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EXECUTIVE SUMMARY

This report provides the qualitative risk assessment (QRA) for the 100-FR-1 Source
Operable Unit at the U. S. Department of Energy (DOE) Hanford Site in southeastern
Washington State. The 100 F Area also includes the 100-FR-2 Source Operable Unit and the
100-FR-3 Groundwater Operable Unit.

The 100-FR-1 Operable Unit QRA is an evaluation of risk using a limited amount of
data and a predefined set of human and environmental exposure scenarios and is not intended
to replace or be a substitute for a baseline risk assessment.

This QRA was conducted according to specified methods using validated data from
analysxs of soil representative samples from the 100 F Area. Nothing in the followmg

on indicates that the 100-FR-1 Operable Unit should be removed from the in 1im

Ir su i (IRM) path.

BACKGROUND

Signatories to the Hanford Federal Facility Agreement and Consent Order (Tri-Party
Agreement) (Ecology et al. 1992) (the Washington State Department of Ecology, the U.S.
Environmental Protection Agency, and the DOE) have developed a strategy for early
initiation and completion of waste site cleanups, which is described in the Hanford
Past-Practice Strategy (DOE-RL 1991). This strategy relies, in part, upon the use of QRA
to assist in decision making. The results of the QRA will be used, along with other
information, to make recommendations regarding IRM. The objective of conducting IRM is
to achieve cleanup and reduce risk in a timely and cost-effective manner.

The data for this 100-FR-1 QRA are from historical information and recent limited
field investigation (LFI) sampling. The data are evaluated using the Hanford Site Risk
Assessment Methodology (HSRAM) (DOE-RL 1994) as guidance. The maximum detected
representative constituent concentrations in the top 15 feet of the soil are compared to
Hanford Site background concentrations established in Hanford Site Background: Part 1,
Soil Background for Nonradioactive Analyres (DOE-RL 1993). Constituent concentrations
greater than background (inorganic only) are compared to risk-based benchmark
concentrations. For both the human health and ecological evaluations, maximum constituent
concentrations exceeding either of these criteria are retained for further evaluation.

The contaminants of potential concern are evaluated for human health effects using
exposure scenarios, pathways, and parameters as defined in the HSRAM (DOE-RL 1994).
The QRA is streamlined to consider only two human health exposure scenarios (frequent-use
and occasional-use) with four pathways (soil ingestion, fugitive dust inhalation, inhalation of
volatile organics from soil, and external radiation exposure), based on agreements by the
100 Area Tri-Party unit managers (December 21, 1992 and February 8, 1993). For humans,
risks that might occur under frequent- and occasional-use were included to provide an upper
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bound and reasonable maximum exposure estimates of risk. An evaluation of potential
impact to groundwater associated with each high-priority waste site is addressed in the LFI.

RESULTS

This QRA evaluates a total of 18 high priority and 4 nonprioritized waste sites as
specified in the Remedial Investigation/Feasibility Study Work Plan for the 100-FR-1
Operable Unir (DOE-RL 1992). Historical and recent LFI sampling data were available for
evaluation of 12 of the high priority and 2 of the nonprioritized waste sites. The remaining
waste sites were evaluated using process knowledge from analogous sites in the 100 Area.
Qualitative human health risks were categorized as high (lifetime incremental cancer risk
[ICR]) >10?, medium (10* < ICR <107, low (10° < ICR <10%), and very low (ICR
<10%). The 100-FR-1 Operable Unit waste sites with data are categorized in the
frequent- and occasional-use scenarios in 1993 as follows:

° High frequent-use and medium occasional-use human health risk potential:
- 116-F-1 Lewis Canal
- 116-F-2 (107-F) Basin Overflow Trench
- 116-F-3 (105-F) Fuel Storage Basin Trench
- 116-F-4 (105-F) Pluto Crib
- 116-F-6 (1608-F) Liquid Waste Disposal Trench
- 116-F-10 (105-F) Dummy Decontamination French Drain
- 116-F-14 (107-F) Retention Basin
- Basin Leak Ditch
- EM Bypass Ditch.

o Medium frequent-use and low occasional-use human health risk potential:
- 108-F French Drain
- 116-F-9 Pacific Northwest Laboratories Animal Waste Leach Trench
- 116-F-11 (105-F) Cushion Corridor French Drain.

N Low frequent-use and very low occasional-use human health risk potential:
- 116-F-5 Ball Washer Crib
- Process/Discharge Pipelines.

The risk-driving pathway is external exposure to radionuclides. Specific radionuclides
identified as key contributors to these overall risk estimates were cobalt-60, cesium-137,
europium-152, and europium-154. Under current conditions, human intrusion into
contaminated soils would be prevented such that the soil provides complete radiation
shielding against gamma-emitting radionuclides more than 1.8 m (6 ft) below ground surface.
Even when accounting for shielding, 4 of the 14 waste sites are still rated as having a
medium human health risk (under the occasional-use scenario) because the maximum detected
concentrations exist in the top 1.8 m (6 ft) of soil.

The ecological benchmark for radionuclides is a total internal dose rate of 1 rad/day.
Organism doses that exceeded this dose rate are classified as a high risk. The following sites
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exceeded this dose rate, with strontium-90 as the primary contributor, in the 100-FR-1
Operable Unit: The 116-F-4 Pluto Crib exceeds the 1 rad/day benchmark at the surface
0-1.8 m (0-6 ft) soil profile as well as the total the 0-4.6 m (15 ft) depth. This site was part
of a soil treatability test completed in 1993. The results are reported in DOE-RL (1994).

For nonradiological constituents the following sites exceeded EHQ >1 and the no
observable effect level (NOEL) for wildlife: Eight sites exceeded the wildlife NOEL (EHQ
>1, 1 rad/day) for one or more nonradiological contaminants. These sites include: the
108 French Drain, the 116-F-1 Lewis Canal, the 116-F-2 Basin Overflow, the 116-F-3 Fuel
Storage Basin Trench, the 116-F-4 Pluto Crib, the 116-F-6 Liquid Waste Disposal Trench,
the 116-F-9 Animal Waste Leach Trench, and the 116-F-14 Retention Basin.

The primary nonradiological contaminants of potential concern include arsenic,
barium, cadmium, chromium, cop; , lead, mercury, selenium, silver, and zinc.
UNCERTAINTIES

Uncertainties exist in the human health evaluation for the following reasons:

° identification of contaminants and concentrations are based on historical and
LFI data which are limited and not likely to fully characterize the sites

o a considerable amount of conservatism exists in the exposure assessment (i.e.,
the use of maximum concentrations, the assumptions of frequent-users being at
the site daily as receptors)

o contaminants are assumed to be uniformly distributed across the waste-sites.

Uncertainty exists in the environmental evaluation for the following reasons:

* Data used as a source term were assumed to be available for uptake by site
vegetation. All foodstuffs were assumed to be contaminated.

o The waste sites are primarily covered with cobble or gravel which limits the
amount of vegetation available for ecological foodstuff.

o Modeling from soil to the ecological receptor (the pocket mouse) required a
number of assumptions including soil-to-plant transfer factors or coefficients.
To take the conservative approach, in all cases, the highest transfer factor was

used. '

o Ecological receptors are assumed to spend 100% of their time on the waste
site.

o The highest dose was used to assess qualitative risk, although in reality the

probable actual dose is lower than this extreme.

ES-3
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The 100 Area of the Hanford Site was included on the U.S. Environmental Protection
Agency’s (EPA) National Priorities List (NPL) under the Comprehensive Environmental
I ponse, Compensation, and Liability Act of 1980 (CERCLA). The 100-FR-1 Operable
Unit is located within the 100 Area of the Hanford Site (Figure 1-1).

- The Washington State Department of Ecology (Ecology), the EPA, and the U.S.
Department of Energy (DOE) are signatories to the Hanford Federal Facility Agreement and
Consent Order (Tri-Party Agreement) (Ecology et al. 1992). The signatories have developed
a strategy for the initiation and completion of waste site cleanups at Hanford, which is
described in the Hanford Past-Practice Strategy (HPPS) (DOE-RL 1991). The application of
the HPPS at the 100-FR-1 Operable Unit is discussed in detail in the Remedial
Investigation/Feasibility Study Work Plan for the 100-FR-1 Operable Unit (DOE-RL 1992).

This qualitative risk assessment (QRA) is intended to provide information to assist the
Tri-Party Agreement signatories in making defensible decisions on the necessity of interim
remedial measures (IRM) at the 100-FR-1 Operable Unit (DOE-RL 1992).

1.1 PURPOSE AND SCOPE OF REPORT

~ This report provides the QRA for the waste sites associated with the 100-FR-1
Operable Unit. The QRA is an evaluation of risk for a predefined set of human and
ecological exposure scenarios. It is not intended to replace or be a substitute for a baseline
risk assessment. The QRA is streamlined to consider only two human health scenarios
(frequent- and occasional-use) with four exposure pathways (soil ingestion, fugitive dust
inhalation, inhalation of volatile organics, and external radiation exposure) and a limited
ecological evaluation. The use of these scenarios and pathways was agreed to by the
100 Area Tri-Party unit managers (December 21, 1992, and February 8, 1993).

1.2 OPERABLE UN] BACKGROUND

The Hanford Site is a 1,434 km? (560 mi®) tract of land located in Benton, Franklin,
and Grant Counties in the south central portion of the state of Washington. The 100 F Area
is located in Benton County along the south bank of the Columbia River, in the north central
part of the Hanford Site (Figure 1-1). The 100-FR-1 Operable Unit is 32 km (20 mi)
north-northwest of the City of Richland, Washington and covers approximately 1.3 km?

(0.5 m?. 1t lies predominantly within Section 33, the eastern portion of Section 32, and the
southeastern portion of Section 29 of Township 14N, Range 27E. It is bounded by
north/south Hanford Site plant coordinates N78500 and N82500 and east/west coordinates
W27600 and W33000.

There are three operable units in the 100 F Area. The 100-FR-1 Operable Unit is
one of two source operable units in the 100 F Area. Source operable units include facilities
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and unplani | release sites that are potential sources of hazardous substance contamination.
The groundwater potentially affected by the 100 F Area is the third operable unit, 100-FR-3,
a groundwater operable unit. This QRA addresses the 100-FR-1 Source Operable Unit. The
100-FR-1 Operable Unit contains waste units associated with the original plant facilities
constructed to support F Reactor operation, the cooling water retention basin systems for the
F Reactor, and biological laboratories used to study the effects of radiation on plants and
animals.

The F Reactor was one of nine water-cooled, graphite-moderated plutonium
production reactors built along the Columbia River. It was constructed from 1943 to 1945
and operated from 1945 to 1965. The reactor and most of the facilities associated with it
were retired in 1965.

Biological research was conducted at the 100-FR-1 Operable Unit from 1945 to 1976
to study the effects of radiation on plants and animals. Early biological studies were
conducted to measure the effects of reactor effluent on fish. Later research included the use
of swine, sheep, dogs and rats. Other animals were used to a lesser extent (Deford 1993).

the ..J ‘1 ork Plan RL 1¢ ) provic a detailed
description of the operations conducted in the 100-FR-1 Operable Unit.

Figure 1-2 shows the approximate boundaries of the 100-FR-1 Operable Unit, its
location relative to the other operable units, the high priority waste sites, and waste sites
which were not prioritized.

1.3 OVERVIEW OF THE QRA APPROACH

The following sections provide an overview of the approach used in conducting the
human health and ecological risk assessments in the 100-FR-1 Operable Unit QRA.

1.3.1 Data Evaluation

The purpose of this section is to provide an overview of the information used in the
100-FR-1 Operable Unit QRA. Detailed discussion of data sources is provided in the limited
field investigation (LFI) report for this operable unit. Evaluation of data used in the QRA is
presented in Chapter 2.0. :

1.3.1.1 Historical Data. A majority of the historical data evaluated in Chapter 2.0 was
reported earlier (Dorian and Richards 1978) and was obtained from the 100-FR-1 Operable
Unit Work Plan (DOE-RL 1992). The Dorian and Richards (1978) study reported analytical
results for radionuclides in soil samples. These historical radionuclide concentrations were
corrected for radioactive decay through 1993. The maximum decay-corrected concentrations
were considered further in the QRA. Although standard laboratory methods were used in
sample analysis, the data were not validated. :
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were considered further in the QRA. Although standard laboratory methods were used in
sample analysis, the data were not validated.

1.3.1.2 LFI _ata. The LFI data include analytical results from samples collected in 1993.
Sampling and field activities are summarized in the 100 . ..:1 Operable Unit Work Plan
(DOE 1992). The L. . data collected for individual waste sites were analyzed using
methods specified in the Quality Assurance Project Plan (DC™ RL 19¢7". Samples were
typically analyzed for volatile and semivolatile organic compounds, pesticides,
polychlorinated biphenyl (PCB), radionuclides, metals, and wet chemistry parameters. The
LFI data used in this report were validated according to criteria discussed in the LFI (WHC
1994). The same data set is used in the QRA and the LFI.

In general, both historical and LFI data were used in the identification of
contami 1ts of potential concern (COPC) d in the QRA, as discussed indi " in Ch | r
2.0.

1.3.1.3 General Hanford Site Background Summary. The natural composition of soils at
the Hanford Site has been characterized (DOE-RL 1993a). The characterization effort
involved the determination of the concentrations of nonradioactive analytes in natural soils at
the Hanford Site. This background information is used in the identification of COPC at
100-FR-1 Operable Unit as recommended in the Hanford Site Risk Assessment Methodology
- (HSRAM) (DOE-RL 1994). This approach has the advantage of providing a single set of
background data for assessing risk. The application of this background data is described in
Chapter 2.0. Background concentrations of radionuclides and organic compounds at the
Hanford Site are not available, and detected levels are treated as being above background.
Radionuclide or organic analytes are assumed to be COPC if their concentration exceeds
risk-based selection criteria specified in HSRAM (DOE-RL 1994).

1.3.2 Human Health Evaluation

1.3.2.1 Exposure Assessment. The exposure assessment methodology is presented in
Section 2.2 and Appendices A and C of the HSRAM (DOE-RL 1994). The exposure
assessment is conducted according to a conceptual site model that includes the determination
of exposure scenarios, exposure pathways, exposure parameters, exposure point
concentrations, and the quantification of exposures. The components of the exposure
assessment methodology are individually discussed in the following paragraphs.

1.3.2.1.1 Conceptual Site Model. The conceptual model for the 100-FR-1 Operable
Unit (Figure 1-3) includes the hypothetical exposure pathways to human.and ecological
receptors at the 100 F Area. Figure 1-4 displays the site model used in evaluation of this
QRA as -~ cified in the HSRAM (DOE-RL 1994). The 100-FR-1 Operable Unit QRA
conceptual model does not include potential receptor exposures from contaminant infiltration
into groundwater (DOE-RL 1992).
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1.3.2.1.2 Exposure Scenarios. Under current site conditions, there are no residents
at the 100-FR-1 Operable Unit and institutional controls prevent inadvertent intrusion into
waste sites. Thus, exposures and associated risks presented in the QRA are not actual risks
but are estimates of potential risks under high-frequency use or low-frequency use. The
frequent-use scenario estimates exposures to a hypothetical residential receptor living at each
100-FR-1 Operable Unit waste site. The occasional-use scenario was selected to approximate
the infrequent exposures to hypothetical recreational users of the Columbia River and
intruders on the 100-FR-1 Operable Unit waste sites.

In accordance with the Tri-Party Agreement, 2018 is the earliest year in which the
federal government could release portions of the Hanford Site for nonindustrial uses.
Radionuclide concentrations are corrected for decay to 2018 because this was the date when
remedial actions were intended for completion in the Tri-Party Agreement. The HSRAM
(DOE-RL 1994) (Section 2.2.5.2) identifies that future scenarios will be evaluated in 2018
and 2118. The reduction of human health risks estimated for 2018 reflect the delay of
frequent-use scenario exposures for 25 years. Such reductions in human health risks are
discussed for individual waste sites in Chapter 3.0.

1.3.2.1.3 Exposure Pathways. The pathways evaluated for each waste site and
scenario in the 100-FR-1 Operable Unit QRA are:

soil ingestion

fugitive dust inhalation

inhalation of volatile organics from soil
external radiation exposure.

No modeling of contaminant transport through the environment is used in this
100-FR-1 Operable Unit QRA as specified in the HSRAM (DOE-RL 1994).

1.3.2.1.4 Exposure Parameters. Exposure parameters for the scenarios evaluated in
this QRA are defined in Appendix A of the HSRAM (DOE-RL 1994). Recreational
exposure parameters are used to evaluate the occasional-use scenario and residential exposure
parameters are used to evaluate the frequent-use scenario.

1.3.2.1.5 Exposure Point Concentrations. For purposes of the QRA, the maximum
soil concentration of a COPC measured within the specified depth interval is used as the
exposure point concentration. Historical radionuclide soil concentration data were corrected
to the year 1993 to allow for radionuclide decay. Chapter 2.0 identifies and evaluates the
concentrations used in the 100-FR-1 Operable Unit QRA.

The Washington Administrative Code (WAC) provides 4.6 m (15 ft) as a reasonable
estimate of the depth of soil that could be excavated and distributed at the soil surface as a
result of site development activities (WAC 173-340-740 [6][e]). Because the exposure
scenarios evaluated in this QRA assume receptor contact with surface soil, only constituents
present in the upper 15 ft of site soils are evaluated as COPC. The WAC does not currently
address radionuclides which could result in exposures by other than direct contact (e. g.,
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determined that radiation emitted by r: “onuclides located deeper than 1.8 m (6.0 ft) would
be ef tively sh by the overlying soils (WHC 1993a). The occasional-use scenario is
also evaluated using radionuclide exposure point concent ions derived from the maximum
concentration detected in the upper 1.8 m (6.0 ft) of soil.

Air concentration data specific to individual waste sites were not available for use in
this QRA. Therefore, COPC airborne concentrations are estimated from their respective
maximum soil concentrations. Fugitive dust concentrations are estimated using a particulate
emission fraction (PEF) of 2 x 10’ m*kg. This PEF conservatively assumes that the fugitive
dust concentrations at each waste site are constantly equivalent to the National Primary
Ambient Air Quality Standard for particulate matter of 50 ug/m’ (EPA 1993a).
Concentrations of volatile organic compounds (VOC) are estimated using a volatilization
factor derived from 1 EPA equations (EPA 1988).

_..e data sources and exposure point coni itrations u:  in the human | “th QRA
are ident d in and tabulated _.apter ..0.

1.3.2.1.6 Quantification of Exposures. The methodology for the quantification of
receptor exposures in the various scenarios is presented in the HSRAM (DOE-RL 1994).-
Standard EPA equations (EPA 1989, DOE-RL 1994) are used as the basis for all intake
calculations. Exposures of human receptors to nonradioactive COPC are expressed as
chronic daily intakes (i.e., milligrams of contaminant per kilogram of receptor body weight
per day). Exposures to radionuclide COPC is expressed as total intake in picocuries.

1.3.2.2 Toxicity Assessment. The general procedures for toxicity assessment are presented
in the HSRAM (DOE-RL 1994). The toxicity assessment for the QRA identifies
contaminant-specific toxicity factors and briefly discusses the key toxicities associated with
the detected contaminants. Tables 1-1 through 1-3 provide a brief summary of toxicologic
data for the COPC identified in this 100-FR-1 Operable Unit QRA.

The following assumptions are made with respect to the toxicity parameters used in
the 100-FR-1 Operal © Unit QRA:

. All chromium in soil is assumed to be in the chromium (VI) state.

° In the case of VOC, ingestion toxicity parameters are assumed to be
appropriate surrogates for their respective inhalation toxicity parameters when
inhalation values are not available.

o Toxicity parameters were not available for polycyclic aromatic hydrocarbons.
As a result, risks from these compounds ‘e a source of uncertainty in the
QRA, but the uncertainties are minor (see Section 3.1.1.2).

] When historical data do not specify which uranium isotope was detected,
uranium-238 was assumed. It was assumed that the detected uranium
originated from natural sources which consists of approximately 99 percent
uranium-238 by mass.
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o "Mod te" uncertainty might affect estimates by one to two orders of
magnitude
o "H*~1" uncertainty might affect estimates by more t"  two orders of
magnitude.

The major contributions to exposure assessment uncertainties result from assumptions
concerning land use scenarios, exposure parameters, exposure pathways, and soil
concentrations. Institutional controls that currently prevent frequent-use and 1____it
occasional-use scenario exposu » sur | to be removed, although the future uses of the
site are uncertain at this time. Therefore, the frequent-use and occasional-use scenario
exposure pathways and parameters are used to evaluate the expected upper and lower bounds
of exposures.

Contaminants of po tial concern in subsurface soil were assumed to be accessible
the hypothetic ° receptor by all exposure pathways. Inhalation and ingestion exposures are
generally limited to COPC concentrations located near the surface. This assumption results
in over estimations of receptor exposures, especially in the occasional-use scenario, and at
sites known to be covered with clean soil.

The use of maximum soil concentrations of all COPC from the surface to a depth of
4.6 m (15 ft) introduces "High" uncertainty into the exposure assessment. Spatial
distributions of surface and subterranean COPC concentration are not considered. Because
the maximum observed concentration is assumed everywhere in the surface and subsurface
soil, the potential human exposure is over estimated, especially in the occasional-use
scenario.

An assumption of "infinite source” geometry is used to evaluate individual external
radiation exposures. This assumption is inherent in the EPA toxicity parameters used in this
QRA (EPA 1993a). Exposures calculated using this assumed geometry estimate that a
hypothetical receptor would be exposed to radiation from an infinitely wide and deep soil
column uniformly distributed with the maximum concentrations of all radionuclide COPC.
Because this assumption ignores differences in radiation intensity provided from any other
distribution of COPC in soil, "High" uncertainty is introduced. At certain sites, this
uncertainty causes exposures to be over estimated, and the associated "High" risks to be
dominated by the external exposure pathway.

1.3.2.4.2 Toxicity Assessment Uncertainties. The effects of toxicity assessment
uncertainties may reflect either under- or over-estimations of site risks. Uncertainties
associated with the various toxicity parameters result from:

. using data from animal exposures to predict health eff s in humans

o using dose-response information from a homogeneous animal or human

population to predict potential health effects that may occur in the more
heterogeneous general population
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o using information on dose-response effects from high-dose exposures to predict
effects at low-doses
° using short-term exposure data to estimate effects from chronic exposures, or

vice versa.

The EPA addresses these uncertainties by assigning degrees of confidence to the
published toxicology studies for the compounds in question. An assignment of "Low"
confidence indicates that a change in the toxicity parameter is expected when additional
chronic data become available (EPA 1989). Thus, an assignment of "Low" confidence
implies "High" uncertainty in the toxicity assessment for this QRA. Similarly, a "Medium"
confidence implies "Medium" uncertainty, and "High" confidence implies "Low" uncertainty.
Tables 1-1 through 1-3 include the toxicologic uncertainties associated with the COPC in this
QRA.

1.3.2.4.3 Risk Characterization Uncertainties. The risk characterization process
combines the results of the exposure assessment with the toxicity assessment into a measure
of risks to human health at the e uated waste site. Therefore, uncertainties inherent in the
compor t assessments a propagated into the risk characterization. _onsequently, "High"
exposure assessment uncertainty imparts "High" uncertainty into the risk characterization.

1.3.2.4.4 Uncertainty Evaluation Summary. Use of conservative assumptions
usually results in over estimation of human health risk and increased uncertainty. This
approach serves a useful purpose in this QRA by providing strict criteria for identifying the
contaminants and exposure pathways of concern at the 100-FR-1 Operable Unit. Although
these conservative assumptions serve to simplify the risk characterization process, the
resulting numerical values do not represent the most realistic estimates of risks and hazards
to human health. The use of the numerical risk and hazard estimates in the 100-FR-1
Operable Unit QRA should be limited to comparisons with QRA for other operable units
evaluated using the same methodology (DOE-RL 1994).

1.3.3 Ecological Evaluation

The purpose of the qualitative ecological evaluation is to estimate the present potential
ecological risks from existing contaminant concentrations at the 100-FR-1 Operable Unit for
selected ecological receptors.

The 100-FR-1 Operable Unit is a terrestrial waste unit. The qualitative ecological
evaluation approach relies mainly on professional judgement and experience regarding waste
site stressors, appropriate ecological receptors and primary exposure pathways and uses
existing or limited field data. The QRA is not an absolute measure of risk utilizing detailed
conceptual models and pathway analyses. The operating assumption is that contaminants are
present at the site and the QRA evaluates the estimated risk from these contaminants to an
ecological receptor.
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The approach consistent with the objective of the QRA is to assess the dose to the
Great '~ "in pocket mouse from each of the waste sites within the 100-FR-1 Operable Unit
(DC.. RL 1994). The mouse is used as the indicator receptor because its home range is
comparable to the size of most waste sites and will receive most of its dose from within a
waste site. This allows a risk comparison between waste sites.

1.3.3.1 Problem Formulation. Issues relevant to evaluating the qualitative ecological risk
for waste sites within the 100-FR-1 Operable Unit are the stressor characteristics, the
ecosystems likely to be affected by these stressors, and the possible effects on the receptor
(i.e., pocket mouse) from exposure to physical and chemical stressors.

Stressor Characteristics. The stressors of concern are identified as those
contaminants detected above background. All contaminants exceeding [ “tground are
included in the QRA. A discussion of the identification of stre  's above background and
their concentration are given in Chap  2.0.

All contaminants evaluated have been detected in the soil within the operable unit or
were identified through historical records. The operable unit does not contain surface water
bodies and is not apparently subject to mass flows from surface water runoff. Data on
vegetation sampling from the waste sites, collected under the facility monitoring program,
are included  background information in HSRAM (DOE-T"" 1994). Consequently,
exposure to contaminants in 100-FR-1 was evaluated from a soil source term.

Components of the 100-FR-1 Operable Unit environment that may be affected by
wastes at the site include all parts of the food web shown in Figure 1-4. The indicator
receptor for risk screening is the Great Basin pocket mouse, a herbivore known to occur in
waste sites. A list of site-s; ific plant and animal species, as well as threatened,
endangered, and candidate species will be provided in DOE-Richland Operations Office (RL)
(1994) for the Hanford Site.

Contaminants found in the soil at waste sites within the 100-FR-1 Operable Unit
include radioactive and nonradioactive elements and organic compounds. For nonradioactive
elements and organic compounds, ecological effects were evaluated by uptake of
contaminants from the soil by plants, and by accumulation of these constituents through
ingestion by the pocket mouse. Table 1-4 provides general soil-to-plant transfer coefficients
used for the COPC at the 100-FR-1 Operable Unit.

Radionuclides can induce ecological effects as a result of their presence in the abiotic
environment (external dose rate) and by their incorporation into the body (i.e., internal dose
rate from consumption of contaminated food). The total daily radiation dose rate to an
organism can be estimated as the sum of doses received from all radioactive elements
ingested, residing in the body, and available in the organism’s environment. The
radiological dose rate an organism receives is usually expressed as rad/day.

Receptor Selection. Typically, in a quantitative risk assessment, several trophic

levels and several ecological receptors within the foodweb- are selected for study in order to
encompass receptors of varying sensitivity, to assess different endpoints, and to evaluate
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contaminant transport through different pathways. For the qualitative ecological evaluation,
generally only one receptor is used for limited exposure scenarios and simple endpoints. The
ecological receptor used in this QRA is the Perognarhus parvas (Great Basin pocket mouse).

Endpoint Selection. Endpoints are classified as either assessment endpoints or
measurement endpoints. As stated in Framework for Ecological Risk Assessment (EPA
1992), "Assessment endpoints are explicit expressions of the actual environmental value that
is protected. Measurement endpoints are measurable responses to a stressor that are related
to the valued characteristics chosen as the assessment endpoints.” For the QRA, the
measurement endpoint is the mortality of the Great Basin pocket mouse. No assessment
endpoint has been identified. This is consistent with the objective of the qualitative
ecological evaluation. The dose rate to the pocket mouse was used to screen the level of risk
at an individual waste site. For radionuclides, dose to a mouse is compared to 1 rad/day
(IAEA 1992). For nonradiological contaminants, exposure is compared to toxicity values
and an ecological HQ is determined.

The Conceptual Model. Based on the dest )tions of :ological resources present
or * 2 100-FR-1 Operable Unit waste sites and assuming a contaminant source limited to
the coo 1 log ) 1 be deriv | for the key ecological resources in
Figure 1-4. In general, uptake of contaminants from soil by vegetation serves as the primary
source of contaminant entry into the food chain. Only major routes of exposure to
contaminants are considered for the QRA. For contributions to dose rate, radionuclides are
screened for those which may add significant external ionizing radiation. Contributions to
dose by inhalation and ingestion via preening or grooming contaminated fur are not
documented and are assumed to be minimal for the QRA.

The approach taken in this QRA is to evaluate risk for the small herbivore component
(Great Basin pocket mouse) based on a two-step accumulation model (i.e., soil-to-plant and
plant-to-mouse). Equations relating to dose rate calculations for primary and secondary
organisms are reported in DOE-RL (1994). The accumulation model is operated on a waste-
site-by-waste-site basis. Because the home range of the mouse approximates the size of each
of the waste sites, the mouse is assumed to be exposed to contaminants within the specific
waste site during most or all of its lifetime.

Estimating ecological risks from contamination is problematic when considering
animals whose habitat use extends beyond the operable unit boundaries. For example, the
116-F-4 Pluto Crib site is a relatively small area within the much larger 100-FR-1 Operable
Unit, and the other waste sites are separated from each other by areas where contaminant
concentrations are unknown, but are likely to be much lower than that found in the waste
sites themselves. Consequently, the environment outside the 100-FR-1 Operable Unit as
used by most of the wide-ranging animals in the conceptual model is likely to be a mix of
contaminated and uncontaminated habitats.

1.3.3.2 Analysis Phase. The analysis phase of the qualitative ecological evaluation is a

technical evaluation of the available data used to assess the potential of exposure of Great
Basin pocket mouse to the stressors at each waste site,
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Characterization of :ological Effects. Toxic responses can be induced in mice
exposed to ionizing radiation and to hazardous chemicals. This characterization analyzes the
relationship between the stressor and assessment and measurement endpoints. Because
site-specific toxicity data are not available, potential adverse effects of these agents on the
mouse were predicted based on toxicity data in the literature. The only regulatc _ standard
for radionuclides in the environment is DOE Order 5400.5, which requires exposure to
aquatic organisms to be <1 rad/day. The dose of | rad/day was used as a default value for
the mouse.

Evaluation of Relevant Effects Data. Ionizing radiation can impact wildlife
depending upon the level of exposure. Exposure can be either acute or chronic. Depending
on the exposure concentration, acute exposures can result in mortality, generally
characterized by the LDy, (concentration that will result in 50 percent mortality within the
test group). Other possible effects from acute exposure are physiological and pathological
changes, as well as developmental and reproductive effects. Effects from chronic exposure
include physiological, reproductive, growth, and developmental effects.

To evalua tI chemir ° toxicity to the pocket mouse, intake values for a given
contaminant were comp. :d to the 1 observable effect level (NOEL) . uble 1-5). As
indicated in DOE (1992), toxicity information for terrestrial organisms relied on animal
studies that support the Integrated Risk Information System (IRIS) database (EPA
1993b) and the Health Effect Assessment Summary Table (HEAST) (EPA 1993a). Asa
screening tool, toxicity data presented in the IRIS (EPA 1993b) or in the HEAST (EPA
1993a) database (when absent in IRIS) were used for mammals. ~"nacertainty factors were
applied to the animal toxicity data to correct for differences between species, to modify
lowest observat : effect levels (LOEL) to NOEL and to adjust data obtained through
short-term studies to that which would be expected in long-term studies.

Intake of contaminants by the mouse was estimated using intake parameters obtained
from either published literature or derived from EPA formulas. Intake of contaminants in
vegetation was estimated using an equation adapted from EPA’s Human Health Evaluation
Manual (EPA 1989).

Stressor-Response Profile. A stressor-response profile is prepared for the pocket
mouse at each high priority waste site. This profile included the calculation of radiological
doses and comparison to a threshold of 1 rad/day, as recommended by DOE and

iternational Atomic Energy Agency (1992). In addition, wildlife NOEL are compared to
modeled exposure intakes for nonradiological contaminants.

1.3.3.3 Environmental Risk Characterization. The risk characterization phase evaluates
the likelihood of an adverse effect to the receptor organism. In addition, wildlife NOEL are
compared to modeled dose for non-radiological contaminants. The environmental hazard

iotient (EHQ) was based on a comparison between identified benchmark (adjusted wildlife
NOEL for nonradioactive chemicals or 1 rad/day for radionuclides) and calculated animal
dose or intake.
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Risk Estimation. The toxicological benchmark for exposure of the pocket mouse to
radiation was 1 rad/day. Estimated wildlife NOEL served as benchmarks for exposure to
nonradiological chemicals. The relationship between the benchmark and estimated dose or
intake was expres:  as an EHQ.

EHQ Organism’s Dose
Benchmark Dose

The EHQ ratio is used to assess potential adverse effect to an individual animal. For
example, an EHQ that approaches or exceeds unity would strongly indicate a potential
adverse effect  an individual.

Interp: n of Ecological Significance. T approach . ented for the QRA at
the 1000 -1 _  )le Unit waste sites screened the potential radiation d: : to the pocket
mouse and the potential intat ~~  irdous chemicals by the mouse. The screeni-~ or
qualitative, a__ 'oach models _ _ _ptake from soil to plant to the >use. The ecoiogical
significance of the QRA is limited because limited biological field data exist to support or
refute predicted impacts on individuals. In addition, without field data it is extremely
difficult to ascertain impacts at the population or community level of organization. .
1.3.3.4 Uncertainty. The uncertainty associated with the approach used in the qualitative
ecological evaluation for the 100-FR-1 Operable Unit waste sites is significant because data
used as a source term was assumed to be available for uptake by site vegetation. In addition,
the waste sites are primarily covered with cobble or gravel which limits the amount of
vegetation available for use as an ecological foodstuff. Modeling from soil to the pocket
mouse required a number of assumptions including soil-to-plant transfer factors or
coefficients. A review of the literature produces a range of values. In all cases the highest
transfer factor was used. Other assumptions included estimating the time that a receptor
spends feeding within the unit and that all foodstuff consumed is contaminated. The highest
soil concentration is used to model qualitative risk. Uncertainties are also associated with the
use of NOEL in the estimation of risk from exposure of wildlife to nonradioactive chemicals.
With regard to radionuclides, radioactive decay was<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>