well as O2%, CO%, and CO2%. Field purge data for each well sampled during Second Quarter 

CY 2014 are included in Appendix G-1. The soil-vapor samples were collected into pre-evacuated 

Bottle-Vac
™

 canisters. Sample collection logs for the Second Quarter CY 2014 soil-vapor sampling event 

are provided in Appendix G-4. During the quarterly sampling period from May 27 through June 24, 2014, 

287 soil-vapor samples, 28 field duplicates, and 6 trip blanks were collected and submitted to ALS 

Laboratories, Inc. in Simi Valley, California, for the following analyses: 

 VOCs –EPA Method TO-15 

 Air-phase petroleum hydrocarbons (APH) – Massachusetts Department of Environmental Protection 

 EDB – California Air Resources Board (CARB) method 422 

 Fixed gases – EPA Method 3C  

During the Second Quarter CY 2014, one baseline soil-vapor sample from the AS/SVE wellhead 

(KAFB-106211) was collected on June 21, 2014, and submitted to the ALS Laboratories, Inc. for VOC, 

APH, EDB, and fixed gases analyses. Recognizing that the detection limits for EDB in quarterly soil-

vapor samples measured by EPA Method TO-15 were elevated, resulting in fewer detections, all Second 

Quarter CY 2014 soil-vapor samples were analyzed for EDB using the CARB Method 422 in order to 

provide greater resolution in the soil-vapor EDB data.  The CARB Method 422 employs an electron-

capture detector, which is very sensitive to halogenated VOCs such as EDB. The analysis by the CARB 

Method 422 provides more accurate EDB data and does not appear to be affected by the high TPH 

concentrations in the same sample.   

Appendix B-2 presents the Data Quality Evaluation Report for the soil-vapor data collected during 

Second Quarter CY 2014, and also includes a reference table that identifies each sample location, sample 

date, sample number, and associated sample delivery group (column labeled “SDG”), and shows which 

analytical data package contains specific vapor samples. Laboratory analytical data packages for soil-

vapor samples collected during the Second Quarter CY 2014 can be found in Appendix B-3.  
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3.2.9 SVE Radius of Influence Testing 

Vacuum data was obtained using the network of SVM wells and were used to develop vacuum isopleths.  

Calculations and isopleths are provided in Appendix L. Distances to monitoring wells are shown on 

Table L-1 The ROI had been previously determined by evaluating the distance at which the corrected 

observed vacuum was equal to 0.2 and 0.5 inches water column.  This method will no longer be used.  An 

alternate method of determining the ROI based on pore velocity calculations is currently being developed.  

The alternate method and estimated ROI will be presented in the Third Quarter CY 2014 Report. 
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4. VADOSE ZONE SAMPLING AND MONITORING 

In the following sections, the three-dimensional (3D) analysis of the soil and vadose zone vapor plume 

concentrations was evaluated by 1) presenting the results of the 3D plume modeling in a series of 

two-dimensional, horizontal, plan-view maps at different elevations and 2) presenting the north-south and 

east-west cross-sections through the contaminated soil area and vadose zone vapor plume. Figure 4-1 

presents the SVM wells and SVE well locations.  

 The RockWorks
™

 3D inverse-distance-weighting gridding algorithm of logarithms of concentrations 

was used for development of all vadose zone 3D plumes. A horizontal exponent of 2 and a vertical-

weighting exponent of 4 were used in conjunction with horizontal and vertical gridding extent ranges 

of 300 and 50 feet, respectively. All applicable data points were used in the gridding. For nondetected 

results, one-half the method detection limit concentration was used in the gridding. 

 By presenting all plan-view maps on one drawing, the reader can readily see concentration changes 

with elevation across the vapor plume without resorting to 3D views that may be difficult to 

understand. In a similar manner, the cross-sections through the 3D plumes present the vertical 

distribution of vapor concentrations.  

 Vapor samples are available only for the SVM wells and SVE wells. For clarity in presentation, the 

data location symbols are presented on the respective plan-view maps without labels. The soil data 

used in this evaluation are presented in the Second Quarter CY 2011 Report (USACE, 2011e). Vapor 

data used for Second Quarter CY 2014 are presented in Tables 4-1 and 4-2.  

 Soil vapor cross-sections represent a vertical slice through the 3D soil-vapor plume model. Data from 

all SVM wells are incorporated into the model so the modeled concentration at any point on a cross-

section represents an interpolation of data from many wells. In past quarters, analytical results from 

any SVM well within 50 feet of a given cross-section line were shown on the cross-sections, but this 

would result in confusion, as the sample results at the actual well location often varied from the 

modeled concentrations at the cross-section line. To reduce confusion, just the modeled concentration 

contours are shown on the soil-vapor cross-sections in Second Quarter CY 2014 (specific well data 

are not shown). Alternative methods for displaying the soil-vapor data are being evaluated for the 

Third Quarter CY 2014 Report. 

4.1 Soil Sampling Results 

With the exception of FFOR samples, the soil sampling activities were completed by the end of Third 

Quarter CY 2011; therefore, results and conclusions from previous soil sampling activities are presented 

in the Third Quarter CY 2011 Report (USACE, 2011f). Appendix E-4 of this Second Quarter CY 2014 

Report contains historical soil data, and Appendix J contains historical cross-sections illustrating soil 
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analytical results. Appendix J, plate J-10, which illustrates TPH soil concentrations for geologic cross 

section A-A’, indicates the presence of TPH-DRO at elevated concentrations in samples collected from 

the boring for well KAFB-106081.  These samples, collected at 498.5, 548.5, and 614 feet bgs, have 

TPH-DRO concentrations of 26.5 mg/kg, 86.1 mg/kg, and 121 mg/kg respectively. A close review of the 

daily logs, sample collection process, and sample QC process, show no indication that these elevated 

concentrations are due to sample contamination, mislabeling or mishandling.  TPH-DRO is also elevated 

in groundwater samples from the shallow, intermediate and deep groundwater wells at this location, and a 

core sample collected at this location yielded residual NAPL. The fate and transport of NAPL and NAPL 

constituents in soil and groundwater at and in the vicinity of this location will be evaluated further.   

Sample collection logs for split-spoon soil samples collected during installation of the SVM wells are 

provided in Appendix G-8. Additional discussion of FFOR soil sampling is provided in Section 3.2.5 of 

this Report.   

4.2 Vadose Zone Vapor Monitoring Results 

The soil-vapor monitoring/remediation system currently consists of 285 individual vapor wells (SVM 

wells and SVE wells). Most of the wells are installed within 55 SVM wells clusters that contain between 

two to six individual wells at different depths in each cluster. Cluster well locations are shown on 

Figure 4-1.  

Soil-vapor hydrocarbon concentration (ppmv), O2%, CO%, CO2%, and pressure were measured at the 

SVE wells during Second Quarter CY 2014 sampling using a Horiba MEXA 584L portable auto 

emissions analyzer. Horiba field measurements for SVE wells are presented in Table 4-1. Pressure 

measurements that indicate the vadose zone is subject to vacuum are reported in Table 4-1 as negative 

numbers. Measurements that indicate the vadose zone is subject to positive pressure are shown as positive 

numbers. Measurements that indicate the vadose zone is at equilibrium with ambient atmospheric 
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pressure and have neither pressure nor vacuum (zero gauge reading) are reported as being at atmospheric 

pressure. 

The Second Quarter CY 2014 soil-vapor samples were collected from SVE wells and SVM wells using 

pre-evacuated Bottle-Vac
™

 canisters sampled through sampling ports installed at the top of each 

individual well casing. Soil-vapor samples were collected in accordance with the Vadose Zone 

Investigation Work Plan procedures (USACE, 2011c) and Kirtland AFB BFF Spill QAPjP requirements 

(USACE, 2011g).  Field QC samples were collected in accordance with the BFF Spill QAPjP and include 

field duplicate samples and trip blanks for VOCs (Appendix B). Sampling for EDB by the CARB 

Method 422 was performed at all quarterly sampling locations during Second Quarter CY 2014 in order 

to provide higher resolution EDB data. The CARB Method 422 employs an electron-capture detector, 

which is very sensitive to halogenated VOCs and is designed to detect EDB in vapor. The analysis by the 

CARB Method 422 provides more accurate EDB data and does not appear to be affected by the high TPH 

concentrations in the same sample. 

The Second Quarter CY 2014 soil-vapor analytical data were validated for precision, accuracy, 

representativeness, comparability, and completeness in accordance with the BFF Spill QAPjP 

(USACE, 2011g), and appropriate data qualifiers are appended to the analytical data in the 

project database. The analytical laboratory results for the Second Quarter CY 2014 event are presented in 

Table 4-2. The data validation results are presented in the Data Quality Evaluation Report presented in 

Appendix B-2. Accuracy and precision for the Second Quarter CY 2014 soil-vapor analytical results 

indicate that data are of sufficient quality to achieve the BFF Spill project data quality objectives. 

4.3 Air Sparge/Soil-Vapor Extraction Pilot Test Soil-Vapor Sampling Results 

As discussed in Section 3.2.1, a combination AS and SVE well (KAFB-106211) was installed during the 

Second Quarter CY 2014. In accordance with the AS and SVE Pilot Implementation Work Plan 



SECTION 4 

Kirtland AFB BFF  Q2, 2014 

Quarterly Monitoring & Site Investigation Report KAFB-014-0022c 

April – June 2014 
4-4 

(USACE, 2014a), a baseline soil-vapor sample (VA9133) was collected from KAFB-106211 on 

June 21, 2014, prior to AS/SVE system startup, by using a pre-evacuated Bottle-Vac™ canister sampled 

through the SVE wellhead. The baseline soil-vapor sample was analyzed for APH, VOCs, EDB, and 

fixed gases (CO2, CO, methane, nitrogen, and O2) in accordance with the NMED-approved AS and SVE 

Pilot Implementation Work Plan.  Analytical results for the baseline soil-vapor sample are provided in 

Table 4-3.  EDB was detected in the baseline soil-vapor sample collected from the SVE wellhead with a 

concentration of 8.5 parts per billion by volume (ppbv). TPH (C5-C8), TPH (C9-C10), and TPH 

(C9-C12) were detected at concentrations of 65,000, 180, and 5,000 micrograms per cubic meter, 

respectively. Seventeen VOCs were also detected in the baseline soil-vapor sample. There are no 

regulatory values for soil vapor.  

4.4 Soil-Vapor Data Evaluation 

The Second Quarter CY 2014 laboratory analytical vapor total VOC, benzene, and EDB results reported 

for SVM wells and SVE wells (locations shown on Figure 4-2) were used to generate 3D vapor plumes 

from which plan-view maps and cross-sections were generated (Figures 4-3 through 4-23). In the grid 

analysis, nondetected results were incorporated using one-half the method detection limit as the 

concentrations used to calculate total VOC concentrations. For the laboratory analytical data, the total 

VOC concentration was calculated by totaling the individual compound vapor concentrations plus the 

TPH results. The TPH conversion from units of microgram per cubic meter (µg/m
3
) to the ppbv formula 

is as follows: 

      
  

    ⁄   
         

  
 

 

Where: 

 

ppbv = vapor concentration in parts per billion by volume vapor 

µg/m
3
 = micrograms of compound per cubic meter of air 

0.080205 = Universal Gas Constant in (atm L)/(molecule K) 
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T = vapor temperature in Kelvin = 273.15 + °C  

MW = molecular weight of compound 

The molecular weight of 65.15 g/mol was used for C5-C8 aliphatic hydrocarbons, 142.3 g/mol for 

C9-C12 aliphatic hydrocarbons, and 120.2 g/mol for C9-C10 aromatic hydrocarbons in the above 

equation. A temperature of 293.15 Kelvin was used. Concentrations on all figures are presented in ppmv 

for image clarity.  

From the 3D plumes of total VOCs, benzene, and EDB, plan-view maps at elevations of 5,300; 5,250; 

5,200; 5,100; 5,000; and 4,900 feet above mean sea level (corresponding to approximate depths of 50, 

100, 150, 250, 350, and 450 feet bgs, respectively) were created by horizontal plan-view “slices” at 

appropriate elevations, and six vertical cross-sections were cut through the 3D plume at the same 

locations used for the soil cross-sections (Figures 4-3, 4-4, and 4-5).  Additional plan-view maps were 

added to Figure 4-3 to address VOC concentrations above 1,000 ppmv at depths of 60 and 260 feet bgs 

for Second Quarter CY 2014. These additional maps illustrate soil-vapor analytical data from wells that 

were screened at non-standard depths. To maintain consistency, plan-view maps at these depths were also 

added to Figures 4-4 and 4-5, which show total benzene and EDB vapor concentrations. Maps at 

additional depths may be added in future quarters to accurately characterize VOC concentrations over 

1,000 ppmv and benzene concentrations over 100 ppmv at various depths. Concentrations are posted on 

the plan-view maps and cross-sections using the same posting procedure used on the soil maps. Vadose 

zone vapor data locations are presented on Figure 4-2, because there is insufficient space on the plan-view 

concentration maps to clearly show well names along with the concentrations. 

Figure 4-3 presents eight plan-view maps of the vapor total VOC distribution, Figure 4-4 presents the 

benzene plan-view maps, and Figure 4-5 presents the EDB plan-view maps at the selected elevations 

beneath the BFF Spill site. Figures 4-6 through 4-11 present six total VOC cross-sections, Figures 4-12 
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through 4-17 present the six benzene cross-sections, and Figures 4-18 through 4-23 illustrate the six EDB 

cross-sections through the vadose zone vapor plume.  

As illustrated in the maps and cross-sections, the vadose zone total VOC, benzene vapor, and EDB 

concentrations can be characterized as follows:  

4.4.1 Total VOC 

The highest total VOC concentrations are in wells located along the westernmost portion of the former 

underground fuel-transfers lines, with the highest concentrations occurring between 100 and 250 feet bgs. 

Cross-section G-G’ illustrates these highest concentrations. 

 As depicted on Figure 4-3, out of 44 wells total VOC vapor concentrations at approximately 50 feet 

bgs are less than 1,000 ppmv, with the exception of SVM wells (SVMW)-08 (5,900 ppmv), 

SVMW-10 (9,800 ppmv), and SVMW-11 (3,500 ppmv).  

 At a depth of approximately 60 feet bgs, 1 of the 3 wells at that depth (SVE well [SVEW]-06) has a 

concentration of greater than 1,000 ppmv (2,800 ppmv). 

 Out of a total of 11 wells screened at approximately 100 feet, 5 have VOC concentrations above 

1,000 ppmv, These wells are SVMW-01 (1,200 ppmv), SVMW-04 (4,300 ppmv), SVMW-09 

(5,000 ppmv), SVMW-10 (19,000 ppmv), and SVMW-11 (21,000 ppmv). 

 There are 36 total wells with screens at approximately 150 feet bgs. Wells with VOC concentrations 

above 1,000 ppmv at this depth are SVMW-12 (1,900 ppmv), KAFB-106119 (2,000 ppmv), and 

SVMW-10 (18,000 ppmv). 

 Out of 46 wells at depths of approximately 250 feet bgs, 5 wells have VOC concentrations above 

1,000 ppmv. These wells are SVMW-09 (1,300 ppmv), SVMW-03 (1,600 ppmv), SVMW-04 

(2,600 ppmv), SVMW-10 (7,800 ppmv), and SVMW-11 (17,000 ppmv). 

 Two of five wells at depths of approximately 260 feet bgs have VOC concentrations above 

1,000 ppmv: SVMW-09 (3,900 ppmv) and SVMW-11 (5,700 ppmv). 

 There are 40 wells screened at approximately 350 feet bgs. Wells with VOC concentrations above 

1,000 ppmv at this depth are KAFB-106117 (1,100 ppmv) and SVMW-12 (1,100 ppmv). In addition, 

well SVMW-03 at 300 feet bgs had a VOC concentration of 7,500 ppmv. 

 There are 40 wells screened at approximately 450 feet bgs. Wells with VOC concentrations above 

1,000 ppmv are SVMW-12 (1,100 ppmv) and KAFB-106125 (2,000 ppmv). 
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4.4.2 Benzene 

The highest benzene concentrations are co-located with the highest total VOC concentrations in wells 

located along the westernmost portion of the former underground fuel-transfers lines. The highest 

benzene concentrations occur between 100 and 250 feet bgs. Cross-section G-G’ illustrates these highest 

concentrations. 

 As depicted on Figure 4-4, out of 44 wells, benzene concentrations approximately 50 and 60 feet bgs 

are all less than 100 ppmv.  

 Out of a total of 11 wells screened at approximately 100 feet, 3 have benzene concentrations 

above 100 ppmv. These wells are SVMW-09 (100 ppmv), SVMW-10 (180 ppmv), and SVMW-11 

(220 ppmv). 

 There are 36 total wells with screens at approximately 150 feet bgs. Only SVMW-10 had a benzene 

concentration above 100 ppmv. The concentration of benzene at SVMW-10 was 200 ppmv. 

 Out of 46 wells at depths of approximately 250 feet bgs, only SVMW-11 had a benzene concentration 

above 100 ppmv. The concentration of benzene at SVMW-11 was 130 ppmv. 

 At depths of approximately 260, 350, and 450 feet bgs, no wells had benzene concentrations above 

100 ppmv. 

 To the north of Randolph Road, benzene concentrations above 1 ppmv were detected in 

KAFB-106028-150 (1.7 ppmv), KAFB-106028-350 (1.9 ppmv), KAFB-106028-450 (1.2 ppmv), and 

KAFB-106137-450 (4.9 ppmv).  

4.4.3 EDB 

To fill a data gap, EDB in soil vapor was measured for the first time using CARB method 422, which has 

lower detection limits for EDB compared to EPA method T0-15.The highest EDB concentrations are 

co-located with the highest total VOC and benzene concentrations in wells located along the westernmost 

portion of the former underground fuel-transfers lines. The highest EDB concentrations occur between 50 

and 250 feet bgs. Cross-section G-G’ (Figure 4-19) illustrates these highest concentrations. 

 As depicted on Figure 4-5, out of a total of 44 wells, wells with EDB concentrations above 0.1 ppmv 

at depths of approximately 50 to 60 feet bgs are SVMW-05 (0.11 ppmv), KAFB-106134 (0.14 

ppmv), SVMW-08 (0.17 ppmv), SVMW-10 (0.331 ppmv), SVMW-02 (0.32 ppmv), and SVMW-11 

(1.30 ppmv). 
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 Out of a total of 11 wells screened at approximately 100 feet, 7 have EDB concentrations above 

0.1 ppmv. These wells are SVMW-05 (0.1 ppmv), SVMW-03 (0.14 ppmv), SVMW-09 (0.24 ppmv), 

SVMW-02 (0.32 ppmv), SVMW-04 (0.43 ppmv), SVMW-10 (0.53 ppmv), and SVMW-11 

(1.40 ppmv). 

 There are 36 total wells with screens at approximately 150 feet bgs. Wells with EDB concentrations 

above 0.1 ppmv at this depth are KAFB-106134 (0.13 ppmv), SVMW-13 (0.22 ppmv), SVMW-02 

(0.39 ppmv), SVMW-14 (0.45 ppmv), SVMW-12 (0.7 ppmv), and SVMW-10 (1.40 ppmv). 

 There are 46 total wells screened at 250 feet bgs. Wells with EDB concentrations above 0.1 ppmv 

at this depth are SVMW-08 (0.1 ppmv), SVMW-03 (0.13 ppmv), KAFB-106134 (0.14 ppmv), 

SVMW-13 (0.19 ppmv), SVMW-09 (0.33 ppmv), SVMW-04 (0.41 ppmv), SVMW-12 (0.48 ppmv), 

SVMW-14 (0.55 ppmv), SVMW-11 (1.40 ppmv), and SVMW-10 (2.40 ppmv). 

 Out of five wells screened at 250 feet bgs, two have EDB concentrations above 0.1 ppmv. These 

wells are SVMW-09 (0.21 ppmv) and SVMW-11 (0.37 ppmv). 

 There are 40 wells screened at approximately 350 feet bgs. Wells with EDB concentrations above 

0.1 ppmv at this depth are KAFB-106134 (0.12 ppmv), SVMW-13 (0.19 ppmv), SVMW-14 

(0.52 ppmv), and SVMW-12 (0.65 ppmv). 

 There are 40 wells screened at approximately 450 feet bgs. Wells with EDB concentrations above 

0.1 ppmv at this depth are KAFB-106134 (0.1 ppmv), KAFB-106118 (0.14 ppmv), SVMW-13 

(0.19 ppmv), SVMW-14 (0.53 ppmv), and SVMW-12 (0.66 ppmv). 

4.5 Vapor Concentrations Over Time 

The 2007 through Second Quarter CY 2014 soil-vapor time-series concentration graphs with four or more 

samples and selected compounds are presented in Appendix F-4. Historical TPH as gasoline range 

organics (GRO) concentration results in micrograms per liter (µg/L) were converted to ppbv by 

multiplying the µg/L results by 308, assuming a TPH-GRO molecular weight of 78 g/mol. TPH aromatic 

and aliphatic compound concentrations were converted from µg/m
3
 to ppbv using the procedure described 

in Section 4.4. 

Increases and decreases in VOC concentrations in a number of wells are reflected in the trend graphs for a 

number of individual compounds. Based on visual observation of the time-series plots, the following 

SVM wells have apparent trends of decreasing concentrations:  
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Feet Below 
Ground Surface Well Cluster Identification 

25 KAFB-106112, KAFB-106113, KAFB-106124, KAFB-106127, KAFB-106130 

50 
KAFB-106111, KAFB-106112, KAFB-106113, KAFB-106116, KAFB-106120, KAFB-106124, 
KAFB-106127, KAFB-106130 

150 KAFB-106113, KAFB-106116, KAFB-106120, KAFB-106124, KAFB-106126, KAFB-106129 

250 
KAFB-106110, KAFB-106113, KAFB-106116, KAFB-106120, KAFB-106124, KAFB-106126, 
KAFB-106129 

350 
KAFB-106108, KAFB-106113, KAFB-106114, KAFB-106115, KAFB-106116, KAFB-106117, 
KAFB-106119, KAFB-106120, KAFB-106121, KAFB-106122, KAFB-106123, KAFB-106124, 
KAFB-106126, KAFB-106127, KAFB-106129, KAFB-106130 

450 
KAFB-106111, KAFB-106114, KAFB-106115, KAFB-106116, KAFB-106117, KAFB-106119, 
KAFB-106120, KAFB-106122, KAFB-106124, KAFB-106127, KAFB-106128, KAFB-106129, 
KAFB-106130, KAFB-106131, SVMW-15, SVEW-05 

Other SVEW-04-313, SVEW-13-410, SVMW-03-100 
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5. GROUNDWATER MONITORING 

Groundwater monitoring consists of collecting quarterly liquid-level groundwater elevation and NAPL 

measurement data, and performing quarterly groundwater sampling for field chemical parameters and 

off-site laboratory analysis. In the following discussions, the SWMU SS-111 aquifer has been classified 

into the following four zones for purposes of data analysis: 

 Shallow Zone—This is the monitored zone that intersects the water table and extends 5 to 15 feet 

below the water-table elevation measured at the time of well installation. As the water table has 

continued to rise (Section 5.2), a number of these shallow wells has become flooded so that the water 

level is now above the tops of the screens (Section 5.5.1). Based on ongoing water-conservation 

practices in the Albuquerque area, the water-table rise is expected to continue, and additional wells 

will become flooded over the next several years.  

 Intermediate Zone—This is the aquifer zone that is monitored by wells that extend 15 to 30 feet 

below the water-table elevation measured at the time of well installation. As the water table continues 

to rise, this zone will become deeper in the aquifer. 

 Deep Zone—This is the aquifer zone that is monitored by wells that extend 30 to 130 feet below the 

water-table elevation measured at the time of installation. Deep zone wells installed since First 

Quarter CY 2011 are screened from 45 to 60 feet, 85 to 100 feet, and 115 to 130 below the water 

table As the water table continues to rise, this zone will become deeper in the aquifer. 

 Regional Aquifer—This is the aquifer zone where most of the water-supply wells in the area are 

screened. Generally, these wells are screened 500 feet or more below the 2009 water-table elevation 

(typically greater than 1,000 feet bgs). 

5.1 Quarterly Pre-Remedy Groundwater Monitoring  

Quarterly groundwater sampling is conducted in accordance with the approved Groundwater 

Investigation Work Plan (USACE, 2011b) and the NMED-approved BFF Spill QAPjP (USACE, 2011g). 

During Second Quarter CY 2014, groundwater sampling was conducted at the following groundwater 

wells (Figure 5-1):  
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 29 wells installed prior to December 2010 that consist of KAFB-1061 through KAFB-10627; 

KAFB-10628-510 installed in the BFF plume areas; and KAFB-3411, which was installed for the 

investigation of an adjacent site, and provide a monitoring location upgradient of the FFOR.  

 Well KAFB-10612 was abandoned during Second Quarter CY 2014 as discussed in Section 3.2.3 

of this Report. The replacement well, KAFB-10612R, was installed, developed, and sampled 

during Second Quarter CY 2014. The well abandonment documentation for KAFB-10612 can be 

found in Appendix D-5. 

 The pump was recovered from well KAFB-1061 and the cable repaired during Second Quarter 

CY 2014; the well was sampled. This well was not sampled during First Quarter CY 2014.  

 77 wells installed during 2011 that consist of KAFB-106029 through KAFB-106055 with the 

exception of well KAFB-106041, which is dry; and KAFB-106057 through KAFB-106107. There is 

no well KAFB-106056.  

 9 wells installed during 2012 that consist of KAFB-106201 through KAFB-106209. 

 Wells KAFB-3 and KAFB-15, which are Kirtland AFB drinking water production wells. Ongoing 

mechanical problems with Kirtland AFB drinking water production well, KAFB-16, prevented 

sample collection during the First Quarter CY 2014 monitoring event. 

 Veterans Affairs (VA)-2 –VA Medical Center drinking water production well. 

Groundwater sampling was conducted between April 7 and June 9, 2014. Sampling was performed using 

either dedicated Bennett sampling pumps or a portable Bennett pump sampling system. In accordance 

with the approved Groundwater Investigation Work Plan (USACE, 2011b), groundwater sampling 

included purging one well bore volume and monitoring field parameters for stabilization of temperature, 

pH, and specific conductance to within an estimated 10% prior to collecting water-quality measurements. 

Field parameters that were recorded prior to collecting groundwater samples for laboratory analysis were 

pH, conductivity, temperature, alkalinity, DO, turbidity, ORP, and alkalinity. 

After collection of water-quality measurements, the wells were purged at an approximate rate of 1.0 liter 

per minute. The Kirtland AFB production wells and the VA Medical Center groundwater production well 

were purged by flushing the dedicated sample line connected to each well, and then samples were 

collected. Samples were collected through non-chlorinated taps from the production wells. Groundwater 

samples collected during Second Quarter CY 2014 were analyzed by Empirical Laboratories, LLC in 
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Nashville, Tennessee (a DOD Environmental Laboratory Accreditation Program-certified laboratory). 

Field QC samples were collected in accordance with the approved BFF Spill QAPjP (USACE, 2011g) 

and included trip and ambient field blanks for VOCs, field duplicate samples, equipment rinse blank 

samples on portable pumps, and laboratory matrix spike and matrix spike duplicate QC measurement 

samples.  

Groundwater analytical data were validated for precision, accuracy, representativeness, comparability, 

and completeness in accordance with the approved BFF Spill QAPjP (USACE, 2011g), and appropriate 

data qualifiers were appended to the analytical data in the project database. The analytical laboratory 

results and field parameters are presented in Table 5-1; the data validation results are presented in the 

Data Quality Evaluation Report included in Appendix B-1.  

5.1.1 Air Bubbles in Groundwater Samples 

Small air bubbles have been observed in groundwater samples during previous quarters in several 

wells. Kirtland AFB conducted a study to determine the origin and composition of the air present in 

groundwater samples. The Third Quarter CY 2013 Groundwater Gas Sample Results, Solid Waste 

Management Units ST-106 and SS-111 letter was submitted to the NMED in February 2014 (USACE, 

2014c). Gas analysis sampling methods and results are presented in the letter report. The gas analytical 

data show that the air bubbles observed in groundwater samples are almost identical to the atmosphere 

and are not introduced during the sampling process. Air bubbles were observed in 58 groundwater 

samples collected during Second Quarter CY 2014.  The samples that contained air bubbles are identified 

by a footnote after the sample name in Table 5-1.   

Kirtland AFB received a letter from the NMED-HWB dated June 27, 2014, discussing documentation and 

sampling of wells where air bubbles were observed (Appendix I-4). As directed in the letter, field staff 

will cease the practice of rotating the sample container to coalesce the air bubbles after initially filling the 
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container, releasing the accumulated air, and adding more sample. Field staff will also note the 

approximate bubble volume on the sample collection logs. These changes will be implemented at the 

beginning of the Fourth Quarter CY 2014 groundwater sampling event. Text will be added to that 

quarter’s report, detailing how bubble volume is approximated and the calculation of potential low bias 

for EDB based on air volume in the volatile organic analysis vial.   

5.1.2 KAFB-10617 Baseline Groundwater Samples 

Prior to startup of the AS/SVE system (Section 3.2.1), two baseline groundwater samples (GW1682 and 

GW1683) were collected from KAFB-10617 on June 19 and June 30, 2014, respectively. Baseline 

samples were analyzed for VOCs, EDB, TPH-diesel range organics (DRO), TPH-GRO, iron, and 

sulfide/sulfate in accordance with the NMED-approved AS and SVE Pilot Implementation Work Plan 

(USACE, 2014a). Groundwater results were compared to the more conservative screening level between 

the EPA maximum contaminant levels (MCLs) (EPA, 2013) and the NMED Groundwater Protection 

Standards (New Mexico Administrative Code 20.6.2.3103). The EPA regional screening level for tap 

water was used where there was no MCL or NMED Groundwater Protection Standard established for a 

given parameter. EDB was detected in both baseline groundwater samples at concentrations exceeding the 

EPA MCL of 0.05 µg/L, with a maximum concentration of 0.248 µg/L (by Method SW846 8011) 

detected in sample GW1682. The analytical laboratory results and field parameters are presented in 

Table 5-2; the data validation results are presented in the Data Quality Evaluation Report included in 

Appendix B-1. 

Groundwater monitoring well KAFB-10617 will continue to be sampled on a weekly basis for the first 

4 weeks after the AS/SVE system startup, biweekly for the next 8 weeks, and once every 3 weeks 

thereafter. Groundwater results from KAFB-10617 are submitted to the NMED by email on a monthly 

basis, and will be included in future quarterly reports. 
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5.2 Liquid-Level Data 

Beginning with First Quarter CY 2012, liquid levels were measured on a quarterly basis as opposed to a 

monthly basis in accordance with the BFF Spill QAPjP (USACE, 2011g), which was accepted by the 

NMED letter dated August 27, 2012 (Appendix I-4). Liquid levels were measured with either a Solinst 

Model 122 interface probe in wells that potentially contained NAPL, or a Solinst Model 101 water-level 

meter for wells that did not historically contain NAPL. Water-level meters/interface probes were checked 

for proper operation and cable integrity before use and were decontaminated between mobilizations for 

each well.  

During Second Quarter CY 2014, liquid-level measurements were conducted at the following 

groundwater monitoring wells (Table 5-3): 

 29 wells installed prior to December 2010 that include KAFB-1061 through KAFB-10612-R; 

KAFB-10613 through KAFB-10628-510; and KAFB-3411. 

 Well KAFB-10612 was abandoned during Second Quarter CY 2014. Liquid-level measurements 

were collected from the replacement well, KAFB-10612-R, during Second Quarter CY 2014.  

 77 wells installed from December 2010 through December 2011 that include KAFB-106029 through 

KAFB-106055 with the exception of well KAFB-106041, which is dry; and KAFB-106057 through 

KAFB-106107. There is no well KAFB-106056. 

 9 wells installed during 2012 that include KAFB-106201 through KAFB-106209. 

 6 nearby wells installed for unrelated projects, including KAFB-0118, KAFB-0119, KAFB-0121, 

KAFB-0510-MW, KAFB-0524, and KAFB-0508.  

Liquid-level measurement data are maintained in the project database. During the QC process, liquid 

levels are compared with historical water levels for each well. If the liquid level being measured differs 

by more than 2 feet from the previous quarter’s liquid level and is inconsistent with liquid-level changes 

in nearby wells, the liquid level is judged to be invalid. These data are posted as such Figure 5-5 and are 
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not used in the generation of liquid-level contours. Field liquid-level measurement forms are provided in 

Appendix G-6. 

Starting in Fourth Quarter CY 2011, CB&I implemented an improved QC process for the liquid-level 

measurements. CB&I follows the process described below to ensure that the liquid-level data meet data-

quality requirements. This level of QC was required because of the flat groundwater gradients and the 

effect that barometric pressure had on the liquid levels within the SWMU SS-111 aquifer. The following 

procedure was used during the Fourth Quarter CY 2013 monitoring event and will remain in practice for 

future quarterly liquid-level data collection.  

 Field technicians are provided with a standardized field form for liquid-level measurements. 

 Field technicians record the serial number/identification of the liquid-level meter used to collect 

measurements on the field form. 

 Field technicians measure liquid levels and field-check to verify that measurements within a given 

cluster are within plus or minus 0.5 foot, or are similar to previous quarterly measurements. If not, the 

field team will then re-measure the liquid level in the well with the discrepancy. 

 Field measurements are submitted to the Field Sampling Coordinator for QC, who checks to ensure 

the measurements are within plus or minus 0.5 foot of each other for a given cluster. The historical 

data are also taken into consideration. If liquid levels in wells within a certain cluster consistently 

differ by more than 0.5 foot, a re-check is not performed. If it is determined that this is not the case, 

the wells are flagged and measured again the following day. This QC evaluation is documented on the 

liquid-level measurement field form.  

 Additionally, the Field Sampling Coordinator compares the measurements against the measurements 

from the preceding quarter. If any measurements fail a plus or minus 1.0-foot check, they are marked 

and measured again the following day. This QC evaluation is documented on the liquid-level 

measurement field form.  

 The field and Field Sampling Coordinator QC checks are repeated for all measurements collected, 

including re-measurements of wells. Once the Field Sampling Coordinator verifies that the data 

collected have met the QC metrics, he/she signs the form and submits it for entry into the database. 

The Field Sampling Coordinator redlines any measurements that should not be entered into the 

database. 

 Field measurements (including re-measurements) are entered into the database along with associated 

flags, noting that the QC checks were performed. The database entry form has an internal-checking 

routine to flag any suspected data entry mistakes. 
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CB&I identified deviations from this QC process during the Second Quarter CY 2014 groundwater level 

collection. CB&I field personnel did not re-measure all wells that were more than 1.0 foot different from 

previous quarters; however, water levels in these wells were within 0.5 feet of the other wells in the 

cluster. One well, KAFB-0510-MW, was not re-measured and was not located in a cluster, and therefore, 

could not be checked against nearby wells. CB&I is taking corrective measures to ensure QC processes 

are followed by field staff. It should be noted, however, that differences of more than 1.0 foot have been 

observed from quarter to quarter and appear to be normal seasonal variations. 

5.2.1 Groundwater Levels 

Groundwater-level data are presented in Table 5-3, and groundwater-level contour maps for April 2014 

for the Shallow, Intermediate, and Deep Zones are presented on Figures 5-2, 5-3, and 5-4, respectively. 

Groundwater-level data is provided for well KAFB-10612R (Figure 5-2); however, the groundwater level 

was measured after the well had been installed and developed, over a month after the Second Quarter 

CY 2014 liquid-level measuring event. Therefore, the groundwater-level measurement for KAFB-10612R 

was not taken into consideration when developing the shallow groundwater contour figure.  

The 4,862-foot contours in the Shallow, Intermediate, and Deep Zones (Figures 5-2, 5-3, and 5-4, 

respectively) are convoluted in Second Quarter CY 2014.  It is not uncommon for contours to appear 

convoluted in a given quarter, and convoluted contours have been observed in previous quarters. Because 

the water level can vary by 0.8 foot per 1 inch of mercury change in barometric pressure, this effect could 

be a result of the barometric pressure at the time each well was monitored.  

Figure 5-5 shows comprehensive groundwater levels for April 2014, including all wells currently under 

the monitoring program for SWMU SS-111, and Figure 5-6 shows NAPL thickness in monitoring wells. 

No NAPL was measured in any monitoring wells during this quarter. If NAPL was present, water levels 

used to generate the contour maps would be corrected for NAPL thickness using the density correction 
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described by Mayer and Hassanizadeh (2005, Equation 4.5). The NAPL correction formula is 

automatically applied to all water levels. As such, a measurement of zero NAPL yields a correction of 

zero.  

A comprehensive historical groundwater-level table is presented in Appendix E-2, and water-level 

elevation and NAPL thickness hydrographs are presented in Appendices F-1 and F-2.  

As presented on Figures 5-2 through 5-4, the groundwater-flow direction is approximately North 35° to 

45° East.  Horizontal groundwater gradients from the southern to the northern extent of the monitoring 

well network in Second Quarter CY 2014 were the shallowest observed since monitoring began in First 

Quarter CY 2011. Between First and Second Quarter CY 2014, the majority of the water-level rise 

occurred in the northern part of the monitoring area, thus resulting in a total range in water levels that was 

only 2.05 feet along the length of the plume in the Shallow Zone, 2.18 feet in the Intermediate Zone, and 

2.01 feet in the Deep Zone. Because of the convoluted nature of the 4,862-foot contours and the small 

total range in water levels for each groundwater zone, the measured groundwater gradients varied from 

1.6 × 10
-4 

to 4.9 × 10
-4 

feet/feet. 

As presented on Figure 5-5 and by looking at well cluster water levels in Table 5-3, there are no clear 

vertical gradients across the site among the Shallow, Intermediate, and Deep Zones. No consistent vertical 

gradients have been observed among the Shallow, Intermediate, and Deep Zone wells since monitoring 

began in First Quarter CY 2011 (Section 5.5.1).  

5.2.2 NAPL Thicknesses 

As presented in Table 5-3, during the April through June 2014 reporting period, NAPL was not observed 

in any wells (Figure 5-6). Wells that historically had NAPL now have no observable NAPL; this change 
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is attributed to the overall rising groundwater levels (Section 5.5.2). Should the water level continue to 

rise, no measurable NAPL thickness is expected in any monitoring wells in future quarters. 

5.3 Groundwater-Quality Data 

The analysis of groundwater-quality data has been divided into organic compounds that are derived from 

the NAPL (fuel) plume and other compounds that relate to microbial degradation of those fuel-related 

compounds. This section presents a narrative discussion of the distribution of compounds based on the 

analytical data presented in Table 5-1. The water-quality analysis used the following procedures: 

 Field and laboratory analytical water-quality data were posted on “dot” maps using a graduated color 

scheme with postings of well names and concentrations beside the dots. This method allowed for 

visual point-pattern analysis of concentration distributions for each compound evaluated. For the 

color scheme, the lowest concentration break was set at the applicable regulatory value, if such a 

value existed. 

 Shallow and Intermediate Zone concentration plume contour maps were prepared for selected 

compounds with a sufficient number of detections to warrant interpolation of contours. For all 

contour maps, an inverse distance-weighting algorithm was used for the interpolations. The specific 

weighting and range values used were dependent on the data and are presented as notes on the 

individual maps.  

 In previous reports, it was possible to generate a TPH-DRO plume map with a lower concentration 

of150 µg/L. Beginning in Second Quarter CY 2012, a plume map had not been produced because of 

the elevated detection limits for TPH-DRO of 380 µg/L in samples from a number of wells. 

Therefore, a standard dot-map presentation was used for this compound, and future contouring of 

the TPH-DRO plume will not be attempted. Although the analytical method for TPH as diesel (EPA 

Method SW8015B) has not changed, the limit of quantitation (LOQ) has been revised. During the 

previous quarterly events, the laboratory reported a LOQ of 100 µg/L for TPH as diesel in 

groundwater samples. In the Fourth Quarter CY 2011, the laboratory reported TPH as diesel at 

levels slightly above the LOQ of 100 µg/L in three wells where it had not been detected in any 

previous quarter: 191 µg/L, 182 µg/L, and 195 µg/L at wells KAFB-106032, KAFB-106033, 

and KAFB-106034, respectively.   

 At CB&I’s request, the laboratory re-evaluated TPH as diesel sample preparation and quantitation 

procedures and indicated that due to uncertainty in the low-level TPH as diesel results, high-

biased results could have been reported. To minimize potentially high-biased results or false 

positive results, the laboratory has since raised the LOQ for TPH as diesel from 100 µg/L to 

380 µg/L. As required by the DOD and project QAPjP (USACE, 2011g), the laboratory has been 

conducting the quarterly LOQ and limit of detection studies to support this higher LOQ.  Since 

there is no regulatory standard for TPH as diesel in groundwater, the higher LOQ has no adverse 

impact on the project data quality objectives. 
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 Using a combination of the dot and contour maps, a preliminary qualitative evaluation of fate and 

transport was conducted. Quantitative fate and transport analysis will be conducted as additional 

degradation data are collected. 

5.3.1 Organic Compound Results 

The following section describes the key Second Quarter CY 2014 analytical findings based on the results 

presented in Table 5-1, and the associated maps generated from these data (Figures 5-7 through 5-30). As 

compared to previous quarterly reports (USACE; 2011e, 2011f, 2011h, 2012b, 2012c, 2012d, 2012e, 

2013a, 2013b, and 2014d), the compound plumes and concentrations have not changed appreciably in the 

past 12 months.  Compound-specific dot and/or plume maps were prepared for TPH-GRO, TPH-DRO, 

EDB, benzene, toluene, total xylenes, 1,2,4-trimethylbenzene (1,2,4-TMB), and naphthalene.   

The following bullets present the key organic compound results for the First Quarter CY 2014:  

 TPH-GRO—The well concentrations and concentration contours for the Shallow and Intermediate 

Zones are presented on Figures 5-7 and 5-8, respectively, for this compound group. Deep Zone well 

concentrations are presented on Figure 5-9. The reporting limit of 150 µg/L is used for the lower 

concentration contour limit. The TPH-GRO plume extent was fully delineated in First Quarter 

CY 2012 and confirmed in each following quarter. 

 The TPH-GRO Shallow Zone plume is approximately 5,000 feet long by 1,500 feet wide with the 

highest concentrations within the historical NAPL area.  In Second Quarter CY 2014, 14 Shallow 

Zone wells had TPH-GRO concentrations exceeding the NMED TPH screening guideline for 

kerosene and jet fuel of 550 µg/L for potable groundwater (NMED, 2012b). The highest detected 

concentration was 67,000 µg/L within the historical NAPL area. 

 The TPH-GRO Intermediate Zone plume is approximately 3,000 feet long and 1,300 feet wide 

with the highest concentrations within the historical NAPL area. In Second Quarter CY 2014, 

three Intermediate Zone wells had TPH-GRO concentrations exceeding the NMED TPH 

screening guideline for kerosene and jet fuel of 550 µg/L for potable groundwater (NMED, 

2012b). The highest detected concentration was 23,000 µg/L within the historical NAPL area. 

 In the Deep Zone, TPH-GRO was not detected above the reporting limit of 150 µg/L in any wells 

during Second Quarter CY 2014. Historically, TPH-GRO has only been detected above 150 µg/L 

once in the Deep Zone. During Fourth Quarter CY 2011, it was detected at 320 µg/L in KAFB-

106081, which is within the historical NAPL area. 
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 TPH-DRO—The well concentrations for the Shallow, Intermediate, and Deep Zones are 

presented on Figures 5-10, 5-11, and 5-12, respectively, for this compound group. The TPH-DRO 

concentrations were not contoured due to the high nondetect values. Since Second Quarter CY 2012, 

a reporting limit of 380 µg/L has been used. The extent of the TPH-DRO plume was fully delineated 

in First Quarter CY 2012, and confirmed in each following quarter. 

 The TPH-DRO Shallow Zone plume is approximately 4,200 feet long and 1,000 feet wide with 

the highest concentrations within the historical NAPL area. In Second Quarter CY 2014, 

19 Shallow Zone wells had TPH-DRO concentrations exceeding the NMED TPH screening 

guideline for kerosene and jet fuel of 550 µg/L for potable groundwater (NMED, 2012b). The 

highest detected concentration was 170,000 µg/L within the historical NAPL area. 

 The TPH-DRO Intermediate Zone plume is approximately 2,000 feet long and 1,000 feet wide 

with the highest concentrations within and immediately downgradient of the historical NAPL 

area. In Second Quarter CY 2014, six Intermediate Zone wells had TPH-DRO concentrations 

exceeding the NMED TPH screening guideline for kerosene and jet fuel of 550 µg/L for potable 

groundwater (NMED, 2012b). The highest detected concentration was 22,000 µg/L within the 

historical NAPL area. 

 In the Deep Zone, TPH-DRO was detected in one well, KAFB-106081, during Second Quarter 

CY 2014. The detected concentration was 130 µg/L and was detected within the historical NAPL 

area. Historically, TPH-DRO has only been detected once in the Deep Zone. During Fourth 

Quarter CY 2012, it was detected at a level of 3,800 µg/L in KAFB-106096, which is within the 

historical NAPL area. 

 EDB—The EPA Method SW-846 8011 analytical data are used in preparing the EDB concentration 

contours. The EDB concentrations and concentration contours for the Shallow, Intermediate, and 

Deep Zones are presented on Figures 5-13, 5-14, and 5-15 respectively. The EPA MCL of 0.05 µg/L 

(EPA, 2013) is used for the lower concentration contour limit.  

 The EDB Shallow Zone plume is approximately 6,000 feet long and 1,400 feet wide with the 

highest concentrations within the historical NAPL area. In Second Quarter CY 2014, 26 Shallow 

Zone wells had EDB concentrations exceeding the EPA MCL of 0.05 µg/L (EPA, 2013). The 

highest detected concentration was 54 µg/L within the historical NAPL area. The sample 

collected at KAFB-10612R, which was installed to replace the non-working KAFB-10612, 

resulted in a non-detection for EDB in Second Quarter CY 2014.  

 The EDB Intermediate Zone plume is approximately 5,000 feet long by 1,000 feet wide with the 

highest concentrations downgradient of the historical NAPL area. In Second Quarter CY 2014, 

12 Intermediate Zone wells had EDB concentrations exceeding the EPA MCL of 0.05 µg/L 

(EPA, 2013). The highest detected concentration was 0.60 µg/L, approximately 1,750 feet 

downgradient of the historical NAPL area. 

 In the Deep Zone, only two wells have consistent detections of EDB. These are wells 

KAFB-106037 and KAFB-106058, which are downgradient from the historical NAPL area. 

During Second Quarter CY 2014, both wells had detections greater than the EPA MCL of 

0.05 µg/L: KAFB-106037 had a detection of 0.16 µg/L, and KAFB-106058 had a detection of 

0.11 µg/L. 
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 The farthest downgradient EDB-contaminated well is the KAFB-106055 well cluster. The 

Shallow, Intermediate (KAFB-106057), and Deep Zone (KAFB-106058) wells have reported 

EDB concentrations between 0.11 and 1.1 µg/L by using analytical results from EPA Method 

SW-8011 for Second Quarter CY 2014. This cluster is located approximately 2,500 feet 

downgradient of the edge of the NAPL area.  

 Benzene—The concentrations and concentration contours for the Shallow Zone are presented on 

Figure 5-16 for this compound. Intermediate and Deep Zone well concentrations are presented on 

Figures 5-17 and 5-18, respectively. The EPA MCL of 5 µg/L (EPA, 2013) was used for the lower 

concentration contour limit. The extent of the benzene plume was fully delineated in Third Quarter 

CY 2011 and confirmed in each following quarter. 

 The benzene Shallow Zone plume is approximately 2,700 feet long by 1,000 feet wide, which 

appears to be almost entirely contained within the historical NAPL area. In Second Quarter 

CY 2014, 12 Shallow Zone wells had benzene concentrations exceeding the EPA MCL of 5 µg/L 

(EPA, 2013). The highest detected concentration was 14,000 µg/L within the historical NAPL 

area.  

 During Second Quarter CY 2014, one Intermediate Zone well had a detected benzene 

concentration greater than the EPA MCL of 5 µg/L (EPA, 2013): KAFB-106080 had a 

concentration of 7,600 µg/L. This well is located within the historical NAPL area. 

 Benzene has not been detected in any Deep Zone wells since the Third Quarter CY 2011.  

 Toluene—The concentrations and concentration contours for the Shallow Zone are presented on 

Figure 5-19 for this compound. Intermediate and Deep Zone well concentrations are presented on 

Figures 5-20 and 5-21, respectively. The New Mexico Groundwater Protection Standard of 750 µg/L 

(20.6.2.3103 NMAC) was used for the lower concentration contour limit. The extent of toluene 

contamination was fully delineated in Second Quarter CY 2011 and confirmed in each following 

quarter. 

 Toluene in the Shallow Zone is contained within the historical NAPL area. In Second Quarter 

CY 2014, five Shallow Zone wells had toluene concentrations exceeding the New Mexico 

Groundwater Protection Standard of 750 µg/L (20.6.2.3103 NMAC) with a maximum detection 

of 17,000 µg/L within the historical NAPL area.  

 In the Intermediate Zone, no toluene was detected. This is the fourth successive quarter since the 

extent of toluene contamination in the Shallow Zone was fully delineated where toluene has not 

been detected in any Intermediate Zone wells. 

 No toluene was detected in the Deep Zone during this sampling round, and toluene has not been 

detected in any Deep Zone wells above the New Mexico Groundwater Protection Standard of 

750 µg/L (20.6.2.3103 NMAC) since the extent of toluene contamination was fully delineated. 
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 Total Xylenes—The concentrations and concentration contours for the Shallow Zone are presented 

on Figure 5-22 for this compound. Intermediate and Deep Zone well concentrations are presented on 

Figures 5-23 and 5-24, respectively. The New Mexico Groundwater Protection Standard of 620 µg/L 

(20.6.2.3103 NMAC) was used for the lower concentration contour limit. The extent of total xylene 

contamination was fully delineated in Second Quarter CY 2011 and confirmed in each following 

quarter. 

 Detections of total xylenes in the Shallow Zone are contained within the historical NAPL area. In 

Second Quarter CY 2014, four Shallow Zone wells had total xylene concentrations exceeding the 

New Mexico Groundwater Protection Standard of 620 µg/L (20.6.2.3103 NMAC) with a 

maximum detection of 5,200 µg/L within the historical NAPL area.  

 Total xylene concentrations have not exceeded the New Mexico Groundwater Protection 

Standard of 620 µg/L (20.6.2.3103 NMAC) in any Intermediate Zone wells since the extent of 

total xylene contamination was fully delineated. 

 No xylene was detected in the Deep Zone during this sampling round, and xylenes have not been 

detected in any Deep Zone wells above the New Mexico Groundwater Protection Standard of 

620 µg/L (20.6.2.3103 NMAC) since the extent of total xylene contamination was fully 

delineated. 

 1,2,4-TMB—The concentration contours for the Shallow Zone are presented on Figure 5-25 for this 

compound. Intermediate and Deep Zone well concentrations are presented on Figures 5-26 and 5-27, 

respectively. Because there is no New Mexico Groundwater Protection Standard or EPA MCL for 

1,2,4-TMB, the EPA tap water limit of 15 µg/L (EPA, 2013) is used for the lower concentration 

contour limit. The extent of the 1,2,4-TMB plume was fully delineated in Second Quarter CY 2011 

and confirmed in each following quarter. 

 The 1,2,4-TMB Shallow Zone plume is almost entirely contained within the historical NAPL 

area. In Second Quarter CY 2014, nine Shallow Zone wells had 1,2,4-TMB concentrations 

exceeding the EPA tap water limit of 15 µg/L (EPA, 2013) with a maximum concentration of 

530 µg/L within the historical NAPL area.  

 In the Intermediate Zone, 1,2,4-TMB was detected in one well above 15 µg/L within the 

historical NAPL area. KAFB-106080 had a detection of 55 µg/L. 

 No 1,2,4-TMB was detected in the Deep Zone during this sampling round, and 1,2,4-TMB has 

not been detected in any Deep Zone wells above the EPA tap water limit of 15 µg/L (EPA, 2013) 

since the extent of the 1,2,4-TMB plume was fully delineated. 

 Naphthalene—The concentrations and concentration contours for the Shallow Zone are presented on 

Figure 5-28 for this compound. Intermediate and Deep Zone well concentrations are presented on 

Figures 5-29 and 5-30, respectively. The New Mexico Groundwater Protection Standard of 30 µg/L 

(20.6.2.3103 NMAC) was used for the lower concentration contour limit. The extent of the 

naphthalene plume was fully delineated in Third Quarter CY 2011 and confirmed in each following 

quarter. 
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 The Shallow Zone naphthalene plume is contained within the historical NAPL area. In Second 

Quarter CY 2014, seven Shallow Zone wells had naphthalene concentrations exceeding the New 

Mexico Groundwater Protection Standard of 30 µg/L (20.6.2.3103 NMAC) with a maximum 

concentration of 300 µg/L within the historical NAPL area.  

 During Second Quarter CY 2014, naphthalene was only detected above the New Mexico 

Groundwater Protection Standard of 30 µg/L (20.6.2.3103 NMAC) in one Intermediate Zone well 

(KAFB-106080) within the historical NAPL area at a concentration of 91 µg/L. 

 No naphthalene was detected in the Deep Zone during this sampling round, and it has not been 

detected in any Deep Zone wells above the New Mexico Groundwater Protection Standard of 

30 µg/L (20.6.2.3103 NMAC) since the extent of the naphthalene plume was fully delineated. 

5.3.2 Microbial Degradation Indicators 

Fundamentally, microbial degradation occurs when bacteria metabolizes organic compounds.  In this 

process, electron donors release electrons and become more positively charged, electron acceptors receive 

electrons and become more negatively charged, and nutrients are consumed.  Metabolism, thereby, 

increases the bacteria population according to the following general equation (Wiedemeier et al., 1999): 

Microorganisms + Electron donors + Electron acceptor + Nutrients   

Metabolic by-products + Energy + Additional microorganisms 

 

As a step in evaluating data for remedy selection for the Kirtland AFB BFF fuel plume, a dot-map 

evaluation of selected degradation indicator compounds (Table 5-4) was performed to relate various 

indicators to the extent of the NAPL area and dissolved plumes. For this evaluation, dot maps were 

prepared for DO, ORP, alkalinity, iron, manganese, nitrogen (nitrate/nitrite), sulfate, and bromide. Only 

dissolved (filtered) iron data were available; however, as ferric iron is relatively insoluble in water, the 

majority of the dissolved iron is assumed to be ferrous iron, particularly in the anaerobic zone of the 

aquifer.  For this Second Quarter CY 2014 Report, and all reports after the First Quarter CY 2011 Report, 

dot maps of ammonia and sulfide were not prepared because these two compounds were not detected in a 

sufficient number of wells to allow meaningful map analysis. 
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 DO—Concentrations of this degradation indicator compound for the Shallow, Intermediate, and Deep 

Zones are presented on Figures 5-31 through 5-33, respectively. Microbial degradation will result in 

decreased DO concentrations as the environment becomes anaerobic (Table 5-4). The extent of DO 

depletion was fully delineated in Third Quarter CY 2011 and confirmed in each following quarter. 

Several wells on Figures 5-31 and 5-32 have negative DO values. The well names at these locations 

are followed by an asterisk, denoting measurement error due to equipment malfunction. These values 

were not included in the following analysis.  

 In the Shallow Zone, the extent of DO depletion below 1.00 mg/L is approximately 4,200 feet 

long and 1,200 feet wide in the historical NAPL area, narrowing to less than 1,000 feet wide to 

the north. DO is the lowest in the historical NAPL area with concentrations of 0 mg/L in nine 

wells. Away from the organic compound plume area, the DO concentrations are in the range of 7 

to 10 mg/L, which is near the atmospheric saturation concentration at the elevation and 

temperature of the groundwater. This pattern indicates that microbial degradation is occurring  

within the historical NAPL area and the dissolved plume area extending north up to Gibson 

Boulevard. 

 In the Intermediate Zone wells, DO depletion below 1.00 mg/L is observed in four wells 

(KAFB-106065, KAFB-106073, KAFB-106083, and KAFB-106086) within and downgradient of 

the historical NAPL area. The low DO value in KAFB-106101 appears to be anomalous. It is not 

within the historical NAPL area or dissolved phase plume. Additionally no contaminant 

concentrations are elevated in this well. This is the first quarter in which KAFB-106073 has 

shown depletion, and the fourth quarter of monitoring where KAFB-106083 has been depleted to 

less than 1.00 mg/L. 

 In the Deep Zone, DO depletion below 1.00 mg/L is observed in only one well, KAFB-106084, 

just downgradient of the historical NAPL area. 

 ORP—Measurements of this degradation indicator for the Shallow, Intermediate, and Deep Zones 

are presented on Figures 5-34 through 5-36, respectively. Microbial degradation will result in 

decreased ORP values as the environment becomes anaerobic (Table 5-4). The extent of ORP 

reduction was fully delineated in Third Quarter CY 2011 and confirmed in each following quarter. 

 In the Shallow Zone, ORP values below 0 mV are observed within and immediately 

downgradient of the historical NAPL area with many values between -150 and -350 mV, and a 

minimum value of -356 mV at KAFB-106088. Within the area of the dissolved EDB plume, ORP 

values primarily range from 1 to 150 mV, while at the plume boundaries and outside of the 

dissolved plume, ORP values are the highest, ranging from 101 to 940 mV. This pattern indicates 

that microbial degradation is occurring within the historical NAPL area, and possibly within the 

dissolved EDB plume downgradient of the historical NAPL area. 

 In the Intermediate Zone, ORP of less than 0 mV was observed in four wells within and 

immediately downgradient of the historical NAPL area with a minimum value of -296 mV at 

KAFB-106089. Along the central axis of the dissolved EDB plume, ORP values primarily range 

from 1 to 100 mV, while the majority of the wells located outside of the dissolved EDB plume 

had ORP values greater than 100 mV. 

 In the Deep Zone, two wells showed anomalous negative ORP values of -624 and -640 mV at 

wells KAFB-106090 and KAFB-106054, respectively. Neither of these wells is located within the 

historical NAPL area, which raises questions about the validity of these data.   
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 Alkalinity—Concentrations of this degradation indicator for the Shallow, Intermediate, and Deep 

Zones are presented on Figures 5-37 through 5-39, respectively. Microbial degradation can result in 

increased alkalinity concentrations because of elevated CO2 concentrations, which result in the 

lowering of the pH, thereby causing an increased rate of mineral dissolution (Table 5-4). The extent 

of increased alkalinity was fully delineated in Third Quarter CY 2011 and confirmed in each 

following quarter. 

 In the Shallow Zone, alkalinity is primarily elevated above the background of approximately 

120 to 150 mg/L within and adjacent to the historical NAPL area, with a maximum concentration 

of 416 mg/L. Downgradient of the historical NAPL area, alkalinity falls below 150 mg/L. 

Overall, alkalinity decreases with distance from the historical NAPL area with a minimum 

concentration of 88 mg/L. 

 In the Intermediate Zone, alkalinity is only elevated above 150 mg/L in four wells within and 

downgradient of the historical NAPL area. The highest alkalinity observed in Second Quarter 

CY 2014 was 260 mg/L. 

 During Second Quarter CY 2014, alkalinity was not elevated above 150 mg/L in any Deep Zone 

wells. Since Third Quarter CY 2011, alkalinity has only periodically been greater than 150 mg/L 

in any Deep Zone well with no consistent pattern. 

 Iron—Concentrations of this degradation indicator compound for the Shallow, Intermediate, and 

Deep Zones are presented on Figures 5-40 through 5-42, respectively. Microbial degradation can 

result in increased iron concentrations as mineral dissolution reactions occur (Table 5-4). The extent 

of elevated iron was fully delineated in Third Quarter CY 2011 and confirmed in each following 

quarter. 

 In the Shallow Zone, iron is elevated above 100 µg/L within and immediately downgradient of 

the historical NAPL area. During Second Quarter CY 2014, iron was elevated above the EPA 

MCL of 1,000 µg/L (EPA, 2013) in six wells located within the historical NAPL area. Because 

microbial degradation causes increased dissolved iron concentrations in groundwater, elevated 

iron concentrations indicate the presence of active microbial degradation of organic compounds. 

 In the Intermediate Zone, iron was elevated above 100 µg/L in only three wells within and 

downgradient of the historical NAPL area during Second Quarter CY 2014. Two of these wells, 

KAFB-106065 and KAFB-106080, had iron elevated above the EPA MCL of 1,000 µg/L (EPA, 

2013). 

 In the Deep Zone, iron concentrations were not elevated in samples from any wells.  

 Manganese—Concentrations of this degradation indicator compound for the Shallow, Intermediate, 

and Deep Zones are presented on Figures 5-43 through 5-45, respectively. Microbial degradation can 

result in increased manganese concentrations (Table 5-4). The extent of elevated manganese was fully 

delineated in Third Quarter CY 2011 and confirmed in each following quarter. 

 In the Shallow Zone, manganese is elevated above 15 µg/L within the historical NAPL area and 

downgradient within the dissolved plume as far as Gibson Boulevard. The highest manganese 

concentrations are within the historical NAPL area. During Second Quarter CY 2014, 

manganese was elevated above the New Mexico Groundwater Protection Standard of 50 µg/L 
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(20.6.2.3103 NMAC) in 24 Shallow Zone Wells with a maximum concentration of 6,400 µg/L 

within the historical NAPL area. Microbial degradation causes increased manganese groundwater 

concentrations, thus indicating the presence of active microbial degradation of organic 

compounds in these areas. 

 In the Intermediate Zone, elevated manganese has a similar footprint as in the Shallow Zone, 

although the concentrations are lower, and elevated manganese concentrations extend 

slightly farther downgradient. The highest manganese concentrations are within and 

immediately downgradient of the historical NAPL area. During Second Quarter CY 2014, 

manganese was elevated above the New Mexico Groundwater Protection Standard of 50 µg/L 

(20.6.2.3103 NMAC) in five Intermediate Zone wells with a maximum detected concentration of 

5,800 µg/L within the historical NAPL area. 

 In the Deep Zone, manganese was only elevated above 15 µg/L in the production well KAFB-15 

during Second Quarter CY 2014. This well is screened much deeper than the monitoring wells 

and is approximately 2,100 feet west of the historical NAPL area. Manganese was detected at 

22 µg/L, which is below the New Mexico Groundwater Protection Standard of 50 µg/L 

(20.6.2.3103 NMAC). 

 Nitrogen (Nitrate/Nitrite)—Concentrations of this degradation indicator compound are presented on 

Figures 5-46 through 5-48. Microbial degradation will cause decreases in nitrate/nitrite 

concentrations. Nitrate concentrations are low through much of the plume area as well as 

downgradient and cross-gradient from the plume, unlike other degradation indicators. Many of the 

nitrate analyses had relatively high detection limits – this will be evaluated for future nitrate analyses. 

During Second Quarter CY 2014, no detections of nitrate/nitrite exceeded the New Mexico 

Groundwater Protection Standard of 10 mg/L (20.6.2.3103 NMAC) in the Shallow, Intermediate, or 

Deep Zones. 

 Sulfate—Concentrations of this degradation indicator compound are presented on Figures 5-49 

through 5-51. Microbial degradation can cause decreases in sulfate concentrations (Table 5-4). 

During Second Quarter CY 2014, no detections of sulfate exceeded the New Mexico Groundwater 

Protection Standard of 250 mg/L (20.6.2.3103 NMAC) in the Shallow, Intermediate, or Deep Zones. 

Although the highest Shallow Zone sulfate concentration of 180 mg/L was detected within the 

historical NAPL area, there does appear to be a trend of elevated concentrations along the 

northwestern edge of the dissolved phase plume in all zones. 

 Bromide—Concentrations of this potential degradation indicator compound are presented on 

Figures 5-52 through 5-54. Degradation of EDB results in elevated concentrations of bromide ions. 

Second Quarter CY 2014 was the first quarter in which groundwater samples were analyzed for 

bromide. Higher concentrations of bromide are observed primarily immediately downgradient of the 

historic NAPL area.  There is no EPA MCL, New Mexico Groundwater Protection Standard, or EPA 

tapwater standard for bromide. 

Based on this analysis of the degradation indicator compounds and the spatial extent of the organic 

compounds discussed in Section 5.3.1, it appears that microbial degradation is substantially slowing the 

migration rate and limiting the extent of a majority of the organic contaminants, including benzene, 
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toluene, and total xylenes. While the EDB plume extends farther to the north than the other contaminants, 

the rapid decrease in EDB concentrations from within the historical NAPL area toward the north suggests 

that EDB is also being degraded.  

5.3.2.1 Compound-Specific Isotope Analysis and Biological Parameter Sampling 

During Third Quarter CY 2013, samples were collected for compound-specific isotope analysis (CSIA) 

and biological parameter analysis. The ratio between two stable carbon isotopes (Carbon-12 and 

Carbon-13) can be used to determine if biological degradation is occurring. Microbes will preferentially 

degrade the lighter isotopes of carbon, thus leaving a relatively heavy sample that is enriched in 

Carbon-13.  

Samples were collected to determine whether microbial degradation was occurring in benzene and EDB, 

and at what rates. Samples were collected at 31 wells for EDB CSIA, and at a subset of 14 of these wells 

for benzene CSIA. In addition, at each of these 31 wells, samples were collected for biological parameter 

analysis. Samples for biological parameters were analyzed for the following: 

 Aerobic (heterotrophic) bacteria plate count 

 Anaerobic bacteria plate count 

 Alkylbenzene degrader gene analysis (no EDB degrader gene analysis is available) 

These data can be used to determine whether anaerobic or aerobic conditions are dominant at the 

sampling location, and whether the microbes present are capable of degrading alkylbenzenes. The 

laboratory results for all CSIA and biological parameter analysis can be found in the Third Quarter CY 

2013 Report (USACE, 2013d). The following conclusions can be drawn from the results of these 

analyses: 
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 The degradation indicator parameters (e.g., dissolved iron, dissolved manganese, alkalinity, ORP, 

dissolved oxygen) all lead to the same general conclusion: Degradation of organic compounds is 

occurring in the BFF groundwater plume. The dissolved iron plume has approximately the same 

footprint as the benzene plume, alkalinity is elevated in the NAPL area, and dissolved oxygen is 

depleted in the NAPL area. Oxidation-reduction potentials show a gradual increase downgradient 

from the NAPL area consistent with decreasing concentrations in the dissolved manganese plume. 

 In the NAPL area, the degradation of organic compounds is occurring under anaerobic conditions. 

 The microbial data show that the benzylsuccinate synthase and phenol mono-oxygenase genes appear 

to be involved in the degradation of alkylbenzenes, and by association, possibly other aromatic 

hydrocarbon compounds. 

 The CSIA benzene data indicate degradation with δ
13

C values increasing from -34‰ in the NAPL 

area to -27‰ immediately downgradient from the NAPL area. This corresponds to an estimated mass 

loss of at least 85 percent (based on a reevaluation of the data) as a result of microbial degradation. 

The maximum benzene degradation rate is occurring at the distal edge of the NAPL plume.  

 Benzene, and by association, the other petroleum hydrocarbons, is effectively degraded in the 

groundwater associated with the NAPL plume or the groundwater that is a short distance 

downgradient from the NAPL. Given the definitive anaerobic degradation conditions in the NAPL 

area and the area immediately downgradient from the NAPL, and the lack of detected petroleum 

hydrocarbons (other than EDB) further downgradient from the NAPL area, it is unlikely that the BFF-

related contamination, excluding EDB, will reach any existing receptor well.  

 The presence of the anaerobic area (ORP less than 0 mV) downgradient of the NAPL is attributed to 

degradation of TPH-DRO and TPH-GRO as reflected in the elevated dissolved manganese in this 

area; increased manganese concentrations are expected in areas of anaerobic conditions (low ORP).  

 None of the wells with statistically significant decreasing concentrations of EDB and benzene are in 

the aerobic part of the Shallow and Intermediate Zones. There are no conclusive data showing that 

degradation of EDB is occurring in the aerobic zone.  

 The CSIA 
13

C EDB data show a statistically significant increase from -35‰ in the NAPL area to 

greater than -27‰, which corresponds to a mass loss of 23 percent to 76 percent as a result of 

degradation. The majority of the isotope change occurs at the distal edge of the NAPL plume. There 

is an apparent slight increase in EDB 
13

C values downgradient from the NAPL indicating continuing 

degradation, but it is not definitive. 

In summary, degradation indicators, microbial data, and CSIA data all indicate that benzene and other 

petroleum hydrocarbon compounds are undergoing degradation in the anaerobic area of the BFF 

groundwater plume. There is also direct evidence that EDB is degrading in the anaerobic portion of the 

plume; however, degradation of EDB in the aerobic area of the plume is not readily apparent. 
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5.3.3 Piper and Stiff Diagram Inorganic Chemistry Evaluation 

The major inorganic ion Piper and Stiff diagrams are presented on Figures 5-55 through 5-68. The 

diagrams are grouped by well location with respect to the NAPL area, and color-coded by Shallow, 

Intermediate, Deep, and Regional Zones of the aquifer. From the Piper diagrams (Figures 5-55 

through 5-58), it is apparent that the bicarbonate + carbonate (HCO3
- 
+ CO3) concentrations within the 

NAPL area are clustered in the range from 50 to 95%, while the downgradient wells and those with 

nondetected results have bicarbonate concentrations ranging from 20 to 80%. These ranges are to be 

expected because microbial degradation can cause bicarbonate concentrations to increase as CO2 is 

generated in the degradation process. The CO2 increase will lower the pH, thereby dissolving carbonate 

minerals in the aquifer, and will have the overall effect of increasing the bicarbonate/sulfate ratio. In the 

NAPL-area wells, there is an overall increase in calcium in the Shallow and Intermediate Zone wells as 

compared to the Deep Zone wells. The highest contaminant concentrations are in the Shallow Zone, so 

this is presumably where the microbial degradation is most active, thus resulting in more CO2 increase 

and calcium carbonate mineral dissolution, and an increase in calcium concentrations. 

The Stiff diagrams on Figures 5-59 through 5-68 show a similar pattern with the obvious increase in 

bicarbonate in the NAPL-area and downgradient-plume wells. Overall, the Shallow Zone NAPL area and 

plume wells have higher calcium and bicarbonate concentrations (in milli-equivalents per liter) than the 

Intermediate and Deep Zone wells. Thus, the calcium/bicarbonate increases observed in the Piper 

diagrams are observed in the Stiff diagrams. 

5.4 Production-Well Data  

As part of the Kirtland AFB BFF Spill Site Pre-Remedy Quarterly Monitoring Program, groundwater 

samples were collected and analyzed during Second Quarter CY 2014 at the Kirtland AFB production 

wells, KAFB-3 and KAFB-15, and the VA production well, VA-2. Kirtland AFB production well 

KAFB-16 was not sampled this quarter due to ongoing mechanical problems. Although the production 
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wells are deeper and the screened interval is not consistent with the BFF groundwater monitoring wells, 

they are being monitored to ensure that no contamination associated with the BFF Spill has impacted the 

drinking water aquifer in the area associated with the BFF Spill. During Second Quarter CY 2014, there 

were no exceedances of regulatory limits in the samples from any production wells. The analytical results 

are presented along with all Second Quarter CY 2014 groundwater monitoring results in Table 5-1.  

5.5 Time-Series Data Analysis 

Time-series graphs are presented in Appendix F. Water-level and NAPL-elevation hydrographs 

are presented in Appendix F-1, NAPL-thickness graphs in Appendix F-2, and groundwater-concentration 

graphs in Appendix F-3. The summary evaluations of these time-series graphs are presented in the 

following sections.  

5.5.1 Groundwater Levels 

Time-series hydrographs of groundwater and NAPL elevations are presented in Appendix F-1 for 2007 

through Second Quarter CY 2014. Based on analysis of these hydrographs, the water level across the site 

rose approximately 0.5 to 3.6 feet from First Quarter CY 2014 to Second Quarter CY 2014. Overall 

groundwater levels at the site have risen approximately 8.3 to 14.2 feet since 2009. This rise can be 

attributed to the water-conservation practices implemented by the City of Albuquerque and the San Juan-

Chama Diversion Project completed in December 2008 to reduce groundwater withdrawals. 

These rising water levels have caused a number of wells to have screens that are now flooded with the 

tops of the screens below the current water table. Figure 5-2 and Table 5-5 illustrate the Shallow Zone 

wells in which the screens are now below the water table. As of April 2014, 29 Shallow Zone wells have 

flooded screens, 8 wells have tops of screens within 2 feet of the water table, and 17 wells have tops of 

screens more than 2 feet above the water table. 
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Of particular importance to the conceptual site model and remediation design is the amount of water-table 

decline that has occurred in the aquifer over the past 60 years. KAFB-3 (northeastern corner of 

Figure 5-1) was screened from a depth of 448 to 900 feet bgs. The initial depth to water was 407 feet (as 

measured in 1949), and the lowest water level was 550 feet in 2009 (Appendix E-2). The historical water 

levels over time were from the original installation and subsequent pump repair events when the repair 

contractor measured the depth to water. As shown in Appendix E-2, water levels declined approximately 

142 feet (4,953 feet downward to a 4,811-foot elevation) between 1949 and 2009 with the majority of the 

water-level decline (over 100 feet) occurring since 1975. 

The timing and magnitude of this observed water-level decline had a profound effect on the volume of 

contaminated soil and vapor in the vadose zone. Assuming that the NAPL reached the water table in 

approximately 1980, and spread out horizontally in a downgradient direction, this occurrence would place 

the NAPL at an elevation of approximately 450 feet bgs. As the water table declined in the 1980s through 

the 1990s and, presumably, additional NAPL was released from inadvertent leaks or spills, and this 

created what essentially is a 100-foot-thick NAPL “smear zone” that extends from a nominal depth of 

400 feet to the approximate 2009 water- table depth of 500 feet bgs. The smear zone explains why the 

highest soil and vapor concentrations (and presumably most of the contaminant mass) are primarily found 

at depths greater than 400 feet bgs. 

It is apparent from the cluster well data discussed in Section 5.2.1 that the vertical gradients within the 

upper 100 feet of the aquifer are less than can be quantified from standard groundwater-level 

measurements. Groundwater-level data collected since monitoring began in First Quarter CY 2011 were 

compiled to determine if any vertical gradients were apparent. No consistent gradients were observed 

across the site (Figure 5-69). However, groundwater-level data collected each quarter do not show a 

consistent gradient at either of the well clusters with EDB in the deep wells. Vertical gradients can vary 

across a site, and may not be consistent between the shallow and deep parts of an aquifer.  



SECTION 5 

Kirtland AFB BFF  Q2, 2014 

Quarterly Monitoring & Site Investigation Report KAFB-014-0022c 

April – June 2014 
5-23 

5.5.2 NAPL Thickness 

Based on the analysis of NAPL thickness data (measured in feet) over time (Appendix F-2), it is apparent 

that the NAPL thickness observed in wells since 2009 has overall markedly declined as groundwater 

levels have risen. While this declining trend of NAPL thickness in wells could be mistaken to indicate 

that NAPL is no longer an issue at the site, the reduction of NAPL thickness in wells largely indicates that 

the NAPL interval is now flooded, submerging the NAPL below the water table. The buoyancy force that 

could make the NAPL rise along with the rising water levels is controlled by the density difference 

between the fuel and water that causes the NAPL to “float” on the water table. Based on the NAPL data 

available for Kirtland AFB, this density difference is approximately 0.23 gram per cubic centimeter. If the 

resulting buoyancy force is less than the displacement pressure (i.e., the capillary pressure required for 

NAPL to migrate into a soil pore space displacing the water), then the NAPL cannot rise when the water 

table rises.  

5.5.3 Groundwater Concentrations 

Time-series graphs for 2007 through Second Quarter CY 2014 for selected groundwater parameters of 

TPH-GRO, TPH-DRO, EDB, benzene, toluene, total xylenes, 1,2,4-TMB, naphthalene, and ethylbenzene 

are presented in Appendix F-3. The majority of time-series graphs shows no obvious increasing or 

decreasing concentration trends over time, which indicates that the portions of the groundwater plume 

monitored by the existing wells have stable concentrations downgradient of the NAPL area.  Based on 

visual observation of the time-series plots, the following general trends were observed at select wells: 

Concentration Trend Well ID 

General decrease in concentration of all analytes  KAFB-106005, KAFB-106006, KAFB-106008, KAFB-106009, 
KAFB-106010, KAFB-106014, KAFB-106018, KAFB-106028-
510 

General decrease in EDB concentrations  KAFB-106021, KAFB-106042, KAFB-106057, KAFB-106058, 
KAFB-106059, KAFB-106072, KAFB-106075, KAFB-106076, 
KAFB-106082, KAFB-106083, KAFB-106088, KAFB-106089, 
KAFB-106094 

General decrease in TPH-DRO and TPH-GRO 
concentrations  

KAFB-106092 
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Concentration Trend Well ID 

General increase in EDB concentrations  KAFB-106035, KAFB-106063 

General increase in TPH-DRO and TPH-GRO 
concentrations  

KAFB-106057, KAFB-106063, KAFB-106083 

DRO diesel range organic 
EDB ethylene dibromide 
GRO gasoline range organic 
ID identification 
KAFB Kirtland Air Force Base 
TPH  total petroleum hydrocarbon 
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6. INVESTIGATION-DERIVED WASTE 

6.1 Well Installation Investigation-Derived Waste 

During Second Quarter CY 2014, one replacement well (KAFB-10612-R), one treatability study well 

(KAFB-106210), and one AS/SVE well (KAFB-106211) were installed at the BFF Spill site to support 

the groundwater and vadose zone investigations. As a result of well installation activities, drill cuttings 

and development water were generated and stored, as described in the following sections. Soil cuttings 

from the three wells are currently pending disposal approval from Kirtland AFB and will be transported to 

the Construction and Demolition (C&D) Landfill during Third Quarter CY 2014. 

6.1.1 Drill Cuttings 

The three wells associated with the BFF site were drilled using the ARCH method, and the drill cuttings 

were containerized in plastic-lined, steel roll-off bins that were properly covered, pending laboratory 

analysis for waste characterization and disposal. Approximately 10 to 15 cubic yards of drill cuttings are 

generated per 20-cubic yard roll-off container. A composite sample from each roll-off container was 

collected and submitted for laboratory analysis to the subcontractor laboratory in accordance with the 

Kirtland AFB C&D Landfill Acceptance Memorandum (U.S. Air Force, 2009). A request for disposal 

letter was provided to Kirtland AFB for disposal approval for each roll-off container. Once approval is 

received, the roll-off bins will be transported to the C&D Landfill during Third Quarter CY 2014 by a 

subcontractor.  

Table C-1 in Appendix C details the sampling and disposal of each roll-off container generated from First 

Quarter CY 2011 to Second Quarter CY 2014. All soil investigation-derived waste (IDW) disposal 

letters and off-site waste disposal manifests generated since First Quarter CY 2011 are presented in 

Appendix C-1 and Appendix C-2, respectively. Soil IDW analytical results and laboratory reports are 

presented in Appendix C-3. 
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6.1.2 Decontamination and Development Water 

No decontamination water was generated during the Second Quarter CY 2014. Development water for 

wells KAFB-106210 and KAFB-10612R was collected and stored in 1,500-gallon tanks. Development 

wastewater from well KAFB-10612R was stored at the BFF site, pending quarterly groundwater 

analytical results and subsequent disposal determination in accordance with the Kirtland AFB Bulk Fuels 

Development and Sampling Purge Water Decision Tree – 2/14/11 (NMED, 2011). Approval for discharge 

was not needed for KAFB-10612R. Wastewater will be discharged from the storage container to an 

approved location on the BFF site, away from any water course, during Third Quarter CY 2014. 

Development water from well KAFB-106210 is currently being stored at the BFF, pending waste 

characterization analytical results. Pending disposal determination, development water from 

KAFB-106210 will be discharged to an approved location during Third Quarter CY 2014. Table C-2 in 

Appendix C details the sampling and disposal of each wastewater container from First Quarter CY 2011 

to Third Quarter CY 2013. Analytical results and laboratory reports for wastewater IDW generated during 

well installation and well development activities are presented in Appendix C-3. Appendix C-4 presents 

the Notice of Intent (NOI) approval letters from NMED-GWQB from First Quarter CY 2011 to Second 

Quarter CY 2014 for decontamination/development water generated during drilling activities. 

6.2 Groundwater Sampling Investigation-Derived Waste 

Quarterly groundwater sampling at the Kirtland AFB BFF Spill site monitoring wells generated IDW 

purge water. Purge water was stored at the BFF Spill site, pending analytical results and subsequent 

disposal determination in accordance with the Kirtland AFB Bulk Fuels Development and Sampling 

Purge Water Decision Tree – 2/14/2011 (NMED, 2011). Purge water was stored in labeled, 55-gallon, 

polyethylene, open-top drums with sealable lids, or bulked and stored in large polyethylene tanks, 

pending the NOI to discharge. For monitoring wells located on Kirtland AFB, the purge water drums 

were labeled, closed and sealed, and stored at the BFF Spill site. Purge water generated from sampling of 

monitoring wells located on property outside of Kirtland AFB was contained in drums, labeled, sealed, 
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transported back to Kirtland AFB, and stored at the BFF Spill site, or bulked and stored in large tanks, 

pending the NOI to discharge, groundwater sampling analyses, and IDW disposal determination. NOI 

packages were submitted to NMED-GWQB for approval to discharge sample purge water collected from 

eight wells during Second Quarter CY 2014. NOIs for Second Quarter CY 2014 were prepared in 

accordance with Subsection A of 20.6.2 NMAC. Appendix C-4 presents the NOI approval letters from 

NMED-GWQB from First Quarter CY 2011 to Second Quarter CY 2014 for purge water generated 

during groundwater-sampling activities.  

Exceptions to these procedures were for monitoring wells that historically, or presently, exhibit the 

presence of NAPL on the groundwater, or if the well is determined to be hazardous by comparison of the 

analytical results to the toxicity criteria. For these wells, purge water was containerized in 55-gallon, 

closed-topped, polyethylene, U.S. Department of Transportation-approved shipping drums, and then 

manifested as hazardous waste for benzene, unless otherwise specified, and removed from the site by a 

subcontracted waste management firm for off-site disposal. 

Purge water from seven wells during Second Quarter CY 2014 will be disposed off site as hazardous 

waste in Third Quarter CY 2014 (KAFB 1065, KAFB-1069, KAFB-10614, KAFB-106059, 

KAFB-106064, KAFB-106079, and KAFB-106080). These hazardous waste drums are regulated under 

the Resource Conservation and Recovery Act 90-day, rule and the permits are Treatment, Storage, and 

Disposal Facilities. The drums will be shipped to Advanced Chemical Transport, Inc. for disposal during 

Third Quarter CY 2014. For all other monitoring wells, purge water was stored, pending analytical results 

to determine final disposition, which will occur during Third Quarter CY 2014. Approximately 

487.5 gallons of purge water from First Quarter CY 2014 was disposed of off site as hazardous waste on 

May 6, 2014 by Advanced Chemical Transport, Inc. Table 6-1 details the monitoring well, volume of 

purge water generated during the Second Quarter CY 2014 sampling event, storage location of the purge 

water, and required method of disposal. 
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6.3 SVE System Investigation-Derived Waste 

The handling and disposal of condensate waste generated by the SVE system is presented in Section 2.3.  

Waste profile information, waste manifests, and land disposal restriction information are provided in 

Appendix C-2. 
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7. PROJECTED ACTIVITIES AND RECOMMENDATIONS 

Anticipated activities to be conducted during Third Quarter CY 2014 at the BFF Spill site include, but are 

not limited to, ongoing groundwater and soil-vapor monitoring, and continued operation and maintenance 

of the current SVE treatment system and AS/SVE pilot test. In addition, activities associated with the 

monitoring and remediation at the BFF Spill site, including analytical testing, data validation, data 

management, and reporting, will be ongoing. In addition, the bench-scale treatability testing for anaerobic 

degradation of benzene and EDB will continue. Excavation along the FFOR will continue during the 

Third Quarter, as will the planning and design of additional interim measure activities to implement 

remediation of dissolved-phase EDB and to expand the SVE system.  

 Depth to water and light non-aqueous phase liquid measurements will be collected the first week of 

July 2014 for existing groundwater monitoring wells and will continue on a quarterly basis.  

 Quarterly groundwater sampling activities will begin the second week of July 2014 and will continue 

through early September. This will include sample collection from all existing 4- and 5-inch 

groundwater monitoring wells. Production wells will be sampled at the VA Medical Center and at the 

appropriate Kirtland AFB locations. Pump system repairs and maintenance will be performed 

throughout the quarter as needed. This will be determined based on observations during water-level 

measurement collection and groundwater sampling activities.  

 Additional quarters of groundwater data collection are recommended. This will aid in verifying the 

plume delineation and allow for evaluation for future recommendations to reduce quarterly sampling 

parameters. 

 Quarterly sampling of SVM wells, SVE wells, and the SVE CATOX unit will begin the second week 

of July 2014. Sampling will continue through early September 2014.  
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