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NOTATION

The following is a list of the acronyms, initialisms, and abbreviations (including units of
measure) used in this document. Sorne acronyms used § in tabies or equations only are defined in the
respective tables or equations. -

ACRONYMS, INITIALISMS, AND ABBREVIATIONS

General

ADD applied daily dose

AWQC - ambient water guality criteria

BCF bioconcentration factor

BRA baseline risk assessment (this document)

CERCLA Comprehensive Environmental Response, Compensation, and Liability
Act of 1980, as amended

/COEC - contaminant of ecological concem
COPC contaminant of potential concemn

DA U.5. Department of the Army
DOE - U.S. Department of Energy

EEQ ' ecological effects quotient

EPA, U.S. Environmental Protection Agency
EPC &xposure point.concentration
Fs feasibility stody

GWOU groundwater operable unit

TAEA International Atomic Enecgy Agency
iIRIS : Integrated Risk Information System (EPA)
IT Intemational Technology {Corporation)
LOAEL fowest-observed-adverse-effect level
MCL - maximum contaminant level

NCRP National Commission on Radiation Protection and Measurements
NOAEI, - no-observed-adverse-cffect level
NPL National Priorities List
RDA recomrended dajly allowance
RID reference dose
RI remedial investigation
UCL 95% upper confidence limit of the arithmetic average
USGS U.S. Geological Survey



Cormapounds

1,2-DCE
1,3-DNB

DNT
2-amino-4,6-DNT
4-amino-2,6-DNT
24-DNT

2,6-DNT

TCE

'1,3,5-TNB

TNT

2,4,6-TNT

UNITS OF MEASURE

Ci cuarie(s)

cm_  centimeter(s)

crn® square centimeter(s)
cubic centimeter{s)
d day(s)

ft foot (feet)

g gramis)

h hour(s)

ha"  hectare(s)

kg kilogram(s)
kilometer{s)

1.2-dichloresthylene
1.3-dinitrobenzene
dinitrotoluene -
2.amino-4.5-dinitrotoluens
4-amino-2 H-dinitrotoluens
2 4-dinitrotoluene
2,6-dinitrotoluene
trichloroethylene
1,3,5-trinitrobenzene
trinitrotoluene

2 4, 6-trinitrotoluene

liter(s)
micTogram(s)
meter(s) -
cobic meter{s)
milligram(s)
mile(s)

~ milliliter{s)
picocurie(s)

radmr.mn absnrhed dose
year(s)

H g_'E'E:!E,E_'E aBEE




ENGLISH/METRIC AND METRIC/ENGLISH EQUIVALENTS

Muliiply By To Obtain

English/Metric Equivalents

acres 64047 hectaras (ha}

cubic feet ((°) Q.02832 cubic meters (m°)
cubic yards (yd®) 0.7646 cubic meters (m*)
degress Falwenheit ("F) -32 0.5535 degrees Celsius (°C)
feet (1) 0.3048 meters {m)
gallons {gal} 3785 liters {L}

gallons {gal} 0.003785 cubi¢ meters (m”}
inchas {in.) 2.540 centimeters (cm)
miles (mi} 1.60% kilometers (km)
pounds (Ib) 04536 kilograms (kg)

ShOT tons {1ons) 072 kilograms (kg)

short tons {tons) 0.90712 meTic tens (t)
square feet (ft%) 0,08280 square meters {m”)
sguare yards (yd:} 0.836] SCRLAIE TMELETs (mzj
square miles {miz} 2590 square kilometers [km")
yards (yd) 09144 melers (m)
Metric/English Equivalents

centimeters {cm) 3.3937 inches {in.)

cubic meters (m”) 3531 cubic fest (ﬁJ}

cubic meters (m) 1.308 cubic yards (yd™}
cubic meters (m™) 264.2 gallons (gal)

degrees Celsius {*C) +17.78 1.8 degrees Fahrerheit (°F)
hecrares (ha) 2474 acres

kilograms (kg) 2,205 pounds (b}
kilograms {kg) C.ODEEO2 short tons (tons)
kilormerers {km) 05214 miles {mi)

liters (L) 0.2642 gallons (gal}

meters (m) 3.281 feet (ft)

melers (m} 1.094 yards (yd)

metric tons (L) L2 short tons (tons)
square kilometers (km*) 0.3351 squore miles (mi%)
square meters (m*) 10.76 sguare feet (&
square meters (m-) 1,156 square yards (yd®) r
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1
- 1 INTRODUCTION

The U.S. Department of Energy (DOE) and the U.S. Department of the Army (DA) are
evalvating conditions in groundwater and springs at.the DOE chemical plant area and the
DA ordnance works area near Weldon Spzing, Missouri, The two areas are located in St. Charles
County, about 48 km (30 mi) west of St. Louis (Figure 1.1). The 88-ha (217-acre) chemical plant
area is chemically and radicactively contaminated as a result of uranium-processing activities
conducted by the U.S. Atomic Energy Commission in the 1950s and 1960s and explosives-
production activities conducted by the U.S, Army (Army) in the 1940s. The 6,974-ha (17,232-acre)
ordnanee works area is primarily chemically contaminated as a resuit of trinitrotoluene (TNT) and
dinitrotoluene (DNT) manufacturing activities during World War I

This baseline risk assessment (BRA) is being conducted as part of the remedial investi-
gation/feasibility study (RIFS) requirest under the Comprehensive Environmental Response,
Compensation, and Liability Act (CERCL.A) of 1980, as amended. The purpose of the BRA is to
eviluate potential human health and ecological impacts from contamination associated with the
groundwater operable units (GWOUS) of the chemical plant area and ordnance works area. An RIFS
work plan issued jointly in 1995 by the DOE and DA (DOE 1995) analyzed existing conditions at
the GWQUs. The work plan included a conceptual hydrogeological model based on dats available.
when the report was prepared; this model indicated that the aquifer of concern is common to both
areas. Hence, to optimize further data collection and interpretation efforts, the DOE and DA have
decided to conduct a joint RI/BRA.

Characterization data obtained from the chemical plant area wells indicate that uranivm is
present at levels slightly higher than background, with & few concentrations sxceeding the proposed
LS. Environmental Protection Agency (EPA) maximum contaminant level (MCL) of 20 ug/L. {EPA
1996c). Concentrations of other radionuclides (e.g., radium and thorium) were measured at back-
ground levels and were eliminated from firther consideration (DOE 1995). Chemical contarninants
identified in wells at the chemical plant area and ordnance works ama include nitroaromatic
conpounds, metals, and inorganic anions. Trichloroethylene (TCE) and 1,2-dichloroethylene
(1.2-DCE) have been detected recently in a few wells near the raffinate pits at the chemical plant.

1.1 SCOPE OF THE BASELINE RISK ASSESSMENT

The haman health component of this BRA provides risk estimates for exposure to ground-
water and spring water. The focus of the groundwater assessment is the shatlow aquifer system
represenied by wells completed in the Burlington-Keckuk Limestone and Fern Glen Formation.
Previous evaluations have indicated that the potential for contaminated water in the shallow aquifer
to enter the deep aquifer is small, and the time required for water to travel this distance is measured
in iwmdreds of years (Kleeschulte 1991). In addition, the potentiometric surface of the desp bedrock
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aquifer is significantly lower than those of the shallow and middle aquifers, which indicates a limited
hiydrogeologic connection berween the deep and upper aquifers (DOE and DA 1997).

Both the BOE and DA have previously evaluated conditions-at the area springs, inciuding
Burgermeister Spring. DOE is currently addressing contamination in springs at the Southeast
Drainage; separate documentation has been prepared by DOE to support decision making for this
drainage (DOE 1997). The results of earlier evaluations for the area springs indicated that the
potential human health risk from spring water is minimal; the estimated risks were lower than the
acceptable risk range recommended by the EPA. Also, contaminant concentrations and the potential
- risk from sediments were lower than those in area spring water, except at the Southeast Drainage.
ThesemsultsarepmsemedmmeBRArcponsmppomngﬂnopemble units that addressed soil and
structural contz2mination at the chemical piant area (DOE 1992) and at the ordnance works area
(International Technelogy [IT] Corporation 1993b). However, in May and August of 1995, more
recent spring water data were collected from selected springs as part of the joint DOE/DA sampling
effort. The 15 springs sampled, including SP-5303 at the Southeast Drainage, were selected because
they were considered to be locations that receive groundwater discharge. An assessment of potential
human health and ecological impacts from these springs is included in this report to provigde an
updated evajuation incorporating these recent data.

- The ecolegical risk assessment addresses impacts to aquatic and terrestrial biota fiom
groundwater that discharges to the surface at springs; the assessment was conducted in sccordance
with EPA guidance (EPA 1992b). Risk estimates to aquatic biota were based op diréct exposure to
comtaminated media, whereas risks to terrestrial biota were based on modeled uptake of
contaminants via direct ingestion of surface water, The ecological risk assessment also evaluates the
conditions of aguatic biota and habitats associated with ‘Burgermeister Spring and includes
measurements of the toxicity to aquatic biota of surface water and sediment from this spring. -
Burgermeisier Spring receives discharge of groundwater originating from the chernical plant and
ordnance works areas, and concentrations of some contaminants are as high or higher than
concentrations from most other springs in the area. Furthermore, Burgermeister Spring and
downstream areas provide more permanent habitat for aquatic biotz than most of the other springs
in the arca and thus likely support a more diverse and abundant aquatic biota than the other springs.
Therefore, maximurn environmental impacts could be associated with contaminants in the
Burgenmeister Spring system. Higher concentrations of some contaminants have been reported from
springs in the 5300 drainage. which provide more permanent habitat than most other springs in the
area. However, springs in the 5300 drainage were not evaluated in this ecological risk assessment
because ecological risks associated with this drainage basin have been evaluated previously and are
discussed in DOE (1996). .

Risk estimates for current and future land use projections were conducted in accordance
with EPA guidance (EPA 1989b-c). Current land uses at both the chemical plant area and the
ordnance works area do not include use of groundwater for drinking; however, access to spnngs is
possible. Future land uses at both areas would be expected (o be similar to current land uses. To
address current and likely future potential exposure to springs in these two areas, a recreational



visitor scenario was developed and calculated. Access to groundwater was assumeﬂ for a
hypothetical residént scenario; the risk from groundwater for a future resident was calculated to
provide informarion representing potential upper-bound risk.

Although the main scope of this report addresses potential risk from groundwater and spring
water contaminants, cumulative risks for the futare recreational visitor and residential scenarics,
incorporating projected exposures to other site media {i.¢., soil), are discussed in Chapter 5. Risk for
soil was assessed and presented in reports prepared to suppart cleanup of soil and stroctural contami-
nation at the chernical plant area (DOE 1992) and the ordnance works area {IT Corporation 1993b).

1.2 PURPOSE OF THIS BASELINE RISK ASSESSMENT

This BRA provides a baseline of potential human health and ecological impacts for the
GWOUs at the chemical plant area and ordnance works area It estirnates the magnitude of potential
health risks and environmental impacts that would be associated with GWOU contaminants if no

remedial action were taken. In addition, the risk estimates presented in this BRA serve as a baseline
for comparison with the protectiveness of cleanup altematives discussed in upcoming RI/FS reports.

13 ORGANIZATION OF THE REPORT

. The assessment approach followed in this report is consistent with the appmach FECOM-
mended in EPA guidance (EPA 1989b-c). The report is organized as follows:

* Chapter 2 — Description of data sources, data interpretation, and evaluation
procedures, and identification of the contaminants of potential concem
{COPCs). :

» Chapter 3 — Discussion of the development of the humnazi health c:iposure
scenarios to depict current and future land uses, the ecological exposure
assessment, and the derivation of exposure point concentrations and intakes.

= Chapter 4 — Brief discussion of the toxicities of the COPCs.

* Chapter 5 — Results of the human heaith risk assessment and accompanying -
rationale.

"+ Chapter 6 — Results of the ecological risk assessment.
* Chapter 7 — Summary of human health and ecological impacts.

. Chapter 8 — List of references cited.



2 IDENTIFICATION OF CDNTAI\«[[NANTS OF CONCERN

. Information relevani to collecting and evaluating data for the human health and scological
tisk assessments in this BRA is summarized in this chapter. Genera] background information for the
GWOUs, including origin of contamination, is presented in the work plan (DOE 1995). Data
summaries and detailed dcscnptmns of data collection efforts are presented in the RI report (DOE
and D&, 1997).

A considerable amount of data was available at the initial (work plan) phases of the RI/FS,
allowing for a-more conclusive interpretation of the data, As a result, potential contaminants were.
identified, which were evaluated further on the basis of data collected from the joint sampling
performed by the DOE and DA in May and August of 1993; The COPCs that were cartied through
the calculations for the human health component of this BRA are identified in the RI on the basis
of comparison to background levels of naturaily occurring constituents. The process performed for
identifying contaminants of ecological concem (CﬂECs} is discussed in Section 2.2.

2.1 DATA CONSIDERATIONS

The data evalusted for use in this risk assessment are presented in the RI report (DOE and
DA 1997). The quantity of data was sufficient to develop an adequate statistical base for use in the
risk assessment calculations. The quality of the data is discussed in Section 7 of the RI report and
was also considered sufficient for use in this risk assessment,

Monitoring results for the contaminants from 155 wells included in the monitoring
networks at the chemical plant area and ordnance works area are presented in Chapter 4 of the RT
report. The locations of these welis are shown in Figure 2.1. Monitoring results from five other wells
in the ordnance works network - wells MWS-23, MWS-111, MWD-105, MW3-108, and
MWD-109 — are presented in the RI as background dasa (DOE and DA 1997). Wells within this
network have been categorized as deep, overburden, weathered, or unweathered wells, as discussed
in the RL Because it is likely that any potential future consumptive-use well would draw water from
2] of these units, data for ail wells wete considered in the baman health risk calculations. The RI
also presents results from in-situ groundwater sampling at six locations at or near the Southeast
Drainage. To aid in better delineation of the extent of uranium contamination in the area, a
monitoring well was installed recently (May 1997); one round of sampling and analysis has been
performed to date. Because of the preliminary nature of these data, a qualitative discussion of the
risk associated with the detected contamninant levels is included in Chapter 5 (Sections 5.3 and 5.4)
of this BRA.

All groundwater and spring waiter data collected by the DOE and DA were considered for
use in this assessment, except those that were qualified as invalid and identified as “rejected” in the
databases. Of the approximately 50,000 discrste records available to determine groundwater quality |




in the GWQOUs, appmnmately 200 records {less ﬂlau 0.5%) were rejected because of laboratory
quality assurance/quality control concems.

Data for assessment of spring water are available from the DOE, DA, and U.S. Geological

Survey (USGS). The DOE data cover the period from late 1987 through the first quarter of 1995;

- the DA data include data reported for sampling rounds 2 and 4 to 16 covering the pericd November
1989 through February 1995 (IT Corporation 1992, 1993a-f, 1994a-d, 1995a-b); and the USGS data
are for nitroaromatic compounds from eight springs, including Burgermesister Spring. Data for
15 springs are also available from the joint sampling rounds performed by the DOE and DA in 1995,
The iocations of these springs are shown in Figure 2.1.

2.2 DATA EVALUATION

A subset of constituents was selected from the potential contaminants identified in the RE
report (DOE and DA 1997) to focus the risk ‘assessment on only those contaminants considered to
be significant contributors to overall risks. These data evaluation procedures have been
recommended by the EPA (1989b, 1993) to select the human health COPCs and the ecological
COECs. However, all contaminants identified in the R were considered to be COPCs for the human
health assessment and were carried through the risk calcularions presented in the remainder of this
report. In the RI, groundwater and surface water data were compared with backgrouad levels, and
those constituents exceeding background levels were identified as site contaminants, as foliows:

» Metals: antimony, cadrmiurm, iron, lthium, manganese, mercury, molybdenurn,
silver, and uranium; :

* [Incrganic anions: chloride, nitrate-N, and sulfate;

+  Organic compounds: 1,3, 5-trinitrobenzene {1,3.5-TNB), 1,3-dinitrobenzene
(1,3-DNB), 2.4,6-trinitrotoluens (2,4,6-TNT), 2. 4-dinitrotoluene (2. 4-DNT),
2.6-dinitrowoluene (2,6-DNT), 2-amino-4,6-dinitrotolusne (2-amino-4,6-DNT),
4-amino-2,6-dinitrotoluene (4-amine-2,6-DNT), m-nitrotoluene, o-nitrotoluene,
p-nitrotoluene, nitrobenzene, mchlomﬂhylm(’l‘tﬁ) and 1,2-dichloroethylene
(1,2-DCE).

Each contaminant has been identified as either a spring water contaminant, groundwater contarni-
nant, or both (see Table 2.1).

Uranium was evaluated 28 both a radicactive and a chemical contaminant. The concen-.
tratfons of uranium in groundwater and spring water are generally reported in units of picocwries of
total uranium {i.e, the sum of the activities of uranium-238, uranium-235, and uranium-234) per liter
of water (pCi/L). Because the slope factors for these three radionuclides are essentially identical (see
Section 4.3.1), it was not necessary to know the exact mix of uranium isotopes to calculate the
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TABLE 2.1 Groundwater and Spring Water Contaminants®

tletals Inorganic Anions Crrzanic Compounds
Amimony® Chloride™® 1,3,5-Teinitrabenzenc™
Cadmium® Nitrate ND* 1,3-Dinitrobenzened®
Tron® Sutfatc™® 24,6 Trinitrowoluene™
Lithium™® 2. 4-Dinitrotoluene®™*
Manganese” 2,6-Dipitrotolsene®
Mercury® 2-Amino-4,6-dinitrotoluene®®
Molybdenum®* 4-Aminc-2,6-dinitrotcluens®*
Silver® ' m-Nitrotolnane?*
Uranium® o-NitrotalvaneP<
p-H'nrmniwneh'“
Nitrobenzene®™*
Trichloroethylene®
1,2-dichloroethylene®*

" The inorganic parameters listed represent all of the constituents identified in -
the RI report (0OE and DA 1957 as potential contaminants thal were also
determined to be at levels greaer than background.

Identified as spring water contaminant.
€ Identified as groundwater contaminant,
? Radiological and chemmica! cffects of uranium were considered in this
. issessment.
® Recendy (1996) derected in & few chemical pl,a_r_nt walls,

radiological risk. However, the distribution of isotopes was needed to calculate the mass concen-
tration of uranium (in mg/L) because the thres uranium isotopes have different specific activities
(Ci/g). The mass concentration was needed both from the standpoint of regulatory compliance
(because the proposed MCL is expressed in these units) and for calculating the chemical risk
associated with uranium intake.

Uranium isotopes are present in patural ores in the activity ratio of urapium-238/
uraninm-234/uraniom-2335 of 1.0:1.0:0.046 (Brodsky 1996). Because most of the matarial processed
at the chemical plant area was nantral uraninm (a very limited amount of slightly enriched uranivm
. was also processed), the uranium contamination would be expected to be present in the same ratio
as in natural ores, which has been confirmed by isotopic analyses for a number of soil samples at the
chemical plant area. However, such analyses for groundwater samples have indicated a slightly
~ higher ratio of uranium-234 1o uranivm-238, ranging from 1:1 to 1:3. Such analyses were performed
for only a limited number of samplés and not for all sampling locations. '




To simplify the analyses and add some conservatism to the risk results, it was assumed that -
the uranium isotopes are present in groundwater and spring water in the same concentrations as they
are in chemical plant arza soil. Measured activities ar cach sampling {ocation were used to caleulate
the radiological risk, and these activities were converted 10 mass concencrations using a conversion
factor of 0.0015 mg/pCi of total uranium. This conversion factor was obtained from the specific
activities of the three uranium isotopes’ (assumed to be present in the ratios identified above).
Because uranium-234 and vranium-235 both have higher spectfic activities than uraniurn-238 (due
to their shorter half-lives), this approach tends to overestimate the mass concentration of uranium
- in those instances where uranium-234 (and possibly uranium-235) has 2 higher activity ratio (ralative
to urnium-238) than in chemical plant area soil. In cases where the uranium-234 and uranipm-238
concentrations are essentially the same, this approach provides an accurate estimate of the mass
concentration. In no case was the activity of uranium-234 less than that of uranium-238. This
approach for estimating the mass concentration of uranium at afl sampling locations for groundwater
and spring water provides, in 2 consistent manner using afl available data, a realistic yet somewhat
conservative estimate of the chemical risk associated with wranium intake.

The COECs in surface water from all spring locations and in sediments from Burgermeister
Spriag were identified by comparing the reported concentrations (see Table 2.1) with several criteria,
including background concentrations and screening benchmark values considered to be protective
of aguatic biota, as outlined in EPA guidance (EPA 198%¢, 1992b). All contaminants detected in
surface water were evaluated in the risk assessment for terrestrial biota. The screening process also
<onsidered the contaminant’s ability to bioaceumulate and the contarminant’s importance as a micro-
Or macronutrient. ' -

The screening for COECs proceeded in three steps. First, the screening considered only
those contaminants detected in samples from all springs and proxirnate downstream locations for
which data were available. Second, the 95% upper confidence limit (UCL) concentration for each
metal and inorganic ion was compared with the corresponding 95% UCL concentration detected in
the background monitoring wells completed in the weathered zone of the Burlington-Keokuk.
Because spring water is groundwater that is discharging to the surface, use of the groundwater data
from the background monitoring wells as background spring data is justified. A contaminant was
retained for further screening when the reported 95% UCL spring water concentration exceeded the
95% UCL background level. Because nitroaromatic compounds do not occur natusally, background
concentrations of these were assumed to be zero, Third, for those contaminants that did exceed
background levels, the 95% UCL concentrations were then compared with screening values, and
constituents present at concentrations excéeding screening concentrations were retained as final
COECs for further evaluation in the ecological risk assessment. Surface water concentrations were
compared with zither the chronic effects value of the EPA ambient water quality criteria (AWQC)
for protection of aquatic biota (EPA 1986) or the AWQC acute effects value if a chronic value was

! The specific activities for urpnium: 234, uranfum-235, and uranium-238 are 6,320 x 10> Cifg, 2.186 x 106 Cifg, and
3.400 x 107 Cifg, raspectively: the specific activity for narural uranium is 6.77 x 10”7 Ci/g (Brodsky 1996).
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unavailable. Other sources of screening values for surface waters included EPA Region I screening

guidance (EPA 1995a), Suter and Tsao (1996}, Eisler (1985), and the open scientific literarure.
Sediment screening values were obtained from EPA ecotox thrasheld values (EPA 1996a), Long and
Morgan (1990), Hull and Suter (1994), EPA Region IH screening guidance (EPA 1595a), and the
scientific literature. Results of the screening process and the COECs are given in Tables 2.2 and 2.3,

TABLE 2.2 Screening of Sediment from the Bnraermakter Spring Systam
to Identily COECs

Coﬁcentratim Background Screening

Detsction Range Concentration”  Concentration Retain
Contamingnt - Fragoency (mgkg} (mg/kg) (mgkg) - as COEC?
Metals .
Arsanic 8/8 3.1 =43 57-16 8.2 Yes
Chromium . /8 12~ 48 16 - 32 21° Na
Lead 8/3 12-11¢ 4528 47° Yes
Mercury O3 =F - 0.15" No
Seleniom 178 0.56 054 NAS Yes -
Silver 3/8 1.6-17 1.1 .09 Yes
Uraniem, total 843 1.4 - 100 1.6-2.6 NA Yes
Inorganic anion _
Nitrate-N 4/8 1.0-5.0 0.99 NA Yas
Nitroaromatic compounds _ .
1.3.5-TNB (] C— - 0.30° No
1,3-DNB /8 - - 1.2¢ No
24.6-TNT (8 - - 13° No
24DNT 08 - - NA "~ Ne
Nitrcbenzens 04 - - : MNA No

* Background concentrations arc :Emse reported For the Busch Conservation Area in the chemical pimt
area baseline assessment {DDE 1140

> Screening value is EPA ecotox threshold valus (EPA 19964).
¢ A hyphen (-} indicates the comaminant was not detected; NA = screening value not available.
4 Benchmark value from Hull and Suter (1994).

- ¢ Seresning value from Tatomage and Opresko (1996).
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TABLE 2.3 Screening of Surface Water from Springs in the Chemical Plant Area
and the Ordnance Works Aree to Identify COECs

- 85% UCL _
Detection 95% UCL Baekground Screening Retain
Contaminant Frequency _ Concenmation  Concentration®  Comcentration®  as COECT
Matals (ug/L)
Aluminum 1237190 250 3,100 $7 chroaic No
Antimony 42/155 14 6.3 30 chronic® No
Arsenic 39/186 6.2 34 20 chronic? No
Barivm 217234 160 310 50,000 chronic® No
Cadmium 6/170 I4 0.7 24 No
Chromium 737206 58 6.2 11 chronic No
Copper 53156 53 14 21 chronic No
Iron 1707192 6,200 ' 4,500 1,000 ehronic Yes
Lead 214190 59 52 8.4 chronic - No
Lithium 187112 i4 8.6 - 14 No
Mangancse 114/150 1,600 200 120 chronic® Yes
Mercury 357208 BG 0325 1.3 ¢chronic Yes
Molybdenum 22/108 11 0.50 370 chronic® No
Nickel 62165 7.0 84 352 chronic No
Selenivm 21209 1.2 1.1 5.0 chronic No
Silver 115208 53 2.9 20.8 chronic No
Strontium : 22 1907 NaF 1,500 chronic® No
“Thallium 131171 L6 L8 40 chronic" No
Utanium, total 2137249 84 14 570t Yes
Inorganic aniens {mg/l)
Chloride §0/89 12 1.6 No

20 .
Nitrate-N 150/166 180 0.2¢ 0,000* No
Sulfate 109/ £3 37 12 NA, No



TABLE 2.3 (Cont,)

i2

¥5% UCL

Detection 95% UCL Background Screening Retain

_Contaminant Frequency  Concentration  Concentration®  Concentration®  as COEC?

Nirogromatic

componnds (pg/L) _
£,3,5-TNB 517278 0.56 . 14 chronic) No
1.3-DNH 117276 0.033 - 30 chronic’ No
2.4,6-TNT 136/279 8.1 - 130 chronic! No
24-DNT 81/279 0.20 - 230 chromick No
2,6-DNT 1117277 0.49 - NA Yes
Nitrotoluene' 3/380 0.0023 - NA Yes
2.Aminc4.6-DNT  68/85 20 - 0.02° Yes

" 4-Amino-2,6-DNT  6/85 2.8 - NA Yes
Nitrobenzene 11/278 0.027 - NA Yes

* Background concentrations are the concentrations measured in samples collected from background

monitoring wells.

® Screening values are EPA {1986) AWQU unless otherwise noted. All hardness-dependent vaiues were

calculated using hardness = 253.9 mg squivalent calciym carbonate per liter.

© Screening value from Suter and Tsao (1996).
9 State of Missouri water quality criteria for the protestion of aquatic life (Missouri Department of Natural

Resources 1992),

© EPA (1985) identifies the concentration as 2 potentially “safe” maximum concentration; no AWQC is

ideatified.

f Because of the small sample size. it was not pqs;ible ee calenfate a 95% UCL value: the reported value is

the maximum reporied concentration.
¥ NA = not available; a hyphen (<) indizites the contaminant was not detected:

" EPA (1986) stases that insufficient data are available to develop AWQC; screening value is lowest-
observed-cffecis level identified in EPA (1985).
! No AWQC available; screening concentration is lowest repartsd concentration ¢ be chemotoxic to aquatic
bigta (Poston ot al. 1984),

Secondary chronic value (Talmage and Oprasko [995).

* EPA Region III screening value (EPA 1995a).

' Includes o-nitrotoluenc, m-nitrotoluene, and p-nitrotoluene.
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3 EXPOSURE AND EFFECTS ASSESSMENT

The former ordnance works area has been divided into several contiguous areas with
different land uses (Figure 3.1). The 670-ha (1,655-acre) Weldon Spring Training Area is adjacent
to the 38-ha (217-acre) chemical plant arca. Both areas are fesiced, and access by the general public
is restricted. Portions of the training ared are currently used for field training and outdoor drilling
by the U.S. Army Reserve, the Missouri Army National Guard, and other military and police units.
An estimated 3,300 local Army reservists and 3,400 other reserve troops use the training area each
year. The Army intends to continue using the training area for similar training activities in the future.
Most of the remaining portions of the ordnance works arsa have besn converted into two
conservation areas: the 2,977-ha (7,356-acre) Weldor Spring Conservation Area and the 2,828-ha
{6,987-acre) August A. Busch Memorial Conservation Area. These areas are managed by the
Missouri Department of Conservation and are open to the public throughout the year for recreationat
use. Future land uses for the ordnance works area and chemical plant area are expected to remain
similar to current land uses, except that a disposal celt currently under construction will occupy tip
to one-third of the chemical plant area. ' '

- 3.1 IDENTIFICATION OF EXPOSURE PATHWAYS

Potential human and biotic exposure pathways were identified for this study on the basis
of the following factors: . :

* Locations of contaminated source areas, types of contaminants found at the
source areas, and potential mechanisms of contaminant release from those
areas;

* Likely fate and transport of the contarninants within or between environmental
media;

* Estimated concentrations of contaminants at points of potential human and
biota contact (i.e., exposure points) and the associated probable routes of
humac and biota exposure (¢.g., ingestion); and

* Completeness of each exposurs pathway — that is, the presence of a source
and a mechanism of contaminant release, an environmental transport medium,
a point of human and biota contact with the contaminated source or medinm,

_ and a route of human and biota exposure at that point.

All of these factors were considered in developing the ciuncepmal site exposure model presented i
Figure 3.2. Detailed discussion regarding sources, nature and extent of contamination, and fate and
transpost of contarninants is presented in the RI (DOE and DA 1997). -
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FIGLIRE 3.1 Map of the Chemical Plant Area and Orduance Works Area and Immedizte Vicinity
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3.1.1 Human Health Pathways

The principal route of exposure for a human receptor is considered to be ingestion of spring
water. Dermal exposure to spring waier was also caleulated, although this expoesure pathway would
be less significant based on the limited area and depth of most springs. Because of the small size of
the springs and the very low levels of contamiriation measured in the spring sediments, the potential
for dermal contact with, or ingestion of, sediment is considered o be low. Inhalation was not
identified as a pathway of concern because of the absence of volatile organic compounds, radon, and
airbome particulates. Externa! gamma radiation was also eliminated a5 a pathway of concern because
of the small size of the springs and the very low levels of uranium in the sediment. The water cover
over the sediment also acts to attenuate the low-level gamma radiation,

Under current land uses. the most likely receptor would be a recreational visitor who might
be exposed to contaminated discharge water at one of the springs. Ammy reservists and a full-time
sit¢ caretaker of the ordnance works area were also considered as potential receptors; however, these
scenarios were not evaluated. There are no potential pathways of exposure for the reservist because
. ho active springs are located in the Army training area and municipal water is available at the tap.
Similariy. the potential for the site caretaker to come in contact with contaminated groundwater and
spring water is unlikely because of the availability of municipal water. The potential risk to a
teservist who might venture outside the fenced training area and drink spring water is coversd by
the caleulations perforrmed for the recreational visitor (however, one may assume that if a reservist
visited parts of the ordnance works area other than the training area, he would take a drinking water
supply with him}, It was considered reasonable for reservists to train at the training area two to three
weekends (about 6 days) per year. If these same reservists also spent their yearly retreat training of
2 weeks there, the frequency of exposure would extend to about 20 days, which is the same as the
exposure frequency assumed for a recreational visitor.

Because future land-use conditions are expected to be similar to current conditions, the
most likely receptor was also assurned to be a recreational visitor. The Army intends to continue
using the training area for training activities in the future. The 89th Regional Support Command,
U.S. Army Reserve, has developed plans to construct a training center at the Weldon Spring Training
Area. This facility would contain headquarters for several reserve units with about 30 full-time
personnel. The units headquartered at the facility would conduct drills on assigned weekends and
evenings at the facility and the training area. The chemical plant area is currently being remediated,
and all site waste will be disposed of in an engineered disposal cell constructed on-site. The cell is
estimated to occupy approximately one-third of the chemical plant area.

The August A. Busch Memorial Conservation Area and the Weldon Spring Conservation
Area, which occupy a large portion of the former ordnance works area, are managed by the Missouri
Department of Conservation znd are open throughout the year for recreational use. These areas are
extensively used, as indicared by the estimated 1,200,000 visitors each year (Crigler 1992),
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Current land uses in the vicinity also include a state highway maintenance facility east of
the chemical plant area and a private housing development known as Weldon Spring Heights. Both
the maintenance facilitv and the housing development receive their water from the St. Charles
. County municipal water supply. Francis Howell High School, located about 1 km (0.6 mj) east of
the chemical plant area. also obrains its water from St. Charles County.

Forty-five old wells were identified on the ordnance works area as a result of 2 review of
archival records from state files and interviews with persons familiar with the site. Many of these
private wells were open to the deeper bedrock aquifers (i.e., Kimmswick and St. Peter) to obtaiit
sufficient well yields. Although some of these private wells wers open to the shallow aquifer, to
obtain sufficient yield they were open throughout the entire shallow aquifer (including ail or part of
the Fem Glen), rather than only the upper weathered part of the Burlingron-Keokuk.

Due to the low transmissivity and low yield of the shallow aquifer, a future resident would
likely screen a private well in the deeper, more productive aquifers or, because of the 24-m (80-ft)
casing requirement, the well would be oped to a larger portion of the shaliow aquifer (rather than
only the upper weathered unit of the Burlington-Keokuk). The 80-ft casing requirernent would, of
itself, not preclude using water from the shallow groundwater system, Use of a longer screen would
improve the quality of the pumped water because of mixing with less contaminated water (the .
contamination decreases with depth). In 1989, pumping tests for the shallow aqguifer at the chemnical
plant area indicated a maximum sustainable pump rate of 0.3 gallons per minute. Even with an
extended casing, well yieids would barely support the daily use of 2 family. However, the low yields
could be increased by installing a cistern and replenishing the cistern from the groundwater; this
approach would supply a sufficient amount of water to support a typicat household. Multiple single-
family housintg units in a future subdivision development in the area would niost likely receive water
from a municipal water supplier. This water would be obtained from deeper formations such as the
Kimmswick or St. Peter formations.

Risk calculations were also performed for a hypothetical futere resident scenario because
- this scenario would provide potential upper-bound risk information to aid in risk management
decision making for groundwater. Pathways evaluated included ingestion and dermal contact through
showering. The inhalation pathway was evaluated only for TCE. Similar calculations for recreational
use of the groundwater would result in hazard indices or risks of approximately one-hundredth of
those estimated for the hypothetical futare resident. Exposure pargmeters for the human health
receptors are summarized in Table 3.1.!

[ Alt tables in this chapier have been placed at the of the text (Section 3.4.5).
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3.1.2 Ecological Effects

Ecological health effects were also evaluated as part of the exposure assessment. Because
of tha nature of the contamination, risks to ecological resources would be related primarily w direct
contact and ingestion of surface water and sediment originating at a spring: thersfore, the ecological
risk assessment focused primarily on {1) aguatic biota inhabiting a spring and immediate down-
stream habitats and (2) terrestrial biota drink.ing from a spring and downstream locations.

For aquatic biota, the exposure scenario consists of dinect exposure to contaminated spring
water and sediment. Risk calculations were performed using the 95% UCL concentrations for the
spring water and the maximum contaminant concentrations for the sediment. Burgermeister Spring
and its immediate downstream habitats was chosen as the exposure area for all risk determinations
in this study. Aithough some risks to aquatic biota might be associated with other springs, the likedi-
hood of actual exposure of aguatic biota is low because aguatic habitats associated with mest springs
are ¢phemeral in nahsre and provide limited year-round use. In contrast, Burgermeister Spring and
its drainage support the largest amount of petmanent aquatic habitat, including the uppermost portion
of Lake 34, and thus have the greatest potential for exposure of aquatic biota. The use of contaminant
concentrations reported from all springs together with the Burgermeister Spring exposure area
should, therefore, fully cover the risks to aguatic biota associated with the springs of the chermical
piant and ordnance works areas. An exception might be the springs within the lower segment of the
Southeast Drainage (3300 drainage). Although the aquatic habitats immediately above and below
the springs in the 5300 drainage are ephemeral, the lowermost portion of the drainage contains
permanent year-round aquatic habitat with direct connection to the Missourd River. Higher
conceatrations of metals and nitroaromatic compounds have been detected in surface water and
sediment from the Southeast Drainage than from Burgermeister Spring or other area springs, and a
- separate ecological risk assessment has been conducted as part of an engineering evaluation/cost
analysis for a proposed removal action at the drainage (DOE 1996).

. Ingestion of contaminated drinking water is considered the principal exposure pathway for
terresirial biota in this study, and each spring in the ordnance works area represents a potential
drinking water source. Risks were evaluated for selected terrestrial wildlife receptors (American
robin and white-tailed deer). The exposure scenarios considered in this study consist only of
contaminant uptake through ingestion of surface water; however, most of the springs are smail
and/or ephemeral in nature and, thus, individually are not likely to represent a significant portion of
the drinking water supply for any wiidlife receptor. Potential risks were calculated using the same
surface water concentrations and exposire areas as were used for evaluating risks to aquatic biota.
Burgermeister Spring and its immediate downstrearn waters likely exceed the total expasure area
of all spring discharge points combined; therefore, the use of Burgermeister Spring as the exposure
ares in this exposure scenario should maximize the potential for contaminant uptake via ingestion
of drinking water. -
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3.2 ESTIMATION OF EXPOSURE POINT CONCENTRATIONS

A medm-spemf' ¢ concentration of a contaminant at the location of exposure (i.e., exposure
point conceniration [EPC]) must be estimated to calculate the potential humman and biota exposure
that might be associated with a contaminated source or medium. For the human health component
of this risk assessment, an EPC was determined for each COPC using the tower of the 95% UCL of
the arithmetic mean or the maximum vaiue detected during the 1995 DOE/DA joint sampling rounds
(see Section 2.2). The nanure and extent of contamination defined by the data from the 1995 join
sampling rounds wers comparabie to the nature and extent of contamination defined by previously
coflected data (i.e., pre-1993), The EPCs are listed in Tables 3.2, 3.3, and 3.4 for the current and
future recreational visitor and in Tables 3.5 through 3.9 for the hypothetical furare resident. These
concentrations were psed to calcujate hazard indices and risks for a recreational visitor whe mgestod
or came into dermal contact with spring water from any of the springs. The results provide a range
of potential human health irnpacts from thess springs.

_ Groundwater calculations were pérformed for each well because the results from the

monitoring networks covering the two areas indicated that contaminant concentrations are
heterogeneous. A more detailed discussion of the namre and extent nf contamination is presented
in Chapter 4 of the RI report (DOE and DA 1997),

Future EPCs were assumed to be the same as current concentrations. This is a conservative
assumption because artenuation of contaminant concentrations is anticipated over time as a result
of removal of contaminant sources such as soil and raffinate pit sludge.

3.3 ESTIMATION OF INTAKES

Estimates of chemical and radicactive ¢ontaminant intakes were based on contaminant
conceatrations at the exposure points (Section 3.2) and on scenario-specific exposure assumptions
and intake parameters. In accordance with EPA (1989b) guidance, the scenario-specific assumptions
and intake parameters were based on the “reasonable maximum exposure” expected to occur for a
given receptor under current and future land-use conditions. The recreational visitor was assumed
to visit the area and drink water from a spring 20 times per year for 30 years, A, water ingestion rate
of 400 mL. {about 2 cups) was assumed for each visit. For the hypothetical future resident calcn-
lations, it was assumed that the resident would drink 2 L (2.1 quarts) of water per day from a single
well, 350 days per year, for 30 years, These and other assumptions are summarized in Table 3.1. For
the current and future recreational visitor, calculations were performed for springs identified as
representative of all springs in the area. The methodology used to calculate intakes and the results
are presented in Section 3.3.1 for uranfum and in Section 3.3.2 for the chemical contaminants.
Cadmium, 1,3-DNB, nitrotoluenes, and nitrobenzene were identified in the RI as contaminants in
the springs a1 levels greater than the statistically derived background values. However, because these
conlaminants were nat detected in any samples collected during the 1995 joint DOE/DA sampling
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rounds, intakes wers not calculated (these compounds were detected 2t very low frequencies and low -
concentrations in the pre- 1995 data set [DOE and DA 1997]). ' I

3.3.1 Radiological intakes
Intakes for radicactive contaminants were calculated simiiarly to those for chemical |
carcinogens (see Section 3.3.2), Radiological intake is the amount of contaminant taken into the

boxdy perunit time, expressed in pCi. The intake of radioactive contaminant i (I} from ingestion of |
groundwater or spring water was calculated as foliows:

L:RﬂxIRxEFxED

where:

concentration of radionuclide in groundwater or spring water;

ingestion rate;

m g £

= exposure frequency; and
ED = exposure duration.

The intake of radioactive contaminant i (I) from dermal contact with spring water and
groundwater was calculated as follows:

I =R, % 5A x PC, x CF x ET x EF x ED

where:
SA = surface area exposed {cm?);
PC= pn:rm«a:a,l::i]it},.r coefficient (cm/h);
CF = conversion factor [_1 x 13 Licm®); and
ET = exposure time (h).

Estimated radiological intakes are provided in Tables 3.4 and 3.9 for the recreational visiter and
residential scenarios, respectively. :
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3.3.2 Chemical Intakes

Expoéure to chemical contarninants is expressed in terms of intake. Intake is the ameunt
of contaminant taken into the body per unit body weight per unir time (expressed as mg/kg-d). The
intakes of chemical contaminant i (L) from ingestion of groundwatsr and spring water was calculated
as follows:

L;'Cﬁxm.xEFxED

BW x AT
where:
C.i = concentration of contaminant in groundwater or spring water;
IR = ingestion rate;
. EF = exposure frequency;

ED = exposure durétinn;

BW

average body weight over the exposure period (kg); and
AT = averaging time (d).

The-intake of chemical contaminant i (I) from dermal contact with spring water and
groundwater was calculated as foilows:

Cu ¥ SA X PC, x CF x ET x EF x ED
BW x AT

where;

wi = conceatration of contaminant in groundwater or spring water;
SA = skin surface area (cm*/event);

PCi = dermal pcmmaﬁi]ity coefficient for contarninant i {cin/h); and

CF = conversion factor {1 x 1073 Ucm3}.

. Tables 3.2, 3.3, and 3.5 through 3.8 present the chemical £Xpostire point concentrations and
estimated intakes for the recraational and residential scenarios.
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The following equation was nsed to calculate intake of TCE from groundwater through
inhalation while showering: o

_C.xIRxETxEFxED

g BW x AF x AD

whers:

C. = concentration of chemical i (TCE} in shower air (mg/m®) — calculated
by muitiplying the watsr exposure point concentration in mg/L
(Tabie 3.8) times the watcr volume per shower (200 L) divided by a
shower volume of 2.5 m> and then dividing the total quanmy by 2 {see
DOE [1993] for methodology);

#

IR = inhalation rate (m>/h);

ET = cxpnsuﬁ‘e time (h/d);
EF = exposure frequency (dfyr);
ED = exposure duration (yr);

BW = body weight (kg);

AF = averaging frequency (365 d/yr); and

AD = averaging duration {yr) (70 years for carchmgegs).
34 E_CDLOGICAL RESQURCES EXPOSURE AND EFFECTS ASSESSMENT

3.4.1 Methodology

For aquatic biota, the risk assessment included consideration of both exposure and effects.
Biotic surveys of the fish and invertebrate communities were conducted using the EPA Rapid
Bioassessment Protocols (EPA 1989a). This method provided direct information on {1} the status
of the aquatic community inhabiting Burgermeister Spring and exposed to the COECs and (2) the
habitat quality of the spring and receiving drainage. Samples of surface water and sediment cotlected
from Burgermeister Spring were tesséd for toxicity to evatuate potential effects of current levels of
~ contamination in the spring to aquatic biota. Acute and chronic toxicity tests were conducted for rwo
. invertsbrates (Daphnia and Hyalella), a fish (Pimephales), and an amphibian (Xenopus). These test
organisms represent the major taxonomic categories of aquatic biota that cccur in the spring and its
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downstream drainage. Fish and invertebrate samples were also collected from Burgermeister Spring
for tissue analysis. : '

The risk assessment for terrestrial wildlife modeled upteke of each contaminant through the
drinking water pathway for two receptor species, the white-tailed deer (Odocoileus virginianis) and
the American robin (Turdus migrarorius). The uptake modeling permitted prediction of an applied
daily dose (ADD) for each receptor and each contaminant. Contarninant uptake from the ingestion
of contarninated drinking water was estimated with the following equation: '

ADD,, = C,, x FR x (IR,/BW)

where:
ADD,, = applied daily dose from drinking water (mg/kg-d);

Caw = eXposure point concentration (mg/L) at the drinking water sufq_:ly,
using the maximurn reported contaminant concentrations from ail -
Springs;

FR = fraction of total water ingested from contaminated source, using
Burgermeister Spring as the drinking water supply;
IR,,, = ingestion rate of drinking water (g/d); and

BW = body weight (g) of the receptor.

Values of drinking water ingestion rates and body weights were obtained from the Wildlife
Exposure Factors Handbook (EPA 1993) and the open scientific Literature. The exposure factors
used for this risk assessment are presented in Tables 3.10 and 3.11. Every effort was made 1o select
exposure factors from populations nearest the August A. Busch Memoriat Conservation Area. The
fraction of total water ingestion by each receptor from Burgermeister Spring was estimated by
centering the receptor home range on the spring, identifying all surface waters within the home
range, and determining the percent contribution (by area) of the spring and its downstream waters
(to Lake 34} to the total available surface water area within the receptor’s home range.

~ Modeling contaminant uptake and determining the ADD were based on the following
assumptions: . '

* Consisient with EPA (1993) guidance, the home range used in this ass=ssment
includes both daily activity and foraging ranges.
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» All foraging activities of cach receptor are constant and uniformly distributed
over the receptor’s entire honle range.

» . Contaminant uptake by biota does not significantly affect the environmental
concentration of contaminants.

+ Contaminant assimilation is complete (100%).

3.4.2 Toxicity Results

“The results uf the acute and chronic toxicity testing indicate some toxicity of surface water
and sediment from Burgermeister Spring. Surface water toxicity, as indicated by reduced survival,
was measured for two locations, SP-6301-1 and SP-6301-2 (Table 3.12). These locations correspond
to the spring proper and a location approximately 30 m (100 ft) downstream from the spring,

. tespectively. Toxicity at these locations was limited to the fish test biota; on the basis of either acute
or chronic testing, no toxicity was evident for the other three test biota. Some surface water toxicity
was also suggested for location SP-6301-3, which is downstream of the confluence of a largs stream
with the stream that originates at Burgermeister Spring. At SP-6301-3, no acute toxicity was
indicated for any of the test biota, and chromnic toxicity was obscrved only for Xenopus (30%
reduction in survival of exposed Xenapur Table 3.12).

Sediment mxicit)r as evidenced by reduced survival, was indicated for several locations
(Table 3.13). Acute toxicity to Pimephales and chronic toxicity to Xenopus was indicated for
sediment from focation SP-6301-2. No acute toxicity was evident for any other test locations or
biota. Toxicity to Hyalella was indicated for sediment collected directly from the spring (location
SP-6301-1) and to Pimephales from the farthest downstream sampling location from the spring
proper (§P-6301-4). Although survival was reduced in all of these tests, the survival cates were
greater than 70% at all but the most downstream sampling location (Table 3.13).

34.3 Tissue Analysis Results

Macroinverntebrate and fish tissue samples were collected from Burgermeister Spring and
analyzed for seven metals (arsenic, chromium, lead, mercury, selenium, silver, and uraninm), The
results of this analysis are presented in Appendix A of the RI report (DOE and DA 1997). Silver was
not detected in either macroinvertebrate samples or fish samples, whereas mercury was detected only
in fish samples and selenium only in macroinvertebrate samples. Estirnated bioconcentration factors
(BCFs) for macroinvertebrates (from sediment) and fish (from spring water) were typicatly less
than 20; a BCF of 300 or more is considered to indicate significant bioconcentration (EPA 1989¢).
Only the BCF for mercury in fish ex:ecded a value of 300, suggesting a potential for significant
bmcancent.rauun
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Although the BCF for mercury in fish was high (1,100), this value alone does not represent.
an effects concentration and does not indicate that fish in the Burgermeister Spring drainage are
being impacted in any way. By definition, the BCF represents only the ratio between biological and
snvironmental contaminani concentrations and is independant of effects. The measured rissue
concentrations for fish from the Burgermeister Spring drainage are in the low end of the range of
mercury tissue concentrations reported for freshwater fish in Nogth Americs and within the whole-
body concentration of 5,000 pg/kg suggestad o be protective of freshwater fish by the U.5. Fish and
Wildlife Service (Eisier 1987), In addition, the measured tissue concentrations in fish samples from
Burgermeister Spring are not expected.to pose  risk to piscivorous avian and mammalian wildiife.
The measured concentrations are within the total mercury levels in prey suggested to be safe for
birds (100G ug/kg) and small mammals (1,100 pg/kg) (Eisler 1987).

Thus, on the basis of the analysis of samples from Burgenmeister Spring and the levals
considered to be protective of fish and wildlife, the reported BCF values indicate that neither macro-
invertebrates nor fish in Burgermeister Spring are accumulating contaminants from the environment
at ievels of concem. : '

3.4.4 Blotic Survey Results

Biotic surveys of the aquatic invertebrate and vertebrate biota inhabiting Burgermeister
Spring indicate the presence of an aquatic community that wouid be expected to occur in similar
spting systems and low-order headwater stream systems in the Midwest. No fish were collected from
the spring proper, and the invertebrate community was dominated by amphipods and isopods (DOE
and DA 1997). Fish are present in the drainage downstream of the spring proper. Although the fish
community includes headwater stream fishes (e.g., orangethroat darter, brook silverside, and red
shiner}, it is dominated by juvenile fishes of species that typically inhabit slow-water streams and
lakes {bluegill, green sunfish, largemouth bass, and black crappie), and it represents the Strong
influence of the fish community present in Lake 34, These latter species become more abundant as
one proceeds downstream from the spring to Lake 34, The absence of fish in the uppemuost portion
of Burgermeister Spring is due to the presence of a concrete weir across the stream; located about
15 m (50 ft) dowastream of the spring, the weir serves as a barrier to the upstream passage of fish
to the spring.

Habitat impairment and community quality were evaluated by following the EPA, Rapid
Bioassessment Protocols for fish and invertebrates (EPA 1989a). Burgermeister Spring and its
downstream locations were found to support 2 limited fish community and slightly impaired aquatic
invertebrate community (DOE and DA 1997), conditions that are probably a result of thée physical
characteristics of the spring rather than the contaminant levels, Flow in the uppermost segment of
the siream is maintained almost exclusively by discharge at the spring: under low-flow conditions
in the summer, the stream becomes intermittent and portions of the habitat become dry. The fish
community at the fower end of the drainage is maintained by the permanent waters of Lake 34.
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The amphibian survey results stiow that the amphibian community at Burgermeister Spring
consists of species that are common to similar habitats throughout the Midwest and would be
expected 1o inhabit the Burgermeister Spring drainage.

3.4.5 Dose Estimates for Biota

Contaminant uptake through ingestion of drinking water was estirnated for the American
robin and white-tailed deer using the uptake models presenited in Section 3.4.1 and the eXposure
factors in Tables 3.8 and 3.9. For the American robin, 100% of the ingested drinking water was
assumed (o be obtained from Burgermeister Spring and downstream waters, whereas only 1.8% of
the total water intake for the white-tailed deer was considered to come from this spring. These diet
fractions were developed as the ratio of the total surface area of the Burgermeister Spring drainage
(spring outflow to Lake 34 inflow) to the total available surface water area within the horae range
of each receptor (see Tables 3.10 and 3.11 for home range values). Contaminant uptake was modeled
using the maxirnum contaminant concentrations reported from afl springs.

Burgermeister Spring and its downstream waters was selected as the drinking water
exposure point because the spring represents the largest and most permanent surface water body of
all the springs. Although other springs in the area may be used by wildlife, most of these springs are
very small and/or intermitient and, thus, probebly do not represent a significant source of drinking
water for terrestrial biota. Burgermeister Spring and its downstream waters likely exceed the total
available surface water of all springs in the area, so use of the former as the drinking water expasure
point maximizes the potential for contarninant uptake by the terrestrial receptors. Because maximum
contarninant concentrations vary amony the springs for any particular contaminant, the EPCs used
in the uptake models were the maximum reported concentrations reported from all of the springs.
Thus. the approach of using Burgermeisier Spring as the drinking water éxposure point area together
with the maximum contaminant concentrations reported from any spring should result in very con-
servaiive estimates of contaminant uptake by terrestrial biota through ingestion of drinking water.

Modeling results are presenied in Table 3.14. Uptake of nitroaromatic compounds through
ingestion of drinking water was estimated o be very minor, with ingestion of any one compound
being less than 0.00F mg/kg-d for the white-tailed deer. Uptake of nitroaromatic compounds by the
American robin was estimated to be less than 0.0 mg/kg-d for any one compound, except
2,4,6-TNT, which was estimaied at 0.04 mg/kg-d (Table 3.14). Similarly, the estimated daily uptake
of metals was also typicaily very low for both receptor species. :
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TABLE 3.1 Exposure Scenario Assumptions and Intake Parameters®

Current or Future
Parameter Unit Recreational Visitor  Future Resident
~ Exposure time hievent 4 0.16°
Exposure frequency - SVERILT 20 3350
Exposure duraticn ¥yT 30 N
Body weight kg 70 70 (4F
Spring waler ingestion tate mE/event 400 Nad
Groundwater ingestion rate Lievent NA 2 (0.64)°
Inhalation rate m NA 0.83
(showering scenario for TCE anly) :
Surfaze area om” 4,200° Iﬂ.ﬂ'ﬁﬂ_'f :
Permeability coefficient em/h .
. Default ' 1% g7 1% 10
TCE NA 1.6 x 102

* Assumptions and intake parametsts are consistent with recommendations by the EPA (1995b,
19923,

® Assumed length of rime per day for showering.

Exposure assumpiions in parentheses are for an infant ingesting groundwarer, These parameters
were used o calculate intakes and hazard quotients for nitrates in groundwater because of the
greater sensitivity of infants to the toxic effects of this contaminant.

4 NA = not applicable. _
* Surface area consisis of the arms, hands, and lower legs (EPA 1992a).
' Surface area is the whole bady (EPA 1992a}.
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TABLE 3.4 Estimated Intakes of Uraninm for the Current

. and Future Recreatfonal Visitor
Uranium
Intake {pCi)
EPC a
Spring D (pCilLy Engestion Dermai
5101 : .38 9.1 x 10! 9.6 x i07!
5201 0.87 2.1 % 10? 22
5303 120 2.9 x 104 30 % 108
5402 0.95 13 x 107 24
550 . 0.74 1.5 x 10% 1.9
5504 0.50 1.2 x 10¢ i3
5801 0.45 1.1 x 10% t.1
5602 0.33 7.9 x 10! 8.3 x 10
5605 0.62 5% 107 1.6
5612 052 S 12x 10 1.3
6301 91 22x 10t 23 %10
6303 1.3 3.1 % 102 33
5306 .69 1.7 % 18# 17
6501 28 6.7 % 107 7.1
6601 0.38 9.1 x 10! 9.6 x 107

1 EPC = exposure point copceniration, which is the naximum
uranium value for £ach spring from the 1995 joint DOEDA
sampling rounds.
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TABLE 3.9 Estimated Intakes of Uranium for the Hypothetical Future Resident

Uranizm LUranium
intais (pCi) : Intakz (pCi}
EPC EPC?
Well [D ApCilL) . Tngeston Drermal Well ID (pCi/L) ingestion Dermal
Decp Wells _ Unwemthersd (cont.)
MWD-05 0.58 2= 1.9x {0t MW.-3006 0.7 15x10¢ 24x 1ol
MWD-18 0.78 Lexi0*  26x10! MW-3034 3l 64x 0t Loxlo®
MWGS-0 - - - MW-3026 42 8.0 10° e 107
MWGS-02 - - - MW-4004 2} 45x10°  12x10!
MWS-18 L5 322100 52x10 MW-4007 1.3 I6x10* S9xip
MWS-10] 0.53 1x1  18xpt MW-4008 0.83 LTx10f 28 x
MWws-102 26 Saxit 87«10 MW-400% 1.7 36217 5.7x10!
MWS-103 076 16810, 25«10 MW=L 3.1 5.6 x 1T 1.0 x 107
TIL-3 o 22x 10F 3.6 MW-3012 £0 Ll x 1P L= 108
. MW-4022 5.2 LIx160 L7 x P
Ovrerburden MWD0z 26 54x10*  gax 10
MW-2011 - - - MWD-06 0.58 12x ot 1.9x 10!
MW-2032 4.2 Bix 10 1l4x 10t MWD-0% 093 0.0t s1x1g
MW-2033 24 19x10¢ 79x10 MWD-23 50 L1x108 LTx 08
MW-3001 - - - MWD-106 - - -
MW.3013 - - - MWS-05 0.9 21x10° 33x10}
MW-3013 - - - MWS-06 29 60x 10" 9610
MW-3022 - - - MWS5-105 1.3 A6x 107 25
MW.-3024 - - - MW35-106 1.6 ‘d4x10? 38xi0!
MWV-0I 4.1 87x100 l4xio? MWS-109 1.0 27x10? 3axwy
MWV.02 3 64x 1 loxi0? TIL - - -
MWY-05 012 15x10%  24x10! USGS-1 I.1 22ax10*  38x 1o
MWV-L3 LS 0= 10t asx10t UsSGs-6 18 45x10° 1ax 107
MWV.16 1.2 24x1F 39x10! :
MWV-17 0061 {3x]10¢ 2.0 Wenthered
MWV-18 - - - MW-200] 0.65 l4x1¢  23x:w
MWV-22 088 18x16° 30x10 MW-2002 .48 1.0x%10* i.6x 10!
MWV-24R 1.5 2xirt  soxigt MW-2003 1.1 22x it 3&x10l
: MW-2004 - - -
Unweathered MW.-2009 045 9.6 x 16° 1.5x 10}
MW-2015 30 63x100  10xt0? MW.2006 048 1.0 x 108 1.6x 100
MW.2021 087 Lex10t  20x 10! MW.-2007 Lo 21x10* 340t
MW.2072 1.3 26x10F  42x 10 MW.2008 - - -
MW-2023 15 53x10"  g5x10 MW.2009 - - -
MW.I024 0l 23x10 38 MW-2010 1.2 26x100  dixigl
MW-2025 - - - MW-2011 0.3 §3x10° 89
MW-2025 08! 172167 2.7x 10! MW-2012 0.33 6.9 x 107 1.1 x 10!
MW-2027 0.81 1.7x10*  27x10! MW-2013 0.66 Lax 1ot 22xip}
MW.2028 13 27x1t a3xig MW-2014 0.49 1ox10t 16x10!
MW-2026 - - - MW-2015 1.9 40xt  65x10
MW-3002 - - - MW.2016 - - -



TABLE 3.9 (Cont.)

- B8

Lramum LUranicrn
Intzke (pCij lataka (pCi)
EPC® EPCY
Well [ID (pCiLy  Ingestion Dermal Weil 1D (pCiL} Ingesiion Demal
Weathered feont. ) Weathered {cont.)

MW.2017 12 25x10°  40x107 MW.4073 1.5 33kt 52x 10!
MW-2018 1.4 3IIx10* S2x10 MW.024 & 1330 20x10°
MW-2020 - - - MW-2023 Lo 22x10*  35x10!
MW.2030 13 16x100  42x10? MWD-15 045 ox1t 17x10t
MW-2004 30 63x 1 10=10 MWD-25 1.5 ATxIY 39«0
MW-2015 0.4 4x10° 13x 10 MWD-107 2 43x10* GExI0!
MW.2036 0.77 162100 26x 10t MWD-112 0,717 L6x10¢ 26x 10
MW.2037 12 6x10¥  42xI10! MWS:01 1.3 27x10 ddxipl
Mw.2038 1.5 ot 49xig! MWS.A12 2 42x10* &8xt0
MW-2039 3l 66%10"  10x1 MWS-03 3.3 69x10"  LIx10?
MW-2040 3.0 3% 10" 1.0xi0 MWS-04 1o 21x10°  34x 107
MW-2041 34 9% 10* Lixip® MWS-07 0.13 1I5xt 24x10)
MW.2042 26 S4x100 sIxipt MWS-08 "1 24%10°  1.3x10¢
MW.2043 1.8 19«1 &0x10b MWS.05 1.2 25x 1 4ox 10!
MW. 2044 23 4= TEx10t MWS5.10 0.13 2.8 x 1P 45
MW-3003 19 x it s3x10P MWS5-11 1.7 36x10*  S7x1o!
MW-3007 - - - MW5-12 1 Z1x10%  3axiph
MW-3003 - - - MWS-13 o654 Llx10* Lax 10!
MW-3009 - - - MWSs-14 2.7 s6x100  9ox1o!
MW-3¢10 - - - MWS.15 0.56 t2x ot 15x 1o
MW.3H9 2] LE5x 1 Tix 10t MWS-16 0.66 (axtt 22k 10
MW-3023 13 27x 105 a3x10? MWS.17 1.2 - 2sx1t 3asx10
MW-3025 28 . 5Ex100 93x10 MW5-19 1.3 27x 100 43x10!
MW-3027 1.3 26x 10 4Z2x 10t MWS.20 0.69 lax1et 23x10°
MW -4001 041 . B6xI0°  L4x 10! MWS.11 3 63x10"  1.0x10
MW-4002 06 Lix 10 20x10 MW35.22 1.2 5% 10 40x 10
MW 4003 1.1 24x 1t 350! MWS-24 - - -
MW 4005 1.6 I3x W s3ixtol MWS-25 1.6 1I3x10 53xinl
MW -AD06 026  S5x1f 88 MWS-26 4 $Ix100 L3Ix P
MW-4010 a1 S4x 17 Lox10? MWS-104 1.3 21x100 daxlol
MW=4013 1.2 25x10°  4.0%10! MWS-107 1.8 saxiot  61x10)
MW.a014 0.22 47x 107 15 MWS.110 0.63 130 2ixi1¢!
MW-4015 0.32 67x10°  L1x16! MWS-112 2.7 sl eiwio!
MW-4015 12 67x 0 1.1x10° UsGs-2 €.001 2lx1 34ax10?
MW-4017 - - - USGS-3 14 10x1¢  4Ex10f
MW 4013 .64 4% 10 21%30 UsCs< 054 11x10° 1.8 x 10t
MW-4019 .7 3ISx 10 53k USGS-5 49 1.0x 10° 1.6 x iF
MW-3020 9.7 20%10°  33x10° USGS-8 0.62 1Ix10r 21xtp
MW-4021 a1 6% 100 Lox10* USGS.9 0.35 72x 100 L2x 1

sampling rounds.

EPC values dre the maximum ¢

oocentrations reported for cranium from each well from the 1995 joimt DOETA
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TABLE 3.10 Exposure Factors for the American Robin®

Range or Geographiv

Exposure Factor Mean  95% UCL Location Source
Body weight (2) 17 63 - 100 Pennsylvania  Clench and Lebenman {1978)
Water ingestion rate {g/g-d) 0.13 - - Estimated® .
Home range (ha) 0.81 . - Ontario Weatherhead and McRac {1990}

* A hyphen (=) indicates thot the information was not applicabie or not available.

® Estimated using the following allometric equations (EPA 1993):
Water Ingestion Rats (L/d) = D.059W°#7, whers W equals weight (0.077 ke); and
Normalized Water Ingestion Rate (g/g-d} = (Water Ingestion [g/d)) + W (g).

TABLE 3.11 Exposure Factors for the White-Tailed Deer®

Range or Geographic

Exposure Eaclor Mean 5% UCL Location Suurc.n-
Body weight (z) 50,000 —— Missouri Schwartz and Schwartz (1981)
Watér ingestion rate (g/g-d) 0.06 - - Estimated®
Home range (ha) 150 260 Missouri Schwartz and Schwartz (1981}

4 A hyphen (-) indicates that the information was not applicable or not available.
b Estimated Lsing the follﬁwing allometric equations (EPA 1993):
Water Ingestion Rate (L/d) = 0.099W0%, where W equals weight (90.0 kg): and
Normalized Water Ingestion Rate (g/g-d} = (Water Ingestion [3/d]) + W (g).
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TABLE 3.12 Results of Acute and Chronic Toxicity Testing of Surface Water

from Burgermeister Spring”

Organism/Toxicity Test

. Toxicity Test Rusults at Sampling Location

b

SP.6301-1

S§P-6301-2

SP6301-3

5p-6301-4

Daphnia, 96-hour acute survival
Hyalella, $6-hour acute survival
Pimaphalex, 36-hour acizte survival

Xenopus, 96-hour acule survival
Daphnia, T-day chronic survival
Hyalella, 7-day chronic survival

Pimepholes, T-day chronic sorvival
ard growth
Xencpus, 7-day chronic survival

. and growth

+

37.5% survival

+

NC*

Y
37.5% survival

NC

-+
0% survival

- A minus (-} indicates no significant medi

ip = 0.05).

P Sampling locations SP-6301-1 through SP-6301-4 are from Burgermeister Spring.

¢ NC = chronic toxicity tasting not conducted because media toxicity at this sampfing locstion was indicated
by the results of the corresponding acute toxicity test.

a toxicity (p > 0.05); a plus {+) indicates significant media toxicity
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TABLE 3.13 Results of Acute and Chronic Toxicity Testing of Sediment

from Burgermeister Spring®
Taxicity Test Results at Sampling Location®
Organismy/Toxicity Test 5P-6301-1 5P-6301-2 SP-6301-3 SP-6301-4
Daphnig, 96-hour acute survival - - - -
Hyalelly, D6-hour acute survival . - - -
Piptzphales, %6-hour acute survival - o+ - .
: 75% survival
Xenopus, 96-hour acute survivai . - - .
Daphnia, T-day chronic survival - - - -
Hyalella, T-day chronic survival o - . .
B2% survival

Pimephales, T-day chronic survival - - - +

and growth ' 50% survival
Xenopus, 7-day chronic survival - + . -

and prowth T3% survival

* A minus (-} indicates no significant media toxicity (p >0.05); a plus {+) indicates significant media

toxicity (p £ 0.05).

® Sampling locations SP-6301-t through SP-63014 are from Burgermeister Spring.
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TABLE 3.14 Estimated Applled Daily Dose from the Drinking Water

Pathway for the American Robin 2nd White-Talled Deer

Applied Daily Dose™ (mg/kg-d)
EPC :
Contaminant {ug/L) American Robin ~ White-Tailed Deer

Metals :
Alominum 2,800 0.38 < {101
Antimony 94 0.m < .01
Arsepic 260 < .04 < 8.01
Barium 3,200 044 « (.0%

- Cadmium 25 < 0.0F = 0.01
Chrominm 1) < (.01 < 0.01
Copper 30 < 0.01 < .01
Iron 400,000 55 001
Lead (%0 <0 = 0{H
Lithium 52 <01 < .01
Mangancse 290,000 25 002
Mercury 6100 0.3 < {.01
Malybdenum 38 <0.01 < 0.0 .
Mickel 44 < .01 < 0.01
Selenium G < (.01 < .01
Silver 240 o« Q.05 < 0.01
Strontiuvm 19D 0.03 <001
Thallivm ] <001 . < 0.1
Uranium, 1otal 540 (EX4) < D1

Inarpanic anion
Nitrare-N 10,000 14 0.001

Nitroaromatic compotnds
1.3,5-TNB 15 < .01 « 0,01

"1,3-DNE 1 <0.01 <00l
2,46 TNT 280 0.04 < (.01
24-DNT 11 < 0.01 < Q.01
248.-DNT _ HE <0.01 < Q.01
2-Aming-3.56-DNT 44 < 0.01 < 0.
4-Amine-2,6-DNT L <001 < 0.01
Mitroroluens 0.08 < 001 < 0.01]
Nirobenzans 1 < 01 < .01

Dase estimates were calculated using Burgermeister Spring as the exposure point
area snd using the maximum contaminant concentrations reported from all
springs in the chemical plant area and the ordnance wotks area as the EPCs.
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4 TOXICITY ASSESSMENT

The toxicities of the radioactive and chemical COPCs and COECs identified for the
GWOUs are summarized in Sections 4.1 and 4.2. The methods used to evaluate toxicity are
discussed in Section 4.3.

4.1 RADIATION TOXICITY

4.1.1 Human Health

Uranium was identified as the only radivactive COPC for the GWOUs. Natural uranium -
consists of three isotopes: uranium-234, uranium-235, and uranium-238. These isctopes have very
low radioactivity per gram of material (i.e., specific activity) due to their long half-lives. Two
hazards are associated with uranium compounds: kidney damage caused by the chemical toxicity
and cell damage caused by the jonizing radiation that results from radioactive decay. Alpha, beta,
and gamma radiation are released during ehe radioactive decay of uranium, For internal exposures
(e.g., by ingestion or inhalation), alpha and beta radiation are the primary hazards. Within the body,
alpha particles result in greater cell damage than beta or gamma radiation because their energy is
completely absorbed by the tissue, Beta particles deposit less energy to tissue and thersfore induce
much less damage than alpha particles. Gamma radiation is primarily an etternal hazard because it
¢an easily penetrate tissue and reach internal organs.

4.1.2 Ecological Health

Identifying the effects of radionuclides on organisms in the natural snvironment is
compiicated because (1) various sources of ionizing radiation are possible; (2) exposure can be
internal, external, or both; (3) each radionuclide has unique physical and chemical properties;
(4) ecological receptors have different mobilities and varied habitars; and (35) current levels of radio-
nuclides in most areas are too low 1o detect effects on population and community, even in such areas
as weapons testing sites (Whicker and Schultz 19822-b). Effects due to acute or chronic exposure
include monality, physiological and pathological changes, and developmental and reproductive
effects (National Council oa Radiation Protection and Measurements [NCRP] 1991; International
Atomic Energy Agency [LAEA] 1992; Rose 1992). -

. Ecological receptors may be affected by both acute and chronic ¢xposure to ionizing
radiation. For acute exposure. aguatic invertebrates tend to be more resistant than aquatic vertebrates.
The most sensitive periods in the life cycle of aguatic organisms are the early developmental stages;
radiation sensitivity generaily decreases with increasing development (NCRP 1991). Reproductive.
and early developmental stages of aquatic organisms are most sensitive 10 chronic irradiation,
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Deleterious effects of chronic irradiation have not been observed in natural populations at dose rates
< 1 rad/d (NCRP 1991). -

Similar sensitivity and effects have been identified for terrestrial wildlife (IAEA 1992).
Terrestrial invertebrates are much less sensitive than terrestrial vertebrates, the invertebrates
requiring about 100 times the dose needed for vertebrates to induce mortality. Among vertebrate
species, lethal acute doses and sensitivity to chronic radiation vary widely among different taxa;
birds, manunals, and a few tree species are among the most sensitive. Acute doses of < 10 rad are
considered unlikely io produce persistent, measurable deleterious changes in populations or
- communities of terrestrial plants or animals (JAEA 1992). Chronic dose rates of < 0.1 rad/d and -
< ] rad/d do not appear likely to cause observable changes in terresirial animal populations, and
chronic dose rates of < 1 rad/d are not likely to cause obsarvable changes in plant populations, As
" with agquatic biota, reproductive and early developmental stages of terressrial biota are most sensitive
. to irradiation.

4.2 CHEMICAL TOXICITY

4.2,1 Human Health

- The chemical COPCs in groundwater include lithium, molybdenum, uranium, chloride,
nitrates, sulfates, nitroaromatic compounds, TCE, and 1,2-DCE. The chemical COPCs in spring
water include antimony, irog, lithium, manganese, mercury, molybdenum, silver, uranium, chloride,
nitrate, sulfate, and nitroaromatic compounds.

Antimony is typically present in soil as sulfide and oxide compounds. Industrially,
antimeny is used in many alloys. It has been administered orally to humnans znd animals as both an
emetic and an antiparasitic agent. Toxic effects that have been observed in humans are associated
mainly with occupational exposures.

Iron is an essential nutrient present at varying levels in the human diet; the recommended
daily allowance (RDA) ranges from 6 to 30 mg/d for infants and pregnant women, respectively; the
RDA for adults is 15 mg/d (National Research Council 1989). Approximately 2,000 cases-of iron
poisening occur in the United States annually, primarily among young children who ingest adult iron
supplements; the lethal dose of iron is about 200 mg/kg, at least 200 times the RDA level.

Lithium is present in the daily human diet at a level of about 2 mg (Venugopal and Luckey
1978). It is safely used as a psychiatric drug at concentrations of about | g/d, and lithium carbonate
is used clinically to treat depression. Toxic effects that bave been observed subsequent to reatment
include effects on the nenromuscular and cardiovascular systems, irritation of the gastrointestinal
* tract, and kidney damage.
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Manganese is an essenna! dietary nutrient for humans and is present in many foods. Studies
of himans and experimental animals suggest that oral exposurs to elevated levels of manginese can
result in decreased fertility and in effects on the cardiovascular and central nervous systems.

Inorganic and organic forms of mercury have been found to be toxic in humans and experi-
mental animals. In general. the organic forms are more toxic that the inorganic forms. Human studies
indicate that the kidney and central nervous system are the main sites affected by mercury; however,
the degree to which these systems are affected depends on the chemical form of mercury and the
route of exposure.

Molybdenum is a trace element present in the daily human diet at levels of about 0.2 mg/d.
It is a constitwent of several enzymes, but putritional requirements are low and molybdenum
deficiencies are extremely rare. Elevated: dietary levels (i.e., in excess of about 10 mg/d) are
associated with a condition characterized by swelling, inflammation, and pain in the joints (EPA
1997).

Natural uranium is radioactive, but the primary health effect associated with exposure to
uraninm is kidney damage caused by chemical toxicity. The oral reference dose (RfD) derived for
soluble saits of wranium is based on decreased body weight and moderate kidney damage induced
in rabbits fed with uranyl nitrate hexahydrate for 30 days (Maynard and Hodge 1949).

Inorganic anions such as nitrates and chloride occur naturally in the environrment in soils
and in plant and animal food products. Nitrates are coramonly found in the environment as a result
of urban sewage treatment, nitrogenous wastes, and nitrogen-based fertilizers. The health hazards
associated with nitrates result primarily from the bacterial conversion of ingested nitrates to pitrites, -
which can result in methcmuglabmenua (reduction in the oxygen-carrving capacity of blood),
especially in-infants. Chloride is the main inorganic anion found in the blood and extraceliular fluids
and is essential in maintaining flvid and efectrolyte balance. Added sait in foods is the primary
source of ingested chloride, contributing about 6 g/d (National Research Council 1989). Additional
chloride from water is typically insignificant, averaging about 40 mg/d. The toxicity of salts
containing the chioride ion depends primarily on the characteristics of the cation (e.g., sodium in
table salt, which has been associated with high blood pressure). Sulfates are cornmonly found in the
environment and are widely used for industrial purposes. Sulfates exhibit low toxicity in humans but
have been shown to have laxative effects at water concentrations of 630 ‘mg/L or greater (Chien et
al, 19153)

Health hazards associated with nitroaromatic compounds include methemoglobinemia and
tomcefﬁnmnnthchm kidneys, and nervous system. Swdies in humans indicate that nitroaromatic
compounds are absorbed following inhalation and ingestion and that these compounds are capable
of penetrating the skin. Human exposure to TCE primarily affects the central nervous system. Effects
include headaches, vertigo, fatigue, and central nervous system depression.



4.2.2 ‘Ecological Health

The COECs include metals and nitroaromatic compounds. Metals have bezn reported 1o
cause a variety of lethal and sublethal effects in aquatic and terrestrial biota. The toxicity of these
contarninants depends on physical and chemnical factors in the environmment, such as pH and the
presence of complexing agents, as well as on the specific taxon being exposed. In vegetation,
reported adverse effects of metal exposure include reduced chlorophyl! concentrations, reduced
growth and biomass preduction. and reduced seed production and germination. In aquatic biota,
metal exposure has been shown to affect reproduction, ion exchange across gifl surfaces, behavior,
and survival of zll life stages. In terrestrial biota, metal exposure can result in developmental
abnornalities; renal and central nervous system damage; altered blood chemistry; altered metabolic
- processes; and behavioral changes affecting foraging, susceptibility to predators, and reproduction.

Relatively little information is available regarding the effects of aitroaromatic compounds.
on raturat populations of plants, fish, and wildlife. Laboratory studies have shown that exposure to
nitroaromatic compounds causes 2 variety of responses in aquatic and terrestrial biota. Effects of
exposure on fish and aquatic invertebrates include increased adult mortality, reduced egg production
and survival, decreased survival of early life stages, reduced body weights and lengths, and increased
‘physical deformities. Adverse effects on aquatic plants may include depressed growth and cellular
.- deformities.

Effects of nitroaromatic compounds on terrestrial wildlife may include reduced body
weights, changes in blood chemistry and cellular composition, changes in metabolic pathways and
. processes, renal and liver malfunction, and organ necroses and lesions. Reported effects to tarrestrial
vegetation include reduced leaf and root growth, reduced plant height, and leaf and root necroses.

4.3 METHODS FOR EVALUATING TOXICITY TO HUMAN HEALTH

4.3.1 Radiation Toxicity

The assessment of radiclogical hurnan health risks in this BRA was limited to carcinogenic
effects. This approach is consistent with EPA guidance, which notes that cancer risk is generally the
limiting effect for radionuclides and suggests that radiation carcinogenesis be used as the sole basis
for assessing radiation-refated human health risks (EPA 1989b). Carcinogenic risks were caiculated
for the radionuclides of concern in a manner similar to existing methods for cherical carcinogens
by using an age-averaged lifetime excess caticer incidence per unit intake. To support this evaluation,
the EPA has developed cancer incidence factors per unit intake that are synonymous with the slope
factors developed for chemical carcinogens.

The following radionuclide slope factors were used in this assessment: vranium-234,
4.4 % 107 pCi; uranium-235, 4.5 x 107 /pCi; and uraniom-238+D, 6.2 x 10 /pCi (EPA 1995c).
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The “+D" designation indicates that the risks from associated short-lived decay products (i.e., with
radioactive half-lives less than or equal to 6 months) are also included. Only ingestion slope factors
have been used because inhalation and external radiation are not pathways of concern for the
. receprors being assessed. The activity-weighted average of these slope factors for isotopic conditions
present in site groundwater (5.3 x 107 /pCi) was used in conjunction with the total contenrration
of uranjum (in' pCi/L) to estimate the radiclogical risk.

4.3.2 Chemical Toxicity

The EPA has derived toxicity values for most of the chemical contaminants of human
heaith concern and assigned RfDDs to measure the noncarcinogenic effects of chemicals. The chronic
RID is defined as “an estimate of & daily exposure level for the human pepulation, including
sensitive subpopulations, that is likely 1o be without an appreciable risk of deleterious effects during
a lifetime™ (EPA 1989b). Te derive an RfD value (expressed in mg/kg-d), EPA reviews all toxicity
studies available for a given substance and a given route of exposure, determines a no-observed-
adverse-effect ievel (NOAEL) or a fowest-observed-adverse-effect level (LOAEL) from the study
most relevant to humans (the critical study), and applies uncertainty factors to these vaiues. The RD
can be compared with estimated exposure levels to evaluate the potential for deletetious effects.
Current available RfD values are specific to either the inhalation or ingestion route of eXposure
because the toxic mechanism and dose required for toxicity to occur can differ for these routes of
exposure. For this BRA, only ingestion RfDs have been used because ingestion has been determined
1o be the pathway of concemn for the receptors being assessed. Oral RfDs are available for the
following COPCs for the GWOUs: antimony, lithium, manganese, mercury, melybdenum, silver,
uranium, nitrate, 1,3,5-INB, 1,3-DNB, 2,4,6-TNT, 24-DNT, 2.6-DNT, 2-amino-4,6-DNT,
4-aming-2,6-DNT, nitrobenzene, ard o-, m-, and p-nitrotoluene.

The toxic effects of short-term exposures to the COPCs are not generaliy evaluated because
the risks estimated for chronic low-level exposures are greater than the short-term toxicity risks.
However, nitrate toxicity in infanss is an exception; in infants, toxicity may occur after a short period
of ingestion. The EPA Office of Drinking Water has derived [-day and 10-day health advisory levels
1o assess concentrations of concern for short-term exposures: the 1-day and 10-day health advisory
levels for nitrate are both 10 mg/L (EPA 1997). The short-term toxicity of nitrate was assessed by
using infant exposure parameters as well as adult exposure parameters to calculate hazard indices
(see Chapter 5). The use of infant exposure parameters resulted in a calculated hazard index of 1 for
& well with a ritrate concentration of 10 mg/I..

Carcinogenic risks from exposure to known and potential carcinogens are evaluated
separately from noncarcinogenic risks because, hypotheticatly, any exposure to a carcinogen
increases the risk of cancer by 2 finite amouat. Therefore, the risk from eXpOSUre 10 A CArCINOgen at
a given level can be derived. but an exposure level at which no carcinogenic effect is likely to occur

{as for noncarcinogenic end points) cannot be defined. The EPA has defined two oxicity values for
evaluating the potential carcinogenic effects of a given substance: the weight-of-evidence classifi-
cation 2nd the slope factor. For substances that have weight-of-evidence classifications of A (human
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carcinogeny, Bl or B2 (probable hurhan carcinogens), and sometimes C (possible human carcine-
gens). the EPA has calculated slope factors on the basis of data from dose-response studies. The
siope factor is defined as a “plausible upper-bound estimate of the probability of a response
(ie., cancer) per unit intake of a chemical over a lifetime™ (EPA 1989b}. Generally, slope factors are
derived by extrapolation from experiimental high-dose to low-dose ranges, and they are not valid for
evaluating high dose levels. Also, carcinogenic risks that have been calcutated from slope factors
are applicable to exposures that occur over a lifetime. When sxposure dusations are less than a
lifetime, they must be converted to equivalent lifetime vaiues. The following COPCs at the GWOQU
‘have verified slope factors: TCE, 2,4,6-TNT, 2,4-DNT, and lﬁ-DHI‘ All RfD values aod slope
factors are summarized in Tables 4.1 and 4.2



: . "HGUHEAY U = YN |,
(9661 [AIueq-ra9utsieg) R 1oding [entnyoa], pumpatng 5,y 25 S £q paptacd angea JeucisanLy

"2013€) KWERLININ ) AQ QY MUOHL A} po vy AQ PIFIEKIC 3G UKD APITS EHILD SY) 110K S0P THYOT 20 TAVON ML
. PareNpyy sw ildaosa (L461 Vi) wars(s voponuour yenp parmd Rl 15umog

EheM e :
0 =N SIiE TR uonwegu suDISA| aneday par Jruar ‘reuaape ‘ryBopokeuagy o) - Snag'o BuzuRIN N
OOODE=:IN ASVHIE IR LI suolsd) Muydg YN 100°0 HEMPGIN
KA9r=n o 1y sarpog Zwia teseidsad Ay oy neysg LAy xarconoN AOT 000000 LO-y'T-omy ¢
XFe1=1n 5 WO saypoq Tuey ‘erseidradAy 1y Ly KpxoroumoN Moy S900060°0 LNCE-9'F-OURNY -
00" €=4111 isvaH ®x)  sapng Zmay) ‘eiseidsad Ay e £agug tCEnxoionay ¥N 1000 CING9'T
001=11 SHAI Aopoup  saipod K ejsedsad Ay e Anegwg {Kevorunan Yy 200°0 LN
000" 1 =:E <191 2op 'pug : 5139)J3 JaAT] eIy SO00°0 JNLOYT
O'E=:k1 S mp Ngiizam u)ds paseacug noy 1000°0 BaNa-e'l
0000 =201 S IR nydsom. 3juaqds pagearsuy M1 S0000'0 . ANLSTE
: : spoinoduies JpUIGIB0LN
1=In STl B R0 Elwatlqo Souapay YR o1 N-SIEIIN
nogND Jpwdiouy
0O 1413 S14t Nqges ‘Jep AMatiod £3uppy sTmaapow !sso] W2 m LEIpHy £00°0 N
r=11 S1Hf FNOUDATIIY {uolmIo0asty u1ys) eud ey Mo <ON'0 REANTES
b= ST} uwny iy SHUIPAN [EDIAERII0I] uF FaBrey ) p¥N £00°0 N
(puscyy
INNF 1 =11 SI1dL [LUNE ¢ 232 AENHIRMY CE LD AR s Lnaapy
1=:11 St ey "6 UETISAS SROAIZU [RITIED o S151 )] Hp Flo asanBunpy
Kl =13 ~ £ nofamy pruss poymdun Py 200 Ry
ORNF 11113 SE ] 1" ey Anspuaga poagy paRE ‘uedsajif pasnpoy Aot 000 AHMu Uy
SOty
LRy ey aunog sistgl 1AM FEAIND swapyuo)y  (p-Bysdur) LS IUTLE
gL TRA T Jo [aa akd s
arg

513 NWAHSLS RN JI37RAL WELNS PUB RIEAPUROID) Jo NosATU] J0f SDJOD Jo sajep ARIXGT, 1y A1V




SQUIBAR ML= YN
09661 Vd) 900°0 51 ABsyied novereyus sy 1) Jojoey adojs 934,

&0

‘pama1pu) se Wooxs (Le6I VAT) wasis somwscfiuy Xsiy prlamg oumg

0 a¥N . BAr] uadoupues wruny spegond g ol 10 HOIL
| | SEHUCU )Y

s 181 1210, Ssentoniansouspe ‘puejd Aruwew Usart  waBomaes wewny ajoqoad :zg g0 ING-9'Z
SEAICU 10T

SIH] - I AR IROUOPR ‘Punpd £Ieuane Utarp  ualoures wreRy apguyusd g HUD INUO-FZ

RULOLIAIED SROWIEDS JruoiIsue)

b i F| 1 ‘wuoppidid ([ [Rucswen sppeq Lmuup uafouiurs emuny apgessod 1y 0o JMNL- ¥
JERTCTON sIsT] Jaoumy Jo mld g ==.,_=§ 1]1851) [ .(p-iygdun| TRt
. anuApIAL] Jo I amany dofs
¥y adoyg

SIRYE Nuadourasey R0  LjeM Supdg pue JnBApUNcIn O UoNISIRR] 307 5DG00 JO SINfeA LTIXO), TP HTUVL




&f

5 HUMAN HEALTH RISK CHARACTERIZATION

Radiological and chemical health risks (0 humans were characterized for exposure to
contamination in groundwater and spring water at the chemical plant area and ordnance works areg.
Potential carcinogenic risks for both radiological and chemical exposures were measured in terms
of the increased probability that an individual would devefop cancer over a lifetime. The EPA has
indicated that for known or suspected carcinogens, acceptable exposurs levels for members of the
gcn:ral public at sites on the National Priorities List (NPL) are generaily concentration levels that
represent an excess upper-bound lifetime cancer risk to an individual of betwsen 1 x 10F and
1.x 10°* (EPA 1989b). This range is referred to as the “acceptable risk range” in this BRA and is
used as a point of reference for discussing the results of the carcinogenic sk assessment for the
GWOU.

Potential heaith effects from exposure to chemical contaminants were also assessed for
effects other than cancer. The quantitative measures of noncarcinogenic health effects are the hazard’
quotient and bazard index (see Section 5.1.2.2). The EPA has defined a hazard index of greater
than 1 as the level of concem for noncarcinogenic health effects. .

5.1 RISK CHARACTERIZATION METHODOLOGY

8.1.1 Radiological Risks

Exposures to low fevels of ionizing radiation can result in cancer, serious genetic effects,
and other detrimental health effects, The induction of cancer is the predominant radiological effect
associated with uranium, the only radicactive COPC identified in groundwater and spring water at
the chemical plant and ordnance works areas. The radiological health risks presented in this BRA
are limited {0 carcinogenic effects. This approach is consistent with EPA guidance, which notes that,
in general, the risk of cancer is limiting and may be used as the sole basis for assessing the radiation-
related human health risks for a site contarninated with radionuclides (EPA 1989b).

- For this assessment, slope factors were used to estimate the potential risk from exposure
to radionuclides. Intakes were estimated (in units of pCi) for the ingestion pathway (see Chapter 3).
Radiological risks were then calculated by multiplying the intakes by the appropriate siope factor
{s2e Section 4.3.1).
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. 5.1.2 Chemical Risks and Hazard Quotients

5.1.2.1 Carcinogenic Risks

_ The risk to human health from exposure to chemical carcinogens is expressed as the:
probability of a cancer occurring over a lifetire. To calenlate the excess cancer risk, the daily intake
averaged over a lifetime is multiplied by a chemical-specific slope factor. The EPA has derived slope
facters for a number of carcinogens. These slope factors represent the incremental lifetime cancer
risk per milligram of carcinogen per kilogram of body weight, assuming that the exposure oocurs -
over a lifetime of 70 years. The estimated daily intakes {averaged over a lifetime) resulting from
exposure to the chermical carcinogens in the groundwater and spring water are presented in
Section 3.3.1; availabie slope factors are identified in Section 4.3.2.

5.1.2.2 Harard Quotients and Hazard Indices

A hazard quotient provides a measure of the potential for adverse health effects other than
cancer. For an individual contaminant, the daily intaks averaged over the exposure period is divided
by the RID 10 derive the hazard quotient. The RID is the average daily dose that can be incurred
without an appreciable risk of deleterious health effects during e lifetime. The EPA has derived
chronie RfDs for exposure periods of more than 7 years; only chronjc RfDs were considered in this
assessment.

: For an individual contaminant, a hazard quotient of | or greater is considered to indicate
a potential for adverse health effects. The individual hazard quetients for each contaminant are
summed to determine the hazard index. '

5.2 HUMAN HEALTH RISK ESTIMATES

5.2,1 Spring Water

The risk to a recreational visiter from exposure to contamijnants at the springs was estimated
consistent with cumrent and projected futurs land uses, Calculations were performed for each of the
15 springs to determine both radiplogical and chemical carcinogenic risks, Hazard indices were
determined for each spring 1o assess potential noncarcinogenic adverse health effects from the
¢hkemical contaminants.
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5.2.1.1 Chemical Risks and Hazard Indices

The hazard indices estimated for the recreational visitor at the [5 springs.are very low: the
estitnated range is < 0.001 to 0.2. indicating that contaminant concentrations al the SpEings are not
likely to result in noncarcinogenic heaith effects to the recreational visitor. The highest bazard index
of 0.2 was reported for spring SP-5201, located south of the groundwater divide. The second highest -
hazard index was also reported for a spring south of the groundwater divide, SP-5303, with a hazard
index of 0.1. The primery contributors are 2-amino-4,6-DNT, 4-amino-2,6-DNT, and 2,4,6-TNT.
Estimated hazard quotients for the COPCs are presented in Table 5.1:! the distribution of estimated
hazard indices for the recreational visitor is illustrated in Figure 5.1.

The chemical carcinogenic risk estimates for the springs evaluated range from 2 x 10% 10
3 % 10°7 (Table 5.2); all of these estimates fall below the. acceptable risk range. The highest risk
estimates were reported for SP-5201 and SP-5303, which are located south of the groundwater
divide. These results indicate that chemical carcinogenieity is not a factor at the springs. The
distribution of these risk estimates is illustrated in Figure 5.2

The projected chemical carcinogenic and noncarcinogenic toxicity for the fumre recrea-
tional visitor is expected to be no higher than the estimated current risks due to attenuation of
contaminant concentrations expected as a result of source removals. The hazard indices and
carcinogenic risks for the Army reservist scenario at the springs can be expected to be no greater
than those estimated for the recreational visitor becanse exposure parameters for the Army reservist
scenatio are projected to be similar to those assumed for the recreational visitor.

5.2.1.2 Radfological Risks

Potential radiological risks from exposure to contaminants at the springs for the current and
futare recreationa) visitor rangs from 4 x 10°° (SP-5602) to 2 x 1078 (SP-5303}, as shown in
Table 5.3. These values are low, and all but two of the estimates are below the lower end of the _
acceptable tisk range. Cverall, these results indicate that there is minimal risk to the recreational
visitor, including the Army reservist, from potential exposure to radioactive contaminants at the
springs. These results are depicted in Figure 3.2,

5.2.2 Groundwater

A hazard index was calculated for each of the 155 wells in the monitoring netwerks af the
chemical plant area and ordnanes works area to determine potential noncarcinogenic or systemic
effects for a hypothetical fumre resident exposed to water from these wells. Estirnated radiological
and chemical carcinogenic risks to this hiypothetical receptor were also calcutated. Hazard quotients

' Al tabics in this chapter have been placed at the of the taxt (Section 5.5).
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and carcinogenie risks from derma} contact with groundwater while showering were not estimated
because intakes from this pathway (see Section 3.3.2) were only a fraction of the ingestion intakes.

3.2.2.1 Chemical Risks and Hazard Indices

The estimated hazard indices for the hypothetical future adult resident range from < 0.0}
to 40, as shown in Table 5.4. Qverall, the estimated hazard indices were 1 or greater for 43 of the
155 wells evaluated (Figure 5.3 illustrates these estimates). Further apalysis of these results indicates
that 27 of the 43 estimases greater than | were due primarily to nitroaromatic compounds and 15 to
nitrates. The hazard index in well MW-4024 was estirnated to be I; uranium contributed to about
0.84 of the total hazard index of 1. Qverall, contributions to the hazard index from lithivm and
uranium were minimal in comparison to nitrates and nitroaromatic compounds. Hazard indices also
were generally higher for wells completed in the weathered unit,

The toxic effect of nitrate (i.e.. methemoglobinemnia, or low blood oxygen levels) is
primarily of concern for infants (EPA 1997). Therefore, a separate hazard quotient was calculated
for infants ingesting groundwater, assuming an ingestion rate of 0.64 L/d and a body weight of 4 kg
(compared with the adult intake of 2 L/d and body weight of 70 kg). The results show an increased
hazard quotient for pitrate in each well by a factor of approximately 5.6. By calculating the hazard
index assuming infant exposure parameters, an additional 5 wells have a hazard index exceeding 1.

The chemical carcinogenic risk estimates, excluding contributions fror TCE, range from
1% 107 to 2% 107, as shown in Table 5.5. Of the 155 wells evaluated, estimates for only four welis
were at or slightly greater than 1 x 10™%. The highest risk of 2 x 10 was estimated for wells
MWYV-09 and MWS-12. The primary contributors to these estimated risks were 2,4-DNT and
2,6-DNT. Carcinogenic risks tend to be higher for weathered wells, which is consistent with the
estimated hazard indices. These risk results indicate that any future residential well compieted in the
deeper aquifer (i.c., deeper than the unweathered and deep wells presented in this report) would not
result in unacceptabie risk. In fact, three of the four wells that exceeded the acceptable risk range are
weathered wells; the fourth, MWV-09, is an overburden well. Figure 5.4 shows the distribution of
the risk estimates.

During 1996 and 1997 sampling activities, TCE was detected in nine wells at or in the
vicinity of the chemical plant area, primarily in the area around the raffinate pits. The total risks at
these wells, including the TCE contributions, were estimated 1o be 2 x 107 for MW-3024, 4 x 107
for MW-2037, 1 x 10°3 for MW-2038, 1 x 10°° for MW-3025, 1 x 10°¢ for MW-4001, 2 x 1077 for
MW-2032, 3 x 10 for MWS-21, 9 x 107 for MW-3027, and 6 x 1077 for MW-2013. Of these,
estimates for only three weils were greater than the acceptable risk range of 1 x 10,
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5.2.2,2 Radiological Risks

The estimated radiological risks for a future resident ingesting water from wails in the
chemical plant area and ordnan¢e works area are at the low end of or are. fower than rhe acceprabie
risk range recommended by the EPA (Table 5.6). The estimated radiological risk ranges from
7% 10310 7% 10°%. The radiological risk estimates for al{ wells evaluated are depicted in Figure 5.4.
Similariy to chemical risk estimates, the higher radiological risk estimates are for weathersd wells, -
mostly located around the raffinate pits and other source areas at the chemical plant area.

5.3 UNCERTAINTIES RELATED TO RISK ESTIMATES

The evaluation of risks to human health presented in this BRA was by necessity based on
& number of assumptions. In addition, many uncertainties are inherent in the risk assessment process.
The rationale for major assumptions used in this assessmnent and associated uncertzinties are
~ discussed in Sections 5.3.1 through 5.3.4.

. 5.3.1 Contaminants of Potential Concern

- The identification of COPCs for the human health evatuation relied on use of monitoring
data for both areas and applying a selection process recommended by the EPA. The moditoring wells
at the chemical plant area and ordnance works area are considered to adequately characterize ground- -
water flow and monitor changes in water quality at these areas. Data from these wells therefore
establish the nature and extent of contamination and are expected to provide an adequate database
for identifying COPCs with sufficient certainty.

5_;*.2 Exposure Assessment

The amount and type of data available and the ability 1o address fate and transport impacts
aver time affect the determination of representative EPCs. The quantity of data has been determined
to be sufficient for this risk assessment. Exposure point concentrations used to project current anqd
hypothetical future risks were based on current (about 1995) maximum concentrations for both the
groundwater and spritig water analyses, This approach is considered to be conservative. With source
removals curtently occurring at both areas, it is expected that the COPC conceatrations will decrease
with time.

The vranium concearrarions detected from the in-site sampling of groundwater at the
Southeast Drainage were higher than the uranium concentrations detected at the current monitoring
network wells. The higher uranium concentrations may be an antifact of the field sampling
methodology. Initial data from a recently installed monitoring well in this area have indicated
uranium to be present at levels beiow the detection limit (DOE and DA 1997). '
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Some uncertainty is associated with the assumptions used to identify scenarios and intake
parameters. Site<specific factors were used to identify the potential receptors {e.g., recreational
visitor 1o the area springs) and to select the scenario assumptions, such as extent of exposure (i.e.,
exposure time, frequency, and duration). These assumptions incorpotate information on current land
use and reasonable projections of future Jand use that consider the time frame of the assessment. The
uncertainty in the selected seenarios is low because federal and state ownership of surrounding land
is expected to continue into the foreseeable future. The surrounding wildlife areas are the most
beavily used in the state, and future plans irclude forther expansion of the recreational use of the
area. Therefore, & recreational visitor scenario is considered appropriate for both current and future
conditions.

Considerable information is available for the ingestion pathway with respect to reasonable
assumptions for intake parameters (e.g., ingestion rate), so related uncertainty is expected to be low.
To estimate the reasonable maximum exposures for the identified receptors, best professional
Jjudgment was used in defining the variables that determine the extent of exposure. Intake parameters
used in the exposure assessment were derived from data in the literature, including values provided
by the EPA (1995b). Default parameters were supplemented on a chemical-specific basis, as-appro-
priate (i.e.; by including nitrate exposure estimates for infants). Because the exposure parameters
generally represent the 35th percentile of the distributions, combining them results in a point intake
estimate that represents an even higher percentile for the overall exposure. Thus, in some cases, the
“reasonable” representative exposure may be sormewhat overestimated.

The approach used to calculate the dermal pathway tends to be conservative in that critical
contaminant-specific factors such as absorption fractions and permeability coefficients are not
available. Conservative (high) defauit values for permeability coefficients were used in the
calculations.

5.3.3 Toxicity Assessment

Siandard RiDs and slope factors established by the EPA were used to estimate potential
noncarcinogenic and carcinegenic health effects from exposure to chemical contaminants at the
GWDUs of the chemical plant area and ordnance works area,

No RfD values or slope factors are available for chloride or iron. However, because these
substances are naturaliy occurring and are present at some concentration in food and water, the
National Research Counci} (1989) has published RDA values, which may be used as indicators of
safe levels to-be ingested in groundwater. The RDAs for a 10-kg infant are 300 and 10 mg/d, for
chloride and iron, respectively. Assuming an ingestion rate of I L/d for a 10-kg infant, water
coneentrations of 300 mg/L chloride and 10 mg/L iron could correspond to intake levels exceeding
the RDA levels. None of the moaitoring wells have EPC levels exceeding 300 mg/L for chloride,
and non¢ of the spnings exceeded levels of [0 mg/L for iron. This suggests that there i5 no health
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concern associated with chloride in groundwater or iron in spring water at the chemical plant area
and the ordnance works area:

. Sulfare aiso does not have an RD value or slope factor available. Suifate is generally of low
mm-:ary the only adverse health impact associated with it is a laxative effect starting at water levels
of about 700 mg/T. (National Research Couneil 1977); this water wouid be unlikely to be ingested
becaus:ih:tastethreshuldlsaboutSDDmgfLOrﬂyonewtﬂhasasulmePchcmdmg?ﬂﬂmgfL
(MW-2017); water from this well would not be ingested becanse of its objectionable taste and smell.

5.34 Risk Characterization

The radmlogcal and chemical risk assessments have been presented separately because the
methodologies for estimating carcmngemc risks from exposures to radionuclides and chemicals
differ considerably. However, the total carcinogenic risk to an individual is that resulting from
expose to both the radiological and ch:nudal risks, assuming that carcinogenic effects are neither
antagonistic nor synergistic.

5.4 SUMMARY

Carcinogenic (radiological and chemical) risk and systemic toxicity are not indicated for
the recreational visitor potentially exposed to contaminants in spring water. The recreational visitor
was considered 1o be the most likely receptor, accounting for current and expected future Jand uses
for both the chemical plant ares and ordnance works area. Potential incremental carc:mogcmc risk
and systemic toxicity to the Army reservists are not indicated.

Caiculations performed to evaluate pntaential risks for the hypothetical future resident using
groundwater indicate that concentrations of pitroaromatic compounds in a few wells contribute to
slightly greater than the upper end of the acceptable risk range (1 x 10°*) recommended by the EPA.
Several wells in the vicinity of known source areas at the chemical plant area (e.g., raffinate pits)
contain high concentratjons of nitrates thet contribute to hazard indices greater than 1; sludge at the
pits has been determined to contain high concentrations of nitrates. Several wells at various locations
in both the chemical plant area and ordnance works area also coatain leveis of nitroaromatic
. compounds that potentially contribute to both carcinogenic and noncarcinogenic mxm:ty for an
individual exposed to these waters. Radiological carcinogenic risk estimates for uranium are within
the acceptable risk range: the higher estimates are attributable to chemical plant area wells that
monitor known sousce areas such as the raffinate pits, Ash Pond, and Frog Pond. However, uranium
sk estimates from the in-situ samples obtained at the Southeast Drainage indicate thar radiological
risk could be somewhat higher. In addition, potential risk for the future resideat exposed to

contaminants at the springs would be minimal relative to the groundwater pathways.
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3.5 CUMULATIVE EXPOSURE THROUGH MULT[PLE MEDIA

The current recreational visitor is not axpected to incur additional sk from site soil because
site areas with contaminared soil are not readily accessible by the general public. For the future
recreational visitor scenario, the hazard indices and carcinogenic risks estimated in this analysis
should be representative of the potenticl total exposure incurred by this receptor, accounting for
potential exposure to site soil in addition to area springs. Remediation goals for soil cleanup are set
to achieve human health protection at levels of 1 x 1078 and lower.

Stmilarly, for the hypothetical future resident scanano, the -::arcmogtmc risks and hazard
indices incurred from exposure to residual site soil contamination would be minimal {1 x 10 or
lower and [ or lower, respectively). Thetefore, the potential total exposure incurred by this receptor
would be oo greater than the value estimated in this analysis (sec Section 5.2.2), except possibly for
a few locations with radium-226 soil contamination at the chemical plant area. An incrernental
concentration of radium-226 of 0.075 pCi/g corresponds to a risk uf 1 x 167, The hackgmund
radium-226 concentration is 1.2 pCifg.
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TABLE 53 Estlinated Radiological Carcinogenic
Risks for the Current and Future Recreaticnal

Yisitor
Estimated Risk
Uranium
Spring '
ID Ingestion Dermal Total

5101 #9xt0®  six1w0M sxi0?
5201 L1xi® 12x107°  1xi0f
£33 - . LSx10® 1.6 x 1078 2% [0
5402 1.2% 10 13x0?  1x10%
5501 9.4 x 107 saxi1o!  o9xi1p?
5504 54x10%  &rxtoll &x10?
5601 57%10°  soxwrtl ex10?
5602 42x107 © 24x10 4x10®
5605 79x107 B3Ik gx10%
5612 66x107 70x10M  7x10°
6301 1.2 x 165 1.2 x 108 1% 10%
6303 1.7 % 108 1.7x 10" 2x10%
6306 BEx10% 893%™ 9xi0?
6501 36x10%  3x10Y axy0f

6601 49 x 10° sixigtl  5x10?




TABLE 5.4 Estimated Hazard Quotients for the Hypothetical Future Resident
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Estimated Harard Guotient:
Lieanivm.

Well 1D Lithiutn Motvbdenom Todal Nieram® I35-THR  1,3-DNE  146-TNT  34DNT - 26DNT

Deep Welly

MWD-05 0.027 00071 00076 0.0022 b - - - -
MWD 18 00097 - ot - - - - - -
MWGS-1 - - - - - - - - -
MWES-02 - - - - - - - - -
MWE.|§ 0.013 0042 o2t 0.0057 - - - - -
MWE-101 0.001% - 0.0073 - - - - - -
MWS-102 0010 0037 0.035 - w - - - -
MWS-103 0.0058 - a.tic - - - - - -
TIL-3 0.0051 o014 0.0015 - - - - - -

Overdiraden

MW-203) - - - - - - - - -
MW-22 0.619 0005 osT 0.96 21 - 0.37 . G001 D2
MW-2033 0.0051 - 7 o032 0.019 25 - 0.056 COOTS D
MW-300 - - - - - - - - -
MW.30L3 - - - - - - - - -
MW.3018 - - - - - - - - -
W30 - - - - - - - - -
MWY-g 0.0032 - 0.056 0.026 .02t - 0.50 0.0015 0027
MWV-02 00041 00088 0.041 0.045 - - 0006 000081  0.00I3
Mw0 0.0096 - 0.009% ST 7.1 .11 1% .37 0.079
MWY-13 0.0044 - 0.0 0026 - - - - -
MWL 0.0015 0.006 0.016 0019 o.in - 0.03 - 0.001%
MWV-1T 0.00076 - 0.00083 0036 - - - - -
MWV 18 - - - - - - - - -
MWY.22 £.0032 00027 D42 0.058 - - - - 0.007%
MWVY-4R 0011 0006 . . 0021 0.0060 L7 - 0.060 00018 0.638
UsGS-24 - - - - - - - - -

L ucwiisthered

MW-1019 B.029 0.15 0.041 - - - - - -
Mw-z021 0.0052 0442 0012 0000086 . - - - -
MW-2022 0.0051 0.011 0.017 - - - - - -
MW-2013 0.0040 0.036 004 - - - - - -
MW-2024 0.0073 (L TH) 0.001% - - - - - -
MW-2005 - - - - - - - - -
MW- 1026 5.0040 00435 0411 - - - - - -
MW-2027 0.0055 0.018 n.011 - - - - - -

MW 2008 0.0 0.028 047 - - - - - -
MEW-2000 - - - - - - - - -
MWL 3002 - - - - - - - - -
MW-3006 Q017 i ) 0.009% - - - - - -

MW 3024 0.8 - G042 63 - - - 0o0is  0.012
MW-3025 D043 001X 058 18 0.677 - - 000065 9.0013
MW00 0.0055 00246 0.009 oole - - - - -
MWw-a0a7 0.0082 oI 0.0%4 - - - - - -
MW-S008 00036 - 0.0l1 - - - - - -
MW-009 0.12 0.043 0.023 £8.0024 - - - - -
MEW-HD] 1 0.080 8,018 0041 29 - - - - Q0015

0.1l 0.20 0.059 - - - - - -

MWa0]12
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TABLE 34 (Cont.}

Estimated Hazord Quotient

. LIrandtum, :
Well I Lichium  Molybdeoum Towai Wierae? 135.-TNB  1L-DNB  2A6TNT 24DNT  26DNT
Uawsarkered {cont.}
MW.40232 0.0 0036 oot . 00087 - -
MWD-02 0,042 - 00 Tk - - -
MEWD08 0.0056 - 0.007% - - -
MWD.08 0.00%4 - [ 1]k . 0.0 0.036 -
MWED-23 0.005% 013 068 - - -
AW 105 0.0049 - -~ - - -
MWE-08 C.004 1 - 0.014 - - _—
AMWS.08 (.0059 - 0.039 - - -
MW5E- 105 0.0027 0.024 00022 - - -
MWS-106 6.0032 0013 0015 - - -
hEWS- 104 2.0030 ] ] 0014 .- - -
T4 - - - - - -
USGS-I 0.0052 - 0014 0.014 0035 0.0
USG3-5 0.0025 (1]} 0054 0.0054 - -
Wemihkerod . _
MW-2001 00036 - 0.003% 084 0.030 -
M -2002 017 0,068 0,0065 22 - -
MW-2003 0.39 0012 0014 53 - -
MW-2004 - - - - - -
MW 2005 013 00077 0.0082 1l ool -
MW-2006 an 0013 0.0066 0.084 - -
MW 2007 0.0055 0.023 0014 0.0%0 - -
MW-2008 - - - - - -
MW-2009 - - - - - -
KWL 2010 003 0.05% 0015 n.024 0.082 -
MW-201 | 0,008 - £.0040 0.082 032 -
MW.2012 00025 - £.004% 00092 o7 -
MW.2013 OO08: - .00 D017 34 -
MW 14 0.028 - 0.0065 o4 10 0.4
MW-2015 .02 - 0,026 0.0091 - -
MW.2015 - - - - - -
WW-2017 0.15 0,085 015 0.0%4 - -
MW-2018 0,077 0.025 0021 0.01% - -
MW.2020 - - - - - -
MWL 2030 00083 - oy o 45 -
W 205 0.0 - 0041 ‘G082 - -
MW.238 0.0037 0019 00055 0.011 - -
MW.203%5 0.5093 - 0010 0.06% - -
MW 2037 0.56 - 0017 10 A 1)) -
MW.MIIE 7 o.00T7 0.020 15 0.13 -
AIW.-2039 0020 004 o 089 40 -
[ ] 0045 0036 o 39 - -
MW= 204 1 0.035 0,012 .46 51 - -
MW 2042 0078 - 0038 0096 - -
MIW-20d3 0073 00082 0024 0050 - -
MWD 0039 00 061t 00z - -
MW-2046 - - - - - -
MW.3503 .39 0031 0.25 51 - -

MW-3007 - - - - - -




TABLE 3.4 (Cont.)

Estirmand Hﬁm;lQumient
Uranium,
Well ID Lithium Molvbdenium Tian) Nitrate® L3.5TND  L3-DNB  246TNT 214DET 26DNT
Watharad {cand. }
MW 3008 - - - - - - - - -
MOW-300% - - - - - - - - -
MW 310 - - - - - - - - -
MW-3019 0.0z 0.0055 0.039 a0zl - - - - -
MW-3023 0.38 L4 0.7 16 - - - 0.068 0.14
MW-3025 g3z - 0,048 39 - - - 00013 -
MW-3027 - D02 - LT 1t 041 - - 0O00Te 00011
MW-3001 a.011 £.0099 0.0055 0.5% 2 - 0.0 008 0085
MWw-002 00052 0.006 0.0082 0.08¢ 0,034 - 0.099 ooy  00G7e
MW-4003 00041 - 0018 a: - - - - - -
MIW-L0G5 0.0092 Q.07 0027 , 0027 - - - - - .
MW-4006 0.0041 0.008 0.0036 0.024 10 - - 0.0022 0.085
MW 0 0.0079 0,000 a.042 - - - - - -
MW-313 a.693 - a0is 145 L3 - 0025 G001 5,020
MW-014 0.0048 - 00030 LT 0.080 - - 00003 00024
MWw-4015 D.0026 0.0014 00044 8072 159 - - 00026  0.030
MW-4D16 G005 0.053 D03 0.0068 - - - - . .=
MW-4017 - - - - - - - - -
MW 4018 0.6a586 - £.0087 0,045 - - - - -
MW.a01% 0614 - 0423 00045 - - - - -
MWz 0011 8.0071 013 - - - - - -
MW-4071 0031 - 0,02 - - - - - -
MW-4023 0.020 - 0.021 0,045 D048 - - 080092  D.OD0S3
hW-024 0.1 0.061 (15 4] 0,004 - - - - -
W02 0016 0.023 0.0k o019 - - - - -
MWD-LS o00ls - 4.0067 00074 - - - - 0018
MWD-25 0.8033 0.010 0024 00065 - - - - -
MW |07 0.0074 0.025 0,028 - 0.025 - - 000027  uDO2%
MWD-112 0.0037 ooz 0.m: - - - - - -
MWS-01 0.0026 - 0018 0,041 - - - - 0.018
MWSs-02 £.0049 0073 0.028 a.0017 - - - - -
MWE-03 00070 0019 0.4 - - -~ - - -
MWS-04 0.0055 - 0.14 015 6.0 - 0.065 00014 0.633
MWs.0? - - d.0099 0039 23 - 013 o007 D8N
MWS.08 0.031 - LTTE] 0033 - - - - -
MWS.08 0.0000 - 0.016 - - - - - -
MW5-10 0.0062 00003 0.0014 0.15 0,15 - 40015 oLl 0.053
MWE-IL 0.0013 - 0023 0. 0.020 - 00025  Q000rs .01
MWS-132 0.0042 - B 005 Lo 4074 0009 Qa2 241
MWS-13 00083 00028 00073 0.821 - - - - -
- MWS-14 Tt 0O0RE . 007 00031 - - - - -
MWS-13 00015 - 00074 (016 0.99 - 032 0.00t1 a.027
MWS15 - - 0.008% 0.13 35 - 016 (0013 0033
MWS-17 00036 - 0.015 0,082 D03E - Ccooa2  GOIS 0.35
MWS-19 00016 0.0053 o.0is 0,002 0.028 - - o001 0.0038
MWS-20 00020 - 0.60%4 0096 - - ~ - 0.00036
MW3-2] 048 0.027 004! 19 - - - 003 a.0047 I
MW5-12 00044 000070 OB 0.031 - - - 00003  0.0036
MWE24 - - - - - - - - o
MWS-25 - 0.0093 (1 Tir0 0.050 - - - - -



TABLE 5.4 (Cont.)

100

Estimated Hazard Cluorien
Unnium.
Wull I Lithiom  Moiybdenum Towa] Nitrana® 115-TNE  I13-DNE  14.56TNT 24-DNT 2.6DNT

Weathered (cont.)

MWS5-26 021 001} 0,054 C.OUES - - - - -
MWS- 104 6.0022 0024 0018 - - - - - -

- MWS-16T D.0068 00055 028 0027 0.036 - - DO0CE! 0004
MWS. 110 0,005 - 0.0085 0.014 0.0 - - - 00015
MWS-112 0.0%3 b1 0,037 0.0022 - - - 00001 000049
UsGS-2 - D.O0SE  0.000014 - - - - - -
USG5-3 C.0066 000%E  0.01%. oals 0.05% - - 000030  0.005%
USGS-4 0.0053 00066  (00M 0.025 0.99 - - 0021 0,058
YSGS.5 B.0048 0.030 0.067 0.003% - - - - -
USGS-T | - - - - - - - - -
USGS-8 0.014 0.00ES  DOOBS | Q.08% - - - - -

VSGEEL Q00 oo L 00047 0SS oo ... DOO13 00001

Estimated Bagoed Quecient
2-Aminc- d-Amino- N o-Nito- m-Mit-  p-Mimo-
Well ID 4.5-DNT 24DNT ez wivene toluens tolpeme  12-BCE Towl

Detep Wells
MWD-08 - - - - - - - 0.04
MWDHE - - - - - - - - o0
MWES-01 - - - - - - - -

MWGES-02 - - - - - - - -

MWS-18 - - - - - - - 0.08
MWS-10I - - - - - - - 0.009
MWS- 102 - - - - - - - C.08
MOWS- 103 - - - - - - - 002
TIL-3 - - - - - - - 002

Charburden
MW 20 - - - - - - - -

MW 202 L6 13 - 0.0005% 0geo1z - oops3 7
MW 203 Lé 15 - 0.0018 00013 00002s - [
MW-3001 - - - - - - - -
MW-3013 - - - - - - - -
MW.-3018 - - - - - - - -
W02 - - - - ~ - - -
MWV-0) LY it - .00 - - - 6
MWY-02 0.3 046 - - - " - 0.8
MWv.08 T3 12 - - 000036  D.0006 - 40
MWV-13 - - - - - - - 0.03
MWV-16 0.15 025 - - - - - 0.
MWY-17 - - - - - - - 0.0
MWV.L§ - - - - - - -
MWz 0.026 0.096 - - - - - 01
MWVMR 021 046 - 000099 - 000017 - 3 :

USG3-2a -



TABLE 5.4 (Cont.)

13

Extirinted Hazard Cuativme
2. Aminc- 4-Amdng- Nitrg- o-Nitro- m-Nire-  p-Nir-

Well 1D . F.45-DNT 2EDNT bunzens 2] et ol Kiluene 1LLZDCE  Tow®

Unweathered
MW.2019 - - - - - - - 02
MW.2021 - - - - - - - 005
MW-2022 - - - - - - - a4
MW-2023 - - - - - - - 0.98
MW 2024 - - - - - - - 0.02
MOW-2024 - - - - - - - -
MW 2026 - - - - - - - 008
MW7 - - - - - - - 0.04
- MW-2028 - - - - - - - o.07
MW-2029 - - - - - - - -
MW-3007 - - - L - - - - -
MW-3005 - - - - - - - 0.1
MW-3024 0015 0.035 - ODODEZ 0.009] 1 - G.OD0EY ¥
MW.3025 014 0.17 - - - - - 4
MW-4004 - - - - - - - a.03
MW.007 - 0.0078 - - - - - 0.07
MW -3008 - - - - - - - .02
M-4009 - - - - - - - oz
MW-401 1 035 g2 - - - - - 4
MW-4012 - - - - - - - 4
MWagn - - - - - - - 0.2
MWD-02 - - - - - -~ - 0.
MWD-0§ - - - - - - - 001
MWD.0% 0043 013 - 0.0001F - - - 04
MWD-21 - - - - - - - 0l
MW D= 105 - - - - - - - a.n0s

. MWS-08 - - - - - - - 0.2
MWS-08 - - - - - - - 0.0%
MWS.105 - - - - - - - 1
MWS-106 - - - - - - - e
MW35-109 - - - - - - - 003
T4 - - - - - - - -
USCrS-1 0.026 0.681 - - - - - 02
USGS-6 - - - - - - - 203

Weathered

C MW-2001 - - - - - - - (T
MEW.2002 0.38 942 ~ - - - - 3

. MW.2003 0.082 0.2 - (L0005 - - - &
MW.2004 - - - - - - - -
MW-2005 0.055 0065 - - - - - i
MW-2006 - - 0.0023 - - - - 0.2
MEW-2007 - - - - - - - 0.09
MW-08 - - - - - - - -
MW-2000 - - - - - - - -
MW-2010 031 0.3 - 0.0003 - - - 0%
MW.201 1 0.91 0.45 - .0006 - - - s
MW-2012 .14 817 - - - 00001 - L
MW-2013 L1 1.0 - 0.00071 BOMIE - o &
MW14 019 0.0 - 0.0006 - - - 2



TABLE 5.4 (Cont.)
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Eqtimated Hazard Qhc et
2-Amminc- 4 Amino- Nito- o-Migo- m-Nitro- p-Mimrg- .

Wall 1D +4.6-00NT 15.DNT benzene Tl iy hlveze 1.2-PE Towl®
Wrarkered fcont.}

MW.2015 - - - - - - - 4.06
MW 2016 - - - - - - - -
MW-2017 - - - - - - - 0.5
MW-2018 - - - - - - - 0.08
MW2020 - - - - - - - -
MW-2030 25 20 - 000014 - - - Lt
MW-2034 - - - - - - - 0.2
MW-2035 - - - - - - - 054
MW-2036 - - - - - - - 0405
MW-2037 0.050 0,05 - - - - 003 3
MW.-2038 .18 021 . 0003, 00007 - - 003 20
MW.-2039 291 0.7 0.0050 0.0017 - - - 7
MW-2040 - - - - - - - 4
MW.-2041 - - - - - - - 5
MW-2042 - - - - - - - 0.2
MW -2043 - - - - - - - 0.2
MV 20404 0010 N.GLS - - - - - Bl
MWL 2006 - - - - - - 00077 GO0
MW-3003 - 0015 - 0.0013 0.00030 000041 - 6
MOW-300T - - - - - - - -
MW-3004 - - - - - - - -
MW-3009 - - - - - - - -
MWw.-301a - - - - - - - -
MW-3019 - - - - - - - 008
MW 3023 0O78 015 - 0.15 0612 Q0019 - T
BOW.3028 - 0014 - 0.00055 - - - 9
MWL 02T 0.087 02 - - - - - 1
KW-L001 7.3 10 - 0.0023 - - - 40
MW-3002 084 1.1 - - - - - 2
WW003 0.0071 0.013 - - - - - 0.0
MW 4005 - - - - - - - 0.59
M W08 (1Y 7} I1 - 0019 D.ooDEx - - 10
MW-A010 - - - - - - - 0y
MW.A0]13 L.T8 031 - - - - - X
MMW.4014 4.13 L - - - - - 05
MW-0LS L5 192 . 00003 - - - 5
MWD - - - - - - - a1
MW T - - - - - - - -
MW.1E - - - - - - - 0.06
MW-4017 - - - - - - - 004
MW-4020 - - - - - - - 0.2
MW-I021 - - - - - - - 007
MW-4023 0.017 0.023 - - - - - 62
MW 024 - - - - - - - i
MW A2 - - - - - - - 267
MWT-15 0. 0.78 - - - - - l
MWTL25 - - - - - - - 0.04
MWD-107 DO 0.3 - - - - - 03
MWD-312 - - - - - - - 0.03



TABLE 5.4 {Cont.}

Esvirnoted Hazand Guotient
3Amise- - 4-Amino- Niire- oNio-© meNiree  p-Nito-
Well 1D +46-0ONT 2.5-DNT betzene wiluene wlime whene - LIDCE  Tenl
Wrsthared (zont )

MWE-0 - 020 - - - - -
MWS-02 - - - - - - - 006
MWS-03 - - = - - - - 0.07
MW S0t 33 3g - 000055 - - - L
MWS5-07 2.6 30 - - - - - 20
MW5-08 - - - - - - - 008
MWS5-09 - - - - - - - 0.0
MWE-10 29 73 - 0.00027 - - - 10
MWE-L1 022 LI - - - - - 2
MWS-12 0.5 L1 - 027 0.021 D.0%2 - 4
MWS5-13 - - - L - - - - 0.0
MW 14 - - - - - - - 208
MWs-15 . 5B 9.1 - - - - - M
MWE-15 21 18 - O.000:L3 - - - [
MWS-17 15 21 - oo 0.00085 00025 - &
MWS-19 0.12 0.18 - - - - - o4
MW - 0.0% - - - - - 0.l
MWS-2] o1l 023 - 0004 | - - - 1]
MWS5-22 0533 Q087 - - . - - - Q2
MWS5-24 - - - - - - - -
MWS. 25 - - - - - - - 004
MWS26 - - - - - - - 0.l
MWS-104 - - - - - - - .04
MWE. 107 0.7 030 - - - - - " 04
MWS-I10 0082 017 - - - - - d.4
MWS.1 |2 0.025 006 0.0034 - - - - 0.4
USGS-2 - - - - - - - 0.1
USGS-3 0.0t1 f.11 - - - - - 2
US55 091 Lo - 00027 0.0003 - - 3
USGS-5 - - - - - - - A |
LSGS-7 - - - - ~ - - -
USG%-3 - - - - - - - .09
USGS-9 132 17 - - - - - 2

* Th bazard quotient for an infast from ingestion of nimiks rages frons 0.000% (MW-202 1) 10 90 (MW-2034).
¥ A fiyphen (-} indicates e prrameter was not desecied.
€ All'values in iial colemn roundd 1o one significant fgure
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TABLE 5.5 Estimated Chtmu:al Carcinogenic Rlsks to the Hypothetical
Future Resident for the Ingestion Pathway

Estimated Risk
Well [D 2A6TNT  24.DNT 2,6-DNT TCE® Total®
Dieep Weils . :
MWD-05 =* - - - -
MWD-18 - - - - -
MWGS-01 - - - - -
MWGS-02 - - - - -
MWS-18 - - - - -
MWS-10] - - - - -
MWS.102 - - - - -
MWS-103 - - - - -
TIL-3 - - - - -
Overburden
MW.203] - T . - - -
MW-2032 24x10%  Lixigd 35108 g.1x10% 4108
. (1.2 x107) (2x 107
MW-2033 42x107 44x10° 3.9 %107 - ax 3
MW-300] - - - - -
MW.3013 - - - - -
MW.3018 - - - - -
MW-3022 - - - - -
MWV.01 " 39x%107% 8.8 x 107 8.0x% 10¢ - 1% 107
MWV.02 39x10%  47x107 3.8 %107 - $x 107
MWV.08 1.1 x 107 1.6 x 10 2.3 % 107 - Coaxrt
MWV.I3 - - - - -
MWYV.16 9.5 x 10 - 5% 107 - 7% 107
MWV.17 - ' - - - -
MWV.18 - - - - -
MWV-22 - - 1.Ex 10 - 1 x 168
MWV-24R 39107 1.0 106 1.1 = 10r? - 1x10%
USGS-2A - - - : - -
Uaweathered
MW.2019 - - - - -
MW-2021 - - - - -
MW-2022 - - - - -
MW-2023 - - - - -
MW-2024 - - - - -
MW-2025 - - - - -
MW-2026 - - - : - -
MW-2027 - . - - : - -
MW-2028 - - - - -
MW-2029 - - - - -
MW-30072 - - - - -
MW-3006 - - - - -
MW.3024 - L0 x 1078 36% 10 6.5 % L6 $x10°

5.8 x 109 (2% 165
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Well I

146 TNT

24-DNT

Estimated Risk

© 2.6-DNT

TCE Total®

Unweathered (conl )
MWw-1026
MW 4004
bW 007
MW-4008
MW-40D0

- MW-40]1
MW-4012
MW(22
MWD.02
MWD-04
MWD-09
MWD-23
MWD-106
MWS-05
MWS.05
MWS-105
MWS.106
MWS-109
TiL-4
USGs-1
USGS-6

Weathered
MW-2001
MW-2002
»W-2003
MW-2004
MW.2005
MW-2006 -
MW-2007
MW-2008
MW-2009
MW.-2010
MW.201 1
MWw.2n12
MW-2013

MW.2014
MW-2013
MW-2016
MW-2017
MW.-2018
MW-2020
MW-2030
MW-2034

ST 107

10x 109
£6x 107
12x 108

29 x 07
1.1 x 10%

7.5 % 17
1.6x 10°®
19x 107
29 x 10

13 % 10¢

2.0 1076

3. 7% 107

- 6x 107

- T I
- d4x 108
- 5% 1078

.— lanc_lli'.“6
- 1% 10°%

- .

- 7x L0
- C k10’
.- 6 x 108
2.6 x 1077 4x 107
{35 % 107} (6% 17T
- 5x10%



TAELE 3.5 (Cont.)

Estimated Risk
well iD 2 46TNT 24-DNT - 2,6-DNT TCE Towul®
Wedthered {cont.}
MW-2035 - - - - -
MW-2035 - - - - _
MW.2037 - 4.5x% 18 1.0x L10% 1.6x 1074 6 x 1076
2axi0h  @dx10h
MW.2038 - Lax i 2.6 % 108 4.9 % 107 2x 10
Faxlich {1%10%
MW-2039 - 9.6 x 1077 b4 x 1075 - 2% 1078
MW-2040 - - - - -
MW-2041 - - - - _
MW._2042 - - - - -
MW-2043 - 69 x 107 - - 7% 107
MW.2044 - - - - -
MW-3003 - 1.4 x ¥ 6.8 x 107 - 2% 108
MW-3007 - - - - -
MW-3008 - - - - -~
MW-3009 - - - - -
MW-3010 - - - - -
MW-3019 - - - - -
MW-3023 - 4.0 % 10°* 40x 108 - Bx 1o
MW-3025 - 752107 - 4.7 x 108 Ex 197
(7.1 % 105 (L% 10
MW-3027 - 4.6 % 107 32107 3.5x107 & x 107
' (5.2 % 10°) @x10hH
MW.4001 6.3 x 107 L0 = 195 2.5x 104 52%107 42108
7Ex10T 0 x10%
MW-4002 63x107 L1xww0® 23x% 108 - 4x 108
MW 4003 - ~ - - -
MW 4005 - - - - -
MW 4006 - 1.3 % 107 2.5 1075 - 3xi0?
MW-4010 - - - - -
MW-4013 16x10®  5ix107 59 108 - 7x 108
MW-4014 - 21 %107 69 x 107 - 9 x 107
MW-401% - 1.5 % 1076 8.8 x10% - 1x 104
MW.-4016 - - - - -
MW-4017 - - - - -
MW-4018 - - - - _
MW-4019 - - - - -
MW 2020 - - - - -
MW-402] - - - - -
MW-4023 - 53x 10”7 1.8 x 1077 - 7167
MW-4024 - - - - -
MW-4025 - - - - -
MWD- L5 - - 51x10% - 5x10¢
MWD-25 - - - - -
MWD-107 - 1.6 x 167 7.2 % 107 - 9 x 107

MWD-112 -



TABLE 5.5 (Cont)

Estimared Risk
Well [D SAETNT 24-DNT 2,6-DNT TCE Total®
Weathered {comt.}
MWS-01 - - 51xig® - 5x 100
MWS-02 - - S - -
MWSs-03 - - - - -
MWS-0d 42x107  0x 107 9.6 = 1075 - L x 0%
MWS-07 92x107  39xi0” 9.6 x 1078 - 1x 108
MWS-08 - - - - -
MWS.09 - - - - -
MWS.10 29x 107  65x107 1.6 % 1073 - Ix 105
MWS5-11 16x 1ot s4x10? 43 x 108 - 5x10%
MWS-12 63x107  70xi0t T 1zx107 - 2% 10°*
MWS-13 - - - - -
© MWS-14 - - - - -
MWS-15 2Uxi0®  sSx107 B0 tord - 1%16*
MWS-16 1.0x10%  73x 107 96 x [0S - 1% 107%
MWS-17 six10% g0 Lo x 107 - 1% 104
MWS-19 - 64 x 307 1.1x 164 - 2% 10%
MWS5-20 - - 1.0 % 1077 - t x 107
MWw3-21 - 7.5 < 108 L4x 108 1.0% 10 9x {0%
(1.6 2 t10°% (3 x Lo
MWS-22 - 20x1¢7 10 x 108 - 1x10%
MWS-24 - - - - -
MWS-25 - - - - -
MWS-26 - - - - -
MWS5-104 - - - - -
MWS-107 - 47 %107 1.3 toré - 2x 108
MWS-110 - - 43x 107 - dx 107
MWS-112 - - 4.5x 107 14 % 197 - 6x 107
USGS-2 - - - - -
I5GS-3 - 1.8x 107 1.5x 10 - 23 108
USGS-4 - 1.2x 0% 1.7x 10° - 3x10%
USGS-5 - - - - -
USGS-7 - - - - -
USG5-8 - - - - -
USGS-9 - 7.3 %107 - 9 x 1077

12x% 107

A Risk from inhalation was also calculated for TCE because it is 3 volatile compound. Inhalation

_ mksmshawnmpwmthemunduﬂnmumm
® Total values in parentheses indicare contribution from TCE

¢ A hyphen (-} indicates thar the compound was ot detected,
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TABLE 5.6 Estimated Radiological Carcinogenic Risks
for the Hypathetical Future Resident® '

Well [T Uranium Risk Welt D Urnnivm Risk
Deep Wells Unweathered (cont.)
MWD-05 §x 107 MW4004 2 x 104
MWD.18 9% 107 MW-4007 21x 108
MWGS.01 b MW-4008 gx 107
MWGS-02 - MW-4009 2x 108
MWS-13 2 % 1078 MW.4011 4% 108
MWS-101 6x 107 MW.4012 6% 109
MWS. 102 31008 MW.d022 6 x 109
MWS-103 9% 1077 MWD-(2 1x10%
TIL-3 { x 107 MWD-06 Tx 107
MWD-09 1x 1078
Overburden MWD-23 Tx10%
C MW-2031 - MWD-106 -
MW-2032 . 84106 MWS-05 1% 10%
MW-2023 3x 107 MWS-06 3 108
MW-3001 - MWS-105 2x 107
MW-3013 - MWS-106 1 %109
MW-3018 - MWS-109 1x10%
MW-3022 - TiL-4 -
MWV-01 5% 1078 USGS6 5 x 10é
MWV.02 3x 106
MWV-05 Cogx 1T Weathered
MWY-13 2% 108 MW.2001 2% 106
MWV:I6 - 1% 107¢ MW-2002 2 x 148
MWY-17 72 10% MW-2003 2% 10%
MWV-18 - MW-2004 -
MWV-22 1x 108 MW-2005 6x107
MWV-24R 2% 108 MW-2006 4x 107
USGS-24 - - USGS-1 13 10°%
MW.2007 1300
Unwegthered MW-2008 -
MW-2019 3% 108 MW-2000 -
MW-2021 t x 108 MW.2010 121086
MW-2022 1x10% MW-2011 Ix107
MW-2023 Ix 10 MW.-2012 4x 107
MW.2024 1xio” MW-2013 4% 1079
MW.2025 - MW-2014 $x107
MW 2026 9 x 107 MW-2015 2x 108
MW-2027  1x10° MW-2016 -
MW-2028 1 x 10 MW-2017 t %307
MW-2029 - MW.2018 | 2xi0%
MW-3002 - MW.-2020 -
MW-3008 Ex 107 MW.2030 1 10F
MW-302 3 1478 MW.2034 Ix {08

MW-3026 §x 108 MW.2035 Sx 107
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" TABLE 5.6 (Cont.)

Well ID Lranium Risk® Welt ID Cranium Risk®
Weathered (cant,) Weathersd front.)
MW-2036 93 1077 MWD-25 2xigf
MW-2037 L L0 MWD-167 2% 10¢
MW-2038 2x10% MWD-112 ox 107
MW-203% 4% 108 MWS-01 1% 107¢
MW-2040 3x 108 MWS-02 2 1r%
MWL 2041 4x 0% MWS.03 4xi0é
MW . 2042 Ix (08 MWS-04 1% 078
MW.2043 %10 MWS-07 9 x 107
MW-2044 3 %109 MWS-08 1% 104
MW.3003 2 x 10°% MWS.09 1% 108
MW-3007 - MWS-10 22 1077
MW.3008 - MWS-1i 2% 10
MW-31009 - MWS-12 1108
MW-3010 - MWS-13 6% 107
MW.30i¢ 2% 108 MWS-14 Ix 108
MW.3023 1% 16°% MWS-15 6 x 107
MW.3025 Ix ot MW35-16 Tx 107
MW-3027 1 %108 MW5-17 [x10%
MW-a001 gx 107 MWS-19 | % 10¢
MW 002 7x 167 MWS-20 gx 197
MW.4003 2 %108 MWS-21 3 x 108
MW.4005 2 % 1078 MWS-22 1x 108
MW-4005 3% 107 MW5-24
MW-4010 3% 1078 MWS-28 2x 108
MW-4013 Lx 1o MWS.26 5x 08
MW-401d 31107 MWS.104 L x toé
MW-3015 4% 107 MWS.107 R
MW-4016 43 1076 MWS-110 7u 107
MW-4017 - MW5-112 3x 10
MW-4018 Tx 07 UsGs.2 &% 107
MW-4019 2x 108 USGs-3 2x10®
MW-4020 1x 107 USGS-4 6 x 107
MW-407} ax 108 USGS:5 6x10€
MW-4023 2% 1678 USGS.7 -
MW-424 7% 108 USGS-8 7x 167
MW-4025 1= t0® USGS-9 ax 107
MWD-15 & x Lo

* Maximum wranium concertrations from the 1995 joint DOE/DA.
sampling rounds wers used 26 EPCs. -

b A hryphen () indicates samples. wene not collectad a3 part of joint

sampiing roundds.
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6 ECOLOGICAL RISK CHARACTERIZATION

6.1 METHDDOLG\_GY

Risks to biota were estimated by two methods: {1) determining an ecological effects -
quotient {EEQ) and (2) evaluating all available lines of evidence in 2 weight-of-evidence approach.
For both approaches, the ecological significance of the potential risks was also considered and
incorporated into the final risk characterization.

6.1.1 Ecological Effects Quotient

6.1.1.1 Caiculation

For aquatic biota, the EEQ was estimated for each contaminant as the ratio between the
exposire point concentration and a “safe” media concentration. For terrestrial biota, the EEQ for
each contaminant was estimated as the ratio between the modeled ADD and a safe benchmark dose
value. In both cases, values of the EEQ may vary from O to infinity, and values greater than 1.0 are
considered to demonstrate a potential risk to the receptor from a particular contaminant. Vaiues
between 1.0 and 10 indicate & low risk, values between 10 and 50 indicate a moderate risk, vaiues
berween 50 and 100 indicate a high risk, and values greater than 100 indicate extreme risk.

6.1.1.2 Benchmark Values

Estimating the EE(Q) requires the use of benchmark valies that represent contaminant
concentrations considersd 10 be acceptable (“safe™) to biota, Benchrnark values are contaminant-
specific and species-specific, typically represent NOAEL concentrations, and may inchide rnedia
concentrations, food concentrations, iissue concentrations, or dose estimates. For aguatic biota,
surface water contaminant benchrnark values used in this analysis included EPA ambient water
quality criteria {(chronic values), EPA ecotox threshold values {(EPA 1996a), and values obtained
from the literature {Suter and Tsao 1996; Talmage and Opresko 1996). For sediment-based
contaminants, benchmark values were obtained from the National Oceanic and Atmosphetic
Adrministration, the EPA, and the open scientific literature. For terrestrial biote, EEQ values wese
estimated using contaminant-specific and species-specific NOAEL or LOAEL benchmark valpes
obtained from the literature (Sample et al. 1996; Talmage and Opresko 1996). The benchmark values
used for this risk assessment are presented in Table 6.1.
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TABLE 6.1 Benchmark Values Used to Estimate EEQs for Aquatic and Terrestrial Biota

Senchmark Value
Agquatic Biota
White-Tathad
Surface Watsr Sediment Arherican Robin® Dext® -
Contaminan {ng/L} {mg/kg) {nykeg-d) imgkg-d;
Metalr
Antimony NC* NC NBA® 0.019
Arsenic NG g .46 0.019
Cadmium NEC 1.4 1.45 0.771
Tron 1.000 (chronic) NC NEA NBA
Lead NC e 3.85 LM
Lithium NC NBaA MNEA L8
Mangansse 1207 300f 997 25.0
Mereury 1.3 (cheonic) 815 0.064 0.009
Molybdetum NC NBA ix 0.04
" Nickel NC 2107 774 112
Selenium NC NEA 0.5 056
Silver NC i.0of 165¢ 5844
Srontiuic NC NC 2.8 740
Uraniom, total 570 NBA 16.0 0.48
Inorganic anion
Nitzane-N 50,000% NBA NBA 13
Nitroaromatc compasinds
L35-TNR 14.0 {chronicy a3 NBA 059
13-DNB NG (%4 NBA 0.03™
245 TNT 130 {chronicy 17 NBA 0.4%
24-DNT NG NEA MEA NBA
2.6-DINT NEBA NBA NBA NBA
2-Amino44-DNT 0.0z NBA NBA NRA
A Amino-2.6-DNT NBa NBA NBA NBA
Nitrotluens NBA NBaA N'Bh NBA

- = & " * B@-

- K =

Benchmark values are EPA {1985) amnbient water quality criteria (AWQCS, yniess otherwise noed.

Beachmark values MMMMWMW#WHW et al, (1994}, unless otherwise poted.
NEA = ne benchmark value svailable; NC = not 2 contaminast of ecological concern for the indicated meditn.
Bated on BPA ¢cotox threshold value (EPA 19963),

Based on ciwonic valus Seveloped by Sater and Teao (19963,

Based on value veported in Hull and Suter {1994},
Based on darg from Jensen ef al. { 1974),

Based on dons from Agency for Toxic Substances and Discase Regiszry { 1990),

Hased on daa from Weber ot al, (1968). .
Na AWQC available; value is lowest comcentration mported as chermioxic (o MUsEC biotn (Poston et al. 1984).

EPA {1986) identifies the concentrstion 35 a poerntially “sale™ maximum concemtration:; oo AWOC available.
Based oa cironic value developed by Talmage and Opnesko {1996).
Based on NDAEL value developed by Talmage and Opresko (19963,
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6.1.2 Weight of Evidence

The potential for adverse impacts to ecological resources was characterized using a weight-
of-evidence approach (EPA 1992b). In this approach, the EEQ risk estimates were evaluated together
with the resuits of the biotic surveys and media-based toxicity tests. The potential for risks to
ecological resources at the site was based on the frequency that the results of these various evalu-
ations indicated actual or predicted adverse ecological effects and the degree of confidence in these
results. Thus, the potential for unacceptable risks to ecological resources is greater if the results
indicate a greater frequency for adverse effects and if the degree of confidence in the results is
greater. Finalty, the risk determination was evaluated with regard to its overall significance to the
ecological resources of the area, and a final overall risk characterization was devclupcd for the
springs.

6.2 RISK ESTIMATION AND ECOLOGICAL SIGNIFICANCE
6.2.1 Risk Fstimation

6.2.1.1 Ecological Effects Quotient

For aquatic biota, the EEQs were calculated by comparing the EPCs in surface water and
sediment with suitable benchmark vaiues; these EEQ valuss are presented in Table 6.2, The EEQ
values were estimated for ondy those surface water and sediment contaminants that were identified
as COECs (Tables 2.3 and 2.4) and for which appropriate chronic benchmark values were available
(Table 6.1). A high risk {EEQ = 66) was identified for mercury. However, this high risk estimate is
due primarily 1o use of the maximum reported mercury concentration in calculating the 95% UCL
EPC. For mercury, the EPC incorporated a concentration of 6,100 pg/L reported from spring
SP-6303. This is the highest mercury concentration reported from any of the springs and likely
represents an outlier; the next highest reported spring concentration is 340 ug/l. Excluding the
6,100 pg/L mercury concentration from the risk estimation reduces the 95% UCL for mercury and
results in a determination of low risk for mercury (EEQ = 10).

Similarly, the low EEQ risk level for iron was estimated vsing the maximum reported iron
concentratiott, which also appears to be an outlier. This concentration, 400,000 pg/L., was reported
from a single spring (SP-6303) and is the highest reported from any of the springs. The next highest
iron concentration is 7,300 pg/L., which is 54 times lower than the highest reported concentration.
Using the 95% UCL iron coacentration (excluding the 400,000 ug/L. concentration) results in a
determination of no dsk from iron (EEQ) = 0.86). No high risks (EEQ values between 50 and 100)
were identified for any surface water or sediment contaminants, whereas @ moderate risk was
identified only for manganese (EEQ = 13) in surface water. Low risks or no risks (EEQ < 10) were
identified for the sediment contaminants (Table 6.2). These results suggest that although
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TABLE 6.2 Estimated EEQs for Aquatic Biota E:pmd to Surface Water and Sedlmmt

at Burgermeister Spring
Surface Water Sediment -
Epct | | EPC®
Contaminant® {pg/l) EEQ Risk Level® {ug/L) EEQ Ritk Level®
Matals ' : .
Arsenic NC! o Nat NA 43 52  Lowrsk
fron 6,200 6.2 Low risk NC NA NA
Lead NC NA NA 10 23 - Low risk
Manganese 1,600 13 Moderate risk NC NA NA
Mercury B6 &6 High risk NC NA NA
Selenium NC - NaA . . NA ' 096 nNBA® - NaA
Silver NC . Na NA 1.7 1.7 Low risk
Uranium, toml 84 15 ‘* Lowrisk 100 NBA NA
Nliroaromatic compounds
1,3-DNB 0.033 001 Na risk NC . NA NA

Included are cnly those contarrinants identified &3 COECS (sec Sectian 2.2% and for which a
benchmark value was availabis (Tabie 8.1).

EPC values are the estimated 95% UCL valve, unless otherwise noted (footrote f).

EEQ values greater thar 1.0 are considered to demonstrate a potentia] risk to the recepror from a
partcular contaminsnt. Values between 1.0 and 10 indicata a low sk, values between 14 and 50
indicate a moderate risk, values between 50 and 100 indicare a high eisk, and valuss greater than 100
indizate exreme risk.

NBA = no benchmark available to estimate EEQ; NC = nota CDEC for the indicared medium.
¢ NA = not applicable.
EPC values are the maximum reported concentrations.

concentrations of some contaminants might adversely affect aguatic biota, the risks of unacceptable

The EEQ values for temestrial biota (American robin and white-tailed deer) were calculat=d
using modeled contaminant doses from water ingestion; the EEQ values are presented in Table 6,3.
Uptake modeling was performed and EEQ values were estimated for all contaminants detected in
spring warter from all springs at concentrations exceeding background levels and for which
benchmark values were available (Table 6.1). Except for the valuss calculated for mercury, all EEQ
estimates were below 0.05 for both modeled receptor species (typically less than 0.01), indicating
that current concentrations of contaminants in surface water at the spring pose no risk to terrestrial
receptors thal use the spring for drinking water. For mercury, a moderate risk was estimated for the
American robin (EEQ = 13). This risk estimate was obtained becansé the maximum reported
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mercury concentration was used as the exposure point concentration for uptake medeling. That
concentration, 6,100 ug/L, was a single high value; the next highest mercury concentration was
340 pg/L. Using this latter value as the exposure point concentration results in a determination of -
no risk for the American robin (EEQ) = 0.73),

Overall, the EEQ estimates suggest that concentrations of some contaminants in surface
watet and sediment might pose iow risks to aquatic biota, whereas concentrations in surface water
pose no risk to temrestrial biota using the springs as drinking water sources. Ingestion of sedirnent
was not considered a significant pathway for contarninant uptzke by terrestrial biota.

§.2,1.2 Weight of Evidence

In total, 19 ecological and/or ecotoxicological parameters were evaluated as part of the
ecelogical risk assessment; the results of these evaluations are summarized in Table 6.4, No adverse
effects were evident to the invertebrate or vertebrate communities inhabiting Burgermeister Spring
antd its drainage, The species present in the system are representative of species typically found in
similar babitats throughout the Midwest. Although the fish community was limited in diversity and
the invertebrate community was classified as slightly impaired (DOE and DA 1997), these
conditions are probably the result of the natural, intermittent, and ephemeral nature of the flow
within the drainage and the resultant temporal availability- of aquatic habitats.

Some toxicity of environmental media was detected for the spring and its drainage. Toxicity
of surface water and sediment from Burgermeister Spring proper was detected for the fish
Pimephales and the amphiped Hyalella, respectively, as evidenced by reduced survival of test
organisms. Surface water and sediment toxicity was also measured at some downstream locations,
but no clear toxicity gradient was evident extending downstream from the spring proper. One would
expect toxicity to decrease in 2 downstream direction from the spring as contaminant concentrations
become reduced via dilution. However, chronic sediment toxicity to Pimephales was measured only

-at the farthest downstream location from the spring, the inflow to Lake 34, Similarly, chronic surface
water foxicity to the amphibian Xeropus, acute sediment toxicity to Pimephales, and chromic
sediment toxicity to Xenopus were detected only at locations downstream of the spring but upstream
of the Lake 34 inflow. These results suggest that the source of the observed toxicity is other than
Burgermeister Spring. Furthermore, the presence of apparently unaffected invertebrate, fish, and
araphibian communities in the drainage at locations where toxicity was detected suggests that
although some toxicity may be associated with surface water and sediment in the drainage, local
populations have adapted and are tolerant of the contaminant concentrations present in these media.

Contaminant uptake modeling and EEQ estimation indicates no risks 10 terrestrial biota
drinking from the springs. Aquatic biota inhabiting the springs might be susceptible to-low to
moderate risks from spring water concentrations of iron, manganese, mercury, and uranium and from
sediment concentrations of arsenic, lead, and silver. However, as previously discussed,
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TABLE 6.3 Estimated EEQs for Terrestrial Biots Drinking Water
from Springs in the Chemical Plant Area and Ordnance Works Arca

Aunerican Robin White-Tailed Deer
Centaminant® EEQ RiskLevel - EEQ  RiskLevel®
Metals :
Antimony NBA® Na‘d 0.01 No sisk
Arzenic .02 No sk X ] Mo risk
Cadmium <001 No risk 003 No risk
Lead < 001 Mo rigk < .01 Mo risk
Lithium NBA NA <001  Norisk
Manganese <041 Norisk < 0.0 No rigk
Mercury ' 13 Modereate sk 077 No risk
Molybderum <001 ., Narisk <001 No risk
Salenium <001 No risk < 0.01 Mo risk
Eranium, toral < 0.0 Neorisk < 0.0] No risk
Silver < 0.01 No risk < 0.01 No risk
Inorganic anfon
" Nitrate-N . NBa NA <001 No risk
Nitrogronaric compounds
1.3,5-TNB NBA NA < 0.01 No risk
1,3-DNB NBA NA «< .01 No risk
246 TNT NBA NA < 0,00 ‘No risk

? EEQ values werc estimated far all conaminants detected in surface waters from
area springs at concetitrations above background fevels and for which a
benchmark value was available, '

P EEQ values greater than 1,0 are considered 10 demonstrate 2 potsntial risk to the
recepior from a particular contaminant, Values between 1.0 and 10 indicate 2 low
risk, values between 10 and 50 indicate 2 moderate risk, values between 50 and
106 indicate & high risk, and values greater than H)D indicate extreme risk.

* NBA = no benchmark available for estimating EEQ.
4 NA =not applicable.
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TABLE 6.4 Summary of the Ecological Effects Assessment of Burgermeister Spring

Crganism/ Expected Resulr if Adverse Cibsaryad :md_ Reported Adverse
Asgsessment Method Elfzcts Present Result Effect
Aguatic invertebrare Low sbundance #nd species diversity;  Slightly impaired invertebmte
SUCVEYs sommunity dominatsd by only a few community typical of ephemeral, No
taxa intermadtuent habitics
Fish surveys Low abundance: adversie external No fish eoliected from the spring
conditions. such as lesions or umors, - proper, and none sxpected dus to
suggestive of contaminant exposure blockad aceayy from downsteeam Ne
habitats; downstream cotmmunity
comptised of species typical of similar
habitats in the Midwest; no evidence
of adverye external conditions
Amphibian surveys Low abundance; adverse external Six specics collected from spring area, Mo
conditions, such a8 evioms o temors, comparabie 1o cotnmunity from
suggestive of contaminant exposure refermnce locaton; species rypical of
similar habjuars in the Midwest; no
evidence of adverse extemal
conditions
Daphria, surface warer, Reduced survival No reduction in survival No
D&-hour acute toxiciry :
Hyalelia, sorface water, Beduced ﬂmrim. Mo reducton in survival Mo
D6-hour pouts toxicity
Pinephales, surface water, Reduced survival 62.5% reduction in survival at the Yes
O5-hour scute toxicity Spring aewd nzarest downstriam
sampling locarion
Xenapus, surface water, Reduced sorvival No redwition in survival Mo
R6-hour acure toxicity
Daphniz, marface water, Reduced survival No reduction in sarvival No
7-day chronic woxicity
Hyolefla, surface warer, Reduced survival No reduction in survival No
T-day chronic toxiciny
Pimephalxs, wrface water,  Reduced survival and growth No reduction in sirvival or growts No
T-day chronic toxicity
Xenapus, surface water, Reduced survival and growth 30% rchuction in survival 2 one Yea
T-day chwnnie toxicity location downsttearn of the spring; no '
: redecrion in marvival af other
locations; no reduction in growth
Daphnia, sediment, Reduced survival Mo reduction i survival Ne

Y-hour acuzae wxidy
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TABLE 6.4 (Cont.)
Organism - " Expected Besult if Adverse Observad and Reporrad Advcﬁc
Assessmment Method Effects Presant : Result Effect
Hyalella, sediment, -Reduced :.un'ivl.l. . No reduction in survival " Na
Q6-hour asute wxicity o
Pimephales, sediment. - Reduced survival | 2%% reduction in survival at the first Yes
B4-hour acute toxiciry downstream sampling location below
: the spring
Xenopas, sedimant, - Reduced survival Mo reduction in survival Ne
B8-Bour acube LHxicity : : :
Daphnia, sediment, Reduced survival No reduction I survivai No
T-day chronic toxiciry
Hyalgila, sediment, Redoced survival ! 18% reduction in survival at the Yes
7-day chrogic toxiciry ' . spring; oo effects at downstream :
lecations
Pimephales, sediment, Reduced survival and growth 50% reduction in sarvival at farthest Yes
T-day chronic toxicity . downsireans ssmplicg location
Xenopur, sediment, Reduced survival and growth 27% reduction in survival at first Yes
T-day chronic toxicicy _ sampilng location downstream of e

apring; no reducticn in survival at
other locations; no reduction in growth

Burgermeister Spring and waters downstream support invertebrate, fish, and amphibian comnunities
typical of similar habitats elsewhere in the Midwest and do not appear to be adversely affected by
contaminant concentrations at this time. Because of physical conditions independent of any
contamination (such as low flow), other springs in the area are not expected to support extensive
aquatic habitats or biota, and risks to these resources from current contaminant levels are expected
to be very minor or nonexistent.

6.22 Ecological Significance

For most of the contaminants detected in the surface water and sediment from springs, little
Of 00 poteatial is indicated for significant adverse ecological sffects 1o aquatic or terrestrial biota,
Because of the small and tetnporal nature of most of the springs, relatively few biota ars ant_lmpated
to be exposed 0 contaminants at these habitats. The most likely exposed biota (and thus those
potentially at greatest risk) at the springs (excluding Burgermeister Spring) ars aquatic invertebrates.
However, the abundance and diversity of biota in the springs is limited by the physical nature of
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these habitats and is independent of contarninants. Thus, the magritzde and nature of poteatial
impacts at these springs would be very small and would have little ecological significance to the
aquatic invertebrate populations in the area. Furthermore, these springs represent a very small
fraction of the total aquatic habitat available in the August A. Busch Memorial Conservation Area.

The receptors most likely at risk at Burgermeister Spring are fish and aquatic invertebrates.
Although some sediment and surface water toxicity is indicated for Burgermeister Spring, the
ecological significance of this toxicity is very small and should not be expected to adversely affect
aquatic resources of the area. The results of the biotic surveys and toxicity tests indicate that the
aquatic community in Burgermeister Spring is typical of similar habitats throughout the Midwest
and shows no evidence of being adversely affected by contaminants in surface water and sediment.

6.3 UNCERTAINTIES RELATED TO RISK CHARACTERIZATION

A number of unnertmnues are inherent in estimating the ADD and EEQ, and thess uacer-
tainties could affect both the estimated values of these end points and the final risk characterization,

The principal uncertainties associated with the medel assumptions are related to
(1} estimation of contaminant uptake and assimilation and (2) use of a constant ingestion rate over
the entire home range of a species. The uptake and assimilation of contaminants by the receptor
species is affected by a variety of factors not addressed by the uptake models. These factors include,
but are nat limited to, contaminant solubility in biclogical fluids, species metabolism, contaminant
bictransformation, and depuration. For some biota, it is uniikely that the uptake and assimilation of
a contaminant is 100% efficient: for other biota, efficiency may appreach 100%. Thas, the 100%
uptake and assimnilation assumption used in the uptake modeding likely overestimates the true degree
of comaminant assimilation by the receptor species.

The assumption that the drinking water ingestion rate is constant over the entire home range
15 probably inaccurate, particularly for species with large home ranges, such as the white-taiied deer.
Most resources in the environment, including water, are not distributed homageneously but rather
in a patchy, heterogeneous mannet. As a consequence, drinking would also occur in a patchy
manner. However, this assumption is conservative and should not affect the overall ADD estimate.

An additional uncertainty related to the risk characterization is associated with the
unavailability of suitable benchmark values for some contaminants and terrestrial receptors. For .
example, no avian benchmark values were found for nitroaromatic compounds. Although it was
possibie to model uptake of nitroaromatic compounds by the American robin, it was not possible to
estimate risks because of the absence of suitable benchmark values. However, unacceptable risks are
not anticipated from the COECs for which benchmark values are not availabie. For the termeskrial
receptors, no risks were identified for those COECs for which benchmark values were available.
Even using the maximum reported contaminant concentrations, the estimated risks were very low
(typically < 0.01). The estimated doses for the COECs with no benchmark values were similarly
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very low, and thus no risks (i.e., very low estimated rislc' of < 0.01) would be expected for these
contaminants, ' ' .

6.4 SUMMARY

The results of biotic surveys, media toxicity testing, and contaminant uptake modeling
indicate that current contaminant levels in surface water and sediment in springs pose little or no risk
to the aquatic and terrestrial biota of the area. Although some surface water and sediment toicity
was detected in Burgermeister Spring, and the concentrations of some contaminants exceed ambient
water quality criteria for the protection of freshwater aguatic biota, there is no evidencs that aguatic
biota inhabiting the spring and downstream habitats are being impacted. Uptake modeling indicates _
no nsk to terrestrial biota that use area springs for drinking ‘water. These results show that
contaminant concentrations in surface water and sediment at these springs pose litile or no risks to
ecological resources of the area, and remediation from an ecological perspective is not warranted at
this time, * '
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7 SUMMARY AND CONCLUSION

A combined assessment addressing human heaith and ecological impacts was performed
to evaluate conditions at the GWQUSs, The human health component of this BRA included an
evaluation of the radiclogical and chemical risks from contamination in the 15 springs and in the
shallow aquifer system that is common to both the chemical plant area and ordnance works area,
Recent data obtained from the joint DOE/DA sampling rounds of May #nd August 1995 were used
to calculate potential hurnan health impacts. The ecological risk assessment evaluated potential risks
to aguatic and temestrial biota frorn exposure to contaminants in surface water at the springs. The
assessment also focused on faboratory and field studies of Burgermeister Spring because the aguatic
habitats associated with this spring are more permanent than the habitats at other springs in the area
and thus may be used by a greater variety and number of biota than habitats at other springs.

7.1 HUMAN HEALTH RISK ASSESSMENT

7.1.1 Methodology

The buman health risk assessment was conducted in accordance with the procedure recom-
mended by the EPA (1989b). The procedure invoives the following four steps: (1)} COPC identi-
fication, {2) exposure assessment, (3) toxicity assessment, and (4) risk characterization.

Chemical COPCs were identified as those determined to be greater than background as
discussed in the RI. The groundwater COPCs identified were lithiurn, molybdenum, uranium,
chloride, nitrates, sulfates, nitroaromatic compounds, TCE, and 1,2-DCE. Uranium has alsc been
identified as the only radicactive COPC. The spring water COPCs identified were antimony,
~ cadmivr, iron, lithium, manganese, mercury, molybdenum, silver, uranium, and nitroaromatic

compounds. ' - :

Current and future land-use projections were incorporated into identifying the potential
hurnan receptor as part of the exposure assessment. A recreational scenario was considered 10 be
appropriate on the basis of current and projected fumire land use at the chemical plant area and the
ordnance works area. Exposure of Army reservists that visit the training area was not evaluated
separately because there are no active springs within the boundaries of the training area_ Also, the
estiarnated risks calculated for the recreational visitor are representative of those for the taining
troops because the exposure parameters {e.g., duration and frequency) would be similar, Although
potential risk to the recreational receptor would likely provide information representative of future
conditions at both areas with regard to springs, calculations were also carried out for a hypothetical
furture resident to provide reasonabie upper-bound information regarding potential risk from ground-
water contamination.
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To determine potential exposure of a recreational visitor, 2 bazard index and the chemical
-and radiological carcinogenic risk were calculated for each of the 15 springs evaiuated, using the
- maximum valye from the 1995 joint DOE/DA sampling rounds for each COPC in spring water.
Similar caleulations were performed for each of 155 wells 1o determine potential exposure of a .
hypothetical future resident to groundwater contamnination. The primary patkway of concern in both
cases was ingestion. Standard EPA-recommended exposure parameters were used in the calculations
(EPA, 1995b). Current contaminant concentrations were also assumed for funre scenarios. This
‘approach is considered copservative; contaminant concentrations are expected $o decrease with time
as a result of source removals currently ongoing at both the chemical plant area and the ordnance .
WwOTkS area. ' '

7.1.2 Resulis

: Neither carcinogenic risk nor noacarcinogenic health effects are indicated for the
recreational visitor incidentally ingesting spring water at the 15 springs evaluated; these resuits are
expectad to be representative of all springs located in the srea covered by the GWOUs, The
radiological risk estimates range from 4 x 10°° 10 2 x 10°%, These values are low and well within the
acceptable risk range of 1 x 10t 1 x 10 recommendad by the EPA (1989b). The chemical risk
estimates are similarly low, ranging from 2 x 10710 3 x 10”7, The EPA has provided 2 quantitative
measure for adverse health effects other than cancer: a hazard index greater than | indicates patential
adverse health effects. The hazard indices estimated for the recreational visitor at the springs range
from<0.00l to 0.2, '

The well-by-well caloulations for the hypothetical fusure resident scenario indicate that,
excluding TCE contributions at the 155 wells evaluated, cherical risk estimates for four wells are
slightly higher than 1 x 10~, The chemical risk estimates for these wells range from 1 x 107 10
2 % 10™*. The upper end of this range is artributable to nitroaromatic compounds detected at well
MWYV-09, located north of the groundwater divide. The radiological risk estimates range from
7% 10% to 7 x 10°%, all within the acceptable risk range. With the inclusion of risk from TCE, risk
estimates at three additional wells exceed 1 x 107 1 x 1073 at MW-2038, 4 x 10 at MW-2037, and
3 x 107 at MWS-21. These wells are weathered wells near the raffinate pits. '

. The hazard indices for 43 of the 155 wells evaluated are greater than 1. Of the 43, hazard
indices for 27 wells are attributable to nitroaromatic compounds. Elevated nitrates occur mostly in
the chemical plapt area 2000- and 3000-series wells; 15 hazard indices that are greater than | are
atributable to nitrate concentrations in these wells. The estimated hazard index for well MW-4024 -
is 1; wanium concentiations in this well contributed to 0.84 of this hazard index of 1.



7.1.3 Sumnmary

The radiclogical and chemical tisk assessments have been presented separately because the
methodologies for estimating the carcinogenic risks from exposures to radionuclides and chemicals
differ considerably. However, the total carcinogenic risk to an individual is the result of exposure
1o both radiological and chemical risks, assuming that the carcinogenic effects are neither antago-
nistic nor synergistic. Summing the radiological and chemical carcinogenic risks for the recreational
visitor (considered representative of current and expected future land use) would result in risk levels
still below or at the lower end of the accepiable risk range. Stmilarly, summing the radiclogical and
chemical carcinogenic risks to the hypothetical future resident wouid not result in a large increase
in the overall results because the majority of the radiotogical risk results are well within the
acceptable risk range. Overall, the more significant contributors 1o potential human health risk from
the groundwater pathways are TCE, nitrates, and nitroaromatic compounds.

7.2 ECOLOGICAL RISK ASSESSMENT

7.2.1 Methodology

. The ecelogical risk assessment for the GWOUs employed a number of approaches for
evaluating risks to ecological resources that use springs on the chemical plant area and ordnance
works area. Risks to aquatic biota were evaluated by using biotic surveys and madia toxicity testing
and by comparing madia concentrations to ecological benchmark (“safe”} media concentrations.
Risks to terrestrial biota were evaluated by modeling contaminant uptake and comparing the
predicted doses to species-specific benchmark doses. Contaminant data used in the assessment
inciuded the same surface water data used in the human health risk assessment, as well as sediment
dara collected specifically for the ecological risk assessinent at Birgermeister Spring and seiected
downstream locations.

Biotic surveys for aquatic invertebrates, fish, and amphibians were conducted at
Burgermeister Spring and its downstream drainage. The data collected from these surveys afllowed
for a determination of the status of the biotic communities currently #xposed to contaminants in
surface water and sediment at the spring. Macroinvertebrates and fish samples were collected from
Burgermeister Spring and its downstream locations, and tissue analyses were conducted to evaluate
contaminant bicconcentration by aguatic biota. Toxicity testing of surface water and sediment from
the spring and downstream locations incladed acute and chronic toxicity testing of aguatic
invertebrates, fish, and amphibians. These tests determined whether current contaminant concen-
trations in the surface water and sediment are toxic to aquatic biota. Contaminant uptake from the
ingestion of surface water was modeled for two temestrial receptor species, the white-tailed deer and
the American robin. The uptake modeling employed species-specific exposure factors, and the
eXposure point concentrations were the maximum reported contaminant s:om:entranons in surface
water from springs in the chemical plant area and ordnance works area.
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7.2.2 Results

The survey results for macfoinvertebrates, fish, and amphibians that inhabit the

~ Burgermeister Spring drainage indicated no evidence of adverse effects to these aquatic biota. The
spring was determined to contain generally good aquatic habitat, and the species present are typical
of those found in similar habitats throughout the Midwest. Although the fish commumity was Limited
in diversity and the macroinvertebrate community was categorized as slightly impaired, the
communities are likely affected by the physical nature of the spring and its drainage rather than
contaminant levels. Flow in the uppermost portion of Burgermeister Spring is maintained by
groundwater discharge at the spring, Under low-flow conditions, a5 commonly occur in the summer,
the stream drainage befow the spring becomes intermittent and portions of the habitat becomne dry.
Surveys of the amphibian comununity identified a community typical of similar habitats in the _
Midwest,

The results of toxicity testing indicate 2 potential for some toxicity to fish and invertebrates
from surface water and sediment in Burgermeister Spring, proper. Surface water and sadiment
toxicity was also measured at some locations downstream of the spring, but no.clear toxicity gradient
was evident extending downstream. However, the presence of apparently unaffected macro-
invertebrate, fish, and amphibian communities in the drainage w locations where media toxicity was
detected suggests that local populations are tolerant of (or bave adapted to) the contarninant levels -
present in surface water and sediment in the Burgermeister Spring drainage. Tissue analyses revealed
relatively low levels of contaminant bioconcentration, all below levels of concern. | '

Modeling results for contaminant uptake by the white-tailed deer and the Ametican robin
drinking from Burgermeister Spring (but using maximum costaminant concentrations reported from
all springs) predict very low levels of contaminant uptake by these species. Risk estimatas for
terrestrial biota based on the modeled contarninant doses indicate no risks to terrestrial biota drinking
from Burgermeister Spring or other springs in the area.

Risk estimates for aquatic biota based on media concentrations indicate that spring water
concentrations of iron, manganese, mercury, and uraniurn and sediment concentrations of arsenic,
Iead.,mdsilvernﬁgtnpoulnwmmndnmﬂshmaqﬁukﬁmﬂm,mcaqmﬁcmmmmity
in Burgermeister Spring is typical of similar habitats elsewhere in the Midwest and does not appear
to be adversely affected by contaminant concentrations at this time, Few of the other springs int the
arca provide suitable habitat and, at best, raturaily support only very limited aquatic communities.

7.2.3 Swnmary

: On the basis of the results of biotic surveys, media toxicity testing, tissue analyses, media-

based risk calculations, and contaminant uptake modeling, current contaminant levels in surface
water and sediment in area springs pose litile or no risk to aquatie or terrestrial biota of the Weldon
Spring area. Risk calculations indicated a potential for low 10 moderate risks to aquatic biota from
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some contaminants. in springs, and surface water and sediment toxicity was detected for
Burgermeister Spring. However. biotic surveys of Burgermeister Spring and downstream habitats
found ne evidence that aquatic biota inhabiting this spring are being adversely impacted, and few
other springs naturally provide sufficient permanent habitat to support more than only very limited
-‘aguatic communities, Uptake modeling indicates no risks to terrestrial wildlife using the area springs
for drinking water.

7.3 CONCLUSION

Carcinogenic (radiological and chemical) risk ard noncarcinogenic health effects are not
indicated for the recreational visitor at the chemical plant area and the ordnance works area. The
recreational visitor potentially exposed to spring water is considered to be representative of current
and futyre land uses at both areas. Potentia! incremental carcinogenic risk and noncarcinogenic
heaith effects to an Army reservist training at the ordnance works area are also not indicated, The
results of the risk assessment for springs presented here are consistent with those in previous risk
assessments. ' '

Risk calcuiations for groundwater ingestion by a hypothetical future resident indicate that
high conceatrations of nitrates and nitroaromatic compounds in several wells used For monitoring
known source areas contribute to high (greater than 1) hazard indices. Several wells in the vicinity
of the raffinate pits and studge in the pits have been determined to contain high concentrations of
nitrates. Several wells in both the chemical plant and ordnance works arsas also contain amounts of
nitroaromatic compounds that could potentially contribute to carcinogenic risks slightly aver the
upper end of the risk range. The use of the second (lower) data point from the joint DOE/DA
sampling rounds would have resulted in lower risk estimates that fall within the acceptable risk
range. Radiological risks from uranium are within the acceptable risk range. Monitering wells and
springs with the highest estimated risks and hazard indices are depicted in Figure 7.1.

Additionally, in interpreting the results for groundwater, one should consider that if a future
resident did draw groundwater as a household drinking water supply, the COPCs, if present, would
be in more dilute concentrations than thosé used for the calculations in this assessmeat. In addition,
future concentrations for both groundwater and spring water contaminants would most likely be
lower because active removal of contaminant sources is currently ongoing and concentrations in
groundwater are expected to decrease with time. To provide another perspective, the hazard indices
and carcinogenic risks from groundwater use would be two orders of magnitude lower for the
hypothetical recreational user than would be expected for the hypothetical residential user.

Finally, the risk estimates indicate that of the COPCs evaluated, nitrates and nitroaromatic
compounds may be of concem due fo their contributions to relatively high hazard indices. These
results also indicate that contaminant concentrations tend to be higher in the weathered unit rather
than in the unweathered unit of the aquifer of concem, as evidenced by generally higher risk
estimates for the wells completed in the weathered unit. '
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Although nskcalculatmns for aquau-: biota mdlcatl: thax cnncemramns cuf some cnma.rm
nants in surface water and sediment from <prings might pose risks to aquatic biota, maost of the risk’ -
estimates cnly slightly exceeded the acceptable risk range. In addition, most springs do not naturally
provide permanent | habital to support aquatic biota, and thus the potential risks are. nt expected (o
be ecologically significant, Among the springs in the area, Burgermeister Spring ‘probably represents
the largest amount of permanent aguatic habitat. Some toxicity has been indicatéd for surface water

. and sediment fromt this spring, but the results of biotic surveys show no éviderice that” aquatn:: bidta - el

are being adversely l.mpal:tcd by current lévels of contamination. Risk calcula‘uuns for. terresmai L
‘wildlife drinking from springs.in the chemical plant and crdnance wc:-rka a.reas md:cata that nsks are '
- at least two orders of map:mdc beluw the acceptable risk range ' ' : :
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