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Abstract

To properly manage the Installation Restoration Program (IRP) in the future, Air Force
remedial project managers (RPMs) need a metric to assist in the selection of remedial
alternatives for the safe and effective clean up of waste contamination sites. If the
baseline site risk assessment indicates that it is necessary to remediate a waste
contamination site, it is important to the RPM that the selection process for remediation
alternatives considers the potential human health and ecological risks associated with the
proposed remediation process. In some instances, the risks may be significant when
compared to the baseline conditions.

The Air Force currently uses the Defense Priority Model (DPM) to assist in setting
priorities for funding remedial actions based on the relative risk at IRP sites. The DPM
provides a numerical score representing the relative potential risk based on the
environmental conditions at a site before remedial actions are taken. This study
investigates the applicability of the DPM to calculate the relative risks that would be
associated with the remedial alternatives under consideration for remediation of the
contamination site characteristics. Furthermore, this study compares the relative risks of
the remedial alternatives to the reduction in baseline relative risk from remedial efforts.
If the relative risk of a remedial activity is greater than the reduction in relative risk of the
contaminated site, a different remedial alternative is desired.

Rescoring the DPM to represent relative risk of a site under remedial action conditions
demonstrates that three factors influence the risk value of a remedial action: waste
quantity, waste containment effectiveness, and waste concentration. Limits of the waste
containment effectiveness factor made it impossible to discern relative risk between
similar remedial alternatives. Furthermore, for all cases of contamination sites under
remedial conditions, the relative risk of the remedial action was less than the reduction in

baseline relative risk due to the improvement in waste containment.

vii




APPLICATION OF A RISK MODEL TO QUANTIFY RELATIVE RISK
OF REMEDIAL ACTIONS

I. INTRODUCTION

General Issue

"[T]he number of hazardous waste sites on the United States Environmental
Protection Agency (EPA) National Priorities List (NPL) exceeds 1,000, and estimates
have been made that the number could grow to 2,000. The United States Congressional
Office of Technology Assessment (OTA) estimated that the list could reach 10,000,
requiring remediation activities well into the 21st century” (Schmelling et al., 1992: 220).
These staggering numbers signify the increasing awareness to rectify the past's hazardous
waste management practices. In the Air Force alone, only 31% of the 4,859 hazardous
waste sites identified at the end of FY93 have been remediated (Raymond, 1994). Air
Force remedial project managers (RPMs) are becoming hard pressed to meet the Air
Force environmental restoration goal, established by the Chief of Staff of the Air Force in
1990, to restore 10% of hazardous waste sites annually with all sites completed by the
year 2000. To justify and properly manage remedial actions in the future, Air Force
RPMs need a metric to assist in the selection of remedial alternatives for the safe and
effective clean up of waste contamination sites.

Under the Comprehensive Environmental Response, Compensation, and Liability
Act process, also referred as Superfund, "public health risk assessments are conducted to
evaluate the risks associated with 'baseline’ conditions at a site, in the absence of
remediation, and are used to evaluate whether remediation of the site is needed"
(Edmisten-Watkin, 1991: 293). Remedial alternatives are later evaluated against nine

criteria established under the Superfund statute:




overall protection of human health and the environment;
compliance with ARARs;

long-term effectiveness and permanence;

reduction of toxicity, mobility, or volume;

short-term effectiveness;

implement ability;

cost;

State acceptance; and

community acceptance (USAF, 1992a: 5-61).
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Selection of the appropriate remedial action for a waste contamination site has typically
been driven by cost and/or technical feasibility (Edmisten-Watkin, 1991: 293).

If the baseline risk assessment indicates that it is necessary to remediate a waste
contamination site, it is important to the RPM that the selection process for remediation
alternatives considers the potential human health and ecological risks associated with the
proposed remediation process. In some instances, the risks may be significant when
compared to the baseline conditions.

The significance in considering potential human health and ecological risks in the
selection of remedial alternatives has been observed in an increasing number of cases in
which the remediation of waste contamination sites created public health concerns
distinctly different than the risks associated with the baseline conditions (Edmisten-
Watkin, 1991: 294). The Washington Post reported in their December 24, 1988 edition
the case of the Rocky Mountain Arsenal Superfund site where "excessive emissions
during excavation forced workers to evacuate the site and caused ne:rby residents to
complain of astringent fumes” (Edmisten-Watkin, 1991: 294). At a number of other
Superfund sites, the EPA has rejected remediation actions involving excavation after
utilizing public health risk assessment procedures for the remedial process.

There are several advantages to considering public human health and ecological

risks prior to adopting a particular remedial alternative. These reasons include:

1. adverse health impacts may occur as a result of exposure to the chemicals
during the remediation process,




2. human or environmental exposure to chemicals increases the liability of the
potentially responsible party,

3. overall costs may increase, and

4. regulatory concern may be heightened (Edmisten-Watkin, 1991: 294).
Public acceptance of a remedial proposal will minimize if a chemical exposure has the
potential to occur. Additionally, these concerns will capture the interest of the media and

possibly generate negative media coverage for the site owner.

Research Problem

In conjunction with the baseline site risk assessment performed under The Agency
for Toxic Substances and Disease Registry (ASTDR) public health assessment guidelines,
the only measures of relative risk performed during the Air Force's Installation
Restoration Program are the Department of Defense's Defense Priority Model and the
EPA's Hazard Ranking System - used for determining if a site is eligible for the National
Priorities List under the Comprehensive Environmental Response, Compensation, and
Liability Act. Both methods use baseline site data to determine the relative risk of the
existing waste contamination site for purposes of prioritization. There is currently no
standard to assist Air Force RPMs in the evaluation and selection of a remedial
alternative based on the risk associated with the remediation action (Clendenin, March
1994). To assist RPM's decision making in the selection of safe remedial alternatives, the
Air Force needs a management tool to assess relative risks associated with remedial

alternatives under consideration.

Research Objectives
The purpose of this study is to develop a metric to assist Air Force RPMs in the

selection of a remedial alternative based on the relative risk of the remediation activity.




This study evaluates the application of existing risk assessment techniques to quantify the
relative risk of remediation alternatives and select the alternative with the lowest relative
risk. Furthermore, it is the purpose of this study to compare the remedial alternative with
the lowest relative risk to the reduction in baseline relative risk from remedial efforts. If
the relative risk of a remedial activity is greater than the reduction in relative risk of the

contaminated site, a different remedial alternative is desired.

Scope and Limitations of Study

The site characteristics that are chosen for purposes of testing the relative risk
model are Air Force groundwater sites contaminated with VOCs such as benzene, ethyl
benzene, toluene, and xylene - fuels and solvents being the most common contaminants
found on Air Force installations (Raymond, 1994). Additionally, groundwater sites are
selected because the most common area of concern at sites on the EPA Superfund list is
groundwater contamination (Schmelling et al., 1992: 220). Furthermore, the EPA has
estimated that VOCs make up 60% of all sites in the intermediate term market (3-5 years)
for cleanup (Foley, 1994). The technologies most commonly associated with the clean up
actions of the waste site characteristics (i.e., groundwater contamination, landfill, surface
impoundment, spill, waste piles) will be applied to the established methodology.

Existing methods for measuring relative risk will be used to demonstrate how they
can be used to assess relative risk of a remedial action. It is not the focus of this research

to evaluate or validate the methods used to assess risk at IRP sites.




IL. LITERATURE REVIEW

The Comprehensive Environmental Restoration, Compliance, and Liability Act
The Air Force established the Installation Restoration Program (IRP) to address

the problems of contaminated sites that pose a threat to public health, welfare, and the
environment. The Air Force is required to comply with the Comprehensive
Environmental Restoration, Compliance, and Liability Act of 1980 (CERCLA), also
known as the "Superfund" statute, and the Superfund Amendments and Reauthorization
Act of 1986 (SARA). CERCLA addresses the identification, characterization and, when
necessary, the cleanup of releases of hazardous substances, pollutants, and contaminants
into the environment from inactive hazardous substances sites (Rudolph, 1993: 1-2).

There exists a number of significant differences regarding the CERCLA process
as it applies to Federal agencies, such as the DoD, versus non-government entities. First,
the DoD, instead of the Environmental Protection Agency (EPA), is the "lead agency" at
DoD sites under Executive Order 12580, response action authority delegated by the
President. The Executive Order gives Federal agencies, such as the DoD, primary
responsibility for seeing that appropriate investigations and response actions are taken at
their respective sites. Second, the "lead agency" status gives the DoD sole authority to
select remedial actions at all non-National Priority Listed (NPL) sites located on DoD
installations. Remedy selection is jointly done by DoD and EPA at NPL sites. Third,
Federal facilities, unlike private sector facilities, have an affirmative duty under CERCLA
to search for potential CERCLA sites (Rudolph, 1993: 1-9).

Figure 1 illustrates the CERCLA multi-step remedial action process. Any and all
remediation actions are initiated by a Discovery and Notification (D&N). Releases are
characterized according to information obtained during record searches and release

reports pursuant to CERCLA reportable quantities.
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Figure 1. The CERCLA Remedial Action Process (USAF, 1992a: 3-17).

Initial evaluation of existing information begins with the Preliminary Assessment
(PA). Its purpose is to determine whether further study is required at the release site.
The PA describes the source and nature of release, evaluates threats to the public health
and welfare and environment, and, pending a no further action (NFA) decision,
recommends subsequent steps required in the remedial action process (USAF, 1992a: 1-
4).

The third step is the Site Inspection (SI). Remedial SI involves the sampling of
soil, groundwater, and surface water, as required by conditions of the release. The report
required at the end of the investigation describes known contaminants at the site,
migration pathways for the contaminants, and receptors at or near the end of the site. If,
at the conclusion of the SI, it is determined that all three conditions do not exist, the site
may be eliminated from further consideration. However, if it is determined that a site
may pose a threat to human health or the environment and a remedial action may have to
be taken, a Remedial Investigation/Feasibility Study should be undertaken. Information
gathered during the SI is provided to the EPA and is used to evaluate relative risk of the

release under the EPA's Hazardous Ranking System (HRS). Sites with a score of 28.5 or




greater are placed on the National Priorities List (NPL), EPA's list of thic countries most
contaminated sites. (Rudolph, 1993: 1-5).

The Remedial Investigation (RI) determines the nature and extent of the
contamination and the nature and extent of the threat to human health and environment.
In the RI, a comprehensive sampling and analysis plan is prepared and enacted to insure
enough data is generated to make decisions about site and waste characteristics, potential
hazards, and applicable treatment options (USAF, 1992a: 1-5). In conjunction with the
RI, remedial action alternatives are developed and screened in the Feasibility Study (FS)
to address the threats to human health and environment. The National Contingency Plan
(NCP) requires the establishment of remedial action objectives and remediation goals in
the development of remedial alternatives (Rudolph, 1993: 1-6). At the conclusion of the
RI/FS stage, a Record of Decision (ROD) is made in the selection of the remedial
alternative. Note, a no further action (NFA) decision is a viable remedial alternative.

The site information gathered during the PA/SI and RI/FS process is used to
score the site using the DoD developed system, called the Defense Priority Model (DPM).
The DPM uses relative risk to prioritize all remedial actions under consideration at DoD
IRP sites. Priority is given for Remedial Design/Remedial Action funding based on
relative risk of the site. The purpose of DPM is to address funding towards the "worst
first." It would be to a RPM's advantage, at this stage in the CERCLA process, to have a
management tool at their disposal to assist in the selection of a remedial alternative by
using a methodology, such as the DPM, to compare the relative risks associated with the
various remedial alternatives under consideration. The purpose of this study is to provide
such a tool.

The last stage of the remedial action process, before Close Out, is Remedial
Design/Remedial Action (RD/RA). The RD/RA stage is the execution stage of

CERCLA. The RD includes establishing information requirements, obtaining design




information from the base, and discussing the design concept with a contractor (USAF,
1992a: 1-6). The RA is the implementation of the cleanup technology.

"Site Closure" is the final point in the CERCLA process when the regulatory
authority no longer considers a site to be a threat to human health or the environment.
Risk Assessment

As can be seen, the CERCLA remedial action process, described above, relies
heavily on risk assessment for the prioritization of clean-up actions based on the relative
threat to human health and environment. Risk assessment provides the scientific data
necessary for making risk management decisions (Masters, 1991: 191). In its broadest
sense, risk assessment is defined as "the strict technical assessment of the nature and
magnitude of risk" (Shelley, 1993: 3). There are a variety of purposes, applications, and
methods for assessing risks to human health and the environment throughout the
CERCLA process. The various applications include both qualitative and quantitative
methods to describe risk. Two risk measurements utilized in the CERCLA process are
quantitative risk assessments and relative risk models (Edwards, 1992: 7).

Quantitative Risk Assessment. Quantitative risk assessments are used in the
estimation of excess risk or adverse impacts of contaminants to exposed populations and
the environment (Edwards, 1992: 7). Risk assessments involve four steps: hazard
identification, dose-response assessments, exposure assessments, and risk
characterization (Shelley, 1993: 23). Results of risk assessments focus or probability of
failure (release) and severity of an adverse response to an exposure of a contaminant
(Shelley, 1993: 43).

The Agency for Toxic Substances and Disease Registry (ASTDR) has established
public health assessment guidelines for assessing excess risk. However, a variety of
inferences can be made from the data at each site and the interpretation of the ASTDR
guidelines. Methods currently used for quantitative risk assessment are controversial

within the field of environmental management. Quantitative risk assessments require




consolidating highly uncertain, conflicting, and complex , if not ambiguous, data
(Shelley, 1993: 6). The results are inferred from data that is "extrapolated well beyond
anything actually measured” to a value that represents the excess risk to a certain
population (Masters, 1991: 191). The controversial nature of the science of risk
assessment as well as public concern, economic benefit, and political influence has made
it difficult to use as a consistent method for quantitative risk assessment (Shelley, 1993:
7.

Relative Risk Assessment. Relative risk assessment is a derivative of
comparative risk analysis. Comparative risk analysis is a procedure for ranking
environmental problems by their seriousness (relative risk) for purposes of assigning
priorities. Typically, a problem is classified by it's type of risk - cancer, noncancer,
health, ecological effects, and so on. The relative risk of a problem is then used as a
factor in determining what priority the problem should receive. (Cleland-Hamnett et al.,
1993: 19)

The principal components of EPA's Superfund program, set forth in
CERCLA/SARA legislation, required EPA to develop a system to assess the relative
degree of risk to human health and the environment at potentially uncontrolled release
sites (Rudolph, 1993: 4-2). The EPA developed the HRS to quantify the relative threat
associated with actual or potential releases of hazardous substances. The HRS is EPA's
primary screening tool for determination of placement of a site on the NPL. Additionally,
it establishes a prioritized list of sites for further investigation and response actions under
CERCLA (USEPA, 1992: 1).

As was previously mentioned, the HRS uses data generated during the PA/SI
phases of the CERCLA remedial action process. The HRS is designed to be a simple

numerical model that assigns a score from 0 to 100 based on:
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1. The likelihood that a site has released or has the potential to release
contaminants into the environment (or , for the soil exposure pathway,
likelihood of exposure).

2. The characteristics of the waste (toxicity and waste quantity).
3. The people or sensitive environments affected by the release. (USEPA,
1990: 1)

Any site scoring 28.50 or greater is eligible for the NPL.

The Defense Priority Model, used by the Air Force, evolved from the Air Force
Hazard Assessment Risk Model (HARM), a relative risk model which was used in the
early 1980s to identify IRP sites based on initial investigations conducted at potential
sites. The DPM was developed to assist Air Force and DoD managers as a tool to aid in
making funding decisions (USAF, 1992b: 1). The DoD chose not to adopt the EPA's
HRS model, but develop their own, for three reasons:

1. the HRS evaluation is done on a base-wide basis instead of by site;

2. the HRS is time intensive; and

3. the HRS is not as good of a model as the DPM in determining relative risk
of sites since it is compared to a threshold of 28.5; any site below 28.5 is not
considered on the NPL and is dropped for prioritization (Edwards, June 1994).

Sites prepared for remedial action, under the Air Force Installation Restoration
Program, are prioritized by the DPM risk score for procurement of remedial action
funding. The DoD policy is to address the worst sites first.

The DPM is applied after extensive site specific data has been collected during the
PA/SI. The data is used to generate a score indicating the relative risk of the site to
human health and the environment (USAF, 1992b: 1). As itis with the EPA's HRS

methodology, the DPM calculates relative risk by considering:

1. The characteristics, concentration and mobility of contaminants found at the
site (hazards).

2. The potential for contaminant transport through the environment (pathways).

3. The presence of potential target populations (receptors). (USAF, 1992b: 1)
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All three must be present to score the risk present at a site. If any one of the three
parameters is missing, risk at the site will not be present.

The DPM is considered a tool in Air Force environmental management.
Management decisions are made using the DPM score in conjunction with additional
information such as mission impact, community concerns, regulatory considerations, and
program efficiencies.

Short-term vs. Long-term Risk. Evaluation of human health risks associated with
proposed remedial actions has generally been qualitative in nature, even though the EPA
guidance document for conducting RI/FS indicates that remedial alternatives need to be
evaluated against both short-term and long-term risks (Edmisten-Watkin et al., 1991:
293). The EPA's Risk Assessment Guidance for Superfund: Volume I - Human Health
Evaluation Manual (Part C, Risk Evaluation of Remedial Alternatives) (RAGS) provides
necessary guidance in the conducting of quantitative risk evaluations for remedial
alternatives. The following synopsis of short-term and long-term risk is found in the
RAGS.

Long-term human health risks associated with a remedial alternative are those
risks that exist from residuals created from the remediation action and those risks that
remain from the incomplete removal of contaminants from the site, or, in more
appropriate terms, the technology's capability of meeting preliminary remediation goals
(PRGs) (1991: 14). Long-term human health risks are considered those risks that remain
after the remediation action is completed.

For the majority of risk evaluations, it is sufficient for the analysis to simply
indicate whether an alternative has the potential to achieve the PRGs or not. However, if
more detail is required for assessment of long-term risk associated with a remedial
alternative, it may be useful to compare remedial alternative's capabilities of achieving
PRGs, whether one may be able to surpass PRGs, or whether one may be able to

accomplish the goal in a shorter time frame (1991: 14).
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In addition, consideration for long-term human health risks must also be given for
remedial technologies that may degenerate existing contaminants into new contaminants
of concern that were not present at the site before remedial actions were implemented
(1991: 9). A RPM will be required to evaluate the risk associated with the new
substances.

Short-term health risks are generally associated with the existing baseline risk of
the contaminant site, established in CERCLA PA/SI phase, plus any new risks that would
occur while implementing the remedial action. Short-term risk exists during the lifetime
of the remedial action and involves the evaluation of potential short-term risk to: (1)
neighboring populations, and (2) onsite workers associated with the remediation (1991:
15). Figure 2 illustrates the short-term and long-term risk factors associated with a

remedial action.

Short-term Risk Factors ong-term Risk Factars

* Population at Risk * Residual Risks

- Neighboring populations - Treatment residuals (S,L,V)

- Onsite workers associated with remediation - Technology efficiency

{concentration of contaminants

* Contaminants Treated remaining after remediation)

- Toxic properties
* Release Sources

- Fugitive gas/volatiles/particulates

- Fugitive dust

- Leachate/seepage/runoff/discharge

* Media Exposure
Remediation

Action

Short-term human heaith risks assoclated with a remedial Long-term human heaith risks
alternative are those rigks that occur during implementation | associated with a remedial aiternative
of the remedial alternative. are those risks that will remain after

the remedy Is complete.

Figure 2. Factors Driving Relative Risk of a Remedial Action
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Potential Significant Releases

The important difference between the baseline site risk assessment and the risk
evaluation of the remedial alternative involves the exposure sources (1991: 16). The
untreated site contamination is the source of exposure for the baseline risk assessment;
whereas, for remedial alternatives, the potential sources of exposure are those releases
that occur from implementation of remedial technologies. Figure 3 illustrates an example
of an exposure for the pump and treat remediation of groundwater contaminated with
volatile organic compounds (VOCs) such as benzene, ethyl benzene, toluene, and xylene
(BETX) - compounds found in petroleum products. With the understanding that an
alternative water source is provided to the population affected by the contamination,
Figure 3 depicts how fugitive VOCs, released into the air medium, are carried by
prevailing winds to the nearby population. As a consequence, failure to completely

capture VOCs through air stripping leads to a short-term human health risk not previously

present.
Transport Medium (Air)
Prevailing Wind Direction
-}
Volatile
Organic
Compounds Groundwater
Exposure / Pump & Treat
P;Im / System
<>

fede |

Site

Figure 3. lliustration of an Exposure Pathway for Remedial Action.
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Appendix A provides a listing established by the EPA of all potential significant
releases associated with each remediation technology on pages 52 to 56. The primary
potential significant releases associated with the air medium are fugitive emissions of
particulates and/or VOCs and stack emissions containing VOCs, metals, particulates, and
products of incomplete combustion. Primary potential significant releases associated
with the groundwater medium, in general, are seepage and leaching, but they can also
contaminate surface water. Runoff and discharge are potential significant releases
associated with surface water, however, they may also contaminate groundwater. Other
potential significant releases that may be associated with a remedial action are seepage or
runoff to nearby soil, disposal of ash and other solid residues, disposal of sludge residues,
disposal or regeneration of spent activated carbon, possible solvent residuals in treated

soils, and disposal of backwash or cleaning residues. (1991: 37-41)
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III. METHODOLOGY

This study investigates the use of an established risk model to determine the
applicability of establishing the relative risks associated with remedial actions for
purposes of selecting the remedial alternative with the lowest relative risk. The purpose
of remedial actions at IRP sites typically involves reducing the volume of the
contaminants and/or limiting the potential for the contaminants to be transported.
However, the remedial action itself may also create, or incr