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Executive Summary 

This investigation work plan (IWP) presents a planned Phase I field investigation at the National 
Aeronautics and Space Administration (NASA) White Sands Test Facility (WSTF) 700 Area landfill, 
listed as Solid Waste Management Unit (SWMU) 49) in the New Mexico Environment Department 
(NMED) Hazardous Waste Permit (Permit; NMED, 2016). The 700 Area landfill was operational at 
WSTF between 1965 and 1997. A Notice of Intent (NOI) to close the 700 Area landfill was placed in the 
Operating Record on February 3, 1998, and NASA submitted the final closure certification to NMED on 
August 5, 1998 (NASA, 1998a). A post-Closure care (PCC) Plan for the 700 Area landfill was 
implemented on July 31, 1998, and is in effect for 30 years. The plan includes requirements for 
groundwater monitoring, soil vapor monitoring, PCC quarterly inspections and maintenance for landfill 
cover integrity, adequate drainage, fencing for the landfill boundary, and vegetative cover (NASA, 1999). 
NASA is currently reviewing potential options for an effective long-term solution for closure of the 700 
Area landfill. The Permit (NMED, 2016) requires the development and submission of an IWP for the 700 
Area landfill in conjunction with a historical information summary (HIS), to be submitted by December 
29, 2017. 

The proposed Phase I investigation will utilize non-invasive techniques that are designed to provide a 
detailed insight into the 700 Area landfill. The investigation will provide a conceptualization of the 700 
Area landfill through a series of field surveys to evaluate: the distribution of volatile organic compounds 
(VOCs) and total petroleum hydrocarbons (TPH) in soil vapor (if present); the location and dimensions of 
waste disposal trenches; the location of metallic debris within the trench; and, additional information 
relative to subsurface geology with particular reference to the alluvial-bedrock interface. The 
investigation will provide supplementary information to support determination of the most effective 
strategy to mitigate potential future liability related to the landfill. 

The Phase I investigation covers the area constituting the footprint of the 700 Area landfill, which is 
traversed by a standardized preliminary field survey grid constructed using 90-foot (ft) x 90-ft grid cells 
that will be utilized as the base grid for the shallow soil vapor and geophysical surveys. Individual survey 
lines will change in density depending on the type of survey performed. The detailed final grids will be 
developed in consultation with experienced subcontractors selected for each survey.  

The Phase I investigation will focus on the shallow upper portion of the vadose zone that incorporates the 
26 individual landfill trenches identified in the HIS (NASA, 2017e). Trenches were primarily excavated 
along the width of the landfill area in a northeast-southwest direction with reported dimensions of 
approximately 20 ft x 20 ft x 600 ft. In addition to the shallow vadose zone investigation, the deeper 
vadose zone in the vicinity of the alluvial-bedrock interface between 110 ft and 180 ft below ground 
surface (bgs) will be evaluated. The Phase I investigation survey methods will comprise a two-stage 
(Phase IA and IB) shallow soil vapor survey (SVS) and four geophysical surveys: an electromagnetic 
induction (EMI) survey; ground penetrating radar (GPR) survey; magnetic gradient survey; and, a passive 
seismic survey.  

The Phase IA and IB SVS will be used to define the distribution of soil vapor VOCs and TPH in the 
shallow subsurface within the footprint of the 700 Area landfill. Phase IA will utilize a systematic grid 
approach based on 90-ft by 90-ft grid cells across the landfill footprint to identify preliminary targets of 
interest. In conjunction with the Phase IA survey, three geophysical surveys will specifically address the 
shallow subsurface: an EMI survey will be performed to establish spatial distribution of soil conditions 
within the landfill; a GPR survey will be performed to delineate the dimensions of landfill trenches; and, a 



magnetic gradient survey will be performed to locate and map the distribution of metallic objects. These 
surveys will utilize the baseline grid developed for the Phase IA SVS, with modifications made relative to 
line length and spacing (density). The final grids will be developed by geophysical subcontractors during 
the development of each field survey. A fourth geophysical survey will comprise a passive seismic survey 
that will be used to evaluate and improve conceptualization of the deeper vadose zone including the 
bedrock surface below the landfill. Following performance of the geophysical surveys, a supplemental 
Phase IB SVS survey will be performed that biases samples to specifically target the areas of greatest 
interest relative to potential soil vapor contamination within the landfill cells. 

The Phase I investigation will be performed coincidentally with continuation of the ongoing PCC 
monitoring programs. The optimum strategy for 700 Area landfill closure will be determined based on the 
results of the Phase I investigative activities. Following NMED approval of the Phase I Investigation 
Report, a separate Work Plan for Phase II investigation activities will be submitted to NMED for review 
and approval. The qualitative data collected for the Phase I investigation will be used to support 
development of the Phase II Work Plan, which will address future management of the 700 Area landfill 
closure and the collection of quantitative subsurface contamination data. The start date and schedule for 
the 700 Area landfill fieldwork is dependent on NMED approval of 700 Area landfill IWP and HIS. The 
proposed schedule requires that NASA submit the 700 Area landfill IR to NMED 360 days following 
approval of the 700 Area landfill HIS and IWP. 
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1.0 Introduction 

This investigation work plan (IWP) describes the approach for a planned investigation of the 700 Area 
landfill at the National Aeronautics and Space Administration (NASA) White Sands Test Facility (WSTF; 
Figure 1.1). The 700 Area landfill is identified as Solid Waste Management Unit (SWMU) 49 in the New 
Mexico Environment Department (NMED) Hazardous Waste Permit (Permit; NMED, 2016). The WSTF 
700 Area is located within the remote northeast part of WSTF (Figure 1.2). The 700 Area landfill has 
been described as a “modified landfill” (NASA, 1978), a sanitary landfill, and a “Class B landfill,” which 
was “a sanitary landfill serving a population of less than 3,000” (NASA, 1991). The landfill was 
established to dispose of industrial and commercial non-hazardous waste.  

The 700 Area landfill is located in Section 26, Township 20 South, Range 3 East and is a 24-acre 
trapezoid-shaped piece of land, with the long axis oriented northwest-southeast that was designed to 
contain solid waste for disposal within excavated cells or trenches. Access to the 700 Area is provided by 
gravel roads (Road P and Cereus Drive) from Apollo Boulevard, the main paved access road through 
WSTF (Figure 1.3). The 700 Area landfill was operational at WSTF between 1965 and 1997. Design and 
operational details for the landfill are provide in the Historical Information Summary (HIS; NASA, 
2017e). 

1.1 Objectives and Scope 

The Phase I investigation is expected to improve conceptualization of the 700 Area landfill through the 
performance of a series of field surveys designed to identify the distribution of volatile organic 
compounds (VOCs) and total petroleum hydrocarbons (TPH), location and dimensions of landfill 
trenches, distribution of metallic objects, and additional information relative to the nature of the alluvial-
bedrock interface in the subsurface. The investigation will provide supplemental information that is 
required to effectively address the primary objective of removing or mitigating potential future liability 
related to the landfill. The primary requirements for mitigating future liability are to: minimize exposure 
to site workers, the public, and wildlife; and, limit migration of contaminants to groundwater such that 
regulatory limits are not exceeded. 

Final disposition of the landfill will be determined following the completion and evaluation of this Phase 
I field investigation. In the interim, NASA will continue with ongoing Post-Closure Care (PCC) activities 
until a decision is made based on consideration of the additional investigation results. 

1.2 Regulatory Requirements 

NASA submitted a Notice of Intent (NOI) to close the 700 Area landfill on February 3, 1998. The final 
closure certification was submitted to NMED on August 5, 1998 (NASA, 1998c). The Closure and PCC 
Plan for the 700 Area landfill was implemented on July 31, 1998, and is in effect for 30 years. The plan 
includes requirements for groundwater monitoring, soil vapor monitoring, PCC quarterly inspections and 
maintenance for landfill cover integrity, adequate drainage, fencing for the landfill boundary, and 
vegetative cover (NASA, 1998a). 

The WSTF Resource Conservation and Recovery Act (RCRA) Hazardous Waste Permit (NMED, 2016) 
requires the development and submission of an IWP that addresses the upcoming work to be performed at 
this location. Initially, the due date for submittal of the IWP for SMWU 49 was December 30, 2015 
(NMED, 2009). On November 17, 2015, NASA submitted a Class 1 Permit Modification Request 
(NASA, 2015) to the NMED HWB requesting a new due date for submittal of the IWP and HIS of 
December 29, 2017. NMED approved the Permit Modification Request on December 16, 2015 (NMED, 
2015). 
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1.3 Landfill Closure and Post-Closure Care Monitoring 

As part of the closure process, all the historical 700 Area landfill covered cells were located by trenching 
in April 1996 (HIS; NASA 2017c). Ten soil samples were also collected in the landfill prior to April 15, 
1996 to evaluate natural WSTF clay in preparation for closure. In May 1996, NASA decided to use a 
geosynthetic clay liner (GCL) instead of local WSTF clay to ensure the proper low hydraulic conductivity 
barrier required. 

NASA submitted the Landfill Closure and PCC plan to NMED on July 5, 1996 (NASA, 1996). The 
closure plan provided landfill survey details: “The 26 cells were located and surveyed utilizing the 
following methods: survey data resurrection; trenching using a backhoe and ripper; site investigations of 
observed settling; aerial photographs; and interviewing WSTF employees familiar with early landfill 
operations.” Figure 1.4 shows the identified cells within the landfill. “The area of cells requiring cover 
within the 24.32 acres is estimated to be 173,046 square feet (ft2; 3.97 acres).” NMED Solid Waste 
Bureau (SWB) personnel provided NASA with Environmental Protection Agency (EPA) computer 
software that was used to demonstrate the performance of the landfill cover and liner that were included 
in the 700 Area landfill Closure Plan. The final cover consisted of the GCL positioned between two 2-
inches (in.) layers of select fill (screened to 1/4 in. and less in diameter) above and below to prevent any 
large rocks from damaging its integrity. The select fill and approximately 10 in. of uncompacted screened 
local material (topsoil) was used to complete the cover (NASA, 1996). 

The Landfill Closure and PCC plan was approved by NMED SWB on August 22, 1997 (NMED, 1997a). 
From the solid waste annual report submitted to NMED; “NASA continued to transfer the majority of 
WSTF- generated solid waste off site by utilizing an independent contractor…” (NASA, 1998a). By 
November 1997, NMED personnel indicated in a landfill inspection that the landfill was no longer 
receiving any solid waste, that NASA was in the process of bidding package preparation for actual 
closure, and that waste was being picked up by Silva Sanitation (NMED, 1997b). An NOI to close the 
700 Area landfill was placed in the Operating Record on February 3, 1998, and NASA submitted the final 
closure certification to NMED on August 5, 1998 (NASA, 1998b). Closure activities were conducted by a 
subcontractor and included: 

• Shaping, grading, and compacting the landfill cells and area;  

• Constructing berms and a drainage channel;  

• Installing the GCL over each cell area on Figure 1.4 positioned between two 2-in. layers of 
selected fill; 

• Installing 10 in. of topsoil; 

• Completing final grading; 

• Fencing the landfill; and 

• Reseeding the landfill area. 

The PCC Plan for the 700 Area landfill was implemented on July 31, 1998, and is in effect for 30 years. 
NMED officially approved the implementation of the PCC plan on August 14, 1998 (NMED, 1998). At 
this time, NMED personnel conducted a landfill closure inspection and observed no violations (NMED, 
1998). The plan includes requirements for groundwater monitoring, soil vapor monitoring, PCC quarterly 
inspections and maintenance for landfill cover integrity, adequate drainage, fencing for the landfill 
boundary, and vegetative cover.  
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Since landfill closure, WSTF has performed quarterly inspections, semi-annual groundwater monitoring, 
and annual methane gas monitoring as part of the regularly scheduled PCC of the 700 Area landfill. 
Landfill inspections have identified occasional issues with the closure cap, resulting in the need to 
perform closure cap maintenance such as vegetation removal or repair of the closure cap. NASA provides 
the details of landfill closure cap repairs to the NMED SWB following each cap repair. The most recent 
report was submitted on June 1, 2017 (NASA, 2017c) and deemed in compliance by the SWB on July 7, 
2017 (NMED, 2017). The results of groundwater detection monitoring are provided in semi-annual 
reports to the SWB, most recently on December 20, 2017 (NASA, 2017d). The results of annual methane 
monitoring are provided to the SWB in each Solid Waste Management Annual Report. NASA submitted 
the most recent annual report, for calendar year 2016, to the SWB on February 13, 2017 (NASA, 2017a). 

2.0 Background 

2.1 Operational History 

The WSTF 700 Area landfill began operation between 1963 and 1965; the last waste was received on 
October 27, 1997 (HIS; NASA 2017c). NASA registered the 700 Area landfill with the New Mexico 
Environmental Improvement Division on October 19, 1978. The specific wastes and their quantities 
disposed in the landfill are not well documented, although evidence of the nature of the waste is available 
in spill reports and employee interviews for the deposition of hazardous substances. 

Prior to the 1985 establishment of a full-time Environmental Department at WSTF, the only wastes 
shipped off site for disposal were vehicle batteries (1963 to present) and polychlorinated biphenyls 
(PCBs; 1980 to present). Any wastes generated at WSTF prior to 1985, including hazardous wastes, were 
disposed of on site. In general, liquid wastes were managed in surface impoundments and solid wastes 
were disposed of in the 700 Area landfill. Older cells installed prior to 1985 on the southeastern half of 
the 700 Area landfill are more likely to have been associated with the disposal of hazardous wastes (HIS; 
NASA 2017c). 

2.2 Operations and Potential Wastes 

The operations performed at the 700 Area landfill between 1963 - 1997 can be summarized as follows: 

• For the years 1963 – 1985 there were no requirements for landfill waste management 
documentation, therefore uncertainty exists regarding the type and amount of “hazardous” waste 
disposed. 

• For the years 1985 – 1997 landfill waste management documentation was required and 
“hazardous” waste disposal was mitigated. 

• The exact total volume of waste at the landfill is unknown. The total volume of waste within the 
landfill has been estimated as 78,000 cubic yards (cu. yd.) within the HIS (NASA, 2017e), based 
on an estimate of 3,000 cu. yd. per cell and 26 total cells that were surveyed. This volume is 
approximated as the cells are not all uniform in size, and the survey may not have identified all 
cells.  

• Office and construction waste comprised the majority of the waste. 

Based upon information gathered for the HIS (NASA, 2017e), the following non-hazardous wastes are, or 
potentially could be, present at the landfill: 

• Non-hazardous laboratory waste. 
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• Office waste. 

• Scrap wood. 

• Yard waste. 

• Cafeteria waste. 

• Animal carcasses. 

• Drilling mud, additives, and cuttings 

Based upon information gathered for the HIS (NASA, 2017e), the following hazardous wastes or 
hazardous constituents are, or potentially could be, present at the landfill (likely disposed of prior to 1985) 

• Ash (in situ from trash burned in cells). 

• Explosives residue. 

• Infectious waste (sharps, blood, etc.). 

• Chemical or petroleum contaminated soils (lead, benzene, arsenic, cadmium, chromium, 
solvents). 

• Contaminated debris (such as soft goods, hardware, and clean-up materials) contaminated with 
fuels (unsymmetrical dimethylhydrazine [UDMH], Aerozine-50 [A-50], monomethylhydrazine 
[MMH], and hydrazine), and oxidizer (nitrogen tetroxide [N2O4]), also unused or off-spec 
containers of the above. 

• All 200 Area laboratory chemicals (e.g., Trichlorofluoromethane [Freon 11], 1,1,2-Trichloro-
1,2,2-trifluoroethane [Freon 113], trichloroethene [TCE], tetrachloroethene [PCE], other solvents, 
isopropyl alcohol [IPA], other alcohols, acetone, methyl ethyl ketone [MEK], phosphorus, etc.). 

• Hydrocarbons (e.g., diesel, gasoline, hydraulic fluid, lubricating oils, motor oils, etc.). 

• Teflon grease. 

• Mercury (from lamps and soft goods from spill cleanup). 

• Small amounts of metals (stainless steel, carbon steel, titanium, aluminum, iron, mercury, copper, 
tin, gold, silver, chromium). 

• Fluorescent lights (lead, cadmium, mercury) and ballasts (containing PCBs). 

• Asbestos containing construction debris and insulation. 

• Paints and primers (chromium, lead, barium, benzene, MEK, ignitable wastes). 

• Epoxies, resins, oils, adhesives, plastics, caulking, floor finish (solvents; possibly containing 
PCBs). 

• Batteries (corrosive, lead, cadmium). 

• Photographic papers/negatives (silver [silver bromide]), etching plates (copper, metals). 

• Automotive wastes (tires, brake parts, filters, antifreeze, and used oil). 

• Aerosol cans (barium, benzene, MEK, TCE, PCE, ignitable, corrosive, reactive wastes). 

• Broken or inoperable equipment/meters (metals, possibly asbestos and PCBs). 

• Pipes/plumbing (metals). 
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2.3 Previous Monitoring Results 

Details of previous groundwater and methane monitoring data for the 700 Area landfill is provided in the 
HIS (NASA, 2017e). In October 1994, NASA submitted a landfill groundwater monitoring system plan 
that was subsequently approved by NMED. On July 28, 1997, NASA provided analytical data, 
compliance status, and statistical analyses for constituents detected above background levels or 
assessment monitoring levels (AMLs) for the 700 Area landfill. Constituents listed were Freon 113, 
fluoride, total dissolved solids (TDS), sulfate, and Bis(2-ethylhexyl) phthalate (BEHP). NASA reported 
that Freon 113 concentrations were statistically above background levels in well 700-A-253; however, 
Freon 113 was not a listed hazardous constituent. BEHP was reported as the only hazardous constituent 
statistically above the AML in well 700-A-253.  

Following a request by NMED to initiate an assessment monitoring program, NASA submitted a 700 
Area Solid Waste Landfill Monitoring Well Installation and Groundwater Characterization Work Plan on 
January 19, 1999 (NASA, 1999). The groundwater sampling plan included sampling wells 700-A-253, 
700-D-186, 700-B-510, 700-E-458, 700-F-455, BW-6-355, newly proposed 700 Area wells 700-H, and 
700-J-200, and upgradient well 300-D-153. NASA concurrently conducted a BEHP investigation of other 
groundwater monitoring wells at WSTF and of fluids used in drilling groundwater wells. Evaluations of 
monitoring well data indicated that the BEHP detections had poor correlation to other contaminant plume 
profiles observed at WSTF. NASA installed dedicated sampling equipment in the 700 Area groundwater 
monitoring wells at WSTF, and BEHP concentrations dropped. BEHP and other phthalates were also 
detected in drilling fluids commonly used for well installation at the time.   

In March 2000, NASA requested to return to detection monitoring at the 700 Area landfill from 
assessment monitoring (NASA, 2000), which was approved by NMED (NMED, 2000). Freon 113 
continues to be detected at low levels within groundwater monitoring well 700-A-253 and at higher levels 
in 700-D-186; however, this constituent does not require assessment monitoring since Freon 113 is not 
listed as a hazardous constituent in the NMAC regulations. In February 2011, cadmium was detected at 
0.0031 mg/L and confirmed at 0.003 mg/L in May 2011 above the AML of 0.0025 mg/L. At NMED’s 
request, NASA provided a cadmium time-concentration graph to determine if cadmium concentrations 
were increasing over time. Cadmium concentrations have fluctuated from not detected to above the AML 
since 2011. Other constituents such as sulfate and TDS are detected above AMLs in 700 Area 
groundwater monitoring wells. NASA has provided information to the SWB that allowed for the 
determination that these constituents are from a source other than the landfill.   

NMED personnel determined that NASA should begin methane monitoring during a 700 Area landfill 
closure consultation in February 1995. In preparation for landfill closure, ten methane monitoring wells 
were installed around the landfill perimeter (Figure 1.4). Each monitoring well consists of a 7-ft long, 
1.25-in. diameter well point with 30 in. of #60 mesh screen set into a 6-ft deep, 4-in. diameter augured 
hole with a sand pack and bentonite seal.   

Methane monitoring of the permanent landfill methane gas wells (MW-1 through MW-10) was conducted 
quarterly from 1996 to 1999. All results from these methane gas sampling events were non-detect (<5.0 
ppm methane). On January 21, 1998, there was one detection of methane gas in well MW-5 of 7.6 ppm. 
In April 1998, all wells were measured at 0% LEL except MW-5, which could not be located following 
placement of the closure cap. Well MW-5 was apparently destroyed during cover and closure activities. 
WSTF facilities personnel repaired the well by removing the dirt from the pipe, installing an additional 
joint of pipe for well stick-up, filling the annulus to surface with bentonite. The concentration of methane 
was then measured at 0%. NMED also approved changing the methane monitoring frequency from 
quarterly to annually. Between October 1999 and December 2016 methane has not been detected at the 10 
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landfill methane monitoring wells. Methane monitoring results are provided to the SWB in the annual 
report (NASA, 2017a) 

2.4 Preliminary Site Conceptual Exposure Model 

A preliminary site conceptual exposure model (SCEM) was developed to provide an understanding of the 
potential for exposure to hazardous contaminants at the sites based on the source of contamination, the 
release mechanism, and the exposure pathway(s) as these relate to residential, industrial and construction 
exposure scenarios. Figure 2.1 summarizes and presents the SCEM in diagram form. Incomplete exposure 
pathways are denoted by dashed lines to potential receptors, and complete exposure pathways are denoted 
by solid lines.  

2.4.1 Contamination Sources 

The potential contamination sources are hazardous materials that may have been disposed of in the 700 
Area landfill (Section 2.2). Table 2.1 provides a comprehensive list of preliminary contaminants of 
potential concern (COPC) that may have been disposed of in the 700 Area landfill based on the operations 
and potential wastes identified in Section 2.2, and the lists of COPC generated for other test areas at 
WSTF (primarily the 200, 300, and 400 Areas). This represents the list of contaminants that may be 
contained within the 700 Area landfill closure cells; however, the list of constituents under investigation 
for the Phase I IWP are limited to VOCs and TPH for the shallow soil vapor survey (Sections 4.0 and 
5.0). During this Phase I investigation, the area covered by the landfill footprint (Figure 1.4) will be 
investigated using a variety of survey methods. 

2.4.2 Release Mechanisms 

Contamination can potentially be released from the landfill through the individual trenches that were used 
as a shallow repository for the waste materials. Waste materials may have been transported deeper into 
the vadose zone, and possibly groundwater, through leaching promoted by precipitation and infiltration. 

2.4.3 Exposure Pathways 

Four potential landfill exposure pathways are listed:  1) ingestion of groundwater; 2) incidental ingestion 
of soil or waste materials; 3) inhalation of volatile contaminants or particulate emissions (dust); and 4) 
dermal contact with soil or waste materials. There are no current or future residential land use scenarios 
anticipated in the vicinity of the 700 Area landfill. WSTF is a controlled test site located on the U.S. 
Army White Sands Missile Range and there are no encroaching residential areas. Therefore, there are no 
complete exposure pathways identified for the residential exposure scenario in this SCEM (Pathways 1, 2, 
3, and 4). 

The groundwater underlying much of WSTF is known to be contaminated and its future use and potential 
risk to receptors are part of an ongoing site-wide evaluation and corrective actions. The only water supply 
wells for the site are located several miles to the west and down hydraulic gradient from the 700 Area 
landfill. The supply wells are monitored regularly for the presence of any site-source contaminants. A risk 
assessment of the groundwater itself will not be conducted as part of this Phase 1 investigation. Ingestion 
of groundwater (Pathway 1) is not considered a completed exposure pathway for the residential, 
industrial, or construction worker exposure scenarios. 

The landfill materials remain intact in the shallow subsurface in the 700 Area. Since the materials exist 
underground, and have been covered with a Closure cap the exposure pathways of potentially 
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contaminated soil or waste materials (ingestion, inhalation, dermal) for the industrial exposure scenario is 
not considered complete (Pathways 2, 3, and 4).   

Environmental Department field technicians (Construction Workers) will be performing a passive soil 
vapor survey during this investigation, which includes the installation of shallow soil vapor probes to 
depths of 2 to 3 ft below ground surface (bgs). A potential exposure pathway exists for that population to 
ingest, inhale, or come into dermal contact with potentially contaminated soil (Pathways 2, 3, and 4). This 
potential exposure will be mitigated by the use of personal protective equipment (PPE) during the shallow 
soil boring and sampling activities.  

2.4.4 Potential Receptors 

The Phase I investigative activities will include a limited shallow subsurface investigation that will 
provide complete release and exposure mechanisms to field scientists and technicians (construction 
workers). NASA will utilize procedures detailed in Section 5.8 to mitigate construction worker exposure. 

3.0 Site Conditions 

3.1 700 Area Landfill Closure Description 

The 700 Area landfill is an approximately 24-acre (reported as 24.32 acres in the Closure Plan [NASA, 
1996]) trapezoid-shaped piece of land, with the long axis oriented northwest-southeast, designed to 
contain solid waste for disposal within excavated cells or trenches, and has a trench depth between 14 ft 
and 20 ft (Figure 1.4). The design capacity of the landfill is estimated at between 55,044 cu yd to 72,000 
cu yd with a ratio of waste to cover material of 8.5 to 1. The total volume of the 700 Area landfill has 
been estimated as 78,000 cu yd, based on an average estimate of 3,000 cu yd per cell and 26 total cells 
that were surveyed and covered during closure (HIS; NASA 2017c). The average waste volume estimate 
takes into account the variability in trench dimensions and estimates from the landfill operators that 20 
percent of the cell volume consists of natural soil, at least two feet of which is final cover. 

The Open Detonation Unit (ODU) was a ramped open trench used for waste explosives treatment and 
disposal operations, It was located adjacent to the northeast side of the 700 Area Landfill Closure 
(Figure 1.4). The dimensions of the unit were 46 ft by 9 ft by up to 6 ft deep. The unit began operation in 
1987 and was under interim status until the unit was permitted in 1993. The most recent waste disposal 
activity at the RCRA-permitted ODU was performed on March 23, 1999. In late 1999, NASA decided to 
permanently close the unit. Closure activities originally began on August 20, 2002. NMED approved the 
clean closure of this unit on August 12, 2005 (NMED, 2005). Disposal of excavated soil from the original 
ODU closure occurred on January 19, 2006. Final ODU backfill activities began on March 2, 2006 and 
were completed on March 3, 2006. NMED regulatory personnel inspected the closure on March 7, 2006 
(NASA, 2006). 

3.2 Surface Geology 

The surface geology at the 700 Area landfill consists of Quaternary piedmont slope facies of the Camp 
Rice Formation. The Camp Rice represents part of the widespread upper Santa Fe Group alluvium 
(Seager, 1981) derived from the adjacent San Andres Mountains (SAM) to the east. The piedmont slope 
deposits comprise coalescent alluvial fans that originated from Bear Canyon, a major east-west-trending 
transverse canyon in the southern SAM located 1 mile (mi) east southeast of the 700 Area landfill.  

Santa Fe Group alluvial deposits comprise variably sized gravel clasts within a sand, silt and clay sized 
matrix. The alluvium is consolidated to unconsolidated, poorly sorted and locally contains discontinuous 
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cemented caliche horizons a few inches in thickness. The most proximal outcropping lithologic units are 
located approximately 1 mi to the east southeast in the Bear Canyon area and comprise Pennsylvanian to 
Permian age limestone, sandstone, siltstone and shale.  

3.3 Subsurface Geology 

3.3.1 Stratigraphy 

Unconformably overlying older Santa Fe Group alluvium in the vadose zone is the Quaternary alluvium 
of the Camp Rice Formation and younger piedmont slope alluvium. These younger alluvial units are 
syntectonic with a period of younger Basin and Range faulting. Several subsurface faults in the vicinity of 
the landfill have been inferred from seismic and well log data (Reynolds, 1988; Maciejewski, 1996; 
NASA, 1996). 

Bedrock lithology in the vicinity of the 700 Area landfill comprise lower units of Permian Hueco 
Limestone and Tertiary (Eocene or Oligocene) Orejon Andesite (Seager, 1981) that consists of purple or 
green ash-flow tuffs and lava flows. The Permian Hueco Limestone and Tertiary Orejon Andesite 
bedrock are juxtaposed across inferred fault contacts. The bedrock surface below the 700 Area landfill 
forms an eroded and relatively flat bedrock pediment surface, based on existing borehole lithological and 
geophysical data. The bedrock surface decreases in elevation and increases in depth bgs from east to west 
across the landfill from 110 ft (well 700-J-200) to 180 ft (well 700-D-186).   

3.3.2 Structure 

Two styles of geologic deformation are present in the vicinity of the 700 Area landfill. The oldest and less 
prevalent deformation consists of west to northwest-trending folding and faulting associated with the Late 
Cretaceous to Early Tertiary Laramide Orogeny. This compressional deformation style is present east of 
the 700 Area landfill, exposed along Bear Canyon, and defined by Seager (1981) as the Bear Peak Fold 
and Thrust Zone. Thrust faults of the Bear Peak Fold and Thrust zone are interpreted to extend 
northwestward along strike in the subsurface and pass north of the northern boundary of the landfill. The 
second and more recent deformational style consists of extensional northwest-trending Late Tertiary 
Basin and Range normal faulting. The local expression of this structural style is the Rio Grande Rift. 
Basin and Range normal faulting began in the Rio Grande Rift between 26 and 32 million years ago 
(Seager, 1981).  

Based on available borehole information, deformation near the landfill appears to be limited to Basin and 
Range normal faulting. Two inferred normal faults that strike northwest are located in the vicinity of the 
landfill with displacements of approximately 50 ft that downfault a small block of Tertiary Orejon 
andesite bedrock into Paleozoic limestone bedrock (Hueco Formation) at depth below the 700 Area 
landfill. Paleozoic limestones are located on the northeast and southwest sides of the fault block 
(intercepted by wells 700-J-200 and 700-D-186, respectively). Adjacent and to the west of the landfill, a 
third normal fault (potentially the extension of the Hardscrabble Hill Fault [HHF]) significantly drops the 
Paleozoic limestone to depth below the base of well 700-H installed in andesite by at least 530 ft as 
indicated by the thickness of andesite intercepted. The lack of surface expressions of normal faulting in 
the vicinity of the landfill suggests that the inferred subsurface normal faults near the landfill are related 
to an early period of extensional basin-range faulting, with beveling of the surface before deposition of 
the alluvium. 
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3.3.3 Geological Interpretation 

Line of cross-section A-A’ is presented in plan view in Figure 3.1, and extends southeast to northwest 
between WSTF upgradient well 300-D-153 (located 6,000 ft southeast of the landfill) and well 700-B-510 
(located 3,500 ft west of the 700 Area landfill). Figure 3.2 presents the geological cross-section along line 
A-A’. Individual borehole and well completion characteristics of the wells in the vicinity of the 700 Area 
landfill are provided in Table 3.1. The surface elevation for the wells listed in Table 3.1 decreases from 
east to west moving down topographic gradient from the SAM into the southern Jornada del Muerto 
Basin. The elevation of bedrock also decreases from east to west in the direction of dip of the pediment 
slope. The bedrock surface appears to be relatively smooth and beveled through erosion, evidenced by 
existing boreholes installed in the area that do not suggest significant offset of the bedrock surface. 

Between wells 300-D-153 in the 300 Area and 700-J-200 east of the 700 Area landfill, bedrock comprises 
micritic limestones of the lower member of the Permian Hueco Formation that predominantly strike N5°E 
to N45°E and dip 28° to 42° to the northwest based on surface outcrops in the 300 Area. These bedding 
plane attitudes may continue below the landfill unless the area is affected by the Laramide faulting 
documented in the Bear Canyon area by Seager (1981). Well 700-J-200, located approximately 500 ft east 
of the landfill, intercepts strongly hornfelsed (metamorphosed) limestone bedrock within the upper 60 ft, 
which becomes argillaceous and unaltered at depth.  

Well 700-A-253, located adjacent to the landfill on the south side, intercepts 60 ft of Tertiary Orejon 
Andesite bedrock that overlies micritic limestone of the Hueco Formation. The microcrystalline texture of 
this andesite suggests a chilled margin to a volcanic flow or intrusive body, and this unit is inferred to be 
responsible for the metamorphism of hornfelsed limestone at well 700-J-200. Further northwest of the 
landfill along A-A’, micritic limestone bedrock of the Hueco Formation is again intercepted at well 700-
D-186 located adjacent and west of the landfill. The reoccurrence of limestone bedrock is inferred to be 
related to a faulted and uplifted horst block. The 700-D-186 limestone is reported to be well fractured 
from lithologic descriptions.  

Westbay®1 multiport well 700-H, located approximately 1,000 ft downgradient (west) of the landfill, was 
installed within a borehole drilled to 730 ft bgs. Andesite bedrock was intercepted at 200 ft bgs and 
continued to the total depth of drilling, a thickness of 530 ft. A significant fault contact is therefore 
inferred between wells 700-D-186 and 700-H west of the landfill that juxtaposes the Hueco Limestone 
and the Orejon Andesite. As a result of the significant displacement evidenced by the absence of 
limestone bedrock at well 700-H, the fault may represent a northern continuation or splay of the HHF, a 
north to northwest-trending regional fault with up to a few thousand feet of inferred displacement. The 
HHF is exposed at surface on Hardscrabble Hill approximately 4 mi south of the landfill. The structure is 
not observed on shallow seismic cross-sections due to the erosion and beveling of the bedrock pediment 
surface subsequent to faulting. 

3.3.4 Hydrogeology 

The aquifer in the vicinity of the 700 Area landfill is hosted within the Paleozoic limestone and Tertiary 
andesite bedrock, typically at depths up to 30 ft below the bedrock surface. There is little to no primary 
porosity in the bedrock; therefore, any porosity and groundwater flow is within secondary bedding 
solution channels and fractures within the limestone, and secondary fractures within the andesite induced 

                                                      

1 Westbay is a registered trademark of Nova Metrix Ground Monitoring (Canada) Ltd. 
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through structural episodes. Monitoring wells in the vicinity of the 700 Area landfill (700-J-200, 700-A-
253, 700-D-186, 700-H, and 700-B-510; Table 3.1) are screened below the static potentiometric surface 
in order to maximize groundwater flow from fractured zones. The groundwater monitoring system near 
the landfill consists of one upgradient well (700-J-200), two landfill PCC point-of-compliance wells 
located at the landfill boundary (700-A-253 and 700-D-186), and two downgradient wells (700-H and 
700-B-510). The wells are conventional single screen wells and are located in the uppermost aquifer with 
the exception of 700-H, which consists of three Westbay sampling ports designed for vertical 
characterization along a deeper aquifer profile. The details of these well construction designs are 
discussed in the site-wide Groundwater Monitoring Plan (GMP; NASA, 2017b).  

The screened intervals within the 700 Area groundwater monitoring wells were placed at the uppermost 
intervals where lithologic and geophysical log information identified the presence of secondary porosity 
fracture zones capable of generating sufficient water for collection of groundwater samples. Monitoring 
wells screened at the potentiometric surface do not always yield sufficient amounts of groundwater for 
samples, and may become dry during low recharge periods. The position of these zones with respect to 
the static potentiometric surface in the vicinity of the landfill is variable (Table 3.1).  

Groundwater flow in the vicinity of the 700 Area landfill is from east to west based on the latest 
(November 2017) groundwater depth measurements (Figure 3.3). The relatively steep groundwater 
gradient in the area is approximately 0.1 ft/ft, promoted by the significant decline in surface topography 
and the bedrock pediment along the western SAM pediment slope (NASA, 2017b). Groundwater flow in 
this area is calculated to have a velocity of 0.3 to 1.6 ft per day. The volume is however restricted based 
on low hydraulic conductivities within the aquifer determined from slug testing at monitoring wells 700-
H and 700-B-510, and observations from the dry borehole installed at the 700-G location. 

4.0 Scope of Activities 

Field activities planned for this Phase 1 investigation focus on: evaluating the distribution of VOCs and 
TPH (if present) in shallow soil vapor below the landfill cap; refining the location and orientation of 
individual trenches within the landfill; acquiring additional information relative to the metallic objects 
and their distribution within the landfill trenches; and, improving the conceptualization of the bedrock 
surface below the landfill. The Phase I investigation is expected to achieve these objectives utilizing the 
following techniques:  

• Shallow soil vapor survey (SVS): to evaluate the distribution of soil vapor VOCs and TPH that 
may be emanating from landfill contents;  

• Electromagnetic induction (EMI) survey: to establish spatial distribution of soil conditions, 
primarily the disturbed areas below the landfill Closure cap; 

• Ground penetrating radar (GPR) survey: to further delineate the locations and dimensions of 
individual landfill trenches and to identify the location of metallic objects;  

• Magnetic gradient survey: to locate and map the distribution of metallic objects of significant 
size; and,  

• Passive seismic survey: to improve conceptualization of the alluvial-bedrock interface below the 
landfill, including displacement of the bedrock that may represent faulting.  

The Phase I investigation will employ a preliminary standardized survey grid that utilizes 90 ft x 90 ft 
cells (Figure 4.1). Each survey method will utilize this grid as a starting point in developing the line 
densities for the final grid that will be based on the method requirements and primary objectives of the 
survey. In order to meet the technical requirements of each survey method and to provide the best quality 
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data from each survey, specific survey grids will be established in consultation with the subcontractor 
selected during the competitive procurement process.  

The Phase I investigation is not expected remove long-term environmental liability created by the 
continued presence of potential hazardous wastes or hazardous constituents in the landfill; however, it 
will provide essential information pertaining to evaluation of the scenarios for final landfill disposition. 
Improvement of the waste characterization through the Phase I investigation will support the landfill 
evaluation process and streamline decisions to improve the cost effectiveness of future investigation or 
potential corrective actions at the landfill.  

4.1 Problem Statement 

The problem statement is summarized in the Permit (NMED, 2016; Section VII.H.1.b), which states that 
the IWP “…shall include schedules for implementation and completion of specific actions necessary to 
determine the nature and extent of contamination and the potential migration pathways of contaminant 
releases to the air, soil, surface water, and ground water.” The Phase I investigation initiates this process 
and serves to enhance the information available to support future actions at the 700 Area landfill.   

4.2 Decision Statement and Alternative Actions 

The primary decision is whether additional corrective actions are warranted at the 700 Area landfill due to 
the presence of a residual contamination source(s). Alternative actions for the decisions include: 

• Consider a “Corrective Action Complete” status determination. 

• If a “Corrective Action Complete” status determination cannot be made using the information 
obtained during the investigation, determine if further investigation of the unit is required. 

• Perform a corrective measures evaluation (CME) for the site(s) to identify remedial options for 
mitigation of source(s) of continuing contamination (if required). 

4.3 Decision Inputs 

COPC concentrations measured in the vadose zone soil and local groundwater are the primary inputs to 
the decision. Wastes or hazardous constituents potentially present at the landfill that were likely disposed 
of prior to 1985 (Section 2.2) were identified using two primary information sources:  

• Detailed information pertinent to the establishment and operational history of the 700 Area 
landfill documented in the HIS (NASA, 2017e) through a variety of historical documents and 
reports, personnel interviews, and personnel questionnaires. 

• Analytical data sets for samples collected during previous investigations at WSTF test areas in 
that generated materials potentially disposed of in the 700 Area landfill, including soil, soil vapor, 
and groundwater samples.   

The qualitative data collected for the 700 Area Landfill Phase I investigation will be used to support 
development of a 700 Area Landfill Phase II Work Plan. The Phase II Work Plan will address future 
management of the 700 Area landfill closure and the strategy for the collection of quantitative subsurface 
contamination data. 

4.4 Study Boundaries 

The horizontal boundaries of the study represent the known footprint of the 700 Area landfill as 
determined by photography, historical research, and field surveys of the site (Figure 1.4). This 
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investigation specifically addresses the area contained within the footprint of the 700 Area landfill, and 
immediately adjacent areas as necessary.  

The vertical boundaries of the study primarily represent the shallow vadose zone that incorporates the 26 
known landfill trench locations. Most of the trenches were dug along the width of the landfill area (NE-
SW) with maximum planned dimensions of 20 ft x 20 ft x 600 ft. Several trenches are positioned in the 
long dimension, along the outside edges of the landfill but within the footprint. The average depth of the 
cells has been reported to be 14 ft (HIS; NASA 2017c). The overall depth for the investigation will be 
refined and potentially increased using the results of passive seismic survey. Using an extension of the 
grid lines on the standard grid (Figure 4.1), the passive seismic survey will be used to expand the 
investigation to a depth that incorporates the alluvial-bedrock interface at between 110 ft and 180 ft bgs.  

5.0 Investigative Methods 

5.1 Survey Grid 

The survey grid provided in Figure 4.1 will be used to guide data collection efforts during the Phase 1 
investigation. Global positioning system (GPS) coordinates will be recorded for the intercepts along each 
grid line and the shallow SVS sampling locations using Trimble satellite tracking system equipment to an 
accuracy of approximately 8 millimeters (mm; 0.3 in.) horizontally and 15 mm (0.59 in.) vertically. To 
simplify coverage of the 700 Area landfill, the principal (long) axis of the SVS grid was oriented 
northwest-southeast, parallel to the principal axis of the landfill (Figure 4.1). SVS grid traverses were 
oriented perpendicular to the principal axis in a northeast-southwest direction. Each grid point will be 
staked and flagged in the field in preparation for shallow boring installation. This survey grid will be used 
as the basic grid for the shallow SVS and the geophysical surveys, however grid coverage or line density 
will be modified as necessary to accommodate the technical and data quality requirements of each survey. 
Specific survey grids will be established in consultation with the subcontractor selected during the 
competitive procurement process. 

5.2 Shallow Soil Vapor Survey 

Shallow SVS sampling will be performed using soil vapor sample modules installed in shallow soil 
borings in two separate phases designed so that results from the first phase (Phase IA) can be used to help 
define the second phase (Phase IB). In the event that selected soil properties (e.g. porosity and moisture) 
are required by the soil vapor analytical laboratory as part of the analytical process, selected soil samples 
will also be collected from the soil placed on top of the GCL at each cell and from undisturbed soil 
outside the footprint of the cells.  

Soil vapor modules are adsorbent modules comprised of adsorbents contained or secured in a porous 
housing. The Phase IA SVS will screen for VOCs and TPH that may indicate the presence of residual 
contaminant mass in the landfill. The Phase IB SVS is expected to utilize a sampling bias that focuses on 
the results of the Phase IA SVS and geophysical surveys to enhance coverage of potential areas of 
interest. Elevated soil vapor contaminant mass could directly indicate residual contamination within the 
landfill.  

The Phase IA SVS will utilize a standard grid configuration with 90 ft x 90 ft cells with overall 
dimensions of approximately 700 ft along the short axis (northeast-southwest) by 1,550 ft along the long 
axis (northwest-southeast; Figure 4.1), traversing the entire landfill footprint and incorporating all 26 
trenches previously identified in the HIS (NASA, 2017e). Individual sampling nodes will be centered on 
each of the grid cells. The grid generally comprises eight cells in width (short axis) by 17 cells (long axis) 
in length, which will be labeled as sampling points 1 through 138 (Figure 4.1). Phase IB will incorporate 
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supplemental SVS sampling points that will be established following the evaluation of the Phase IA 
sampling results, and performance of the EMI, GPR and magnetic gradient surveys. It is expected that 
evaluation of the results of these surveys will support the development of specific target areas for 
potential VOC anomalies (identified by the Phase IA SVS) within individual trench locations (refined 
through the EMI, GPR, and magnetic gradient surveys).     

The anticipated shallow SVS soil vapor module samples to be collected are summarized below: 

• 138 samples – Phase IA systematic grid.  

• 13 samples – Phase IA existing monitoring well locations, including three conventional 
groundwater monitoring wells (700-A-253, 700-D-186, and 700-J-200) and ten existing shallow 
methane monitoring wells (MW-1 through MW-10 [with MW-5 damaged and unavailable]). 

• TBD – Phase II biased sampling points based on the results of the Phase I SVS, GPR survey, and 
magnetic gradient survey. 

• TBD – Field quality control samples (to be collected with both Phase IA and IB sample sets). 
Duplicate samples will be analyzed at a rate of 10% for samples collected in the field. For field 
duplicates, a second set of adsorbents housed in the soil vapor module will be analyzed. Trip 
blanks will be collected at a rate of 5% to document potential exposures that are not part of the 
signal of interest (e.g., impact during sampler shipment, installation or retrieval, and storage). 
Trip blanks are identical to the modules installed in the field, and will remain unopened during all 
phases of the project.   

As part of the initial Phase IA investigation, conventional monitoring wells 700-A-253, 700-D-186, and 
700-J-200 screened across the uppermost contaminated groundwater table will be equipped with soil 
vapor sampling modules as a control to compare shallow SVS results to a sampling environment where 
known groundwater contaminant concentrations contribute to soil vapor through off-gassing (Figure 4.1; 
Table 3.1). The ten shallow methane monitoring wells will also be evaluated using modules. Sample 
modules will be suspended inside the upper 2 ft of monitoring well casing and the well subsequently 
sealed with the well cap or other impervious material. Contamination in these wells is verified through 
periodic sampling as part of the WSTF groundwater monitoring program. The monitoring well results 
will be utilized for comparative purposes as they provide a direct conduit to the groundwater table. 
Analytical results for the sample modules installed within monitoring wells will not be included within 
the shallow soil vapor survey dataset planned for use in developing soil vapor contours. 

The soil vapor sample module laboratory will analyze samples utilizing EPA Method 8260 or equivalent 
for VOCs and TPH. For passive, sorbent-based sampler such as a universal passive sampler, a semi-
quantitative result can be developed by calculating the concentration per volume if the soil porosity, soil 
moisture content, and exposure time for the soil vapor sample modules is known. The soil vapor sample 
module analytical laboratory default unit of measurement is mass (grams of contaminant). Results will be 
presented on isoconcentration maps utilizing the mass in micrograms (µg), typically with a detection limit 
of 0.02 µg. 

5.2.1 SVS Method and Materials 

The use of sample modules for soil vapor sampling and screening surveys have been the subject of an 
EPA environmental technology verification report (Billets, 1998). The EPA indicated that the technology 
can provide useful, cost effective data for environmental problem solving. Sample modules are passive 
soil vapor samplers that collect a broad range of VOCs and semi-volatile organic compounds (SVOCs). 
Sample module analyses include the suite of chlorinated solvents and chlorofluorocarbons that may be 
present within the 700 Area landfill. Each sample module contains two passive collection units called 
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sorbers. Each sorber contains an equal amount of sorbent materials (polymeric and carbonaceous resins). 
These granular adsorbent materials are used because of their affinity for a broad range of VOCs and 
SVOCs. The sorbers are constructed of inert, hydrophobic, microporous expanded polytetrafluoroethane 
that allows vapors to move freely across the membrane and onto the sorbent material. The microporous 
structure also protects the granular adsorbents from physical contact with water and soil particulates. 
Sample modules are typically installed to a depth of between 2 to 3 ft bgs. Samplers are manually inserted 
into each boring using a stainless steel push rod. The samplers will be retrieved by hand using an attached 
string or cord, and analyzed using EPA Method 8260 by the soil vapor sample module analytical 
laboratory.  

The passive soil vapor collection technique can be more effective in identifying lower soil vapor 
contaminant concentrations due to the increased exposure time as compared to a one-time sampling 
strategy where a discreet volume of soil vapor is collected (for example SUMMA canister grab samples). 
Native soils in the 700 Area consist of silty to sandy alluvial gravels with porosities typically between 30 
to 40%. Individual landfill cells and fill materials will also have significant porosities. Although 12 in. of 
topsoil was used to cover the GCL liner, SVS sample modules will be installed to depths below the liner 
and will not be impacted by this low porosity barrier. 

Because of the considerable amount of time that has passed since the landfill last received solid waste, 
soil vapor concentrations in the vadose zone are anticipated to be low relative to concentrations that 
would characterize a continuing source or a single and more recent point source. The passive soil vapor 
collection technique will employ an extended exposure time of 14 days (pending confirmation and 
approval by the SVS analytical laboratory).  

5.2.2 Shallow SVS Boring Installation  

Shallow SVS boring locations in the field will be predominantly on top of the 700 Area landfill closure 
and will be accessed on foot. Shallow SVS soil borings will be installed using an electric or battery-
powered hand-held rotary hammer drill. Each boring will be drilled in two stages as described below.  

Soils near the ground surface at many sample locations are characterized by relatively loose and 
unconsolidated material. It is expected that borings will be prone to collapse in this setting, so a modified 
¾-in. diameter by 16-in. carbide hammer bit (approximate) fitted with a drive collar will be used to 
advance a ¾-in. inside-diameter by 15-in. length section of stainless steel conduit pipe into the ground 
with approximately 4 in. of conduit stickup. Prior to cutting individual sections, each length of conduit 
pipe will be decontaminated using detergent wash and potable rinse water. Equipment blank samples will 
be collected from 10 percent of the Phase IA and IB SVS conduit pipes. The equipment blank samples 
will be analyzed for VOCs and gasoline-range, diesel-range, and oil-range organics. 

Each of the borings will be subsequently drilled to a total depth of approximately 32 in. using a 5/8-in. 
diameter by 36-in. carbide hammer bit (approximate). The depth of the boring will be confirmed using a 
measuring rod. The soil borings will be temporarily protected at surface by covering the conduit pipe with 
a plastic bag secured in place with electrical tape. The rotary hammer bit and measuring rod will be 
cleaned of any solid soil material and rinsed with de-ionized water between each boring installation.  

Due to the accessible nature of the 700 Area landfill, significant adjustment of the SVS grid sample points 
is not anticipated. Modified locations will subsequently re-surveyed in the field, the locations imported to 
the SVS grid base map, and the deviation recorded in the field logbook. 
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5.2.3 Soil Vapor Module Deployment 

Phase IA SVS grid node locations will be recorded with the serial number of the individual soil vapor 
module installed at each location using an installation and retrieval logbook. Dedicated chemical resistant 
gloves (latex or nitrile) will be worn by field personnel while installing and retrieving the modules. Each 
sampling location depth will be measured prior to soil vapor module installation. Any collapse incurred 
within the boring will be recorded during the module emplacement; however, all borings will remain open 
to a minimum depth of 20 in. bgs. If a boring collapses to a depth shallower than 20 in. bgs, a replacement 
boring will be installed adjacent to the collapsed boring using the methods previously described. Each 
module will be taken from a correspondingly numbered glass vial and inserted into the base of the boring 
using a ¼-in. diameter stainless steel rod. The module serial number, corresponding field ID, sample type, 
date and time, observations, sample environment, soil type, etc. will be recorded in the field logbook as 
each module is installed. 

5.2.4 Soil Vapor Module Sampling and Recovery 

Each soil vapor module will be suspended on a length of string inside the boring to facilitate retrieval. 
Each boring opening will then be sealed at the surface with a cork that fits snugly into the conduit pipe at 
the sample location. The soil vapor modules will be installed within the borings for 14 days. After this 
residence time, the sampling modules will be retrieved and placed into the corresponding glass vial in 
which they were shipped from the laboratory. The time and date of soil vapor module retrieval will be 
recorded at each sample location. In order to keep the residence time constant, the soil vapor modules will 
be removed in the same order and at a similar rate as they were emplaced. Custody seals will be placed on 
each glass vial after they are sealed and containers will be managed in accordance with the established 
WSTF sample management process. The modules will then be shipped to the laboratory for chemical 
analysis.   

When the Phase IA and Phase IB shallow SVS sampling is complete, the ¾-in steel conduits will be 
removed from the borings. Soil vapor borings installed directly in soil will be backfilled with a small 
volume of native landfill materials following retrieval of the sampling modules and the completion of 
sampling. 

5.2.5  Sample Management and Interpretation 

Sample management techniques specific to the soil vapor module laboratory will be utilized. Procedures 
presented in WSTF internal instructions for environmental sample management will be followed during 
sample management operations wherever possible. Phase IA and IB sample modules will be shipped to 
WSTF in single batches by the contracted soil vapor module laboratory. Individual sample modules are 
contained separately within 40 milliliter glass vials. Soil vapor module samplers can typically be used 
within three months of receipt. 

Sample modules will be stored and transported at all times in accordance with specific requirements of 
the soil vapor analytical laboratory. Trip blanks will be retained with the other modules during storage 
and travel to and from the field. During the period of field exposure between installation and collection, 
trip blank modules will be stored in a secure container at the 700 Area landfill. Each sample module and 
glass vial container will be labeled with a unique serial number and sealed with a custody seal. Sample 
module shipments will be returned by overnight carrier for laboratory analysis. Samples will be managed 
using an internal WSTF chain-of-custody form and an external chain-of-custody form provided by the 
laboratory.     
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Following evaluation of sample results from the initial Phase IA SVS grid, GPR survey, and magnetic 
gradient survey, the Phase IB SVS sampling will be performed. Up to 150 additional supplemental SVS 
points are anticipated. The set of Phase IB SVS borings and modules will be biased at tighter spacing 
between the existing grid nodes to provide greater detail where the initial Phase IA SVS and geophysical 
survey results indicate anomalous concentrations within a more refined trench scenario. The Phase IB 
SVS sampling will be performed as soon as possible after Phase 1A SVS sampling, in order to maintain 
as much consistency as is feasible between the two data sets. This will provide duplicity in the data, and 
tie the surveys together. By holding variables such as exposure time, installation depth, and analytical 
procedures constant from one survey to the next, the results from the two surveys will be comparable. The 
results will be combined onto one set of maps providing a comprehensive view of the subsurface soil 
vapor distribution. 

5.3 Electromagnetic Induction Survey 

5.3.1 Procedures and Goals 

Industry-standard EMI devices are based on the measurement of the change in mutual impedance between 
a pair of coils on or above the earth’s surface. EMI instruments are comprised of two or more sets of coils 
that are electrically connected and separated by a fixed distance. The EMI equipment is portable and 
allows data to be collected as fast as the operator can walk. Subsurface conductivities are collected 
continuously as the operator surveys the site with the instrument. The survey that effectively defines the 
700 Area landfill can be performed rapidly and effectively.  

The principal value of the method is that it provides continuous, high resolution data at reasonable cost. 
The EMI will be connected to a data logger that simultaneously measures and records the terrain 
conductivity of the subsurface, and will detect metallic and non-metallic objects or features with 
conductivity varying from their surroundings. The EMI device will be utilized to simultaneously examine 
soil conditions and locate utilities, drums, and other buried metal debris, in addition to non-metallic burial 
features such as trenches from the contrast of conductivity between the disturbed earth and the 
undisturbed earth (similar to the GPR method discussed in Section 5.4).  

The EMI survey grid will utilize the systematic base grid (Figure 4.1) as a starting point for field survey 
grid development. Utilizing both sets of grid lines will facilitate the development of three dimensional 
data. The spacing of grid lines will be considerably denser with a tighter spacing for the EMI survey in 
order to facilitate the identification of individual targets such as drums. Grid spacing will be established 
during the interaction with geophysical subcontractors during the procurement process.  

5.3.2 Equipment 

Industry-standard EMI equipment can be carried by hand or mounted to a trailer for towing, as ground 
contact is not required for operation. Vegetation and obstacles can be navigated around easily. The 
equipment includes a transmitter that generates a pulsed primary magnetic field, which induces eddy 
currents into nearby metal objects. The decay of these currents is measured by two receiver coils mounted 
on the coil assembly. The responses are recorded and displayed by an integrated computer based digital 
data logger. The EMI device will be connected to a GPS receiver so that accurate horizontal and vertical 
location information is recorded concurrently with the EMI log data. 

The specific EMI equipment and method utilized for the survey will be selected in order to provide 
comprehensive coverage for the vertical extent of the landfill trenches. Based on the HIS, the vertical 
extent of the landfill is expected to be between 14 ft and 20 ft. The EMI equipment to be utilized for the 
investigation must investigate beyond the anticipated vertical extent of the landfill and will be determined 
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during the competitive procurement process for the geophysical contractor(s). In response to a recent 
NMED request (NMED, 2018) potential devices include, but are not limited to, the Geophex Ltd. GEM-2 
and Geonics, Inc. EM-31 and EM-34. 

The Geophex Ltd. GEM-2 electromagnetic instrument is a candidate for the EMI survey. The effective 
depth of exploration for the device is variable depending on ground conductivity, target volume, and 
ambient electromagnetic noise. The manufacturer estimates the GEM-2 is effective to a depth of 60 ft in 
resistive areas (consisting of sand, gravel, and asphalt), and 30 ft in conductive areas. For typical 
applications in low noise rural areas similar to the 700 Area landfill, the recommended depth is up to 30 
ft, which is anticipated to provide sufficient vertical coverage. The Geonics, Inc. EM-31 terrain 
conductivity meter provides an alternate option, but typically provides more limited depth profiling up to 
20 ft. The EM-31 meter will map any subsurface feature associated with changes in ground conductivity 
and is effective in areas of high surface resistivity. Alternately, the Geonics, Inc. EM-34 meter is 
preferred for greater depth profiling between 30 and 180 ft. The performance of the specific device will 
be evaluated during the initial EMI survey and an alternate will be considered if necessary.    

5.3.3 Data Processing and Interpretation 

Survey data generated by EMI will be stored in a data logger in the field as the survey is run, and will be 
downloaded daily to a laptop computer or other permanent storage for processing. All data will be given a 
preliminary review in the field for quality assurance purposes. After collecting EMI survey data, the 
operator will plot the data using commercially available software to visualize subsurface anomalies, 
targets, and/or potential soil issues. The EMI survey cannot provide exact information on the target’s 
depth, shape, and orientation but the data is easy to view, process, and even immediately overlay on 
digitized maps. Subsequent geophysical methods described below (GPR and magnetic gradient surveys) 
can then target areas of interest to provide more detailed information on depths, size (dimensions/shapes), 
and orientation of targets in either two-dimensional (2-D) or three-dimensional (3-D) imaging. 

5.4 Ground Penetrating Radar Survey 

5.4.1 Procedures and Goals 

The GPR method is a non-destructive, non-intrusive geophysical method that produces a continuous 
cross-sectional profile or record of subsurface metallic and non-metallic objects. Radar profiles generated 
by GPR methods are used for evaluating the location and depth of buried objects and to investigate the 
presence and continuity of natural subsurface conditions and features. The GPR survey at the landfill is 
intended to provide information regarding the locations and depths of landfill trenches, identification of 
changes in subsurface lithology, subsurface objects in landfill trenches, and to identify voids. 

The GPR uses high-frequency-pulsed electromagnetic waves (from 10 to 3000 megahertz) to acquire 
subsurface information. Energy is propagated downward into the ground from a transmitting antenna and 
is reflected back to a receiving antenna from subsurface boundaries between media possessing different 
electromagnetic properties. The depth of penetration is determined primarily by the attenuation of the 
radar signal due to the conversion of electromagnetic energy to thermal energy through electrical 
conduction, dielectric relaxation, or magnetic relaxation losses. Conductivity is primarily governed by the 
water content of the material and the concentration of free ions in solution (salinity). Environments not 
conducive to using the radar method include high conductivity soils, sediments saturated with salt water 
or highly conductive fluids, and metal. The use of GPR methods at the landfill is warranted as subsurface 
soils exhibit low conductivities and moisture content, and the groundwater depth is 120 to 180 ft bgs. 
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The GPR survey areas/lines will be selected based on the results of the EMI survey. Areas of interest 
identified using EMI methods that require a more detailed definition of subsurface features will be 
selected for GPR survey. The GPR survey grid will utilize the systematic Phase IA shallow SVS and EMI 
survey base grid (Figure 4.1) as a starting point for field survey grid development.  

5.4.2 Equipment 

The GPR equipment utilized for the measurement of subsurface conditions normally consists of a 
transmitter and receiver antenna, a radar control unit, and suitable data storage and display devices. The 
radar control unit consists of a small micro-computer and standard operating system that controls the 
measurement process, stores the data, and serves as a user interface. The control unit synchronizes signals 
to the transmitting and receiving electronics in the antennas. The synchronizing signals control the 
transmitter and sampling receiver electronics located in the antenna(s) in order to generate a sampled 
waveform of the reflected radar pulses. These waveforms may be filtered and amplified and are 
transmitted along with timing signals to the display and recording devices. 

5.4.3 Data Processing and Interpretation 

The objective of GPR data presentation is to provide a display of the processed data that closely 
approximates an image of the subsurface, with the anomalies that are associated with the objects of 
interest located in their proper spatial positions. Individual GPR surveys will be tied to the Phase I survey 
base grid points to accurately locate identified subsurface objects. Data display is central to data 
interpretation, and is generally a function of the radar control and data logging unit. Producing a good 
display is an integral part of interpretation. There are three types of displays of surface data, including: 1) 
a one-dimensional trace, 2) a two dimensional cross section, and 3) a three dimensional display. A one-
dimensional trace is of limited value until several traces are placed side-by-side to produce a two 
dimensional cross section, or placed in a three dimensional block view. The wiggle trace (or scan) is the 
building block of all displays. A single trace can be used to detect objects (and determine their depth) 
below a spot on the surface. By towing the antenna over the surface and recording traces at a fixed 
spacing, a record section of traces is obtained. The horizontal axis of the record section is surface 
position, and the vertical axis is round-trip travel time of the electromagnetic wave. A GPR record section 
is very similar to the display for an acoustic sonogram, or the display for a fish finder. Wiggle trace 
displays are a natural connection to other common displays used in engineering (e.g., an oscilloscope 
display), but it is often impractical to display the numerous traces that are measured along a GPR transect 
in wiggle-trace form. Therefore, scan displays have become the normal mode of two dimensional data 
presentation for GPR data. A scan display is obtained by simply assigning a color (or a variation of color 
intensity) to amplitude ranges on the trace.  

A determination of the appropriate survey method (2-D or 3-D) will be established during the interaction 
with GPR subcontractors during the procurement process. The selected GPR subcontractor will provide 
copies of all images and interpretations of the survey upon completion. These documents will be archived 
in the project files, and select images and interpretations will be presented in the investigative report. 

5.5 Magnetic Gradient Survey 

5.5.1 Procedures and Goals 

A magnetometer measures both the orientation and strength of a magnetic field. Magnetic gradient 
surveys measure small, local variations in the Earth’s magnetic field by using instruments that 
temporarily polarize protons in a container holding proton-rich fluids by applying an electrical current. 
When the current is removed, the protons realign corresponding to the magnetic field of the earth at that 
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location and a reading is taken. These localized variations in the magnetic field can be measured with 
accuracies to 0.002% (Mariita, 2007). 

Gradiometers utilize two magnetometers stacked one above the other to measure the magnetic field 
gradient rather than the total field strength. This relative measurement allows for the removal of 
background noise. Gradiometers accentuate the signal from shallow ferromagnetic objects while ignoring 
deeper features. They have been successfully used to locate buried ferrous objects such as drums, tanks, 
unexploded ordnance, and utilities. The depth of detection depends on the magnetic signature of the target 
object, so a ton block of iron may be located at a depth of 30 ft, while smaller ferrous debris (drum) might 
be located at a depth of 10 ft or shallower. 

Because of the operating range in the shallow environment, magnetic gradient surveying has been 
demonstrated to be an effective tool in delineating old landfill boundaries, cell locations, and the presence 
of buried metallic wastes. Within New Mexico, the City of Albuquerque has successfully utilized 
magnetic surveys, in conjunction with other investigative methods, to map out at least two historical 
landfills within the boundaries of the city, the Nazareth Landfill (HGI, 2017a) and Los Angeles Landfill 
(HGI, 2017b). 

At the 700 Area landfill, magnetic surveying will be used in conjunction with EMI and GPR to non-
invasively characterize the lateral extents and thicknesses of buried waste and the depth of cover material 
over the waste cells. Magnetic measurements are highly sensitive to ferrous metals, a common component 
of the debris buried in landfill trenches. Upon obtaining survey data, a high-resolution, plan view map of 
the distribution of ferrous metallic objects within the cells will be generated. In addition, the magnetic 
survey will be used in conjunction with the EMI and GPR surveys to delineate the cells, due to inherent 
differences in profile signatures between the excavated trenches and undisturbed native soils. 

Due to the variability in the widths of the landfill trenches and anticipated variability in the sizes of 
ferrous objects within them, it is proposed that survey lines be run across the width of the landfill area 
throughout its entire length at a line spacing of approximately 8 ft. At this density, approximately 21 line 
mi of survey are expected to provide enough coverage that no cells or ferrous debris the size of a 55-
gallon drum will be missed. The survey grid for the Phase IA SVS will be utilized to orient the magnetic 
gradient survey, with subsequent refinement of the grid to the tighter line spacings. The magnetic survey 
grid will utilize the systematic Phase IA shallow SVS, EMI, and GPR base grid (Figure 4.1) as a starting 
point for field survey grid development. The spacing of grid lines will be considerably denser with a 
tighter spacing for the magnetic survey. Grid spacing will be established during the interaction with 
geophysical subcontractors during the procurement process. 

5.5.2 Equipment 

The equipment proposed for the magnetic gradient survey is a Geometrics®2 G-858 axial gradiometer 
cesium magnetometer, or equivalent, with two probes positioned vertically in series (approximately 3 ft 
apart) to measure the magnetic gradient. The magnetometer will be utilized concurrently with GPS to 
continuously record the locations of readings with progression along the survey lines. Data loggers will 
record readings during data acquisition. The equipment will either be carried by a technician along each 
survey line or towed on a non-magnetic cart behind an All-Terrain Vehicle (ATV). Magnetic readings 
will be taken at 1 to 5-second intervals as the equipment is moved along the survey lines. Quality 
assurance tests, such as visual inspection, functionality, static response, vibration, and dynamic response 
will be performed daily to ensure the equipment is in satisfactory working condition. Magnetic survey 

                                                      

2 Geometrics is a registered trademark of Geometrics, Inc. 
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data will be stored in a data logger in the field as the survey is run, and will be downloaded daily to a 
laptop computer or other permanent storage for processing. All data will be subject to preliminary review 
in the field for quality assurance purposes. 

5.5.3 Data Processing and Interpretation 

Geometrics MagMap™, or equivalent software, will be used to process the data and to generate a plan 
map of the distribution of ferrous anomalies in the landfill cells. These maps will be compared to maps of 
anomalies garnered from EMI and GPR data to evaluate the potential distribution of wastes and debris in 
the 700 Area landfill.     

5.6 Passive Seismic Survey 

5.6.1 Procedure and Goals 

A passive seismic survey (PSS) involves the detection of natural low frequency earth movements and will 
be used with the purpose of discerning geological lithology and structure in the subsurface of the 700 
Area. Passive seismic (also known as ambient noise surface wave tomography) utilizes background noise 
to generate vertical profiles through the ground. Variations in impedance contrast are mapped to show 
lithological and structural features. The technique can be applied to any scenario where softer layers 
overlie harder substrates, which is the case at the 700 Area landfill where alluvium overlies bedrock. 
Depending on the nature of the ambient noise and the physical properties of the subsurface lithologies, 
passive seismic can be used to support subsurface interpretations from near surface down to a few 
thousand feet in depth.  

Passive seismic focuses on low frequency signals (0 to 10 hertz). The primary target layer for the PSS at 
the 700 Area landfill will be the Paleozoic Hueco limestone and Oligocene Orejon andesite bedrock 
surface. Enhanced interpretation of this surface will assist with the development of the subsurface site 
conceptual model in this area, and support site wide geophysical survey efforts. Data listening will be 
performed using multiple measurement points along linear transects that will be monitored for a period of 
several days.  

Prior to running a complete survey, it is advisable to perform a “noise test,” whereby approximately 30 
seismic sensor nodes are laid out in a tight 2-D array. The nodes will be left deployed in the field for one 
to three weeks, collected, and the data analyzed in order to assist with the final spacing of geophones. The 
complete PSS will consist of a series of single seismic sensor nodes arranged in linear transects. The 
linear transects will be arranged across the 700 Area landfill into an appropriate grid pattern to generate a 
3-D surface of the target horizon (bedrock).  

The spacing of seismic sensor nodes influences subsurface resolution, and will be based upon the 
anticipated depth to the primary reflector (bedrock) at between 110 to 180 ft bgs. The vertical resolution 
for the PSS data set is typically about half the distance of the horizontal node spacing. The typical spacing 
for individual geophones is typically in the order of several tens of ft to a few hundred feet in order to 
provide best resolution for the anticipated depth of bedrock. Nearby wells 700-A-253, 700-D-186, 700-H, 
and 700-J-200 will be used as independent bedrock depth controls. The passive seismic survey grid will 
utilize the systematic Phase IA shallow SVS, EMI, GPR, and magnetic base grid (Figure 4.1) as a starting 
point for field survey grid development. The spacing of grid lines will be less dense, considerably wider-
spaced, and extend further beyond the footprint of the 700 Area landfill than the other survey lines due to 
the greater target depth for this survey.  
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5.6.2 Equipment 

The seismic sensor nodes act as seismic geophones that will be spaced based on the design and 
recommendation of the geophysical subcontractor. Monitoring points will comprise seismic sensor nodes 
that are placed at the surface or can be buried up to a few inches below the ground to shield them from the 
wind. Sensor nodes typically have a charge life of 30 to 45 days, but it is anticipated they will only be left 
in the ground for a few days to a few weeks. Several hundred nodes may be required to adequately cover 
the landfill and adjacent areas. 

5.6.3 Data Processing and Interpretation 

The conclusions for the PSS will be based on the spectral analysis of the observed seismic waves. Data 
are usually acquired in multiple points simultaneously, using synchronized PSS lines. The data will 
subsequently be processed to develop a 3-D velocity map.   

5.7 Site Access and Maintenance of Closure Cap 

The boundaries of the 700 Area landfill are fenced and the surface sparsely to moderately vegetated with 
desert shrubs and grasses, some of which may impede easy progression of equipment along planned 
survey lines. In order to establish the survey lines and ensure adequate access for survey equipment, some 
vegetation may be mowed or mechanically removed. Locations identified for the surveys will be assessed 
to determine the appropriate surface preparation to allow for successful operation of the associated 
equipment while ensuring the landfill cap is protected. 

In addition, the GCL covering the landfill cells may be impacted if any equipment heavier than an ATV is 
driven over vulnerable cells. The shallow SVS and geophysical surveys can be completed by operators 
hand-carrying or towing equipment with an ATV. If vehicles larger than ATVs are required, NASA will 
limit their use to portions of the closure cap under which GCL is not installed.  

5.8 Safety and Health Procedures 

Field activities will be conducted in accordance with requirements of 29 CFR 1910, Occupational Safety 
and Health Administration (OSHA) Standards for Hazardous Waste Operations and Emergency Response 
(HAZWOPER, 2017). The Contractor’s Corporate-wide Safety and Health Plan (SHP) will be augmented 
with site-specific Job Hazard Analyses to address potential hazard foreseeable for the project; and, will be 
followed in accordance with applicable requirements of the standards. The augmented SHP will address 
safety and health issues pertaining to work activities, including known and reasonably anticipated hazards 
associated with project scope of work as well as contingencies for unexpected conditions. The 
requirements of the SHP will apply to prime and sub-tier contractors as well as personnel requesting 
access to controlled areas of the investigation site.  

Project field personnel are required to be current in HAZWOPER training. In the event that new hazards 
are encountered that are not addressed by the SHP, the field team will stop work and contact the 
responsible health and safety personnel to develop additional guidance on means to eliminate or mitigate 
any new threats. As required by the Hazardous Waste Operations and Emergency Response (2017), the 
SHP, and project-specific addenda will address: 

• A safety and health risk or hazard analysis for each site task and operation found in this IWP. 

• Employee training assignments. 
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• PPE to be used by employees for each of the site tasks and operations being conducted. 

• Medical surveillance and fitness for duty requirements (based on nature of the project scope and 
COPCs). 

• Frequency and types of air monitoring, personnel monitoring, and environmental sampling 
techniques and instrumentation to be used, including methods of maintenance and calibration of 
monitoring and sampling equipment to be used. 

• Site control measures in accordance with the site control program. 

• Decontamination procedures. 

• An emergency response plan for safe and effective responses to emergencies, including the 
necessary PPE and other equipment. 

• Pre-entry briefing. The SHP shall provide for pre-entry briefings to be held prior to initiating any 
site activity, and at such other times as necessary to ensure that employees are apprised of the 
SHP and that this plan is being followed. 

• Inspections shall be conducted by responsible contractor personnel who are knowledgeable in 
occupational safety and health. 

During the project, subcontractors must comply with OSHA and EPA standards applicable to this IWP 
and the SHP. Project subcontractor field personnel are required to be current in HAZWOPER training 
required 29 CFR 1910 (2017). Prior to the start of each day’s field activities, a Safety Tailgate Meeting 
will be conducted to review the planned activities of the day, potential hazards, and PPE required. Daily 
field activities will involve a minimum of two personnel working together. In the event of any injuries 
requiring first aid in the field, the person injured will report to the WSTF Clinic prior to the end of the 
work day. Any injuries or situations more serious than what could be mitigated using basic first aid will 
be handled by informing WSTF Emergency Services. 

5.9 Site Restoration and Grading 

Any suspected disturbance or damage to the GCL incurred during the Phase I shallow SVS field activities 
will be subject to repair during backfill of the associated soil boring. Following retrieval of the sampling 
module, the boring will be backfilled with powdered sodium bentonite and hydrated. This is a commonly 
accepted practice for the repair of landfill GCL liners, and has been performed previously at the WSTF 
600 Area Closure (NASA, 2011). Any minor site grading will be completed using hand tools to prevent 
the ponding of water at the site location.  

Following individual phases of the field investigation, all modifications or repairs to the landfill closure 
cap will be reported the NMED Solid Waste Bureau. Significant final restoration and grading activities at 
the 700 Area landfill will be performed following the completion of the last phase of fieldwork, receipt of 
the final analytical results, submittal of the investigation report to NMED, and receipt of concurrence 
from NMED. 

6.0 Equipment Decontamination Procedures 

It is anticipated that only solid waste will be generated during this investigation due to the shallow 
penetration of the SVS and non-invasive geophysical survey techniques. Any equipment that may 
penetrate the surface into a landfill cell will be decontaminated before and after use. General 
decontamination guidance available in ASTM International D 5088-15a (ASTM, 2015) will be followed 
for this project. Decontamination procedures will be performed by 40-hour HAZWOPER trained 
personnel wearing appropriate PPE under the supervision of the site supervisor or their designee. 
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6.1 Decontamination Area 

An individual small-scale decontamination station will be constructed adjacent to the 700 Area landfill to 
support decontamination of the shallow SVS steel conduit pipe and rotary hammer drill bit that will be 
used for the shallow SVS. Contamination reduction or decontamination activities will be performed over 
a containment device that will retain waste generated during the decontamination process. It is anticipated 
that all waste will be managed as solid waste.    

6.2 Decontamination Methods  

Decontamination will be performed on the SVS steel conduit pipe and rotary hammer bit to minimize the 
potential for any cross-contamination between shallow SVS sample locations. Any residual soil on the 
SVS steel conduit pipe and rotary hammer drill bit will be removed using a wire brush adjacent to each 
borehole location. Shallow SVS sampling equipment will be decontaminated prior to exiting the 700 Area 
landfill area. Decontamination will involve hand washing the item with non-phosphate detergent, rinsing 
with WSTF potable water, and finally by rinsing with purified water. In the event field screening 
instruments are used to monitor the condition of the 700 Area landfill, dry decontamination followed by 
an alcohol free moist wipe will be used for moisture sensitive equipment such as a photoionization 
detector (PID).    

7.0 Field Documentation Procedures 

The WSTF Environmental Department field supervisor (geologist or engineer) will keep a record of daily 
Phase I investigation activities, a log of site personnel, safety briefings, wastes generated, etc. in a project 
specific logbook. Logbooks will have durable pages, bound and serial numbered. Entries will be made in 
ink with no erasures. Each day’s record will be reviewed and approved by another individual involved in 
the project. Logbook entries will include, as applicable, information such as: 

• Standard Daily Header – project name, logbook number, date, weather conditions, team members 
present and their affiliations (including subcontractors), sample location identification, day’s 
task(s), daily safety meeting topics, PPE to be used, equipment in use, and any calibration 
information, if applicable. 

• Daily activities (time and observations recorded) – site arrival and departure, visitors and the 
purpose of their visit, sampling information, soil type, soil conditions, decontamination (i.e., 
method, equipment cleaned), reference data sheets or maps, if applicable. 

• Daily summary – action items, materials used, changes or deviations made from planned 
protocol, plan for next day. 

• Signatures (field personnel and logbook reviewer). 

In addition to the field logbook, shallow SVS sample locations will be recorded with the serial number of 
the individual soil vapor module installed at each location using an installation and retrieval log. This log 
includes the date, location, depth, sample type, identification number, sampler, and any circumstances, 
events, or decisions that could impact sample quality. Even though each case may be unique, the 
geologist's decision must be documented as to conditions that precipitated any decisions for the 
unsuitability of samples for analyses.   

Evidential records for the entire project will be maintained in hard copy or electronic form and will 
consist of: 

• Project IWP with any deviations redlined. 
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• Site-specific internal procedural documentation or plans. 

• Project logbooks. 

• Field data records (i.e., surveyed site location). 

• Sample installation and retrieval logs. 

• Correspondence with NMED. 

• Final analytical data packages. 

• Reports. 

• Miscellaneous related records such as photos, maps, drawings, etc. 

8.0 Investigation Derived Waste 

Permit Attachment 20 (Section 20.2.13) requires that a description of IDW management be provided in an 
appendix to each work plan (NMED, 2016). Because a very limited amount of solid waste is expected to 
be generated during the Phase I investigation fieldwork, waste management procedures are presented in 
this section in lieu of a separate appendix. 

All IDW generated as part of the investigation is anticipated to be characterized and managed as non-
hazardous solid waste. This will include a limited volume of soil cuttings, or environmental media, that 
adheres to shallow SVS steel conduit pipe and the rotary hammer drill bits. The cuttings will consist of 
soils that were used to construct the clean landfill closure cap. These are characterized as non-hazardous 
and will be left in the immediate project area. Other IDW will include used disposable PPE (gloves), 
plastic sheeting, and rags, which are characterized as non-hazardous and will be disposed of as solid 
waste at a Subtitle D landfill. Waste water and soap solutions used for equipment decontamination are 
also characterized as non-hazardous and will be disposed of in the WSTF sanitary sewer system. The 
shallow SVS soil vapor module samplers will be returned to the laboratory for chemical analysis. 

9.0 Data Management Tasks 

Passive diffusion sampler serial numbers, grid locations, and trip blank serial numbers will be recorded in 
the field logbook. Analysis of the samplers will be performed in the laboratory by gas chromatography 
per US EPA Method 8260. Analyses of trip blanks are performed in addition to laboratory blanks 
(instrument, method, standards, etc.) to ensure quality assurance. Data validation will be supported by the 
laboratory surrogate recovery and trip blank analysis.  

Processed data will be recorded in mass data tables, concentration values, and site isoconcentration maps 
utilizing the mass in µg showing compound distribution. The results of the Phase I investigation will be 
submitted to NMED in the Phase I Investigation Report. Following NMED approval of the Phase I 
Investigation Report, a separate work plan for Phase II investigation activities will be submitted to 
NMED for review and approval.  

Significant deviations from the number and locations of shallow SVS samples indicated in the IWP will 
be discussed with NMED for concurrence. Geophysical field survey events will be managed in 
accordance with the requirements established by the knowledgeable contractors. If a survey cannot be 
conducted as planned, the site supervisor will be notified. Any deviations from the IWP or procedures 
will be documented and noted in the Phase I Investigation Report for review by the NMED. 
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10.0 Current Monitoring and Sampling Programs 

The primary current monitoring program applicable to Phase I investigation fieldwork at the 700 Area 
landfill is NASA’s ongoing groundwater assessment program. NASA routinely collects groundwater 
samples from a comprehensive network of monitoring wells at WSTF, including those near the landfill, in 
accordance with the NMED-approved GMP (NASA, 2017b). Groundwater samples are collected for the 
analysis of VOCs, N-nitrosodimethylamine (NDMA), bromacil, and metals. Groundwater samples 
collected from monitoring wells near the landfill (wells 700-A-153, 700-D-186, 700-H, and 700-J-200) 
are also analyzed for the constituents in Subpart A of 20.9.9.20 NMAC in accordance with the landfill 
PCC Plan (NASA, 1997).  

NASA also performs annual methane monitoring at ten shallow soil vapor monitoring wells near the 
perimeter of the landfill (Figure 1.4) in accordance with the PCC Plan (NASA, 1997). Each monitoring 
well consists of a 7-ft long, 1.25-in. diameter well point with 30 in. of #60 mesh screen set into a 6-ft 
deep, 4-in. diameter augured hole with a sand pack and bentonite seal. Between May 1996 and December 
2016, methane has been detected a single time above the instrument detection limit of 5 parts per million. 
A concentration of 7.6 parts per million was reported at well MW-5 on January 21, 1998. This well was 
accidentally destroyed in 1998 during closure cover installation activities, although the remaining wells 
are operational. 

11.0 Schedule 

The anticipated schedule for the SWMU 49, 700 Area landfill Phase I investigation fieldwork and 
reporting is as follows:   

• NMED approval of the SWMU 49, 700 Area landfill IWP and HIS (to be determined). 

• Complete Phase I investigation procurements and commence fieldwork - 60 days following 
NMED approval.  

• Complete fieldwork components in the following general order and receipt of SVS analytical 
laboratory and geophysical subcontractor survey data all with a timeframe of 180 days following 
the start of fieldwork: 

o Phase IA systematic SVS on a standardized grid. 

o EMI to examine soil conditions and locate objects found beneath the surface and provide 
direction for GPR and magnetometer.  

o GPR to support trench delineation in subsurface. 

o Magnetic gradient survey to define metallic objects. 

o Passive seismic to investigate and discern geological lithology and structure. 

o Phase IB SVS designed with the support of results of the preceding Phase I SVS, EMI, 
GPR, and magnetic gradient surveys. 

• Data compilation, review, and development of draft 700 Area landfill Investigation Report 
including internal reviews: 120 days after completion of Phase I fieldwork components and 
receipt of laboratory and geophysical subcontractor survey data. 

• NASA Submits the SWMU 49, 700 Area Landfill Phase I Investigation Report to NMED: 360 
days after approval of the 700 Area landfill HIS and IWP. 
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Figure 1.1 WSTF Location Map 
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Figure 1.2 WSTF Industrial Areas 
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Figure 1.3 700 Area Landfill Location Map 
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Figure 1.4 700 Area Landfill Detail 
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Figure 2.1 Site Conceptual Exposure Model 
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Figure 3.1 700 Area Cross Section Location Map 
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Figure 3.2 700 Area Landfill Line of Cross-Section A-A’ 
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Figure 3.3 700 Area Landfill Potentiometric Contour Map 
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Figure 4.1 700 Area Landfill Base Survey Grid 
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Table 2.1 List of Contaminants of Potential Concern for the 700 Area Landfill 

Constituent Sample Type 
Asbestos FIBROUS SILICATE 
Chloride ANION 
Fluoride ANION 
Phosphorus ANION 
Sulfate ANION 
Cyanide CYANIDE 
PCBs CHLORINATED HYDROCARBON 
1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin (HpCDD) DIOXINS/FURANS 
Heptachlorodibenzo-p-dioxins (HpCDD), Total DIOXINS/FURANS 
Octachlorodibenzofuran (OCDF) DIOXINS/FURANS 
Octachlorodibenzo-p-dioxin (OCDD) DIOXINS/FURANS 
Hydrazine HYDRAZINE 
Monomethylhydrazine (MMH) HYDRAZINE 
Unsymmetrical Dimethylhydrazine (UDMH) HYDRAZINE 
Aluminum METALS 
Antimony METALS 
Arsenic METALS 
Barium METALS 
Beryllium METALS 
Boron METALS 
Cadmium METALS 
Calcium METALS 
Chromium (Total) METALS 
Chromium (VI) METALS 
Cobalt METALS 
Copper METALS 
Iron METALS 
Lead METALS 
Mercury METALS 
Molybdenum METALS 
Nickel METALS 
Potassium METALS 
Selenium METALS 
Silver METALS 
Strontium METALS 
Thallium METALS 
Tin METALS 
Uranium METALS 
Vanadium METALS 
Zinc METALS 
Bromacil BROMACIL 
N-Nitrodimethylamine NITROSAMINES 
N-Nitrosodimethylamine NITROSAMINES 
Nitrate NITROGEN 
Nitrite NITROGEN 
Perchlorate PERCHLORATE 
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Constituent Sample Type 
Radium RADS 
Bis(2-ethylhexyl) Phthalate SVOA 
Di-n-butyl Phthalate SVOA 
Diesel Range Organics SVOA/TPH 
1,1,1-Trichloroethane VOA 
1,1,2-Trichloroethane VOA 
1,1,2-Trichloro-1,2,2-trifluoroethane (Freon 113) VOA 
1,1-Dichloroethane VOA 
1,1-Dichloroethene VOA 
1,2-Dichloro-1,1,2-trifluoroethane (Freon 123a) VOA 
1,2-Dichloroethane VOA 
2,2-Dichloro-1,1,1-trifluoroethane (Freon 123) VOA 
2-Butanone (Methyl Ethyl Ketone) VOA 
2-Hexanone VOA 
2-Propanol VOA 
3-Chloro-1-Propene VOA 
Acetone VOA 
Acrilonitrile VOA 
Benzene VOA 
Bromodichloromethane VOA 
Bromoform VOA 
Bromomethane VOA 
Chlorobenzene VOA 
Chloroform VOA 
Chloromethane VOA 
Dibromochloromethane VOA 
Dichlorodifluoromethane (Freon 12) VOA 
Dichlorofluoromethane (Freon 21) VOA 
Gasoline Range Organics VOA/TPH 
Methyl tert-Butyl Ether VOA 
Methylene Chloride VOA 
m-Xylene & p-Xylene VOA 
Oil Range Organics VOA/TPH 
Styrene VOA 
Tetrachloroethene (PCE) VOA 
Toluene VOA 
trans-1,2-Dichloroethene VOA 
Trichloroethene (TCE) VOA 
Trichlorofluoromethane (Freon 11) VOA 
Vinyl Chloride VOA 
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Table 3.1 700 Area Landfill and Vicinity Borehole and Well Completion Data  

Borehole/Well 
and Type 

Casing 
Elevation  
(ft amsl) 

Depth to 
Bedrock  
(ft bgs) 

Bedrock Type 

Nov-2017 
Depth to 

Groundwater 
(ft bgs) 

Groundwater 
Elevation  
(ft amsl) 

Screened Interval 
(ft bgs) 

Borehole 
Total Depth 

(ft bgs) 

300-D-153 
Conventional 5112.82 75 Limestone 162.78 4950.04 153.10 – 173.80 194 

700-A-253 
Conventional 4912.38 149 Andesite 193.84 4718.54 253.00 – 263.40 287 

700-B-510 
Conventional 4809.57 285 Andesite 466.0 4343.57 510.00 – 530.84 550 

700-D-186 
Conventional 4889.20 180 Limestone 177.59 4711.61 186.00 – 196.30 205 

700-E-458 
Conventional 4722.01 285 Andesite 310.60 4411.41 458.10 – 478.90 515 

700-F-455 
Conventional 4767.67 305 Andesite 277.56 4490.10 455.0 – 475.03 526 

700-G 
Abandoned 
Borehole 

4779.19 260 Andesite Dry Dry None 450 

700-J-200 
Conventional 4950.47 110 Hornfelsed 

Limestone 121.69 4828.78 199.64 – 219.68 240 

700-H 
Westbay 4870.50 200 Andesite 264.77 4605.73 

345.00 – 360.00 
525.00 – 545.00 
660.00 – 680.00 

730 

BW-6-355 
Conventional 4818.71 238 Andesite 245.48 4573.23 355.00 – 375.53 401 
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Executive Summary 

This investigation work plan (IWP) presents a planned Phase I field investigation at the National 
Aeronautics and Space Administration (NASA) White Sands Test Facility (WSTF) 700 Area landfill, 
listed as Solid Waste Management Unit (SWMU) 49) in the New Mexico Environment Department 
(NMED) Hazardous Waste Permit (Permit; NMED, 2016). The 700 Area landfill was operational at 
WSTF between 1965 and 1997. A Notice of Intent (NOI) to close the 700 Area landfill was placed in the 
Operating Record on February 3, 1998, and NASA submitted the final closure certification to NMED on 
August 5, 1998 (NASA, 1998a). A post-Closure care (PCC) Plan for the 700 Area landfill was 
implemented on July 31, 1998, and is in effect for 30 years. The plan includes requirements for 
groundwater monitoring, soil vapor monitoring, PCC quarterly inspections and maintenance for landfill 
cover integrity, adequate drainage, fencing for the landfill boundary, and vegetative cover (NASA, 1999). 
NASA is currently reviewing potential options for an effective long-term solution for closure of the 700 
Area landfill. The Permit (NMED, 2016) requires the development and submission of an IWP for the 700 
Area landfill in conjunction with a historical information summary (HIS), to be submitted by December 
29, 2017. 

The proposed Phase I investigation will utilize non-invasive techniques that are designed to provide a 
detailed insight into the 700 Area landfill. The investigation will provide a conceptualization of the 700 
Area landfill through a series of field surveys to evaluate: the distribution of volatile organic compounds 
(VOCs) and total petroleum hydrocarbons (TPH) in soil vapor (if present); the location and dimensions of 
waste disposal trenches; the location of metallic debris within the trench; and, additional information 
relative to subsurface geology with particular reference to the alluvial-bedrock interface. The 
investigation will provide supplementary information to support determination of the most effective 
strategy to mitigate potential future liability related to the landfill. 

The Phase I investigation covers the area constituting the footprint of the 700 Area landfill, which is 
traversed by a standardized preliminary field survey grid constructed using 90-foot (ft) x 90-ft grid cells 
that will be utilized as the base grid for the shallow soil vapor and geophysical surveys. Individual survey 
lines will change in density depending on the type of survey performed. The detailed final grids will be 
developed in consultation with experienced subcontractors selected for each survey.  

The Phase I investigation will focus on the shallow upper portion of the vadose zone that incorporates the 
26 individual landfill trenches identified in the HIS (NASA, 2017e). Trenches were primarily excavated 
along the width of the landfill area in a northeast-southwest direction with reported dimensions of 
approximately 20 ft x 20 ft x 600 ft. In addition to the shallow vadose zone investigation, the deeper 
vadose zone in the vicinity of the alluvial-bedrock interface between 110 ft and 180 ft below ground 
surface (bgs) will be evaluated. The Phase I investigation survey methods will comprise a two-stage 
(Phase IA and IB) shallow soil vapor survey (SVS) and four geophysical surveys: an electromagnetic 
induction (EMI) survey; ground penetrating radar (GPR) survey; magnetic gradient survey; and, a passive 
seismic survey.  

The Phase IA and IB SVS will be used to define the distribution of soil vapor VOCs and TPH in the 
shallow subsurface within the footprint of the 700 Area landfill. Phase IA will utilize a systematic grid 
approach based on 90-ft by 90-ft grid cells across the landfill footprint to identify preliminary targets of 
interest. In conjunction with the Phase IA survey, three geophysical surveys will specifically address the 
shallow subsurface: an EMI survey will be performed to establish spatial distribution of soil conditions 
within the landfill; a GPR survey will be performed to delineate the dimensions of landfill trenches; and, a 



magnetic gradient survey will be performed to locate and map the distribution of metallic objects. These 
surveys will utilize the baseline grid developed for the Phase IA SVS, with modifications made relative to 
line length and spacing (density). The final grids will be developed by geophysical subcontractors during 
the development of each field survey. A fourth geophysical survey will comprise a passive seismic survey 
that will be used to evaluate and improve conceptualization of the deeper vadose zone including the 
bedrock surface below the landfill. Following performance of the geophysical surveys, a supplemental 
Phase IB SVS survey will be performed that biases samples to specifically target the areas of greatest 
interest relative to potential soil vapor contamination within the landfill cells. 

The Phase I investigation will be performed coincidentally with continuation of the ongoing PCC 
monitoring programs. The optimum strategy for 700 Area landfill closure will be determined based on the 
results of the Phase I investigative activities. Following NMED approval of the Phase I Investigation 
Report, a separate Work Plan for Phase II investigation activities will be submitted to NMED for review 
and approval. The qualitative data collected for the Phase I investigation will be used to support 
development of the Phase II Work Plan, which will address future management of the 700 Area landfill 
closure and the collection of quantitative subsurface contamination data.  If required, the scope of a 
supplemental Phase II investigation will be determined after completion of the Phase I investigation 
report (IR) and NMED’s subsequent review and approval of the IR. The start date and schedule for the 
700 Area landfill fieldwork is dependent on NMED approval of 700 Area landfill IWP and HIS. The 
proposed schedule requires that NASA submit the 700 Area landfill IR to NMED 360 days following 
approval of the 700 Area landfill HIS and IWP. 
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1.0 Introduction 

This investigation work plan (IWP) describes the approach for a planned investigation of the 700 Area 
landfill at the National Aeronautics and Space Administration (NASA) White Sands Test Facility (WSTF; 
Figure 1.1). The 700 Area landfill is identified as Solid Waste Management Unit (SWMU) 49 in the New 
Mexico Environment Department (NMED) Hazardous Waste Permit (Permit; NMED, 2016). The WSTF 
700 Area is located within the remote northeast part of WSTF (Figure 1.2). The 700 Area landfill has 
been described as a “modified landfill” (NASA, 1978), a sanitary landfill, and a “Class B landfill,” which 
was “a sanitary landfill serving a population of less than 3,000” (NASA, 1991). The landfill was 
established to dispose of industrial and commercial non-hazardous waste.  

The 700 Area landfill is located in Section 26, Township 20 South, Range 3 East and is a 24-acre 
trapezoid-shaped piece of land, with the long axis oriented northwest-southeast that was designed to 
contain solid waste for disposal within excavated cells or trenches. Access to the 700 Area is provided by 
gravel roads (Road P and Cereus Drive) from Apollo Boulevard, the main paved access road through 
WSTF (Figure 1.3). The 700 Area landfill was operational at WSTF between 1965 and 1997. Design and 
operational details for the landfill are provide in the Historical Information Summary (HIS; NASA, 
2017e). 

1.1 Objectives and Scope 

The Phase I investigation is expected to improve conceptualization of the 700 Area landfill through the 
performance of a series of field surveys designed to identify the distribution of volatile organic 
compounds (VOCs) and total petroleum hydrocarbons (TPH), location and dimensions of landfill 
trenches, distribution of metallic objects, and additional information relative to the nature of the alluvial-
bedrock interface in the subsurface. The investigation will provide supplemental information that is 
required to effectively address the primary objective of removing or mitigating potential future liability 
related to the landfill. The primary requirements for mitigating future liability are to: minimize exposure 
to site workers, the public, and wildlife; and, limit migration of contaminants to groundwater such that 
regulatory limits are not exceeded. 

Final disposition of the landfill will be determined following the completion and evaluation of this Phase 
I field investigation. In the interim, NASA will continue with ongoing Post-Closure Care (PCC) activities 
until a decision is made based on consideration of the additional investigation results. 

1.2 Regulatory Requirements 

NASA submitted a Notice of Intent (NOI) to close the 700 Area landfill on February 3, 1998. The final 
closure certification was submitted to NMED on August 5, 1998 (NASA, 1998c). The Closure and PCC 
Plan for the 700 Area landfill was implemented on July 31, 1998, and is in effect for 30 years. The plan 
includes requirements for groundwater monitoring, soil vapor monitoring, PCC quarterly inspections and 
maintenance for landfill cover integrity, adequate drainage, fencing for the landfill boundary, and 
vegetative cover (NASA, 1998a). 

The WSTF Resource Conservation and Recovery Act (RCRA) Hazardous Waste Permit (NMED, 2016) 
requires the development and submission of an IWP that addresses the upcoming work to be performed at 
this location. Initially, the due date for submittal of the IWP for SMWU 49 was December 30, 2015 
(NMED, 2009). On November 17, 2015, NASA submitted a Class 1 Permit Modification Request 
(NASA, 2015) to the NMED HWB requesting a new due date for submittal of the IWP and HIS of 
December 29, 2017. NMED approved the Permit Modification Request on December 16, 2015 (NMED, 
2015). 
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1.3 Landfill Closure and Post-Closure Care Monitoring 

As part of the closure process, all the historical 700 Area landfill covered cells were located by trenching 
in April 1996 (HIS; NASA 2017c). Ten soil samples were also collected in the landfill prior to April 15, 
1996 to evaluate natural WSTF clay in preparation for closure. In May 1996, NASA decided to use a 
geosynthetic clay liner (GCL) instead of local WSTF clay to ensure the proper low hydraulic conductivity 
barrier required. 

NASA submitted the Landfill Closure and PCC plan to NMED on July 5, 1996 (NASA, 1996). The 
closure plan provided landfill survey details: “The 26 cells were located and surveyed utilizing the 
following methods: survey data resurrection; trenching using a backhoe and ripper; site investigations of 
observed settling; aerial photographs; and interviewing WSTF employees familiar with early landfill 
operations.” Figure 1.4 shows the identified cells within the landfill. “The area of cells requiring cover 
within the 24.32 acres is estimated to be 173,046 square feet (ft2; 3.97 acres).” NMED Solid Waste 
Bureau (SWB) personnel provided NASA with Environmental Protection Agency (EPA) computer 
software that was used to demonstrate the performance of the landfill cover and liner that were included 
in the 700 Area landfill Closure Plan. The final cover consisted of the GCL positioned between two 2-
inches (in.) layers of select fill (screened to 1/4 in. and less in diameter) above and below to prevent any 
large rocks from damaging its integrity. The select fill and approximately 10 in. of uncompacted screened 
local material (topsoil) was used to complete the cover (NASA, 1996). 

The Landfill Closure and PCC plan was approved by NMED SWB on August 22, 1997 (NMED, 1997a). 
From the solid waste annual report submitted to NMED; “NASA continued to transfer the majority of 
WSTF- generated solid waste off site by utilizing an independent contractor…” (NASA, 1998a). By 
November 1997, NMED personnel indicated in a landfill inspection that the landfill was no longer 
receiving any solid waste, that NASA was in the process of bidding package preparation for actual 
closure, and that waste was being picked up by Silva Sanitation (NMED, 1997b). An NOI to close the 
700 Area landfill was placed in the Operating Record on February 3, 1998, and NASA submitted the final 
closure certification to NMED on August 5, 1998 (NASA, 1998b). Closure activities were conducted by a 
subcontractor and included: 

• Shaping, grading, and compacting the landfill cells and area;  

• Constructing berms and a drainage channel;  

• Installing the GCL over each cell area on Figure 1.4 positioned between two 2-in. layers of 
selected fill; 

• Installing 10 in. of topsoil; 

• Completing final grading; 

• Fencing the landfill; and 

• Reseeding the landfill area. 

The PCC Plan for the 700 Area landfill was implemented on July 31, 1998, and is in effect for 30 years. 
NMED officially approved the implementation of the PCC plan on August 14, 1998 (NMED, 1998). At 
this time, NMED personnel conducted a landfill closure inspection and observed no violations (NMED, 
1998). The plan includes requirements for groundwater monitoring, soil vapor monitoring, PCC quarterly 
inspections and maintenance for landfill cover integrity, adequate drainage, fencing for the landfill 
boundary, and vegetative cover.  
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Since landfill closure, WSTF has performed quarterly inspections, semi-annual groundwater monitoring, 
and annual methane gas monitoring as part of the regularly scheduled PCC of the 700 Area landfill. 
Landfill inspections have identified occasional issues with the closure cap, resulting in the need to 
perform closure cap maintenance such as vegetation removal or repair of the closure cap. NASA provides 
the details of landfill closure cap repairs to the NMED SWB following each cap repair. The most recent 
report was submitted on June 1, 2017 (NASA, 2017c) and deemed in compliance by the SWB on July 7, 
2017 (NMED, 2017). The results of groundwater detection monitoring are provided in semi-annual 
reports to the SWB, most recently on December 20, 2017 (NASA, 2017d). The results of annual methane 
monitoring are provided to the SWB in each Solid Waste Management Annual Report. NASA submitted 
the most recent annual report, for calendar year 2016, to the SWB on February 13, 2017 (NASA, 2017a). 

2.0 Background 

2.1 Operational History 

The WSTF 700 Area landfill began operation between 1963 and 1965; the last waste was received on 
October 27, 1997 (HIS; NASA 2017c). NASA registered the 700 Area landfill with the New Mexico 
Environmental Improvement Division on October 19, 1978. The specific wastes and their quantities 
disposed in the landfill are not well documented, although evidence of the nature of the waste is available 
in spill reports and employee interviews for the deposition of hazardous substances. 

Prior to the 1985 establishment of a full-time Environmental Department at WSTF, the only wastes 
shipped off site for disposal were vehicle batteries (1963 to present) and polychlorinated biphenyls 
(PCBs; 1980 to present). Any wastes generated at WSTF prior to 1985, including hazardous wastes, were 
disposed of on site. In general, liquid wastes were managed in surface impoundments and solid wastes 
were disposed of in the 700 Area landfill. Older cells installed prior to 1985 on the southeastern half of 
the 700 Area landfill are more likely to have been associated with the disposal of hazardous wastes (HIS; 
NASA 2017c). 

2.2 Operations and Potential Wastes 

The operations performed at the 700 Area landfill between 1963 - 1997 can be summarized as follows: 

• For the years 1963 – 1985 there were no requirements for landfill waste management 
documentation, therefore uncertainty exists regarding the type and amount of “hazardous” waste 
disposed. 

• For the years 1985 – 1997 landfill waste management documentation was required and 
“hazardous” waste disposal was mitigated. 

• The exact total volume of waste at the landfill is unknown. The total volume of waste within the 
landfill has been estimated as 78,000 cubic yards (cu. yd.) within the HIS (NASA, 2017e), based 
on an estimate of 3,000 cu. yd. per cell and 26 total cells that were surveyed. This volume is 
approximated as the cells are not all uniform in size, and the survey may not have identified all 
cells.  

• Office and construction waste comprised the majority of the waste. 

Based upon information gathered for the HIS (NASA, 2017e), the following non-hazardous wastes are, or 
potentially could be, present at the landfill: 

• Non-hazardous laboratory waste. 
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• Office waste. 

• Scrap wood. 

• Yard waste. 

• Cafeteria waste. 

• Animal carcasses. 

• Drilling mud, additives, and cuttings 

Based upon information gathered for the HIS (NASA, 2017e), the following hazardous wastes or 
hazardous constituents are, or potentially could be, present at the landfill (likely disposed of prior to 1985) 

• Ash (in situ from trash burned in cells). 

• Explosives residue. 

• Infectious waste (sharps, blood, etc.). 

• Chemical or petroleum contaminated soils (lead, benzene, arsenic, cadmium, chromium, 
solvents). 

• Contaminated debris (such as soft goods, hardware, and clean-up materials) contaminated with 
fuels (unsymmetrical dimethylhydrazine [UDMH], Aerozine-50 [A-50], monomethylhydrazine 
[MMH], and hydrazine), and oxidizer (nitrogen tetroxide [N2O4]), also unused or off-spec 
containers of the above. 

• All 200 Area laboratory chemicals (e.g., Trichlorofluoromethane [Freon 11], 1,1,2-Trichloro-
1,2,2-trifluoroethane [Freon 113], trichloroethene [TCE], tetrachloroethene [PCE], other solvents, 
isopropyl alcohol [IPA], other alcohols, acetone, methyl ethyl ketone [MEK], phosphorus, etc.). 

• Hydrocarbons (e.g., diesel, gasoline, hydraulic fluid, lubricating oils, motor oils, etc.). 

• Teflon grease. 

• Mercury (from lamps and soft goods from spill cleanup). 

• Small amounts of metals (stainless steel, carbon steel, titanium, aluminum, iron, mercury, copper, 
tin, gold, silver, chromium). 

• Fluorescent lights (lead, cadmium, mercury) and ballasts (containing PCBs). 

• Asbestos containing construction debris and insulation. 

• Paints and primers (chromium, lead, barium, benzene, MEK, ignitable wastes). 

• Epoxies, resins, oils, adhesives, plastics, caulking, floor finish (solvents; possibly containing 
PCBs). 

• Batteries (corrosive, lead, cadmium). 

• Photographic papers/negatives (silver [silver bromide]), etching plates (copper, metals). 

• Automotive wastes (tires, brake parts, filters, antifreeze, and used oil). 

• Aerosol cans (barium, benzene, MEK, TCE, PCE, ignitable, corrosive, reactive wastes). 

• Broken or inoperable equipment/meters (metals, possibly asbestos and PCBs). 

• Pipes/plumbing (metals). 
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2.3 Previous Monitoring Results 

Details of previous groundwater and methane monitoring data for the 700 Area landfill is provided in the 
HIS (NASA, 2017e). In October 1994, NASA submitted a landfill groundwater monitoring system plan 
that was subsequently approved by NMED. On July 28, 1997, NASA provided analytical data, 
compliance status, and statistical analyses for constituents detected above background levels or 
assessment monitoring levels (AMLs) for the 700 Area landfill. Constituents listed were Freon 113, 
fluoride, total dissolved solids (TDS), sulfate, and Bis(2-ethylhexyl) phthalate (BEHP). NASA reported 
that Freon 113 concentrations were statistically above background levels in well 700-A-253; however, 
Freon 113 was not a listed hazardous constituent. BEHP was reported as the only hazardous constituent 
statistically above the AML in well 700-A-253.  

Following a request by NMED to initiate an assessment monitoring program, NASA submitted a 700 
Area Solid Waste Landfill Monitoring Well Installation and Groundwater Characterization Work Plan on 
January 19, 1999 (NASA, 1999). The groundwater sampling plan included sampling wells 700-A-253, 
700-D-186, 700-B-510, 700-E-458, 700-F-455, BW-6-355, newly proposed 700 Area wells 700-H, and 
700-J-200, and upgradient well 300-D-153. NASA concurrently conducted a BEHP investigation of other 
groundwater monitoring wells at WSTF and of fluids used in drilling groundwater wells. Evaluations of 
monitoring well data indicated that the BEHP detections had poor correlation to other contaminant plume 
profiles observed at WSTF. NASA installed dedicated sampling equipment in the 700 Area groundwater 
monitoring wells at WSTF, and BEHP concentrations dropped. BEHP and other phthalates were also 
detected in drilling fluids commonly used for well installation at the time.   

In March 2000, NASA requested to return to detection monitoring at the 700 Area landfill from 
assessment monitoring (NASA, 2000), which was approved by NMED (NMED, 2000). Freon 113 
continues to be detected at low levels within groundwater monitoring well 700-A-253 and at higher levels 
in 700-D-186; however, this constituent does not require assessment monitoring since Freon 113 is not 
listed as a hazardous constituent in the NMAC regulations. In February 2011, cadmium was detected at 
0.0031 mg/L and confirmed at 0.003 mg/L in May 2011 above the AML of 0.0025 mg/L. At NMED’s 
request, NASA provided a cadmium time-concentration graph to determine if cadmium concentrations 
were increasing over time. Cadmium concentrations have fluctuated from not detected to above the AML 
since 2011. Other constituents such as sulfate and TDS are detected above AMLs in 700 Area 
groundwater monitoring wells. NASA has provided information to the SWB that allowed for the 
determination that these constituents are from a source other than the landfill.   

NMED personnel determined that NASA should begin methane monitoring during a 700 Area landfill 
closure consultation in February 1995. In preparation for landfill closure, ten methane monitoring wells 
were installed around the landfill perimeter (Figure 1.4). Each monitoring well consists of a 7-ft long, 
1.25-in. diameter well point with 30 in. of #60 mesh screen set into a 6-ft deep, 4-in. diameter augured 
hole with a sand pack and bentonite seal.   

Methane monitoring of the permanent landfill methane gas wells (MW-1 through MW-10) was conducted 
quarterly from 1996 to 1999. All results from these methane gas sampling events were non-detect (<5.0 
ppm methane). On January 21, 1998, there was one detection of methane gas in well MW-5 of 7.6 ppm. 
In April 1998, all wells were measured at 0% LEL except MW-5, which could not be located following 
placement of the closure cap. Well MW-5 was apparently destroyed during cover and closure activities. 
WSTF facilities personnel repaired the well by removing the dirt from the pipe, installing an additional 
joint of pipe for well stick-up, filling the annulus to surface with bentonite. The concentration of methane 
was then measured at 0%. NMED also approved changing the methane monitoring frequency from 
quarterly to annually. Between October 1999 and December 2016 methane has not been detected at the 10 
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landfill methane monitoring wells. Methane monitoring results are provided to the SWB in the annual 
report (NASA, 2017a) 

2.4 Preliminary Site Conceptual Exposure Model 

A preliminary site conceptual exposure model (SCEM) was developed to provide an understanding of the 
potential for exposure to hazardous contaminants at the sites based on the source of contamination, the 
release mechanism, and the exposure pathway(s) as these relate to residential, industrial and construction 
exposure scenarios. Figure 2.1 summarizes and presents the SCEM in diagram form. Incomplete exposure 
pathways are denoted by dashed lines to potential receptors, and complete exposure pathways are denoted 
by solid lines.  

2.4.1 Contamination Sources 

The potential contamination sources are hazardous materials that may have been disposed of in the 700 
Area landfill (Section 2.2). Table 2.1 provides a comprehensive list of preliminary contaminants of 
potential concern (COPC) that may have been disposed of in the 700 Area landfill based on the operations 
and potential wastes identified in Section 2.2, and the lists of COPC generated for other test areas at 
WSTF (primarily the 200, 300, and 400 Areas). This represents the list of contaminants that may be 
contained within the 700 Area landfill closure cells; however, the list of constituents under investigation 
for the Phase I IWP are limited to VOCs and TPH for the shallow soil vapor survey (Sections 4.0 and 
5.0). During this Phase I investigation, the area covered by the landfill footprint (Figure 1.4) will be 
investigated using a variety of survey methods. 

2.4.2 Release Mechanisms 

Contamination can potentially be released from the landfill through the individual trenches that were used 
as a shallow repository for the waste materials. Waste materials may have been transported deeper into 
the vadose zone, and possibly groundwater, through leaching promoted by precipitation and infiltration. 

2.4.3 Exposure Pathways 

Four potential landfill exposure pathways are listed:  1) ingestion of groundwater; 2) incidental ingestion 
of soil or waste materials; 3) inhalation of volatile contaminants or particulate emissions (dust); and 4) 
dermal contact with soil or waste materials. There are no current or future residential land use scenarios 
anticipated in the vicinity of the 700 Area landfill. WSTF is a controlled test site located on the U.S. 
Army White Sands Missile Range and there are no encroaching residential areas. Therefore, there are no 
complete exposure pathways identified for the residential exposure scenario in this SCEM (Pathways 1, 2, 
3, and 4). 

The groundwater underlying much of WSTF is known to be contaminated and its future use and potential 
risk to receptors are part of an ongoing site-wide evaluation and corrective actions. The only water supply 
wells for the site are located several miles to the west and down hydraulic gradient from the 700 Area 
landfill. The supply wells are monitored regularly for the presence of any site-source contaminants. A risk 
assessment of the groundwater itself will not be conducted as part of this Phase 1 investigation. Ingestion 
of groundwater (Pathway 1) is not considered a completed exposure pathway for the residential, 
industrial, or construction worker exposure scenarios. 

The landfill materials remain intact in the shallow subsurface in the 700 Area. Since the materials exist 
underground, and have been covered with a Closure cap the exposure pathways of potentially 
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contaminated soil or waste materials (ingestion, inhalation, dermal) for the industrial exposure scenario is 
not considered complete (Pathways 2, 3, and 4).   

Environmental Department field technicians (Construction Workers) will be performing a passive soil 
vapor survey during this investigation, which includes the installation of shallow soil vapor probes to 
depths of 2 to 3 ft below ground surface (bgs). A potential exposure pathway exists for that population to 
ingest, inhale, or come into dermal contact with potentially contaminated soil (Pathways 2, 3, and 4). This 
potential exposure will be mitigated by the use of personal protective equipment (PPE) during the shallow 
soil boring and sampling activities.  

2.4.4 Potential Receptors 

The Phase I investigative activities will include a limited shallow subsurface investigation that will 
provide complete release and exposure mechanisms to field scientists and technicians (construction 
workers). NASA will utilize procedures detailed in Section 5.8 to mitigate construction worker exposure. 

3.0 Site Conditions 

3.1 700 Area Landfill Closure Description 

The 700 Area landfill is an approximately 24-acre (reported as 24.32 acres in the Closure Plan [NASA, 
1996]) trapezoid-shaped piece of land, with the long axis oriented northwest-southeast, designed to 
contain solid waste for disposal within excavated cells or trenches, and has a trench depth between 14 ft 
and 20 ft (Figure 1.4). The design capacity of the landfill is estimated at between 55,044 cu yd to 72,000 
cu yd with a ratio of waste to cover material of 8.5 to 1. The total volume of the 700 Area landfill has 
been estimated as 78,000 cu yd, based on an average estimate of 3,000 cu yd per cell and 26 total cells 
that were surveyed and covered during closure (HIS; NASA 2017c). The average waste volume estimate 
takes into account the variability in trench dimensions and estimates from the landfill operators that 20 
percent of the cell volume consists of natural soil, at least two feet of which is final cover. 

The Open Detonation Unit (ODU) was a ramped open trench used for waste explosives treatment and 
disposal operations, It was located adjacent to the northeast side of the 700 Area Landfill Closure 
(Figure 1.4). The dimensions of the unit were 46 ft by 9 ft by up to 6 ft deep. The unit began operation in 
1987 and was under interim status until the unit was permitted in 1993. The most recent waste disposal 
activity at the RCRA-permitted ODU was performed on March 23, 1999. In late 1999, NASA decided to 
permanently close the unit. Closure activities originally began on August 20, 2002. NMED approved the 
clean closure of this unit on August 12, 2005 (NMED, 2005). Disposal of excavated soil from the original 
ODU closure occurred on January 19, 2006. Final ODU backfill activities began on March 2, 2006 and 
were completed on March 3, 2006. NMED regulatory personnel inspected the closure on March 7, 2006 
(NASA, 2006). 

3.2 Surface Geology 

The surface geology at the 700 Area landfill consists of Quaternary piedmont slope facies of the Camp 
Rice Formation. The Camp Rice represents part of the widespread upper Santa Fe Group alluvium 
(Seager, 1981) derived from the adjacent San Andres Mountains (SAM) to the east. The piedmont slope 
deposits comprise coalescent alluvial fans that originated from Bear Canyon, a major east-west-trending 
transverse canyon in the southern SAM located 1 mile (mi) east southeast of the 700 Area landfill.  

Santa Fe Group alluvial deposits comprise variably sized gravel clasts within a sand, silt and clay sized 
matrix. The alluvium is consolidated to unconsolidated, poorly sorted and locally contains discontinuous 
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cemented caliche horizons a few inches in thickness. The most proximal outcropping lithologic units are 
located approximately 1 mi to the east southeast in the Bear Canyon area and comprise Pennsylvanian to 
Permian age limestone, sandstone, siltstone and shale.  

3.3 Subsurface Geology 

3.3.1 Stratigraphy 

Unconformably overlying older Santa Fe Group alluvium in the vadose zone is the Quaternary alluvium 
of the Camp Rice Formation and younger piedmont slope alluvium. These younger alluvial units are 
syntectonic with a period of younger Basin and Range faulting. Several subsurface faults in the vicinity of 
the landfill have been inferred from seismic and well log data (Reynolds, 1988; Maciejewski, 1996; 
NASA, 1996). 

Bedrock lithology in the vicinity of the 700 Area landfill comprise lower units of Permian Hueco 
Limestone and Tertiary (Eocene or Oligocene) Orejon Andesite (Seager, 1981) that consists of purple or 
green ash-flow tuffs and lava flows. The Permian Hueco Limestone and Tertiary Orejon Andesite 
bedrock are juxtaposed across inferred fault contacts. The bedrock surface below the 700 Area landfill 
forms an eroded and relatively flat bedrock pediment surface, based on existing borehole lithological and 
geophysical data. The bedrock surface decreases in elevation and increases in depth bgs from east to west 
across the landfill from 110 ft (well 700-J-200) to 180 ft (well 700-D-186).   

3.3.2 Structure 

Two styles of geologic deformation are present in the vicinity of the 700 Area landfill. The oldest and less 
prevalent deformation consists of west to northwest-trending folding and faulting associated with the Late 
Cretaceous to Early Tertiary Laramide Orogeny. This compressional deformation style is present east of 
the 700 Area landfill, exposed along Bear Canyon, and defined by Seager (1981) as the Bear Peak Fold 
and Thrust Zone. Thrust faults of the Bear Peak Fold and Thrust zone are interpreted to extend 
northwestward along strike in the subsurface and pass north of the northern boundary of the landfill. The 
second and more recent deformational style consists of extensional northwest-trending Late Tertiary 
Basin and Range normal faulting. The local expression of this structural style is the Rio Grande Rift. 
Basin and Range normal faulting began in the Rio Grande Rift between 26 and 32 million years ago 
(Seager, 1981).  

Based on available borehole information, deformation near the landfill appears to be limited to Basin and 
Range normal faulting. Two inferred normal faults that strike northwest are located in the vicinity of the 
landfill with displacements of approximately 50 ft that downfault a small block of Tertiary Orejon 
andesite bedrock into Paleozoic limestone bedrock (Hueco Formation) at depth below the 700 Area 
landfill. Paleozoic limestones are located on the northeast and southwest sides of the fault block 
(intercepted by wells 700-J-200 and 700-D-186, respectively). Adjacent and to the west of the landfill, a 
third normal fault (potentially the extension of the Hardscrabble Hill Fault [HHF]) significantly drops the 
Paleozoic limestone to depth below the base of well 700-H installed in andesite by at least 530 ft as 
indicated by the thickness of andesite intercepted. The lack of surface expressions of normal faulting in 
the vicinity of the landfill suggests that the inferred subsurface normal faults near the landfill are related 
to an early period of extensional basin-range faulting, with beveling of the surface before deposition of 
the alluvium. 
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3.3.3 Geological Interpretation 

Line of cross-section A-A’ is presented in plan view in Figure 3.1, and extends southeast to northwest 
between WSTF upgradient well 300-D-153 (located 6,000 ft southeast of the landfill) and well 700-B-510 
(located 3,500 ft west of the 700 Area landfill). Figure 3.2 presents the geological cross-section along line 
A-A’. Individual borehole and well completion characteristics of the wells in the vicinity of the 700 Area 
landfill are provided in Table 3.1. The surface elevation for the wells listed in Table 3.1 decreases from 
east to west moving down topographic gradient from the SAM into the southern Jornada del Muerto 
Basin. The elevation of bedrock also decreases from east to west in the direction of dip of the pediment 
slope. The bedrock surface appears to be relatively smooth and beveled through erosion, evidenced by 
existing boreholes installed in the area that do not suggest significant offset of the bedrock surface. 

Between wells 300-D-153 in the 300 Area and 700-J-200 east of the 700 Area landfill, bedrock comprises 
micritic limestones of the lower member of the Permian Hueco Formation that predominantly strike N5°E 
to N45°E and dip 28° to 42° to the northwest based on surface outcrops in the 300 Area. These bedding 
plane attitudes may continue below the landfill unless the area is affected by the Laramide faulting 
documented in the Bear Canyon area by Seager (1981). Well 700-J-200, located approximately 500 ft east 
of the landfill, intercepts strongly hornfelsed (metamorphosed) limestone bedrock within the upper 60 ft, 
which becomes argillaceous and unaltered at depth.  

Well 700-A-253, located adjacent to the landfill on the south side, intercepts 60 ft of Tertiary Orejon 
Andesite bedrock that overlies micritic limestone of the Hueco Formation. The microcrystalline texture of 
this andesite suggests a chilled margin to a volcanic flow or intrusive body, and this unit is inferred to be 
responsible for the metamorphism of hornfelsed limestone at well 700-J-200. Further northwest of the 
landfill along A-A’, micritic limestone bedrock of the Hueco Formation is again intercepted at well 700-
D-186 located adjacent and west of the landfill. The reoccurrence of limestone bedrock is inferred to be 
related to a faulted and uplifted horst block. The 700-D-186 limestone is reported to be well fractured 
from lithologic descriptions.  

Westbay®1 multiport well 700-H, located approximately 1,000 ft downgradient (west) of the landfill, was 
installed within a borehole drilled to 730 ft bgs. Andesite bedrock was intercepted at 200 ft bgs and 
continued to the total depth of drilling, a thickness of 530 ft. A significant fault contact is therefore 
inferred between wells 700-D-186 and 700-H west of the landfill that juxtaposes the Hueco Limestone 
and the Orejon Andesite. As a result of the significant displacement evidenced by the absence of 
limestone bedrock at well 700-H, the fault may represent a northern continuation or splay of the HHF, a 
north to northwest-trending regional fault with up to a few thousand feet of inferred displacement. The 
HHF is exposed at surface on Hardscrabble Hill approximately 4 mi south of the landfill. The structure is 
not observed on shallow seismic cross-sections due to the erosion and beveling of the bedrock pediment 
surface subsequent to faulting. 

3.3.4 Hydrogeology 

The aquifer in the vicinity of the 700 Area landfill is hosted within the Paleozoic limestone and Tertiary 
andesite bedrock, typically at depths up to 30 ft below the bedrock surface. There is little to no primary 
porosity in the bedrock; therefore, any porosity and groundwater flow is within secondary bedding 
solution channels and fractures within the limestone, and secondary fractures within the andesite induced 
through structural episodes. Monitoring wells in the vicinity of the 700 Area landfill (700-J-200, 700-A-

                                                      

1 Westbay is a registered trademark of Nova Metrix Ground Monitoring (Canada) Ltd. 
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253, 700-D-186, 700-H, and 700-B-510; Table 3.1) are screened below the static potentiometric surface 
in order to maximize groundwater flow from fractured zones. The groundwater monitoring system near 
the landfill consists of one upgradient well (700-J-200), two landfill PCC point-of-compliance wells 
located at the landfill boundary (700-A-253 and 700-D-186), and two downgradient wells (700-H and 
700-B-510). The wells are conventional single screen wells and are located in the uppermost aquifer with 
the exception of 700-H, which consists of three Westbay sampling ports designed for vertical 
characterization along a deeper aquifer profile. The details of these well construction designs are 
discussed in the site-wide Groundwater Monitoring Plan (GMP; NASA, 2017b).  

The screened intervals within the 700 Area groundwater monitoring wells were placed at the uppermost 
intervals where lithologic and geophysical log information identified the presence of secondary porosity 
fracture zones capable of generating sufficient water for collection of groundwater samples. Monitoring 
wells screened at the potentiometric surface do not always yield sufficient amounts of groundwater for 
samples, and may become dry during low recharge periods. The position of these zones with respect to 
the static potentiometric surface in the vicinity of the landfill is variable (Table 3.1).  

Groundwater flow in the vicinity of the 700 Area landfill is from east to west based on the latest 
(November 2017) groundwater depth measurements (Figure 3.3). The relatively steep groundwater 
gradient in the area is approximately 0.1 ft/ft, promoted by the significant decline in surface topography 
and the bedrock pediment along the western SAM pediment slope (NASA, 2017b). Groundwater flow in 
this area is calculated to have a velocity of 0.3 to 1.6 ft per day. The volume is however restricted based 
on low hydraulic conductivities within the aquifer determined from slug testing at monitoring wells 700-
H and 700-B-510, and observations from the dry borehole installed at the 700-G location. 

4.0 Scope of Activities 

Field activities planned for this Phase 1 investigation focus on: evaluating the distribution of VOCs and 
TPH (if present) in shallow soil vapor below the landfill cap; refining the location and orientation of 
individual trenches within the landfill; acquiring additional information relative to the metallic objects 
and their distribution within the landfill trenches; and, improving the conceptualization of the bedrock 
surface below the landfill. The Phase I investigation is expected to achieve these objectives utilizing the 
following techniques:  

• Shallow soil vapor survey (SVS): to evaluate the distribution of soil vapor VOCs and TPH that 
may be emanating from landfill contents;  

• Electromagnetic induction (EMI) survey: to establish spatial distribution of soil conditions, 
primarily the disturbed areas below the landfill Closure cap; 

• Ground penetrating radar (GPR) survey: to further delineate the locations and dimensions of 
individual landfill trenches and to identify the location of metallic objects;  

• Magnetic gradient survey: to locate and map the distribution of metallic objects of significant 
size; and,  

• Passive seismic survey: to improve conceptualization of the alluvial-bedrock interface below the 
landfill, including displacement of the bedrock that may represent faulting.  

The Phase I investigation will employ a preliminary standardized survey grid that utilizes 90 ft x 90 ft 
cells (Figure 4.1). Each survey method will utilize this grid as a starting point in developing the line 
densities for the final grid that will be based on the method requirements and primary objectives of the 
survey. In order to meet the technical requirements of each survey method and to provide the best quality 
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data from each survey, specific survey grids will be established in consultation with the subcontractor 
selected during the competitive procurement process.  

The Phase I investigation is not expected remove long-term environmental liability created by the 
continued presence of potential hazardous wastes or hazardous constituents in the landfill; however, it 
will provide essential information pertaining to evaluation of the scenarios for final landfill disposition. 
Improvement of the waste characterization through the Phase I investigation will support the landfill 
evaluation process and streamline decisions to improve the cost effectiveness of future investigation or 
potential corrective actions at the landfill.  

4.1 Problem Statement 

The problem statement is summarized in the Permit (NMED, 2016; Section VII.H.1.b), which states that 
the IWP “…shall include schedules for implementation and completion of specific actions necessary to 
determine the nature and extent of contamination and the potential migration pathways of contaminant 
releases to the air, soil, surface water, and ground water.” The Phase I investigation initiates this process 
and serves to enhance the information available to support future actions at the 700 Area landfill.   

4.2 Decision Statement and Alternative Actions 

The primary decision is whether additional corrective actions are warranted at the 700 Area landfill due to 
the presence of a residual contamination source(s). Alternative actions for the decisions include: 

• Consider a “Corrective Action Complete” status determination. 

• If a “Corrective Action Complete” status determination cannot be made using the information 
obtained during the investigation, determine if further investigation of the unit is required. 

• Perform a corrective measures evaluation (CME) for the site(s) to identify remedial options for 
mitigation of source(s) of continuing contamination (if required). 

4.3 Decision Inputs 

COPC concentrations measured in the vadose zone soil and local groundwater are the primary inputs to 
the decision. Wastes or hazardous constituents potentially present at the landfill that were likely disposed 
of prior to 1985 (Section 2.2) were identified using two primary information sources:  

• Detailed information pertinent to the establishment and operational history of the 700 Area 
landfill documented in the HIS (NASA, 2017e) through a variety of historical documents and 
reports, personnel interviews, and personnel questionnaires. 

• Analytical data sets for samples collected during previous investigations at WSTF test areas in 
that generated materials potentially disposed of in the 700 Area landfill, including soil, soil vapor, 
and groundwater samples.   

The qualitative data collected for the 700 Area Landfill Phase I investigation will be used to support 
development of a 700 Area Landfill Phase II Work Plan. The Phase II Work Plan will address future 
management of the 700 Area landfill closure and the strategy for the collection of quantitative subsurface 
contamination data. 

4.4 Study Boundaries 

The horizontal boundaries of the study represent the known footprint of the 700 Area landfill as 
determined by photography, historical research, and field surveys of the site (Figure 1.4). This 
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investigation specifically addresses the area contained within the footprint of the 700 Area landfill, and 
immediately adjacent areas as necessary.  

The vertical boundaries of the study primarily represent the shallow vadose zone that incorporates the 26 
known landfill trench locations. Most of the trenches were dug along the width of the landfill area (NE-
SW) with maximum planned dimensions of 20 ft x 20 ft x 600 ft. Several trenches are positioned in the 
long dimension, along the outside edges of the landfill but within the footprint. The average depth of the 
cells has been reported to be 14 ft (HIS; NASA 2017c). The overall depth for the investigation will be 
refined and potentially increased using the results of passive seismic survey. Using an extension of the 
grid lines on the standard grid (Figure 4.1), the passive seismic survey will be used to expand the 
investigation to a depth that incorporates the alluvial-bedrock interface at between 110 ft and 180 ft bgs.  

5.0 Investigative Methods 

5.1 Survey Grid 

The survey grid provided in Figure 4.1 will be used to guide data collection efforts during the Phase 1 
investigation. Global positioning system (GPS) coordinates will be recorded for the intercepts along each 
grid line and the shallow SVS sampling locations using Trimble satellite tracking system equipment to an 
accuracy of approximately 8 millimeters (mm; 0.3 in.) horizontally and 15 mm (0.59 in.) vertically. To 
simplify coverage of the 700 Area landfill, the principal (long) axis of the SVS grid was oriented 
northwest-southeast, parallel to the principal axis of the landfill (Figure 4.1). SVS grid traverses were 
oriented perpendicular to the principal axis in a northeast-southwest direction. Each grid point will be 
staked and flagged in the field in preparation for shallow boring installation. This survey grid will be used 
as the basic grid for the shallow SVS and the geophysical surveys, however grid coverage or line density 
will be modified as necessary to accommodate the technical and data quality requirements of each survey. 
Specific survey grids will be established in consultation with the subcontractor selected during the 
competitive procurement process. 

5.2 Shallow Soil Vapor Survey 

Shallow SVS sampling will be performed using soil vapor sample modules installed in shallow soil 
borings in two separate phases designed so that results from the first phase (Phase IA) can be used to help 
define the second phase (Phase IB). In the event that selected soil properties (e.g. porosity and moisture) 
are required by the soil vapor analytical laboratory as part of the analytical process, selected soil samples 
will also be collected from the soil placed on top of the GCL at each cell and from undisturbed soil 
outside the footprint of the cells.  

Soil vapor modules are adsorbent modules comprised of adsorbents contained or secured in a porous 
housing. The Phase IA SVS will screen for VOCs and TPH that may indicate the presence of residual 
contaminant mass in the landfill. The Phase IB SVS is expected to utilize a sampling bias that focuses on 
the results of the Phase IA SVS and geophysical surveys to enhance coverage of potential areas of 
interest. Elevated soil vapor contaminant mass could directly indicate residual contamination within the 
landfill.  

The Phase IA SVS will utilize a standard grid configuration with 90 ft x 90 ft cells with overall 
dimensions of approximately 700 ft along the short axis (northeast-southwest) by 1,550 ft along the long 
axis (northwest-southeast; Figure 4.1), traversing the entire landfill footprint and incorporating all 26 
trenches previously identified in the HIS (NASA, 2017e). Individual sampling nodes will be centered on 
each of the grid cells. The grid generally comprises eight cells in width (short axis) by 17 cells (long axis) 
in length, which will be labeled as sampling points 1 through 138 (Figure 4.1). Phase IB will incorporate 
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supplemental SVS sampling points that will be established following the evaluation of the Phase IA 
sampling results, and performance of the EMI, GPR and magnetic gradient surveys. It is expected that 
evaluation of the results of these surveys will support the development of specific target areas for 
potential VOC anomalies (identified by the Phase IA SVS) within individual trench locations (refined 
through the EMI, GPR, and magnetic gradient surveys).     

The anticipated shallow SVS soil vapor module samples to be collected are summarized below: 

• 138 samples – Phase IA systematic grid.  

• 13 samples – Phase IA existing monitoring well locations, including three conventional 
groundwater monitoring wells (700-A-253, 700-D-186, and 700-J-200) and ten existing shallow 
methane monitoring wells (MW-1 through MW-10 [with MW-5 damaged and unavailable]). 

• TBD – Phase II biased sampling points based on the results of the Phase I SVS, GPR survey, and 
magnetic gradient survey. 

• TBD – Field quality control samples (to be collected with both Phase IA and IB sample sets). 
Duplicate samples will be analyzed at a rate of 10% for samples collected in the field. For field 
duplicates, a second set of adsorbents housed in the soil vapor module will be analyzed. Trip 
blanks will be collected at a rate of 5% to document potential exposures that are not part of the 
signal of interest (e.g., impact during sampler shipment, installation or retrieval, and storage). 
Trip blanks are identical to the modules installed in the field, and will remain unopened during all 
phases of the project.   

As part of the initial Phase IA investigation, conventional monitoring wells 700-A-253, 700-D-186, and 
700-J-200 screened across the uppermost contaminated groundwater table will be equipped with soil 
vapor sampling modules as a control to compare shallow SVS results to a sampling environment where 
known groundwater contaminant concentrations contribute to soil vapor through off-gassing (Figure 4.1; 
Table 3.1). The ten shallow methane monitoring wells will also be evaluated using modules. Sample 
modules will be suspended inside the upper 2 ft of monitoring well casing and the well subsequently 
sealed with the well cap or other impervious material. Contamination in these wells is verified through 
periodic sampling as part of the WSTF groundwater monitoring program. The monitoring well results 
will be utilized for comparative purposes as they provide a direct conduit to the groundwater table. 
Analytical results for the sample modules installed within monitoring wells will not be included within 
the shallow soil vapor survey dataset planned for use in developing soil vapor contours. 

The soil vapor sample module laboratory will analyze samples utilizing EPA Method 8260 or equivalent 
for VOCs and TPH. For passive, sorbent-based sampler such as a universal passive sampler, a semi-
quantitative result can be developed by calculating the concentration per volume if the soil porosity, soil 
moisture content, and exposure time for the soil vapor sample modules is known. The soil vapor sample 
module analytical laboratory default unit of measurement is mass (grams of contaminant). Results will be 
presented on isoconcentration maps utilizing the mass in micrograms (µg), typically with a detection limit 
of 0.02 µg. 

5.2.1 SVS Method and Materials 

The use of sample modules for soil vapor sampling and screening surveys have been the subject of an 
EPA environmental technology verification report (Billets, 1998). The EPA indicated that the technology 
can provide useful, cost effective data for environmental problem solving. Sample modules are passive 
soil vapor samplers that collect a broad range of VOCs and semi-volatile organic compounds (SVOCs). 
Sample module analyses include the suite of chlorinated solvents and chlorofluorocarbons that may be 
present within the 700 Area landfill. Each sample module contains two passive collection units called 
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sorbers. Each sorber contains an equal amount of sorbent materials (polymeric and carbonaceous resins). 
These granular adsorbent materials are used because of their affinity for a broad range of VOCs and 
SVOCs. The sorbers are constructed of inert, hydrophobic, microporous expanded polytetrafluoroethane 
that allows vapors to move freely across the membrane and onto the sorbent material. The microporous 
structure also protects the granular adsorbents from physical contact with water and soil particulates. 
Sample modules are typically installed to a depth of between 2 to 3 ft bgs. Samplers are manually inserted 
into each boring using a stainless steel push rod. The samplers will be retrieved by hand using an attached 
string or cord, and analyzed using EPA Method 8260 by the soil vapor sample module analytical 
laboratory.  

The passive soil vapor collection technique can be more effective in identifying lower soil vapor 
contaminant concentrations due to the increased exposure time as compared to a one-time sampling 
strategy where a discreet volume of soil vapor is collected (for example SUMMA canister grab samples). 
Native soils in the 700 Area consist of silty to sandy alluvial gravels with porosities typically between 30 
to 40%. Individual landfill cells and fill materials will also have significant porosities. Although 12 in. of 
topsoil was used to cover the GCL liner, SVS sample modules will be installed to depths below the liner 
and will not be impacted by this low porosity barrier. 

Because of the considerable amount of time that has passed since the landfill last received solid waste, 
soil vapor concentrations in the vadose zone are anticipated to be low relative to concentrations that 
would characterize a continuing source or a single and more recent point source. The passive soil vapor 
collection technique will employ an extended exposure time of 14 days (pending confirmation and 
approval by the SVS analytical laboratory).  

5.2.2 Shallow SVS Boring Installation  

Shallow SVS boring locations in the field will be predominantly on top of the 700 Area landfill closure 
and will be accessed on foot. Shallow SVS soil borings will be installed using an electric or battery-
powered hand-held rotary hammer drill. Each boring will be drilled in two stages as described below.  

Soils near the ground surface at many sample locations are characterized by relatively loose and 
unconsolidated material. It is expected that borings will be prone to collapse in this setting, so a modified 
¾-in. diameter by 16-in. carbide hammer bit (approximate) fitted with a drive collar will be used to 
advance a ¾-in. inside-diameter by 15-in. length section of stainless steel conduit pipe into the ground 
with approximately 4 in. of conduit stickup. Prior to cutting individual sections, each length of conduit 
pipe will be decontaminated using detergent wash and potable rinse water. Equipment blank samples will 
be collected from 10 percent of the Phase IA and IB SVS conduit pipes. The equipment blank samples 
will be analyzed for VOCs and gasoline-range, diesel-range, and oil-range organics. 

Each of the borings will be subsequently drilled to a total depth of approximately 32 in. using a 5/8-in. 
diameter by 36-in. carbide hammer bit (approximate). The depth of the boring will be confirmed using a 
measuring rod. The soil borings will be temporarily protected at surface by covering the conduit pipe with 
a plastic bag secured in place with electrical tape. The rotary hammer bit and measuring rod will be 
cleaned of any solid soil material and rinsed with de-ionized water between each boring installation.  

Due to the accessible nature of the 700 Area landfill, significant adjustment of the SVS grid sample points 
is not anticipated. Modified locations will subsequently re-surveyed in the field, the locations imported to 
the SVS grid base map, and the deviation recorded in the field logbook. 
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5.2.3 Soil Vapor Module Deployment 

Phase IA SVS grid node locations will be recorded with the serial number of the individual soil vapor 
module installed at each location using an installation and retrieval logbook. Dedicated chemical resistant 
gloves (latex or nitrile) will be worn by field personnel while installing and retrieving the modules. Each 
sampling location depth will be measured prior to soil vapor module installation. Any collapse incurred 
within the boring will be recorded during the module emplacement; however, all borings will remain open 
to a minimum depth of 20 in. bgs. If a boring collapses to a depth shallower than 20 in. bgs, a replacement 
boring will be installed adjacent to the collapsed boring using the methods previously described. Each 
module will be taken from a correspondingly numbered glass vial and inserted into the base of the boring 
using a ¼-in. diameter stainless steel rod. The module serial number, corresponding field ID, sample type, 
date and time, observations, sample environment, soil type, etc. will be recorded in the field logbook as 
each module is installed. 

5.2.4 Soil Vapor Module Sampling and Recovery 

Each soil vapor module will be suspended on a length of string inside the boring to facilitate retrieval. 
Each boring opening will then be sealed at the surface with a cork that fits snugly into the conduit pipe at 
the sample location. The soil vapor modules will be installed within the borings for 14 days. After this 
residence time, the sampling modules will be retrieved and placed into the corresponding glass vial in 
which they were shipped from the laboratory. The time and date of soil vapor module retrieval will be 
recorded at each sample location. In order to keep the residence time constant, the soil vapor modules will 
be removed in the same order and at a similar rate as they were emplaced. Custody seals will be placed on 
each glass vial after they are sealed and containers will be managed in accordance with the established 
WSTF sample management process. The modules will then be shipped to the laboratory for chemical 
analysis.   

When the Phase IA and Phase IB shallow SVS sampling is complete, the ¾-in steel conduits will be 
removed from the borings. Soil vapor borings installed directly in soil will be backfilled with a small 
volume of native landfill materials following retrieval of the sampling modules and the completion of 
sampling. 

5.2.5  Sample Management and Interpretation 

Sample management techniques specific to the soil vapor module laboratory will be utilized. Procedures 
presented in WSTF internal instructions for environmental sample management will be followed during 
sample management operations wherever possible. Phase IA and IB sample modules will be shipped to 
WSTF in single batches by the contracted soil vapor module laboratory. Individual sample modules are 
contained separately within 40 milliliter glass vials. Soil vapor module samplers can typically be used 
within three months of receipt. 

Sample modules will be stored and transported at all times in accordance with specific requirements of 
the soil vapor analytical laboratory. Trip blanks will be retained with the other modules during storage 
and travel to and from the field. During the period of field exposure between installation and collection, 
trip blank modules will be stored in a secure container at the 700 Area landfill. Each sample module and 
glass vial container will be labeled with a unique serial number and sealed with a custody seal. Sample 
module shipments will be returned by overnight carrier for laboratory analysis. Samples will be managed 
using an internal WSTF chain-of-custody form and an external chain-of-custody form provided by the 
laboratory.     
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Following evaluation of sample results from the initial Phase IA SVS grid, GPR survey, and magnetic 
gradient survey, the Phase IB SVS sampling will be performed. Up to 150 additional supplemental SVS 
points are anticipated. The set of Phase IB SVS borings and modules will be biased at tighter spacing 
between the existing grid nodes to provide greater detail where the initial Phase IA SVS and geophysical 
survey results indicate anomalous concentrations within a more refined trench scenario. The Phase IB 
SVS sampling will be performed as soon as possible after Phase 1A SVS sampling, in order to maintain 
as much consistency as is feasible between the two data sets. This will provide duplicity in the data, and 
tie the surveys together. By holding variables such as exposure time, installation depth, and analytical 
procedures constant from one survey to the next, the results from the two surveys will be comparable. The 
results will be combined onto one set of maps providing a comprehensive view of the subsurface soil 
vapor distribution. 

5.3 Electromagnetic Induction Survey 

5.3.1 Procedures and Goals 

Industry-standard EMI devices are based on the measurement of the change in mutual impedance between 
a pair of coils on or above the earth’s surface. EMI instruments are comprised of two or more sets of coils 
that are electrically connected and separated by a fixed distance. The EMI equipment is portable and 
allows data to be collected as fast as the operator can walk. Subsurface conductivities are collected 
continuously as the operator surveys the site with the instrument. The survey that effectively defines the 
700 Area landfill can be performed rapidly and effectively.  

The principal value of the method is that it provides continuous, high resolution data at reasonable cost. 
The EMI will be connected to a data logger that simultaneously measures and records the terrain 
conductivity of the subsurface, and will detect metallic and non-metallic objects or features with 
conductivity varying from their surroundings. The EMI device will be utilized to simultaneously examine 
soil conditions and locate utilities, drums, and other buried metal debris, in addition to non-metallic burial 
features such as trenches from the contrast of conductivity between the disturbed earth and the 
undisturbed earth (similar to the GPR method discussed in Section 5.4).  

The EMI survey grid will utilize the systematic base grid (Figure 4.1) as a starting point for field survey 
grid development. Utilizing both sets of grid lines will facilitate the development of three dimensional 
data. The spacing of grid lines will be considerably denser with a tighter spacing for the EMI survey in 
order to facilitate the identification of individual targets such as drums. Grid spacing will be established 
during the interaction with geophysical subcontractors during the procurement process.  

5.3.2 Equipment 

Industry-standard EMI equipment can be carried by hand or mounted to a trailer for towing, as ground 
contact is not required for operation. Vegetation and obstacles can be navigated around easily. The 
equipment includes a transmitter that generates a pulsed primary magnetic field, which induces eddy 
currents into nearby metal objects. The decay of these currents is measured by two receiver coils mounted 
on the coil assembly. The responses are recorded and displayed by an integrated computer based digital 
data logger. The EMI device will be connected to a GPS receiver so that accurate horizontal and vertical 
location information is recorded concurrently with the EMI log data. 

The specific EMI equipment and method utilized for the survey will be selected in order to provide 
comprehensive coverage for the vertical extent of the landfill trenches. Based on the HIS, the vertical 
extent of the landfill is expected to be between 14 ft and 20 ft. The EMI equipment to be utilized for the 
investigation must investigate beyond the anticipated vertical extent of the landfill and will be determined 
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during the competitive procurement process for the geophysical contractor(s). In response to a recent 
NMED request (NMED, 2018) potential devices include, but are not limited to, the Geophex Ltd. GEM-2 
and Geonics, Inc. EM-31 and EM-34. 

The Geophex Ltd. GEM-2 electromagnetic instrument is a candidate for the EMI survey. The effective 
depth of exploration for the device is variable depending on ground conductivity, target volume, and 
ambient electromagnetic noise. The manufacturer estimates the GEM-2 is effective to a depth of 60 ft in 
resistive areas (consisting of sand, gravel, and asphalt), and 30 ft in conductive areas. For typical 
applications in low noise rural areas similar to the 700 Area landfill, the recommended depth is up to 30 
ft, which is anticipated to provide sufficient vertical coverage. The Geonics, Inc. EM-31 terrain 
conductivity meter provides an alternate option, but typically provides more limited depth profiling up to 
20 ft. The EM-31 meter will map any subsurface feature associated with changes in ground conductivity 
and is effective in areas of high surface resistivity. Alternately, the Geonics, Inc. EM-34 meter is 
preferred for greater depth profiling between 30 and 180 ft. The performance of the specific device will 
be evaluated during the initial EMI survey and an alternate will be considered if necessary.    

5.3.3 Data Processing and Interpretation 

Survey data generated by EMI will be stored in a data logger in the field as the survey is run, and will be 
downloaded daily to a laptop computer or other permanent storage for processing. All data will be given a 
preliminary review in the field for quality assurance purposes. After collecting EMI survey data, the 
operator will plot the data using commercially available software to visualize subsurface anomalies, 
targets, and/or potential soil issues. The EMI survey cannot provide exact information on the target’s 
depth, shape, and orientation but the data is easy to view, process, and even immediately overlay on 
digitized maps. Subsequent geophysical methods described below (GPR and magnetic gradient surveys) 
can then target areas of interest to provide more detailed information on depths, size (dimensions/shapes), 
and orientation of targets in either two-dimensional (2-D) or three-dimensional (3-D) imaging. 

5.4 Ground Penetrating Radar Survey 

5.4.1 Procedures and Goals 

The GPR method is a non-destructive, non-intrusive geophysical method that produces a continuous 
cross-sectional profile or record of subsurface metallic and non-metallic objects. Radar profiles generated 
by GPR methods are used for evaluating the location and depth of buried objects and to investigate the 
presence and continuity of natural subsurface conditions and features. The GPR survey at the landfill is 
intended to provide information regarding the locations and depths of landfill trenches, identification of 
changes in subsurface lithology, subsurface objects in landfill trenches, and to identify voids. 

The GPR uses high-frequency-pulsed electromagnetic waves (from 10 to 3000 megahertz) to acquire 
subsurface information. Energy is propagated downward into the ground from a transmitting antenna and 
is reflected back to a receiving antenna from subsurface boundaries between media possessing different 
electromagnetic properties. The depth of penetration is determined primarily by the attenuation of the 
radar signal due to the conversion of electromagnetic energy to thermal energy through electrical 
conduction, dielectric relaxation, or magnetic relaxation losses. Conductivity is primarily governed by the 
water content of the material and the concentration of free ions in solution (salinity). Environments not 
conducive to using the radar method include high conductivity soils, sediments saturated with salt water 
or highly conductive fluids, and metal. The use of GPR methods at the landfill is warranted as subsurface 
soils exhibit low conductivities and moisture content, and the groundwater depth is 120 to 180 ft bgs. 
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The GPR survey areas/lines will be selected based on the results of the EMI survey. Areas of interest 
identified using EMI methods that require a more detailed definition of subsurface features will be 
selected for GPR survey. The GPR survey grid will utilize the systematic Phase IA shallow SVS and EMI 
survey base grid (Figure 4.1) as a starting point for field survey grid development.  

5.4.2 Equipment 

The GPR equipment utilized for the measurement of subsurface conditions normally consists of a 
transmitter and receiver antenna, a radar control unit, and suitable data storage and display devices. The 
radar control unit consists of a small micro-computer and standard operating system that controls the 
measurement process, stores the data, and serves as a user interface. The control unit synchronizes signals 
to the transmitting and receiving electronics in the antennas. The synchronizing signals control the 
transmitter and sampling receiver electronics located in the antenna(s) in order to generate a sampled 
waveform of the reflected radar pulses. These waveforms may be filtered and amplified and are 
transmitted along with timing signals to the display and recording devices. 

5.4.3 Data Processing and Interpretation 

The objective of GPR data presentation is to provide a display of the processed data that closely 
approximates an image of the subsurface, with the anomalies that are associated with the objects of 
interest located in their proper spatial positions. Individual GPR surveys will be tied to the Phase I survey 
base grid points to accurately locate identified subsurface objects. Data display is central to data 
interpretation, and is generally a function of the radar control and data logging unit. Producing a good 
display is an integral part of interpretation. There are three types of displays of surface data, including: 1) 
a one-dimensional trace, 2) a two dimensional cross section, and 3) a three dimensional display. A one-
dimensional trace is of limited value until several traces are placed side-by-side to produce a two 
dimensional cross section, or placed in a three dimensional block view. The wiggle trace (or scan) is the 
building block of all displays. A single trace can be used to detect objects (and determine their depth) 
below a spot on the surface. By towing the antenna over the surface and recording traces at a fixed 
spacing, a record section of traces is obtained. The horizontal axis of the record section is surface 
position, and the vertical axis is round-trip travel time of the electromagnetic wave. A GPR record section 
is very similar to the display for an acoustic sonogram, or the display for a fish finder. Wiggle trace 
displays are a natural connection to other common displays used in engineering (e.g., an oscilloscope 
display), but it is often impractical to display the numerous traces that are measured along a GPR transect 
in wiggle-trace form. Therefore, scan displays have become the normal mode of two dimensional data 
presentation for GPR data. A scan display is obtained by simply assigning a color (or a variation of color 
intensity) to amplitude ranges on the trace.  

A determination of the appropriate survey method (2-D or 3-D) will be established during the interaction 
with GPR subcontractors during the procurement process. The selected GPR subcontractor will provide 
copies of all images and interpretations of the survey upon completion. These documents will be archived 
in the project files, and select images and interpretations will be presented in the investigative report. 

5.5 Magnetic Gradient Survey 

5.5.1 Procedures and Goals 

A magnetometer measures both the orientation and strength of a magnetic field. Magnetic gradient 
surveys measure small, local variations in the Earth’s magnetic field by using instruments that 
temporarily polarize protons in a container holding proton-rich fluids by applying an electrical current. 
When the current is removed, the protons realign corresponding to the magnetic field of the earth at that 
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location and a reading is taken. These localized variations in the magnetic field can be measured with 
accuracies to 0.002% (Mariita, 2007). 

Gradiometers utilize two magnetometers stacked one above the other to measure the magnetic field 
gradient rather than the total field strength. This relative measurement allows for the removal of 
background noise. Gradiometers accentuate the signal from shallow ferromagnetic objects while ignoring 
deeper features. They have been successfully used to locate buried ferrous objects such as drums, tanks, 
unexploded ordnance, and utilities. The depth of detection depends on the magnetic signature of the target 
object, so a ton block of iron may be located at a depth of 30 ft, while smaller ferrous debris (drum) might 
be located at a depth of 10 ft or shallower. 

Because of the operating range in the shallow environment, magnetic gradient surveying has been 
demonstrated to be an effective tool in delineating old landfill boundaries, cell locations, and the presence 
of buried metallic wastes. Within New Mexico, the City of Albuquerque has successfully utilized 
magnetic surveys, in conjunction with other investigative methods, to map out at least two historical 
landfills within the boundaries of the city, the Nazareth Landfill (HGI, 2017a) and Los Angeles Landfill 
(HGI, 2017b). 

At the 700 Area landfill, magnetic surveying will be used in conjunction with EMI and GPR to non-
invasively characterize the lateral extents and thicknesses of buried waste and the depth of cover material 
over the waste cells. Magnetic measurements are highly sensitive to ferrous metals, a common component 
of the debris buried in landfill trenches. Upon obtaining survey data, a high-resolution, plan view map of 
the distribution of ferrous metallic objects within the cells will be generated. In addition, the magnetic 
survey will be used in conjunction with the EMI and GPR surveys to delineate the cells, due to inherent 
differences in profile signatures between the excavated trenches and undisturbed native soils. 

Due to the variability in the widths of the landfill trenches and anticipated variability in the sizes of 
ferrous objects within them, it is proposed that survey lines be run across the width of the landfill area 
throughout its entire length at a line spacing of approximately 8 ft. At this density, approximately 21 line 
mi of survey are expected to provide enough coverage that no cells or ferrous debris the size of a 55-
gallon drum will be missed. The survey grid for the Phase IA SVS will be utilized to orient the magnetic 
gradient survey, with subsequent refinement of the grid to the tighter line spacings. The magnetic survey 
grid will utilize the systematic Phase IA shallow SVS, EMI, and GPR base grid (Figure 4.1) as a starting 
point for field survey grid development. The spacing of grid lines will be considerably denser with a 
tighter spacing for the magnetic survey. Grid spacing will be established during the interaction with 
geophysical subcontractors during the procurement process. 

5.5.2 Equipment 

The equipment proposed for the magnetic gradient survey is a Geometrics®2 G-858 axial gradiometer 
cesium magnetometer, or equivalent, with two probes positioned vertically in series (approximately 3 ft 
apart) to measure the magnetic gradient. The magnetometer will be utilized concurrently with GPS to 
continuously record the locations of readings with progression along the survey lines. Data loggers will 
record readings during data acquisition. The equipment will either be carried by a technician along each 
survey line or towed on a non-magnetic cart behind an All-Terrain Vehicle (ATV). Magnetic readings 
will be taken at 1 to 5-second intervals as the equipment is moved along the survey lines. Quality 
assurance tests, such as visual inspection, functionality, static response, vibration, and dynamic response 
will be performed daily to ensure the equipment is in satisfactory working condition. Magnetic survey 

                                                      

2 Geometrics is a registered trademark of Geometrics, Inc. 
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data will be stored in a data logger in the field as the survey is run, and will be downloaded daily to a 
laptop computer or other permanent storage for processing. All data will be subject to preliminary review 
in the field for quality assurance purposes. 

5.5.3 Data Processing and Interpretation 

Geometrics MagMap™, or equivalent software, will be used to process the data and to generate a plan 
map of the distribution of ferrous anomalies in the landfill cells. These maps will be compared to maps of 
anomalies garnered from EMI and GPR data to evaluate the potential distribution of wastes and debris in 
the 700 Area landfill.     

5.6 Passive Seismic Survey 

5.6.1 Procedure and Goals 

A passive seismic survey (PSS) involves the detection of natural low frequency earth movements and will 
be used with the purpose of discerning geological lithology and structure in the subsurface of the 700 
Area. Passive seismic (also known as ambient noise surface wave tomography) utilizes background noise 
to generate vertical profiles through the ground. Variations in impedance contrast are mapped to show 
lithological and structural features. The technique can be applied to any scenario where softer layers 
overlie harder substrates, which is the case at the 700 Area landfill where alluvium overlies bedrock. 
Depending on the nature of the ambient noise and the physical properties of the subsurface lithologies, 
passive seismic can be used to support subsurface interpretations from near surface down to a few 
thousand feet in depth.  

Passive seismic focuses on low frequency signals (0 to 10 hertz). The primary target layer for the PSS at 
the 700 Area landfill will be the Paleozoic Hueco limestone and Oligocene Orejon andesite bedrock 
surface. Enhanced interpretation of this surface will assist with the development of the subsurface site 
conceptual model in this area, and support site wide geophysical survey efforts. Data listening will be 
performed using multiple measurement points along linear transects that will be monitored for a period of 
several days.  

Prior to running a complete survey, it is advisable to perform a “noise test,” whereby approximately 30 
seismic sensor nodes are laid out in a tight 2-D array. The nodes will be left deployed in the field for one 
to three weeks, collected, and the data analyzed in order to assist with the final spacing of geophones. The 
complete PSS will consist of a series of single seismic sensor nodes arranged in linear transects. The 
linear transects will be arranged across the 700 Area landfill into an appropriate grid pattern to generate a 
3-D surface of the target horizon (bedrock).  

The spacing of seismic sensor nodes influences subsurface resolution, and will be based upon the 
anticipated depth to the primary reflector (bedrock) at between 110 to 180 ft bgs. The vertical resolution 
for the PSS data set is typically about half the distance of the horizontal node spacing. The typical spacing 
for individual geophones is typically in the order of several tens of ft to a few hundred feet in order to 
provide best resolution for the anticipated depth of bedrock. Nearby wells 700-A-253, 700-D-186, 700-H, 
and 700-J-200 will be used as independent bedrock depth controls. The passive seismic survey grid will 
utilize the systematic Phase IA shallow SVS, EMI, GPR, and magnetic base grid (Figure 4.1) as a starting 
point for field survey grid development. The spacing of grid lines will be less dense, considerably wider-
spaced, and extend further beyond the footprint of the 700 Area landfill than the other survey lines due to 
the greater target depth for this survey.  
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5.6.2 Equipment 

The seismic sensor nodes act as seismic geophones that will be spaced based on the design and 
recommendation of the geophysical subcontractor. Monitoring points will comprise seismic sensor nodes 
that are placed at the surface or can be buried up to a few inches below the ground to shield them from the 
wind. Sensor nodes typically have a charge life of 30 to 45 days, but it is anticipated they will only be left 
in the ground for a few days to a few weeks. Several hundred nodes may be required to adequately cover 
the landfill and adjacent areas. 

5.6.3 Data Processing and Interpretation 

The conclusions for the PSS will be based on the spectral analysis of the observed seismic waves. Data 
are usually acquired in multiple points simultaneously, using synchronized PSS lines. The data will 
subsequently be processed to develop a 3-D velocity map.   

5.7 Site Access and Maintenance of Closure Cap 

The boundaries of the 700 Area landfill are fenced and the surface sparsely to moderately vegetated with 
desert shrubs and grasses, some of which may impede easy progression of equipment along planned 
survey lines. In order to establish the survey lines and ensure adequate access for survey equipment, some 
vegetation may be mowed or mechanically removed. Locations identified for the surveys will be assessed 
to determine the appropriate surface preparation to allow for successful operation of the associated 
equipment while ensuring the landfill cap is protected. 

In addition, the GCL covering the landfill cells may be impacted if any equipment heavier than an ATV is 
driven over vulnerable cells. The shallow SVS and geophysical surveys can be completed by operators 
hand-carrying or towing equipment with an ATV. If vehicles larger than ATVs are required, NASA will 
limit their use to portions of the closure cap under which GCL is not installed.  

5.8 Safety and Health Procedures 

Field activities will be conducted in accordance with requirements of 29 CFR 1910, Occupational Safety 
and Health Administration (OSHA) Standards for Hazardous Waste Operations and Emergency Response 
(HAZWOPER, 2017). The Contractor’s Corporate-wide Safety and Health Plan (SHP) will be augmented 
with site-specific Job Hazard Analyses to address potential hazard foreseeable for the project; and, will be 
followed in accordance with applicable requirements of the standards. The augmented SHP will address 
safety and health issues pertaining to work activities, including known and reasonably anticipated hazards 
associated with project scope of work as well as contingencies for unexpected conditions. The 
requirements of the SHP will apply to prime and sub-tier contractors as well as personnel requesting 
access to controlled areas of the investigation site.  

Project field personnel are required to be current in HAZWOPER training. In the event that new hazards 
are encountered that are not addressed by the SHP, the field team will stop work and contact the 
responsible health and safety personnel to develop additional guidance on means to eliminate or mitigate 
any new threats. As required by the Hazardous Waste Operations and Emergency Response (2017), the 
SHP, and project-specific addenda will address: 

• A safety and health risk or hazard analysis for each site task and operation found in this IWP. 

• Employee training assignments. 

• PPE to be used by employees for each of the site tasks and operations being conducted. 
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• Medical surveillance and fitness for duty requirements (based on nature of the project scope and 
COPCs). 

• Frequency and types of air monitoring, personnel monitoring, and environmental sampling 
techniques and instrumentation to be used, including methods of maintenance and calibration of 
monitoring and sampling equipment to be used. 

• Site control measures in accordance with the site control program. 

• Decontamination procedures. 

• An emergency response plan for safe and effective responses to emergencies, including the 
necessary PPE and other equipment. 

• Pre-entry briefing. The SHP shall provide for pre-entry briefings to be held prior to initiating any 
site activity, and at such other times as necessary to ensure that employees are apprised of the 
SHP and that this plan is being followed. 

• Inspections shall be conducted by responsible contractor personnel who are knowledgeable in 
occupational safety and health. 

During the project, subcontractors must comply with OSHA and EPA standards applicable to this IWP 
and the SHP. Project subcontractor field personnel are required to be current in HAZWOPER training 
required 29 CFR 1910 (2017). Prior to the start of each day’s field activities, a Safety Tailgate Meeting 
will be conducted to review the planned activities of the day, potential hazards, and PPE required. Daily 
field activities will involve a minimum of two personnel working together. In the event of any injuries 
requiring first aid in the field, the person injured will report to the WSTF Clinic prior to the end of the 
work day. Any injuries or situations more serious than what could be mitigated using basic first aid will 
be handled by informing WSTF Emergency Services. 

5.9 Site Restoration and Grading 

Any suspected disturbance or damage to the GCL incurred during the Phase I shallow SVS field activities 
will be subject to repair during backfill of the associated soil boring. Following retrieval of the sampling 
module, the boring will be backfilled with powdered sodium bentonite and hydrated. This is a commonly 
accepted practice for the repair of landfill GCL liners, and has been performed previously at the WSTF 
600 Area Closure (NASA, 2011). Any minor site grading will be completed using hand tools to prevent 
the ponding of water at the site location.  

Following individual phases of the field investigation, all modifications or repairs to the landfill closure 
cap will be reported the NMED Solid Waste Bureau. Significant final restoration and grading activities at 
the 700 Area landfill will be performed following the completion of the last phase of fieldwork, receipt of 
the final analytical results, submittal of the investigation report to NMED, and receipt of concurrence 
from NMED. 

6.0 Equipment Decontamination Procedures 

It is anticipated that only solid waste will be generated during this investigation due to the shallow 
penetration of the SVS and non-invasive geophysical survey techniques. Any equipment that may 
penetrate the surface into a landfill cell will be decontaminated before and after use. General 
decontamination guidance available in ASTM International D 5088-15a (ASTM, 2015) will be followed 
for this project. Decontamination procedures will be performed by 40-hour HAZWOPER trained 
personnel wearing appropriate PPE under the supervision of the site supervisor or their designee. 
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6.1 Decontamination Area 

An individual small-scale decontamination station will be constructed adjacent to the 700 Area landfill to 
support decontamination of the shallow SVS steel conduit pipe and rotary hammer drill bit that will be 
used for the shallow SVS. Contamination reduction or decontamination activities will be performed over 
a containment device that will retain waste generated during the decontamination process. It is anticipated 
that all waste will be managed as solid waste.    

6.2 Decontamination Methods  

Decontamination will be performed on the SVS steel conduit pipe and rotary hammer bit to minimize the 
potential for any cross-contamination between shallow SVS sample locations. Any residual soil on the 
SVS steel conduit pipe and rotary hammer drill bit will be removed using a wire brush adjacent to each 
borehole location. Shallow SVS sampling equipment will be decontaminated prior to exiting the 700 Area 
landfill area. Decontamination will involve hand washing the item with non-phosphate detergent, rinsing 
with WSTF potable water, and finally by rinsing with purified water. In the event field screening 
instruments are used to monitor the condition of the 700 Area landfill, dry decontamination followed by 
an alcohol free moist wipe will be used for moisture sensitive equipment such as a photoionization 
detector (PID).    

7.0 Field Documentation Procedures 

The WSTF Environmental Department field supervisor (geologist or engineer) will keep a record of daily 
Phase I investigation activities, a log of site personnel, safety briefings, wastes generated, etc. in a project 
specific logbook. Logbooks will have durable pages, bound and serial numbered. Entries will be made in 
ink with no erasures. Each day’s record will be reviewed and approved by another individual involved in 
the project. Logbook entries will include, as applicable, information such as: 

• Standard Daily Header – project name, logbook number, date, weather conditions, team members 
present and their affiliations (including subcontractors), sample location identification, day’s 
task(s), daily safety meeting topics, PPE to be used, equipment in use, and any calibration 
information, if applicable. 

• Daily activities (time and observations recorded) – site arrival and departure, visitors and the 
purpose of their visit, sampling information, soil type, soil conditions, decontamination (i.e., 
method, equipment cleaned), reference data sheets or maps, if applicable. 

• Daily summary – action items, materials used, changes or deviations made from planned 
protocol, plan for next day. 

• Signatures (field personnel and logbook reviewer). 

In addition to the field logbook, shallow SVS sample locations will be recorded with the serial number of 
the individual soil vapor module installed at each location using an installation and retrieval log. This log 
includes the date, location, depth, sample type, identification number, sampler, and any circumstances, 
events, or decisions that could impact sample quality. Even though each case may be unique, the 
geologist's decision must be documented as to conditions that precipitated any decisions for the 
unsuitability of samples for analyses.   

Evidential records for the entire project will be maintained in hard copy or electronic form and will 
consist of: 

• Project IWP with any deviations redlined. 



NASA White Sands Test Facility 

SWMU 49, 700 Area Landfill Phase I IWP 24 

• Site-specific internal procedural documentation or plans. 

• Project logbooks. 

• Field data records (i.e., surveyed site location). 

• Sample installation and retrieval logs. 

• Correspondence with NMED. 

• Final analytical data packages. 

• Reports. 

• Miscellaneous related records such as photos, maps, drawings, etc. 

8.0 Investigation Derived Waste 

Permit Attachment 20 (Section 20.2.13) requires that a description of IDW management be provided in an 
appendix to each work plan (NMED, 2016). Because a very limited amount of solid waste is expected to 
be generated during the Phase I investigation fieldwork, waste management procedures are presented in 
this section in lieu of a separate appendix. 

All IDW generated as part of the investigation is anticipated to be characterized and managed as non-
hazardous solid waste. This will include a limited volume of soil cuttings, or environmental media, that 
adheres to shallow SVS steel conduit pipe and the rotary hammer drill bits. The cuttings will consist of 
soils that were used to construct the clean landfill closure cap. These are characterized as non-hazardous 
and will be left in the immediate project area. Other IDW will include used disposable PPE (gloves), 
plastic sheeting, and rags, which are characterized as non-hazardous and will be disposed of as solid 
waste at a Subtitle D landfill. Waste water and soap solutions used for equipment decontamination are 
also characterized as non-hazardous and will be disposed of in the WSTF sanitary sewer system. The 
shallow SVS soil vapor module samplers will be returned to the laboratory for chemical analysis. 

9.0 Data Management Tasks 

Passive diffusion sampler serial numbers, grid locations, and trip blank serial numbers will be recorded in 
the field logbook. Analysis of the samplers will be performed in the laboratory by gas chromatography 
per US EPA Method 8260. Analyses of trip blanks are performed in addition to laboratory blanks 
(instrument, method, standards, etc.) to ensure quality assurance. Data validation will be supported by the 
laboratory surrogate recovery and trip blank analysis.  

Processed data will be recorded in mass data tables, concentration values, and site isoconcentration maps 
utilizing the mass in µg showing compound distribution. The results of the Phase I investigation will be 
submitted to NMED in the Phase I Investigation Report. Following NMED approval of the Phase I 
Investigation Report, a separate work plan for Phase II investigation activities will be submitted to 
NMED for review and approval.  

Significant deviations from the number and locations of shallow SVS samples indicated in the IWP will 
be discussed with NMED for concurrence. Geophysical field survey events will be managed in 
accordance with the requirements established by the knowledgeable contractors. If a survey cannot be 
conducted as planned, the site supervisor will be notified. Any deviations from the IWP or procedures 
will be documented and noted in the Phase I Investigation Report for review by the NMED. 
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10.0 Current Monitoring and Sampling Programs 

The primary current monitoring program applicable to Phase I investigation fieldwork at the 700 Area 
landfill is NASA’s ongoing groundwater assessment program. NASA routinely collects groundwater 
samples from a comprehensive network of monitoring wells at WSTF, including those near the landfill, in 
accordance with the NMED-approved GMP (NASA, 2017b). Groundwater samples are collected for the 
analysis of VOCs, N-nitrosodimethylamine (NDMA), bromacil, and metals. Groundwater samples 
collected from monitoring wells near the landfill (wells 700-A-153, 700-D-186, 700-H, and 700-J-200) 
are also analyzed for the constituents in Subpart A of 20.9.9.20 NMAC in accordance with the landfill 
PCC Plan (NASA, 1997).  

NASA also performs annual methane monitoring at ten shallow soil vapor monitoring wells near the 
perimeter of the landfill (Figure 1.4) in accordance with the PCC Plan (NASA, 1997). Each monitoring 
well consists of a 7-ft long, 1.25-in. diameter well point with 30 in. of #60 mesh screen set into a 6-ft 
deep, 4-in. diameter augured hole with a sand pack and bentonite seal. Between May 1996 and December 
2016, methane has been detected a single time above the instrument detection limit of 5 parts per million. 
A concentration of 7.6 parts per million was reported at well MW-5 on January 21, 1998. This well was 
accidentally destroyed in 1998 during closure cover installation activities, although the remaining wells 
are operational. 

11.0 Schedule 

The anticipated schedule for the SWMU 49, 700 Area landfill Phase I investigation fieldwork and 
reporting is as follows:   

• NMED approval of the SWMU 49, 700 Area landfill IWP and HIS (to be determined). 

• Complete Phase I investigation procurements and commence fieldwork - 60 days following 
NMED approval.  

• Complete fieldwork components in the following general order and receipt of SVS analytical 
laboratory and geophysical subcontractor survey data all with a timeframe of 180 days following 
the start of fieldwork: 

o Phase IA systematic SVS on a standardized grid. 

o EMI to examine soil conditions and locate objects found beneath the surface and provide 
direction for GPR and magnetometer.  

o GPR to support trench delineation in subsurface. 

o Magnetic gradient survey to define metallic objects. 

o Passive seismic to investigate and discern geological lithology and structure. 

o Phase IB SVS designed with the support of results of the preceding Phase I SVS, EMI, 
GPR, and magnetic gradient surveys. 

• Data compilation, review, and development of draft 700 Area landfill Investigation Report 
including internal reviews: 120 days after completion of Phase I fieldwork components and 
receipt of laboratory and geophysical subcontractor survey data. 

• NASA Submits the SWMU 49, 700 Area Landfill Phase I Investigation Report to NMED: 360 
days after approval of the 700 Area landfill HIS and IWP. 
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Figure 1.1 WSTF Location Map 
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Figure 1.2 WSTF Industrial Areas 
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Figure 1.3 700 Area Landfill Location Map 
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Figure 1.4 700 Area Landfill Detail 
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Figure 2.1 Site Conceptual Exposure Model 

 

 

 

 

 

(SEE NEXT PAGE) 

  



Site Conceptual Exposure Model

Source of 
Contamination 

700 Area 
Landfill

(SWMU 49)

Release 
Mechanism 

Materials 
disposed of in 
trenches at the 

landfill may have 
leached into 

below grade soil 
and groundwater.

Potential Exposure 
Pathway 

Ingestion of, inhalation 
of, and dermal contact 
with contaminated soil, 
particulate emissions, 

or waste materials.

No Residential Potential Receptors
No residential land use or nearby populations at WSTF.

No Industrial Potential Receptors
Any potentially contaminated soil would be located 

below surface grade.

Construction Worker Potential Receptors 
Potential for Construction Worker exposure during    

Phase I investigative activities. Engineering controls   
and proper use of PPE will mitigate exposure.

Potential Exposure 
Pathway 

Ingestion or dermal 
contact with 
contaminated 

groundwater; and 
inhalation of volatile 

contaminants..

No Residential Potential Receptors   
No public water supply wells are impacted by 

contaminated groundwater at WSTF

No Industrial Potential Receptors               
Site water supply wells not impacted by contaminated 

groundwater and are monitored regularly

No Construction Worker Potential Receptors
Site water supply wells not impacted by contaminated 

groundwater and  are monitored regularly



 

SWMU 49, 700 Area Landfill Phase I IWP 35 

Figure 3.1 700 Area Cross Section Location Map 
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Figure 3.2 700 Area Landfill Line of Cross-Section A-A’ 
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Figure 3.3 700 Area Landfill Potentiometric Contour Map 

 

 

 

 

 

(SEE NEXT PAGE) 

  



!

!

!

!

700-A-253
Brass Cap Elevation = 4912.38 ft
Groundwater Elevation = 4718.54 ft

700-J-200
Brass Cap Elevation = 4950.47 ft
Groundwater Elevation = 4828.78 ft

700-D-186
Brass Cap Elevation = 4889.20 ft
Groundwater Elevation = 4711.61 ft

700-H-350
Brass Cap Elevation = 4870.50 ft
Groundwater Elevation = 4637.01 ft

4650 ft

4675 ft

4700 ft

4725 ft

4750 ft

4775 ft

4800 ft

4825 ft

700 Area Landfill Potentiometric Contour Map

²
0 160 320 480 64080

Feet

! Well Locations
Groundwater Potentiometric Contours

# Groundwater Flow (Velocity range = 0.3 to 1.6 ft/day)



 

SWMU 49, 700 Area Landfill Phase I IWP 38 

Figure 4.1 700 Area Landfill Base Survey Grid 
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NASA White Sands Test Facility 

SWMU 49, 700 Area Landfill Phase I IWP 40 

Table 2.1 List of Contaminants of Potential Concern for the 700 Area Landfill 
Constituent Sample Type 

Asbestos FIBROUS SILICATE 
Chloride ANION 
Fluoride ANION 
Phosphorus ANION 
Sulfate ANION 
Cyanide CYANIDE 
PCBs CHLORINATED HYDROCARBON 
1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin (HpCDD) DIOXINS/FURANS 
Heptachlorodibenzo-p-dioxins (HpCDD), Total DIOXINS/FURANS 
Octachlorodibenzofuran (OCDF) DIOXINS/FURANS 
Octachlorodibenzo-p-dioxin (OCDD) DIOXINS/FURANS 
Hydrazine HYDRAZINE 
Monomethylhydrazine (MMH) HYDRAZINE 
Unsymmetrical Dimethylhydrazine (UDMH) HYDRAZINE 
Aluminum METALS 
Antimony METALS 
Arsenic METALS 
Barium METALS 
Beryllium METALS 
Boron METALS 
Cadmium METALS 
Calcium METALS 
Chromium (Total) METALS 
Chromium (VI) METALS 
Cobalt METALS 
Copper METALS 
Iron METALS 
Lead METALS 
Mercury METALS 
Molybdenum METALS 
Nickel METALS 
Potassium METALS 
Selenium METALS 
Silver METALS 
Strontium METALS 
Thallium METALS 
Tin METALS 
Uranium METALS 
Vanadium METALS 
Zinc METALS 
Bromacil BROMACIL 
N-Nitrodimethylamine NITROSAMINES 
N-Nitrosodimethylamine NITROSAMINES 
Nitrate NITROGEN 
Nitrite NITROGEN 
Perchlorate PERCHLORATE 
Radium RADS 



NASA White Sands Test Facility 

SWMU 49, 700 Area Landfill Phase I IWP 41 

Constituent Sample Type 
Bis(2-ethylhexyl) Phthalate SVOA 
Di-n-butyl Phthalate SVOA 
Diesel Range Organics SVOA/TPH 
1,1,1-Trichloroethane VOA 
1,1,2-Trichloroethane VOA 
1,1,2-Trichloro-1,2,2-trifluoroethane (Freon 113) VOA 
1,1-Dichloroethane VOA 
1,1-Dichloroethene VOA 
1,2-Dichloro-1,1,2-trifluoroethane (Freon 123a) VOA 
1,2-Dichloroethane VOA 
2,2-Dichloro-1,1,1-trifluoroethane (Freon 123) VOA 
2-Butanone (Methyl Ethyl Ketone) VOA 
2-Hexanone VOA 
2-Propanol VOA 
3-Chloro-1-Propene VOA 
Acetone VOA 
Acrilonitrile VOA 
Benzene VOA 
Bromodichloromethane VOA 
Bromoform VOA 
Bromomethane VOA 
Chlorobenzene VOA 
Chloroform VOA 
Chloromethane VOA 
Dibromochloromethane VOA 
Dichlorodifluoromethane (Freon 12) VOA 
Dichlorofluoromethane (Freon 21) VOA 
Gasoline Range Organics VOA/TPH 
Methyl tert-Butyl Ether VOA 
Methylene Chloride VOA 
m-Xylene & p-Xylene VOA 
Oil Range Organics VOA/TPH 
Styrene VOA 
Tetrachloroethene (PCE) VOA 
Toluene VOA 
trans-1,2-Dichloroethene VOA 
Trichloroethene (TCE) VOA 
Trichlorofluoromethane (Freon 11) VOA 
Vinyl Chloride VOA 



NASA White Sands Test Facility 

SWMU 49, 700 Area Landfill Phase I IWP 42 

Table 3.1 700 Area Landfill and Vicinity Borehole and Well Completion Data  

Borehole/Well 
and Type 

Casing 
Elevation  
(ft amsl) 

Depth to 
Bedrock  
(ft bgs) 

Bedrock Type 

Nov-2017 
Depth to 

Groundwater 
(ft bgs) 

Groundwater 
Elevation  
(ft amsl) 

Screened Interval 
(ft bgs) 

Borehole 
Total Depth 

(ft bgs) 

300-D-153 
Conventional 5112.82 75 Limestone 162.78 4950.04 153.10 – 173.80 194 

700-A-253 
Conventional 4912.38 149 Andesite 193.84 4718.54 253.00 – 263.40 287 

700-B-510 
Conventional 4809.57 285 Andesite 466.0 4343.57 510.00 – 530.84 550 

700-D-186 
Conventional 4889.20 180 Limestone 177.59 4711.61 186.00 – 196.30 205 

700-E-458 
Conventional 4722.01 285 Andesite 310.60 4411.41 458.10 – 478.90 515 

700-F-455 
Conventional 4767.67 305 Andesite 277.56 4490.10 455.0 – 475.03 526 

700-G 
Abandoned 
Borehole 

4779.19 260 Andesite Dry Dry None 450 

700-J-200 
Conventional 4950.47 110 Hornfelsed 

Limestone 121.69 4828.78 199.64 – 219.68 240 

700-H 
Westbay 4870.50 200 Andesite 264.77 4605.73 

345.00 – 360.00 
525.00 – 545.00 
660.00 – 680.00 

730 

BW-6-355 
Conventional 4818.71 238 Andesite 245.48 4573.23 355.00 – 375.53 401 
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