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Executive Summary

The Salmon Site (§5), formerly the Tatum Dome Test Site, is located in Lamar County,
Mississippi, southwest of the city of Hattiesburg and near the communities of Purvis and
Baxterville. It was the site of two nuclear and two gas explosion tests conducted between 1964
and 1970 as part of the U.5. Atomic Energy Commission's (now U.S. Department of Energy
(DOE)) Vela Uniform Program to improve the United States capability to detect, identify, and
locate underground nuclear detonations. The S5 is managed by the DOE Nevada Operations
Office. '

In October 1964, the U.S. Atomic Energy Commission initiated testing activities at the SS with
the detonation of a 5.3 kiloton (kt) nuclear device within the Tatum Salt Dome. This first test,
designated the Salmon Event, was conducted at a depth of 826 meters (2,710 feet). The test
resulted in the formation of a cavity within the salt dome. A second nuclear test, Sterling

{0.38 kt), was detonated in the cavity in December 1968. Two methane/oxygen gas detonations
were also conducted in the cavity formed by the Salmon Event. Diode Tube and Hurnid Water,
both equivalent to 0.32 kt, were detonated in April 1970.

A consequence of these testing activities is that radionuclides generated during the testing were
released into the salt dome, where they are presently contained. During reentry drilling and
other site activities, incidental liquid and solid wastes that contained radioactivity were
generated, These wastes resulted in some soil, groundwater, and equipment contamination at
the 88, During the 1972 decommissioning of the site, most of the contaminated soil and water
were collected and disposed either in the cavity left by the tests or in an injection well, The
equipment was decontaminated and transported to the Nevada Test Site for disposal.
Nonradioactive wastes were disposed in pits at the site; these pits were subsequently backfilled
with ¢lean soil and graded.

The DOE is conducting investigations at the 83 as part of a Remedial Investigation and
Feasibility Study (RI/FS). The RI/FS is the methodology under the Comprehensive
Environmental Response, Compensation and Liability Act (CERCLA) for evaluating hazardous
waste sites on the National Priorities List (NPL). The 88 is not on the NPL, but DOE has

voluntarily elected to conduct the evaluation of the S5 in accordance with CERCLA.
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As a part of the remedial investigation effort, a Baseline Ecological Risk Assessment (BERA)
was conducted at the 88. The purpose of this assessment is to gauge ecological and other
environmental impacts attributable to past activities at the former test facility. This assessment
was designed to be facility-specific so that all stakeholders could participate effectively.

The purpose of the 35 BERA was to

=  Describe the observed or potential magnitude of adverse ecological effect(s) at the $S and
the primary cause(s) of the effect(s)

» Characterize the ecological consequences of the "no further action” remedial alternative,

Abioctic (soil, sediment, and surface water) and biotic (vegetation and mammalian tissues) media
were sampled and analyzed. The site was surveyed and the various species utilizing the aquatic
and terrestrial habitats recorded. Sensitive species identified on site were the gopher tortoise and

Bachman's sparrow.

Data gathered in the field were used in the problem formulation process to select constituents of
potential concern (COPC) and identify ecological receptors. The concerns identified for surface
waters were aluminum, arsenic, and radiation sources; for sediments, arsenic, barium, cadmium,
lead, manganese, zinc, and radiation sources; and for surficial soils, copper, lead, and radiation
sources. Potential radiation sources included tritium and radionuclides detected by gamma
spectroscopy (alpha, beta, and gamma omitters) and were taken as COPC in terms of total
radiation dose received by an ecological receptor. Potential exposure routes and effects of the

COPC to the 8S receptors were also identified.

Exposure of ecological receptors was characterized by analyzing the transport and fate of COPC
through calculations of exposure point concentrations (EPC) for the various media. The
95-percent upper confidence limit of the mean constituent concentrations for all samples,
soil/fwater partition coefficients (K}, and bioconcentration factors were considered. Biological
tissues analyzed included fish, loblolly pine, a crop plant sample, small mammals, a raccoon,

an opossum, and several white-tailed deer. Sampled species were selected as ecological
receptors, representing producers and various trophic Jevels. Species not sampled were also
selected, including the sensitive species, and all top consumers represented by the red-tailed
hawk and the great blue heron.
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Effects to these receptors were characterized by comparison of EPC and tissue concentrations (o
established criteria, benchmarks, and literature-derived toxicity values. Radiation dose modeled
for the mouse, fish, and great blue heron did not exceed established protective criteria.

Inorganic COPC in the aquatic ecosystems were eliminated when EPC did not exceed
established criteria for the protection of aquatic life. Aluminum exceeded the criteria for surface
water in the site samples, and in the reference samples. This is believed to be indicative of high
natural levels at the 8§, The calculated aquatic EPC for barium and manganese did not exceed
values estimated to have adverse effects in freshwater systems; however, residue levels in fish
tissue samples were found to exceed reference concentrations. No data were available 1o
determine if these tissue levels were toxic. No acute toxicity was observed in toxicity testing,

and most communities appeared unimpaired according to Rapid Bioassessment Protocol metrics,

Terrestrial biota tissue results were compared with values reported in the literature, and it was
determined that no adverse effects would be expected due to copper or lead. Calculations made
to determine the dose of copper and lead to the red-tailed hawk yielded results well below
literature-derived No Observable Adverse Effects Levels. Based on residue concentrations in
ficld collected animals, it was concluded that no adverse effects would be expected for sensitive
species or game birds at the 88.

Risk was characterized from these exposure and effects data in the context of uncertainty
analysis and potential data gaps. Potential data gaps include the lack of toxicity data for barium
and manganese and the lack of game bird and reference-site tissue data. Although localized
arcas of elevated contamination exist at the site, there is enough evidence to conclude that the
assessment endpoints were met in being protective of communities and populations at the S85.
The no action alternative would be acceptable unless the desire is to be protective of individual
organisms. To that case, removal of isolated arcas of elevated contamination should be

considered.
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1.0 Introduction

1.1  Background

The overall objective of the Salmon Site (SS) Project is to conduct an investigation in
accordance with the U.5. Environmental Protection Agency (EPA); Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLAY; U.S. Department of
Energy (DOE) Orders; and Mississippi Department of Environmental Quality guidelines.
Although the 85 is not listed on the National Priorities List, the DOE has voluntarily elected to
conduct the evaluation in accordance with CERCLA. This Baseline Ecological Risk Assessment
(BERA) was prepared as part of the CERCLA methodology for characterizing the nature and
extent of risks posed by uncontrolled hazardous waste sites. The BERA provides the basis to
determine whether remedial actions are necessary and, if so, the justification for performing

thern at the 85.

1.2 Objectives
The primary objective of this BERA is to determine if the constituents present in environmental
media at the S8 have caused, or could cause, an adverse ecological impact. Specific objectives

of this assessment were to

* Review existing site-related ecological data and, if necessary, perform additional field
surveys to identify natural resources and terrestrial and aquatic ecological receptors on and

near the site.
* Summarize these data into a description of ecological conditions at the site.

= Develop a conceptual model to identify reasonable site-specific exposure pathways and
potential terrestrial and aquatic ecological receptors,

» Select constituents of potential concern (COPC) based on results of chemical analysis of
abiotic media samples, using physicochemical and ecologically relevant criteria.

» Perform an ecotoxicological assessment (that includes field measurements and laboratory
bioassays) to determine the potential for COPC to induce adverse ecological effects in
identified terrestrial and aguatic ecological receptors, then identify constituents of
concern (COC) and their potential for inducing adverse effects on ecological conditions
at the site.
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* Prepare a baseline assessment report that documents the analyses and intcrpretation of
results obtained from the field surveys, laboratory investigations, and ecotoxicological
analyses. When adverse impacts are suggested but not quantifiable with available data,
identify critical data gaps, define additional data requirements, and make
recornmendations for additional investigations.

These objectives were met through three phases of investigation that were tailored to the specific
circumstances and conditions for the $8. Phase I included a general field survey of the flora and
fauna associated with the site, placing particular emphasis on identifying sensitive ecosystems,
endangered species and their critical habitats, and species possibly consumed by humans or
found in human food chains. Sensitive ecosystems include wetlands, floodplains, wildlife
breeding areas, and wildlife refuges. This work was described in reports submitted to the

DOE Nevada Operations Office (IT, 1992a and 1993). Phase 1l investigations included
collection of biclogical tissue and site-related media samples, as well as field monitoring and/or
observation, bioassay, and analytical investigations. Phase I involved comparison and
evaluation of field data, analytical findings, and bioassay data to relevant criteria and other
applicable standards, as available, and culminated in the submission of this BERA report.

1.3  Organization
This report is organized in the following manner, which is consistent with the organization
suggested in the Framework for Ecological Risk Assessment (EPA, 1992):

Section 1.0 Introduction: Outlines objectives and scope for this assessment and provides
general information on the facility being investigated.

Section 2.0 Area Description: Gives a broad-based discussion of ecological and ecologically-
related resources and features in the region.

Section 3.0  Problem Formulation: Reviews available information in order to provide an
understanding of the current extent of potential problems at the site. Information
presented includes available environmental sampling data and identified
ecological receptors for each trophic level.

Section 4.0  Exposure Characterization: Characterizes contaminant transport and fatc
phenomena, identifies specific ecological receptors, and quantifies exposure point
concentrations from both primary and secondary exposure pathways.

Section 5.0  Ecological Effects Characterization: Discusses quantitative links between

contaminant concentrations and effects in receptors. Literature reviews are the
primary source of such dose-respense information.
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Section 6.0  Risk Characterization: Estimates and describes potential risks to ecological
receptors, populations, communities, and ecosystems of interest. An uncertainty
analysis 13 also included in this section.

Section 7.0  References: Contains bibliographic information for Sections 1.0 through 6.0.
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2.0 Area Description

2.1 Site Location

The 88 is located in Lamar County, Mississippi, near the communities of Baxterville and Purvis.
The site is comprised of approximately 595 hectares (1,470 acres) of land in Sections 11, 12, 13,
and 14 of the Township 2 North, Range 16 West, 5t. Stephens Meridian. The test site is
rectangular with boundaries that run north-south and east-west. Access to within 1.6 kilometers
(one mile) of the site is by way of the Columbia-Purvis County road from Purvis. A network of
gravel and sand roads provides access to various locations within the site. A general location

map of the area is presented in Figure 2-1.

2.1.1 She Description

The SS was leased by the government and contractor-operated as part of the U.S. Atomic
Energy Commission's (AEC) nuclear weapons testing program. The land is currently owned by
the DOE, which also holds the exclusive rights to all subsurface activity at the dome. The test
site was decommissioned by the DOE in June of 1972. A granite monument (latitude 31° 08’
32" north, longitude 89° 34’ 12" west) marks the location of surface ground zero (S§GZ), which
is the ground surface point directly above the nuclear test activities. In 1988, the DOE submitted
a Preliminary Assessment of the site to the EPA. This assessment concluded that the residual
levels of radioactivity in the vicinity of SGZ were not sufficiently high to warrant listing the
former facility as a Superfund site.

2.1.2 Site Maps

Aerial photographs taken at different times during the life of the project were used to assist in
locating and defining areas of past DOE activity. The photographs were also used to interpret
and evaluate site conditions and activities over time.

From the aerial photographs, archived construction maps, and on-site field work, base maps for
the S8 were prepared (Figure 2-2). For planning the remedial investigation, the sites on the 55
were organized into Source Areas (SA) based on the nature of the activities, geographic
proximity, and physical setting. Six SAs have been established at the 85 (Figures 2-3

through 2-8) each containing from one to nine individual sites (Table 2-1).

2.2 Sources of Site Historical Data
The SS has been extensively investigated as a part of the DOE activities at the site and

monitoring by federal and state agencies. An extensive data base of information on the
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Table 2-1
Sites within each Source Area,
Salmon Site

Source Area (SA) 1 - Surface Ground Zero

TIMMmMOOd®>

1 1 L]

Shot Cavity, Surface Ground Zero
Beaver Pond

Half Moon Creek Overflow Pond
Postshot No. 1 Slush Pit & Mouse Heole
Bieed-Down Plant Area

East Substation

E-14 Pad and Mud Pits

E-6 Decontamination Pad

Posishot No. 2 Mud Pit

SA-2 - Northern Disposal Area
2-A Reynolds Electrical & Engineering Co., Inc., Disposal Pits
2B Claan Burmn Pit
2-C  Clean Bumn Pit
2-D Gas Pump

SA-3 = Southern Disposal Area
3-A Mud Storage Pits/South Borrow Pit
3-B Big Chief Drilling Storage Area
3-C Site E-2 and E-7
3-D Government Storage Area 1 (Drilling Storage Yard)
3-E Government Storage Area 2

SA-4 - Western Disposal Area
4-A Reserve Mud Pits
4-B Debris Burial Pit
4-C Waest Substation
4.0  CH Fuel Storage
4-E Cable Storage
4-F South Substation
4-G North Substation

SA-5 - Injection Weall Area
5-A HT-2 Wall Area
5-B HT-2M Well Area
SA-6 - Hallcopter Pad and Storage Area

6-A Helicopter Pad and Storage Area
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operation, waste generation, disposal activities, and physical setting of the site is available.
Historical environmental data collected from the early 1970s through 1990 on the 85 are
chronicled in the following reports:

= Cleanup Summary Report, Tatum Dome Test Site, Mississippi, June 1972 (NVO-129)
(DOE, 1972)

= Long-Term Radiological Surveillance Program, Tatum Dome Test Site, Revised March 1975
(NVQ-143) (DOE, 1975)

» Special Study: Tatum Dome Test Site Lamar County, Mississippi, Final Report,
October 1978 (NVO-200) (DOE, 1978)

*  Animal Investigation Program, Mississippi Results (EPA, 1974)
s The Tatum Dome Project, Lamar County, Mississippi (NV0O-225) (DOE, 1980)

+  Onsite and Offsite Environmental Monitoring Report: Radiation Monitoring Around Tatum
Salt Dome, Lamar County, Mississippi (EPA, 1990)

= Tatum Salt Dome Radiological Monitoring, Annual Report, March 1990 (MDOH, 1990).

2.2.1 Site Operational History and Current Status

In 1961, the AEC (now the DOE) conducted exploratory drilling, surveying, and road
construction at a site located on the Tatum Salt Dome in Lamar County, Mississippi

(AEC, 1972). The Tatum Salt Dome was selected as the site of the AEC's Vela Uniform
Program designed to determine if a salt dome couid be used to mask the seismic signature of
underground nuclear tests. Construction for the Salmon test started in early 1963 with the
boring of an emplacement shaft into the salt dome. In October 1964, the Salmon device was
detonated at a depth of 828 meters (m) (2,716 feet [ft]). The Salmon event had a reported yield
of 5.3 kilotons (kt) and resulted in the formation of a cavity with a radius of approximately

33 m (108 ft) within the salt dome (AEC, 1972). Following the event, the point of detonation
was investigated by drilling back into the cavity and sampling the contents. To reduce the risk
of radioactivity being released from the cavity to the environment during the re-entry drilling, a
bleed-down plant was constructed. Gases released during the re-entry boring were routed to the
bleed-down plant where they were filtered to reduce the radioactivity to regulatory standards
prior to release to the aimosphere.

A second nuclear event, Sterling (0.38 kt), was detonated in December 1966 in the cavity
formed by the Salmon Event, Both events were fully contained so there was no uncontrolled
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venting of gases or particulates to the surface. There was a minor release of gaseous, radioactive
materials during cable cutting and sealing of the holes for the Sterling event (DOE, 1971). Ttis
expected that any such releases would have been quickly dissipated to the atmosphere.

Two methane/oxygen gas detonations were also performed in the cavity left by the Salmon
Event. The two tests, Diode Tube and Humid Water, were part of the Miracle Play Series
events, both had yields of 0.32 kt, and were detonated in February 1969 and April 1970,
respectively,

Following the Humid Water event the DOE began clean-up, restoration, and decommissioning
activities at the site.

As a consequence of the testing activities, radionuclides were released into the salt dome where
they are presently contained. During re-entry drilling and other site activities, incidental liquid
and solid wastes were generated that contained radioactivity. These wastes resulted in some soil,
groundwater, and equipment contamination at the site. Most of these wastes and contaminated
s0il and water were cleaned up and disposed of, either in the shot cavity or in an injection well,
The equipment was decontaminated and transported to the Nevada Test Site (NTS) for disposal.
Nonradioactive wastes were disposed in pits at the site, which were backfilled with clean soil
and graded. The DOE plugged 34 of the 39 exploratory and monitoring wells that were
constructed between 1961 and 1972. The site was officially decommissioned on June 30, 1972,

Environmental monitoring at the S8 was initiated in 1964 by the Public Health Service and
continued until May 1970. Long-term hydrologic monitoring was initiated in 1972 by the EPA
and continues to the present. As a part of this monitoring, all potable aquifers, many individual
water wells, public water supplies, and some surface waters have been and are currently sampled
annually in the vicinity of the $8. The MSDEQ, Division of Radiological Health (DRH), also

conducts a quarterly monitoring program.

In addition to the monitoring program maintained by the EPA, the DOE is currently conducting
a Remedial Investigation and Feasibility Study (RI/FS) (IT, 1992b}) that includes this BERA.
Preliminary activities started in July 1992, but the major intrusive tasks could not be conducted
until DOE owned the land. The following outlines activities that have been conducted on site
since July 1992:
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July 1992 Initiation of surveys and RI/FS Work Plan:

Fioodplai | Wetland I .
- Wetlands delineation

National Envi { Poli S
- Avian

- Mammalian

- Reptile/amphibian (gopher tortoise identified on site)
- Vegetation

- Historical/archaeological

Aquatic Surveys
- Rapid Bioassessment Protocols
- Established surface water/sediment sampling stations

Initial Geonhysical Investizati

- Established grids and collection of magnetometer data

Qctober 1992 Gopher Tortoise Survey

- Located burrows and habitat evaluation

~ontinuation of Geophysical §
- Cleared survey grids

- Ground penetrating radar (GPR)
- Magnetometer

February 1993 Sample Collection

- Surface water
- Sediment
- Biota
* Fish, mammals, aquatic invertebrates
- Expanded geophysical survey
+ Line cutting, GPR, magnetometer

April 1993
- Sampled SAs for soil and vegetation
- Continued geophysical survey
= Line cutting, GPR, magnetometer

Angust 1993 Continuation of RI/FS Work Plan
- Expanded geophysical investigation by 100 percent
* (learing lines, GPR, magnetometer
- Clearing/grubbing of areas to be used for investigation-derived
waste (IDW) Storage and Decontamination Pad
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September 1993 - Construction of new bridge/bypass on Half Moon Creek
- Repaired and widened site roads
- Continued geophysical survey
- Installed fence around decontamination pad

October 1993 - Completed geophysical surveys
- Flagged well and cone penetrometer (CPT) locations

November 1993 - CPT
» Cleared 18 sites
+ Stratigraphy logs
« Sampled groundwater and soil with the CPT rig
- Installed 2 wastewater tanks at the decontamination pad

December 1993 - Trench Excavations
» Dug 17 trenches in Reynolds Elecirical & Engineering Co., Inc.,
pits to locate the magnetic anomalies identified through
geophysical surveys
» Soil sampled from around buried anomalies
- Trench Closure
- Cleared and prepped two drill pads at SGZ

January 1994 - Site Closure
» Moved waste/drums off site
* Moved all equipment to office compound
« Sampled wastewater tank
» Closed office trailer and demobilized IT Corporation personnel as
of January 21

2.2.2 Hazardous Substance and Waste Management

Both radioactive and hazardous wastes were generated as part of the normal operations at the 8§,
During operation, more than 100 people worked at the S8 requiring fuel, electricity, sanitation,
waste disposal, and the storage and use of hazardous materials. In addition, following each of
the test events, reentry holes were drilled into the shot cavity to determine the subsurface effects
of the explosion. These drilling operations generated the largest volume of residual waste

materials, primarily contaminated drill cuttings and fluids.

Many of the individual sites within the SAs were investigated during site decommissioning, and
contaminated soils and equipment were consolidated and disposed. Radioactively- contaminated
equipment was decontaminated and shipped to the NTS for disposal. Radioactively-
contaminated soil and drilling fluids were transported to the SGZ area and injected into the shot

cavity. Radioactively-contaminated water was also injected into the deep brine aquifer used for
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the disposal of oil field brines. Nonradicactively-contaminated wastes were primarily disposed
by landfilling them on site.

The initial activities completed under the RI/FS at the SS produced some IDW. These are stored
on site pending completion of the land acquisition. Construction debris, such as concrete, steel
landing mat, and old culverts from the Half Moon Creek bridge bypass construction was piled to
either side of the new bridge. These materials have been surveyed for gross radiological
contamination, and samples were analyzed at a laboratory for radiation with negative results.
All trees that were removed in the process of building the IDW storage area were piled to the
east of the main road near the decontamination pad. These trees are creating a potential
biological hazard because they are infested with bark beetles that may attack the live trees along
the edges of the IDW storage area. Within the decon-pad compound there are approximately
4,500 gallons of stored waste water from decontamination of the CPT equipment. Laboratory
analyses indicate no radiological or hazardous COCs in the water.

2.3 Issues of Public Concern

At the present time, members of the surrounding cormnmunity are concerned that past activities at
the salt dome may pose a risk to the environment and public health. Concerns to the BERA
include the following:

= [s radionuclide contamination present in the on-site environmental media?
= [s nonradionuclide contamination present in the on-site environmental media?
+ If present, what is the nature and extent of contamination?

Several long-term monitoring programs have been funded by DOE and conducted by EPA and
MSDEQ/DRH. In the 18 plus years since these programs were initiated, no radioactivity above
naturally occurring background levels has been detected in any of the off-site water supplies.
Studies conducted by the MSDEQ/DRH and EPA have found no unusually high incidence of

cancer in humans within Lamar County.
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3.0 Problem Formuliation

Problem formulation is the first step of the ecological risk assessment process. Problem
formulation can be defined as a systematic planning step that identifies the major factors to be
congidered in a particular assessment (EPA, 1992). It establishes the goals, breadth, and focus of
the assessment and is linked to the regulatory drivers and policy context of the assessment. The
process begins with the initial characterization of the exposure and ecological effects, including
evaluating the stressor characteristics, the ecosystem potentially at risk, and the ecological

effects expected or observed. Problem formulation describes the relationships among
assessment and measurement endpoints, data required, and methodologies that will be used to
analyze the data.

3.1 Site Description

This section describes and discusses the physical and biological characteristics of the 85. These
characteristics (i.¢., geology, water resources, climate, existing use, and biota) provide the
building blocks from which the conceptual model of the site was developed.

Overall, the SS has largely returned to a namral state and, except for the monument erected by
the DOE at SGZ, there is little indication of the past activities at the site. The arcas where soils
were excavated have been back filled and seeded and now have a well established cover of
vegetation, Numerous species of flora and fauna are abundant at the former test site, and the
area is currently used for timber production and hunting.

3.1.1 Physical Feaiures

The S8 is situated in the low hills of the pine woods area of the Gulf Coast region. This area is
characterized by narrow, flat-topped ridges and intervening valleys that trend predominantly in a
south-southeast direction toward the Gulf of Mexico. The maximum relief on site is
approximately 30 m (100 ft) with elevations ranging from 75 to 110 m (246 to 360 ft) above
mean sea level. Surface ground zero lies east of Half Moon Creek, the principal drainage from

the site.

The 58 is situated on the northern edge of the Mississippi Salt Basin. The geologic strata
deposited in the basin are typically interbedded, discontinuous sandstones and shales with local
marls, evaporites, and limestones. Regionally the sediments dip gently to the south and
southeast, Locally, the dip may be modified by the intrusion of salt domes.
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The S8 is Jocated in the Adantic and Gulf Coastal Plain Groundwater Region. Groundwalter
occurs throughout the region in a vertical series of aquifers, with the surficial aquifer generally
located less than 30 m (100 ft) below surface. On a regional scale, groumdwater flow is
primarily in a southerly or southeasterly direction. However, the hydrogeologic conditions on
the local, near-dome scale, are very complex because of the effect of the dome. At SGZ, the
alluvial aquifer extends from near ground surface to a depth of about 12 m (39 ft) below the land

surface.

Surface drainage at the 55 is through three creeks: Hickory Hollow, Grantham, and Half Moon
Creeks. These creeks receive groundwater discharge in the dry season from the alluvial aquifer,
which may transport contamination along with it. Tritium and trace levels of organic
constituents have been detected in groundwater from the alluvial aquifer near SGZ. Ponds
located on the §3 also represent important hydrologic elements. The ponds of most concern
with regard to contaminated groundwater discharge are the Beaver Pond and Half Moon Creek
Overflow Pond (Figure 3-1).

3.1.2 Blological Features

The S8 is located within a belt of pine forest that extends along the coastal plains of the South
Atlantic and Gulf States. The pine forest is a seral stage of the temperate deciduous forest,
These forests can be classified into either one of two major types: loblolly/short leaf and
slash/long leaf pine. The continued dominance of the pine species is dependent upon periodic
fires and cutting, without which the pines would be replaced by hardwoods, such as oaks
(Quercus sp.), hickory (Carya sp.), and magnolia (Magnolia sp.). Most of the 5SS is open,
long-leaf pine forest with a shrub understory.

The diversity of vegetation and perennially available water provide suitable habitat for
whitetailed deer (Odocoileus virginianus); armadillo (Dasypus novemcinctus); eastern cottontail
rabbit (Sylvilagus floridanus); coyote (Canis latrans); raccoon (Procyon lotor); opossum
(Didelphis marsupialis), beaver (Castor canadensis); squirrel (Tamiasciurus hudsonicus and
Sciurus carolinensisy, several species of small rodents; and numerous bird, reptile, and
amphibian species. The small creeks and ponds on site provide limited habitat for large fish
species, but do support populations of minnows, which provide forage for egrets, herons, and
other piscivorous species. A complete listing of all flora and fauna observed on site is presented
in Tables 3-1 through 3-6.
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Table 3-1

Species List - Vegetation Survey,

July 13 to 19, 1992,
Salmon Site
(Page 1 of 3)

Gommon Name Sclentific Name
[ ) Polypodiaceas

Sansitive Fam Onocilaa sensibilis
Gramineas

Green Bristlegrass Setaria viridis

Bristlegrass Sataria sp.

Foxtaii Alopecurus sp.

Girasses Gramineae sp.

Cord Grass Spartina pactinata
Cyperacase

Bladder Sedge Carex intumascens

Umbrelia Sedge Cyperus strigosus
Juncacem

Canada Rush Juncus canadensis

Toad Rush Juncus bufonius
Nymphacaceas

Fragrant Water Lily Nymphaea odorata
LiHmcaan

Common Greenbriar Smilax rotundifolia

Long-Stalk Greanbriar Smilax pseudochina

indian Cucumber Root Medaols virginiana
Juglsndacess

Bitternut Hickory Carya cordiformis
Fagaceae

Biackjack QOak Quercus marilandica

Willow Qak Quarcus phelios

Water Oak Quaercus higra

Laurel Oak Quercus laurifolia
Laurscose

Sassafras Sassafras albidum
Hamamelidacess

Sweetgum Liquidambar styraciflua
Rosacaae

Blackberry Rubus aflegheniensis

Blackcherry Prunus serotina
Anacardiscese

Poison lvy Toxicodendron radicans

Winged Sumac Toxicodendron copallinum

—_ |
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Tabie 3-1
Species List - Vegetation Survey,
July 13 to 19, 1992,
Salmon Site
(Page 2 of 3)

Common Name | Scientific Name ||

|

Aceraceae

Red Maple Acer rubrum
Cornacene

Water Tupelo Nyssa agquatica

Black Gum Nyssa sylvatica

Flowering Dogwood Cornus florida
Qleacom

White Ash Fraxinus americana
Composiae

Boneset Eupatorium perfoliaturn

Tickseed Sunflower Bidens sp.

Ragweed Ambrosia artemisiifolia

Goldenrod Solidago sp.

Bearded Tickseed Bidens aristosa
Rubiacese

Buttonbush Cephalanthus occidentalis
Annonpcase

Pawpaw Asiming triloba
Taxodiaceas

Baldcypress Taxodium distichum
Paimae

Saw Paimetto Seronoa rapens
Ebanacess

Common Parsimmon Diogpyros virginiana
Magnolincese

Yellow Poplar Lirlodendron tulipifera

Southern Magnolia Magnoiia grandiflora
Myricacens

Southern Bayberry Myrica cerifera
Aguifoliacess

American Holly llex opaca
Pinacess

Loblolly Pine Pinus laeda

Lohgleaf Pine Pinus palustris

Shortleat Pine Pinus echinata
Ericacens

Hooded Pitcher-Plant Sarracenia minor
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Table 3-1

Species List - Vegetation Survey,
July 13 to 19, 1992,
Salmon Site
(Page 3 of 3)

Typhacassa

Common Cattail Typha Iatifolia
Erlocaviacese

Common Pipawort Eriocaulon septanguiare
Aracean

Arrow-Arum Peltandra virginica

Jack-in-the-Pulpit Arisaema triphyllum
Orchidaceae

Snowy White Orchid Habenaria nived
Leguminosae

Rattlebox Crotalaria sagittalis

Partridge Pea Cassin fasciculata
Ericaces

Box Huckleberry Gaylussacia brachvcera
Gentlanaceas

Marsh Pink Sabatia stellaris
Caprifoliacens

Japanese Honeysuckle Lonicera japonica
Guttiforas

Common 5t. Johnswort Hypericum perforatum
Scrophulariscess

Old Field Toadflax Linaria cahadensis
Ranuncuiacese

White Baneberry Actasa pachypoda
Amaranthacese

Gireen Amaranth Amaranthus retroflexus
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Table 3-2
Species List - Avian Survey,
July 13 to 19, 1992,
Salmon She
(Page 1 of 2)

Scientific Name

Common Name

Wood Duck Aix sponsa

White Ibis Eudocimus albus
Cattle Egret Bubulcus ibis

Green Heron Butorides striatus
Broad-Winged Hawk Buteo piatypterus
Red-Tailed Hawk Buteo jamaicensis
Mississippi Kite Ictinia mississippiensis
Barred Owl Strix varia

Black Vulture Coragypes atratus
Northern Bobwhite Colinus virginianus
Wild Turkey Maleagris gallopavo
Common Flicker Colaptes auratus
Red-Bellled Woaodpecker Melanerpes carolinus
Downy Woodpecker Picoides pubsscens
Great Crested Flycatcher Myiarchus crinitus

Eastern Wood Pewee

Contopus virans

Northem Rough-Winged Swallow

Stelgidoptaryx serripennis

Chimney Swift Chaetura pelagica
Common Nighthawk Chordelles minor
Bluejay Cyanocilta cristata
Amarican Crow Corvus brachyrhynchos
Carolina Chickades Parus carolinensis
Tufted Titmouse Parus bicolor

Carolina Wren Thryothorus ludovicianus
Northerm Mockingbird Mimus polyglottos
Brown Thrasher Toxostoma rufum
American Robin Turdus migratorius
Woaod Thrush Hylocichia mustelina
Blue-Gray Gnatcather Polioptila caerulea

Pine Warbler Dendroica pinus
Common Yellow-Throat Geothlypis trichas
Hooded Warbler Wilsonia citring
Swainson's Warbler Limnothlypis swainsanii
Prairiea Warbler Dendroica discolor
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Table 3-2

Species List - Avian Survey,
July 13 - 19, 1892,
Saimon Site
(Page 2 of 2)
" Common Name | Sclentific Name ]l
Scarlet Tanager Piranga olivacea
Summer Tanager Piranga rubra
Northem Cardinal Cardinalis cardinalis
Blue Grosbeak Guiraca caerulea
Indigo Bunting Fasserina cyanea
House Finch Carpodacus mexicanus
Rufous-5ided Towhae Pipite erythrophthalmus
Bachman's Sparrow Aimophila aestivalis
Table 3-3
Species List - Reptiles and Amphibian Survey,
July 13 to 19, 1992,
Salmon Site
Common Name Scientific Name
Amphibians
Eastemn Narrow-Mouthed Toad Gastrophyme carolinensis
Squirrel Treefrog Hyila squirelia
Slimy Salamander Plathodon glutinosus
Alabama Waterdog Necturus alabamensis
Bronze Frog Rana clamitans clarmitans
River Frog Rana heckscheri
Southern Dusky Salamander Desmognathus auriculatus
Southemn Cricket Frog Acris grylius grylius

Four-Toed Salamander

Hemidactylium scutatum

Reptiles
Southeastern Five-Lined Skink
Gopher Tortoise
Green Anole
Ground Skink
Fence Lizard
Easterm Box Turtle
Northern Brown Snake
Water Snake (unidentified)
Wastern Cottonmouth
Southern Toac

Eumeces inaxpeciatus

Gopherus polyphemus

Anolig carolinensis

Seincella laterale

Sceloporus undulatus

Terrapene carolina carolina
Storaria dekayi dekayi

Nerodas sp.

Agkistrodon piscivorus leucostoma
Bufo terrastris

Tabie 3-4

Species List - Mammalian Survey,
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Table 34
Species List - Mammalian Survey,

July 13 10 19, 1992,
Salmon Site
Common Name ! Scientific Name
Armadillo®™ Dasypus novemcinctus
Blg Brown Bat" Eptesicus fuscus
Myotis® Myolis sp.
Eastern Cottontail*® SyMvilagus floridanus
Squirrel™ (Grey or Fox) Sciurus sp.
Coyoteb Canis latrans
Domestic Dog® Canis familiaris
Domestic Cat® Folis catus
White-Talled Deer"™ Odocoileus virginianus
cIdentified by sighting
cldentiﬂad by tracks
Jdentifled by scat
identified by sound
Table 3-5
Species Collected,
February 22 to 28, 1993,
Salmon Site
Scientific Name

White-Tailed Deer Odocoileus virginianus

Raccoon Procyon lotor

Opossum Diclaiphis marsupialis

Eastern Cottontail Syiviagus floridanus

Marsh Rabbit Sylviagus palustris

Pine Vole Pitymus pinetorum

Short-Tailed Shrew Blarina brevicauda

Eastern Woodrat Neotoma floridana

Mice Peromyscus s.
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Table 3-6
Fish Biosurvey Results,
July 13 to 19, 1992,

Salmon Site
Aquatic Survey Stations
Common Name Genus Species
BeP-1 | BaP-2 | GRCA GRC-2 HHC-1 HHC-2 HOP-1 GiP-1 HMC-1 HMC-2 HMC-3 HMC-4 HMC-5
Bass Family: Centrarchidae X
Black Banded Darter | Percina migrofasciata X
Blacksiripe Fundufus notatus x?
Topminnow
Blacktzail Shiner MNokropis vanusia X
Blusgill Lepomis macrochiris X x*
Broadsiripe Fundufus suryzonus X
Topminnow :
Brown Bullhead Amaiwris nebulosus .4 X
Charryfin Shiner Lylhrurus roseipinnis x® x? X x? x* X?
ChestriAd Lamprey fohihyomyzon X
castaneus
Flagfin Shiner Nolropis signipinnis X X2 X X
Gulf Dartar Etheosioma swaini X
Mosquito Fish Gambusia affinis X
Silversiripe Shiner MNotropis siifbuis X
Starhead Fundufus notli x? X
Topminnow
Yellow Bullhead Ameiurus nalalis X
Alabama Walerdog Neclurus alabamensis X
Lessar Sken Siren intermedia X

aIm:lic:atv:-as dominant specias at that slation
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3.1.3 Species of Special Concern

Only two species listed as either threatened, endangered, or sensitive are known to inhabit the
58. These are the gopher tortoise (Gopherus polyphemus), (federally-listed threatened and state-
listed endangered) and Bachman's sparrow (federal Category 2, information insufficient to list).
However, the habitat supporting these species on the 35 is not unique in any way, but is part of
an expanse of similar pine forest that is common throughout the southeastern part of the state,

A complete listing of the survey methods and results for threatened and/or endangered species is
presented in the Results of a Preliminary Survey for Threatened and Endangered Species and
Floodplains/Wetlands at the Tatum Dome Test Site Lamar County, Mississippi (IT, 1992a).

3.2 Constituents of Potantial Concern Selection
A multistep method was used to identify COPC for the site because of the large quantity of
analytical data available for both chemical and radiological constituents.

The first step involved identifying a set of reported concentrations that were of acceptable
quality for use in the environmental evaluation. This was accomplished through (a) evaluations
of analytical methods, (b) evaluations of the quality of the data with respect to detection limits,
and (c) laboratory and validation qualifiers and blanks.

The second step was to reduce the data set to those constitvents that frequently bad higher
concentrations in the on-site samples than were found in the reference sample. This is an

indication that these constituents are present due to site-related activities.

The third step involved identifying COPC within the soil, sediment, and surface water, which
were of greatest concern with respect to bioaccumulation in ecological receptors based on the
octanol/water partition coefficient (K,,,).

The list of COPC was further reduced, on the basis of water or sediment quality criteria and
detection in biota tissue samples, to a final list of contaminants of concern. A COC was selected
if water or sediment quality criteria, which are developed to be protective of all aguatic life,
were exceeded, or if the constiuent was detected in tissues. If no aquatic criteria existed for
water or sediment COPC, but the constituent was present in fish tissue, it was considered a COC.
Since no mandated soil quality criteria exist, and COPC were detected in animal and plant
tissues, these were carrted through as COC. This list of COC was then used to assess
contaminant-related risk at the 8§,
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3.2.1 Data Collaction

3.2.1.1 Reference Samples

Reference sites for surface water and sediment were established on Half Moon Creek (HMC-1),
located at the southern boundary; Grantham Creek (GrC-1), located at the eastern boundary;

and Hickory Hollow Creek (HHC-1), located at the western boundary of the 55. An unnamed
catfish pond located off site (ReP-1) was used as the source of the northern reference sample.
Figure 3-1 shows the locations of the surface-water sampling stations. The field adjacent to the
catfish pond was used as the reference location for surficial soils. Figure 3-2 shows the location
of the soil sampling stations at the $5. Reference sampling was conducted concurrently with the
on-site sampling events.

3.21.2 Sediment and Surface Water

Sediment samples were collected during the period of February 22 to 28, 1993. Only 15 of the
22 stations originally identified in the Environmental Evaluation Work Plan (EEW) were
sampled during the investigation (Table 3-7). During the initial site reconnaissance, it was
determined that the ponds in SA-2 and SA-4 no longer existed. Swamps identified in previous
investigations were also absent or were now part of the Beaver Pond. The large size of the
Beaver Pond required that three sampling stations be used instead of one. Station BeP-1 was
located on the northern end of the pond near the E-6 Decontamination Pad; station BeP-1a at the
southeastern end near the Bleed Down Plant Area and E-14 Pad; and station BeP-2 was located
in a small pond connected to the main pond by a galvanized steel culvert beneath Half Moon
Circle Road. This portion of the Beaver Pond is located near the E-14 Pad and Mud Pits.
Sediment samples were analyzed for organic, inorganic, and radiological constituents. In
addition, grain size and total organic carbon were measured. Figure 3-1 shows the location of

these sampling stations,

Surface water samples were analyzed for organic, inorganic, and radiological constituents, as
well as general water-quality chemistry parameters. The biochemical oxygen-demand (BOD)
analyses were conducted after holding time had expired. The original BOD data were
supplemented with five additional samples collected on April 28, 1993. These five samples
were collected from HMC-4, HOP-1, HHC-2, HMC-2, and GrC-1. Figure 3-1 shows the
locations of these sampling stations. A summary of the types of samples collected for the

aquatic investigation is provided in Table 3-8.
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Table 3-7
Surface Water and Sediment Sampie Locations
for the Aquatic Ecosystem Investigation,
Salmon Site

HMC-1 | Half Moon Creek just within the southern boundary of the Salmon Site (SS) (Reference).

HMC-2 Half Maon Creek approximately % mile upstream of the confluence of Hickory Hollow
Creek and Half Moon Creek. This station is downstream of surficial groundwater flow from
Source Area (SA)-5.

HMC-3 Half Moon Creek approximately 1/8 mile upstreamn of the confluence of Grantham Cresk
and Half Moon Creek, This station is in an area of surficial groundwater flow from SA-5.

HMC-4 Half Moon Creek approximately ¥ mile downstream of the confluence of Grantham Craek
and Half Moon Cresk at the bridge where the Main Road crosses Half Moon Creek. This
station is in an area just downstream of surficial groundwater flow from SA-1.

HMC-5 Haif Moon Creek just within the northern boundary of S8,

HHC-1 Hickoty Hollow Creek just within the western boundary of S5 (Reference).

HHC-2 Hickory Hollow Creek approximately ¥ mile upstream of the confluence of Hickory Hollow
Creek and Half Moon Creek. This station is downstream of surficial groundwater flow from
SA-5,

GrC-1 Grantham Creek just within the eastern boundary of S5 (Reference).

GrC-2 Grantham Creek approximataly 1/8 mile upstream of the conflugnce of Grantham Creek
and Half Moon Creek. This station is an area of surficial groundwater flow from SA-2,

BeP-1 Beaver Pond 1 on the northem end of the Pond. This pond receives runoff and
groundwater discharge from potential "hot spots” within SA-1 and SA-2.

BeP-1a Beaver Pond location 2 on the southarn end of the Pond.

BeP-2 Beaver Pond location 3 on the small pond connected 1o the Baaver Pond.

HOP-1 Half Moon Creek QOverflow Pond, This pond has received runoff and groundwater
discharge that was contaminated with tritium from surface ground zero.

ReP-1 Reference Pond. This privatety-owned pond is locatad off the northeast corner of the 58

(Reference).




Tabile 3-8

ESampla collacted

cFish tizsue sample reépresents a composite sample of the organisms collectad for that creek or pond system.
No sampla was obtained from the collection effort,
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Summary of Sampies Collected
for the Aquatic Ecosystem investigation,
Salmon Site
Salmon Site Water Grain Benthic Fish
Surface Water Quality g::‘y;:::l :;:nlm.nnndt Ecology Tissue T:::i:y
Statlon Parameters An Analysis Analysis
alysis
‘i"""_'_ﬂ
HMC-1 x® X X X x° X
HMC-2 X X X X x? X
HMC-3 X X X X x® X
HMC-4 X X X X xP X
HMG-5 X X X X xP X
HHG-1 X X X X NAS X
HHC-2 X X X X NA X
GrC-1 X X X X x? X
GrC-2 X X X X xP X
BeP-1 X X X X X X
BeP-1A X X X X X X
BeP-2 X X X X X X
GtP-1 X X X X NA X
HOP-1 X X X X NA X
Ref. Pond X x X X X X




3.2.1.3 Surficial Soil

Surficial soil samples were collected during the period of April 26 to 30, 1993, and analyzed for
chemical and radiological constituents, All 18 sites (excluding ponds, mud pits, and waste burial
pits) located on site were sampled individually and not composited as originally planned, The

reference site was also sampled. The 19 soil sample stations are listed in Table 3-9.

Five soil samples were collected at each site: one at the approximate center of site activity and
one each 30 m (100 ft) from the center to the north, south, east, and west. The sample
designator A was given to the north sample, B to the west sample, C to the center sample,

D to the east sample, and E to the south sample.

Soil samples were collected from the top 10 centimeters (cm) (4 inch [in.]) of soil, excluding
vegetation and leaf litter. At each location, the leaf litter was removed by gently pushing it aside.
After an area of approximately 10-cm diameter had been cleared, a stainless-steel shovel was
used 1o excavate a 10-cm-deep hole. This hole was then tested with an organic vapor analyzer
before sampling. After being deemed safe from organic vapors in the breathing zone, sections
of the undisturbed wall were removed and placed in the sample containers. Samples were then
shipped on ice to the International Technology Analytical Services (ITAS) Laboratory for
analysis. Table 3-10 summarizes the data collected for the terrestrial investigation,

3.2.2 Data Evaluation

3.2.2.1 Analytical Methods

The data sets used in the quantitative evaluations have been developed according to a standard
set of sensitive, chemical-specific methods. The standard methods apply both to the collection
of samples and the analyses thereof. Due to the lack of information on the methods used to
collect and analyze the earlier samples, only the most recent data were used in the quantitative
evaluations. The data from earlier studies were only used to guide the development of the EEW.

Analytical results that are not specific for a particular compound or that are the result of

insensitive analytical methods are useful for qualitative assessments but are generally not
appropriate for quantitative evaluations. Likewise, results of analytical methods associated
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Table 3-9

Sampie Locations for the
Terrestrial Ecosystem Investigation,
Salmon Site
Source Ares (SA)-1 - Surface Ground Zero

SA-1-1 Station 1A Surface Ground Zero
S5A-1-2 Bleed Down Plant Area
S5A-1-3 East Substation
SA-1-4 E-6 Decon Area

SA-2 - Northern Disposal Area
SA-2-5 Clean Bumn Pit
SA-2-6 Gas Pump

SA-3 - Southern Dispossl Area
S5A-3-7 Big Chief Drilling Storage
S5A-3-8 Site E-2 and E-7
5A-3-9 Government Storage Area 2 (Drilling Storage Yard)
SA-3-10 Government Storage Area 3

SA-4 - Western Disposal Area
SA-4-11 CH Fuel Storage
SA-4-12 Cable Storage
SA-4-13 North Substation
SA-4-14 South Substation
SA-4-15 Wast Substation

SA-5 - Injection Well Area
S5A-5-16 HT-2 Well Area,
SA-5-17 HT-2M Well Area
SA-6 - Helicopter Pad and Storage Area
SA-6-18 Helicopter Pad and Storage Area
Reference Area

Ref-19 Reference Station
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Summary of Samples Collected

Table 3-10

for the Terrestrial Ecosystem Investigation,

Salmon Site
Salmon Soil Field Biota | Yegetation | Mammalian | . ...
Site Analyses Observations Tiusue Tissie Tests
Analyses Analyses

Source Area e X X % x>
(SA) 1-1
SA-1-2 -\ X X %e e
SA-1-3 D X X X° X2
SA-1-4 x2 X ¥ x® X2
SA-2-5 ¥ X X y o X8
SA-2-6 X2 X X X° )
SA-3-7 e X X xP ¥
SA-3-8 X2 'y * x° X2
SA-3-9 ;i X X xP e
SA-3-10 X X X 0 X2
SA-4-11 e X X e X2
SA-4-12 3 X X b X2
SA-4-13 x2 X X x° X8
SA-4-14 X2 X X x° K
SA-4-15 X® X X P -
SA-5-16 X3 X X P X2
SA-5-17 i X X xP X2
SA-6-18 X2 X X x® X2
Ref-19 X2 X X 5 o

aAnalyses or tests conducted on five replicates from the site.
Collected as site-wide samples.
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with unknown, few, or no Quality Assurance/Quality Control procedures were eliminated from

quantitative consideration.

3.22.2 Detection Limits
All analyzed chemicals were evaluated with respect to their quantitation or detection limits.
This evaluation was either conducted by the laboratory or later during data validation.

Constituents that were analyzed for, but not detected, were eliminated from the COPC list;
however, before eliminating the constituents from further evaluation, several points were
considered. Sample quantitation limits of known site-related constituents may be greater than
corresponding standards, criteria, or other levels of concern. Therefore, these constituents may
be present at concentrations greater than the corresponding reference concentrations. A sample-
specific detection limit may be significantly higher than positively detected values in other
samples in a data set. In other words, only a limited number of samples may test positive for a
particular constituent.

When determining exposure concentrations at the 55, positively detected results were considered
together with nondetected results. If there was reason to believe that the constituent was present
in a sample at a concentration below the detection limit, then half the detection limit was used as
the estimated concentration for that sample (EPA, 1989a). This method assumes that constituent
concentrations are uniformally distributed in the range of concentrations below the detection
limit. Therefore, half the detection limit is the arithmetic average of all such concentrations and
is also the maximum likelihood estimator.

If the site-specific information indicated that a constituent was not likely to be present in a
sample, a value of zero may have been used as the estimated concentration. In cases when the
constituents were anthropogenic in nature and site-specific information indicated localized usage
and limited transport from areas of use, the use of zero as the estimated concentration would be
considered acceptable in areas of no known usage of these constituents,

Those constituents that were not detected in any samples of a particular medium were eliminated
from further consideration in the quantitative evaluations. The outcome of these steps was a data
set that contained conly constituents which were detected in at least one sample from each

medium.
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3.2.2.3 Qualified Data
Qualifiers may be attached to the analytical results by the laboratory conducting the analyses or

by persons performing the data validation. These qualifiers generally indicate questions
conceming constituent identity, concentration, or both.

Because the data validation process assesses the effect of quality control issues on data usability,
validation data qualifiers supersede the laboratory qualifiers. When an analytical result has
laboratory and validation qualifiers that appear contradictory, only the validation qualifier is
considered. Laboratory qualifiers are valid unless they have been superseded during data
validation.

The qualifiers used in the $S data sets are presented in the following paragraphs. Organic,
inorganic, and radiochemical qualifiers are presented separately since some of the qualifiers have
different meanings for different data sets.

The organic qualifiers are as follows:

» B - indicates that the constituent was found in an associated blank, as well as in the sample.
Use of these data is discussed in the next subsection.

» E - indicates that the concentration exceeded the calibration range of the Gas

Chromatograph/Multispectral Scanner. The use of this qualifier implies uncertainty in
concentration but not in identity. These concentrations were treated as positive detections.

* J-indicates that the reported results were guantitatively estimated. These concentrations
were treated as positive detections,

= NI - indicates that there was presumptive evidence that a Tentatively Identified Compound
(TIC) was present at an estimated concentration. The use of this data is discussed in a
subsequent subsection,

+ NP - indicates that data validation was not performed. Laboratory qualifiers were valid for
these data.

+ R -indicates that the data were rejected. These data were unusable and could not be used in
the quantitative evaluations.

+ U - indicates that the constituent was analyzed for but not detected. The use of these data
was discussed in the previous subsection.

» UJ - indicates that the reported quantitation limit was quantitatively estimated. These data
were treated as not detected and were used as indicated in the previous subsection.
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=  5U or 10U - indicates that the 5-times and 10-times rule (EPA, 1989a) was applied due to
blank contamination. Use of these data is discussed in the following subsection.

The inorganic qualifiers are as follows:

* B - indicates that the reported value was below the Contract Required Detection Limit
(CRDL), but above the Instrument Detection Limit. The use of this qualifier indicated
uncertainty in concentration but not in identity. These data were treated as positive
detections,

* E - indicates that the Inductively Coupled Plasma dilution (%D) was out of control limits.
This qualifier indicated uncertainty in the reported concentration. These data were treated as
positive detections.

+ J-indicates that the reported result was qualitatively estimated. These data were treated as
positive detections.

= N - indicates that the spiked sample recovery was not within control limits. This qualifier
indicated uncertainty in the reported concentration. These data were treated as positive
detections.

= NI - indicates that there was presumptive evidence that a TIC was present at an estimated
concentration,

* NP - indicates that data validation was not performed. Laboratory qualifiers were valid for
these data.

+ R - indicates that the data were rejected. These data were unusable and could not be used in
the quantitative evaluations.

= S - indicates that the reported value was determined by the Method of Standard Addition,
No uncertainty in either concentration or identity was implied by the use of this qualifier.
Data were treated as positively detected.

» U - indicates that the constituent was analyzed for but not detected.

= UJ - indicates that the reported quantitation limit was quantitatively estimated. These data
were treated as not detected and were used as indicated in the previous subsection.

» 5U or 10U - indicates that the 5-times and 10-times rule was applied due to blank
contamination. Use of these data is discussed in the following subsection.

= W - indicates that the postdigestion spike for furnace atomic absorption analysis was out of

control limits. This qualifier indicated uncertainty in the reported concentration. These data
were treated as positive detections.
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The radiochemical constituent qualifiers are as follows:

» J - indicates that the reported result was qualitatively estimnated. These data were treated as
positive detects.

= ND - indicates that the constituent was not detected since the result was below the Minimum
Detectable Activity (MDA). Such data were treated as not detected. Appropriate estimated
concentrations were used as discussed in the previous subsection.

« NP - indicates that data validation was not performed. Laboratory qualifiers were valid for
these data.

« 1J - indicates that the compound was not detected at the specified detection limit.
Appropriate estimated concentrations were used as discussed in the previous subsection.

« UJ - indicates that the reported quantitation limit was quantitatively estimated. These data
were treated as not detected and were used as indicated in the previous subsection.

3.2.2.4 Blanks

Blank samples provide a means to check for contamination that may have been introduced into a
sample in the field while the samples were being collected and transported or while in the
laboratory during sample preparation or analysis. The concentrations of constituents detected in
blanks must be compared with the concentrations of the same constituents detected in site
samples in order to prevent the inclusion of nonsite-related constituents into the quantitative
evaluation of COPC.

As part of the data validation process, an analyte was not considered further if the maximum
sample concentration did not exceed 10 times the highest blank for all common laboratory
contaminants (acetone, 2-butanone, methylene chloride, toluene, and phthalates) or 5 times the
highest blank for other chemicals (EPA, 1989a).

3.2.2.5 Fraquency of Detection

Constituents that are infrequently detected may be artifacts in the data due to sampling or
analytical procedures or from other means of contamination. Chemicals that were detected in

5 percent or less of the on-site samples for a particular medium were eliminated as COPC. Less
than 20 surface water or sediment samples were taken and analyzed. In these cases, a constituent
was considered a COPC unless the detected concentration, when averaged with haif the detection
limit for nondetected samples, produced a 95-percent upper confidence limit (UCL) that was
within the reference range or less than the actual detection limit for the reference samples or that
could be eliminated on another basis as discussed below.
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3.2.2.6 Essential Nutrienis

Calcium, sodium, potassium, iron, and magnesivm are generally eliminated as constituents of
potential ecological concern because they are essential elements for animal and plant life and are
only toxic at very high concentrations, as supported by EPA (1989a). However, these may be
products of site activities, specifically abandoned mud pits from rotary drilling. Further
examination of these elements indicates that calcium was the only analyte among the five
mentioned above for which the 95-percent upper confidence limit of the mean for site samples in
surficial soils exceeded concentrations in soil samples collected from reference locations.

Limited data exist on the toxicity of calcium. As indicated by the National Research

Council (1980), toxicity of calcivm is dependent on the level of dietary potassium, and on the
age and reproductive status of the animal. Maximum tolerance levels (MTL) for calcium are

2 percent of the diet for cattle, sheep, horse, and rabbits; 4 percent for swine; and 1 percent of
the diet for poultry (National Research Council, 1980). Tf a value of 2 percent is used for the
white-tailed deer (body weight of 90.72 kilogram [kg]) (Harestad and Bunnel, 1979); estimated
ingestion rate of 2,319 grams per day (g/day) (EPA, 1993) and 1 percent for the red-tailed hawk
(body weight of 1.126 kg [Dunning, 1994]; ingestion rate of 58.9 g/day {EPA, 1993]), the MTLs
for these receptorsare estimated to be 46.4 grams (g) of calcium per day and 0.707 g of calcium
per day for the deer and hawk, respectively. Further, assuming that the entire diet of the deer
consists of plant matter and vsing a soil-to-plant transfer factor of 3.5 (Baes et al., 1984), the
deer would be exposed to 6.54 g of calcium per day. Caleium is, therefore, not expected to be
toxic to this herbivorous mammal. If it assumed that the bawk consumes only herbivorous mice
from the site (Peromyscus maniculatus, body weight of 21 g [Millar, 1989 as cited in

EPA, 1993]; ingestion rate of 3.46 g/day [EPA. 1993]: absorption coefficient of 0.80 assumed
[Ganong, 1979]), the hawk would be exposed to 0.022 g of calcium per day. As with the deer,
calcium at the site is not expected to be toxic to the top avian receptor. This provides
guantitative support to the original contention that essential nutrients be eliminated as COPC

because they are generally toxic only at very high concentrations.

With reference to sediments, calcium, magnesium and sodium, 95-percent UCL of the mean of
site samples exceeded reference ranges. For surface water, site iron, calcivm, magnesium and
sodium exceeded the reference ranges. Potassium was not detected at the CRDL in water or
sediment. No federally mandated Ambient Water Quality Criteria (AWQC) or sediment quality
criteria exist for calcium, sodium or magnesium. In general, these elements are not considered
toxic to aquatic life, a contention supported by the fact that no toxicity benchmarks have been
established or mandated by EPA. One location had particularly high levels of calcium, sodium
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and magnesium in surface water (Half Moon Creek overflow pond), and another (Beaver Pond)
also had some high values in surface water and sediments. These two areas are likely to have
received materials from nearby rotary drilling mud pits. Since ¢valuation of toxicity of calcium,
sodium and magnesium in aquatic environments has not been promulgated by EPA| it will be
assumed that in general, the aguatic environments at the S5 do not have sufficiently high
concentrations to cause toxicity, and will not be carried through as COPC. The Beaver Pond and
Half Moon Creek overflow pond, however, should be held under consideration as “hot spots™ for

these constituents.

An AWQC of 1,000 ug/t does, however, exist for the chronic exposure of freshwater biota to
iron. The 95-percent UCL of the mean for site surface water samples exceeded the reference
range and the AWQC, and iron was therefore carried through the assessment as a COPC in

surface water.

3.2.2.7 Water Chemistry

General water chemistry parameters, such as sulfates, carbonate, bicarbonate, chloride, dissolved
solids, and fluoride, are also generally toxic only at very high levels, Measurements of these are
useful in determining the nature of a water body being studied, but are not considered COPCs
for the S5.

3.2.2.8 Physiochemical Properties and Bicaccumulation Potential

The K, provides a useful screening tool for organic compounds on the basis of the
bioaccurnulation potential. In general, a higher K, relates to a higher bioaccumulation potential
(1.e., a tendency to occur in biota at higher concentrations than the surrounding environment).
Garten and Trabalka (1983) state that compounds with log K, values of less than 3.5 generally
do not bioaccumulate in the fat tissues of mammals and birds by a factor of greater than 0.3,

In addition, according to Thomann (1989). bicaccurnulation in aquatic food chains is not
significant for compounds with log K, values of up to 5. Finally, EPA (1993) has correlated
food chain multipliers with log K, values and trophic level in an aquatic system. Compounds
with log K, values of less than or equal to 3.9 are given food chain multipliers of 1 or less for
each of the three trophic levels, which include zooplankton in level 2, small fish in level 3, and
piscivorous fish in level 4. It is also recommended that trophic levels 3 and 4 be used for
wildlife, depending on the specific bird or mammal in question. For these reasons, the
conservative log K, value of 3.5 was used to blanket all potential bioaccurnulation pathways.
Constituents with a log K, less than 3.5 were not therefore, considered as COPC via
biocaccumulation pathways.

3-24



3.2.29 Reference Data

Reference data were gathered during the BERA investigation using methods and procedures
identical to those used for gathering site samples. Reference data were collected from areas not
influenced by the site. They are collected from each medium of concern (soil, sediment, and
surface water) from areas that could not have received contamination from the site, but that do

have the same basic characteristics as the medium of concern on site.

Reference soil samples were collected from an area off site and upgradient of the site. Reference
surface water and sediment samples were collected from each of the three on-site creeks
(Hickory Hollow Creek, Half-Moon Creek, and Grantham Creek) at points where the creeks

enter the site and from a reference pond located off site and upgradient of the site.

Site data were evaluated with respect to reference data by comparing the calculated exposure
point concentration (EPC) for each constituent to the range of reference and background
concentrations for that constiient. The EPC is a conservative estimate of the most probable
concentration in a particular media to which biota may be exposed. It is calculated as the
95-percent UCL on the arithmetic mean of the positive detections and half the detection limit for
samples in which the analyte was not detected, using the following equation:

EPC = 95-percent UCL of the mean =

mean + [€g o5y (noy) (5/V(0)]

Where: n = number of samples
toosymy = Value from Student's t table corresponding to ¢, = 0.05
n-1 = degrees of freedom

5 standard deviation

If the EPC is within the range of background or reference data, the constituent's presence is
considered to be ambient and not site-related. The constituent is then removed from the

quantitative evaluation.

A summary of the detected constituents in sediment, surface water, and surficial soil are
presented in Tables 3-11 through 3-14, 3-15 through 3-16, and 3-17 through 3-20, respectively.
The EPC and reference ranges are included for data evaluation comparisons. Those constituents
present on site at levels greater than ambient are considered potentially site-related constituents.
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3.2.3 Analytical Resuits

Analyte concentrations were measured in sediment, surface water, surficial soil, vegetation, and
wildlife tissues, All data are presented in Appendix A of this report and summarized below.
The summary tables presented in this section use the data evaluation and data estimation
procedures for nondetected concentrations discussed in the preceding sections.

3.23.1 Sediment
Sediment data are presented in Appendix A. Tables A-3.1 through A-3.9 present the inorganic,
pesticide and polychlorinated biphenyls (PCB), volatile, semivolatile, gross alpha and beta,

gamma spectroscopy, tritium, grain size, and wet chemistry data sets, respectively.

The majority of inorganic constituents detected in sediments are naturally occurring soil
constituents and were found at reference concentrations. Cadmium was found at the Beaver
Pond in concentrations above background. Concentrations in the Beaver Pond sediments ranged
from 1.7 to 9.0 milligrams per kilogram (mg/kg) cadmium. Cadmium was not detected in the
Reference Pond sediments, The Beaver Pond sediments had the highest levels of many of the
inorganic constituents: aluminum (13,000 mg/kg), arsenic (7.7 mg/kg), barium (181 mg/kg),
calcium (5,630 mg/kg), lead (20.2 mg/kg), magnesium (1,380 mg/kg), manganese (583 mg/kg),
sodium (1,230 mg/kg) and zine (111 mg/kg). Chromium was highest in the Half Moon Creek
Overflow Pond sediment (14.8 mg/kg). Concentrations of inorganics in sediments on the 55 are
summarized in Table 3-10,

No pesticides or PCBs were detected in sediments on the S5. However, 3 organic compounds
were detected in the Beaver Pond sediment samples: 2-butanone (170 micrograms per kilogram
[ng/kg]), toluene (220 pg/kg) and benzoic acid (550 pg/kg, estimated concentration below the
detection limit). Sediment volatile and semivolatile organic compound concentrations are

summarized in Table 3-11.

Gross alpha levels above the MDA were found in sediments of the Beaver Pond
(17.21 picocuries per gram [pCi/g]) and Gator Pond (22.48 pCi/g). Gross beta levels above the
MDA were detected at all sediment stations (8.84 pCi/g to 23.69 pCi/g); the highest levels were
found in the Gator Pond (23.69 pCi/g) and Beaver Pond (18.6 pCi/g) sediments.
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Table 3-11

Summary of Inerganic Concentrations in Sediment,

Salmon Site

Minimum nge of Detected A 95% Upper Confl Conatituent of
Analyte F';:"::l"f Detoction Raﬂ:::enh'aﬂuns "mmm‘c'd c:-na:::on" ::;:’:d Lim:::ruu lh:l;“ Potential °
Limit” {mg/kg) (mg/kg) (mgfkg) (mg/kg} Concem

| Awmioum 1212 - B4.40 - 13,000 195 - 6480 3,218 3,973 5,742 Mo®
Arsenic 72 0.30 0.30 - 7.70 0.0007(NDY' - 2.10 154 227 2.98 Yos
Barium 12112 - 2.40 - 181 1.4{ND) - 19.90 4271 54.82 77.54 Yes
Cadmium a2 0.25 1.70-9.00 0.37(ND} - 0.45{ND} 143 244 2.98 Yes
Catciom 121z - 179 - 5,630 190 - 451 1,195 1,682 2,264 No®
Chromium a2 0.90 120- 1480 0.45(ND) - 9.30 4.88 5.13 B.14 No®
Jron 1212 - 125 - 13,000 102 - 19,300 3,564 4,692 5,545 No?
Lead 12112 - 0.61-2020 0.0034 - 5.00 6.23 5.38 10.23 Yas
Magnesium $2112 - 39.80 - 1,380 47.20 - 152 273 a78 514 No®
Manganesa 1212 - 6.30 - 563 0.80(ND} - 85.10 109 161 211 Yas
Sodium 11712 807 59.80 - 1,230 55.40 - B0.80 238 Ba47 459 No®
Vanadium 82 0.40 .40 - 27.70 0.4BtND) - 43.00 5.98 8.17 1147 Mo®
Zine 412 229 1.60- 111 1.1(ND} - 2.60 15.93 31.21 35.76 Yes

a

o

c

Minimum delsction limit was selected from those samples in which the anafyte was nol detected.
MiHigram par kllogram
Refersnce rangs consisls of samplas GrC-1, HHC-1, HMC-1, and Rep-1.

Half the detection imit was used for thosa sampies in which the analyte was nol detected at the detection Emit.

i

ithin referance range

Mol detected; value represents half the detsction limit.

Fessential nutrient
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Summary of Semivolatile and Volatile Organic

Table 3-12

Concentrations in Sediment,

Salmon Site

| eyt [ s T o | it | 2 | e, [ i o oo
(mgMg) (mgkg) (mg/kg) (mgkg) Concem
Toluene 2/15 6.00 11.00- 220 3.50({ND}° - 4.50({ND} 20,03 55.44 50.73 o™
2-Butanone 2115 13.00 5.00- 170 6.5(ND) - 9.00(ND}) 20.87 No®
Banzoic Acid 112 2,100 550 1,000{ND} - 1,150({ND) 2,300 2,684 2,858 No®

-3

O_4or

Minimum dalection imit was selected from ihose samples in which the anakyle was not detected.
Miligram par kilogram
aferance concerration range consists of samples GrC-1, HMC-1, HHC-1, and ReP-1.

o al the delocion imit was used for thosa samples in which the analyte was not datecled al the detection limit,
' Hot detecied; value reprasents half the detection limit.
Log cctanolwaler partition coefficient (K, 1 less than 3.5, untikely to bioaccumutate (Sarten and Trabalka, 1953].
9¢ommon laboratory contaminanl
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Table 3-13

Summary of Radionuclide Activity in Sediment,

Salmon Site
Radianuciide Frequency of Minimum i H:oi:::rtnthns Reference Flangec’d Cun‘:mond Standardd %Th:m:i::::::;“ R?ac:ncdse
Detection Detection Limit {pCI.r'g_}_b {pClig) (pC¥g) Deviation (PGUig) Hange?
Gross Alpha 212 7.47 17.21-22.4 5.58(ND)° - 7.53({ND) o.14 526 12.48 Yes
Gross Beta 12012 - 8.84 - 23.69 43-1261 12.69 526 16.06 Yes
Beryllium-7 14 - 240 Na! MA NA NA MNo®
Bismuth-212 141 - 0.09 .11 NA NA NA Mo’
Bismuth-214 141 - 043 NA NA NA NA No
Cadmium-109 142 1.10 0.70 1.00{ND) - 0.74 0.61 0.08 133 No®
Cerium-144 141 - 0.30 0.4(ND) NA NA NA No®
Cesium-137 6112 0.01 0.07 - 1.08 0.01{ND) - 0.1 1{ND} 0.19 0.33 0.40 Yas
Lead-210 &7 1.41 0.20 - 9.60 0.20 - 0.99 2.10 335 519 Yes
Lead-212 410 0.02 0.43-1.05 0.01(ND} - 1.42 0.80 0.26 1.00 No?
Radium-224 any 0.17 0.68 - 4.14 0.065(ND} - 1.26 0.87 117 166 Yes
Radium-226 113 0.02 0.36 0.005{ND} - 0. 15(ND] 003 NA NA Yes
Radium-228 211 0.03 0.80 0.015(ND} - 1.16 0.81 NA NA No®
Thallium-208 66 - 0.04 - 0.13 0.008(ND} - 0.39 0.09 0.04 0.13 No®
Tritium 1112 0.06 0.40 0.02{ND} - 0.035(ND) NA NA NA Yas

“Minimum Deteclable Activity (MDA} was selected from those sampkes inwhich the analyle was not detected.

Picocuria per gram

;Befera'ica rangs consists of samplas Grc-1, HMC-1, HHC-1, and RaP-1.

&

ant applicable

Hol detected; value represants hal the MDA,

Ipaximum detectsd sample concentration was less than or equal 1o referance.

Half the MDA was used for thosa samples in which the analyte was not detected at the MDA,
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Grain-Size Analysis,

Table 3-14

3-30

Salmon Site
Sampie Percent Moisture Percent Sand Percent Silt Percent Clay
{> 0.0625 mm") {(0.062 mm to 0.0039 mm} {< 0.0039 mm)

BEP-1 66.5 il.1 85.7 23.2
BEP-1A 25.0 40.8 3.5 24.7
BEP-2 270 86.5 7.6 5.9
AP-1 79.1 42.6 33.8 23.5
GRC-1 20.6 100.0 0.0 0.0
GRC-2 23.4 100.0 .0 0.0
HHC-1 3.6 100.0 .0 0.0
HHC-2 8.7 96.3 1.8 1.9
HMC-1 21.7 952 2.0 2.8
HMC-2 29.3 23.2 a8 3.0
HWMC-3 24.3 98.2 0.7 11
HKMC-4 2i.6 1000 0.0 0.0
HMC-4D 22.7 1003 0.0 0.0
HMC-5 33.6 96.3 1.8 1.8

| HOP-1 26.2 =) 4.9 3.6
REP-1 28.2 70.8 7.0 222

*Milimetar




Table 3-15

Summary of Inorganic Concentrations in Surface Water,

Salmon Site
Minimum Range of Detected Reference Avera 95% Upper Confidence Constituent of i
Analyte F’;“ﬂﬂg“' Detoction Ih..lmita c:';cerm'aﬂuns Range’™ Cnncenu::bnd ;':";::d letl::: the Mean® Potential
gt (Hgf) (o) (g {gh) Concemn l
Aluminum 12112 - 87.80- 416 164 - 201 201 108 269 Yes
Arsenic 1752 1.00 220 0.50(ND)° 0.64 0.49 0.95 Yos
Barium 12412 - 18.80 - 76.70 19.90 - §0.40 2983 18,07 40,04 No'
Cadmium 2/42 2,70 1.36 - 320 1.35(ND) - 3.80 1.4 0.68 207 No'
Calcium 1212 - 569 - 24 600 573 - 3,070 3,454 6,767 7,754 No®
Cobalt 1742 6.00 910 3.00(ND} - 10.10 3.76 1.89 496 No'
Iron 12112 - 118 - 4,190 111 - 677 1,012 1,261 1,813 No®
Lead 2/12 1.00 1.10-120 0.50{ND} - 1.20 0.61 0.25 0.77 No'
Magnesium 1212 - 405 - 2,220 363 - 812 729 496 5,044 No®
Manganese 1212 - 2150 - 576 34.40-213 113 153 210 o'
Mercury 112 0.10 0.20 0.05({ND) - 0.15 0.06 0.03 0.08 No'
Sitver 212 350 3.50 - 5.30 1.75 - 14.80 219 $.10 2,89 No'
Sodium 1212 - 1,640 - 56,400 1,220 - 2,460 8,011 15,926 18,130 No®
Zinc 312 3,00 3.30 - 7.20 2.15(NDj - 13.80 3.78 1.98 5.04 No'

oo

m &

—h

Minimum detection limil was sslecled from those samplas which the analyte was not detectad.
Microgram per ktar

Relerence range consists of samples GrC-1, HHC-1, HMC-1, and ReP-1.
Half the detection limil was used for those samples in which the analyte was not datscted at the detection limit.
Mol detected; value represents half the detection limit.
Essential mrrent
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Table 3-16

Summary of Radionuclide Activity in Surface Water,

Salmon Site
!I Minimum Range of Detected cd Average 95% Upper Confidence Exceeds
Radionuclide F“q'""bn:" | Datectable Afti‘uity. Concentrations | Forer [':;::;‘"9' Concentration ::hﬂ'd";u Limit of the Mean® Refarence
(pCiit} {pCiY {pClH) (pCi) Range?
Tin-113 17 7.10 8.70 3.90{ND}’ - 5.50{ND) 6.02 1.86 7.74 Ne!
Teitium 5/12 o.19 0.20 - 0.70 0.10 - 0.20 0.22 0.9 0.34 Yes

ptinimum Deteclabla Activity (MDA) was selected from those samples in which the analyte was ot detecied.

c
d
8
f

Picocuria per gram

Refarance range consists of samples GrG-1, HHG-1, HMC-1, and ReP-1.
HaH the MDA was used for Hose samples in which the analyle wes nol detzcted at the MDA,
Hol detecled; valuss represent half the MDA.
The onty detaction was lowar than tha actual MDA for several of the referance samples.
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Table 3-17

Summary of Inorganic Concentrations in Surficial Soil,

Salmon Site
{Page 1 of 2)
Minim Ran Average 95% Upper Cont
Analyte Fr;::;?nm Dernecﬂonmu:mit' De'lzgtek:s "m”{m"g'u c:um::::tiun“ ::::'bfu ump:uu u:uu';“ mr‘::;c:n
(mgg) (mgfg) (mghg) (mag)
Aluminum 1084108 - 719.00 - 18,800 1,980 - 14,600 4,694 2,883 5244.47 No®
Antimony 1480 12,10 2360 6.05(ND) - B.10{ND}) 6.88 2.23 7.34 Mo™?
Arsenic 1064108 0.54 0.49 - 11.90 0.66 - 2.70 1.88 1.44 2.15 No®
Barium 1084108 - 2.50 - 429 9.60 - 80.60 37.76 51.67 47 61 No®
Beryllium 18/108 0.06 0.07 - 0.28 0.03(ND} - 0.33 0.00 0.08 0.41 No®
Cadium 7108 0.64 0.72 - 140 0.32{NDj - 0.45{ND} 0.39 017 0.42 No®
Calcium 108/108 - 144 - 9,480 273 - 671 805.47 1,201 1,035 No"
Chromium 108108 - 1.50 - 44.00 0.4B{ND) - 10.40 7.74 5.90 8.89 No®
Coball 80108 0.87 1.00 - 1060 0.45(N) - 5.60 258 2.1 298 No®
Copper 341108 0.55 1.20 - 9,950 0.27(ND} - 10.70 97.20 957 280 Yes
Iron 108/108 - 1170 - 19,700 1,780 - 11,200 6,300 3,721 7,400 No>"
Lead 105108 5.20 1.40 - 120.00 180-12.60 14.09 16.92 17.32 Yes
Magnesium 1071108 161 49.80 - 1,500 120 - 582 241 230 285 No®F
Manganase 108/108 - 6.50 - 1,150 60.50 - 385 200 274 253 No®
Mercury 18108 0.06 0.06- 0.29 0.03{ND) - 0.04{ND} 0.04 0.04 0.05 No'
Nickel 10:108 430 470-19.10 2.41{ND) - 7.80 2.90 223 3.33 No®
Potassium 7/108 6.50 725 . 878 30B(ND) - 656 393 307 453 No®"
Selenium /104 .21 0.24 - 0.69 0.11{ND) - 0.21{ND} 0.15 0.10 0.17 No®
Sodium 16/108 11.30 16.4- 154 24 55{ND) - 57.43 22,68 2337 27.13 No® "

Refer lo foolnoles at and of table.
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Table 3-17

Salmon Site

Summary of Inorganic Concentrations in Surficial Soil,

{Page 2 of 2)
Minkmum Range of o Average 95% Upper Confldence
Analyte Frequency of | o tection LII’mit' Detections """"{"“ HT" Concentration” s“"dm" 9 Limit of tha Mean” Cor ":T::::m

Detection (mg/kg) (mgikg) ok (meyg) Deviat {mgfug) Potent l
Thalkium aos 0.21 0.26 - 0.28 0.11{ND} - 0.14{ND} 0.12 0.03 0.13 No? |
Vanadum 104/108 250 5.40 - 34,00 4.10- 2550 8.27 7.93 8.78 No®
Zinc 88/108 2.10 2.40- 279 3.60{ND) - 24.40 14.14 2778 19.44 No®
Cyanide 18108 0.3 0.13-0.568 0.07(ND) - 0.27 .11 0.10 0.13 No®

bmligram par Kilograrm

d

Minimum detection imil from ihose samphes with no delsction

“Referanca range consists of samples Rel-194, Ref-198, Rei-19C, Ref-190, and Ref-19E.
Hall the detection imit was usad for those samples in which the analyte was nol detacted at the detection limit.

:Es-pemam uppar confidence imit of the maan was within refarence concentration range.
Mol delected; valua represents hall tha detection fimit.

?Essanﬁal rasirient

“Detected in iess than 5 percent of samples

'95-parcent upper confidenca fimil of the mean dd nol excesd tha actual reference detection imits.
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Summary of Pesticide and PCB Concentrations in Surficial Soil,

Table 3-18

Salmon Site

O el It Tl el e L ) Bccicemecll v
(ng/kg) {Pgkg) (ngfkg) {poxg) Concern
4,4-DDD 1/99 34 41.00 16.50(ND)” - 22 00{ND) 20.49 19.18 24.31 No'
4,4-DDE 2/39 34 94.00 - 210 16.50{NED) - 22,00(ND} 2297 27.81 28.53 No'
4 4-DDT 299 kT 90.00 - 130 16.50{HD} - 22.00{NC) 2273 26.46 28.01 No'
Arochlor 1254 1/89 340 1,100 16.50{NDj) - 220.00{ND) 212 211 254 No'
Diskdrin 59 " 35 42.00 - 320 16.50{NDj - 22.00(N3) 26.63 46.48 35.90 Mo
Endasulfan || 1189 35 38.00 16.50{ND] - 22.00{ND) 20.48 19.15 24.31 Ko
Heplachior 1/39 17 62.00 8.00{ND] - 11.00(ND) 10.88 SRE: 13.09 No'
epoxide

El

ercrogram per kiogram

Minimum delection [imil from those samples with no detecton

dHeferanca ranga consists of samplas Ref-19A, Ret-1896, Ref-19C, Ref-180, and Ral-19E.
Han the detection Emit was used for those samples in which the analyles were not detecled al Ihe delection iimif.
Nul delected; vake reprasents hakf the delection imit.

Deteciad in lass than 5 percent of samples
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Table 3-19

Concentrations in Surficial Soil,

Summary of Semivolatile and Volatile Organic

&0 0 o

& mh

Salmon Site
Mirkmum Range of Detected u Confidence Consiit of
Analyte Fr;:mnof Detection l‘.!,m“a Cn?::mtraﬂuns ReferT:;?;]ngec'd c:n:o::l::ond Md %:m:::'ﬂu Illmd Pﬂbentuel':

{upkg) (Hgkgl {pofkg) (Hgkg) Concem
Acenaphthylens 1103 340 10 170(ND)° - 225(ND) 20555 81.15 241.41 No'
Acatone 6/106 10.00 24.00 - 97.00 5.50(ND} - 8.50(ND) 2142 18.32 2495 No®"
Benzoic Acld 511103 1,600 39.00 - 870 99.00 - 570 690.14 578.05 803.14 No?
Bis{2- 55/103 340 38.00 - 1,700 170(ND) - 225(HD} 217.82 241.75 265.08 No"
alhylhexyljphthalale
Ghleroform /96 2.00 4.00-7.00 2 50(NDj - 3.50(ND) 293 0.90 312 Mo?
Ethylbenzena 4136 5.00 1.00 - 2.00 2.50({NDj - 3.50{ND) 275 0.36 282 o'
Methylene Chioride 91105 5.00 1.00 - 10.00 2.50{ND) - 3.50(ND) 4.30 3.01 4.08 o™
Phenol 2103 340 4B.00- 130 F70{ND) - 225(ND) 223.06 83.23 24533 No
Styrane 4197 5.00 25.00 2 50{ND) - 3.50{ND} 2.98 258 450 o™
Toluene 25101 5.00 100 - 9.00 2 50{ND] - 3.50{ND) 2.67 0.98 284 No'
Xylana (total) 13/96 5.00 2.00-13.00 2 50{ND] - 3.50{ND} 4.01 1.85 439 No®

Minimum detection limit was sefected from those wilh no detections.,
Microgram par kilogrem
Referance range consists of samples Ref-19A, Ref-188, Ref-13C, Rel-19D, and Ref-19E.

Haif the dstaction kmit was used for those samples in wiich e anafyle was not delected ai the detection limit.
Mot detected; value represents half the delection limil.
Cetacted in kess than 5 percent of samples
Leg K, less than 3.5, unllikety to bicaccumulale (Garten and Trabalka, 1983)
. Common laboratory contaminant

‘wilhin reference concentration range
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Table 3-20

Summary of Radionuclide Activity in Surficial Soil,
Salmon Site
(Page 1 of 2)

Minimum Detectable | Range of Detected A 95% Upper Confidence | Exceeds
Radionuclide F’::';""b":’f Actiwn-,lr: c:::snlmlions m{::ﬁ::““m conl::ar::und md::d u::: the Mean® Reference
(pCiig) {pClig) Iﬁcﬁg {pCiyg) Range?

Gross Alpha FAG7 5.86 552 - 37.90 424-12.20 10.60 5.95 11.80 Mo’
Gross Beta 97/97 - 6.78-31.20 9.65- 1550 14.24 4.04 15.05 No’
Bismuth-212 4575 0.08 0.16-1.01 0.06 - 0.45 0.29 021 0.34 Mo
Blsmuth-214 11 - 0.05 Ty NA NA NA NA
Casium-137 B6/95 p.02 0.02 - 0.92 go1eD? - 0ae 019 0.20 0.23 No®
Lead-210 46/66 028 0.04-2.04 0.20{ND) - 2.05 0.95 0.44 1.06 Mo’
Lead-212 63/86 0.02 0.20-1.86 0.01-053 0.47 0.41 0.56 Yes
Marcury-203 11 - 0.03 A HA A HA NA
Potassium-40 B4/87 0.49 0.25-7.16 1.27-5.39 2.10 153 242 N
Proactinium-231 55 - 0.61-0.96 NA 075 0.14 0.92 NA
Protaciinium-234 141 - 2.96 NA NA NA NA NA
Radium-223 1414 - 0.09 - 0.42 .15 0.21 016 0.27 Yas
Radium-224 22185 0.18 0.29-1.46 0.08 - 0.58 0.34 0.29 0.41 N
Radium-226 70187 0.08 0.19-1.29 0.41-0.73 0.47 0.27 0.53 Mo’

{| Radium-228 76/87 0.08 0.18- 176 0.42 - 0.72 0.47 0.33 0.54 o’

]l Tin-113 210 - 0.02-0.03 NA 0.03 0.01 0.09 NA

Refer to fooinoles at end of tabfe.
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Summary of Radionuclide Activity in Surficial Soil,

Table 3-20

Salmon Site

(Page 2 of 2)
Radionuclide Frequency of “mnu:rhw‘ H::::::munm Asferance Rangs™" cm:m" Standard ﬁr;lﬂTmG:W ::;
Dnoction (pCug)” (pCiig) il oy | D (pCUig) Range?
Thalium-208 53/80 0.01 0.07 - 0.53 0.3 -0.15 0.13 0.32 0.16 Yes
Thasium-228 1M1 - 083 - 1161 0.38(MD) 3.00 3.09 5.08 Yes
Uranium-234 22 - 3.19- 1040 A 6.80 510 52.82 MA
Uranium-235 11 - 0.09 MA HA MNA HA A
Uranium-238 64/87 0.17 0.21-1.80 (.52 - 0.88 0.60 0.38 0.68 o'

a

LT

alf tha MDA was used for thase samples in which the anahye was not detecled al the MDA,

'Mut applicable

INot detected; valus represents haf the MDA,

*Maximum detected sampla concanlration was iess than or equal to rafarence.

Minirum Detactabla Activity {MODA) was selected from those samples In which the analyte was nol delected.
Plc:n-m.lria per graim
“Reference mange consists of samples GrC-1, HMC-1, HHC-1, and ReP-1.
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Gamma spectroscopic analysis of sediment samples denoted several detectable levels of
radionuclides, Although most radionuclides were detected infrequently and at reference
concentrations, cesium-137 and lead-210 were found elevated in the Gator Pond and Beaver
Pond sediments. In these ponds, potassivm-40 was detecied at 5.21 pCi/g and 2.38 pCi/g,
cesium-137 at 0.61 pCi/g and 1.09 pCi/g, respectively, and lead-210 at 9.6 pCi/g in the Beaver
Pond,

Tritium was detected in one sediment sample on the SS. This sample was from the Beaver Pond
at a concentration of 0.48 pCi/g. Radioactive constituent data are summarized in Table 3-12.

Grain-size distribution data show the creek sediments to be at least 90-percent sand. Though the
pond stations had smaller particle sizes, the majority was either sand or silt. Total organic
carbon content ranged from less than 0.1 percent in Grantham Creek to over 19 percent in the
Beaver Pond. Ammonia at the Beaver Pond station was extremely high (195 pg/kg); ammonia
at other areas ranged from below detection to 3.43 pg/kg. These data are presented in

Table 3-13.

3.2.3.2 Surface Water

Surface water data are presented in Appendix A. Tables A-4.1 through A-4.9 present the
inorganic, pesticide and PCBs, volatile, semivolatile, gross alpha and beta, gamma spectroscopy,
tritium, wet chemistry, and BOD data sets, respectively.

The majority of inorganic constituents detected in surface water are naturally occurring soil
constituents. Many are essential macronutrients and necessary components of surface water
bodies. Trace elements, such as cobalt, arsenic, and mercury, were detected once ¢ach in the
three ponds on site: cobalt at 9.1 micrograms per liter (ug/t) in the Half Moon Creek Overflow
Pond, arsenic at 2.2 pg/l in the Beaver Pond, and mercury at 0.17 pug/! in the Gator Pond,

A summary of the inorganic constituents in surface water on the S5 are presented in Table 3-14.

The only radioactive constituents detected in surface water were tin-113 and tritium
(Table 3-15).

3.2.3.3 Surficial Soil

Soil data are presented in Appendix A. Tables A-5.1 through A-5.7 present the inorganic,
pesticide and PCBs, volatile, semivolatile, gross alpha and beta, and gamma spectroscopy data
sets, respectively.
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Many of the inorganic constituents detected are naturally occurring soil constituents and were
found at reference levels. One copper concentration of almost 10,000 mg/kg was found in
surficial soils at the West Substation although most other samples were comparable to reference
(ND - 10.70 mg/kg) and background concentrations (ND - 700 mg/kg). Concentrations of
inorganics in surficial soils on the 85 are summarized in Table 3-17.

Several pesticides were detected in soils on site at isolated locations. The Big Chief Drilling
Storage Area in SA-3 contained detectable concentrations of heptachlor epoxide (62 pg/kg),
dieldrin (42 and 320 pg/kg), and endosulfan II (38 pg/kg). Dieldrin was also detected at the
North Substation in SA-4 (320 pg/kg). Both 4,4-DDE and 4,4-DDD were found at the East
Substation in SA-1 (210 and 41 ug/kg, respectively) and the HT-2 Well Area in SA-5 (94 and
90 pglkg, respectively). In addition, 4. 4'-DDT was found at the East Substation (190 pg/kg).

One detection of PCBs was found in surficial soils. The East Substation had a detectable level
of Aroclor-1254 (1,100 pg/kg). Concentrations of pesticides and PCBs in surficial soils in the
S8 are summarized in Table 3-18.

Volatile organic compounds detected in surficial soils included toluene, xylene, and styrene,
Detected concentrations of toluene ranged from 1 pg/kg to 9 ug/kg, and detected concentrations
of xylene ranged from 2 pg/kg to 13 mg/kg. The majority of detected concentrations were found
at Station 1A, Big Chief Drilling Storage Area, Sites E-2 and E-7 in SA-3, and the CH Fuel
Storage Area in SA-4.

Four semivolatile organic compounds were detected in surficial soils. Benzoic acid and
bis(2-ethylhexyl)phthalate were detected in approximately half of the samples. Concentrations
ranged from nondetectable to 1,900 pug/kg for benzoic acid and from nondetectable to

1,700 pg/kg for bis(2-ethylhexyl)phthalate. Phenol and acenaphthylene were detected twice and
once, respectively. Concentrations of volatile and semivolatile organics in surficial s0ils in the

S5 are summarized in Table 3-19.

(Gross alpha and beta and gamma spectroscopic data for surficial soils are summarized in

Table 3-20. Although most sample concentrations were within reference ranges, elevated
concentrations existed on site. Maximum on-site concentrations were 37.9 pCi/g and 31.2 pCi/g,
respectively.
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3.2.4 Constituents of Potential Concern

Constituents of potential concern are site related, have reported quantities of reliable quality, and
are of greatest potential concern for ecological receptors given their physiochemical,
toxicological, and bioaccumalative properties. A summary of the screening criteria is presented
in Figure 3-3. It is this list of COPC for which stress was characterized at the §S.

3.24.1 Sediment

In sediment, six inorganic constituents, arsenic, barium, cadmium, lead, manganese, and zinc,
were considered to be COPC. No organic constituents were considered COPC in sediment.
Alpha and beta emissions are considered COPC in all media. Likewise, all radionuclides
detected with sufficient quantity and quality are considered potentially site related and COPC.
Tritium is considered a COPC because of past site activities. Three radionuclides were detected
by gamma spectroscopy at levels above reference. These are cesium-137, lead-210, and
radium-224.

3.2.4.2 Surface Water

In surface water, two inorganics are considered COPC: aluminum and arsenic. Aluminum was
not considered a COPC in other media; however, arsenic was considered a COPC in sediment,
No organic constituents were considered COPC in surface water.

Alpha and beta emissions were not detected in surface water samples. Tritium was detected in
five samples. The highest levels were in the Beaver Pond and Half Moon Creek Overflow Pond.
The only radionuclide detected by gamma spectroscopy in surface water samples was tin-113 in
Grantham Creek just above the detection limit.

3.2.4.3 Surficial Soil

In soil, only two inorganic constituents are considered COPC. These are copper and lead.
The majority of inorganic constituents detected were within site-specific reference ranges.
Antimony, selenium, and thallium were detected in less than 5 percent of the surficial soil

samples. None of these is attributable to past site activities.
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No organic constituents are considered COPC in soil. Phenol, acenaphthylene, ethylbenzene,
and styrene were detected in less than 5 percent of the samples. Bis(2-ethylhexyl)phthalate is a
common laboratory contaminant with no site-related history. Benzoic acid is a naturally
occurring constituent found in both flora and vertebrate excretions and, along with toluene and

xylene, have log K, values of less than 3.5.

Alpha and beta emissions are considered COPC in all media. Likewise, all radionuclides
detected with sufficient quantity and quality through gamma spectroscopy are considered
potentially site-related and COPC.

3.3 Exposure Pathway Identification

This pathway assessment analyzes potential exposure pathways for terrestrial and aquatic flora
and fauna at the 55, using existing site conditions, coupled with additional information on the
life histories of biota using the site. A Conceptual Site Model (CSM) (Figure 3-4) was used to
describe suspected sources and types of constituents present, constituent release and transport
mechanisms, rate of constituent release and transport (where possible), affected media, known

and potential routes of migration, and known and potential environmental receptors.

Complete exposure pathways must exist for exposures to occur. A complete cxposure pathway
requires (1) a source and mechanism for contaminant release, (2} a transport medium, (3) a point
of environmental contact, and (4) an exposure route at the exposure point (EPA, 1989b). If any
of these four components is absent, a pathway is generally considered incomplete. However,

the transport medium may be missing, and the pathway may still be complete if the contact point

is directly at the contaminant release point.

Contaminants at the 55 may migrate from their source to other environmental compartments
via six major pathways: (1) volatilization to the air and transport by wind, (2) leaching to the
saturated zone and transport with groundwater, (3) adsorption onto surface soil particles and
transport by wind as fugitive dust, (4) erosion and transport with surface water runoff,

(5) discharge of groundwater to surface water, and {6) exchanges between surface water and

sediment,
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Nonadsorptive water-soluble contaminants present in soils may migrate into groundwater or
become dissolved in stormwater runoff from the site. Contaminants that leach into the
groundwater may be transported to surface waters via seeps and/or springs. Contaminants with
strong affinity for soils may be transported off site as sediment load in surface water or as
wind-generated particulates. Nonvolatile contaminants with a lesser affinity for soils may also

be transported off site by wind.

Ecological receptors may be exposed to water-borne contaminants via dermal contact,
consumption of water, or inhalation of organic vapors. Terrestrial organisms may come into
contact with water-borne contaminants as a result of wading or swimming in contaminated
waters. Terrestrial organisms may also ingest water-borne contaminants if wildlife use impacted
waters as a source of drinking water. Aquatic organisms inhabiting contaminated waters would
be in constant contact with contaminants. Terrestrial organisms may be exposed to organic
vapors that result from the volatilization of organics in surface waters, however, significant
exposure via this route would be limited to terrestrial organisms that spend most of their time

near or in the water (e.g., waterfowl and turtles).

Contaminants present in sediment may result from erosion or adsorption of water-borne
contaminants onto sediment particles. If sediments are present in an area that is periodically
inundated with water, previous exposure pathways for soils would be applicable during dry
periods. Water overlying sediments would prevent contaminants from either volatilizing or
being carried by wind erosion. Exposure via dermal contact may occur especially for benthic
organisms. Some aquatic organisms consume sediment and ingest organic matter from the
sediment, Inadvertent ingestion of sediments may occur as the result of feeding on henthic
organisms and plants.

While contaminants in soils may leach into groundwater, environmental receptors generally will
not come in contact with these contaminants unless groundwater is discharged to the surface.

However, root contact with, and uptake of, contaminants in groundwater is a potential pathway.

Potential primary exposure pathways for terrestrial receptors include (1) dermal contact with
contaminated soil, sediment, and surface water; (2) ingestion of contaminated soil, sediment, and
surface water; (3) inhalation of organic vapors and/or contaminated particulates; (4) uptake
through roots in contact with soil, sediment. surface water, or groundwater: and (5) direct

radiation from contaminated soil, sediment, or surface water.
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Potential primary exposure pathways for aquatic receptors include (1) dermal contact with
contaminated sediments or surface water, (2) ingestion of contaminated sediment or surface
water, (3) uptake through roots and leaves in contact with surface water or sediment, and

(4) direct radiation from contaminated surface water or seditnent.

Secondary exposure pathways involve contaminants that are transferred through the food chain,
This pathway may include contarninants bicaccumulated from soil or sediment into plant tissues,
which are subsequently ingested by terrestrial or aquatic herbivores. Benthic invertebrates may
bicaccumulate contaminants from the surface water and/or sediments and then become prey for
bottom feeding fish, which subsequently become prey for piscivorous avian species.

The potential sources of contamination and routes of migration are summarized in the site-wide
CSM for the 58 (Figure 3-4).

3.3.1 Animal Exposure Routes

There are five major exposures routes by which terrestrial and aquatic animals might be exposed
to contaminants at the S5: (1) direct ingestion of contaminated abiotic media, (2) the
consumption of contaminated animal or plant tissue (food web interactions), (3) inhalation,

(4) direct contact (e.g., absorption through skin or gill surfaces), and (5) direct radiation.

Direct Ingestion of Contaminated Abiotic Media

Direct ingestion of contaminated soil or sediment could occur while animals grub for food, feed
on plant matter covered with contaminated soil, filter feed in areas where sediments have been
resuspended in the water column, or preen or groom themselves. Soil ingestion may
inadvertently occur while grooming; burrowing; or consuming plants, insects, or invertebrates
resident in the s0il. Aquatic deposit feeders directly ingest large quantities of bulk sediment in
order to obtain the energy-rich organic fraction; these organisms would likely have a significant
exposure from this pathway. Terrestrial species would also ingest potentially contaminated
surface water from the streams, ponds, and wetland areas at the 55.

Ingestion of Contaminated Tissues

Predatory organisms (secondary and tertiary consumers) may be exposed when feeding upon
prey that contains elevated levels of contaminants. The ability of contaminants to be passed
from lower to higher trophic levels is dependent upon their fate inside the prey animals. 1f the
contaminant is solely ingested and excreted by the prey without absorption from the
gastrointestinal (GI) tract and storage in its tissues, the exposure of higher trophic levels is
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minimized. The dose received by the predator i3 dependent upon the contaminant concentration
in the prey, its ingestion rate, and the amount of contaminated matter consumed.

The risk of exposure for predatory organisms is greater if the prey assimilates the ingested
contaminants or directly bicaccumulates contaminants present in the media into its tissues.

The risk of exposure to predators in this case would then be dependent upon the concentration of
contaminants in the particular tissues consumed and the rate of food consumption. The actual
concentration within the predator would also depend upon the rate of assimilation from the GI
tract of the contaminants during ingestion, the rate of metabolism, and the depuration rate,

Inhalation

Volatile organic compounds and, to a lesser extent, lower-molecular-weight polycyclic aromatic
hydrocarbons tend to volatilize from surface soils or surface water. In vapor form, these
compounds may become bioavailable to organisms during respiration and pose an important
exposure route. However, organic compounds were not detected in high concentrations in

environmental media, and this exposure route is probably minirnal at the 85.

Exposure via inhalation of fugitive dust would be limited to contaminants present in surface soils
at an area that was devoid of either vegetation or landscaping that would prevent the erosion of
soil particles. Exposure via inhalation is most important to organisms that burrow in
contaminated soils, especially those that bear their young in below-ground burrows (e.g., gopher
tortoises). However, intake via this mechanism is considered minimal relative to other
pathways.

Direct Contact

Direct exposure to soils, sediments, and surface water are other pathways important to some
species. This could result from direct dermal contact with the soils, sediments, or surface water
on unprotected surfaces (e.g., gill membranes, exposed skin, or exposed mucosal membranes).
Significant exposure via dermal contact would be limited to organic contaminants that are
lipophilic and can penetrate epidermal barriers. Mammals and birds are less susceptible (o
exposure via dermal contact with soils because their fur and feathers prevent skin from coming

into full contact with soil.
Dermal exposure may be most important to aquatic organisms, such as benthic invertebrates, and
bottom dwelling fish. Direct exposure is likely to have far less impact on terrestrial organisms

than other routes such as ingestion of contaminated media or tissues.
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Direct Radiation

Unlike chemicals, radionuclides can have deleterious effects on animals without being taken or
brought into contact with the body. This is becanse high-energy beta particles from
radionuclides in contaminated air, water, or soil can trave! long distances with only minimum
attenuation in these media before depositing their energy in animal tissues. Gamma and x-rays
are the most penetrating of the emitted radiations and comprise the primary contribution to the
radiation dose from external exposures. Alpha particles are not sufficiently energetic to
penetrate the outer layer of skin and do not contribute significantly to the external dose.
External exposure to beta particles primarily imparts a dose to the outer layer skin cells,
although high-energy beta radiation can penetrate into animal bodies.

3.3.2 Plant Exposure Roules

There are four major routes by which plants might be exposed to contaminants at the 55:

(1) incorporation of organic vapors through gas exchange, (2) root uptake, (3) foliar deposition
or direct contact for aquatic plants, and (4) direct radiation.

Respiration of Organic Vapors
Organic vapors resulting from the volatilization of contaminants in soil and/or surface water may
be incorporated into vascular plants via gas exchange and respiration, Because the 58 did not

have high media levels of organics, exposure via this pathway is probably minimal.

Root Uptake

Both aquatic and terrestrial plants may be exposed to site-related contarninants in soil, sediment,
and/or surface water by root uptake. This pathway is the most important exposure route for
plant uptake of contaminants.

Plant uptake of chemicals and radionuclides from soils is affected by numerous processes.
Because of the multiplicity of factors, soil-to-plant concentration ratios may exhibit considerable
variability. Among the more important factors that affect root uptake are (1) the
physicochemical form of the chemical or radionuclide, (2) soil characteristics, (3) fertilizers and
agricaltural chemicals, (4) chelating agents in the soil, (3) distribution of chemicals and

radionuclides in the soil, and (6) plant species and internal translocation within the plant,
Foliar Deposition

Plants on and around the $S may be exposed to site-related contaminants adhering to particulates
that have been eroded by the wind. Wet and/or dry deposition of air-associated contaminants
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onto leaf surfaces would make them available for uptake by the plants either directly through the
epidermal tissues or through the stomates. Uptake of contaminants may also occur through
direct contact of aguatic plants with contaminated surface waters.

Direct Radiation

High-energy beta particles from radionuclides in contaminated air, water, or $0il can travel long
distances with only minimal attenuation in these media before depositing their energy in plant
tissues, Gamma and x-rays are the most penetrating of the emitted radiations and comprise the
primary contribution to the radiation dose from external exposures. Alpha particles are not
sufficiently energetic to penetrate the outer layer of plant tissue and do not contribute
significantly to the external dose. External exposure to beta particles primarily imparts a dose to
the outer layer of plant tissue although high-energy beta radiation can penetrate further into plant

tissues.

The buildup of radionuclides on vegetation as a result of deposition of airborne radioactive
materials may be an important process in several exposure pathways, It is a major source of
radionuclide contamination of terrestrial food products such as vegetables and forage for
terrestrial animals. Deposited beta- and gamma-emitting radionuclides contribute to exposure

from external radiation.

3.4 Ecological Receptor Identification

An ecosystem is the combination of the abiotic (nonliving) physiochemical environment and the
assemblage of biotic (living) organisms that combine together to form an interrelated and
interdependent system.

There are two basic environments existing at 8§ that provide a natural classification of chemical
and/or radiation exposure pathways: terrestrial and aquatic (freshwater) ecosystems. For the
55 ecosystems, the areal extent of investigation has been defined as the former test site bounded
by the fence. However, it should be noted that the habitats present on site (e.g., forest, field,

and wetlands) extend off-site beyond the area of investigation.

The loss of valued native species or the establishment of unwanted exotic species would be
viewed as a major ecosystem degradation. Closely tied to this view is the concept and measure
of species’ diversity. Diversity has been shown to generally decline in response to disturbance

for a variety of different stressors and ecosystems.
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3.4.1 Terrestrial Ecosystems

3.4.1.1 Vegetation

The S8 site is dominated by open long-leaf pine forest (Pinus taeda and Pinus palustris) with

a shrub understory. Some areas have been replaced by oaks (Quercus sp.), hickory (Carya sp.),
and magnolia (Magnolia sp.).

Along the drainages and in the vicinity of the ponds on the site, bottomland hardwood forest
with bald cypress (Taxodium distichum), water tupelo (Nyssa aquatica), red maple (Acer
rubrum), black willow (Salix nigra), and other obligate and facultative wetland tree species
comprise the canopy and understory. Emergent wetland vegetation exists around open ponded
areas and is composed of water lily (Nymphaea odorata), common cattail (Typha latifolia),
buttonbush (Cephalanthus occidentalis), marsh elder (Iva frutescens), and arrow arum

{Peltandra virginica) among other species.

3.4.1.2 Animals

Primary consumers at the site include large mammals (white-tailed deer [Odocoileus
virginianus]) and small mammals (mice [Peromyscus sp.], short-tailed shrews [Blarina
brevicaudal, pine vole [Pitymus pinetortm), and eastern cottontail [Sylvilagus floridanus]).
Secondary consumers include omnivorous raccoons (Procyon lotor), opossums (Didelphis

marsupialis, and carnivorous coyotes| Canis latrans]).

Birds identified at 88 are mostly passerines including the Bachman's sparrow (Aimophila
aestivalis), which is on the threatened species list, and the northern bobwhite (Colinus
virginianus), which is a common game bird. A number of avian predators were also identified,

including the red-tailed hawk (Buteo jamaicensis).

Reptiles and amphibians can be found in both aquatic and terrestrial habitats. Most of these
animals at the site were observed in aquatic environments. However, a terrestrial sensitive

species, the gopher tortoise (Gopherus polyphemus), was observed at the site.
3.4.2 Aqualic Ecosystems

3.4.2.1 Macrobenthos
The qualitative macrobenthos field data are summarized in Table 3-21. Ten taxa were observed
at the various creek stations. Taxa identification and confirmation were performed using
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Peckarsky et al., 1990. The most prevalent taxa found throughout the site were Plecoptera,
Coleoptera, Anisoptera, Decapoda, and Tabanidae. Station HFHC-2 was the lowest in overall
taxa richness, but was abundant in Chironomidae, which are generally a stress- tolerant species.
This was probably more attributable to the station's creck topography than external sources of
stress, Station HMC-3 had a large submerged root mass present that was found to support a
diverse macroinvertebrate population. Grass shrimp and gastropods, taxa usually indicative of
a healthy macrobenthos population, were unique to that station, which is located in close
proximity to SGZ.

Stations HMC-2, HMC-5, and GRC-2 shared a common overall abundance and taxa richness,
with three different taxa present. Station HHC-2 had two taxa that were abundant

(>10 individual organisms) and three taxa that were rare (<3 individuals). Stations HHC-1,
GRC-1, HMC-1, HMC-3, and HMC-4 shared a common overall abundance and taxa richness,
with four to seven different taxa occurring at those stations. Crayfish, lampreys, salamanders,
tadpoles, Anisoptera, Coleoptera, and Plecoptera were found commonly throughout the creek
areas. The presence of these taxa indicates that a relatively high-quality habitat is present

throughout the creek systems, with no observable site-related influence.

3.4.2.2 Reptiles and Amphiblans

Salamanders are commonly found in or near creeks, springs, or seeps and were found at

Half Moon Creek on the site, They are usually absent from large streams where predatory fish
live. They are most common along the edges of small woodland streams where stones, chunks
of wood, and miscellaneous debris provide ample shelter and food. Salamanders feed on a
number of aquatic insects and other aquatic macroinvertebrates. They are in turn fed upon by
larger salamanders, fish, birds, and mammals. Aquatic amphibians are good indicators of the
health of aquatic systems. These animals are especially sensitive to pollution and loss of aquatic
habitat. Snakes, including a water snake (Nerodea sp.), were observed along with lizards;

turtles; skinks; toads; and frogs, including the river frog (Rana heckscheri).

3.4.2.3 Finfish

Fifteen finfish species were found on the site. The greatest diversity and abundance occurred at
station HMC-4. No fish species were observed or collected at stations HHC-1 or GtP-1. The
only abnormalities observed were external parasites on a bluegiil (Lepomis macrochirus) found
at station GRC-1.
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Table 3-21

Macrobenthos Qualitative Field Data,
Salmon Site

Taxon

Salmon Site Station Locations

HMC-1

HMC-2

HMC-3

HMC-4

HMC-5

GRC-1

GRC-2

HHC-1

HHC-2

Qligochaeta

Isopoda

Amphipoda

Decapodaa

Insecta

H{:

Anisoptera

0

Zygoplera

Hemiptera

Coleoptera

Diptera

Tipulidae

Tabanidae

Culicidae

Chirgnomidas

Flecoptera

Ephemeroptera

Tricoptera

Gastropoda

®Blank = Not Observed

b

Commaen 3-2 individuals
Rare < 3 individuals
Abundand > 10 ndhviduals

<
d
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The cherryfin shiner (Lythrurus roseipinnis) was found at all three creeks and was the dominant
species on the site. It was dominant at creek stations GRC-1, GRC-2, HMC-2, HMC-3, HMC-4,
and HMC-5 and was also found at creek stations GRC-1, HMC-2, and HMC-3. The two other
shiner species found on the site were the silverstripe shiner (Notropis stilbuis) at pond station
BeP-1 and creek station HMC-4 and the blacktail shiner (Notropis venusta) found only at creek
station HMC-4. Two darter species were found on the site: the blackbanded darter (Percina
nigrofasciata) at creek station GRC-1 and the gulf darter (Etheostoma swaini) at the creek
station HMC-3.

Additional fish species found on the site were the starhead top minnow (Fundulus notti),

which was found at pond stations BeP-1 and BeP-2 and creek station HMC-4. This species

was dominant at BeP-2. The chestnut lamprey (Ichthyomyzon castaneus) was found at three
creek stations: GRC-2, HMC-4, and HMC-5. The bluegill (Lepomis macrochirus) was dominant
at pond station HOP-1 and was also found at creek station GRC-1. The mosquitofish (Gambusia
affinis) was dominant at pond station BeP-1 and was also found at pond station BeP-2.

3.5 Potential Ecological Effects

Chemical and radiological contaminants are the primary stressors ai the 8S. Other
anthropogenic, physical, or naturally-occurring stressors are discussed in this assessment where
appropriate; however, potential impacts to ecological receptors at the S§ from significant off-site
(non-88) stressor sources were not investigated for this BERA.

For a given set of environmental conditions, species have characteristic attributes, such as birth
rates, age and sex distributions, migration patterns, and mortality rates. A species' habitat
preferences, food preferences, and other behavioral characteristics (e.g., nesting, foraging, and
rearing young) also may determine population size and distribution in an area and may also
significantly affect the potential for exposure.

A contaminant entering the environment will cause adverse effects if

» It exists in a form and concentration sufficient to cause harm
« Tt comes in contact with organisms or environmental media with which it can interact
» The interaction that takes place is detrimental to life functions.

Adverse effects may also occur if a contaminant interacts with other chermicals already present in
a synergistic manner that could raise the overall toxicity of the contaminated environment. The
likelihood of ecological harm is thus a combined function of chemical, physical, and biological
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factors, depending on the nature of the contaminant and the environment into which it is

released.

Ecological effects from a single or occasional release are likely to be considerably different than
those associated with a continuous release. Contaminants may enter the environment or move

among environmental compartments on several possible time scales, such as the following:

+ Single event (e.g., from an accidental spill)

+ Intermittently (e.g., from storms transporting surficial soil runoff)
= Seasonally (e.g., from heavy rainfall during the spring)

= Continuously (e.g., from groundwater discharge).

Some of these release scenarios may be occurring at the 55, and each type of release may
produce a different level of stress on a given ecosystem. Since the AEC's testing program at the
S8 ceased in 1970, the only contaminant releases to the 55 environment potentially occurring
are chronic in nature (e.g., groundwater discharge) or the result of intermittent episodes

{e.g., heavy rainfall events). The assessment endpoints and measurement endpoints that have
been selected for this assessment will address these different time spans and exposure durations,
as well as the synergistic or antagonistic effects of different combinations of contaminants,

As stated above, the potential exposures to SS8-related contaminants are expected to be chronic in
nature, Chronic toxicity due to exogenous chemicals in an ecosystem can greatly increase the
mortality rate of component populations or can change the organtsms' ability to survive and
reproduce in less direct ways, such as the following:

» Altering developmental rates, metabolic processes, physiologic function, or behavior patterns
* Increasing susceptibility to disease, parasitism, or predation

= Disrupting reproductive functions

* Causing mutations or otherwise reducing the viability of offspring.

Ecological effects are most easily expressed as some impairment of a biological function or
condition. There are two basic approaches to expressing ecological effects: (1) observed effects
or a statement of contaminant-related effects observed on site and an interpretation of associated
ecological implications in relation to appropriate endpoints or (2} comparison of on-site
measured concentrations to established benchmarks for the environmental media of concern.
Both of these approaches, observed effects and comparison to benchmarks, were used in the

ecological assessment of the various ecosystems at the 55.
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Contaminants may cause or induce changes in the composition and structure of a biotic
community as a secondary effect of the changes in the size of particular populations. These
species may be a major source of food or shelter for the rest of the community. Others may be
crucial in maintaining a balance of species in a habitat.

3.6 Endpoints

An assessment endpoint is an expression of the environmental value that is to be protected while
the measurement endpoint is a measurable ecological characteristic that is related to the
characteristic chosen as the assessment endpoint (Suter, 1993). The quality of the terrestrial and
aquatic ecosystems at the S5 and their vitality as habitat is the primary assessment endpoint for
this study.

3.6.1 Aquatic Ecosysiems

The aquatic ecosystems at the $S were assessed using two assessment endpoints as presented in
Table 3-22: (1) Benthic macroinvertebrate community viability and (2) Probability of subacute
affects in pelagic organisms. The quality and suitability as habitat of the streams and ponds that
make up the aquatic ecosystems at the $8, namely Half Moon Creek, Grantham Creek, Hickory
Hollow Creek, Beaver Pond 1-A, Beaver Pond 2, Gator Pond, and Half Moon Creek Overflow
Pond, can be measured through an analysis of the benthic invertebrate community and the
application of specific community metrics, as employed by RBP III (EPA, 1989¢). Biological
communities reflect overall ecological integrity, integrating chemical, physical, and biclogical
influences, as well as the effects of different ecological stressors. Communities provide a
holistic measure of the aggregate impact of these stressors over time and fluctuating

environmental conditions.

Benthic invertebrates comprise a heterogenous assemblage of animal taxa that inhabit the
sediment or live on or in other bottom substrates in the aguatic environment and are common
in most aquatic habitats. The macroinvertebrate communities are good indicators of localized
conditions because many invertebrates have limited migration patterns or sessile modes of life
and are, therefore, well suited for assessing site-specific impacts. The macroinvertebrate

communities also integrate the effects of short-term environmental variations.
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Table 3-22
Assessment and Measurement Endpoints

for Aquatic Ecosystems,
Saimon Site
Assessment Endpoint Messurement Endpoint
Benthic Macroinvertebrate {1)  Rapid Bioassessment Protocol Il Metrics.

Community Viability

{(2) Calculation of Estimated Aquatic Exposure Point
Concentrations for Contaminants and Comparison to
Literature-Derived Sediment or Water Quality Criteria,

Probability of Chronic Effects (1) Fish Species Survey and Determination of Tissue
in Palagic Organisms Contaminant Burdens Relative to Literature-Derived
Refarence Levels.
(2)  Application of Ambient Water Quality Criteria.

{3) Surface Water Toxicity Tests.

The measured comrmunity metrics from the streams and ponds associated with contaminant
source areas at the 58 are compared with the benthic macroinvertebrate community metrics of
the reference locations to determine if site-related contaminants are impacting the ponds and
strcams at the 58 and to determine the current overall biotic quality of the aquatic ecosystems.

In order to characterize the risk to the benthic macroinvertebrate communities, the estimated
interstitial water concentrations of the COC were compared to ambient water quality criteria or
standards for the protection of aquatic life or, when criteria were not available, threshold values

as determined from the scientific literature.

The toxicity and kinetics of inorganics in sediment are not as well understood as for organics.
For this reason, characterizing the risk to benthic organisms from metals in sediments will be
accomplished by comparing the measured sediment concentration of the metals of concern to
threshold concentrations as determined in the literature. The primary source of the biologically
effective sediment concentrations is Lohg and Morgan (1990). Long and Morgan have compiled
data from existing studies that link concentrations of contaminants with predicted or cbserved
biological effects. From these data, concentrations were selected that represent the lower tenth
percentile of the data. This concentration is the Effects Range - Low and is used as the

benchmark value in the risk characterization for metals in sediments.
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The second assessment endpoint was the probability of chronic effects in pelagic organisms in
the ponds and streams at the SS. Chronic exposure to site COPC may induce deoxyribonucleic
acid (DNA) damage, cancer, reproductive failure, or other effects. Fish populations were
surveyed and characterized in the ponds and streams at the 8S. Tissues were analyzed from
several species of fish collected at the site. These body burdens can be compared with literature-
derived effect levels to address the probability effects associated with chronic exposure. Surface
water concentrations of COC were also measured in the ponds and streams at the 8§, and
comparisons were made with ambient water-quality criteria or standards for the protection of
aquatic life, When these criteria were unavailabie, comparisons were made with threshold

values as determined from the scientific literature,

Comparisons were also made between fish tissue samples collected at reference locations that
were not directly impacted by the 88 and fish tissue samples collected from areas of suspected
or known contamination.

3.6.2 Terrestrial Ecosystems

The quality and suitability as habitat of the terrestrial ecosystems at the 8S were assessed using
two assessment endpoints as presented in Table 3-23: (1) change in floral community diversity
and (2) probability of chronic effects in faunal community.

The maintenance of diversity of a rich floral community is the first assessment endpoint to be
considered for terrestrial systems at the 8S. The floral communities throughout the 55 were
surveyed in order to identify individual species and communities present and their relative
abundance. Visual evidence of stress or vitality was also noted during this survey. Information
collected during these field surveys was used to characterize the vegetative communities and to
determine whether they exhibited characteristics of either stressed or healthy communities.

Sampling and analysis of plant tissues from reference sites and source areas were also conducted
at the S8, The analytical results from this sampling yields information regarding the potential
plant uptake of site-related contaminants and their potental adverse effects on individual plants
and communities. The concentrations of contaminants detected in samples from reference areas
were compared to samples collected in suspected source areas to determine whether there were
any significant differences in plant tissue concentrations. Literature-derived toxicity data arc
used to determine whether the increased tissue concentrations could cause detrimental effects to
individual plants and/or communities.
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The second assessment endpoint to be considered is the probability of chronic effects in the
faunal cornmunities at the $8. Chronic exposure to sitec COPC may induce DNA damage,
cancer, reproductive failure, or other effects. The measurement endpoints will yield species-
specific data that can be related to the entire $8. Avian species were surveyed in order to
enumerate the different species using the site for nesting, breeding, feeding, or other activities.

Table 3-23
Assessment and Measurement Endpoints
for Terrestrial Ecosystams,

Salmon Slte
———————————————————————————]
Assessment Endpoint Msasurement Endpoint
[—— ——————————— ————————————————
Change in Flora Community Diversity (1)  Qualitative Evidence of Vegetative Stress or
Vitality.
(2) Vegetation Species Survey and Determination of
Tissue Cantaminant Burdens Relative to
Literature-Derived Effects Levels,
Probability of Chronic Effects (1)  Smali Mammal Species Survey and Determination
in Fauna Community of Tissue Contaminant Burdens Relative to

Literature-Derived Refarence Levels.

(2) Large Mammal Species Survey and
Datermination of Tissue Contaminant Burdens
Ralative to Literature-Derived Reference Lavels.

(3) Calculation of Estimated Exposure to Species Not
Sampled (including Predators and Sensitive
Species) and Comparison with Literature-Derived
Effects Levels.

(4)  Terrestrial Toxicity Tests.

Small and large mammal surveys and tissue sampling were also used to aid in estimating the
probability of adverse effects in these populations. These mammal surveys identified and
enumerated the specific mammalian species utilizing the S8 for feeding, breeding, hunting, and
other activities. The analytical results of the mammalian tissues collected from the S5 were used
to identify whether site-related contaminants are bioaccumulating in mammals that frequent the
site, and if so, in what specific tissue has the bioaccumulation taken place and to what extent.
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3.7 Problem Formulation Summary

The SS can be segregated by ecosystem type into terrestrial and aquatic. Both ecosystems have
COPC, receptors, and compiete pathways. There is abundant habitat, and diverse plant and
animal communities were observed in both ecosystems, but the potential exists for acute or

chronic toxic effects from exposure to contaminants in soils, surface water, and sediments.

There are larger questions relative to the assessment goals for the 85: Are the COPC from
previous site activities present in sufficient bioavailable concentrations, and are the COPC
capable of bicaccumulation in SS flora and fauna to a level that might pose a risk to these
organisms and these ecosystems? These questions were addressed via the analysis of the

assessment and measurement endpoints through the processes of exposure effects and risk

characterization in the following sections.
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4.0 Exposure Characterization

Exposure characterization involves the quantification of the magnitude or type of actual and/or
potential cxposures of ecological receptors to site-specific COPC. This part of the assessment
includes quantification of stressor release, transport and fate, ecological receptor

characterization, and determination {(either by measurement or modeling) of EPCs.

4.1 Transport and Fate Estimation

The EPC in sediment, surface water, and surficial soil samples are represented by the 95-percent
UCL of measured concentrations of constituents that passed the screening process outlined in
Figure 3-3, calculated as shown in Section 3.2.2.9. Additionally, soil/water partition coefficients
(K,), when available for inorganic COPC, were used to calculate aquatic EPC (EPC,,) to
estimate the concentration of COPC in interstitial waters as that portion of the bulk sediment

concentration that was bioavailable. This was calculated by the following equation:
EPC, =EPC, /K,

The bicconcentration factor is another measure of fate, as it reflects the chemical-specific degree
of uptake by organisms from water, osmotic exchange, and equilibrium. Bioconcentration factor
values and K, values for inorganic COPC were obtained from the literature (EPA, 1986 and
Baes et al,, 1984).

4.2 Ecological Receptors

Evaluating risks posed by COPC to each and cvery species or population present is not feasible,
and thus an assessment must focus on a limited number of receptors. This subset of potential
ecological receptors may include organisms that are (1) chronically exposed (o site-related
COPC, (2) endangered, threatened, special concern, or protected species, (3) of relevance to
assessment endpoints, or (4) chronically exposed via a pathway that is different from previously

considered organisms.

Following is a discussion of selected receptors and the feeding habits and characteristics used to
place them in the site-specific food web (Figure 4-1). These organisms were chosen based on

their presence or suspected presence at the site, their trophic level, and their occupation of
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a specific niche not filled by another species. The chosen organisms included those sampled at
the S§ site.

Raccoon (Procyon lotor})

The raccoon is the most abundant and widespread medium-size omnivore in North America,
except at the higher elevations of the Rocky Mountains and into southemn Canada. Racoons arc
found near practically every aquatic habitat, particularly swamps, mangroves, floodplain forests,
and freshwater and saltwater marshes. They are also common in suburban residential areas and
abandoned farmlands. The raccoon is an omnivorous, primarily nocturnal feeder, eating fleshy
fruits, nuts, acorns and corn, but also grains, insects, frogs. crayfish, eggs, and virtually any
animal and vegetable matter (EPA, 1993). In residential areas, raccoons tip over or climb into
garbage cans (Whitaker, 1993). The size of a raccoon’s home range depends on its sex and age,
food sources, and the season. Home ranges of a few hundred hectares appear to be most
common, seasonally ranging from 5 to 5,000 hectares (2 to 2,024 acres) (EPA, 1993).

Gopher Tortoise (Gopherus polyphemus)

The gopher tortoise is a sensitive species and is the "gopher” of the Deep South. It is an
accomplished burrower, creating tunnels as long as 10 m (33 ft), which slope downward from
the surface, leveling off underground. The tortoise cmerges daily in warm weather, usually in
the cooler morning hours to forage on grass, leaves, wild fruits, and berries (Conant and
Collins, 1991). No information was available on body weight, but a similar species, the Eastern
Box Turtle, has a mean body weight of approximately 370 to 400 grams (EPA, 1993).

White-Tailed Deer (Odocolleus virginianus)

Once nearly exterminated in much of the Northeast and Midwest, white-tail deer are now the
most plentiful game animal in eastern North America. They are found in farmland, brushy
areas, and woods in most of the United States, except for a few western locations. White-tails
graze on green plants and aquatic plants in the summer, and acorns, beechnuts and other nuts and
corn in the fall, and feed on woody vegetation, including the twigs and buds of viburnum, birch,
maple, and many conifers in the winter. Bucks and doe herd separately most of the year, but in

winter gather together or "herd up" (Whitaker, 1993).

Red-Talled Hawk (Buteo jamaicensis)
This is one of the most common and widespread members of the genus Bureo in the continental
United States and Canada (Brown and Amadon, 1968). Red-tailed hawks live in a variety of

habitats, such as farmland, woodlands, mountains, and deserts, as long as there is open country
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interspersed with woods, bluffs, or streamside trees. Small mammals, including mice, shrews,
voles, rabbits, and squirrels are important prey, particularly during winter. Red-tails also eat
birds, lizards, snakes, and large insects, depending on availability (EPA, 1993). Home range has
been reported as approximately 165 hectares (66.8 acres) (Janes, 1984). Body weights average
1,126 grams (Dunning, 1993).

Bachman's Sparrow (Almophila aestivalis)

Bachman's sparrow is considered a sensitive species in the United States. It dwells in open
stretches of pines with grass and scattered shrubs for ground cover. Like many other sparrows,
it feeds on insects, such as crickets and beetles, and on seeds of grasses and sedges. It spends
most of its time feeding on the ground (Whitaker, 1993). Body weights average 19.7 grams
(Dunning, 1993).

Mice (Peromyscus sp.)

Mice of the genus Peromyscus (deer [P. maniculatus] or white-footed mice [P. leucopus]) have
adapted to every possible North American habitat where they are often the most abundant
mammals present (Whitaker, 1993). The habitat for mice includes all types of dry-land habitats
within their range, including coniferous and deciduous forest and grasslands, as well as deserts
and alpine tundra. Deer mice are omnivorous and highly opportunistic, which leads to
substantial regional and seasonal variation in their diet. They eat principally seeds, arthropods,
some green vegetation, roots, fruits, and fungi, as available. The nonseed plant materials provide
a significant portion of the mouse's daily water requirements. Body weights of deer mice range
from 15 to 35 grams, averaging 21 grams. Home range sizes vary seasonally and regionaily
from 0.014 to 0.128 hectares (0.006 to 0.05 acres) (EPA, 1993).

Great Blue Heron (Ardea herodias)

Although not observed at the site at the time of the species survey, this bird is likely to use the
aquatic habitat at the SS and would represent a top consumer in the aquatic food chain. The
heron feeds primarily on aquatic animals, preferring fish, but will also consume amphibians,
reptiles, and crustaceans. Its feeding territory changes seasonally from 0.6 to 8.4 hectares
(0.24 to 20.7 acres). Body weight averages 2,229 grams (EPA, 1993),
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4.3 Estimated Receptor Exposures

4.3.1 Aquatic Biota Tissue Analysis

From February 26 to 28, 1993, fish tissues were collected from surface water bodies on the 88
and the Reference Pond site. Sample collection was attermpted at all 15 surface water stations,
Although several attempts were made, no fish were obtained from Hickory Hollow Creek,
Gator Pond, or Half Moon Creek Overflow Pond. Six fish samples were collected for analysis
from the remaining stations. The following five species of fish were collected for whole body
analysis: channel catfish (Ictalurus punctatus), bluegill (Lepomis macrochirus), starhead
topminnow (Funduluy notti), golden shiner (Notropis sp.), and cherryfin shiner

(Lythrurus roseipinnis).

Fish collection methods included dip-netting, baited hooks on trap lines, and baited killi-pots.
Bait included raccoon meat, sardines, and crawfish. Due to the minimal volume of fish collected
at Half Moon and Grantham Creeks, a composite sample of the species collected throughout
those creeks was analyzed. An insufficient amount of fish tissue was obtained at

Grantham Creek (GrC-composite), Beaver Pond-1A (BeP-1A), and Beaver Pond-2 (BeP-2) for
the following analyses: alpha-total, beta-total. pesticides, and metals. However, therc were
sufficient fish tissues for the gamma spectrometry analysis to be performed. No analyses were
carried out for cyanide or volatile or semivolatile organics.

Tissue analysis data are presented in Appendix A of this report (Tables A-2.1 through A-2.5)
for inorganic, pesticide/PCBs, gross alpha, gross beta, gamma spectroscopy, and tritinm
analyses. All concentrations are reported on a wet weight basis.

Of the COPC for water and sediment, aluminum, barium, manganese, and zinc were found in all
fish tissue samples (Reference Pond, Beaver Pond, and Half Moon Creek). Lead was found in a
site sample and the reference sample at estimated concentrations below the CRDL.

No pesticides or PCBs were detected in fish samples. Gross alpha was not detected while gross
beta was detected in all samples. On-site fish samples had concentrations of 0.6 and 0.9 pCi/g,
and reference samples had 1.3 pCi/g. Tritium was detected in Grantham Creek, Half Moon
Creck, and the Beaver Pond samples at levels ranging from 0.24 pCi/g to 0.55 pCi/g. Tritium
was not detected in the Reference Pond sample. Of the other radionuclides, only potassium-40
was detected once in the Beaver Pond (7.2 pCi/g) and in the Reference Pond (2.8 pCi/g). Fish

tissue detected concentrations are summarized in Table 4-1.
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Table 4-1

Summary of Constituent Concentrations in Fish Tissue,
Salmon Site
(Page 1 of 2)

Salmon Slte Stations

paramter Ptearce | Namberof | homearer | comemasont | Moimum | waxinum
METALS {mghkg)” Wel weight basis o d
Aluminum 13.4 2 2 3.80 238J 53B°J
Barium 22Bl 2 2 36.15 5.1 8J 66.2
Calcium 3590.0 2 2 21,310.00 B,020.¢ 34 600.0
Chromium 0.235 BJ 2 2 0.22 0.258) 038 BJ
Copper ND® 2 2 2,50 1.4 a6
Iron 41.8 2 2 18.65 13.0 243
Lead 0.08 B‘WfJ 2 1 o112 012 BJ 0.12BJ
kagnesium 281.0 2 2 516.00 351.0 681.0
Manganess 124 2 2 28.65 28.2 281
Mercury ND 2 1 043 0.43 .43
Potassium 2810.0 2 2 2,960.00 2,790.0 3,130.0
Sslenium WD 2 1 034 0.345 0.345
Sodium F50.0 2 2 1,096.00 942.0 1,250.0
Thallium ND 2 i 0.05 .05 BWJ 0.05 BW.J
Zinc 17.6 2 2 17.35 15.9 19.6
Refer to footnoles at end of table.
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Table 4-1

Summary of Constituent Concentrations in Fish Tissue,

Salmon Site
{Page 2 of 2)
r Salmon Site Stations
Reference | Number of Number of Average .
" Parameter Statlon Samples Detectlons Concentration® Minimum Maximum
Il cROSS BETA (pGirg)® Wet weight basis 1.3 2 2 0.75 0.6 0.9
Bata
TRITIUM (pCig)
Tritium NOC 5 3 0.43 0.24 0.55
GAMMA SPECTRQSCQPY (pCitg) 2.8 5 1 7.20 72 7.2
“ Polassium-40

Mremga concentraion was calculated from detected concerntrations only.

Mllhgr&m per kliogram

Irieported resull Is quantiatvely estimated.

Noida‘lacted

Pnstdlgaslmn spika for fumace atomic absorption analysis is out of control limit.

SPicocurie par gram
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4.3.2 Terrestrial Vegetiation Tissue Analysis

In conjunction with the April 26 to 30, 1993, soil sampling event, samples of terrestrial
vegetation were collected for chemical and radiological analyses. The two most abundant
species of pine encountered at the S8 were longleaf (Pinus palustris) and loblolly (Pinus taeda),
and the samples for the most part consisted of these two species. Trees sampled were on average
greater than 20 years of age. The field adjacent to the catfish pond was utilized as the reference

location for vegetation samples.

Vegetation samples were taken from each of the individual sites identified in Table 3-8 and
Figure 3-2. Nineteen samples were taken: 18 sites plus 1 reference site. The reference sample
was collected off site in the vicinity of the reference pond. Each tree sampled was cored using a
L4-in.-increment corer in order to determine the age of the specimen. This core was then used as
part of the sample. The remainder of the sample mass consisted of branch segments cut into
small pieces using a hand saw and pruning shears. Each of the samples was a composite formed
from cores and tree branch segments taken from at least 10 trees per site. The trees sampled
were no further than 60 m (200 ft) from the center of the site. Cores and clipped-branch
segments were packaged in sealable plastic bags and glass jars, immediately placed on ice in
coolers, and shipped to the ITAS Laboratory for analysis. Vegetation samples submitted to the
laboratory were analyzed for inorganics, pesticides/PCBs, and radionuclides. These samples
were not analyzed for tritinm or cyanide.

The only sample that was not comprised of pine tree wood was taken from SA-6, the Helicopter
Pad. No trees were within 60 m (200 ft) of the center of the sampling site; therefore, the
vegetation sampled consisted of hay and a low vine that was growing in the open pasture.

This sample was packaged and handled in the same fashion as the other vegetation samples.

Plant tissue analysis data are presented in Appendix A of this report. Tables A-6.1 through
A-6.5 present the inorganics, pesticides and PCBs, semivolatiles, gross alpha and beta, and
gamma spectroscopy data sets, respectively. The majority of inorganic constituents detected in
vegetation are naturally occurring soil constituents. Many are essential nutrients.
Concentrations of inorganics in vegetation on the 8§ were, for the most part, sirnilar to those
from the reference area. Of the COPC for soil, copper was only detected in plants from the
Clean Burn Pit in SA-2 and the Helicopter Pad in SA-6 (6.70 and 6.30 mg/kg, respectively)
and at the reference area (3.20 mg/kg). Lead was detected in samples from all source areas,

but not in the sample from the reference area. The highest average concentration was at SA-3
(10.07 mg/kg).
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Gross alpba was not detected in the reference area vegetation, but was detected in some samples
from all SAs (0.26 to 3.89 pCi/g). Levels were particularly high at the helicopter landing pad in
SA-6 (2.06 pCi/g) and at the South Substation in SA-4 (3.89 pCi/g). Gross beta was higher in
vegetation from the reference area (1.00 pCi/g) than all other areas (0.3 to 0.9 pCi/g) except
SA-6 (2.6 pCi/g). Several radionuclides were detected in the plant tissues. Cesium-137 was
detected in one SA-5 sample (0.21 pCi/g) and lead-212, bismuth-214, and cerium-139 were
detected only in the $A-6 sample. Tin-113 was detected only in the reference sample.
Potassium-40, beryllium-7, and lead-210 were detected in samples from several locations.
Table 4-2 summarizes the detected levels of constituents in vegetation on the SS and at the

reference area.

4.3.3 Terrestrial Wildlife Tissue Analysis

The active collection of avian species was attempted during February 1993 using mist-netting
near the junction of Main Road and Toxie Road where doves had been observed. The mist-
netting was stretched across an open field in likely flight paths for 48 hours. The net was
checked periodically, but the attempts proved unsuccessful. The same area was then flushed
three to four times at dawn and dusk each day in hopes of being able to shoot game bird species.
However, because of the time of year, game birds were scarce, and none was collected.

During the February 1993 investigation, large and small mammals were collected for metals and
radionuclide tissue analysis. White-tailed deer (Odocoileus virginianus), cottontail rabbits
(Sylvilagus floridanus), and marsh rabbits (Sylvilagus palustris) were collected with firearms
under the supervision of the Mississippi Department of Game, Fish, and Wildlife. These
collection activitics took place on the nights of February 25 and 26, 1993. In all, seven whitetail
deer and seven rabbits were collected during the two nights. Specific tissues analyzed from
these specimens included fat, muscle, bone, and liver. Tissues were harvested as close to the
time of death as possible, packed in appropriate containers on ice in coolers, and shipped to the

ITAS Laboratory for analysis.



Summary of Constituent Concentrations in Vegetation,

Table 4-2

Salmon Site
{Page 1 of 9)
Number of Number of Average -
Parameter Type Samples Detections | Concentration® Minimum Maximum

METALS [n‘gfkg}h Waet weighi basis Referance 1 1 207.00 207.0 207.0
Aluminum SA-1 4 4 107.63 61.6 159.0
SA-2 2 2 147.00 115.0 183.0

S5A-3 4 4 100.05 g7.6 1150

SA-4 5 ) 10012 47 .6 131.0

S5A-5 2 2 201.50 159.0 244.0

SA-5 1 1 238.00 238.0 238.0

Sitewide 18 AL 126.12 126.12 244.0

Barium Reference 1 1 8.00 8.0 E-‘:.JEI 8.0 BJ
SA-1 4 4 11.20 288l 16.5 B}

SA-2 2 2 G.75 6.4 BJ 7.1B4

SA-3 4 4 7.00 6.2 BJ 7.6 8J

SA-4 5 5 5.64 3.4 Bd 9.0BJ
SA-5 2 2 12.60 8.0 Bd 17.28J

S5A-6 1 1 169.00 169.0 169.0

SHewide 18 18 17.15 288J 169.0
Calcium Reference 1 i 1,650.00 1,650.0 1.650.0
S5A-1 4 4 2,002.90 1,610.0 2430.0
5A-2 2 2 1,591.50 82208 2.260.0
SA-2 4 4 1,755.G0 1,260.0 2270.0
SA-4 5 5 2,150,003 1.470.0 3,280.0
SA-5 2 2 2.515.0¢ 2.330.0 2,730.0
SA-6 1 1 4,840.0¢ 4 840.0 4.840.0
E Sitewide 18 18 2,157.29 8923.08J 4 840.0

Refer to foomnotes at end of able.
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Summary of Constituent Concentrations in Vegetation,

Table 4-2

Salmon Site
{(Page 2 of 9)
Number of Number of Average . -
Parameter Type Samples Detections | Concentration® Minimum Maximum
Chromium Reference i 0 ND® ND ND
SA-1 4 O ND KD ND
SA-2 2 1 5.90 5.90 5.90
SA-3 4 ) WD ND ND
SA-4 & ) ND ND ND
SA-5 2 0 ND ND HD
SA-6 1 1 .99 0.39B8) 0.99 Bd
Silewides 18 2 3.45 029 B8) 590
Copper Reference 1 1 3.20 32Bd 328l
SA-1 4 0 ND ND NE
SA-2 2 1 6.70 8.7 8.7
S5A-3 4 1] ND ND ND
SA-4 5 1] NE ND ND
SA-5 2 0 NE ND ND
SA-6 1 1 6.30 6.3 6.3
Sitewida 18 2 6.50 6.3 6.7
Iron Relerence 1 1 28.9¢ 289 28.9
SA-1 4 4 2568 16.0 BJ ar3
SA-2 2 2 31.30 13.9BJ 487
S5A-3 4 4 21.65 16.3 BJ 258
SA-4 5 5 20.24 13.2 B 28.8
SA-5 2 2 24.40 20.7 28.1
SA-6 1 1 165.00 i65.0 165.0
I Sitewide 18 18 31.49 13.2BJ 165.0
Rafer b foonotes at end of tabls.
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Summary of Constituent Concentrations in Vegetation,

Table 4-2

Salmon Site

(Page 3 of 9)
Number of Mumber of Average
Parameter Type Samples Detections | Concentration® Minlmum Maximum
Lsad Reference 1 0 MO HD ND f
SA-1 4 4 Z40 1.30 3.705
SA-2 2 2 2.45 1.60 330
SA-3 4 4 10.07 1.60 1420
SA-4 5 1 4.3 4308 4308
SA-5 2 1 1.80 1.90 1.80
Sh-5 1 1 2.70 2,70 270
Sitewide 18 13 4.25 1.20 14.30
Magnesium Relersnce 1 i 289.00 289.0 BJ 289.0 B
SA-1 4 4 312.50 294.0BJ 328.0B)
SA-2 2 2 311.50 238.0BJ 385.0B)
SA-3 4 4 249,25 225.08BJ 2ol
SA-4 5 5 264.20 217.0BJ MHIOoB)
SA-5 2 2 A72.00 352.0B4 A34.08)
SA-6 1 1 F70.00 OO BS FF008)
Sitawide 18 18 317.06 217.0BJ ¥70.0 BJ
Manganese Reference 1 1 58.90 58.9 58.0
SA-3 4 4 125.93 63.7 155.¢
SA.2 2 2 205.50 184.0 217.6
SA-2 4 4 131.98 g§749 168.0
SA-4 5 & 93.30 334 115.0
SA-5 2 2 140.0¢ 102.0 178.0
SA-6 1 1 300.0¢ 300.0 300.0
Silewide 18 18 138.28 34 300.0
Refar te footnetes at end of tabls.



Summary of Constituent Concentrations in Vegetation,

Table 4-2

Salmon Site
(Page 4 of 8)
Number of Number of Average - .
Parameter Type Samples Detections | Concentration® Minimum Maximum
Potassium Refarence 1 1 1,010.00 1,010.0 1,010.0
SA-1 4 3 842.67 676.0 BJ 1,080.0
SA-2 2 P 778.50 647.0 B 2100 B
SA-3 4 z £80.00 606.0 BJ 7540 BJ
SA-4 5 5 769,40 823.08) 1,000.0 BJ
SA-5 2 2 780.50 7o1.08) B20.0 BJ
SA-6 1 1 §23.00 §23.0 BJ E23.0 8J
Sitewide 18 15 762.40 606.0 BJ 1,080.0 BJ
Sodium Relerence 1 1 38.20 3g.28J 33.2BJ
SA-1 4 4 5056 42,7 8J 65.1 BJ
SA-2 2 2 45.00 41.6 BJ 48 4 B)
SA-3 4 4 52.90 37.1 BJ 63.3BJ
SA-4 5 5 53.60 36.1 BJ 64.2 BJ
SA-5 2 2 50.70 48.5 BJ 52.9BJ
SA-6 1 1 52 50 525BJ 52.5B)
Sitewide 18 18 51.43 36.1BJ 65.1 BJ
Zinc Reference 1 i 12.20 122 % 12.2 EJ
SA-1 4 4 21.35 13.2EJ 20.5 EJ
SA.2 2 z 23.30 19.5EJ 27.1EJ
SA-3 4 4 12.20 B4 EJ 16.5 EJ
SA-4 5 5 29,12 B.GEJ i15.0EJ
SA-5 2 2 56.50 11.0EJ 102.0EJ
SA-6 1 1 43,50 435 EJ 435 EJ
Sitewide 18 18 29,58 8.4 EJ 115.0EJ
Refar to footnotas at end of table.
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Summary of Constituent Concentrations in Vegetation,

Table 4-2

Salmon Site
{Page 5 of 9)
Mumber of Number of Average .

Parameter Type Samples Detections | Concentration® Minimum Maximum —|
PESTICIDES/PCBS {ug/kg) Refarence 1 0 ND ND ND
Wet weight basis SA-1 4 1] ND ND MD

SA-2 2 0 ND ND ND
Beta-BHC 5A-3 4 1] ND ND ND
SA-4 5 1 27.00 27.0.J 27.0J
SA-5 2 1] HD ND ND»
SA-6 1 a N NI ND
Sitewide 18 1 27.00 5704 27.0J
4,4-DDD Refersnce 1 o D' ND ND
SA-1 4 1 50.30 50.0 XHJ 530 XJ
SA-2 2 ) ND KD ND
SA-3 4 0 ND HND ND
SA-4 ] 0 ND ND ND
SA-5 2 1 88.0 88.0 XJ 88.0 XJ
SA-6 1 ] HD ND Nk
Sitewide 18 2 69.00 50.0 XJ 88.0 X4
Endrin Referance 1 0 NO HD ND
SA-1 4 0 ND ND ND
SA-2 2 1] MO ND HD
SA-3 4 1] MNE ND HD
SA-4 5 2 46.00 40.0J 52.0J
SA-5 2 1 42.00 42.0J 4204
SA-B 1 o ND ND ND
Sitewide 18 3 45.00 40.0J 52.0J
Refer to footnotes at end of table.

4-14



Summary of Constituent Concentrations in Vegetation,

Table 4-2

Salmon Site

(Page 6 of 9)
Number of Number of Average .
Parameter Type Samples Detections | Concentration® Minimum Maximum |
Endosulfan Sulate Reterence 1 0 NC ND MNE
SA-1 4 ] NE ND ND
SA-Z 2 1 42.00 4201 420J
SA-3 [} 3 38.67 35.0 J 42.0J
SA-q 5 3 51.67 3s.0J 7104
SA-5 2 1 49.00 49.¢ J 49.0J
SA-6 1 ¥ ND ND ND
Stlewide 16 8 45.25 35.0J 71od
Endrin Kelone Reference 1 O ND ND MD
SA-1 4 0 ND MB ND
SA-2 2 0 ND ND MO
SA-2 4 1] ND ND MO
SA-4 5 4 8%.50 Fo.0d 130.0J
SA-5 2 1 87.00 B7.0J B7.0J
SA-6 1 0 MD ND WD
Sitewida 18 5 89.00 F0.0 J 130.0J
GROSS ALPHA/BETA {pCiFg)} Reference 1 0 ND ND ND
Wei weight basis S5A-1 4 | 0.35 0.29 0.42
SA-2 2 2 0.33 0.26 0.40
Alpha SA-3 4 4 .34 028 0.42
SA-4 ] 3 1.55 0.3% 3.89
SA-5 2 1 .26 0.36 036
SA-6 1 1 2.08 2.06 206
Sitewide 18 14 0.72 .26 .89
Refer to footnctes at end of table.
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Summary of Constituent Concentrations in Vegetation,

Table 4-2

Salmon Site
(Page 7 of 9)
Number of Mumber of Average . .
" Parameter Type Samples Detections | Concentration® Minimum Maximum

Bata Raference 1 1 1.00 1.0 1.0
SA-1 4 4 043 0.3 0.5

SA-2 2 2 0.40 0.3 .5

SA-3 4 3 047 04 0.6

SA-4 & 4 .63 0.4 0.9

SA-5 2 2 .40 0.3 0.5

SA-6 1 1 2,60 2.6 2.6

Sitewide 18 16 0.49 0.3 26

GAMMA SPECTROSCOPY (pCig) Relerence 1 0 ND NE ND
Wet weight basis SA-1 4 D ND HD MDD
SA-2 2 1] HD MDD MD

Casium-137 SA-3 4 1] ND MD MD
SA-4 5 0 ND MD KD

SA-5 2 1 021 0.21 o2

SA-6 1 a ND ND HD

Shewids 18 1 a.21 .21 o.21

Potassium-40 Refarence L 1 ND ND HD
SA-1 4 2 £.35 6.3 6.4

EA-2 2 1 B.60 8.6 86

SA-2 4 L] MHD ND HD

SA-4 5 1 21.30 21.3 213

SA-5 2 0 MDD ND MDD

SA-6 1 0 MO ND i [0

Sitewide 18 4 10.65 6.3 213

Rafer to footncies at and of table.
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Summary of Constituent Concentrations in Vegetation,

Table 4-2

Salmon Site

(Page 8 of 9)
Number of Number of Average
" Parameter Type Samples Detections | Concentration® Minimum Maximum

Lead-212 Referance 1 0 HD ND ND
541 4 0 HD ND ND

S5A-2 2 1] HD ND ND

SA-3 4 a HE ND ND

SA-d4 5 o ND KD ND

SA-5 2 ¢ ND ND MD

SA-6 1 1 0.50 0.5 0.5

Silewide 18 1 0.50 ¢.5 0.5

Berylliurm-7 Rafarance 1 0 ND NE ML
SA-1 4 3 323 3.0 3.5

SA-Z2 2 1 2.40 24 2.4

SA-3 4 1 1.9¢ 1.9 1.9

SA-4 5 1 580 5.8 58

SA-5 2 2 3.20 2.8 a6

SA-6 1 i 25.50 25.5 255

Sitewide 18 a 574 1.9 255

Bismuthk-214 Reference 1 O ND ND [, 13}
SA-1 4 0 ND MND N

BA-2 2 0 ND ME NG

SA-2 4 4] ND ND ND

SA-4 5 1] HND ND ND

SA-5 2 0 HD ND MWD

SA-5 1 1 0.68 0.68 (.68

Sitewide 18 1 0.68 0.68 .68

Refar to foonotes at end ol 1abde.




Table 4-2
Summary of Constituent Concentrations in Vegetation,
Salmon Site

(Page 9 of 9)
| Mumber of Numbar of Average
Parameter Type Samples Detections | Concentration® Minimum Maximum
Cerium-139 Reference 1 0 HD ND ND
SAA1 4 0 HD ND ND
SA-2 2 0 ND ND ND
SA-3 4 0 ND ND KD
SA-4 5 G ND NG HD
BA-5 2 c ND ND HD
BA-6 1 1 015 0.15 0.15
Silawide 18 1 0.15 0.15 0.15
Tin-113 . Reference 1 1 .20 0.2 02
S5A-1 4 0 HD ND ND
S5A-2 2 0 ND WD ND
SA-3 4 0 HD WD ND
Sh-4 5 o HD WD ND
SA-G 2 1] HD KD ND
SA-B 1 a ND KD ND
Sitewide 18 1 0.20 0.2 0.2
Lead-210 Reference 1 1 2.33 233 233
SA-1 4 2 29, 2.29 3.52
SA-2 2 o ND ME NBD
SA-3 4 0 HD ND MD
SA-4 B 2 3.8 2.2 4.15
SA-5 2 1 210 2.10 210
SA-6 1 1 7.61 7.61 7.61
Sitewide 18 6 3.65 210 7.61
amremgs concentralion wes calculated from detaclad concanlrations only. fThe reportad value was determined by Methed of Standard Adddion.
cMIEigI‘ﬂI‘I‘I par Kiogram gind.nﬁuah,rmuplad plasma dllution (%0} Is out of control limils.
dTha raported valua is below tha Conlract Required Detecion Limit, but above Instrument Cetection Limit. ; Microgram per kllogram
eFlepu:ted rasull is quarntitativedy astimated. jDaIa enterad manualty.
Mot detected Picocuria per gram



Field mice, raccoon, and opossum were collected between February 22 and 28, 1993. Traps
utilized for raccoons and opossumn were Conibear” Models 110 and 210. These traps were set
on low tree branches or stumps and baited. Traps were set and checked three times a day.
Museum Spccial® snap traps were used to collect ficld mice and other members of the rodent
family. One raccoon, one Virginia opossumn, one pine vole, two shorttail shrews, one Eastern
wood rat, and nine field mice were collected and shipped to the laboratory for analyses. Specific
tissues analyzed from the raccoon and opossum specimens included fat, muscle, bone, and liver.
Large mammal tissues analyzed also included bone, liver, fat, and muscle. Whole bodies of the
field mice specimens were analyzed. All small mammals collected were shipped to the

ITAS Laboratory for analysis. However, of the rodent samples submitted, only one mouse
sample, the woodrat, and a shrew/vole composite sample were analyzed. Trapline Jocations are
shown in Figure 4-2,

Mammal tissue analysis data are presented in Appendix A of this report. The Appendix includes
data for inorganic, pesticide/PCBs, gross alpha, gross beta, gamma spectroscopy, and tritium,
Tables A-7.1 through A-7.5 present small mammal data. Tables A-8.1 through A-8.5 present
large mammal data.

Many inorganic constituents were found within the mammalian tissues. Copper was detected in
most tissues, but primarily in liver. Copper was only detected in bones of small mammals. Lead
was detected in all tissue types in large mammals, most frequently in bone, but with the highest
concentrations in fat. Similar lead results were found for small mammal tissues, with the highest
concentrations in bone. The composite samples had an average concentration of 0.24 mg/kg wet
weight, with a maximum of 0.36 mg/kg.

Gross alpha was detected in some large and small mammals, mostly in bone (7.29 to

7.80 pCi/g). Gross beta was detected in more samples with the highest levels in bone (21.05 to
37.43 pCi/g). Tritium was detected in some large and small mammals. Highest levels were in
fat (84.59 pCi/g) and liver (6.60 pCi/g). Other radionuclides were detected sporadically in some
tissues of some samples. No pesticides or PCBs were detected in mammalian tissues. The
detected constituent concentrations are summarized in Table 4-3 and Table 4-4. All

concentrations are presented on a wet weight basis.
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Table 4-3
Summary of Constituent Concentrations in Large Mammal Tissues,
Salmon Site
(Page 1 of 5)

Number of Number of Average . .
Parameter Type Samples Detects Concentration® Minimum Maximum
METALS {mga'kg}b Wat weight basis Bone 7 4 6.25 5.5 Bch 74 BJ)
Aluminum Liver 7 2 1.50 1.5BJ 1.5BJ
Fat 6 2 5.55 43 BJ 6.8 RBJ
Muscle 7 3 1.30 1.1Bd 1.4 BJ
Antimony Bone 7 1 3.32 3.3 3.3
Liver 7 0 MNE MG ND
Fal 6 0 MDD MG NHD
Muscle 7 2 1.25 1.18) i4BJ
Arsenic Bone 7 2 1.01 0.582J 1.40J
Livar 7 ¢ ND Nk ND
Fat 8 0 ND HD ND
Muscle 7 Q ND NE ND
Barium Bone ¥ ¥ 472 86 345.00 565.00
Livar ¥ i 0.46 0.1z 0.84
Fat ) 5 0.86 05284 1.80 B
Muscie i Fil 0.38 021 Bd 07z2Bd
Beryllium Bone 7 2 0.06 0.058) 0.06 Bd
Liver 7 0 ND ND ND
Fat B 1 022 0.22B np22p
Muscle 7 ] HD ND ND
Cadmium Bone 7 1 0.15 0.15BJ 15 BJ
Liver 7 1 .39 .39 0.39
Fai 6 1] NE WD WD
Muscle 7 1] ND NG WD
Calcium Bong 7 7 212,857 199, 000.0 227 000
Liver 7 7 238.79 96.5 BJ 440
Fat G G 363 67 174.08 665
[ Muscle 7 7 203.86 133.0 BJ 336
Reder to foctnotes at end of table.
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Table 4-3
Summary of Constituent Concentrations in Large Mammal Tissues,
Salmon Site

(Page 2 of 5)
Number of Number of Average - .
Parameter Type Samples Detects Concentration® Minimum Maximum
Chrosmium Bone ¥ 7 3.3 2.90 3.60
Liver Fi 6 0.42 0.16 BJ 0.77 BJ
Fal ) 5 047 0.26 BJ 0.71BJ
Muscle T 6 0.35 0.16 0.55
Cobalt Boneg ¥ 1 0.29 0.29 BJ c.2aBJ
Liver Fi 1 0.59 0.59 BJ 0.55 Bd
Fat 6 0 ND MD ND
Muscle v 0 ND MO MD
Copper Bone 7 0 ND ND ND
Livar 7 i 51.21 33.50 64 80
Fat G 5 2.88 0.28 5.10
Muscla 7 Fi 1.78 1.50 2.20
Iron Bona 7 6 4.87 28BJ 10.4
H Liver 7 7 195. A1 137 258.0
K Fat 6 4 18.33 4084 35.9
Muscle 7 5 28.82 24.0 359
Lead Bone 7 G 2.98 Q.32 13‘90f
Liver 7 2 .38 0.05 BJ 8705
Fat 6 3 28.62 0.27 #8.20
Muscle 7 2 0.095 0.09 BJ 0.10 BWY)
Maghesivm Bone 7 7 3.191.43 3.050.00 3,350.00
Liver ¥ 7 182.71 162.08BJ 20:4.0 BJ
Fail ) 5] 63.27 254 8J 919BJ
Muscle Fi 7 263.14 237.0 283.0
tanganese Bone ri 7 1.37 1.10 1.60
Liver K ¥ 519 4.00 6.30
Fat 3] 4 1.66 .08 BJ 3.20
Muscle Fi K 1.29 0.i7BlJ 4.20
Rafer o footnoles at end of table.
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Table 4-3

Summary of Constituent Concentrations in Large Mammal Tissues,

Salmon Site
{Page 3 of 5)
H |
Number of Number of Average - ,
Parameter Type Samples Detects Concentration® Minimum Maximum
Mercury Bone 7 0 ND WD ND
Liver 7 5 0.08 0.04 BJ 0.19
Fai & 4] ND ND D
Muscle 7 2 0.13 0.07 0.18
Potassium Bone 7 2 350.50 3160 3B5.0
Liver v 7 2,672.96 2,380.0 3,200.0
Fat B 3 757.23 581.0 BJ 870.0 BJ
Muscle 7 7 3,342.86 2 .880.0 37100
Selenium Bone 7 2 082 0.57 BWJ 0.66 E!-Eh.J
Liver 7 3 056 .42 BWJ 0.77 BJ
Fat 6 o ND ND ND
Muscle 7 L ND ND KD
Sodium Bone 7 7 5,344.29 5,190.0 5,720.0
Liver 7 7 970.29 807 .0 1,260.0
Fat 6 B 51017 161.0BJ 1,050.0
Muscle 7 4 596.40 507 .0 Fa5.0
Zinc Bone r ¥ £8.53 50.7 991
Liver 7 7 38.29 9 477
Fal L 6 4.92 24 7.6
i Muscle ki 7 35.26 30.3 43.7
GROSS ALPHABETA i.’|:=l.’.=i|’5|j|E Bone 7 2 7.85 723 7.30J
Wet weight basis Liver 7 6 0.32 0224 0404
Alpha Falt 6 2 0.25 011 .58 J
tuscle i 2 0.25 0.24J .26 4
Beta Bone 7 7 30.84 21.05 37.43
Liver 7 7 281 227 3.06
Fat 6 5 023 0.11 041
Muscle 7 7 2.42 2.02 3.07
Realfer fo fooinoles at end of table.
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Table 4-3
Summary of Constituent Concentrations in Large Mammal Tissues,
Salmon Site

(Page 4 of 5)
Number of Number of Average
Parameter Type Samples Detect Concentration® Minlmum MaxImum

TRITIUM {pCifg) Bane 7 O ND ND ND
Waet weight basis Liver ¥ 2 3.36 o1 6.60
Tritium Fat K 4 31.5 014 B84.59
Muscie Fi 1 0.36 0.36 0.35

GAMMA SPECTROSCOPY (pCifg) Bone ¥ 0 ND ND ND
Woet weight basis Liver 7 4 0.20 0.14 0.24

Cesium-137 Fat 7 1] ND MD ND
Muscle 7 4 0.48 0.32 Q.77

Potassium-40 - Bone 7 4] ND ND» KD

Liver Fi 2 6.7 3.2 .2

Fat 7 4] ND ND ND

Muscle i 4 36 2.7 4.1

Lead-212 Bong 7 4 028 0.00 1.00

Liver 7 0 MNE ND ND

Fai 7 0 ME KD ND

Muscle 7 0 ND KD MO

i Radium-226 Bone 7 1 0.3 0.3 0.3
H Liver T LH ND MO N
4 Fal 7 Q MHD ND )
Muscle 7 H ND ND L [

Bismuth-214 Bone ri 1 0.4 ¢4 0.4

Livar ¥ ¢ ND MD MD

Fat r ) ND ND HD

Muscle 7 o ND ND HD

Radium-228 Bone ¥ 1 1.40 1.40 1.40

Liver 7 0 ND NL Ny

Fat K 1) ND NI ND

Muscle 7 0 ND ML NDy

Refer to footnotes at end of table.
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Table 4-3
Summary of Constituent Concentrations in Large Mammal Tissues,

Salmon Site
{Page 5 of 5)
Number of Number of Average
r Parameter Type Samples Detects Concentration® Minimum Maximum

Titanium-208 Bone 7 0 MNA ND ND
Liver 7 0 MNA ND ND
Fat 7 1 0.30 0.30 0.30
Muscle 7 0 ND ND ND

amrarage concentration was cakeulated from defacted concentralians enly,

Miigram per kilogram

raported value 1s balow the Contract Reguired Cetection Limil, bul above Inslumen Dedechon Limit.

BHaportad vakua is quaniitatively astimabed.
Mol detected

Ihe reported vatue was determined by Method of Standard Adcition.
gPDSidIQBSHUI‘E splke for fumace atomic absorption analysis ts oul of control limit,

h
Picocune per gram

; Incuctivety-coupled plasma dilution (560 |s oul of cordrol Emits.
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Table 4-4
Summary of Constituent Concentrations in Small Mammal Tissues,
Salmon Site
{Page 1 of 5)

=] |

Number of Number of Average i
“ Parameter Type Samples Detections | Concentration® | Minimum Maximum
METALS {mgﬂcg}b Wet weight basis Bone g g 4.54 2.80 Bc.ld 8.008J
Aluminum Liver 1 1 1.00 1.00 BJ 1.00 BJ
Fat 1 1 510 510 8J 51084
Muscle ] B 1.21 1.20 BJ 28084
Composita 3 3 10.87 4.00 8J 17.90
Arsenic Bong 9 1 0.7% 0.75 BW"J 0.75 BWJ
Liver 1 0 ND ND MHD
Fal 1 0 ND MND MD ||
Muscle L] 1] MD ND MO
Composite 3 H WD WD MNE
Barium Bone a | 116.39 3210 262.00
Liver 1 ) HD ND ND
Fat 1 0 NO ND ND
Muscla O 5 0.3z 0.16 BJ 0.47 B
Compasita 3 2 519 097 BJ 9.40 Bd
Calcium Bonse 9 g 57,044 44 22,500.0 98,500.0
Liver 1 1 139.00 139.00 BJ 139.00 BY
Fai i 1 251.00 251.0 251.0
Muscle L 9 198.00 156.0 BJ 291.0
Composite 2 K] 6,730.00 2.860.0 8.290.0
Chromium Bone Q 9 1.62 .338J 5.10
Liver 1 ¢ ND ND NI
Fat 1 ) MO D ND
Muscle g g 0.25 0.18 BJ 0.36 B8J
Composite 3 3 ND ND ND
Copper Bone 2] ¥ 4.69 1.20 BJ 11.10
Liver 1 1 6.60 6.80 6.80
Fat 1 1 5.30 5.30 530
Muscle L] a 1.61 1.10BJ 2.20
Composite 3 3 3.40 1.50 5.20 |i
Refer to footnoles at end of lable.

4-26



Table 4-4

Salmon Site

Summary of Constituent Concentrations in Small Mammal Tissues,

{Page 2 of 5)
Number of Number of Average :
Parameter Type Samples Detections | Concentration® Minirum Maximum “
Iron Bone g 9 73.27 43.1 % 7.5 EJ
Liver 1 1 579.0C 579.¢ EJ 5790 Ed
Fat 1 1 a0.80 8 ES 308 EJ
Muscle 9 9 24,89 14.2 552
Compaosite 3 3 5747 43.1EJ 67.5 Ed
Lead Bone 9 9 54.67 0.26 WJ 391.00
Liver 1 i o.11 0.11 B4 .11 Bl
Fai 1 i 0.10 0.10 BJ 0.1¢Bd
Musche 9 3 2.65 0.08 BWJ 12.30
Composits 3 a o224 0.07 BWJ 0356
Magnesium Bone 9 g 1,079.11 &73.0 1,530.0
Livar 1 1 162.00 162.0 BJ 162.0 BJ
Fat i 1 5730 57.3BJ 57.384
Muscle a o 291.33 250.0 319.0
Composite 3 3 315.00 2180 375.0
Manganase Bone g 9 2.18 0.36 B 4.60
Liver 1 1 270 2.70 2.70
Fat 1 1 0.23 0.238) 023 BJ
Muscie g 2] 0.53 0.21 84 2.00
Compaosite 3 3 18.40 2.50 27.30
Mercury Bone 9 ] HD ND ND
Liver 1 t 0.54 0.64 0.64
Fat 1 H HE ND MD
Muscle 9 0 NE HD ND
Composite 3 a ND MND NI
Mickel Bone 9 2 5.30 2.40 8.20
Liver 1 ) ND MND ND
Fat 1 Y WD ND» MDD
Muscle 9 o WD ND MND
Composite 3 0 ND ND ND I
Refer 1o foolnotes al end of fable.
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Table 4-4
Summary of Constituent Concentrations in Small Mammal Tissues,

Salmon Site
(Page 3 of 5)
Number of Number of Average . .
Parameter Type Sampt Detections | Concentration® Minimum Maximum !I
Poiassium Bone 8 9 2.251.11 1,340.0 2,870.0
Liver 1 1 1,780.00 1,780.0 1,7BG.0
Fat 1 1 352.00 3520 a52.0
Muscle 2] 9 3,640.00 3,210.0 3,980.0
Composite 3 K] 259667 2,260.0 3,080.0
Selenium Bone 9 ] 0.07 0.07 BW. 0.07 BWJ
Liver 1 c ND ND MD
Fat 1 1) MD ND i [0
Muscle 9 a ND NHD ND
Composte 3 Q NI ND ND
Sodium Bone g 2 1,693.33 1.060.0 3.080.0
Liver 1 1 1,500.00 1,500.0 1,500.0
Fat 1 1 F58.00 ¥5%.0 7539.0
Muscle g o 4B8.11 363.0 680.0
Composite 3 3 1,006.32 8620 1,270.0
Yanadium Bone g 0 ND ND ND
Liver 1 1 0.28 0.28B 0.28B
Fal 1 0 HND ND ND
Muscle a o MO MWD ND
Composite 3 0 ND ND MND
Zinc Bone 9 g 58.10 8.9 E) S40EJ
Liver 1 1 25.10 25.1 25.1
Fat 1 1 510 51 5.3
Muscle g B 27.16 11.1 EJ 67.0 EJ
Composile 3 3 22.63 18.8 257
GROSS ALPHA/BETA (pCifg)" Bone 9 1 12.55 12.55 12,55 J
Wel weight basis Liver 1 o MDD ND ND
Alpha Fat 1 0 ND ND ND
Muscle ] 3 2.86 0.19 6.44
Composits 3 1] ND ML ND
Rafer to fooincles at end of table.
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Table 4-4

Summary of Constituent Concentrations in Small Mammal Tissues,
Salmon Site

(Page 4 of 5)
|
Humber of Number of Average -
Parameter Type Samples Detections | Concentration® | Minimum Maximum
Beta Bona ] ] 55.04 18.90 107.27
Liver 1 1 1.57 1.57 1.57
Fat 1 a ND ND ND
Muscle a K] 2.69 1.80 314
Composite 3 3 077 0.61 0.8%
TRITIUM {pCiig) Bone 9 4 3.42 0.25 12.70
Waet weight basis Liver a 2 10.66 1.14 2017
Tritium Fal 1 1 0.10 a.10 .10
Muscle g9 2 B.828 8.37 11.38
Composite 13 12 4.05 0.08 39.77
GAMMA SPECTROSCOPY (nCifg) Bone 9 2 0. 0.14 0.28
Wet weight basis Liver g 3 0.50 0.2% 0.60
Cesium-137 Fat 1 ] MD NE ND
Muscle a 1 .63 0.683 0.62
Composite 13 6 0.85 0.18 3.50
Polassium-40 Bong 0 i 270 270 2.70
Liver 9 4 G.60 1.80 9.80
Fail 1 g MD KD MO
Muscle a 5 3.4 2.50 420
Composite 13 B 4.26 280 5.60
Lead-212 Bone | 1 0.54 0.54 0.54
Liver g 1 0.8¢ 0.80 .80
Fal 1 0 HD MND MD
Muscle 9 1] ND ND ND
Compaosite 13 1 0.40 0.40 0.40
Uranium-238 Bona 9 1] [ NEy ND
Liver 9 1] M MO ND
Fat 1 H ND ND D
Muscle a Q ND ND HD
Composite 13 1 1.90 1.90 1.50
Refer to focinolas at emd of table.
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Table 4-4

Summary of Constituent Concentrations in Small Mammal Tissues,

Salmon Site
{Page 5 of 5)
Number of Number of Average
" Parameter Type Samples Detections Concentration® Minimum Maximum
“ Thallium-208 Bone g v ND ND ND
Livar g 2 014 013 014
Fat 1 o ND ND ND
Muscle o 0 ND ND ND
Composiie 13 0 ND ND ND
Lead-210 Bone 9 0 ND ND ND
Liver ] 0 ND NHO ND
Fat 1 0 ND ND ND
Muscla 9 ] ND HD HD
Composite 13 1 .70 1.70 1.70
Thorium-230 Bong g 1] NG MND ND
Liver 9 ] 22.80 22.80 22.890
Fai t 0 ND HD NE
Muscle 9 0 ND ND ND
Composite 13 0 WD ND ND

aJ':.'.r»anra!;pem concaniration was cakculated from detacted concentralions only.

Mikigram per
d

:Posidlgasﬂm spika for furnace atomic absorption analysis |s oul of control limit.

Mot deteched

EIGP dilution {20} Is oul of control limits.

Picocuria per gram

kitogram
reporied value [s below tha Contract Required Detection Limii, bul above the Instrumenl Deteclion Limi.
Reporiad value s quaniiatively estmated.
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5.0 Ecological Effects Characterization

5.1 Potential Ecological Effects
5.1.1 Aquatic Ecosystems

5.1.1.1 Surface Waters

In order to characterize surface water COPC impacts to aquatic life, comparisons were made to
the ambient water quality criteria (AWQC) for the protection of aquatic life or, when these were
unavailable, to threshold values as determined from the scientific literature. The federal ambient
water criteria and standards that have been established to protect the aquatic environment are the
primary benchmark for comparisons. The potential for impacts to viability or propagation of
aquatic life in the surface water bodies on the 88 was investigated through the use of surface

water concentrations for: aluminum, arsenic, and tritium (Table 5-1).

Table 5-1
Final Selection of Constituents of
Concern in Surface Water,

Salmon Site
——— ..
Surface Water
Co::m;n: of Bep? Concentration (95% Upper Chronic AWGGC® Datactad in Constituent of
CMWT‘ Confidencs Limit of the (ne/t) Fish Tissue? Concern?
Mean [lg/])
Aluminum ND® 269.40 87 Yo’ Yos
Arsanic a4 0.95 48 (pentavalont) No Mo
180 {trivasont)
Iron ND 1,813 1,000 Yes® Yes
Radionuclides Exceading Raferance Surface Water Concentrations
Tritium NA' | 0.34 pcie® NA Yes Yeq
e — ———————————————————————————

A pioconcentration factor, EPA, 1968

cMicrogram per liter
qubiant Water Quality Griteria

aNc) data available
Detected at concentrations balow tha detection limit and lower than the concantrations in the reference sample. Iron was detected at

concentrations above the datectian limit, but lower than that of the reference sample.
Mot applicable

Pleocurie per liter
All radiation sources are considered togather as a constituent of cancern in terms of total radiation dose.

£
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Aluminum

Studies conducted regarding aluminum suggest that, when the pH is between 6.5 and 9.0,
freshwater aquatic organisms should not be adversely affected by chronic exposure to less than
87 ug/t of aluminum or by acute exposure to less than 750 pg/t (EPA, 1988). Acute criteria
were not exceeded in any surface water body investigated throughout the $5. However,
exposure to constituents should be considered a continuous and, therefore, chronic exposure.
All measured aluminum concentrations, including those from the reference pond, exceeded the
chronic criteria. Therefore, it should be noted that aluminum in the surface waters at the SS are
probably indicative of naturally occurring minerals in the soils and headwaters of these water
bodies. Levels exceeding those from the reference pond were found at the Beaver Pond and
Half Moon Creek Overflow Pond and at the furthest downstream section of Half Moon Creek.
However, although aluminum was detected in fish tissue, it was at concentrations below the
detection limit and lower than the concentration in the reference sample. Although unlikely,
the potential for chronic toxicity to sensitive organisms exists, and aluminum is, therefore,
considered a COC for freshwater systems at the 55.

Arsenic

The EPC for arsenic in surface water was 0.95 pg/t, which is well below the chronic AWQC
of either pentavalent (48 ug/?) or trivalent (190 pg/t) arsenic. No arsenic was detected in fish
tissue. Therefore, arsenic was eliminated from further considerations as a COC.

Iron

Although the 95-percent UCL of the mean for site surface water samples exceeded the reference
range and the AWQC, the AWQC value was exceeded only at the Beaver Pond and Half Moon
Creek overflow pond locations. However, fish-tissue samples from the Beaver Pond and Half
Moon Creek had lower iron concentrations than fish from the off-site reference pond.

Radiation/Radionuclides

Tritium was the only radioactive constituent that exceeded reference concentrations in surface
water. Both the Beaver Pond and Half Moon Creek Overflow Pond had tritium concentrations
above the range detected at reference stations.

No apparent bioaccumulation or bioconcentration effect for tritium has been found in either
aquatic or terrestrial food chains. Dilution is in fact more likely (NCRP, 1979). A major
concern in tritium toxicity is undesirable genetic or cellular cffects resulting from its
incorporation into DNA (NCRP, 1979). However, data on levels at which these effects occur
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due to tritium exposure in aquatic organisms were not available. Tritium was detected in three
of five fish tissue samples, but not in the reference sample. Tritium is taken as part of the

radiation dose received by aquatic organisms.

Gross beta radiation was detected in the fish tissue, but at a higher concentration in the reference
than in the site samples. Alpha radiation was not detected in fish tissue. The only radionuclide
detected in fish tissue was naturally-occurring potassium-40. General radiation effects are

discussed in Section 5.1.2.1.

5.1.1.2 Sediment
The potential for biological effects to benthic organisms was based on COPC sediment
concentrations. The assessment of effects through sediment contamination was accomplished

through comparison of sediment concentrations with benchmarks.

The toxicity and kinetics of inorganics in sediment are not well understood. For this reason,
risk to benthic organisms from toxic metals in sediments was characterized by comparing the
measured sediment concentrations to sediment threshold values as determined from the
literature. Long and Morgan (1990) have compiled data from existing studies that link
concentrations of contaminants with predicted or observed biological effects. Concentrations
were then selected that represent the lower tenth percentile of the screened data. This
concentration is the ER-L and is used as the benchmark value in the stress characterization for

metals in sediments.

COPC identified in sediment were arsenic, barium, cadmium, lead, manganese, zinc, and
radiation sources, including total alpha and beta activity, tritinm, and gamma spectroscopy-
detected radionuclides (Table 5-2).

Arsenic

The sediment criterion derived for arsenic is 33 mg/kg (Long and Morgan, 1990). The EPC for
sediment (95-percent UCL of the mean, 2.98 mg/kg) does not exceed this concentration, and
arsenic would, therefore, not be expected to adversely affect aquatic life. Additionally, the
calculated EPC,, as an estimate of the bioavailable concentration in interstitial waters would not
exceed the AWQC levels, and arsenic was not detected in fish tissues. Therefore, arsenic was
eliminated from further consideration as a COC in sediment.
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Table 5-2
Final Selection of Constituents of Concern in Sediment,
Salmon Site

:
EPCppq’
Constituants c Sedimant
a b EPC, {95% Uppar g Datactad in Conatituent of
of Potential K, BCF », Criteria
Concarn {mg/t) Confidancs Limk c;f (makg) Fish Tiaaus? Concarn?
tha Mean [mg/g]}
— L m———|
Arzenic 200 4 0.0149 2.98 33 No No
Barum 60 N 12923 77.54 ND Yas Yes
Cadmium ND ND ND 2.98 5 No No
Lead 200 49 0.0114 10.23 35 Yasi No
Manganase 65 ND 32435 210.83 ND Yes Yos
Zine a0 a7 0.894 35.76 120 Yos No

—_— T —r T
Radichuclidas Exceading Reference Sedimeont Concentrations

Gross Alpha | NA® NA NA 12.41 pCilg NA No Yes™
Gross Bota NA NA NA 16.03 pGlg NA Yes Yesh™
Cesum-137 | NA NA NA 0.40 pCly NA No Yes™
Lead-210 NA NA NA 5.19 pClg NA No Yos'™
Radium-224 NA NA NA 1.66 pClig NA No vas™
Tritium NA NA NA 0.16 pClig NA Yes Yeg'™

e e ——

Bepilfwater partition cosfficiant from Baes et al,, 1084
bBioconoantration factar, EPA, 1986
©Aquatic Exposure Paint Concentration, EPC,, = EPC_JK,
Milligrarn per liter
Baadiment Expaosure Concentration exprassed az the 35-parcant upper confidence limit of the mean
Milllggram per kilogram
DLong and Margan, 1980
~No data available
!Annlyte was detected balow the Contract Required Datection Limit at estimated cancentration,

)average concentration did not excesd raferance concentration.

KNot appiicable

Picocurie par gram

MAll radiation sources are considerad togathar as a Constituant of Gongsem in terms of totad radiation dose.

Barium

No sediment criterion was available for barium. The EPA,, was calculated to be

1.2923 milligrams per liter (mg/{). Although barium ions are thought to be rapidly removed
from solution by precipitation and other processes, concentrations in drinking water in some
midwestern and western states have been known to range as high as 3 mg/l (EPA, 1986). A
restrictive criterion for barium does not appear warranted since barium is unlikely to exist in the

toxic soluble form under usual fresh water conditions and soluble barium would have to exceed
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50 mg/t before toxicity to aquatic life would be expected (EPA, 1986). However, barium was
detected at an elevated concentration (66.2 mg/kg) in one fish tissue sample and, therefore,
warrants further consideration as a COC in sediment.

Cadmium

The ER-L for cadmium is estimated at 5.0 mg/kg (Long and Morgan, 1990). Cadmium was
detected in two samples from the 88. A sample from Half Moon Creek contained 1.70 mg/kg of
cadmium. One sample from the Beaver Pond (BeP-1) contained 9.00 mg/kg of cadmium.

While BeP-1 exceeded the ER-L, it was found to be equal to the reported Effects Range-Median
(Long and Morgan, 1990), and it is that concentration above which effects arc expected to occur.
Additionally, cadmium was not detected in fish tissue. Therefore, cadmium is not considered
further as a COC for sediment.

Lead

The sediment criterion derived for lead is 35 mg/kg (Long and Morgan, 1990). The EPC for
sediment does not exceed this concentration, and lead would, therefore, not be expected to
adversely affect aquatic life at the S8. Lead was detected in one fish tissue sample, but at an
estimated concentration below the CRDL. Lead is, therefore, eliminated from further
consideration as a COC in sediment.

Manganese

Manganese is a micronutrient required by both plants and animals. Manganese is not considered
to be a problem in fresh waters since tolerance values for aquatic life range from 1.5 to over
1,000 mg/t (EPA, 1986). The calculated EPC,, for manganese in 35 sediments was

3.2435 mg/(, at the lower end of this range. However, since the two fish-tissue samples from the
site contained approximately twice as much manganese as the reference sample, manganese
should be considered further as a COC in sediment.

Zinc

Zinc is a necessary micronutrient. The sediment criterion derived for zinc is 120 mg/kg

(Long and Morgan, 1990). The EPC for zinc in 88 sediment does not exceed this concentration
and would, therefore, not be expected to adversely affect aquatic life. Zinc was detected in all
fish samples, but the average concentration did not exceed the reference concentration. Zing is,

therefore, eliminated from further consideration as a COC in 55 sediments.



Radiation/Radionuclides

The potential for effects exists in areas of elevated concentrations, such as the Beaver Pond and
Gator Pond. Gross alpha activity in the Beaver Pond and Gator Pond were as high as

17.21 pCi/g and 22.48 pCi/g, respectively, whereas gross beta activity was as high as 18.6 pCi/g
and 23.69 pCi/g. Cesium-137 was highest in the Beaver Pond (0.61 pCi/g) and the Gator Pond
(1.09 pCi/g), but also occurred in the Half Moon Creek Overflow Pond, Half Moon Creek at
HMC-4, and Hickory Hollow Creek at HHC-2 in levels above background. Lead-210 was
elevated in the Beaver Pond as was radium-224, which was also detected at HMC-4. Tritinm
was only detected at the Beaver Pond. Total radiation dose was considered as a COC for

sediment. See Section 5.1.2.1 for a discussion of general radiation effects.

5.1.1.3 Potential Aquatic Ecosystem Effscts Summary
The final COC selected for risk characterization in the preceding sections for aquatic ecosystems

at the S8 include aluminum, barium, manganese, iron, and radiation sources.

The potential for chronic toxicity to sensitive organisms due to aluminum in surface waters was
discussed above. Although aluminum was detected in all fish samples, the concentration was
higher at the reference station than in the site samples, which were detected below the CRDL.

It is likely that the aluminum concentrations in these walters are natural and that the organisms

in these systems are tolerant of these concentrations. No data were available for toxicity
comparisons to the fish tissue concentrations. No toxicity data were available either for
manganese or barium, but it is apparent from water-quality criteria information that these
clements would not be considered to be at toxic levels in 8§ aquatic environments. The water
quality criterion for iron was exceeded in surface waters at the site, but only by the samples from
the Beaver Pond and Half Moon Creek overflow pond. Fish tissue concentrations were higher in
the reference pond samples than in the site samples. Tt is unlikely that toxicity to these

organisms is occurring due to iron.

Due to the interconnected nature of the food web and the fact the terrestrial animals probably
consume surface water on the site, exposure of terrestrial organisms to the aquatic contaminants
should be considered. For aluminum, however, only one sample (a small mammal composite)
had a concentration above the CRDL, considering all large and small marmmal samples. Barium
and manganese were detected in most animal tissue samples. Barium is relatively abundant in
nature and tends to accumulate in the skeleton (Amdur et al., 1991). The highest concentrations
at the 8§ were found in bone samples, and the only tissues with concentrations above the
detection limit were liver samples (0.95 mg/kg wet weight) from large mammals, which may
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range off site. Manganese, an essential micronutrient is present in all living organisms

(Amdur et al., 1991). Manganese concentrates in the liver in the normal processing of this
nutrient (Amdur et al., 1991) and was found in highest concentrations in the liver samples from
the $S. These results are, therefore, likely to represent naturally-occurring concentrations. Iron
is an essential nutrient also found in highest concentration in the liver samples from the 53,
This element, an essential component of the oxygen-carrying molecule hemoglobin, also likely

represents naturally-occurring concentrations.

Tritinum, the heaviest and only radioactive isotope of hydrogen, has been a ubiquitous
contaminant produced by the atomic energy programs (NCRP, 1979). However, natural tritium
also exists due to cosmic ray interactions in the atmosphere (NCRP, 1979).

When tritium is introduced into an aquatic environment, the tissue water of all invertebrates and
most vertebrate organisms present in that water body will approach equilibrium with the tritium
concentration in the water after a period of several weeks. Fish (mosquito fish and top
minnows) raised in tritiated water had tritium concentrations in their tissues approximately

.31 to .56 percent of the waler concentration. The tissue concentrations of tritium in fish that
were fed brine shrimp, which were also raised in tritiated water, were .73 percent of the water
concentration (NCRP, 1979). This was essentially the case at the §5, with a mean water
concentration of 0.22 picocuries per milliliter (pCi/m?) and a mean tissue concentration of

0.43 pCv/g.

The radiological doses to aquatic receptors, the great blue heron and general fish species, were
calculated-according to the method of Baker and Soldat (1992) using the reported radionuclide
concentrations in surface water and sediment. The results are shown in Table 5-3. The external
dose to fish was greater than the internal dose by two orders of magnitude due primarily to the
presence of cesium-137, cadmium-109, and radium-224. The internal dose was due to tritium.
Tin-113 was excluded from the dose calculation due to its short half-life (115 days, Table 5-4).
The heron's internal dose arises from the assumption of a 600-gram per day consumption rate of
fish. The total dose for each of these receptors was well below the National Council on
Radiation Protection criterion for protecting populations of aquatic organisms at 1 rad per day
(NCRP, 1991) or International Atomic Energy Agency rate for terrestrial populations at

0.1 rad/day (FIAEA, 1991).
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Table 5-3
Total Dose due to Sadiments, Surface Water,
and Soll Pathways,

Salmon Site
F —_——————————————— ——————————————————————————
Recebtor internal Dose External Dose Total Dose
P (Rad/day) (Rad/day) (Rad/day)
e I EEEEEEEE————————
Mousge (Peromyscus) 6x10 &x10 &x10
Heron (Ardea 2107 2x10™% 4x10™
herodias)
Fish 1x107® 1107 1x10”
_ . ——————————————————————————— —_—————————————————————————

Ancse due to tritum anly. Dose assoclated with other radionuclides was not astimated due to the absance of data on the

affactive absorbed enargy rate for the spacific radionuclides from the referance documeant (Baker and Soldat, 1992).
Giraater than 50 parcent of the axtamal dose iy dus 1o cesium-137

Assumptions
1. Tin-113 was not considered when calculating dose due to the short half-iife.

2. A biological half-life of one day was used when data were not available from DOE, 1994.

3. It was conservatively assumed that the probability of & gamma emission per disintegration was one in

all cases. This could result in an overestimate of the external dose by approximately one order of
magnitude.

Table 5-4
Selected Radionuclides of iImportance and Their Half-Lives,
Salmon Site

Radionuclide | Hatf-Life I|

Uranium-238 4,.500,000,000 yaars
Plutonium-239 24,300 years
Carbon-14 5,800 yaars
Radium-226 1,620 yaars
Cesium-137 30 years
Strontium-90 28 yoars
Tritium 12.3 yoars
Krypton-85 ' 10.9 yoars
Tin=113 1156 days
lodine-131 8 days
Xenon-133 5.2 days
lodine-132 ___24hours
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5.1.2 Terrestrial Ecosystems

5.1.2.1 Soil
The assessment of potential effects to terrestrial biota, based on soil concentrations of COPC,

is not as simply defined as that for surface water or sediment. For the COPC identified in soil,
applied daily doses reported in the literature to cause effects were compared to soil
concentrations. The COPC identified in soil are copper, lead. and radiation (Table 5-5).

Table 5-5
Final Selection of Constituents of Concern in Soil,
Salmon Site
—_——— ————— ————— ———— e R ey
Soil Concentration
Constituents of (95% Upper Confidence Detected in Dﬂ::;:::l In Constituent of
Potentlal Concern Limit of the Mean Vegetation? Ti 2 Concern?
[ug/kal)® ssues
Copper 279.492 Yas Yes Yeas
Lead 17.32 Yos Yes Yz
== s |
Radlonuclides Excesding Reference Soil Concentrations
Lead-212 0.56 pCi/gb Yes Yas Yes®
Radium-223 0.27 pCifg No No Yes
Thallium-208 0.16 pCig No Yes Yos"
Thorium-228 5.08 pCi/g No No Yes®

“Microgram per kilogram
cF'Ioocuria par gram
All radiation sources are considerad fogather as a constituent of concern In tarms of total radiation dose.

Copper

Copper was detected in 34 of the 108 samples taken from the 8. The majority of the detected
concentrations were within the reference range (ND - 10.70 mg/kg). One sample from Site E-2
and E-7 in 8A-3 and two samples from the CH Fuel Storage Area in SA-4 had levels slightly
higher than the reference area. However, all soil samples from the West Substation in SA-4 had
the highest levels of copper with the minimum concentration of 25.23 mg/kg. The soil sample
obtained from the center of the site activity was reported as 9,950 mg/kg, over 100 times greater
than any other value. Evidence of localized copper contamination at this site is apparent.

The presence of s0il COPC in vegetation tissue at concentrations above background is evidence
of bioavailability and possible uptake. Copper was detected in one vegetation sample from SA-2
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and one from SA-6. Copper was not detected in the vegetation samples related to the West
Substation where the soil concentrations were highest.

Copper toXicity to plants may occur at very high concentrations, but it is more likely under field
conditions like those at the SS that plants would become tolerant to elevated copper
concentrations in soil. Copper tolerance in plants has been widely documented (Shaw, 1989).

Copper was detected in small and large mammal tissue, with highest concentrations in the liver
samples. Since no reference mammal tissues were collected in conjunction with S5 samples, the
S8 results were compared with naturally occurring reference tissue concentrations in the
published literature (Table 5-6). Copper concentrations in small mammal composites were
slightly above the average control area concentrations for shrew and vole species, but within the
range for deer mice from one study. With only one raccoon sample and little published data,
comparisons should be made with caution. The raccoon- liver copper concentration was slightly
elevated compared with other omnivorous and herbivorous species. No data were available for
large mammals. It is likely that these Jevels, being within or near reference levels, are below
levels that would be expected to have an adverse effect. The tissue concentrations of copper in
Bachman's sparrows and game birds are likely to be similar to that of the small mammal
composite because of similar diets and possibly lower since the sparrow would have less contact
with soils. The burrowing, herbivorous gopher tortoise may also have similar copper
concentrations in its tissues. Copper is likely to be less toxic to the tortoise due to its slower
metabolic rate,

Copper is an essential element required for enzyme processes and hemoglobin synthesis. Little
information is available on chronic effects of elevated copper in biota, but may result in
hemolytic anemia in humans. To determine whether bioaccumulation to higher trophic levels
was a concern, copper intake was calculated for the red-tailed hawk, assuming a diet of small

mammals using the following equation:

_ (C.,)(Q,,)(FI))

1
(_" BW
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Table 5-6
Comparison of Copper Concentrations in Mammal Tissues
to Literature Reference Values,
Salmon Site

Maximum Concentration
Salmon Site Tissue Type Water a Concemratlonb Lrteratur_e Tissue Type Location Range
Specias Content c Test Species {mgfig dry
(mg/kg~ dry welght) weight
ght)
Small Mammal Whole Body 68% 16.25 Short-tailed shraw Whole Body Mot stated 9-1 1':l
Composite [Blarina bravicauda) (U.S.}
Meadow vole Whole Bady Not stated 11.9
{Microtus pennsylvanicus} (u.s.}
Deer mouse Whole Body Not stated 10-13.4
Long-tailed field mouse Whole Body {U.S.) B.B-17.2
[Peromyscus maniculfalus)
Raccoon Bone 90% ash 12.33 Racceon Baculum baone lilincis D.13-‘=.Te’f
(Procyon fotor) {astimated) (Procyon lotor)
Liver (one 75% 27.2 Rat Liver Vermonl 1:]1.?r
sampla) (estimated) i (Aaltus ralus)
| Rock squirret Liver Utah 12.1-24.1'
(Sparmophilus variagaius)
Goat Liver Germany 1 .3r
(Capra hirsus)
“ Goat kid Liver Germany 63.9'
®EPA, 1993

b

Salmen Site tssue concentrations are reporied on wel weight basis. Valuas shown hare are converied o a dry weight basis for comparison o litaraturs valuas.

& Niigram per kiegram

. almage and Watton, 1931
‘ Weight on ashed basis
EFA, 1980
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I, = intake of chemical by predator (milligrams per kilograms per day [mg/kg/d))
C, = concentration in diet (mg/kg)

= 97.2% x 5.2 mg/kg (small mammal composite) + 2.8% x 279.82 mg/kg (soil)
Q, = ingestion rate (kilograms per day [kg/d])

= 0.124 kg/d wet weight (EPA, 1993)
FI = fraction ingested from the site. Since the hawk's foraging area is approximately

165 hectares (67 acres) , and the site is 595 hectares (241 acres) , the calculation was
made for a hawk that forages only on the 38.
= 1
BW = Body weight of hawk, kg
1.126 kg average for males and females, wet weight (Dunning, 1993).

[ = 12.89 mg/kg copper diet (0.124 kg/d)(1) _ 1.42 mg/kg/d
v 1.126 kg '

It was also assumed that soil consumption would be approximately 2.8 percent using figures for
the red fox (EPA, 1993), which bas similar feeding habits and probably more contact with soils.
An extrapolated No Observed Adverse Effect Level for copper carbonate has been calculated at
27.89 mg/kg/d and for copper oxide at 22.49 mg/kg/d for the red-tailed hawk

(Opresko et al., 1993). Therefore, it is not expected that adverse effects will occur at tertiary
consumer levels at 88 due to copper.

Lead
Lead was detected in 105 of the 108 S samples, ranging from 1.4 to 120 mg/kg with the
95-percent UCL of the mean being 17.32 mg/kg.

Lead was not detected in the reference area plant samples, but was detected in plants from all
source areas. The highest concentration was found in a sample from SA-3 at 14.3 mg/kg. The
average concentration of the detected samples sitewide was 4.25 mg/kg. Rolfe and Bazzaz
(1975) saw significant uptake of lead when applying soluble lead to soil as lead chloride.
Loblolly-pine and autumn-olive photosynthesis was inhibited by 11 and 17 percent, respectively,
at foliar lead concentrations of 60 and 72 mg/kg dry weight, respectively. Below these
concentrations, no effect was evident. Seiler and Paganelli (1987) found that red-spruce net
photosynthesis was significantly lower than the control at a foliar lead concentration of only

3.2 mg/kg dry weight, but no effect was seen in ioblolly pine at 2.2 mg/kg.
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It is likely (hat foliar concentrations would be lower than or equal to the woody tissue
concentrations measured at the $S. Lead tolerance in plants has also been documented and may
be a factor in assessing effects to these plants. It is unlikely that lead levels seen in these plants
would result in adverse effects.

Lead was detected in small mammal tissues above the CRDL in bone, muscle, and composite
samples and in large mammals in bone and fat. The highest concentration was observed in a
small mammal bone sample at 391 mg/kg. The S8 results were compared with naturally
occurring reference tissue concentrations in published literature (Table 5-7). These comparisons
showed that lead concentrations in small mammals, raccoon, and deer tissues were within
normal ranges and would not be expected to cause adverse effects. Again, extrapolating from
thesé results, lead levels in the Bachman's sparrow and gopher tortoise, as well as game birds,
would be expected to be in normal ranges. A calculation was made for the dose to the red-tailed
hawk, using the same equation as for copper:

_ 0.8349 mg copper/kg diet (0.124 kg/d)(1)
Y 1.126 kg

I = 0.092 mg/kg/d

C, = Soillead EPC of 17.32 mg/kg x 2.8% of diet + 0.36 mg/kg wet weight small
mammal x 97.2%

Depression of the enzyme, aminolevulinic acid dehydratase, which is involved in hemoglobin
production (and chlorophyll production in plants), occurred in all tissues of American Kestrels
(Falco sparverius) at 25 mg/kg/d. No measurable effects were seen at 10 mg/kg/d

(Eisler, 1988). The dose received here by the hawk is well below these levels, and, therefore,

lead would not pose a threat of adverse effects to top consumers at the 5S.

Radiation/Radionuclides

Although the 95-percent UCL of the media did not exceed the reference range, both alpha and
beta activity were found above reference area levels at various sites throughout the 33, Gross
alpha radiation was found at elevated levels particularly at the Clean Burn Pit and Gas Pump in
SA-2, Sites E-2 and E-7 and the Government Storage Area 2 in SA-3, the Cable Storage Area
and West Substation in $A-4, and the HT-2 Well Area in SA-5. Gross beta activity was found at
elevated levels at many of these same sites: the Clean Burn Pit in SA-2; the CH Fuel Storage
Area, Cable Storage Area, and West Substation in SA-4; and the HT-2 and HT-2M Well Areas
in SA-5. Biota at these sites may be potentially affected by low levels of radioactivity, and thus
radiation should be considered as a COC for soil. All radionuclides detected in site soils are
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Table 5-7
Comparison of Lead Concentrations in Mammal Tissues
to Literature Reference Values,
Salmon Site

Salmon Site Water Maximum [ Concentration
Species Tissue Type Content Conceniration” b Literature Specles Tissue Type Location Range
{mg/kg dry weight} {mg'kg dry weight)
Small Mammal Whole body 68%° 1.125 Field mouse Whote body Not staled 1d
Composite {Apodemus syhvaticus)
Short-talled shrew Whols body Not stated g
{Blarina bravicaudsa)
White- footed mouse Whole body Nol stated 7
{Paramyscus laucopus)
Deer mouse Whole body Mol stated 2.2d
(Peramyscus manicLiatus)
Raccoon Liver 75% 0.44° Raccoon Liver, kidney Not staled > 140"
{Procyon lolor) (one sample) {estimated} {Procyon lolon
While-Tailed Deer Bone 10% 15.44 White-tailed Deer Bone Mot sialed 3- ”d
{Qdocoieus (estimatad) {Odocoileus virginianus)
virgirianus)
Liver 75% 26.87 Liver Nol slated <0.4°
(estimaled) 0.2

[=2 ]

Milligram per Kilogram
EPA, 1993

@ oL 6

"Lead-intoxicated animal

Eisler, 1988, Coencentralions ara means onless a rangs is given.
Based on estimated concentration balow the deteclion Bmit

ﬁany delection above Contract Fequired Detection Limit of sevan samples, arived at by Standard Addition Method
Detected balow detecton limit af estmaled concentration
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considered site related and require further consideration, as discussed below. Those for which the
95-percent UCL exceeded the reference range of concentrations included lead-210, thallium-208,
and thorium-228.

Vegetation in SA-6 had the highest gross alpha and beta measurements. Vegetation from SA-6
was entirely crop plants, and the samples are not directly comparable since all other samples were
composed of pine. Excluding SA-6, gross beta was higher in reference area vegetation than on-
site vegetation. Gross alpha was similar on site to reference areas except for SA-4. Of the COPC
identified for soils, copper, alpha and beta radiation, and the radionuclides cesium-137, potassium-
40, lead-212, beryllium-7, bismuth-214, cerium-139, tin-113, and lead-210 were detected in
vegetation. Most radionuclides were detected in only 1 of the 18 samples, except lead-210 (in 6
samples) and the naturally occurring beryllium-7 (in 9 samples) and potassium-40 (in 4 samples).
No tritium analyses were conducted for either plants or soils. Gross alpha and beta radiation and
several radionuclides were detected in small and large mammal tissues. Radionuclides detected in
more than 1 sample include cesium-137, potassium-40, lead-212, and thallium-208 (detected in 2
small mammals and 1 large mammal). A general discussion of radionuclide effects is as follows.

Radioactive atoms, which represent unstable forms of an element, undergo spontaneous nuclear
transformations. Charged particles and electromagnetic waves are given off in the form of
radiation. Excess energy released in this way is termned ionizing radiation. Such transformations
are referred to as radioactive decay. A fundamental and unique characteristic of each radionuclide
is its radioactive half-life. The half-life of a radionuclide is the time required for the number of
atoms present to decrease (decay) by one-half. Half-lives range from fractions of a second to
miltlions of years. Selected radionuclides of potential importance for the SS and their half-lives are
listed in Table 5-4.

The absorption of the energy of ionizing radiation in cells involves ionization of atoms and the
production of ions within the cells. Although the exact mechanism of action of ionizing radiation
is not known, radiation injury is considered to be related in some way to the transfer of energy
into a cell and the production of ions within the cell. Ionizing radiation can cause deleterious
cffects on biclogical tissues only when the energy released during radioactive decay is absorbed by
the tissue. The dose delivered to tissues from radiations external to the body occurs only while
the radiation field is present. However, the dose delivered to body tissues due to radiations from

systemically incorporated radionuclides may continue long after intake of the nuclide has ceased.

5-15



Alpha particles originate in the nuclei of radicactive heavy elements. Because of their double
positive charge, these particles have great ionizing power, but their large size results in very little
penetrating power. Alpha particles typically travel only about 4 ¢m (1.6 in.) through air and
cannot penetrate a sheet of paper or a single layer of skin. However, alpha-emitting radionuclides
are considered internal radiation hazards and are dangerous if inhaled or ingested.

Beta particles are emitted from within the nuclei of atoms undergoing a radioactive decay process.
Many of the common isotopes used in biclogical research, such as tritium, carbon-14,
phosphorus-32, sulfur-35, and calcium-43, emit beta particles. The ability of beta particles to
penetrate a material is dependent upon the energy of the particle. Radionuclides that emit beta
particles are considered both external and internal radiation hazards. The probability and severity
of risk from beta emitters is related to the kinetic energy of the beta particle, the physical half-life
of the radionuclide, and the biological half-life of the radioisotope. Beta particles from tritium do
not have enough energy to penetrate a single layer of dead skin cells (Shapiro, 1981).

Gamma rays originate from unstable atomic nuclei releasing energy to gain stability. They have
definite energies, characteristic of the nuclide from which they are emitted. Gamma rays ionize
materials largely indirectly through a variety of mechanisms that involve ejection of high-speed

electrons from the atoms by which they are absorbed. Because of their high penetration ability,

gamma rays are of most concern as external hazards.

The sources for exposure of plants and animals to ionizing radiation can be broken down into four
major groups: (1) natural sources of irradiation, both external and internal; (2) medical sources
and radiopharmaceuticals; (3) nuclear reactions, such as nuclear power reactors and nuclear
weapons; and (4) other miscellaneous sources. Exposure to natural sources of irradiation are
unavoidable for the most part, but the degree of exposure to man-made sources is subject to

change, depending upon usage of such sources.

The debris from nuclear detonations predominantly emit gamma and beta radiation. Some of the
more common radionuclides involved in a nuclear explosion are uranium-238, plutonium-239,
carbon-14, radium-226, cesium-137, strontium-90, tritium, krypton-85, iodine-131, xenon-133,
and iodine-132,

The principal exposure and primary dose from nonfallout radiation include the buildup of
deposited radionuclides in soil and vegetation, transfer of radioactive materials from soil to plants,
and incorporation of radioactive materials in animals, both prey and predatory species. Currently,
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the projected annual average whole-body dose rate from global atmospheric weapons testing is
projected to be 4 to 5 millirems per year through the year 2000 for the United States population
(BEIR, 1980). No estimates are given for wildlife, but one could assume them to be equal to, or
slightly higher than, those given for humans.

Although different radionuclides have different properties and energies, alpha, beta and gamma
radiation are all sources of ionizing radiation and, since they occur together at the site, would all
contribute to the total dose. Dosages are measured in rads or grays. One hundred rads are equal
to one gray.

Radionuclide levels in tissues can change with dietary composition (e.g., different levels may
occur in different types of vegetation; an animal may shift from vegetation to insects at different
times of the year). Therefore, the radiation dose was calculated to the mouse as a terrestrial
ccological receptor that is assumed to spend all of its time on site. The radiological dose to the
mouse was calculated using radionuclide soil concentrations and a modification of the
methodology outlined in the Hanford Site Risk Assessment Methodology (DOE, 1994).

Yu et al. (1993) was also consulted.

The external dose to the mouse was about four orders of magnitude greater than the internal
dose. The primary contributors to the external dose were cesium-137 and thorium-228. For the
external exposure calculation, it was conservatively assumed that, for each radionuclide that is a
gamma emitter, the probability of a gamma emission is one. This means that the mega-electron
volts per disintegration used in the calculation was not multiplied by the probability of gamma
being the mode of decay. The resulting external dose was less than 1 rad per day. Therefore, this
conservatism is permissible. The total dose to the mouse was 6x10™ rad per day (Table 5-3), well
below the IAEA (1991) rate of 0.1 rad per day for terrestrial population protection, The
Bachman's sparrow is expected to have a similar internal dose due to diet similarities between this
sensitive species and the mouse. However, the external dose would probably be lower since the
sparrow does not burrow and would spend less time in contact with the soil. The dose to the
tortoise is expected to be as low as the mouse, or lower, since the external dose would be reduced
by the shielding effect of the shell (Cosgrove, 1971).

Woodwell and Rebuck (1967) studied chronic gamma irradiation of an oak-pine forest. Pines
were the most sensitive species, followed by shrubs, herbacious plants, and lichens. A reduction
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in species diversity was observed at 100 rad per day (1 gray per day) (Woodwell and

Rebuck, 1967). Measurable changes in diversity in a grassland plant community require a dose
rate of about 400 rad/day, and a calculation using effective decay energy for Pu-239 was devised
to determine the concentration required to achieve this dose rate (Whicker, 1980). It was
determined that 1.5 x 10 microcuries {uCi) Pu-239/g plant tissue or 150 uCi Pu-239/g soil were
required to achieve this dosage (Whicker, 1980). The dose to the S8 plants is well below these

levels.

5.1.2.2 Potential Terrestrial Ecosystem Effects Summary

Levels of lead and copper in plant and animal tissues at the SS were found to be generally within
reference ranges found in the published literature and would, therefore, be below levels that
would be expected to cause adverse effects. Calculations of the intake of these elements by the
top predator observed at the site, the red-tailed hawk, also gave results for which adverse effects
would not be expected. The radiation dose calculated for the mouse was well below established
criteria for radiation exposure effects to terrestria) populations. No adverse effects to the plant
and animal populations at the S8 are expected due to copper, lead, or radiation sources.

5.1.3 Laboratory Studies

5.1.3.1 Aquatic Toxicity Tests

Toxicity tests were used to assess the potential for gross effects from contaminated media on
sclected test species. The toxicity tests integrate the acute effects of all constituents with the
bicavailability of those constiments in the contaminated media.

Surface water samples used in toxicity testing were collected on April 25, 1993, from the fifteen
stations indicated in Table 3-6 and 3-7. All samples were collected as composited, mid-depth
samples from random points at each station. Samples were immediately packed on ice and
shipped for testing as outlined in the EEW Standard Operating Procedures. Ceriodaphnid and
fathead minnow tests screened surface waters for acute toxicity, The assessment of toxicity is
made by comparing the response, either survival or germination, in the on-site media to the
response in the reference area media.

The results of toxicity tests are presented in Tables A-4.10 and A-4.11 in Appendix A of this
report. Survival of fathead minnows in surface waters of the 88 was at least 95 percent in all site
samples, references, and controls. Survival of ceriodaphnids in test waters was lower, The

lowest survival was seen in the ponds and Hickory Hollow Creek. Survival in on-site ponds
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ranged from 60 to 72 percent, but was only 80 percent in the reference pond. On-site Hickory
Hollow Creek survival was 64 percent; upstream survival was only 60 percent. Grantham Creek
survival ranged from 80 percent on site (o 88 percent upstream. Half Moon Creek survival
ranged from 88 to 100 percent on site as compared to 88 percent upstream. No significant
differences were found between any on-site location and the applicable reference with respect to

acute toxicity.

5.1.3.2 Terrostrial Toxicity Tesis

Soil samples used in toxicity tests were collected as aliquots of samples collected for chemical and
radionuclide analyses. These samples were collected from April 26 to 30, 1993. Samples were
immediately packed on ice in a cooler and shipped for testing as outlined previously. Samples
were not composited, but tested as individual replicates for each station. The lettuce seed
germination test was used to screen surficial soils for acute toxicity. The assessment of toxicity is
made by comparing the response, either survival or germination, in the on-site media to the
response in the reference area media. Testing was conducted from May 4 to 9, 1993, in the IT-
Edison Bioassay Laboratory. Average seed germination per site soil sample ranged from 64
percent to 72 percent. Reference area germination was 66 percent and laboratory control was 64
percent.

5.1.4 Field Investigations

5.1.4.1 Benthic Ecology investigations (Rapid Bioasasesament Protocol I)
During the period July 13 to 19, 1992, each of the nine creek stations underwent benthic
macroinvertebrate analysis using RBP T (EPA, 1989¢). The six pond stations were surveyed to

support general macrobenthos quality comparisons.

Benthic macroinvertebrate samples were collected using a kick-net technique at all lotic system
(running water) stations and with an Ekman grab sampler at all lentic-system stations. Data
collected from the samples were relative abundance of macroinvertebrate families or orders,

as well as quality measurements (e.g., dissolved oxygen and pH) and habitat characteristics
(e.g., substrate, flow, and cover) for general habitat assessment.

The benthic-community habitat-assessment data for the ponds and creeks of the SS are presented

in Appendix A. Table A-9.1 is the habitat assessment for RBP I and Table A-9.2 is the RBP 1
level macrobenthos data,
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The RBP 1 habitat assessment found all creek habitats to be comparable to the reference station or
of a higher quality, except for station HHC-2. This station was evaluated as capable of
supporting a habitat similar to its reference station (station HHC-1).

The macrobenthos qualitative field data from the RBP I investigation are summarized in Appendix
Table A-9.2. Ten taxa were observed at the various creek stations. Taxa identification and
confirmation was performed using Peckarsky et al., 1990. A description of the ecological
requirements and importance of the taxa found at the SS was presented in the Results of a
Preliminary Survey for Threatened and Endangered Species and Floodplains and Wetlands at
the TDTS (IT, 1992a). The most prevalent taxa found throughout the site were Plecoptera,
Coleoptera, Anisoptera, Decapoda, and Tabanidae, Station HHC-2 was the lowest in taxa
richness and was abundant in Chironomidae, which are generally a stress-tolerant species. This
was probably more attributable to the station's creek topography than external sources of stress,
due to the abundance of pollution intolerant Anisoptera that were also found at that station.
Station HMC-3 had a large submerged root mass present that was found to support a diverse
macroinvertebrate population. Grass shrimp and Gastropods were unique to that station, which is
located closest in proximity to SGZ.

The SS aquatic ccosyétem was evaluated using the Habitat Assessment/Impairment technique
associated with the RBP (EPA, 1989c). The data for the RBP I are presented in Appendix
Table A-9.1. The RBP Habitat Assessment compares the ratio of the score for the station of
interest to the score of the appropriate reference station. The result of this comparison indicates
whether the habitat across the site is capable of supporting an adequate aquatic community.

The results for the RBP I habitat assessment found that HHC-2 had the lowest percent
comparability to its reference station, yet it is still classified as supporting adequate biota.

This may be attributed to the fact that Hickory Hollow Creek is an intermittent stream that was
reduced to standing pools in the area of HHC-2 during the study period. However, the sitewide
RBP I results, as presented in Appendix Table A-9.1, reflect habitat conditions and parameters
that are predominantly in the good to excellent category for supporting a biological community.

The RBP T qualitative evaluation showed that stations HMC-2, HMC-5, and GrC-2 shared a
common overall abundance and taxa richness, with three different taxa present. Station HHC-2,
had two taxa that were abundant (>10 individuals} and three taxa that were rare (<3 individuals).
Stations HHC-2, GRC-1, HMC-1, HCM-3, and HMC-4 shared a common overall abundance and
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taxa richness, with four to seven different taxa occurring at those stations. Crayfish, lampreys,
salamanders, tadpoles, Anisoptera, Coleoptera, and Plecoptera were found commonly throughout
the creek areas. The presence of these taxa is normally indicative of an uncontaminated habitat.

5.1.4.2 Benthic Ecology Investigations (Rapid Bioassessment Protocol lif)

The RBP 111 was used for a more quantitative benthic ecology survey and was conducted during
the second phase of the investigation between February 22 and 28, 1993. The 15 stations
sampled previously using RBP I were resampled using RBP ITI. A kick net was again employed
for collecting both riffle/run and pool samples. In addition. a Coarse Particulate Organic Matter
(CPOM) sample was collected from each station for functional feeding group analysis. Appendix
Table A-9.3 is the habitat assessment for RBP I, Appendix Table A-9.4 is the RBP III level
macrobenthos data, and Appendix Table A-9.5 is the CPOM data..

The RBP III habitat assessment found Half Moon Creek stations to be comparable to the
reference station or of a higher quatity. Both Grantham Creek and Hickory Hollow Creek were
found to be capable of supporting a habitat similar to their respective reference stations (station
HHC-1 and GrC-1).

The macrobenthos field results for the RBP III investigation are summarized in Appendix
Table A-9.4. Sixty-seven taxa were collected in the riffle/run samples. The only taxa that were
identified in the RBP III investigation that were not found in the RBP I investigation were
Hirudinea (leeches), Turbellaria (flatworms), and Megaloptera (alderflies). All taxa were
identified at the IT Aquatic Sciences Laboratory in Edison, New Jersey, to the lowest practical
taxa. The most prevalent taxa found throughout the site were Plecoptera, Tricoptera,
Ephemeroptera, and Diptera. The biological integrity of each creek station was evaluated by
performing the analysis for the eight metrics that arc associated with the RBP IIL

The SS aquatic ecosystem was evaluated using the Habitat Assessment/Impairment technique
associated with the RBP (EPA, 1989¢). The data for the RBP III are presented in Appendix
Table A-9.3. The RBP Habitat Assessment compares the ratio of the score for the station of
interest to the score of the appropriate reference station. The result of this comparison indicates
whether the habitat across the site is capable of supporting an adequate aquatié community.

The results for the RBP III habitat assessment found that both HHC-2 and GrC-2 were capable of
supporting a similar biological community as compared to their respective reference stations and
that all HMC stations were comparable or of a higher quality than the reference station.

The conditions at HHC-2 may be attributed to the intermittent nature of that creek, as discussed
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previously. The conditions at GrC-2 are capable of supporting a biclogical community that is
similar to the reference station as demonstrated by the results of the benthic macroinvertebrate
investigation (as presented in Appendix Table A-9.5). The data demonstrate that GrC-2 had

20 organisms present, representing 11 different species, as compared to 4 organisms present that
represented 4 different species at station GrC-1. The overall RBP HI Habitat Assessment results,
as presented in Appendix Table A-9.3, reflect habitat conditions and parameters that are

predominantly in the good to excellent category for supporting a biological community.

The RBP I is a more rigorous bioassessment technique than the RBP I, involving systematic
field collection and subsequent lab analysis in order to detect more subtle degrees of impairment.
The RBP ITI macrobenthos data are summarized in Table A-9.4. The final analysis of the RBP III
is a summation of biological scores from eight different metrics that evaluate the biological
integrity at each creek station as compared to its respective reference station. Using the raw
benthic data (see Appendix Table A-9.4), a numeric value is calculated for each metric.
Calculated values are then compared to values derived from either an unimpaired reference site
within the same region or a suitable control station on the same stream. The scores for the eight
metrics are then totaled and compared to the total metric score for the reference station. The first
seven metrics evaluate the riffle/run macrobenthos and metric #8 evaluates the functional feeding
groups present in the CPOM sample. The percent comparison between the total scores provides
a final evaluation of relative biological condition.

The results of the RBP III analysis are presented in Table 5-8. The range of biological scores for
the reference stations ranged from 48 at HMC-1 to 42 at GrC-1. The lowest biological score of
14 of all the test stations occurred at station HMC-5 and the highest biological score of 42
occurred at station HMC-4. The percent comparability to the reference station indicated that
HMC-2 and HMC-3 as being slightly impaired due to the community structure being less than
expected.

Station HMC-5 was found to be moderately impaired as compared to the reference, due to a
reduction in the Ephemeroptera, Plecoptera, Trichoptera index and the presence of tolerant types
of species. The habitat assessment for the Half Moon Creek system was found to be comparable
to the reference area, and good finfish diversity was found throughout the entire creek system.
The grain-size distribution across the site and within the Half Moon Creek System was found to
be uniform and to be approximately 90-percent sand. The grain-size data were further discussed
in Section 3.2.1.2.
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Table 5-8

Benthic Ecology RBP il Metric Resulits,

Saimon Site
| BiclogicaiScore |
Li‘:;i?: " Matric # Total
1 2 3 4 5 6 7 8
are-1? 6 6 6 6 E 6 6 6 42
GrC-2 6 & - - o] 6 5] & 30
HHC-12 6 6 6 6 4 6 6 6 46
HHG-2 8 6 . 2 8 6 8 6 38
HMC-12 6 6 6 6 6 6 6 6 48
HMC-2 6 3 . 2 6 6 4 6 36
HMC-3 é -] 13 2 4 2 4 2 a3z
HMC-4 5] 5] 6 4 -] 6 G 2 42
HMC-5 2 6 - 2 a 0 2 2 14 |

;Haferance statlon
Indicatas that the matric value could not to ba calculated

— . ——————————— mﬂ
% Comparabllity Bioloalcal
ologlca
Station Metric # % Comparablilty Condition
Location to Reference
Category
1 2 3 4 5 ] Fi l 8
& o ————————— _'_-_.. * |
GrC-1 100 | 100 | 100 - - 100 - 100 100 Nonimpaired
Gre-2 155 | 90 i} - 0 133 - 171 92 Nonimpaired
HHG-12 100 | 100 | 100 | 100 ] 4 {100} - | 100 104 Nonimpaired
HHC-2 151 116 | 200 40 6 200 - h& 133 Nonimpaired
HMC-1a 100 | 100 | 100 | 100 6 100 - 100 106 Nonimpairad
HMGC-2 130 95 0 25 6 100 - 80 78 Slightly
HMC-3 93 a2 100 25 4 75 - 8h 72 Slightly
HMC-4 128 | 114 | 200 | 70 6 150 - 20 120 Nonimpaired
HMC-5 43 101 0 25 - 25 - 22 36 Modarately
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5.1.4.3 Aquatic Field Observations

The RBP habitat assessment technique is appropriate for streams and rivers only; therefore the
ponds on site were not evalvated using this technique. The pond habitats had a predominantly
muck-mud or organic-detritus substrate, including coarse and fine particulate organic matter.
The inorganic substrate consisted predominantly of sand mixed with silt or clay. The canopy is
open at the Beaver Pond and the Reference Pond (ReP-1), and a partly shaded canopy exists for
the Gator Pond (GaP-1) and Half Moon Creek Overflow Pond (HOP-1). All ponds except for
HOP-1 and ReP-1 had water lilies present on approximately 75 to 80 percent of their surface
area. The pond habitats that were observed are typical for the site topography and drainage

basin area.

In support of the aquatic field observations, a finfish survey was conducted during the threatened
and endangered species survey (IT, 1992a). The finfish biosurvey results indicated a diverse and
abundant population present for both the creek and pond stations at the 88. Sufficient food
sources and suitable habitat exist for the species found across the site, which appears to further
indicate a healthy aquatic ecosystem.

The $S pond stations were not evaluated using the RBP because this method is not applicable to
nonlotic systems. The pond stations had similar numbers of taxa except for the Beaver Pond
where a great number of diptera species were found. At station BeP-1, 291 of the 298 organisms
that were found were diptera species. At station BeP-1a and BeP-2 approximately 50 percent of
the organisms found were diptera species. The diptera or chironomidae species tend to be
present in greater numbers in stressed aquatic systems. due to the chironomidae being generally
a pollutant-tolerant species. Therefore, some biological alteration was found at the Beaver Pond
as compared to the reference pond site.

5.1.4.4 Terrestrial Fleld Obsarvations

Field observations of the $§ terrestrial ecosystem occurred during July 13 to 19, 1992, The
results of the vegetation, wetland/floodplain, avian, herpetological, and mammalian surveys
conducted were presented in detail in the Results of a Preliminary Survey for Threatened and
Endangered Species and Floodplains/Wetlands at the §§ (IT, 1992a). The Phase II
investigation, which occurred in February and April 1993, involved additional field observations
made during the collection of soil, vegetation, and large and small mammal samples. The
terrestrial ecosystem of the S8 was found to have good diversity, as well as no observed
abnormalities associated with the vegetation, soil, or biota.
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6.0 Risk Characterization

6.1 Risk Estimation
For the assessment at the S8, the following assumptions were made:

» COC and their respective concentrations in on-site media were appropriate indicators of
overall contamination.

*» Bioassay tests performed with media collected from the site were appropriate indicators of
gross biological effect.

» Field observations made on a qualitative basis were indicative of overall community and
individual stress.

» The reference sites selected were similar to the study areas with regard to environmental
characteristics, but were relatively unaffected by site-related activities and contamination.

» Only those constituents with site concentrations greater than reference area concentrations
(for organics and inorganics) were considered further as possible COC.,

Risks posed by COC concentrations within the surface water, sediment, soil, and biclogical
tissues were assessed through comparisons with benchmarks. These benchmarks were criteria or
standards gathered through review of the scientific literature. Contaminant concentrations
exceeding benchmarks are indicative of potentially stressful conditions.

Toxicity test response data from the on-site samples and reference sample were compared and
any on-site sample showing statistically significant adverse responses relative to the reference

sample was considered to show measurable toxicity.

Comparisons between on-site community conditions and reference conditions or expected
conditions were made using biological data gathered from benthic macroinvertebrate analyses or
terrestrial site observations. In addition, chemical concentrations within biotic tissue could offer

evidence of exposure, which may be detrimental or lead to food chain transfers.

6.2 Risk Description

Section 3.3 of this report described the exposure pathways and the factors relating to them,

Five pathways were described that have the potential to expose biota to COCs: water, sediment,
soil, air, and biota via food chain transfers. The following sections describe the potential risk to
ecological receptors posed by each pathway, within the aquatic and terrestrial ecosystems.
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6.2.1 Aquatic Ecosystem

6.2.1.1 Water Pathway

Some impairment of benthic communities according to RBP III metrics was detected at stations
HMC-2, HMC-3, HMC-35, BeP-1, BeP-1a, and BeP-2. Impairment of benthic communities was
also detected at stations HMC-5, BeP-1, BeP-1a, and BeP-2, as well as stations HMC-4, HOP-1,
and GaP-1. This impairment could be due to elevated contaminant concentrations or to habitat
factors. Impairment based on acute toxicity testing was not observed at any stations.

There is strong evidence for absence of constituent-induced risk at both GrC-2 and HHC-2 since
impairment was not detected according to analytical data, bioassay tests, or field observations.
The slight impairment at HMC-2 and HMC-3 is probably not due to constituents because the
COC concentrations were not elevated with respect to the reference areas. The measured
constituents in the Half Moon Creek Overflow Pond, the Gator Pond, and HMC-4, though
elevated, may not be bioavailable to organisms because no impairment was found. HMC-3 had
a high concentration of aluminum (235 wg/l). This exceeds the chronic criteria of 87 ug/t by a
factor of almost three. Although no acute toxicity was found in these surface waters, elevated
aluminum may be causing chronic risk to organisms and, thus, may be the cause of the slight
impairment in benthic macroinvertebrale communities there, according to RBP III metric
interpretation. Risk to the fish population due to aluminum or tron would appear to be
ncgligible because the site tissue samples had lower concentrations than the reference sample.

Tritium contributed the entire internal dose to fish, but the total dose, including that received
from sediments, was still well below the protective criterion for aquatic populations. The dose
to the great blue heron was also extremely low and within protective dose rates. Radiation thus
poses no risk to aquatic biota through the water pathway.

6.2.1.2 Sediment Pathway

The Beaver Pond had high levels of many constitents. Although surface waters were not found
to be acutely toxic, the benthic macroinvertebrate community appearcd stressed relative to the
reference area. The elevated levels of COC in the sediments may be causing chronic effects on

aguatic biota in the Beaver Pond.
On an over-all basis, the only apparent potential for risk would be related to the presence of

elevated levels of barium and manganese. However, although site fish tissues had elevated
concentrations of these elements compared to the reference sample, adverse effects would not be
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expected in the aquatic life on the site because neither barium nor manganese exists in high
soluble (bicavailable) concentrations in fresh water. Neither chemical was considered a COPC
in surface water. Because these two metals are widely found in nature and manganese is a
micronutrient, it is likely that the concentrations in the fish are within normal ranges and do not
represent a sitewide risk. The lack of effects data for manganese and barium in fish tissue,

however, could be considered a data gap.

Radiation, as discussed above, was calculated as a total dose to fish and herens from water and
sediment sources and poses no risk to aquatic biota.

6.2.2 Terrestrial Ecosystems

6.2.2.1 Soll Pathway

Comparison of SS tissue results for lead and copper to literature reference values and
calculations of dose to & top predator led to the conclusion that no adverse effects would be
expected for terrestrial receptors on a sitewide basis. The same is true for radiation sources, for
which calculated dose to the mouse was well below the protective ¢riterion for terrestrial
populations, Tt is reasonable to extrapolate these results to the Bachman's sparrow, game birds,
and gopher tortoise because of the similarity in their diets. The birds would have less contact
with soils than the mouse, and although the gopher tortoise may have more soil contact, its shell
is an effective shield against radiation (Cosgrove, 1971).

There were no observed signs of stress at any of the sites except for the physical alterations due
to DOE-related activities. Also, based on laboratory toxicity tests, there was no evidence of
acute toxicity to flora in the surficial soils. However, COC were present at a few sites. The
Clean Burn Pit in SA-2 and the HT-2 Well Area in SA-5 had high levels of both alpha and beta
activity and some radionuclides. The West Substation in SA-4 also had high measurements of
gross alpha and beta activity and radionuclides and also had high levels of copper. Although the
potential for risk to terrestrial receptor populations site-wide is negligible, there may be risk of
chronic effects to individuals in these localized areas.

6.2.2.2 Air Pathway

There is no ecological risk expected related to the air pathway. The only release mechanism to
air for lead and copper would be through adsorption to soil-particles and mobilization to air as
fugitive dust. A similar mechanism is also possible for radionuclides, and minor levels of noble

gases, such as krypton and argon, may have been eritted during reentry drilling operations.
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However, as discussed in Section 3.3.1, intake via this mechanism is probably minimal relative

to other pathways. Also, COC absorbed by this pathway would have been accounted for in the

tissue analyses from which it was conciuded that risk is negligible.

6.3

Uncertainty Analysis

The assumption used for this assessment was that all site receptors were exposed to all site

con
are

6.4

taminants within an ecosystem, i.¢., habitat was not delineated by source area. The following

uncertainties that may affect the outcome of risk characterization:

Impacts to individual organisms on a site-wide basis are considerad in this assessment as a
predictor of impacts to populations, Generally, except for threatened and endangered
species, assessments need only evaluate population effects. Evaluating risks to individual
organisms tends to overestimate risks to populations.

In estimating effects to red-tailed hawks from lead and copper, a conservative calculation
was used, and no depuration losses were assumed.

Applicability of literature-derived data depends on types of results presented and methods
used to arrive at these results. Test endpoints produced by laboratory and field tests may be
reported as formally defined toxicological endpoints or as less stringently defined measures
of mortality or sublethal effect; variations in format introduce a source of error when
subsumed into a single acceptable level value. Thus, seemingly equivalent values may in
fact be significantly different due to differences in test protocols, test conditions, or
responses of individual organisms.

Regulatory standards, criteria, and/or toxicological data were not available for every COC
(i.e., barium and manganese), and thus they could not be evaluated for potential impacts.
These data gaps may cause an underestimate of risk because unevaluated COC could be
unrecognized sources of risk.

Tissue concentrations may only represent one animal or two or more animals of different
species and may lead to either over- or underestimations of exposure to a population. No
samples representative of avian tissue COC concentrations were sampled, and extrapolation
from mammalian values were used. Also, no reference sources were sampled, and
comparisons had to be made to literature-derived values.

Synergistic, additive, and antagonistic interactions between chemicals were not explored.

Conclusions and Recommendations

The overall objective of this investigation was to conduct a BERA in accordance with federal

and

state guidance, which, when implemented, would allow for the selection of a cost-effective

plan of action that ensured the protection of the public health and the environment. This



assessment determined the COC to ecological receptors and gave estimates as to the relative
toxicity of the COC to both aquatic and terrestrial ecosystems present at the 5S. This assessment

sought to

+ Describe the observed or potential magnitude of adverse ecological effect(s) at the 5S and
the primary cause(s) of the effect(s)

+ Characterize the ecological consequences of the "no further action” remedial alternative.

The intrusive field activities conducted ensured that data gaps were identified and the necessary
information collected to support these goals.

This BERA found localized areas with potentially elevated risks. These areas include the
following:

+ Station HMC-5 on Half Moon Creek may have a slightly impaired benthic community.
This may be attributable to the chronic effects of aluminum in surface water and sediment
COC or to natural conditions.

s The Beaver Pond, Half Moon Creek Overflow Pond, SA-2 (Clean Burn Area), SA-5
(HT-2 Well Area), and SA-6 (West Substation) had locally elevated concentrations of COC.

The assessment endpoints are meant to be protective of communities or populations. Therefore,
the risk to individuals that spend all their time in the most highly contaminated areas is not
considered in meeting the assessment endpoints. According to the toxicity test results,
benchmarks, criteria, and calculations presented in this BERA, risks to the aquatic and terrestrial
populations at the S8 are negligible, and, therefore, the assessment endpoints and goals have
been met. No action would be an acceptable alternative unless the desire is to be protective of
individual organisms. It that case, removal of isolated areas of high contamination should be
considered.
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