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NMED 
Comment 
Number 

2.a 

2.b 

White Sands Test Facility Soil Background Study Work Plan - Disapproval Comment Resolutions 

September 2012 

Specific Comment 

Section 1.2, Objective and Scope, first paragraph, page 1: 

NMED Comment: There is an apparent typographical error in this portion 
of the Plan. The purpose of the investigation is to develop 95 percent(%) 
Upper Tolerance Limits (UTLs) for various inorganic (not organic 
constituents for the facility. Correct the error in the revised plan. 

Investigation Work Plan; General Comments; a: 

NMED Comment: Overall, the planned sampling activities would likely 
yield sufficient but minimal data (10 samples per interval) in order to 
calculate statistically appropriate background tolerance values. Typically 
eight samples are needed to statistically evaluate a data set; there is some 
concern that if there are any data quality issues with the analytical results, 
rejected data could result in an insufficient number of samples for 
statistical analyses. However, with inorganics/metals, it is unlikely that 
quality issues would be encountered. In the event there are rejected data, it 
may be possible to statistically evaluate the intervals and determine that 
there is no significant difference between background at two feet, six feet, 
and/or 10 feet below ground surface. If this is the case, the data could be 
combined, increasing the robustness of the statisticai anaiyses. Unless the 
Permittee decides to increase the number of proposed samples, there is no 
need to provide a response to this comment. 

Investigation Work Plan; General Comments; b: 

NMED Comment: Table 2.1 provides results from previous soil 
investigations. The Resource Conservation and Recovery Act (RCRA) 
Action Levels listed in this table are reflective of the United States 
Environmental Protection Agency's (EPA) Corrective Action Rule. These 

NASA Response and Report Revision Detail 

The typographical error in Section 1.2 was corrected in the 
revised report. 

NASA reviewed analytical results from past inorganics/metals 
sampling events at WSTF and determined that the percentage of 
non-detects could occasionally result in the acquisition of 
insufficient analytical data from 10 samples. As a result, NASA 
has increased the number of proposed samples from 10 per 
interval to 12 per interval. 

All relevant report text was revised to reflect 12 sample points 
per interval instead of l 0. Table 6.1 (Sample Densities) and 
Figure 6.1 (Sample Locations) were also revised. Figure 6.1 
was also revised to show that four sampling points within the 
700 Area BG Area #1 were relocated upgradient from the 700 
Area Landfill to ensure background sample integrity. Note that 
changes to figures wiil not appear in the rediine strikeout 
version of the report. 

NASA acknowledges that data presented in Table 2.1 are 
outdated, not risk-based, and are not currently applied in 
assessing potential risk. They were provided for 
background/historical purposes only in accordance with 
Attachment 20 of the NASA Hazardous Waste Permit (Section 
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NMED 
Comment 
Number 

2.c 

2.d 

White Sands Test Facility Soil Background Study Work Plan - Disapproval Comment Resolutions 

September 2012 

Specific Comment 

data are outdated, not risk-based, and are not currently applied to assessing 
potential risk. The Permittee must clarify that current NMED Soil 
Screening Guidance/Levels will be applied in assessing risk. In addition, it 
must be clarified that these action levels were only provided from a 
historical perspective and that these levels will not be used to assess 
adequacy of laboratory detection limits, which are not provided in the 
Plan. The Permitte must review the selected laboratory's minimum 
detection limits (MDLs) or levels of detection (LODs) to ensure that the 
data will meet the risk-based levels needed for site assessment. Revise the 
Plan accordingly. 

Investigation Work Plan; General Comments; c: 

NMED Comment: It is also not clear whether the Permittee plans to 
combine data obtained from the proposed sampling activities with 
historical background data (as presented in Table 2.1) in calculating 95% 
UTLs. If so, the Permittee must determine whether the historical data are 
of sufficient quality/integrity and the data must be grouped appropriately 
according to soil type and depth. Revise the Plan accordingly, as 
appropriate to the comment. 

Investigation Work Plan; General Comments; d: 

NMED Comment: As noted in Table 4.1, there are sites associated with 
burn activities or other thermal treatment [e.g., Solid Waste Management 
Units (S WMU s) 1, 9, 11, 12, 15, 18, and 20]. It is unclear whether dioxins 
and furans could be considered potential contaminants of concern for these 
SWMUs. If dioxins and furans are anticipated at these locations, it would 

NASA Response and Report Revision Detail 

20.2.5 Background), which requires the inclusion of brief 
summaries of results from previous investigations including 
data summary tables. A paragraph was added to the end of 
Section 2.0 that provides the clarifications required by NMED 
in General Comment b. 

The text in Section 3.0 of the report was revised to state that the 
contracted laboratory's MDLs will not exceed NMED or EPA 
risk-based levels for site assessment. Table 3.1 was revised to 
present typical contracted laboratory method detection limits 
achieved during the 600 and 300 Area Investigations performed 
previously at WSTF. 

NASA does not plan to combine historical background data 
with the data obtained from the proposed sampling activities in 
the Plan. The text in Section 2.0 was revised to clarify this. 

NASA plans to collect any required dioxin and/or furan 
background samples as part of specific SWMU investigations 
rather than as part of this Plan. No Plan revisions were required. 
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Comment 
Number 

2.e 
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Specific Comment 

be beneficial for the Permittee to consider collection of 
anthropogenic/ambient background dioxin/furan congener data to aid in 
future investigations of these SWMUs. Alternatively, collection of dioxin 
and furan data could be delayed until the affected SWMUs are 
investigated according to the schedule outlined in Attachment 16 of the 
Permit NM8880019434. If the Permittee chooses to collect dioxin and 
furan data as part of the background study proposed in this Plan, revise the 
Plan accordingly. 

Investigation Work Plan; General Comments; e: 

NMED Comment: Once data are obtained, the Permittee plans to 
calculate 95% UTLs, as required their Permit. It is not stated how the 
Permittee plans to process censored data (i.e., non-detects), and if they will 
employ regression on order statistical methods, as currently recommended 
by EPA. The Permittee is advised to include censored data in the 
background data set, and to perform regression on order statistical 
methods as recommended in current EPA guidance. Revise the Plan as 
necessary. 

NASA Response and Report Revision Detail 

NASA's contractor statistician refers to the ProUCL Version 
4.1.00 Technical Guide (Draft), EPA/600/R-07/041, May 2010, 
for current EPA guidance. The Technical Guide provides 
specific details regarding the methodologies, is more 
statistically technical, and appears to offer more detailed 
guidance than the ProUCL User Guide. 

Section 6.9 of the Plan was revised to include additional 
information on statistical methods, information on the use of 
ProUCL, and clarification on how censored data will be handled 
when calculating 95% UTLs. 
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Executive Summary 

The National Aeronautics and Space Administration (NASA) White Sands Test Facility (WSTF) is 
required by the New Mexico Environment Department (NMED)-issued Hazardous Waste Permit (Permit) 
to determine background concentrations of inorganic constituents at the site. Background concentrations 
are used to perform baseline risk assessments for the determination of clean closure, risk-based closure, 
and to support corrective action. This Soil Background Study Investigation Work Plan (IWP) describes 
soil sampling activities that will be conducted to the east (upgradient), and in a small area located several 
miles west (downgradient), of the WSTF industrial area. All sampling will occur in areas where natural 
soil conditions are believed to be unaffected by site or any other activities. 

Five background sampling areas, each containing 12 designated sampling locations, have been selected 
based on soil type and proximity to site hazardous waste management units (HWMUs) and solid waste 
management units (SWMUs). Three soil samples will be collected from each sampling location and 
analyzed for a variety of inorganic constituents of concern. Each background sampling area will produce 
several background data sets. Data sets will include the summary statistics required by the Permit 
(Attachment 17) and will be used to determine the 95% upper tolerance limit (UTL) for each inorganic 
constituent in soil. 

Field work is expected to commence in March or April 2013. An investigation report detailing the results 
of the field activities and statistical evaluation of analytical results will be submitted to NMED within 120 
calendar days of the completion of field work. 

 



Table of Contents 

Executive Summary ..................................................................................................................................... iv 
Table of Contents .......................................................................................................................................... v 
List of Figures and Tables ............................................................................................................................ vi 
List of Acronyms ........................................................................................................................................ vii 
1.0  Introduction ....................................................................................................................................... 1 

1.1  Location and Description of WSTF .............................................................................................. 1 
1.2  Objective and Scope...................................................................................................................... 1 
1.3  Other Considerations..................................................................................................................... 1 

2.0  Background ....................................................................................................................................... 2 
3.0  Analytes ............................................................................................................................................ 2 
4.0  Site Conditions .................................................................................................................................. 2 

4.1  Investigation Area Description ..................................................................................................... 3 
4.2  Surface Conditions ........................................................................................................................ 3 
4.3  Subsurface Conditions .................................................................................................................. 3 

5.0  Scope of Activities ............................................................................................................................ 4 
6.0  Investigation Methods ....................................................................................................................... 4 

6.1  Sampling Approach ...................................................................................................................... 4 
6.2  Proposed Sample Size ................................................................................................................... 5 
6.3  Proposed Sample Locations .......................................................................................................... 5 
6.4  Sampling Method .......................................................................................................................... 5 
6.5  Sample Collection, Management, and Shipment .......................................................................... 6 
6.6  Health and Safety .......................................................................................................................... 6 
6.7  Field and Survey Data Collection ................................................................................................. 6 
6.8  Laboratory Analysis, Reporting, Data Review ............................................................................. 7 
6.9  Statistical Analysis ........................................................................................................................ 8 

6.9.1  Statistical Summary .............................................................................................................. 8 
6.9.2  Statistical Methods and Censored Data ................................................................................. 8 

7.0  Monitoring and Sampling Programs ................................................................................................. 9 
8.0  Schedule .......................................................................................................................................... 10 
9.0  References ....................................................................................................................................... 10 
Figures ........................................................................................................................................................ 12 
Tables .......................................................................................................................................................... 16 
Appendix A USDA-SCS Soil Descriptions .............................................................................................. A-1 
 

 

Soil Background Study Work Plan v 



 

List of Figures and Tables 

Figure 1.1  WSTF Location Map .......................................................................................................... 13 
Figure 4.1  Soil Map, SWMUs, and Proposed Background Sampling Areas ....................................... 14 
Figure 6.1  Background Sample Locations ........................................................................................... 15 
 
Table 2.1 Previous Soil Investigations - RCRA Metal Concentrations of Background Soil Borings ........ 17 
(from Vol 8, pg. 24 of RFI Report, 1996) ................................................................................................... 17 
Table 3.1 Analyte and Analysis Method List ............................................................................................. 18 
Table 4.1 Sampling Areas Description ....................................................................................................... 20 
Table 6.1 Proposed Sample Densities ......................................................................................................... 22 
 

 

 

Soil Background Study Work Plan vi 



 

List of Acronyms 

AOC Area of concern 
BG Background 
bgs Below ground surface 
CoC Chain(s) of custody 
DR Doña Ana-Reagan Association 
EPA Environmental Protection Agency 
GPS Global positioning system 
HWMU Hazardous waste management unit 
IDW Investigation-derived waste 
IWP Investigation Work Plan 
JDMB Jornada del Muerto Basin 
JHA Job Hazard Analysis 
JP Jet propulsion 
KM Kaplan-Meir 
LR Lozier-Rock Outcrop Complex 
MPITS Mid-plume Interception and Treatment 

System 
MS Matrix spike 
NASA National Aeronautic and Space 

Administration 
NELAP National Environmental Laboratory 

Accreditation Program 
ND Non-detect 
NDMA N-Nitrosodimethylamine 
NMED New Mexico Environment Department 
NT Nickel-Tencee Association 
PFTS Plume Front Treatment System 
PPE Personal protective equipment 
QA Quality assurance 
RCRA Resource Conservation and Recovery 

Act 
RFI RCRA Facility Investigation 
SAM San Andres Mountains 
SOP Standard operating procedure 
SOW Statement of work 
SQL Sample quantitation limit 
SSL Soil Screening Level 
SWMU Solid waste management unit 
TDRSS Tracking Data Relay Satellite System 
TK Tencee-Nickel Association, Steep 
USCS USDA Soil Conservation Service 
USDA United States Department of 

Agriculture 
UTL Upper tolerance limit 
VOC Volatile organic compound 
WSTF White Sands Test Facility 
  

Soil Background Study Work Plan vii 



NASA White Sands Test Facility 

1.0 Introduction 

WSTF has supported safety-related testing of space flight equipment and hazardous materials from 1964 
to the present time. During approximately the first 20 years of facility operations, undocumented episodes 
of hazardous chemical releases to the environment occurred. As a result, NASA has been conducting an 
extensive RCRA investigation and implementing interim corrective measures at the site since the mid-
1980s. WSTF currently operates under Hazardous Waste Permit No. NM8800019434 issued by the 
NMED in November 2009. 

There are four HWMUs, 35 SWMUs, and three areas of concern (AOCs) (henceforth referred to 
collectively as “SWMUs”) identified in the Permit and scheduled for investigation. The Permit requires 
that background concentrations for metals be determined for all media of concern for use in the risk 
assessment and cleanup decisions. This IWP presents the investigation design that will produce quality 
data for determining background concentrations of metals and several other inorganic constituents in 
WSTF soils. It is expected that the background data generated during this investigation will be compared 
to analytical data from sampling activities performed as part of future HWMU and SWMU investigations 
at WSTF. 

1.1 Location and Description of WSTF 

WSTF is located in Doña Ana County, 18 miles northeast of Las Cruces, New Mexico, and 65 miles 
north of El Paso, Texas. Figure 1.1 provides a WSTF location map. WSTF was constructed in 1964 at a 
remote location adjacent to the San Andres Mountains (SAM). The Department of the Army owns the 
land occupied by WSTF and has granted NASA use of the land through a land use agreement. Access to 
the site is provided by a paved road that intersects U.S. Highway 70 one mile west of Organ, New 
Mexico. Information regarding current site usage and status can be found in Permit Attachment 1, 
General Facility Description (NMED, 2009). 

1.2 Objective and Scope 

The objective of this investigation is to produce high quality analytical data that are representative of 
naturally occurring concentrations of inorganic constituents present in WSTF soils. The analytical data 
will be compiled and summarized for statistical purposes and used to determine a 95% upper tolerance 
limit (UTL) for each inorganic constituent. The 95% UTL for each constituent shall be used as the 
background reference value for use in screening assessments and determining whether constituents are 
present in soil due to site activities. 

All background soil samples will be collected within the WSTF industrial area or other land controlled by 
NASA. Background soil samples will be collected upgradient from SWMUs, in native soil unaffected by 
known site activities. Sampling will occur east of the industrial area, along the foothills of Quartzite 
Mountain, and in one small area located west of the facility. 

1.3 Other Considerations 

Because this study involves the natural, undisturbed areas surrounding the WSTF industrial area, 
consideration is given to minimizing the environmental damage and the protection of historic and 
archaeological resources and threatened/endangered species identified at the site. The sampling locations 
proposed in this IWP were overlain with maps locating archaeological sites and night-blooming cereus 
cactus (Piniocereus greggii var. greggii) in order to avoid any disturbance. If any new cultural or 
biological resources are discovered during field work, the appropriate environmental personnel will be 
contacted and appropriate actions will be taken.  
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2.0 Background 

NASA has submitted a number of documents to NMED that can be referenced for background 
information regarding operational history, site features and use, potential receptors, type and 
characteristics of waste managed and released, contamination sources, and extent of contamination at 
WSTF. The most all-inclusive is the Draft RCRA Facility Investigation (RFI) Report (NASA, 1996[b]) 
and more recently the 600 Area Closure Investigation Report (NASA, 2011[a]) and the 300 Area Closure 
Investigation Report (NASA, 2011[b]). 

Prior to the establishment of WSTF, historical uses of the area included ranching and mining. Mining 
prospects and activity in the Organ Mountains and SAM involved gold, silver, zinc, copper and lead. 
Both the ranching and mining ceased with the incorporation of land into the White Sands Proving Ground 
(now White Sands Missile Range). The Love Ranch and several old mines which formed part of the 
former Organ Mining District are located proximal to WSTF (Seager, 1981).  

Previous soil investigations at WSTF include a background soil study for RCRA metals conducted as 
Phases I (1986) and II (1994) of the RFI. The results of those studies are reported in the Draft RFI Report 
(NASA, 1996[b]). The study indicated that both the mean and maximum concentrations of RCRA metals 
detected were below RCRA action levels at that time and comparable with naturally occurring 
background levels published in studies from other sources. Table 2.1 presents the results reproduced from 
the RFI report and lists the mean and maximum RCRA metal concentrations and their comparison to 
RCRA action levels and published sources of naturally occurring background levels in the region. 

Analytical data and conclusions from previous soil investigations are provided for historical purposes 
only and will not be applied to or combined with results from this study or used to assess the adequacy of 
laboratory detection limits. NASA expects to apply current NMED Soil Screening Guidance/Levels when 
assessing laboratory analytical adequacy for this study and determining risk to human health and the 
environment. 

3.0 Analytes 

NASA will analyze background soil for metals and other constituents of interest. A list of analytes and the 
corresponding analytical methods is presented in Table 3.1. Table 3.1 also provides the NMED soil 
screening level (SSL) or EPA risk- based screening level (RSL, used when SSLs are not available for an 
analyte) for most of the analytes addressed in this plan. In addition, Table 3.1 presents the method 
detection limits (MDLs) achieved for these analytes during past investigations at WSTF. MDLs are 
presented to demonstrate the typical capabilities of contracted analytical laboratories. During the soil 
background study, contracted laboratories will be required to achieve MDLs that are less than or equal to 
the applicable regulatory criteria. 

4.0 Site Conditions 

The topography at WSTF is typical of the Basin and Range physiographic province of the southwestern 
United Sates and formed as a result of late Tertiary extensional tectonism. The SAM, located immediately 
east of WSTF, represent an uplifted northwest-trending mountain range. The Jornada del Muerto Basin 
(JDMB) is located to the west of WSTF and separates the SAM from adjacent mountain ranges. WSTF is 
situated upon the alluvial-covered bedrock pediment slope of the western side of the SAM, between well 
developed alluvial fans emerging from Bear Canyon to the north and Loman Canyon to the south. More 
details on site conditions can be found in the Draft RFI Report (NASA, 1996[b]). 

Soil Background Study Work Plan 2 
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4.1 Investigation Area Description 

The investigation area consists of five separate sampling areas chosen according to (1) proximity to 
SWMU(s), (2) soil type associated with the SWMU(s), and (3) native soil conditions unaffected by site 
activities. Figure 4.1 is a map of SWMU locations, soil types, and the five proposed background sampling 
areas. Each area represents background for either a group of SWMUs (Areas 1, 2, 4) or a single SWMU 
(Areas 3, 5). Table 4.1 presents the SWMUs and the sample areas chosen to represent their background 
areas, as well as the soil types that are present under the SWMUs. 

Four of the five sampling areas are located along the foothills of Quartzite Mountain, east of and 
upgradient from the SWMUs, in areas undisturbed by site activity. They include the alluvial fans 
emerging from Bear Canyon to the north and Loman Canyon to the south. The soil types identified at 
these areas are the Nickel-Tencee Association (NT), the Tencee-Nickel Association (Steep) (TK), and the 
Lozier Rock Outcrop Complex (LR). The remaining background sampling area is located west of the 
facility and represents soils of the Dona Ana-Reagan Association (DR). Appendix A contains soil 
descriptions summarized from United States Department of Agriculture (USDA) Soil Conservation 
Service (USCS) publications (USDA, 1976 and 1980).  

4.2 Surface Conditions 

General surface conditions such as natural and man-made drainages, features and structures, vegetation, 
erosional features, and basins present at or near WSTF have been described and can be referenced in 
several NASA reports submitted to NMED. The most comprehensive are the Draft RFI Report and the 
Environmental Resources Document (RD-WSTF-0025) (NASA, 2006). Since the soil sampling areas are 
located outside of the industrial area, there are no site structures to describe except the closed WSTF 
landfill located in the 700 Area near Background (BG) Area #1. The landfill has been described 
extensively in the Landfill Closure and Post-Closure Care Plan (NASA, 1996[a]). There are some mining 
and ranching historical remains in the SAM proximal to WSTF, but their operations had no impact on 
sediment transport, surface water runoff, or site contamination. 

The SAM and foothills area east of WSTF are characterized by slopes ranging from 5% to >50%. The 
area includes rock outcrops, mesas, mountain slopes, and ridges. Soil types vary from stony loams to 
bedrock outcrops. The soils in these zones are characterized by medium to rapid runoff and moderate 
permeability. Soils on WSTF’s piedmont slopes and alluvial plains include stony loams and sandy loams 
associated with alluvial fans, arroyos, and gentle slopes. Runoff ranges from slow to rapid, and 
permeability is slow to moderately rapid. Soil units identified for the investigation include the following: 
Lozier-Rock Outcrop Complex, Nickel-Tencee Association, Tencee-Nickel Association, Steep, and Doña 
Ana-Reagan Association (USDA, 1976). Appendix A contains general descriptions of these soils. 

Surface conditions also include the historic and archaeological resources and threatened/endangered plant 
species identified at the site. Up-to-date maps are available that depict the surveyed locations of these 
resources. Protection policies will be adhered to at all times during this study.  

4.3 Subsurface Conditions 

The shallow geology of sampling areas located along the foothills of Quartzite Mountain consists of 
bedrock covered by a veneer (thicknesses range from zero to approximately 100 ft) of Quaternary 
piedmont alluvium, alluvial fan, or canyon bottom sediments. Information from wells installed most 
proximal to the easternmost sampling area indicates that groundwater is hosted within fractured Paleozoic 
limestone bedrock. The alluvium overlying the bedrock thickens westward towards the westernmost 
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sampling area. Information from wells installed in the vicinity indicates alluvium is more than 1,000 ft 
thick and hosts groundwater under confined to semi-confined conditions. 

Two types of geologic deformation are evident near WSTF and impact subsurface geology at the site. The 
oldest and least prevalent deformation consists of west-trending folds and faults associated with the Late 
Cretaceous to Early Tertiary Laramide Orogeny. This deformation is confined to the western SAM and is 
exposed within the Bear Peak Fold and Thrust Zone located within Bear Canyon. Younger and more 
widespread deformation is attributable to regional Late Tertiary Basin and Range normal faulting. WSTF 
is located partially on the pediment of the SAM (bounding the JDMB on the east) and partially in the 
downfaulted JDMB, which is bounded on the west by the Doña Ana Mountains. Numerous subsurface 
half-graben normal faults within the western pediment slope of the SAM underlying WSTF have been 
identified from shallow seismic reflection and well log data. 

5.0 Scope of Activities 

The following is a list of anticipated activities to be performed during the soil background study 
investigation: 

• Selection of appropriate sampling locations (based on soil type, undisturbed conditions), 
representative number of samples for each area, and sampling method. 

• Field operations for the collection, management, and shipment of soil samples (including quality 
control field samples). 

• Daily health and safety briefings. 

• Field and Global Positioning System (GPS) survey data collection (decimeter accuracy). 

• Laboratory analysis (including laboratory quality control samples), analytical reporting, and data 
processing through the WSTF data management system. 

• Development of background concentration data sets (by soil type) for statistical analysis.  

6.0 Investigation Methods 

This section includes a description of anticipated methods and locations for conducting the activities 
listed above.  

6.1 Sampling Approach 

Background soil samples will be representative of the soil types associated with the SWMUs to which 
they will be compared (Table 4.1). This is accomplished by locating sample points as close to the 
SWMUs as possible while still being in native areas, far enough from any surface disturbances caused by 
human activity. The proposed sampling locations also take into account the avoidance of rough terrain 
that impedes access, protected historical sites, and threatened/endangered species. Samples will be 
analyzed for inorganic constituents using the same laboratory methods typically used during site soil 
investigations (Table 3.1). 

All but one of the background sampling areas are located in the foothills of the SAM and Quartzite 
Mountain, therefore sampling conditions are expected to be impacted by a rocky subsurface and shallow 
depth to bedrock. Background sampling areas are pristine desert environments and efforts will be made to 
minimize the environmental impacts from sampling. A simple pit excavation method using a backhoe is 
proposed for the sampling approach over traditional rotary drilling methods typically employed at WSTF 
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that necessitate a cleared road and work pad for support equipment. The backhoe will also manage a 
rocky subsurface more efficiently through excavation as compared to the use of hollow-stem augers, 
which has been shown during previous investigations to be relatively ineffective in WSTF soils. The 
backhoe will have four-wheel drive to facilitate access to remote sample locations and a loader to grade 
the access only where needed. At each sample site a small pit will be excavated, soil samples collected, 
and the pit backfilled. 

12 sampling points with three sampling intervals at each point are proposed for each of the background 
sampling areas. The intervals are defined as shallow (0 – 4 ft below ground surface [bgs]), intermediate 
(4 ft – 8 ft bgs), and deep (8 ft – 12 ft bgs), with sample collection to be attempted at 2 ft, 6 ft, and 10 ft 
bgs. However, if subsurface conditions preclude sampling from those discrete depths, any depth within 
the proposed shallow, intermediate, and deep interval will be acceptable for sample collection. Analytical 
data from a minimum of 12 samples from each of the shallow, intermediate, and deep intervals are 
required in order to perform the recommended statistical analyses to develop the background data set. 
Because of anticipated challenging sampling conditions, flexibility is needed in the sampling approach 
during the field work phase so that the required 12 samples from each interval can be collected. 

If rocky subsurface conditions compromise sample collection at any interval at a location, the backhoe 
will be relocated within a radius of several feet from the designated sampling location in order to retrieve 
the desired sample. This process may be repeated several times at the discretion of the field geologist 
before the sampling point and collection is abandoned. Sampling may also be compromised by 
encountering shallow bedrock (i.e., close to the mountain front). If an incomplete suite of samples (less 
than 3) is collected at a sample point, then additional samples will be collected from other sites with more 
favorable conditions in order to maintain sample population size. For example, if deep interval samples 
are lacking because of shallow bedrock, more may be taken from other locations at discrete depths from 
the deep interval of 8 ft to 12 ft. If this process does not maintain the required number of samples for the 
study, then the field geologist will add more sample points to the background area, subject to concurrence 
by the Project Lead. These sampling options will be considered in order to maintain the desired sample 
size for the area and the overall study. 

6.2 Proposed Sample Size 

Sample densities for each background area are presented in Table 6.1. These sample densities will be 
attempted at every sampling area as long as subsurface soil conditions allow. However, the number of 
samples collected from a specific location may be adjusted depending upon subsurface conditions, as 
described above, in order to maintain desired sample numbers. 

6.3 Proposed Sample Locations 

Figure 6.1 presents the proposed sampling locations inside each of the five background sampling areas.  

6.4 Sampling Method 

A pit will be excavated incrementally using a backhoe equipped with a narrow (e.g. 8-inch) bucket. 
Excavation methods will be employed (sloping, benching, augment size hole) to achieve stable pit sides if 
required. One-foot increments of soil will be excavated from the pit and placed on the ground surface. 
Soil from the desired depth will be collected by trained environmental sampling personnel from the soil 
increments placed on the ground surface by the backhoe. The soil will be prepared, which consists of: 
removing large aggregate, removing sticks and roots, and mixing to make a homogenous sample. The soil 
will then be put into sample containers and labeled. Once sampling is complete at a location, the pit will 
be backfilled before moving to the next sampling location. 
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The backhoe bucket will be decontaminated in the field prior to use and between sample locations using 
dry decontamination (scraping, brushing, etc.) and rinsing with purified water. Since volatile organic 
compounds (VOCs) are not part of this investigation, no heat is needed for the decontamination process. 
Because the study will be conducted outside areas of any known contamination, no investigation-derived 
waste will be generated. 

6.5 Sample Collection, Management, and Shipment 

Soil samples will be placed into clean sample containers provided by the laboratory contracted to analyze 
the investigation samples. Excess soil around the top of the sample jar will be wiped away with a clean 
cloth to ensure proper lid fit and container closure. Disposable gloves will be worn to collect soil samples 
and changed between sampling locations. Used gloves will be discarded as solid waste. 

Field sampling quality control is as follows: 

• Field rinsate (equipment) blanks will be collected from the backhoe, (1) at the onset of the project 
prior to excavating the first pit, (2) once for each background sampling area, and (3) if the 
backhoe is required to leave the project site to conduct other duties. 

• Field duplicate samples will be collected at select sampling locations at a frequency of 10% of 
investigation samples. Duplicate samples will be analyzed for the same parameters as the primary 
samples. 

• Matrix spike (MS) samples will be collected at a minimum frequency of 5% of investigation 
samples. 

NASA has developed a comprehensive internal procedure for sample management. This procedure 
provides specific information on sample management and related documentation, including instructions 
for sample custody (internal to NASA and external during shipment), storage, packaging, shipment, 
delivery tracking, and related recordkeeping. This procedure will be utilized during this project to ensure 
appropriate sample management. 

6.6 Health and Safety 

Soil samples associated with this investigation will be collected in areas outside the influence of site 
activities and known contamination. As a result, personal protective equipment (PPE) used to minimize 
chemical exposure will not be necessary. Chemical-resistant gloves will be utilized during sample 
collection to ensure high quality samples are collected. PPE will be used for protection from the elements 
and to prevent any potential injury from the use of heavy equipment. This will include, but not be limited 
to, the appropriate type of hard hat, steel-toed shoes, and safety glasses. Site-specific procedural 
documents such as a health and safety plan and job hazard analysis will be used.   

6.7 Field and Survey Data Collection 

The field geologist will ensure that details of all activities related to this study are documented using a 
field logbook, field data records, and/or any required site-specific procedural documentation. Logbook 
entries will include, as applicable, information such as: 

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

At a minimum, field records will include observations of soil conditions, location surveys (GPS), and 
sample documentation. For analytical samples, the date, location, depth, sample type, collection method, 
identification number, sampler, and any circumstances, events, or decisions that could impact sample 
quality will be documented by the on-site geologist in the field logbook. Even though each case may be 
unique, the geologist's decision must be documented as to conditions that precipitated any “no-go” 
decisions for suitability of analyses. In addition to the field logbook notes for sampling events, chain of 
custody (CoC) forms will be completed and maintained as investigation documentation.   

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. 

• Site-specific internal procedural documentation or plans. 

• Project logbooks. 

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

• Sample CoC forms. 

• Correspondence with NMED. 

• Final analytical data packages.  

• Reports. 

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

6.8 Laboratory Analysis, Reporting, Data Review 

NASA contracts off-site analytical laboratories accredited by the National Environmental Laboratory 
Accreditation Program (NELAP). The analytical tasks required to achieve the project objectives will be 
awarded to the laboratory that is successful in the competitive bid process. Potential laboratories must 
respond to comprehensive statements of work developed to meet the project objectives. Analytical 
standard operating procedures (SOPs), laboratory quality manuals, and other laboratory-specific 
documentation are provided by the analytical laboratory following award of the contract.  

The overall objective for laboratory analysis is to produce data of known and sufficient quality. 
Appropriate procedures and quality control checks will be used so that known and acceptable levels of 
accuracy and precision are maintained for each data set. All samples will be analyzed by a NELAP-
accredited laboratory in accordance with the laboratory quality assurance plan. The use of a NELAP-
accredited laboratory ensures that the contract laboratory adheres to standardized analytical protocols and 
reporting requirements and is capable of producing accurate analytical data.  

Method blanks and laboratory quality control samples are prepared and analyzed in accordance with the 
laboratory’s method-specific SOP. The analytical results of method blanks shall be reviewed to evaluate 
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the possibility of contamination caused by analytical procedures. At a minimum, the laboratory will 
analyze method blanks and laboratory control samples at a frequency of one in twenty for all batch runs. 

6.9 Statistical Analysis 

After field work is completed and the laboratory analytical reports received and reviewed, the required 
statistical analysis will be performed on the data. Data sets representing the shallow, intermediate and 
deep soil analytical results will be created for each background area.  

6.9.1 Statistical Summary 

Attachment 17, Section 17.5 of the Permit stipulates that each data set will summarize statistical 
information for each of the inorganic constituents as follows: 

• Number of detects. 

• Total number of samples. 

• Frequency of detection. 

• Minimum detected concentration. 

• Maximum detected concentration. 

• Minimum sample quantitation limit (SQL). 

• Maximum SQL. 

• Arithmetic mean. 

• Median. 

• Standard deviation. 

• Coefficient of variation. 

The Permit also stipulates that NASA shall determine the 95% UTL for each constituent. An outside 
statistics consultant will be contracted to perform the required statistical analyses and determine the 95% 
UTLs for the required anlytes in accordance with established regulatory guidance. The consultant will 
provide NASA with a report that summarizes the statistical information and 95% UTLs for each analyte. 
This report will be included in the Soil Background Study Investigation Report submitted to NMED 
following the conclusion of the background soil investigation field work. 

6.9.2 Statistical Methods and Censored Data 

The statistical consultant who is expected to support the statistical evaluations required for this study 
recommends the use of EPA’s ProUCL to assist with the required statistical analyses. Section 1.13.3 of 
the Draft ProUCL Version 4.1.00 Technical Guide (EPA, 2010) states: 

"Extensive simulation study conducted by Singh, Maichle and Lee (2006) demonstrated that statistically 
rigorous K-M method yields more precise and accurate estimates of EPC terms than those based upon 
substitution and ROS methods. Even though several of the substitution and ROS methods have been 
incorporated in ProUCL (for historical reasons and comparison purposes), those methods are not 
recommended by ProUCL to estimate the EPC terms or to compute other decision statistics." 

In the Introduction, the technical guide also states: 
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"Note: When the percentage of NDs in a data set is high (e.g., > 40%-50%), especially when multiple 
detection limits might be present, it is hard to reliably perform GOF tests (to determine data distribution) 
on those data sets with many NDs. The uncertainty associated with those GOF tests will be high, 
especially when the data sets are of small sizes (< 10-20). It should also be noted that the parametric 
MLE methods (e.g., for normal and lognormal distributions) often yield unstable estimates of mean and 
sd. This is especially true when the number of nondetects exceeds 40%-50%. In such situations, it is 
preferable to use nonparametric (e.g., KM method) methods to compute statistics of interest such as 
UCLs, UPLs, and UTLs. Nonparametric methods do not require any distributional assumptions about the 
data sets under investigation. Singh, Maichle, and Lee (EPA, 2006) also concluded that the performance 
of the KM estimation method is better (in terms of coverage probabilities) than various other parametric 
estimation (e.g., MLE, EM, ROS) methods." 

ProUCL guidance states that the use of regression on order methods for extrapolation/imputation of non-
detects (NDs) should be avoided when Kaplan-Meier (KM) methods can be used for estimation of UTLs 
or other confidence or prediction limits in the presence of NDs. Therefore, NASA proposes a rule that 
would allow the use of KM methods under certain conditions based on the percent of NDs and the sample 
size. A KM method will be used in place of a distribution-based method for estimating a UTL when any 
of the following conditions are true: 

• The sample size is less than 20 and 20% or more of the data are NDs. 

• 35% or more of the data are NDs regardless of sample size. 

• Goodness of Fit testing of the population distribution, at a 10% significance level, is rejected for 
each of the normal, lognormal, gamma, and exponential distributions, using the regression on 
order method to extrapolate/impute values for NDs according to the distribution being tested. 

In the case that none of these conditions are met, the first of the normal, lognormal, gamma, and 
exponential distributions to not be rejected by an appropriate Goodness of Fit test will be the assumed 
population distribution, and a UTL will be calculated based on an appropriate parametric method using 
the regression on order method to extrapolate/impute values for NDs according to the assumed population 
distribution. 

7.0 Monitoring and Sampling Programs 

Monitoring and sampling programs currently being implemented at the site are: 

• Routine groundwater monitoring – NASA monitors and measures its groundwater contaminant 
plume by routinely collecting groundwater samples for the analysis of VOCs, N-
nitrosodimethylamine (NDMA), bromacil, and metals. Groundwater monitoring across the site is 
performed in accordance with the NASA’s NMED-approved Groundwater Monitoring Plan. 

• The Plume Front Treatment System (PFTS) – The first phase of NASA’s groundwater 
remediation strategy is the PFTS. It is located at the leading edge of the contaminant plume and 
was designed to stabilize plume migration. The PFTS is a pump and treat remediation system that 
utilizes air stripping and ultra-violet photolysis to remove VOCs and NDMA from the 
groundwater. Sampling is performed in accordance with the PFTS Monitoring Plan and results 
are included in periodic monitoring reports submitted to NMED. 

• The Mid-plume Interception and Treatment System (MPITS) – The MPITS comprises the second 
phase of NASA’s groundwater plume remediation strategy. This interim measure has been 
designed to intercept high contaminant of concern concentrations within the fractured bedrock of 
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the Mid-plume constriction area. Sampling is performed in accordance with the MPITS 
Monitoring Plan and results are included in periodic monitoring reports submitted to NMED. 

• 700 Landfill Closure and Post-closure Care – Groundwater and methane monitoring activities at 
the landfill are conducted as indicated in the NMED-approved Closure and Post-Closure Care 
Plan. Monitoring reports are submitted semi-annually and annually to NMED. 

• WSTF source area investigations – Source area investigations involving vadose zone, and 
sometimes groundwater, sampling are ongoing and in various stages of completion or planning 
and evaluation. Investigation work plans, historical information summaries, and investigation 
reports have been, or are scheduled to be, submitted to NMED. 

8.0 Schedule 

The schedule for the proposed soil background study is comprised of three primary activities: field 
investigation, data analysis, and preparation of the investigation report. First, the sample locations will be 
sited and soil samples collected and delivered to the analytical lab. NASA anticipates that field work will 
be performed in March or April 2013. Second, lab reports will be received, reviewed, and processed 
according to NASA’s internal data management and QA program. It is expected that the data will be 
ready for evaluation in April or May 2013. Third, the final investigation report will be prepared. NASA 
proposes to submit the investigation report to the NMED approximately 120 calendar days following the 
completion of field work. 
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Figure 1.1 WSTF Location Map 
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Figure 4.1 Soil Map, SWMUs, and Proposed Background Sampling Areas 
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Figure 6.1 Background Sample Locations 
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Table 2.1 Previous Soil Investigations - RCRA Metal Concentrations of Background Soil Borings 

 (from Vol 8, pg. 24 of RFI Report, 1996) 

RCRA Metal 

Mean 
Concentration 

(mg/kg) 

Maximum 
Concentration 

(mg/kg) 

Naturally Occurring 
Background Level 

(mg/kg)1 
RCRA Action 
Level (mg/kg)2 

Phase I (1986) Soil Boring Investigation Background Soil Borings 

Arsenic Non-detect Non-detect 1–50 80 

Barium 61.5 290 100–3,000 4,000 

Cadmium 0.6 1.3 0.005–2.4 40 

Chromium 8.6 20 1–2,000 400 

Lead 10.1 15 2–200 500 

Mercury Non-detect Non-detect 0.01–0.08 20 

Selenium 2.9 40 0.1–2 400 

Silver 1.9 11 0.01–5 200 

Phase II (1994) Soil Boring Investigation Background Soil Borings 

Arsenic 2.7 14 1–50 80 

Barium 76.4 181 100–3,000 4,000 

Cadmium 0.8 2.1 0.005–2.4 40 

Chromium 11.9 23 1–2,000 400 

Lead 41.1 2,420 2–200 500 

Mercury <0.1 0.2 0.01–0.08 20 

Selenium 1 20 0.1–2 400 

Silver 0.1 4 0.01–5 200 
1References for these levels located in RFI, Vol 2, Chap 1, pg. 95 

2 RCRA Action Levels under EPA’s proposed RCRA Corrective Action Rule (RFI, Vol 8, pg. 25) 
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Table 3.1 Analyte and Analysis Method List 

Analyte Class Analytical 
Method 

Laboratory Method 
Detection Limit4 

(mg/kg) 

February 2012 NMED SSL for 
Residential Soil 

(mg/kg) 

Aluminum, Total Metals 6010C 5.6 – 7.0 78,000 

Antimony1, 2 Metals 6010 C 0.3 – 0.4 31.3 

Arsenic, Total1, 2 Metals 6010 C 0.29 – 0.4 3.90 

Barium, Total1, 2 Metals 6010 C 0.2 15,600 

Beryllium, Total1, 2 Metals 6010 C 0.003 156 

Boron, Total Metals 6010 C 0.9 – 3.0 15,600 

Cadmium, Total1, 2 Metals 6010 C 0.02 70.3 

Calcium, Total Metals 6010 C 4.0 - 200 Not Available 

Chloride Anion 300.0 4.0 – 5.0 Not Available 

Chromium, VI Metals 7199 0.03 2.97 

Chromium, Total1, 2 Metals 6010 C 0.03 Not Available 

Cobalt, Total2 Metals 6010 C 0.04 
23 

(EPA RSL) 

Copper, Total2 Metals 6010 C 0.06 – 0.3 3,130 

Cyanide, Total1, 2 Cyanide 9012 0.14 – 0.28 46.9 

Iron Metals 6010 C Not Analyzed 54,800 

Lead, Total1, 2 Metals 6010 C 0.2 400 

Magnesium Metals 6010 C Not Analyzed Not Available 

Manganese Metals 6010 C Not Analyzed 1,860 

Mercury 
(elemental)1, 2 Metals 7471A 0.002 – 0.003 15.6 

Molybdenum, Total Metals 7471A 0.08 – 0.09 391 

Nickel, Total1, 2 Metals 6010 C 0.1 – 0.2 1,560 

Nitrate/Nitrite Nitrogen 353.2M 0.2 
Nitrate  125,000 

Nitrite  7,820 

Perchlorate3 Perchlorate 6850 1.0 54.8 

Potassium Anions 6010 C Not Analyzed Not Available 

Selenium, Total1, 2 Metals 6010 C 0.67 – 0.8 391 

Silver, Total1, 2 Metals 6010 C 0.04 – 0.05 391 

Sodium Metals 6010 C Not Analyzed Not Available 
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Table 3.1 Analyte and Analysis Method List 

Analyte Class Analytical 
Method 

Laboratory Method 
Detection Limit4 

(mg/kg) 

February 2012 NMED SSL for 
Residential Soil 

(mg/kg) 

Strontium, Total Metals 6010 C 0.07 – 0.4 46,900 

Thallium1 Metals 6010 C 0.19 – 0.4 0.782 

Tin2 Metals 6010 C 0.2 
47,000 

(EPA RSL) 

Titanium Metals 6010 C Not Analyzed Not Available 

Uranium 
(soluble salts) 

Metals 6020 A 0.006 – 0.01 235 

Vanadium, Total2 Metals 6010 C 0.05 391 

Zinc, Total2 Metals 6010 C 0.5 – 2.0 23,500 
1 Listed in 40 CFR Part 261 Appendix VIII as a hazardous constituent. 
2 Listed in 40 CFR Part 264 Appendix IX for groundwater monitoring. 
3 Listed in NMAC 20.6.7 as a toxic pollutant. 
4 Method detection limits obtained by contracted laboratories during the 600 Area and 300 Area Investigations. 
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Table 4.1 Sampling Areas Description 

Sampling 
Area # SWMU(s) Identification Soil Type 

1 

18 – High Energy Blast Facility 

29 – Small Arms Range 2nd Tracking Data Relay Satellite System 
(TDRSS) Nickel-Tencee 

Association (NT) 49 – 700 Area Landfill 

51 – 2nd TDRSS Sewage Lagoons 

52 – 2nd TDRSS Underground Storage Tank (UST) 

2 

4- 200 Area Clean Room Discharge Pipe (DP). 

5 - 200 Area Scape Room DP 

6- 200 Area Bldg. 203 DP 

7 - 200 Area South High Bay DP 

8 - 200 Area Sewage Lagoons 

9 - 200 Area Burn Pit 

10 - 200 Area Hazardous Waste Drain Lines 

11 - 300 Area Oxidizer Burner 

12 - 400 Area Oxidizer Burner 

13 - 400 Area Aspirator DP Tencee-Nickel 
Association, Steep 

(TK) 19 - 800 Area Below Grade Storage Tank 

20 - 800 Area Oxidizer Burner 

23 - 200 Area Septic Tank @ Bldg. 272 

24 - 300 Area Septic Tank @ Parking Lot 

25 - 300 Area Septic Tank @ Bldg. 320 

26 - 300 Area Septic Tank @ Bldg. 364 

27 - 400 Area Septic Tank @ Main Pkg. Lot 

33 - 300 Area Test Stand 302 Cooling Water Pond 

47 - 500 Area Fuel Storage Area 

48 - 400 Area Salt Ponds 

3 30 – 200 Area Small Arms Range 
Lozier-Rock Outcrop 

Complex (LR) 

4 

1 – 100 Area Burn Pit 
Nickel-Tencee 

2 – 100 Area Sewage Lagoon 
Association (NT) 

3 – 100 Area Container Storage Unit 
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Table 4.1 Sampling Areas Description 

Sampling 
Area # SWMU(s) Identification Soil Type 

15 – 600 Area Burn Pit 

16 – 600 Area BLM Off-site Pile 

21 – 100 Area Septic Tank @ Guard Shack 

22 - 100 Area Septic Tank @ Bldg. 114 

31 – WB-2 Small Arms Firing Range 

34 – 600 Area Sewage Overflow Lagoons 

50 – 1st TDRSS Diesel Release 

53 – Active Firing Range 

5 14 – 600 Area JP Remote Test Area 
Doña Ana-Reagan  
Association (DR) 
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Table 6.1 Proposed Sample Densities 

BG Sampling Area # Sample 
Locations 

# Samples 
Collected at 

Each 
Location1 

Total # Samples 
Collected from  

Each Area 

#1 – 700 Area/2nd TDRSS Areas 12 3 36 

#2 – Propulsion/Lab/Fuel Storage Areas 12 3 36 

#3 – 200 Area Small Arms Range 12 3 36 

#4 – 100/600/Active Firing Range Areas 12 3 36 

#5 – JP Remote Test Area 12 3 36 

Total # Samples Collected for Background Study: 180 
1Three samples collected from each sample location reflect ideal sampling conditions. This number may be more 
or less than 3 depending on subsurface sampling conditions. See details in section 6.1. 
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Lozier-Rock Outcrop Complex (LR) 

The Lozier-Rock Outcrop Complex comprises soils adjacent to, and southeast of, the 200 Area. The 
Lozier Series consists of very shallow, well drained soils which formed in material weathered from 
limestone. The upper 5 feet are characterized by brown, light brown, and pale brown stony loams, which 
are moderately to strongly calcareous. 

The Lozier-Rock Outcrop Complex unit is approximately 45% Lozier Stony Loam and 35% Rock 
Outcrop. The Lozier soils are moderately sloping to moderately steep and irregularly intermingled with 
Rock Outcrop. Rock Outcrop occurs as very steep scarps, breaks, ledges, and narrow ridgetops. Shale 
outcrops, arroyos, and recent alluvial land made up about 20% of the mapping unit. 

Nickel-Tencee Association (NT) 

The 100 and 600 Areas are located on soils of the Nickel-Tencee Association. The Nickel Series 
comprises deep, well-drained soils on old alluvial fans. The soils are formed in gravelly, medium-textured 
alluvial sediments. The upper 5 feet are characterized by light brown to pink gravelly to fine sandy loam. 
Gravel contents are typically 50%. 

The Nickel-Tencee unit is approximately 60% Nickel Gravelly Fine Sandy Loam and 25% Tencee Very 
Gravelly Loam. The soils are gently to moderately sloping and are in similar positions on alluvial fans. 
Tencee soils dominate the older, more stable areas where the source of alluvial material was limestone 
rock. 

Tencee-Nickel Association, Steep (TK) 

The Tencee-Nickel Association, Steep is approximately 45% Tencee Very Gravelly Loam and 40% 
Nickel Fine Sandy Loam. The Tencee soil is a moderately sloping to steep soil in ridges and saddles, and 
the Nickel soil is a rolling to steep soil on broken areas of the landscape. Included within these soils are 
areas of gravelly soils, badland, stony rock land, and arroyos. The gravelly soils are less than 35% coarse 
fragments. 

Doña Ana-Reagan Association (DR) 

The Doña Ana-Reagan Association is located within the western portion of the WSTF study area and 
interfingers with the Nickel-Tencee Association. These soils increase in areal extent toward the axis of the 
Jornada Del Muerto Basin. The Doña Ana Series consists of deep, well-drained soils that formed in mixed 
alluvium on fans and piedmonts. The upper 5 feet are characterized by reddish brown fine sandy loam to 
sandy clay loam. The soil is moist, weak, has a subangular blocky structure, soft to slightly hard, friable, 
slightly sticky, and slightly plastic. Calcic horizons are generally present at depths greater than one foot. 

The Reagan Series consists of deep, well-drained alluvial soils that formed on fans and basin floors. 
Slopes are one to three percent. The upper 5 feet are characterized by light brown, brown, and pink clay 
loam to silty clay loam. The soil is moist, weak, has a thick platy to coarse prismatic structure, slightly 
hard to hard, friable to firm, sticky, and plastic. Calcium carbonate concentrations range from 15% to 
40%. 
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Executive Summary 

The National Aeronautics and Space Administration (NASA) White Sands Test Facility (WSTF) is 
required by the New Mexico Environment Department (NMED)-issued Hazardous Waste Permit (Permit) 
to determine background concentrations of inorganic constituents at the site. Background concentrations 
are used to perform baseline risk assessments for the determination of clean closure, risk-based closure, 
and to support corrective action. This Soil Background Study Investigation Work Plan (IWP) describes 
soil sampling activities that will be conducted to the east (upgradient), and in a small area located several 
miles west (downgradient), of the WSTF industrial area. All sampling will occur in areas where natural 
soil conditions are believed to be unaffected by site or any other activities. 

Five background sampling areas, each containing 10 12 designated sampling locations, have been 
selected based on soil type and proximity to site hazardous waste management units (HWMUs) and solid 
waste management units (SWMUs). Three soil samples will be collected from each sampling location and 
analyzed for a variety of inorganic constituents of concern. Each background sampling area will produce 
its ownseveral  background data sets. Data sets will include the summary statistics required by the Permit 
(Attachment 17) and will be used to determine the 95% upper tolerance limit (UTL) for each inorganic 
constituent in soil. 

Field work is expected to commence in November or December 2012March or April 2013. An 
investigation report detailing the results of the field activities and statistical evaluation of analytical 
results will be submitted to NMED in early 2013within 120 calendar days of the completion of field 
work. 
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1.0 Introduction 

WSTF has supported safety-related testing of space flight equipment and hazardous materials from 1964 
to the present time. During approximately the first 20 years of facility operations, undocumented episodes 
of hazardous chemical releases to the environment occurred. As a result, NASA has been conducting an 
extensive RCRA investigation and implementing interim corrective measures at the site since the mid-
1980s. WSTF currently operates under Hazardous Waste Permit No. NM8800019434 issued by the 
NMED in November 2009. 

There are four HWMUs, 35 SWMUs, and three areas of concern (AOCs) (henceforth referred to 
collectively as “SWMUs”) identified in the Permit and scheduled for investigation. The Permit requires 
that background concentrations for metals be determined for all media of concern for use in the risk 
assessment and cleanup decisions. This IWP presents the investigation design that will produce quality 
data for determining background concentrations of metals and several other inorganic constituents in 
WSTF soils. It is expected that the background data generated during this investigation will be compared 
to analytical data from sampling activities performed as part of future HWMU and SWMU investigations 
at WSTF. 

1.1 Location and Description of WSTF 

WSTF is located in Doña Ana County, 18 miles northeast of Las Cruces, New Mexico, and 65 miles 
north of El Paso, Texas. Figure 1.1 provides a WSTF location map. WSTF was constructed in 1964 at a 
remote location adjacent to the San Andres Mountains (SAM). The Department of the Army owns the 
land occupied by WSTF and has granted NASA use of the land through a land use agreement. Access to 
the site is provided by a paved road that intersects U.S. Highway 70 one mile west of Organ, New 
Mexico. Information regarding current site usage and status can be found in Permit Attachment 1, 
General Facility Description (NMED, 2009). 

1.2 Objective and Scope 

The objective of this investigation is to produce high quality analytical data that are representative of 
naturally occurring concentrations of inorganic constituents present in WSTF soils. The analytical data 
will be compiled and summarized for statistical purposes and used to determine a 95% upper tolerance 
limit (UTL) for each inorganic constituent. The 95% UTL for each constituent shall be used as the 
background reference value for use in screening assessments and determining whether constituents are 
present in soil due to site activities. 

All background soil samples will be collected within the WSTF industrial area or other land controlled by 
NASA. Background soil samples will be collected upgradient from SWMUs, in native soil unaffected by 
known site activities. Sampling will occur east of the industrial area, along the foothills of Quartzite 
Mountain, and in one small area located west of the facility. 

1.3 Other Considerations 

Because this study involves the natural, undisturbed areas surrounding the WSTF industrial area, 
consideration is given to minimizing the environmental damage and the protection of historic and 
archaeological resources and threatened orthreatened/endangered species identified at the site. The 
sampling locations proposed in this IWP were overlain with maps locating archaeological sites and night-
blooming cereus cactus (Piniocereus greggii var. greggii) in order to avoid any disturbance. If any new 
cultural or biological resources are discovered during field work, the appropriate environmental personnel 
will be contacted and appropriate actions will be taken.  
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2.0 Background 

NASA has submitted a number of documents to NMED that can be referenced for background 
information regarding operational history, site features and use, potential receptors, type and 
characteristics of waste managed and released, contamination sources, and extent of contamination at 
WSTF. The most all-inclusive is the Draft RCRA Facility Investigation (RFI) Report (NASA, 1996[b]) 
and more recently the 600 Area Closure Investigation Report (NASA, 2011[a]) and the 300 Area Closure 
Investigation Report (NASA, 2011[b]). 

Prior to the establishment of WSTF, historical uses of the area included ranching and mining. Mining 
prospects and activity in the Organ Mountains and SAM involved gold, silver, zinc, copper and lead. 
Both the ranching and mining ceased with the incorporation of land into the White Sands Proving Ground 
(now White Sands Missile Range). The Love Ranch and several old mines which formed part of the 
former Organ Mining District are located proximal to WSTF (Seager, 1981).  

Previous soil investigations at WSTF include a background soil study for RCRA metals conducted as 
Phases I (1986) and II (1994) of the RFI. The results of those studies are reported in the Draft RFI Report 
(NASA, 1996[b]). The study indicated that both the mean and maximum concentrations of RCRA metals 
detected were below RCRA action levels at that time and comparable with naturally occurring 
background levels published in studies from other sources. Table 2.1 presents the results reproduced from 
the RFI report and lists the mean and maximum RCRA metal concentrations and their comparison to 
RCRA action levels and published sources of naturally occurring background levels in the region. 

Analytical data and conclusions from previous soil investigations are provided for historical purposes 
only and will not be applied to or combined with results from this study or used to assess the adequacy of 
laboratory detection limits. NASA expects to apply current NMED Soil Screening Guidance/Levels when 
assessing laboratory analytical adequacy for this study and determining risk to human health and the 
environment. 

3.0 Analytes 

NASA will analyze background soil for metals and other constituents of interest. A list of analytes and the 
corresponding analytical methods is presented in Table 3.1. Table 3.1 also provides the NMED soil 
screening level (SSL) or EPA risk- based screening level (RSL, used when SSLs are not available for an 
analyte) for most of the analytes addressed in this plan. In addition, Table 3.1 presents the method 
detection limits (MDLs) achieved for these analytes during past investigations at WSTF. MDLs are 
presented to demonstrate the typical capabilities of contracted analytical laboratories. During the soil 
background study, contracted laboratories will be required to achieve MDLs that are less than or equal to 
the applicable regulatory criteria. 

4.0 Site Conditions 

The topography at WSTF is typical of the Basin and Range physiographic province of the southwestern 
United Sates and formed as a result of late Tertiary extensional tectonism. The SAM, located immediately 
east of WSTF, represent an uplifted northwest-trending mountain range. The Jornada del Muerto Basin 
(JDMB) is located to the west of WSTF and separates the SAM from adjacent mountain ranges. WSTF is 
situated upon the alluvial-covered bedrock pediment slope of the western side of the SAM, between well 
developed alluvial fans emerging from Bear Canyon to the north and Loman Canyon to the south. More 
details on site conditions can be found in the Draft RFI Report (NASA, 1996[b]). 
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4.1 Investigation Area Description 

The investigation area consists of five separate sampling areas chosen according to (1) proximity to 
SWMU(s), (2) soil type associated with the SWMU(s), and (3) native soil conditions unaffected by site 
activities. Figure 4.1 is a map of SWMU locations, soil types, and the five proposed background sampling 
areas. Each area represents background for either a group of SWMUs (Areas 1, 2, 4) or a single SWMU 
(Areas 3, 5). Table 4.1 presents the SWMUs and the sample areas chosen to represent their background 
areas, as well as the soil types that are present under the SWMUs. 

Four of the five sampling areas are located along the foothills of Quartzite Mountain, east of and 
upgradient from the SWMUs, in areas undisturbed by site activity. They include the alluvial fans 
emerging from Bear Canyon to the north and Loman Canyon to the south. The soil types identified at 
these areas are the Nickel-Tencee Association (NT), the Tencee-Nickel Association (Steep) (TK), and the 
Lozier Rock Outcrop Complex (LR). The remaining background sampling area is located west of the 
facility and represents soils of the Dona Ana-Reagan Association (DR). Appendix A contains soil 
descriptions summarized from United States Department of Agriculture (USDA) Soil Conservation 
Service (USCS) publications (USDA, 1976 and 1980).  

4.2 Surface Conditions 

General surface conditions such as natural and man-made drainages, features and structures, vegetation, 
erosional features, and basins present at or near WSTF have been described and can be referenced in 
several NASA reports submitted to NMED. The most comprehensive are the Draft RFI Report and the 
Environmental Resources Document (RD-WSTF-0025) (NASA, 2006). Since the soil sampling areas are 
located outside of the industrial area, there are no site structures to describe except the closed WSTF 
landfill located in the 700 Area near Background (BG) Area #1. The landfill has been described 
extensively in the Landfill Closure and Post-Closure Care Plan (NASA, 1996[a]). There are some mining 
and ranching historical remains in the SAM proximal to WSTF, but their operations had no impact on 
sediment transport, surface water runoff, or site contamination. 

The SAM and foothills area east of WSTF are characterized by slopes ranging from 5% to >50%. The 
area includes rock outcrops, mesas, mountain slopes, and ridges. Soil types vary from stony loams to 
bedrock outcrops. The soils in these zones are characterized by medium to rapid runoff and moderate 
permeability. Soils on WSTF’s piedmont slopes and alluvial plains include stony loams and sandy loams 
associated with alluvial fans, arroyos, and gentle slopes. Runoff ranges from slow to rapid, and 
permeability is slow to moderately rapid. Soil units identified for the investigation include the following: 
Lozier-Rock Outcrop Complex, Nickel-Tencee Association, Tencee-Nickel Association, Steep, and Doña 
Ana-Reagan Association (USDA, 1976). Appendix A contains general descriptions of these soils. 

Surface conditions also include the historic and archaeological resources and threatened/endangered plant 
species identified at the site. Up-to-date maps are available that depict the surveyed locations of these 
resources. Protection policies will be adhered to at all times during this study.  

4.3 Subsurface Conditions 

The shallow geology of sampling areas located along the foothills of Quartzite Mountain consists of 
bedrock covered by a veneer (thicknesses range from zero to approximately 100 ft) of Quaternary 
piedmont alluvium, alluvial fan, or canyon bottom sediments. Information from wells installed most 
proximal to the easternmost sampling area indicates that groundwater is hosted within fractured Paleozoic 
limestone bedrock. The alluvium overlying the bedrock thickens westward towards the westernmost 
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sampling area. Information from wells installed in the vicinity indicates alluvium is more than 1,000 ft 
thick and hosts groundwater under confined to semi-confined conditions. 

Two types of geologic deformation are evident near WSTF and impact subsurface geology at the site. The 
oldest and least prevalent deformation consists of west-trending folds and faults associated with the Late 
Cretaceous to Early Tertiary Laramide Orogeny. This deformation is confined to the western SAM and is 
exposed within the Bear Peak Fold and Thrust Zone located within Bear Canyon. Younger and more 
widespread deformation is attributable to regional Late Tertiary Basin and Range normal faulting. WSTF 
is located partially on the pediment of the SAM (bounding the JDMB on the east) and partially in the 
downfaulted JDMB, which is bounded on the west by the Doña Ana Mountains. Numerous subsurface 
half-graben normal faults within the western pediment slope of the SAM underlying WSTF have been 
identified from shallow seismic reflection and well log data. 

5.0 Scope of Activities 

The following is a list of anticipated activities to be performed during the soil background study 
investigation: 

• Selection of appropriate sampling locations (based on soil type, undisturbed conditions), 
representative number of samples for each area, and sampling method. 

• Field operations for the collection, management, and shipment of soil samples (including quality 
control field samples). 

• Daily health and safety briefings. 

• Field and Global Positioning System (GPS) survey data collection (decimeter accuracy). 

• Laboratory analysis (including laboratory quality control samples), analytical reporting, and data 
processing through the WSTF data management system. 

• Development of background concentration data sets (by soil type) for statistical analysis.  

6.0 Investigation Methods 

This section includes a description of anticipated methods and locations for conducting the activities 
listed above.  

6.1 Sampling Approach 

Background soil samples will be representative of the soil types associated with the SWMUs to which 
they will be compared (Table 4.1). This is accomplished by locating sample points as close to the 
SWMUs as possible while still being in native areas, far enough from any surface disturbances caused by 
human activity. The proposed sampling locations also take into account the avoidance of rough terrain 
that impedes access, protected historical sites, and threatened/endangered species. Samples will be 
analyzed for inorganic constituents using the same laboratory methods typically used during site soil 
investigations (Table 3.1). 

All but one of the background sampling areas are located in the foothills of the SAM and Quartzite 
Mountain, therefore sampling conditions are expected to be impacted by a rocky subsurface and shallow 
depth to bedrock. Background sampling areas are pristine desert environments and efforts will be made to 
minimize the environmental impacts from sampling. A simple pit excavation method using a backhoe is 
proposed for the sampling approach over traditional rotary drilling methods typically employed at WSTF 
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that necessitate a cleared road and work pad for support equipment. The backhoe will also manage a 
rocky subsurface more efficiently through excavation as compared to the use of hollow-stem augers, 
which has been shown during previous investigations to be relatively ineffective in WSTF soils. The 
backhoe will have four-wheel drive to facilitate access to remote sample locations and a loader to grade 
the access only where needed. At each sample site a small pit will be excavated, soil samples collected, 
and the pit backfilled. 

Ten 12 sampling points with three sampling intervals at each point are proposed for each of the 
background sampling areas. The intervals are defined as shallow (0 – 4 ft below ground surface [bgs]), 
intermediate (4 ft – 8 ft bgs), and deep (8 ft – 12 ft bgs), with sample collection to be attempted at 2 ft, 6 
ft, and 10 ft bgs. However, if subsurface conditions preclude sampling from those discrete depths, any 
depth within the proposed shallow, intermediate, and deep interval will be acceptable for sample 
collection. Analytical data from a minimum of 120 samples from each of the shallow, intermediate, and 
deep intervals are required in order to perform the recommended statistical analyses to develop the 
background data set. Because of anticipated challenging sampling conditions, flexibility is needed in the 
sampling approach during the field work phase so that the required 120 samples from each interval can be 
collected. 

If rocky subsurface conditions compromise sample collection at any interval at a location, the backhoe 
will be relocated within a radius of several feet from the designated sampling location in order to retrieve 
the desired sample. This process may be repeated several times at the discretion of the field geologist 
before the sampling point and collection is abandoned. Sampling may also be compromised by 
encountering shallow bedrock (i.e., close to the mountain front). If an incomplete suite of samples (less 
than 3) is collected at a sample point, then additional samples will be collected from other sites with more 
favorable conditions in order to maintain sample population size. For example, if deep interval samples 
are lacking because of shallow bedrock, more may be taken from other locations at discrete depths from 
the deep interval of 8 ft to 12 ft. If this process does not maintain the required number of samples for the 
study, then the field geologist will add more sample points to the background area, subject to concurrence 
by the Project Lead. These sampling options will be considered in order to maintain the desired sample 
size for the area and the overall study. 

6.2 Proposed Sample Size 

Sample densities for each background area are presented in Table 6.1. These sample densities will be 
attempted at every sampling area as long as subsurface soil conditions allow. However, the number of 
samples collected from a specific location may be adjusted depending upon subsurface conditions, as 
described above, in order to maintain desired sample numbers. 

6.3 Proposed Sample Locations 

Figure 6.1 presents the proposed sampling locations inside each of the five background sampling areas.  

6.4 Sampling Method 

A pit will be excavated incrementally using a backhoe equipped with a narrow (e.g. 8-inch) bucket. 
Excavation methods will be employed (sloping, benching, augment size hole) to achieve stable pit sides if 
required. One-foot increments of soil will be excavated from the pit and placed on the ground surface. 
Soil from the desired depth will be collected by trained environmental sampling personnel from the soil 
increments placed on the ground surface by the backhoe. The soil will be prepared, which consists of: 
removing large aggregate, removing sticks and roots, and mixing to make a homogenous sample. The soil 
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will then be put into sample containers and labeled. Once sampling is complete at a location, the pit will 
be backfilled before moving to the next sampling location. 

The backhoe bucket will be decontaminated in the field prior to use and between sample locations using 
dry decontamination (scraping, brushing, etc.) and rinsing with purified water. Since volatile organic 
compounds (VOCs) are not part of this investigation, no heat is needed for the decontamination process. 
Because the study will be conducted outside areas of any known contamination, no investigation-derived 
waste will be generated. 

6.5 Sample Collection, Management, and Shipment 

Soil samples will be placed into clean sample containers provided by the laboratory contracted to analyze 
the investigation samples. Excess soil around the top of the sample jar will be wiped away with a clean 
cloth to ensure proper lid fit and container closure. Disposable gloves will be worn to collect soil samples 
and changed between sampling locations. Used gloves will be discarded as solid waste. 

Field sampling quality control is as follows: 

• Field rinsate (equipment) blanks will be collected from the backhoe, (1) at the onset of the project 
prior to excavating the first pit, (2) once for each background sampling area, and (3) if the 
backhoe is required to leave the project site to conduct other duties. 

• Field duplicate samples will be collected at select sampling locations at a frequency of 10% of 
investigation samples. Duplicate samples will be analyzed for the same parameters as the primary 
samples. 

• Matrix spike (MS) samples will be collected at a minimum frequency of 5% of investigation 
samples. 

NASA has developed a comprehensive internal procedure for sample management. This procedure 
provides specific information on sample management and related documentation, including instructions 
for sample custody (internal to NASA and external during shipment), storage, packaging, shipment, 
delivery tracking, and related recordkeeping. This procedure will be utilized during this project to ensure 
appropriate sample management. 

6.6 Health and Safety 

Soil samples associated with this investigation will be collected in areas outside the influence of site 
activities and known contamination. As a result, personal protective equipment (PPE) used to minimize 
chemical exposure will not be necessary. Chemical-resistant gloves will be utilized during sample 
collection to ensure high quality samples are collected. PPE will be used for protection from the elements 
and to prevent any potential injury from the use of heavy equipment. This will include, but not be limited 
to, the appropriate type of hard hat, steel-toed shoes, and safety glasses. Site-specific procedural 
documents such as a health and safety plan and job hazard analysis will be used.   

6.7 Field and Survey Data Collection 

The field geologist will ensure that details of all activities related to this study are documented using a 
field logbook, field data records, and/or any required site-specific procedural documentation. Logbook 
entries will include, as applicable, information such as: 

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

• Daily activities, times conducted, and observations – 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). 

At a minimum, field records will include observations of soil conditions, location surveys (GPS), and 
sample documentation. For analytical samples, the date, location, depth, sample type, collection method, 
identification number, sampler, and any circumstances, events, or decisions that could impact sample 
quality will be documented by the on-site geologist in the field logbook. Even though each case may be 
unique, the geologist's decision must be documented as to conditions that precipitated any “no-go” 
decisions for suitability of analyses. In addition to the field logbook notes for sampling events, chain of 
custody (CoC) forms will be completed and maintained as investigation documentation.   

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. 

• Site-specific internal procedural documentation or plans. 

• Project logbooks. 

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

• Sample CoC forms. 

• Correspondence with NMED. 

• Final analytical data packages.  

• Reports. 

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

6.8 Laboratory Analysis, Reporting, Data Review 

NASA contracts off-site analytical laboratories accredited by the National Environmental Laboratory 
Accreditation Program (NELAP). The analytical tasks required to achieve the project objectives will be 
awarded to the laboratory that is successful in the competitive bid process. Potential laboratories must 
respond to comprehensive statements of work developed to meet the project objectives. Analytical 
standard operating procedures (SOPs), laboratory quality manuals, and other laboratory-specific 
documentation are provided by the analytical laboratory following award of the contract.  

The overall objective for laboratory analysis is to produce data of known and sufficient quality. 
Appropriate procedures and quality control checks will be used so that known and acceptable levels of 
accuracy and precision are maintained for each data set. All samples will be analyzed by a NELAP-
accredited laboratory in accordance with the laboratory quality assurance plan. The use of a NELAP-
accredited laboratory ensures that the contract laboratory adheres to standardized analytical protocols and 
reporting requirements and is capable of producing accurate analytical data.  
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Method blanks and laboratory quality control samples are prepared and analyzed in accordance with the 
laboratory’s method-specific SOP. The analytical results of method blanks shall be reviewed to evaluate 
the possibility of contamination caused by analytical procedures. At a minimum, the laboratory will 
analyze method blanks and laboratory control samples at a frequency of one in twenty for all batch runs. 

6.9 Statistical Analysis 

After field work is completed and the laboratory analytical reports received and reviewed, the required 
statistical analysis will be performed on the data. Data sets representing the shallow, intermediate and 
deep soil analytical results will be created for each background area.  

6.9.1 Statistical Summary 

Attachment 17, Section 17.5 of the Permit stipulates that each data set will summarize statistical 
information for each of the inorganic constituents as follows: 

• Number of detects. 

• Total number of samples. 

• Frequency of detection. 

• Minimum detected concentration. 

• Maximum detected concentration. 

• Minimum sample quantitation limit (SQL). 

• Maximum SQL. 

• Arithmetic mean. 

• Median. 

• Standard deviation. 

• Coefficient of variation. 

The Permit also stipulates that NASA shall determine the 95% UTL for each constituent. An outside 
statistics consultant will be contracted to perform the required statistical analyses and determine the 95% 
UTLs for the required anlytes in accordance with established regulatory guidance. The consultant will 
provide NASA with a report that summarizes the statistical information and 95% UTLs for each analyte. 
This report will be included in the Soil Background Study Investigation Report submitted to NMED 
following the conclusion of the background soil investigation field work. 

6.9.2 Statistical Methods and Censored Data 

The statistical consultant who is expected to support the statistical evaluations required for this study 
recommends the use of EPA’s ProUCL to assist with the required statistical analyses. Section 1.13.3 of 
the Draft ProUCL Version 4.1.00 Technical Guide (EPA, 2010) states: 

"Extensive simulation study conducted by Singh, Maichle and Lee (2006) demonstrated that statistically 
rigorous K-M method yields more precise and accurate estimates of EPC terms than those based upon 
substitution and ROS methods. Even though several of the substitution and ROS methods have been 
incorporated in ProUCL (for historical reasons and comparison purposes), those methods are not 
recommended by ProUCL to estimate the EPC terms or to compute other decision statistics." 
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In the Introduction, the technical guide also states: 

"Note: When the percentage of NDs in a data set is high (e.g., > 40%-50%), especially when multiple 
detection limits might be present, it is hard to reliably perform GOF tests (to determine data distribution) 
on those data sets with many NDs. The uncertainty associated with those GOF tests will be high, 
especially when the data sets are of small sizes (< 10-20). It should also be noted that the parametric 
MLE methods (e.g., for normal and lognormal distributions) often yield unstable estimates of mean and 
sd. This is especially true when the number of nondetects exceeds 40%-50%. In such situations, it is 
preferable to use nonparametric (e.g., KM method) methods to compute statistics of interest such as 
UCLs, UPLs, and UTLs. Nonparametric methods do not require any distributional assumptions about the 
data sets under investigation. Singh, Maichle, and Lee (EPA, 2006) also concluded that the performance 
of the KM estimation method is better (in terms of coverage probabilities) than various other parametric 
estimation (e.g., MLE, EM, ROS) methods." 

ProUCL guidance states that the use of regression on order methods for extrapolation/imputation of non-
detects (NDs) should be avoided when Kaplan-Meier (KM) methods can be used for estimation of UTLs 
or other confidence or prediction limits in the presence of NDs. Therefore, NASA proposes a rule that 
would allow the use of KM methods under certain conditions based on the percent of NDs and the sample 
size. A KM method will be used in place of a distribution-based method for estimating a UTL when any 
of the following conditions are true: 

• The sample size is less than 20 and 20% or more of the data are NDs. 

• 35% or more of the data are NDs regardless of sample size. 

• Goodness of Fit testing of the population distribution, at a 10% significance level, is rejected for 
each of the normal, lognormal, gamma, and exponential distributions, using the regression on 
order method to extrapolate/impute values for NDs according to the distribution being tested. 

In the case that none of these conditions are met, the first of the normal, lognormal, gamma, and 
exponential distributions to not be rejected by an appropriate Goodness of Fit test will be the assumed 
population distribution, and a UTL will be calculated based on an appropriate parametric method using 
the regression on order method to extrapolate/impute values for NDs according to the assumed population 
distribution. 

7.0 Monitoring and Sampling Programs 

Monitoring and sampling programs currently being implemented at the site are: 

• Routine groundwater monitoring – NASA monitors and measures its groundwater contaminant 
plume by routinely collecting groundwater samples for the analysis of VOCs, N-
nitrosodimethylamine (NDMA), bromacil, and metals. Groundwater monitoring across the site is 
performed in accordance with the NASA’s NMED-approved Groundwater Monitoring Plan. 

• The Plume Front Treatment System (PFTS) – The first phase of NASA’s groundwater 
remediation strategy is the PFTS. It is located at the leading edge of the contaminant plume and 
was designed to stabilize plume migration. The PFTS is a pump and treat remediation system that 
utilizes air stripping and ultra-violet photolysis to remove VOCs and NDMA from the 
groundwater. Sampling is performed in accordance with the PFTS Monitoring Plan and results 
are included in periodic monitoring reports submitted to NMED. 

• The Mid-plume Interception and Treatment System (MPITS) – The MPITS comprises the second 
phase of NASA’s groundwater plume remediation strategy. This interim measure has been 
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designed to intercept high contaminant of concern concentrations within the fractured bedrock of 
the Mid-plume constriction area. Sampling is performed in accordance with the MPITS 
Monitoring Plan and results are included in periodic monitoring reports submitted to NMED. 

• 700 Landfill Closure and Post-closure Care – Groundwater and methane monitoring activities at 
the landfill are conducted as indicated in the NMED-approved Closure and Post-Closure Care 
Plan. Monitoring reports are submitted semi-annually and annually to NMED. 

• WSTF source area investigations – Source area investigations involving vadose zone, and 
sometimes groundwater, sampling are ongoing and in various stages of completion or planning 
and evaluation. Investigation work plans, historical information summaries, and investigation 
reports have been, or are scheduled to be, submitted to NMED. 

8.0 Schedule 

The schedule for the proposed soil background study is comprised of three primary activities: field 
investigation, data analysis, and preparation of the investigation report. First, the sample locations will be 
sited and soil samples collected and delivered to the analytical lab. NASA anticipates completion of 
thisthat field work will be performed in by November 2012March or April 2013. Second, lab reports will 
be received, reviewed, and processed according to NASA’s internal data management and QA program. It 
is expected that the data will be ready for evaluation inby December 2012 April or May 2013. Third, the 
final investigation report will be prepared. NASA proposes to submit the investigation report to the 
NMED in early 2013approximately 120 calendar days following the completion of field work. 
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Figure 1.1 WSTF Location Map 
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Figure 4.1 Soil Map, SWMUs, and Proposed Background Sampling Areas 
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Figure 6.1 Background Sample Locations 
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Table 2.1 Previous Soil Investigations - RCRA Metal Concentrations of Background Soil Borings 

 (from Vol 8, pg. 24 of RFI Report, 1996) 

RCRA Metal 

Mean 
Concentration 

(mg/kg) 

Maximum 
Concentration 

(mg/kg) 

Naturally Occurring 
Background Level 

(mg/kg)1 
RCRA Action 
Level (mg/kg)2 

Phase I (1986) Soil Boring Investigation Background Soil Borings 

Arsenic Non-detect Non-detect 1–50 80 

Barium 61.5 290 100–3,000 4,000 

Cadmium 0.6 1.3 0.005–2.4 40 

Chromium 8.6 20 1–2,000 400 

Lead 10.1 15 2–200 500 

Mercury Non-detect Non-detect 0.01–0.08 20 

Selenium 2.9 40 0.1–2 400 

Silver 1.9 11 0.01–5 200 

Phase II (1994) Soil Boring Investigation Background Soil Borings 

Arsenic 2.7 14 1–50 80 

Barium 76.4 181 100–3,000 4,000 

Cadmium 0.8 2.1 0.005–2.4 40 

Chromium 11.9 23 1–2,000 400 

Lead 41.1 2,420 2–200 500 

Mercury <0.1 0.2 0.01–0.08 20 

Selenium 1 20 0.1–2 400 

Silver 0.1 4 0.01–5 200 
1References for these levels located in RFI, Vol 2, Chap 1, pg. 95 

2 RCRA Action Levels under EPA’s proposed RCRA Corrective Action Rule (RFI, Vol 8, pg. 25) 
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Analyte Method Analyte Method 

Aluminum, Total SW-846 6010C Manganese SW-846 6010C 
Antimony SW-846 6010C Mercury, Total SW-846 7471B 

Arsenic, Total SW-846 6010C  Molybdenum, Total SW-846 6010C 
Barium, Total SW-846 6010C  Nickel, Total SW-846 6010C 

Beryllium, Total SW-846 6010C  Nitrate/Nitrite as N EPA 353.2 
Boron, Total SW-846 6010C  Perchlorate SW-846 6850 

Cadmium, Total SW-846 6010C  Potassium SW-846 6010C 
Calcium, Total SW-846 6010C  Selenium, Total SW-846 6010C 

Chloride EPA 300.0 Silver, Total SW-846 6010C 
Chromium, Hexavalent SW-846 7199 Sodium SW-846 6010C 

Chromium, Total SW-846 6010C Strontium, Total SW-846 6010C 
Cobalt, Total SW-846 6010C Thallium SW-846 6010C 
Copper, Total SW-846 6010C Tin SW-846 6010C 
Cyanide, Total SW-846 9012B Titanium SW-846 6010C 

Iron SW-846 6010C Uranium SW-846 6020A 
Lead, Total SW-846 6010C Vanadium, Total SW-846 6010C 
Magnesium SW-846 6010C Zinc, Total SW-846 6010C 

 

 

Table 3.1 Analyte and Analysis Method List 

Analyte Class Analytical 
Method 

Laboratory Method 
Detection Limit4 

(mg/kg) 

February 2012 NMED SSL for 
Residential Soil 

(mg/kg) 

Aluminum, Total Metals 6010C 5.6 – 7.0 78,000 

Antimony1, 2 Metals 6010 C 0.3 – 0.4 31.3 

Arsenic, Total1, 2 Metals 6010 C 0.29 – 0.4 3.90 

Barium, Total1, 2 Metals 6010 C 0.2 15,600 

Beryllium, Total1, 2 Metals 6010 C 0.003 156 

Boron, Total Metals 6010 C 0.9 – 3.0 15,600 

Cadmium, Total1, 2 Metals 6010 C 0.02 70.3 

Calcium, Total Metals 6010 C 4.0 - 200 Not Available 

Chloride Anion 300.0 4.0 – 5.0 Not Available 

Chromium, VI Metals 7199 0.03 2.97 

Chromium, Total1, 2 Metals 6010 C 0.03 Not Available 

Cobalt, Total2 Metals 6010 C 0.04 
23 

(EPA RSL) 

Copper, Total2 Metals 6010 C 0.06 – 0.3 3,130 

Cyanide, Total1, 2 Cyanide 9012 0.14 – 0.28 46.9 
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Table 3.1 Analyte and Analysis Method List 

Analyte Class Analytical 
Method 

Laboratory Method 
Detection Limit4 

(mg/kg) 

February 2012 NMED SSL for 
Residential Soil 

(mg/kg) 

Iron Metals 6010 C Not Analyzed 54,800 

Lead, Total1, 2 Metals 6010 C 0.2 400 

Magnesium Metals 6010 C Not Analyzed Not Available 

Manganese Metals 6010 C Not Analyzed 1,860 

Mercury 
(elemental)1, 2 Metals 7471A 0.002 – 0.003 15.6 

Molybdenum, Total Metals 7471A 0.08 – 0.09 391 

Nickel, Total1, 2 Metals 6010 C 0.1 – 0.2 1,560 

Nitrate/Nitrite Nitrogen 353.2M 0.2 
Nitrate  125,000 

Nitrite  7,820 

Perchlorate3 Perchlorate 6850 1.0 54.8 

Potassium Anions 6010 C Not Analyzed Not Available 

Selenium, Total1, 2 Metals 6010 C 0.67 – 0.8 391 

Silver, Total1, 2 Metals 6010 C 0.04 – 0.05 391 

Sodium Metals 6010 C Not Analyzed Not Available 

Strontium, Total Metals 6010 C 0.07 – 0.4 46,900 

Thallium1 Metals 6010 C 0.19 – 0.4 0.782 

Tin2 Metals 6010 C 0.2 
47,000 

(EPA RSL) 

Titanium Metals 6010 C Not Analyzed Not Available 

Uranium 
(soluble salts) 

Metals 6020 A 0.006 – 0.01 235 

Vanadium, Total2 Metals 6010 C 0.05 391 

Zinc, Total2 Metals 6010 C 0.5 – 2.0 23,500 
1 Listed in 40 CFR Part 261 Appendix VIII as a hazardous constituent. 
2 Listed in 40 CFR Part 264 Appendix IX for groundwater monitoring. 
3 Listed in NMAC 20.6.7 as a toxic pollutant. 
4 Method detection limits obtained by contracted laboratories during the 600 Area and 300 Area Investigations. 
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Table 4.1 Sampling Areas Description 

Sampling 
Area # SWMU(s) Identification Soil Type 

1 

18 – High Energy Blast Facility 

Nickel-Tencee 
Association (NT) 

29 – Small Arms Range 2nd Tracking Data Relay Satellite System 
(TDRSS) 

49 – 700 Area Landfill 

51 – 2nd TDRSS Sewage Lagoons 

52 – 2nd TDRSS Underground Storage Tank (UST) 

2 

4- 200 Area Clean Room Discharge Pipe (DP). 

Tencee-Nickel 
Association, Steep 

(TK) 

5 - 200 Area Scape Room DP 

6- 200 Area Bldg. 203 DP 

7 - 200 Area South High Bay DP 

8 - 200 Area Sewage Lagoons 

9 - 200 Area Burn Pit 

10 - 200 Area Hazardous Waste Drain Lines 

11 - 300 Area Oxidizer Burner 

12 - 400 Area Oxidizer Burner 

13 - 400 Area Aspirator DP 

19 - 800 Area Below Grade Storage Tank 

20 - 800 Area Oxidizer Burner 

23 - 200 Area Septic Tank @ Bldg. 272 

24 - 300 Area Septic Tank @ Parking Lot 

25 - 300 Area Septic Tank @ Bldg. 320 

26 - 300 Area Septic Tank @ Bldg. 364 

27 - 400 Area Septic Tank @ Main Pkg. Lot 

33 - 300 Area Test Stand 302 Cooling Water Pond 

47 - 500 Area Fuel Storage Area 

48 - 400 Area Salt Ponds 

3 30 – 200 Area Small Arms Range 
Lozier-Rock Outcrop 

Complex (LR) 

4 

1 – 100 Area Burn Pit 
Nickel-Tencee 

Association (NT) 
2 – 100 Area Sewage Lagoon 

3 – 100 Area Container Storage Unit 
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Table 4.1 Sampling Areas Description 

Sampling 
Area # SWMU(s) Identification Soil Type 

15 – 600 Area Burn Pit 

16 – 600 Area BLM Off-site Pile 

21 – 100 Area Septic Tank @ Guard Shack 

22 - 100 Area Septic Tank @ Bldg. 114 

31 – WB-2 Small Arms Firing Range 

34 – 600 Area Sewage Overflow Lagoons 

50 – 1st TDRSS Diesel Release 

53 – Active Firing Range 

5 14 – 600 Area JP Remote Test Area 
Doña Ana-Reagan  
Association (DR) 
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Table 6.1 Proposed Sample Densities 

BG Sampling Area # Sample 
Locations 

# Samples 
Collected at 

Each 
Location1 

Total # Samples 
Collected from  

Each Area 

#1 – 700 Area/2nd TDRSS Areas 120 3 360 

#2 – Propulsion/Lab/Fuel Storage Areas 120 3 360 

#3 – 200 Area Small Arms Range 120 3 360 

#4 – 100/600/Active Firing Range Areas 120 3 360 

#5 – JP Remote Test Area 120 3 360 

Total # Samples Collected for Background Study: 1850 
1Three samples collected from each sample location reflect ideal sampling conditions. This number may be more 
or less than 3 depending on subsurface sampling conditions. See details in report section 6.1. 
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Lozier-Rock Outcrop Complex (LR) 

The Lozier-Rock Outcrop Complex comprises soils adjacent to, and southeast of, the 200 Area. The 
Lozier Series consists of very shallow, well drained soils which formed in material weathered from 
limestone. The upper 5 feet are characterized by brown, light brown, and pale brown stony loams, which 
are moderately to strongly calcareous. 

The Lozier-Rock Outcrop Complex unit is approximately 45% Lozier Stony Loam and 35% Rock 
Outcrop. The Lozier soils are moderately sloping to moderately steep and irregularly intermingled with 
Rock Outcrop. Rock Outcrop occurs as very steep scarps, breaks, ledges, and narrow ridgetops. Shale 
outcrops, arroyos, and recent alluvial land made up about 20% of the mapping unit. 

Nickel-Tencee Association (NT) 

The 100 and 600 Areas are located on soils of the Nickel-Tencee Association. The Nickel Series 
comprises deep, well-drained soils on old alluvial fans. The soils are formed in gravelly, medium-textured 
alluvial sediments. The upper 5 feet are characterized by light brown to pink gravelly to fine sandy loam. 
Gravel contents are typically 50%. 

The Nickel-Tencee unit is approximately 60% Nickel Gravelly Fine Sandy Loam and 25% Tencee Very 
Gravelly Loam. The soils are gently to moderately sloping and are in similar positions on alluvial fans. 
Tencee soils dominate the older, more stable areas where the source of alluvial material was limestone 
rock. 

Tencee-Nickel Association, Steep (TK) 

The Tencee-Nickel Association, Steep is approximately 45% Tencee Very Gravelly Loam and 40% 
Nickel Fine Sandy Loam. The Tencee soil is a moderately sloping to steep soil in ridges and saddles, and 
the Nickel soil is a rolling to steep soil on broken areas of the landscape. Included within these soils are 
areas of gravelly soils, badland, stony rock land, and arroyos. The gravelly soils are less than 35% coarse 
fragments. 

Doñna Ana-Reagan Association (DR) 

The Doñna Ana-Reagan Association is located within the western portion of the WSTF study area and 
interfingers with the Nickel-Tencee Association. These soils increase in areal extent toward the axis of the 
Jornada Del Muerto Basin. The Doñna Ana Series consists of deep, well-drained soils that formed in 
mixed alluvium on fans and piedmonts. The upper 5 feet are characterized by reddish brown fine sandy 
loam to sandy clay loam. The soil is moist, weak, has a subangular blocky structure, soft to slightly hard, 
friable, slightly sticky, and slightly plastic. Calcic horizons are generally present at depths greater than 
one foot. 

The Reagan Series consists of deep, well-drained alluvial soils that formed on fans and basin floors. 
Slopes are one to three percent. The upper 5 feet are characterized by light brown, brown, and pink clay 
loam to silty clay loam. The soil is moist, weak, has a thick platy to coarse prismatic structure, slightly 
hard to hard, friable to firm, sticky, and plastic. Calcium carbonate concentrations range from 15% to 
40%. 
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