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RATIONAL NATIONAL STANDARDS INITIATIVE 
PROJECT SUMMARY 

Written By: 
Paul Bechtel 

Radian Corporation 
for 

Omaha Corps of Engineers 

RATIONAL NATIONAL STANDARDS INITIATIVE (RNSI) 

The Rational National Standards Initiative is an approach to Air Force IRP site 

cleanups that recognizes recent activity in the environmental industry is moving toward the use of 

risk-based cleanup goals. This approach also acknowledges that cleanup goals designed to 

protect human health and the environment shall not be created equally for every potential future 

reuse of Air Force property. 

1.1 The RNSI Concept 

Current cleanup regulations require that Air Force IRP sites generally clean up sites 

for residential reuse, no matter what the future use of the property may be. A fast inspection of 

the future land uses of Air Force property shows that only a small percentage of Air Force 

property is intended for residential use or reuse. 

The Rational National Standards Initiative focuses on the fact that human exposure 

to soil and groundwater in a residential setting is typically more frequent and of greater duration 

than exposure in an open space, commercial, or industrial setting. Therefore, cleanup levels for 

contaminated sites whose future land uses are open space, commercial, and industrial uses would, 

by comparison, be less restrictive than those regulatory cleanup standards currently being applied 

to Air Force IRP sites. However, the level of protection is the same in each reuse scenario, and 

cleanup standards should vary depending on how the property will be reused in the future. Once 
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the future use is determined, deed restrictions are placed on the property to assure that the land is 

not used for a more restrictive use in the future. 

1.2 The RNSI Process 

This approach utilizes methods of calculating risk-based screening/cleanup levels 

that are approved for use in risk evaluations by the EPA region in which each installation is 

located. Exposure factors and durations are developed for each future land and groundwater 

reuse scenario. This data is then applied to the EPA accepted risk-based equations to develop 

cleanup levels for each chemical detected at each IRP site. The maximum detected concentration 

of each constituent is then compared to the cleanup level calculated for each future use scenario. 

Constituents whose maximum concentration exceeds risk-based/future reuse cleanup levels are 

recommended for remedial action and an estimate of costs and time to implement the RA is 

prepared. Constituents whose maximum concentration is below risk-based future reuse cleanup 

levels are eliminated from further consideration. 

1.3 Status of the Rational National Standards Initiative 

The Rational National Standards Initiative has been applied to the active sites at 

Ellsworth and Shaw AFBs to date. RNSI work will begin at 16 other ACC installations in 

December 1994. The conclusions drawn from the results ofthe prototype efforts at Shaw and 

Ellsworth AFBs show that cleanup levels to achieve the same level of protection do vary with 

land and groundwater use. Results also show that significant cost and time savings can be 

realized through application of this approach. Although the results are all positive, there are some 

constraints to contend with. 

1-2 October 1994 



1.4 Regulatory Acceptance 

The prototype reports were completed to inspect the results prior to carrying this 

approach forward to the regulatory community. The RNSI work scheduled to start in December 

1994 will include the regulators as part ofthe project team. 

This approach is not expected to gain rapid regulatory acceptance. A strategy to 

approach the regulatory community with this strategy is currently being planned. 
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EXECUTIVE SUMMARY 

Trends in the environmental industry, including the EPA Superfund 

program, are to take a proactive approach toward the use of risk assessments to establish 

cleanup goals at contaminated sites. Recent activity shows that these programs are 

moving toward the use of risk-based cleanup goals and the recognition that differing 

cleanup goals should be established depending on future use of the property. This 

approach focuses on the fact that human exposure to soil and groundwater in a residen­

tial setting is more frequent and of greater duration than exposure in an open space, 

commercial, or industrial setting. Therefore, cleanup levels for contaminated sites whose 

future land uses are open space, commercial, and industrial purposes are expected to be 

less restrictive than current regulatory cleanup standards being applied to clean up Air 

Force Installation Restoration Program (IRP) sites. 

The Air Force has chosen to apply this philosophy to the cleanup of IRP 

sites. This approach has been documented in this and two other reports, the Manage­

ment Action Plan Revisions and a new Attachment C to Appendix A of the Management 

Action Plan. 

The process of implementing this philosophy began by contacting the 

various EPA and state agencies to identify those equations that will be used to calculate 

risk that EPA has agreed are acceptable for use in risk evaluations. Appropriate 

exposure factors and assumptions were then documented for each future land use 

scenario, and conceptual site models were developed for each active IRP site. Potential 

future land uses of IRP sites, accepted EPA algorithms, exposure factors, and conceptual 

site models are documented in the Pathways, Parameters, and Equations (PPE) report. 

The first section of the PPE report explains the general technical approach 

that will be used to determine the risk-based cleanup standards for each of four future 

land use categories; industrial, commercial, residential, and open space land uses. 

ES-1 



The subsequent chapters of the report apply this general approach to the 18 

individual ACC AFBs using site-specific data. 

Once the equations and methods were documented, the exposure factors 

shown in the PPE report were applied to the EPA and state accepted algorithms used 

for risk evaluation. From this, cleanup standards were developed for soil and ground­

water for each future use scenario at each active IRP site. Constituents exceeding risk­

based cleanup standards were retained for remedy selection and cost analysis. Constitu­

ents below risk-based cleanup standards were eliminated from further consideration. An 

explanation of the development of the future use cleanup standards, remedy selection 

process, and cost analysis is displayed in the Management Action Plan (MAP) Revisions 

(bound separately). In addition, summary tables displaying the cleanup standards and 

cost comparisons of the application of remedial technologies required to cleanup sites to 

those standards is documented in the MAP as well. Calculations supporting the 

development of future use risk-based cleanup standards, drawings noting the area and 

type of contamination requiring cleanup for each land use scenario, and detailed 

Remedial Action Cost, Engineering, and Requirements System (RACER) estimates 

supporting the cost impact on each future land use scenario are displayed in a new 

Attachment C to Appendix A of the MAP (bound separately). 

This approach is important in that it is currently in keeping with environ­

mental regulatory trends. Its success depends on Air Force, community, and regulatory 

involvement. Air Force environmental project teams will meet with the regulators and 

community planners to work together to make decisions regarding the reuse of land at 

ACC installations that meets the needs of both the community and Air Force. This will 

serve as a springboard for restoration activities at each installation by restricting the use 

of the property and initiating only those cleanup actions required to provide a safe 

environment for inhabitants of the land in the future. 
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1.0 INTRODUCTION 

1.1 Project Objectives 

The U.S. Air Force (USAF) has developed Management Action Plans 

(MAPs) for each of the Air Combat Command (ACC) bases. A portion of each plan 

was dedicated to identifying current regulatory cleanup standards and estimating costs 

and timeframes to remediate each Air Force Installation Restoration Program (IRP) site 

to meet current regulatory requirements. This document will provide a risk management 

tool for establishing risk-based criteria to screen out waste constituents that pose no risk 

to human health and development of risk-based screening/ cleanup standards based on 

proposed land use, for those chemicals that potenically could pose risk. The Pathways, 

Parameters, and Equations (PPE) Report represents the initial stage of this project. The 

objectives of this work effort are to: 

• Evaluate land use/reuse options for active IRP sites; 

• Develop conceptual site models for active IRP sites that define 
exposure pathways for the probable future land use; 

• Select exposure equations and default assumptions for each pathway 
based on land use; 

• Identify a method to determine chemicals of potential concern that 
may drive risks at active IRP sites where analytical data exist; and 

• Develop risk-based screening/ cleanup standards for chemicals of 
potential concern based on probable land uses. 

Subsequent stages of this work reported in the MAP will: 

• Identify chemicals of potential concern; 

• Calculate cleanup standards based on equations and default exposure 
assumptions selected; 
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• Evaluate and select remedial technologies to accomplish risk-based 
screening/ cleanups; 

• Estimate costs to remediate each IRP site for each probable land 
use; and 

• Incorporate the results into the previously prepared MAPs. 

RNSI establishes a consistent risk management paradigm, and the results of 

the RNSI process can be utilized in various stages of the IRP. During the early stages of 

site investigations, the RNSI process provides a consistent protocol for establishing 

remediation goals. That is, utilizing the Base Comprehensive Plan (BCP) as a baseline, 

the future land use and potential exposure pathways may be identified. As sites become 

fully characterized, the RNSI process provides chemical-specific remedial goals and 

remedial technology options. 

In early phases of site study, this process also may provide insight that will 

focus sampling plans. For sites that require a formal baseline risk assessment under the 

Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) 

and the Resource Conservation and Recovery Act (RCRA), the RNSI process provides 

conceptual site exposure models and preliminary remediation goals (PRGs) that are 

consistent with EPA guidance (EPA 1991c). As a screening tool, the RNSI screening/ 

cleanup concentrations may be used to eliminate chemicals of potential concern 

(COPCs), and IRP sites may be designated as requiring no further action when all 

chemical concentrations are below the RNSI screening/ cleanup concentrations for the 

chosen land use. 

The first portion (Sections 2.0 through 7.0) of the PPE report provides 

information on the technical approach for establishing screening/ cleanup levels for 

existing contaminants based on risk and proposed land use. The PPE sections will 

include land use definitions, exposure factors, pathways to be considered, conceptual site 

models for the three most common types of sites at AFBs, and equations used to derive 
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the screening/cleanup levels. The chapters following Section 7.0 of the PPE report 

present base-specific information on the following ACC bases: 

• Avon Park AFR; 

• Barksdale AFB; 

• Beale AFB; 

• Cannon AFB; 

• Davis-Monthan AFB; 

• Dyess AFB: 

• Ellsworth AFB; 

• Holloman AFB; 

• Langley AFB; 

• Little Rock AFB; 

• Minot AFB; 

• Moody AFB; 

• Nellis AFB; 

• Offutt AFB; 

• Pope AFB; 

• Seymour-Johnson AFB; 

• Shaw AFB; and 

• Whiteman AFB . 

These chapters will include a regulatory overview of the bases followed by site-by-site 

evaluations. 

1-3 



2.0 LAND AND GROUNDWATER USE 

This project is based on the premise that contaminated sites should be 

cleaned up to a level consistent with intended future use. All Air Force installations are 

required to have both a land use plan and a long-range facilities development plan 

(USAF 1992). Physical constraints, restrictions imposed by airfield or explosive safety 

criteria, and compatibility with the development of communities surrounding the base 

are considered during base comprehensive planning. 

2.1 Land and Groundwater Use Definitions 

There is a limited number of land uses that need to be considered at any 

given AFB. The range of reasonable future uses for a specific site will be determined by 

surrounding land uses and projections for likely development in the area of the site, and 

will be consistent with the Base Comprehensive Plan (BCP). Likely future uses of 

natural resources, such as soil and groundwater at each site, are a function of future land 

use. The exposure scenarios presented in this document and their corresponding 

assumptions have been developed within the context of the land use classifications and 

associated uses of soil and groundwater presented in Tables 2-1 and 2-2. The restrictions 

on land and natural resources are adapted from Future Use Considerations in the Cleanup 

of Air Force Installations (USAF 1992). Identification of future land use will focus 

expectations and decision making about future remedies. 

2.2 Examples of Land Uses 

Table 2-3 presents examples of facilities and operations included under 

future land use categories. The following sections describe these in more detail. 
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Table 2-1 

Soil Use Definitions 

Unrestricted surface • Unrestricted surface Unrestricted surface 
and subsurface soil 
use 

and subsurface soil 
use 

No commercial 
farming 

soil use 

No subsurface soil 
use 

Possible farming 

Unrestricted surface 
and subsurface soil 
use 

USAF, 1992. Future Use Consideration In the Cleanup of Air Force Installations. Environmental Restoration Program, Department 
of the Air Force. October 1992. 

a 

b 

Table 2-2 

Groundwater Use Definitions 

Drinkable groundwater Limited groundwater use No groundwater use 

Water used for industrial processes only, with potential for dermal contact and inhalation. Exceptions where water is used for 
drinking, the contact rate is equivalent to residential. 

Water is considered to be non-potable and/or no groundwater use has been identified. 
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Table 2-3 

Example Facilities and Operations Included Under Land Use Categories 

Airfield Administrative 

Runways/Taxiways Combined Base Personnel 
Office 

Parking Aprons Civilian Personnel 

Aids Finance Buildings 

Aircraft Operations/Maintenance Community Commercial 

Row Hangar Complexes Retail Stores 

Squadron and Flight Operations Commissary 

Maintenance Apron Exchange Facilities 

Miscellaneous Industrial Theaters 

Rail Road Yards Bowling Alleys 

Active Landfills Buildings 

Fuel Storae:e Areas Restaurants 

Warehouses Officers Clubs 

Vehicle 

Equipment Repair /Storage Community Service 

Weapons Ranges Post Office 

Tank Farms 

USTs Day Care Facilities 

Outdoor Recreation 

Parks 

Athletic Fields 

Tennis Courts 

Golf Courses 

Hunting Areas 

Running Tracks 

Fishable Waters 

Swimmable Waters 

Miscellaneous 

Undeveloped Land 

Pastures 

Animal Lands 

Explosive Ordnance Disposal 
Practice Area 

Closed Landfills 

Housing Accompanied 

Single Family 
Houses 

Apartment Buil­
dings 

Mobile Homes 

Housing Unaccom-

Barracks 

Bachelor Officers 
Quarters 



~ 
+:-

; 

Drain Fields 

Burn Pits 

Line Routes 

Radioactive Waste Areas 

Construction Debris Disposal 
Areas 

Routes 

Waste Water Treatment Plants 

Chemical Storage Handling 
Facilities 

Table 2-3 

(Continued) 

Churches 

Schools 

Medical 

Dental Clinics 

Veterinary Clinics 



2.2.1 Industrial Land Use 

Industrial land use options include areas of developed land used for 

manufacturing or industrial purposes. This category includes pavements and facilities 

which directly support the flying mission, those facilities required to operate and 

maintain aircraft in support of the flying mission, and maintenance and storage functions 

not directly related to the flying mission. Examples of facilities and operations included 

under the industrial land use category are presented in Table 2-3. Potentially significant 

exposure pathways for industrial land use include: 1) dermal contact or inhalation of 

constituents that volatilize from groundwater and surface water; 2) ingestion and dermal 

contact with soil; 3) inhalation of ambient air; and 4) ingestion, inhalation, and dermal 

contact with soils disturbed during intrusive actions. Justification for the inclusion of 

specific pathways for the industrial land use option is included in Section 3.0 (Conceptual 

Site Models). 

2.2.2 Commercial Land Use 

Commercial land use includes any structure of a commercial or institutional 

nature to which the general public, including children, the elderly, and other potentially 

sensitive populations, may have access. This category includes all office functions not 

directly associated with the flying mission, those facilities which provide for the sale of 

goods and services, those facilities which support morale and welfare, and physical and 

mental health facilities. Table 2-3 presents examples of facilities and operations included 

under the commercial land use category. Potentially significant exposure pathways for 

commercial land use include: 1) ingestion of soil; 2) inhalation of ambient air; and 3) 

ingestion, inhalation, and dermal contact with soils during intrusive actions. Justification 

for the inclusion of specific pathways for commercial land use option is included in 

Section 3.0 (Conceptual Site Models). 
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2.2.3 Open Space Land Use 

The open space category includes undeveloped lands that are barren or, 

where the naturally occurring vegetation includes grasses, shrubs, or trees, that are to be 

retained as buffer zone easements or clear zones. It also includes those areas to be 

retained for conservation or grazing purposes and outdoor sports fields and courts. 

Table 2-3 presents some specific examples of open space land use options. Potentially 

significant exposure pathways for open space land use include: 1) ingestion and dermal 

contact with soil; 2) inhalation of ambient air; and 3) ingestion and dermal contact with 

surface water. Justification for the inclusion of specific pathways for the open space land 

use option is included in Section 3.0 (Conceptual Site Models). 

2.2.4 Residential Land Use 

Residential land use is assumed when there are or may be occupied 

residences on or immediately adjacent to the site. The residential category includes 

family housing for permanent party or transient .personnel and the associated support 

facilities, as well as all other forms of lodging for unmarried or unaccompanied person­

nel. Examples of residential structures are presented in Table 2-3. Potentially sig­

nificant exposure pathways for residential land use include: 1) ingestion, inhalation, and 

dermal contact with groundwater; 2) ingestion and dermal contact with soil; 3) inhalation 

of ambient air; 4) ingestion and dermal contact with surface water; and 5) ingestion, 

inhalation, and dermal contact with soils during intrusive actions. Justification for the 

inclusion of specific pathways for the residential land use option is included in Section 

3.0 (Conceptual Site Models). 
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3.0 CONCEPTUAL SITE MODELS 

An exposure pathway describes the mechanism by which a population may 

be exposed to chemicals at or originating from a site. A primary condition for the use of 

health-based screening/ cleanup levels is that exposure pathways of concern and site 

conditions should match those taken into account in calculating the screening/ cleanup 

levels. The objective of the conceptual site model is to provide the framework necessary 

to evaluate the potential human receptor pathways for calculation of screening/ cleanup 

levels. This framework is supported by site assessments to identify potential 

contaminants, source areas, release mechanisms, transport media, exposure routes and 

receptors. This information is also integrated with geologic and hydrologic data. 

3.1 Quantification of Exposure 

Available information has been gathered and analyzed in order to develop 

, .... generic conceptual site models for the three main types of IRP sites at AFBs: 

Petroleum, Oil, and Lubricant (POL) sites; Landfills; and Fire Training Areas (FTAs). 

These generic models are presented in Figures 3-1, 3-2, and 3-3, respectively. Figure 3-4 

represents a generic basewide conceptual site model. 

Exposure routes for which standard Federal and Regional EPA algorithms 

are available for calculating screening/ cleanup levels are denoted in the conceptual site 

models by a filled circle. The algorithms were developed using protective exposure 

scenarios recommended by EPA (EPA 1991a). In some regions or states, certain 

exposures are not accounted for by available standard EPA algorithms for establishing 

screening/ cleanup levels and are denoted by empty circles. This does not jeopardize 

the conservatism of the calculated screening/ cleanup levels since, in most cases, the 

primary pathway of concern is the overarching risk driver. Exposure routes with open 

circles generally contribute relatively minor risk. 
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The inhalation pathway is considered in some of the standard algorithms, 

but not all of them. Therefore, the inhalation pathway contains partially filled circles, 

indicating that it will be included in some, but not all cases. Screening/ cleanup levels 

associated with inhalation of volatiles and particulates in ambient air under 

commercial/industrial settings can be calculated using Preliminary Remediation Goals 

(PRGs) algorithms (EPA 1991c). Screening/cleanup levels associated with inhalation of 

volatiles and particulates in ambient air under residential settings can be calculated using 

Office of Solid Waste and Emergency Response (OSWER) algorithms (EPA 1994c). 

These exposures will be quantified at sites where use of PRG algorithms are appropriate. 

However, the OSWER algorithms are draft for review only and should not be used at 

this time. Therefore, screening/ cleanup levels for inhalation in a residential setting will 

not be quantified in the RNSI program. A separate detailed risk analysis should be 

considered for such exposure scenarios where appropriate. Generally, for sites that are 

undisturbed with vegetative cover such as those for residential areas, the air pathway is a 

relatively minor contributor to risk. 

Screening/ cleanup levels associated with exposures to surface water are not 

quantified since standard EPA algorithms for calculating screening/ cleanup levels are 

not currently available to support the calculations. However, EPA has established 

numerical health criteria for numerous toxic pollutants. The health criterion is an 

estimate of the ambient surface water concentration that will not result in adverse health 

effects in humans. These criteria are known as Ambient Water Quality Criteria 

(A WQC) for the protection of human health. For most chemicals, EPA water quality 

criteria to protect human health are available for two different exposure pathways: 

1) lifetime ingestion of drinking water and aquatic organisms; and 2) lifetime ingestion of 

aquatic organisms alone (EPA 1990). The appropriate A WQC will be selected based on 

probable use of the surface water body. Exposure routes for which A WQC will be used 

are denoted in the conceptual site models by a filled triangle. For chemicals without 

A WQCs, an evaluation may be required to determine the need for development of site-

specific PRGs, or actual risk calculations, based on algorithms in RAGS (EPA 1989a) ~ ~ .. 
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and/ or the EPA document Assessing Human Health Risks from Chemically Contaminated 

Fish or Shell Fish: A Guidance Manual (EPA 1989c). 

Similar to the A WQC for the protection of human health, EPA has also 

established numerical criteria for the protection of aquatic health. The aquatic criterion 

is an estimate of the ambient surface water concentration that will not result in adverse 

effects in aquatic species based on acute or chronic exposures. Chronic A WQC will be 

used to screen surface water quality at sites where injury to aquatic species is of concern . 

3.2 .Justification for Inclusion of Pathways 

The generic conceptual site models illustrate the pathways that will be con­

sidered initially for each of the four different land uses and type of site. The routes 

represented in the conceptual site models are those that are most likely to be of concern 

and pose notable risks for a particular type of site. Most sites are likely to have a fewer 

number of completed pathways; some sites may have additional pathways based on site­

specific factors. For the purposes of generic conceptual site models, pathways and routes 

denoted with a circle or triangle indicate that exposure is possible. Pathways and routes 

for the various land uses that have open boxes indicate that exposure is not considered 

probable. 

3.2.1 Industrial 

Under the future industrial land use scenario, workers may be exposed to 

contaminants in groundwater via inhalation of volatile chemicals or dermal contact. It is 

assumed in most cases that groundwater is not potable but may be used in large volumes 

for industrial processes. However, in rare cases for some sites, groundwater may be used 

for drinking in the work place. In those cases, ingestion will be evaluated using residen­

tial exposure parameters. Residential standards are used because preliminary studies by 

the RNSI project team showed that utilizing industrial exposure parameters (i.e., 
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ingestion of one rather than two liters per day) results in no significant change in 

screening/ cleanup levels. It is assumed that workers will incidentally ingest some 

amount of surface soil and dust in and around the workplace. This is based on adult soil 

ingestion studies that have application to the commercial/industrial setting (EPA 1991a). 

It is also assumed that workers will have significant dermal contact with surface soils and 

may inhale volatiles and particulates in the ambient air during work-related activities. 

The potential may exist for exposure of construction workers via ingestion, inhalation, 

and dermal contact with subsurface soils during excavation or other types of intrusive 

actions under the industrial land use option. 

3.2.2 Commercial 

The use of groundwater for future commercial scenarios is generally 

assumed to be equivalent to the industrial scenario. Under the future commercial land 

use scenario, it is assumed that workers incidentally ingest soil in the workplace. This is 

based on adult soil ingestion studies that have application to the commercial/industrial 

setting (EPA 1991a). It is also assumed that workers may inhale volatiles and particu­

lates in the ambient air during work-related activities. The potential may exist for expos­

ure of construction workers via ingestion, inhalation, and dermal contact with subsurface 

soils during excavation or other types of intrusive actions under the commercial land use 

option. In some cases, children and sensitive members of subpopulations have access to 

commercial structures and may, therefore, be exposed to contaminants on site. Under 

such scenarios, it will be assumed that children will ingest soil and inhale volatiles and 

particulates while on site. 

3.2.3 Open Space 

Under the future open space land use scenario, agricultural workers, 

trespassers, and/ or recreational users are assumed to incidentally ingest some amount of 

surface soil and dust while in the area. It is also assumed that individuals may have ~ 
iii 
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significant dermal contact with surface soils and may inhale volatiles and particulates in 

the ambient air during work-related or recreational activities. The potential also exists 

for ingestion and/ or dermal contact with surface, sediment, and groundwater assuming 

that there is a water source available with unrestricted access on the site. 

3.2.4 Residential 

Under the future residential land use scenario, individuals are assumed to 

consume some amount of water each day. Residential receptors may also be exposed to 

contaminants in groundwater via dermal contact and inhalation while showering. It is 

also assumed that adults and children will incidentally ingest some amount of surface soil 

and dust and may inhale volatiles and particulates in ambient air in and around the 

home. The potential also exists for ingestion and/ or dermal contact with surface water 

assuming that there is a surface water body with unrestricted access near the home. The 

potential may exist for exposure of construction workers via ingestion, inhalation, and 

dermal contact with subsurface soils during excavation or other types of intrusive actions 

under the residential land use options. 

3.3 Ecological Screening 

Technical guidance for conducting ecological risk assessment and calcula­

tion of PRGs is currently under development by EPA. However, EPA has accomplished 

the initial phases toward development of such guidance by publishing a conceptual model 

for performance of ecological risk assessment entitled Framework for Ecological Risk 

Assessment (EPA 1992) and the Wildlife Exposures Factors Handbook (EPA 1993c) 

Therefore, due to the lack of definitive guidance for calculating risk and the complexity 

of ecological relationships, no clear methodology is currently available for roqtine calcu­

lation of ecologically-based screening/ cleanup levels. There are chronic A WQCs for the 

protection of aquatic species, and these will be used, as available, for screening surface 
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water quality at sites where ecological issues are of concern. Similar numerical criteria 

have not been promulgated for terrestrial species. 

Derivation of numerical water quality criteria for the protection of aquatic 

species uses information from many areas of aquatic toxicology. In cases where enough 

acceptable data is available on acute toxicity to a sufficiently diverse group of aquatic 

species, the highest 1-hour average concentration that should not result in unacceptable 

effects on aquatic organisms and their uses have been estimated. Data on the chronic 

toxicity of toxins to aquatic species have been used to estimate the highest 4-day average 

concentration that should not cause unacceptable toxicity during long-term exposure 

(EPA 1990). 

3.4 Deviations from Standard EPA Protocol for Establishing 
Screening/Cleanup Levels 

The exposure algorithms and corresponding exposure assumptions to be 

used in calculating screening/ cleanup levels for this initiative are primarily of EPA origin 
\ 

with the exception of a few states. Sections 4.0 and 5.0 provide a discussion of specific 

sources. However, the approach to be implemented in this work deviates from standard 

EPA protocol in several important ways. Exposure assessments frequently rest on 

assumptions and theories as opposed to site-specific data. Often these assumptions 

include exposure pathways that are eliminated through removal actions or containment 

before the final cleanup decision is made. Frequently, simple measures such as fencing 

or institutional controls (e.g., industrial zoning, deed restrictions on land use) could signi­

ficantly reduce the potential for exposure. Unfortunately, these measures are usually 

ignored, thereby overstating actual risk and ultimately establishing overly restrictive 

screening/cleanup levels (Lynch and Lewis 1993). 

During the course of this work, risk-based screening/cleanup levels were 

developed for probable future land uses. The concept of incorporating future land use in 

the calculation of screening/cleanup levels is not new to Air Force installations (USAF 
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1992). Physical constraints, restrictions imposed by airfield or explosive safety criteria, 

compatibility with development of communities surrounding the base, and the natural 

resource allocation associated with each land use will be considered. 

This approach is expected to facilitate the cleanup process by establishing 

screening/ cleanup levels based on a screening risk assessment approach which uses less 

conservative exposure scenarios and assumptions. By including future land use consider­

ations early, it is anticipated that the remedy selection process will be streamlined. How­

ever, the primary benefit of this process will be to illustrate the cleanup cost differential 

between industrial, commercial, open space, and residential land use scenarios and to 

gain regulatory and community acceptance for incorporating alternative land uses (i.e., 

non-residential) in establishing appropriate cleanup levels. The results of this work are 

intended to provide the Air Force with additional information on which to base informed 

decisions about future land use options and future remedial actions. 
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4.0 EXPOSURE FACTORS AND ASSUMPTIONS 

4.1 Default Exposure Factors 

In an effort to avoid inconsistencies among exposure assumptions used in 

Superfund risk assessments, the Exposure Assessment Group (EAG) of EPA's Office of 

Research and Development sponsors projects aimed at developing and refining tech­

niques used in exposure assessments. As a result of the activities of the EAG, EPA has 

published several guidance documents which contain statistical data on the various 

factors used in assessing exposure. These documents include Risk Assessment Guidance 

for Superfund Volume I, Human Health Evaluation Manual (Part A) (EPA 1989a), Risk 

Assessment Guidance for Superfund Volume I, Human Health Evaluation Manual (Part B) 

EPA 1991c), Human Health Evaluation Manual, Supplemental Guidance: Standard 

Default Exposure Factors (EPA 1991a), and Exposure Assessment Handbook (EPA 1989b). 

A number of recommendations are provided by EPA for default parameter 

values to be used when other supportable data are not available. While the recom­

mended default values are based solely on the EAG's interpretation of the data, they 

have typically been distributed to technical and management staff across EPA Regional 

Offices and within Headquarters and are considered appropriate for use in this project. 

Most default exposure assumptions for this project were obtained from the 

EPA guidance documents cited above or from regional guidance documents. As stated 

in the Human Health Evaluation Manual, Supplemental Guidance: Standard Default 

Exposure Factors (EPA 1991a), "these exposure factors are generally considered most 

appropriate and should be used in baseline risk assessments unless alternate or site­

specific values can be clearly justified by supporting data". Therefore, these default 

values are generally used and are considered adequately conservative in establishing 

screening/ cleanup levels. When high quality alternate or site-specific data are available, 

those values may be used instead. In the absence of guidance, it was necessary to use 
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professional judgement in establishing default assumptions for some parameters. For 

example, in contrast with residential or industrial use, no federal or regional guidance is 

available for open space land use, probably due to the great variation in exposure 

associated with different uses (e.g., open range versus golf course). Site-specific infor­

mation will be used when available to tailor exposure assumptions to individual site 

characteristics. 

Default exposure assumptions for industrial soils, commercial soils, open 

space soils, residential soils, industrial water and residential water are presented in 

Tables 4-1, 4-2, 4-3, 4-4, 4-5, and 4-6 respectively. 

EPA has established human and aquatic health criteria for numerous toxic 

pollutants based on estimates of ambient surface water concentrations that would not 

result in adverse effects. These criteria will be used to evaluate surface water for 

potential health hazards. 

In applying standard risk assessment methodologies to develop screening/ 

cleanup levels, it is important to establish a target residual risk to allow for screening 

assessment of human health regardless of the land use selected. A cancer risk of less 

than or equal to HT6 or one in 1,000,000 represents the Superfund site remediation goal 

in the National Contingency Plan (NCP) and the target risk recommended by the 

Resource Conservation Recovery Act (RCRA). This target risk was adopted for use in 

this project unless regional guidance suggests otherwise. A non-cancer hazard quotient 

of less than or equal to one is recommende~ by both the NCP and RCRA for use in 

calculating non-cancer screening/ cleanup levels. A hazard quotient of 0.1 for calculating 

non-cancer screening/ cleanup levels (EPA 1993a) will be used for this project. 
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Table 4-1 

Default Exposure Assumptions for Industrial Soils 

Volatilization Factor, Soil 

Particulate Emission Factor (nf /kg) 

Point of departure recommended for carcinogenic risks (EPA, 1989a). 
Lifetime exposure duration (EPA, 1989a). 
Assumes that an individual is at work 5 days/week for 50 weeks/year (EPA 1991a). 
Recommended soil ingestion rate for typical workplace (EPA 1991a). 

Chemical-Specific 

Chemical-Specific 

4.63E+9h 

Upper bound (95th percentile) time spent working at one location (EPA 1991a). May be changed with site-specific data. 
Hazard quotient accepted by most EPA Regions (EPA 1993a). 
Adult, average body weight (EPA, 1991a). 
Recommended default particulate emission factor (EPA, 1991c), see Table 4-8 of this report. 
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Table 4-2 

Default Exposure Assumptions for Commercial Soils 

Body Weight ](kg) 

Volatilization Factor, Soil 

Particulate Emission Factor 

Inhalation Rate (rrf /day) 

Point of departure recommended for carcinogenic risks (EPA, 1989a). 
Lifetime exposure duration (EPA, 1989a). 
Assumes that an individual is at work 5 days/week for 50 weeks/year (EPA 1991a). 

70b 

250c,25od 

soe 200f 
' 

25g 6h 
' 

O.li 

70j 15k 
' 

25g 6h 
' 

4.63E+9 1 

zom, 7n 

Assumes that a child is at day care/school 5 days/week for 50 weeks/year. This assumption may be inappropriate for facilities 
other than schools or day care centers. Site-specific information will be used when available. 
Recommended soil ingestion rate for an adult in the "typical" workplace (EPA, 1991a). 
Recommended soil ingestion rate for children between the age of 1 and 6 (EPA 1991a). 
Upper bound (95th percentile) time spent working at one location (EPA 1991a). May change with site-specific information. 
Birth to 6 years of age (EPA 1991a). 
Hazard quotient accepted by most EPA Regions (EPA 1993a). 
Adult, average body weight (EPA, 1991a). 
Child, average body weight (EPA 1991a). 
Recommended default particulate emission factor (EPA, 1991c), see Table 4-8 of this report. 
Recommended inhalation rate for adults (EPA, 1991a). 
Inhalation rate for child, 8 hours at 0.8 nf /hour (EPA, 1989b). 
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Table 4-3 

Default Exposure Assumptions for Open Space Soil 

Slope Factor, Oral/Inhalation ([mg/kg-dayJ1
) 

Soil Ingestion, Adult (mg/day) 

Particulate Emission Factor 

Point of departure recommended for carcinogenic risks (EPA, 1989a). 
Lifetime exposure duration (EPA, 1989a). 

Chemical-Specific 

Chemical-Specific 

Chemical-Specific 

4.63E+9 1 

Best professional judgement based on recreational activities. Site-specific information will be used when available. 
Soil ingestion rate adjusted for age (EPA 1993b). 
Birth to 6 years of age (EPA 1991a). 
Hazard quotient accepeted by most EPA Regions (EPA 1993a). 
Child, average body weight (EPA 1991a). 
Recommended soil ingestion rate for children between age 1 and 6 (EPA 1991a). 
Recommended soil ingestion rate for adults (EPA 1991a). 
Adult, average body weight (EPA 1991a). 
National upper bound (90th percentile) time at one residence (EPA, 1989a). Site-specific information will be used when available 
Recommended default particulate emission factor (EPA, 1991c), see Table 4-8 of this report. 
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Table 4-4 

Default Exposure Assumptions for Residential Soil 

Point of departure recommended for carcinogenic risks (EPA, 1989a). 
Lifetime exposure duration (EPA, 1989a). 
Days/year spent at home (EPA, 1991a). 
Soil ingestion rate adjusted for age (EPA, 1993b). 
Birth to 6 years of age (EPA, 1991a). 
Hazard quotient accepted by most EPA Regions (EPA 1993a). 
Child, average body weight (EPA, 1991a). 

Chemical-Specific 

4.63E+9m 

National Upper bound (90th percentile) time at one residence (EPA, 1989a). Site-specific information will be used when 
available. 
Recommended soil ingestion rate for children between age 1 and 6 (EPA, 1991a). 
Recommended soil ingestion rate for adults (EPA, 1991a). 
Best professional judgement of construction work duration at residence. 
Adult, average body weight (EPA, 1991a). 
Recommended default particulate emission factor (EPA, 1991c), see Table 4-8 of this report. 
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Table 4-5 

Default Exposure Assumptions for Industrial Water 

Target Cancer Risk 

Surface Area Exposed (c:n:i) (EPA 1992) 

Point of departure recommended for carcinogenic risks (EPA 1989a). 
Lifetime exposure duration (EPA 1989a). 
Assumes that an individual is at work 5 days/week for 50 weeks/year (EPA 1991a). 
Best professional judgement. 
Hazard quotient accepted by most EPA Regions (EPA 1993a). 
Adult, average body weight (EPA 1991a). 

Duration 

25g 

Chemical-Specific 

Chemical-Specific 

Chemical-Specific 

Upper bound (95th percentile) spent working at one location (EPA 1991a). Site-specific information will be used when available. 
Upper bound (95th percentile) surface area for forearems and hands (EPA 1989c). 
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h 

k 

m 

Table 4-6 

Default Exposure Assumptions for Residential Water 

Reference Dose, Oral 

Point of departure recommended for carcinogenic risks (EPA, 1989a). 
Lifetime exposure duration (EPA, 1989a). 
Days/year spent at home (EPA, 1991a). 
Recommended volatilization factor (EPA 1991c, EPA 1993a, and EPA, 1993b). 
Inhalation rate adjusted for age (EPA, 1993b). 
Tap water ingestion rate adjusted for age (EPA, 1993b). 
Hazard quotient accepted by most EPA Regions (EPA 1993a). 
Adult, average body weight (EPA, 1991a). 
Child, average body weight (EPA 1991a). 

Chemical-Specific 

Chemical-Specific 

National upper bound time (90th percentile) at one residence (EPA, 1989a). Site-specific information will be used when available. 
Birth to 6 years of age (EPA, 1991a). 
Upper-bound inhalation rate for daily, indoor residential activities. 
National upper bound (90th percentile) drinking water ingestion (EPA 1991a). 
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The averaging time selected depends on the type of toxic effect being 

assessed. When evaluating long-term exposure to noncarcinogenic toxicants, intakes are 

calculated by averaging intakes over the period of exposure. For carcinogens, intakes are 

calculated by prorating the total cumulative dose over a lifetime (70 years by convention) 

and are, therefore, not estimated for childhood exposures. This distinction relates to the 

currently held opinion that the mechanisms of action for carcinogens and noncarcinogens 

are different (EPA 1989a). 

4.1.1 Commercial and Industrial Soils 

The standard default exposure assumptions recommended for use in calcu­

lating industrial and commercial soil screening/cleanup levels are presented in Tables 

4-1 and 4-2, respectively. Under the commercial and industrial land use scenarios, con­

taminant exposure of workers and individuals who frequent commercial facilities or 

industrial sites is assumed to occur. Workers and the general public (commercial 

scenario only) are expected to be routinely exposed to residually contaminated surface 

soils. Construction workers are the population primarily exposed to contaminated 

subsurface soils, since direct contact exposure with subsurface soils is not likely under 

most working conditions. Default exposure assumptions are available for both surface 

and subsurface soils, but for this project, the default exposure assumptions for surface 

soils will be used. This will ensure that the risk-based screening/cleanup levels deter­

mined for industrial and commercial soils are conservative enough to account for all 

exposure scenarios. By using these values, the possibility of subsurface soils being 

unearthed for extended periods of time and the upward migration of contaminants in 

subsurface soils to surface soils are accounted for. Surface and subsurface soils will, 

therefore, be considered to be the same, and no distinction will be made between the 

two for calculating cleanup standards. The migration of contaminants in soils to an 

underlying aquifer also poses a potentially complete exposure pathway if groundwater is 

used for domestic purposes. 
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Exposure frequency for workers under the commercial and industrial 

scenarios is assumed to be limited to eight hours a day for 250 days per year (5 days/ 

week for 50 weeks/year) or other durations, depending on site-specific activities (EPA 

1991a). The exposure frequency for children under the commercial scenario is also 

assumed to be limited to eight hours a day for 250 days per year. This value is based on 

the "worst-case" assumption that the child attends day care on site. The value represents 

a high-end estimate and will clearly be overly conservative for some sites, depending on 

the intended commercial use. For commercial uses other than educational, this value 

should be estimated using site-specific information about the intended use of the site. 

Most studies available on soil ingestion focus on children in residential 

settings. The combined residential soil and indoor house dust ingestion rate is 200 

mg/day for children aged one through six (EPA 1991a). This value is recommended to 

assess childhood soil ingestion under the commercial scenario. Two studies exist which 

address adult soil ingestion and have application to the commercial/industrial setting. A 

pilot study was conducted that measured soil ingestion at 50 mg/ day for adults that 

worked outside the home. From these studies, 50 mg/ day was chosen by EPA as the 

standard default value for adult soil ingestion in the workplace (EPA 1991a). This value 

is recommended for adults under the commercial land use scenario. A higher rate of 

100 mg/ day is recommended for the industrial worker scenarios because of the greater 

probability for dust and soil ingestion under those circumstances. 

National statistics are available on the upper bound (9sth percentile) 

number of years (25) spent by an individual working at one location (EPA 1991a). 

Twenty-five years is the recommended exposure duration for industrial and commercial 

workers, unless site-specific data is available to alter this value. An exposure duration of 

six years for children under the commercial scenario is recommended to account for 

exposures which occur between birth and six years of age (EPA 1991a), during which 

time the child may attend day care. 
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The body weight value used is the average body weight over the exposure 

duration. A constant body weight over the period of exposure is used primarily by con­

vention, but also because body weight is not always independent of other exposure vari­

ables (most notably, intake). For pathways by which exposure occurs throughout the life­

time, it is assumed that the contact rate to body weight ratios are fairly constant over a 

lifetime, and a body weight of 70 kg is recommended for adults (EPA 1989a). A body 

weight of 15 kg is recommended for children, which represents the average body weight 

of a child over the standard exposure duration of six years (EPA 1991a). 

A volatilization factor is used for defining the relationship between the con­

centration of contaminants in soil and the volatilized contaminants in air. This relation­

ship was established as part of the Hwang and Falco (1986) model developed by the 

EAG. It is assumed that the contaminant concentration in the soil is homogeneous from 

the soil surface to the depth of concern and that the contaminated material is not 

covered by contaminant-free soil material. The method for calculating the chemical­

specific volatilization factor is presented in Table 4-7. This volatilization factor was 

developed for specific use in equations in RAGS Part B (EPA 1991c) and was adopted 

for use in this project. Volatilization terms are calculated only for compounds having a 

Henry's Law constant greater than HT5 atm-nf /mol, which is the generally accepted cut­

off for volatile organics. 

The particulate emission factor (PEF) relates the contaminant concentra­

tion in soil with the concentration of respirable particles in the air due to fugitive dust 

emissions from surface contamination sites. This relationship was derived for a rapid 

assessment procedure applicable to a typical hazardous waste site where the surface 

contamination provides a relatively continuous and constant potential for emission over 

an extended period of time (EPA 1991c). The equation presented in Table 4-8 is repre­

sentative of a surface with "unlimited erosion potential" and was adopted for use in this 

project. This model was selected for use because it represents a conservative estimate 

for intake of particulates. 
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Table 4-7 

Soil-To-Air Volatilization Factor 

Parameter Definition (units) Default 

VF = Volatilization Factor (m3/kg) 
LS = Length of Side of Contaminated Area (m) 45m 
v = Wind Speed in Mixing Zone (m/s) 2.25 m/s 
DH = Diffusion Height (m) 2m 
A = Area of Contamination ( cm2) 20,250,000 cm2 

Dei = Effective Diffusivity (crrhs) D· X E·33 
I 

E = True Soil Porosity (unitless) 0.35 

Kas = Soil/ Air Partition Coefficient (g soil/em:' air) (HI~) X 41 
ps = True Soil Density or Particulate Density (g/cm3) 2.65 g/cm3 

T = Exposure Interval ( s) 7.9x108 s 
Di = Molecular Diffusivity (cliffs) chemical specific 
H = Henry's law constant (atm-m3/mol) chemical specific 

~ = Soil-Water Partition Coefficient (cm3/g) chemical specific, ~c x OC 

~c = Organic Carbon Partition Coefficient (cm3/g) chemical specific 
oc = Organic Carbon Content of Soil (fraction) site-specific, or 0.02 

EPA 199lc. Risk Assessment Guidance for Superfund Volume I, Human Health Evaluation Manual (Part B). PB92-963333. Office of 
Emergency and Remedial Response, Washington, D.C., December 1991. 
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Parameter 

PEF = 
LS = 
v = 
DH = 
A = 
0.036 = 
G = 
urn = 
ut = 

F(x) = 

Table 4-8 

Particulate Emission Factor Equation 

Definition (units) 

Particulate Emission Factor (m3 /kg) 
Width of Contaminated Area (m) 
Wind Speed in Mixing Zone (m/s) 2.25 m/s 
Diffusion Height (m) 
Area of Contamination (m2) 

Respirable Fraction (g/m2-hr) 
Fraction of Vegetation Cover (unitless) 
Mean Annual Wind Speed (m/s) 
Equivalent Threshold Value of Wind Speed at 
10m (m/s) 
Function Dependent on Um/Ut (unitless) 

4.63 x 109 m3/kg 
45m 

2m 
2025 m2 

0.036 g/m2-hr 
0 
4.5 m/s 
12.8 m/s 

0.0497 

EPA 1991c. Risk Assessment Guidance for Superfund Volume I, Human Health Evaluation Manual (Part B). PB92-963333. Office of 
Emergency and Remedial Response, Washington, D.C., December 1991. 
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4.1.2 Open Space Soil 

Default exposure assumptions for open space soil are presented in Table 

4-3. However, because not all sites provide the same opportunities, exposure assump­

tions for the open space land use option should be developed on a site-specific basis 

when possible. The open space scenario addresses exposure for agricultural workers 

and to people who spend a limited amount of time at or near a site while playing, 

fishing, hunting, hiking, or engaging in other outdoor activities. This scenario also 

includes trespassers or occasional site visitors. 

The default exposure frequency assumed for individuals for the open space 

scenario is 14 days/year, but should be substituted with site-specific information. This 

value is loosely based on duck hunting frequency, assuming seven ducks per hunting 

season and an average hunting duration of two days per duck (Colorado Division of 

Wildlife 1974). However, the exposure frequency for the open space scenario is 

dependent on the activity assumed to occur on site and should be based on site-specific 

information. For example, the exposure frequency for agricultural workers would likely 

be higher (depending on crop type and growing season) than 14 days/year while the 

exposure frequency for hikers would likely be lower. Exposure duration is assumed to be 

six years for children to account for exposures that occur between one and six years of 

age. The adult exposure duration is conservatively assumed to be the upper bound time 

spent at a single residence (30 years) (EPA 1991a). 

The combined residential soil and indoor house dust ingestion rate is 200 

mg per day for children aged one through six (six years of exposure) and 100 mg per day 

for the remainder of the life span (EPA 1991a). These values are suggested for use in 

the open space scenario. These factors account for ingestion of both outdoor soil and 

indoor dust and are believed to represent upper bound values for soil and dust ingestion. 

Because the soil ingestion rate is different for adults and children, it may be necessary to 

calculate soil screening/cleanup levels using an age-adjusted ingestion factor. Age-
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adjusted ingestion rates take into account the differences in ingestion rates, body weights, 

and exposure duration for the two receptor populations (children, age 1-6 years and, 

adults). It is a time weighted soil intake normalized to body weight and results in a 

more protective risk-based concentration than the adult assumption; but a somewhat less 

protective value than would be obtained using the child assumption. Exposure frequency 

is assumed to be identical for the two groups. The recommended age-adjusted soil 

ingestion factor is 114 mg-yr/kg-day (EPA 1991c; EPA 1993b). 

If exposure occurs only during childhood, the average child body weight 

during the exposure period is used in calculating screening/ cleanup levels. The average 

child (age 1-6) body weight is 15 kg. The adult average body weight that is routinely 

used is 70 kg (EPA 1991a). 

4.1.3 Residential Soils 

Default exposure assumptions for residential soils are presented in Table 

4-4. Under residential land use, residents are expected to be in frequent, repeated 

contact with contaminated soil. The assumptions in this case account for daily exposure 

over the long term and generally result in the highest potential exposures and correspon­

ding risk. 

National statistics are available on the upper bound (9ffh percentile) and 

average (5ffh percentile) number of years spent by individuals at one residence. Because 

of the data on which they are based, these values may underestimate or overestimate the 

actual time that an individual might live in one residence. Nevertheless, the upper 

bound value of 30 years can be used for reasonable maximum residential exposures. 

This upper bound value may be unrealistic for persons living on AFBs because of limited 

tours-of-duty and site-specific values will be used when available. The exposure frequen­

cy selected must be appropriate for the duration and contact rate selected. Since long­

term average contact rates are assumed, a daily exposure frequency (350 days/year) 
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which assumes the average person spends two weeks per year away from the home is 

used (EPA 1989a). 

4.1.4 Commercial and Industrial Water 

Default exposure assumptions for industrial water are presented in Table 

4-5. The industrial groundwater scenario assumes groundwater is nonpotable due to 

naturally occurring conditions or deed restrictions, ingestion will not be considered a 

potential exposure pathway, exceptions being those cases where it is known that ground­

water is used for ingestion. Thus, dermal contact will be the primary pathway to be 

addressed. The industrial groundwater scenario addresses a 70 kg adult who is at work 

five days a week for 50 weeks/year or 250 days/year total. Workers are assumed to 

work 25 years at the same location which, according to the Bureau of Labor Statistics, is 

the 95th percentile time spent working at a single location (EPA 1991a). This value will 

be changed if site-specific data is available. 

4.1.5 Residential Water 

Default exposure assumptions for residential water are presented in Table 

4-6. Groundwater contamination may be on the site itself or may have migrated from a 

nearby site. The residential water scenario assumes that adult residents consume two 

liters of water per day, 350 days per year, for 30 years. The two liter per day value is 

currently used by the Office of Drinking Water in setting drinking water standards. It is 

also close to the 9(/h percentile for drinking water ingestion and is comparable to the 

eight glasses of water per day historically recommended by health officials (EPA 1991a). 

However, water ingestion rates are different for adults and children. It may, therefore, 

be necessary to calculate a water screening level using an age-adjusted water ingestion 

factor. The value recommended for use is 1.09 L-yr/kg-day (EPA 1991c; EPA 1993b). 

As with soil, the age-adjusted ingestion rate takes into account the differences in 

ingestion rates, body weights, and exposure duration for the two receptor populations 
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and is a time-weighted water intake normalized to body weight. Use of the age-adjusted 

ingestion factors results in a more protective risk-based concentration than the adult 

assumption. Exposure frequency is assumed to be identical for the two groups. 

Inhalation of chemicals which volatilize from water during domestic water 

use is also accounted for in some of the standard EPA algorithms for calculating 

screening/cleanup levels for water presented in Section 5.0. Activity-specific inhalation 

rates were combined with time-use/ activity level data to derive daily inhalation rate 

values. An inhalation rate of 15 :n:f /day was found to represent a reasonable upper 

bound inhalation rate for daily indoor residential activities (EPA 1991a). EPA Region 

III accepts a daily indoor inhalation rate of 20 :n:f /day (EPA 1991a). This value will be 

used for this project. The age-adjusted inhalation factor recommended for use is 11.66 

:n:f -yr /kg-day (EPA 1993b ). Again, volatilization terms are calculated only for com­

pounds having a Henry's Law constant greater than HT5 atm-nf /mol. 

4.2 Modifications to Default Exoosure Assumptions 

Some sites have unique characteristics that will require deviation from the 

default exposure assumptions presented in previous sections. The use of conservative 

parameters and exposure assumptions in calculating screening/ cleanup levels can result 

in screening/ cleanup levels that may be inappropriate for conditions at IRP sites. In 

addition, overly conservative screening/ cleanup levels may not be achievable with 

presently available remedial technology. The following subsections briefly discuss some 

modifications to default exposure assumptions that may be considered. 

4.2.1 Land Use 

Assumptions about how a site and surrounding land will be used in the 

future is probably the most important decision in the assessment of exposure. Current 

use of most sites can be classified as residential, industrial, open space, or recreational. 
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Some sites may not fall into the land use categories outlined by the USAF (residential, 

commercial, industrial, and open space). Alternate land use determinations may need to 

be made on a site-specific basis. 

4.2.2 Exposure Duration 

Statistical data are available for the upper bound time spent at a single 

residence (30 years or the 9ffh percentile) or working at one location (25 years or the 

9sth percentile). The upper bound time spent at a single residence may be inap­

propriate at some AFBs. The national average (50th percentile) time spent at a single 

residence is nine years and will be used where appropriate. In cases where the average 

value is also overly conservative (such as at temporary housing or bases with limited 

tours-of-duty), the term will be determined on a site-specific basis. 

Depending on working conditions and the type of work being performed, it 

may be inappropriate to assume an exposure duration of 25 years. Therefore, these 

terms may require determination on a site-specific basis. Exposure may also be lower 

for workers than that under residential scenarios, because it is generally assumed that 

exposure is limited to eight hours a day. However, daily exposures of more or less than 

eight hours a day are also possible for workers and depend on site-specific characteris­

tics. Exposure durations for sites that fall under the open space land use category will 

most likely have to be determined on a site-specific basis depending on projected 

activities at the site (e.g., agricultural, recreational, trespassing) and potentially exposed 

populations. 

4.2.3 Exposure Frequency 

Residential assumptions should be used for exposure frequency (350 

days/year) when there are or may be occupied residences on or adjacent to the site. It is 

generally assumed that exposure to workers is limited to 250 days a year. With certain "~"'' 
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occupations (i.e., construction work), exposure frequency may be considerably less and 

this parameter should be determined on a site-specific basis. Similar to exposure 

duration, exposure frequency for sites that fall under the open space land use category 

will most likely be determined on a site-specific basis depending on projected activities at 

the site. 

4.2.4 Contact Rates 

Contact rate reflects the amount of contaminated medium contacted per 

unit time or event. In cases where statistical data are available for contact rate, the 9_sth 

percentile (occasionally the 9<Jh percentile) will be used (i.e., 2 L water/day). If 

statistical data are not available, professional judgement will be used to estimate values. 

It is recognized that these estimates will not be precise, but they should reflect a reason­

able estimate of an upper bound value, thus maintaining conservatism in the screening 

level calculations. 
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5.0 DEVELOPMENT OF RISK-BASED SCREENING/CLEANUP LEVELS 

5.1 Screening/Cleanup Level Approach 

In most baseline risk assessments, the overall risk is driven by a relatively 

small number of contaminants and routes of exposure. These dominating risks are 

normally identified only after much time and effort is expended on many contaminants 

and exposure routes that do not make a significant contribution to the overall risk. Risk 

based screening can be used to: 1) assess which chemicals need to be further evaluated 

(risk drivers), and 2) derive screening/cleanup levels associated with a particular land 

use. The advantages of risk-based screening procedures are as follows: 

• The number of chemicals of concern can be reduced to those con­
taminants with the potential to contribute significantly to risk. 

• Risk-based screens also allow for the elimination of environmental 
media that do not contain contaminants at concentrations that could 
adversely affect public health and the environment. 

• Without the use of this screening approach, much time and effort 
would be wasted in detailed evaluation of contaminants and routes 
of exposure that pose minimal risk. 

Detailed procedures for evaluating data for the baseline risk assessment 

are given in Chapter 5 of Risk Assessment Guidelines for Superfund Volume 1, Human 

Health Evaluation Manual, Part A (EPA 1989a). Included in the data evaluation steps is 

a concentration toxicity screen. As cited in the EPA Region III technical guidance 

manual for risk assessment, Selecting Exposure Routes and Contaminants of Concern by 

Risk-Based Screening (EPA 1993a), the RAGS procedure has two major limitations. 

First, the concentration toxicity screen comes late in the process, after much effort has 

been expended evaluating background levels, quantitation limits, etc. Second, the 

concentration toxicity screen in RAGS compares only relative risk among contaminants 
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in a medium and does not address whether any particular contaminant may be above or 

below an absolute risk level. 

To address this limitation, current risk-based screens are recommended for 

use on the data set immediately after data quality evaluation and validation. 
~) 

Additionally, screening is conducted on an absolute risk-based criterion rather than on a 

relative basis as suggested in RAGS. Based on these modifications, the risk-based 

screens are generally used as follows: 

5.2 

1) The maximum concentration of any detected contaminant in any 
medium is used for comparison to the risk-based concentration. 

2) The risk-based concentration for a particular medium (surface/ 
subsurface soil, groundwater, air, etc.) is derived from an algorithm 
which incorporates selected exposure pathways, standard exposure 
factors, hazard/risk criteria, and chemical-specific toxicity values. 

3) If the maximum concentration for any compound exceeds the risk­
based concentration for a given medium, it is retained for further 
consideration. Otherwise, the contaminant is eliminated from 
further consideration for that medium. 

4) If no contaminant exceeds the risk-based concentration for a par­
ticular medium, that medium would be removed from further con­
sideration. 

5) Results of risk-based screening should provide documentation of 
compounds removed by risk-based screening so they may be evalu­
ated for reinclusion based on historical data, toxicity, mobility, 
persistence, bioaccumulation, applicable or relevant and appropriate 
requirements (ARAR) persistence or other reasons. 

Comparison of Screening Criteria and Pathways for Risk-Based Screens 

To date, three EPA regions have documented procedures for conducting 

risk-based screening: Regions III, IX, and X. Regions IV, VI and VIII follow EPA 

Regioin III guidance. In addition, Region VIII has published draft Superfund Technical 
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Guidance for risk-based screening. While this draft guidance does not provide detailed 

documentation of algorithms to be used for screening, general procedural guidance is 

provided. Several states have also published screening methods. These include Texas, 

Arizona, and New Mexico. Screening methods have also been proposed for RCRA Sub­

partS, Preliminary Remediation Goals (PRGs) under RAGS Part B (EPA 1991c), and 

OSWER Soil Screening Levels (EPA 1994a). The methodologies vary in the pathways 

included in the algorithms and the threshold criteria for screening. Generally, standard 

exposure factors are utilized, but site-specific information can be included. A summary 

of pathways and decision criteria for the various EPA and State algorithms are given in 

Table 5-1. As the table shows, typical decision criteria for carcinogenic effects is a HT6 

target risk level, and for non-carcinogenic effects, a systemic hazard index of 0.1 (EPA 

1993a). Also shown are the pathways included by each screening methodology for the 

media of interest. For example, the PRG algorithm includes ingestion of soil, and 

inhalation of dust and volatiles in its derivation of a surface soil screening level. 

5.3 Selection Criteria for Screening Algorithms 

At the present time, no particular procedure or set of screening algorithms 

have been approved by EPA for nation-wide use. The OSWER Soil Screening Levels 

(EPA 1994a) has been issued in draft form and is under review. The intent of this 

guidance was to establish a consistent methodology for establishing national cleanup 

levels. The PRG algorithms (EPA 1991c) have been widely used in feasibility studies at 

Superfund sites. In addition, several regions and states have developed their own 

guidance for setting screening/ cleanup levels. Efforts are being undertaken to establish 

uniform procedures for deriving screening/ cleanup levels within the EPA, but at the 

present time, the acceptability of screening methodologies for a particular AFB would 

reside at the Regional or State regulatory level. 
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Table 5-l 

Comparison of Screening Criteria and Pathways for Risk-Based Screens 

l(J6 1 10·6 1 X X X X X X 

1a6 0.1 1a6 0.1 1a6 0.1 X 
Extensive listing of 

X' X X X X compounds and 
toxicity values 

1a6 0.1 1a6 0.1 1U6 0.1 X X X X X 

Ul' I 1a6 0.1 ta6 0.1 1a6 0.1 X X' X X X X 
Accepts Region III 

I 
..j:>.. 

----- ·--

1a5 1 1a5 1 1a5 1 X X X 
Accepts Superfund 

X X X X X X and RCRA risk 
assessment 

1NRCC I la6b la6b 
X ~ X X X X 

Texas Risk Reduc-
las o tas o tion Standard 2 

EPA I 1a6 0.1 1a6 0.1 1a6 0.1 X X' X X X X 
Accepts Region III 

Safe 
1a6 Safe 

X ~ X X X X X X 
RfD RfD 

X X 

X X Also uses Re~ 

0.1 X X X X 
Comprehensive Risk 
Assessment Guidance 

RCRA I la6b ta6b la6b FR 30798-30884, 
SubpartS las o 1 lase 1 las o 1 X X X X X July 27, 1990 

Proposed 

8 For soils only. 
b Class A and B carcinogens. 
° Class C carcinogens. 
d Industrial exposure to soils may be considered if certain requirements are met (Rules, 1993). 
e Industrial concentrations for soil may be used as an alternate goal, but should not be used for screening a site (EPA, 1994) 

Uses the lower of the 1 x 1a6 cancer risk or a "safe" RfD (EPA, 1994). 
· .u.CQ ~ Aruuna uepanmem oi i"invironmemat uuamv. l'I!Vll.\U = !'lew MeXICO J;' ~nment Llepartment. 'l'Nl<-CC = Texas Natural Resource Conservation CommissioJ; 

y. ~ - ~ 

I ~~~ 
~ 



Therefore, the general selection rank ordering of screening methodology 

should be as follows: 

• Screening method guidance for Region/State where Base is located; 

• If region doesn't have guidance, consult with Regional officials to 
determine which methodology is considered most acceptable for use 
in that Region; 

• PRGs (EPA 1991c) due to widespread feasibility study use and 
broadest coverage of pathways and media; and 

• Proposed RCRA Subpart S procedures should only be used for 
comparative purposes. 

For exposure to groundwater in an industrial setting, it is assumed that 

dermal contact with process water is the primary exposure pathway. Exceptions are 

those cases where it is known that groundwater is, or will be, used for ingestion. No 

Federal or State screening/cleanup algorithms have been derived for the industrial, 

dermal exposure scenario. Therefore, an algorithm was derived based on the dermal 

exposure equation found in EPA RAGs Part A (1989a). 

5.4 Screening Algorithms 

5.4.1 Preliminary Remediation Goals Screening Algorithms (PRGs) 

The algorithms used to calculate PRG derived screening/ cleanup levels are 

given in Tables 5-2 to 5-5. Default exposure assumptions are presented in Tables 4-1 to 

4-6. By applying industrial exposure factors, one can calculate screening/ cleanup levels 

for industrial or commercial scenarios versus the standard residential default levels. 

Screening level calculations can be performed for residential, commercial, and industrial 

soils and groundwater. 
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Table 5-2 

Preliminary Remediation Goals Screening Algorithms for 
Industrial Soils 

Exposure Variables Definitions (units) 

c 
Risk 
ATe 
EF 
IRS a 
ED a 
SFi 
SFo 
HQ 
RfDi 
RfDo 
BWa 
ATn 
IRAw 
VFs 
PEF 

Risk-Based Concentration (mg/kg) 
Target Cancer Risk (unitless) 
Averaging Time Carcinogens (y) 
Exposure Frequency ( d/y) 
Soil Ingestion Rate, Adult (mg-y/kg-d) 
Exposure Duration, Adult (y) 
Chemical-Specific Inhalation Slope Factor (mg/kg-dT1 

Chemical-Specific Oral Slope Factor (mgjkg-dr1 

Target Hazard Quotient (unitless) 
Chemical-Specific Inhaled Reference Dose (mgjkg/d) 
Chemical-Specific Oral Reference Dose Oral (mgjkgjd) 
Body Weight, Adult (kg) 
Averaging Time Non-Carcinogens (y) 
Workday Inhalation Rate (m3 /d) 
Volatilization Factor (rrf /kg) 
Particulate Emission Factor (m3 /kg) 

8 Equations are based on adult exposures only. 

EPA, 1991c. Risk Assessment Guidance for Superfund Volume I, Human Health Evaluation Manual (Part B). PB92-963333. Office 
of Emergency and Remedial Response, Washington D.C. December 1991 
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a 

b 

Table 5-3 

Preliminary Remediation Goals Screening Algorithms for 
Commercial Soils 

Exposure Variables 

c 
Risk 
ATe 
EF 
IRS' 
Erf 
SFi 
SFo 
HQ 
RfDi 
RfDo 
Bvf 
ATrf 
IRb 
VFs 
PEF 

Definitions (units) 

Risk-Based Concentration (mg/kg) 
Target Cancer Risk (unitless) 
Averaging Time Carcinogens (y) 
Exposure Frequency ( djy) 
Soil Ingestion Rate (mg/d) 
Exposure Duration (y) 
Chemical-Specific Inhalation Slope Factor (mgjkg-dJ1 

Chemical-Specific Oral Slope Factor (mg/kg-dJ1 

Target Hazard Quotient (unitless) 
Chemical-Specific Inhaled Reference Dose (mg/kg/d) 
Chemical-Specific Oral Reference Dose Oral (mg/kg/d) 
Body Weight (kg) 
Averaging Time Non-Carcinogens (y) 
Inhalation Rate (nf /d) 
Volatilization Factor (nf /kg) 
Particulate Emission Factor (nf /kg) 

Modified from EPA, 199lc. Risk Assessment Guidance for Superfund Volume I, Human Health Evaluation Manual (Part B). 
PB92-963333. Office of Emergency and Remedial Response, Washington D.C. December 1991. 

Generally adult based values used, but child based values may be appropriate for certain uses such as hospitals, day care centers, 
and schools. 
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Table 5-4 

Preliminary Remediation Goals Screening Algorithms for Residential Soils 

Exposure Variables 

c 
Risk 
ATe 
EF 
IFSadj 
SFo 
HQ 
RIDo 
ATn 

Definitions (units) 

Risk-Based Concentration (mg/kg) 
Target Cancer Risk (unitless) 
Averaging Time Carcinogens (y) 
Exposure Frequency ( d/y) 
Soil Ingestion Factor, Age Adjusted (mg-yfkg-d) 
Chemical-Specific Oral Slope Factor (mg/kg-dT1 

Target Hazard Quotient (unitless) 
Chemical-Specific Oral Reference Dose (mg/kg/d) 
Averaging Time Non-Carcinogens (y) 

a Equations are bsed on combined childhood and adult exposure. 

EPA, 1991c. Risk Assessment Guidance for Superfund Volume I, Human Health Evaluation Manual (Part B). PB92-96333. Office of 
Emergency and Remedial Response, Washington, D.C. December 1991. 
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Table 5-5 

Preliminary Remediation Goals Screening Algorithms for Water 

Exposure Variables 

c 
Risk 
ATe 
EF 
VFw 
SFi 
SFo 
HQ 
BWa 
ATn 
ED a 
IRA a 
RfDi 
IRWa 
RfDo 

Definitions (units) 

Risk-Based Concentration (mg/L) 
Target Cancer Risk (unitless) 
Averaging Time Carcinogens (y) 
Exposure frequency ( d/y) 
Volatilization factor ( unitless) 
Chemical-Specific Inhalation Slope Factor (mgfkg-df1 

Chemical-Specific Oral Slope Factor (mgjkg-dr1 

Target Hazard Quotient (unitless) 
Body Weight, Adult (kg) 
Averaging Time Non-carcinogens (y) 
Exposure Duration, Adult (y) 
Inhalation Rate, Adult (m 3 /d) 
Chemical-Specific Inhaled Reference Dose (mg/kg/d) 
Tap Water Ingestion, Adult (L/d) 
Chemical-Specific Oral Reference Dose (mg/kg/d) 

a Equations are based on adult exposures only. 

EPA, 1991c. Risk Assessment Guidance for Superfund Volume I, Human Health Evaluation Manual (Part B). PB92-96333. Office of 
Emergency and Remedial Response, Washington D.C. December 1991. 
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5.4.2 EPA Regions III, IV, VI, and VIII Screening Algorithms 

The screening algorithms for Region III are given in Tables 5-6 to 5-8. 

These were the first algorithms presented by a Regional office and have since been 

utilized, either directly or with some modifications, in other Regional offices, including 

EPA Regions IV, VI, and VIII. Screening/ cleanup levels can be derived using standard 

Region Ill algorithms for commercial/industrial and residential scenarios for soil, 

residential groundwater, and air. The residential equations can be used to calculate 

screening/ cleanup levels for open space land use by substituting the appropriate 

exposure assumptions. The default exposure assumptions used with the Region III 

algorithms are presented in Tables 4-1 through 4-6. 

The New Mexico Environment Department Groundwater Protection and 

Remediation Bureau under EPA Region VI accepts both Superfund and RCRA risk 

assessment guidance if the remediation of the site cannot be to background levels and if 

there are no acceptable numerical standards for the contaminants involved (Morgan 

1991). The default exposure assumptions used with these risk assessment calculations 

are presented in Tables 4-1 to 4-6. 

The Texas Natural Resource Conservation Commission located in EPA 

Region VI has established its own site cleanup criteria which are found in the Texas 

Risk Reduction Standards (TRRS). The screening algorithms for Standard 2 of TRRS 

are presented in Tables 5-9 through 5-11. The algorithms are used to derive medium 

specific concentrations (MSCs) for residential water ingestion, residential soil exposure, 

and occupational soil exposure. The default exposure assumptions used with the TRRS 

screening algorithms are presented in Tables 4-1 through 4-6. MSCs address a single 

contaminant in a medium and considers water ingestion and soil ingestion pathways. 

The inhalation of volatiles and particulates from soils along with the ingestion of soil are 

used to derive the soil screening level. TRRS recommends using accepted EPA 
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Table 5-6 

EPA Region III Screening Algorithms for Commercial/Industrial Soils 

Exposure Variables 

c 
Risk 
ATe 
EF 
IRS a 
ED a 
SFo 
HQ 
RfDo 
BWa 
ATn 
IRSc 

Definitions (units) 

Risk-Based Concentration (mg/kg) 
Target Cancer Risk (unitless) 
Averaging Time Carcinogens (y) 
Exposure Frequency ( d/y) 
Soil Ingestion Rate, Adult (mg/d) 
Exposure Duration, Adult (y) 
Chemical-Specific Oral Slope Factor (mg/kg-d)1 

Target Hazard Quotient (unitless) 
Chemical-Specific Oral Reference Dose Oral (mg/kg/d) 
Body Weight, Adult (kg) 
Averaging Time Non-Carcinogens (y) 
Soil Ingestion Rate, Age 1-6 ( mg/ d) 

Equations are based on adult exposures only. 

EPA 1993a. Region lll Technical Guidance Manual, Risk Assessment: Selecting Exposure Routes and Contaminants of Concern by 
Risk-Based Screening. Hazardous Waste Management Division, Office of Superfund Programs, Philadelphia, PA, January 1993. 
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Table 5-7 

EPA Region III Screening Algorithms for Residential Soils 

Exposure Variables 

c 
Risk 
ATe 
EF 
IFSadj 
EDc 
SFo 
HQ 
RfDo 
BWc 
ATn 
IRSc 

Definitions (units) 

Risk-Based Concentration (mg/kg) 
Target Cancer Risk (unitless) 
Averaging Time Carcinogens (y) 
Exposure Frequency ( d/y) 
Soil Ingestion Factor, Age Adjusted (mg-y /kg-d) 
Exposure Duration, age 1-6 (y) 
Chemical-Specific Oral Slope Factor (mg/kg-dr1 

Target Hazard Quotient (unitless) 
Chemical-Specific Oral Reference Dose Oral (mg/kg/d) 
Body Weight, Age 1-6 (kg) 
Averaging Time Non-Carcinogens (y) 
Soil Ingestion, Age 1-6 ( mg/ d) 

Carcinogenic calculations are based on combined child and adult exposure. 
Non-carcinogenic calculations are based on childhood exposure only. 

EPA 1993a. Region III Technical Guidance Manual, Risk Assessment: Selecting Exposure Routes and Contaminants of Concern by 
Risk-Based Screening. Hazardous Waste Management Division, Office of Superfund Programs, Philadelphia, PA, January 1993. 
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Table 5-8 

EPA Region III Screening Algorithms for Residential Water 

Exposure Variables 

c 
Risk 
ATe 
EF 
VFw 
IFAadj 
SFi 
IFWadj 
SFo 
HQ 
BWa 
ATn 
ED a 
IRA a 
RfDi 
IRWa 
RfDo 

Definitions (units) 

Risk-Based Concentration (mg/L) 
Target Cancer Risk 
Averaging Time Carcinogens (y) 
Exposure frequency ( d/y) 
Volatilization factor (L/~) 
Inhalation Factor, Age-adjusted (of -y /kg-d) 
Chemical-Specific Inhalation Slope Factor (mgjkg-dr1 

Tap Water Ingestion Factor, Age-Adjusted (L-y/kg-d) 
Chemical-Specific Oral Slope Factor (mgjkg-dr1 

Target Hazard Quotient 
Body Weight, Adult (kg) 
Averaging Time Non-carcinogens (y) 
Exposure Duration, Adult (yr) 
Inhalation Rate, Adult (m3/d) 
Reference Dose Inhaled (mg/kg/d) 
Tap Water Ingestion, Adult (L/d) 
Reference Dose Oral (mg/kg/d) 

Carcinogenic calculations are based on combined childhood and adult exposure. 
Non-carcinogenic calculations are based on adult exposure only. 

EPA 1993a. Region III Technical Guidance Manual, Risk Assessment: Selecting Exposure Routes and Contaminants of Concern by 
Risk-Based Screening. Hazardous Waste Management Division, Office of Superfund Programs, Philadelphia, PA, January 1993. 
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Table 5-9 

Texas Risk Reduction Standard 2 Algorithms for Residential Water 

Exposure Variables 

MSC 
TR 
THI 
SF(o) 
RID(o) 
BW 
AT( c) 
AT(s) 
EF 
ED 
IR(w) 
A 

Definitions (units) 

Medium Specific Concentration (mg/kg) 
Target excess individual lifetime cancer risk (unitless) 
Target hazard index (unitless) 
Oral cancer slope factor (mgjkg-d) -l 

Oral chronic reference dose ( mg/kg/ d) 
Adult body weight (kg) 
Averaging time for carcinogens (yr) 
Averaging time for systemic toxicants (yr) 
Exposure frequency (d/yr) 
Exposure duration (yr) 
Daily water ingestion rate (L/d) 
Absorption factor (unitless) 

1NRCC 1993. Texas Risk Reduction Standard. Title 30. Environmental Quality Part I. Texas Natural Resources Conservation 
Commission, Chapter 335. Industrial Solid Waste and Municipal Hazardous Waste. June 28, 1993. 
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Table 5-10 

Texas Risk Reduction Standard 2 Algorithms for Residential Soils 

Exposure Variables 

MSC 
TR 
THI 
SF(o) 
SF(i) 
RID(o) 
RID(i) 
BW 
AT( c) 
AT(s) 
EF 
ED 
IF(soil/adj) = 

IR(air) 
PEP 
VF 

Defmitions (units) 

Medium Specific Concentration (mg/kg) 
Target excess individual lifetime cancer risk (unitless) 
Target hazard index (unitless) 
Oral cancer slope factor (mgjkg-dr1 

Inhalation cancer slope factor (mg/y/dr1 

Oral chronic reference dose ( mg/kg/ d) 
Inhalation chronic reference dose (mg/kg/d) 
Adult body weight (kg) 
Averaging time for carcinogens (yr) 
Averaging time for systemic toxicants (yr) 
Exposure frequency (d/yr) 
Exposure duration (yr) 
Age-adjusted ingestion factor (m:f- yr / kg- d) 
Daily indoor inhalation rate (m /d) 
Particulate emission factor ( m 3 /kg) 
Soil-to-air volatilization factor 

1NRCC 1993. Texas Risk Reduction Standard. Title 30. Environmental Quality Part I. Texas Natural Resources Conservation 
Commission, Chapter 335. Industrial Solid Waste and Municipal Hazardous Waste. June 28, 1993. 
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Exposure Variables 

MSC 
TR 
THI 
SF(o) 
SF(i) 
RfD(o) 
RfD(i) 
AT(s) 
BW 
AT( c) 
EF 
ED 
IR(soil) 
IR(air) 
PEF 
VF 

Table 5-11 

Texas Risk Reduction Standard 2 Algorithms 
for Industrial/Commercial Soils 

Definitions (Units) 

Medium Specific Concentration (mgfkg) 
Target excess individual lifetime cancer risk (unitless) 
Target hazard index (unitless) 
Oral cancer slope factor ( mg/kg -d) -l 

Inhalation cancer slope factor (mg/kg- df1 

Oral chronic reference dose (mg/kg/d) 
Inhalation chronic reference dose (mg/kg/d) 
Averaging time for systemic toxicants (yr) 
Adult body weight (kg) 
Averaging time for carcinogens (yr) 
Exposure frequency ( d/yr) 
Exposure duration (yr) 
Workday soil ingestion rate (mg/d) 
Daily indoor inhalation rate (m 3 /d) 
Particulate emission factor (m 3 /kg) 
Soil-to-air volatilization factor (m31k:g) 

TNRCC 1993. TeliBB Risk Reduction Slandard. Title 30. Enviromnealal Q~ Part I. TeliBB Nalural Resources Conservation Commission, CIBpter 335. lodustrial Solid 
Waste ODd Muoicipol Hazardous Waste. June 28, 1993. 
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guidance for addressing cross-media contamination as well as other exposure pathways if 

they are not appropriately addressed by the MSCs (TNRCC 1993). 

5.4.3 EPA Region IX Screening Algorithms 

The screening algorithms for Region IX are given in Tables 5-12 through 

5-15. Region IX PRG concentrations are based on direct exposures (i.e., ingestion, 

dermal contact, and inhalation) for specific land-use conditions, and do not consider the 

impact to groundwater or ecological receptors (EPA 1994b) at this time. The default 

exposure assumptions used with Region IX algorithms are presented in Tables 4-1 

through 4-6. 

Region IX PRGs develop initial cleanup goals for residential land use (soil 

and water) and industrial land use (soils only). Region IX recommends that industrial 

concentrations for soil be considered as an alternative goal and not be used for screening 

a site. Industrial concentrations are meant to provide the base RPM with an alternative 

preliminary goal for sites that are zoned heavy industry (EPA 1994b ). 

When screening IRP sites located in California, specific soil values should 

be used for cadmium, chromium, nickel, and 1,2-Dibromo-3-chloropropane (DBCP) 

(EPA 1994b). These four analytes are considered by Cal-EPA's Department of Toxic 

Substances Control as having significantly different soil values compared to those values 

accepted by EPA Region IX as a whole. These Cal-modified PRGs are based on PEA 

(1994) guidance. 

The Arizona Department of Environmental Quality (ADEQ) screening 

algorithms are given in Tables 5-16 and 5-17. The default exposure assumptions used 

with the ADEQ screening of algorithms are presented in Tables 4-1 to 4-6. The 

screening concentrations derived are referred to as Health-Based Guidance Levels 

(HBGI..s ). The ADEQ algorithms are based only on ingestion of drinking water and 
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Table 5-12 

EPA Region IX Preliminary Remediation Goals Screening Algorithms for 
Industrial Soils a 

Exposure Variables 

ABS 
AT 
BWa 
CSFi 
CSFo 
EDo 
EFo 
IRA a 
IRSo 
RfDi 
RfDo 
SA a 
SL 
THO 
TR 
VFs 

Defmitions (units) 

Skin absorption ( unitless) 
Averaging time-cancer (years) 
= Body weight, adult (kg) 
Cancer slope factor, inhaled (mg/kg-d) -1 

Cancer slope factor, oral (mg/kg-d) -1 

Exposure duration-occupational (years) 
Exposure frequency-occupational (years) 
Inhalation rate-adult ( m3 /d) 
Soil ingestion-occupational (mg/d) 
Reference dose inhaled (mg/kg/d) 
Reference dose oral (mg/kg/d) 
25% surface area, adult (em 2) 

Soil adherence factor (mg/cm 2) 

Target hazard quotient 
Target cancer risk 
Volatilization factor for soil ( rrf /kg) 

a When considering PRGs as initial cleanup goals, residential concentrations should be used for maximum beneficial uses of 
property. Industrial concentrations for soils only are included in the table as an alternative goal, but industrial goals should not 
be used for screening at a site. 

b Equations are based on age-adjusted factors. 
c For soils only, noncarcinogenic contaminants are evaluated for children separately from adults. 
d Use VF for volatile chemicals (defined as having a Henry's Law Constant [atm-nf /mol] greater than 10"5 and a molecular 

weight less than 200 grams/mol) or PEP for non-volatile chemicals. 

EPA 1994a. Region IX Preliminazy Remediation Goals (PRGs). Second Half 1994. Stanford J. Smucker, PhD., Regional Toxicologist 
(H-9-3), Technical Support Section, August 1, 1994. 

5-18 



Table 5-13 

EPA Region IX Preliminary Remediation Goals Screening Algorithms for 
Residential Soils 

Exposure Variables 

ABS 
AT 
BWc 
CSFi 
CSFo 
EDc 
EDr 
EFr 
IFSadj 
InhFadj 
IRAc 
IRSc 
RfDi 
RfDo 
SAc 
SFSadj 
SL 
THO 
TR 
VFs 

Definitions (units) 

Skin absorption ( unitless) 
Averaging time-cancer (years) 
Body weight, child (kg) 
Cancer slope factor, inhaled (mg/kg-d) -l 

Cancer slope factor, oral (mg/kg-d) -l 

Exposure duration-child (years) 
Exposure duration-residential (years) 
Exposure frequency-residential ( d/yr) 
Ingestion factor-soils ([mg-y]/kg-d]) 
Inhalation factor ([m 3 -yr]/[kg-d]) 
Inhalation rate-child (m 3 /d) 
Soil ingestion-child (mg/d) 
Reference dose inhaled (mg/kg/d) 
Reference dose oral ( mg/kg£ d) 
25% surface area, child (em ) 
Skin contact factor-soils ([mg-yr]/[kg-d]) 
Soil adherence factor (mg/ em 2 ) 

Target hazard quotient 
Target cancer risk 
Volatilization factor for soil ( rJ /kg) 

a Equations are based on age-adjusted factors. 
b For soils only, noncarcinogenic contaminants are evaluated for children separately from adults. 
c Use VF for volatile chemicals (defined as having a Henry's Law Constant [atm-nf /mol] greater than 1a5 and a molecular weight 

less than 200 grams/mol) or PEF for non-volatile chemicals. 

EPA 1994a. Region IX Preliminary Remediation Goals (PRGs). Second Half 1994. Stanford J. Smucker, PhD., Regional Toxicologist 
(H-9-3), Technical Support Section, August 1, 1994. 

5-19 



Table 5-14 

EPA Region IX Preliminary Remediation Goals Screening Algorithms for 
Residential Water 

Exposure Variables Definitions (units) 

AT 
BW 8 

CSFi 
CSFO 
EDr 
EFr 
IFW adj 

InhF adj 

IRA a 
IRW 8 

RfDi 
RfDO 
THQ 
TR 
VFW 

Averaging time-cancer (years) 
Body weight, adult (kg) 
Cancer slope factor inhaled (mgjkg-dr1 

Cancer slope w factor oral (mg/kg-d) -l 

Exposure duration-residential (years) 
Exposure frequency-residential ( djyear) 

Ingestion factor-water ([mg-y]/kg-d]) 
Inhalation factor ([m 3 -yr]/[kg-d]) 

Inhalation rate-adult (m 3 /d) 
Drinking water ingestion-adult (L/d) 
Reference dose inhaled (mg/kg/d) 
Reference dose oral (mg/kg/d) 
Target hazard quotient 
Target cancer risk 
Volatilization factor for water (rrf /kg) 

EPA 1994a. Region IX Preliminal)' Remediation Goals (PRGs). Second Half 1994. Stanford J. Smucker, PhD., Regional Toxicologist 
(H-9-3), Technical Support Section, August 1, 1994. 
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Table 5-15 

EPA Region IX Preliminary Remediation Goals Screening Algorithms for 
Air 

Exposure Variables 

AT 
BW 8 

CSFi 
EDr 
EFr 
InhF adj 
IRA

8 

RfDi 
THO 
TR 

Definitions (units) 

Averaging time-cancer (years) 
Body weight, adult (kg) 
Cancer slope factor, inhaled (mgjkg-dr1 

Exposure duration-residential (years) 
Exposure frequency-residential (days/year) 
Inhalation factor ([m 3 -yr]/[kg-d]) 
Inhalation rate-adult (m 3 /d) 
Reference dose inhaled (mg/kg/d) 
Target hazard quotient 
Target cancer risk 

EPA 1994a. Region IX Preliminary Remediation Goals (PRGs). Second Half 1994. Stanford J. Smucker, PhD., Regional Toxicologist 
(H-9-3), Technical Support Section, August 1, 1994. 
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Table 5-16 

State of Arizona HBGL Algorithms for Drinking Water Ingestion a 

Exposure Variables 

BW 
HBGLDW 
Iw 
LRF 
RID 
RSC 
SF 

Definitions (units) 

Body weight (70 kg) 
Health-based ingestion guidance level for drinking water (p. g/L) 
Water ingestion rate (L/d) 
Lifetime risk factor 
Reference dose ( mg/kg/ d) 
Relative source contribution ( unitless) 
Slope factor (mg/kg-dr1 

Arizona Department of Environmental Quality, June 1992. Human Health-Based Guidance Levels for the Ingestion of 
Contaminants in Drinking Water and Soil. 
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Table 5-17 

State of Arizona HBGL Algorithms for Soil Ingestion a 

Exposure Variables 

AT 
BW 
ED 
HBGLS 
HBGLDW 
IS30 
Iw 
LRF 
RID 
SF 

Definitions (units) 

70-year lifetime 
Body weight (kg) 
30-year exposure duration 
Health-based ingestion guidance level for soil (mg/kg) 
Health-based ingestion guidance level for drinking water (p.g/L) 
Soil ingestion rate during the first 30 years of life (g/ d) 
Water ingestion rate (L/d) 
Lifetime risk factor 
Reference dose (mg/kg/d) 
Slope factor (mg/kg-dJ1 

Arizona Department of Environmental Quality, June 1992. Human Health-Based Guidance Levels for the Ingestion of 
Contaminants in Drinking Water and Soil. 
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soils. The HBGLs do not apply to inhalation or direct contact with contaminants, nor 

are they applicable to aquatic systems or wildlife. In addition, the soil ingestion HBGLs 

do not take into account a contaminant's ability to leach into groundwater. 

5.4.4 EPA Region X Screening Algorithms 

The screening algorithms for Region X are given in Tables 5-18 and 5-19. 

PRG algorithms were developed only for residential soil and water. These can be 

modified by inputting industrial exposure factors to derive industrial screening/ cleanup 

levels. The default exposure assumptions used with the Region X algorithms are 

presented in Tables 4-1 through 4-6. 

5.4.5 RCRA Proposed Subpart S Screening Algorithms 

The proposed RCRA corrective action rule in Subpart S (FR 30798-30884, 

July 27, 1990) contains methodology and criteria for calculating action levels for 

contaminants in soil, water, and air. The proposed rule also provides the assumptions to 

be used for calculating action levels. The algorithms used to calculate RCRA Proposed 

SubpartS media action levels are presented in Tables 5-20 and 5-21. However, since 

RCRA Proposed SubpartS has not been promulgated as a final rulemaking, SubpartS 

media action levels will only be used for comparative purposes as opposed to 

screening/ cleanup levels. 

5.4.6 Industrial Groundwater Algorithm 

The algorithm for determining risk-based screening/cleanup levels based 

on dermal exposure to process water in an industrial setting is shown in Table 5-22. The 

basis of this algorithm is the dermal exposure equation found in EPA RAGs Part A 

(1989a). 
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Table 5-18 

EPA Region X Screening Algorithms for Residential Soils 

Exposure Variables: 

c 
HQ 
Risk 
IRS a 
EF 
ED a 
BWa 
ATn 
RfDo 
SFo 
ATe 
IRSc 
BWc 
EDc 

Definitions (units) 

Risk-Based Concentration (mg/kg) 
Target Hazard Quotient (unitless) 
Target Cancer Risk (unitless) 
Soil Ingestion Rate, Adult (mg/d) 
Exposure Frequency ( d/y) 
Exposure Duration, Adult (y) 
Body Weight, Adult (kg) 
Averaging Time Non-Carcinogen (y) 
Chemical-Specific Oral Reference Dose (mg/kg/d) 
Chemical-Specific Oral Slope Factor (mg/kg-dJ1 

Averaging Time Carcinogen (y) 
Soil Ingestion Rate, Age 1-6 (mg/d) 
Body Weight, Age 1-6 (kg) 
Exposure Duration, Age 1-6 (y) 

Equations are based on combined childhood and adult exposures. 

EPA 199lb. Memorandum: Supplemental Guidance for Superfund Risk Assessments in Region X. Health and Environmental 
Assessment Section. Seattle, WA. August 1991. 
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Table 5-19 

EPA Region X Screening Algorithms for Residential Water 

Exposure Variables: 

c 
HQ 
Risk 
IRWa 
IRA a 
EF 
ED a 
BWa 
ATe 
ATn 
RfDo 
RfDi 
SFo 
SFi 
VFw 

Definitions (units) 

Risk-Based Concentration (mg/L) 
Hazard Quotient (unitless) 
Target Cancer Risk (unitless) 
Tap Water Ingestion, Adult (L/d) 
Inhalation Rate, Adult (rrr /d) 
Exposure Frequency ( d/y) 
Exposure Duration, Adult (y) 
Body Weight, Adult (kg) 
Averaging Time Carcinogens (y) 
Averaging Time Non-Carcinogens (y) 
Chemical-Specific Oral Reference Dose (mg/kg/d) 
Chemical-Specific Inhalation Reference Dose (mgjkg/d) 
Chemical-Specific Oral Slope Factor (mgjkg-dr1 

Chemical-Specific Inhalation Factor (mgjkg-dr1 

Volatilization Factor (L/m3) 

Equations are based on adult exposures only. 

EPA 199lb. Memorandum: Supplemental Guidance for Superfund Risk Assessments in Region X. Health and Environmental 
Assessment Section. Seattle, WA. August 1991. 
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Table 5-20 

RCRA Proposed Subpart S Screening Algorithms for Soils 

Exposure Variables: 

c 
Risk 
BWa 
ATe 
SFo 
IRS a 
A 
ED a 
RfDo 
BWc 
IRSc 

Definitions (units) 

Risk-Based Concentration (mgjkg) 
Target Cancer Risk (unitless) 
Body Weight, Adult (kg) 
Averaging Time Carcinogens (y) 
Chemical-Specific Oral Slope Factor (mg/kg-dJ1 

Soil Ingestion Rate, Adult (g/ d) 
Absorption Factor (1; dimensionless) 
Exposure Duration, Adult (y) 
Chemical-Specific Oral Reference Dose ( mg/kg/ d) 
Body Weight, Child (kg) 
Soil Ingestion Rate, Child (g/ d) 

aEquations are based on adult exposures only. 
b Equations are based on child exposures only. 

RCRA Corrective Action Rule in SubpartS, Federal Register 30798-30884. July 27, 1990. 
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Table 5-21 

RCRA Proposed SubpartS Screening Algorithms for Water 

Exposure Variables 

c 
Risk 
BWa 
ATe 
SFo 
IRWa 
A 
ED a 
RfDo 

Definitions (units) 

Risk-Based Concentration (mg/L) 
Target Cancer Risk (unitless) 
Body Weight, Adult (kg) 
Averaging Time Carcinogens (y) 
Chemical-Specific Oral Slope Factor (mg/kg-dJ1 

Water Ingestion Rate, Adult (L/d) 
Absorption Factor (1; dimensionless) 
Exposure Duration, Adult (y) 
Chemical-Specific Oral Reference Dose (mg/kg/d) 

8 Equations are based on adult exposures only. 

RCRA Corrective Action Rule in SubpartS, Federal Register 30798-30884. July 27, 1990. 
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Table 5-22 

Risk-Based Screening Algorithm for Industrial Water 

Exposure Variables 

Risk 
ATe 
EF 
SF(o) 
HQ 
BWa 
ATn 
ED a 
RfDo 
ABS 
PC 
SA 
ET 

Definitions (units) 

Target Cancer Risk (unitless) 
Averagaging Time Carcinogens (y) 
Exposure frequency ( d/y) 
Chemical-Specific Oral Slope Factor (mg/kg-dayt1 

Target Hazard Quotient (unitless) 
Body Weight, Adult (kg) 
Averaging Time Non-carcinogens (y) 
Exposure Duration, Adult (y) 
Reference Dose Oral ( mg/kg/ d) 
Absorption Factor (unitless) 
Permeability Coefficient (em/hour) 
Surface Area Exposed (cm2

) 

Time (hours/day) 

• Equations are based on adult exposure only. 

Source: EPA (1989a) Risk Guidance for Superfund Volume I, Human Health Evaluation Manual (Part A). 
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6.0 DERIVATION OF RISK-BASED SCREENING/CLEANUP LEVELS 

The overall process for determining the chemicals of potential concern 

(COPCs) which are potential risk drivers and calculating risk-based screening/cleanup 

levels for the probable land use is given in Figure 6-1. The overall process proceeds in 

the following sequence: 

1) Reduction of COPCs by comparison to field and laboratory blanks. 

2) If possible, reduction of COPCs by comparison to background levels 
for each medium. 

3) Selection of maximum detected concentrations for each medium. 

4) Derive land-use-based screening/cleanup levels based on Federal or 
regionally approved algorithms and exposure parameters. 

5) Develop final list of COPCs by determining the set of analyte 
maximum detects that exceed the screening/ cleanup levels. 

The first step involves collecting and analyzing data. The laboratory results 

then go into a central database. Before the data can be extracted for COPC 

determination, the data should undergo a quality assurance/quality control (QAjQC) 

check. As part of the QAjQC, comparisons are made between site sample results and 

levels of the same chemicals detected in associated trip, field, and laboratory blank 

samples (see EPA 1989a). Analytes exceeding required blank criteria concentrations are 

retained for further data analyses. These comparisons are performed as part of the 

RifFS or RFI/CMS process for IRP sites. 

The second step involves statistical comparison of naturally occurring 

inorganic constituent levels (background) to concentrations of inorganics detected at the 

site. The sample concentration must be significantly greater than background 

concentrations of the same constituent to be retained as a COPC (EPA 1989a). 

Depending on the ainount of site-related and background data available, the statistical 
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analysis may not be possible at all sites. If such statistical analyses have been previously 

performed, the results will be utilized in the RNSI process. The third step is selection of 

the maximum detected concentration of each COPC for each medium. Once the land­

use-based screening/cleanup levels have been derived (step four), the final list of COPCs 

are those maximum detects above the screening/ cleanup levels. 

6.1 Risk Assessment Data Considerations 

In order to conduct risk-based screening, data will be organized and 

utilized in the following general format. These represent general guidelines and will be 

determined based on the data available from each individual base. 

6.1.1 Media Segregation 

The following are general guidelines for media segregation and will be 

adjusted by base-specific requirements for data. For example, in some EPA Regions or 

states, surface soils are considered to be in 0-2" depths while in others, surface soil may 

extend to 2 feet. However, as stated previously in Section 4.1.1, all soils, for purposes of 

this initiative, will be considered surface soils. 

Soils 

• Surface Soils (Range 0-2 ft.) 

• Subsurface Soils ( > 2 ft) 

Sediments 
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Water 

• Surface Water (Type) 

• Perched Aquifer 

• Shallow Aquifer 

• Deeper Aquifers 

6.1.2 Descriptive Statistics 

The screening of chemicals to determine which COPCs should be further 

evaluated can be conducted with maximum detect values only. However, descriptive 

statistics which are useful for each compound by media segregation are as follows: 

• Maximum Detect 

• Arithmetic Means 

• Standard Deviation 

• 95% Upper Confidence Limit (UCL) of Arithmetic Mean 

• Frequency of Detect 

• Range of Detected Values 

• Sample Quantitation Limit 

The use of these statistics are as follows. The maximum detect can be 

compared to the arithmetic mean and UCL to assess whether the data as a whole are 

above or below the screening values or whether the maximum detect is an extreme 

outlier. The range of detected values is also used for this purpose. The frequency of 

detect can aid in the evaluation of whether a contaminant is rarely or generally detected, 

giving some idea of its distribution. Lastly, in some cases, the risk-based value may be 
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below the practical quantitation limit so the possibility of a proxy value result, which is 

not an actual detection of a contaminant, above a risk-based value may exist. In 

summary, descriptive statistics give a better understanding of the data as a whole rather 

than relying only on the maximum detect for comparisons. 

6.2 Decision Logic Flow Charts for COPC Eliminations 

Figures 6-2 and 6-3 give the decision logic for reducing the COPCs from 

those simply detected in various media to those which may be risk drivers. The 

maximum detected values for contaminants by media are compared to the risk-based 

screening level calculated according to the algorithm chosen and the land use exposure 

factors. If the maximum detect exceeds the regulatory ratio value of one as explained 

below, it is retained as a COPC. 

Table 6-1 presents an example of risk screening for soils. The 

contaminants are rank ordered by regulatory ratio, which is the ratio of the maximum 

detect over the screening value. Those with a regulatory ratio of 1 or greater are 

retained; those below 1 are deleted from the COPC list and those that have no toxicity 

value are listed separately for possible qualitative assessment or deletion. A benefit of 

this presentation is an early identification of risk drivers in rank order, at least by 

maximum detect. If statistically analyzed data are available, additional rank ordering 

could be done by comparison of the statistical mean or upper confidence limit. Table 6-

2 presents an example summary of COPCs and chemicals without toxicity values. 

6.3 Screening/Cleanup Levels for DRO and TPH 

Diesel, kerosene, JP-4, and JP-5 are common fuels found to have 

contributed to contamination of soils and groundwater at Air Force bases. Typically, 

these fuels are measured by field sampling for gross parameters such as DRO and TPH. 
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Table 6-1 

Soil Risk Screening 

~ 11 ~~leni~m i ;~~2-~9-2 1 ~·~~5~~ 1 ~:~~~ 1 ~:~~2~~ 1 ;:~o~~ 1 ~:~~~~ 1 ~~ 11 

1 YES - Comnounds Exceedinl! Screeninl! Levels 

·" 
NO- Below Screeninl! Level NV -No Toxicitv Value ND - Non-Detect 

·~ 
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Table 6-2 

Compounds Retained Following Risk-Based Screen, Compounds 
With No Toxicity Values, and Tentatively Identified Compounds 

Decanol B 

Cobalt 

Cadmium 

Chromium 

Lead 

Nickel 

Thallium 

a TICs are reported in this table but are not carried as COPCs. 
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These gross parameters cannot identify which type of fuel was spilled, but do indicate if 

there has been fuel contamination in the area. Using historical information about the 

use of an area, it can be assumed that a certain type of fuel is the cause of 

contamination, and cleanup standards can be calculated based on the type of fuel (i.e., 

diesel, JP-4, JP-5, gasoline, kerosene). 

Provisional toxicity values have been calculated (March 24, 1992) by the 

EPA's Superfund Health Risk Technical Support Center, Chemical Mixtures Assessment 

Branch at the request of EPA Region X for a fuel contaminated wash rack/treatment 

site at McChord AFB in Tacoma, Washington. The provisional oral toxicity values were 

derived for the insoluble and non-volatile components of hydrocarbon fuels which are 

expected to be present long after a spill has occurred. This assumes that the soluble and 

volatile portions of the fuel have escaped. For purposes of deriving the oral toxicity 

values, EPA used route-to-route extrapolation from inhalation data on toxicity studies of 

unleaded gasoline, JP-4, JP-5, and marine diesel fuel. Values for kerosene were assumed 

to be the same as for JP-5, since JP-5 is a refined kerosene. 

Using derived provisional oral toxicity values and the appropriate algorithm 

(i,e., EPA Region III), cleanup standards can be calculated for soil and groundwater. 

However, when using the provisional oral toxicity values, it should be noted that the 

EPA's confidence in the values derived for these fuels is low, because oral studies were 

not available and it was necessary to derive the provisional oral RID based on route-to­

route extrapolation and derivation of toxicity values. There is an additional element of 

uncertainty due to the difference in composition between the original fuel mixtures and 

their nonvolatile or less-soluble fractions which are of concern at most contaminated 

areas. 
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6.4 Screening of Surface Water 

No screening algorithms are available for deriving surface water 

screening/cleanup levels. Since many AFBs have analytical data from surface water 

bodies, some way of evaluating the surface water quality would be useful. One method 

of evaluating the surface water data is to compare the results to federal or state A WQC 

for the protection of human health. In addition, A WQC for the protection of aquatic 

life are available for use in evaluating the possible ecological impacts of surface water. 

6.5 Screening/Cleanup Levels for Lead 

Lead is commonly found in nearly all media of the environment and in 

most biological systems. In addition, lead has been found at Air Force bases due to 

contamination from lead-based paints in old dwellings, auto exhaust (e.g., roadside 

exhaust deposits), lead-based fuel spills, industrial emissions, and spent munitions. EPA 

has not developed an oral reference dose (RID) for lead. The EPA RID Work Group 

considered it inappropriate to develop an RID for inorganic lead because the adverse 

effects resulting from lead exposure occurred at levels low enough to be essentially 

without a threshold (EPA 1994c ). Therefore, EPA has developed the Integrated 

Exposure Uptake Biokinetic Model (IEUBK) which factors in the multimedia nature of 

lead exposures; incorporates important absorption and pharmocokinetic information; 

and allows the model user to consider the potential distributions of exposure and risk 

likely to occur at the site. 

Through using the IEUBK model and the collective experience of the 

Superfund, RCRA Corrective Action, and TSCA Section 403 programs, the EPA 

recommends a residential screening level for Superfund and RCRA sites of 400 ppm in 

soil (EPA 1994d). 
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7.0 SITE-SPECIFIC FACTORS 

Ideally, site screening/ cleanup levels should take site-specific factors into 

consideration and should establish consistency in the levels of protection provided for 

persons living and working near contaminated sites. For many sites, a great deal of site­

specific information may be available from DPM (Defense Priority Model) scoring 

information, Department of Defense Relative Risk Site Evaluations, MAPs (Manage­

ment Action Plans), BCPs (Base Comprehensive Plans), and RI (Remedial Investigation) 

documents. Information concerning site operations, waste types and quantities, and 

regulatory history, may be located in these documents. Available site information from 

these sources will be reviewed to determine basic site characteristics, identify potential 

exposure pathways and exposure points, and help determine any additional data needs 

when available. 

7.1 Site-Specific Parameters 

Characterizing the site and contaminant sources is a critical task in 

developing screening/ cleanup criteria. Field measurements of physical characteristics of 

a site, medium, or contamination source are a critical data source whose omission can 

significantly affect the development of valid screening/ cleanup levels. The use of default 

options and routines to estimate missing values allows the derivation of screening/ clean­

up levels but generally increases the conservatism and uncertainty associated with them. 

Table 7-1 presents examples of site-specific parameters that may affect the development 

of screening/ cleanup levels. Whenever possible, information associated with the site 

characteristics listed in Table 7-1 will be utilized if available information exists. 
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Hydrology 

Geology 

Ecology 

Atmospheric Conditions 

Physical Setting 

Table 7-1 

Site-Specific Parameters 

Local Hydrology as it pertains to Con-
taminant · 

Presence of Potable Water and/or 
Agricultural Wells in Vicinity and 
Distance from Site 

Depth to Aquifer and Groundwater 
Gradient 

Surface Water Bodies in Vicinity and 
their Use 

Drainage Patterns 

Flood Frequency 

Local to 

Soil Information including Particle 
Size, Organic Carbon and Clay 
Content, Bulk 

Flora/Fauna Specific to Area 

Wind Speed and Prevailing Direction 

General Setting of Site and 
Surroundings 

Groundcover 
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Contaminant Fate and Transport 

Receptor Identification 
Environmental Fate and Transport 

Receptor Identification 
Environmental Fate and Transport 

Receptor Identification 
Environmental Fate and 

Environmental 

Site Characterization 
Environmental Fate and Transport 

Environmental Fate and Transport 

Receptor Identification 

Receptor Identification 
Environmental Fate and Transport 

Receptor Identification 
Identify Areas of Access to Site 
Site Characterization 

Site Characterization 
Environmental Fate and Transport 

"~- ~'$ 



Waste Source, Characteristics 

Land Use 

Table 7-1 

(Continued) 

Sources including Type, Location, 
Dimensions, and Evidence of Contain­
ment 

Hazardous Substances Disposed 

Signs of Contaminant Migration 

Depth of Waste 

Current Land Use 

Future Land Use 

Deed Restrictions 

Compatible Use Zones 
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Site Characterization 
Receptor Identification 
Environmental Fate and 

Identification of Chemicals of Con­
cern 

Receptor Identification 
Environmental Fate and Transport 

Site Characterization 
Receptor Identification 
Environmental Fate and Transport 

Site Characterization 
Receptor Identification 
Exposure Assessment 

Site Characterization 
Receptor Identification 

Assessment 

Receptor Identification 
Exposure Assessment 

Site Characterization 
Receptor Identification 
Exposure Assessment 



7.2 Unique Characteristics/Environmental Factors 

Some sites have unique characteristics that will require deviation from the 

standard protocols outlined in previous sections. Table 7-2 presents examples of unique 

characteristics that may be encountered on a site-specific basis at AFBs. Ecological risks 

are of concern at many bases and may be the overarching concern at some. Calculation 

of screening/ cleanup levels for subsurface soils and radioactive waste sites also present 

unique challenges. Sections 7.2.1, 7.2.2, and 7.2.3 provide brief discussions of these 

issues. 

7.2.1 Ecological Receptors 

Specific guidance on assessing ecological risk and establishing screening/ 

cleanup levels is not well developed at this time. Currently, EPA has published a draft 

conceptual framework (EPA 1992b) for development of a specific ecological risk as­

sessment guidance. Therefore, ecological risk will only be evaluated qualitatively as part 

of the RNSI approach. This qualitative information will be carried forward for future 

use when more guidance on calculating ecological risks and screening/ cleanup levels 

becomes available. Where site-specific conditions warrant, quantitative ecological 

assessment may be conducted as part of a more detailed investigation. 

7.2.2 Derivation of Screening/Cleanup Levels for Radioactive Waste Sites 

Site-specific residual radioactive material guidelines, analogous to risk­

based preliminary remediation goals, can be derived with the use of the Residual 

Radioactivity Software (RESRAD®) computer code developed at Argonne National 

Laboratory for the U.S. Department of Energy. A guideline is a radionuclide con­

centration or level of radioactivity that is acceptable if a site is to be used without 

radiological restrictions. Guidelines are expressed as ( 1) concentrations of residual 

radionuclides in soil, (2) concentrations of airborne radon decay products, (3) levels of ,,,..~~~ 

"'' ,1' 
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Wetlands/Floodplains 

Low-level radioactive waste 

~ 
U\ Bodies of water 

Sensitive ecosystems 

Table 7-2 

Examples of Unique Characteristics 

EPA guidance document Methods for Assessing Exposure to Chemical Substances, Vol 4 
Methods for Enumerating and Characterizing Populations Exposed to Chemical Substances 
provides guidance on calculating ecological risk and cleanup standards for wetlands. At a 
minimum, ecological concerns will be documented for future use when more quantitative 

becomes available is oresented in Section 7.2.1. 

Chapter 10 of the USEPA Risk Assessment Guidance for Superfund Volume 1 Human Health 
Evaluation Manual (Part A) provides guidance for calculating risk associated with low-level 
radioactive wastes. Methodology for developing screening levels for radioactive wastes is 

in Section 7.2.2. 

EPA guidance documents Methods for Assessing Exposure to Chemical Substances, Vol 5 
Methods for Assessing Exposure to Chemical Substances in Drinking Water, Assessing 
Human Health Risks from Chemically Contaminated Fish and Shellfish, and Co"ective 
Measures for Releases to Surface Waters provide guidance on calculating ecological risk and 
cleanup standards for bodies of water. Federal and State Ambient Water Quality Criteria 
can also be used to make semi-quantitative assessments of risks associated with surface 
water bodies and will be used to set action levels/cleanuo standards when available. 

The EPA Framework for Ecological Risk Assessment provides conceptual guidance for 
performing ecological risk assessments. EPA guidance document Ecological Risk As­
sessment Methods: A Review and Evaluation of Past Practices in the Superfund and RCRA 
Programs provides assistance. A Proposed Approach to Quantitatively Assess Potential 
Ecological Impacts to Te"estrial Receptors from Chemical Exposure by Watkin and Stelljes 
provides guidance on calculating ecological risk to terrestrial receptors. The General 
Guidance for Ecological Risk Assessment at Air Force Installations by DeSesso and Price 
also provides further guidance. At a minimum, ecological concerns will be documented for 
future use when more quantitative guidance becomes available. 



-;-l 
0'1 

Endangered/threatened species 

Herbicide/pesticide spills 

Basewide groundwater OU 

Solvent waste 

Subsurface Soil Contamination 

Data gaps 

Sites located above Karst formations. 

Shallow groundwater 
beneath the site. 

Deep groundwater 

"' """~-~' 

beneath the site. 

Table 7-2 

(Continued) 

Ambient Water Quality Criteria will be incorporated into the Risk-Based Screen to perform 
semi-qualitative analyses for aquatic receptors. The EPA Framework for Ecological Risk 
Assessment provides conceptual guidance for performing ecological risk assessments. In 
addition, A Proposed Approach to Quantitatively Assess Potential Ecological Impacts to Ter­
restrial Receptors from Chemical Exposure by Watkin and Stelljes provides guidance on 
calculating ecological risk to terrestrial receptors. At a minimum, ecological concerns for 
terrestrial species will be documented for future use when more quantitative guidance 
becomes available. 

EPA guidance document Pesticide Assessment Guidelines for Applicator Exposure Monitor­
risk associated with pesticide/herbicide spill sites. 

EPA guidance documents Methods for Assessing Exposure to Chemical Substance, Vol 5, 
Methods for Assessing Exposure to Chemical Substances in Drinking Water, Con-ective 
Measures for Release to Groundwater from SWMUs provide guidance on calculating ecolog­
ical risk and cleanup standards for groundwater. 

Applied Toxicology of Petroleum Hydrocarbons (Princeton Scientific, Princeton, NJ), 
Toxicological Profile for Perch/oroethylene (Department of Public Health), and Addendum 
to Health Assessment Document for Trichloroethylene: Updated Carcinogenicity Assessment 

useful information. 

A construction worker scenario will be evaluated when appropriate. Leachability of 
constituents into groundwater using region-specific dilution and leachate attenuation 
factors. Exposure Factors Handbook (EPA), Soil Sampling Quality Assurance: User's Guide 
(EPA), Con-ective Measures for Releases to Soil from SWMU (EPA), and Dennal Exposure 
Assessment: Principals and Applications (EPA) provide guidance on exposure assumptions 
for construction scenarios. 

EPA Guidance for Data Useability in Risk Assessment, Part A provides guidance on 
data . 

and attenuation factors should be used where 
& & & 

dilution and attenuation factors should be used where appropriate. 

dilution and attenuation factors should be used where appropriate. 

I 
if' 



external gamma radiation, (4) levels of radioactivity from surface contamination, and (5) 

concentrations of residual radionuclides in air and water. 

The family farm scenario is the default exposure scenario, although 

exposure pathways and parameter values can be adjusted if other exposure scenarios are 

considered more likely for a particular site. Nine exposure pathways are considered: 

external irradiation, dust inhalation, radon inhalation, and ingestion of plant foods, meat, 

milk, aquatic foods, water, and soil. Any of the pathways can be suppressed, so guide­

lines can be derived on the basis of any one pathway or any combination of pathways. 

Any of the numerous default values (e.g., soil ingestion rates) in the code can be 

replaced with site-specific values. 

For this project, screening/cleanup levels will be calculated (i.e., guidelines 

for soil) for four land use categories: industrial, commercial, residential, and open space. 

The industrial land use scenario will include the exposure pathways of external ir­

radiation, dust inhalation, radon inhalation, and soil ingestion. The commercial land use 

scenario will include the exposure pathways of external irradiation, dust inhalation, soil 

ingestion, and radon inhalation. The residential land use scenario will include the 

exposure pathways of external irradiation, dust inhalation, radon inhalation, and inges­

tion of water and soil. The open space land use scenario will include the exposure 

pathways of external irradiation, dust inhalation, radon inhalation, soil ingestion, and 

ingestion of plant and aquatic foods. 

Guidelines (e.g., soil cleanup levels) for any single radionuclide or mixture 

of radionuclides are derived based on a target radiation dose limit. For example, it is 

the Department of Energy's (DOE) policy that the effective dose equivalent to any 

member of the public not exceed 100 mrem/year, but any other dose limit can be chosen 

by the user of RESRAD®. Radiation doses from the radioactive decay products of the 

initial radionuclide(s) are considered in RESRAD®'s derivation of guidelines. In this 

case, 100 mrem/year will be used as the radiation dose limit. 
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Numerous calculations are contained in RESRAD®, but the overall 

approach used to derive guidelines is as follows: 

A single-radionuclide soil concentration guideline for a uniformly con­

taminated zone is defined as 

where 

HEL = basic dose limit (mrem/yr), 

DS~(t) = :EPDS~p(t) = dose/soil-concentration ratio for the fh 
principal radionuclide in the contaminated zone at time t 

[(mrem/yr)/(pCi/g)], and 

DS~p(t) = dose/soil-concentration ratio for the fh principal radionuclide 

and pth environmental pathway [(mrem/yr)/(pCi/g)]. 

The dose/soil-concentration ratio for individual principal radionuclides and pathways are 

defined as 

where 

HE,ip ( t) = average annual effective dose equivalent received at tim~ t by a 

member of the critical population group from the fh principal radionuclide transported 

through the pth environmental pathway together with its associated decay products 

(mrem/yr), and 
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~ (0) = initial concentration of the rh principal radionuclide in a uniformly 

contaminated zone (pCi/ g). 

Radionuclide-specific dose conversion factors are used by RESRAD® to 

translate unit intake of the radionuclide into dose equivalent, since the degree of 

biological damage varies among radionuclides. 
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1.0 HOLLOMAN AIR FORCE BASE 

1.1 Introduction to Pathways. Parameters. and Equations Report 

The Pathways, Parameters, and Equations (PPE) report provides an organized 

method for determining risk-based screening/cleanup levels for Installation Restoration 

Program (IRP)-site remediation at Holloman AFB. The purpose of this report is to identify 

land use/reuse options for active IRP sites and to select screening/cleanup levels (based on 

the scientific data and site-specific factors) that would achieve a prudent level of safety 

commensurate with the risk associated with that particular land use/reuse. This report will 

lead to the development of a site screening/cleanup strategy that addresses the major concerns 

of the federal, state, and local environmental officials. 

The PPE report combines information from the BCP, investigative reports, and 

the Management Action Plan (MAP) to provide a risk-based approach to base planning and 

investigation/remediation of the IRP sites. This was accomplished by developing 

screening/cleanup standards based on the future land use of each IRP site. 

Section 1.2 provides a brief description of the regulatory background and 

current IRP at Holloman AFB. Section 1.3 discusses the ARARs associated with the IRP 

sites covered in this report. Finally, Section 1.4 discusses the site specific evaluation 

approach. 

1.2 Brief Description and Re~latory Information 

Holloman AFB is located in south-central New Mexico, about 75 miles north­

northeast of El Paso, Texas as shown in Figure 1-1, Location of Holloman AFB. The base 

covers approximately 58,410 acres. Highway 70, which runs in a southwesterly­

northeasterly direction, is the southern boundary of the base. The other sides of the base are 

bordered by open land as illustrated in Figure 1-2, Holloman AFB. The nearest residential 
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and commercial area is the City of Alamogordo, which is located 7 miles east of Holloman 

AFB. Several off-base (satellite) installations are associated with the base. These include 

the Silver City Radar Site, El Paso Radar Site (Inactive), Boles and San Andres Well Field 

Area, and Bonito Lake. 

To date, Holloman AFB has not been placed on the National Priorities List 

(NPL) and does not have a Federal Facilities Agreement (FFA); however, site WP-49, the 

sewage lagoons, is currently covered under a Federal Facilities Compliance Agreement 

(FFCA). A Phase I records search was conducted in August 1983. At present, there are 

60 IRP sites at Holloman AFB, four IRP site are located off-base. The sites are in various 

stages of the IRP process anywhere between PA/SI through RD. Thirty seven sites have 

been closed in accordance with the USAF policies. Approximately one half of the sites in 

the RIIFS phase are not expected to need further action. Additional RI work is being done at 

most IRP sites to satisfy regulatory concerns about the extent of contamination of 

groundwater. Those sites that do not need further action will be addressed as sites to be 

closed in accordance with USAF policies. 

Table 1-1 lists key regulatory dates and actions that pertain to Holloman AFB. 

Figure 1-3 shows the location of the 56 IRP sites on Holloman AFB. Table 1-2, the IRP 

Site Summary Table, presents the status/phase of each IRP site and summarizes descriptive 

and DPM scoring information for the IRP sites at Holloman AFB. 
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Table 1-1 

Key Regulatory Dates/ Actions at Holloman AFB 

Holloman AFB was served with a Notice of Violation (NOV) for the sewage lagoons 
(WP-49) by the U.S. Environmental Protection Agency (EPA) on 23 August 1985. 

Holloman AFB was served with a NOV for the sewage lagoons (WP-49) by the EPA on 
4 February 1987. 

The FFCA was signed on 20 December 1988 between the Air Force, EPA, and New 
Mexico Environmental Department (NMED). 

The first of the required quarterly progress reports (required by the FFCA) on the 
lagoons was submitted to the EPA on 5 April 1989. These reports have been submitted 
quarterly since this date. 

The Post Closure Care Permit Application for the sewage lagoons, which included the 
closure plan and the delay-of-closure plan, was submitted to NMED and EPA on 7 June 
1991. 

A RCRA facility assessment (RFA) was completed at all identified SWMUs at Holloman 
AFB in September 1988. 

The RCRA Part B permit was obtained on 22 August 1991. Quarterly progress report 
have been submitted since the permit was issued. 

Holloman AFB as required commenced the corrective action program required in the 
Hazardous and Solid Waste Amendments (HSW A) of their RCRA permit in September 
1991. 

The Table 1 SWMUs work plan was completed in July 1991. 

The Table 1 RFI report was completed in June 1992. 

The Table 2 SWMUs work plan was completed in March 1993. 

A Permit Modification request (HSWA Tables) was submitted in July 1993. 

The Table 2 SWMUs RFI was submitted in late 1994. 

The Table 3 SWMUs work plan was completed in April1994. 

The Table 1 Phase 2 RFI Workplan was approved in 1994. 

Source: Radian Corporation, Management Action Plan, Holloman AFB, Alamogorde, New 
Mexico, February 1995. 
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Table 1-2 

IRP Site Summary Table, Holloman AFB 

ISWMU 106 I Construction rubble, debris, 
domestic solid wastes, small 
quantities of solvents, waste oils, 
and pesticides 

IAoc-T I JP-4 and other fuels 

SWMU 114 Sludges, rag, iron fragments 

SWMU 102 Acid trailer, lab equipment, bottles, 
spent rockets 

SWMU 110 Wood, nails, sheet metal 

SWMU 82 Pesticides 

SWMU42 Waste oils, hydraulic fluids, 
solvents, fuels 

SWMU 101, Domestic wastes, solvents, 
SWMU 109 incinerator ash, waste oils 

ISWMU 107 PCBs 

SWMU 197 Pesticides 

SWMU 80 Sulfuric acid 

I 
I 

1958 to 
present 

1960to 
1970s 

1955 to 
1975 

1958 

1965 to 
present 

1970s 

1965 to 
1980 

1942 to 
1958 

Unknown 
to 1979 

1968 to 
1977 

1971 to 
1981 

I 1983 

I 1983 

I 1983 

1983 

I 1983 

1983 

1983 

1983 

1983 

1983 

1983 

I sc I DD (11190) 
w/LTM 

I RA I I I Med 

I sc• I I I Med 

I sc I I I Med 

I sc I DD (8/91) 

RIIRD I I Med 

sc DD (9/94) I I Med 

sc I DD (11/90) 
w/LTM 

CNFA I DD (9/94) I I Med 

RIIRD High 

PA/SI 



Table 1-2 

(Continued) 

OT -16 I Existing Entomology Shop I AOC-A, I Pesticides 
SWMU 118, 
SWMU 132 

SS-17 I BX Service Station Fuel Leak I AOC-Q I Gasoline 

LF-19 I Golf Course Landfill ISWMU 105 I Grass clippings, rodenticides 

~ WWfP Grit Burial Site SWMU 113A Sludge from grit chamber 
..... 
0 

LF-21 West Area Landfill Number 2 SWMU 116 Paper bags, boxes, boards 3 
~ 
..... LF-22 West Area Landfill Number I SWMU 115 Plastic sheets, boxes, cans 
I 

00 

LF-23 MOBSS Landfill SWMU 108 Diazinon, dichromochloromethane, 
construction debris, drums, buckets 

OT-24 I Former Equipment SWMU 134 Cleaners, waste solvents, oils 
Maintenance Area 

SD-25 I Possible Drainage Lagoon SWMU 166 Pesticides, HTH, solvents 
Disposal Site 

SS-26 I Possible Missile Fuel Spill Site AOC-D Waste fuels 

SD-27 I Pad 9 Washrack Area SWMU 141 Radioactive materials 

-28 I Former North Area Washrack SwMU 212 Oils, detergents, fuels 

LF-29 j Former Army Landfill SWMU 104 Spent munitions and missiles 

DP-30 I Grease Trap Disposal Pits jSWMU 113B I Wastes from grease traps I 

i ~ 

ll 

1977 to 
present 

1950s to 

1968 to 
1978 

1942 to 

1970 to 
1977 

1974 to 
1978 

1976 to 
1979 

1959 to 
1970 

1977 

1976 

1940sto 
1950s 

1950s 

I 

1950s to I 
1915 

1972 to 
1992 

1983 

1983 

1983 

1983 

1983 

1983 

1983 

1983 

1983 I 

1983 

1983 

1983 I 

RUFS Med 

RA Yes 

sc I DD (9/94) I I Med 
w/LTM 

sc• I I I Med 

sc I DD (9/94) I I Med 
w/LTM 

sc I DD (9/94) I I Med 
w/LTM 

sc I DD (9/94) I I Low 
w/LTM 

RUFS I I I Med 

sc I DD (11/90) 

sc DD (9/94) I I Low 

PAIS I I I Low 

RUFS I I I Med 

sc• I I I Med 
w/LTM 



Table 1-2 

(Continued) 

Fr-31 I Fire Department Training Area I SWMU 39 I Waste oils, solvents, fuels I Unknown I 1983 I RVFS 
SWMU 127, to 1990 
SWMU 135, 
SWMU 170, 
SWMU 171 

OT-32 I Sewer Lines from Primate SWMU PRI-A Carbon-14, iodine, tritium, solvents 1960sto 1983 sc I DD (11/90) 
Research 1981 

SD-33 I Cooking Grease Disposal Pits SWMU 1138 Cooking Grease Unknown 1983 SC' I I I Med 
w/LTM 

~ 
II Vl-.:J"t 1 .;,pGul IVtunutons nun111 ~nc I'""' 1 ~pcnL munutuns ruunus I UIUUIUWR I '"0-' I sc I DD (8/91) 

--0 SS-36 Unconventional Fuel Spill Site SWMU 129, I JP-X, nitric acid, UDMH, analine I 1950s I 1983 I RVFS I I I Med 3 
§ SWMU 178 

...- OT-37 Early Missile Testing Site AOC-L Fuels, lead oxide, nitrate 1947 to I 1983 I sc I DD (9/94) I I Med 
I compounds, acids 1955 1.0 

OT-38 Sled Test Maintenance Area SWMU 137, Waste oils, solvents, paint strippers 1951 to I 1983 I sc I DD (9/94) I I Med 
SWMU 138 1979 

SS-39 I Missile Fuel Spill ISWMU 165, Oxidizers, fuels Unknown I 1983 I RVFS I I I Med 
SWMU 177, to 1975 
SWMU 179, 
SWMU 181 

LF-40 I Causeway Rubble Disposal SWMU 103 Concrete rubble Unknown I 1983 I sc I DD (8/91) 
Site to Present 

OT-41 I Coco Blockhouse Borehole SWMU 192 Propellants, oxidizers 1960s 1983 sc I DD (9/94) I I High 
Disposal Site 

RW-42 I Radioactive Material Burial SWMU Ill Radioactive Material 1950s 1983 SC' I I I Med 
Site ' 

DP-43 I Atlas Electrical Substations AOC-G PCBs Unknown 1983 I CNFA I DD (9/94) I I Med 
to 1979 



Table 1-2 

(Continued) 

OT-44 I Building 301, Aircraft IAOC-P I Heating oil, fuel I Unknown I 1987 I RVFS I I Yes 
Maintenance Hanger 

OT-45 I Old AGE Refueling Station AOC-0 Gasoline, diesel, JP-4 1908 to 1987 I RVFS I I I High 
1980s 

SS-46 I JP-4 Spill Site AOC-S, Waste JP-4 1978 to 1987 sc I DD (11190) 
SWMU 130 1990 w/LTM 

SD-47 I POL Washrack Discharge SWMU 21, Waste JP-4 1953 to 1987 RA' 
Area SWMU22 1993 

~ SS-48 Military Gas Station AOC-N Gasoline Unknown 1992 sc I DD (11/90) I Yes 

....... to present w/LTM 
0 

WP-49 Sewage Lagoons SWMU 139, Hazardous wastes 1943 to 1985 RVFS I I I Med 3 
~ SWMU 140, present 

...... SWMU 155, 
I SWMU 156, ...... 

0 SWMU 184 

50 Waste Disposal Pit NA Cans, Drums Unknown 1991 

RW-51 Primate Research Lab SWMU PRI-S Radioactive material, solvents 1950 to 1991 I sc I DO (9/94) I I Low 
Borehole Disposal present 

OT-52 I Boles and Sand Andres NA Gasoline 1942 to 1991 sc DD (8/91) 
Wellfield Area present 

OT-53 I Bonito Lake NA None 1957 to 1991 sc DD (8/91) 
present 

OT-54 I El Paso Radar Site INA I None I 1942 to I 1991 I sc I DD (8/91) 
present 

OT-55 I Silver City Radar Site NA None 1942 to I 1991 I sc I DD (8/91) 
present 

SS-56 I West Ramp Fuel Spill NA Fuels Unknown I 1987 I sc I DO (10/92) I I High 
to present 

SS-57 Officer's Club NA Diesel fuels, sulfuric compounds 1960 to I 1991 I RA I I I Low 
present 

.. # 



~ r 
~ 
I 
~ 
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Table 1-2 

(Continued) 

SS-59 I T-38 Test Cell Fuel Spill Site I SWMU 19, IP-4 1966 to I 1995 I 
SWMU20 1991 
SWMU229 

SS-60 I Bldg. 828 Fuel Spill Site ISWMU 230 Gasoline, diesel, IP-4 1977 to 1995 I 

1 Site closeout approved. Decision Document to be completed in FY95. 

NA = Not Applicable 
SC = Site Closed 
RA = Remedial Action 
RI = Remedial Investigation 
PA = Preliminary Assessment 
SI = Site Inspection 
FS = Feasibility Study 
RD = Remedial Design 
CNFA =Conditional No Further Action 

1991 

BX = Base Exchange 
SWMU = Solid Waste Management Unit 
AOC = Area of Concern 
UST = Underground Storage Tank 
DD = Decision Document 

PAIS I 

PAIS I 



1.3 ARARs 

Potential chemical-, action-, and location-specific ARARs for environmental 

media at Holloman AFB have been identified. These ARARs pertain to drinking water, 

surface water, groundwater, soils, and USTs. Those ARARs pertaining to drinking water 

have been promulgated pursuant to the New Mexico Drinking Water Regulations (NMED 

1995) and the Federal Safe Drinking Water Act (EPA 1994). Language addressing more 

specific rules and regulations that pertain to these ARARs are found in 20 NMAC 7.1 and 40 

CPR 141.61. Standards for New Mexico drinking water contaminants are listed in Table 

1-3. 

ARARs pertaining to surface water have been promulgated pursuant to the 

State of New Mexico Standards for Interstate and Intrastate Streams (WQCC 1995) and the 

EPA Quality Criteria for Water (EPA 1997). Language addressing more specific rules and 

regulations that pertain to these ARARs are found in 20 NMAC 6.1 and the Federal Clean 

Water Act. Standards for New Mexico surface water contaminants are listed in Table 1-4. 

This table includes the New Mexico standards that consider domestic water supplies, 

irrigation, fisheries (including coldwater fisheries, high quality coldwater fisheries, limited 

warmwater fisheries, marginal coldwater fisheries, and warmwater fisheries), and livestock 

watering. Wildlife habitats are discussed in the text of the State of New Mexico Standards 

for Interstate and Intrastate Streams (WQCC 1995). 

ARARs pertaining to groundwater have been promulgated pursuant to the New 

Mexico Water Quality Control Commission Regulations (WQCC 1993). The standards are 

adopted by the commission under the authority of Section 74-6-4, NMSA 1978 (The New 

Mexico Water Quality Act, Chapter 326, Laws of 1973, as amended.) Regulations are 

adopted by the committee under the authority of Sections 74-6-4 and 74-6-5 NMSA 1978. 

The purpose of these regulations is to control discharges onto or below ground surface to 

protect all groundwater of the state of New Mexico which has an existing concentration of 

10,000 mg/L or less TDS, for present and potential future use as domestic and agricultural 

Holloman 1-12 



Table 1-3 

New Mexico Drinking Water Standards 

Antimony 0.006 

Asbestos 7 million fibers/liter (longer than 10 ~-tm) 

Arsenic 0.05 

Barium 2 

Beryllium 0.004 

Cadmium 0.005 

Chromium 0.1 

Cyanide 0.2 

Fluoride 4.0 

Mercury 0.002 

Nickel 0.1 

Nitrate (as N) 10 

Nitrite (as N) 1 

Total Nitrate and Nitrite (as N) 10 

Selenium 0.05 

Thallium 0.002 

Apply to community and non-transient, non-community water systems 

Alachlor 0.002 

Atrazine 0.003 
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Table 1-3 

(Continued) 

Carbofuran 0.04 

Chlordane 0.002 

Dibromochloropropane 0.0002 

2,4-D 0.07 

Ethylene dibromide 0.00005 

Heptachlor 0.0004 

Heptachlor epoxide 0.0002 

Lindane 0.0002 

Methoxychlor 0.04 
•• - ~~!. 

Polychlorinated biphenyls 0.0005 

Pentachlorophenol 0.001 

Toxaphene 0.003 

2,4,5-TP 0.05 

Benzo(a)pyrene 0.0002 

Dalapon 0.2 

Di(2-ethylhexyl)adipate 0.4 

Di(2-ethylhexyl)phthalate 0.006 

Dinoseb 0.007 

Diquat 0.02 

Endothall 0.1 

Endrin 0.002 ,., 

Holloman 1-14 



Table 1-3 

(Continued) 

-~:li~~:;:,~~~~~:!~ll!ll 
Glyphosate 0.7 

Ilexachlorobenzene 0.001 

Ilexachlorocyclopentadiene 0.05 

Oxamyl (Vydate) 0.2 

Piclorarn 0.5 

Simazine 0.004 

2,3,7,8-TCDD (Dioxin) 0.00000003 

Vinyl Chloride 0.002 

Benzene 0.005 

Carbon Tetrachloride 0.005 

1,2-Dichloroethane 0.005 

Trichloroethylene 0.005 

para-Dichlorobenzene 0.075 

1, 1-Dichloroethylene 0.007 

1, 1, 1-Trichloroethane 0.2 

cis-1 ,2-Dichloroethylene 0.07 

1 ,2-Dichloropropane 0.005 

Ethylbenzene 0.7 

~onochlorobenzene 0.1 

o-Dichlorobenzene 0.6 

Styrene 0.1 
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Table 1-3 

(Continued) 

Tetrachloroethylene 0.005 

Toluene 1 

trans-1 ,2-Dichloroethylene 0.1 

Xylenes (total) 10 

Dichloromethane 0.005 

1 ,2 ,4-Trichlorobenzene 0.07 

1,1,2-Trichloroethane 0.005 

Apply to water systems which serve 10,000 or more individuals and add a 
disinfectant to the water 

Total Trihalomethanes 0.10 

Source: New Mexico Drinking Water Regulations, New Mexico Environmental Departmant, 
Santa Fe, New Mexico, January 1, 1995. 
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Table 1-4 

New Mexico Surface Water Quality Standards 

Domestic Water Supplies 

Dissolved Arsenic 0.05 mg/L 

Dissolved Barium 1.0 mg/L 

Dissolved Cadmium 0.010 mg/L 

Dissolved Chromium 0.05 mg/L 

Dissolved Lead 0.05 mg/L 

Total Mercury 0.002 mg/L 

Dissolved Nitrate 10.0 mg/L 

Dissolved Selenium 0.05 mg/L 

Dissolved Silver 0.05 mg/L 

Dissolved Cyanide 0.2 mg/L 

Dissolved Uranium 5.0 mg/L 

Radium-226 + Radium-228 30.0 pCi/L 

Tritium 20,000 pCi/L 

Gross alpha 15 pCi/L 

Irrigation 

Dissolved Aluminum 5.0 mg/L 

Dissolved Arsenic 0.10 mg/L 

Dissolved Boron 0.75 mg/L 

Dissolved Cadmium 0.01 mg/L 

Dissolved Chromium 0.10 mg/L 

Dissolved Cobalt 0.05 mg/L 

Dissolved Copper 0.20 rng/L 
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Dissolved Lead 

Dissolved Molybdenum 

Dissolved Selenium 

Dissolved Selenium in presence 
of > 500 mg/L S04 

Dissolved Vanadium 

Dissolved Zinc 

Fisheries 

Acute Standardsb 

Dissolved Aluminum 

Dissolved Beryllium 

Total Mercury 

Total Recoverable Selenium 

Dissolved Silvet·c 

Cyanide, amenable to chlorination 

Total chlordane 

Dissolved Cadmium 

Dissolved Chromiume,d 

Dissolved Copper 

Dissolved Lead 

Dissolved Nickel 

Dissolved Zinc 

Total Chlorine residual 

Table 1-4 

(Continued) 

5.0 mg/L 

1.0 mg/L 

0.13 mg/L 

0.25 mg/L 

0.1 mg/L 

2.0 mg/L 

750 p.g/L 

130 p.g/L 

2.4 p.g/L 

20.0 p.g/L 

e(l.72[ln(hardness)]-6.52) p.g/L 

22.0 p.g/L 

2.4 p.g/L 

e(1.128[ln(hardness)]-3. 828) p.g/L 

e(0.819[ln(hardness)]+3.688) p.g/L 

e(0.9422[ln(hardness)]-1.464) p.g/L 

e(1.273[ln(hardness)]-1.46) p.g/L 

e(0.8460[ln(hardness)]+3.3612) p.g/L 

e(O. 8473[ln(hardness)] +0. 8604) p.g/L 
I 

19 p.g/L 
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Chronic Standardse 

Dissolved Aluminum 

Dissolved Beryllium 

Total Mercury 

Total Recoverable Selenium 

Cyanide, amenable to chlorination 

Total Chlordane 

Dissolved Cadmiumc 

Dissolved Chromiumd 

Dissolved Copper 

Dissolved Lead 

Dissolved Nickel 

Dissolved Zinc 

Total chlorine residual 

Livestock Watering 

Dissolved Aluminum 

Dissolved Arsenic 

Dissolved Boron 

Dissolved Cadmium 

Dissolved Chromiumd 

Dissolved Cobalt 

Dissolved Copper 

Dissolved Lead 

Table 1-4 

(Continued) 

87.0 p.g/L 

5.3 p.g/L 

0.012 p.g/L 

2.0 p.g/L 

5.2 p.g/L 

0.0043 p.g/L 

e(0.7852[ln(hardness)]-3.49 p.g/L 

e(0.819[ln(hardness)] + 1.561) p.g/L 

e(0.8545[ln(hardness)]-1.465) p.g/L 

e(l.273[ln(hardness)]-4. 705) p.g/L 

e(0.846[ln(hardness)+ 1.1645) p.g/L 

e(0.8473[ln(hardness) +0. 7614) p.g/L 

11.0 p.g/L 

5.0 mg/L 

0.2 mg/L 

5.0 mg/L 

0.05 mg/L 

1.0 mg/L 

1.0 mg/L 

0.5 mg/L 

0.1 mg/L 
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Table 1-4 

(Continued) 

Total Mercury 0.01 mg/L 

Dissolved Selenium 0.05 mg/L 

Dissolved Vanadium 0.1 mg/L 

Dissolved Zinc 25.0 mg/L 

Radium-226 + Radium-228 30.0 pCi/L 

Tritium 20,000 pCi/L 

Gross alpha 15 pCi/L 

Source: Standards for Interstate and Intrastate Streams, New Mexico Water Quality 
Control Commission, Santa Fe, New Mexico, January 23, 1995. 
• When a classified water of ~e State has more than a single designated use, the applicable 
numeric standards shall be the most stringent of those established for such classified water. 
b The acute standards shall be applied to any single grab sample. Acute standards shall not be 
exceeded. 
c For numeric standards dependent on hardness, hardness (as mg CaC03/I) shall be 
determined as needed from available verifiable data sources including, but not limited to, the 
U.S. Environmental Protection Agency's STORET water quality database. 
4 The standards for chromium shall be applied to an analysis which measures both the 
trivalent and hexavalent ions. 
e The chronic standards shall be applied to the arithmetic mean of four samples collected on 
each of four consecutive days. Chronic standards shall not be exceeded more than once every 
three years. 
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water supply. The standards also protect those segments of surface waters which gain 

because of groundwater inflow, for uses designated in the New Mexico Water Quality 

Standards. The New Mexico groundwater standards apply to the protection of human health, 

the use of groundwater for irrigation, and other domestic water supply uses. These standards 

are listed in Table 1-5. However, TDS in the groundwater under Holloman AFB is greater 

than 10,000 mg/L and these rules do not apply. 

Holloman AFB has an agreement with NMED concerning remediation of 

TRPH-contaminated soils. If the TRPH concentration detected in the soils is less than 

1000 mg/kg and benzene is less than 25 mg/kg then the NMED requires no further action to 

be taken. However, if the TRPH or benzene concentration detected in the soils is greater 

than 1000 mg/kg or 25 mg/kg respectively, the soils must be remediated (Radian Corporation 

1995). 

Standards for groundwater and soils contaminated by leaking USTs are listed 

in the UST Soil/Water Sampling and Disposal Guidelines of the Underground Storage Tank 

Bureau, of the State of New Mexico Environmental Department (USTB 1995). These 

standards are presented in Table 1-6; however, these do not apply. As described above 

Holloman AFB has a letter from NMED setting soil cleanup levels at 1, 000 mg/kg TRPH 

and 25 mg/kg benzene. 
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Table 1-5 

New Mexico Groundwater Standards 

Human Health Standards 

Arsenic 0.1 

Barium 1.0 

Cadmium 0.01 

Chromium 0.05 

Cyanide 0.2 

Fluoride 1.6 

Lead 0.05 

Total Mercury 0.002 
~11,\ 

Nitrate 10.0 

Selenium 0.05 

Silver 0.05 

Uranium 5.0 

Radium-226 and -228 30.0 pCi/L 

Benzene 0.01 

Polychlorinated biphenyls 0.001 

Toluene 0.75 

Carbon Tetrachloride 0.01 

1 ,2-dichloroethane 0.01 

1, 1-dichloroethylene 0.005 

1, 1 ,2,2-tetrachloroethylene 0.02 

" 
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Table 1-5 

(Continued) 

1,1,2-oichlo~dnylene 0.1 

Ednylbenzene 0.75 

Total Xylenes 0.62 

Mednylene chloride 0.1 

Chloroform 0.1 

1, 1-dichloroednane 0.025 

Ednylene dibromide 0.0001 

1, 1, 1-Trichloroednane 0.06 

1,1 ,2-Trichloroethane 0.01 

1, 1 ,2 ,2-tetrachloroednane 0.01 

Vinyl chloride 0.001 

· P AHs: total naphdnalene plus 0.03 
monomednylnaphdnalenes 

Benzo-a-pyrene 0.0007 

Odner Standards for Domestic Water Supply 

Chloride 250.0 

Copper 1.0 

Iron 1.0 

Manganese 0.2 

Phenols 0.005 

Sulfate 600.0 

Total Dissolved Solids 1000.0 
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Table 1-5 

(Continued) 

Zinc 10.0 

pH between 6 and 9 

Standards for Irrigation Use 

Aluminum 5.0 

Boron 0.75 

Cobalt 0.05 

Molybdenum 1.0 

Nickel 0.2 

Source: Water Quality Control Commission Regulations, New Mexico Water Quality 
Control Commission, Santa Fe, New Mexico, November 18, 1993. 
• All standards are in mg/L unless otherwise noted. 
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Table 1-6 

New Mexico UST Standards for Soil and Groundwater 

Benzene 10 

Ethylbenzene 750 

Toluene 750 

Xylenes 620 

EDB 0.1 

EDC 10 

MTBE 100 

Naphthalene 30 

1,1,2 TCE 100 

PCB 20 

Benzo-a-pyrene 0.7 

Lead 50 

Iron 1000 

Manganese 200 

Benzene 10 

Total BTEX 100 (field) 50 (lab) 

Total Recoverable Pet. Hydrocar. 100 

Source: UST Soil/Water Sampling and Disposal Guidelines, Underground Storage Tank 
Bureau, State of New Mexico Environmental Department, March 6, 1995. 
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1.4 Specific Site Evaluations 

This section presents the site-specific evaluation approach taken for the 

Holloman AFB Active IRP sites and addresses the potential for exposure to receptors posed 

by each site based on its proposed future land use. Future land use/reuse options for IRP 

sites will include industrial, commercial, open space, and residential. Figure 1-4 is the 

present land use map and Figure 1-5 is the future land use map. Table 1-7 presents the 

potential exposure pathways posed by the current and future land use of the IRP sites at 

Holloman AFB. 

A table is also provided for each site (Tables 1-8 through 1-26) that discusses 

the site-specific factors that impact the selection of these potential pathways and routes for 

human receptors, as well as deviations from standard protocol for calculating 

screening/cleanup levels. Data availability is also addressed in these tables. 

A conceptual site model is provided for each site (Figures 1-6 through 1-24) 

showing potential pathways, exposure routes, and affected human receptors in relation to the 

IRP site's proposed land use. The conceptual site models were developed based on probable 

future land use. However, screening/cleanup levels will be calculated for each of the four 

possible land uses (commercial, industrial, open space, and residential) and two groundwater 

uses (residential and industrial) for comparative purposes. Some conceptual site models will 

identify exposures in land use scenarios which do not pertain to the site. In these cases, it is 

felt that contaminants have the potential to migrate off-site to areas that are defined as having 

land uses different from that of the site. These potential exposures must be quantified 

according to the land use where they will occur. 

Region VI does not have its own screening methodology for site investigations. 

Therefore, Region m algorithms will be used to calculate screening/cleanup levels for 

Holloman AFB. The groundwater quality, due to natural conditions, precludes the use of 

groundwater at the Base for both domestic and industrial purposes. Therefore, it is assumed 
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that the groundwater underlying Holloman AFB will not be used and no exposure pathway 

exists for groundwater unless it discharges to a surface water. Region lll screening methods 

use a target carcinogenic risk criteria of 1 Q-6 and a target hazard index of 0 .1. 
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Table 1-7 

Future Land Use Summary for IRP Sites at Holloman AFB 

SS-02 POL Spill Site Subsurface soil Industrial Industrial 
No. 1 and surface water 

(arroyo normally 

SD-08 Refuse Surface soil Industrial Industrial 
Collection 
Truck 
Washrack 

SS-12 Fuel Line Spill Surface and Residential Residential 
No. 1 subsurface soil and 

surface water 
(arroyo normally 

OT-14 Former Surface and Industrial Industrial 
Entomology subsurface soils 

SD-15 Refrigeration/ Surface and Industrial Industrial 
Heat Shop subsurface soils 
Washrack 

OT-16 Existing Surface and Industrial Industrial/ 
Entomology subsurface soils Open Space 

SS-17 BX Service Groundwater and Commercial Commercial 
Station Fuel subsurface soils 
Leak 

SD-27 Pad 9 Subsurface soils Industrial Industrial 
Washrack 

LF-29 Former Army Surface and Open space Open space 
Landfill subsurface soils 

FT-31 Fire Surface and Open space Open space 
subsurface soils 

SS-36 Unconventional Surface and Open space Open space 
Fuel Area subsurface soils 

SS-39 Missile Fuel Surface water and Industrial Industrial 
Line subsurface soil 
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Table 1-7 

(Continued) 

OT-44 Building 301, Subsurface soil Industrial Industrial 
Aircraft 
Maintenance 

OT-45 Old AGE Subsurface soil Industrial Industrial 
Refueling 
Station 

WP-49 Sewage Sludge and surface Industrial Open space 
water 

SS-57 Officer's Club Subsurface soil Commercial Commercial 

LF-58 Incinerator Surface and Open space Open space 
Landfill subsurface soils 

SS-59 Subsurface soil Industrial Industrial 

SS-60 828 Subsurface soil Industrial Industrial 
AI' ''f!! 

I 

Site 
,,, 
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Table 1-8 

Holloman Air Force Base 
SS-02 (AOC-T) POL Spill Site No. 1 

Proposed Future Land Use: Industrial. 

Site: Industrial: The site is a 113 acre area located in the vicinity of 
14 former 25,000 gallon above ground storage tanks in the POL Storage 
Area 900ft from the base boundary. Another spill (POL Spill Site 
No. 2, SS-05) is located on the southeastern comer of Site SS-02. 
Overlapping of the two sites occurs. From the early 1960s to the early 
1970s, the former above ground fuel tanks were periodically over-topped 
with JP-4 and Avgas. The tanks were removed in 1987. The site is 
covered with gravel and some vegetation. The POL storage area is 
surrounded by a fence and is located at the Base boundary. 

Types of Waste: JP-4 and Avgas were stored in 14 former 25,000 
gallon above ground storage tanks. 

Surface Water: Dillard Draw is to the east of the site, but outside the 
Base boundary. It normally does not contain water. 

Groundwater: Lead, selenium, 1 ,2-dichloroethane, and BTEX 
compounds have been detected. Groundwater flows towards the 
northeast, east, and southeast towards Dillard Draw. Groundwater is 
approximately 17 ft below ground surface. 

Potential open space exposure of children trespassers at 
Dillard Draw will assume an exposure frequency of 2 days/ 
year to surface water for 1-2 hours/day. Exposure would 
consider wading and contact with feet, hands, and forearms. 

Groundwater at Holloman AFB is not of drinking water 
quality. Neither Holloman AFB nor the public uses 
groundwater beneath the base or in its vicinity as a potable 
water source. Potable water is obtained from treated surface 
water from Bonito Lake (approximately 40 miles northeast of 
Holloman AFB) and mostly from three well fields located 
5-10 miles southeast of the Base. No groundwater exposures 
are assumed. 
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Table 1-8 

(Continued) 

Soil: Lead, petroleum hydrocarbons, and BTEX compounds have been 
detected. 

Sediment: No sediment data available. 

Surrounding Land Use: Open space. A soccer field is approximately 
1,400 ft southwest of the site. The Base boundary is about 900 ft east of 
the site. 

Ecological Factors: The site and surrounding area provides habitat for 
small mammals. 

Data Availability: Soil and groundwater data are available. 

\ 

The SVE system at the site is currently under construction. 
Subsurface soil contamination only. 
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SS-02 (AOC-T), POL Spill Site No. 1, Conceptual Site Model 
Proposed Future Land Use: Industrial 
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Figure 1-6. SS-02 (AOC-T), POL Spill Site No.1, Conceptual Site Model, Holloman AFB 
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Table 1-9 

Holloman Air Force Base 
SD-08 (SWMU 82) Refuse Collection Truck Washrack 

Proposed Future Land Use: Industrial. 

Site: Industrial. The site is located southwest of the POL Storage Area 
and east of the Main Base Area. Refuse collection trucks and equipment 
were washed with soap and water with the rinse waters being dumped to 
the base sewer system. During the 1970s, pesticides were routinely 
sprayed inside the trucks for fly control. The oil/water separator and 
sump at the northeast end of the wash rack tended to overflow when the 
sewer line from the wash rack clogged. Other wash rack areas of 
concern include an engine oil drum storage basin, cracked concrete in 
the wash rack, and stained soils within the site. An asphalt cap with a 
liner is currently being designed for the site. The area is enclosed by a 
fence. Contamination is thought to extend beyond the fence. The wash 
rack has a cement floor, while the rest of the site is covered with dirt 
and gravel. 

Types of Waste: Rinse waters from garbage trucks. In the past garbage 
trucks were sprayed with pesticides to control flies. 

Surface Water: None. 

Groundwater: Pesticides, BTEX, l ,2-dichloroethane, and metals have 
been detected in groundwater. Groundwater flow is to the north to 
northeast. Groundwater depth is approximately 10 ft below ground 
surface. 

Groundwater at Holloman AFB is not of drinking water quality. Neither 
Holloman AFB nor the public uses groundwater beneath the base or in 
its vicinity as a potable water source. Potable water is obtained from 
treated surface water from Bonito Lake (approximately 40 miles 
northeast of Holloman AFB) and mostly from three well fields located 
S-10 miles southeast of the base. No groundwater exposures are 
assumed. 
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Table 1-9 

(Continued) 

Soils: Organochlorine pesticides, beryllium, and lead have been detected 
in soil. 

Sediment: Not applicable. 

Surrounding Land Use: Industrial/Open space. A recycling center, 
communications office, and a baseball field are near the site. Sites 
SS-02 and SS-05 are to the northeast of the site. 

Ecological Factors: The site may provide habitat for small mammals. 

Data Availability: Soil and groundwater data are available. 

Adjacent recycling center and communication office are commercial land 
use. 
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SD-08 (SWMU 82), Refuge Collection Truck Washrack, Conceptual Site Model 
Proposed Future Land Use: Industrial 
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Figure 1-7. SD-08 (SWMU 82), Refuse Collection Truck Washrack, Conceptual Site Model, Holloman AFB 
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Table 1-10 

Holloman Air Force Base 
SS-12 Fuel Line Spill No. 1 

Future Land Use: Residential. 

Site: Residential/open space. The site is located immediately east of the 
main housing area near the Standard Transpipe JP-4 pipeline which 
serves the POL area. 

Types of Waste: Approximately 2,000 gallons of JP-4 leaked from the 
Standard Transoioe oioeline in 1975. 

Surface Water: A storm sewer runs east and west across the site, with 
the surface water flow in an easterly direction towards Dillard Draw. 
The storm sewer was contaminated with JP-4 from the spill, in the past. 

Groundwater: Groundwater is at a depth of approximately 6-8 ft below 
ground surface. It flows in an easterly direction. Trace amounts of 
BTEX were detected during sampling. VOCs were detected in the 
groundwater near the pipeline. 

Soil: Very low levels of kerosene were detected in soils during 

Sediment: No sediment data available. 

Surrounding Land Use: Residential/Open Space. The main housing 
area, including playgrounds, are west of the site. The rest of the area is 
open space. The Base boundary is adjacent to this site. Dillard Draw is 

outside the 

Ecological Factors: The open space around the site provides habitat for 
small mammals, birds, and deer. 

Data groundwater data is available. 

Potential open space exposure of children trespassers of Dillard Draw. 
Will assume an exposure frequency of 2 days/year for 1 to 2 hours/day. 
Exposure would consider wading and contact with feet, hands, and 
forearms . 

Groundwater at Holloman AFB is not of drinking water quality. Neither 
Holloman AFB nor the public uses groundwater beneath the base or in 
its vicinity as a potable water source. Potable water is obtained from 
treated surface water from Bonito Lake (approximately 40 miles 
northeast of Holloman AFB) and mostly from three well fields located 5-
10 miles southeast of the base. No 2roundwater exoosures are assumed. 
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SS-12, Fuel Line Spill No. 1, Conceptual Site Model 
Proposed Future Land Use: Residential 
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Figure 1-8. SS-12, Fuel Line Spill No.1, Conceptual Site Model, Holloman AFB 
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Table 1-11 

Holloman Air Force Base 
OT-14 (SWMU 197) Former Entomology Shop 

Proposed Future Land Use: Industrial. 

Site: Industrial. The Former Entomology Shop was located in Building 
67. Pesticide spraying and washing equipment was rinsed out in an 
approximately one quarter acre open area adjacent to existing Building 
66. Mixing of pesticides with diesel fuel and drum storage also occurred 
at this site. The site is within a fenced area and is covered with asphalt, 
gravel, and dirt. 

Types of Waste: Organopesticides and 2,4-DB. 

Surface Water: There is a storm drain near the site, but no surface 
water in the vicinity . 

Groundwater: 2,4-DB has been detected in groundwater. Groundwater 
flows south-southwest. Groundwater is approximately 7 ft below ground 
surface. 

Soil: Organopesticides have been detected in soils. 

Sediment: Not applicable. 

Surrounding Land Use: Commercial. The CE complex and parking lots 
are near the site. Recreational vehicles are stored in the parking lot 
across the street. 

Ecological Factors: The site is covered with asphalt, gravel, dirt, no 
ecological receptors are present. 

Data Availability: Soil and groundwater data are available. 

Groundwater at Holloman AFB is not of drinking water quality. Neither 
Holloman AFB nor the public uses groundwater beneath the base or in 
its vicinity as a potable water source. Potable water is obtained from 
treated surface water from Bonito Lake (approximately 40 miles 
northeast of Holloman AFB) and mostly from three well fields located 
5-10 miles southeast of the base. No groundwater exposures are 
assumed. 
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OT -14 (SWMU 197), Former Entomology Shop, Conceptual Site Model 
Proposed Future Land Use: Industrial 
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Figure 1-9. OT-14 (SWMU 197), Former Entomology Shop, Conceptual Site Model, Holloman AFB 
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Table 1-12 

Holloman Air Force Base 
SD-15 (SWMU 1) Refrigeration/Heat Shop Wash Rack 

Future Land Use: Industrial. 

Site: Industrial. The site is an approximately 50 square feet area located in the Civil 
Engineering Complex. During the period of active operations, sulfuric acid solutions 
were utilized to de-scale cooling system equipment. The rinse water was discharged to 
a nearby septic tank drain field. The washrack has overflowed numerous times since its 
installation in 1984. Run-off from the washrack collects in an area across the road 10 
ft from the 0/WS. The 0/WS appears to have overflowed as well. The washrack site 
is constructed of concrete, the road between the washrack and 0/WS where overflow 
has occurred is asohalt. The adiacent 0/WS area is covered with 

Types of Waste: Sulfuric acid and waste from de-scaling cooling system equipment. 
Also, oil. 2rease. and other vehicle fluids. 

Surface Water: None. 

Groundwater: Depth to groundwater beneath the site is 4-6 ft below ground surface. 
Groundwater flows south to southwest. 

Soil: Data recentlv 

Sediment: to site. 

Land Use: Industrial, office 

Ecological Factors: This site probably does not provide habitat for animals since it is 
covered with asohalt and 

Data -~~~-•1 .. collected. 

Source: Radian Corporation, April 1994a. 

Groundwater at Holloman AFB is not of drinking water quality. 
Neither Holloman AFB nor the public uses groundwater beneath 
the base or in its vicinity as a potable water source. Potable 
water is obtained from treated surface water from Bonito Lake 
(approximately 40 miles northeast of Holloman AFB) and mostly 
from three well fields located S-10 miles southeast of the base. 
No 2roundwater exoosures are assumed. 
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SD-15 {SWMU 1 }, Refrigeration/Heat Shop Wash rack, Conceptual Site Model 
Proposed Future Land Use: Industrial 
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Figure 1-10. SD-15 (SWMU 1), Refrigeration/Heat Shop Washrack, Conceptual Site Model, Holloman AFB 
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Table 1-13 

Holloman Air Force Base 
OT-16 (SWMUs 118, 132, & AOC -A) Existing Entomology Shop 

Proposed Future Land Use: 

Site: Industrial/ Adjacent open space. The Existing Entomology Shop 
Area, approximately 1/2 acre in size, is located in Building 21. From 
1977 to 1988, rinse waters produced from washing pesticide mixing 
equipment was discharged to an unlined pit on the northwest side of the 
building. In 1988, the discharge was sent into the base sewer system. A 
concrete pit containing a closed plastic container that collects pesticides 
lost down the drain during mixing is located on the southwest side of the 
building. The site is fairly flat and covered with gravel. There is no 
natural vegetation on site. 

Default assumption of 14 days/year exposure frequency will be changed 
to reflect an athletic field recreational scenario. Assuming people will 
visit a recreational facility once a week for six months of the year results 
in an exposure frequency of 26 days/year for 4 hours/day. 

t II Types of Waste: Pesticides and VOCs. 

Surface Water: Some surface water runoff may potentially reach Dillard 
Draw (southeast of the site). 

Groundwater: Pesticides and VOCs have been detected. The 
groundwater flows in a south, southeasterly direction towards Dillard 
Draw. Groundwater depth is approximately 5 ft below ground surface. 
There are no known seeps or springs releasing groundwater into Dillard 
Draw. 

Soil: Pesticides and VOCs have been detected. 

Sediment: No sediment data available. 

Surrounding Land Use: Open space to the south of the site is a soccer 
field. 

Groundwater at Holloman AFB is not of drinking water quality. Neither 
Holloman AFB nor the public uses groundwater beneath the base or in 
its vicinity as a potable water source. Potable water is obtained from 
treated surface water from Bonito Lake (approximately 40 miles 
northeast of Holloman AFB) and mostly from three well fields located 5-
10 miles southeast of the base. No groundwater exposures are assumed. 
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, Table 1-13 

(Continued) 

Ecological Factors: The open areas around the site may provide habitat 
for small mammals and birds. 

Data Availability: Soil and groundwater data is available. 

Source: Radian Corporation, 1994c. 
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OT -16 (SWMUs 118, 132, AOC-A), Existing Entomology Shop, Conceptual Site Model 
• Proposed Future Land Use: Commercial and Open Space 
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Figure 1-11. OT-16 (SWMm1.8, 132, AOC-A), Existing Entomology Shop, Conceptual Site Model, Holloman AFB 
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Table 1-14 

Holloman Air Force Base 
SS-17 BX Service Station Fuel Leak 

Proposed Future Land Use: Commercial. 

Site: Commercial/Residential. The site is on First St. in the main 
portion of the Base, approximately 112 mile from the main gate. The 
site includes a setvice station, convenient store, and car wash. Concrete 
covers the site. Fuel for the station is currently supplied by three above 
ground storage tanks. Before these above ground tanks were in use, fuel 
was supplied by five underground storage tanks, which have been 
removed. Leaking lines from the USTs were replaced after a gasoline 
leak was discovered. Various recovery systems used from 1981 to April 
1993 have recovered approximately 48,100 gallons of free-phase product 
from the water table beneath the site. 

Types of Waste: 100,000 to 150,000 gallons of leaked gasoline from the 
lines leading from five former USTs was discovered in January 1991. 

Surface Water: None. 

Groundwater: Virtually all free phase product has been eliminated by 
previous remediation methods. No other site specific information is 
available. 

~ .. 
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Groundwater at Holloman AFB is not of drinking water quality. Neither 
Holloman AFB nor the public uses groundwater beneath the base or in 
its vicinity as a potable water source. Potable water is obtained from 
treated surface water from Bonito Lake (approximately 40 miles 
northeast of Holloman AFB) and mostly from three well fields located 5-
10 miles southeast of the base. No groundwater uses are assumed. 
Benzene vapors were detected earlier in apartments adjacent to the site 
when free floating products were present. The residents have been 
evacuated and have not been allowed to return. 
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Table 1-14 

(Continued) 

Soil: A 48% average reduction of TRPH content and an 86% average 
reduction in benzene content of the soils bas resulted from previous 
remediations. 

Sediment: Not applicable. 

Surrounding Land Use: Residential/Commercial. The Base Hospital is 
located approximately 420 ft to the northeast, an elementary school is 
located approximately 600 ft to the northwest, and base residential 
housing is located approximately 200 ft to the southeast. 

Ecological Factors: No wildlife was observed on site. 

Data Availability: Soil and groundwater data is available . 

Sources: Walk, Haydel & Associates, Inc., 1991. 
Walk, Haydel & Associates, Inc., 1993b. 

Will consider inhalation of benzene from soils. 
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SS-17, BX Service Station Fuel Leak, Conceptual Site Model 
Proposed Future Land Use: Commercial 
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Figure 1-12. SS-17, BX Service Station Fuel Leak, Conceptual Site Model, Holloman AFB 
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Table 1-15 

Holloman Air Force Base 
SD-27 (SWMU 141) Pad 9 Washrack 

Proposed Future Land Use: Industrial. 

Site: Industrial. The site is an approximately 112 acre area located east 
of Taxiway F near Building 884. The site consists of the pad wash rack 
area, a nearby unlined pit which received the washing residues from the 
wash rack, and a small, abandoned transformer station. The wash rack 
was reportedly used to wash drones and manned aircraft that had flown 
through clouds of nuclear blast materials. A sump and pit on site were 
backfilled. The pit is now overgrown with brush. Part of the site is 
fenced. The site is relatively flat with little or no vegetation. The 
existing vegetation is brush or salt cedar. 

Types of Waste: Waste from the washing of planes after flying through 
clouds of nuclear blast materials. 

Surface Water: None. 

Groundwater: Groundwater has not been evaluated. No information is 
available on flow direction or depth. 

Soil: No radiation levels above background levels were detected; low 
levels of petroleum hydrocarbons have been found; one sample with 
PCBs below health-based levels was detected. 

Sediment: Not applicable. 

This site is located in a remote area not accessible very easily due to its 
location across the flightline. Exposure frequency for industrial scenario 
will be changed to 1/month for 30 minutes/day. 

Groundwater at Holloman AFB is not of drinking water quality. Neither 
Holloman AFB nor the public uses groundwater beneath the base or in 
its vicinity as a potable water source. Potable water is obtained from 
treated surface water from Bonito Lake (approximately 40 miles 
northeast of Holloman AFB) and mostly from three well fields located 5-
10 miles southeast of the base. No groundwater exposure is assumed. 



~ 
3 
§ -I VI -

Table 1·15 

(Continued) 

Surrounding Land Use: Industrial/Open Space. Runways and taxiways 
lie beside the site. The rest of the surrounding land is open space. 

Ecological Factors: The site provides habitat for small mammals. 

Data Availability: Soil data is available. 
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SD-27 (SWMU 141), Pad 9 Washrack, Conceptual Site Model 
Proposed Future Land Use: Industrial 
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Figure 1-13. SD-27 (SWMU 141), Pad 9 Washrack, Conceptual Site Model, Holloman AFB 
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Table 1-16 

Holloman Air Force Base 
.LF-29 (SWMU 104) Former Army Landfill 

Future Land Use: 

Site: Open space. The site consists of three acres located near 
the North Base Building Area. Its boundaries are defmed by a 
small berm that extends 400 ft north-south and 350 ft east­
west. Materials have been dumped outside the berm along the 
southern border. There is no cao on the landfill. 

Types of Waste: Spent munitions and missiles were disposed of 
here by the Army. Construction debris, along with munitions 
and other wastes may have been dumped outside the berm along 
the southern border . 

Surface Water: Storm water drainage is in a sheet flow pattern. 
No surface water in vicinity. 

Groundwater: Groundwater flows to the northeast. 
Groundwater depth is approximately 21 ft. below ground 
surface. 

Soil: The landfill is not capped, therefore fugitive dusts could 
be ~~:enerated from the site. 

Sediment: Not 

Land Use: Open 

Exposure frequency of this unused landfill is assumed to be 
1/month for 30 minutes each visit. 

Groundwater at Holloman AFB is not of drinking water quality. 
Neither Holloman AFB nor the public uses groundwater 
beneath the base or in its vicinity as a potable water source. 
Potable water is obtained from treated surface water from 
Bonito Lake (approximately 40 miles northeast of Holloman 
AFB) and mostly from three well fields located 5-10 miles 
southeast of the base. No l!:foundwater exoosure is assumed. 
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Table 1-16 

(Continued) 

Ecological Factors: The surrounding open space provides 
habitat for small mammals. 

Data Availability: Groundwater and soil data are available. 
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LF-29 (SWMU 1 04), Former Army Landfill, Conceptual Site Model 
Proposed Future Land Use: Open Space 
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Figure 1-14. LF -29 (SWMU 104), Former Army Landfill, Conceptual Site Model, Holloman AFB 
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Table 1-17 

Holloman Air Force Base 
FT-31 (SWMUs 39, 127,135,170, & 171) Fire Department Training Area 

Future Land Use: 

Site: Open space. The site is located north of the Main Base Area and 
west of the current Main Base Landfill and consists of two circular 
gravel lined regions where a mock aircraft and rockets are located. 
Some vegetation covers the site. A JP-4 tank is southeast at the site 
while an oil/water seoarator and disk ran2e oit are north of the site. 

Types of Waste: Up untill979, waste oils, fuels, and solvents from all 
major industrial shops on base were sprayed on the mock aircraft and 
· ·· · Since 1979, onlv new JP-4 has been used. 

Surface Water: None. 

Groundwater: Groundwater monitoring indicates that groundwater 
contamination has occurred. Percolation of wastes and solvents from the 
site into the groundwater has occurred. Groundwater flows in a 
southeasterly direction. Groundwater depth is approximately 20 ft below 
ground surface. 

Soil: Soils have been contaminated from the oil/water separator. Soil 
contamination was detected near the mock plane bum area, the mock 
rocket bum area. and near the JP-4 above 2round stora!Ze tank. 

Sediment: No sediment data available. 

Surrounding Land Use: Open 

Factors: The site nl'nvittP. habitat for small mammals. 

Data : Soil and 

Source: Radian Corporation, 1994c. 

This site is no longer used for fire training exercises. The exposure 
frequency for this site is 1/month for 30 minutes. 

Groundwater at Holloman AFB is not of drinking water quality. Neither 
Holloman AFB nor the public uses groundwater beneath the base or in 
its vicinity as a potable water source. Potable water is obtained from 
treated surface water from Bonito Lake (approximately 40 miles 
northeast of Holloman AFB) and mostly from three well fields located 5-
10 miles southeast of the base. No 2roundwater exoosure is assumed. 



g: 
I= 

~ 
...... 
I 
VI 
-.) 

' 

"" 

FT -31 {SWMUs 39, 127, 135, 170, 171 ), Fire Dept. Training Area, Conceptual Site Model 
Proposed Future Land Use: Open Space 
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Figure 1-15. FT-31 (SWMUs 39, 127,135,170, 171), Fire Dept. Training Area, Conceptual Site Model, Holloman AFB 
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Table 1-18 

Holloman Air Force Base 
SS-36 (SWMUs 129, 132 & 178) Unconventional Fuel Spill Area 

Proposed Future Land Use: Open space. 

Site: Open Space. The site is currently located in the equestrian 
facility. In the past unconventional fuels, including unsymmetrical 
dimethylhydrazine (UDMH), JP-4, inhibited red fuming nitric acid 
(IRFNA), and aniline were received, stored, and mixed in this area. 
Former Buildings 1191 and 1192 had four run-off pits that received all 
spilled fuels and floor washings from the concrete pad storage and 
mixing areas. The pits were filled with concrete and abandoned. The 
First Acid Storage Area, used for storing nitric acid is across the street 
and to the west of the site. The former Aniline Storage area was located 
in Building 1112, just east of Building 1192. The site covered 
approximately 50 acres. The site is currently surrounded by a fence 
with authorized access only. 

Types of Waste: Unconventional fuels, including unsymmetrical 
dimethyl-hydrazine (UDMH), JP-4, inhibited red fuming nitric acid 
(IRFNA),inhibited white fuming nitric acid (IWFNA), and aniline. 

Surface Water: None. 

Groundwater: Low levels of waste fuel have been detected. 
Groundwater occurs in a shallow unconfined aquifer beneath the site 
approximately 30 ft below ground surface. Groundwater in this area of 
the Base flows northwest toward the Lost River drainage basin. Because 
of the extremely slow movement of groundwater, the drainage basin is 
not thought to be affected. 

Soil: No significant levels of waste fuels have been detected. 

The site is located in the equestrian facility where horses are attended. 
However, the pits were below ground and have been filled with concrete 
and covered. There is potential that surface soil could have some 
contamination due to past operations of the tanks such as overfilling; 
however no data is available to support this. The exposure frequency 
for this area is 3 days/week for 2 hours/day. 

Groundwater at Holloman AFB is not of drinking water quality. 
Neither Holloman AFB nor the public uses groundwater beneath the 
base or in its vicinity as a potable water source. Potable water is 
obtained from treated surface water from Bonito Lake (approximately 40 
miles northeast of Holloman AFB) and mostly from three well fields 
located 5-10 miles southeast of the base. No groundwater exposure is 
assumed. 
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Table 1-18 

(Continued) 

Surrounding Land Use: Open space. Approximately 1h mile to the 
south-southwest of the site is a dog training area. 

Ecological Factors: Horses are on site. The site also provides habitat 
for small mammals and birds. 

Data Availability: Soil and groundwater data are available. 

Sources: Radian Corporation, 1994b. 
Radian Corporation, 1994c. 
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SS-36 (SWMUs 129, 132, 178), Unconventional Fuel Spill Area, Conceptual Site Model 
Proposed Future Land Use: Open Space 
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Figure 1-16. SS-36 (SWMUs 129,132, 178), Unconventional Fuel Spill Area, Conceptual Site Model, Holloman AFB 
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Table 1-19 

Holloman Air Force Base 
SS-39 (SWMUs 165, 177, 179 & 181) Missile Fuel Line Spill 

Proposed Land Use: Industrial. 

Site: Industrial. The site consists of the Sled Test Launch Area 
Collection Basin, the Propellant Spill Drain Discharge Box, the Building 
1176 Drainage System, and the drainage system related to the Alpha Pad 
and Building 1176 which cover about 10 acres. The launch pad at the 
south end of the track was constructed with concrete drains and a water 
deluge system. Spilled oxidizers and fuels were delivered to separate 
drains, diluted with water and flushed into the Lost River. In 1975, 
catch basins were installed to collect the spilled liquid fuels. Oxidizer 
vent lines from the engines were also installed and designed to discharge 
into the catch basin. Since 1975, no propellants have been intentionally 
released into the open drains. Waste propellants are currently collected, 
treated, and disposed of in the treatment system located in Building 
1176. The site is adjacent to the Lost River Basin and is covered with 
asphalt roads, gravel, and natural vegetation. 

Types of Waste: Waste fuels found at the site may include JP-4, 
UDMH, aniline, IWFNA, liquid oxygen, JPX, dyes, solid rocket 
propellants, and other compounds. Waste solvents found at the site may 
include TCE. 

Surface Water: Drainage from the site may reach Lost Creek. The 
Lost River may also receive drainage. 
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Table 1-19 

(Continued) 

Groundwater: High levels of VOCs have been detected. 

Soil: High levels of lead and tetrachloroethene have been detected. 

Surrounding Land Use: Commercial. Office buildings surround the site. 

Ecological Factors: The site may provide habitat for small mammals 
and birds. 

Data Availability: Soil and groundwater data are available. 

Groundwater at Holloman AFB is not of drinking water quality. 
Neither Holloman AFB nor the public uses groundwater beneath the 
base or in its vicinity as a potable water source. Potable water is 
obtained from treated surface water from Bonito Lake (approximately 40 
miles northeast of Holloman AFB) and mostly from three well fields 
located S-10 miles southeast of the base. No groundwater exposure is 
assumed. 

Source: Radian Corporation 1994s. 
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SS-39 (SWMUs 165, 177, 179, 181), Missile Fuel Line Spill, Conceptual Site Model 
Proposed Future Land Use: Industrial 
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Figure 1-17. SS-39 (SWMUs 165,177.179, 181), Missile Fuel Line Spill, Conceptual Site Model, Holloman AFB 
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Table 1-20 

Holloman Air Force Base 
OT -44 (AOC-P) Building 301 Aircraft Maintenance Hangar 

Land Use: Industrial. 

Site: Industrial. The site is designated as the area between Building 301 
(an aircraft maintenance hangar), Building 315 (a fuel bam), and 
Building 302 (a training facility). The entire area is covered with asphalt 
and/or concrete. A single 25,000 gallon fiberglass underground storage 
tank has been located on the site. Fences limit access to some areas of 
the site. 

Types of Waste: Liquid hydrocarbons from aircraft fuel spills and/or a 
leak from an underground heating oil tank are potential sources . 

Surface Water: None. 

Groundwater: BTEX compounds and solvents have been detected in 
groundwater. Liquid hydrocarbons were found on the water table during 
an exploratory excavation for sewer lines. The contamination is believed 
to have originated from aircraft fuel spills on the concrete area west of 
Building 301, or from leakage from an underground heating oil tank no 
longer in service that is located south of Building 301. No other site 
specific information is available. 

Soil: TPH and solvents have been detected in the soils. 

Surrounding Land Use: Industrial/Commercial. Flightline shops and 
industrial; operations are near the site. 

Ecological Factors: The site does not provide habitat for animals. 

Data Availability: Soil and groundwater data are available. 

Groundwater at Holloman AFB is not of drinking water quality. Neither 
Holloman AFB nor the public uses groundwater beneath the base or in 
its vicinity as a potable water source. Potable water is obtained from 
treated surface water from Bonito Lake (approximately 40 miles 
northeast of Holloman AFB) and mostly from three well fields located 
5-10 miles southeast of the base. No groundwater exposure is assumed. 
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OT-44 (AOC-P) Building 301, Aircraft Maintenance Hangar, Conceptual Site Model 
Proposed Future Land Use: Industrial 
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Figure 1-18. OT-44 (AOC-P) Building 301, Aircraft Maintenance Hangar, Conceptual Site Model, Holloman AFB 

~ . 
~ . .1' ,i 

~~ 

!I! ~ 

" I ·--.A· 

I() 

"' "' 
' IXl 

' "' 0 

.... 
IXl 
0 
N 
0 
C) 

~ 



g= 
,._. 
6' 
§ 
,._. 
I 

~ 

Table 1-21 

Holloman Air Force Base 
OT -45 (AOC-C) Old AGE Refueling Station 

Proposed Land Use: Industrial. The site is a parking lot for several 
office buildings. 

Site: Industrial. The site consists of four acres located south of 
Building 296 near the intersection of West Delaware Ave. and West 
Fourth St. The site was used to refuel aerospace ground equipment 
(AGE) and was replaced by parking lots in the 1980s. The entire site is 
covered with asphalt, concrete, or landscaping gravel. Three USTs 
storing MOGAS, diesel, and JP-4 fuel were utilized at the old AGE 
station. They were removed in the 1980s along with contaminated soil. 

of Waste: JP-4 and solvents. 

Surface Water: None. 

Groundwater: Free floating product, JP-4 with traces of fuel oil No. 6, 
BTEX, and solvents have been identified in groundwater. The 
groundwater table below the site is approximately 6 feet below ground 
surface. The groundwater flow direction ranges from south to the south­
southwest. 

Soil: TPH, solvents, and BTEX have been detected in soils. Surface 
soil is either covered with gravel or asphalt. 

Surrounding Land Use: Commercial/Residential. Dorms are across the 
street from the site. Other Base support buildings are around the site. 

Groundwater at Holloman AFB is not of drinking water quality. Neither 
Holloman AFB nor the public uses groundwater beneath the base or in 
its vicinity as a potable water source. Potable water is obtained from 
treated surface water from Bonito Lake (approximately 40 miles 
northeast of Holloman AFB) and mostly from three well fields located 
5-l 0 miles southeast of the base. No groundwater exposure is assumed. 

Surface soils are not considered a source of contact with contaminants 
because the site is covered with asphalt, concrete, or landscape gravel 
and no contaminants are thought to be in the surface soils. 
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Ecological Factors: The site does not provide habitat for animals. 

Data Availability: Soil and groundwater data is available. 

Source: Walk, Haydel, & Associates, Inc., 1989. 
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OT -45 (AOC-0), Old Age Refueling Station, Conceptual Site Model 
Proposed Future Land Use: Industrial 
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Figure 1-19. OT-45 (AOC-0), Old Age Refueling Station, Conceptual Site Model, Holloman AFB 
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Table 1-22 

Holloman Air Force Base 
WP-49 (SWMUs 139, 140,155,156, & 184) Sewage Lagoons 

Proposed Land Use: Upen space. 

Site: The site consists of seven sewage lagoons encompassing over 100 
acres located on the southern portion of the base. Wastewater enters the 
system through a headworks where the flow is screened and degritted. 
The flow is then discharged to two aerated lagoons (Ponds A & B), then 
flows through four lagoons in series (Ponds C,D,E, & G). Pond F is 
used to recirculate water from Pond E back to the headworks of the 
system. Discharge from the final lagoon (Pond G) flows via an open 
ditch to Lake Holloman. Overflow from Lake Holloman discharges to 
Lake Stinky. The treatment system receives approximately 1.3 million 
gallons of wastewater daily consisting of domestic wastewater generated 
from offices, shopping and restaurant facilities, and family housing. 

Types of Waste: VOCs, SVOCs, pesticides, PCBs, and metals have 
been discharged in domestic and industrial wastewaters that flow into the 
sewage lagoons. 

Surface Water: The sewage lagoons discharge via an open ditch to Lake 
Holloman. Lake Stinky receives overflow from Lake Holloman at times. 

Groundwater: Low levels of organo chlorine pesticides and metals have 
been detected. 

Soil: Pesticides and metals have been detected in soils. 
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Groundwater at Holloman AFB is not of drinking water quality. Neither 
Holloman AFB nor the public uses groundwater beneath the base or in 
its vicinity as a potable water source. Potable water is obtained from 
treated surface water from Bonito Lake (approximately 40 miles 
northeast of Holloman AFB) and mostly from three well fields located 
5-10 miles southeast of the base. 
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Table l-22 

(Continued) 

Surrounding Land Use: Open space. 

Ecological Factors: The area surrounding the site provides habitat for 
small mammals and birds. 

Data Availability: Soil and groundwater data is available. 
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WP-49 (SWMUs 139, 140, 155, 156, 184), Sewage Lagoons, Conceptual Site Model 
Proposed Future Land Use: Open Space 
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Figure 1-20. WP-49 (SWMUs 139,140,155,156, 184), Sewage Lagoons, Conceptual Site Model, Holloman AFB 
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Table 1-23 

Holloman Air Force Base 
SS-57 (AOC-V) Officer's Club 

Proposed Land Use: Commercial. 

Site: Commercial. The Officer's Club is located in the main base area. 
Strong petroleum and sulfur odors were noticed in the building. 
Groundwater samples collected from the building's sumps were found to 
be contaminated. The club is suspected of being built on a former diesel 
fuel UST site. The site is covered with asphalt. 

Types of Waste: Diesel fuel and sulfurous compounds. 

Surface Water: None. 

Groundwater: Data indicates that groundwater is contaminated with 
diesel fuel and sulfurous compounds. Groundwater depth is 5-8 feet 
below ground surface. Groundwater flow beneath the site is south to 
southwest. 

Soil: Data indicates that soils are contaminated with diesel. 

Air: Carbondisulfide was detected in an air sample during the Phase I 
investigation. 

Surrounding Land Use: Commercial/Residential. A day-care center is 
1h to * miles from the site. 

Ecological Factors: The site provides habitat for small mammals and 
birds. 

Data Availability: Groundwater, air, and soil data are available. 

Source: Radian Corporation, 1994d. 

Groundwater at Holloman AFB is not of drinking water quality. Neither 
Holloman AFB nor the public uses groundwater beneath the base or in 
its vicinity as a potable water source. Potable water is obtained from 
treated surface water from Bonito Lake (approximately 40 miles 
northeast of Holloman AFB) and mostly from three well fields located 5-
10 miles southeast of the base. No groundwater exposure is assumed. 
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SS-57 (AOC-V), Officer's Club, Conceptual Site Model 
Proposed Future Land Use: Commercial 
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Figure 1-21. SS-57 (AOC-V), Officer's Club, Conceptual Site Model, Holloman AFB 
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Table 1-24 

Holloman Air Force Base 
LF-58 (SWMU 231) Incinerator Landfill 

Proposed Future Land Use: Open space. 

Site: Open space. The site consists of the Incinerator Landfill and the 
Incinerator. The suspected landfill, an area 350ft long and 10ft wide, 
is located several hundred yards north of the incinerator on a dirt road 
off De Zonia Rd. several hundred yards south of the former 
unconventional fuels storage area. The incinerator is a 10 ft square 
brick structure with a metal roof and a 30 to 40 ft tall stack that was 
used for disposing of unconventional fuels used for the Aerobee 
sounding rocket. Unconventional fuels were transported to the site in 
tank trucks that parked north of the incinerator at a stainless steel fill 
line with an electrical ground. Approximately 100ft southwest of the 
incinerator is another fill line, presumably for kerosene or diesel used to 
start the burner. Suspected burial area is located in a 700ft by 700ft 
study area northwest of the incinerator. Surface debris was observed in 
this area. 

Types of Waste: Aniline, xylidine, furfuryl alcohol, and other 
unconventional fuels used in the Aerobee sounding rocket. 

Surface Water: Water has been observed to pool on site after rainfall in 
the areas where purple-stained soils were noted. Storm water drainage 
is in a sheet flow pattern. No surface water is located in the vicinity. 

This area is located near the equestrian facility and being an open field 
area there is potential for horses to be riden in the field. Exposure 
frequency will be 1/week for 30 minutes. 
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Table 1-24 

(Continued) 

Groundwater: Depth to groundwater is 30 ft below ground surface. 
Groundwater flows west to northwest. 

Soil: Soils are known to be contaminated. Waste, including 15 empty 
aluminum drums formerly containing white fuming nitric acid, 
miscellaneous deteriorated drums of unknown contents, and yellow- and 
pink-stained soils were found in five distinct areas across the site as the 
result of digging 33 exploratory pits from data obtained from the 
electromagnetic surveys. Purple-stained soils were found near the 
incinerator in which water was observed pooling after rainfall. Soils 
northwest of the incinerator where a burial area is suspected are 
disturbed. 

Surrounding Land Use: Open space. 

Ecological Factors: The site and surrounding area provides habitat for 
small mammals and birds. 

Data Availability: Soil, air and groundwater are available. 

Source: Radian Corporation, 1994d. 
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Groundwater at Holloman AFB is not of drinking water quality. Neither 
Holloman AFB nor the public uses groundwater beneath the base or in 
its vicinity as a potable water source. Potable water is obtained from 
treated surface water from Bonito Lake (approximately 40 miles 
northeast of Holloman AFB) and mostly from three well fields located 
5-10 miles southeast of the base. No groundwater exposure is assumed. 
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LF-58 (SWMU 231 ), hicinerator Landfill, Conceptual Site Model 
Proposed Future Land Use: Open Space 
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Figure 1-22. LF-58 (SWMU 231), Incinerator Landfill, Conceptual Site Model, Holloman AFB 
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Table 1-25 

Holloman AFB 
SS-59 (SWMUs 19, 20 & 229) T-38 Test Cell Fuel Spill Site 

Proposed Land Use: Industrial. 

Site: Industrial. The site is located within the Holloman AFB airfield, 
northeast of Building 638, along the northwest edge of Taxiway A. The 
test cell is also bordered by an access road and a runway. The test cell, 
Building 639, is used periodically to test jet engines. Next to the test 
cell is an outdoor power check pad where T -38 aircraft are tested. A 
5,000 gallon above ground fuel tank, used to supply JP-38 fuel, is 
located at the east comer of the test cell. Two oil/water separators exist 
on-site; one connected to the floor drains of Building 639, and one south 
of the check pad. A 1,000 gallon above ground storage tank is reported 
to have been used for fuel supply. Approximately 2,000 gallons of JP-4 
fuel leaked from the tank via leaking underground pipes. The Test Cell 
and adjacent power check pad are on concrete pads. Interim 
Remediation Activities began in 1993 with an assessment of the 
feasibility of vacuum-enhanced pumping. The system began operation in 
1995. 

Types of Waste: Approximately 2,000 gallons of JP-4 leaked from the 
underground lines leading from the storage tank to the Test Cell. 

Surface Water: None. 

Groundwater: Groundwater depth from surface varies from 5-21 ft 
below ground surface. Groundwater flow is generally to the west­
southwest. Seasonal water table fluctuations have not been determined at 
this site, although some up to 4 feet have been observed at similar sites. 
LNAPL has been detected and approximately 1.8 million gallons of JP-4 
are thought to be floating on the water table beneath the site. A 
contaminated groundwater plume exists. 
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The site is located in a remote area of the Base near the taxiway and 
hush houses. Contamination has been observed only in the subsurface 
soil. Exposure would only occur during intrusive actions of construction 
work. Exposure frequency would occur 125 days/year for 8 hours/day. 

Groundwater at Holloman AFB is not of drinking water quality. Neither 
Holloman AFB nor the public uses groundwater beneath the base or in 
its vicinity as a potable water source. Potable water is obtained from 
treated surface water from Bonito Lake (approximately 40 miles 
northeast of Holloman AFB) and mostly from three well fields located 
5-10 miles southeast of the base. No groundwater exposure is assumed. 
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Table 1-25 

(Continued) 

Soil: Fuel-related contamination was detected in the subsurface soils at, 
just above, and below the water table. TPH has been detected in the 
soils. 

Air: The potential exists for volatile exposures. 

Surrounding Land Use: Open space/Industrial. The surrounding area is 
undeveloped with sparse vegetation. The site is bordered by an access 
road to the southwest, a runway to the north, and a Taxiway to the 
southeast. 

Ecological Factors: The area may provide habitat for small mammals. 

Data Availability: Soil and groundwater data are available . 

Source: Radian Corporation 1994d. 
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SS-59 (SWMUs 19, 20, 229), T -38 Test Cell Fuel Spill Site, Conceptual Site Model 
Proposed Future Land Use: Industrial 
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Figure 1-23. SS-59 (SWMUs 19, 20, 229), T-38 Test Cell Fuel Spill Site, Conceptual Site Model, Holloman AFB 
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Table 1-26 

Holloman Air Force Base 
SS-60 (SWMU 230) Building 828 Fuel Spill Site 

Proposed Land Use: Industrial. 

Site: Industrial. The site is currently used for refueling, maintenance, 
and storage of aircraft ground support equipment as part of the 
Aerospace Ground equipment facility. Building 828 is within a fenced 
compound. Most of the area is covered with asphalt and pavement. A 
vacuum enhanced pumping extraction system is currently being designed 
for the site. 

Types of Waste: Leaks were detected in November 1990 in the 
underground diesel and JP-4 USTs, which were subsequently taken out 
of service. A 4, 700 gallon unleaded gasoline leak was detected from the 
lines leading from an aboveground tank to the pumps in 1991. The lines 
were repaired, and no other leaks have been reported. A gas survey in 
the south side of the interior of Building 827 was conducted after 
complaints of odors were registered with the bioenvironmental 
engineering unit in 1992. 

Surface Water: No surface water is near the site. 

Groundwater: LNAPL has been detected in groundwater. Groundwater 
is present beneath the site at a depth of 6-9 ft below ground surface. It 
has been depressed by LNAPL in the area of the pump island. 
Groundwater flow is generally south-southeast. 

Soil: Fuel-related contamination was detected in the subsurface soils at, 
just above, and below the water table. 

Contamination has been observed in the subsurface soil only. Exposure 
would only occur during intrusive actions such as construction. 
Exposure frequency is assumed to occur 125 days/year for 8 hours/day. 

Groundwater at Holloman AFB is not of drinking water quality. Neither 
Holloman AFB nor the public uses groundwater beneath the base or in 
its vicinity as a potable water source. Potable water is obtained from 
treated surface water from Bonito Lake (approximately 40 miles 
northeast of Holloman AFB) and mostly from three well fields located 
5-10 miles southeast of the base. No groundwater exposure is assumed. 



Table 1-26 

(Continued) 

Air: The potential exists for volatile exposures. 

Surrounding Land Use: Commercial/Industrial. The site is next to 
buildings 821, 827 and the flightline. 

Ecological Factors: The site is not habitat for ecological receptors. 

Data Availability: Soil and groundwater data are available. 

[ Source: Radian Corporation, 1994d. 
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SS-60 {SWMU 230), Building 828 Fuel Spill Site, Conceptual Site Model 
Proposed Future Land Use: Industrial 
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Figure 1-24. SS-60 (SWMU 230), Building 828 Fuel Spill Site, Conceptual Site Model, Holloman AFB 
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