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The work plan describes activities proposed to characterize soil conditions at the Stallion Range 
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activities before the late 1980's. 
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1. Introduction 

This Resource Conservation and Recovery Act (RCRA) Facility Investigation (RFI) 
Work Plan was developed by ARCADIS on behalf of White Sands Missile Range 
(WSMR) pursuant to requirements of WSMR’s Hazardous Waste Permit (No. 
NM2750211235) dated October 24, 1989.  The work plan describes activities proposed 
to characterize soil conditions at the Stallion Range Center Former Firefighter Training 
Area (FFTA) (SWMU 162) (the Site), which was the location of firefighter training 
activities before the late 1980s; the exact dates of use are unknown.  The Site map is 
shown on Figure 1.   

The primary objectives of the proposed activities are:  1) to determine whether the 
training activities resulted in a release to the surrounding soils; 2) to characterize the 
nature and extent of affected soils; and 3) to evaluate potential risks to human and 
ecological receptors exposed to the affected media.  The proposed work includes the 
following specific tasks.   

• Conduct soil sampling to characterize conditions at the site.   

• Perform a statistical evaluation of analytical results to establish background values 
for metals. 

• Compare the analytical results to background metals values and New Mexico 
Environment Department (NMED) residential soil screening levels (SSLs) to 
delineate the lateral and vertical extent of affected soils (if present). 

• Perform a Human Health and Ecological Risk Assessment. 

These activities are described in more detail in the following sections. 

2. Background Information 

The Site is located at the Stallion Range Center (SRC) in Socorro County, New Mexico 
along the northwestern border of WSMR, approximately 118 miles north of the Main 
Post and 17 miles southeast of San Antonio, New Mexico.  The Stallion Range Center 
operates as a technical support center for the monitoring and evaluation of long range 
missile tests.  While the SRC is active, the FFTA is not currently active and has not 
been in use since the late 1980s.   
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According to the FY 2008 Compliance-Related Cleanup Installation Action Plan 
(USAEC, 2008) the site was cleaned up in the late 1980s.  An area of approximately 
50 ft x 100 ft x 4 ft was excavated, aerated in the sun, and used as clean fill for the 
Stallion Range Landfill.  No record of a written report documenting this cleanup has 
been discovered, and no investigations have occurred at this site to date. 

A site visit was performed in February 2009 to visually inspect the Site.  Site personnel 
with knowledge of past FFTA activities were present during the site visit and identified 
the area where firefighter training occurred.  An area of approximately 200 ft by 50 ft 
was identified and also indicated by different vegetation than the surrounding area. 

3. Site Conditions 

Current site conditions consist of a field with sparse vegetation surrounded by a 
heavier vegetated area.  The Site is not currently used for any activities; however there 
is a small arms range to the north of the Site. 

3.1 Geology 

WSMR lies within the Mexican Highland Section of the Basin and Range Province. 
This province is characterized by a series of tilted fault blocks forming longitudinal, 
asymmetric ridges, or mountains, and broad intervening basins.  

The SRC lies in the Jornada Del Muerto basin.  The Jornada Del Muerto Basin, east of 
the Rio Grande Valley, covers approximately 3,344 mi² and at its widest is nearly 12 
miles across. It is bordered by Point of Rocks and the Caballo mountains in the west, 
the Dona Ana, San Diego, and Tortugas mountains in the southwest, and the Organ 
and San Andreas mountains in the east. This eastern boundary is a single, steeply-
dipping normal fault; the western boundary of the Jornada Basin is a semi-buried 
volcanic horst, known as the Jornada Horst (Woodward and Myers, 1997).  The 
Jornada shares a subsurface Tertiary volcanic boundary with the Mesilla Basin. There 
is not any evidence that the Rio Grande has ever flowed across the Jornada Del 
Muerto.  

The dominant basin landforms comprise an extensive remnant of the ancestral Rio 
Grande fluvial plain (Plio-Pleistocene La Mesa geomorphic surface), and broad alluvial-
fan-piedmont surfaces flanking the San Andres Range and Doña Ana Mountains (Gile 
et al. 1981, 1995; Gile 2002; Seager et al. 1987). The isolated Goat Mountain and 
Tortugas Mountain “hills” to the south of the Doña Anas (eastern Las Cruces metro-
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area) are the sole surface expression of the discontinuous bedrock high that separates 
the Mesilla and Jornada structural basins. The Site is located in the Rio Grande rift 
tectonic province, which is characterized by north-south trending series deep structural 
basins between tilted-fault-block ranges and volcanic highlands. This major continental 
rift zone extends through central New Mexico from southern Colorado to Trans-Pecos 
Texas and northern Chihuahua (Chapin and Seager 1975; Hawley 1978; Chapin and 
Cather 1994).  

3.2 Surface Hydrology 

Very little surface water exists at WSMR due to low annual precipitation, high 
evapotranspiration rates, and high infiltration characteristics of the soils. During the 
summer season, when thunderstorm activity is most common, playas within the basin 
may contain standing water. Recharge into the Jornada comes from precipitation and 
infiltration of mountain runoff and through major arroyos. Arroyos which drain the 
surrounding mountains usually contain water only following heavy precipitation events. 

3.3 Hydrogeology 

The primary aquifer systems of the Rio Grande rift region comprises of: 1) thin Upper 
Quaternary fluvial deposits of the inner Rio Grande Valley (valley-fill aquifer system), 
and 2) the thick sedimentary fill of intermontane basins (basin-fill aquifer system). The 
Upper Cenozoic Santa Fe Group forms the bulk of the latter unit. The hydrogeologic 
framework formed by:  1) the lithofacies and stratigraphic subdivisions of these two 
aquifer systems; and 2) associated rift – basin and range structures has a profound 
influence on groundwater and surface-water flow and quality in the entire region. 
Valley- and basin-fill aquifer systems are locally linked with respect to both surface and 
subsurface flow (Bryan 1938; King et al. 1971; Wilson et al. 1984; Nickerson and 
Myers 1993; Hawley and Kernodle 2000; Hawley et al. 2001). 

The SRC obtains its potable water supply from two supply wells, SRC-02 and SRC-03 
(Figure 2) located to the north and northwest of the SRC.  The wells draw brackish 
water from Quaternary/Tertiary alluvial and upper bolson-fill deposits within the 
Jornada del Muerto Basin.  The brackish water is processed through a desalinization 
plant prior to distribution.  The majority of the groundwater recharge to this bolson 
aquifer occurs through the coarse, unconsolidated Tertiary/Quaternary alluvial fan 
deposits and arroyos along the eastern flank of the Organ, San Agustin and San 
Andres Mountains.  
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There are five regional monitoring wells in the vicinity of the Stallion Range Center, 
SRM-01 through SRM-05.  These wells are on average 275 feet below ground surface 
(bgs) and are in the vicinity of the sewage lagoons and desalinization pond (Figure 2).  
The average depth to water in these wells is approximately 191 ft bgs (WTS 2007).  
The wells are sampled annually as part of the Groundwater and Effluent Sampling 
Wastewater Discharge Program associated with the SRC.  Copies of the well logs for 
the SRC monitoring wells are provided in Appendix A. 

3.4 Ecology 

3.4.1 Flora 

The vegetation matrix around the Site is defined as climax dune vegetation typically 
consisting of honey mesquite (Prosopus glandulosa), four-winged saltbush (Atriplex 
canescens), soaptree yucca (Yucca elata), sand dropseed (Sporobolis cryptandrus), 
broom snakeweed (Gutierrezia sarothrae), and annuals. Blowouts and wind-sifted 
actively moving sand dunes with little inter-dunal vegetation comprise dune land. 
Competition for moisture by mesquite limits grasses in this habitat. Grasses that 
sporadically occur include spike dropseed (Sporobolus contractus), mesa dropseed 
(Sporobolus flexuosus) and alkali sacatone (Sporobolus airoides). 

WSMR lists Sheer’s pincushion cactus (Coryphantha sheeri) as a species of concern 
that infrequently occurs in this habitat type. A more comprehensive list of vegetation 
occurring in the Stallion Center Area is provided below. 

Vegetation 

Atriplex canescens-Fourwing Saltbush Chilopsis linearis-Desert Willow 

Gutierrezia sarothrae-Broom Snakeweed Larrea tridentata – Creosote bush 

Muhlenbergia porteri - Bush Muhly Opuntia imbricata - Tree Cholla 

Opuntia phaeacantha - Engelman's Prickly Pear Opuntia violaceae - Purple Prickly Pear 

Prosopis glandulosa-Honey Mesquite Sporobolus ariodies - Alkali Sacatone 

Sporobolus contractus - Spike Dropseed Sporobolus cryptandrus - Mesa Dropseed 

Sporobolus flexuosus-Sand Dropseed Yucca elata - Soaptree Yucca 

  

3.4.2 Fauna 

Black-tailed jackrabbits (Lepus californicus) and desert cottontail rabbits (Sylvilagus 
audubonii) occur in the WSMR area with high frequency. Oryx (Oryx gazella), mule 
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deer (Odocoileus hemionus), mourning dove (Zenaida macroura), and scaled quail 
(Callipepla squamata) also occur in the area. Non-game wildlife sited around the Main 
Post includes raptors such as red-tailed hawks (Buteo jamaicensis), Swainson’s hawks 
(Buteo swainsoni), and American kestrels (Falco sparverius). Songbirds common 
around the Site include black-throated sparrows (Amphispiza bilineata), house finches 
(Carpodacus mexicanus), and Say's phoebes (Sayornis saya).  

The Texas horned lizard (Phrynosoma cornutum) does occur in this habitat. This 
species is not listed as threatened or endangered, but is a New Mexico candidate (2C) 
species. The Texas horned lizard is very common and widespread throughout suitable 
habitats on WSMR. Herpetologists for the New Mexico Department of Game and Fish 
have recommended that the Texas horned lizard be removed from the State candidate 
list. A more comprehensive list of wildlife species occurring in the WSMR Area is 
provided below. 

Avians 

Amphispiza bilineata-Black-throated Sparrow Buteo jamaicensis-Red-tailed Hawk 

Buteo swainsoni-Swainson’s Hawk Callipepla squamata-Scaled Quail 

Carpodacus mexicanus-House Finch Corvus cryptoleucus – Chihuahuan Raven 

Falco sparverius-American Kestrel Geococcyx californianus-Greater Roadrunner 

Lanius ludovicianus - Loggerhead Shrike Mimus polyglottos-Mockingbird 

Sayornis saya-Say’s Phoebe Zenaida asiatica-White-winged Dove 

Zenaida macroura-Mourning Dove Zonotrichia leucophrys-White Crowned Sparrow 
 
Invertebrates 

Acrididae – Grasshopper (2 species) Anthophoridae - Carpenter Bee 

Ceribicidae – Longhorn Beetle Coccinelidae - Lady Beetle 

Formicidae - Red Black and Harvester Ants (3 
species) 

Halictidae - Sweat Bee 

Lycosidae - Wolf Spider Mantidae - Praying Mantis 

Pieridae – Moth Simuliidae – Gnats 

Tenebrionidae - Tenebrionid Beetle Termitidae – Termite 
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Mammals 

Canis latrans-Coyote Lepus californicus - Black-tailed Jackrabbit 

Odocoileus hemionus-Mule Deer Oryx gazella - Oryx 

Sylvilagus audubonii-Desert Cottontail Thomomys botae-Gopher 

 
Reptiles 

Cnemidophorus tigris – Western Whiptail Crotalus atrox-Western Diamondback Rattlesnake 

Gambelia wislizinii - Leopard Lizard Masticophis flagellum - Coachwhip 

Pituophis melanoleucas-Gopher Snake Uta stansburiana-Side-blotched Lizard 
 

3.5 Climatology 

The elevation of the SRC is approximately 4,900 feet above mean sea level. Snowfall 
is infrequent, although heavy snows have occurred. With an average annual rainfall of 
only 10.8 inches, mostly occurring during late summer as thunderstorms, often 
accompanied by hail, the area is considered semi-arid. Intense localized 
thunderstorms have caused flash flooding in the past. The average summer high 
temperature is 92 °F with lows of about 65 °F.  During the winter months (December, 
January and February), the average high is 57 °F, with lows of about 36 °F.  Average 
annual humidity readings are approximately 37 percent. Westerly winds can reach 
approximately 40 miles per hour, and wind is a climatic factor from February to about 
May. 

4. Previous Investigations 

There have been no previous investigations at the Stallion Range Center FFTA.  
Monitoring wells have been installed and sampled regularly as part of the Groundwater 
and Effluent Sampling Wastewater Discharge Program associated with the SRC.  
These data are presented in Table 1.   

5. Field Methodologies 

5.1 Soil Sampling  

A total of eleven (11) soil borings are proposed at the site, as shown on Figure 3.  The 
borings include three (3) background soil borings and eight (8) assessment borings.  
The eight assessment borings are proposed on a grid spacing of 50-foot centers.  The 
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site will be cleared of all utilities and un-exploded ordinance (UXO) prior to investigative 
activities. 

The borings will be installed to 15 ft bgs using a direct push drilling methodology.  The 
soil borings will be examined visually and described according to the Unified Soil 
Classification System, ASTM Standard D 2487-83 (ASTM, 1985).  Observations will be 
recorded in a lithologic log. 

Aliquots of the soil cores will be placed into re-sealable plastic bags and allowed to 
equilibrate for approximately 10 minutes.  After equilibration, a photoionization detector 
(PID) will be used to measure the total volatile organic concentration in the headspace 
samples.  PID measurements will be recorded on the lithologic log. 

Soil samples will be collected from each boring at depths of 0 to 1 feet, 4 to 5 feet, 9 to 
10 feet and 14 to 15 feet unless visual and/or PID readings indicate impacts at different 
intervals.  If this is the case, samples will be taken at those depths in which the highest 
PID readings and/or highest level of visual impacts occur.   

During the course of the investigation, if ARCADIS determines through field 
observation and PID readings that 15 ft bgs is not the bottom of the vertical extent of 
contamination, the boring will continue until clean soil is encountered. 

Samples will be submitted to a National Environmental Laboratory Accreditation 
Conference (NELAC) accredited laboratory.  The soil samples will be analyzed for 
Volatile Organic Compounds (VOCs) using United States Environmental Protection 
Agency (USEPA) Method 8260B; Gasoline Range Organics and Diesel Range 
Organics (GRO/DRO) using USEPA Method 8015; Polycyclic Aromatic Hydrocarbons 
(PAHs) using USEPA Method 8270C; and RCRA Metals using USEPA Method 6010A.  
A summary of analytical methods is presented in Table 2.   

A surveying contractor will survey the location and ground surface elevation of each of 
the soil borings.  The survey data will be referenced to a common benchmark and tied 
into the site-wide survey. 

Installation of monitoring wells is not anticipated at this time.  As discussed in Section 
3.3, the depth to groundwater is approximately 190 feet below ground surface.  If the 
vertical extent of affected soils can be delineated, no monitoring wells will be installed.  
However, if after the initial soil sampling described above, significant soil impacts are 
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identified that suggest the potential for groundwater contamination; this work plan will 
be amended to address groundwater conditions. 

5.2 Field Quality Assurance/Quality Control Samples 

Field quality control samples will include equipment blanks, field blanks and trip blanks.  
Duplicate samples will not be collected from the soil samples because contaminants 
are not homogeneously dispersed in these media.  As a result, it is difficult, if not 
impossible to collect representative duplicate samples.  Data from the quality control 
samples will be used to validate the data as described in Appendix B, but will not be 
used to adjust sample results. The quality control (QC) samples will be collected as 
follows: 

One equipment blank will be collected from the soil sampling equipment each day 
during this field investigation.  The equipment blanks will be collected by pouring 
distilled water over a piece of previously decontaminated sampling equipment (such as 
a split spoon) and catching the rinsate in a laboratory container.  The equipment blank 
will be analyzed for the same parameters as the primary soil samples. 

One field blank will be collected by pouring distilled water directly into sample 
containers, while working at the site.  The field blank is intended to detect any air- 
borne constituents that might affect sampling results.  The field blank will be analyzed 
for the same parameters as the primary soil samples 

One trip blank will be included with each laboratory cooler that includes VOC samples.  
The trip blanks will be analyzed for the same VOCs parameters as the primary 
samples.   

5.3 Sampling Handling and Shipping 

Sampling personnel will wear new disposable latex gloves and work surfaces will be 
lined with new foil or polyethylene sheeting to minimize the potential for cross-
contamination of samples.  Gloves and liners will be replaced between samples.  
Immediately after collection, the samples will be placed into the appropriate sample 
containers provided by the laboratory.  A label will be affixed to each sample and will 
include the sample designation, the project number, the date and analytical 
requirements.  The samples will be placed in a laboratory shipping container with 
packaged ice and will be held at approximately 4° Celsius prior to and during shipment 
to the laboratory.  A completed chain-of-custody form will be enclosed in each shipping 
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container and will accompany the samples to the laboratory.  The samples will be 
shipped by overnight messenger service to the laboratory. 

5.4 Instrument Calibration 

The only field instrument expected to be used during the RFI is a PID.  The PID will be 
calibrated to a specified gas standard according to the manufacturer’s instructions.  
The PID will be calibrated prior to beginning field work each day.  Calibration checks 
will be conducted at a minimum of every 4 hours during field activities.  If the calibration 
check indicates that the measurements are off by more than 5% of the gas standard’s 
concentration, the instrument will be re-calibrated until the measurement is within 5% 
of the standard.  All calibration data will be recorded in the field logbook. 

5.5 Decontamination Procedures 

All down-hole boring and all sampling utensils will be decontaminated according to the 
following procedures prior to use with each boring and sample.  Equipment 
decontamination procedures will include removing loose soil from surfaces with nylon 
brushes, cleaning with a solution (e.g., LiquiNox, Alconox) and rinsing with distilled 
water.  Decontamination of environmental sample collection equipment will follow the 
same procedure.  For additional discussion of this process please refer to Standard 
Practices for Decontamination of Field Equipment Used at Waste Sites (ASTM 05088-
02).  In general the decontamination procedure will be as follows: 

• LiquiNox (or other non-phosphate detergent solution) water wash.  Debris should 
be removed with a nylon (or similar non-reactive material) brush. 

• Tap water rinse. This can be followed with an additional LiquiNox water wash if 
necessary. 

• Distilled water rinse. 

• Air dry  

• Store in aluminum foil or polyethylene plastic. Smaller sampling equipment may be 
stored in Ziploc bags. 
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Decontamination will be conducted at a designated on-site location.  Decontamination 
fluids will be collected and placed into a 55-gallon drum.  The decontamination area will 
be lined with polyethylene sheeting to contain incidental spills. 

5.6 Management of Investigation Derived Wastes 

Investigation Derived Wastes (IDW) expected to be generated during the RFI include 
soil drill cuttings, decontamination fluids, and miscellaneous wastes such as used 
disposable sampling equipment, plastic sheeting and personal protective equipment.   
Each of these types of waste will be segregated and placed into separate 55-gallon 
drums.  

After characterization, all containers of IDW will be staged at WSMR’s Waste 
Management Center (WMC) until the waste is transported for off-site disposal  It is 
anticipated that the analytical results from the soil sampling will be adequate to 
characterize the wastes.  However, additional characterization sampling will be 
conducted if require by the WMC.    

All containers used to store IDW at the WSMR will be individually labeled by the end of 
each work day.  Containers will be numbered sequentially and correspond with the 
field logbook.  Containers will be marked on the side and lid using a permanent marker 
and will include the following information: 

• Container number 

• Dates of first use and last use 

• Site Identification (include SWMU #, sample type, sample No., sample date) 

• Level of personal protective equipment (PPE) worn when IDW was generated 

• Emergency Contact Number 

• Activity from which the waste was derived 

Containers will also be labeled as described below: 

• Non-hazardous waste containers will be labeled using the green label (Figure 4).  
The contents will be written in the space provided at the bottom. 
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• Hazardous waste containers will be labeled using the yellow label (Figure 4). The 
proper shipping name will be filled in at the bottom of the label. The contents of the 
container (i.e., soil cuttings, decontamination water, etc.) will be marked on the 
side and top of the container, with the other information listed above.  

• Containers of IDW without a hazardous waste determination will be labeled as 
Hazardous Waste using the Contents Pending Analysis label shown in Figure 4. 

Figure 4.  IDW Container Labels 

   

All container inventory information will be kept in the field logbook.  The logbook will 
contain the following information. 

• Container ID number 

• Site ID 

• Container contents 

• Dates 

– Container filled 

– Sample collected 

– Container transfer to WMC 

– Analytical results received 

• Hazardous waste determination 

• Date containers delivered to the WMC 
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Once characterization is complete, WSMR will determine which treatment, storage and 
disposal (TSD) facility will be used for off-site disposal of the wastes.  The WMC 
maintains a list of pre-approved TSD facilities that accept wastes generated at the 
WSMR. 

Disposal of IDW will adhere to the most current versions of applicable State of New 
Mexico Applicable or Relevant and Appropriate Requirements (ARARs) and EPA laws 
and regulations.  All material disposal actions will be coordinated through WSMR's 
WMC. 

Hazardous and non-hazardous waste may be transported within the boundaries of the 
WSMR without a manifest, bill of lading, placarding, Department of Transportation 
(DOT) container marking or Hazardous Material Transporter registration.  The waste 
may also be transported across non-range roads between contiguous properties of 
WSMR, without being subject to the DOT Hazardous Materials Regulations or the 
Uniform Hazardous Waste Manifest (the manifest) requirements of RCRA. 

If hazardous waste will be transported off-site, a manifest will be used.  The manifest is 
a form used to track the movement of hazardous or non-hazardous waste from the 
point of generation to the point of ultimate disposition ("cradle to grave") (40 CFR Part 
262, Subpart B).  The manifest generally requires the following information: 

• Name, address and USEPA ID No. of the generator, transporter, and the 
destination facility, 

• U.S. DOT description of the waste being transported and any associated hazards, 

• waste quantity, 

• name and phone number of a contact in case of an emergency, 

• special handling or hazard information, 

• Generators Certification (Signature required by authorized Army’s POC), 

• other information required either by EPA or the state. 

In all cases the “Generator” shall be “White Sands Missile Range” and the manifest 
should be signed by the authorized Government point of contact.   
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6. Background Soil Evaluation 

An evaluation of background soil conditions will be performed to establish site-specific 
background levels of metals in soils at the Stallion Range FFTA.  The determination of 
background plays an integral role in decision-making, as cleanup efforts should only 
focus on those compounds whose risks are associated with site-related releases.  
Additionally, cleanup levels should not be set below the upper bounds of the 
established background range. Because inorganics occur naturally in soil, risk 
assessments should consider whether site-specific concentrations fall within the range 
of local background conditions or whether they may be indicative of site-related 
contamination (USEPA, 2002a).   

There are three possible sources of inorganic compounds in soils.  Inorganic 
compounds occur naturally in soils and water as a result of the geochemistry of source 
materials, weathering, and leaching.  These compounds may also be present as a 
result of general anthropogenic activities not associated with known site-related 
activities, such as application of pesticides and herbicides or deposition from 
automobile exhaust. For this project, both naturally occurring and anthropogenic 
sources of inorganic compounds will be defined as “background”.  Inorganics may also 
be present in soils as a result of site-related activities such as disposal or releases from 
an area.  To identify inorganic concentrations that may be present at a site due to a 
release, site concentrations are compared to a background dataset representative of 
local conditions unaffected by site-related activities. 

Three (3) soil samples will be taken up-wind from the Site boundary, as shown on 
Figure 3, and analyzed for RCRA metals by USEPA Method 6010A.  The RFI 
assessment data will be compared to the range of concentrations detected in the 
background soils to determine whether any of the RCRA 8 metals detected in the 
assessment samples exceed background values and indicate a release associated 
with the FFTA.   

7. Data Evaluation  

7.1 Evaluation of Data Quality 

The primary data quality objectives (DQOs) for this work are to provide representative 
data that can be used to characterize site conditions, delineate the nature and extent of 
affected media and support corrective action decisions. The data quality objectives are 
summarized in the table at the end of this section. 
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The data collected during this RFI will be evaluated using Level II quality control 
guidelines developed from the National Functional Guidelines for Organic and 
Inorganic Data Review (USEPA, 1994).  The data usability evaluation will include:  
review of field documentation; verification of chain-of-custody documentation; 
comparison of data on duplicate samples; comparison of field blank values (equipment 
blanks, field blanks) to sample values; verification of sample analysis dates and 
preparation dates with respect to sample holding times; evaluation of internal data on 
laboratory blanks, method blanks, laboratory control samples, laboratory control 
sample duplicates, surrogates, matrix spike and matrix spike duplicate samples; 
evaluating method quantitation limits with respect to the level of required performance; 
summarizing and assigning validation codes to the sample data; and documentation of 
usability.  Data validation procedures are discussed in detail in Appendix B. 

7.2 Evaluation of Data for Site Characterization 

Data collected during the RFI that will be used for site characterization includes 
qualitative and quantitative data.  The primary sources of the qualitative data are field 
observations made during the boring and sampling activities.  As discussed in Section 
5, detailed lithologic logs will be completed during the boring and sampling process.  
These data will be evaluated to help characterize geologic and hydrogeologic 
conditions as they pertain to subsurface conditions and the fate and transport of 
constituents of potential concern. 

Quantitative data consists primarily of the analytical data collected at the site.   Soil 
analytical data will be evaluated according to the guidance contained in the Technical 
Background Document for Development of Soil Screening Levels, Revision 4.0 
(NMED, 2006).  Specifically, soil data will be compared to the Soil Screening Levels 
published by the NMED and current at the time the field investigation is completed.  
These soil screening levels are health based screening standards established by the 
NMED.  Soil data will also be compared to the Dilution Attenuation Factor (DAF) 20 
values published by the NMED to evaluate the potential for soils to leach.  Metals data 
collected during the investigation will be compared with the background metals value 
established from the background study conducted for the Stallion Range Center.  
Analytical data will also be evaluated for the risk assessments, as discussed in the 
following sections. 
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8. Risk Assessment 

8.1 Human Health Risk Assessment  

A Human Health Risk Assessment (HHRA) will be conducted to evaluate potential 
risks associated with human exposure to constituents of potential concern at the site. 
The risk assessment approach is based on NMED guidance (NMED, 2006) and 
USEPA guidance for risk assessments (USEPA, 2008a,b; 2007; 2004a,b; 2003; 
2002b,c; 2000; 1997a,b; 1992a,b; 1991a,b,c; 1989). The results of the HHRA will be 
used along with other considerations, such as compliance with RCRA regulations, and 
the results of the Ecological Risk Assessment, to determine if the site requires 
corrective action. 

The approach to the HHRA includes the following four steps: (1) selection of 
constituents of potential concern (COPCs), (2) exposure assessment, (3) toxicity 
assessment, and (4) risk characterization. The proposed HHRA is discussed in detail 
in the Human Health Risk Assessment Work Plan (HHRAWP) provided in Appendix C. 

8.2 Ecological Risk Assessment 

An Ecological Risk Assessment (ERA) will be conducted to evaluate potential risks 
associated with ecological receptors exposed to constituents of potential ecological 
concern (COPECs) at the site. The ERA will address receptors and media of particular 
interest identified during the initial review of site conditions, identifies screening values 
and describes their use, and follows the NMED and USEPA paradigms for conducting 
an ERA (NMED, 2008; USEPA, 2000a and 2001a).  

Initially, a Screening Level Ecological Risk Assessment (SLERA) will be prepared for 
the site. If the SLERA indicates significant ecological risks, a baseline ecological risk 
assessment (BERA) will be prepared. The risk assessment approach is based on 
NMED guidance for SLERAs (NMED, 2008) and USEPA guidance for SLERAs and 
BERAs (USEPA, 2001a, 2000a, 1998, 1997c). The results of the SLERA, or BERA if 
necessary, will be used along with other considerations, such as the results of the 
HHRA and compliance with RCRA regulations, to determine whether the site requires 
corrective action.  

A detailed Ecological Risk Assessment Work Plan (ERAWP) is provided in Appendix D 
and describes the approach, including necessary information regarding habitat; 
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ecological receptors; and exposure pathways and assumptions for conducting the 
ERA. 

9. Reporting 

After the work is completed, a RFI report will be prepared for submittal to NMED.  At a 
minimum the submittal will include:  

• A summary of the background study and results; 

• Summary tables of the analytical data compared to residential SSLs and 
background levels; 

• Lithologic logs for the soil borings; 

• Maps showing all soil data with detections that exceed the residential SSLs (these 
will include separate maps for soil for each suite of chemicals [VOCs, GRO/DRO, 
PAHs, and Metals]); 

• A description of the work completed during this phase of the investigation;   

• An evaluation of the data; 

• Human Health and Ecological Risk Assessments; and  

• Conclusions regarding the nature and extent of constituents of concern and 
findings from the risk assessments. 

10. Project Schedule 

The proposed project schedule is provided as Figure 5.  Because the Stallion Range 
Center is active and also very remote, access will be coordinated with WSMR Facilities 
Department and the Up Range Branch Chief.  Investigation activities will begin 
immediately after this work plan is approved by NMED and access is approved and 
scheduled with the WSMR Facilities Department and Branch Chief. As shown on 
Figure 5, we anticipate that the soil investigation will require approximately one week.  
The final laboratory reports should be completed within three weeks after completion of 
the soil borings.  Data evaluation and reporting will require an additional five to six 
weeks after the analytical results are available.  The Army requires a maximum of four 
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weeks for review of the draft report.  The final RFI report will be prepared and 
submitted to the NMED approximately fourteen weeks after the completion of 
investigation activities. 
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ARCADIS
Table 1. Analytical Results of Monitoring Wells Near the FFTA
Stallion Range Center Former Firefighter Training Area, SWMU 162
White Sands Missile Range, New Mexico

Location SRM-01 SRM-01 SRM-01 SRM-01 SRM-01 SRM-01 SRM-01 SRM-01 SRM-01 SRM-01 SRM-01

Sample ID
SRC-SRM01-

0500
SRC-SRM01-

0700
SRC-SRM01-

1100
SRC-SRM01-

0501
SRC-SRM01-

1101
SRC-SRM01-

0802
STRC-LAGN-

SRM-001-0803
STRC-LAGN-

SRM-001-0804
STRC-LAGN-

SRM-001-0805
STRC-LAGN-

SRM-001-0706
STRC-LAGN-

SRM-001-0807
Date Collected 5/23/2000 7/26/2000 11/10/2000 5/23/2001 11/27/2001 8/13/2002 8/13/2003 8/18/2004 8/30/2005 7/26/2006 8/7/2007

Sample 
Replicate of

Analyte Units
Metals
ALUMINUM mg/L NA <5 NA NA NA NA NA NA NA NA NA
Aluminum, Dissolved mg/L NA NA NA <0.55 <0.55 NA NA NA NA NA NA
ARSENIC mg/L NA <0.1 NA NA NA NA NA NA NA NA NA
Arsenic, Dissolved mg/L NA NA NA <0.011 <0.011 NA NA NA NA NA NA
BARIUM mg/L NA <1 NA NA NA NA NA NA NA NA NA
Barium, Dissolved mg/L NA NA NA <0.055 <0.011 NA NA NA NA NA NA
BERYLLIUM mg/L NA <0.02 NA NA NA NA NA NA NA NA NA
Beryllium, Dissolved mg/L NA NA NA <0.011 <0.011 NA NA NA NA NA NA
BORON mg/L NA <0.75 NA NA NA NA NA NA NA NA NA
Boron, Dissolved mg/L NA NA NA 0.554 0.534 0.688 0.479 0.634 0.645 0.721 NA
CADMIUM mg/L NA <0.01 NA NA NA NA NA NA NA NA NA
Cadmium, Dissolved mg/L NA NA NA <0.0055 <0.0055 NA NA NA NA NA NA
CALCIUM METAL mg/L NA 300 NA NA NA NA NA NA NA NA NA
Calcium, Dissolved mg/L 660 NA NA 342 372 NA NA NA NA NA NA
Chromium mg/L NA <0.05 NA NA NA NA NA NA NA NA NA
Chromium, Dissolved mg/L NA NA NA <0.055 <0.055 NA NA NA NA NA NA
COBALT mg/L NA <0.05 NA NA NA NA NA NA NA NA NA
Cobalt, Dissolved mg/L NA NA NA <0.011 <0.011 NA NA NA NA NA NA
COPPER mg/L NA <1 NA NA NA NA NA NA NA NA NA
Copper, Dissolved mg/L NA NA NA <0.055 <0.011 <0.0125 <0.0125 <0.0125 <0.0125 <0.0125 NA
Dissolved Mercury mg/L NA NA NA <0.0002 <0.0002 NA NA NA NA NA NA
Dissolved Uranium mg/L 8.1 NA NA <0.055 <0.055 NA NA NA NA NA NA
Hexavalent Chromium mg/L NA <0.05 NA <0.01 <0.01 NA NA NA NA NA NA
Iron mg/L NA <1 NA NA NA NA NA NA NA NA NA
Iron, Dissolved mg/L NA NA NA <0.022 <0.022 NA NA NA NA NA NA
LEAD mg/L NA <0.05 NA NA NA NA NA NA NA NA NA
Lead, Dissolved mg/L NA NA NA <0.011 <0.011 NA NA NA NA NA NA
LITHIUM mg/L NA <0.5 NA NA NA NA NA NA NA NA NA
Lithium, Dissolved mg/L NA NA NA 0.135 0.103 NA NA NA NA NA NA
Notes on Page 19.
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ARCADIS
Table 1. Analytical Results of Monitoring Wells Near the FFTA
Stallion Range Center Former Firefighter Training Area, SWMU 162
White Sands Missile Range, New Mexico

Location SRM-01 SRM-01 SRM-01 SRM-01 SRM-01 SRM-01 SRM-01 SRM-01 SRM-01 SRM-01 SRM-01

Sample ID
SRC-SRM01-

0500
SRC-SRM01-

0700
SRC-SRM01-

1100
SRC-SRM01-

0501
SRC-SRM01-

1101
SRC-SRM01-

0802
STRC-LAGN-

SRM-001-0803
STRC-LAGN-

SRM-001-0804
STRC-LAGN-

SRM-001-0805
STRC-LAGN-

SRM-001-0706
STRC-LAGN-

SRM-001-0807
Date Collected 5/23/2000 7/26/2000 11/10/2000 5/23/2001 11/27/2001 8/13/2002 8/13/2003 8/18/2004 8/30/2005 7/26/2006 8/7/2007

Sample 
Replicate of

Analyte Units
Metals (continued)
MAGNESIUM mg/L NA 140 NA NA NA NA NA NA NA NA NA
Magnesium, Dissolved mg/L 150 NA NA 90.5 104 NA NA NA NA NA NA
MANGANESE mg/L NA <0.2 NA NA NA NA NA NA NA NA NA
Manganese, Dissolved mg/L NA NA NA <0.011 <0.0011 <0.025 0.02 <0.025 0.042 0.083 NA
MERCURY mg/L NA <0.001 NA NA NA NA NA NA NA NA NA
MOLYBDENUM mg/L NA <1 NA NA NA NA NA NA NA NA NA
Molybdenum, Dissolved mg/L NA NA NA 0.0397 <0.055 <0.05 <0.05 <0.05 <0.05 <0.05 NA
NICKEL mg/L NA <0.05 NA NA NA NA NA NA NA NA NA
Nickel, Dissolved mg/L NA NA NA <0.011 <0.011 NA NA NA NA NA NA
POTASSIUM mg/L NA 8.7 NA NA NA NA NA NA NA NA NA
Potassium, Dissolved mg/L 13 NA NA 14.7 14.4 NA NA NA NA NA NA
SELENIUM mg/L NA <0.05 NA NA NA NA NA NA NA NA NA
Selenium, Dissolved mg/L NA NA NA 0.0344 <0.011 NA NA NA NA NA NA
SILVER mg/L NA <0.05 NA NA NA NA NA NA NA NA NA
Silver, Dissolved mg/L NA NA NA <0.0055 <0.0011 NA NA NA NA NA NA
SODIUM mg/L NA 350 NA NA NA NA NA NA NA NA NA
Sodium, Dissolved mg/L 360 NA NA 272 303 NA NA NA NA NA NA
STRONTIUM mg/L NA 10 NA NA NA NA NA NA NA NA NA
Strontium, Dissolved mg/L 8.7 NA NA 7.96 7.47 NA NA NA NA NA NA
TIN mg/L NA <1 NA NA NA NA NA NA NA NA NA
Tin, Dissolved mg/L NA NA NA <0.011 <0.011 NA NA NA NA NA NA
Total Cyanide mg/L NA NA NA <0.01 <0.01 NA NA NA NA NA NA
VANADIUM (FUME OR DUST) mg/L NA <5 NA NA NA NA NA NA NA NA NA
Vanadium, Dissolved mg/L NA NA NA 0.0119 <0.011 NA NA NA NA NA NA
ZINC mg/L NA <10 NA NA NA NA NA NA NA NA NA
Zinc, Dissolved mg/L NA NA NA <0.11 <0.11 NA NA NA NA NA NA
Notes on Page 19.
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ARCADIS
Table 1. Analytical Results of Monitoring Wells Near the FFTA
Stallion Range Center Former Firefighter Training Area, SWMU 162
White Sands Missile Range, New Mexico

Location SRM-01 SRM-01 SRM-01 SRM-01 SRM-01 SRM-01 SRM-01 SRM-01 SRM-01 SRM-01 SRM-01

Sample ID
SRC-SRM01-

0500
SRC-SRM01-

0700
SRC-SRM01-

1100
SRC-SRM01-

0501
SRC-SRM01-

1101
SRC-SRM01-

0802
STRC-LAGN-

SRM-001-0803
STRC-LAGN-

SRM-001-0804
STRC-LAGN-

SRM-001-0805
STRC-LAGN-

SRM-001-0706
STRC-LAGN-

SRM-001-0807
Date Collected 5/23/2000 7/26/2000 11/10/2000 5/23/2001 11/27/2001 8/13/2002 8/13/2003 8/18/2004 8/30/2005 7/26/2006 8/7/2007

Sample 
Replicate of

Analyte Units
Other Inorganics
ALKALINITY mg/L NA NA NA 28 18 NA NA NA NA NA NA
Alkalinity, Bicarbonate mg/L 29 26 NA 24 18 NA NA NA NA NA NA
Alkalinity, Carbonate mg/L NA <5 NA 4 <1 NA NA NA NA NA NA
Ammonia mg/L NA <2 NA <2 <2 NA NA NA NA NA NA
Biological Oxygen Demand mg/L NA <10 NA <1 <1 NA NA NA NA NA NA
Bromide mg/L NA <2 NA <1 <1 NA NA NA NA NA NA
Chemical Oxygen Demand mg/L NA <50 NA <20 <20 NA NA NA NA NA NA
Chloride (CL) mg/L 44 44 NA 38.9 32 2320 34.4 51.6 47.8 43.5 NA
CONDUCTIVITY mS/cm 2.67 2.36 3.32 3.44 2.35 3.33 2.42 3.51 NA NA 4.13
CONDUCTIVITY umhos/cm 3900 4000 NA 3450 2930 NA NA NA NA NA NA
FLUORIDE mg/L 0.4 <0.2 NA 1.18 1.09 1.04 <0.2 2.01 1 1.35 NA
Hydroxide Alkalinity mg/L NA NA NA NA <1 NA NA NA NA NA NA
Nitrate mg/L 1.6 1.6 NA 2.29 2.31 NA NA NA NA NA NA
Nitrite mg/L NA <0.1 NA <0.01 <0.01 NA NA NA NA NA NA
pH pH units 8.8 8.37 8.26 8.6 8.6 7.64 8.1 8.31 8.34 7.52 0.859
Phosphorus mg/L NA <0.2 NA 0.31 <0.05 NA NA NA NA NA NA
Silica, Dissolved mg/L NA NA NA 7.58 5.62 NA NA NA NA NA NA
SILICON mg/L NA 5.4 NA NA NA NA NA NA NA NA NA
Silicon, Dissolved mg/L 4.5 NA NA NA NA NA NA NA NA NA NA
Sulfate mg/L 2100 2500 NA 2040 1700 41.3 2120 2910 2350 2180 NA
Temperature deg c 30.11 24.78 21.94 22.17 15.11 23.61 28.83 30.44 NA NA 29.33
TKN mg/L NA <5 NA <12.5 <4 NA NA NA NA NA NA
Total Dissolved Solids mg/L 3700 3800 NA 3160 2720 3690 3044 3730 3480 3350 NA
TPHs
DRO mg/L NA NA NA <50 <5 <50 <50 <50 5 <5 NA
DRO ug/L NA <5 NA NA NA NA NA NA NA NA NA
GRO mg/L NA NA NA <0.1 <0.1 <0.1 <0.1 <0.1 0.5 <0.1 NA
GRO ug/L NA <1 NA NA NA NA NA NA NA NA NA
TFT mg/L NA NA NA NA NA 0.104 NA NA NA NA NA
VOCs
1,1,1-Trichloroethane ug/L NA <1 NA <1 <1 NA NA NA NA NA NA(
113) ug/L NA <10 NA <1 <1 NA NA NA NA NA NA
CHLOROMETHANE ug/L NA <10 NA NA NA NA NA NA NA NA NA
DICHLOROMETHANE ug/L 17 NA NA <5 <5 NA NA NA NA NA NA
TETRACHLOROETHENE ug/L NA <1 NA <1 <1 NA NA NA NA NA NA
TRICHLOROETHYLENE ug/L NA <1 NA <1 <1 NA NA NA NA NA NA
Notes on Page 19.
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ARCADIS
Table 1. Analytical Results of Monitoring Wells Near the FFTA
Stallion Range Center Former Firefighter Training Area, SWMU 162
White Sands Missile Range, New Mexico

Location

Sample ID
Date Collected

Sample 
Replicate of

Analyte Units
Metals
ALUMINUM mg/L
Aluminum, Dissolved mg/L
ARSENIC mg/L
Arsenic, Dissolved mg/L
BARIUM mg/L
Barium, Dissolved mg/L
BERYLLIUM mg/L
Beryllium, Dissolved mg/L
BORON mg/L
Boron, Dissolved mg/L
CADMIUM mg/L
Cadmium, Dissolved mg/L
CALCIUM METAL mg/L
Calcium, Dissolved mg/L
Chromium mg/L
Chromium, Dissolved mg/L
COBALT mg/L
Cobalt, Dissolved mg/L
COPPER mg/L
Copper, Dissolved mg/L
Dissolved Mercury mg/L
Dissolved Uranium mg/L
Hexavalent Chromium mg/L
Iron mg/L
Iron, Dissolved mg/L
LEAD mg/L
Lead, Dissolved mg/L
LITHIUM mg/L
Lithium, Dissolved mg/L
Notes on Page 19.

SRM-02 SRM-02 SRM-02 SRM-02 SRM-02 SRM-02 SRM-02 SRM-02 SRM-02 SRM-02 SRM-02

SRC-SRM02-
0500

SRC-SRM02-
0700

SRC-SRM02-
0501

SRC-SRM02-
1101

SRC-SCM02-
0802

SRC-SRM02-
0802

STRC-LAGN-
SRM-002-0803

STRC-LAGN-
SRM-002-0804

STRC-LAGN-
SRM-002-0805

STRC-LAGN-
SRM-002-0706

STRC-LAGN-
SRM-002-0807

5/24/2000 7/25/2000 5/23/2001 11/27/2001 8/12/2002 8/12/2002 8/12/2003 8/18/2004 8/31/2005 7/26/2006 8/9/2007

NA <5 NA NA NA NA NA NA NA NA NA
NA NA <0.55 <0.55 NA NA NA NA NA NA NA
NA <0.1 NA NA NA NA NA NA NA NA NA
NA NA <0.011 <0.011 NA NA NA NA NA NA NA
NA <1 NA NA NA NA NA NA NA NA NA
NA NA <0.055 0.0218 NA NA NA NA NA NA NA
NA <0.02 NA NA NA NA NA NA NA NA NA
NA NA <0.011 <0.011 NA NA NA NA NA NA NA
NA <0.75 NA NA NA NA NA NA NA NA NA
NA NA 0.641 0.327 NA NA 0.556 0.596 0.58 0.349 NA
NA <0.01 NA NA NA NA NA NA NA NA NA
NA NA <0.0055 <0.0055 NA NA NA NA NA NA NA
NA 260 NA NA NA NA NA NA NA NA NA
620 NA 439 279 NA NA NA NA NA NA NA
NA <0.05 NA NA NA NA NA NA NA NA NA
NA NA <0.055 <0.055 NA NA NA NA NA NA NA
NA <0.05 NA NA NA NA NA NA NA NA NA
NA NA <0.011 <0.011 NA NA NA NA NA NA NA
NA <1 NA NA NA NA NA NA NA NA NA
NA NA <0.055 <0.011 NA NA <0.0125 <0.0125 <0.0125 <0.0125 NA
NA NA <0.0002 <0.0002 NA NA NA NA NA NA NA
7.5 NA 0.0659 <0.055 NA NA NA NA NA NA NA
NA <0.05 <0.01 <0.01 NA NA NA NA NA NA NA
NA <1 NA NA NA NA NA NA NA NA NA
NA NA <0.022 <0.022 NA NA NA NA NA NA NA
NA <0.05 NA NA NA NA NA NA NA NA NA
NA NA <0.011 <0.011 NA NA NA NA NA NA NA
NA <0.5 NA NA NA NA NA NA NA NA NA
NA NA <1.1 0.145 NA NA NA NA NA NA NA
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ARCADIS
Table 1. Analytical Results of Monitoring Wells Near the FFTA
Stallion Range Center Former Firefighter Training Area, SWMU 162
White Sands Missile Range, New Mexico

Location

Sample ID
Date Collected

Sample 
Replicate of

Analyte Units
Metals (continued)
MAGNESIUM mg/L
Magnesium, Dissolved mg/L
MANGANESE mg/L
Manganese, Dissolved mg/L
MERCURY mg/L
MOLYBDENUM mg/L
Molybdenum, Dissolved mg/L
NICKEL mg/L
Nickel, Dissolved mg/L
POTASSIUM mg/L
Potassium, Dissolved mg/L
SELENIUM mg/L
Selenium, Dissolved mg/L
SILVER mg/L
Silver, Dissolved mg/L
SODIUM mg/L
Sodium, Dissolved mg/L
STRONTIUM mg/L
Strontium, Dissolved mg/L
TIN mg/L
Tin, Dissolved mg/L
Total Cyanide mg/L
VANADIUM (FUME OR DUST) mg/L
Vanadium, Dissolved mg/L
ZINC mg/L
Zinc, Dissolved mg/L
Notes on Page 19.

SRM-02 SRM-02 SRM-02 SRM-02 SRM-02 SRM-02 SRM-02 SRM-02 SRM-02 SRM-02 SRM-02

SRC-SRM02-
0500

SRC-SRM02-
0700

SRC-SRM02-
0501

SRC-SRM02-
1101

SRC-SCM02-
0802

SRC-SRM02-
0802

STRC-LAGN-
SRM-002-0803

STRC-LAGN-
SRM-002-0804

STRC-LAGN-
SRM-002-0805

STRC-LAGN-
SRM-002-0706

STRC-LAGN-
SRM-002-0807

5/24/2000 7/25/2000 5/23/2001 11/27/2001 8/12/2002 8/12/2002 8/12/2003 8/18/2004 8/31/2005 7/26/2006 8/9/2007

NA 140 NA NA NA NA NA NA NA NA NA
130 NA 115 56.5 NA NA NA NA NA NA NA
NA <0.2 NA NA NA NA NA NA NA NA NA
NA NA 0.0288 0.00498 NA NA 0.032 <0.025 0.027 0.01 NA
NA <0.001 NA NA NA NA NA NA NA NA NA
NA <1 NA NA NA NA NA NA NA NA NA
NA NA 0.0364 <0.055 NA NA 0.008 <0.05 <0.05 <0.05 NA
NA <0.05 NA NA NA NA NA NA NA NA NA
NA NA <0.011 <0.011 NA NA NA NA NA NA NA
NA 9.4 NA NA NA NA NA NA NA NA NA
16 NA 14.8 17 NA NA NA NA NA NA NA
NA <0.05 NA NA NA NA NA NA NA NA NA
NA NA 0.0313 <0.011 NA NA NA NA NA NA NA
NA <0.05 NA NA NA NA NA NA NA NA NA
NA NA <0.0055 <0.0011 NA NA NA NA NA NA NA
NA 360 NA NA NA NA NA NA NA NA NA
350 NA 342 217 NA NA NA NA NA NA NA
NA 9.2 NA NA NA NA NA NA NA NA NA
8.2 NA 8.82 6.42 NA NA NA NA NA NA NA
NA <1 NA NA NA NA NA NA NA NA NA
NA NA <1.1 <0.011 NA NA NA NA NA NA NA
NA NA <0.01 <0.01 NA NA NA NA NA NA NA
NA <5 NA NA NA NA NA NA NA NA NA
NA NA <1.1 <0.011 NA NA NA NA NA NA NA
NA <10 NA NA NA NA NA NA NA NA NA
NA NA <11 <0.11 NA NA NA NA NA NA NA
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ARCADIS
Table 1. Analytical Results of Monitoring Wells Near the FFTA
Stallion Range Center Former Firefighter Training Area, SWMU 162
White Sands Missile Range, New Mexico

Location

Sample ID
Date Collected

Sample 
Replicate of

Analyte Units
Other Inorganics
ALKALINITY mg/L
Alkalinity, Bicarbonate mg/L
Alkalinity, Carbonate mg/L
Ammonia mg/L
Biological Oxygen Demand mg/L
Bromide mg/L
Chemical Oxygen Demand mg/L
Chloride (CL) mg/L
CONDUCTIVITY mS/cm
CONDUCTIVITY umhos/cm
FLUORIDE mg/L
Hydroxide Alkalinity mg/L
Nitrate mg/L
Nitrite mg/L
pH pH units
Phosphorus mg/L
Silica, Dissolved mg/L
SILICON mg/L
Silicon, Dissolved mg/L
Sulfate mg/L
Temperature deg c
TKN mg/L
Total Dissolved Solids mg/L
TPHs
DRO mg/L
DRO ug/L
GRO mg/L
GRO ug/L
TFT mg/L
VOCs
1,1,1-Trichloroethane ug/L(
113) ug/L
CHLOROMETHANE ug/L
DICHLOROMETHANE ug/L
TETRACHLOROETHENE ug/L
TRICHLOROETHYLENE ug/L
Notes on Page 19.

SRM-02 SRM-02 SRM-02 SRM-02 SRM-02 SRM-02 SRM-02 SRM-02 SRM-02 SRM-02 SRM-02

SRC-SRM02-
0500

SRC-SRM02-
0700

SRC-SRM02-
0501

SRC-SRM02-
1101

SRC-SCM02-
0802

SRC-SRM02-
0802

STRC-LAGN-
SRM-002-0803

STRC-LAGN-
SRM-002-0804

STRC-LAGN-
SRM-002-0805

STRC-LAGN-
SRM-002-0706

STRC-LAGN-
SRM-002-0807

5/24/2000 7/25/2000 5/23/2001 11/27/2001 8/12/2002 8/12/2002 8/12/2003 8/18/2004 8/31/2005 7/26/2006 8/9/2007

NA NA 28 18 NA NA NA NA NA NA NA
24 31 28 14 NA NA NA NA NA NA NA
NA <5 <1 4 NA NA NA NA NA NA NA
NA <2 <2 <2 NA NA NA NA NA NA NA
NA <10 <1 <1 NA NA NA NA NA NA NA
NA <2 <1 <1 NA NA NA NA NA NA NA
NA <50 <20 <20 NA NA NA NA NA NA NA
44 43 42.9 27 2160 NA 44.2 50.1 44 41.1 NA

2.54 2.22 0.5 2.27 NA 2.94 NA 3.1 NA NA 3.56
4000 3900 3910 2260 NA NA NA NA NA NA NA
0.3 0.37 1.14 <1 1 NA 1.49 <0.2 1 1.34 NA
NA NA NA <1 NA NA NA NA NA NA NA
1.4 1.3 2.01 2.13 NA NA NA NA NA NA NA
NA <0.1 0.0144 0.0243 NA NA NA NA NA NA NA
8.5 8.4 8.14 8.9 7.4 6.85 8.2 8.02 8 8.84 8.33
NA <0.2 0.27 <0.05 NA NA NA NA NA NA NA
NA NA 5.74 3.38 NA NA NA NA NA NA NA
NA 7.2 NA NA NA NA NA NA NA NA NA
5.6 NA NA NA NA NA NA NA NA NA NA

2500 2500 2250 1190 39.2 NA 2470 2560 2500 2140 NA
28.72 25.61 28.39 12.72 NA 25.44 NA 18.39 NA NA 22.83
NA <5 <12.5 <4 NA NA NA NA NA NA NA

3500 3600 3440 1870 3580 NA 3395 3650 3430 2990 NA

NA NA <50 <5 10.4 NA <50 <50 5 <5 NA
NA <5 NA NA NA NA NA NA NA NA NA
NA NA <0.1 <0.1 <0.1 NA <0.1 <0.1 0.5 <0.1 NA
NA <1 NA NA NA NA NA NA NA NA NA
NA NA NA NA 0.0957 NA NA NA NA NA NA

NA <1 <1 <1 NA NA NA NA NA NA NA
NA <10 <1 <1 NA NA NA NA NA NA NA
NA <10 NA NA NA NA NA NA NA NA NA
NA NA <5 <5 NA NA NA NA NA NA NA
NA <1 <1 <1 NA NA NA NA NA NA NA
NA <1 <1 <1 NA NA NA NA NA NA NA
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ARCADIS
Table 1. Analytical Results of Monitoring Wells Near the FFTA
Stallion Range Center Former Firefighter Training Area, SWMU 162
White Sands Missile Range, New Mexico

Location

Sample ID
Date Collected

Sample 
Replicate of

Analyte Units
Metals
ALUMINUM mg/L
Aluminum, Dissolved mg/L
ARSENIC mg/L
Arsenic, Dissolved mg/L
BARIUM mg/L
Barium, Dissolved mg/L
BERYLLIUM mg/L
Beryllium, Dissolved mg/L
BORON mg/L
Boron, Dissolved mg/L
CADMIUM mg/L
Cadmium, Dissolved mg/L
CALCIUM METAL mg/L
Calcium, Dissolved mg/L
Chromium mg/L
Chromium, Dissolved mg/L
COBALT mg/L
Cobalt, Dissolved mg/L
COPPER mg/L
Copper, Dissolved mg/L
Dissolved Mercury mg/L
Dissolved Uranium mg/L
Hexavalent Chromium mg/L
Iron mg/L
Iron, Dissolved mg/L
LEAD mg/L
Lead, Dissolved mg/L
LITHIUM mg/L
Lithium, Dissolved mg/L
Notes on Page 19.

SRM-02 SRM-03 SRM-03 SRM-03 SRM-03 SRM-03 SRM-03 SRM-03 SRM-03 SRM-03 SRM-03

STRC-LAGN-
SRM-002-0708

SRC-SRM03-
0500

SRC-SRM03-
0700

SRC-SRM03-
1100

SRC-SRM03-
0501

SRC-SRM03-
1101

SRC-SRM03-
0802

STRC-LAGN-
SRM-003-0803

STRC-LAGN-
SRM-103-0803

STRC-LAGN-
SRM-003-0804

STRC-LAGN-
SRM-103-0804

7/28/2008 5/23/2000 7/26/2000 11/8/2000 5/23/2001 11/27/2001 8/13/2002 8/13/2003 8/13/2003 8/18/2004 8/18/2004

STRC-LAGN-
SRM-003-0803

STRC-LAGN-
SRM-003-0804

NA NA <5 NA NA NA NA NA NA NA NA
NA NA NA NA <0.55 <0.55 NA NA NA NA NA
NA NA <0.1 NA NA NA NA NA NA NA NA
NA NA NA NA <0.011 <0.011 NA NA NA NA NA
NA NA <1 NA NA NA NA NA NA NA NA
NA NA NA NA <0.055 <0.011 NA NA NA NA NA
NA NA <0.02 NA NA NA NA NA NA NA NA
NA NA NA NA <0.011 <0.011 NA NA NA NA NA
NA NA <0.75 NA NA NA NA NA NA NA NA
NA NA NA NA 0.679 0.668 0.66 0.648 0.633 0.644 0.644
NA NA <0.01 NA NA NA NA NA NA NA NA
NA NA NA NA <0.0055 <0.0055 NA NA NA NA NA
NA NA 300 NA NA NA NA NA NA NA NA
NA 570 NA NA 414 519 NA NA NA NA NA
NA NA <0.05 NA NA NA NA NA NA NA NA
NA NA NA NA <0.055 <0.055 NA NA NA NA NA
NA NA <0.05 NA NA NA NA NA NA NA NA
NA NA NA NA <0.011 <0.011 NA NA NA NA NA
NA NA <1 NA NA NA NA NA NA NA NA
NA NA NA NA <0.055 <0.011 <0.0125 <0.0125 <0.0125 <0.0125 <0.0125
NA NA NA NA <0.0002 <0.0002 NA NA NA NA NA
NA 6.8 NA NA <0.055 <0.055 NA NA NA NA NA
NA NA <0.05 NA <0.01 <0.01 NA NA NA NA NA
NA NA <1 NA NA NA NA NA NA NA NA
NA NA NA NA <0.022 <0.022 NA NA NA NA NA
NA NA <0.05 NA NA NA NA NA NA NA NA
NA NA NA NA <0.011 <0.011 NA NA NA NA NA
NA NA <0.5 NA NA NA NA NA NA NA NA
NA NA NA NA 0.156 0.103 NA NA NA NA NA
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ARCADIS
Table 1. Analytical Results of Monitoring Wells Near the FFTA
Stallion Range Center Former Firefighter Training Area, SWMU 162
White Sands Missile Range, New Mexico

Location

Sample ID
Date Collected

Sample 
Replicate of

Analyte Units
Metals (continued)
MAGNESIUM mg/L
Magnesium, Dissolved mg/L
MANGANESE mg/L
Manganese, Dissolved mg/L
MERCURY mg/L
MOLYBDENUM mg/L
Molybdenum, Dissolved mg/L
NICKEL mg/L
Nickel, Dissolved mg/L
POTASSIUM mg/L
Potassium, Dissolved mg/L
SELENIUM mg/L
Selenium, Dissolved mg/L
SILVER mg/L
Silver, Dissolved mg/L
SODIUM mg/L
Sodium, Dissolved mg/L
STRONTIUM mg/L
Strontium, Dissolved mg/L
TIN mg/L
Tin, Dissolved mg/L
Total Cyanide mg/L
VANADIUM (FUME OR DUST) mg/L
Vanadium, Dissolved mg/L
ZINC mg/L
Zinc, Dissolved mg/L
Notes on Page 19.

SRM-02 SRM-03 SRM-03 SRM-03 SRM-03 SRM-03 SRM-03 SRM-03 SRM-03 SRM-03 SRM-03

STRC-LAGN-
SRM-002-0708

SRC-SRM03-
0500

SRC-SRM03-
0700

SRC-SRM03-
1100

SRC-SRM03-
0501

SRC-SRM03-
1101

SRC-SRM03-
0802

STRC-LAGN-
SRM-003-0803

STRC-LAGN-
SRM-103-0803

STRC-LAGN-
SRM-003-0804

STRC-LAGN-
SRM-103-0804

7/28/2008 5/23/2000 7/26/2000 11/8/2000 5/23/2001 11/27/2001 8/13/2002 8/13/2003 8/13/2003 8/18/2004 8/18/2004

STRC-LAGN-
SRM-003-0803

STRC-LAGN-
SRM-003-0804

NA NA 150 NA NA NA NA NA NA NA NA
NA 150 NA NA 119 163 NA NA NA NA NA
NA NA <0.2 NA NA NA NA NA NA NA NA
NA NA NA NA <0.011 0.00456 <0.025 0.019 0.019 <0.025 <0.025
NA NA <0.001 NA NA NA NA NA NA NA NA
NA NA <1 NA NA NA NA NA NA NA NA
NA NA NA NA 0.0314 <0.055 <0.05 0.004 <0.05 <0.05 <0.05
NA NA <0.05 NA NA NA NA NA NA NA NA
NA NA NA NA <0.011 <0.011 NA NA NA NA NA
NA NA 9.8 NA NA NA NA NA NA NA NA
NA 14 NA NA 15.2 15.1 NA NA NA NA NA
NA NA <0.05 NA NA NA NA NA NA NA NA
NA NA NA NA <0.022 <0.011 NA NA NA NA NA
NA NA <0.05 NA NA NA NA NA NA NA NA
NA NA NA NA <0.0055 <0.0011 NA NA NA NA NA
NA NA 360 NA NA NA NA NA NA NA NA
NA 360 NA NA 317 372 NA NA NA NA NA
NA NA 9.6 NA NA NA NA NA NA NA NA
NA 8.5 NA NA 9.42 10.6 NA NA NA NA NA
NA NA <1 NA NA NA NA NA NA NA NA
NA NA NA NA <0.011 <0.011 NA NA NA NA NA
NA NA NA NA <0.01 <0.01 NA NA NA NA NA
NA NA <5 NA NA NA NA NA NA NA NA
NA NA NA NA <0.011 <0.011 NA NA NA NA NA
NA NA <10 NA NA NA NA NA NA NA NA
NA NA NA NA <0.11 <0.11 NA NA NA NA NA
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ARCADIS
Table 1. Analytical Results of Monitoring Wells Near the FFTA
Stallion Range Center Former Firefighter Training Area, SWMU 162
White Sands Missile Range, New Mexico

Location

Sample ID
Date Collected

Sample 
Replicate of

Analyte Units
Other Inorganics
ALKALINITY mg/L
Alkalinity, Bicarbonate mg/L
Alkalinity, Carbonate mg/L
Ammonia mg/L
Biological Oxygen Demand mg/L
Bromide mg/L
Chemical Oxygen Demand mg/L
Chloride (CL) mg/L
CONDUCTIVITY mS/cm
CONDUCTIVITY umhos/cm
FLUORIDE mg/L
Hydroxide Alkalinity mg/L
Nitrate mg/L
Nitrite mg/L
pH pH units
Phosphorus mg/L
Silica, Dissolved mg/L
SILICON mg/L
Silicon, Dissolved mg/L
Sulfate mg/L
Temperature deg c
TKN mg/L
Total Dissolved Solids mg/L
TPHs
DRO mg/L
DRO ug/L
GRO mg/L
GRO ug/L
TFT mg/L
VOCs
1,1,1-Trichloroethane ug/L(
113) ug/L
CHLOROMETHANE ug/L
DICHLOROMETHANE ug/L
TETRACHLOROETHENE ug/L
TRICHLOROETHYLENE ug/L
Notes on Page 19.

SRM-02 SRM-03 SRM-03 SRM-03 SRM-03 SRM-03 SRM-03 SRM-03 SRM-03 SRM-03 SRM-03

STRC-LAGN-
SRM-002-0708

SRC-SRM03-
0500

SRC-SRM03-
0700

SRC-SRM03-
1100

SRC-SRM03-
0501

SRC-SRM03-
1101

SRC-SRM03-
0802

STRC-LAGN-
SRM-003-0803

STRC-LAGN-
SRM-103-0803

STRC-LAGN-
SRM-003-0804

STRC-LAGN-
SRM-103-0804

7/28/2008 5/23/2000 7/26/2000 11/8/2000 5/23/2001 11/27/2001 8/13/2002 8/13/2003 8/13/2003 8/18/2004 8/18/2004

STRC-LAGN-
SRM-003-0803

STRC-LAGN-
SRM-003-0804

NA NA NA NA 24 28 NA NA NA NA NA
NA 24 31 NA 24 28 NA NA NA NA NA
NA NA <5 NA <1 <1 NA NA NA NA NA
NA NA <2 NA <2 <2 NA NA NA NA NA
NA NA <10 NA <1 <1 NA NA NA NA NA
NA NA <2 NA 1.01 <1 NA NA NA NA NA
NA NA <50 NA <20 <20 NA NA NA NA NA
NA 45 44 NA 43.2 48.3 40.6 48.3 45.9 49.9 50.8

4.019 2.52 2.2 3.08 1.93 3.41 3.66 3.07 NA 3.4 3.4
NA 3900 3900 NA 3980 3860 NA NA NA NA NA
NA 0.5 <0.2 NA 1.29 1.23 1.04 1.59 1.62 2.06 2.01
NA NA NA NA NA <1 NA NA NA NA NA
NA 1.6 <0.1 NA 2.17 2.29 NA NA NA NA NA
NA NA <0.1 NA <0.01 <0.01 NA NA NA NA NA

8.34 8.4 8.41 8.2 7.3 8.6 7.6 8.38 8.1 7.74 7.51
NA NA <0.2 NA 0.25 <0.05 NA NA NA NA NA
NA NA NA NA <5.5 5.53 NA NA NA NA NA
NA NA 5.7 NA NA NA NA NA NA NA NA
NA 5.7 NA NA NA NA NA NA NA NA NA
NA 2500 2600 NA 2330 2380 2430 2510 2580 2470 2590

26.91 27.28 24.33 15.22 24.67 13.17 21.61 19.67 NA 23.94 23.94
NA NA <5 NA <12.5 <4 NA NA NA NA NA
NA 3700 3800 NA 3450 3650 1500 3630 3695 3540 3570

NA NA NA NA <50 <5 <50 <50 0.36 <50 <50
NA NA <5 NA NA NA NA NA NA NA NA
NA NA NA NA <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
NA NA <1 NA NA NA NA NA NA NA NA
NA NA NA NA NA NA 0.107 NA NA NA NA

NA NA <1 NA <1 <1 NA NA NA NA NA
NA NA <10 NA <1 <1 NA NA NA NA NA
NA NA <10 NA NA NA NA NA NA NA NA
NA 15 NA NA <5 33 NA NA NA NA NA
NA NA <1 NA <1 <1 NA NA NA NA NA
NA NA <1 NA <1 <1 NA NA NA NA NA
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ARCADIS
Table 1. Analytical Results of Monitoring Wells Near the FFTA
Stallion Range Center Former Firefighter Training Area, SWMU 162
White Sands Missile Range, New Mexico

Location

Sample ID
Date Collected

Sample 
Replicate of

Analyte Units
Metals
ALUMINUM mg/L
Aluminum, Dissolved mg/L
ARSENIC mg/L
Arsenic, Dissolved mg/L
BARIUM mg/L
Barium, Dissolved mg/L
BERYLLIUM mg/L
Beryllium, Dissolved mg/L
BORON mg/L
Boron, Dissolved mg/L
CADMIUM mg/L
Cadmium, Dissolved mg/L
CALCIUM METAL mg/L
Calcium, Dissolved mg/L
Chromium mg/L
Chromium, Dissolved mg/L
COBALT mg/L
Cobalt, Dissolved mg/L
COPPER mg/L
Copper, Dissolved mg/L
Dissolved Mercury mg/L
Dissolved Uranium mg/L
Hexavalent Chromium mg/L
Iron mg/L
Iron, Dissolved mg/L
LEAD mg/L
Lead, Dissolved mg/L
LITHIUM mg/L
Lithium, Dissolved mg/L
Notes on Page 19.

SRM-03 SRM-03 SRM-03 SRM-03 SRM-03 SRM-03 SRM-03 SRM-03 SRM-04 SRM-04 SRM-04

STRC-LAGN-
SRM-003-0805

STRC-LAGN-
SRM-103-0805

STRC-LAGN-
SRM-003-0706

STRC-LAGN-
SRM-103-0706

STRC-LAGN-
SRM-003-0807

STRC-LAGN-
SRM-103-0807

STRC-LAGN-
SRM-003-0708

STRC-LAGN-
SRM-103-0708

SRC-SRM04-
1100

SRC-SRM04-
0501

SRC-SRM04-
1101

8/31/2005 8/31/2005 7/26/2006 7/26/2006 8/7/2007 8/8/2007 7/29/2008 7/29/2008 11/8/2000 5/24/2001 11/26/2001

STRC-LAGN-
SRM-003-0805

STRC-LAGN-
SRM-003-0706

STRC-LAGN-
SRM-003-0807

STRC-LAGN-
SRM-003-0708

NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA <0.55 <0.55
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA <0.011 <0.011
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA <0.055 0.0143
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA <0.011 <0.011
NA NA NA NA NA NA NA NA NA NA NA

0.623 0.617 0.502 0.497 NA NA NA NA NA 0.489 0.446
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA <0.0055 <0.0055
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA 375 464
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA <0.055 <0.055
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA <0.011 <0.011
NA NA NA NA NA NA NA NA NA NA NA

<0.0125 <0.0125 0.031 <0.0125 NA NA NA NA NA <0.055 <0.011
NA NA NA NA NA NA NA NA NA <0.0002 <0.0002
NA NA NA NA NA NA NA NA NA <0.055 <0.055
NA NA NA NA NA NA NA NA NA <0.01 <0.01
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA <0.022 0.396
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA <0.011 <0.011
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA 0.161 0.173
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ARCADIS
Table 1. Analytical Results of Monitoring Wells Near the FFTA
Stallion Range Center Former Firefighter Training Area, SWMU 162
White Sands Missile Range, New Mexico

Location

Sample ID
Date Collected

Sample 
Replicate of

Analyte Units
Metals (continued)
MAGNESIUM mg/L
Magnesium, Dissolved mg/L
MANGANESE mg/L
Manganese, Dissolved mg/L
MERCURY mg/L
MOLYBDENUM mg/L
Molybdenum, Dissolved mg/L
NICKEL mg/L
Nickel, Dissolved mg/L
POTASSIUM mg/L
Potassium, Dissolved mg/L
SELENIUM mg/L
Selenium, Dissolved mg/L
SILVER mg/L
Silver, Dissolved mg/L
SODIUM mg/L
Sodium, Dissolved mg/L
STRONTIUM mg/L
Strontium, Dissolved mg/L
TIN mg/L
Tin, Dissolved mg/L
Total Cyanide mg/L
VANADIUM (FUME OR DUST) mg/L
Vanadium, Dissolved mg/L
ZINC mg/L
Zinc, Dissolved mg/L
Notes on Page 19.

SRM-03 SRM-03 SRM-03 SRM-03 SRM-03 SRM-03 SRM-03 SRM-03 SRM-04 SRM-04 SRM-04

STRC-LAGN-
SRM-003-0805

STRC-LAGN-
SRM-103-0805

STRC-LAGN-
SRM-003-0706

STRC-LAGN-
SRM-103-0706

STRC-LAGN-
SRM-003-0807

STRC-LAGN-
SRM-103-0807

STRC-LAGN-
SRM-003-0708

STRC-LAGN-
SRM-103-0708

SRC-SRM04-
1100

SRC-SRM04-
0501

SRC-SRM04-
1101

8/31/2005 8/31/2005 7/26/2006 7/26/2006 8/7/2007 8/8/2007 7/29/2008 7/29/2008 11/8/2000 5/24/2001 11/26/2001

STRC-LAGN-
SRM-003-0805

STRC-LAGN-
SRM-003-0706

STRC-LAGN-
SRM-003-0807

STRC-LAGN-
SRM-003-0708

NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA 102 102
NA NA NA NA NA NA NA NA NA NA NA

0.044 0.045 0.005 0.013 NA NA NA NA NA 0.0213 0.026
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA

<0.05 <0.05 <0.05 <0.05 NA NA NA NA NA 0.0309 <0.055
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA 0.0129 <0.011
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA 13.7 18.6
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA 0.0278 <0.011
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA <0.0055 <0.0011
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA 233 319
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA 9.2 9.34
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA <0.011 <0.011
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA 0.012 <0.011
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA <0.11 <0.11
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ARCADIS
Table 1. Analytical Results of Monitoring Wells Near the FFTA
Stallion Range Center Former Firefighter Training Area, SWMU 162
White Sands Missile Range, New Mexico

Location

Sample ID
Date Collected

Sample 
Replicate of

Analyte Units
Other Inorganics
ALKALINITY mg/L
Alkalinity, Bicarbonate mg/L
Alkalinity, Carbonate mg/L
Ammonia mg/L
Biological Oxygen Demand mg/L
Bromide mg/L
Chemical Oxygen Demand mg/L
Chloride (CL) mg/L
CONDUCTIVITY mS/cm
CONDUCTIVITY umhos/cm
FLUORIDE mg/L
Hydroxide Alkalinity mg/L
Nitrate mg/L
Nitrite mg/L
pH pH units
Phosphorus mg/L
Silica, Dissolved mg/L
SILICON mg/L
Silicon, Dissolved mg/L
Sulfate mg/L
Temperature deg c
TKN mg/L
Total Dissolved Solids mg/L
TPHs
DRO mg/L
DRO ug/L
GRO mg/L
GRO ug/L
TFT mg/L
VOCs
1,1,1-Trichloroethane ug/L(
113) ug/L
CHLOROMETHANE ug/L
DICHLOROMETHANE ug/L
TETRACHLOROETHENE ug/L
TRICHLOROETHYLENE ug/L
Notes on Page 19.

SRM-03 SRM-03 SRM-03 SRM-03 SRM-03 SRM-03 SRM-03 SRM-03 SRM-04 SRM-04 SRM-04

STRC-LAGN-
SRM-003-0805

STRC-LAGN-
SRM-103-0805

STRC-LAGN-
SRM-003-0706

STRC-LAGN-
SRM-103-0706

STRC-LAGN-
SRM-003-0807

STRC-LAGN-
SRM-103-0807

STRC-LAGN-
SRM-003-0708

STRC-LAGN-
SRM-103-0708

SRC-SRM04-
1100

SRC-SRM04-
0501

SRC-SRM04-
1101

8/31/2005 8/31/2005 7/26/2006 7/26/2006 8/7/2007 8/8/2007 7/29/2008 7/29/2008 11/8/2000 5/24/2001 11/26/2001

STRC-LAGN-
SRM-003-0805

STRC-LAGN-
SRM-003-0706

STRC-LAGN-
SRM-003-0807

STRC-LAGN-
SRM-003-0708

NA NA NA NA NA NA NA NA NA 24 26
NA NA NA NA NA NA NA NA NA 12 10
NA NA NA NA NA NA NA NA NA 12 16
NA NA NA NA NA NA NA NA NA <2 <2
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA <1 <1
NA NA NA NA NA NA NA NA NA NA NA

44.3 44.4 46.3 42.6 NA NA NA NA NA 37.7 34.7
NA NA NA NA 0.441 0.441 4.029 4.029 2.87 3.54 3.2
NA NA NA NA NA NA NA NA NA 3700 3370
1 1 1.43 1.37 NA NA NA NA NA 1.08 <1

NA NA NA NA NA NA NA NA NA NA <1
NA NA NA NA NA NA NA NA NA 2.46 2.46
NA NA NA NA NA NA NA NA NA 0.0177 0.0207

8.13 8.13 9.17 8.81 8.22 8.22 8.17 8.17 8.76 9.7 9.1
NA NA NA NA NA NA NA NA NA 0.24 <0.05
NA NA NA NA NA NA NA NA NA <5.5 2.38
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA

2490 2390 2630 2190 NA NA NA NA NA 2140 1970
NA NA NA NA 72.3 22.39 24.28 24.28 13.17 23 20.83
NA NA NA NA NA NA NA NA NA <12.5 <4

3480 3540 2935 2975 NA NA NA NA NA 3220 3070

5 5 <5 <5 NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
0.5 0.5 <0.1 <0.1 NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
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ARCADIS
Table 1. Analytical Results of Monitoring Wells Near the FFTA
Stallion Range Center Former Firefighter Training Area, SWMU 162
White Sands Missile Range, New Mexico

Location

Sample ID
Date Collected

Sample 
Replicate of

Analyte Units
Metals
ALUMINUM mg/L
Aluminum, Dissolved mg/L
ARSENIC mg/L
Arsenic, Dissolved mg/L
BARIUM mg/L
Barium, Dissolved mg/L
BERYLLIUM mg/L
Beryllium, Dissolved mg/L
BORON mg/L
Boron, Dissolved mg/L
CADMIUM mg/L
Cadmium, Dissolved mg/L
CALCIUM METAL mg/L
Calcium, Dissolved mg/L
Chromium mg/L
Chromium, Dissolved mg/L
COBALT mg/L
Cobalt, Dissolved mg/L
COPPER mg/L
Copper, Dissolved mg/L
Dissolved Mercury mg/L
Dissolved Uranium mg/L
Hexavalent Chromium mg/L
Iron mg/L
Iron, Dissolved mg/L
LEAD mg/L
Lead, Dissolved mg/L
LITHIUM mg/L
Lithium, Dissolved mg/L
Notes on Page 19.

SRM-04 SRM-04 SRM-04 SRM-04 SRM-04 SRM-04 SRM-04 SRM-04 SRM-05 SRM-05 SRM-05

SRC-SRM04-
0802

STRC-DSLP-
SRM-004-0803

STRC-DSLP-
SRM-004-0804

STRC-DSLP-
SRM-004-0805

STRC-DSLP-
SRM-004-0706

STRC-DSLP-
SRM-104-0706

STRC-DSLP-
SRM-004-0807

STRC-DSLP-
SRM-004-0708

SRC SRM05-
0501

SRC-SRM05-
0501

SRC-SRM05-
1101

8/14/2002 8/13/2003 8/19/2004 8/30/2005 7/27/2006 7/27/2006 8/9/2007 7/30/2008 5/23/2001 5/23/2001 11/26/2001

STRC-DSLP-
SRM-004-0706

NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA <0.55 NA <0.55
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA <0.011 NA <0.011
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA <0.055 NA <0.011
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA <0.011 NA <0.011
NA NA NA NA NA NA NA NA NA NA NA

0.516 0.572 0.585 0.513 0.489 0.568 NA NA 0.436 NA 0.466
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA <0.0055 NA <0.0055
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA 343 NA 496
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA <0.055 NA <0.055
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA <0.011 NA <0.011
NA NA NA NA NA NA NA NA NA NA NA

0.0222 <0.0125 <0.0125 <0.0125 <0.0125 <0.0125 NA NA <0.055 NA <0.011
NA NA NA NA NA NA NA NA <0.0002 NA <0.0002
NA NA NA NA NA NA NA NA <0.055 NA <0.055
NA NA NA NA NA NA NA NA <0.01 NA <0.01
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA <0.022 NA <0.022
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA 0.0172 NA <0.011
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA 0.142 NA 0.0918
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ARCADIS
Table 1. Analytical Results of Monitoring Wells Near the FFTA
Stallion Range Center Former Firefighter Training Area, SWMU 162
White Sands Missile Range, New Mexico

Location

Sample ID
Date Collected

Sample 
Replicate of

Analyte Units
Metals (continued)
MAGNESIUM mg/L
Magnesium, Dissolved mg/L
MANGANESE mg/L
Manganese, Dissolved mg/L
MERCURY mg/L
MOLYBDENUM mg/L
Molybdenum, Dissolved mg/L
NICKEL mg/L
Nickel, Dissolved mg/L
POTASSIUM mg/L
Potassium, Dissolved mg/L
SELENIUM mg/L
Selenium, Dissolved mg/L
SILVER mg/L
Silver, Dissolved mg/L
SODIUM mg/L
Sodium, Dissolved mg/L
STRONTIUM mg/L
Strontium, Dissolved mg/L
TIN mg/L
Tin, Dissolved mg/L
Total Cyanide mg/L
VANADIUM (FUME OR DUST) mg/L
Vanadium, Dissolved mg/L
ZINC mg/L
Zinc, Dissolved mg/L
Notes on Page 19.

SRM-04 SRM-04 SRM-04 SRM-04 SRM-04 SRM-04 SRM-04 SRM-04 SRM-05 SRM-05 SRM-05

SRC-SRM04-
0802

STRC-DSLP-
SRM-004-0803

STRC-DSLP-
SRM-004-0804

STRC-DSLP-
SRM-004-0805

STRC-DSLP-
SRM-004-0706

STRC-DSLP-
SRM-104-0706

STRC-DSLP-
SRM-004-0807

STRC-DSLP-
SRM-004-0708

SRC SRM05-
0501

SRC-SRM05-
0501

SRC-SRM05-
1101

8/14/2002 8/13/2003 8/19/2004 8/30/2005 7/27/2006 7/27/2006 8/9/2007 7/30/2008 5/23/2001 5/23/2001 11/26/2001

STRC-DSLP-
SRM-004-0706

NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA 57.3 NA 102
NA NA NA NA NA NA NA NA NA NA NA

0.114 0.115 0.087 0.093 0.047 0.051 NA NA 0.0113 NA <0.0011
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA

<0.05 <0.05 <0.05 <0.05 <0.05 <0.05 NA NA 0.0415 NA <0.055
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA <0.011 NA <0.011
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA 16.5 NA 15.5
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA <0.022 NA 0.0179
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA <0.0055 NA <0.0011
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA 301 NA 381
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA 8.87 NA 9.88
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA <0.011 NA <0.011
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA <0.011 NA <0.011
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA <0.11 NA <0.11
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ARCADIS
Table 1. Analytical Results of Monitoring Wells Near the FFTA
Stallion Range Center Former Firefighter Training Area, SWMU 162
White Sands Missile Range, New Mexico

Location

Sample ID
Date Collected

Sample 
Replicate of

Analyte Units
Other Inorganics
ALKALINITY mg/L
Alkalinity, Bicarbonate mg/L
Alkalinity, Carbonate mg/L
Ammonia mg/L
Biological Oxygen Demand mg/L
Bromide mg/L
Chemical Oxygen Demand mg/L
Chloride (CL) mg/L
CONDUCTIVITY mS/cm
CONDUCTIVITY umhos/cm
FLUORIDE mg/L
Hydroxide Alkalinity mg/L
Nitrate mg/L
Nitrite mg/L
pH pH units
Phosphorus mg/L
Silica, Dissolved mg/L
SILICON mg/L
Silicon, Dissolved mg/L
Sulfate mg/L
Temperature deg c
TKN mg/L
Total Dissolved Solids mg/L
TPHs
DRO mg/L
DRO ug/L
GRO mg/L
GRO ug/L
TFT mg/L
VOCs
1,1,1-Trichloroethane ug/L(
113) ug/L
CHLOROMETHANE ug/L
DICHLOROMETHANE ug/L
TETRACHLOROETHENE ug/L
TRICHLOROETHYLENE ug/L
Notes on Page 19.

SRM-04 SRM-04 SRM-04 SRM-04 SRM-04 SRM-04 SRM-04 SRM-04 SRM-05 SRM-05 SRM-05

SRC-SRM04-
0802

STRC-DSLP-
SRM-004-0803

STRC-DSLP-
SRM-004-0804

STRC-DSLP-
SRM-004-0805

STRC-DSLP-
SRM-004-0706

STRC-DSLP-
SRM-104-0706

STRC-DSLP-
SRM-004-0807

STRC-DSLP-
SRM-004-0708

SRC SRM05-
0501

SRC-SRM05-
0501

SRC-SRM05-
1101

8/14/2002 8/13/2003 8/19/2004 8/30/2005 7/27/2006 7/27/2006 8/9/2007 7/30/2008 5/23/2001 5/23/2001 11/26/2001

STRC-DSLP-
SRM-004-0706

NA NA NA NA NA NA NA NA 16 NA 12
NA NA NA NA NA NA NA NA 12 NA 8
NA NA NA NA NA NA NA NA 4 NA 4
NA NA NA NA NA NA NA NA <2 NA <2
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA 1.11 NA <1
NA NA NA NA NA NA NA NA NA NA NA

36.7 42.6 38 38.7 41.1 37.8 NA NA 39.2 NA 35.7
3.74 2.88 3.19 NA NA NA 0.416 3.961 NA 3.62 3.1
NA NA NA NA NA NA NA NA 3800 NA 3740

0.98 1.51 <0.2 1 1.34 1.31 NA NA 1.12 NA 1.04
NA NA NA NA NA NA NA NA NA NA <1
NA NA NA NA NA NA NA NA 2.16 NA 2.18
NA NA NA NA NA NA NA NA 0.0208 NA <0.01

7.96 8.29 8.41 8.01 8.6 8.56 8.26 8.08 8.6 9.32 9.5
NA NA NA NA NA NA NA NA 0.29 NA <0.05
NA NA NA NA NA NA NA NA <5.5 NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA

2350 2510 2400 2340 2120 2380 NA NA 114 NA 2140
24 18.17 24.56 NA NA NA 32.89 25.34 NA 22.39 17.28
NA NA NA NA NA NA NA NA <12.5 NA <4

3700 3580 3750 3410 2675 2990 NA NA 3240 NA 3380

<50 <50 NA 5 <5 <5 NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA

<0.1 <0.1 NA 0.5 <0.1 <0.1 NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA

0.107 NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
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ARCADIS
Table 1. Analytical Results of Monitoring Wells Near the FFTA
Stallion Range Center Former Firefighter Training Area, SWMU 162
White Sands Missile Range, New Mexico

Location

Sample ID
Date Collected

Sample 
Replicate of

Analyte Units
Metals
ALUMINUM mg/L
Aluminum, Dissolved mg/L
ARSENIC mg/L
Arsenic, Dissolved mg/L
BARIUM mg/L
Barium, Dissolved mg/L
BERYLLIUM mg/L
Beryllium, Dissolved mg/L
BORON mg/L
Boron, Dissolved mg/L
CADMIUM mg/L
Cadmium, Dissolved mg/L
CALCIUM METAL mg/L
Calcium, Dissolved mg/L
Chromium mg/L
Chromium, Dissolved mg/L
COBALT mg/L
Cobalt, Dissolved mg/L
COPPER mg/L
Copper, Dissolved mg/L
Dissolved Mercury mg/L
Dissolved Uranium mg/L
Hexavalent Chromium mg/L
Iron mg/L
Iron, Dissolved mg/L
LEAD mg/L
Lead, Dissolved mg/L
LITHIUM mg/L
Lithium, Dissolved mg/L
Notes on Page 19.

SRM-05 SRM-05 SRM-05 SRM-05 SRM-05 SRM-05 SRM-05 SRM-05 SRM-05 SRM-05 SRM-05

SRC-SRM05-
0802

STRC-DSLP-
SRM-005-0803

STRC-DSLP-
SRM-105-0803

STRC-DSLP-
SRM-005-0804

STRC-DSLP-
SRM-105-0804

STRC-DSLP-
SRM-005-0805

STRC-DSLP-
SRM-105-0805

STRC-DSLP-
SRM-005-0706

STRC-DSLP-
SRM-005-0807

STRC-DSLP-
SRM-105-0807

STRC-DSLP-
SRM-005-0708

8/14/2002 8/12/2003 8/12/2003 8/19/2004 8/19/2004 8/29/2005 8/29/2005 7/28/2006 8/9/2007 8/9/2007 7/30/2008

STRC-DSLP-
SRM-005-0803

STRC-DSLP-
SRM-005-0804

STRC-DSLP-
SRM-005-0805

STRC-DSLP-
SRM-005-0807

NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA

0.444 0.386 0.331 0.557 0.532 0.4 0.494 0.475 NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA

<0.0125 <0.0125 0.002 <0.0125 <0.0125 <0.0125 <0.0125 <0.0125 NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
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ARCADIS
Table 1. Analytical Results of Monitoring Wells Near the FFTA
Stallion Range Center Former Firefighter Training Area, SWMU 162
White Sands Missile Range, New Mexico

Location

Sample ID
Date Collected

Sample 
Replicate of

Analyte Units
Metals (continued)
MAGNESIUM mg/L
Magnesium, Dissolved mg/L
MANGANESE mg/L
Manganese, Dissolved mg/L
MERCURY mg/L
MOLYBDENUM mg/L
Molybdenum, Dissolved mg/L
NICKEL mg/L
Nickel, Dissolved mg/L
POTASSIUM mg/L
Potassium, Dissolved mg/L
SELENIUM mg/L
Selenium, Dissolved mg/L
SILVER mg/L
Silver, Dissolved mg/L
SODIUM mg/L
Sodium, Dissolved mg/L
STRONTIUM mg/L
Strontium, Dissolved mg/L
TIN mg/L
Tin, Dissolved mg/L
Total Cyanide mg/L
VANADIUM (FUME OR DUST) mg/L
Vanadium, Dissolved mg/L
ZINC mg/L
Zinc, Dissolved mg/L
Notes on Page 19.

SRM-05 SRM-05 SRM-05 SRM-05 SRM-05 SRM-05 SRM-05 SRM-05 SRM-05 SRM-05 SRM-05

SRC-SRM05-
0802

STRC-DSLP-
SRM-005-0803

STRC-DSLP-
SRM-105-0803

STRC-DSLP-
SRM-005-0804

STRC-DSLP-
SRM-105-0804

STRC-DSLP-
SRM-005-0805

STRC-DSLP-
SRM-105-0805

STRC-DSLP-
SRM-005-0706

STRC-DSLP-
SRM-005-0807

STRC-DSLP-
SRM-105-0807

STRC-DSLP-
SRM-005-0708

8/14/2002 8/12/2003 8/12/2003 8/19/2004 8/19/2004 8/29/2005 8/29/2005 7/28/2006 8/9/2007 8/9/2007 7/30/2008

STRC-DSLP-
SRM-005-0803

STRC-DSLP-
SRM-005-0804

STRC-DSLP-
SRM-005-0805

STRC-DSLP-
SRM-005-0807

NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA

0.0486 0.019 0.021 0.043 0.03 <0.025 <0.025 0.012 NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA

<0.05 0.002 0.002 <0.05 <0.05 <0.05 <0.05 <0.05 NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
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ARCADIS
Table 1. Analytical Results of Monitoring Wells Near the FFTA
Stallion Range Center Former Firefighter Training Area, SWMU 162
White Sands Missile Range, New Mexico

Location

Sample ID
Date Collected

Sample 
Replicate of

Analyte Units
Other Inorganics
ALKALINITY mg/L
Alkalinity, Bicarbonate mg/L
Alkalinity, Carbonate mg/L
Ammonia mg/L
Biological Oxygen Demand mg/L
Bromide mg/L
Chemical Oxygen Demand mg/L
Chloride (CL) mg/L
CONDUCTIVITY mS/cm
CONDUCTIVITY umhos/cm
FLUORIDE mg/L
Hydroxide Alkalinity mg/L
Nitrate mg/L
Nitrite mg/L
pH pH units
Phosphorus mg/L
Silica, Dissolved mg/L
SILICON mg/L
Silicon, Dissolved mg/L
Sulfate mg/L
Temperature deg c
TKN mg/L
Total Dissolved Solids mg/L
TPHs
DRO mg/L
DRO ug/L
GRO mg/L
GRO ug/L
TFT mg/L
VOCs
1,1,1-Trichloroethane ug/L(
113) ug/L
CHLOROMETHANE ug/L
DICHLOROMETHANE ug/L
TETRACHLOROETHENE ug/L
TRICHLOROETHYLENE ug/L
Notes on Page 19.

SRM-05 SRM-05 SRM-05 SRM-05 SRM-05 SRM-05 SRM-05 SRM-05 SRM-05 SRM-05 SRM-05

SRC-SRM05-
0802

STRC-DSLP-
SRM-005-0803

STRC-DSLP-
SRM-105-0803

STRC-DSLP-
SRM-005-0804

STRC-DSLP-
SRM-105-0804

STRC-DSLP-
SRM-005-0805

STRC-DSLP-
SRM-105-0805

STRC-DSLP-
SRM-005-0706

STRC-DSLP-
SRM-005-0807

STRC-DSLP-
SRM-105-0807

STRC-DSLP-
SRM-005-0708

8/14/2002 8/12/2003 8/12/2003 8/19/2004 8/19/2004 8/29/2005 8/29/2005 7/28/2006 8/9/2007 8/9/2007 7/30/2008

STRC-DSLP-
SRM-005-0803

STRC-DSLP-
SRM-005-0804

STRC-DSLP-
SRM-005-0805

STRC-DSLP-
SRM-005-0807

NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA

37.3 31.2 31.7 38.3 38.6 42.1 40.4 36 NA NA NA
4.48 2.75 NA 3.15 3.15 NA NA NA 0.399 0.399 3.957
NA NA NA NA NA NA NA NA NA NA NA

0.87 <0.2 <0.2 <0.2 <0.2 1 1 1.24 NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA

8.42 8.6 8.7 8.81 8.82 7.66 7.69 8.47 8.31 8.31 8.43
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA

2230 1960 2020 2420 2300 3280 2790 2580 NA NA NA
19.89 28.5 NA 14.89 14.89 NA NA NA 29.39 29.39 25.59
NA NA NA NA NA NA NA NA NA NA NA

3530 2870 2810 3620 3670 3315 3580 3100 NA NA NA

<50 <50 <50 NA NA 5 5 <5 NA NA NA
NA NA NA NA NA NA NA NA NA NA NA

<0.1 <0.1 <0.1 NA NA 0.5 0.5 <0.1 NA NA NA
NA NA NA NA NA NA NA NA NA NA NA

0.106 NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
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ARCADIS
Table 1. Analytical Results of Monitoring Wells Near the FFTA
Stallion Range Center Former Firefighter Training Area, SWMU 162
White Sands Missile Range, New Mexico

Notes:
NA Not Analysed
mg/L Milligrams per Liter
ug/L Micrograms per Liter
umhos/cm micromhos per centimeter
mS/cm millisiemens per centimeter
deg c degrees celsius
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ARCADIS
Table 2. Summary of Analytical Methods
Stallion Range Center Former Firefighter Training Area, SWMU 162
White Sands Missile Range, New Mexico

Constituent of Concern Analytical Method

Volatile Organic Compounds USEPA Method 8260B

Gasoline Range and Diesel Range Organics USEPA Method 8015

Polyaromatic Hydrocarbons USEPA Method 8270C

RCRA Metals USEPA Method 6010A
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Appendix A 

 

Well Logs for SRC Monitoring Wells 













































































































































































































Appendix B 

 

Data Quality Objectives 
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Appendix B. 

Data Quality Objectives and Data Validation Procedures 

Data Quality Objectives 

The primary data quality objectives (DQOs) for this work are to provide 
representative data that can be used to characterize site conditions, delineate the 
nature and extent of affected media and support corrective action decisions. The 
data quality objectives are summarized in the table at the end of this section. 

The data collected during this RFI will be evaluated using Level II quality control 
guidelines developed from the National Functional Guidelines for Organic and 
Inorganic Data Review (USEPA, 1991 and 1994).  The data usability evaluation will 
include:  review of field documentation; verification of chain-of-custody 
documentation; comparison of data on duplicate samples; comparison of field blank 
values (equipment blanks, field blanks) to sample values; verification of sample 
analysis dates and preparation dates with respect to sample holding times; 
evaluation of internal data on laboratory blanks, method blanks, laboratory control 
samples, laboratory control sample duplicates, surrogates, matrix spike and matrix 
spike duplicate samples; evaluating method quantitation limits with respect to the 
level of required performance; summarizing and assigning validation codes to the 
sample data; and documentation of usability.   

Data Review, Verification, and Validation 

Data generated will be reviewed for conformance with the DQOs and other 
applicable work plans, as well as specific project requirements. Quality assurance 
(QA) information provided by the laboratory will be evaluated relative to the methods 
performed, the laboratory standard operating procedures (SOPs), the laboratory 
Quality Assurance Manual (QAM), Chain of Custody (COC) requests, Laboratory 
Task Orders (LTOs) or similar directive document, and the laboratory’s QAPP, as 
appropriate. The laboratory will be responsible for internal review of all calibrations, 
raw data, and calculations. The final analytical report will be reviewed by the 
laboratory project manager (PM) and other appropriate laboratory management 
personnel for compliance with the above listed documents including peer and 
supervisory review prior to releasing data to ARCADIS.  

The ARCADIS Project Chemist and data validation team will perform additional 
verification and validation of laboratory data to assess the quality and usability of the 
data generated. Field record review will include instrument calibration logs, sampling 
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logs, COC records, field notes, and field parameter results. The field information 
assessment will evaluate the potential for impact to sample integrity and chemical 
data quality.  

Chemical analytical data collected will be reviewed and, as appropriate, qualified 
using guidelines established in the USEPA National Functional Guidelines modified 
to incorporate method and project-specific requirements.   

Verification and Validation Methods 

The data review scheme for analytical results from the receipt of the analytical data 
through the validated report is described below. The laboratory is responsible for 
performing internal data review. The data review by the analytical laboratory will 
include 100 percent analyst review, 100 percent peer review, and 100 percent review 
by the laboratory project manager to verify that all project-specific requirements are 
met. The laboratory QA Officer will perform a review on 10 percent of the data 
packages. All levels of laboratory review will be fully documented and available for 
review if requested or if a laboratory audit is performed. 

After receipt from the laboratory, project data will be verified and validated by 
ARCADIS or experienced contract personnel using the following steps. 

Evaluation of Completeness  

The Task Management Team or Project Chemistry Team, as appropriate, will verify 
the following report content for all data, as appropriate, for the required level of data 
validation:  

• Laboratory information matches the field information; 

• Fully executed COC records; 

• Report completeness and conformance with COC, LTO, Work Plan, and other 
project requirements; 

• Case narrative describing any out-of-control events and summarizing analytical 
observation or non-conformances; 

• Sample receipt information; 
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• Data report forms; 

• QA/Quality Control (QC) summary data; and 

• Documentation of any QC problems.  

If the data package is incomplete, the Project Chemist will contact the laboratory, 
which must provide all missing information within a reasonable timeframe (i.e., 1 to 2 
days).  

Evaluation of Compliance  

The data verification and validation procedures are briefly outlined below: 

• All chemistry data generated will undergo a Tier 2 validation (Section 7.2.2.1); 

• Data will be checked to ensure all analytical problems and corrective actions are 
reported in the case narrative and/or that appropriate laboratory qualifiers were 
applied to the analytical data by the laboratory; 

• For any problems identified, the laboratory will be contacted to review concerns 
obtain additional information if necessary, and all related data will be assessed to 
determine the extent of the error; and  

• Data qualifiers will be applied to the analytical results to indicate potential 
limitations on data usability. 

The data validation team will utilize the qualification guidelines in USEPA Contract 
Laboratory Program (CLP) National Functional Guidelines for Organic Data Review, 
EPA 540/R-99/008, October 1999; USEPA Contract Laboratory Program National 
Functional Guidelines for Inorganic Data Review, EPA 540/R-04/004, October 2004; 
as well as analytical method performance criteria and the laboratory QAMo evaluate 
data acceptability and usability relative to the intended use.  Performance criteria will 
be based on the published analytical methods and laboratory established control 
limits. 

Tier 2 Verification 

Tier 2 data verification includes a review of all sample documentation coupled with 
electronic data screening and manual review. The analytical report will be assessed 
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for completeness and for compliance with COC requests, LTO, and any additional 
work plan documents. The electronic data screening will be conducted utilizing the 
EQuIS Data Qualification Module (DQM), a module within the Earthsoft suite of 
environmental data management products. All analytical data will be managed within 
the EQuIS Chemistry database via electronic uploading of laboratory data. The DQM 
is written in Visual Basic for the EQuIS database and checks for the following 
parameters: 

• Blank contamination; 

• MS and MSD recoveries; 

• MS/MSD relative percent difference (RPD); 

• Laboratory control sample (LCS) and LCS Duplicate (LCSD) recoveries; 

• LCS/LCSD RPDs (when available); 

• Surrogate recoveries; 

• Field duplicate RPDs; and 

• Holding times. 

The DQM routines apply qualifiers to the data electronically. Select manual reviews 
will verify appropriate qualifier application and review additional report and quality 
components not amenable to the electronic screening. Data Qualifiers will not be 
manually applied to original hard copy analytical reports. The validation reports will 
be included with any submittal of analytical reports to agencies or other required 
party. 

Data Validation Reporting 

The Project Chemist or qualified designee will perform the following reporting 
functions:  

• Alert the Project Manager and the Phase Manager to any QC problems, obvious 
anomalous values, or discrepancies between the field and laboratory data and 
resolve any issues;  
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• Discuss QC problems in a data validation memo for each laboratory report; and 

• Assist with summarization of data quality as necessary to complete project reports. 

Validation reports will be generated for each data package or combination of data 
packages for a single sampling event to record the results of the validation effort. The 
reports will identify all deficiencies and the impact on the results. The data validator 
or the Database Manager will append qualifiers generated during the 
verification/validation process to the project database and a summary table of the 
data qualifiers will be included with the analytical report. 

Data Quality Objectives for Site Characterization 
White Sands Missile Range 

Data Quality Objective Project Specific Action 

Problem statement Past industrial operations at the POL Area resulted in a release of gasoline. 
The project goal is to characterize subsurface conditions, delineate subsurface 
media affected by the release, perform human health and ecological risk 
assessments, if warranted, and prepare a RCRA Facility Investigation Report.   

Identify the Goal of the Study Perform a soil investigation to characterize subsurface conditions. 

Identify Information Inputs   Soil samples and analysis.  

Define the Boundaries of the 
Study   

The project Site consists of the Main Post POL Area.  The spatial boundaries of the 
Site are shown on Figure 1 of the RFI Work Plan. 

Developing the Analytical 
Approach 

Perform a soil investigation to adequately delineate affected subsurface media.   

Specify Performance or 
Acceptance Criteria 

Specifications for this step call for: 1) giving forethought to corrective actions to 
improve data usability; and 2) understanding the representative nature of the 
sampling design.  These DQOs have been designed to meet both specifications for 
this step.  The sampling and analysis activities have been developed based on a 
review of previous data and knowledge of present Site conditions.   

Develop the Plan for Obtaining 
Data 

The overall quality assurance objective is to develop and implement procedures for 
field sampling; chain of custody, laboratory analysis, and reporting that will provide 
results to support the evaluation of the Site data consistent with National 
Contingency Plan (NCP) requirements.  Specific procedures for sampling, chain of 
custody, laboratory instrument calibration, laboratory analysis, data reporting, 
internal quality control, audits, and preventive maintenance of field equipment are 
presented in this document. 

 



Appendix C 

 

Human Health Risk Assessment 
Work Plan 



 

Imagine the result

 

Human Health Risk Assessment 
Work Plan 

White Sands Missile Range, New Mexico 

12 August 2009 
 
 
 
 
 
 
  

 



 

Human Health Risk 
Assessment Work Plan 
 
White Sands Missile Range 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
  
Christopher H. Day 
Senior Risk Assessor 
 
 
 
  
Laurie Rodriguez, P.G. 
Project Manager 

Prepared for: 

U.S. Army White Sands Missile Range  
New Mexico 
 
 
 

Prepared by: 

ARCADIS 
11490 Westheimer 
Suite 600 
Houston 
Texas 77077 
Tel 281.497.6900 
Fax 281.496.2936 
 

Our Ref.: 

GP08WSMR.0REP.FD001 
 

Date: 

12 August 2009 
 
This document is intended only for the use 
of the individual or entity for which it was 
prepared and may contain information that 
is privileged, confidential and exempt from 
disclosure under applicable law. Any 
dissemination, distribution or copying of this 
document is strictly prohibited. 
 



 

g:\enclient\white sands\ccws-04 - swmu 162 stallion range ffta\rfi work plan\appendices\appendix c.  revised hhrawp\appendix c. hhra work plan_wsmr_rev081209.docx i 

Human Health Risk 
Assessment Work Plan 
 
U.S. Army White Sands Missile 
Range. New Mexico 
 

List of Acronyms and Abbreviations iii 

1.0  Introduction 1 

1.1  Project Overview 1 

1.2  Risk Assessment Approach 2 

1.3  Organization 2 

2.0 Human Health Risk Assessment Methodology 3 

2.1  Selection of Chemicals of Potential Concern 3 

2.1.1  Data Evaluation 3 

2.1.2  Identification of Screening Levels 4 

2.1.2.1  Risk-Based Screening Levels 4 

2.1.2.2  Background Levels 6 

2.2  Exposure Assessment 6 

2.2.1  Preliminary Conceptual Site Model 7 

2.2.2  Potential Receptors 7 

2.2.3  Development of Preliminary Exposure Factors 8 

2.2.3.1  Site-Worker 9 

2.2.3.2  Construction Worker 10 

2.2.3.3  Future Adult Resident 11 

2.2.3.4  Future Child Resident 13 

2.2.4  Calculation of Exposure Dose 14 

2.2.4.1  Physical and Chemical Properties 14 

2.2.4.2  Fate and Transport Modeling 15 

2.3  Toxicity Assessment 15 

2.4  Risk Characterization 17 

2.4.1  Hazard Quotient for Non-Cancer Risk 17 

2.4.2  Excess Lifetime Cancer Risk 18 

2.4.3  Health-Based Goals 18 



 

g:\enclient\white sands\ccws-04 - swmu 162 stallion range ffta\rfi work plan\appendices\appendix c.  revised hhrawp\appendix c. hhra work plan_wsmr_rev081209.docx ii 

Human Health Risk 
Assessment Work Plan 
 
U.S. Army White Sands Missile 
Range. New Mexico 
 

2.5  Human Health Risk Assessment Report Outline 19 

3.0 References 21 

Tables 

3-1 Values Used for Daily Intake Calculations – Potential 
Current/Hypothetical Future Site Worker Exposure to Soil 

3-2 Values Used for Daily Intake Calculations – Hypothetical Future Site 
Worker Exposure to Groundwater 

3-3 Values Used for Daily Intake Calculations – Hypothetical Future 
Construction Worker Exposure to Soil 

3-4 Values Used for Daily Intake Calculations – Hypothetical Future 
Adult Resident Exposure to Soil 

3-5 Values Used for Daily Intake Calculations – Hypothetical Future 
Adult Resident Exposure to Groundwater 

3-6 Values Used for Daily Intake Calculations – Hypothetical Future 
Age-Adjusted Residential Exposure to Soil 

3-7 Values Used for Daily Intake Calculations – Hypothetical Future 
Age-Adjusted Residential Exposure to Groundwater 

3-8 Values Used for Daily Intake Calculations – Hypothetical Future 
Child Resident Exposure to Soil 

3-9 Values Used for Daily Intake Calculations – Hypothetical Future 
Child Resident Exposure to Groundwater 

Figures 

3-1 Preliminary Conceptual Site Model for On-Site Exposure 



 

g:\enclient\white sands\ccws-04 - swmu 162 stallion range ffta\rfi work plan\appendices\appendix c.  revised hhrawp\appendix c. hhra work plan_wsmr_rev081209.docx iii 

Human Health Risk 
Assessment Work Plan 
 
U.S. Army White Sands Missile 
Range. New Mexico 
 

List of Acronyms and Abbreviations 

ABSd Dermal absorption factor 

ARCADIS ARCADIS U.S., Inc. 

ATSDR Agency for Toxic Substances and Disease Registry 

bgs Below ground surface 

°C Degrees Celsius 

CASN Chemical abstracts registry number 

cm Centimeter 

cm2 Centimeters squared 

cm2/sec Centimeters squared per second 

cm3/g Centimeters cubed per gram 

COC Chemical of concern 

COPC Chemical of potential concern 

CSF Cancer slope factor 

CSM Conceptual site model 

DAF Dilution attenuation factor 

DQO Data Quality Objective 

ELCR Excess lifetime cancer risk 

EPC Exposure point concentration 

°F Degrees Fahrenheit 

FSP Field Sampling Plan 

ft msl Feet above mean sea level 

g/cm3 Grams per cubic centimeter 

GIS Geographic information system 

g/mol Grams per mole 

gpd/ft Gallons per day per foot 

gpm Gallons per minute 

HBG Health-based goal 

HEAST Health Effects Assessment Summary Tables 

HHRA Human health risk assessment 

HI Hazard Index 



 

g:\enclient\white sands\ccws-04 - swmu 162 stallion range ffta\rfi work plan\appendices\appendix c.  revised hhrawp\appendix c. hhra work plan_wsmr_rev081209.docx iv 

Human Health Risk 
Assessment Work Plan 
 
U.S. Army White Sands Missile 
Range. New Mexico 
 

HQ Hazard Quotient 

HSDB Hazardous Substances Data Bank 

IRIS Integrated Risk Information System 

kg Kilogram 

kg/L Kilogram per liter 

Kp Permeability constant 

LOAEL Lowest observed adverse effect level 

m Meter 

m3 Cubic meter 

mg Milligram  

mg/cm2 Milligram per square centimeter 

mg/cm2/day Milligram per square centimeter per day 

mg/day Milligram per day 

mg/kg Milligram per kilogram 

mg/kg/day Milligram per kilogram per day 

(mg/kg/day)-1 Inverse milligram per kilogram per day 

mg/L Milligram per liter 

mm Hg Millimeters of mercury 

mL Milliliter 

mL/g Milliliter per gram 

m/sec Meters per second 

msl Mean sea level 

NA Not available 

NCEA National Center for Environmental Assessment 

NMED 
NOAEL 

New Mexico Environment Department 
No observed adverse effect level 

PEF Particulate emission factor 

PPRTV Provisional Peer Reviewed Toxicity Value 

QA Quality assurance 

RAGS Risk Assessment Guidance for Superfund 

RAWP Risk Assessment Work Plan 



 

g:\enclient\white sands\ccws-04 - swmu 162 stallion range ffta\rfi work plan\appendices\appendix c.  revised hhrawp\appendix c. hhra work plan_wsmr_rev081209.docx v 

Human Health Risk 
Assessment Work Plan 
 
U.S. Army White Sands Missile 
Range. New Mexico 
 

RCRA Resource Conservation and Recovery Act 

RfD Reference dose 

RFI RCRA Facility Investigation 

SQL Sample quantitation limit 

SSA Exposed skin surface area  

SSL Soil screening level 

SVOC Semi-volatile organic compound 

TCR Target cancer risk 

THQ Target hazard quotient 

UCL Upper confidence limit 

USEPA United States Environmental Protection Agency 

UTL Upper Tolerance Limit 

VF Volatilization factor 

VOC Volatile organic compound 

WSMR White Sands Missile Range 

 

 



 

g:\enclient\white sands\ccws-04 - swmu 162 stallion range ffta\rfi work plan\appendices\appendix c.  revised hhrawp\appendix c. hhra work plan_wsmr_rev081209.docx 1 

 
Human Health Risk 
Assessment Work Plan 

U.S. Army White Sands Missile 
Range. New Mexico 

1.0 Introduction 

ARCADIS prepared this Human Health Risk Assessment Work Plan (HHRAWP) to 
provide the basic approach, preliminary conceptual site model, and methodologies that 
will be used to evaluate potential risks to human health at various sites at WSMR.  This 
work plan is intended to facilitate both the preparation and review processes for the 
risk-related documents that will be prepared to support the corrective action process at 
the Site.  The goal of this document is to ensure that the risk assessment approach 
follows a clearly described process that is consistent with current New Mexico 
Environment Department (NMED) and United States Environmental Protection Agency 
(USEPA) guidance, and also reflects the unique controls that are present because the 
sites are located within an active, secure military installation (i.e., White Sands Missile 
Range).  

The approach, preliminary conceptual site model, and methodologies that will be used 
to evaluate ecological risks are presented in a separate work plan, the Ecological Risk 
Assessment Work Plan, and therefore will not be discussed in this document. 

1.1 Project Overview 

The work plan presents proposed approaches for using site data to evaluate human 
exposure and associated risks under current and potential future land use conditions. 
WSMR is a federal facility, and therefore, unique and rigid constraints exist with regard 
to changes in land use. In the event of a change in land use, the State of New Mexico 
has the ability to require additional evaluation of federally held lands through a number 
of avenues, including the broad language contained in the Resource Conservation and 
Recovery Act (RCRA). Based on this information, a key assumption embedded in this 
strategy document is that land use at the sites will not change. That is, industrial land 
use is appropriate for those portions of the facility that are currently used for industrial 
purposes. Although exposure factors under current land use can be determined, 
exposure factors under the future land use must default to the reasonable maximum 
exposure (RME) to account for potential increase in usage. Therefore, the site-specific 
risk assessments will evaluate both the current and reasonable future exposure 
pathways at each SWMU or AOC.  In addition, an unrestricted exposure scenario (i.e., 
residential) will also be developed to support corrective measures decisions as 
required by NMED. 
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1.2 Risk Assessment Approach 

The HHRA will include an evaluation of the potential risks for the sites. The risk 
assessment approach is based on NMED guidance (NMED, 2006) and USEPA 
guidance for risk assessments (USEPA, 2008a,b; 2007; 2004a,b; 2003; 2002a,b; 
2000; 1997a,b; 1992a,b; 1991a,b,c; 1989).  The results of the HHRA will be used along 
with other considerations, such as compliance with RCRA regulations, and the results 
of the Ecological Risk Assessment, to determine if the site requires corrective action. 

The intended purposes of this document are to identify the human health risk-based 
screening values, land use and exposure assumptions, and risk characterization 
methods that will be used at the sites to complete the human health risk assessments.  
The method for developing Health-Based Goals (HBGs), as necessary based on the 
outcome of the site-specific risk assessments, is also presented in this work plan.     

1.3 Organization 

This HHRAWP outlines the methodology and assumptions used to evaluate potential 
risks posed by chemicals detected in environmental media at each site.  The report is 
organized as follows: 

• Section 2 – Human Health Risk Assessment Methodology: This section presents 
the human health risk assessment methodology that will be used.  The screening 
criteria, including health-based screening levels, are specified.  The preliminary 
exposure scenarios identifying the potential human exposure receptors, pathways, 
and the degree to which potential exposure may occur along with the sources of 
the toxicity values that will be used are also presented.  The site-specific exposure 
scenarios with the toxicity values will be used to characterize risks in the HHRA.   

• Section 3 – References:  This section presents the complete citations for all 
references used to develop this work plan. 
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2.0 Human Health Risk Assessment Methodology 

The purpose of developing this HHRAWP is to present the approach, including the 
relevant assumptions regarding land use, and the preliminary conceptual model 
specifying potential receptors and exposure levels prior to initiating the risk 
assessments in order to obtain concurrence among the interested parties.  The 
HHRAWP describes the framework for evaluating potential exposures and risks to 
human health.   

The following sections provide a detailed description of each of the four steps in the 
HHRA approach:  (1) selection of COPCs, (2) exposure assessment, (3) toxicity 
assessment, and (4) risk characterization. 

2.1  Selection of Chemicals of Potential Concern 

The first step of the HHRA process consists of compiling and evaluating investigation 
data to select the COPCs.  The selection of COPCs will be based primarily on the 
magnitude of the measured concentrations in the relevant environmental media.  If the 
maximum detected concentration exceeded the screening level, then the chemical will 
be retained as a COPC.  Detected chemicals for which a screening level is not 
available will be included as a COPC.  The first step in the selection of COPCs is the 
data evaluation, which is described below. 

2.1.1 Data Evaluation 

The data used for the HHRA will consist of the data collected during RFI activities.   

The data available for each site will be evaluated in accordance with USEPA guidance 
for risk assessments (USEPA, 1989; 1992a; 2002a).  The data evaluation guidelines 
are summarized as follows: 

• Constituents that are not detected in a medium and have SQLs below screening 
levels will not be included in the data evaluation for that medium. Constituents that 
were not detected and have SQLs above screening levels were further evaluated. 

• Analytical results reported as detected or estimated values will be considered to be 
present at the reported value.  Analytical results that are “U” or “UB” qualified, will 
be considered non-detect.  Analytical results rejected during the data validation 
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process (i.e., “R” qualified), or where the chemical identity is uncertain (i.e., “N” 
qualified) will not be qualitatively or quantitatively evaluated. 

• For duplicate samples (or chemicals measured using two methods on the same 
sample [e.g., naphthalene via USEPA Methods 8260 and 8270]), the result for 
each constituent will be selected as follows:  (1) if both samples reported positive 
detects, the higher measured analytical concentration will be used, (2) if only one 
result was a positive detect, that concentration will be ussed, or (3) if both samples 
reported non-detects, one-half the lower SQL will be used as the proxy 
concentration.  The lower SQL will be used because it is not reasonable to use the 
higher SQL when the duplicate analysis for the sample indicated that the 
constituent was not present at the lower SQL. 

Data summary tables will be prepared that present a list of detected chemicals, the 
range of concentrations detected (i.e., minimum and maximum), the range of sample 
quantitation limits, background levels for metals, the risk-based screening level, 
whether or not the chemical was selected as a COPC, and the rationale for inclusion or 
exclusion.  The background levels and risk-based screening levels are identified in the 
following section. 

2.1.2 Identification of Screening Levels 

The constituents quantitatively evaluated in the HHRA for each site will include those 
constituents detected in environmental media at the site.  The maximum detected 
constituent concentration in each medium will be compared with the appropriate 
screening levels.  Constituents whose maximum detected concentrations are below the 
screening levels will not be considered further in the risk assessment.  Those 
constituents present at concentrations greater than the risk-based screening levels, 
and those for which a risk-based screening level is unavailable, will be retained as 
constituents of potential concern for further evaluation.  

2.1.2.1 Risk-Based Screening Levels 

Chemical concentrations detected in soil and groundwater will be compared to 
appropriate risk-based screening levels.  For soil, the risk-based screening levels to be 
used for comparison to soil data will be the most recent version of the NMED Soil 
Screening Levels (SSLs) for residential soil.  In the event that the NMED guidance 
does not have a screening level for a given constituent, the USEPA Regional 
Screening Levels (SLs) (USEPA, 2008a) for residential soil will be used. The current 
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version of the NMSSLs at this point in time is from the June 2006 NMED guidance 
document. The current version of the RSL table at this point in time is dated 
September 12, 2008.  The NMED SSLs are based on a carcinogenic target risk level of 
1 x 10-5 and non-carcinogenic target hazard quotient of 1. The USEPA SLs are based 
on a carcinogenic target risk level of 1 x 10-6 and a non-carcinogenic target hazard 
quotient of 1. To be consistent with NMED guidance and target risk level of 1 x 10-5, 
the carcinogenic USEPA SLs will be adjusted upward by a factor of 10.    The data 
screening tables for soil included in each site-specific HHRA report will present 
residential screening levels.  This will be done because the future hypothetical land use 
on-site may include residential use per the unrestricted land use scenario. Chemical 
concentrations observed in deep regional groundwater will be compared to screening 
levels, developed assuming ingestion of water under a future residential exposure 
scenario.  Chemicals present at concentrations greater than their screening level will 
be identified as COPCs. The hierarchy for screening the deep regional groundwater 
dataset is presented below: 

1. Use the lowest value of the EPA Maximum Contaminant Level (MCL) or the NMED 
Water Quality Control Commission (WQCC) standards (NMED WQCC, 1995).   

2. If an analyte does not have an EPA MCL or NMED standard, the NMED tap water 
screening level (NMED, 2006) will be used. 

3. If an analyte does not have an NMED tap water screening level, the EPA regional 
tap water screening level (for carcinogens, the EPA tap water screening level will 
be adjusted upward by a factor of 10) (EPA, 2008) will be used).  

For shallow saturated vadose zone soil water at the site, which is not currently used for 
potable water, nor will it be used in the future, concentrations detected in the shallow 
saturated vadose zone soil water will be compared to vapor intrusion screening levels 
(USEPA, 2002c). 

In summary, the selection of COPCs will be based primarily on the magnitude of the 
measured concentrations in the relevant environmental media, in relation to the 
appropriate screening level.  Detected constituents for which a screening level is not 
available will also be included as COPCs. For screening sites with multiple 
constituents, the following procedure will be followed (as per NMED 2006 SSL 
guidance): take the site-specific concentration (represented by the maximum reported 
concentration or the 95% UCL value for the concentration) and divide by the screening 
level concentration for each analyte. For multiple constituents, simply add the ratio for 
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each constituent.  If the total ratio is greater than 1, then the concentrations at the site 
warrant further, site-specific evaluation. A ratio less than 1 indicates that the 
concentrations at the site are unlikely to result in adverse health impacts (NMED, 
2006). 

2.1.2.2 Background Levels 

The focus of the site-specific risk assessments will be on those constituents that are 
related to activities at specific source areas at the sites.  Inorganic constituents may be 
present at a site because of naturally occurring sources.  As a result, the site-specific 
data will be compared to the site-specific background data as presented in pertinent 
background reports. Constituents present at or below background levels will be 
excluded from further evaluation in the risk assessment.  

2.2 Exposure Assessment 

The purpose of the exposure assessment is to evaluate the ways receptors might be 
exposed to constituents at a site.  Without exposure there is no risk; thus, the exposure 
assessment is a key element of the risk assessment.  The exposure assessment 
includes characterization of the physical environment, identification of exposure 
pathways (including migration pathways, exposure points, and exposure routes), and 
identification of potentially exposed individuals and populations.   

Preliminary identification of receptors and exposure pathways are discussed in this 
HHRAWP.  Site-specific exposure pathways will be identified based on the site 
characterization information and the fate and transport properties of the COPCs to 
identify likely points where human receptors may come in contact with affected media 
under current or potential future conditions at each site.  After each of these aspects of 
exposure is characterized, the exposure is quantified as a chronic or subchronic daily 
intake. 

The following sections present a preliminary conceptual site model (CSM) developed 
for the sites.  “Default” exposure factors have been compiled for the preliminary CSM 
and are also presented.  These default exposure scenarios will be reviewed on a site-
by-site basis and may be modified depending on site-specific conditions. 
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2.2.1 Preliminary Conceptual Site Model 

An exposure pathway consists of the following four elements:  (1) a source and 
mechanism of constituent release to the environment, (2) a retention or transport 
medium for the released constituent, (3) a point of potential contact by the receptor 
with the impacted medium (the exposure point), and (4) a route of exposure to the 
receptor at the exposure point (e.g., ingestion, inhalation, or dermal contact). 

The conceptual site model provides the framework for the exposure assessment.  It 
characterizes the primary and secondary potential sources and their release 
mechanisms, and identifies the primary potential exposure points, receptors, and 
exposure routes.  Exposure points are places or “points” where exposure could 
potentially occur, and exposure routes are the basic pathways through which COPCs 
may potentially be taken up by the receptor (e.g., ingestion, inhalation, dermal contact).  

The conceptual site model will incorporate the site-specific analytical data with 
constituent-specific fate and transport information to identify migration pathways, and 
activity and use patterns to identify the unique receptors and exposure pathways.  For 
the purpose of this HHRAWP, a preliminary CSM was developed for the affected 
media at the sites which incorporates potential receptors and pathways that are known 
or are suspected to be present at the sites (Figure 3-1).  The following sections 
describe the potential exposure scenarios and present the exposure factors that have 
been compiled. 

2.2.2 Potential Receptors 

This element of the exposure assessment identifies potential receptors present at the 
sites.  Not all of the receptors identified will be appropriate for each site; the appropriate 
receptors for a given site will be identified during the site-specific HHRA. 

Land use at the sites was evaluated based on information obtained during the proposal 
phase and a number of potential land uses and receptors were identified. The 
receptors described below are the full suite of potential receptors for the sites. Each 
site will be evaluated during the site-specific HHRA based on its unique characteristics 
to identify the applicable site-specific receptors. 

Access to the WSMR, is restricted and there are guards posted at all of the entrances. 
This limits the number of individuals that might come onto the installation. Although the 
site is a military facility, there are also civilian contractors that work at the facility.   It is 
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expected that individuals working at the site would have exposure scenarios similar to 
the “typical” site worker considered by NMED and USEPA under default exposure 
conditions (NMED, 2006; USEPA, 1991a, 2002b). In addition, construction activities 
including utility work could occur at the sites. Therefore, construction/utility workers are 
identified as a potential receptor. 

As discussed previously, the facility is wholly contained within an operating military 
installation, and based on past, present, and anticipated future land use for the site, it is 
reasonable to assume that sites will remain in military use as opposed to other 
commercial or residential development.  This logic is supported by the 
USEPA/OSWER “Land Use Directive” (USEPA, 1995).  Nevertheless, for purposes of 
conducting a comprehensive exposure assessment and in accordance with NMED 
guidance, it is assumed that a hypothetical future resident (child and adult) could be 
exposed to site-related COPCs in affected media at the sites. There are currently no 
points of exposure to groundwater at the WSMR installation, including the sites, 
because all potable water for the installation is provided via a secure water supply 
system located approximately 7 miles from WSMR. Therefore, exposure to affected 
groundwater from a water well is not a complete exposure pathway under current 
conditions, and will only be evaluated as a hypothetical future scenario in which a 
water well is completed in the affected groundwater. 

To summarize, the following receptors will be considered to be present at WSMR and 
may contact environmental media. It is important to remember that all of these 
receptors may not be present at all sites. 

• Current and future site worker; 

• Future Construction worker; and 

• Hypothetical future adult and child resident. 

2.2.3 Development of Preliminary Exposure Factors 

The following sections identify the exposure factors and assumptions that have been 
developed and will be used to evaluate exposures of the potentially exposed 
populations at the sites unless site-specific conditions deem otherwise.  Figure 3-1 
provides a summary of the preliminary conceptual site model for the sites.  
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This element of the exposure assessment identifies potentially complete pathways of 
exposure (e.g., incidental ingestion, dermal contact, and inhalation of vapor and dust 
from soil) to site-related constituents in soil and groundwater by human receptors. The 
vapor intrusion pathway will be considered, as appropriate, on a site-by-site basis for 
inclusion in the conceptual site model for a particular site. If any of the buildings or 
structures at a particular site are located above affected soil and/or groundwater 
containing volatile organic compounds (VOCs), the site-specific HHRA will evaluate the 
potential for vapor intrusion to occur under current and potential future conditions. 
Potential exposure pathways associated with each receptor are identified below. 

2.2.3.1 Site-Worker  

Workers accessing a site on a regular basis could be exposed to soils via incidental 
ingestion, dermal contact, inhalation of dust and volatiles. Inhalation of volatiles 
migrating to indoor air from subsurface soils is only applicable for a hypothetical future 
scenario in which a building is placed over affected soil or groundwater containing 
VOCs.  

As noted previously, there are currently no points of exposure to groundwater at the 
WSMR installation, including the sites, because all potable water for the installation is 
provided via a secure water supply system located approximately 7 miles from WSMR. 
Therefore, exposure to affected groundwater from a water well is not a complete 
exposure pathway under current conditions, and would only be evaluated as a 
complete pathway under a hypothetical future scenario in which a water well is 
completed in the affected groundwater.  

The exposure factors and equations that will be used to calculate the chronic daily 
intake for site workers are presented in Tables 3-1 (soil, current and future land-use 
conditions) and 3-2 (groundwater, future land-use conditions), respectively.  These 
exposure factors are summarized as follows:   

• Adult body weight of 70 kg (NMED, 2006); 

• Exposure duration of 25 years (NMED, 2006); 

• Exposure frequency of 225 days/year (NMED, 2006); 

• Incidental soil ingestion rate of 100 mg/day (NMED, 2006); 
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• Groundwater ingestion rate of 1 L/day (NMED, 2006); 

• Exposed skin surface area for face, hands and forearms is 3,300 cm² (NMED, 
2006);  

• Inhalation rate for soil and groundwater is 2.5 m3/hr (20 m3/day) (NMED, 2006); 

• The volatilization factor for soils is calculated based on site-specific information; 
and 

• The volatilization factor for groundwater is 0.5 L/m3 (NMED, 2006).  

2.2.3.2 Construction Worker 

Construction workers may be present at the sites in the future to work on new 
construction or excavation activities; therefore, this exposure scenario will be evaluated 
based on a hypothetical construction project. The NMED SSL guidance (NMED, 2006) 
has a default excavation worker scenario for which the worker is assumed to be 
involved in a construction project that takes 1 year (250 working days) to complete. A 
construction worker may be exposed to COPCs in combined surface and subsurface 
soil (0 to 10 feet below ground surface [ft bgs]) via incidental ingestion, dermal contact, 
and inhalation of VOCs and dust during excavation activities.  Groundwater at the sites 
is generally found at depths greater than 10 to 15 ft bgs. Since excavation work 
typically occurs within the top 10 feet of the soil column, it is expected that future 
excavation activities would not reach groundwater. Therefore, the potential for 
exposure to groundwater is unlikely and no exposure factors are presented herein.  
The exposure factors and equations that will be used to calculate the subchronic daily 
intake for this potential receptor are presented in Table 3-3 (soil, future land-use 
conditions).   These exposure factors are summarized as follows:   

• Adult body weight of 70 kilograms (kg) (NMED, 2006); 

• A incidental ingestion rate of soil of 330 mg/day (NMED, 2006); 

• Exposure duration of 1 year (NMED, 2006); 

• Exposure frequency of 250 days/year  (NMED, 2006); 
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• Exposed skin surface area for face, hands and forearms is 3,300 cm2 (NMED, 
2006); 

• Inhalation rate of 2.5 m³/hour (20 m3/day) (NMED, 2006); and 

• Exposure time of 8 hours/day (USEPA, 1989). 

2.2.3.3 Future Adult Resident  

As discussed previously, the sites are wholly contained within an operating military 
installation, and based on past, present, and anticipated future land use for the sites, it 
is reasonable to assume that sites will remain in military use as opposed to other 
commercial/industrial or residential development.  This logic is supported by the 
USEPA/OSWER “Landuse Directive” (USEPA, 1995).  Nevertheless, for purposes of 
conducting a comprehensive exposure assessment and in accordance with NMED 
guidance for the unrestricted future land use scenario, it is assumed that a hypothetical 
future resident (child and adult) could be exposed to site-related COPCs in affected 
media at the sites.  Therefore, future residential exposure to soil (surface and 
subsurface) via incidental ingestion, dermal contact, and inhalation of vapors and/or 
particulates will be evaluated. 

There are currently no points of exposure to groundwater at the WSMR installation, 
including the sites, because all potable water for the installation is provided via a 
secure water supply system located approximately 7 miles from WSMR. Therefore, 
exposure to affected groundwater from a water well is not a completed exposure 
pathway under current conditions, and will only be evaluated as a hypothetical future 
scenario in which a water well is completed in the affected groundwater.     

Residential exposure to groundwater will be evaluated by assuming that the receptor 
could be exposed via ingestion, and dermal contact and inhalation of vapors while 
showering and/or bathing and during household uses (e.g., laundry, cooking, etc.). If 
this hypothetical future pathway is considered complete for a site, then any exposure to 
volatile COPCs in groundwater from future use of groundwater as a potable water 
supply will be evaluated using the USEPA volatilization factor approach (USEPA, 
1991c [Andelman volatilization constant]; NMED, 2006) which accounts for indoor 
vapor exposure from use of groundwater for clothes/dish washing, bathing/showering, 
cooking, etc.  In addition, volatile COPCs in groundwater may migrate to indoor air; if 
this potential exposure pathway is considered complete for a particular site, then it will 
be evaluated using the Johnson and Ettinger (1991) model as described in USEPA 
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(2004b). The exposure factors and equations that will be used to calculate the chronic 
daily intake for future hypothetical adult resident direct exposure to soil and 
groundwater are presented in Tables 3-4 and 3-5 respectively. The adult exposure 
parameters are summarized as follows: 

• Adult drinking water ingestion rate of 2 L/day (NMED, 2006); 

• Adult soil ingestion rate of 100 mg/day (NMED, 2006); 

• Exposure frequency of 350 days per year (NMED, 2006); 

• Exposure duration of 30 years (NMED, 2006); 

• Exposed skin surface area for whole body is 18,000 cm2 for groundwater 
exposure via showering/bathing (USEPA, 2004a); 

• Exposed skin surface area for face, forearms, hands, and lower legs is 5,700 cm2  
for soil exposure (NMED, 2006); 

• Soil adherence rate of 0.07 mg/cm2/day (NMED, 2006); 

• Adult inhalation rate of 0.83 m3/hr (20 m3/day)(NMED, 2006); 

• Volatilization factor of 0.5 L/m3 for groundwater as potable supply (USEPA, 1991a; 
NMED, 2006); and 

• Body weight of 70 kg for an adult (NMED, 2006). 

Because exposure factors are different for adults and children, potential cancer risks 
will be calculated using age-adjusted factors consistent with USEPA Risk Assessment 
Guidance for Superfund (RAGS) Part B (USEPA, 1991c) and NMED guidance (2006).  
Age-adjusted factors include body weight, exposure duration, ingestion rates, and skin 
surface area.  Age-adjusted residential exposure factors and equations for calculating 
carcinogenic effects via exposure to soil and groundwater are presented in Tables 3-6 
and 3-7 respectively. 
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2.2.3.4 Future Child Resident  

As discussed in the previous section, there are currently no points of exposure to 
groundwater at the WSMR installation, including the sites, because all potable water 
for the installation is provided via a secure water supply system located approximately 
7 miles from WSMR. Therefore, exposure to affected groundwater from a water well is 
not a completed exposure pathway under current conditions, and will only be evaluated 
as a hypothetical future scenario in which a water well is completed in the affected 
groundwater.  

This type of future groundwater usage is assumed to be unrestricted and therefore, the 
child residential exposure to groundwater will be evaluated by assuming that the 
receptor could be exposed via ingestion, dermal contact while bathing and inhalation of 
vapors in indoor air.  In addition, volatile COPCs in groundwater may migrate to indoor 
air. As discussed in the previous section, this potential exposure pathway will be 
evaluated using the Johnson and Ettinger (1991) model as described in USEPA 
(2004b), if it is determined to be a complete pathway.  Under the unrestricted future 
land use assumption, child resident soil exposure via ingestion, dermal contact, and 
inhalation of vapors and/or particulates must also be evaluated. The exposure factors 
and equations that will be used to calculate the chronic daily intake for future 
hypothetical child resident direct exposure to soil and groundwater are presented in 
Tables 3-8 and 3-9 respectively. The child exposure parameters are summarized as 
follows: 

• A drinking water ingestion rate of 1L/day (USEPA, 2008b); 

• Soil ingestion rate of 200 mg/day (NMED, 2006); 

• Exposure frequency of 350 days per year (NMED, 2006); 

• Exposure duration of 6 years (NMED, 2006); 

• Exposed skin surface area for whole body is 6,600 cm2 for groundwater exposure 
via showering/bathing (USEPA, 2004a); 

• Exposed skin surface area for face, forearms, hands, lower legs, and feet is 2,800 
cm2 for soil exposure (NMED, 2006); 

• Soil adherence rate of 0.2 mg/cm2/day (NMED, 2006); 
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• Inhalation rate of 0.42 m3/hour (10 m3/day) (NMED, 2006); 

• Volatilization factor of 0.5 L/m3 for groundwater as potable supply (USEPA, 1991a; 
NMED, 2006); and 

• Body weight of 15 kilograms (kg) (NMED, 2006). 

2.2.4 Calculation of Exposure Dose 

Tables will be prepared to summarize the available, useable analytical data.  The 
tables will provide the frequency of detection (i.e., ratio of the number of detects to the 
total number of samples analyzed for that constituent), the range of reported SQLs, the 
range of detected concentrations, the mean concentration, and the 95 percent upper 
confidence limit (UCL) on the mean concentration.   

USEPA (1989) defines the exposure point concentration (EPC) as “the arithmetic 
average of the concentration that is contacted over the exposure period.”  To ensure 
that the estimate of the average (or mean) is conservative and will not be 
underestimated, USEPA (1989, 1992a) recommends using the 95% upper confidence 
limit of the mean (95UCL) as an estimate for the EPC for each exposure area of a site.  
Statistical software provided by USEPA (i.e., ProUCL 4.0) has, to some extent, 
automated the process of calculating 95% UCLs and selecting the most representative 
statistic based on characteristics of the data set such as sample size, measures of 
variance, and frequency of detection. The most recent available version of the ProUCL 
software (USEPA, 2007) will be utilized to calculate EPCs for each exposure scenario 
evaluated. 

2.2.4.1 Physical and Chemical Properties 

The environmental fate and transport of constituents are dependent on the physical 
and chemical properties of the constituents, the environmental transformation 
processes affecting them, and the media through which the constituents are 
migrating.  The physical and chemical property information that will be used to 
evaluate potential exposure to the constituents detected in environmental media at the 
sites will be compiled for each of the COPCs.  The physical and chemical properties for 
the COPCs, including molecular weight, water solubility, vapor pressure, Henry's Law 
Constant, diffusivity in air and water, and the Koc, will be summarized and presented in 
the HHRA. 
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2.2.4.2 Fate and Transport Modeling 

For pathways that have exposure points spatially separate from the media sampled, or 
whose contact media were not sampled, fate and transport modeling results will be 
used in conjunction with site-specific direct measurement data to estimate exposure 
point concentrations.  General fate and transport models that may be used include the 
following: 

• Chemical concentrations of VOCs in groundwater (if present) will be used to model 
volatile COPC migration to indoor air for the future site worker scenario and the 
future residential scenario using the Johnson and Ettinger (1991) model as 
described in USEPA (2004c); 

• Chemical concentrations in soil will be used to model particulate COPC emissions 
to ambient air for the construction worker scenario as described in NMED (2006);  

Additional fate and transport models may be identified based on the site-specific 
conditions. 

2.3 Toxicity Assessment 

Human health risk assessment is based on two general categories of toxic effects 
(non-carcinogenic and carcinogenic), and constituent-specific toxicity values are used 
to calculate potential risks for these two types of effects.  The constituent-specific 
toxicity values used to evaluate potential non-carcinogenic and carcinogenic effects will 
be compiled following USEPA (2003a) guidance as follows: 

• Tier 1: USEPA’s Integrated Risk Information System (IRIS) (IRIS, 2009); 

• Tier 2:  National Center for Environmental Assessment (NCEA) Provisional Peer 
Reviewed Toxicity Values (PPRTV); and 

• Tier 3:  Additional USEPA and non-USEPA sources including the Agency for Toxic 
Substances and Disease Registry (ATSDR), the USEPA (2004a,b), and USEPA’s 
Health Effects Assessment Summary Tables (HEAST) (USEPA, 1997b).   

The benchmark value for non-carcinogenic effects is the reference dose (RfD) 
(USEPA, 1989, 1997a).  Chronic RfDs are used to assess long-term exposures 
ranging from 7 years to a lifetime.  Subchronic RfDs are used to evaluate the potential 
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for adverse health effects associated with exposure to constituents over a period of 2 
weeks to 7 years.  Subchronic RfDs are used to evaluate the short-term construction 
worker hazards.  If a subchronic RfD is not available, the chronic RfD (if available) will 
be used. Although the exposure duration for children and military personnel is less than 
seven years, chronic RfDs will be conservatively used. Target organs/critical effects 
associated with the non-carcinogenic toxicity values for each constituent as well as 
USEPA’s confidence level will also be presented.   

It has been demonstrated that certain chemicals can cause cancer as a result of 
occupational or environmental exposure.  To be health protective, the USEPA 
(1989) assumes that a relatively small number of molecular events can elicit changes 
in a cell, ultimately resulting in uncontrolled cell proliferation and cancer.  This is 
referred to as the non-threshold theory of chemical carcinogenesis.  On the basis of 
this theory, the USEPA uses a two-part evaluation in evaluating the carcinogenic 
effects of contaminants:  (1) assigning a weight-of-evidence classification and 
(2) calculating a cancer slope factor (CSF).   

In general, toxicity values are available for oral and inhalation pathways.  Toxicity 
values for dermal exposures have not yet been developed by the USEPA.  For this 
reason, the oral toxicity values (RfDo and CSFo) and the oral absorption efficiency were 
used to derive adjusted toxicity values (RfDa and CSFa) (adjusted to the absorbed 
dose) for use in assessing dermal exposure (USEPA, 1989):  

RfDa = RfDo × Oral Absorption Efficiency 

CSFa = CSFo / Oral Absorption Efficiency 

The adjusted toxicity values represent the theoretical toxicity of the orally absorbed 
dose of the constituent.  USEPA (2004a) guidance recommends that the oral toxicity 
values for organic constituents and many inorganic constituents should not be adjusted 
to assess dermal exposure (i.e., oral absorption efficiency = 1) and presents 
recommended oral absorption efficiencies for a few inorganics.  The oral absorption 
efficiency values will be obtained from USEPA (2004a).  There is uncertainty 
associated with the adjusted toxicity values and with the dermal risks derived using 
these values due to the uncertainty in the oral toxicity values combined with the 
uncertainty in the oral absorption efficiency default and constituent-specific values.  
However, the calculated dermal risks are expected to be very conservative, and 
therefore, overly protective of human health. 



 

g:\enclient\white sands\ccws-04 - swmu 162 stallion range ffta\rfi work plan\appendices\appendix c.  revised hhrawp\appendix c. hhra work plan_wsmr_rev081209.docx 17 

 
Human Health Risk 
Assessment Work Plan 

U.S. Army White Sands Missile 
Range. New Mexico 

The USEPA (1992b) identified a non-steady-state approach to estimate the dermally 
absorbed dose from water and recommended that it be used over the more traditional 
steady-state approach.  This recommendation is echoed in the USEPA’s Supplemental 
Guidance For Dermal Risk Assessment (2004a).  The non-steady state approach 
evaluates the absorption of chemicals from water through the skin as a function of both 
the thickness of the skin and the duration of exposure.  The permeability coefficient 
(Kp) is used to evaluate dermal uptake of constituents dissolved in water, and the 
dermal absorption efficiency (ABSd) is used to evaluate the uptake of constituents from 
soil or sediment. 

2.4 Risk Characterization 

Potential risks to human health are evaluated quantitatively by combining calculated 
daily intakes and toxicity data.  A distinction is made between non-carcinogenic and 
carcinogenic endpoints, and two general criteria are used to describe risk the hazard 
quotient (HQ) for non-carcinogenic effects and excess lifetime cancer risk (ELCR) for 
constituents evaluated as human carcinogens. 

2.4.1 Hazard Quotient for Non-Cancer Risk 

Exposure doses will be averaged over the expected exposure period to evaluate non-
carcinogenic effects.  The HQ is the ratio of the estimated exposure dose and the RfD.  
An HQ greater than 1 indicates that the estimated exposure level for that constituent 
exceeds the RfD.  This ratio does not provide the probability of an adverse effect.  
Although an HQ less than 1 indicates that health effects should not occur, an HQ that 
exceeds 1 does not imply that health effects will occur, but that health effects are 
possible.   

The sum of the HQs is the hazard index (HI).  A limitation with the HI approach is the 
assumption of dose additivity is applied to compounds that may induce different effects 
by different mechanisms of action.  Consequently, the summing of HIs for a number of 
compounds that are not expected to induce the same type of effects or that do not act 
by the same mechanism may overestimate the potential for toxic effects (USEPA, 
1989).  Consistent with USEPA risk assessment guidelines for chemical mixtures, in 
the event that the total HI for an exposure scenario exceeds 1, it is incumbent on a risk 
assessor to segregate HQs by target organ/critical effect (USEPA, 1989).  Therefore, if 
the calculated HI exceeds 1 as a consequence of summing several HQs for 
constituents not expected to induce the same type of effects or that do not act by the 
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same mechanism, the HIs may be segregated by effect and mechanism of action to 
derive separate HIs for each target-organ/critical-effect group (USEPA, 1989).   

2.4.2 Excess Lifetime Cancer Risk 

The ELCR is an estimate of the potential increased risk of cancer that results from 
lifetime exposure, at specified average daily dosages, to constituents detected in 
media at a site.  Estimated doses or intakes for each constituent are averaged over the 
hypothesized lifetime of 70 years.  It is assumed that a large dose received over a 
short period is equivalent to a smaller dose received over a longer period, as long as 
the total doses are equal.  The ELCR is calculated as the product of the exposure dose 
and the CSF.  The risk estimate is considered to be an upper-bound estimate; 
therefore, it is likely that the true risk is far less than that predicted by the model. 

2.4.3 Health-Based Goals 

Site-specific, health-based goals (HBGs) will be calculated for chemicals identified as 
risk drivers (i.e., chemicals of concern [COCs]) during the HHRA using exposure 
factors, toxicity values, and other chemical-specific parameters defined in the risk 
assessment.  

The first step in developing HBGs will be to identify those environmental media that, in 
the HHRA, present either a cumulative current or future potential ELCR greater than    
1 x 10-4 or a noncarcinogenic target-organ HI greater than 1.  The next step will be to 
identify COCs within each medium of concern that contributes to a potential ELCR 
greater than 1 x 10-6 or a potential HQ greater than 1.  Following identification of media 
of concern and COCs, the HBGs will be developed. 

The site-specifc HBG based on carcinogenic effects (HBGc) will be calculated for each 
chemical risk-driver (i.e., each COC) using the following equation: 

 
i

i
c ELRC

TCREPC ×
=HBG  

Where: 

HBGc = Health-Based Goal based on carcinogenic effects (ug/L or mg/kg); 

EPCi = Chemical-specific Exposure Point Concentration used to calculate the 
Excess Lifetime Cancer Risk in the HHRA (ug/L or mg/kg); 
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TCR = Target Cancer Risk (unitless); and 

ELCRi = Chemical-specific Excess Lifetime Cancer risk as calculated in the 
HHRA (unitless). 

The site-specific HBG based on non-cancer effects (HBGnc) will be calculated for each 
chemical risk-driver (i.e., each COC) using the following equation: 

 
i

nc HQ
THQEPCiHBG ×

=  

Where: 

HBGnc = Health-Based Goal based on noncarcinogenic effects (ug/L or mg/kg); 

EPCi = Chemical-specific Exposure Point Concentration used to calculate the 
Hazard Quotient in the HHRA (ug/L or mg/kg); 

THQ = Target Hazard Quotient (unitless); and 

HQi = Chemical-specific Hazard Quotient as calculated in the HHRA 
(unitless). 

 

2.5 Human Health Risk Assessment Report Outline 

The baseline HHRA document for each site will provide a brief description and history 
of the site followed by discussions of the site data, selection of COPCs, toxicity 
assessment, exposure assessment, and human health risk characterization.  The 
report will be organized as follows: 

• Site Characterization:  Describes the site, provides a brief summary of the history 
of the site, and briefly describes the site features. 

• Constituent Characterization:  Identifies and summarizes the occurrence of 
constituents in soil and groundwater and identifies COPCs for the human health 
risk assessment.   

• Exposure Assessment:  Presents the conceptual site exposure model that is used 
to identify exposure routes and discusses potential human exposure pathways and 
potential human receptors at the site. 

• Toxicity Assessment:  Identifies pertinent toxicological values for the COPCs. 
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• Risk Characterization:  Summarizes the potential risk to human health from 
potential exposure to constituents detected in environmental media at the site and 
off-site, and derives health-based goals (if indicated) for the COPCs in each 
medium in which the calculated risks exceed acceptable levels. 

• Uncertainties in the HHRA:  Discusses the uncertainties in the HHRA process. 

• Summary and Conclusions:  Summarizes the results of the HHRA. 
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Table 3-1
Values Used for Daily Intake Calculations – Potential Current/Hypothetical Future Site Worker Exposure to Soil

White Sands Missile Range, New Mexico

      
Exposure Route Parameter Parameter Definition Units RME RME Intake Equation/

Code  Value Rationale/ Model Name
Reference

Ingestion CSO Chemical Concentration in Soil mg/kg TBD -- Chronic Daily Intake (CDI) (mg/kg-day)=
IR-S Ingestion Rate of Soil mg/day 100 NMED, 2006 CSO x IR x EF x ED x CF2 x 1/BW x 1/AT
EF Exposure Frequency days/year 225 NMED, 2006
ED Exposure Duration years 25 NMED, 2006
CF2 Conversion Factor kg/mg 1.00E-06 --
BW Body Weight kg 70 NMED, 2006

AT-C Averaging Time (Cancer) days 25,550 USEPA, 1989
AT-N Averaging Time (Non-Cancer) days 9,125 USEPA, 1989

Dermal CSO Chemical Concentration in Soil mg/kg TBD -- CDI (mg/kg-day)=
ABSd Dermal Absorption Fraction unitless chemical-specific USEPA, 2004b CSO x ABSd x SSAF x SA x CF2 x EF x 

SSAF Soil to Skin Adherence Factor mg/cm2 0.2 NMED, 2006 ED x 1/BW x 1/AT
SA Skin Surface Area Available for Con cm2 3,300 NMED, 2006
CF2 Conversion Factor kg/mg 0.000001 --
EF Exposure Frequency days/year 225 NMED, 2006
ED Exposure Duration years 25 NMED, 2006
BW Body Weight kg 70 NMED, 2006

AT-C Averaging Time (Cancer) days 25,550 USEPA, 1989
AT-N Averaging Time (Non-Cancer) days 9,125 USEPA, 1989

Inhalation of dust CSO Chemical Concentration in Soil mg/kg TBD -- CDI (mg/kg-day)=
and volatiles IN Inhalation Rate m3/hr 2.5 NMED, 2006 CSO x IN x EF x ED x ET x (1/PEF + 1/VF)

EF Exposure Frequency days/year 225 NMED, 2006 1/BW x 1/AT 
ED Exposure Duration years 25 NMED, 2006
ET Exposure Time hrs/day 8 USEPA, 1991
BW Body Weight kg 70 NMED, 2006
PEF Particulate Emission Factor m3/kg Calculated NMED, 2006
VF Volatilization Factor m3/kg Calculated NMED, 2006

AT-C Averaging Time (Cancer) days 25,550 USEPA, 1989
AT-N Averaging Time (Non-Cancer) days 9,125 USEPA, 1989

Inhalation of CA Chemical Concentration in Air mg/m3 TBD -- CDI (mg/kg-day)=CA x IN x EF x ED x ET x
volatiles migrating IN Inhalation Rate m3/hr 2.5 NMED, 2006 1/BW x 1/AT

to indoor air EF Exposure Frequency days/year 225 NMED, 2006
(Subsurface soil) ED Exposure Duration years 25 NMED, 2006

ET Exposure Time hrs/day 8 USEPA, 1991
BW Body Weight kg 70 NMED, 2006

AT-C Averaging Time (Cancer) days 25,550 USEPA, 1989
AT-N Averaging Time (Non-Cancer) days 9,125 USEPA, 1989



Table 3-2
Values Used for Daily Intake Calculations – Hypothetical Future Site Worker Exposure to Groundwater

White Sands Missile Range, New Mexico

      
Exposure Route Parameter Parameter Definition Units RME RME Intake Equation/

Code Value Rationale/ Model Name
Reference

Ingestion CW Chemical Concentration in Water ug/L TBD -- Chronic Daily Intake (CDI) (mg/kg-day)=
IR-W Ingestion Rate liters/day 1 USEPA, 1991 CW x IR-W x EF x ED x CF1 x 
EF Exposure Frequency days/year 225 NMED, 2006 1/BW x 1/AT
ED Exposure Duration years 25 NMED, 2006
CF1 Conversion Factor 1 mg/ug 0.001 --
BW Body Weight kg 70 NMED, 2006

AT-C Averaging Time (Cancer) days 25,550 USEPA, 1989
AT-N Averaging Time (Non-Cancer) days 9,125 USEPA, 1989

Dermal CW Chemical Concentration in Water ug/L TBD -- CDI (mg/kg-day)=
CF1 Conversion Factor 1 mg/ug 0.001 -- CW x CF1 x SA x DAEVENT  x EF x

DAEVENT Absorbed  Dose per Event L/cm2-event Calculated USEPA, 2004b ED x  1/BW x 1/AT
SA Skin Surface Area Available for Contact cm2 3,300 NMED, 2006
EF Exposure Frequency days/year 225 NMED, 2006
ED Exposure Duration years 25 NMED, 2006
ET Exposure Time hrs/day 0.25 USEPA, 2004b
BW Body Weight kg 70 NMED, 2006

AT-C Averaging Time (Cancer) days 25,550 USEPA, 1989
AT-N Averaging Time (Non-Cancer) days 9,125 USEPA, 1989

Inhalation of CA Chemical Concentration in Air mg/m3 TBD -- CDI (mg/kg-day)=
volatiles migrating IN Inhalation Rate m3/hr 2.5 NMED, 2006 CA x IN x EF x ED x ET x

to indoor air EF Exposure Frequency days/year 225 NMED, 2006 1/BW x 1/AT
(if pathway complete) ED Exposure Duration years 25 NMED, 2006

ET Exposure Time hrs/day 8 USEPA, 1991
BW Body Weight kg 70 NMED, 2006

AT-C Averaging Time (Cancer) days 25,550 USEPA, 1989
AT-N Averaging Time (Non-Cancer) days 9,125 USEPA, 1989

Inhalation of CW Chemical Concentration in Water ug/L TBD -- CDI (mg/kg-day)=
volatiles in CF1 Conversion Factor 1 mg/ug 0.001 --

potable water IN Inhalation Rate m3/hr 2.5 NMED, 2006 CW x CF1 x IN x EF x ED x ET x VF x
supply EF Exposure Frequency days/year 225 NMED, 2006 1/BW x 1/AT

ED Exposure Duration years 25 NMED, 2006
ET Exposure Time hrs/day 0.25 USEPA, 2001b
BW Body Weight kg 70 NMED, 2006
VF Volatilization Factor L/m3 0.5 NMED, 2006

AT-C Averaging Time (Cancer) days 25,550 USEPA, 1989
AT-N Averaging Time (Non-Cancer) days 9,125 USEPA, 1989



Table 3-3
Values Used for Daily Intake Calculations – Hypothetical Future Construction Worker Exposure to Soil

White Sands Missile Range, New Mexico

      
Exposure Route Parameter Parameter Definition Units RME RME Intake Equation/

Code  Value Rationale/ Model Name
Reference

Ingestion CSO Chemical Concentration in Soil mg/kg TBD -- Subchronic Daily Intake (SDI) (mg/kg-day)=
IR-S Ingestion Rate of Soil mg/day 330 NMED, 2006 CSO x IR x EF x ED x CF2 x 1/BW x 1/AT
EF Exposure Frequency days/year 250 NMED, 2006
ED Exposure Duration years 1 NMED, 2006
CF2 Conversion Factor kg/mg 1.00E-06 --
BW Body Weight kg 70 NMED, 2006

AT-C Averaging Time (Cancer) days 25,550 USEPA, 1989
AT-N Averaging Time (Non-Cancer) days 365 USEPA, 1989

Dermal CSO Chemical Concentration in Soil mg/kg TBD -- SDI (mg/kg-day)=
ABSd Dermal Absorption Fraction unitless chemical-specific USEPA, 2004b CSO x ABSd x SSAF x SA x CF2 x EF x 

SSAF Soil to Skin Adherence Factor mg/cm2 0.3 NMED, 2006 ED x 1/BW x 1/AT
SA Skin Surface Area Available for Contact cm2 3,300 NMED, 2006
CF2 Conversion Factor kg/mg 1.00E-06 --
EF Exposure Frequency days/year 250 NMED, 2006
ED Exposure Duration years 1 NMED, 2006
BW Body Weight kg 70 NMED, 2006

AT-C Averaging Time (Cancer) days 25,550 USEPA, 1989
AT-N Averaging Time (Non-Cancer) days 365 USEPA, 1989

Inhalation CSO Chemical Concentration in Soil mg/kg TBD -- SDI (mg/kg-day)=
IN Inhalation Rate m3/hr 2.5 NMED, 2006 CSO x IN x EF x ED x ET x (1/VF + 1/PEF)
EF Exposure Frequency days/year 250 NMED, 2006 1/BW x 1/AT 
ED Exposure Duration years 1 NMED, 2006
ET Exposure Time hrs/day 8 USEPA, 1989
BW Body Weight kg 70 NMED, 2006
PEF Particulate Emission Factor m3/kg Calculated NMED, 2006
VF Volatilization Factor m3/kg Calculated NMED, 2006

AT-C Averaging Time (Cancer) days 25,550 USEPA, 1989
AT-N Averaging Time (Non-Cancer) days 365 USEPA, 1989



Table 3-4
Values Used for Daily Intake Calculations – Hypothetical Future Adult Resident Exposure to Soil

      
Exposure Route Parameter Parameter Definition Units RME RME Intake Equation/

Code  Value Rationale/ Model Name
Reference

Ingestion CSO Chemical Concentration in Soil mg/kg TBD -- Chronic Daily Intake (CDI) (mg/kg-day)=
IR-S Ingestion Rate of Soil mg/day 100 NMED, 2006 CSO x IR x EF x ED x CF2 x 1/BW x 1/AT
EF Exposure Frequency days/year 350 NMED, 2006
ED Exposure Duration years 30 NMED, 2006
CF2 Conversion Factor kg/mg 1.00E-06 --
BW Body Weight kg 70 NMED, 2006

AT-N Averaging Time (Non-Cancer) days 10,950 USEPA, 1989
Dermal CSO Chemical Concentration in Soil mg/kg TBD -- CDI (mg/kg-day)=

ABSd Dermal Absorption Fraction unitless chemical-specific USEPA, 2004b CSO x ABSd x SSAF x SA x CF2 x EF x 

SSAF Soil to Skin Adherence Factor mg/cm2 0.07 NMED, 2006 ED x 1/BW x 1/AT
SA Skin Surface Area Available for Contact cm2 5,700 NMED, 2006
CF2 Conversion Factor kg/mg 1.00E-06 --
EF Exposure Frequency days/year 350 NMED, 2006
ED Exposure Duration years 30 NMED, 2006
BW Body Weight kg 70 NMED, 2006

AT-N Averaging Time (Non-Cancer) days 10,950 USEPA, 1989
Inhalation of dust CSO Chemical Concentration in Soil mg/kg TBD -- CDI (mg/kg-day)=

and volatiles IN Inhalation Rate m3/hr 0.83 NMED, 2006 CSO x IN x EF x ED x ET x (1/PEF + 1/VF)
EF Exposure Frequency days/year 350 NMED, 2006 1/BW x 1/AT 
ED Exposure Duration years 30 NMED, 2006
ET Exposure Time hrs/day 24 Assumed
BW Body Weight kg 70 NMED, 2006
PEF Particulate Emission Factor m3/kg Calculated NMED, 2006
VF Volatilization Factor m3/kg Calculated NMED, 2006

AT-N Averaging Time (Non-Cancer) days 10,950 USEPA, 1989
Inhalation of CA Chemical Concentration in Air mg/m3 TBD -- CDI (mg/kg-day)=CA x IN x EF x ED x ET x

volatiles migrating IN Inhalation Rate m3/hr 0.83 NMED, 2006 1/BW x 1/AT
to indoor air EF Exposure Frequency days/year 350 NMED, 2006

(Subsurface soil) ED Exposure Duration years 30 NMED, 2006
(if pathway complete) ET Exposure Time hrs/day 24 Assumed

BW Body Weight kg 70 NMED, 2006
AT-N Averaging Time (Non-Cancer) days 10,950 USEPA, 1989

White Sands Missile Range, New Mexico



Table 3-5
Values Used for Daily Intake Calculations – Hypothetical Future Adult Resident Exposure to Groundwater

White Sands Missile Range, New Mexico

      
Exposure Route Parameter Parameter Definition Units RME RME Intake Equation/

Code Value Rationale/ Model Name
Reference

Ingestion CW Chemical Concentration in Water ug/L TBD -- Chronic Daily Intake (CDI) (mg/kg-day)=
IR-W Ingestion Rate liters/day 2 NMED, 2006 CW x IR-W x EF x ED x CF1 x 
EF Exposure Frequency days/year 350 NMED, 2006 1/BW x 1/AT
ED Exposure Duration years 30 NMED, 2006
CF1 Conversion Factor 1 mg/ug 0.001 --
BW Body Weight kg 70 NMED, 2006

AT-N Averaging Time (Non-Cancer) days 10,950 USEPA, 1989
Dermal CW Chemical Concentration in Water ug/L TBD -- CDI (mg/kg-day)=

CF1 Conversion Factor 1 mg/ug 0.001 -- CW x CF1 x SA x DAEVENT  x EF x
DAEVENT Absorbed  Dose per Event L/cm2-event calculated USEPA, 2004b ED x  1/BW x 1/AT

SA Skin Surface Area Available for Contact cm2 18,000 USEPA, 2004b
EF Exposure Frequency days/year 350 NMED, 2006
ED Exposure Duration years 30 NMED, 2006
tevent Event Duration hr/event 0.58 USEPA, 2004b
BW Body Weight kg 70 NMED, 2006

AT-N Averaging Time (Non-Cancer) days 10,950 USEPA, 1989
Inhalation of CA Chemical Concentration in Air mg/m3 TBD -- CDI (mg/kg-day)=

volatiles migrating IN Inhalation Rate m3/hr 0.83 NMED, 2006 CA x IN x EF x ED x ET x
to indoor air EF Exposure Frequency days/year 350 NMED, 2006 1/BW x 1/AT

(if pathway complete) ED Exposure Duration years 30 NMED, 2006
ET Exposure Time hrs/day 24 USEPA, 1991
BW Body Weight kg 70 NMED, 2006

AT-N Averaging Time (Non-Cancer) days 10,950 USEPA, 1989
Inhalation of CW Chemical Concentration in Water ug/L TBD -- CDI (mg/kg-day)=
volatiles in CF1 Conversion Factor 1 mg/ug 0.001 -- CW x CF1 x IN x EF x ED x ET x VF x

potable water IN Inhalation Rate m3/hr 0.83 NMED, 2006 1/BW x 1/AT
supply EF Exposure Frequency days/year 350 NMED, 2006

ED Exposure Duration years 30 NMED, 2006
ET Exposure Time hrs/day 24 USEPA, 2004b
BW Body Weight kg 70 NMED, 2006
VF Volatilization Factor L/m3 0.5 NMED, 2006

AT-N Averaging Time (Non-Cancer) days 10,950 USEPA, 1989



Table 3-6
Values Used for Daily Intake Calculations – Hypothetical Future Age-Adjusted Residential Exposure to Soil

White Sands Missile Range, New Mexico

      
Exposure Route Parameter Parameter Definition Units RME RME Intake Equation/

Code  Value Rationale/ Model Name
Reference

Ingestion CSO Chemical Concentration in Soil mg/kg TBD -- Chronic Daily Intake (SDI) (mg/kg-day)=
IR-Sadj Ingestion Rate of Soil (age-adjusted) mg-yr/kg-day 114 NMED, 2006 CSO x IR-Sadj x EF x CF2 x 1/AT

EF Exposure Frequency days/year 350 NMED, 2006
CF2 Conversion Factor kg/mg 1.00E-06 --
AT-C Averaging Time (Cancer) days 25,550 USEPA, 1989

Dermal CSO Chemical Concentration in Soil mg/kg TBD -- CDI (mg/kg-day)=
SFSadj Dermal Factor for Soils (age-adjusted) mg-yr/kg-day 361 NMED, 2006
ABSd Dermal Absorption Fraction unitless chemical-specific USEPA, 2004b CSO x ABSd x SFSadj x CF2 x EF x 1/AT

CF2 Conversion Factor kg/mg 1.00E-06 --
EF Exposure Frequency days/year 350 NMED, 2006

AT-C Averaging Time (Cancer) days 25,550 USEPA, 1989
Inhalation of dust CSO Chemical Concentration in Soil mg/kg TBD -- CDI (mg/kg-day)=

and volatiles INadj Inhalation Rate m3-yr/kg-hr 0.45 NMED, 2006 CSO x INadj x EF x ET x (1/PEF + 1/VF) x 1/AT
EF Exposure Frequency days/year 350 NMED, 2006
ET Exposure Time hrs/day 24 NMED, 2006

PEF Particulate Emission Factor m3/kg Calculated NMED, 2006
VF Volatilization Factor m3/kg Calculated NMED, 2006

AT-C Averaging Time (Cancer) days 25,550 USEPA, 1989
Inhalation of CA Chemical Concentration in Air mg/m3 TBD -- CDI (mg/kg-day)=

Volatiles Migrating INadj Inhalation Rate m3-yr/kg-hr 0.45 NMED, 2006 CA x INadj x EF x ET x 1/AT
to Indoor Air EF Exposure Frequency days/year 350 NMED, 2006

(Subsurface soil) ET Exposure Time hrs/day 24 NMED, 2006
(if pathway complete) AT-C Averaging Time (Cancer) days 25,550 USEPA, 1989



Table 3-7
Values Used for Daily Intake Calculations – Hypothetical Future Age-Adjusted Residential Exposure to Groundwater

White Sands Missile Range, New Mexico

      
Exposure Route Parameter Parameter Definition Units RME RME Intake Equation/

Code Value Rationale/ Model Name
Reference

Ingestion CW Chemical Concentration in Water ug/L TBD -- Chronic Daily Intake (CDI) (mg/kg-day)=
IR-Wadj Ingestion Rate (age-adjusted) liters-yr/kg-day 1.1 NMED, 2006 CW x IR-Wadj x EF x CF1 x 1/AT

EF Exposure Frequency days/year 350 NMED, 2006
CF1 Conversion Factor 1 mg/ug 0.001 --
AT-C Averaging Time (Cancer) days 25,550 USEPA, 1989

Dermal CW Chemical Concentration in Water ug/L TBD -- CDI (mg/kg-day)=
CF1 Conversion Factor 1 mg/ug 0.001 -- CW x CF1 x SAadj x DAEVENT  x EF x 1/AT

DAEVENT Absorbed  Dose per Event L/cm2 -day Calculated USEPA, 2004b
SAadj Skin Surface Area Available for Contact (age-adjusted) yr-cm2/kg 8,811 USEPA, 2004b

EF Exposure Frequency days/year 350 NMED, 2006
tevent adj Event Duration (age-adjusted) hr/event 0.66 USEPA, 2004b

AT-C Averaging Time (Cancer) days 25,550 USEPA, 1989
Inhalation of CA Chemical Concentration in Air mg/m3 TBD -- CDI (mg/kg-day)=

volatiles migrating INadj Inhalation Rate m3-yr/kg-hr 0.45 NMED, 2006 CA x INadj x EF x ET x 1/AT
to indoor air EF Exposure Frequency days/year 350 NMED, 2006

(if pathway complete) ET Exposure Time hrs/day 24 NMED, 2006
AT-C Averaging Time (Cancer) days 25,550 USEPA, 1989

Inhalation of CW Chemical Concentration in Water ug/L TBD -- CDI (mg/kg-day)=
volatiles in CF1 Conversion Factor 1 mg/ug 0.001 -- CW x CF1 x INadj x EF x ETadj x VF x 1/AT

potable water INadj Inhalation Rate m3-yr/kg-hr 0.45 NMED, 2006
supply EF Exposure Frequency days/year 350 NMED, 2006

ETadj Exposure Time hrs/day 24 NMED, 2006
VF Volatilization Factor L/m3 0.5 NMED, 2006

AT-C Averaging Time (Cancer) days 25,550 USEPA, 1989



Table 3-8
Values Used for Daily Intake Calculations – Hypothetical Future Child Resident Exposure to Soil

White Sands Missile Range, New Mexico

      
Exposure Route Parameter Parameter Definition Units RME RME Intake Equation/

Code  Value Rationale/ Model Name
Reference

Ingestion CSO Chemical Concentration in Soil mg/kg TBD -- Subchronic Daily Intake (SDI) (mg/kg-day)=
IR-S Ingestion Rate of Soil mg/day 200 NMED, 2006 CSO x IR x EF x ED x CF2 x 1/BW x 1/AT
EF Exposure Frequency days/year 350 NMED, 2006
ED Exposure Duration years 6 NMED, 2006
CF2 Conversion Factor kg/mg 1.00E-06 --
BW Body Weight kg 15 NMED, 2006

AT-N Averaging Time (Non-Cancer) days 2,190 USEPA, 1989
Dermal CSO Chemical Concentration in Soil mg/kg TBD -- SDI (mg/kg-day)=

ABSd Dermal Absorption Fraction unitless chemical-specific USEPA, 2004b CSO x ABSd x SSAF x SA x CF2 x EF x 

SSAF Soil to Skin Adherence Factor mg/cm2 0.2 NMED, 2006 ED x 1/BW x 1/AT
SA Skin Surface Area Available for Contact cm2 2,800 NMED, 2006
CF2 Conversion Factor kg/mg 1.00E-06 --
EF Exposure Frequency days/year 350 NMED, 2006
ED Exposure Duration years 6 NMED, 2006
BW Body Weight kg 15 NMED, 2006

AT-N Averaging Time (Non-Cancer) days 2,190 USEPA, 1989
Inhalation of dust CSO Chemical Concentration in Soil mg/kg TBD -- SDI (mg/kg-day)=

and volatiles IN Inhalation Rate m3/hr 0.42 NMED, 2006 CSO x IN x EF x ED x ET x (1/PEF + 1/VF)
EF Exposure Frequency days/year 350 NMED, 2006 1/BW x 1/AT 
ED Exposure Duration years 6 NMED, 2006
ET Exposure Time hrs/day 24 NMED, 2006
BW Body Weight kg 15 NMED, 2006
PEF Particulate Emission Factor m3/kg Calculated NMED, 2006
VF Volatilization Factor m3/kg Calculated NMED, 2006

AT-N Averaging Time (Non-Cancer) days 2,190 USEPA, 1989
Inhalation of CA Chemical Concentration in Air mg/m3 TBD -- SDI (mg/kg-day)=CA x IN x EF x ED x ET x

Volatiles Migrating IN Inhalation Rate m3/hr 0.42 NMED, 2006 1/BW x 1/AT
to Indoor Air EF Exposure Frequency days/year 350 NMED, 2006

(Subsurface soil) ED Exposure Duration years 6 NMED, 2006
(if pathway complete) ET Exposure Time hrs/day 24 NMED, 2006

BW Body Weight kg 15 NMED, 2006
AT-N Averaging Time (Non-Cancer) days 2,190 USEPA, 1989



Table 3-9
Values Used for Daily Intake Calculations – Hypothetical Future Child Resident Exposure to Groundwater

White Sands Missile Range, New Mexico

      
Exposure Route Parameter Parameter Definition Units RME RME Intake Equation/

Code Value Rationale/ Model Name
Reference

Ingestion CW Chemical Concentration in Water ug/L TBD -- Subchronic Daily Intake (CDI) (mg/kg-day)=
IR-W Ingestion Rate liters/day 1 USEPA, 1997 CW x IR-W x EF x ED x CF1 x 
EF Exposure Frequency days/year 350 NMED, 2006 1/BW x 1/AT
ED Exposure Duration years 6 NMED, 2006
CF1 Conversion Factor 1 mg/ug 0.001 --
BW Body Weight kg 15 NMED, 2006

AT-N Averaging Time (Non-Cancer) days 2,190 USEPA, 1989
Dermal CW Chemical Concentration in Water ug/L TBD -- SDI (mg/kg-day)=

CF1 Conversion Factor 1 mg/ug 0.001 -- CW x CF1 x SA x DAEVENT  x EF x
DAEVENT Absorbed  Dose per Event L/cm2 -day Calculated USEPA, 2004b ED x  1/BW x 1/AT

SA Skin Surface Area Available for Contact cm2 6,600 USEPA, 2004b
EF Exposure Frequency days/year 350 NMED, 2006
ED Exposure Duration years 6 NMED, 2006

tevent Event Duration hr/event 1 USEPA, 2004b
BW Body Weight kg 15 NMED, 2006

AT-N Averaging Time (Non-Cancer) days 2,190 USEPA, 1989
Inhalation of CA Chemical Concentration in Air mg/m3 TBD -- SDI (mg/kg-day)=

volatiles migrating IN Inhalation Rate m3/hr 0.42 NMED, 2006 CA x IN x EF x ED x ET x
to indoor air EF Exposure Frequency days/year 350 NMED, 2006 1/BW x 1/AT

(if pathway complete) ED Exposure Duration years 6 NMED, 2006
ET Exposure Time hrs/day 24 NMED, 2006
BW Body Weight kg 15 NMED, 2006

AT-N Averaging Time (Non-Cancer) days 2,190 USEPA, 1989
Inhalation of CW Chemical Concentration in Water ug/L TBD -- SDI (mg/kg-day)=
volatiles in CF1 Conversion Factor 1 mg/ug 0.001 -- CW x CF1 x IN x EF x ED x ET x VF x

potable water IN Inhalation Rate m3/hr 0.42 NMED, 2006 1/BW x 1/AT
supply EF Exposure Frequency days/year 350 NMED, 2006

ED Exposure Duration years 6 NMED, 2006
ET Exposure Time hrs/day 24 NMED, 2006
BW Body Weight kg 15 NMED, 2006
VF Volatilization Factor L/m3 0.5 NMED, 2006

AT-N Averaging Time (Non-Cancer) days 2,190 USEPA, 1989
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AOC Area of concern 
ARCADIS ARCADIS U.S., Inc. 
ASTM American Society for Testing and Materials
BERA Baseline ecological risk assessment 
BW Body weight 
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CalEPA California Environmental Protection Agency 
CDFG California Department of Fish and Game 
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CSM Conceptual site model 
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HHRA Human health risk assessment 
HQ Hazard Quotient 
kg Kilogram 
kg/day Kilogram per day 
km2 Square kilometers 
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LOAEL Lowest observed adverse effect level 
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MDEQ Mississippi Department of Environmental Quality 
mg/kg Milligram per kilogram 
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PAH Polycyclic aromatic hydrocarbon 
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SIR Soil ingestion rate 
SLERA Screening-level ecological risk assessment 
SMDP Scientific management decision point 
SQL Sample quantitation limit 
SUF Site use factor 
SWMU Solid waste management unit 
TCEQ Texas Commission on Environmental Quality 
TRV Toxicity Reference Value 
UCL Upper confidence limit 
USEPA United States Environmental Protection Agency 
USFWS United States Fish and Wildlife Service 
UTL Upper Tolerance Limit 
WSMR White Sands Missile Range 
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1. Introduction 

ARCADIS U.S., Inc. (ARCADIS) has been retained by the United States Army to 
prepare an Ecological Risk Assessment Work Plan (ERAWP) for the Solid Waste 
Management Units (SWMUs) and Areas of Concern (AOCs) at the White Sands 
Missile Range in New Mexico. 

ARCADIS prepared this ERAWP to provide the basic approach, preliminary conceptual 
site model (CSM) for ecological receptors, and methodologies that will be used to 
individually evaluate potential risks to the environment at each of the SWMUs and 
AOCs (hence forth referred to as “the sites”) at the White Sands Missile Range.  By 
defining a consistent and protective process, the identification of appropriate corrective 
actions to mitigate unacceptable risk (when present) will be streamlined and therefore 
optimized.  The intent of this ERAWP is to begin laying the groundwork for the 
ecological risk assessment that will be performed at the sites.  This groundwork is 
intended to facilitate both the preparation and review processes for the risk-related 
documents that will be prepared to support the remedial decisions at the sites.  The 
goal of this document is to ensure that the risk assessment approach will follow a 
clearly described and consistent process that is compatible with current United States 
Environmental Protection Agency (USEPA) and New Mexico Environment Department 
(NMED) guidance. 

1.1 Project Overview 

The work plan presents proposed approaches for using site data to evaluate ecological 
risks to terrestrial receptors.  There are no natural surface water bodies at or 
associated with the sites. Therefore, evaluation of potential exposure pathways 
involving aquatic receptors are not addressed in this work plan.  

1.2 Ecological Risk Assessment Approach 

A Screening Level Ecological Risk Assessment (SLERA) will be prepared for each site 
in conjunction with a Human Health Risk Assessment (HHRA) prepared under 
separate cover.  If the SLERA indicates significant ecological risks, a baseline 
ecological risk assessment (BERA) will be prepared.  The risk assessment approach is 
based on NMED guidance for SLERAs (NMED, 2008) and USEPA guidance for 
SLERAs and BERAs (USEPA, 2001a, 2000a, 1998, 1997).  The results of the SLERA, 
or BERA if necessary, will be used along with other considerations, such as the results 
of the HHRA and compliance with Resource Conservation and Recovery Act (RCRA) 
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regulations, to determine if the site requires corrective action or can be closed with a 
no further action decision.   

The intended objectives of this document are to identify the risk-based ecological 
screening values, exposure assumptions, and risk characterization methods that will 
be used at the sites to complete the ecological risk assessment.     

This ERAWP addresses the receptors and media of particular interest identified during 
the initial review of site conditions, identifies screening values and describes their use, 
and follows the NMED and USEPA paradigms for conducting an Ecological Risk 
Assessment (ERA) (NMED, 2008; USEPA, 2000a and 2001a).  As summarized below 
and presented in detail in Section 4, the ERAWP describes the approach, including 
necessary information regarding habitat; ecological receptors; exposure levels; and 
reporting requirements for conducting the ERAs. 

1.2.1 Screening Level Ecological Risk Assessment 

The SLERA is conducted to either indicate the need for a BERA (and to help focus that 
baseline ecological risk assessment), or to indicate that there is a high probability of no 
adverse risks for wildlife (USEPA, 1999, 2000a).  Essentially, the SLERA will consist of 
a preliminary problem formulation and comparisons of maximum detected 
concentrations with available ecotoxicity benchmarks.  A BERA will only be conducted 
for the constituents in a specific medium that exceed the appropriate benchmark (or if 
there is no benchmark).  

1.2.2 Baseline Ecological Risk Assessment 

While the SLERA is designed to conservatively rule out further evaluation of 
constituents and media that clearly do not pose a significant ecological risk, the BERA 
is designed to more realistically identify the nature and extent of ecological risks in 
order to support informed environmental management decisions (USEPA, 1999; 
2000a).  Therefore, as necessary, a BERA will be conducted for a site (and media and 
constituents) if it progresses beyond the SLERA.  Because the BERA will be site-
specific, and based on the results of the SLERA, it is not appropriate in this ERAWP to 
identify specific elements of the BERA.  However, the scope and content of the BERA 
will be consistent with NMED (2008) and USEPA guidance (1997, 2000a).  The results 
of the BERA will be used along with other considerations, such as compliance with 
RCRA regulations, to decide whether no further action is required, refinement of the 
BERA is necessary, or if remedial action is appropriate.  
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1.3 Organization 

This ERAWP outlines the methodology and assumptions used to evaluate potential 
risks posed by constituents detected in environmental media at the sites. The report is 
organized as follows: 

• Section 2 –Analytical Data:  This section describes the data quality requirements 
and outlines the approach that will be used to present and summarize the 
analytical data in the ecological risk assessment. 

• Section 3 – Ecological Risk Assessment:  This section presents the methodology 
to be used to evaluate the potential risk to ecological receptors.  The proposed site 
characterization and screening levels and benchmarks for the constituents known 
or suspected to be present at the sites are presented.  In addition, general 
information pertinent to components of a BERA is presented. 

• Section 4 – References:  This section presents the complete citations for all 
references used to develop this ERAWP. 
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2. Analytical Data 

This section presents brief information about the types of samples analyzed during 
current investigations and how the data will be used in the ERA.  Each report that 
contains risk assessment-related activities will present information describing the 
distribution of constituents in environmental media, and the fate and transport 
processes of those constituents likely to occur at the site under investigation. 

2.1 Data Availability 

Historical soil data that have been collected from the sites during previous 
investigations will be used as appropriate in the ERA.  Existing reports will be reviewed 
and investigation data compiled and evaluated. Historical data will be evaluated 
regarding the degree to which they are representative of current conditions.  In 
addition, data collected during proposed sampling efforts by ARCADIS will be 
considered in the ERA. As noted above, the absence of aquatic habitats at or adjacent 
to the sites precludes the need to consider surface water or sediment as media of 
concern.  

2.2 Data Quality 

All existing laboratory analytical data available for the sites comes from samples 
collected during historical investigations completed by various consultants.  These data 
will be used in the ERA, as appropriate, along with relevant historical data provided in 
the existing investigation reports.   

For the purpose of selecting constituents for consideration in the ERA, data qualifiers 
will be reviewed for each data set.  Data rejected during the data validation process will 
not be used in the ERA.  Estimated data (e.g., “J” qualified) are considered to be 
positive detections and will be used in that manner in the risk assessments.  Analytical 
results that are “B” qualified (i.e., common laboratory contaminants at a level below 10-
times the blank concentration and other constituents at a level below 5-times the blank 
concentration) will be considered non-detect.  Analytical results where the constituent 
identity is uncertain (i.e., “N” qualified) will not be quantitatively evaluated. 
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3. Ecological Risk Assessment 

This section presents the approach for conducting ERAs for the sites.  The purpose of 
this Work Plan is to present the ERA approach, including relevant assumptions 
regarding habitat, ecological receptors, and exposure levels, prior to initiating the ERAs 
in order to obtain concurrence among the stakeholders.  This concurrence should 
streamline risk management decision-making, while maintaining an approach 
protective of flora and fauna populations, communities, and ecosystems at the sites. 

This ERAWP includes clearly identified points in the process for stakeholder 
communication and decision-making, consistent with the NMED (2008) and USEPA 
(USEPA, 1999; 2000a) paradigms.  These scientific management decision points 
(SMDPs) allow for collaborative decision-making that results in the efficient use of time 
and resources.  As such, effective use of SMDPs has a direct effect on the successful 
closure of sites based on concerns for wildlife.  SMDPs are discussed in greater detail 
throughout this section, as they vary according to the steps that they follow.  Generally, 
the following types of decisions are considered at the SMDPs: 

a) Whether no further action is appropriate based on concerns for wildlife, 

b) Whether further ERA is warranted, 

c) The refinement of the ERA approach if further ERA is warranted, and 

d) Whether remedial actions can be implemented to reduce or prevent risks to 
wildlife. 

The general approach that will be used to assess ecological risks at the sites is 
summarized on Figure 3-1 and 3-2.  Figure 3-1 provides an overview of the ecological 
risk approach that encompasses the eight-step USEPA ERA process (USEPA, 1999; 
2000a).  A SLERA will be conducted for each site.  A BERA will only be conducted if 
the site progresses beyond the SLERA SMDP.  An expanded view of the components 
of each step is provided on Figure 3-2.   

Sections 3.1 through 3.2.2 present detailed information about the ERA approach for 
the sites through Step 3a of the USEPA paradigm (Figure 3-2).  In addition, a general 
overview of the types of information that might be included in Step 3b to Step 8 is 
provided (Sections 3.2.2 through 3.2.7).  However, the discussion presented for Steps 
3b through Step 8 is not specific to the sites because the development of a detailed 
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approach beyond Step 3a requires (1) the results of preceding steps to identify wildlife 
potentially at risk, and (2) additional planning and input from stakeholders (USEPA, 
2000a). 

3.1 Screening-Level Ecological Risk Assessment  

The SLERA evaluates the potential risk to wildlife exposed to site-related constituents.  
A SLERA is designed to provide a conservative estimate of the risks that may exist for 
wildlife and incorporates uncertainty in a precautionary manner.  The purpose of a 
SLERA is to either indicate the need for a BERA (and to help focus that baseline risk 
assessment), or to indicate that there is a high probability of no adverse risks for 
wildlife (USEPA, 1999, 2000a).   

A SLERA will be conducted for each site following the approach illustrated on Figures 
3-1 and 3-2.  The SLERA will be conducted in a manner consistent with the 
approaches presented in the following guidance: 

• “Guidance for Assessing Ecological Risks Posed by Chemicals: Screening-Level 
Ecological Risk Assessment” (NMED, 2008); 

• “Amended Guidance on Ecological Risk Assessment at Military Bases: Process 
Considerations, Timing of Activities, and Inclusion of Stakeholders” (USEPA, 
2000a); and 

• “Ecological Risk Assessment Guidance for Superfund” (USEPA, 1997; 1999). 

The remainder of this section discusses the following steps and the resultant SMDP 
associated with the SLERA: 

• Section 3.1.1 – Step 1: Screening-Level Problem Formulation and Ecological 
Effects Evaluation 

• Section 3.1.2 – Step 2: Screening-Level Exposure Estimate and Risk Calculation 

• Section 3.1.3 – SMDP and Reporting 
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3.1.1 Step 1:  Screening-Level Problem Formulation and Ecological Effects Characterization 

The screening-level problem formulation serves to define the reasons for the SLERA 
and to define the methods for analyzing/characterizing risks (USEPA, 1998).  The 
background information on site characterization, receptors, and ecosystem 
characteristics is vital to the problem formulation, as is information on the sources and 
effects of the stressors (USEPA, 1998).   

3.1.1.1 Screening-Level Problem Formulation 

The screening-level problem formulation provides information used to establish the 
overall goals of an ERA (USEPA, 1999; 1998).  In addition, once these are 
established, the problem formulation is used to develop a CSM of exposures for the 
ERA.  The specific goal of this effort is a conservative evaluation of the likelihood for 
adverse effects (and the ecological significance of predicted adverse effects) to wildlife 
that may be exposed to site-related constituents. 

The screening-level problem formulation will encompass a variety of topics for areas 
where ecological exposures are likely to occur, and remedial actions to eliminate 
exposure pathways are not planned.  Problem formulation will produce three outputs: 
(1) assessment endpoints that adequately reflect management goals and the 
ecosystem the goals are meant to protect, (2) a CSM that describes the relationships 
between stressors and the assessment endpoints, and (3) a plan for analyzing the 
potential risks to the assessment endpoints (USEPA, 1998; 2000a). 

The remainder of this section provides an overview of the following components that 
will comprise the screening-level problem formulation for the sites.   

• Characterization of Environmental Setting, 

• Identification of Constituents Detected in Relevant Media, 

• Description of Constituent Fate and Transport Pathways, 

• Description of Constituent Mechanisms of Ecotoxicity, 

• Description of Potentially Affected Receptors, 
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• Identification of Potentially Complete Exposure Pathways and Conceptual Site 
Model, and 

• Identification of Generic Assessment and Measurement Endpoints. 

Characterization of Environmental Setting – The environmental setting will be 
described for each site and any associated drainage features.  The environmental 
setting details the biological resources of each area, as well as their abiotic 
environment.  This includes descriptions of available terrestrial habitat, and listings of 
organisms that are likely to use the habitats.  The local and nearby land uses will also 
be described, as human land use affects habitat quality and quantity.  The 
environmental setting will be constructed using available site reports, maps, aerial 
photographs, communication with appropriate agencies, and site visits (USEPA, 1999).     

Field descriptions of relevant environmental features will be recorded for each site 
using environmental setting checklists such as those presented in Attachment 1. This 
process will identify habitats and species potentially present at each site, potential 
contaminant migration pathways, exposure pathways, and the potential for chemical 
and non-chemical stressors at each site.  This process will be used to augment the 
existing information obtained from previous investigations on the habitats and species 
potentially present at the site, potential constituent migration pathways, exposure 
pathways, and the potential for chemical and non-chemical stressors at the site.  The 
process of generating appropriate environmental setting data may be supported by 
geographic information system mapping, topography and features, and the sampling 
locations.   

Identification of Constituents Detected in Relevant Media – The occurrence of 
constituents detected in surface soil will be summarized for each site.  As noted above, 
there are no surface water bodies at or adjacent to the sites. The soil depth horizon of 
interest defined by NMED (2008) is from the ground surface to a depth 10 feet below 
ground surface (bgs). While many wildlife species would only be exposed to near 
surface soils, the subsurface soils down to a depth of 10 ft bgs will be included in the 
evaluation to address potential exposure scenarios in the event there are burrowing 
wildlife or vegetation with deep rooting zones.  The range of detected concentrations 
and other relevant statistics for the soil data will be summarized for each site.   

Subsurface soil (i.e., soil at a depth greater than 10 feet bgs) will not be evaluated with 
regard to ecological risks due to limited wildlife exposures.   
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Description of Constituent Fate and Transport Pathways – Once the environmental 
setting and the constituents are described, the next step in the screening-level problem 
formulation will be the consideration of the fate and transport pathways that might allow 
a constituent of potential ecological concern (COPEC) to interact with an organism.   
The environmental setting is vital to determining fate and transport pathways because 
it should show which receptors and stressors represent a complete exposure pathway.  
A constituent may reach an ecological receptor in a variety of different pathways.  This 
may alter its ecological effects because the physical and chemical characteristics of the 
medium may influence constituent distribution and toxicity.  The potential release 
mechanisms and migration pathways will be summarized in the CSM of potential 
ecological exposures. 

Description of Constituent Mechanisms of Ecotoxicity – General information about the 
mechanisms of toxicity will be described in the screening-level problem formulation 
because this will help evaluate the importance of potential exposure pathways and 
focus the selection of assessment endpoints.   

Observable ecological effects and mechanisms of ecotoxicity for constituents vary 
depending on a wide range of factors, such as constituent concentration, the wildlife 
receptor species exposed, the exposure route (e.g., ingestion or surface contact), and 
physical factors (pH, temperature, oxygen levels, etc.).  Some of the effects that could 
be observed in wildlife, if exposed to constituents in sufficient quantity, are mortality 
and reduced reproductive ability, decreased fertility, decreased offspring survival, 
alteration of immune and behavioral function, decreased hatching success of 
eggs/larvae, and retarded growth (Sample, et al., 1996; USEPA, 2001b).   

Description of Potentially Affected Receptors – The identification of the categories of 
receptors most likely affected will help to focus the SLERA.  For instance, if the primary 
fate and transport pathway is direct release to soil, the SLERA might focus exclusively 
on terrestrial wildlife (i.e., if there are no complete aquatic exposure pathways). 

This stage of the screening-level problem formulation typically involves the evaluation 
of potential exposures to individual organisms of threatened and endangered species 
at the sites.  The New Mexico Department of Game and Fish (NMDFG) biennial review 
of threatened and endangered species in New Mexico does list several birds, plants, 
fish, amphibians and reptiles as species of conservation concern in Otero County.  
However, previous ecological evaluations of the facility have determined that there are 
no rare, threatened or endangered species known or expected to occur in the habitat 
present at the sites (White Sands Technical Services, 2008).  Furthermore, the habitat 
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present at the sites is not considered rare or sensitive by any of the regulatory 
agencies that oversee these issues, including the U.S. Fish and Wildlife Service 
(USFWS), New Mexico Department of Fish and Game (NMDFG), and the White Sands 
Missile Range Directorate of Environment and Safety. Therefore, additional 
consideration of species and habitats of concern is not included in this work plan. 

Identification of Potentially Complete Exposure Pathways and Conceptual Site Model–
Complete exposure pathways at the site will be identified and discussed.  A complete 
exposure pathway is “one in which the constituent can be traced or expected to travel 
from the source to a receptor that can be affected by the chemicals” (USEPA, 2001c).  
Therefore, a constituent, its migration from the source, a receptor, and the mechanisms 
of toxicity of that constituent must be demonstrated before a complete exposure 
pathway can be identified.  The components of an exposure pathway (the constituents, 
their migration, their effects, and the receptors) have already been discussed.  This 
section will identify potentially complete exposure pathways.  The identification of 
exposure pathways is necessary for the completion of the CSM for the risk analysis 
(USEPA, 1999).  The table below illustrates possible exposure routes for the two 
general types of terrestrial receptors (USEPA, 1999).   

Organism Possible Exposure Routes 

Terrestrial animals Ingestion, inhalation, dermal contact, food chain 

Terrestrial plants Direct contact, leaf absorption of soil vapor, leaf absorption of 
constituents deposited on leaves, root uptake 

 

Although inhalation is listed as a possible exposure route, under most exposure 
conditions inhalation pathways do not represent a significant contribution to receptor 
risk (USEPA, 2005), and are not evaluated quantitatively under most circumstances. 

A CSM will be developed for each site with potentially complete exposure pathways.  
The CSM is a matrix that graphically illustrates the potentially complete exposure 
pathways.  It integrates the potential sources of concern, the media in which they are 
present, the exposure routes by which they interact with ecological receptors, and 
various types of ecological receptors.  It should serve as a predictive model to link the 
constituents and the receptors.  The CSM will help to identify uncertainties and key 
assumptions about the site.  The CSM will be patterned after the USEPA guidance on 
building appropriate CSMs (USEPA, 1999; 1998) and the NMED guidance for 
ecological conceptual exposure models (NMED, 2008). 
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Identification of Generic Assessment and Measurement Endpoints – Assessment 
endpoints are the explicit expression of the ecological values to be protected (USEPA, 
1999). The selection of assessment endpoints depends on knowledge of the receiving 
environment, knowledge about the constituents released (including ecotoxicological 
properties and concentrations that cause adverse impacts), and understanding of the 
values that will drive risk management decision-making (Suter, et al., 1995).   

The USEPA (1997) guidance states “For the SLERA, assessment endpoints are any 
adverse effects on ecological receptors, where receptors are plant and animal 
populations and communities, habitats, and sensitive environments.  Many of the 
screening ecotoxicity values are based on generic assessment endpoints (e.g., 
protection of aquatic communities from changes in structure or function) and are 
assumed to be widely applicable to sites around the United States”.  However, the 
identification of assessment endpoints is limited by the availability of ecotoxicity 
screening values for all media.    

Since direct measurement of assessment endpoints is often difficult (or impossible), 
surrogate endpoints (called measurement endpoints) are used to provide the 
information necessary to evaluate whether the values associated with the assessment 
endpoint are being protected.  A measurement endpoint is a measurable ecological 
characteristic and/or response to a stressor (USEPA, 1998).  Measurement endpoints 
are also referred to as measures of potential effect (USEPA, 1998).  For the SLERA, 
the only measurement endpoint used is expressed as a hazard quotient (HQ).  A HQ is 
the ratio of a constituent concentration to an associated screening ecotoxicity value.  
Screening ecotoxicity values and HQs are described below.  

3.1.1.2 Screening-Level Ecological Effects Characterization (Screening Ecotoxicity Values) 

The screening-level ecological effects characterization involves the identification of 
screening ecotoxicity values that will be used for the medium of concern at the sites.  
Screening ecotoxicity values are constituent concentrations in environmental media 
below which there is negligible risk to receptors exposed to those media (USEPA, 
2000a).   The following sources of soil screening values have been identified for use in 
the screening-level ecological effects characterization for the sites: 

• USEPA Ecological Soil Screening Levels (EcoSSLs) (USEPA, 2008; 
http://www.epa.gov/ecotox/ecossl/);and  

• USEPA Region 4 Ecological Soil Screening Values (USEPA, 2001e); and 
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• USEPA Region 5 Ecological Soil Screening Levels (USEPA, 2003). 

Additional or alternative sources of screening values identified by NMED will be 
incorporated into the SLERA as appropriate.  

3.1.1.3 Comparison with Background Concentrations 

The focus of the risk assessment will be on those constituents that are related to 
activities at the site.  Many constituents (particularly naturally occurring metals) are 
present in environmental media but are unrelated to site releases. Such background 
constituents fall into two broad categories: those that are naturally occurring and those 
that are present due to anthropogenic sources (USEPA, 2001a). Inorganic constituents 
often occur naturally in soil and geological formations. Solutional weathering, and 
dissolution of underlying soil, may be a means of transporting these constituents into 
media at the site. Background constituents also may come from a variety of 
anthropogenic sources such as road runoff, atmospheric deposition, washout by 
rainfall (or precipitation scavenging), and surface flow of constituents from upstream 
sources unrelated to activities at the site.  As a result, the site-specific data will be 
compared to the site-specific background data as presented in pertinent background 
reports. Constituents present at or below background levels will be excluded from 
further evaluation in the risk assessment.   Exceptions will be made for some vital 
electrolytes and essential nutrients such as calcium, iron, magnesium, sodium, and 
potassium (USEPA, 2001a).   

3.1.1.4 Frequency of Detection  

Constituents that are infrequently detected might not be related to site-specific 
operations and therefore should not be considered in the risk assessment evaluation.  
In accordance with the NMED (2008) guidance, constituents with an exposure 
frequency of less than five percent that are not suspected to be related to the site 
operations will not be carried forward in the BERA evaluation.  

3.1.2 Step 2: Screening-Level Exposure Estimate and Risk Calculation 

This step of the SLERA is comprised of the estimation of ecological exposures, risk 
estimation, risk characterization, and the evaluation of uncertainties (USEPA, 1999; 
2001a).  These form the foundation of evidence to support the scientific management 
decision point. 
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3.1.2.1 Estimation of Screening-Level Exposures   

The exposure concentrations that will be used in the SLERA will be the maximum 
detected concentrations (NMED, 2008; USEPA, 2000a; 2001a).  The data set from 
which the maximum concentrations will be drawn will represent current conditions at 
the site.   Both historical and recent data will be used to generate maximum 
concentrations for surface soil, because this medium is relatively stable and likely to 
remain in place over long time scales.  The surface soil data will be pooled into a single 
data set to identify the maximum concentration.  Surface water and sediment habitats 
are not present on or adjacent to the sites. 

Non-detected constituents that are known to be associated with historical site 
operations will also be evaluated with respect to the ecological screening levels.   The 
sample quantitation limits (SQLs) or detection limits (DL) of non-detected, site-related 
constituents will be compared with the ecotoxicity screening levels to determine if those 
constituents should also be retained in the ERA, as indicated in the NMED (2008) 
guidance.  

3.1.2.2 Screening-Level Risk Calculations 

To estimate risk in the SLERA, HQs will be calculated.  An HQ is the unitless ratio of a 
constituent concentration in media to the screening ecotoxicity value for that 
constituent in that medium considered protective of wildlife.  As indicated previously 
(Section 3.1.1.2), maximum constituent concentrations and conservative screening 
ecotoxicity values for soil will be used for the SLERA calculations.  HQs equal to or 
less than a value of 1 (reported using one significant digit) will indicate that adverse 
impacts to wildlife are unlikely (USEPA, 2000a; 2001a).  HQs exceeding a value of 1 
will indicate that further assessment may be necessary to evaluate the potential for 
adverse impacts to wildlife.  Therefore, the constituents with hazard quotients greater 
than 1 will be carried forward to the BERA, as presented in Figure 3-2. 

In cases where exceedances are considered extremely marginal or slight, discussion 
with risk managers for the site may result in a constituent with a HQ greater than 1 not 
being evaluated in the BERA.   

The lack of screening ecotoxicity values for some constituents is one of the main 
contributors to uncertainty associated with the SLERA evaluation.  HQs cannot be 
calculated for constituents that lack screening ecotoxicity values.  Therefore, a 
constituent that lacks a screening value will be carried forward to the BERA.   
Exception to this may occur when risk managers for the site agree that a BERA is not 
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warranted.  For example, the situation may exist that a very limited number of 
constituents do not have screening values, and those constituents that do have 
screening values have HQs well below a value of 1.  These risk management 
decisions are agreed to during the SMDP.   

3.1.2.3 Evaluation of Uncertainties  

Uncertainty is “the imperfect knowledge concerning the present or future state of the 
system under consideration; a component of risk resulting from imperfect knowledge of 
the degree of hazard or of its spatial and temporal distribution,” (USEPA, 1997).  
Uncertainties that may lead to either an overestimate or underestimate of risk are 
associated with each stage of risk assessment.  Uncertainty is inherent to ERA, in part, 
because the sciences of ecology and ecotoxicology are relatively young and not yet 
fully developed (Kapustka and Landis, 1998; Newman, 1998; Emlen and Springman, 
2007; Kapustka, 2008; Suter, 2008).  Uncertainty also exists in many aspects of the 
toxicology relied upon for conducting ERAs (Newman, 1998; Lovett Doust, et al., 1993; 
Dale, et al., 2008).  Uncertainties will be addressed for each site-specific SLERA.  The 
types of uncertainties that may exist in an ERA are discussed in greater detail in 
Attachment 2. 

3.1.3 SMDP and Reporting 

This first SMDP is purposefully flexible (per the USEPA paradigm) to occur after Steps 
2 or 3a, depending on the results obtained at Step 2 (Figure 3-2).   The purpose of the 
flexibility of the first SMDP is so that additional evaluation of risks can occur and 
reporting can be streamlined into a single report.  The results of the SLERA will be 
expressed in terms of the following conclusions or recommended actions:   

1. There is adequate information to conclude that ecological risks are unlikely and no 
further action is warranted. 

2. The information is not adequate to make a decision at this point.  The ecological 
risk assessment process will continue to Step 3a – the initial step of the BERA. 

3. Remedial actions may be considered for the media and constituents that are 
identified at the end of Step 2, to determine if cost-effective actions can be 
implemented to reduce or prevent risks to wildlife. 
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One of these three outcomes will be recommended, and the results will be summarized 
in the SLERA.  The USEPA encourages the submittal of the results of Steps 1 through 
3a as a single deliverable document for sites that proceed beyond Step 2 (USEPA, 
2000a).     

3.2 Baseline Ecological Risk Assessment 

The BERA uses a higher level evaluation to identify the nature and extent of ecological 
risks.  The BERA will be conducted if the conservative SLERA does not rule out further 
evaluation of constituents and media that clearly do not pose an ecological risk.  This 
ecological risk assessment approach is illustrated on Figures 3-1 and 3-2, and will 
focus only on the constituents and media identified at the conclusion of the SLERA 
(USEPA, 2000a). 

The BERA will be focused on the constituents and media identified at the conclusion of 
the SLERA and may end with Step 3a, or ecological assessment may progress 
through subsequent steps (a higher level of evaluation).  This ERA Work Plan is limited 
to the first step of the BERA (Step 3a), and the SMDP associated with the ERA 
process through this stage.  Detailed information regarding assessment endpoints, 
site-related constituents of potential ecological concern, and ecological receptors is not 
yet available to describe the remainder of the BERA process, which may not be 
necessary for a particular site. 

The BERA will be conducted in a manner consistent with the following guidance: 

• “Guidance for Assessing Ecological Risks Posed by Chemicals: Screening-Level 
Ecological Risk Assessment” (NMED, 2008); 

• “Ecological Risk Assessment Guidance for Superfund” (USEPA, 1997; 1999); 

• “Amended Guidance on Ecological Risk Assessment at Military Bases: Process 
Considerations, Timing of Activities, and Inclusion of Stakeholders” (USEPA, 
2000a); 

• “ECO-Update: Role of Screening-level Risk Assessments and Refining 
Contaminants of Concern in Baseline Ecological Risk Assessments,” (USEPA, 
2001a); and 

• “Guidelines for Ecological Risk Assessment” (USEPA, 1998). 
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3.2.1 Step 3a: Refinement of Exposure Estimates and Risk Characterization (BERA Problem 
Formulation) 

Step 3a is a refinement of the Step 2 exposure estimates and risk characterization, 
focused only on the constituents and media that progress beyond the SLERA.  The 
assumptions used in Step 3a will be refinements of the conservative estimates of 
exposure and toxicological impacts, to site-specific (or receptor-specific) estimates of 
exposure, and more relevant ecotoxicity screening values, if available (USEPA, 
2001b).  Risks will be recalculated using these refined assumptions.  This effort will be 
conducted as part of the Step 3a, BERA Problem Formulation.  Step 3a involves the 
refinement of: 

• Media of Concern, 

• Constituents of Potential Ecological Concern (COPECs),  

• Risk Calculations for Direct Contact COPECs, 

• Assessment and Measurement Endpoints for Bioaccumulative COPECs, 

• Bioaccumulative COPECs by Preliminary Food Chain Modeling, 

• Risk Characterization by Evaluation of Weight of Evidence and Ecological 
Significance, and 

• Uncertainties 

3.2.1.1 Refinement of Media of Concern 

The process of refining media of concern will help focus the BERA on the media that 
may be associated with potentially significant ecological exposure pathways, and 
therefore, potentially contribute to significant ecological risks.  This methodology is 
consistent with the concepts addressed in American Society for Testing and Materials 
(ASTM) Ecological Risk-Based Corrective Action (Eco-RBCA) guidance (ASTM, 2002), 
which was developed in partnership with the USEPA.  Eco-RBCA demonstrates that 
there are criteria that can be used to refine the media of concern for an ERA.  The 
states of Pennsylvania, Massachusetts, Louisiana, and Texas (among others) have a 
component of their ERA guidance that allows for refinement of media of concern based 
on specified criteria (PADEP, 1998; MADEP, 1996; LDEQ, 1999; and TCEQ, 2001).     
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The process for refining the media of concern results in a detailed discussion of how 
key practical considerations are incorporated into the decision-making process.  The 
considerations for the evaluation of soil discussed in detail in Attachment 3. 

One of three outcomes will occur at the end of the process to refine the media of 
concern for each site: 

1. Soil exposures are not a concern:  If ecological exposures to soil are not a concern 
for a given site following this screening process, then no further BERA activities 
are required.  

2. Soil exposures are a potential  concern – remedial options considered:  
Consideration will be given to remedial actions that will prevent ecological 
exposures. 

3. Soil exposures are a potential concern – proceed to the screening of COPECs:  
Described in Section 3.2.1.2.   

3.2.1.2 Refinement of Constituents of Potential Concern  

The refinement of the COPECs identified in the SLERA is necessary to help focus 
further risk assessment activities on the constituents which pose the greatest potential 
risk to ecological receptors.  USEPA guidance for this approach (USEPA, 1999; 2000a; 
2001a) indicates that the refinement of COPECs streamlines the overall ERA process 
by using realistic criteria to focus the risk assessment on those constituents that may 
pose unacceptable ecological risks.  It is intended as an “incremental iteration of 
exposure, effects, and risk characterization” (USEPA, 2001a).  The outcome of this 
screening is that constituents are either excluded as COPECs or retained for further 
evaluation in the BERA process. 

The refinement of COPECs is focused on refining the ecological exposure 
assumptions. An exposure point concentration (EPC) will be calculated for each 
constituent separately. These EPCs will be compared with the relevant SLERA 
screening toxicity values.  To the extent appropriate, the 95 percent upper confidence 
limit (UCL) on the mean concentration will be used as the EPC for the refinement of 
COPECs.  The UCL for each COPEC will be calculated using the USEPA’s Pro UCL 
4.0 statistical software (USEPA 2007).   
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The UCL represents an upperbound estimate of average exposure conditions, which is 
an appropriate estimate for mobile terrestrial wildlife species and for exposures of plant 
and animal communities (rather than individuals). However, the UCL may not be 
considered the appropriate comparative statistic if the data sets are small.  In this case, 
the maximum detected concentration is considered the appropriate comparative 
statistic. In cases where the UCL is greater than the maximum detected concentration, 
the maximum detected concentration will be used as the EPC.  Constituents with EPCs 
greater than the SLERA screening ecotoxicity value, and analytes for which there are 
no screening ecotoxicity values, will be retained for further consideration.   

Each of the constituents identified as a COPEC will be considered a COPEC for direct 
contact exposures. A subset of these COPECs will also be considered for 
bioaccumulative exposures. A list of bioaccumulative constituents prepared by the 
USEPA will be used to identify potential bioaccumulative COPECs (i.e., those 
constituents that will magnify in the food chain).  The process for considering 
bioaccumulative COPECs is discussed in greater detail in Attachment 4, and the list of 
constituents that will be used to identify bioaccumulative COPECs is presented in 
Table 3-1.  The list of constituents presented in Table 3-1 represents the full list of 
constituents as defined in the USEPA guidance Bioaccumulative Testing and 
Interpretation for the Purpose of Sediment Quality Assessment, Status and Needs 
(USEPA, 2000b).  Many constituents on this list are not present at the sites.  Direct 
contact COPECs that are listed as bioaccumulative compounds (Table 3-1) will also be 
considered and evaluated as bioaccumulative COPECs.   

At this point in the risk assessment process, the direct contact and bioaccumulative 
COPECs and the media in which they occur will be presented in tabular form.  All 
constituents that remain COPECs will be further evaluated using methods to assess 
risks associated with direct contact exposures (Section 3.2.1.3), and constituents that 
are likely to bioaccumulate will also be evaluated using methods to assess risks 
associated with food chain exposures (Section 3.2.1.4).  However, if at the end of the 
refinement of COPECs there are no COPECs, the BERA will be complete for the site 
and the results will be summarized per the Step 3a SMDP (Section 3.3).    

3.2.1.3 Refinement of Risk Calculations for Direct Contact COPECs 

The SLERA risk calculations will be further refined for direct contact COPECs by 
recalculating HQs using an expanded range of sources for ecotoxicity screening 
values.  The EPCs or maximum detected concentrations, whichever is lower, will be 
divided by alternative toxicity values obtained from the scientific literature, where these 
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values are available. The sources of the proposed ecotoxicity screening values for soil 
are the following: 

• USEPA Ecological Soil Screening Levels (EcoSSLs) (2005; 2008);  

• USEPA Region 4 Ecological Soil Screening Values (USEPA, 2001e);  

• USEPA Region 5 Ecological Screening Levels (ESLs) for soil (USEPA 2003); and  

• Oak Ridge National Laboratory database of soil screening levels (Sample et al., 
1996; Efroymson et al., 1997a; 1997b). 

There are numerous reasons to include an expanded range ecotoxicity screening 
values, and the methodology is consistent with the approach for, “incremental iteration 
of exposure, effects, and risk characterization” (USEPA, 1999; 2001a).  For example, 
some constituents may not have screening values in the guidance used for the 
SLERA, and alternative effects values may be available for more appropriate species.   

Soil screening values may be based on microbes, earthworms, mammals, or birds, but 
often, the screening ecotoxicity value is the lowest value, regardless of wildlife receptor 
group (USEPA, 2000a).  However, the organism upon which the screening value was 
based may not necessarily be the species of interest at the site due to habitat 
constraints.  The USEPA EcoSSLs (2005; 2008) provide a range of values for a variety 
of species for each constituent, as does the Oak Ridge database of soil screening 
levels (Efromoyson, et al., 1997a&b).  Depending on the terrestrial habitat at the site, 
this step in the ecological risk evaluation approach allows for the application of 
expanded ecotoxicity values to calculate HQs for species known or reasonably thought 
to be present.  Also, a range of HQs may be developed so that some of the uncertainty 
can be quantified.  

In addition to using other sources for ecotoxicological screening benchmarks to refine 
risk calculations, some ecotoxicity screening values may be re-calculated to better 
represent ecological receptors at the site and site conditions.  If a screening value is 
exceeded, its basis can be identified to determine whether a re-calculated value may 
be more appropriate.  For example, if the criterion for a given constituent is based on 
effects on earthworms, a higher criterion may be appropriate for invertebrates adapted 
to the arid conditions present at the sites.  If appropriate, the procedures used to derive 
the screening values will be used to calculate criteria that may be appropriate for the 
site. 
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Predictions of the likelihood for adverse effects, if any, for the direct contact COPECs 
will be based on HQs (USEPA, 1999; 2000a).  The results of the refined risk 
calculations will be presented in tabular form, and constituents with HQs greater than 1 
(rounded to one significant figure) will be further considered to assess whether 
unacceptable ecological risks may exist.  A range of HQs may be provided for some 
COPECs, because a range of screening ecotoxicity values provides greater insight into 
potential ecological risks.   

These results will subsequently be discussed within the context of weight of evidence 
and ecological significance of risk estimates (Section 3.2.1.6).  However, if there are no 
constituents for which the HQ is greater than 1, the risk assessment process for direct 
contact toxicity will be considered completed and the results will be summarized per 
Step 3a SMDP (Section 3.3). 

3.2.1.4 Refinement of Assessment and Measurement Endpoints for Bioaccumulative COPECs 

The assessment and measurement endpoints from the SLERA will be refined where 
bioaccumulative COPECs listed in Table 3-1 are identified.  Bioaccumulative COPECs 
are those COPECs that may have toxic effects when they transfer through the food 
chain.  The SLERA assessment and measurement endpoints should be refined for 
bioaccumulative COPECs because the SLERA endpoints are general in nature and do 
not necessarily identify receptors that are susceptible to food chain exposures.  The 
BERA assessment endpoints for bioaccumulation will be based on receptors 
appropriate to the habitat present at the site, as well as the media in which 
bioaccumulative COPECs are identified.   The measurement endpoints will depend 
upon the species potentially exposed to the COPECs, the medium or media through 
which trophic transfer(s) may occur, and the mechanisms of ecotoxicity for the 
COPECs.   Food chain modeling will only be conducted where wildlife habitat is 
present, and potential for exposure to bioaccumulative constituents exists for a given 
receptor group. 

Example assessment and measurement endpoints that could be used for the sites are 
as follows: 

Assessment Endpoint Measurement Endpoint Effects Measured 

Survival and reproductive 
success of mammals exposed to 
bioaccumulative compounds 

Changes in survival and 
reproduction as indicated 
by food chain modeling 

NOAELs and LOAELs related 
to chronic effects such as 
reduced survival and reduced 
litter size 
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Survival and reproductive 
success of birds exposed to 
bioaccumulative compounds 

Changes in survival and 
reproduction as indicated 
by food chain modeling 

NOAELs and LOAELs related 
to chronic effects such as 
eggshell thinning or reduced 
fledgling survival 

NOAEL no-observed-adverse-effects-levels 

LOAEL lowest-observed-adverse-effects-levels  
 

3.2.1.5 Refinement of Bioaccumulative COPECs by Preliminary Food Chain Modeling 

Preliminary ingestion-based food chain modeling will be used in Step 3a of the BERA 
to evaluate bioaccumulative COPECs.  The purpose of the food chain modeling is to 
characterize potential exposures to COPECs via the food chain and to identify potential 
adverse effects for mammals and birds.  Through this preliminary food chain modeling, 
COPECs will either be retained for or eliminated from further consideration.  Detailed 
information about the food chain model is provided in Attachment 4.  The remainder of 
this section provides general information regarding the following components of the 
model:   

• Wildlife receptors and exposure parameters; 

• Bioaccumulation and bioconcentration factors; 

• Food chain ingestion modeling; 

• Ecotoxicity benchmarks and extrapolation approach; and 

• Risk characterization for food chain modeling. 

Terrestrial Wildlife Receptors and Exposure Parameters – Indicator species were 
chosen to represent a cross-section of feeding guilds for selected assessment 
endpoints and allow evaluation of rates of survival, growth, and reproduction for 
populations or receptors they represent. The following criteria were considered in 
selecting potential indicator species: 

• species has been observed at the site or frequently occurs in similar habitats within 
geographic range of the site; 

• upper trophic level predator; 
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• important prey species; 

• important to structure or function of the ecosystem; 

• potential for exposure to site-related constituents; 

• toxicological literature available; and 

• likely to exhibit toxic effects. 

Indicator species chosen are as follows: 

• herbivorous bird: mourning dove (Zenaida macroura) 

• insectivorous bird:  cactus wren (Campylorhynchus brunneicapillus); 

• carnivorous bird:  red-tailed hawk (Buteo jamaicensis); 

• herbivorous mammal:  Merriam’s kangaroo rat (Dipodomys merriami); 

• insectivorous mammal: desert shrew (Notiosorex crawfordi); and 

• carnivorous mammal:  desert kit fox (Vulpes macrotis). 

Indicator species were selected to represent avian and mammalian populations that 
reside or forage in habitats present on the sites.  Indicator species were not selected to 
represent reptiles that likely use the site, because the available toxicity data are 
insufficient to support establishing risk-based screening criteria (USEPA, 2005).  A 
graphical representation of the terrestrial receptors identified at the site for food chain 
modeling is presented in Figure 3-3.  The rationale for selection of each of these 
species is discussed below.  

Selection of Herbivorous Avian Receptor – Mourning dove is among the most 
abundant and widespread terrestrial bird species endemic to North America and has 
been observed at WSMR. It is an herbivorous bird that forages on the ground. Open 
habitats are preferred, but the species generally shuns only extensively forested 
areas and wetlands (Tomlinson, 1993). Mourning doves are habitat generalists that 
opportunistically take advantage of seasonally available food resources among a 
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wide variety of habitats that vary across its extensive range. Diet consists mostly 
(99%) of seeds from cultivated or wild plants with insignificant amounts of animal 
matter and leafy vegetation incidentally ingested.  Mourning doves feed almost 
entirely on the ground, and avoid rank, tall vegetation. They seldom feed where 
ground litter makes food difficult to find (Mirachi, 1993). 

Mourning dove was selected to represent herbivorous birds for the following reasons: 

• It has been observed on or near the sites; 

• It feeds primarily on seeds, which potentially bioaccumulate COPECs; 

• COPEC bioaccumulation data are available for plants; 

• It gleans food from the ground resulting in a relatively high incidental soil ingestion 
rate, a potential route of exposure to COPEC; and 

• A substantial amount of literature for exposure parameters and toxicity values for 
birds are available. 

Selection of Insectivorous Avian Receptor – The cactus wren is an insectivorous bird 
that forages on the ground and in low vegetation for insects, spiders, other small 
invertebrates, cactus fruits, other fruits, nectar, and seeds (Bent, 1948; Anderson and 
Anderson, 1973; both cited in California Department of Fish and Game [CDFG], 2005). 
However, cactus wren feed primarily on insects. In Arizona, cactus wren diet is 
composed mainly of beetles, ants and wasps, grasshoppers, butterflies and moths, 
true bugs, and spiders (Beal, 1907; Storer, 1920). Vegetation is used for cover, and 
nests are also used for roosting. Nesting is usually in cactus or other thorny shrub. The 
cactus wren territory averages 4.8 acres and the home range may be the same as the 
territory (CDFG, 2005). 

Cactus wren was selected to represent insectivorous birds associated with the sites for 
the following reasons: 

• It is a common bird in desert riparian habitats and xeric scrub and cactus habitats; 

• Suitable habitat is available on the sites; 

• It preys on primarily insects, which may accumulate COPEC; 
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• COPEC bioaccumulation data are available for invertebrates; 

• It forages on the ground during which the intake of COPEC could occur through 
incidental soil ingestion; and  

• A substantial amount of literature for exposure parameters and toxicity values for 
birds are available. 

Selection of Carnivorous Avian Receptor – Red-tailed hawks are moderately large 
soaring birds that inhabit open or semi-open areas. They prey on ground-dwelling 
vertebrates such as hares, mice, small birds, amphibians, and reptiles. They may be 
exposed to COPECs through bioaccumulation in prey that forage on the ground and 
ingest soil incidentally through food. Red-tailed hawks lay one clutch per year with one 
to three eggs. Most red-tailed hawks attempt to breed at two years of age. They are 
territorial throughout the year and have a home range size that can vary from less than 
1 to over 10 square kilometers (km2)(CDFG, 2005).  

Red-tailed hawk was selected as a representative species for the following reasons: 

• Red-tailed hawks have been observed at some of the sites; 

• It preys on small mammals, which may bioaccumulation COPECs; 

• COPEC bioaccumulation data are available for small mammals; and  

• A substantial amount of literature for exposure parameters and toxicity values for 
birds are available. 

Selection of Herbivorous Mammalian Receptor – The kangaroo rat is primarily 
herbivorous, but may also feed on arthropods seasonally. It is found in desert scrub 
and alkali desert scrub, sagebrush, Joshua tree, and pinyon-juniper habitats. They are 
solitary animals and receive cover from burrows they dig in sandy soil. Kangaroo rats 
may breed several times per year but once is normal. They normally have a litter size 
of four young. Population density has been reported between 13-19 individuals per 
hectare in creosote scrub populations (CDFG, 2005). 

Kangaroo rat was chosen as a representative species for the following reasons: 

• Kangaroo rats are a common herbivorous species present in desert habitats; 
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• Suitable habitat for kangaroo rat is available on the sites; 

• It feeds on plants, which may bioaccumulation COPECs; 

• COPEC bioaccumulation data are available for plants; 

• It forages on the ground where intake of COPECs in the soil may occur; 

• It is an important prey species for higher level trophic predators; 

• Its burrows provide important cover for other animals; and 

• Exposure parameters and toxicity information for small mammals are available. 

Selection of Insectivorous Mammalian Receptor – The desert shrew is an insectivorous 
mammal that forages on the ground. There is little data on food preferences in the wild, 
but in the laboratory food consumed included worms, grasshoppers, cockroaches, and 
other invertebrates (Hoffmeister and Goodpaster, 1962, as cited in CDFG, 2005). 
Additionally, other species of shrews are known to feed almost exclusively on 
invertebrates (Hamilton, 1941, Whitaker and Ferraro, 1963, both as cited in USEPA, 
1993; Whitaker and Maser, 1976, as cited in CDFG, 2005). The desert shrew will drink 
water when available, but otherwise obtains water from food. This species occupies a 
wide variety of habitats, including desert wash, desert scrub, desert riparian, mixed 
chaparral, and pinyon-juniper habitats. Home range data are limited for shrews and are 
not available for the desert shrew. However, the home range of the dusky shrew, a 
similar species, averages 0.1 acre (CDFG, 2005).  

The desert shrew was selected as a representative species for the following reasons: 

• Desert shrews are a common insectivorous species present in desert habitats; 

• Suitable habitat for desert shrew is available on the sites; 

• It preys primarily on insects, which  may accumulate COPECs; 

• COPEC bioaccumulation data are available for invertebrates; 
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• It may be exposed to COPECs via incidental ingestion while foraging on the 
ground; 

• It is an important prey species for higher level trophic predators; 

• Exposure parameters are available or can be estimated from the available data 
from species with similar feeding habits; and  

• Toxicity values for small mammals are readily available. 

Selection of Carnivorous Mammalian Receptor – The desert kit fox is carnivorous, 
preying on black-tailed hare, desert cottontails, rodents, birds, and reptiles. They are 
residents of arid regions, and live in annual grasslands or grassy open stages of 
vegetation dominated by scattered brush, shrubs, and scrub. They dig dens in open, 
level areas of sandy soil. Home range size has been reported as approximately 9.8 
km2 and 12.3 km2, for females and males, respectively (Zoellick, 1992). Pups are born 
February through April with an average of four per litter.  

The desert kit fox was chosen as a representative species for the following reasons: 

• Desert kit fox are a protected fur-bearing species (i.e., hunting is regulated) in New 
Mexico; 

• Desert kit fox are a common carnivorous species present in desert habitats; 

• Suitable habitat for desert kit fox is available on the sites; 

• It preys on small mammals, which may bioaccumulation COPECs; 

• COPEC bioaccumulation data are available for small mammals; 

• It plays an important role in providing cover for other species by its burrowing 
activity; and  

• Toxicity data are available for larger mammals (e.g., dogs). 

Bioaccumulation and Bioconcentration Factors – The processes of bioaccumulation 
and bioconcentration are important to an ERA because they provide a basis of 
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prediction and discussion regarding the potential for constituent uptake into flora and 
fauna.  Constituents in tissues of organisms in the food chain are likely to be ingested 
by the species which feed on them (i.e., those occupying higher trophic levels), the 
result of which may be the expression of toxicological effects by the higher trophic level 
species.  Bioaccumulation and bioconcentration factors used for the food chain 
modeling will be obtained from literature sources such as Sample, et al., 1997; Baes, et 
al., 1984; Travis and Arms, 1988; Belfroid, et al., 1994; Belfroid, et al., 1995; Beyer, 
1990; Beyer, et al., 1996; and other related literature.   

Food Chain Ingestion Modeling – Food chain ingestion-based exposure calculations 
will be performed for the identified representative receptor species to characterize 
potential exposures to constituents via the food chain and to identify potential adverse 
effects for wildlife at the sites.  Ingestion modeling is based on species-specific 
exposure parameters and ingestion intake requirements.  Arithmetic mean and EPC 
(i.e., lesser of the 95 percent UCL and the maximum detect) concentrations will be 
used to evaluate the range of potential ingestion-based exposures.  The use of mean 
concentrations is appropriate because birds and mammals are highly mobile and 
consume prey items containing varying levels of COPECs.  The use of EPC 
concentrations is intended to represent, in effect, a reasonable maximum exposure 
estimate.  The ingestion model and exposure parameter values that will be used for 
each wildlife receptor are provided in Attachment 4.   

Ecotoxicity Benchmarks and Extrapolation Approach – Modeling studies use 
constituent-specific toxicity reference values (TRVs) for the purpose of estimating risk.  
For the most part, TRVs are based on studies using laboratory species because 
toxicological studies have not been conducted on most wildlife species.  TRVs are 
available from a variety of sources such as Sample, et al., (1996 and 1997), IRIS, 
ATSDR, and many constituent-specific scientific sources and publications.  
Toxicological benchmarks are typically reported as no observed adverse effects levels 
(NOAELs) and lowest observed adverse effects levels (LOAELs).  Both NOAELS and 
LOAELs for each COPEC will be used in the food chain modeling so that a range of 
predicted food chain impacts can be evaluated.  A list of ecotoxicity values for the 
specific COPECs associated with the site will be provided in the site-specific BERA.  
These ecotoxicity values will vary depending on the species, as described below. 

Toxicity values must be carefully selected, and may require mathematical adjustment 
in order to represent the species selected for the site.   In order to have a toxicity value 
representative of specific mammalian wildlife species rather than a mammalian 
laboratory species, an extrapolation (i.e., a mathematical formula based on differences 
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in body weights) will likely be needed (Sample, et al., 1997).  The extrapolation is 
necessary because the laboratory mammalian species and wildlife species are of 
varying sizes.  The extrapolation equation is provided in Attachment 4.   

Toxicity values for birds are not typically extrapolated, regardless of the laboratory test 
species (Sample, et al., 1996).  For example, the NOAEL for a laboratory bird (e.g., a 
mallard duck) would be used exactly to represent a NOAEL for the cactus wren.   

Risk Characterization – Predictions of the likelihood for adverse effects, if any, from the 
food chain modeling evaluation will be based on HQs (USEPA, 1999; 2000a).  The 
HQs will be calculated by dividing the estimated ingestion intakes by the TRVs.  A HQ 
value greater than 1 (rounded to one significant figure) will be considered the threshold 
for indicating that adverse effects may occur.   

Uncertainties – Uncertainties associated with the food chain model will be considered 
and discussed in the BERA.  Examples of the uncertainties that may be addressed are 
provided in Attachment 2. 

3.2.1.6 Refinement of Risk Characterization by Evaluation of Weight of Evidence and 
Ecological Significance 

In general, the risk characterizations in Step 3a will be based on HQs generated for 
direct contact COPECs using screening ecotoxicity values and HQs for 
bioaccumulative COPECs based on food chain modeling.  In addition, the HQs will 
also be considered within the context of weight-of-evidence and ecological significance 
of the risk estimates.   

A weight-of-evidence approach is a means to evaluate the value of the information 
provided by measurement endpoints and observations made about a site (Menzie, et 
al., 1996).  Weight-of-evidence discussion can help answer the questions “how reliable 
are the predictions made?” and “which predictions provide greater value for risk 
management decision making?”  This approach is particularly useful when conflicting 
predictions of risk are obtained.  The weight of evidence provided by the HQs, field 
observations, and biological data (if available) will be evaluated to make conclusions 
regarding risk characterization.   

The USEPA provides information on issues related to evaluating the ecological 
significance of risk estimates (USEPA, 1994a).  This information includes a general 
flowchart of considerations that leads to the identification of ecologically significant 
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impacts, and to the identification of those that are not ecologically significant.  These 
considerations include the spatial extent of the release, the persistence of the release 
(i.e., the temporal scale), and natural variability within the system (and whether impacts 
can be measured separate from natural variability).  This type of analysis will be used 
in conjunction with the HQs to evaluate whether predicted impacts (if any) will be 
considered ecologically significant. 

3.2.1.7 Refinement of Uncertainties 

Uncertainties will have already been addressed on several occasions throughout the 
BERA, as discussed in Attachment 2.  As appropriate and needed, the uncertainties 
will be reevaluated as they relate to the BERA conclusions (USEPA, 2000a).   

3.2.2 SMDP and Reporting 

As was previously mentioned (and highlighted on Figure 3-2), the first SMDP is 
purposefully flexible per the USEPA paradigm to occur after either Step 2 or Step 3a, 
depending on the results obtained during Step 2.   The purpose of the flexibility of the 
first SMDP is so that additional evaluation of risks can occur and reporting streamlined 
into a single report, if desired, as described below.   

The following courses of action will be evaluated at the end of Step 3a:   

1. There is adequate information to conclude that ecological risks are unlikely or not 
ecologically significant and no further action is warranted. 

2. The information is not adequate to make a decision at this point.  The ecological 
risk assessment process will continue to Step 3b. 

3. Remedial actions will be considered for the media and constituents that are 
identified at the end of Step 3a to determine if cost effective actions can be 
implemented to reduce or prevent risks to wildlife. 

One of these three outcomes will be recommended and all ecological risk assessment 
activities, including SMDPs, will be presented in a single ERA report for each site.    

As discussed previously, information related to a higher level of BERA (Step 3b 
through Step 8) is not provided in this Work Plan because the assessment endpoints, 
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COPECs, and ecological receptors that could potentially require additional evaluation 
are unknown. 
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Tables 

 



Bioaccumulative Constituent (b)

Metals Halogenated Ethers PCBs (Aroclors)
Arsenic 4-Chloro phenyl phenyl ether Aroclor 1016
Cadmium 4-Bromo phenyl phenyl ether Aroclor 1221
Chromium VI Aroclor 1232
Copper Pesticides/PCBs Aroclor 1242
Lead Aldrin Aroclor 1248
Methylmercury Chlordane Aroclor 1254
Nickel 4,4'-DDD Aroclor 1260
Selenium 4,4'-DDE Aroclor 1268
Tributyltin 4,4'-DDT
Zinc Diazanon PBCs  (Congeners)

Dicofol PCB 8
Substituted Phenols Dieldrin PCB 18
Pentachlorophenol Disulfoton PCB 28
Pentachloroanisole Alpha endosulfan PCB 44

Beta endosulfan PCB 52
Low Molecular Weight Aromatics Endrin PCB 66
Acenaphthylene Ethion PCB 77
Acenaphthene Ethalfluralin PCB 81
Anthracene Heptachlor PCB 101
Fluorene Heptachlor epoxide PCB 105
Phenanthrene Alpha -BHC PCB 118

Beta-BHC PCB 126
High Molecular Weight PAHs Delta-BHC PCB 128
Benzo(a)anthracene Gamma-BHC PCB 138
Benzo(a)pyrene Methoxychlor PCB 153
Benzo(b)fluoranthene Mirex PCB 156
Benzo(k)fluoranthene Nitrofen PCB 169
Benzo(g,h,i)perylene Oxyfluorfen PCB 170
Chrysene Pentachloronitrobenzene PCB 180
Dibenzo(a,h)anthracene Permethrin PCB 187
Fluoranthene S-fenvalerate PCB 195
Indeno(1,2,3-cd)pyrene Terbufos PCB 206
Pyrene Toxaphene PCB 209

Trifluralin
Chlorinated Aromatic Hydrocarbons
1,2-Dichlorobenzene Dioxins/Furans
1,3-Dichlorobenzene 2,3,7,8-Tetrachlorodibenzo-p-dioxin
1,4-Dichlorobenzene 2,3,7,8-Tetrachlorodibenzofuran
Hexachlorobenzene 1,2,3,7,8-Pentachlorodibenzo-p-dioxin
Hexachloroethane 2,3,4,7,8-Pentachlorodibenzofuran
Hexachlorobutadiene 1,2,3,7,8-Pentachlorodibenzofuran
Hexachlorocyclopentadiene 1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin
Octachlorostyrene 1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin
Pentachlorobenzene 1,2,3,4,7,8-Hexachlorodibenzofuran
1,2,4,5-Tetrachlorobenzene 1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin
1,2,3,4-Tetrachlorobenzene
Tetrachloroethane
1,2,4-Trichlorobenzene

Notes:
(a) USEPA, 2000b
(b) This list of constituents represents the complete 

list from EPA 2000b.  Many of these constituents 
are not present or not likely to be present at the 
WSMR Sites.

PAHs Polycyclic Aromatic Hydrocarbons
PCBs Polychlorinated Biphenyls. 

White Sands Missile Range, New Mexico
Table 3-1.  USEPA (a,b) Bioaccumulative Constituents
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Figure 3-1
Eight-Step Ecological Risk Assessment Process
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Figure 3-2
Expanded Eight-Step Ecological Risk Assessment Process

STEP 1: SLERA PROBLEM FORMULATION AND ECOLOGICAL EFFECTS CHARACTERIZATION (Section 3.1.1)
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– Description of constituent mechanisms of ecotoxicity
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• Refinement of media of concern

• Refinement of COPCs

• Refinement of risk calculations for direct contact COPCs

• Refinement of assessment and measurement endpoints for bioaccumulative COPCs

• Refinement of bioaccumulative COPCs by preliminary food web modeling

• Refinement of risk characterization by consideration of site-specific biological studies

• Refinement of risk characterization by evaluation of weight of evidence and ecological significance

• Refinement of uncertainties
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• Analysis of data collected in Step 6 using the methods developed in Step 4

STEP 8: RISK MANAGEMENT 

• Implement Final WP and SAP (SMDP needed only if alterations in WP and SAP are necessary)

Notes:
(a) SMDP occurs EITHER after Step 2 or after Step 3a
COPCs Constituents of Potential Concern
DQO Data Quality Objectives
GW Groundwater
SAP Sampling and Analysis Plan
Source: Adapted from USEPA, 1997 and 2000a

(Section) Section number in parentheses corresponds with text of the Work Plan
SMDP Scientific Management Decision Point
SW/SD Surface water and sediment
WP Work Plan
BERA Baseline ERA
SLERA Screening-level ERA
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I. SITE DESCRIPTION 
Site Name 
Site Location 
The land use on the site is: The land around the site is 

Urban Agricultural Urban Agricultural 
Rural Recreational Rural Recreational 

Residential Undisturbed Residential Undisturbed 
Industrial ( light  heavy)  Industrial ( light  heavy)  

Any movement of soil at site?  (yes no) Other: 
Agricultural Use Mining Natural Events  

Heavy Equipment Erosion   
Potentially sensitive environmental areas exist adjacent to or in proximity to the site? (  yes   no) 
 
 
 
What type of facility is located at the site? 
 
 
 
What are the suspected contaminants at the site? 
 
 
 
Potential routes of off-site migration of contaminants 

Swales Drainage ditches Runoff Other: 
Depressions Windblown particulates Traffic  
Where does surface runoff discharge? 

Surface water Groundwater Sewer 
Collection impoundment Other 

Navigable water body present or near site? (  yes   no  ) 
 
 
Evidence of flooding? 

Buttressing Water marks Debris line Mud cracks 
Indications of Human Disturbance: 
 
 
Notes: 
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II. TERRESTRIAL HABITAT CHECKLIST 
IIA. WOODED 

What percentage of the site is wooded? 
What is the dominant type of vegetation in the wooded area? PHOTOGRAPH (Evergreen  Deciduous  Mixed) 
Dominant Plant(s): 

 
 
 

Dominant Tree Size DBH:   0-6 in.   6-12 in.   > 12 in 
Type of Understory PHOTOGRAPH: 
Animals present: 
 
 
 
Time spent identifying flora/fauna: 

IIB. SHRUB/SCRUB 
What percentage of the site is covered in shrub/scrub? 
What is the dominant type of vegetation? PHOTOGRAPH (Evergreen  Deciduous  Mixed) 
Dominant Plant(s): 

 
 
 

Approximate Height: 0-2 ft.  2-5 ft.   > 5 ft. 
Density of  scrub/shrub vegetation?  Dense   Patchy  Sparse 
Animals present: 
 
 
Time spent identifying flora/fauna: 

IIC. OPEN FIELD 
What percentage of the site is an open field? 
Prairie/plains Old field Savannah Other: 
What is the dominant type of vegetation? PHOTOGRAPH (Evergreen  Deciduous  Mixed) 
Dominant Plant(s): 

 
 
 

Approximate Height: 0-0.5 ft.  0.5-2 ft.   > 2 ft. 
Density of  vegetation?  Dense   Patchy  Sparse 
Animals present: 
 
 
Time spent identifying flora/fauna: 

IID. MISCELLANEOUS 
Other Terrestrial Habitats: 

 
Flora: 

 
 

Fauna: 
 

 
Time spent identifying flora/fauna: 
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III. AQUATIC HABITAT CHECKLIST -- NON-FLOWING SYSTEMS 
Name: 
Human uses:  Natural Manmade 

Pond Lagoon Canal 
Lake Reservoir Impoundment 

Indicators of physical alteration? 
 
Deepest water? Average water depth? Waterbody Size? 
Water Source: 

River/Stream/Creek Groundwater Surface runoff Industrial discharge 
Discharge from Site to this Waterbody? Path? 
 
 
 
Discharge from this Waterbody? Path? 
 
 
 
Receiving Water:  onsite  offsite  

River/Stream/Creek Groundwater Wetland   Impoundment 
Water Odors Water Surface Oils 

Normal/None Sewage Slick Globs 
Petroleum Chemical Sheen Flecks 

Fishy Other: None Other 
Turbidity (if not measured) Color: 

Clear Turbid 
Slightly turbid Very Turbid 

Substrate: 
Bedrock Sand (gritty) Marl Undersides of Stones Black? 

Boulder (>10 in.) Silt (slick) Muck Other: 
Cobble (2.5-10 in.) Clay (slick) Woody Debris 

Gravel (0.1-2.5 in.) Concrete Detritus/Trash 

Aquatic Vegetation 
Rooted Emergent Rooted Submergent Rooted Floating Other: 

Free Floating Floating algae Attached algae 

What is the dominant type of riparian vegetation? PHOTOGRAPH  
Evergreen Deciduous Mixed Dominant Species: 

Trees Shrub/Scrub Field/Grass 

Dominant Tree Size DBH:     Type of Understory: 
Canopy Cover?  Open   Some Shade  Heavy Shade 
Density of  scrub/shrub vegetation?  Dense   Patchy  Sparse Approximate Height: 
Fauna in Water: 
 
 
 
 
Fauna Near Water: 
 
 
 
Time spent identifying flora/fauna: 
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IV. AQUATIC HABITAT CHECKLIST -- FLOWING SYSTEMS 
Name: 
Human Uses: River Intermittent Stream Manmade channel 

Perennial Stream Dry wash Other: 
Indicators of physical alteration? 
 
Deepest water? Average water depth? Water Velocity? Stream Width? 
Water Source: 

River/Stream/Creek Groundwater Surface runoff Industrial discharge 
Discharge from Site to this Waterbody? Path? 
 
 
 
Discharge from this Waterbody? Path? 
 
 
 
Receiving Water:  onsite  offsite  

River/Stream/Creek Groundwater Wetland   Impoundment 
Water Odors Water Surface Oils 

Normal/None Sewage Slick Globs 
Petroleum Chemical Sheen Flecks 

Fishy Other: None Other 
Turbidity (if not measured) Color: 

Clear Turbid 
Slightly turbid Very Turbid 

Substrate: 
Bedrock Sand (gritty) Marl Undersides of Stones Black? 

Boulder (>10 in.) Silt (slick) Muck Other: 
Cobble (2.5-10 in.) Clay (slick) Woody Debris 

Gravel (0.1-2.5 in.) Concrete Detritus/Trash 

% Riffle: % Run: %Pool: 
Aquatic Vegetation 

Rooted Emergent Rooted Submergent Rooted Floating Other: 
Free Floating Floating algae Attached algae 

What is the dominant type of riparian vegetation? PHOTOGRAPH 
Evergreen Deciduous Mixed Dominant Species: 

Trees Shrub/Scrub Field/Grass 

Dominant Tree Size DBH:     Type of Understory: 
Canopy Cover?  Open   Some Shade  Heavy Shade 
Density of  scrub/shrub vegetation?  Dense   Patchy  Sparse Approximate Height: 
Fauna in Water: 
 
 
 
Fauna Near Water: 
 
 
 
Time spent identifying flora/fauna: 
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V. WETLAND HABITAT CHECKLIST 
Name: 
Wetland Indicators Human Uses: 
Near waterbody In floodplain Mud cracks Debris line 
Dark, wet soils Standing water Water marks Other: 
Indicators of physical alteration? 
 
 
Deepest water? Average water depth? Water Velocity? Wetland Size? 
Water Source: 

River/Stream/Creek Groundwater Surface runoff/flooding Industrial discharge 
Discharge from Site to this Waterbody? Path? 
 
 
Discharge from this Waterbody? Path? 
 
 
Receiving Water:  onsite  offsite  

River/Stream/Creek Groundwater Wetland   Impoundment 
Water Odors Water Surface Oils 

Normal/None Sewage Slick Globs 
Petroleum Chemical Sheen Flecks 

Fishy Other: None Other 
Turbidity (if not measured) Color: 

Clear Turbid 
Slightly turbid Very Turbid 

Substrate: 
Bedrock Sand (gritty) Marl Undersides of Stones Black? 

Boulder (>10 in.) Silt (slick) Muck Other: 
Cobble (2.5-10 in.) Clay (slick) Woody Debris 

Gravel (0.1-2.5 in.) Concrete Detritus/Trash 

% Above water % Below Water: 
Aquatic Vegetation 

Rooted Emergent Rooted Submergent Rooted Floating Other: 
Free Floating Floating algae Attached algae 

What is the dominant type of vegetation? PHOTOGRAPH 
Evergreen Deciduous Mixed Dominant Species: 

Trees Shrub/Scrub Grass 

Dominant Tree Size DBH:     Type of Understory: 
Canopy Cover?  Open   Some Shade  Heavy Shade 
Density of  scrub/shrub vegetation?  Dense   Patchy  Sparse Approximate Height: 
Fauna in Water: 
 
 
 
Fauna Near Water: 
 
 
 
 
Time spent identifying flora/fauna: 
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Uncertainties in Screening Level Ecological Risk Assessments 

A SLERA is designed to provide estimates of the risks that may exist for ecological 
receptors and incorporates uncertainty in a precautionary manner. Uncertainty is “the 
imperfect knowledge concerning the present or future state of the system under 
consideration; a component of risk resulting from imperfect knowledge of the degree of 
hazard or of its spatial and temporal distribution” (USEPA, 1997). Uncertainties that 
may lead to either an overestimate or underestimate of risk are associated with each 
stage of risk assessment. Uncertainty is inherent to ecological risk assessment, in part, 
because the sciences of ecology and ecotoxicology are relatively young and not yet 
fully developed (Kapustka and Landis, 1998; Newman, 1998; Emlen and Springman, 
2007; Kapustka, 2008; Suter, 2008). The methods of ecology and ecotoxicity 
databases are not developed to the point that allows characterization of ecological 
risks with a high degree of certainty (or in many cases even a low degree of certainty). 
In addition, risks characterized for an ecosystem are going to be highly uncertain 
based on the few measures typically included in an ecological risk assessment. 

Toxicological Uncertainties   

Toxicological uncertainties are those associated with the ecotoxicology data used in 
the risk assessments. Uncertainty exists in many aspects of the toxicology relied upon 
for conducting ERAs (Newman, 1998; Lovett Doust, et al., 1993; Dale, et al., 2008). 
Toxicity data are only available for a limited number of species (most of them 
laboratory test species) under a defined set of test conditions (which very likely deviate 
from natural conditions). In current practice, more than 95 percent of the resources in 
toxicology are focused toward the study of single constituents (Cassee, et al., 1998), 
and the majority of these are focused toward single species (Sample et al., 1996; 
Newman, 1998). Most of the single constituent/single species testing is performed 
under highly controlled laboratory conditions, which very likely deviate from current 
conditions in areas associated with the Site. Furthermore, simplistic extrapolations from 
laboratory species to wildlife species and testing conditions to field conditions may not 
be accurate, and are rarely, if ever, validated against natural conditions (Power, 1996; 
Dale, et al., 2008). Moreover, the toxicological endpoint of endocrine disruption has 
only recently been identified as significant, and there are very little data for most 
species or chemicals (Tyler, et al., 1998).   
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Ecological Uncertainties  

There is also uncertainty inherent in understanding the complex and subtle interactions 
between the purely toxicological data and the ecological milieu in which it must be 
placed. There are relatively few studies that actually evaluate the effects of toxicity on 
predator-prey interactions (Atchison, et al., 1996), or on competition for scarce 
resources. This lack of data is profound when one considers that within the natural 
environment, organisms are routinely exposed to multiple stressors, in sometimes 
harsh and variable environmental conditions, and always within the realm of predator-
prey dynamics and in competition with other organisms for food and habitat. 

Another example of a limitation in ecology with regard to ecological risk assessment is 
related to the protection of populations. A population is considered the smallest 
ecological unit that persists through time (Durda and Prezoisi, 1999), and the USEPA 
requires protection of population, communities, and ecosystems (USEPA, 1997; 1998). 
However, most ecological risk assessments are based on toxicity benchmarks and 
exposure parameters focused toward individual organisms. Ecologists and population 
biologists have not identified the amount of population decline that a population can 
sustain without causing catastrophic impacts. Thus, attempts to evaluate the ecological 
significance of risk estimates for individuals in a population are replete with uncertainty. 
Furthermore, risks estimated toward the individual organism (or even a population of 
organisms) do not take into account predator-prey impacts that may occur to species 
other than those species evaluated in a risk assessment. It is unlikely that the 
screening criteria used to identify COPECs takes these issues into account. 

Protection of individuals is required for rare, threatened, and endangered species 
(USEPA, 1998). The SLERA will provide a narrative assessment of risk for any 
threatened and endangered species. However, risk assessment for threatened and 
endangered species is based on current information about the preferred habitat and 
ambit of these organisms. For many threatened and endangered species, the preferred 
habitat information is only poorly understood. Furthermore, wildlife does not always 
adhere exclusively to the preferred habitats identified. Their ranges, particularly for 
recovering species, may exceed those stated in literature publications. 

Logistical Uncertainties  

Logistical uncertainties are those associated with the physical aspects of the site 
investigation. In some cases, for example, the sampling locations must be 
approximated from maps, rather than using more accurate techniques (survey, global 
positioning systems). In other cases, particularly for older data, original data qualifiers 
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or detection limits might not be available for current investigations. These kinds of 
uncertainties exist for many risk assessment activities and contribute to possible 
overestimation or underestimation of ecological risks. 
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Refinement of Media of Concern 

The process of refining media of concern will help focus the BERA on the media that 
may be associated with potentially significant ecological exposure pathways, and 
therefore, potentially contribute to significant ecological risks.  This methodology is 
consistent with the concepts addressed in American Society for Testing and Materials 
(ASTM) Ecological Risk-Based Corrective Action (Eco-RBCA) guidance (ASTM, 2002), 
which was developed in partnership with the USEPA.  Eco-RBCA demonstrates that 
there are criteria that can be used to refine the media of concern for an ERA.  The 
states of Pennsylvania, Massachusetts, Louisiana, and Texas (among others) have a 
component of their ERA guidance that allows for refinement of media of concern based 
on specified criteria (PADEP, 1998; MADEP, 1996; LDEQ, 1999; and TCEQ, 2001).     

The process for refining the media of concern results in a detailed discussion of how 
key practical considerations are incorporated into the decision-making process.  The 
considerations for the evaluation of soil are listed below:  

• Are threatened and endangered species exposed? 

• Is the affected property disturbed ground? 

• Are there physical barriers in place? 

• Is the affected area less than 1 acre in size and does it meet de minimis 
criteria? 

One of three outcomes will occur at the end of the process to refine the media of 
concern for each site: 

1. Soil exposures are not a concern:  If ecological exposures to soil are not a concern 
for a given site following this screening process, then no further BERA activities are 
required.  

2. Soil exposures are a potential concern – remedial options considered:  
Consideration will be given to remedial actions that will prevent ecological 
exposures. 

3. Soil exposures are a potential concern – proceed to the screening of COPECs:  
Described in Section 3.2.1.2.    
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The remainder of this section provides a discussion of the decision logic used for the 
evaluation of soil.   

Protected Species 

The presence of threatened and endangered species is considered first in the 
refinement of media of concern for the site because protection of individuals is 
conservative and appropriate for rare, threatened, and endangered species.  This 
information combined with information on habitat preferences for threatened and 
endangered species will be used to evaluate whether habitat and/or species may 
inhabit the sites.  If habitat is present at the site, or if protected species are known or 
suspected to be present at the site, exposure pathways will be considered potentially 
complete. 

Disturbed Ground 

Disturbed ground is considered second in the decision logic for soil. Disturbed areas 
are generally not attractive to wildlife or livestock, including threatened and endangered 
species, and do not serve as valuable habitat, foraging area, or refuge for ecological 
communities. Disturbed ground usually consists of pavement, buildings, landscaped 
area, a functioning landfill cap, roadways, equipment storage areas, a manufacturing or 
process area, or other surface cover or structure. Waste control units with engineered 
covers are considered disturbed ground, provided they are meeting their design 
specifications. Crop and pastureland are generally not considered disturbed ground 
(TCEQ, 2001). 

Physical Barriers 

Physical barriers are also considered in the decision logic. If there is a natural or 
manmade barrier in place that prevents ecological receptors from interacting with the 
affected soil, then the soil pathway is considered to be incomplete. Examples of 
physical barriers are certain geological formations, pavement, caps, buildings, or 
cement covers (TCEQ, 2001). 

Spatial Extent  

The spatial extent of the release area is also considered in the decision logic. The size 
or space of a contaminated area is directly related to the potential for ecological 
exposure if ecological habitat is present. Spatial scale can be useful as a screening 
criterion if used in conjunction with other considerations, such as the valued ecological 
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resources that may be present, current and future land use, the likelihood for 
contaminant migration from the site, and the proximity to a valued or sensitive 
ecological habitat.  

Spatial scale screening criteria are used widely in ERA. Several states’ guidance 
address the importance of spatial scale in ecological assessments, as does the ASTM 
Standard Guide for Risk-Based Corrective Action for Protection of Ecological 
Resources. E-2205-02 (ASTM, 2002). For example, the following spatial scale 
screening criteria are used by the following states: 1 to 2 acres for Minnesota (the 
smaller scale for bioaccumulative compounds); 1 acre for Texas, Louisiana, and 
Mississippi; 2 acres for Pennsylvania; and 2 acres or 1,000 square feet of sediments 
for Massachusetts (Minnesota Pollution Control Agency [MPCA], 1998; TCEQ, 2001; 
Mississippi Department of Environmental Quality [MDEQ], 1997; LADEQ, 1999; 
PADEP, 1998; MADEP, 1996). Massachusetts’ Stage I screening recommends 
evaluating the size of the terrestrial habitat and the extent to which it is connected with 
other habitats: no action for less than 2 acres (and some considerations for affected 
areas greater than 2 acres but less than 6 acres, dependent on an evaluation of 
“significant exposure pathways”). Pennsylvania actually provides the rationale for the 
criteria, discussing how population-level exposures are unlikely to occur at small spatial 
scales such as less than 2 acres (PADEP, 1998). This criterion has often been referred 
to as de minimis because it is not expected to cause adverse impacts to the 
population, community, or ecosystem, providing other conditions are met (Suter et al., 
1995; Henning and Shear, 1998; Efroymson et al., 2003).  

A 1-acre screening criterion will be used at each site to refine the media of concern, 
providing the following additional de minimis criteria are met: 

• Similar but unimpacted habitat must be available adjacent to the impacted 
area; 

• Sensitive habitat must not be present within ¼ mile if the COPECs will migrate 
off site; 

• COPEC fate and transport must be unlikely to increase the spatial extent to 
greater than 1 acre. 
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Preliminary Food Chain Model Approach  

Preliminary ingestion-based food chain modeling will be used as part of Step 3a of the 
BERA for the site to evaluate the bioaccumulative COPECs. The purpose of the food 
chain modeling is to characterize potential exposures to COPECs via the food chain 
and to identify potential adverse effects for wildlife receptors. Through this preliminary 
food chain modeling, COPECs will either be retained for or eliminated from further ERA 
activities. The remainder of this section provides information regarding: 
 
• Wildlife Receptors and Exposure Parameters 
• Bioaccumulation and Bioconcentration Factors 
• Food Chain Ingestion Modeling 
• Ecotoxicity Benchmarks and Extrapolation Approach 
• Risk Characterization for Food Chain Modeling 

 
Wildlife Receptors and Exposure Parameters  

Wildlife receptors that may be exposed to bioaccumulative COPECs at the site will 
depend upon the habitat present and the media in which bioaccumulative COPECs are 
identified. Exposure parameters are dependent upon the wildlife receptor.  Depending 
upon available habitat at the site, preliminary food chain modeling will be conducted for 
mourning dove (Zenaida macroura); cactus wren (Campylorhynchus brunneicapillus); 
red-tailed hawk (Buteo jamaicensis); Merriam’s kangaroo rat (Dipodomys merriami); 
desert shrew (Notiosorex crawfordi); and desert kit fox (Vulpes macrotis) as part of 
Step 3a of the WSMR Site BERAs.  Dietary and toxicological information is available 
for these species (and similar species), making them good candidate species for food 
chain modeling (USEPA, 1993c; Sample et al., 1996).   

Selection of Herbivorous Avian Receptor 

The mourning dove is among the most abundant and widespread terrestrial bird 
species endemic to North America and has been observed on the site. It is an 
herbivorous bird that forages on the ground. Open habitats are preferred, but the 
species generally shuns only extensively forested areas and wetlands (Tomlinson, 
1993). Mourning doves are habitat generalists that opportunistically take advantage 
of seasonally available food resources among a wide variety of habitats that vary 
across its extensive range. Diet consists mostly (99%) of seeds from cultivated or 
wild plants with insignificant amounts of animal matter and leafy vegetation 
incidentally ingested.  Mourning doves feed almost entirely on the ground, and avoid 
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rank, tall vegetation. They seldom feed where ground litter makes food difficult to find 
(Mirachi, 1993). 

Mourning dove was selected to represent herbivorous birds for the following reasons: 

• It has been observed at some of the sites and suitable habitat exists at the sites; 
• It feeds primarily on seeds, which  potentially bioaccumulate COPECs; 
• COPEC bioaccumulation data are available for plants; 
• It gleans food from the ground resulting in a relatively high incidental soil ingestion 

rate, a potential route of exposure to COPEC; and 
• A substantial amount of literature for exposure parameters and toxicity values for 

birds are available. 

Selection of Insectivorous Avian Receptor 
The cactus wren is an insectivorous bird that forages on the ground and in low 
vegetation for insects, spiders, other small invertebrates, cactus fruits, other fruits, 
nectar, and seeds (Bent, 1948; Anderson and Anderson, 1973; both cited in CDFG, 
2005). However, cactus wren feed primarily on insects. In Arizona, cactus wren diet is 
composed mainly of beetles, ants and wasps, grasshoppers, butterflies and moths, 
true bugs, and spiders (Beal, 1907; Storer, 1920). Vegetation is used for cover, and 
nests are also used for roosting. Nesting is usually in cactus or other thorny shrub. The 
cactus wren territory averages 4.8 acres and the home range may be the same as the 
territory (CDFG, 2005). 

Cactus wren was selected to represent insectivorous birds associated with the site for 
the following reasons: 

• It is a common bird in desert riparian habitats and xeric scrub and cactus habitats; 
• Suitable habitat is available on the site; 
• It preys on primarily insects, which may accumulate COPEC; 
• COPEC bioaccumulation data are available for invertebrates; 
• It forages on the ground during which the intake of COPEC could occur through 

incidental soil ingestion;and  
• A substantial amount of literature for exposure parameters and toxicity values for 

birds are available. 
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Selection of Carnivorous Avian Receptor 
Red-tailed hawks are moderately large soaring birds that inhabit open or semi-open 
areas. They prey on ground-dwelling vertebrates such as hares, mice, small birds, 
amphibians, and reptiles. They may be exposed to COPEC through bioaccumulation in 
prey that forage on the ground and ingest soil incidentally through food. Red-tailed 
hawks lay one clutch per year with one to three eggs. Most red-tailed hawks attempt to 
breed at two years of age. They are territorial throughout the year and have a home 
range size that can vary from less than 1 to over 10 km2 (CDFG, 2005).  

Red-tailed hawk was selected as a representative species for the following reasons: 

• Red-tailed hawks have been observed at some of the WSMR sites; 
• It preys on small mammals, which may bioaccumulation COPECs; 
• COPEC bioaccumulation data are available for small mammals; and  
• A substantial amount of literature for exposure parameters and toxicity values for 

birds are available. 

Selection of Herbivorous Mammalian Receptor 
The kangaroo rat is primarily herbivorous, but may also feed on arthropods seasonally. 
It is found in desert scrub and alkali desert scrub, sagebrush, Joshua tree, and pinyon-
juniper habitats. They are solitary animals and receive cover from burrows they dig in 
sandy soil. Kangaroo rats may breed several times per year but once is normal. They 
normally have a litter size of four young. Population density has been reported between 
13-19 individuals per hectare in creosote scrub populations (CDFG, 2005). 

Kangaroo rat was chosen as a representative species for the following reasons: 

• Kangaroo rats are a common herbivorous species present in desert habitats; 
• Suitable habitat for kangaroo rat is available on the site 
• It feeds on plants, which may bioaccumulation COPECs; 
• COPEC bioaccumulation data are available for plants; 
• It forages on the ground where intake of COPECs in the soil may occur; 
• It is an important prey species for higher level trophic predators; 
• Its burrows provide important cover for other animals; and 
• Exposure parameters and toxicity information for small mammals are available. 
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Selection of Insectivorous Mammalian Receptor 
The desert shrew is an insectivorous mammal that forages on the ground. There is little 
data on food preferences in the wild, but in the laboratory food consumed included 
worms, grasshoppers, cockroaches, and other invertebrates (Hoffmeister and 
Goodpaster, 1962, as cited in CDFG, 2005). Additionally, other species of shrews are 
known to feed almost exclusively on invertebrates (Hamilton, 1941, Whitaker and 
Ferraro, 1963, both as cited in USEPA, 1993; Whitaker and Maser, 1976, as cited in 
CDFG, 2005). The desert shrew will drink water when available, but otherwise obtains 
water from food. This species occupies a wide variety of habitats, including desert 
wash, desert scrub, desert riparian, mixed chaparral, and pinyon-juniper habitats. 
Home range data are limited for shrews and are not available for the desert shrew. 
However, the home range of the dusky shrew, a similar species, averages 0.1 acre 
(CDFG, 2005).  

The desert shrew was selected as a representative species for the following reasons: 

• Desert shrews are a common insectivorous species present in desert habitats; 
• Suitable habitat for desert shrew is available on the site; 
• It preys primarily on insects, which  may accumulate COPECs; 
• COPEC bioaccumulation data are available for invertebrates; 
• It may be exposed to COPECs via incidental ingestion while foraging on the 

ground; 
• It is an important prey species for higher level trophic predators; 
• Exposure parameters are available or can be estimated from the available data 

from species with similar feeding habits; and  
• Toxicity values for small mammals are readily available. 

Selection of Carnivorous Mammalian Receptor 
The desert kit fox is carnivorous, preying on black-tailed hare, desert cottontails, 
rodents, birds, and reptiles. They are residents of arid regions, and live in annual 
grasslands or grassy open stages of vegetation dominated by scattered brush, shrubs, 
and scrub. They dig dens in open, level areas of sandy soil. Home range size has been 
reported as approximately 9.8 km2 and 12.3 km2, for females and males, respectively 
(Zoellick, 1992). Pups are born February through April with an average of four per litter.  

The desert kit fox was chosen as a representative species for the following reasons: 

• Desert kit fox are a protected fur-bearing species (i.e., hunting is regulated)  in New 
Mexico; 
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• Desert kit fox are a common carnivorous species present in desert habitats; 
• Suitable habitat for desert kit fox is available on the site; 
• It preys on small mammals, which may bioaccumulation COPECs; 
• COPEC bioaccumulation data are available for small mammals; 
• It plays an important role in providing cover for other species by its burrowing 

activity; and  
• Toxicity data are available for larger mammals (e.g., dogs). 
 

Table 4-1 of this attachment provides exposure parameter information for the mourning 
dove, cactus wren, red-tailed hawk, Merriam’s kangaroo rat, desert shrew, and desert 
kit fox that may be used if food chain modeling for these species is needed as part of 
Step 3a.  Exposure parameters for all the species will be updated with New Mexico-
specific information, as available. 

Bioaccumulation and Bioconcentration Factors  

The processes of bioaccumulation and bioconcentration are important to an ERA 
because they provide a basis of prediction and discussion regarding the potential 
constituent uptake into flora and fauna. Constituents in tissues of organisms of the food 
chain are likely to be ingested by the species that feed on them (i.e., those occupying 
higher trophic levels), the result of which may be the expression of toxicological effects 
by the higher trophic level species. Bioaccumulation differs from bioconcentration on 
the basis of the mechanism of chemical uptake, although distinguishing between the 
two is sometimes highly artificial (Streit, 1992).   

Bioaccumulation and bioconcentration factors used for the food chain modeling at the 
site will be obtained from literature sources such as Sample et al., 1997; Baes, et al., 
1984; Travis and Arms, 1988; Belfroid et al., 1994; Belfroid et al., 1995; Beyer, 1990; 
Beyer, et al., 1996; and other related literature.    

Food Chain Ingestion Modeling 

Food chain ingestion-based modeling calculations will be performed to characterize 
potential exposures to contaminants via the food chain and to identify potential adverse 
effects for wildlife receptors at the site. Ingestion modeling is based on species-specific 
exposure parameters and ingestion intake requirements. UCL and mean media 
concentrations will be used to evaluate the range of potential intake exposures. The 
following is the type of model that will be used:  
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Where: 

PMEDIUM = Proportion of the diet comprised of the medium (unitless) 

CMEDIUM = Concentration of the constituent in the medium (mg/kg) 

PFOOD1 = Proportion of the diet comprised of the first food item (unitless) 

CFOOD1 = Concentration of the constituent in the first food item (mg/kg) 

PFOOD2 = Proportion of the diet comprised of the second food item (unitless) 

CFOOD2 = Concentration of the constituent in the second food item (mg/kg) 

IRF = Ingestion rate of food (kg/day) 

SFF = Site foraging frequency (unitless) 

ED = Exposure duration (unitless) 

BW = Body weight of the organism (kg) 

and: 

CFOOD1 = CMEDIUM x BAF FOOD1 

CFOOD2 = CMEDIUM x BAF FOOD2 

BAF FOOD1 = Bioaccumulation factor for first food item (unitless) 

BAF FOOD2 = Bioaccumulation factor for second food item (unitless)

Ecotoxicity Benchmarks and Extrapolation Approach 

Modeling studies use constituent-specific TRVs for the purpose of estimating risk to the 
species of interest. For the most part, TRVs are based on studies using laboratory 
species because toxicological studies have not been conducted on most wildlife 
species. TRVs are available from a variety of sources, such as Sample et al, 1996, 
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1997; IRIS; ATSDR; and many chemical-specific scientific studies. Toxicological 
benchmarks are typically reported as NOAELs and LOAELs. Both NOAELS and 
LOAELs for each COPEC will be used in the food chain modeling so that a range of 
predicted food chain impacts can be seen.   

In order to have a toxicity value representative of specific mammalian wildlife species 
rather than a mammalian laboratory species, an extrapolation (i.e., a mathematical 
formula based on differences in body weights) is used (Sample et al., 1997). The 
extrapolation is necessary because the laboratory mammalian species and wildlife 
species are of varying sizes. In theory, metabolic function and toxicity are related to 
body size (i.e., chemicals are less toxic to smaller animals because they metabolize 
and excrete chemicals faster). The extrapolation technique provides a relationship 
between the organism’s sizes and toxicity values. Mammalian toxicity values derived in 
the laboratory (frequently referred to as benchmarks) will be extrapolated in order to 
reflect the equivalent toxicity values for wildlife species. Typical laboratory test species 
are rats, mice, mink, and rabbits. The extrapolation equation that will be used for the 
site is: 

A generic approach for modeling a constituent-specific reference toxicity value for the 
purpose of estimating risk to a generic mammalian “wildlife species,” is shown below 
(Sample, et al., 1996):   

4
1

eciesWildlifeSp

sTestSpecie
SpeciesTest  Species Wildlife BW

BW
  NOAEL NOAEL

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
×=  

Where: 

NOAEL Wildlife Species = NOAEL for the wildlife species (i.e., the TRV) 

NOAEL Test Species = NOAEL for the laboratory test species (i.e., the 
toxicological benchmark) 

BW Test Species = Body weight of the laboratory test species 

BW Wildlife Species = Body weight of the wildlife species 

Toxicity values for birds are not extrapolated, regardless of the laboratory test species 
(Sample et al., 1996). For example, the toxicity value for a laboratory bird mallard duck 
would be used exactly to represent a TRV for the robin. 



 

8/8 

 
 
Attachment 4 
Preliminary Food  
Chain Model Approach 

Risk Characterization 

Predictions of the likelihood for adverse effects, if any, for the food chain modeling 
studies will be based on hazard quotients (USEPA, 1997; 1999; 2000a). The hazard 
quotients will be calculated by dividing the estimated ingestion intakes by the TRVs. 
Exceeding the hazard quotient value of 1 (rounded to one significant figure) will be 
considered the threshold for indicating that adverse effects may occur.   

Uncertainties  

Uncertainties associated with the food chain modeling will be considered and 
discussed. Examples of potential uncertainties include:   

• Uncertainties that exist in ecological modeling   
• Dietary exposure parameters  
• Extrapolation using mammalian toxicity benchmarks 
• Maximum detected concentrations 
• Biased sample sets 
• Conservative toxicological benchmarks 
• Home range and Site Foraging Factor. 



Table 4-1
Preliminary Exposure Parameters for Ecological Receptors

White Sand Missile Range, New Mexico

Parameter (units) Mourning 
Dove Source Cactus Wren Source

Red-Tailed 
Hawk Source

Merriam's 
Kangaroo Rat Source Desert Shrew Source Desert Kit Fox Source

Body Weight (kg) 0.125

Based on average body 
weight for male and 
female adults from 

Cowan (1952); cited in 
OEHHA (2003)

0.0389

Based on average weight 
for M/F adults from 

Anderson and Anderson 
(1973); cited in Birds of 

North America 2004-2005

1.134
Based on average weight 
for M/F adults (USEPA, 

1993c)
0.0343 Nagy (1999) cited in 

Nagy (2001) 0.005

Based on average weight 
for M/F adults for desert 

shrew (Silva and 
Downing, 1995)

1.985

Based on the average 
weight for M/F adults; 
O'Farrell et al. (1986) 

cited in Cal/Ecotox 
(CalEPA 2003)

Diet
Maximum Scenario
Proportion of diet consisting of plants (proportion) 1  USEPA, 1997 -- -- -- 1 USEPA, 1997 -- -- -- --

Proportion of diet consisting of invertebrates (proportion) -- -- 1 USEPA, 1993; USEPA, 
1997

-- -- -- -- 1 USEPA, 1993; USEPA, 
1997

-- --

Proportion of diet consisting of mammals (proportion) -- -- -- -- 1 USEPA, 1993; USEPA, 
1997 -- -- -- -- 1

Assumed based on 
information presented for 

the kit fox in USEPA, 
1993; USEPA, 1997

Refined Scenario

Proportion of diet consisting of plants/seeds (proportion) 0.013 0.83 -- 0.01 -- 0.013

Proportion of diet consisting of invertebrates (proportion) 0.987 0.17 -- 0.99 1 0.007

Proportion of diet consisting of mammals/bird (proportion) -- -- 1 -- -- 0.98

Media Uptake

0.0109 0.00713 0.0899 0.00282 0.001015005 0.0702

(dry weight) (dry weight) (dry weight) (dry weight) (dry weight) (dry weight)
Percent soil in diet 4.8 9.3 1.4 2.4 2 2.8

Incidental soil ingestion rate (kg/day) 0.0005232

Assumed to be no more 
than twice mammalian 
herbivores; Based on 

meadow vole (Beyer et 
al., 1994)

0.000663 Based on wild turkey 
(Beyer et al., 1994) 0.00126

Assumed to be no greater 
than 1/2 soil intake of red 
fox (Beyer et. al., 1994)

0.0000677 Based on the meadow 
vole (Beyer et al., 1994) 2.03001E-05

Based on white-footed 
mouse (Beyer et al., 

1994)
0.00197 Based on the red fox 

(Beyer et al., 1994)

Site Usage
Site use factor (maximum scenario) (proportion) 1 USEPA, 1997 1 USEPA, 1997 1 USEPA, 1997 1 USEPA, 1997 1 USEPA, 1997 1 USEPA, 1997
Site use factor (refined scenario) (proportion) TBD TBD TBD TBD TBD TBD

Home rangea acres 649

Based on low end of 
foraging distance 

presented in Lewis et al. 
(1982); cited in CalEPA 

(2003)

4.8
Anderson and Anderson 
(1973); cited in CDFG 

(CalEPA, 2005)
2471 CDFG, 2005 0.13

Based on 7.6 individuals 
per acre; Soholt (1973); 
cited in CDFG (CalEPA, 

2005)

0.1
Based on dusky shrew; 
Hawes (1977); cited in 
CDFG (CalEPA, 2005)

3039 Zoellick, 1992

Notes:
a. Home ranges were converted to acres if presented in units other than acres in respective sources.

CalEPA = California Environmental Protection Agency OEHHA = Office of Environmental Health Hazard Assessment
CDFG = California Department of Fish and Game TBD = To be determined
kg = kilogram(s) USEPA = U.S. Environmental Protection Agency
M/F = male/female

Sources:
Anderson A.A. and A. Anderson 1973. The Cactus Wren. University of Arizona Press, Tucson.
Bent, A. C. 1948. Life histories of North American nuthatches, wrens, thrashers, and their allies. U.S. Natl. Mus. Bull. 195. 475 pp.
Beyer, W. N., E. Connor, and S. Gerould. 1994. Estimates of Soil Ingestion by Wildlife. Journal of Wildlife Management 58:375-382.
CalEPA.  2003. Office of Environmental Health Hazard Assessment (OEHHA). California Wildlife Biology, Exposure Factors and Toxicity Database (Cal/Ecotox). California Environmental Protection Agency. Available at: http://www.oehha.org/cal_ecotox/species_reports.htm
CalEPA.  2005. California Department of Fish and Game (CDFG).  Biogeographic Data Branch: Wildlife Notes. California Environmental Protection Agency.  Available at: http://www.dfg.ca.gov/bdb/html/cawildlife.htm
CalEPA.  2007. California Wildlife Biology, Exposure Factor, and Toxicity Database (CalEPA/Ecotox). California Environmental Protection Agency. Available at: http://www.oehha.ca.gov/scripts/cal_ecotox/species.asp
Cowan JB. 1952. Life History and Productivity of a Population of Western Mourning Doves in California. Cal. Fish and Game. 38(4): 505-521
Davis, Charles A. 1974. Mourning dove foods in semi-desert, south-central New Mexico. J. Wildl. Manage. 38(4):941-944.
Hawes, M.L. 1977. Home range, territoriality, and ecological separation in sympatric shrews, Sorex vagrans and Sorex obscurus . J. Mammal. 58:354-367.
Lewis JC, Morrison JA, Heller VJ, Ault JW. 1982. Fall-Winter Habitat Use and Food Habits of Doves in Southwestern Oklahoma. Proc. Annu. Southest. Assoc Fish Wildl. Agencies. 36: 678-690.
MacLaren, P. A.; Anderson, S. H.; Runde, D. E. (1988) Food habits and nest characteristics of breeding raptors in southwestern Wyoming. Great Basin Nat. 48: 548-553.
Nagy, K.A., I.A. Girard, T.K. Brown. Annual Review of Nutrition, July 1999.  Energetics of Free-Ranging Mammals, Reptiles, and Birds. Vol. 19, Pages 247-277 (doi: 10.1146/annurev.nutr.19.1.247) 
O'Farrell, T.P. and L. Gilbertson. 1986. Ecology of the desert kit fox, Vulpes macrotis arsipus , in the Mojave Desert of southern California. Bull. South. Calif. Acad. Sci. 85(1):1-15.
Paveglio, Fred L and Steven D. Clifton. Oct. 1988. Selenium accumulation and ecology of the San Joaquin kit fox in the Kesterson National Wildlife Refuge Area. Los Banos, CA: U.S. Fish and Wildlife Service, San Luis Wildlife Refuge
M. Silva M. and J.A. Downing.  1995.  CRC Handbook of Mammalian Body Masses. 
Soholt, L.F. 1973. Consumption of primary production by a population of kangaroo rats (Dipodomys merriami ) in the Mojave Desert. Ecol. Monogr. 43:357-376.
USEPA. 1993.  Wildlife Exposure Factors Handbook.  U.S. Environmental Protection Agency.  EPA/600/R-93/187a.  Washington, DC.
USEPA. 1997.  Ecological Risk Assessment Guidance for Superfund: Process for Designing and Conducting Ecological Risk Assessments-Interim Final. U.S. Environmental Protection Agency. EPA 540-R-97-006. Washington, D.C. June 1997
Zoellick, B.W. and N.S. Smith. 1992. Size and spatial organization of home ranges of kit foxes in Arizona. J. Mammal. 73(1): 83-88

USEPA, 1993; USEPA, 
1997Davis,  1974. Bent,  1948 MacLaren et al, 1988 ; 

USEPA, 1993 Soholt, 1973 Paveglio et al., 1988; 
USEPA, 1993

Nagy, 2001; ingestion 
equation for insectivores

Nagy, 2001; Table 1: 
Species-specific feeding 

rates

Nagy, 2001; Table 1: 
Species-specific feeding 

rates
Ingestion rate of food (kg/day)

Nagy, 2001; Table 3: 
Allometric ingestion 

equation for desert birds.

Nagy, 2001; ingestion 
equation for insectivorous 

birds

Nagy, 2001; ingestion 
equation for carnivorous 

birds
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