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ACRONYMS AND ABBREVIATIONS 
 
AFB  Air Force Base 
AFCEC  Air Force Civil Engineer Center 
bgs  below ground surface 
CFR  Code of Federal Regulations 
1,1-DCE 1,1-dichloroethene 
DOT  U.S. Department of Transportation 
DRO  diesel-range organics 
EPA  U.S. Environmental Protection Agency 
FPM  FPM Remediations, Inc.  
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HASP  health and safety plan 
HSA  hollow-stem auger 
HWA  Hazardous Waste Act 
HWB  Hazardous Waste Bureau 
IDW  investigation-derived waste 
IRP  Installation Restoration Program 
MCL  Maximum Contaminant Level 
mg/L  milligram per liter 
NMAC  New Mexico Administrative Code 
NMED  New Mexico Environment Department 
NMSA  New Mexico State Rules Act 
NMWQCC New Mexico Water Quality Control Commission 
NTU  nephelometric turbidity unit 
ORO  oil-range organics 
PCE  tetrachloroethene 
PID  photoionization detector 
PVC  polyvinyl chloride 
QAPP  Quality Assurance Project Plan 
RCRA  Resource Conservation and Recovery Act 
RFI  RCRA Facility Investigation 
RSL  regional screening level 
SOP  standard operating procedure 
SSL  soil screening level 
SWMU  Solid Waste Management Unit 
TCE  trichloroethene 
TDS  total dissolved solids 
TPH  total petroleum hydrocarbons 
URS  URS Group, Inc. 
USAF  U.S. Air Force 
USGS  U.S. Geological Survey 
VOC  volatile organic compound 
µg/L  microgram per liter 
°F  degrees Fahrenheit 
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1.0 INTRODUCTION 

This Resource Conservation and Recovery Act (RCRA) Facility Investigation (RFI) Work Plan addresses 
the activities that will be performed in support of the refinement of the nature and extent of contamination 
at the SS-018 Chromic Acid Spill Site at Holloman Air Force Base (AFB), New Mexico, hereinafter 
referred to as the Site. The Site location is shown in Figure 1-1. This plan was prepared in accordance 
with the requirements of the Air Force Civil Engineer Center (AFCEC) Contract No. FA8903-13-C-0008. 
URS Group, Inc. (URS), as a subcontractor to FPM Remediations, Inc. (FPM), has prepared this Work 
Plan in accordance with the Performance-Based Remediation Contract for Cannon, Holloman, and 
Kirtland AFBs located in New Mexico, and Luke AFB located in Arizona. Monitoring requirements are 
further delineated in the Final Groundwater Monitoring Plan, SS-018  – Chromic Acid Spill Site (United 
States Air Force [USAF], 2014a) and the Final Uniform Federal Policy Quality Assurance Project Plan, 
SS-018 – Chromic Acid Spill Site (USAF, 2014b), which serve as companion documents to this Work 
Plan. The quality assurance project plan (QAPP) also delineates sampling and analysis requirements 
necessary to support the activities defined within this Work Plan.  

As outlined in the Final Accelerated Corrective Measures Work Plan Multiple Sites, Holloman Air Force 
Base, New Mexico (Bhate, 2007), the Site was originally identified as being potentially contaminated with 
chromium as a result of chrome plating operations conducted at Building 281, which is located 
immediately adjacent to the Site. The Final Accelerated Corrective Measures Completion Report Sites 
OU-03 and OU-45, Holloman Air Force Base, New Mexico (Bhate, 2008) documents that the 
investigation demonstrated that chromium did not pose an unacceptable risk to receptors at the site. 
However, subsequent to the investigation of the Site with regard to chromium, 1,1-dichloroethene 
(1,1-DCE) was identified in groundwater underlying the Site as being present at concentrations above the 
New Mexico Water Quality Control Commission (NMWQCC) standard of 5 micrograms per liter (µg/L). 
The exact source of contamination is unknown, but it is believed to have originated in an area southwest 
of Building 281 and slightly northwest of Building 279. A secondary source of 1,1-DCE was identified as 
originating between Buildings 282 and 283. Since the original evaluation of the groundwater 
contamination at the Site, additional chlorinated volatile organic compounds (VOCs) have been identified 
that exceed the applicable regulatory levels including tetrachloroethene (PCE), trichloroethene (TCE), 
cis-1,2-dichloroethene (cis-1,2-DCE), and 1,1-dichloroethane (1,1-DCA).  

1.1 Purpose and Scope 

The purpose of this investigation is to refine the understanding of the nature and extent of 1,1-DCE 
contamination in groundwater underlying the Site. New monitoring wells are to be installed at the Site. In 
addition, soil sampling will be conducted to assess whether historic Site activities have had an adverse 
impact to soils and to vertically and horizontally delineate the potential primary source of 1,1-DCE. Soil 
samples will be collected from the top of the groundwater table (approximately 15 feet below ground 
surface [bgs]) during the installation of the new monitoring wells. The groundwater monitoring well 
network located at Sites SS-018 and OT-045 will be gauged and monitored to assess the extent of impact 
in groundwater underlying the Site in accordance with the aforementioned monitoring plan and QAPP. 
Previous subsurface investigations and groundwater monitoring events will be evaluated and used to 
develop background concentrations for 1,1-DCE, the primary constituent of interest in groundwater at the 
Site. Given the proximity of the groundwater contamination to buildings in the area, vapor intrusion is a 
concern and will be evaluated during the investigation. The goal of this project is to bring the Site to 
corrective action complete status without controls. 
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1.2 Regulatory Setting 

Pursuant to the RCRA permit, Installation Restoration Program (IRP) activities conducted at Holloman 
AFB are performed under the New Mexico Hazardous Waste Act (HWA), the New Mexico Hazardous 
Waste Management Regulations, and RCRA. The New Mexico Environment Department (NMED) 
Hazardous Waste Bureau (HWB) has regulatory enforcement authority for the State of New Mexico.  

The media of concern for the Site includes subsurface soil and groundwater underlying the Site. Pursuant 
to the RCRA permit and with guidance provided by NMED, cleanup levels for impacted groundwater will 
be in accordance with the latest revision of NMED and U.S. Environmental Protection Agency (EPA) 
regulations at the time of Work Plan approval and/or execution of the fieldwork. Currently, these levels 
include the residential soil screening levels (SSLs) presented in the following: 

• New Mexico Environment Department Risk Assessment Guidance for Site Investigations and 
Remediation. NMED soil screening levels for residential soil. 

• EPA Regional Screening Levels for Residential Soil available online at 
http://www.epa.gov/region6/6pd/rcra_c/pd-n/screen.htm. 

For groundwater, the applicable action levels are available in the following: 

• New Mexico Water Quality Commission Regulations (New Mexico Administrative Code 
[NMAC] 20.6.2).  

• Applicable federal standards include EPA maximum contaminant levels (MCLs) as found in 
40 CFR 141 and 40 CFR 142. 

• New Mexico Ground Water Quality Bureau (GWQB) Voluntary Remediation Program limits for 
tapwater as found in the Technical Background Document for Development of Soil Screening 
Levels (NMED, 2006) 

• EPA Regional Screening Levels for Tapwater available online at 
http://www.epa.gov/reg3hwmd/risk/human/  

Additionally, the RCRA permit requires groundwater cleanup levels to be set at the more conservative of 
those specified by either the NMWQCC as protective of human health or by EPA’s MCLs. 

For vapor intrusion, vapor concentrations will be evaluated in accordance with the “OWSER Draft 
Guidance for Evaluating the Vapor Intrusion to Indoor Air Pathway from Groundwater and Soils 
(Subsurface Vapor Intrusion Guidance)” (EPA, 2002) and compared to the action levels provided in the 
following: 

• EPA Regional Screening Levels for Industrial Air available online at 
http://www.epa.gov/region6/6pd/rcra_c/pd-n/screen.htm.  

1.3 Work Plan Organization 

This Work Plan is divided into six sections including: 

• Section 1 – Introduction, purpose, objectives, and regulatory setting 

• Section 2 – Background and history 
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• Section 3 – Technical approach for conducting the field activities at the Site 

• Section 4 – Brief discussion of the reporting requirements 

• Section 5 – An estimated project schedule for implementation and reporting 

• Section 6 – References. 
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Figure 2-1.  Existing Monitoring Well Locations 
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2.1 Groundwater Contamination 

During the 2012 investigation, all monitoring wells associated with SS018 along with five wells 
associated with SS-051 were sampled and analyzed. To supplement the analytical data, results for three 
wells associated with UST-508 sampled during this same timeframe have been included for evaluation. 
Groundwater contamination comprised of chlorinated VOCs, including 1,1-DCE, TCE, PCE, 1,1-DCA, 
and cis-1,2-DCE was identified with analytical results provided in Table 2-1. As a constituent of interest, 
trans-1,2-dichloroethene (trans-1,2-DCE) is included for completeness.  Figures 2-2 through 2.7 provide 
isoconcentration maps for the six chlorinated VOCs of interest. 

As discussed in the Site S-18 Accelerated Corrective Measures Completion Report – Holloman Air Force 
Base, New Mexico (NationView, 2013), five chlorinated VOCs are of primary interest, including 
1,1-DCA, 1,1-DCE, cis-1,2-DCE, PCE, and TCE. Included in the report is a risk evaluation which 
determined that the groundwater concentrations do not pose an unacceptable risk based on the current 
commercial/industrial worker, future resident, and future construction worker scenarios. However, the 
groundwater has been impacted by the five chlorinated VOCs at concentrations above applicable action 
levels of 25 µg/L, 5 µg/L, 70 µg/L, 5 µg/L, and 5 µg/L, respectively. For trans-1,2-DCE, the applicable 
action level is 100 µg/L, which was not exceeded for any of the samples collected in 2012. Based on the 
groundwater data collected during 2007, 2009, and 2012, it appears that biodegradtion is occurring, but it 
is unclear if there is a potential for complete biodegradation. 

To investigate the potential for biodegradation, a compound specific isotope analysis was conducted for 
chlorinated VOC contamination. Compound specific isotope analysis is an analytical method that 
measures the ratios of naturally occurring stable isotopes in groundwater samples and can be used to 
determine potential contaminant sources and the extent of degradation. In order to evaluate the potential 
for biodegradation, groundwater samples were collected along two transects parallel to the direction of 
groundwater flow extending from the suspected origin of the contamination to the distal edge of the VOC 
plumes. 

The compound specific isotope analysis study provided evidence regarding the slow biodegradation of 
1,1,1-trichloroethane, PCE, and TCE. The active mechanism appears to be a mix of reductive 
dechlorination and biological oxidation. A review of the historical VOC concentrations showed little 
change over a five year period from 2007 to 2012. In addition, the isotopic results suggested that there is 
not a single course for the observed groundwater contamination, but rather multiple small sources. 
Furthermore, the subsurface soil data collected in 2007, 2009, and 2012 have not determined a source 
area in the vicinity of the impacted groundwater, further supporting the determination of the compound 
specific isotope study.  

As can be seen by examination of the isoconcentration maps, the chlorinated VOCs have migrated 
downgradient of the suspected source locations. The highest concentrations appear to be northeast of 
Building 281 and southwest of Building 279. The plumes have reached the furthest downgradient wells of 
SS18-MW29 and SS18-MW30, with TCE concentrations of 9.5 µg/L and 3.7 µg/L, respectively. 
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Table 2-1.  Fiscal Year 2012 Groundwater Monitoring Data 

Well Sample Date 
1,1-DCE 

(µg/L) 
TCE 

(µg/L) 
1,1-DCA 

(µg/L) 
cis-1,2-DCE 

(µg/L) 
trans-1,2-DCE 

(µg/L) 
PCE 

(µg/L) 
S51-MW1 9/12/2012 < 0.23 < 0.26 < 0.25 < 0.26 < 0.35 < 0.25 
S51-MW3 9/12/2012 4.9 83.2 14.3 103 5.4 26.8 
S51-MW4 9/12/2012 < 0.23 1.3 0.44 < 0.26 < 0.35 3.8 
S51-MW5 9/12/2012 < 0.23 0.6 < 0.25 < 0.26 < 0.35 2 
S51-MW7 9/12/2012 < 0.23 0.46 < 0.25 < 0.26 < 0.35 < 0.25 

SS18-MW02 9/13/2012 4.3 < 0.26 2.9 < 0.26 < 0.35 < 0.25 
SS18-MW03 9/14/2012 < 0.23 < 0.26 < 0.25 < 0.26 < 0.35 < 0.25 
SS18-MW04 9/14/2012 35.9 < 0.26 25.2 < 0.26 < 0.35 0.32 
SS18-MW05 9/12/2012 54.4 0.26 170 < 0.26 < 0.35 < 0.25 
SS18-MW06 9/12/2012 < 0.23 < 0.26 < 0.25 < 0.26 < 0.35 < 0.25 
SS18-MW07 9/10/2012 < 0.23 < 0.26 0.29 < 0.26 < 0.35 < 0.25 
SS18-MW08 9/10/2012 95.5 6.5 27.2 0.36 < 0.35 28.2 
SS18-MW09 9/11/2012 1.2 < 0.26 < 0.25 < 0.26 < 0.35 < 0.25 
SS18-MW10 9/11/2012 < 0.23 < 0.26 < 0.25 < 0.26 < 0.35 < 0.25 
SS18-MW11 9/11/2012 0.27 < 0.26 < 0.25 < 0.26 < 0.35 < 0.25 
SS18-MW12 9/11/2012 0.7 < 0.26 9 < 0.26 < 0.35 < 0.25 
SS18-MW13 9/12/2012 < 0.23 < 0.26 < 0.25 < 0.26 < 0.35 < 0.25 
SS18-MW14 9/10/2012 < 0.23 < 0.26 < 0.25 < 0.26 < 0.35 < 0.25 
SS18-MW15 9/10/2012 1 < 0.26 < 0.25 < 0.26 < 0.35 < 0.25 
SS18-MW16 9/13/2012 2 12.9 1.2 199 5.5 0.83 
SS18-MW17 9/12/2012 < 0.23 < 0.26 < 0.25 < 0.26 < 0.35 < 0.25 
SS18-MW18 9/13/2012 2.8 111 8.5 102 6.2 16.4 
SS18-MW19 9/13/2012 53.8 40.2 497 8.2 1.8 150 
SS18-MW20 9/14/2012 < 0.23 < 0.26 < 0.25 < 0.26 < 0.35 < 0.25 
SS18-MW21 9/13/2012 < 0.23 < 0.26 < 0.25 < 0.26 < 0.35 < 0.25 
SS18-MW22 9/11/2012 4.5 < 0.26 0.42 < 0.26 < 0.35 < 0.25 
SS18-MW23 9/10/2012 < 0.23 < 0.26 < 0.25 < 0.26 < 0.35 0.54 
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Figure 2-6.  cis-1,2-Dichloroethene Isoconcentration Map 
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Figure 2-7.  trans-1,2-Dichloroethene Isoconcentration Map 
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2.2 Soil Contamination 

Table 2-2 summarizes the borehole soil results from 2007, 2009, and 2012. Samples were collected from 
various depths as shown in Table 2-2 ranging from 3 to 12 feet bgs. The majority of the analytical results 
with the exception of samples collected from boreholes SS18-DP06, SS18-DP17, SS18-DP20, 
SS18-DP27, SS18-DP28, SS18-DP29, SS18-DP30, DD18-DP31, and SS18-DP32. The boreholes 
S18-DP-17 and SS18-DP20 are located just south of Building 283 as shown in Figure 2-8. The other 
boreholes are located off the southern corner of Building 281. The elevated concentrations represented by 
the soil samples collected from these boreholes support the assertion that the groundwater contamination 
may be attributed to multiple historic releases with at least two originating from locations adjacent to 
these two buildings. 

2.3 Conceptual Site Model 

Holloman AFB is situated in south central New Mexico, in the northwest central part of Otero County, 
approximately 75 miles north–northeast of El Paso, Texas (USAF, 2013).  Holloman AFB has a 
population of 3,054 (U.S. Census, 2010) and occupies 59,639 acres. The White Sands Missile Range 
testing facilities occupy additional land extending northward from the Base.  Privately and publicly 
owned lands border the remainder of Holloman AFB. The major highway servicing Holloman AFB is 
Highway 70, which runs southwest from the town of Alamogordo, New Mexico, and separates Holloman 
AFB from publicly owned lands to the south. Alamogordo, which has a population of 30,401 (U.S. 
Census, 2010), is located approximately 7 miles east of the Base. 

Holloman AFB was first established in 1942 as Alamogordo Army Air Field. From 1942 through 1945, 
Alamogordo Army Air Field served as the training grounds for over 20 different flight groups, flying 
primarily B-17s, B-24s, and B-29s. After World War II, most operations had ceased at the Base. In 1947, 
Air Material Command announced that the air field would be its primary site for the testing and 
development of unmanned aircraft, guided missiles, and other research programs (USAF, 2013). On 
13 January 1948, the Alamogordo installation was renamed in honor of the late Colonel George V. 
Holloman, a pioneer in guided missile research. In 1968, the 49th Tactical Fighter Wing arrived at 
Holloman AFB and has remained since. Today, Holloman AFB also serves as the training center for the 
German Air Force’s Tactical Training Center. 

2.3.1 Physiography and Topography 

Holloman AFB is located within the Basin and Range physiographic province in the Sacramento Section 
on the western edge of the Sacramento Mountains at a mean elevation of 4,093 feet above mean sea level 
(New Mexico Bureau of Geology and Mineral Resources, 2003). The region is characterized by high 
tablelands with rolling summit plains, cuesta-formed mountains dipping eastward, and west-facing 
escarpments with the wide bracketed basin forming the basin and range complex. Holloman AFB is 
within the Tularosa Basin, which is part of the Central Closed Basins (NMED, 2004). The bordering 
mountains rise abruptly to altitudes of 7,000 to 12,000 feet above mean sea level. The basin is bound by 
the San Andres Mountains approximately 30 miles to the west and the Sacramento Mountains 
approximately 10 miles to the east. At its widest, the basin is approximately 60 miles east to west and 
stretches approximately 150 miles north to south. 
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Table 2-2.  Borehole Analytical Data 

Borehole 
Depth 

(ft) Sample Date   
1,1-DCE 
(µg/kg)   

TCE 
(µg/kg)   

1,1-DCA 
(µg/kg)   

cis-1,2-DCE 
(µg/kg)   

trans-1,2-DCE 
(µg/kg)   

PCE 
(µg/kg) 

SS18-DP01 Unknown 04-Jun-07 < 0.67 < 0.26 < 0.24 < 0.64 < 0.44 < 0.67 
SS18-DP02 3 04-Jun-07 < 0.76 < 0.29 < 0.27 < 0.72 < 0.5 < 0.76 
SS18-DP03 3 04-Jun-07 < 0.62 < 0.24 < 0.22 < 0.59 < 0.41 < 0.62 
SS18-DP04 5 05-Jun-07 < 0.77 < 0.3 < 0.27 < 0.73 < 0.51 < 0.77 
SS18-DP05 5 06-Jun-07 < 0.65 < 0.25 < 0.23 < 0.61 < 0.43 < 0.65 
SS18-DP06 5 06-Jun-07 < 0.73 < 0.29   0.39 < 0.7 < 0.48 < 0.73 
SS18-DP07 3 20-Aug-09 < 1.6 < 1.5 < 2.5 < 2 < 1.5 < 1.5 
SS18-DP07 8 20-Aug-09 < 1.3 < 1.2 < 2 < 1.6 < 1.2 < 1.2 
SS18-DP08 3 20-Aug-09 < 1.4 < 1.3 < 2.2 < 1.7 < 1.3 < 1.3 
SS18-DP08 8 20-Aug-09 < 1.4 < 1.3 < 2.2 < 1.8 < 1.3 < 1.3 
SS18-DP09 3 19-Aug-09 < 1.3 < 1.2 < 1.9 < 1.6 < 1.2 < 1.2 
SS18-DP09 8 19-Aug-09 < 1.5 < 1.4 < 2.3 < 1.8 < 1.4 < 1.4 
SS18-DP10 3 19-Aug-09 < 1.4 < 1.3 < 2.2 < 1.8 < 1.3 < 1.3 
SS18-DP10 7 19-Aug-09 < 1.3 < 1.2 < 2.1 < 1.7 < 1.2 < 1.2 
SS18-DP11 4 19-Aug-09 < 1.2 < 1.1 < 1.9 < 1.5 < 1.1 < 1.1 
SS18-DP11 7 19-Aug-09 < 1.3 < 1.2 < 2 < 1.6 < 1.2 < 1.2 
SS18-DP12 3 18-Aug-09 < 1.5 < 1.4 < 2.3 < 1.8 < 1.4 < 1.4 
SS18-DP12 8 18-Aug-09 < 1.3 < 1.2 < 2.1 < 1.7 < 1.2 < 1.2 
SS18-DP13 4 17-Aug-09 < 1.5 < 1.4 < 2.3 < 1.8 < 1.4 < 1.4 
SS18-DP13 8 17-Aug-09 < 1.3 < 1.2 < 2 < 1.6 < 1.2 < 1.2 
SS18-DP14 3 18-Aug-09 < 1.3 < 1.2 < 2.1 < 1.6 < 1.2 < 1.2 
SS18-DP14 7 18-Aug-09 < 1.4 < 1.3 < 2.2 < 1.8 < 1.3 < 1.3 
SS18-DP15 3 18-Aug-09 < 1.6 < 1.5 < 2.5 < 2 < 1.5 < 1.5 
SS18-DP15 6 18-Aug-09 < 410 < 380 < 630 < 510 < 380 < 380 
SS18-DP16 4 17-Aug-09 < 1.4 < 1.3 < 2.2 < 1.8 < 1.3 < 1.3 
SS18-DP16 8 17-Aug-09 < 1.4 < 1.3 < 2.1 < 1.7 < 1.3 < 1.3 
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Borehole 
Depth 

(ft) Sample Date   
1,1-DCE 
(µg/kg)   

TCE 
(µg/kg)   

1,1-DCA 
(µg/kg)   

cis-1,2-DCE 
(µg/kg)   

trans-1,2-DCE 
(µg/kg)   

PCE 
(µg/kg) 

SS18-DP17 4 17-Aug-09 < 1.6 < 1.4   8.6 < 1.9 < 1.4 < 1.4 
SS18-DP17 6 17-Aug-09   6.1 < 1.3   195 < 1.7 < 1.3 < 1.3 
SS18-DP18 2 17-Aug-09 < 1.5 < 1.4 < 2.3 < 1.8 < 1.4 < 1.4 
SS18-DP18 8 17-Aug-09 < 1.3 < 1.2 < 2 < 1.6 < 1.2 < 1.2 
SS18-DP19 2 17-Aug-09 < 1.5 < 1.4 < 2.4 < 1.9 < 1.4 < 1.4 
SS18-DP19 8 17-Aug-09 < 1.4 < 1.3 < 2.1 < 1.7 < 1.3 < 1.3 
SS18-DP20 3 18-Aug-09 < 1.4 < 1.3 < 2.1 < 1.7 < 1.3 < 1.3 
SS18-DP20 7 18-Aug-09   2.1 < 1.5   58.5 < 1.9 < 1.5 < 1.5 
SS18-DP21 3 17-Aug-09 < 1.7 < 1.6 < 2.6 < 2.1 < 1.6 < 1.6 
SS18-DP21 8 17-Aug-09 < 1.6 < 1.5 < 2.5 < 2 < 1.5 < 1.5 
SS18-DP22 3 18-Aug-09 < 1.4 < 1.3 < 2.2 < 1.7 < 1.3 < 1.3 
SS18-DP22 8 18-Aug-09 < 1.4 < 1.3 < 2.1 < 1.7 < 1.3 < 1.3 
SS18-DP23 3 19-Aug-09 < 1.3 < 1.2 < 2 < 1.6 < 1.2 < 1.2 
SS18-DP23 8 19-Aug-09 < 1.2 < 1.1 < 1.9 < 1.5 < 1.1 < 1.1 
SS18-DP24 10 8/14/2012 < 1.4 < 1.2 < 1.1 < 1.5 < 1.5 < 1 
SS18-DP25 8 8/15/2012 < 1.6 < 1.3 < 1.2 < 1.7 < 1.7 < 1.1 
SS18-DP26 8 8/14/2012 < 1.4 < 1.2 < 1.1 < 1.5 < 1.5 < 1 
SS18-DP27 8 8/15/2012   10.9 < 1.5   2.8 < 1.8 < 1.8 < 1.2 
SS18-DP28 7 8/14/2012   25.8   4.2   6.3 < 1.6 < 1.6   21.7 
SS18-DP29 8 8/15/2012   4.4 < 1.2   5.5 < 1.6 < 1.6 < 1 
SS18-DP30 11 8/15/2012   3.1   9.6   7.7   2.9 < 1.4   94.9 
SS18-DP31 11 15-Aug-12   17.4 < 1.2   2.7 < 1.5 < 1.5   2.6 
SS18-DP32 12 8/15/2012   6.4   5.4   14.5 < 1.5 < 1.5   22.7 
SS18-DP33 8 15-Aug-12 < 1.5 < 1.3 < 1.2 < 1.7 < 1.7 < 1.1 
SS18-DP34 8 16-Aug-12 < 1.3 < 1.1 < 1 < 1.4 < 1.4 < 0.94 
SS18-DP35 5 8/15/2012 < 1.6 < 1.3 < 1.2   2.4 < 1.6 < 1.1 
SS18-DP36 7 8/15/2012 < 1.5 < 1.2 < 1.1 < 1.6 < 1.6 < 1 
SS18-DP37 8 15-Aug-12 < 1.5 < 1.3 < 1.2 < 1.6 < 1.6 < 1.1 
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The present-day Lake Otero formerly encompassed a much larger area, possibly upwards of several 
hundred square miles. Its remains include the Alkali Flat and Lake Lucero.  Lake Lucero is a temporary 
feature merely a few inches deep during the rainy season.  Ancient lakes and streams deposited water-
bearing deposits over older bedrock basement materials. Fractures, cracks, and fissures in the Permian 
and Pennsylvanian bedrock yield small quantities of relatively good quality water in the deeper periphery. 
Potable water is only found in wells near the edges of the basin with more saline water found towards the 
center. Two of the principal sources of potable water are a long narrow area on the upslope sides of 
Tularosa and Alamogordo and another area in the far southwestern part of the basin. A portion of the city 
of Alamogordo’s water, as well as the Holloman AFB’s water, was formerly supplied from Bonito Lake 
(which is in the Pecos River Basin) prior to the Little Bear Fire, in 2012. 

2.3.9 Fate and Transport and Potential Receptors 

The land surrounding Holloman AFB consists of residential areas to the east and northeast (City of 
Alamogordo), rangeland to the south, White Sands National Monument to the west, and areas where 
military activities are conducted to the north. The desert terrain immediately surrounding Holloman AFB 
has limited development; Mesa Verde Ranch operates along the eastern border, and there are no 
residential communities or large industrial operations located adjacent to the Base. Holloman AFB is an 
active military installation and is expected to remain active for the foreseeable future. No transfer of 
military property to the public is anticipated, and public access to the Base is restricted (Foster Wheeler, 
2002). Future land use is not expected to differ significantly from current land use practices (Foster 
Wheeler, 2002). 

Currently, there are no potable supplies of groundwater or surface water located on the Base (Foster 
Wheeler, 2002). Holloman AFB obtains its water supply from the city of Alamogordo and Holloman 
AFB wells in the Boles, San Andres, and Douglas well fields at the base of the Sacramento Mountains. 
No water supply wells are located on or near the Base because of poor groundwater quality with TDS 
concentrations greater than 10,000 mg/L. There are no potable or irrigation wells near or immediately 
downgradient of the Base. 

Given the proximity to buildings in the immediate vicinity of SS-018, vapor intrusion is a concern and 
will be evaluated as part of this overall investigation. The potential exists for chlorinated VOCs to migrate 
from the shallow groundwater that comprises the aquifer underlying the site into buildings having a 
negative impact on workers. 
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3.0 PROCEDURES FOR IMPLEMENTATION 

This section includes general procedures for implementing the RFI activities to be undertaken. Several 
supporting project-related plans have also been prepared as described in the following sections, including 
a Site-specific QAPP, a health and safety plan (HASP), and a groundwater monitoring plan. 

The following specific tasks will be applied to the Site subject to investigation under this Work Plan: 

• Pre-mobilization activities 

• Mobilization/Site setup 

• Monitoring well installation 

• Surveying 

• Monitoring well development 

• Groundwater monitoring 

• Borehole installation 

3.1 Applicable Regulations and Standards 

Federal and state regulations and standards that may be applicable to these activities include the 
following:  

• Holloman AFB RCRA Permit No. NM6572124422, February 2004 (NMED, 2004). 

• RCRA Permit No. NM6572124422 Modification, October 2009 (NMED, 2009). 

• NMED residential SSLs  

• EPA residential RSLs 

• NMWQCC groundwater cleanup levels protective of human health (20.6.2.3103 New Mexico 
Administrative Code [NMAC]). 

• EPA MCLs 

• New Mexico HWA (New Mexico State Rules Act [NMSA] 1978, §74-4-1). 

• New Mexico Hazardous Waste Management Regulations, (20.4.1.100 NMAC). 

• RCRA, 40 Code of Federal Regulations (CFR) 260-268, Management of Hazardous Waste. In the 
event that investigation derived waste (IDW) sampling and analysis indicate the presence of 
constituents of potential concern at concentrations rendering them hazardous, storage and 
disposal protocols will be followed in accordance with RCRA hazardous waste regulations, as 
adopted by NMED. 

• United States Department of Transportation (DOT) 49 CFR 172, 173, and 178: Applies to 
packaging IDW for removal off Site and addresses hazard-class diamond labeling.  

The latest revision of NMED and EPA documents at the time of Work Plan approval and/or execution of 
the field work will be used. 
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3.2 Pre-Mobilization Activities 

Prior to mobilization of equipment, subcontracted services (e.g., drilling subcontractor, licensed surveyor, 
analytical laboratory) will be procured. All necessary permits (e.g., digging permits) will be initiated. All 
Site activities will be coordinated with appropriate Holloman AFB personnel. 

Prior to initiating intrusive activities, a completed and approved Air Force Form 332 will be obtained for 
authorization of construction work at Holloman AFB. A request for locating underground utilities in the 
area will be submitted to the local one-call utility notification center, as applicable. Additionally, Air 
Force Form 103 will be submitted to request that the location of underground utilities be marked at the 
specified areas. Drilling locations will be identified with paint, flags, or stakes, as appropriate to the 
surface material. Utility clearance approvals will be completed by the appropriate Holloman AFB utility 
office (e.g., telephone, sewer, water, natural gas, etc.). 

3.3 Mobilization Setup 

Personnel, equipment, and resources necessary to implement this RFI Work Plan will be mobilized to the 
Site. Site setup will occur at the SS-018 Site. Warning signs and safety fencing may be used, where 
necessary, to indicate the danger of entering a work zone and to keep the work area clear of obstructions 
such as facility worker vehicles. Setup will also include establishing a location for material storage and 
other equipment staging areas. 

3.4 Monitoring Wells 

Two new groundwater monitoring wells will be installed in the vicinity of the Site to further delineate the 
nature and extent of contamination in the groundwater. One well will be drilled to the southwest of 
existing wells SS18-MW29 and SS18-MW30 as shown in Figure 2-3 to provide a downgradient 
monitoring point given that TCE is encroaching on these two wells. A second well will be drilled midway 
between wells SS18-MW18 and S51-MW3 to help refine the groundwater contours. The groundwater 
flow is predominantly in a southwesterly direction. One soil sample will be collected from the saturated 
zone from each new monitoring well borehole from the interval with the highest photoionization detector 
(PID) reading and analyzed by an off-Site laboratory for VOCs and total petroleum hydrocarbons 
(TPHs) – gasoline-range organics (GRO), diesel-range organics (DRO), and oil-range organics (ORO). 
After allowing a sufficient time for the well to equilibrate following installation, the water level will be 
measured for each new well and groundwater samples will be collected. The groundwater samples will be 
analyzed for VOCs, TPH-GRO/DRO/ORO, metals (total and filtered), and TDS. The new wells will 
continue to be monitored on an on-going basis in accordance with the Final Groundwater Monitoring 
Plan, SS-018 – Chromic Acid Spill Site (USAF, 2014a). 

3.4.1 Monitoring Well Installation 

Well drilling activities will be performed by an individual with a current and valid well driller license 
issued by the State of New Mexico. The monitoring wells will be installed using the hollow-stem auger 
(HSA) drilling technique in accordance with NMED Ground Water Quality Bureau Monitoring Well 
Construction and Abandonment Guidelines (NMED, 2011). The boreholes will be advanced into the 
water table using an HSA such that the borehole diameter will be at least 4 inches larger than the outside 
diameter of the well casing to allow for proper placement of the filter pack and sealant. Care will be taken 
to ensure that the completed monitoring wells are sufficiently straight and plumb to allow passage of 
measuring and sampling devices. 
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During drilling, a URS Geologist or Engineer will document the following information for each boring: 

• Boring or well identification (this identification will be unique, and ensure it has not been used 
previously at the Base) 

• Purpose of the boring (e.g., soil sampling, monitoring well) 

• Location in relation to an easily identifiable landmark 

• Names of drilling subcontractor and logger 

• Start and finish dates and times 

• Drilling method 

• Diameters of surface casing, casing type, and methods of installation 

• Descriptions and quantities of materials placed in the annular space of the boring. 

• Depth at which saturated conditions were first encountered 

• Lithologic descriptions and depths of lithologic boundaries 

• Sampling-interval depths 

• Other pertinent field observations. 

Field forms, including soil boring logs for documentation of field activities, will be completed. Well 
installation equipment will be decontaminated in accordance with the standard operating procedure 
(SOP) 3 provided in the QAPP. 

The soil sample from the saturated zone will be collected using a split-spoon sampling device during the 
advancement of the well boring. As indicated previously, the interval with the highest PID reading will be 
targeted. Should an interval not be encountered with elevated PID readings, the interval immediately 
above groundwater will be sampled. Soil samples will be analyzed for the parameters outlined above. All 
samples will be collected in accordance with the protocols outlined in the QAPP. 

Well borings will be advanced approximately 8 feet into the water table and completed such that the well 
screen intersects the water table. The wells will be constructed of 2-inch diameter Schedule 40 polyvinyl 
chloride (PVC) riser and screen. The screened section of the wells will consist of 10 feet of 0.010-inch 
slotted screen (or other field-determined slot size). A silica sand filter pack will be placed around the 
screen to approximately 2 feet above the top of the screen. A 2-foot thick bentonite seal will be placed 
above the filter pack. The remaining annular space will be grouted with neat cement. 

Monitoring wells will be completed as “flush-mounted” and constructed with water-tight well vaults that 
are rated to withstand traffic loads and fitted with locking, expandable well plugs. Concrete pads (2-foot 
minimum radius, 4-inch minimum thickness) will be poured around the well vaults. Vault covers will be 
secured with bolts. Additionally, the vault cover will indicate that the wellhead of a monitoring well is 
contained within the vault. The concrete and surrounding soil must be sloped to direct rainfall and runoff 
away from the well vault. 

To document specific details of the monitoring well installations, the URS Geologist or Engineer will 
prepare drilling logs and as-built well construction diagrams in the field as the activity is taking place. 
Specific procedures for installing monitoring wells are provided in SOP-7 – “Installation of Groundwater 
Monitoring Wells” provided in the QAPP. The monitoring wells will be constructed in accordance with 
NMED requirements. 
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3.4.2 Surveying 

Surveying of the new monitoring well locations will be conducted by a State of New Mexico licensed 
surveyor. Elevation data for monitoring wells will include the ground surface elevation of the well 
locations, as well as the elevation of the measuring point on the inner casing. Surveying data will be 
provided in a spreadsheet format for import into the geographic information system, and the data will be 
incorporated into the RFI report figures. 

Horizontal coordinates will be referenced to the New Mexico Central State Plane Coordinate System and 
surveyed to an accuracy of ±1.0 foot. Vertical elevations will be reference to North American Datum 
1983 coordinate system to an accuracy of ±0.01 foot. 

Geospatial information will also be submitted as a separated deliverable to the USAF. All applicable 
federal, U.S. Department of Defense, and USAF geospatial data standards will be followed. Spatial data 
will be compliant with The Spatial Data Standards for Facilities, Infrastructure, and Environment which 
can be accessed at http://www.sdsfieonline.org/.   

Each geospatial data set will be accompanied by metadata that conforms to the Spatial Data Facilities, 
Infrastructure, and Environment standards. The horizontal accuracy of any geospatial data created will be 
tested and reported in accordance with the National Standard for Spatial Data Accuracy, and the results 
will be recorded in the metadata. 

3.4.3 Monitoring Well Development 

The newly installed monitoring wells will be developed in accordance with SOP-10 – “Monitoring Well 
Development” provided in the QAPP to create an effective filter pack around the well screen, remove fine 
particles from the formation near the borehole, and assist in restoring the natural water quality of the 
aquifer in the vicinity of the well. All newly installed monitoring wells will be developed no sooner than 
48 hours after installation to allow for grout curing. Monitoring wells will be developed using surge 
blocks, bailers, or pumps to achieve effective well development. 

During well development, documentation of the activity will take place and will include recording of 
water level and depth to bottom measurements, water quality parameters, discharge water color, water 
volume, and time period. Well development will continue until the following criteria are met: 

• Water that has been removed from the well is visually clear, and the turbidity measures less than 
or equal to 10 nephelometric turbidity units (NTUs). 

• The pH, temperature, and specific conductance parameters have stabilized (less than 10 percent 
variation for three successive readings). 

In the event that fine-grained deposits are present in the subsurface, it may be difficult to achieve a 
turbidity of 10 NTUs during well development. This is primarily a concern when a well has been screened 
in a formation that contains a high level of fine material (silt and clay). Silt and clay can occasionally 
travel through filter packs on properly constructed wells, resulting in turbid water. While selection of 
proper filter pack and screen materials minimizes turbidity, fine-grained particles may still flow through. 
Proper well construction and development procedures will be followed to reduce measured turbidity in 
monitoring wells. If turbidity remains greater than 10 NTUs after 4 hours of continuous well 
development, well development will cease. If the well is pumped dry, it will be allowed to recharge and 
be re-pumped as much as practical within the 4-hour time limit. 

http://www.sdsfieonline.org/
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5.0 PROJECT SCHEDULE 

An integrated master schedule (see Table 5-1) has been prepared for the overall anticipated sequence of 
activities to be performed in support of the investigation at the Site. The schedule is dependent on many 
factors including, but not limited to, USAF and NMED review and comment, subcontractor availability, 
weather, and Site conditions. The USAF and NMED will be notified 30 days prior to the implementation 
of field activities. Additionally, during implementation of the field activities, weekly status reports will be 
submitted to Holloman AFB IRP personnel by electronic mail. These reports will summarize the previous 
week’s activities, the planned activities for the following week, and any other pertinent information. 

The RFI schedule will allow for evaluation of screening level data during field work to allow for timely 
response to changing conditions. Groundwater monitoring will be continued on an annual basis to:  

• Monitor impacts of contaminants. 

• Measure the effectiveness of the future interim measures implemented. 

• Augment the implemented interim measures with additional actions if determined to be necessary 
in order to achieve the project objectives. Changes to groundwater monitoring or interim 
measures based on monitoring results will be documented in the annual monitoring report or 
interim measures report, as appropriate. Any reduction in scope or change in interim measures 
employed will be communicated in writing either prior to implementation or within one week of 
implementation if the change is immediately necessary because of potential impacts to safety or 
the environment. 

• Demonstrate that the interim measures have successfully addressed contamination at the Site 
based on mitigation of contaminant impacts on groundwater underlying the Site 

Ultimately, these activities will support a corrective action completion without controls determination. 

The RFI report will be submitted for review and approval by USAF and NMED personnel. 
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Table 5-1.  Project Schedule 

Name Duration Start Finish 
RCRA Field Investigation 900 days Mon 3/31/14 Fri 9/8/17 
   RFI Work Plan 402 days Mon 3/31/14 Fri 10/13/15 
      Review Current Data and Field Logbooks 5 days Mon 3/31/14 Fri 4/4/14 
      Prepare and Submit Draft RFI Work Plan 46 days Mon 4/7/14 Thu 6/12/14 
      Air Force Review of Draft RFI Work Plan/Provide Comments 56 days Fri 6/13/14 Fri 8/29/14 
      Respond to Comments 11 days Mon 9/1/14 Mon 9/15/14 
      Air Force Approval Draft RFI Work Plan Milestone 1 days Mon 9/15/14 Tue 9/16/14 
      Prepare and Submit Draft Final RFI Work Plan 1 days Wed 9/17/14 Wed 9/17/14 
      Air Force Review of Draft Final RFI Work Plan/Revise as needed 1 days Thu 9/18/14 Thu 9/18/14 
      Submit Draft Final RFI Work Plan for Regulatory Review 1 day Fri 9/19/14 Fri 9/19/14 
      NMED Request Fee from Air Force 22 days Mon 9/22/14 Tue 10/21/14 
      Air Force Pay NMED Fee 33 days Wed 10/22/14 Fri 12/5/14 
      Regulator Review of Draft Final RFI Work Plan/Provide Comments 195 days Mon 12/8/14 Fri 9/4/15 
      Respond to Regulator Comments on Draft Final and Prepare Final RFI Work Plan 5 days Mon 9/7/15 Fri 9/11/15 
      Air Force and Regulator Review of Final RFI Work Plan/Revise as needed 22 days Mon 9/14/15 Tue 10/13/15 
      Regulatory and Air Force Approval of Final RFI Work Plan Milestone 0 days Tue 10/13/15 Tue 10/13/15 
   Implement RFI Field Activities 369 days Mon 12/8/14 Thu 5/5/16 
      Complete Pre-Fieldwork Activities 27 days Mon 12/8/14 Tue 1/13/15 
         Obtain Well Drilling Permits 10 days Mon 12/8/14 Fri 12/19/14 
         Contact Underground Utility Surveys 1 day Tue 12/30/14 Tue 12/30/14 
         Mark Well Locations and Coordinate Utility Surveys 10 days Wed 12/31/14 Tue 1/13/15 
      Well Installation 27 days Wed 1/14/15 Thu 3/15/15 
         Mobilization 1 day Wed 1/14/15 Wed 1/14/15 
         Drill Five Groundwater Monitoring Wells and Sample Soils 25 days Thu 1/15/15 Wed 2/18/15 
         Complete Five Groundwater Monitoring Wells 5 days Thu 2/19/15 Wed 2/25/15 
         Develop Five Groundwater Monitoring Wells 5 days Thu 2/26/15 Wed 3/4/15 
         Demobilize from Well Drilling Activities 1 day Thu 3/5/15 Thu 3/5/15 
      Well Completion Report 230 days Fri 3/6/15 Thu 1/21/16 
         Prepare and Submit Draft Well Completion Report 25 days Fri 3/6/15 Thu 4/9/15 
         Air Force Review of Draft Well Completion Report/Provide Comments 22 days Fri 4/10/15 Mon 5/11/15 
         Respond to Comments 10 days Tue 5/12/15 Mon 5/25/15 
         Air Force Approval Draft Well Completion Report Milestone 0 days Mon 5/25/15 Mon 5/25/15 
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Name Duration Start Finish 
         Prepare and Submit Draft Final Well Completion Report 10 days Tue 5/26/15 Mon 6/8/15 
         Air Force Review of Draft Final Well Completion Report/Revise as needed 5 days Tue 6/9/15 Mon 6/15/15 
         Submit Draft Final Well Completion Report for Regulatory Review 1 day Tue 6/16/15 Tue 6/16/15 
         NMED Request Fee from Air Force 22 days Wed 6/17/15 Thu 7/16/15 
         Air Force Pay NMED Fee 33 days Fri 7/17/15 Tue 9/1/15 
         Regulator Review of Draft Final Well Completion Report/Provide Comments 65 days Wed 9/2/15 Tue 12/1/15 
         Respond to Regulator Comments on Draft Final and Prepare Final Well Completion Report 15 days Wed 12/2/15 Tue 12/22/15 
         Air Force and Regulator Review of Final Well Completion Report/Revise as needed 22 days Wed 12/23/15 Thu 1/21/16 
         Regulatory and Air Force Approval of Final Well Completion Report Milestone 0 days Thu 1/21/16 Thu 1/21/16 
      Borehole Sampling 36 days Fri 1/22/16 Fri 3/11/16 
         Mobilize for Borehole Drilling Activities 10 days Fri 1/22/16 Thu 2/4/16 
         Drill 25 Boreholes and Sample Sediments 25 days Fri 2/5/16 Thu 3/10/16 
         Demobilize from Boring Activities 1 day Fri 3/11/16 Fri 3/11/16 
      Laboratory Analyses 40 days Fri 3/11/16 Thu 5/5/16 
         Perform Laboratory Analyses 30 days Fri 3/11/16 Thu 4/21/16 
         Review and Validate Analytical Data 10 days Fri 4/22/16 Thu 5/5/16 
   RFI Report 361 days Fri 4/22/16 Fri 9/8/17 
      Prepare and Submit Draft RFI Report 35 days Fri 4/22/16 Thu 6/9/16 
      Air Force Review of Draft RFI Report/Provide Comments 22 days Fri 6/10/16 Mon 7/11/16 
      Respond to Comments 5 days Tue 7/12/16 Mon 7/18/16 
      Air Force Approval Draft RFI Report Milestone 0 days Mon 7/18/16 Mon 7/18/16 
      Prepare and Submit Draft Final RFI Report 6 days Tue 7/19/16 Tue 7/26/16 
      Air Force Review of Draft Final RFI Report/Revise as needed 5 days Wed 7/27/16 Tue 8/2/16 
      Submit Draft Final RFI Report for Regulatory Review 1 day Wed 8/3/16 Wed 8/3/16 
      NMED Request Fee from Air Force 22 days Thu 8/4/16 Fri 9/2/16 
      Air Force Pay NMED Fee 33 days Mon 9/5/16 Wed 10/19/16 
      Regulator Review of Draft Final RFI Report/Provide Comments 195 days Thu 10/20/16 Wed 7/19/17 
      Respond to Regulator Comments on Draft Final and Prepare Final RFI Report 15 days Thu 7/20/17 Wed 8/9/17 
      Air Force and Regulator Review of Final RFI Report/Revise as needed 22 days Thu 8/10/17 Fri 9/8/17 
      Regulatory and Air Force Approval of Final RFI Report Milestone 0 days Fri 9/8/17 Fri 9/8/17 
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