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Executive Summary

Executive Summary

(

This ecological risk assessment (ERA) provides an evaluation of potential risks to the
environment associated with exposure to contaminants of concern (COCs) within Operable Unit
(OU) III of the Monticello Mill Tailings Site (MMTS). Evaluation of ecological data and
preparation of this document were guided primarily by the U.S. Environmental Protection
Agency's (EPA's) Frameworkfor Ecological Risk Assessment (EPA 1992a), the EPA's
Ecological Risk Assessment Guidancefor Superfund: Processfor Designing and Conducting
Ecological RiskAssessments (EPA 1997), and the OU III Ecological Technical Assistance Group
(ETAG), which was formed under the direction of EPA.

Ecological data were.evaluated in accordance with the 8-step ERA process developed by.
EPA (1997). This report contains the results of steps 3 through 7 of the process; steps 1 and 2,
which constitute a preliminary, streamlined assessment of potential risk, were previously
discussed in DOE (1995a); and Step 8, "Risk Management," Willbe completed by risk managers
after the risk assessment and alternatives analysis processes are complete. In step 3, "Problem
Formulation," DOE and the ETAG selected chemicals ofpotential concern (COPCs), identified
complete exposure pathways and assessment endpoints, refined the preliminary conceptual site
model, and formulated working hypotheses for the ERA. During step 4, "Study Design and Data
Quality Objectives," measurement endpoints were selected on the basis of the conceptual site
model, and a study was designed to obtain the information needed to support the working
hypotheses. The OU III site was visited to verify the appropriateness of the study design during
step 5, "Field Verification of Sampling Design." During step 6, "Site Field Investigation and
Data Analysis," the study design was implemented: abiotic and biotic media were sampled,
exposure to the selected receptors was estimated, and ecological effects were assessed. Step 7,
"Risk Characterization," a weight-of-evidence approach was 'usedto interpret the results of the
different studies and provide an assessment ofrisk to each receptor; in addition, the uncertainties
associated with the risk characterization were described.

Background

The MMTS, located in and near the town of Monticello in southeast Utah, consists of a former
. uranium and vanadium ore-processing mill and surrounding peripheral properties. The site was
placed on the National Priorities List in 1989 because of potentiallyelevated risks associated
with the mill tailings present throughout the MMTS. OU III of the MMTS encompasses
contaminated surface water and groundwater at and downgradient of the millsite and
contaminated soil and sediment deposited downstream of the mill site along Montezuma Creek.
In February 1989, The U.S. Department of Energy (DOE), EPA, and the State of Utah (State) .
entered into a Federal Facilities Agreement (FFA) to facilitate remedial action at the site. Under
this agreement, DOE serves as the Federal lead agency and provides the staff and resources to
implement cleanup. EPA and the State share the responsibility for oversight, and EPA has the
ultimate oversight responsibility.

The ecological investigation focused on the OUIll soil and sediment area, which extends along
the Montezuma Creek floodplain from approximately 0.5 mile east of the eastern boundary of the
millsite downstream to approximately 3,000 feet below the confluence of Montezuma Creek and
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Vega Creek. To account for differinghabitat along this reach of the creek and to be consistent
with the human-health risk assessment, the soil and sediment area was divided into three (
sections: Upper MontezumaCreek, MiddleMontezuma Creek, and Lower MontezumaCreek.
Upper Montezuma Creek is closest to the millsite and extends downstream into an area where, the
creek valley narrows. Middle Montezuma Creek is characterized by a narrow creek valley and
steep canyonwalls and extendsdownstream to the point where the valley floor broadens, and the
stream gradientdecreases. Lower Montezuma Creek is characterized by a broader creek valley
and ends at the boundary ofthe OU III soil and sedimentarea below Vega Creek.

Off-sitereferenceareas were establishedat VerdureCreek, located approximately 5 miles south
of the MMTS,and at Vega Creek, locatedupstreamofthe confluenceof Vega and Montezuma
Creeks. The VerdureCreek reference area has ecological and physical characteristics that are
comparableto those of MontezumaCreekand is locatedfar enoughfrom the MMTS to have
been unaffectedby contamination associated with the site. The Vega Creek referencearea was
establishedfor the collectionof media that were missedat the Verdure Creek site.

Problem Formulation

Problem formulation began with descriptions of the physical and ecological settings of the
contaminated site.

Chemicals ofpotential concern (COPCs)were screenedaccordingto the methods presented in
the Draft Final Monticello Mill Tailings Site, Operable Unit IlL Remedial Investigation!
FeasibilityStudy Work Plan (DOE 1995a) 'to identifyCOCs. Table ES-llists the final COCs, (
which are the site-relatedcontaminants whose concentrations exceed backgroundlevels and
whose presence may represent a significantthreat to the environment.

Contaminant fate and transport were evaluatedqualitatively to identify complete exposure
pathways and the ecosystemspotentiallyat risk within the OU III soil and sediment area.
Contaminated media considered in the ERA were soil, sediment, surfacewater, groundwater, and
air. Groundwater and air were determinedto be of negligibleconcern. Potential exposure routes
included ingestion, directcontact, and inhalation, the last of which was considered to be an
unimportant route.

Receptor selectionwas necessary because,althoughmany species are likely to be exposed to site
contamination, it is not possible to assess risk to all species.The overall objective of receptor
selectionwas (0 choose sensitive receptors to representtrophic positions within the food web. To
accomplishthis, the ETAG consideredthe overall food web of the OU III terrestrial and aquatic
ecosystems, the exposurepathways, and the types of contaminantspresent at the site to determine
which receptors in the food web should be evaluated in the risk assessment. Within a trophic
position, specieswere then selected that had the highest potential of being sensitive to the
contaminants. By selecting the most highly exposedspecies and sensitive species, it was
presumed that other species in that trophic position would be protected.

Selectionofpotential ecological receptors from wildlife species lists for the southeasternUtah
area was based on the following criteria:

'MMTS ouIII ERA
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Table ES-1. Final COC List for the ERA

L.1 /S"'ff!ie~Wl1te .... ; • • t>YYiSi ....•..•.••.................•.•••• •......... .,,~.... .....••.
COC All' UC' MC' LC' UC MC LC

Arsenic X X X X X

Cobalt X X X

Copper X X X 'X X X

Molybdenum X X X X X

Nitrate X X

Lead X X

Lead-210 X X X X X X

Radium-226 X X X X X X

Selenium X X X

Thorium-230 X X X X X X

Total Uranium X X X X X X X

Uranlum-234 X X X X X X X

Uranlum-235 X X X X X X X

Uranium-238 X X X X X X X

Vanadium X X X X X X X

Zinc X X X X
-'All - All sections of Montezuma Creek, UC - Upper Montezuma Creek. MC - Middle Montezuma Creek;

LC = Lower Montezuma Creek.

(

• The species' natural history suggests it has a high probability of exposure;

• The species is a keystone species within the ecological conununity; and

• The species is toxicologically sensitive to cae exposure.

• There is suitable habitat'and the known range of the species indicates there is a potential for
the species to inhabit the site.

The availability of toxicological literature for extrapolation to the species or surrogate was also
considered during receptor selection.

After a preliminary list of potential receptors was selected and discussed with the ETAG, a list of
final au III receptors assessment endpoints was decided upon. This final list included the deer
mouse, muskrat, mule deer, spotted bat, southwestern willow flycatcher, peregrine falcon, and
aquatic organisms. Because protection of these receptors or assessment endpoints could not be
measured directly, measurement endpoints also were selected. Table ES=.2·presents the
assessment and measurement endpoints for the au III ERA.

DOE/Grand Junction Office
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Table ES-2. au 11/ Assessment and Measurement Endpoints

Assessment Endpoint Measurement Endpoints

Protection of deer mousepopulations from deleterious 'Measure concentrations of COCs in nonflying
effectsassociated with elevated concentrations of terrestrial invertebrates, grasses,forbs, shrubs,
metalsand radlonuclldes. soils, and surface water.

'Model COCdose received by deer mousefrom
ingestion of nonflylng terrestrial invertebrates,
grasses,forbs, shrubs, solis, and surfacewater and
compare dose to benchmark dose.

Protection of muledeer populations fromdeleterious 'Measure concentrations of COCs In grasses, forbs,
effectsassociated with elevated concentrations of shrubs, soils,and surfacewater.
metalsand radionuclides. 'Model COCdose received by mule deer from

ingestion of grasses, shrubs, soils, and surface
water andcompare dose to benchmark dose.

'Use COC concentrations measured by EPA and
UDEQin muscle, liver, kidney, and bone
(Henningsen 1997).

Protection of muskratpopulations from deleterious 'Measure concentrations of COCsin grasses,
effectsassociated with elevated concentrations of sediments, and surfacewater.
metalsand radlonuclides. 'Model COCdose received by muskratfrom ingestion

of grasses, sediments, and surfacewater and
comparedose to benchmark dose.

Protection of southwestern willowflycatcher 'Measure concentrations of COCsIn flying terrestrial
populations from deleterious effectsassociated with invertebrates, shrubs,soils, and surfacewater.
elevated concentrations of metals'and radionuclides. 'Model COCdose received by southwestern willow

flycatcherfrom ingestion of flying terrestrial
Invertebrates, shrubs, soils, and surfacewater and
compare dose to benchmark dose.

'Measure COCconcentrations in surrogate species
(cliff swallownestling).

·Conducthistopathological analyses on surrogate
species' (cliff swallownestling) liver and kidney.

Protection of spottedbat populations fromdeleterious 'Measure concentrations of COCs In flying terrestrial
effectsassociated with elevated concentrations of invertebrates, soils, and surfacewater.
metalsand radionuclides. ·Model COCdose received by spottedbat from

ingestion of flying terrestrial invertebrates, soils, and
surfacewater and compare dose to benchmark
dose.

Protection of peregrine falcon populations from 'Measure concentrations of COCsin cliff swallows,
deleterious effectsassociated with elevated soils, and surfacewater.
concentrations of metalsand radlonuclldes. 'Model COC dose received by peregrine falcon from

ingestion of cliff swallows, soils, and surfacewater
and compare dose to benchmark dose.

Protection of aquaticorganism populations in 'Measure concentrations of COCsin sediment, surface
Montezuma Creek from deleterious effectsassociated water, and benthic macroinvertebrates.
with elevated concentrations of metalsand ·Conductbenthicmacroinvertebrate population
radionuclides. surveys.

(

(
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(
An ecological conceptual site model for the site was developed to illustrate the potential
exposure pathways from the contaminated media through potential exposure routes to ecological
receptors (Figure ES-I).

Study Design

Study Design and the Data Quality Objectives processes were addressed in the Monticello Mill
Tailings Site, Operable Unit IIL Remedial Investigation/Feasibility Study Work Plan, the Field
Sampling Plan, and Quality Assurance Project Plan (DOE 1995a, 1995b, and 1995c) and the
Monticello Mill Tailings Site, Operable Unit III, Sampling and Analysis Plan/or Additional
Characterization ofMiddle and Lower Montezuma Creek (DOE 1996c). Field sampling design
was verified during meetings with the ETAG.

Site Investigation and Data Analysis

Site investigations supporting the ERA included on-site ecological surveys and abiotic and biotic
media sampling within au III and the two reference areas. Activities included ecological surveys
to document presence or absence of State or Federal threatened and endangered species, and
sampling of surface water, groundwater, soil and sediment, and biota. Phase I of environmental
characterization supporting the ERA was conducted during the summer and fall of 1995. Phase II
was conducted during the spring and summer of 1996.

The exposure assessment phase of the ERA involved estimating the exposure of ecological
( receptors to COCs. All significant and potentially complete exposure pathways identified in the

problem formulation phase were evaluated during this phase. Significant but potentially
incomplete pathways for the southwestern willow flycatcher and peregrine falcon also were
evaluated. As a result of these evaluations, receptor exposure profiles providing dose estimates
for each COC were developed. Exposure estimates were based on dietary dose calculations for
both chemical and radioactive COCs and were based on external exposure calculations for
radioactive COCs. Internal and external radiation doses were calculated for radionuclide
concentrations in media at the time of sampling and after a I ,ODD-year period of radionuclide
decay.

In dose calculations, the 95 percent upper confidence limit of the mean concentration was used
for all exposure point concentrations, except when this value exceeded the maximum sample
value, in which case maximum values were used. Exposure parameters such as body weight,
ingestion rate, and dietary fractions were either obtained directly from published literature or
calculated using information from published literature. Dose to each receptor was determined'
using both reasonable maximum exposures (RMEs) and central tendency (CT) exposure
parameters. RME is defined as exposure well above the average but still within the range of
possible values; CT exposure parameters result in average or best-estimate exposures. Doses
were also estimated from the Verdure Creek reference area for comparison to site conditions.
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Ecotoxicological data from the literature, the State ofUtah's Criteria for Aquatic Wildlife,
various sediment quality criteria, radiation benchmarks, and results of histopathological analyses,
tissue analyses, and population surveys were evaluated to assess ecological effects.
Ecotoxicological datawere reviewed to develop benchmarks based on both "no observed adverse
effects level" (NOAEL) and "lowest observed adverse effects level" (LOAEL).

Risk Characterization

Risks to the receptors were estimated by dividing the reasonable daily dose of a COC (both RME
and CT estimates) by the NOAEL-based and LOAEL-based ecological benchmark values
(toxicity reference values [TRVs]) for each COC, resulting in four different hazard quotients
(HQs). HQs for all COCs were summed for all pathways to produce a hazard index (HI). When
the HI exceeds 1.0, it is a numerical indicator of the beginning of a transition between acceptable
(HI < I) and unacceptable (HI> I) exposure levels (EPA 1989). Table ES-3 presents the risk­
driving exposure pathways and COCs for each receptor. Risk-driving exposure pathways life
those pathways that resulted in an HI greater than 1.0. Risk-driving COCs are those COCs with
HQs greater than 1.0. For aquatic organisms, HQs were less than 1.0, indicating that neither
surface water nor sediment are risk-driving exposure pathways.

Predicted risk was compared with observed-effects data (histopathological analyses, tissue
analyses, and population surveys [for benthicmacroinvertebrates]) to validate or contradict
findings from modeled estimates of risk. .

Receptor-Specific Results

The following sections use a weight-of-evidence approach to interpret the ecological risk posed
to each OU III ecological receptor.

DeerMouse

The deer mouse is not expected to be at risk from radiation exposure because the HIs were less
than I,D. HQ and HI calculations show that the deer mouse may be at risk from arsenic, copper,
and vanadium concentrations in invertebrates, soil, and grass. IiI values for OU III are 1.3 to 2.5
times higher than HI values for Verdure Creek, indicating risk to the deer mouse is of possible
concern.

Overalluncertainty associated with assessment of risks to the deer mouse is moderately high.
The ERA is probably biased toward overestimation of risks to the deer mouse. The TRVs for'
arsenic, copper and selenium are based on drinking water studies, and the TRV for vanadium is
based on a gavage study; these types of studies tend to increase the bioavailability of inorganics
relative to that expected from their presence in food or soil. The results of the studies were not
revised to account for the increased bioavailability. Therefore, the TRVs for these metals are
likely overly conservative. The sampling bias toward contaminated areas of OU III has a strong
effecton the risk calculations for the deer mouse because ofits small home range since
.contamination drops sharply with distance from the stream. Depending on the actual proportion
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Table E8-3. Risk-Driving Exposure Pathways and COCs

Receptor Risk-Driving Exposure Pathway Risk-Driving COCs·
(

Invertebrate Ingestion Arsenic, copper,and vanadium

Deermouse Soli ingestion Copperand vanadium

GrassIngestion=s
Grassingestion

Arsenic and copper

Arsenic, copper, and vanadium

Muskrat Soil ingestion Vanadium

Spoiled bat

Sediment ingestion

Invertebrate ingestion

Vanadium

Arsenic, copper, selenium, 'and
vanadium

.
(

VanadiumSoil ingestion

========Southwestem willow
flycatcher

Aquaticorganisms Not applicable'
'HQs were calculated for individual COCswithin an exposurepathway.
"The total HI (RMEINOAEL-based) for muledeer is greaterthan 1.0, but no one exposure pathwayhas an HI greater
than 1.0.The HI for Montezuma Creekis equal to the HI for the Verdure Creek reference area.

'Exposure pointconcentrations were compared to ambientwater-quality criteriaand to sedimentquality criteria to
arriveat HQs.Ali comparisons to these benchmarks produceHQs less than 1.0, Indicating that surfacewater and
sediment are not risk-driving mediafor aquaticorganisms.

'Cobalt was the only COCthat.had an HQ greaterthan 1.0; however, cobaltwas not detectedIn any surface-water
sample(analytical resultsof surface-water sampling are presented In Appendix C-1 of the RI). HQs greaterthan 1.0
for cobalt result from detection limits that are greaterthan the toxicity benchmark.

of the deer mouse population living in uncontaminated areas, population-level effects are likely
to be either substantially lower or somewhat lower than indicated by the HI.

Although risk to the deer mouse may be of possible concern, because of the very conservative
assumptions, the actual potential for adverse effects is expected to be low.

Mule Deer

For mule deer, all HQs and His are less than 1.0 with the exception of the HI for the
RMB/NOABL chemiCal exposure scenario. Because all but oneof the HIs were lessthari 1.0, the
mule deer is not expected to be at risk from radiation exposure or chemical COCs. Chemical

.MMTS ou III ERA
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analyses from tissue did not indicate that the mule deer was concentrating COCs in its muscle,
liver, and kidney tissues. Therefore, potential adverse effects to mule deer are considered to be of
no concern.

Muskrat

The muskrat is not expected to be at risk from radiation exposure because the HIs were less than
1.0. However, HQ and HI calculations show that the muskrat may be at risk from arsenic, copper,
and vanadium concentrations in grass, sediment, and soil. HI values for au III are 1.8 times
higher than HI values for Verdure Creek. Because HIs for chemical exposure are greater than 1.0,
risk to the muskrat is considered to be of possible' concern.

Overall uncertainty associated with assessment ofrisks to the muskrat is moderately high. The
ERA is probably biased toward overestimation of risks to the muskrat. The TRVs for arsenic,
copper, and vanadium are likely overly conservative (see TRV discussion under deer mouse in
this section). The assumption that grass is the primary food source of muskrats is incorrect.
Muskrats forage primarily on algae and tubers of aquatic plants (EPA 1993). Because COC
concentrations in sediment are lower than COC concentrations in soil, COC concentrations in
aquatic plants that grow in sediment are expected to be lower than COC concentrations in grasses
that grow in soil. Therefore, by assuming that grasses are the primary food source of muskrats,
the risk calculations are probably overestimating risk to the muskrat. In addition, because
muskrat spend most oftheir time in the aquatic enviroument, and aquatic HQs were less than 1.0,
the potential for adverse effects to the muskrat is expected to be low and of no concern.

Spotted Bat

The spotted bat is not expected to be at risk from radiation exposure because radiation exposure
to the deer mouse, muskrat, and mule deer yielded HIs less than LO. Spotted bat receive a lower
radiation dose than deer mouse, muskrat, and mule deer because the spotted bat ingest a smaller
percentage of soil and sediment in their diet and spend less time on the ground and in direct
contact with soil and sediment. HQ and HI calculations show that the spotted bat may be at risk
from arsenic, copper, selenium, and vanadium concentrations in invertebrates and soil. HI values
for au III are 1.5 to 1.6 times higher than HI values for Verdure Creek. The spotted bat is listed
as a State-sensitive species in Utah. Because HIs for chemical exposure are greater than 1.0, risk
to the spotted bat is considered to be ofpossible concern.

Overall uncertainty associated with assessment ofrisks to the spotted bat is high. The ERA is
probably biased toward overestimation of risks to the spotted bat. The TRVs for arsenic, copper,
selenium, and vanadium are likely overly conservative (see TRV discussion under deer mouse in
this section). Also, the assumption that spotted bats spend all their time in Upper and Middle
Montezuma Creek is probably overly conservative. Most bats do not have such small home
ranges. Although risk to the spotted bat may be ofpossible concern, because of the very
conservative assumptions, the actual potential for adverse effects is expected to be low and of no
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Southwestern Willow Flycatcher

Document Number 90002100

The southwestern willow flycatcher is not expected to be at risk from radiation exposure because
radiation exposure to the deer mouse, muskrat, and mule deer yielded HIs less than 1.0. The
southwestern willow flycatcher receive a lower radiation dose than the deer mouse, muskrat, and
mule deer because the southwestern willow flycatcher ingest a smaller percentage of soil and
sediment in their diet and spend less time on the ground and in direct contact with soil and
sediment. HQ and HI calculations suggest that the southwestern willow flycatcher may be at risk
from copper, selenium, and uranium concentrations in invertebrates, soil, and surface water. HI
values for OU III are 1.6 to 3.3 times higher than HI values for Verdure Creek. The southwestern
willow flycatcher is a federally listed endangered species.

Overall uncertainty associated with assessment of risks to the southwestern willow flycatcher is
high. The ERA probably is biased toward overestimation of risks to the southwestern willow
flycatcher; Because toxicity data were not available for flycatchers, a substantial uncertainty
factor was applied to literature data for quail to obtain the uranium TRV for the southwestern
willow flycatcher. The TRVs for copper and selenium are likely overly conservative (see TRV
discussion under deer mouse in this section). The TRV for uranium is based on a direct injection
study; this route of exposure ensures 100 percent absorption and so artificially elevates the
apparent bioavailability. Absorption, and therefore toxicity, of uranium in the diet or soil will be
much lower. Because the results of this study were not revised to account for the increased
bioavailability, the TRV for uranium is overly conservative. Histopathological and chemical
analyses of liver and kidney tissues from a surrogate species, the cliff swallow, did not indicate
that the surrogate was either being adversely affected by COCs or concentrating COCs in its (
tissues. It is inferred that the dose modeling and resulting HIs were overly conservative, and
therefore, risk to the southwestern willow flycatcher is considered to be of no concern.

Peregrine Falcon

The peregrine falcon is not expected to be at risk from radiation exposure because radiation
exposure to the deer mouse, muskrat, and mule deer yielded HIs less than 1.0. The peregrine
falcon receive a lower radiation dose than the deer mouse, muskrat, and mule deer because the
peregrine falcon ingest a smaller percentage of soil and sediment in their diet and spend less time
on the ground and in direct contact with soil and sediment. The peregrine falcon is not expected
to be at risk from chemical COCs because HIs were also less than 1.0. Risk to the peregrine
falcon is considered to be of no concern. Overall uncertainty associated with assessment of risks
to the peregrine falcon is moderate; the assessment shows that peregrine falcons are not at risk
even when very conservative factors are used. The ERA is probably biased toward
overestimation of risks to the peregrine falcon. In addition, the peregrine falcon has not been
identified in OU III.

Benthic Macroinvertebrates

Risk to benthic macroinvertebrates may be considered a possible concern because analysis of
benthic macroinvertebrate samples 'showed uptake of arsenic, molybdenum, uranium, and
vanadium. However, where aquatic benchmarks were available for these COCs, the HQs were
less than 1.0, which indicates that the uptake should not produce an adverse effect. Differences in

MMTSau III ERA
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(
benthic community structure observed during population surveys may be attributed to differences
in habitat between au III and Verdure Creek.

Overall uncertainty associated with assessment of risks to aquatic organisms is moderate. It is
uncertain whether the ERA is biased toward underestimation or overestimation of risks to aquatic
organisms.

Risk Characterization Summary

Evaluations presented in the preceding sections indicate that

• Because HIs were less than 1.0 for the mule deer and peregrine falcon, even with the
conservative assumptions (sampling design, TRVs, etc.) used to calculate risks, and because
chemical analysis of mule deer tissue samples indicated no significant uptake, it can be
inferred that these species are not at risk from au III COCs;

• Because histopathological and chemical analyses of a surrogate for the southwestern willow
flycatcher did not show evidence of exposure to heavy metals in concentrations greater than
background concentrations, it is likely actual risks to the southwestern willow flycatcher are
of no concern.

• Because of the overly conservative assumptions (sampling design, TRVs, etc.) used to
calculate risks to the deer mouse, muskrat and spotted bat, actual risks likely are of no
concern rather than of possible concern.

• Because attempts to estimate risks to aquatic organisms yielded mixed results, the aquatic
community is ofpossible concern. Where toxicity benchmarks are available, HQs indicate
that actual risks are of no concern.

• Overall, only the impacts to the aquatic community may be of possible concern. There is little
likelihood that the au III COCs are negatively affecting the other receptors. This is .
substantiated by analytical results of tissue samples 'of cliff swallows (surrogate for the .
southwestern willow flycatcher) and mule deer, which indicate that COC concentrations in
these tissues are not elevated. These findings need to be contrasted to short-term and long­
term effects to au III receptors and their ecosystems that would occur during remediation.
The potential effects ofremediation are discussed in the Monticello Mill Tailings Site,
Operable Unit IlL Alternatives Analysis a/Soil and Sediment (DOE 1998a).
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1.0 Introduction

Introduction

This ecological risk assessment (ERA) provides an evaluation of the potential risks to the
environment associated with exposure to contaminants of concern (COCs) within Operable Unit
(OU) III of the Monticello Mill Tailings Site (MMTS). The ERA evaluates the potential for risk
under current conditions and, in conjunction with a human-health risk assessment, forms the
baseline risk assessment portion of the remedial investigation (RI) for OU III.

The ERA was conducted by the U.S. Department of Energy (DOE) under the terms of a Federal
Facilities Agreement (FFA) among the DOE, U.S. Environmental Protection Agency (EPA), and
State of Utah (DOE 1988). The MMTS and nearby contaminated peripheral properties are
currently being remediated in accordance with the Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA). A Record of Decision (ROD) was signed in 1990
by the FFi\.partiestllatsp~<:ifj~~llgW the MMIS,md surrounding properties would be
remediated. A ROD will be prepared for OU III after completion of the remedial
investigation/feasibility study (RIfFS) and proposed plan.

Information used to prepare the ERA was obtained during summer and fall of 1995 and spring
and summer of 1996. The primary guidance documents used to evaluate the data and to prepare
the ERA were the Frameworkfor Ecological Risk Assessment (EPA 1992a) and Ecological Risk
Assessment Guidance for Superfund: Process for Designing and Conducting Ecological Risk
Assessments (EPA 1997). In addition, guidance was received from the OU III Ecological
Technical Assistance Group (ETAG), formed under the direction of EPA-Region 8. Members of
the ETAG included representatives from EPA-Region 8, the Utah Department of Environmental
Quality (UDEQ), DOE, the State ofUtah Division of-Wildlife Resources, and the U.S. Fish and
Wildlife Service. During preparation of the ERA, the ETAG provided guidance in the form of
comments on interim versions of the Monticello Mill Tailings Site, Operable Unit IlL Remedial
Investigation/Feasibility Study Work Plan (DOE I 995a); the Monticello Mill Tailings Site,
Operable Unit IlL Streamlined Ecological Risk Evaluation (DOE 1996b); and the Monticello
Mill Tailings Site, Sampling and Analysis Plan for Additional Characterization ofMiddle and
Lower Montezuma Creek (DOE 1996c).

In accordance with EPA (1997), ecological data were evaluated in the following eight steps,
which are shown in Figure I-I:

Step 1. Preliminary Problem Formulation and Ecological Effects Evaluation. Soil, sediment,
surface water, groundwater, and ecological data were used to generate preliminary lists of
chemicals of potential concern (COPCs), potentially complete exposure pathways, and receptors;
assessment and measurement endpoints were identified for developing a preliminary conceptual
site model. More information on step I is presented in DOE (l995a).

Step 2. Preliminary Exposure Estimate and Risk Calculation. COPC concentrations in
<ibigti<: media were used to calculate preliminary exposure point concentrations, chemical intakes-­
by receptors, and hazard quotients. More information on step 2 is presented in DOE (I 995a).

DOE/Grand Junction Office
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Source: EPA 1997
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STEP 8: RISK MANAGEMENT

Figure 1-1. The Eight-Step Ecological Risk Assessment Process
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Step 3. Problem Formulation: COPCs, complete exposure pathways, assessment endpoints,
and the preliminary conceptual site model were refined; working hypotheses were formulated.

Step 4. Study Design and Data Quality Objectives. Measurement endpoints were selected on
the basis of the conceptual site model, and a study was designed to obtain the information needed
to test the working hypotheses.

Step 5. Field Verification ofSampling Design. The site was visited to confirm the
appropriateness of the study design formulated in step 4. The study design was refined on the
basis of existing site conditions.

Step 6. Site Field Investigation and Data Analysis. This step involved implementation of the
refined study design formulated in step 5. The information collected was used to estimate
exposure and to characterize effects. .

Step 7. Risk Characterization. Site field investigation data were statistically analyzed and used
to perform the calculations needed to quantify ecological risk. A weight-of-evidence approach
was used to interpret the results of different studies and provide an assessment of risk to each of
the assessment endpoints. Uncertainties and limitations of the data were also discussed.

Step 8. Risk Management. DOE will propose risk management decisions on the basis of ERA
results and information generated from the OU III RIfFS. Ultimately, EPA, UDEQ, and DOE
will concur on the appropriate response action.

The ERA report follows the format outlined in EPA (1997) and provides a description of the
results of steps 3 through 7. Steps I and 2, which constitute a preliminary, streamlined
assessment ofpotential risk, are described in DOE (I 995a). Step 8 will be completed by risk
managers after the risk assessment and alternatives analysis processes are complete. The ERA
report is organized as follows:

• Section 2.0, "Problem Formulation," covers steps 3 through 5 of EPA (1997). This section
describes the study area for the ERA; introduces the ecological site conceptual model
(ESCM); identifies ecological COCs, potential exposure pathways, and assessment and
measurement endpoints; and describes the design and verification of the field sampling plan.

• Section 3.0, "Site Investigation," covers the first part of step 6 of EPA (1997); This section
describes the methods used to sample abiotic and biotic media and summarizes the results of
the sampling.

• Section 4.0, "Analysis of Ecological Exposure and Effects," covers the last part of step 6 of
EPA (1997). Section 4.1, "Exposure Assessment," assesses exposure of the terre.strial
receptors of concern by estimating dose from all major exposure routes. Section 4.2,
"Ecological Effects Assessment," evaluates e~olog}(;<lLeffrct~1JYconmaring modeled.doses .

------to'ecotoxicologicalbenchmark'values;Comparing measured sediment concentrations to
freshwater sediment criteria, and comparing measured surface-water concentrations to State
of Utah numeric criteria for aquatic wildlife. From these comparisons, hazard quotients are
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obtained. This section also describes the results of histopathological analysis, chemical
analysis of tissue samples, and population surveys of benthic macro invertebrates. (

• Section 5.0, "Risk Description," covers step 7 of EPA (1997). That section characterizes the
ecological risks associated with exposure to cacs within au III through use of a weight-of­
evidence approach, in which hazard quotients, background comparisons, and results of tissue
and histopathological analyses are considered. Uncertainties and limitations related to the
ERA also are discussed in that section.

(
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2.0 Problem Formulation

ProblemFormulation

During the first phase of risk assessment (steps 3 through 5 of the 8-step ERA process, see
Figure I-I), an approach for collecting the information needed to adequately evaluate potential
risks is identified. To varying degrees, portions of steps 3 through 5 were concurrent, and
therefore some iteration of these steps was necessary. This section of the ERA summarizes the
outcome of these steps; it identifies ecological COCs, potential exposure pathways, and
assessment and measurement endpoints; and describes the design and verification of the field
sampling plan.

2.1 Site Description

2.1.1 Physical Setting

located in southeastern Utah, in and near the city of Monticello (Figures 2.1.1-1
and 2.1.1-2), and consists of a former uranium and vanadium ore-processing mill and
surrounding peripheral properties. The millsite and downstream peripheral properties lie within a
generally east to southeast trending valley. Montezuma Creek, which originates in the Abajo
Mountains about 5 miles west of the MMTS, flows along the valley floor. au III of the MMTS
addresses contaminated surface water and groundwater at and downgradient of the former
millsite and contaminated soil and sediment deposited downstream (east) of the millsite along
Montezuma Creek. The soil and sediment area ofau III (see Figure 2.1.1-2) is the segment of
the Montezuma Creek floodplain extending from approximately 0.5 mile east of the eastern
boundary of the millsite to approximately 3,000 feet (ft) downstream of the confluence of
Montezuma Creek and Vega Creek.

The soil and sediment contamination in the 0.5-mile segment of the floodplain immediately
downstream ofthe millsite and in areas adjacent to the au III soil and sediment area is being
remediated and restored under the existing ROD for au I and au II. Remediation and
restoration ofau I is scheduled for completion, as defined by concurrence on the au I Remedial
Action Report, by October 2001; concurrence on the Remedial Action Report for au II is 0

scheduled for February 28, 2000. Tailings at the millsite have been the primary contaminant
source, and Montezuma Creek has been the primary mechanism for transport of contaminants
along Montezuma Creek. Because the soil and sediment at the millsite is being remediated under
another operable unit, and because no sensitive ecosystems are associated with surface water or
groundwater on the millsite, the au III ecological investigation focused on the ecosystem along
Montezuma Creek within the au III soil and sediment area.

The layout of the investigative area for the ERA is shown in Figure 2.1.1-2. The on-site area is
divided into three sections: Upper, Middle, and Lower Montezuma Creek. These divisions were
made to account for differing habitat among the three reaches of the creek; the habitat is further
discussed in Section 2.1.2, "Ecological Setting." Upper Montezuma Creek begins approximately
0.5 mile east of the millsite (western boundary ofperipheral property MP-0095I) and extends to

00' 'Easting'(E) 31800 of the MonticelloProjectsCoordiriate Sysfem(ieeFTgiire2.Lr::::2),nea;:~he~e·'··'··

the Montezuma valley narrows. Middle Montezuma Creek, which is characterized by steep
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canyon walls and wetlands, begins at E 31800 and extends downstream to E 34000 where the
valley floor broadensand the stream gradientdecreases. Lower MontezumaCreek, which is the
farthest from the millsite, begins at E 34000 and includesthe area within the floodplain to
approximately3,000 ft below the confluenceof MontezumaCreek and Vega Creek. The eastern
and southern boundary of Lower MontezumaCreek is the eastern and southern boundary of
OU III.

Off-site referenceareas were establishedthrough consultationwith the ETAG to assess
backgroundconditionsnear the MMTS. Backgroundconditionsfor soil, sediment, surface water,
and biota were assessedat the primary referencearea along Verdure Creek, approximately5
miles south ofthe MMTS. The Verdure Creek referencearea is compared to Montezuma Creek
in Section 2.1.2 (page 2-8). Another referencearea was establishedalong Vega Creek to collect
media (i.e., cliff swallows) that were missed during sampling at Verdure Creek. The Vega Creek
referencearea is located upstreamofthe confluenceof Vega and MontezumaCreeks, near Utah
State Highway 666:The referenceareas are shown in Figute 2:I: I:::3:

2.1.2 Ecological Setting

Physical and Chemical Characteristics ofMontezuma Creek

Montezuma Creek is a third-orderperennial stream with typical flow rates in the OU III soil and
sediment area of about I cubic foot per second. Portions of the creek are seasonally dry some
years. Peak flows ofas much as 30 cubic feet per second are not uncommon during spring runoff,
when overbankflow occurs. Detailed flow data are presented in Section 3.6.2 of the RI. The
width of the creek is generallybetween 1.5 to 3 ft, and water depths range between
approximately 0.2 to 0.75 ft. In ponded reaches, widths are up to 20 ft and water depths are
approximately I to 3 ft. Creek water is typically clear except during and after precipitation or
runoff.

MontezumaCreek is a hard-waterstream with high alkalinity, conductivity, and total dissolved
solids. The pH typically ranges between 7.5 and 8.5. Periphytonand instream vegetation is well
developed.

The creek bottom is composedprimarily of sand, gravel, and cobbles throughout the soil and
sediment area. One large, shallow irrigation pond is in the westernportion of Upper Montezuma
Creek, and a large, abandoned, sediment-filled beaverpond and several smaller abandoned
beaver ponds are currently in the eastern portion of Upper MontezumaCreek; minor beaver
activity in the area was noted during the spring of I 998;·however, no repair work ofexisting
dams or constructionofnew dams was seen. Sediments in the ponded sections of the creek
consist of up to 5 ft of organicmuck, fine sand, and silt that overlies sand and gravel alluvium.

Creek temperature ranges from 3°C during Novemberthrough February to 20°C in July.
Underlying the floodplain is an alluvial aquifer having groundwaterdepths at or near ground
surface adjacentto the creek.and generally 8 to 15 ft below groundsurface away from the creek,
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Description ofUpper, Middle, and Lower Montezuma Creek Sections and Verdure Creek

Upper Montezuma Creek

The Upper Montezuma Creek section consists of a broad alluvial valley that tapers downstream
to the narrow, steep-sided, Middle Montezuma Creek section. Stream meanders are frequent
within Upper Montezuma Creek. Much of the western portion of the Upper Montezuma Creek
section has been developed for agriculture and consists of hay and alfalfa fields and pasture for
cattle. Large, irrigated pastures border the northern bank of the creek. As a result of current and
past agricultural practices, the natural habitat along some reaches of the creek has been degraded.
The eastern portion of Upper Montezuma Creek, although containing evidence of old irrigated
pastures, is less developed than the western portion.

The riparian zone throughout Upper Montezuma Creek is narrow, generally 50 to 100 ft in width.
Thecreek-banksinUpper-MontezumaCreekaredominated-bYWetliiiidspeciessuchaswi!fow
(Salix spp.), wild currant (Ribes spp.), Woods' rose (Rosa woodsii), and various grasses, sedges
(Carex spp.), and forbs.

Areas higher in the floodplain in the western portion of Upper Montezuma Creek are dominated
by alfalfa and cultivated grass crops in agricultural areas and by a cheat grass (Bromus tectorum)­
rabbitbrush (Chrysothamnus nauseosus) complex in disturbed and heavily grazed areas. The
eastern portion of Upper Montezuma Creek consists of native and introduced grasses (western
wheatgrass [Agropyron smithii], crested wheatgrass [Agropyron cristatum], and others) and
shrubs (big sagebrush [Artemisia tridentata], yucca [Yucca baccata], skunkbush sumac [Rhus
aromatica], and wild currants).

Pinon (Pinus edulis) and juniper (Juniperus spp.) trees grow on upland slopes in the eastern
portion of Upper Montezuma Creek. Gambel's oak (Quercus gambelii), yucca, and antelope
bitterbrush (Purshia tridentata) grow on steeper slopes. In Upper, Middle, and Lower
Montezuma Creek, high canopy shade is often lacking, and grasses, sedges, and shrubs provide
minimal low-level shade (Smith et al. 1996).

Middle Montezuma.Creek

Middle Montezuma Creek is undeveloped and lacks the beaver ponds that characterize the
eastern portion of Upper Montezuma Creek. Montezuma Creek has incised into the sandstone'
units of the Burro Canyon Formation in this middle section. As a result, the creek is largely
restricted by vertical sandstone walls, and meanders generally occur only in the western portion
of this section.

As in Upper Montezuma Creek, riparian vegetation in Middle Montezuma Creek consists of
willow, wild currant, Woods' rose, and various grasses and sedges. Upland areas are dominated
by big sagebrush and various grasses.

The environment on the steep sandstone cliffs in this section is dry on south-facing slopes and
moister on north-facing slopes. South-facing slopes are dominated by pinon-juniper woodlands
and, in the steeper areas, by cacti (Opuntia spp., Echinocereus spp.), yucca, and antelope
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bitterbrush. North-facing slopes support more trees and may include occasional higher-elevation
species such as ponderosa pine (Pinus ponderosa) and aspen (Populus tremuloides). (

Lower Montezuma Creek

Where Montezuma Creek enters the Lower Montezuma Creek section, the valley broadens, and
deposits of alluvium and colluvium have formed along the sides. No beaver ponds occur in this
.lower section, but pools up to several feet deep have formed where large boulders are present in
the creek. Except for an abandoned homestead, the Lower Montezuma Creek section is
undeveloped. However, a four-wheel-drive access road was constructed through this area by the
landowner in 1994. Montezuma Creek abruptly turns south at its confluence with Vega Creek in
the middle portion of the Lower Montezuma Creek section.

Although Lower Montezuma Creek may have been cultivated at one time, the majority of the
floodplain is now dominated by noncultivated grasses and sedges: Very fewwillows grow in this
section. Upland areas are vegetated by juniper, rabbitbrush, and big sagebrush, but the steep
canyon walls are relatively unvegetated, Section 2.4 (pages 2-10 through 2-14) of the RI
presents a detailed characterization of vegetation within Upper, Middle, and Lower Montezuma
Creek.

Verdure Creek Reference Area

The Verdure Creek reference area has ecological and physical characteristics that are similar to
those in Montezuma Creek and is far enough from the MMTS to have been unaffected by (
contamination associated with the millsite. Similar characteristics include elevation, bedrock
geology, soil type, stream flow and gradient, noncontaminant surface-water chemistry, and the
presence of cliff swallows, willows, and old (inactive) beaver ponds. The shapes of the two creek
valleys differ, and the Verdure Creek reference area has less dense stands of willows and fewer
cliff swallows and beaver ponds.

Other differences between the Verdure Creek and Montezuma Creek areas are a result of a
greater amount of human interference in the Montezuma Creek area. Although agricultural land
use and cattle grazing occur in both areas, this type ofland use is heaviest in Montezuma Creek.
Montezuma Creek is likely to be impacted by the greater use of irrigation water on adjacent
lands, drainage from the municipal water treatment lagoons, proximity of Loyd's Lake and the
municipal golf course, and rerouting of the creek. These factors have probably affected the
quality of Montezuma Creek over time.

Vega Creek Reference Area

An area in the Vega Creek canyon near Utah State Highway 666 was used as a reference site for
cliff swallow sampling. Ecological and physical characteristics of this reference area are similar
to those in Lower Montezuma Creek with the exception of valley size, which is smaller and
narrower in the Vega Creek canyon. Stream flow in Vega Creek is intermittent and generally
smaller than the flows observed in Montezuma Creek. Casual observation indicates that Vega
Creek flows are generally less than one-tenth of the Montezuma Creek flows at the confluence of

MMTS ou III ERA
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the two creeks. Wetland and riparian areas occur as narrow bands along the creek. Upland
vegetation in the Vega Creek canyon includes mostly rabbitbrush and big sagebrush.

Benthic Macroinvertebrate Habitat

Oak Ridge National Laboratory (ORNL) investigated the benthic macroinvertebrate habitat
within Montezuma Creek and Verdure Creek (Smith et al. 1996 and 1997). The investigation
used a qualitative index of20 metrics, including gradient, substrate, cover, and riparian zone
quality. The habitat scores for Montezuma and Verdure Creeks were both high and similar
(Table 2.1.2~1). Most sites were heterogenous and contained abundant instream cover. Below the
millsite at two of the sampling areas, substrate embeddedness and narrow riparian zones
decreased overall habitat quality (Smith et aI. 1996). Results of the benthic population surveys
are presented in Section 4.0 of this report.

Section 2.0 ofthe RI contains additional information on the physical characteristics of the site.

2.2 Ecological Contaminants of Concern

COPCs were screened according to the methods presented in the Draft Final Monticello Mill
Tailings Site. Operable Unit III, RIfFS Work Plan (DOE 1995a) to identify COCs, which are
site-related contaminants whose concentrations exceed background levels and whose presence
may represent a significant threat to the enviromnent. The first phase of the screening process
(Phase I) was completed as part of work plan development. It drew on abundant historical data

( (routine enviromnental monitoring began at the millsite in 1979 and is summarized in Appendix
B of the RI) and RI data collected from 1992 through 1994 (summarized in Section 3.0 of this
ERA and discussed in detail in Sections 3.0 and 4.0 of the RI).The following list of Phase I
COPCs was reviewed by the ETAG, and with the addition ofuranimn, concurrence was given in
March 1996 on the COPCs retained for further evaluation (phase II screening).

Aluminum Arsenic Cobalt
Tin Uranium Vanadium

Copper
Zinc

Molybdenum
Gross Alpha

Selenium
Gross Beta

Sulfate
Gross Ganuna

'Gross alpha, beta, and garmna measurements are surrogate measurements in biotic media for the
radionuclides ofpotential concern at au III. These surrogates were chosen because of the limited
sample size available for some of the biotic media and because of the lack of specific
toxicological benchmark values for radionuclides. The radionuclide COCs at au Illare Pb-210,
Ra-226, Th-230, U-234, U-235, and U-238.

Tin was eliminated as a COPC in April 1996 at the direction of the ETAG because the only types
of tin that are a potential threat to the environment are organotins, which are synthesized
products. The processes necessary to produce organotins have not occurred at the millsite.

Lead was not on the COPC list when the ETAG gave concurrence in March 1996. However,
because.ofthe possibility that-lead was screened out in stepZ (Section! .Oronthebasisof
ecotoxicity values that were not conservative enough, lead was reconsidered as a COPC.
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Table 2.1.2-1. Habitat Analysis of Mon!ezuma Creek and Verdure Creek Sites Based on Qualitative Habitat Evaluation Index (HQEI)"

SitelHabitat Variable Description (numerical score 'for QHEI)b

Parameter MZ-2 MZ-3 MZ-S MZ-9 VD-I

Primary Substrate Type Cobble-Muck (10) Boulder-Cobble(17) Cobble-Hardpan (12) Boulder-Cobble (17) Boulder-Cobbte (17)

Number ofSubseares 5 (2) 5 (2) 5 (2) 5 (2) 5 (2)

Substrate QUality Sandstone (0) Sandstone (0) Sandstone-Hardpan (0) Sandstone (0) Sandstone (0)

Substrate Embeddedness Moderate (-2) Moderate (-2) Moderate-Extensive (-3) Moderate-Low (-<l.5) Nonnal (0)

Jnsneem Cover Types 7 (7) 8 (8) 6 (6) 6 (6) 6 (6)

Instream COver Amount Extensive(II) Extensive (11) Extensive (11) Extensive (11) Extensive (11)

Channel Sin'uosity Moderate (3) Low(2) Moderate (3) Moderate (3) Moderate (3)

Channel Development Good (5) Good (5) Good-Farr (4) Excellent (7) Good(S)

Channelization None(6) None (6) None(6) Nonef(6) None(6)

Channel Stability Moderate (2) IEgh (3) Moderate (2) IEgh (3) IEgh (3)

Riparian Wi~th Narrow (2) Narrow (2) Narrow-Wide (3) Widei(4) Wide(4)

Riparian cover FencedPasture (2) Fenced Pasture (2) Shrub-Old Field(4) Pasture-Shrub (2) Forest-Shrub (5)

BankErosion Moderate (4) Little-Moderate (5) Little-Moderate (5) None:(6) Little-Moderate (5)

PoolDepth ~m) 0.4-0.7(2) 0.7 - 1.0 (4) 0.4 - 0.7 (2) 0.7-~.0(4) 0.4 - 0.7 (2)

Pool-Riffle 1Nidth Pool> Riffle(2) Pool> Riffle (2) Pool ~ Riffle(1.5) Pool>,Riffle (2) Pool ~ Riffle (1.5)

Current velocity 4 types (4) 4 typos (4) 4 typos (4) 5 types (3) 4 typos (4)

RiffleDepth; (em) 10 - 50 (3) 5-50(2) 10-50(3) 10 - ~ 50 (4) 5-10(1)

RiffleStability Stable(2) Stable(2) Unstable (0) Stable (2) Stable(2)

RiffleEmbeddcdness Moderate (0) Low-Moderate (-0.5) Extensive (-I) Mod~te (0) Moderate (0)

Gradient Low-Moderate (6) Moderate (8) Moderate (8) IEgh (10) Low-Moderate (6)

Total i 71.0 82.5 72.5 91.5 " 83.5

'QHEI basedon methodology from OhioEPA(1989).
"values inp~ntheses represent the individual metric scores.
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(

Phase II screening of the COPCs was performed after sample collection, laboratory analysis, and
validation of all analytical data that supported the RI. Phase II screening involved refining the
comparisons of on-site sample concentrations to background concentrations, a process that
required collection of additional reference-area data. On-site data were compared to reference­
area data by a simplified two-sample "t test" for unequal sample sizes with a weighted variance,
as described by Hogg et aI. (1987). Appendix A summarizes the COC selection process.

On the basis ofresults of the statistical comparisons to background data, aluminum was
eliminated as a COPC for surface water, sediment, and soil; cobalt, lead, and selenium were
eliminated as COPCs for surface water and sediment. The list of final COCs for the ERA is
presented in Table 2.2-I.

Table 2.2-1. Final COC List for the ERA

.........•.....•••.•..... ., ···surfaceWater· ....................... Sediment· ·····························:;011··

cOPC An' UC' MC' LC' UC MC LC
Arsenic X X X X X
Cobalt X X X
CODDer X X X X X X
Molvbdenum X X X X X
Nitrate X X
Lead X X
Pb-210 X X X X X X
Ra-226 X X X X X X X
Selenium X X X
Th-230 X X X X X X
Uranium (elemental) X X X X X X X
U-234 X X X X X X X
U-235 X X X X X X X
U-238 X X X X X X X
Vanadium X X X X X X X
7inn l( l( X X

'All =All sections of Montezuma Creek; UC = Upper Montezuma Creek; MC - Middle Montezuma
Creek; LC =Lower Montezuma Creek.

2.3 Contaminant Fate and Transport, Ecosystems Potentially at Risk, and
Complete Exposure Pathways

2.3.1 Contaminant Fate, Transport, and Extent

The primary sources of contamination in au III are the four mill tailings piles located in or near
the Montezuma Creek channel on the millsite. Contaminants in the tailings piles are transported
by surface-water runoff, wind erosion, and leaching to become secondary sources. Abiotic
secondary sources include contaminated sediments, soils, surface water, groundwater, and air.
Secondary sources also include biota that have been exposed to contaminated abiotic media.

Secondary sources also transport contaminants. Contaminants in sediments and soils can be
transferred to surface water (bydesorptiofiand dissolUtion),grounawater (byleaching), andair'
(by radon emissions and wind erosion from dry soils or sediments). Contaminated soils and
sediments are also a source of direct radiation exposure (from gamma-emitting radionuclides).
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Contaminants in groundwater can be transported by groundwater flow to sediments, surface
water, or soils. Surface-water contamination is transported to groundwater (by infiltration),
sediment (by sorption), and soils (by sorption during high flows or use as irrigation water).

Information on the nature and extent of contamination is based on direct measurements of the
concentrations of millsite-related metals and radionuclides in groundwater, surface water, soil,
and sediment. Results of analytical measurements describing the nature and extent of
contamination within au III are summarized in the following paragraphs and are discussed in
detail in Section 4.0 of the RI.

Groundwater Contamination

Arsenic, manganese, molybdenum, selenium, uranium, vanadium, and Pb-210 have migrated in
the alluvial aquifer and have contaminated groundwater at downgradient locations within Upper
Montezuma Creek(east of the millsite). In UpperMontezuma Creek; contaminantconcentrations
generally decrease with increasing distance from the millsite. Uranium has migrated farthest, to
approximately 5,000 ft east of the millsite. Significant groundwater contamination is not
suspected in Middle and Lower Montezuma Creek because of the limited vertical and lateral
extent of the alluvial groundwater and because of Burro Canyon aquifer discharge to the limited
alluvial system.

Surface Water Contamination

/

(

Elevated concentrations (with respect to background) ofarsenic, copper, selenium, nitrate, and (
sulfate in Montezuma Creek are generally limited to the millsite or just downstream of the east
millsite boundary. Molybdenum, radon-222, and vanadium are detected at elevated
concentrations over a larger extent downstream, but generally reach background concentrations
in Lower Montezuma Creek. Uranium and manganese were detected throughout and downstream
of au III. However, elevated manganese concentrations in Lower Montezuma Creek may be
attributed to discharge of Burro Canyon groundwater that is naturally high in manganese.

Soil and Sediment Contamination

Montezuma Creek, which flows through tailings piles on the millsite, has been the primary
transport mechanism for soils and sediments. Because contaminants have been transported to
au III by surface water, contaminant concentrations in soils and sediments vary widely
depending on the past and current depositional properties of Montezuma Creek.

Ra-226 was used as an indicator analyte to map the extent of contamination in all sections ofthe
au III soil and sediment area. Generally, Ra-226 contamination occurs in a relatively narrow
band of soil and sediment on both sides of Montezuma Creek, and the lateral extent of
contamination is controlled by the floodplain topography.

Concentrations cfarsenic, cobalt, copper, lead, Pb,210, Th-230, uranium.(elemental), U-234,.
U-235, U-238, and vanadium generally have a high positive correlation with concentrations of
Ra-226. This results in distributions of these cacs in soil and sediment that are similar to the
distribution of Ra-226. In sediments, uranium distribution has a weaker correlation with Ra-226

MMTSouIII ERA
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distribution, which can be attributed to leaching ofuranium from saturated sediments.
Distributions of molybdenum, selenium, and zinc generally have poor correlations with Ra-226
distribution. Nitrate and sulfate generally have little or no correlation with Ra-226, and therefore,
have distributions that are independent of the distribution of Ra-226. Nitrate and sulfate
concentrations throughout the au III soil and sediment area cannot be solely attributed to
millsite contamination; cattle grazing in the area produce nitrogenous wastes that could
contribute an additional source of nitrate, and potential sulfate sources include exposed bedrock.

Soil and sediment sample analyses, field measurements, and observations made during
remediation of Upper and Lower Monteiuma Creek during summer 1998 indicate that Ra-226
contamination is generally less than 24 inches deep in Upper, Middle, and Lower Montezuma
Creek. Ra-226 contamination at depths greater than 24 inches occurs mainly in areas where
sediments are thick, such as in the irrigation and beaver ponds, on the inside of meanders of the
creek, and in overbank deposits formed during flood events.

Soil and sediment sampling confirmed that Ra-226 contamination and elevated concentrations of
other contaminants do not extend downstream beyond Lower Montezuma Creek.

2.3.2 Ecosystems Potentially at Risk

Ecosystems potentially at risk from au III COCs include primarily aquatic and riparian
communities. Upland areas and canyon slopes generally are not at risk, although some species
potentially at risk may spend time in these upland areas. The evaluation of potential ecological
receptors is discussed further in Section 2.4.

2.3.3 Complete Exposure Pathways

Analysis of exposure pathways includes consideration of source, environmental transport,
partitioning of the chemical among environmental media, and identification ofpotential routes of
exposure (EPA 1992a). As stated previously, contaminants in the tailings piles (which are the
primary source ofcontamination for all au III pathways) are transported by surface-water runoff,
wind erosion, leaching, and radioactive decay to become secondary sources. Secondary sources
include contaminated sediments, soils, surface water, groundwater, air, and biota.

Potential pathways can be described by the exposure media and by a primary and secondary
exposure route. The following paragraphs describe the exposure pathways considered in this
ERA.

Direct Contact with Groundwater

Direct contact with groundwater is a potentially complete pathway for vegetation with roots that
extend down into the saturated zone. For other terrestrial receptors, direct contact with
groundwater is a potentially complete but negligible pathway because the only opportunity for
direct contact with groundwater is at locations where it is discharged to the surface through seeps ..
and springs. Hydrogeologic reconnaissance has shown that flows from seeps and springs are
insufficient to form continuous water sources for au III receptors. Also, any exposure that
receptors receive from intermittent seeps and springs is likely to be negligible compared to the
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exposure they receive from daily contact with contaminated soil or other surface media.
Therefore, this pathway is not considered further in the ERA.

InhalationlDirect Contact with Air

Inhalation/direct contact with air is a potentially complete but negligible pathway because levels
of airborne contamination at the millsite boundary are extremely low, and minimal airborne
contamination is expected to be transported into the OU III soil and sediment area (see
Section 3.1.5 for a summary of air sampling arid results). This limited airborne contamination
from the millsite is expected to decrease after tailings on the millsite are removed. Fugitive dust
from sources in OU III also is expected to be minimal. Analytical results from air monitoring
stations west of Upper Montezuma Creek indicate that airborne contamination in this section is
minimal. Dense vegetation and moist soils are expected to limit fugitive dust and would therefore
limit airborne contamination in Middle Montezuma Creek. Soil contaminant concentrations in
Lower Montezuma Creek'are substantially 'lower than concentrations on themtllsitertherefore,
airborne contaminant levels are expected to be lower than those on the millsite. Because airborne
contaminant levels on the millsite are low, levels in Lower Montezuma Creek are expected to be
negligible. Ingestion pathways are expected to produce exposures that are orders of magnitude
higher than exposures from inhalation or direct contact with air. Therefore, this pathway is not
considered further in the ERA.

Direct Contact with Soil

With respect to chemical (nonradioactive) COCs, direct contact with soil is a potentially
negligible complete exposure pathway for all receptors. Because the OU III chemical COCs are
not well absorbed through the skin (Canmer et al. 1979), exposure by direct contact is expected
to be minimal compared to exposure through ingestion of soil. Therefore, the ERA does not
address this pathway for chemical COCs; however, direct radiation exposure was calculated.

Ingestion ofSediment

Ingestion of sediment is a potentially significant complete exposure pathway for the muskrat,
because mammals that forage in the aquatic environment consume sediment during feeding and
grooming. For terrestrial receptors, ingestion of sediment is a potentially negligible complete
exposure pathway because quantities of contaminated sediment ingested while drinking or
bathing are expected to be extremely small compared to quantities of contaminated soil ingested

MMTS OU III ERA
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Direct Contact with Sediment

Problem Formulation

( With respect to chemical COCs, direct contact with sediment is a potentially negligible complete
exposure pathway for all receptors. Because chemical COCs are not well absorbed through the
skin (Camner et al. 1979), exposure by direct contact is expected to be minimal compared to
exposure through ingestion of sediment. Therefore, the ERA does not address this pathway for
chemical COCs; however, direct radiation exposure was calculated.

Ingestion ofSurface Water

Ingestion of surface water is a potentially significant complete exposure pathway for ail
vertebrates. The surface-water pathway includes exposure to groundwater that has discharged to
surface water.

Direct Contact withSurfaceWater:

With respect to chemical COCs, direct contact with surface water is a potentially negligible
complete exposure pathway for all terrestrial receptors. Receptors could be exposed during
bathing, drinking, or locomotion. Because chemical COCs are not well absorbed through the skin
(Camner et al. 1979), exposure by direct contact is expected to be minimal compared to exposure
through ingestion of surface water. Therefore, the ERA does not address this pathway for
terrestrial receptors. Direct contact, however, is evaluated for aquatic life.

( Ingestion ofCliffSwallows

Ingestion of cliff swallows is a potentially significant complete exposure pathway for animals
that feed on birds, because cliff swallows in Montezuma Creek feed on insects that may contain
elevated levels of COCs.

Ingestion ofInsects

Ingestion of insects isa potentially significant complete pathway for insectivorous birds and
mammals because they feed on potentially contaminated insects within the OU III soil and
sediment area.

Ingestion ofForbs

Ingestion offorbs is a potentially significant complete pathway for herbivorous birds and
mammals.

Ingestion ofShrubs

Ingestion of shrubs is a potentially significant complete pathway for herbivorous birds and
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Ingestion of grasses is a potentially significant complete pathway for herbivorous birds and
mammals.

2.4 Assessment Endpoints

The overall objective of receptor selection was to choose sensitive receptors to represent trophic
positions within the food web. To accomplish this, the ETAG considered the overall food web of
the OU III terrestrial and aquatic ecosystems, the exposure pathways, and the types of
contaminants present at the site to determine which receptors in the food web should be
evaluated in the ERA. Within a trophic position, species were then selected that had the. highest
potential of being sensitive to the contaminants. By selecting the most highly exposed species
and sensitive species, it was presumed that other species in that trophic position would be

Potential ecological receptors were selected from general species lists compiled from field guides
and various agencies' records in addition to threatened and endangered (T&E) species lists
provided by the U.S. Fish and Wildlife Service. Each receptor that was selected conformed to
some extent to the following criteria: (I) the species' natural history suggests it has a high
probability of exposure; (2) the species is a keystone species within the ecological community;
(3) the species is toxicologically sensitive to COC exposure; and (4) there is suitable habitat and
the known range of the species indicates there is a potential for the species to inhabit the site. The
availability of toxicological literature for extrapolation to the species or surrogate was also (
considered during receptor selection.

A preliminary list of receptors was developed during the first ETAG meeting on October 5,1994
(DOE 1994). The preliminary list included the southwestern willow flycatcher, spotted bat,
peregrine falcon, golden eagle (Aquila chrysaetos), mule deer, beaver or muskrat, fish in
Montezuma Creek, and endangered fish in the San Juan River, including the razorback sucker
(Xyrauchen texanus), Colorado squawfish (Ptychocheilus lucius), bonytail chub (Gila elegans),
and humpback chub (Gila cypha).

This list was modified through further discussions with the ETAG in June 1995 (DOE 1995d).
The golden eagle was eliminated from the receptor list and replaced with the deer mouse because
the deer mouse has a smaller home range and is more likely to be exposed to OU III
contaminants and experience population-level effects than the golden eagle. "Beaver or muskrat"
was reduced to muskrat because, according to field observations and discussions with local
landowners, beaver residence in Montezuma Creek is sporadic, whereas muskrat residence is
stable. Fish in Montezuma Creek were eliminated from the receptor list because fish do not
inhabit Montezuma Creek within the OU III soil and sediment area although fish do inhabit
Loyd's Lake and Verdure Creek (see RI, Volume I, Section 2.6, Page 2-22). Endangered fish in
the San Juan River were removed from the list and replaced by aquatic organisms in Montezuma
Creek because this more general group is more likely to experience effects from contaminated
media. Table 2.4-1 lists the protection status of each ecological receptor under the Endangered
Species Act and the State of Utah Natural Resources Policy.

MMTS ou III ERA
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The ERA process identifies assessment and measurement endpoints as the basis for
characterizing risks to the environment. EPA (1992a) defined assessment endpoints as "explicit
expressions of the environmental values that are to be protected." The assessment endpoints
selected to represent the ecological receptors for au III are presented in the following
paragraphs.

Table 2.4-1. Threatened or Endangered Status· ofaufff Ecological Receptors

Common Name Scientific Name Federal Status State Status

Deer mouse Peromyscus manicu/alus Not protected Not endangered or sensitive

Mule deer Odocoifeus hemionus Not protected Not endangered or sensitive

Muskrat Ondalra zibethica Not protected Not endangered or sensitive

Southwestern willow flycatcher Empidonax lrai/Iii extimus Endangered State endangered

Spotted hilt EiidiJiiiiilmi'ciiliifii Nofprot"ct"a Siate sensitive

Peregrine falcon Falcoperegtinus Endangered State endangered

Aquatic organisms (Not applicable) Not protected Not endangered or sensitive

•Pursuant to the Endangered Species Act and the State of Utah, DIVision of Wildlife Resources Policy Numher
W2AQ-4: State Sensitive Species.

Protection of deer mouse populations was chosen as an assessment endpoint to represent small
omnivorous, herbivorous, and insectivorous mammals because deer mice have small home
ranges and are therefore likely to be affected by local variations in media concentrations. Also,

( the deer mouse is likely to be a major food source for many other species in the au III soil and
sediment area.

Protection ofmule deer was chosen as an assessment endpoint to represent herbivorous
mammals because, as browsers, mule deer represent a different portion of the food chain than the
other receptors. Also, the health ofthe mule deer population in the au III soil and sediment area,
is ofparticular importance to residents of Monticello. Mule deer are not protected under the
Endangered Species Act; however, as game animals they warrant protection under State game
laws.

Protection of muskrat populations was chosen as an assessment endpoint to represent aquatic
mammals because muskrats live in the water, consume aquatic prey, and burrow into stream
banks, and are therefore likely to be more highly exposed to contaminated aquatic media than'
other species.

Protection of southwestern willow flycatcher populations was chosen as an assessment endpoint
to represent insectivorous and herbivorous birds because, as an endangered 'species, the
southwestern willow flycatcher could be especially sensitive to contaminated media. The
southwestern willow flycatcher consumes insects that could be contaminated through soil,
sediment, or surface water within au III. It therefore represents both aquatic and terrestrial avian

Protection of spotted bat populations was chosen as an assessment endpoint to represent
insectivorous mammals because, at the time of endpoint selection, it was a Candidate 2 species
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under the Endangered Species Act and could be especially sensitive to contaminated media.
Also, although it consumes insects similar to those consumed by the southwestern willow (
flycatcher, as a mammal rather than a bird, it might show significantly different effects. In late
1996, the Candidate 2 category was abolished; however, the spotted bat is still protected as a
State-sensitive species in Utah.

Protection of peregrine falcon populations was chosen as an assessment endpoint to represent
animals that feed on birds because, as an endangered species, the peregrine falcon could be
especially sensitive to contaminated media. Also, as a top predator, the peregrine falcon could be
especially vulnerable to contaminants that biomagnify in the food chain. .

Protection of aquatic organisms was chosen as an assessment endpoint because, like the muskrat,
they were thought to have increased exposure to contaminated media and because they are
particularly sensitive to contaminants. .

2.5 Ecological Site Conceptual Model

The ecological site conceptual model (ESCM) (Figure 2.5-1) illustrates the potential exposure
pathways from contaminant source media through potential exposure routes to the receptors of
concern that were selected. Applicable exposure pathways to receptors are marked with an "x;"
exposure pathways to a receptor that are not applicable are left blank. Different types of shading
represent the significance and completeness of exposure pathways between the receptors and
exposure media (see legend in Figure 2.5-1).

Each exposure pathway is addressed only from the perspective of the individual au III receptors
of concern that could be exposed through that pathway. Exposure to abiotic media by
intermediate receptors (i.e., biota that serve as food sources for receptors of concern), is not
explicitly addressed; rather, it is assumed that contaminant concentrations in secondary media
reflect exposure to contaminated abiotic media.

2.6 Measurement Endpoints

The ESCM is completed in step 4 (refer to the eight-step process shown in Figure 1-1, page 1-2)
.with the selection of measurement endpoints. Endpoints were selected because protection of
ecological receptors could not be measured directly. A measurement endpoint is defined as "a
measurable characteristic that is related to the valued characteristic chosen as the assessment
endpoint" (EPA I992a). In general, measurement endpoints for au III were measurements of the
contaminant concentrations in the ecological receptors' exposure media that were later used in
dose models. Results of dose models were then compared to toxicity benchmark values.

In addition to dose modeling, other measurement endpoints were used in the au III ERA. To
support the "protection of southwestern willow flycatcher" assessment endpoint,
histopathological analyses and chemical analysis of tissue samples were conducted on a surrogate
species, the cliff swallow; The cliff swallow was selected as the surrogate because; like the-­
southwestern willow flycatcher, it is an insectivorous migratory bird. Histopathological analyses
measured the degree of microscopic and cellular abnormalities in liver and kidney tissues. To

(
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support the "protection of aquatic organisms" assessment endpoint, benthic macro invertebrate
population surveys were conducted. These surveys provided a measure of the overall health of (
the benthic macroinvertebrate community. Also, because of a concern for human consumption of
deer and cattle, EPA and UDEQ conducted a screening-level study of deer and cattle
(Henningsen 1997). Chemical analyses of muscle, liver, kidney, and bone samples were
performed and observations of the animals' physical well-being were noted. The results of the
study were used to support dose modeling.

The assessment and measurement endpoints used in the au III ERA are listed in Table 2.6-1.

Table 2.6--1. Assessment and Measurement Endpoints

Assessment Endpoint Measurement Endpoints

Protection of deer mouse populations from 'Measure concentrations of GOGs in non-flylnq terrestrial
.cleleteriouseffe.ots...assoolatecl...With.. eleYatecl.. ..imle.rle.brate.s•. grasses •..fOIbs•..shIubs•.soils •.ancl..surface
concentrations of metals and radionuclides. water.

'Model GOG dose received by deer mouse from ingestion
of nonflying terrestrial invertebrates, grasses. forbs,
shrubs. soils. and surface water and compare dose to
benchmark dose.

Protection of mule deer populations from 'Measure concentrations of GOGs in grasses, forbs,
deleterious effects associated with elevated shrubs. soils, and surface water.
concentrations of metals and radionuclides. 'Model GOG dose received by mule deer from ingestion of

grasses. shrubs, soils, and surface water and compare
dose to benchmark dose.

'Use GOG concentrations measured by EPA and UDEQ in
muscle, liver. kidney, and bone (Henningsen 1997).

Protection of muskrat populations from deleterious 'Measure concentrations of GOGs in grasses, sediments,
effects associated with elevated concentrations of and surface water.
metals and radionuclides. 'Model GOG dose received by muskrat from ingestion of

grasses, sediments, and surface water and compare
dose to benchmark dose.

Protection of southwestern willow flycatcher 'Measure concentrations of GOGs in flying terrestrial
populations from deleterious effects associated invertebrates, shrubs, soils, and surface water.
with elevated concentrations of metals and 'Model GOG dose received by southwestern willow
radionuclides. flycatcher from ingestion of flying terrestrial

invertebrates, shrubs, soils, and surface water and
compare dose to benchmark dose.

'Measure GOG concentrations in surrogate species (cliff .
swallow nestling).

-conduct histopathological analyses on surrogate species'
(cliff swallow nestling) liver and kidney.

Protection of spotted bat populations from 'Measure concentrations of GOGs in flying terrestrial
deleterious effects associated with elevated invertebrates, soils, and surface water.
concentrations of metals and radionuclides. 'Model GOG dose received by spotted bat from ingestion of

flying terrestrial invertebrates. soils, and surface water
and compare dose to benchmark dose.

Protection of peregrine falcon populations from 'Measure concentrations of GOGs in cliff swallows, soils,
deleterious effects associated with elevated and surface water.
concentrations of metals and radionuclides. 'Model GOG dose received by peregrine falcon from

ingestion of cliff swallows, soils. and surface water and
compare dose to benchmark dose.

Protection of aquatic organism populations in 'Measure concentrations of GOGs in sediment, surface
Montezuma Greek from deleterious effects water. and benthic macroinvertebrates.
associated with elevated concentrations of metais -Conduct benthic macroinvertebrate population surveys.
and radionuclides.

(
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2.7 Study Design and the Data Quality Objectives Process

Problem Formulation

(

Study design and the data quality objectives process, which constitute the remainder of step 4 of
the 8-step ERA process (see Figure I-I), were addressed in the Monticello Mill Tailings Site,
Operable Unit III, Remedial Investigation/Feasibility Study Work Plan, Field Sampling Plan,
and Quality Assurance Project Plan, (DOE 1995a, 1995b, and 1995c), and the Monticello Mill
Tailings Site, Operable Unit Ill, Sampling and Analysis Plan for Additional Characterization of
Middle and Lower Montezuma Creek (DOE 1996c).

2.8 Verification ofField Sampling Design

Verification of the field sampling design, step 5 of the 8-step ERA process, was conducted
during ETAG meetings and site visits in June 1995 and June. 1996. During these site visits, it was
vl:l~if!l:lgJh~!Jhl:l§ampll:l§§Pl:lcifiedin theplanning.documents listed .in Section 2.7 could be·····
collected. The appropriateness of the selection of the Verdure Creek reference area also was
confirmed during this time. Sample collection and analysis are described in the following section.
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3.0 Site Investigation

Site Investigation

(

This section summarizes the field work that was performed to support the au III ERA and
constitutes the first part of step 6 of the ERA process (EPA 1997), "Site Investigation and
Analysis Phase." The analysis phase of step 6 is presented in Section 4.0, "Analysis of Ecological
Exposure and Effects."

Environmental characterization that supported the ERA included on-site ecological surveys and
abiotic and biotic media sampling within au III and the two reference areas. Samples were
collected from the media associated withthe primary exposure pathways, which included '
ingestion of sediment, soil, surface water, forage, and prey. Receptors of concern selected were
the deer mouse, mule deer, muskrat, southwestern willow flycatcher, spotted bat, peregrine
falcon, and aquatic organisms. Exposure pathways, receptors, and measurement endpoints are

previousl'Z~~scu~~~~in",~,t:~!i()l1s,.?:,,3..tl1r()lIgll~&(P!lgl?§~=L!"JI1r()1Jglt~=2Q),

Environmental media were sampled in two phases. During each phase, abiotic and biotic samples
were collected along ecological transects established across Montezuma Creek and Verdure
Creek. The Vega Creek reference area was sampled only during Phase 1. On-site ecological
transects were established in areas where the habitat would support the receptors ofpotential
concern and contaminant concentrations were suspected to be highest. These areas were selected
on the basis of soil and sediment characterization performed in 1994 (see Section 3.2.1 of the RI)
and field inspections. Reference-area transects were established in areas that best duplicated the
habitat and physical settings of the Montezuma Creek transects. Because vegetation types tend to
change with distance from the creek, each transect was oriented perpendicular to the creek. The
transects spanned the entire width of narrow sections ofthe creek valleys and were of sufficient
length to incorporate all major noncropland vegetation types in broad sections ofthe valleys.

Phase I of the sampling was conducted during the summer and fall of 1995" The purposes of this
phase were to characterize on-site ecological conditions at each Montezuma Creek transect and
to assess background COPC levels for the sampled media. Abiotic and biotic media were
sampled along nine transects (transects 1-9) established across Montezuma Creek, three transects
(transects 10-12) across Verdure Creek, and one transect (transect 13) across Vega Creek. Soil
ana sediment information obtained before the beginning of the RI and during 1994 was
qualitatively used to guide initial selection ofecological transects across Montezuma Creek. On­
site and reference-area transect locations were refined before the first sampling event on the basis
offield inspections and discussions with the au III ETAG. Locations of the Montezuma Creek
transects are shown in Figure 3-1, and those for Verdure and Vega Creeks are shown in
Figure 3-2. Phase I sampling was conducted in accordance with the sampling procedures and
quality assurance/quality control (QAlQc) requirements specified in the Monticello Mill Tailings
Site, Operable Unit Ill, Remedial Investigation/Feasibility Study-Field Sampling Plan
(DOE 1995b) and Monticello Mill Tailings Site, Operable Unit Ill, Remedial
Investigation/Feasibility Study-Quality Assurance Project Plan (DOE 1995c).

Phase'II'ofthe'samplingwasconducteddurin15thesptlflgand suifiillefOf'1996:Theseconophase
provided additional detail needed to refine characterization of on-site ecological conditions in
areas near the ponds (in the eastern portion of Upper Montezuma Creek) and assessment of
background levels in the Verdure Creek reference area. On the basis of field inspections and
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discussions with the ETAG, abiotic and biotic media were sampled along five transects (transects
21-25) across Montezuma Creek and three transects (transects 14-16) across Verdure Creek (
(Figures 3-1 and 3-2). Phase II sampling was conducted in accordance with the sampling
procedures and QAlQC requirements specified in the Sampling and Analysis Plan for Additional
Characterization ofMiddle and Lower Montezuma Creek (DOE 1996c).

3.1 Ecological Surveys

Ecological surveys were conducted in fall 1995 and spring 1996. The purpose ofthe surveys was
to document the presence or absence of State-sensitive or Federal T&E receptors of potential
concern that had not previously been identified within OU Ill. The surveys focused on the spotted
bat (State sensitive), northern goshawk (State sensitive), peregrine falcon (endangered),
southwestern willow flycatcher (endangered), and fish in Montezuma Creek. Survey results
indicated that the spotted bat and northern goshawk are present within the study area. The
peregriIl.efalcoIl.;soUthwestemwillowflycafcher,andfishwerenofObsetVed dUfingthe surveys
(Bodson 1995; Craig 1996; BlO/WEST, Inc. 1988; Smith et al. 1996 and 1997). Fish, including
trout, were observed in Verdure Creek (Craig 1996). Historical data collected by the Utah
Division of Wildlife Resources (Rose 1997) also indicated that peregrine falcons were not known
to inhabit the area. However, the peregrine falcon and the southwestern willow flycatcher were
retained as receptors ofpotential concern because potential habitat for these species exists near
Montezuma Creek,

ORNL scientists also conducted population surveys of benthic macroinvertebrates in Montezuma
and Verdure Creeks in August 1995 and 1996. In August 1995, benthic macroinvertebrate (
samples were collected at transects 2, 3, 5, 6, 9, and 10; two additional samples were collected on
Montezuma Creek at ORNL sites "MZUG" and "MZG" (see Figure 3-2). In August 1996,
transects 2, 3, 9, and 10 were sampled. The combined density of the pollution-sensitive
Ephemeroptera (mayflies), Plecoptera (stoneflies), and Trichoptera (caddisflies), known as EPT
density, was calculated for each transect. EPT density can be used to compare overall stream
quality at sites that have different basic stream characteristics (bottom type, gradient,
temperature, etc.). High EPT densities indicate high stream quality, and low EPT densities
indicate low stream quality. The results of these surveys are presented in Section 4.2.4
(page 4-31). Smith et al. (1996 and 1997) is reproduced as Appendix A and provides additional
details regarding the sample collection and analysis procedures.

Additional information on terrestrial flora and terrestrial and aquatic fauna are presented in the
RI, Sections 2.4 (page 2-10) and 2.6 (page 2-18), respectively.

3.2 Surface-Water Sampling

Two surface-water sampling programs were conducted to support the RI and ERA. The first,
referred to as the Annual Monitoring Program, provided the long-term monitoring data for
OU III. The second program was designed to obtain "co-located" data at the ecological transects
established across Montezuma Creek and in the reference areas; "Co-located" refers tosamples:
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Figure 3-1. Location of Transects Witilin the au11/ Soil and Sediment Area
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Site Investigation Document Number 90002100

collected at the same time and same transect as samples from other environmental media
(i.e., surface water, soil, sediment, and biota). Analytical data generated under these programs (
were combined with site-specific soil and sediment data to revise the COPC list and determine
the final COCs. Only co-located data were used to perform risk calculations.

Surface-water sampling under the Annual Monitoring Program commenced in November 1992.
Samples were collected from Montezuma Creek and its tributaries, from seeps and springs at
three sampling sites upstream of the Millsite, up to six sites on the Millsite, and up to ten sites
downstream of the Millsite. Four sampling events were initially conducted (November/
December 1992, March 1993, April 1993, and July 1993). After July 1993 samples were
collected semiannually (generally April/May and October/November). Sampling locations and
the analytes measured during each of the Annual Monitoring Program events are listed in
Appendix B, and analytical results are presented in Appendix C. Sampling locations are shown
on Figures 3.2-1 and 3.2-2.

Co-located surface-water samples were collected at transects 1-9 on Montezuma Creek, transects
10-12 on Verdure Creek, and transect 13 on Vega Creek in September 1995. In June 1996,
surface-water samples were collected at transects 21-25 on Montezuma Creek and transects
14-16 on Verdure Creek (Figures 3-1 and 3-2). Table 3.2-1 (page 3-11) summarizes surface­
water concentrations for unfiltered, co-located samples. The mean concentrations for analytes
reported on this table are similar to the mean concentrations of analytes from samples collected
under the Annual Monitoring Program. Sampling locations and the analytes measured during
each event are listed in Appendix B; analytical results are presented in Appendix C. The nature
and extent of surface-water contamination is presented in the RI, Section 4.2 (page 4-41). (

In addition to the analytes listed in Appendix B, field measurements of alkalinity, conductivity,
temperature, and pH were made in situ at each sampling location during both sampling programs.
Field measurement results are presented in Appendix C.

Surface-water samples that required filtration were collected with a peristaltic pump fitted with
an in-line 0.45-micrometer (urn) disposable filter. Unfiltered samples were collected by
immersion of the sample bottle. Analytical results from unfiltered samples were used to calculate
exposure point concentrations for dose calculations (Section 4.!, page 4-1); results from filtered
surface-water samples were compared with State of Utah water quality criteria (surface water
toxicity benchmarks) (SectionS.!.!, page 5-3).

3.3 Groundwater Sampling

Groundwater was not sampled specifically for the OU III ERA because ingestion of groundwater
was not considered to be a significant exposure pathway for OU III receptors of concern
(see Figure 2.5-1, page 2-19). Vegetation may have direct contact exposure to groundwater;
however, concentrations of COCs in vegetation were measured directly and not estimated from
abiotic media. The only opportunities for ecological receptors of concern to be exposed to
groundwater media are at locations where groundwater discharges to the surface as seeps and
springs (see Section 2.3.3, page 2-13). Seeps and springs were characterized in the surface-water
Annual Monitoring Program discussed in Section 3.2 (page 3-2). During the RI, seeps and

MMTS ou III ERA
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Table 3.2-1. Co-Located' Surface-Water Data Summaries

a Co-located refers to samples collected at the sametimeandsametransect as samples from other environmental media.
bl19/L = micrograms per liter; pCUL = picocuries per liter; mg/L = milligrams per liter.
clfthedetection frequency is 100percent, the reported range is forthe method detection limits overthe course of sampling
(multiple sampling events werespread over4 years). Foranalytes with a detectlon frequency of lessthan100 percent, the
reported range is forthe actual sample detection limits.

dA value of one-halt the detection limit was used fornondetect values; this mayunder oroverestimate the truevalue if the data are
skewed. The lower value reported in therange isone-half thedetection limit when the detection frequency is less than 100 percent.

If thedetection frequency is0, theupper value reported in therange is one-half the upper detectlon limit.

.. ~ f>\ ..•· 11I1> i0I
Number

Analyte Units'
Detection Detection Ranged Mesne Ranged Meand of

limits' Frequency
Samples

Arsenic ~g/l 1.0t01.1 8/8 1.5 to 3.7 2.33 0.55 to 1.6 0.95 6

Cobalt ~g/l 4.4 to 6.6 0/8 2.2 to 3.3 2.61· 2.2 to 3.3 2.75 6

Copper ~01L 3.7 to 5.6 0/8 1.85102.8 2.44 1.85102.8 2.33 6

Molvbdenum ~g/l 1.01028.9 3/8 14.45 10 19.2 15.9 4.3 to 14.45 9.41 6

lead ~g/l 0.5 3/3 0.67 to 1.7 1.04 0.66101.3 0.88 3

Pb-210 pCUl 1.2102 0/8 0.6 to 1 0.869 0.55101 0.82 6
Ra-226 pCUl 0.5 5/8 0.25 to 1.1 0.635 0.025 to 0.25 0.14 6

Sulfale mg/l 8.0 8/8 272 to 880 675 12810230 177 6

Selenium ~g/l 2.2 5/8 1.1 to 2.5 1.8 0.85101.1 0.98 6

Th-230 pCUl 0.04101.5 1/8 0.02100.75 0.488 0.02 to 0.75 0.41 6
Uranium·(elemental)· ~g/l 2:1 to 2:2 "3/3 15810'159 '·158 . "LOS'lon r:01 3
U-234 pCUl 0.6 to 1.0 8/8 13.81064.2 43.9 0.85101.4 1.13 6
U-235 pCUl 1 6/8 0.5 to 3.4 2.08 0.02 to 0.5 0.27 6
U-238 pCUl 0.2101.0 8/8 14.21066.6 44.3 0.49100.82 0.57 6

Vanadium ~g/l 4.410 7.7 4/8 2.21016.1 7.29 2.2 to 3.85 3.03 6

Zinc . noll 1.9 to 3.3 5/8 0.95 to 18.6 8.56 21021.1 8.78 6
,. "

IJg/L - micrograms per liter, pCUL - ptcocunes per liter, mg/L- milligrams per llter.
blf the detection frequency is 100 percent, the reported range is forthe method detection llmlts overthe course of sampling
(multiple sampling events were spread ovar 4 years). For anaiyles with a detection frequency of iess than 100 percent, Ihe
reported range Is fortheactual sample detection limits.

cA value of one-half the detectlon limit was used fornondetect values; this mayunder oroverestimate the truevalue if the data are
skewed. The lower value reported inthe range isone-half thedetection limit when the detection frequency is lessthan 100 percent.

If the delectlon frequency Is O. the upper value reported in the range is one·halfthe upper deteclion limit.

····..·....iii·iii.···i\iil ......,.. i.,i ii ..../ .... /i··························ii· ...·..ii/i/· /·i,.....·.../i
Detection Detection Number

Analyle Unltsa
Limltsb Frequency RangeC Meanc RangeC Meanc of

Samples
Arsenic uo/l 1.0101.1 2/2 2.6102.7 2.65 0.55 to 1.6 0.95 6
Cobalt uo/l 6.6 0/2 3.3 to 3.3 3.3 2.2 to 3.3 2.75 6
Coooer uo/l 3.7 0/2 1.85101.85 1.85 1.85 to 2.8 2.33 6
Molvbdenum uo/l 1.0 2/2 15.81016,3 16.1 4.3 to 14.45 9.41 6
laad uo/l 0.5 2/2 0.75100.82 0.785 0.66101.3 0.88 3
Pb-210 aCYL 1.2 0/2 0.6 to 0.6 0.6 0.55 to 1 0.82 ·6
Ra-226 DCUl 0.05100.11 2/2 0.69101.1 0.895 0.025 to 0.25 0.14 6
Sulfate moll 8.0 2/2 72610728 727 12810230 177 6
Selenium uo/l 1.7 1/2 0.85102 1.43 0.85 to 1.1 0.98 6·
Th-230 DCUl 0.04 to 0.06 0/2 0.02100.03 0.025 0.02100.75 0.41 6
Uranium (elementall uolL 2.1102.2 2/2 135 to 140 138 1.05101.1 1.07 3
U-234 DCUl 0.6 2/2 43.5 to 46.4 45 0.85101.4 1.13 6
U-235 oCUl 0.4 2/2 2102.2 2.1 0.02 to 0.5 0.27 6
U-238 oCUl 0.2101.0 2/2 43.61044.9 44.3 0.49100.82 0.57 6
Vanadium uo/l 7.7 0/2 3.85103.85 3.85 2.2 to 3.85 3.03 6
Zinc uD/l 2.0 2/2 4.6 to 4.7 4.65 210 21.1 8.78 6
• - - - . .
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Table 3.2-1. Co-Located" Surface-Water Data Summaries (continued)

- T

Detection Detection Numb<lr
Analyle Units' Limits' Frequency

Ranged Meand Ranged Meand of
Samples

Arsenic ug/L 1.0t01.1 4/4 4.4 to 4.6 4.55 0.55 to 1.6 0.95 6
Cobalt ug/L 4.4 014 2.2 to 2.2 2.2 2.2 to 3.3 2.75 6
Copper ug/L 5.6 0/4 2.8 to 2.8 2.8 1.85 to 2.8 2.33 6
Molybdenum uglL 28.9 0/4 14.45to 14.45 14.5 4.3 to 14.45 9.41 6
lead l N/A N/A N/A N/A N/A 0.66 to 1.3 ·0.88 3
Pb-210 nCUL 2 0/4 1 to 1 1 0.55101 0.82 6
Ra·226 oCUL 0.5 4/4 0.5 to 0.61 0.563 0.025 to 0.25 0.14 6
Sulfate mg/L 8.0 4/4 272 to 274 273 128 to 230 177 6
Selenium ug/L 2.2 0/4 1.1 to 1.1 1.1 0.85 to 1.1 0.98 6
Th-230 pCUL 1.5 0/4 0.75 to 0.75 0,75 0.02 to 0.75 0.41 6
Uranium(elemental)' N/A. ,.WA•. N/A. • N/A. N/A·· ·1.05 to·1,1.. · ·1.06· ·4·
U·234 pCUL 0.6 to 1.0 4/4 14.4 to 15.9 15.2 0.85 to 1.4 1.13 6
U-235 pCUL 1 0/4 0.5 to 0.5 0.5 0.02 to 0.5 0.27 6
U-238 pCUL 0.2 to 1.0 4/4 16.3 to 16.7 16.6 0.49 to 0.82 0.57 6
Vanadium u9/L 4.4 314 2.2 to 9.1 6.3 2.2 to 3.85 3.03 6
Zinc ,-:::n 3.3 3/4 '1.65 to 14.2 6.36 2 to 21.1 8.78 6

·"Co-Iocated" refers to samples collected at thesametime andsametransect as samples from other environmental media.
'u9/L = micrograms per liter; pCUL = plcocurtes per Iller; mg/L = milligramsper liter.
~If thedetection frequency Is 100 percent, thereported range is forthemethod detection limits overthecourse of sampling
(multiplesamplingevents were spreadover 4 years). For analyles with a detectionfrequencyof less than 100 percent, the
reported range Is forthe actual sample detection limits.

dA value ofone-half thedetection limit was used for nondetect values; this may under oroverestimate thetrue valueIf thedataare
skewed. The lowervalue reported intherange Isone-half the detection limit when thedetection frequency is lessthan 100 percent. (

If the detectionfrequency is 0, the uppervalue reported in the range Is one-halfthe upper detection limit.
eLead was added as a COPC subsequent to thesampling inLower Montezuma Creekin 1995.
'Uranium was notmeasured directly in 1995. Itsconcentration canbe calculated using theequation
1 ug uranium(Iotal) = 0.67 pCi (U·234 + U-238),assumingU-234 and U·238 equilibrium.

springs were of insufficient continuous flow to provide regular drinking sources for receptors.
The ETAG concurred with this conclusion during a site visit on June 21,1995. Groundwater
sampling and analysis and the nature and extent of contamination are discussed in the RI,
Sections 3.1 (page 3-1) and 4.1 (page 4--1), respectively. Seeps and springs are discussed in
Sections 2.5.1 (page 2-14),3.1 (page 3-1), and 4.2 (page 4-41) of the RI.

3.4 Soil and Sediment Sampling

Soil and sediment were.evaluated separately in this risk assessment because of the differing
exposure regimes of the receptors of concern, Soil is defined as material outside the creek
channel that may be under water during high stream flow but is usually above the high-water
line. Sediment is defined as alluvial material within the creek channel that is frequently under
water.

Co-located soil and sediment samples were collected along each of the ecological transects
established across Montezuma Creek and Verdure Creek. Sampling was performed during two
events in those areas. At the Vega Creek reference area, only sediment sampling was conducted,
Soil and sediment data generated during each event were used in conjunction with surface-water
and biota data to perform risk calculations,

MMTS ou III ERA
3-t2
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(

The first sampling event (Phase I) was conducted during the summer and fall of 1995 and
consisted of collecting samples at transects 1-9 across Montezuma Creek, transects 10-12 across
Verdure Creek, and transect 13 across Vega Creek (Figures 3-1 [page 3-3] and 3-2 [page 3-5]).

The second sampling event (Phase II) was conducted during the spring and summer of 1996 and
consisted of collecting samples at transects "21-25 across Montezuma Creek and transects 14-16
across Verdure Creek (Figures 3-1 and 3-2).

At each transect, one composite near-surface (0- to 3-inch) soil sample and one composite
subsurface (3- to 24-inch) soil sample were collected"on each side of the creek. Each composite
sample was composed of soil from three to five augered boreholes. Soil and sediment samples
were composited for three main reasons. First, because all the receptors of concern are mobile
species, composite samples represent receptors' exposure more accurately than single point
concentrations. Second, the composite soil samples mirror the vegetation samples that were
collected at each transect; by compositing thesamples~t1ie co-located sampling regime was-·
maintained. Finally, composite samples were thought to provide the most information from the
fewest samples.

One composite sediment sample consisting of five near-surface (0- to 3-inch or 0- to 6-inch) grab
samples was collected at each transect that crossed a channeled section of the creek. At transects
that crossed ponded sections of the creek, five discrete near-surface (o- to 3-inch or deeper)
sediment grab samples were collected near the pond shore. Only near-surface (0- to 3-inch or
0- to 6-inch) soil and sediment results were used in risk calculations. Results from subsurface
samples were used to characterize the nature and extent of contamination. Sampling locations
and the analytes measured during each phase of the soil and sediment sampling are listed in
Table 3.4-1; data summaries for near-surface soil and sediment samples are presented in
Table 3.4-2; all soil and sediment analytical results are presented in Appendix C. The nature and
extent of soil and sediment contamination is presented in the RI, Section 4.3 (page 4-53).

3.5 Air Sampling

Air particulate and atmospheric radon monitoring at MMTS began in 1983 and 1984,
"respectively. No air particulate or atmospheric radon monitoring was conducted on or directly
adjacent to the OU III soil and sediment area. The closest station to OU III is station R-M-l
(Figure 3.5-1, page 3-19), which is located between the Millsite and the OU III soil and
sediment area. Air particulate concentrations from this location are slightly elevated over
background (station R-M-7) (Table 3.5-1, page 3-20); atmospheric radon concentrations are
below the site-specific standard. Because of the sporadic distribution of the Ra-226
contamination along Montezuma Creek, dense vegetation, and moist soils, the OU III soil and
sediment area is not likely to be a major source of ambient radon or air particulates.

Additional information on air monitoring is presented in the Draft Final Monticello Mill Tailings
Site, Operable Unit IlL Baseline Human Health Risk Assessment (DOE 1998b), (Appendix L of
the RI).

DOE/Grand Junction Office
September 1998
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Table 3.4-1. Number of Soil and Sediment Samples and Analytes Measured for ECol?gical Characterization

Location Transect
Depth

Number of Samples
Phase of

Analytes Measured
(inches) Sampling

Soil

01 0-3 2 I AI, As, Co, Cu, Mn, Mo, Na,
02 0-3 2 I
03 0-3 2 I

NO,+N02-N, Se, SO., V, Zn,

04 0-3 2 I
Pb-210, Ra-226, Th-230, U-234, U-

Upper Montezuma Creek 05 . 0-3 2 I
235, U-238

21 0-3 2 II
22 0-3 2 II AI, As, Co, Cu, Mn, Mo, Na,
23 0-3 2 II NO,+N02-N, Pb, Se, SO., U, V, Zn,

Pb-210, Ra-226, Th-230, U-234, U-

Middle Montezuma Creek
24 0-3 2 II 235, U-238
25 0-3 2 II

06 0-3 2 I

Lower Montezuma Creek
. 07 . 0-3 2 I

08 0-3 2 I AI, As, Co, Cu, Mn, Mo, Na,
09 0-3 2 I NO,+N02-N, Se, SO., V, Zn,

Pb-210, Ra-226, Th-230, U-234, U-
10 0-3 2 I 235, U-238
11 0-3 2 I
12 0-3 2 I

Reference Area 14 0-3 2 II AI, As, Co, Cu, Mn, Mo, Na,
15 0-3 2 II NO,+N02-N, Pb, Se, SO., U, V, Zn,
16 0-3 2 II Pb-210, Ra-226, Th-230, U-234, U-
17 0-3 2 plus duplicate II 235, U-238
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Table 3.4-1. Number of Soil and Sediment Samples and Analytes Measured for Ecological Characterization (continued)

i

Location Transect
Depth

Number of Samples Phase of I Analytes Measured
(inches) Sampling.

Sediment !
01 0-3 1 I
02 0-3 1 I AI, As, Co, Cu, Mn, Mo, Na,
03 0-3 1 I
04 0-3 1 I

NO,+N02-N, Se, SO" V, Zn,

Upper Beaver 0-6 5 I
Pb-210, Ra-226, Th-230, U-234, U-

Pond (near 05) 0-12 1 I
235, U-238

Upper Montezuma Creek 0-24 2 I I
21 0-3 2 plus duplicate "22 0-3 6 "9-15 1 plus duplicate " AI, As, Co, Cu, Mn, Mo, Na,
23 0-3 6 " NO,+N02-N, Se, SO" U, V, Zn,

18-24 1 plus duplicate " Pb-210, Ra-226, Th-230, U-234, U-

24 0-3 2 "
I 235, U-238

Middle Montezuma Creek
25 0-3 2 "

I
I

06 0-6 1 plus duplicate I
i

lower Montezuma Creek
07 0-3 1 I !08 0-3 1 I AI, As, Co, Cu, Mn, Mo, Na,
09 0-6 1 I NO,+N02-N, Se, SO" V, Zn,

10 0-3 1 I Pb-210, Ra-226, Th-230, U-234, U-

11 0-3 1 I 235, U-238

12 0-3 1 I
13 0-3 1 pius duplicate I

Reference Area 14 0-3 5 "36-42 1 "
AI, As, Co, Cu, Mn, Mo, Na,

15 0-3 1 "
NO,+N02-N, Pb, Se, SO" U,V, Zn,

16 0-3 1 "
Pb-210, Ra-226, Th-230, U-234, U-

17 0-3 1 "
235, U-238
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Table 3.4-2. Co-Located' Soil and Sediment Data Summaries

(

mglkg - mIlligrams per kilograms, pCllg plcocuriespergram.
blf thedetection frequency Is 100 percent, the reported range is forthemethod detection limits overthe course of sampling
(multiple sampling events were spread over4 years). For analytes with a detection frequency of lessthan100 percent, the
reported range is forthe actual sample detection limits.

"A value of one-half the detection limit was used fornondetect values; this mayunder oroverestimate thetruevalueif the data are
skewed. The lower valuereported in therange Is one-haltthe detection limit when the detection frequency is lessthan 100 percent.
If the detection frequency Is0, the upper value reported in the range isone-half theupper detection limit.

Oo-located refers to samples collected at the same time andsame transect as samples from otherenvironmental media.
bmglkg = milligrams per kilograms; pCilg = picocuries pergram.
clf thedetection frequency is 100 percent, the reported range Is forthe method detection limits overthe course of sampling
(multiple sampling events were spread over4 years).Foranalytes witha detection frequency of lessthan 100 percent, the
reported range Is for the eclual sample delectlon limits.

°Avalue of one-half thedetection limit was used fornondetect values; this may under oroverestimate the truevalueIf the data are
skewed. The lower valuereported in the range isone-half thedetection limit when the detection frequency is less than 100 percent.

If thedetection frequency is 0, theupper value reported in therange Is one-half theupper detection limit. (

·.·.·.·...........·..··; ....\./,·,L:: ,;,"''Iee," ;i >E...........> \...•» ......• >t
Detection Detection Number

Analyle Units·
Limits' Frequency Range" Mean" Range" Mean" of

Samples
Arsenic mgJ1<g 0.1100.5 23/23 5.410 12.2 7.82 4.310 10 5.91 11
Coball mgJ1<a 0.6101.2 23/23 4.6108.1 6.44 4.6109.9 6.55 11
Copper mgJ1<g 0.2 to 1.0 23/23 12.810220 47.5 10.5 to 16.4 12.7 11
Molybdenum mgJ1<g 2.6 14/23 0.62103.2 1.53 0.55101.4 1.05 11
Lead mgJ1<g 0.05100.10 14/14 12.11022.7 15 11.61029.1 15.9 7
Pb·210 pCVg 1.4102.0 23/23 2.41050.6 11.1 1 to 3.1 2.09 11
Ra·226 pCVg 1.0 23/23 4.2 to 55.1 12.5 1.3 to 3 1.95 11
Sulfale mgJ1<g 0.08 20/20 119102430 880 16.410391 154 11
Selenium mgJ1<g 0.2101 19/23 . 0.1106.8 3.26 0.11105.3 2.12 11
Th-230 pCVo 0.3 23/23 3.81056.4 13.8 0.075 to 2.1 1.25 11
Uranium (elemental) mgJ1<g 0.06 14/14 9.6 to 54.3 25 3.7 to 4.2 3.94 7
U·234 pCVg 0.3 23/23 2.6 to 19.3 7.93 0.035101.6 1.21 11
U-235 pCVg 0.06·to 0.2 17/23 0.03100.97 0.36 0.035 to 0.1 0.067 11
U-238 pCVg 0.02 23/23 2.8 to 19 8.17 1.1101.5 1.34 11
Vanadium mgJ1<g 0.5100.64 23/23 27.710167 85.6 14.71040 22.3 11
Zinc moJ1<o 1.0 to 1.4 23/23 37.1 to 74.1 59.5 35.91063.3 46.8 11
• - . . =

- iB !.\\] -Delecllon Delecllon
. Number

Analyle Units' Llmlts" Frequency
Ranged Meand Ranged Meand of

Samples

Arsenic moJ1<o 0.1 to 0.5 16/16 2.9 to 13.5 6.1 2.3 to 12.1 4.64 12
Coball moJ1<o 0.6 to 1.2 16/16 5.4 to 9.3 6.59 3.6 to 6.5 4.66 12
Coooer moJ1<a 0.2 to 1.0 16/16 11.5 to 107 41.7 6.9 to 11 8.33 12
Molvbdenum moJ1<a 2.6 6/16 0.42 to 1.3 1.16 0.49 to 1.3 0.99 12
Lead moJ1<a 0.05 to 0.10 6/6 10.8 to 16.6 13.4 8.5 to 10.2 9.32 6
Pb-210 pCVa 2.0 13/16 1.0 to 69.9 12.7 0.8 to 2.4 1.03. 12
Ra-226 pCVa 1.0 16/16 1.3to115 18.9 1.1102.0 1.45 12
Sulfale maJ1<a 0.08 16/16 5.710709 262 3.310388 73 12
Selenium moJ1<a 0.15 16/16 0.39104.1 1.69 0.1 to 1.4 0.74 12
Th·230 pCVa 1.8 15/16 0.9 to 125 21.2 0.81 to 1.6 1.18 12

Uranium (elemenlal) moJ1<a 0.06 6/6 3.71027 13.8 2.5102.8 2.67 6
U-234 pCVa 0.3 16/16 0.991031.1 6.12 0.77 to 1 0.88 12
U·235 pCVa 0.06 to 0.2 6/16 0.03 to 1.4 0.25 0.04 to 0.1 0.078 12
U-238 pCVa 0.02 16/16 1.21033.3 6.47 0.79 to 1.1 0.93 12
Vanadium moJ1<a 0.5 to 0.64 16/16 20.410316 77.3 14.3 to 25.2 19.8 12
Zinc moJ1<o 1.0101.4 16/16 42.51068.8 52.5 27.0 to 45.7 33.7 12." "
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Document Number 90002100 Site Investigation

Table 3.4-2. Co-Locatect' Soiland Sediment Data Summaries (continued)

mglkg - milligrams per kIlograms, pCVg - prcocunes pergram.
blfthe detection frequency is 100 percent, the reported range is forthe method detection limits overthe course of sampling
(multiple sampling events werespread over4 years). Foranalytes with a detection frequency of less than 100 percent, the
reported range Is forthe actual sample detection limits.

cA value of one-half thedetection limit wasused fornondetect values; this mayunder oroverestimate the truevalue If thedata are
skewed. The lower value reported in the range is one-half thedetection limit when the detection frequency is lessthan 100 percent.

If the detection frequency Is O. theupper value reported in therange isone-half theupper detection limit.

Oo-located refers to samples collected at thesame time andsametransect as samples from other environmentalmedra.
bmglkg =milligrams per kilograms; pCUg =plcocurles per gram.
~If thedetection frequency is. 100percent, thereported range isforthemethod detection limits overthecourse ofsampling
(multiple sampling events werespread over4 years). Foranalytes with a detection frequency of lessthan100 percent, the
reported range is fortheactual sample detection limits.

dA value ofone-halfthedetection limit wasused fornondetect values; this mayunder oroverestimate thetruevalue if the data are
skewed. The lower value reported in therange isone-half thedetection limit when thedetection frequency is less than 100 percent.

If the detection frequency is0, theupper value reported Inthe range isone-half theupper detection limit.

ii;···..·;··..··.. ••••••••• -.Detection Detection Number
Analyte Unltsa

Llmlts" Frequency RangeC Meanc RangeC Meane of
Samoles

Arsenic maiko 0.1 to 0.5 4/4 3 to 7.4 5.1 4.3 to 10 5.91 11
Cobalt maiko 0.6 to 1.2 4/4 3.6 to 6.8 5.05 4.610 9.9 6.55 11
Copper maiko 0.2 to 1.0 4/4 9.410 32.6 19.8 10.5 to 16.4 12.7 11
Molybdenum maiko 0.47 to 0.55 2/4 0.235 to 3.5 1.7 0.55 to 1.4 1.05 11
Lead maiko 0.05 to 0.10 4/4 7.3 to 19.9 12.5 11.6t029.1 15.9 7
Pb-210 oCUo 1.4 to 2.0 4/4 2.9106.7 4.85 1 t03.1 2.09 11
Ra-226 oCUo 1.0 4/4 2.5 to 6.6 4.48 1.3 to 3 1.95 11
Sulfale maiko 0.08 2/2 561 to 695 628 16.4 to 391 154 11
Selenium maiko 0.15 4/4 0.510 6.3 2.91 0.11 to 5.3 2.12 11
Th-230 nCUo 0.3 414 2.3 to 7.2 4.63 0.07510 2.1 1.25 11
Uranium (elemental) maiko 0.06 4/4 6.2 to 35.2 19.7 3.7 to 4.2 3.94 7
U-234 oCUo 0.3 4/4 210 12 6.68 0.035 to 1.6 1.21 11
U·235 nCUo 0.02 4/4 0.11 to 0.83 0.37 0.03510 0.1 0.067 11
U·238 nCUo 0.02 4/4 2.1 to 11.6 6.48 1.1t01.5 1.34 11
Vanadium maiko 0.5 to 0.64 4/4 23.2 to 97.7 60 14.7 to 40 22.3 11
Zinc maiko 1.0 to 1.4 4/4 28.9 to 58.7 42 35.9 to 63.3 46.8 11
• - -

- I - -- II
Detection Detection

Number
Analyle Unltsb Ranged Meand Ranged Meand of

Limits' Frequency samctes

Arsenic maiko 0.1 to 0.5 4/4 4.4 to 11 7.83 2.31012.1 4.84 12

Coball maiko 0.610 1.2 4/4 5.210 6.3 7.05 3.610 6.5 4.66 12
Conner maiko 0.210 1.0 4/4 12.110184 110 6.91011 8.33 12
Molvbdenum maiko 2.6 4/4 0.510 2 1.12 0.4910 1.3 0.99 12

Lead maiko 0.0510 0.10 4/4 10.910 17.3 14.8 8.510 10.2 9.32 6
Pb-210 nCUo 1.9 3/4 0.951022,2 13.1 0.8102.4 1.03 . 12
Ra-226 nCUo 1.0 4/4 2.2 In 23.6 16.1 1.1102.0 1.45 12

Sulfale maiko 0.08 4/4 42.510 416 199 3.3 to 388 73 12

Selenium maiko 0.15 4/4 1.3 to 3.6 2.38 0.1101.4 0.74 12

Th-230 nCUo 0.3 4/4 1.61030 14.5 0.81 to 1.6 1.18 12
Uranium lelemenlal) maiko 0.08 4/4 3.510 24.4 16.9 2.5 to 2.8 2.67 6

........ U'234 . '~j)CUQ' 0:3' 4/4 0.95.107.3 3.71 0.77101 0.88 12

U-235 nCUo 0.2 4/4 0.12100.33 .0.19 0.04100.1 0.Q78 12

U-238 nCUo 0.02 4/4 1.3107.1 3.93 0.79101.1 0.93 12

Vanadium maiko 0.5 to 0.64 4/4 30.110126 84.7 14.31025.2 19.8 12

Zinc maiko 1.0tol.4 4/4 44.310 66.7 57.3 27 to 45.7 33.7 12." "

(
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(
Table 3.4--2. Co-Locatect' Soil and Sediment Data Summaries (continued)

Oc-located refers tosamples collected at thesame time andsame transect as samples from other environmental media.
bmglkg = millfgrams perkilograms; pClIg = plcocuries pergram.
'lf thedetection frequency Is 100percent. thereported range Isforthemethod detection limits overthecourse ofsampling
(multiple sampling events werespread over 4 years). Foranalytes with a detection frequency of less than 100percent, the
reported range Isfortheactual sample detection limits.

dA value ofone-half thedetection limit wasused fornondetect values; this mayunder oroverestimate thetrue value if thedataare "sxewed.
Thelower value reported intherange isone-half thedetection limit when thedetection frequency isless than 100 percent. If the
detection frequency IsO. theupper value reported intherange isone-half theupper detection limit.
~lead wasadded as a COPCsubsequent tothesampling InLower Montezuma Creek In 1995.
'Uranlum wasnotmeasured directly in1995. Its concentration canbecalculated using theequatlon (
1 IJg uranium (elemental) = 0.67pCIU·234 + U-238.assuming equilibrium.

_i ®f ilit
Analyte Unlta'

Detection Detection Ranged Meand Ranged Meand Number of
Llmlta' Frecuencv Sam ole.

Arsenic molko 0.1 to 0.5 8/8 2.8 to 9.1 5.05 2.3 to 12.1 4.64 12

Cobalt molko 0.6 to 1.2 8/8 3.9 to 7.1 5 3.6 to 6.5 4.66 12

CODDer molko 0.2 to 1.0 8/8 10.8 to 80.3 30.1 6.9 to 11 8.33 12

Molybdenum molko 2.6 0/8 1.3tol.3 1.3 0.49 to 1.3 0.99 12

Lead' molko N/A N/A N/A N/A 8.5 to 10.2 9.32 6

Pb·210 oCVo 2.0 5/8 1 to 74.4 12.1 0.8 to 2.4 1.03 12

Ra·226 DCVO 1.0 8/8 1.8to120 19.9 1.1 to 2.0 1.45 12

Sulfale molko 0.08 8/8 5.1 to 1890 515 3.3 to 388 73 12

Selenium maiko 0.15 8/8 0.49 to 0.86 0.665 0.1 to 1.4 0.74 12

Th·230 DCVO 0.3 8/8 1.6 to 141 22.1 0.81 to 1.6 1.18 12

Uranium (elementslll maiko N/A N/A N/A N/A 2.5 to 2.8 2.67 6

U·234 DCVa 0.3 8/8 1.1 to 27.4 5.6 0.77 to 1 0.88 12

0:235 . DCllif' 0.2 2/8· 0:nol:2' . 0:259 ·0:04to·0.1 '0:018 ·····12···

U·238 DCVa 0.02 8/8 1.1 to 27.8 5.76 0.79 to 1.1 0.93 12

Vanadium maiko 0.5 to 0.64 8/8 17.7 to 311 65 14.3 to 25.2 19.8 12

Zinc mnlkn 1.0tol.4 8/8 34.1 to 58.9 42.2 27 to 45.7 33.7 12.. "

9 9 9 P g ,p 9 P P 9
blf thedetection frequency is 100 percent;the reported range isforthemethod detection limits overthecourse ofsampling
(multlple sampling events were spread over 4 years). Foranalytes with a detection frequency of less than 100percent. the
reported range Isfortheactual sample detection limits.

cAvalue ofone-half thedetection limit wasused fornondetect values; this mayunder oroverestimate thetrue value if thedataare skewed.
Thelower value reported intherange Is one-half thedetection limit when thedetection frequency isless than 100 percent. If the
detection frequency isO. theupper value reported Intherange Isone-half theupper detecllon limit.

dLead wasadded asa COPCsubsequent tothesampling in lower Montezuma Creek In1995.
"Uranium wasnotmeasured directly in1995. Its concentration canbe calculated using theequation
1 ~g uranium(elemenlal)= 0.67 pCI U·234 + U·238. assumingequilibrium.

.•........ /.,;oWerl < <
Analyte Unlts~

Detection Detection
Rangee Meanc RangeC Meanc Number of

Llrnlts" Freouency Samnle.

Arsenic molko 0.1 to 0.5 4/4 2.21018.1 7.83 4.3 to 10 5.91 11

Cobalt molko 0.6 to 1.2 4/4 3.9 to 8.8 5.43 4.6 to 9.9 6.55 11

CODDer maiko 0.2 to 1.0 4/4 7.1 to 179 54.1 10.5 to 16.4 12.7 11

Molybdenum molko 2.6 0/4 1.3tol.3 1.3 0.55 to 1.4 1.05 11

t.ead" molko N/A N/A N/A N/A 11.6t029.1 15.9 7

Pb·210 nCVo 2.0 2/4 1 to 20.7 ·6.35 1 t03.1 2.09 11

Ra·226 nCVa 1.0 4/4 1.8 to 30.6 9.93 1.3 to 3 1.95 11

Sulfale maiko 0.08 4/4 73.2 to 109 96.1 16.4 to 391 154 11

Selenium maiko 0.2 to 1 2/4 0.1 to 3.6 1.43 0.11 to 5.3 2.12 11

Th-230 DCVO 0.3 4/4 1.2 to 24.7 7.75 0.075 to 2.1 1.25 11

Uranium (elemental)' maiko N/A N/A N/A N/A 3.7 to 4.2 3.94 7

U-234 DCVa 0.3 4/4 0.96 to 6.7 3.77 0.035 to 1.6 1.21 11

U-235 DCVa 0.2 1/4 0.1 to 0.26 0.14 0.035 to 0.1 0.057 11

U·238 DCVO 0.02 4/4 1 to 7.2 3.98 1.1 to 1.5 1.34 11

Vanadium molko 0.5 to 0.64 4/4 17.5 to 166 67 14.7 to 40 22.3 11
Zinc maiko 1.0tol.4 4/4 23.81069.5 41.1 35.9 to 63.3 46.8 11
-m /k = mmi rams erkilo rams' ell = lcocuries er ram. .
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Site Investigation Documenl Number Q0002100

Table 3.5-1. Air Monitoring Data Summary

(
Analyle Units'

Delecllon Delectlon
RangeC Meanc Background Background

Limit" Frequency RangeC Meanc

9.S6E-QS to 4.93E-QS to
2.07E-QS

Ra·226 pCUL 4.9SE-Q7 16/24 S.96E-Q7
2.S5E-Q7 to 2.84E-Q7

1.57E-Q6

4.92E-QS to 2.46E-QS to
2.47E-QS

Th-230 pCUL 1.59E-Q7 19/24
6.76E-Qi

1.52E-Q7 to 1.15E-Q7
2.42E-Q7

7.51E-QSlo
7.51E-Qa

Uranium (elemenlal) ug/L 1.5E-Q7 23/24 6.54E-Q7
3.4E-Q7 to 2.49E-Q7

4.5SE-Q7

• - -uglL - micrograms per liter, pCUL- prcocunea per liter.
blf the delectlon frequency Is 100 percent, the reported range is for the method detection limits over the course of sampling
(multiple sampling events were spread over 4 years). Foranalytes with a detection frequency of less than 100 percent, the
reported range Is for the actual sample detection iimlls.

cA value ofone-half thedetection limit wasused fornondetect values; this mayunder oroverestimate thetrue value If thedataare
CCC"Cskeweo:The lowe(valueCiepoCrtedIhtherang,fisccone.nalfthe oeteclilfn"llmitwhenlneaeleclionCf,equenCYls"le.csclna11 "l(nrpercellf.

If the detection frequency Is 0, the upper value reported in the range is one-half the upper detection limit.

3.6 Biota Sampling

Co-located biota samples were collected during each phase of the environmental media
characterization. During Phase I, biotic media were sampled along transects 1-9 across
Montezuma Creek, transects 10-12 across Verdure Creek, and transect 13 acrossVega Creek
(Figures 3-1 [page 3-3] and 3-2 [page 3-5]), Grasses, forbs, shrubs, and terrestrial invertebrates (.
were sampled along the nine Montezuma Creek transects and three Verdure Creek transects.
Cliff swallow (Hirundo pyrrhonatai samples were collected at one Montezuma Creek transect
and at the Vega Creek reference area. Benthic macroinvertebrate samples were collected near
four of the Montezuma Creek transects and near the Verdure Creek transects. The sampling
media, number of samples, and analytes measured at each transect during Phase I of the
characterization are listed in Table 3.6-1.

During Phase II of the characterization, biota samples were collected at transects 21-25 across
.Montezuma Creek and transects 14--16 across Verdure Creek. Grasses, forbs, shrubs, and
terrestrial invertebrates were sampled at each transect. After examining analytical results from
the first phase of sampling, investigators determined through consultation with the ETAG
(DOE 1996d) that additional cliff swallow sampling was not warranted. Benthic
macroinvertebrate samples were collected near three Montezuma Creek transects and in the
vicinity of the Verdure Creek transects. The sampling media, number of samples, and analytes
measured at each transect during Phase II of the characterization are listed in Table 3.6-1.

An evaluation of sampling results with respect to the ERA is included in Sections 4.0 and 5.0 of
this document. The sampling methods used to obtain biota samples for the ERA are described in
the following subsections.
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Table 3.6-1. Number of Biota Samples and Analytes Measured for Ecological ~haracteriZation
,

Location Transect Depth
Number of Samples Phase of I Analytes Measured(inches) .Sampling i,

Vegetation-Forbs, Grasses, and Shrubs
I

I

01 NA 1 each (3)' I
02 NA 1 each (3) I

As, Co, Cu, MO,Se, U, V, Zn, gross
03 NA 1 each (3) I
04' NA 1 each (3) I

alpha, gross beta, U-235

Upper Montezuma Creek 05 NA 1 plus duplicate for each (6) I

21 NA 1 each (3) II
22 NA 1 each (3) II As, Co, Cu, Mo, Pb, Se, U, V, Zn,
23 NA 1 each (3) II gross alpha, gross beta, gamma, Pb-

I

210, Ra-226, Th-230, U-234, U-235,
Middle Montezuma Creek 24 NA 1 plus duplicate for each (6) II U-238

25 NA 1 each (3) II

Lower Montezuma Creek 06 NA 1 each (3) I
07 NA 1 each (3) I
08 NA 1 each (3) I
09 NA 1 each (3) I As, Co, Cu, Mo, Se, U, V, Zn, gross

10 NA 1 each (3) I alpha, gross beta, U-235

11 NA 1 plus duplicate for each (6) I
12 NA 1 each (3) I
13 NA 1 each (3)' I

Reference Area
! As, Co, Cu, Mo, Pb, Se, U, V, Zn,14 NA 1 each (3) II

15 NA 1 each (3) II gross alpha, gross beta, gamma, Pb-
16 NA 1 each (3) II 210, Ra-226, Th-230, U-234, U-235,

U-238

Cliff Swallows-Carcass I
Upper Montezuma Creek 05 NA 3 I II As, Co, Cu, Mo, Se, U, V, Zn, gross

Reference Area 13 NA 3 I 'I alpha, gross beta, U-235

rbs collected along transect 04 were analyzed only for As, Co, Cu, Mo, Se, U, V, and Zn.

e composite sample was collected for each vegetation type resulting in 3 vegetation samples.
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Table 3.6-1. Number of Biota Samples and Analytes Measured for Ecological Chafracterization (continued)

Location Transect
Depth

Number of Samples
Phase of

Analytes Measured(inches) Sampling

Cliff Swallows-Liver

Upper Montezuma Creek 05 NA 1 I As, Co, Cu, Mo, Se, U, V, Zn, gross

Reference Area 13 NA 1 I alpha, gross beta, U-235

Terrestrial Invertebrates-Flying and Non-Flying

Upper Montezuma Creek 01 NA 1 I
02 NA 1 I
03 NA 1 I
04 NA 1 plus duplicate I
05 NA 1 I

Lower Montezuma Creek 06 NA 1 I As, Co, Cu, MooSe, U, V, Zn, gross
07 NA 1 I alpha, gross beta, U-235
08 NA 1 I
09 NA 1 I

Reference Area 10 NA 1 plus duplicate I
11 NA 1 I
12 NA 1 I

Terrestrial Invertebrates-Flying Only I
I
I

Upper Montezuma Creek 01 NA 1 plus duplicate " I
As, Co, Cu, Mo, Pb, Se, U, V, Zn,
gross alpha, gross beta,

Reference Area 03 NA 1 " Ra-226

Terrestriallnvertebrates-Non-Flying Only

21 NA . 1 " As, Co, Cu, Mo, Pb, Se, U, V, Zn
22 NA 1 "

Upper Montezuma Creek 23 NA 1 "
21 NA 1 plus duplicate "22&23 NA 1 " As, Co, Cu, Mo, Pb, Se, U, V, zn,

Middle Montezuma Creek 24 NA 1 "
gross alpha, gross beta, Ra-226

25 NA 1 "
~
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Table 3.6-1. Number ofaiota Samples and Analytes Measured for Ecological Characterization (continued)
" I

Location Transect Depth Number of Samples Phase of 1 Analytes Measured(inches) Sampling I

Terrestriallnvertebrates-Non-Flying Only (cont.)
I

Reference Area 14 NA" 1 II
As, Co, Cu, Mo, Pb, Se, U, V, Zn,15 NA 1 II

16 NA 1 II
gross alpha, gross beta, Ra-226

Benthic Macroinvertebrates I
Upper Montezuma Creek 02 NA 3 I

03 NA 3 I
05 NA 1 I As, Co, Cu, Mo, Pb, Se, U, V, Zn,

I
gross alpha. gross beta,

Lower Montezuma Creek 09 NA 2 I U-235

Reference Area 10 NA 2 I I
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Site Investigation Document Number 90002100

3.6.1 Vegetation Sampling

One grass, one forb, and one shrub composite sample was collected along each transect.
Different species within each vegetation type were sampled in the approximate ratios in which
the species occurred in the field. Appendix D lists plant species that grew along the Montezuma
Creek and Verdure Creek transects sampled in 1996. Grasses and forbs were clipped at ground
level and placed in separate polyethylene sample bags. Shrubs were clipped at the base of the
current year's growth. All samples were analyzed for metals and gross alpha and beta activity. A
gamma scan was performed on the samples collected in 1995, and radionuclide-specific analyses
were performed on the samples collected in 1996 (Table 3.6-1). Vegetation data summaries are
presented in Table 3.6.1-1; analytical results are included in the Appendix C data tables.

3.6.2 Cliff Swallow Sampling

cc CliffswallownestiingcsamplescwerecollectedcatconecMontezumacereektrarrsecrarrdanhe~Vegac

Creek transect during Phase I ofthe environmental media characterization. Originally,
background samples were to be collected from a colony of swallows located at one of the
Verdure Creek transects. However, the nestlings at the Verdure Creek colony fledged before
samples could be obtained. With ETAG concurrence, samples were obtained from a smaller
colony at the Vega Creek transect.

(

Samples were collected by using a rigid pole to dislodge swallow nests, which were then caught
in a long-handled net. Nestlings were humanely dispatched, weighed, and necropsied for gross
abnormalities. The specimens were plucked to remove approximately 90 percent of the large (
outer feathers and dissected. Stomachs and intestinal tracts were discarded. Livers were
combined to form one sample from Montezuma Creek and one sample from Vega Creek. The
remainder of the carcasses (whole bird minus feathers, stomach, intestines, and livers) were
grouped to form three carcass samples from Montezuma Greek and three carcass samples from
Vega Creek (Table 3.6-1). Cliff swallow data are summarized in Table 3.6.2-1; analytical results
are included in the Appendix C data tables. Three additional cliff swallow nestlings from
Montezuma Creek and three from Vega Creek were collected to provide livers and kidneys for
histopathological analysis. Results of the histopathological analysis are presented in Appendix E
and discussed in Section 4.2. .

3.6.3 Terrestrial Invertebrate Sampling

Terrestrial invertebrates were sampled at each of the Phase I and Phase II transects along
Montezuma and Verdure Creeks. During Phase I, one composite terrestrial invertebrate sample
was collected at each transect. Each sample consisted of both flying and nonflying terrestrial
invertebrates, including vegetation-dwelling and ground-dwelling insects. A list of the
invertebrates collected at each transect during Phase I is included in Appendix F.
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Table 3.6.1-1. Vegetation Data Summaries

mglkg - milligrams per kilogramswet weight, pCUg - prcocunes per gram wet weight.
'If the detection frequencyis 100 pereant, the reported rangeIs for the methoddetection limits over the caurseof sampling
(multiple sampling events werespread over 4 years). Foranalytes with a detection frequency of less than 100 percent, the
reported range Is fortheactual sample detection limits.

cA value ofone-half thedetection limit was used fornondetect values; this mayunder oroverestimate the true valueIf thedataare
skewed. The lower value reported intherange isone-half thedetection limit when thedetection frequency is less than 100 percent.

If thedetection frequency is0, the upper value reported inthe range isone-halttheupper detection limit.

-~~ l1li1 '.~""':"' ..'.•'

Number
Detection Detection

Analyte Units' Limits' Frequency
Range<: Meane RangeC Mean<: of

Samples
Arsenic mglka 0.10 515 0.46 to 0.95 0.692 0.72tol 0.87 3

Cobalt m9lka 0.05 to 0.27 418 0.025 to 0.19 0.094 0.075 to 0.21 0.13 6
Copper mglka ·1.0 818 2.1 to 6.5 3.78 1.1 to 2.9 1.97 6
Molybdenum mglk9 0.09 to 0.14 818 0.32 to 1.8 0.99 0.31 to 2 1.0 6
Lead mglkg 0.05 to 0.10 313 0.1 to 0.6 0.32 0.055 to 3.1 1.14 3
Pb-210 pCUg 0.1 to 0.3 313 0.3 to 0.4 0.37 0.1 to 0.2 0.13 3
Ra-226 pCUa 0.02 to 0.05 313 0.17 to 0.43 0.29 0.015 to 0.02 0.017 3
Selenium mglka 0.14 718 0.07 to 1 0.44 0.04 to 0.42 0.23 6
Th-230 pCUg 0.01 to 0.04 013 0.005 to 0.02 0.012 0.01 to 0.015 0.012 3
Uranium(elemental) mglka 0.05 618 0.025 to 0.44 0.21 0.025 to 0.1 0.054 6

U-234 pCUg 0.02 to 0.03 .1IL 0.01 to 0.2 0.075 .0.0.15.to.0.015. ~O.o15.~ ~3.~~ I

U-235 pCUg 0.02 to 0.03 518 0.01 to 1.1 0.51 0.01 to 1.7 0.57 6
U-238 pCUg 0.02 to 0.04 113 0.01 to 0.16 0.063 0.01100.015 0.012 3
Vanadium mglka 0.19toO.32 3/7 0.095 to 2.3 0.52 0.09 to 0.57 0.23 6
Zinc malka 7.8 to 9.7 818 7.9 to 14.2 11.5 4.8 to 15.2 9.2 6
• - .. -

( 111 < ~l <> M«
Detection Detection Number

Analyle Unlts" Limits' Frequency Rangee Meane Rangee Meane of
Samples

Arsenlc" mglkg NIA NIA . NIA NIA 0.72 to 1.0 0.87 3
Cobalt mglkg 0.19 to 0.2 012 0.095 to 0.1 0.098 0.075 to 0.21 0.13 6
Copper mglkg 1.0 212 2 to 2.2 2.1 1.1 to 2.9 1.97 6
Molybdenum mglkg 0.09 to 0.14 2/2 0.31 to 0.53 0.42 0.31 102 1.0 6
Lead mglkg 0.05 to 0.10 212 0.21 to 0.25 0.23 0.055 to 3.1 1.14 3
Pb-210 pCUa 0.1 to 0.3 212 0.3 to 0.4 0.35 0.1 to 0.2 0.13 3
Ra-226 pCUg 0.02 to 0.05 212 0.28 to 0.3 0.29 0.015 to 0.02 0.017 3
Selenium mglkg 0.14 212 0.51 to 0.76 0.64 0.04 to 0.42 0.23 6
Th-230 pCUg 0.03 112 0.015to 0.06 0.038 0.01 to 0.015 0.012 3
Uranium (elementall malkg 0.05 2/2 0.17 to 0.34 0.26 0.025 to 0.1 0.054 6
U-234 pCUg 0.03 112 0.015 to 0.17 0.093 0.015 to 0.015 0.015 3
U-235 pCUg 0.03 012 0.015 to 0.015 0.015 0.01 to 1.7 0.57 6
U-238 pCUa 0.02 112 0.01 to 0.18 0.095 0.01 to 0.015 0.012 3
Vanadium mglkg 0.22 112 0.11 to 0.81 0.46 0.09 to 0.57 0.23 6
Zinc maiko 7.8 to 9.7 2/2 6.8 to 8.7 7.75 4.8 to 15.2 9.2 6

Imglkg = milligrams perkilograms wetweight; pCilg= picocuries pergram wetweight.
bl( thedetection frequency is 100 percent, thereported range is forthemethod detection limits overthecourse ofsampling
(multiple sampling events werespread over4 years). Peranalytes with a detection frequency of less than 100 percent, the
reported range is fortheactual sample detection limits.

eA value of one-halfthedetection limit wasused fornondetect values; this mayunder oroverestimate the true valueif thedataare
skewed. The lower value reported intherange isone-half thedetection limit when thedetection frequency is less than 100 percent.

If thedetection frequency is0, theupper value reported intherange is one-half theupper detection limit.
dAlthough two grass samples werecollected forarsenic analysis, both results werequalified "R" (unusable data)andtherefore
not summarized in this table (seeAppendixG--1).
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Table 3.6.1-1. Vegetation Data Summaries (continued)

(
I i;i • 11I2II

Detection Detection Number
Analyte Units-

Llmltsb Frequency RangeC Meane RangeC Meane of
Samples

Arsenic maiko 0.10 4/4 0.49 to 0.88 0.64 0.72101 0.87 3

Cobalt mglkg 0.05100.27 4/4 0.07100.25 0.14 0.075100.21 0.13 6

Coppar mglkg 1.0 4/4 2.31034.9 10.7 1.1 to 2.9 1.97 6

Molvbdenum molkg 0.09 to 0.14 4/4 0.34 to 2 1.22 0.31 to 2 1.0 6

Lead mglkg N/A N/A N/A N/A 0.055 to 3.1 1.14 3

Selenium mglkg 0.14 4/4 0.36 to 0.91 0.65 0.04100.42 0.23 6
Uranium (elemental) mglkg 0.05 2/4 0.025100.35 0.12 0.025 to 0.1 0.054 6
U.235 pCVg 0.02 to 0.03 4/4 0.84 to 1.1 0.91 0.01 to 1.7 0.57 6

Vanadium mglkg 0.19 to 0.32 4/4 0.23 to 0.88 0.55 0.09 to 0.57 0.23 6

Zinc maiko 7.8109.4 2/4 3.91025.6 12.8 4.8 to 15.2 9.2 6
• - -.•.....••mglkg._.mll"grams per.kllagramswet.weight,pCVg.~plcocu"esper.gram.wet.welght.~ ~~~ ~.~•.•~~ ..
blf the detecllon frequency Is 100 percent, the reported range Is for the method detecllon limits over the course of sampling
(multiple t:famplingeVehtswere Spread OVer 4 years). Fotanalytes with a detection frequency of lessthan 100percent.the
reported range Is for Ihe actual semple detection limits.

CA value ofone-halt thedetection limit wasused fornondetect values: this mayunder oroverestimate the true value ifthedata are
skewed. The lower value reported In the range Is one-halt Ihe delectlan limit when the deleclion frequency Is less than 100 percent.

If the deteclion frequency Is 0, the upper value reported in the range is one-halt the upper deteclion limit.
'Lead was added as a COPC subsequent to the sampling In Lower Montezuma Creek In 1995.

(

mglkg - milligrams perkilograms wetweIght, pCi/g - picocunespergramwet weight.
blf thedetection frequency is 100 percent, the reported range Is forthe method detection limits overthe course of sampling
(multiple sampling events were spread over4 years). For analytes with a detection frequency of lessthan100 percent. the
reported range is forthe actual sample detection limits.

eA value of one-half the detection limit was used fornondetect values; this may under oroverestimate the truevalue if the data are
skewed. The lower value reported in the range is one-half thedetection limit when the detection frequency is lessthan 100 percent.
If the detection frequency is0, the upper valuereported in therange Is one-half the upper detection limit.

...-> jm~ \IIi II
Detection Detection Number

Analyte Units' Llmlts" Frequency RangaC Meane Rangee Meane of
Samples

Arsenic mglkg 0.13100.24 3/6 0.065 to 0.29 0.14 0.14 to 0.38 0.25 3
Cobalt mglkg 0.05 to 0.17 3/8 0.025 to 0.2 0.069 0.06 to 0.08 0.069 6
Copper mglkg 2.6 7/8 0.96104.3 2.6 2 to 15.5 4.85 6
Molybdenum mglkg 0:09 to 0.14 8/8 0.21102.1 0.82 0.72 to 2.5 1.21 6
Lead mglka 0.08 2/3 0.04 to 0.11 0.077 0.1410 0.85 0.44 3
Pb·210 "CVa 0.1 2/3 0.05 to 0.2 0.15 0.1 to 0.1 0.1 3
Ra·226 pCVg 0.02 to 0.05 3/3 0.06100.21 0.14 0.015 to 0.02 0.017 3
Selenium mglkg 0.04 7/8 0.02100.91 0.34 0.03 to 0.4 0.17 6
Th·230 pCVg 0.Q1 2/3 0.005 to 0.06 0.032 0.01 to 0.01 0.01 3
Uranium(eiemental) mglkg 0.08 7/8 0.04 to 0.42 0.14 0.025 to 0.33 0.12 6
U·234 pCVg 0/02100.03 3/3 0.05 to 0.13 0.077 0.01 to 0.12 0.07 3
U·235 pCVg 0.01 4/7 0.00510 0.69 0.34 0.01100.62 0.24 3
U·238 pCVg 0.01 2/3 0.005 to 0.16 0.072 0.005 to 0.12 0.045 3
Vanadium malkg 0.09 to 0.33 4/8 0.045 to 0.88 0.30 0.07 to 0.23 0.11 6
Zinc maiko 1.0t01.4 8/8 3.5 to 16 9.43 6.9 to 17.6 10.4 6, - -
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Table 3.6.1-1. Vegetation Data Summaries (continued)

i; --• • iiiIi
Detection Detection

Number
Analyte Unltsl

Limits' Frequency
Rangel: Mesne RangeC Mean e of

Samples

Arsenic" mglkg N/A N/A N/A N/A 0.14 to 0.38 0.25 3

Cobalt mglkg 0.1100.17 0/2 0.05100.085 0.068 0.06 to 0.08 0.069 6

Copper mglkg 1.0 2/2 2.2103.4 . 2.8 2 to 15.5 4.85 6

Molvbdenum mglkg 0.09 to 0.14 212 0.31 to 0.58 0.45 0.72 to 2.5 1.21 6

Lead mglkg 0.05 to 0.10 212 0.16 to 0.19 0.18 0.14 to 0.85 0.44 3

Pb·210 pCUg 0.1100.3 2/2 0.2100.2 0.2 0.1100.1 . 0.1 3

Ra·226 pCU9 0.02100.05 212. 0.1toO.11 0.11 0.015100.02 0.017 3

Selenium mglkg 0.04 to 0.19 212 0.49 to 0.56 0.53 0.03 to 0.4 0.17 6
Th-230 . pCUg 0.Q110 0.02 0/2 0.005 to 0.01 0.0075 0.Q1 100.01 0.Q1 3

Uranium (elemental) malkg 0.05 to 0.08 2/2 0.13100.17 0.15 0.025100.33 0.12 6
U-234 P.CUg 0.02.100.03•. . 0/2 ~0.Q1-toO.Q15~ ~0.013~ ~0,OHoO,1l! . 0:07 3

U-235 pCUg 0.01100.03 0/2 0.005'10 0.Q15 0.01 0.01 100.62 0.24 3

U·238 pCUg 0.02 1/2 0.01 100,07 0.04 0.005100.12 0.045 3

Vanadium mglkg 0.09 to 0.33 212 0.13 to 0.42 0.28 0.07 to 0.23 0.11 6

Zinc malka 1.0tol.4 2/2 7.31010.2 8.75 6.9 to 17.6 10.4 6

- .. -'mglkg - milligrams per kilograms wei welghl, pCUg - picocunes per gram wet weight.
bit thedetection frequency is 100percent, thereported range Is for themethod detection limits overthe course ofsampling
(multiple sampling events werespread over4 years). Foranalytes with a detection frequency of lessthan 100 percent, the
reported range Is fortheactual sample detection limits.

cA value ofone-haltthedetection limit was used fornondetect values; this mayunder oroverestimate the true value if thedata are
skewed. The lower value reported inthe range isone-halfthe detection limit when thedetection frequency is lessthan 100 percent.

If thedetectlon frequency. Is 0, the upper value reported intherange isone-half theupper detection limit.
dAllhough two forb samples werecollected forarsenic analysis, both results werequalified "R" (unusable data)andtherefore not

( summarized in this table (see Appendix C-1).

(

mglkg - millIgrams perkIlograms wetweIght, pCifg - prcocunes pergram wetweight.
blf thedetection frequency Is 100 percent, the reported range is forthemethod detection limits overthecourse ofsampling
(multiple sampling evenls were spread over 4 years). For analyles wllh a delection frequency of less than 100 percent, Ihe
reported range is fortheactual sample detection limits.

CA valueofone-half thedetection limit wasused fornondetect values; this may under oroverestimate the true value if thedata are
skewed. The lower value reported intherange Isone-halfthedetection limit when thedetectlon frequency is lessthan 100 percent.

If thedetection frequency is0, theupper value reported intherange isone-half theupper detection limit.
dLead was added as a COPC subsequent to thesampling in Lower Montezuma Creekin 1995.

,<:i//ii':' u;,., .;:,
~ tlr' i } i<ii

Detection Detection Number
Analyte Units'

Limits' Frequency RangeC Meanc RangeC Meanc of
Samples

Arsenic mglkg 0.13 to 0.24 4/4 0.25101.5 0.67 0.14 to 0.38 0.25 3

Caball mglkg 0.05100.17 4/4 0.06 to 0.35 0.20 0.06100.08 0.069 6

Copper mglkg 1.0 4/4 2.9105.4 3.65 2 to 15.5 4.85 6

Molvbdenum mglkg 0.09 to 0.14 4/4 0.24101.4 0.72 0.72102.5 1.21 6

Lead' mglkg N/A N/A N/A N/A 0.14100.85 0.44 3

Selenium mglkg 0.19 3/4 0.095 to 0.48 0.29 0.03100.4 0.17 6
Uranium (elemenlal) mglkg 0.05 to 0.08 4/4 0.13100.56 0.28 0.025100.33 0.12 6

U-235 pCUa 0.01100.03 4/4 0.44 to 0.68 0.56 0.01100.62 0.24 3
Vanadium mglkg 0.18 3/4 0.09 to 2.9 1.11 0.07100.23 0.11 6
Zinc malka 1.0101.4 4/4 11.11013.7 12.7 6.9 to 17.6 10.4 6, - -
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Table 3.6.1-1. Vegetation Data Summaries (continued)

(

m9lkg - mll1l9rams per kilogramswet weight, pCVg picccunes per gram wet Wel9ht.
'If the detection frequency Is 100 percenl, the reported rangels for the method detecllon IImlls over the course of samplln9
(multiple sampling events were spread over4 years). For analytes with a detection frequency of less than100 percent, the
reported range Is forthe actual sample detection limits.

cA valueof one-half thedetection limit was used fornondetect values; this mayunder oroverestimate thetruevalue if the data are
skewed. The lower value reported In the range Is one-half the delecllon limit when the detecllon frequency Is less than 100 percent.

Ifthe delection frequency Is 0, the upper value reported In the range Is one-half the upper detection limit.

... .1 ~
iii

Number
Analyte Units'

Detection Detecllon Range" Meane RangeC Mearie of
Limits' Frequency Samples

Arsenic molko 1.0 5/8 0.50 to 0.87 0.55 0.40 to 0.56 .50 3

Coball molko 0.05 to 0.24 4/8 0.025 to 0.14 0.086 0.06 to 0.12 0.11 6

Conner maiko 1.0 8/8 1.3 to 5.3 3.08 2.1 to 4.4 3.27 6

Malvbdenum maiko 0.12 7/8 . 0.06 to 0.45 0.20 0.065 to 0.77 0.34 6

Lead maiko 0.05 to 1.0 3/3 0.09 to 0.18 0.14 0.29 tn 0.52 0.43 3

Pb·210 aCVa 0.2 to 0.3 1/3 0.1 to 0.3 0.18 0.3 to 0.4 0.33 3

Ra-226 aCVn 0.02 to 0.05 1/3 0.01 to 0.26 0.098 0.03 to 0.04 0.035 3

Selenium maiko 0.11 7/8 0.055 to 0.72 0.37 0.055 to 0.41 0.19 6

Th-230 nCVa 0.01 to 0.02 0/3 0.005 to 0.01 0.0083 0.01 to 0.02 0.015 3

Uranium(elemenlal) maiko 0.05 to 0.09 5/8 0.025 to 0.48 0.19 0.025 to 0.34 0.11 6

U;234 • neVn 0.02 to 0.04 0/3 0.01 to 0.02 0.017 0.015 to 0.025 0.02 3

U-235 nCVa 0.02 to 0.03 5/8 0.01 to 0.7 0.32 0.015 to 0.74 0.34 6

U-238 . nclia 0.02 to 0.04 0/3 0.01 to 0.02 0.617 0.01166:15 0.058 3

Vanadium maiko 0.18 to 0.24 1/8 0.09 to 0.41 0.14 0.1 to 0.3 0.15 6

Zinc mnlkn 1.0tol.4 8/8 14.7 to 64.7 38.1 20.9 to 48.9 34 6
• - =

(ii Ii -/

Datecllon Detection
Number

Analyte Units' Limits' Frequency
Ranget Meane Range" Meane of

Samnles

Arsenic" N/A N/A N/A N/A 0.40100.56 0.50 3

Cobalt maiko 0.21 to 0.22 0/2 0.105toO.ll 0.11 0.06 to 0.12 0.11 6
Coooer maiko 1.0 2/2 2.3 to 3.2 2.75 2.1 to 4.4 3.27 6
Molvbdenum maiko 0.12 to 0.14 0/2 0.06 to 0.07 0.065 0.065 to 0.77 0.34 6
Lead maiko 0.05100.10 2/2 0.16100.54 0.35 0.29 to 0.52 0.43 3
Pb-210 nCVa 0.1 to 0.3 2/2 0.3100.3 0.3 0.3 to 0.4 0.33 3
Ra-226 aCVa 0.04 1/2 0.02 to 0.12 0.Q7 0.03 to 0.04 0.035 3
Selenium maiko 0.11 2/2 0.25100.33 0.29 0.055 to 0.41 0.19 6
Th·230 aCVa 0.02100.03 0/2 0.01100.015 0.013 0.01100.02 0.015 3
Uranium(elemental) maiko 0.05100.09 2/2 0.14100.18 0.16 0.025 to 0.34 0.11 6
U-234 nCVa 0.03 to 0.05 0/2 0.015 to 0.025 0.02 0.015100.025 0.02 3
U-235 aCVa 0.02100.03 0/2 0.01 to 0.015 0.013 0.015 to 0.74 0.34 6
U-238 aCVa 0.03 0/2 0.015 to 0.015 0.015 0.01 to 0.15 0.058 3
Vanadium maiko 0.24 to 0.26 0/2 0.12toO.13 0.13 0,1 to 0.3 0.151 6
Zinc maiko 1.0tol.4 2/2 29.4 to 36.5 33 20.9 to 48.9 34 6

• - -mg/kg - milligrams perkilograms wetweIght, pCilg - picocunespergram wetweight. .
blf thedetection frequency is 100 percent, the reported range is forthe method detection limits overthe course of sampling
(multiple sampling events werespread over4 years). For analytes with a detection frequency of lessthan100 percent, the
reported range is forthe actual sample detection limits.

t"<A value of one-half thedetection limit was used fornondetect values: this mayunder oroverestimate the truevalue if the data are
skewed. The lower value reported in therange isone-halt thedetection limit when thedetection frequency is less than 100 percent.

If the detection frequency is0, theupper value reported in therange is one-half theupper detection limit.
dAlthough twoshrub samples were collected forarsenic analysis, both results were qualified "R" (unusable data)andtherefore
not summarized In this table (see Appendix G-l).
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Table 3.6.1-1. Vegetation Data Summaries (continued)

blf thedetection frequency is 100 percent, the reported range is forthemethod detection limits overthecourse ofsampling
(multiple sampling evenls were spread over 4 years). For analyles wilh e deleclion frequency of less than 100 percent, Ihe
reported range is fortheactual sample detection limits.

cA value ofone-half thedetection limit wasused fornondetect values; this mayunder oroverestimate thetrue value ifthedata are
skewed. The lower value reported intherange isone-half thedetection limit when thedetection frequency is lessthan
100 percent. If thedetection frequency Is0, theupper value reported in the ranqe-ls one-half the upper detection limit.

dLead was added as a COPC subsequent to thesampling in Lower Montezuma Creekin 1995.

·.·... ii·....·......·i;;;:;.,.-·· ....•. .,
--c- 0/.\ i.i··..i········.·.·.... i~. ..............·...iiii

Detection Detection Number
Analyle Units' Limits' Frequency

Range<: Meane RangeC Mean<: of
Samples

Arsenic mglkg 0.10 4/4 0.46 to 0.61 0.53 0.4 to 0.56 0.50 3

Coball mglko 0.05 to 0.24 2/4 0.025 to 0.05 0.Q38 0.06100.12 0.11 6

Copper mglkg 1.0 4/4 2.9 to 4 3.36 2.1104.4 3.27 6

Molybdenum mglkn 0.09100.14 4/4 0.14 to 0.36 0.23 0.065 to 0.77 0.34 6

Leadd mglkg N/A N/A N/A N/A 0.29 to 0.52 0.427 3
Selenium mglkO 0.11 4/4 0.27 to 0.76 0.45 0.055 to 0.41 0.19 6
Uranium (elemental) mglkg 0.05 1/4 0.025100.07 0.036 0.025100.34 0.11 6

U-235 pCUg 0.02100.03 4/4 0.56 to 0.72 0.67 0.015100.74 0.34 6

Vanadium mglkg 0.2 1/4 0.1100.21 0.13 0.1100.3 0.15 6

Zinc mnli<~ 1.0101.4 4/4 10 to 16.4 12.7 20.91048.9 34 6
'mglkg~i1iigrams.l>orJ<ilog"'ms~elWeighl;.pCUg ~. pJcocuries per gra~elWelght.

Table 3.6.2-1. Cliff Swallow Data Summary

--~ L
(

Analyle Units'
Detection
Limits'

Detection
Frequency

RangeC RangeC
Number

of
Samples

Arsenic mglkg 0:10 3/3 0,32100.39 0.35 0.25100,38 0,32 3
Coball maiko 0.05 0/3 0.025 to 0,025 0.025 0,025 to 0.025 0,025 3
Copper mglkg 0.2101,0 3/3 2.2 to 2,6 2.37 2.310 2.8 2.53 3
Molybdenum mglkg 0.1 0/3 0.05 to 0.05 0.05 0.05100.05 0.05 3

mglkg N/A N/A N/A N/A N/A N/A N/A
Selenium mglkg 0.04 to 0.19 3/3 1.3 to 1.8 1.6 0,93101 0.97 3
Uranium (elemenlal) mglkg 0.05 0/3 0.025 to 0,025 0.025 0,025100.025 0.025 3
U-235 pCUn 0.01 to 0.03 3/3 0.16 to 0,22 0.19 0.27100.33 0.30 3
Vanadium mnlkn 0.19 0/3 0.095 to 0,095 1i.095 0.1100.1 0.1 3
Zinc 1.0 to 1.4 3/3 30.8 to 33.9 31.9 25.7 to 29.1 27.2 3

Imglkg = milligrams perkilograms wetweIght, pCifg = ptcocurres pergramwetweight.
blf thedetection frequency is 100 percent, thereported range Is forthemethod detection limits over the course ofsampling
(multiple sampling events werespread over4 years). Foranalytes with a detection frequency of lessthan 100 percent, the
reported range Is for the actual sample detection limits.

cA value ofone-half thedetection limit was used fornondetect values; this mayunder oroverestimate the true value if thedataare
skewed. The lower valuereported inthe range isone-half thedetection limit when thedetection frequency islessthan
100 percent, I! Ihe deteclion frequency Is 0, Ihe upper value reported In Ihe range is one-hal! the upper delectlon limit.

'Lead was added as a COPC subsequent 10Ihe cliff swallow sampling In 1995.

Compositing procedures were revised during Phase II by segregating samples between flying and
nonflying insects. Composite samples could not be collected at each transect during Phase II
because the amount of terrestrial invertebrates available at some transects did not provide a
.sufficient sample mass for analysis, The limited number of insects available for sampling during
Phase II was attributed to the unusually dry conditions in 1996. Precipitation was 20 percent the
average rainfall in April and May 1996 and half the average in June 1996 except for two storm
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events late in the month, which elevated the monthly total over the average. In addition, June
1996 was ab~ut 5OF warmer than average June temperatures. (

To obtain a sufficient sample mass, insects collected along all Phase II transects were composited
to form a single flying-insect sample for analysis. Sufficient sample mass was obtained to form
nonflying invertebrate samples at each transect for metals analysis and at most transects for
radionuclide analysis. However, samples from transects 22 and 23 (along Montezuma Creek)
were composited to form one sample for radionuclide analysis. The revised Phase II compositing
and sampling procedures were performed with ETAG concurrence (DOE 1996e).

Vegetation-dwelling insects were collected with a sweep net that was passed through vegetation
along the length of the transect. Ground-dwelling insects were collected in pitfall traps located
along the transects. Flying and nonflying insects were segregated as part of sample collection
during Phase II. '

- -- ---- ------ - -------~----------- --- -- ---------- ----------------- --~--- ----

All samples were contained in sealed polyethylene sample bags and kept frozenuntillaboratory
analysis. Terrestrial invertebrate data summaries are presented in Table 3.6.3-1; analytical results
are included in the Appendix C data tables.

3.6.4 Benthic Macroinvertebrate Sampling

Benthic macroinvertebrates were sampled at Montezuma Creek and Verdure Creek during
Phase I and Phase II of the environmental media characterization. Sampling was performed by ('
ORNL as part of a study designed to (I) evaluate and document ecological conditions along
Montezuma Creek and in the Verdure Creek reference area and (2) monitor changes in the _
ecological conditions during implementation of MMTS remedial action.
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Samples were collected by using an aquatic kick net fitted with a 500-J.lm-mesh net. They were
obtained from an approximately 300-ft reach ofthe stream near each transect. Collections were
made by disturbing the bottom of the stream by foot or hand and allowing the dislodged
invertebrates to float into the net. When enough biomass was accumulated, the specimens were
placed on filter paper, blotted to remove visible moisture, and weighed. Investigators attempted
to collect three composite samples at each transect, but only one or two samples could be
obtained at some transects because the number of organisms available was insufficient. The
number of samples collected and the analytes measured at each transect are listed in Table 3.6-1
(page 3-21). All samples were shipped to ORNL for analysis. Benthic macroinvertebrate data
summaries are presented in Table 3.~.I; analytical results are included in the Appendix B data
tables. Benthic macroinvertebrate co unity results (densities and taxonomic composition), as
reported by Smith et al. (1996 and I 97), are presented in Appendix G.

3.6.5' Mule Deer and Beef CattlfSamPling
, I

The Montezuma Creek Valley;:'fused for cattle ranching, and the area also supports mule deer
and other wildlife in mostly ri arian habitat. Concern for health risks to humans who consume
tissues of cattle and deer in th s area prompted EPA and UDEQ to conduct a screening level

exposure study of deer an~1'~tt.le to ~etermine if.con~inant.. s h~d bioaccumulat~d, that is,
had become concentrated I ammal tissues after ingestion of environmental media -

/'/
,/
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Table 3.6.3-1. Terrestriallnvertebrale oete Summaries

blf thedetection frequency is100 percent, thereported range IS for themethod detection limits overthecourse ofsampling
(multiple sampling events were spread over 4 years). Foranalytes with a detection frequency of less than 100percent, the
reported range isforthe actual sample detection limits.

cA value of one-halt the detection limit wasused for nondetect values; this mayunder oroverestimate thetrue value if thedataare
skewed. The lower value reported in the range is one-half the detection limit when the detection frequency is less than
100 percent. If the detection frequency is O. the upper value reported In the range is one-half the upper detection limit.

"i ....... ?···iiii <?ii... "!!«"" I·•.••••····.•·••·•·••......·•••·••·•••.••••..•... «•....•
Detection Detection Number

Analyte Units' Limits' Frequency RangeC Meane RangeC Mesne of
Samples

Arsenic mglkg 0.10 3/3 0.17 to 3.1 1.24 0.23 to 0.6 0.38 3
Cobalt molkg 0.47 to 0.52 0/2 0.235 to 0.26 0.25 0.185 to 0.19 0.19 3
Copper mglkg 0.20 to 1.0 3/3 23.5 to 43.7 36.2 '11.7 to 22.1 16.7 3
Molybdenum mglkg 0.95 213 0.44 to 0.55 0.50 0.48 to 0.54 0.51 3
Lead mglkg 0.05 to 0.10 3/3 0.72 to 1.4 1.14 0.43 to 0.68 0.58 3
Ra-226 pCUg 0.02 to 0.05 212 ·0.29 to 0.9 0.60 0.06 to 0.12 0.087 . 3
Selenium mglkg 0.20 3/3 1 to 2.8 1.63 0.46 to 1.2 0.81 3
Uranium (elemental) mglkg 0.05 3/3 2.8 to 4.9 4.2 0.44 to 0.62 0.53 3
Vanadium mglko 0.20 3/3 2.1 to 5 3.67 0.54 to 1.1 0.82 3
Zinc maiko 1.0 to 1.4 3/3 62.2 to 91.4 75.7 50.3 to 61.5 56.4 3
·mgJkgEJIliJI.igramsperkllogramswetwelght~pCUg~icocur!Ss"pergram-wet~welgh~;

mglkg - milligrams per kilograms wet weight. pCUg - picocunes per gram wet weight.
blf thedetection frequency is 100 percent, thereported range isfor the method detection limits over the course ofsampling
(multlple sampling events were spread over 4 years). For analyles with a detection frequency of less than 100 percent. the
reported range Isforthe actual sample detection limits.

CA value of one-half the detection limit was used farnandetect values; this mayunder oroverestimate thetrue value if thedataare
skewed. The lower value reported In the range is one-half the detection limit when the detection frequency Is less than
100 percent. If the detection frequency Is O. the upper value reported in the range Is one-half the upper detection limit.

- ~
i ......·...····..·.·.···.·...·.. i.·.·.:W'"

Detealion Detealion Number
Analyte Units-

Limits' Frequency RangeC Meanc RangeC Meanc of
Samples

Arsenic mglkg 0.10 1/1 0.83 to 0.83 0.83 0.23 to 0.6 0.38 3
Cobalt mglkg 0.22 to 0.36 0/2 0.11 toO.18 0.15 0.185 to 0.19 0.19 3
Copper mglkg 0.20 to 1.0 2/2 12.6 to 16 14.4 11.7 to 22.1 16.7 3
Molybdenum mglkg 0.09 to 0.14 212 0.35 to 0.46 0.41 0.48 to 0.54 0.51 3
Lead mglkg 0.05 to 0.10 212 1 to 1.3 1.15 0.43 to 0.68 0.58 3
Ra·226 pCUg 0.02 to 0.05 212 0.38 to 0.43 0.41 0.06 to 0.12 0.087 3
Selenium mglkg 0.20 2/2 0.81 to 0.97 0.89 0.46 to 1.2 0.81 3
Uranium (elementai) mglk9 0.05 2/2 0.53 to 1.3 0.92 0.44 to 0.62 0.53 3
Vanadium mglkg 0.20 2/2 0.96 to 1.2 1.08 0.54 to 1.1 0.82 3
Zinc maiko 1.0tol.4 2/2 56.5 to 64.1 60.3 50.3 to 61.5 56.4 3
• - -

(
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Table 3.6.3-1. Terrestrial Invertebrate Data Summaries (continued)

(

'If the delecllon frequency IS 100 percent. the reported range IS for the melhod detection limits over the course of sampling
(multiple sampling events werespreadover 4 years). Foranalytes with a detection frequency of less than 100 percent.the
reported range isforthe actual sample detection limits.

cA value ofone-halt thedetection limit wasused fornondetect values; this mayunder oroverestimate thetrue value if thedata are
skewed. The lower value reported intherange Is one-half thedetection limit when thedetection frequency is less than
100percent. If thedetection frequency is0, the upper value reported in therange Is one-half theupper detection limit.

dAlthough oneflying invertebrate sample was collected for arsenic analysis from Upper andMiddle Montezuma Creek and from
Verdure Creek, the results were qualified "Rot (unusable data) andtherefore not summarized inthis table.

·i.·.\·..\,i )~I~d'~ ...- .··.i.·;' ..··" ......., ... ii .......I.·.··
Detection Detection Number

Analyte Units' Limits' Frequency Range<: Meane RangeC Meane of
Samples

Arsenic" mglkg N/A N/A N/A N/A N/A N/A N/A

Coball malkg 0.4 0/1 0.2 to 0.2 0.2 0.105 to 0.105 0.11 1

Capper mglkg 0.20 to 1.0 1/1 11.9t011.9 11.9 9.3 to 9.3 9.3 1

Molybdenum mglkg 0.09 to 0.14 1/1 0.35 to 0.35 0.35 0.3 to 0.3 0.3 1

Lead mglkg 0.05 to 0.10 1/1 1.5t01.5 1.5 1.5t01.5 1.5 1

Ra·226 pCUg 0.02 to 0.05 1/1 0.23 to 0.23 0.23 0.11toO.11 0.11 1

Selenium mglkg 0.20 1/1 1.1t01.1 1.1 1.5 to 1.5 1.5 1

Uranium (elemental) mglko 0.05 1/1 2.7 to 2.7 2.7 0.57 to 0.57 0.57 1

Vanadium mglkg 0.20 1/1 1.6t01.6 1.6 1.2 to 1.2 1.2 1

Zinc maiko 1.0 to 1.4 1/1 62 to 62 62 47.2 to 47.2 47.2 1

••.!mglkg =.milligrams.per kll~grams wet.weight;pCUg.~pjCQcuries.p.Lgram~.Iw.Jgh~ _. --

(

mglkg milligrams per kilograms wet weight, pCUg plcocunes per gram wei weight.
'If the detecllon frequency Is 100 percent, the reported range is for the method deteclion limits over the course of sampling
(multiple sampling events were spread over4 years). Foranalytes with a detection frequency of less than 100percent, the
reported range isfortheactual sample detection limits.

<:A value ofone-half thedetection limit wasused fornondetect values; this mayunder oroverestimate thetrue value if thedataare
skewed. The lower value reported Inthe range Isone-half thedetection limit when thedetection frequency is less than
100 percent. If the detecllon frequency Is 0, the upper value reported in the range Is one-half the upper detection limit.

. -211
Detection Detection Number

Analyle Unltsa
Limits' Frequency

Range<: Mean<: Range<: Mean<: of
Samples

Arsenic mglkg 0.10 515 0.35 to 0.63 0.44 0.34 to 0.43 0.40 3

Coball mglkg . 0.05 4/5 0.025 to 0.25 0.091 0.08 to 0.12 0.093 3

Copper . malkg 0.20 to 1.0 5/5 11.3t019.1 14.2 9.6 to 12.9 11.3 3
Molybdenum mglkg 0.09 to 0.14 515 0.36 to 0.51 0.43 0.42 to 0.6 0.49 3

Selenium mglkg 0.20 515 0.41 to 1.8 0.76 0.1 to 0.3 0.22 3
Uranium (elemental) mglkg 0.05 1/5 0.02510 0.06 0.032 0.025 to 0.025 0.025 3
U-235 pCUa 0.01 to 0.03 515 0.48 to 0.58 0.52 0.45 to 0.59 0.53 3

Vanadium mglka . 0.2 2/5 0.1 to 0.26 0.15 0.095 to 0.1 0.098 3
Zinc molko 1.0t01.4 515 46.7 to 52.5 49.4 46.91050.5 48.6 3
• =

..
=
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Table 3.6.3-1. Terresfriallnvertebrate Data Summaries (continued)

- - I -Detection Detection Number
Analyte Units'

Limits' Frequency Rangee Meane RangeC Mean!; of
samotes

Arsenic malka 0.10 4/4 0.371a 0.85 0.613 0.34 to 0.43 0.40 3

Cobalt malka 0.05 4/4 0.07100.49 0.253 0.08100.12 0.093 3

CODDer malka 0.20 to 1.0 4/4 9.3 to 14.9 11.2 9.81012.9 11.3 3

Molvbdenum maiko 0.09 to 0.14 4/4 0.38100.83 0.55 0.42100.6 0.49 3

Selenium maiko 0.20 4/4 0.33.102.9 1.49 0.1 to 0.3 0.22 3
Uranium (elemental) maiko 0.05 214 0.025100.13 0.0675 0.025 to 0.025 0.025 3

U-235 DCVa 0.05 4/4 0.37 to 0.6 0.465 0.45 to 0.59 0.53 3

Vanadium maiko 0.2 214 0.1 to 1.8 0.59 0.095100.1 0.098 3

Zinc malka 1.0 to 1.4 4/4 44.4 to 54.1 49.2 46.9 to 50.5 48.8 3
.. -'mglkg =milligrams per kilograms wet welghl, pCVg - picocunes per gram wet weight.

blf thedetection frequency is 100percent, thereported range is for themethod detection limits overthecourse ofsampling
-~~~~(mulliple·sampling'events-were-spread'over·4·years)cFor"Snalytes·wilh·a"delection'frequencroflessihaIr100·percent;1h'".~~~~~~~~~~

reported range Is for the actual sample detecnon Iimils.
cA value ofone-halt thedetection limit wasused for nondetect values; this mayunder oroverestimate thetrue value ifthedataare
skewed. The lower value reported in Ihe range is one-half Ihe delection limit when Ihe detection frequency is less Ihan 100 percent.

If the deleclion frequency is 0, the upper value reported in Ihe range Is one-half Ihe uppar dstectlcn limit.

Table 3.6.4-1. Benthic Macroinvertebrafe Data Summaries

mglkg - milligrams par kilograms wat weight, pCVg - picocunes per gram wet walght.
bit thedetection frequency Is 100 percent, the reported range is forthe method detection llmlts overthecourse of sampling
(multiple sampling events werespread over4 years). Foranalytes with a detection frequency of lessthan100 percent, the
reported range is forthe actual sample detection limits.

cA value of one-half thedetection limit was used fornondetect values: this mayunder oroverestimate the truevalue if the data are
skewed. The lower value reported inthe range Isone-half thedetection limit when the detection frequency is lessthan 100 percent.

If thedetection frequency is0, theupper value reported in therange is one-half the upper detection llmlt.

11 i TIl i
i-

.........•.......•..., ii

netecuon Detection Number
Analyte Unltsl

Limits' Frequency
RangeC Mesne Range" Meane of

Samples

Arsenic maiko 0.50100.57 7f7 0.54101.05 0.77 0.25100.275 0.28 2

Cobalt malka 0.10 7Fl 0.27100.86 0.54 0.45100.53 0.49 2
CODDar molka '1.0 7f7 2.24102.79 2.58 3.11 103.56 3.34 2
Molvbdenum molka 0.10 7f7 0.33100.64 0.51 0.26100.28 0.27 2

Lead malka 0.10 7f7 0.32100.49 0.4 0.23100.29 0.28 2

Selenium maiko 0.94 to 1.1 7f7 0.94101.65 1.2 0.51 to 0.55 0.53 2
Uranium (elemental) maiko 0.10 7f7 0.42100.63 0.50 0.025100.03 0.028 2
U-235 DCVa 0.05 7f7 -.421025.7 9.44 -1.5 to 21.6 10.1 2
Vanadium maiko 1.0 7f7 4.65 to 7.81 8.28 4.04 to 4.78 4.41 2
Zinc maiko 1.0 7f7' 161025.06 19.2 26.11 1028.3 26.2 2., - .. -

(
•
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Table 3.6.4-1. Benthic Macroinverlebrate Data Summaries (continued)

Zinc m Ik 1.0 2/2 22.05 to 22.1 22.1

(

2

2
2

2

2

2

2

2
2

2

Number
of

Sam les

3.34
0.49

0.028

4.41

0.26

0.26
0.27

26.2

10.1

·0.530.51 to 0.55

0.45 to 0.53

-1.5 to 21.6

0.26 to 0.28

4.04 to 4.78

3.11103.56

0.23 to 0.29

0.025 to 0.03

0.25 to 0.275

26.11 to 26.3

RangeCDetection
Frequency

0.10 2/2 0.3 to 0.42 0.36

1.0 2/2 4.67 105.34 5.01

1.0 2/2 4.64 to 5.16 4.9

0.57 1/2 0.285 to 0.95 0.62
0.10 2/2 0.35100.42 0.39

0.05 2/2 -2.3 to 17.7 7.7

0.10 2/2 0.23 to 0.25 0.24
0.10 2/2 0.35 to 0.47 0.41

Detection
Limits'

0.94 to 1.11 0/2 0.545 to 0.555 0.55

Units'Analyte

'mglkg = milligrams per kilograms wet weight; pCUg = plcocuries per gram wet weight.
...•~.~If.the.detection.frequencyjs.100.percent,.the.reported.range.ls for.the.melhod.detection·limits·over-lhecourse ofsampling·~···~····

(mullipla sampling events were spread over 4 years). For analyles with a detection frequency of lass than 100 percent, the
reported range Is for the actual sample detection limits.

cA value ofone-half thedetection limit was used fornondetect values: this mayunder oroverestimate thetrue value if thedataare
skewed. The lower value reported intherange Isone-half thedetection limit when thedetection frequency isless than 100percent.

If tha detection frequency is 0, the upper value reported In the range Is one-half the upperdetaction limit.

(

mglkg - milligrams per kilograms wet weight, pCUg - plcocurles per gram wet weight.
bit thedetection frequency is 100percent, the reported range is for themethod detection limits overthecourse ofsampling
(molt1ple sampling events were spread over4 years). Foranalytes with a detection frequency of less than 100 percent, the
reported range isfortheactual sample detection limits.

t;A value ofone-half thedetection limit wasused fornondetect values; this mayunder oroverestimate thetrue value if thedataare
skewed. The lower value reported intherange isone-half thedetection limit when thedetection frequency is less than 100percent.
If thedetection frequency is0, the upper value reported intherange isone-half the upper detection limit.

ii .• ' im
."-e2 ..•.•..•.• ·.i.·.......·.. i "- ..........

··"/00'·· i'.'••.'• •••••••••••

Detection Detection Number
Analyte Units' Limits' Frequancy RangeC Meane RangeC Mesne of

Isamoles
Arsenic maiko 0.50 6/6 1.24 to 2.18 1.57 0.86 to 1.2 0.99 3
Bata DCUa 2.0 to 8.5 6/6 20.3 to 24.2 22.3 15.2 to 21.4 18.0 3
Cobalt maiko 0.10 6/6 0.74 to 1.48 1.17 1.39 to 1.63 1.49 3
CODDer molko 1.0 6/6 2.9 to 3.6 3.13 3.3 to 3.4 3.37 3
Moivbdenum molko 0.10 6/6 0.84 to 2.02 1.40 0.58 to 1.05 0.89 3
Lead maiko 0.10 6/6 0.44 to 1.0 0.61 0.60 to 0.75 0.67 3
Selenium mDlko 1.0 6/6 1.13t01.72 1.41 1.48 to 1.78 1.60 3
Uranium (elemental} maiko 0.10 6/6 0.79 to 1.78 1.09 0.11 to 0.13 0.12 3
Vanadium molko 1.0 6/6 6.2 to 11.9 7.85 3.4 to 3.5 3.43 3
Zinc molko 1.0 6/6 15. to 18. 16.3 21. to 22. 21.3 3, - .. -
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Table 3.6.4-1. BenthicMacroinverlebrate Data Summaries (continued)

• • ~-,07/<

Detection Detection Number
Analyle Units' Rangel; Mean/; RangeC Mesne ofLimits' Frequency

!sample.

Arsenic molko 0.50 3/3 0.71 to 0.76 0.74 0.86 to 1.20 0.99 3

Beta DCilo 2.0 to 8.5 3/3 15.3 to 24.0 19.2 15.2 to 21.4 18.0 3

Cobalt molko ·0.10 3/3 0.63 to 0.65 0.64 1.39 to 1.63 1.49 3

CODDer molko 1.0 3/3 2.60 to 3.20 2.87 3.30 to 3.40 3.37 3

Molvbdenum molko 0.10 3/3 0.56 to 0.59 0.57 0.58 to 1.05 0.89 3

Lead molko 0.10 3/3 0.51 to 0.66 0.59 0.60 to 0.75 0.67 3

Selenium molko 0.78 to 1.0 3/3 0.99 to 1.06 1.03 1.48 to 1.78 1.60 3

Uranium (elemental) molko 0.10 3/3 0.74 to 0.96 0.87 '0.11 toO.13 0.12 3

Vanadium molko 1.0 3/3 2.70 to 2.90 2.83 3.40 to 3.50 3.43 3

Zinc molko 1.0 3/3 14.0 to 16.0 15.0 21.0 to 22.0 21.3 3. - . . -mglkg - milligrams per kilograms wet weight, pCilg - picocunes per gram wet weight.
_~~~~'llthe~dele"tlonJ(e.quencyJsJilltper<:ent,JheJeportedJangejsjorJhe.methodJletecllon.limits.ove~th..cours..of...ampiln9~~~~~~~~~

(multiple sampling events werespread over4 years). Foranalytes with a detection frequency of lessthan100 percent, the
reported range is forthe actual sample detection limits.

I:A value of one-halt thedetection limit wasused fornondetect values: this mayunder oroverestimate the truevalueifthe data are
skewed. The lower vaiue reported in the range is one-half the detection limit when the detection frequency is less than 100 percent.

If the detection frequency is0, theupper value reported intherange is one-half theupper detection limit. .

(Henningsen 1997). Yearling beef cattle and mule deer from preferentially Upper/Middle
Montezuma Creek and Lower Montezuma Creek were sampled for contaminants; cattle and deer
from nearby Verdure Creek were sampled to determine background concentrations. Muscle
tissue was the main concern because (in comparison to liver and kidney) a larger mass is

( available for human consumption,

Bone was tested mostly as a bioindicator for some metals that preferentially accumulate
there-i-bone is not consumed in meaningful amounts, and mineralized contaminants should not
migrate into cooked meat to any significant extent. Literature review and models could not
supply convincing information that OU III contaminants were not potentially bioaccumulating in
edible tissues, and thus, this exposure screening study was undertaken to determine meaningful
exposures.

The number of samples of beef cattle totaled 23 individuals and consisted of 7 control beef cattle
from Verdure Creek and 16 beef cattle (10 from Upper/Middle Montezuma Creek and 6 from
Lower Montezuma Creek) from areas assumed to have higher levels of contamination. Three
duplicates were also taken (I from each group), making a total of 26 sets of samples. In addition,
6 control mule deer were collected from Verdure Creek, and 6 mule deer were collected from
Montezuma Creek. With the collection of 2 duplicates (1 from each group), a total of 14 sets of
mule deer samples were collected. Deer were collected in early September after most of their
exposure in the Montezuma Creek valley had occurred and before they could intermingle with
deer migrating from the Abajo Mountains to the west. Results of beef cattle and mule deer
sampling are discussed in Section 4.2.3.

Additional information on air monitoring is presented in the Draft Final Monticello Mill Tailings
Site, Operable Unit III, Baseline Human Health Risk Assessment (DOE 1998b), (Appendix L of
the RI). .
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4.0 Analysis of Ecological Exposure and Effects

4.1 Exposure Assessment

Exposure assessment is the first of two parts of the analysis phase of step 6 of the ERA process
(EPA 1997). All significant and potentially complete exposure pathways identified in
Section 2.0, "Problem Formulation," are evaluated by quantifying the co-occurrence of
ecological receptors and COCs. Potentially incomplete (because the.receptors were not identified
within au Ill) pathways for the southwestern willow flycatcher and peregrine falcon also are
evaluated. The result of this evaluation is a set of dose calculations for each COC, receptor, and
medium. In the second part of the analysis phase, "Ecological Effects Assessment" (Section 4.2),
ecological benchmark values are selected after evaluation of ecotoxicologicalliterature. "Risk
Characterization" (Section 5.0), step 7 ofthe ERA process, compares the dose estimates and

~~~~toxieity~benchmark~tocdevelop~hazard'luotients<lnd~hazartlim1ices.

Methods used to quantify exposure of receptors and dose from both chemical and radioactive
COCs are discussed in Section 4.1.1. Exposure profiles for all receptors are discussed in
Sections 4.1.2 and 4.1.3. Exposure estimates are based on dietary dose calculations for both
chemical and radioactive COCs and on external exposure calculations for radioactive COCs.

4.1.1 Methodology

( This section presents the rationale, approach, and models used to estimate exposure of ecological
receptors to COCs. Discussion of exposure models is divided into sections on chemical exposure
and radiation exposure.

Chemical Exposure

The generalized chemical exposure model evaluates ingestion as the primary exposure route.
Dermal exposure and inhalation were assumed to be negligible compared to the ingestion route.
Dermal exposure occurs when contaminants are absorbed directly through the skin. Metal
contaminants identified at au III are not well absorbed through the skin (Camner et al. 1979).
Inhalation exposure occurs when volatile compounds or small particles are respired into the
lungs. Volatile organic compounds, the contaminants most likely to present a risk through
inhalation, are not COCs at the site. Air-monitoring data suggest that the concentration of small
airborne particles is also negligible (DOE I 996a), probably because contaminated soils at the
millsite are stabilized with vegetation. Fugitive dust originating in the au III soil and sediment
area also is expected to contribute negligible airborne contamination because soils in this area
have lower contaminant concentrations than the millsite (which had minimal airborne
contamination), because soils are moist and are not prone to dust production, and because soils

. are stabilized with dense vegetation.

Receptors may ingest COCs from several media by consuming contaminated soil, sediment, and
forage or prey, and by drinking contaminated surface water. Therefore, the total exposure from
ingestion is the sum of exposures attributable to each medium consumed. Estimation of exposure
from ingestion required information on the habitat characteristics ofreceptors, contaminated
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media that are dietary constituents, and dietary proportions of contaminated media. Exposure
estimates were modified by applying area-use factors (AUFs) to account for time spent outside (
contaminated areas by receptors whose home ranges extend beyond the boundaries ofau III.

Exposure estimates were calculated as a body-weight normalized daily dose (milligrams per
kilogram per day [mg/kg-day]). Expressed in these terms, exposure estimates could then be
compared to toxicity benchmarks (Section 4.2). The daily (Josea receptor receives from ingestion
of contaminated media was estimated using the following general equations:

(4-1)

where
RDDL~.~!~~~onabl~.~aily c!q~,tlJ!Olllc0!l~l11il1antI (mg/lfg-c1a'y)~~•..~~.~••~~.•••.... ,
EPCij = exposure point concentration of contaminantj in medium i (milligrams per

kilogram), and
IF, = intake factor for medium i in grams medium per grams body weight per day

(gIg-day).

where

IF = (I)(EF)(AUF)
t BW

I, = ingestion of medium i (grams per day),
EF = exposure frequency for the receptor (unitless),
AUF = area use factor for the receptor (unitless), and
BW = body weight of receptor (grams).

(4-2)

(

Ingestion (I;) of soil, sediment, forage, and prey were estimated as dietary fractions of the total of
ingested solids:

where

where

I, = (II,)(DF,)

II, = ingestion total for solids (grams per day), and
DF, = fraction ofreceptor's diet that is in the medium i.

(4-3)

(4-4)

IRsolids = published ingestion rate of solids expressed as grams solid per gram of receptor
body weight per day (gIg-day).
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Ingestion of surface water (/'H') was estimated as:

where

Analysis of EcologicalExposure and Effects

(4-5)

IRwatcr = published ingestion rate of water expressed as grams liquid per gram of
receptor body weight per day (gig-day).

Exposure Point Concentration

For the evaluation of dietary exposure, the exposure point concentration (EPCij) can be defined
as the concentration of COC j in medium i that occurs within the habitat of the receptor and is
consumed by the receptor. The contaminated habitat area for a receptor is a subregion ofau III,

-~~~"orsamplingo;tratum;witltirrwlrtch a reCeptotWas eitlier oDservedor would be expected to inhabit
on the basis of published habitat characteristics. Contaminant data for soil, sediment, foodstuff,
and surface-water samples withina stratum were used to calculate EPCs. Section 3.0 describes

"the field sampling designs and methods for various media. EPCs were derived from co-located
sample data. Use of co-located data makes it possible to more precisely delineate higher and
lower risk areas within au III, especially for receptors with small home ranges.

(

Mean, maximum, and 95 percent upper confidence limit (UCLgs) values were calculated for all
COCs from co-located samples of ingestible media. The data were poststratified into three
subregions: Upper Montezuma Creek, Middle Montezuma Creek, and Lower Montezuma Creek.
In most cases, when sample numbers were adequate, the UCLgs value of a contaminant
concentration within a subregion was selected as the EPC. The UCLgs represents a conservative
estimate of the average concentration at the point of contact (EPA 1992b). Maximum values
were used when sample numbers were low and the UCLgs exceeded the maximum value.
Statistical summaries ofthe analytical data for each medium are presented in Appendix H.

Soil and Sediment EPCs

EPA guidance suggests that, in most cases, it is reasonable to assume that soil sampling data
from Superfund sites are lognonnally distributed (EPA 1992b). Preliminary analysis ofau III
soil data supports this assumption. Similar observations were recently made on other soil
samples collected around the MMTS (DOE 1996c). On this basis, all soil and sediment EPCs
were computed with the following equation (EPA 1994):

UCL = e(~+O"5S' +sH.r.;::J) + sH
95 .In-l
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where
UCL95 =

e =

x
s =

H =

n =

upper 95 percentile confidence limit of the mean-lognormal distribution, (
constant (base of the natural log, equal to 2.718),
arithmetic mean of the transformed data,
standard deviation ofthe transformed data,
H statistic (Land 1975), and
number of samples.

SUI/ace-Water and Vegetation EPCs

EPA guidance also was used to compute the UCLs95 for surface-water and vegetation data. For
these media, a normal distribution was assumed and EPCs were computed with the following
equation from EPA (1994):

S
UCL95 =X + t 1/2

n

where
UCL95 = upper 95 percentile confidence limit of the mean; normal distribution,
x = arithmetic mean of the data, .
s = standard deviation of the data,
t = Student's t-statistic, and
n = number of samples.

Exposure Parameters

Several parameters that are required to model exposure were either obtained directly from
published literature or calculated using information from published literature. If available,
measures of central tendency (CT) and measures of dispersion were both used, The dispersion
statistics (i.e., range, confidence limit, maximum or minimum) were used to estimate a
reasonable maximum exposure (RME). The difference between exposure calculated from CT and
RME values provides a measure of the uncertainty in the calculation of a reasonable daily dose
(RDD); the RME-based calculation is a reasonable upper bound. Conservative assumptions were
used when literature values could not be found for exposure parameters such as the fractions of
soil and sediment in a receptor's diet. Detailed exposure parameters for each receptor of concern
are described below.

Ingestion Rate (IR)

Ingestion rate is required to calculate ingestion totals of solids and water (Equations 4--4 and
4-5). Food and water ingestion rates (grams of medium per gram of body weight per day) for
endpoint species were obtained from the literature. Literature values are derived from a variety of
sources: field observations, laboratory studies, and allometric regression models based on
metabolic rates. Literature value's of food consumption are expressed in grams or kilograms
either on a dry-weight or wet-weight basis. All ingestion rates were expressed on a wet-weight

(
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basis to be consistent with receptor body weight values and EPC values. The CT was calculated
as the median of literature values. Maximum literature values were used for the RME.

Dietary Fraction (DFJ

Dietary fraction refers to the proportion of a receptor's diet that consists of food solid (l). Dietary
fraction is required to calculate ingestion (grams per day) for various dietary solids
(Equation ~3). Dietary fraction values for forage and prey were obtained from the literature.
Because the weighting of dietary fraction values varies among media and contaminants, the same
values were used for CT and RME.

It was assumed that all receptors consumed soil and sediment in addition to forage and prey. A
receptor can ingest soil and sediment inadvertently during foraging or grooming, or purposefully,
to meet nutrient requirements, especially for herbivores with diets deficient in sodium and other~~~~~~
trace elements (Robbins 1993). Soil ingestion rate values are rare in the literature. For mule deer
and deer mouse, soil ingestion rates reported by Beyer (1994) were used. Conservative
assumptions for soil and sediment ingestion rates were used for the other receptors.

Body Weight (BW)

Body weight is an important factor in determining exposure (Equations 4-2, 4-4, and 4-5). The
smaller receptors (e.g., deer mouse, spotted bat, southwestern willow flycatcher) have higher
metabolic rates and, therefore, higher water and food consumption rates per unit body weight
than larger receptors (e.g., muskrat, mule deer): Smaller receptors, therefore, experience greater
exposure from ingestion per unit body weight than larger receptors.

In the series of exposure calculations, body weight is first used to convert published ingestion
rates of solids and water (gIg-day) to a daily ingestion total (g/day) (Equations 4-4 and 4-5). For
these calculations, maximum literature values of body weight were used for the RME, the
conservative estimates were used for the daily ingestion total, and the CT value for body weight
was calculated as the median of literature values.

Because BW appears "in the denominator early in the calculation set (Equation 4-2), and in the
numerator later in the calculation set (Equations 4-4 and 4-5), the BW parameter does not
directly influence the final exposure estimate. However, receptor body weight indirectly
influences exposure estimates because it is a factor in ingestion rate (IR) values taken from the
literature (Equations 4-4 and 4-5). IR values are in units of grams of ingestion medium per gram
receptor body weight per day. The higher the IR, the higher the I; the higher the I, the higher the
IF; and the higher the IF, the greater the exposure. In the OU III ERA, maximum literature values
of IR were used for the RME.

Home Range (HR)

A receptor's home range is the area within which it moves, on a diurnal to seasonal basis, to find
food, water, and shelter. The CT was 'calculated as the median of literature values, and minimum
literature values were used for the RME.

DOE/Grand Junction Office
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Contaminated Area (CA)

This parameter is the area ofthe subregion selected to represent a receptor's contaminated
habitat. For this parameter, soil and sediment that had Ra-226 surface concentrations exceeding
5 pCi/g above background were used to delineate the contaminated habitat. The following CA
values were used: Upper Montezuma Creek -15.1 hectares (37.3 acres), Middle Montezuma
Creek - 4.3 hectares (10.6 acres), Lower Montezuma Creek - 18.7 hectares (46.2 acres); the
total contaminated area for the au III soil and sediment area was 38.1 hectares (94.1 acres).

Area Use Factor (AUF)

The AUF is the fraction of a receptor's home range that is contaminated:

(

__________------"AUF = CA / HR. . (4=6) ..

If the CA is larger than HR, then AUF = I. Mule deer and peregrine falcons are the only
receptors with home ranges that are larger than their au III habitat (CA). Exposure estimates for
these receptors were factored by AUF to estimate the fractions of their home ranges that consist
of contaminated habitat. .

Exposure Days (ED)

This parameter is the total number of days a year a receptor frequents a contaminated area. The (
conservative assumption, that all au III receptors spend 365 days a year in contaminated habitat,
was used for all receptors except the southwestern willow flycatcher.

Exposure Frequency (EF)

The EF is the fraction of the year that a receptor remains within contaminated habitat:

EF = ED/365

Radiation Exposure

. (4-7)

The generalized radiation exposure model is based on the assumption that receptors are exposed
to environmental radiation both internally, from ingestion, and externally. The approach uses
very conservative assumptions to calculate potential radiation dose and does not attempt to give
exact dose estimates to specific tissues. Internal dose calculations require only (I) measurements
of radionuclide concentrations in environmental media (EPC), (2) the fraction of medium in a
receptor's diet, and (3) a dose-rate conversion factor that converts an internal tissue concentration
of a radionuclide to a radiation dose. External dose calculations require only measurements of
radionuclide concentrations in the environment and dose-rate conversion factors. An in-depth
assessment of specific doses to receptor tissues and associated risks would be required only if
this conservative approach indicated that it is warranted.

MMTSou III ERA
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(
Internal Exposure

Internal radiation dose represents the amount of energy received by a receptor's tissue from
radionuclides deposited within the tissue. Ingestion and inhalation are the primary pathways for
radionuclide deposition in tissue. Inhalation exposure occurs when radioactive fine particles or
radioactive gases, principally radon-222, are respired into the lungs. Air-monitoring data suggest
that at au III, concentrations ofradon-222 in the air and airborne radioactive fine particles are
negligible (DaE I996a). As with ingestion of chemical cacs, ingestion ofradionuclides by
au III receptors comes from consumption of severalcontaminated media: soil, sediment, forage,
prey, and surface water.

An approach routinely used in the field of radioecology to calculate the energy absorbed by
radionuclides in tissue is based on first-order kinetics and treats the receptor as a single
compartment ",ith input and output rates (Whicker and Schu1tzl983).Jhuadionuciidee~~~~~~~

concentration in tissue, a function of the input rate to the tissue minus the loss rate, can be
described using the following differential equation:

dCOC,

dt
= R - kCOC, (4-8)

where
COC, = concentration of a radionuclide cac in the tissue (picocuries per gram [PCi/g]),
R = radionuclide input to the tissue (picocuries per gram per day [pCi/g/d]), and
k = loss rate from the tissue (per day).

Using this approach, the input rate, R, from consumption of contaminated media, is the product
of the ingestion rate, the concentration of radionuclides in media, and the fraction of a
radionuclide that is assimilated in the receptor tissue from the media taken into the body. The
loss rate, k, is a function of physical decay (radionuclide half-life) and biological loss rates from
tissue. However, not all the energy emitted by radionuclides in tissue is absorbed. Energies that
do not travel far, such as electrons and alpha particles, are mostly absorbed. But depending on
the energy and yield of photons emitted by a given radionuclide, and the size of the receptor,
much of the photon energy may not be absorbed by the tissue.

The conservative approach for au iII assumes that tissue concentrations ofradionuclides are
equivalent to the concentrations in the media consumed by the receptors. This is a conservative
assumption for the following reasons:

• Published values of biological assimilation fractions for the radioactive cacs at au III are
typically one to several orders of magnitude less than unity. The highest published
assimilation fraction for au III radionuclides is 0.03 for radium-226 (Whicker and
Schultz 1983).

DOE/Grand Junction Offlce
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• Published ratios of tissue concentrations to media concentrations ofOU III radionuclides are
also one to several orders of magnitude less that unity (Till and Meyer 1983, Whicker and
Schultz 1983). The highest concentration ratios (CRs) are for radium-226: 0.75 for plant-to­
soil and 0.01 for animal-to-plant.

(

Therefore, assuming that tissue concentrations are equivalent to concentrations in ingested .
media, the OU III conservative approach estimates the internal dose from radionuclide j as

(4--9)

internal radiation dose from radionuclide j (mrad/day),
exposure point concentration of radionuc1idej in medium i (pCi/g), described

·~~~later~inothisoseGtion,

fraction of medium i in the receptor's diet, and
internal dose-rate conversion factor for radionuclide j in receptor tissue
(Amiro 1997).

where
IRDj =

EPCij =

Dj, =

DCFj =

Dietary Fraction (DFJ

Dietary fraction is the proportion of a receptor's diet that consists of medium i. The DF, values
used for internal radiation dose estimates and chemical dose estimates are the same.

Internal Dose-Rate Conversion Factor (DCF)
(

Dose-rate conversion factors, based on human geometry, anatomy, and physiology, have been
fairly well established for human exposure to environmental radioactivity (e.g., Kocher 1983,
EPA 1988, lCRP 1991, EPA 1993). Dose-rate relationships for nonhuman biota, however, are
limited, although much information exists to approximate conservative dose rates for screening­
level risk assessments.

Amiro (1997) calculated internal bCFs for nonhuman biota by summing the doses from all types
of radiations listed by ICRP (1983) for each of90 radionuclides. Amiro's DCFs are based on the
conservative assumption that all energies emitted by a radionuclide within the tissue of a receptor
are absorbed by the tissue. Although this assumption is reasonable for radiation that does not
travel far, it overestimates dose from photons. The DCFs, therefore, overestimate total internal
dose, particularly for small receptors. The overestimation is smaller for large receptors, such as
mule deer, because much more of the photon energy is absorbed by the larger mass of tissue.

To be consistent with reference values for radiation exposure, Amiro's internal dose conversion
factors were converted from published values in grays per year (Gy/yr) per becquerels per
kilogram (Bq/kg), to mrad/day per pCi/g, as follows:

1.0( Gy / yr) =1.015e4(mrad / day)
Bq/ kg pCi/ g

(4--10)

MMTSou III ERA
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External Exposure

Analysis of Ecological Exposure and Effects

External radiation dose is the amount of energy emitted from radionuclides in a receptor's
contaminated surroundings and received in its tissue. There are potentially many sources.
Depending on the receptor's behavior and habitat, it could spend all or part of its time immersed
in contaminated air, surface water, soil, sediment, or vegetation. The external exposure model is
based on an assumption that receptors spend all of their time immersed in soil and sediment. The
external dose estimates are therefore conservative because measurements of radionuclide
concentrations were higher in soil and sediment than in other media.

External dose from radionuclide j in soil or sediment is estimated as

(4-11)

where
ERDj =

EPCij =

DCFj =

external radiation dose from radionuclide j (mrad/day),
exposure point concentration ofradionuclidej in medium i (PCi/g), described
later in this section, and
external dose-rate conversion factor for radionuclide j (Amiro 1997).

(
External Dose-Rate Conversion Factor (DCF)

Amiro (1997) adopted the methods Holford (1989) developed to estimate human DCF values for
various exposure pathways. External exposure calculations are largely a function of distance and
geometry. DCFs are based on the assumption that the receptor is submerged 0.1 meter below the
surface of a semi-finite, uniformly contaminated body of soil or sediment. Amiro assumed that a
generic nonhuman receptor has a 70 urn epidermal layer that partially shields its tissues from
electron radiation, but allows for penetration ofphoton energy; dose for photon energy was
calculated at the body surface, and dose for electron energy was calculated at 70 urn into the
skin. This is a conservative assumption because most of an organism's body is self-shielded at
depths greater than 70 urn below the skin surface. Also, a mass absorption coefficient used.for
humans was applied, which may overestimate dose to some receptors, adding more
conservatism. .

Again, to be consistent with reference values for radiation exposure, DCF values published by
Amiro (1997) were converted to millirads per day per picocurie per gram using Equation 4-10.
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Exposure Point Concentration (EPCi;)

For internal dosimetry, EPClj can be defined as the activity in picocuries per gram of radionuclide
j in medium i that occurs within the habitat and is consumed by the receptor. The internal
radiation exposure model and the chemical dietary exposure model used the same habitat
delineations. For external dosimetry, EPClj is the activity in picocuries per gram of radionuclide j
in soil or sediment within the receptor's habitat. Again, radionuclide concentrations were highest
in soil and sediment. For the purposes of the screening-level assessment, it was assumed that
receptors were immersed in soil or sediment 100 percent of the time.

Internal and external radiation doses were calculated for radionuclide concentrations in media at
the time of sampling (t = 0), and for estimated concentrations after 1,000 years of radionuclide
decay (t = 1,000). The design-life for the repository being built to contain MMTS tailings is
1,000 years (40CFR 19Z.02[~J2,12£(;~~of!Jartlnt radionuc::licills cre!ites ingrowth of llrOgen)'. I!L....

------_..

developing DCFs, Arniro (1997) included energies from all progeny with half-lives of less than
1 day within the DCF value ofthe parent, but defined separate DCF values for radionuclides with
half-lives greater than 1 day, even when they were in the decay chain.

Radionuclide concentrations used for EPC values at t = 0 for various media are shown in
Tables 4.1.1-1 and 4.1.1-2 for the au III soil and sediment area and Verdure Creek reference
area, respectively. Tables 4.1.1-3 and 4.1.1-4 show radionuclide concentrations at t = 1,000
years for various media in the au III soil and sediment area and in the Verdure Creek reference
area, respectively. These radionuclide concentrations were used as EPC values for t = 1,000
years. The computer program Rad Decay (Grove Engineering 1996) was used to calculate parent
and progeny radionuclide concentrations at t = 1,000 years. To be consistent with the DCF
values, energies of progeny with half-lives less than 1 day were combined with the parent. Also,
all progeny with concentrations less than I.OE-2 pCi/g were excluded; dose was considered
negligible. Assuming that the source of contamination (mill tailings) is removed upgradient in
Montezuma Creek, radionuclide concentrations at t = 1,000 years are overestimated because the
calculations do not account for contaminant dispersion over time.

4.1.2 Chemical Exposure Profiles

This section describes species-specific exposure parameters for the chemical exposure pathways
and ecological receptors identified in Section 2.0. For each species, the chemical exposure model
was used to estimate exposure of a population or individual to cacs in the au III soil and
sediment area and in the Verdure Creek reference area (also includes cliff swallows from the
Vega Creek reference area). Some of the Montezuma Creek exposure estimates were limited to
transect data from subregions (Upper Montezuma Creek, Middle Montezuma Creek, or Lower
Montezuma Creek) that best represented a receptor's habitat. All transect data from the Verdure
Creek reference area were used.

(
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Table 4.1.1-1. Radionuclide Concentrations in Montezuma Creek Media at t =0 Years'

(
Concentration in Media (pCl/g)

Radionuclide Sediment Soil Surface Grasses Shrubs Forbs Invertebrates
Water

U-238 8.53E +00 1.07E + 01 5.67E - 2 1.79E-Ol 2,46E - 02 1.81E-Ol I

U-235 4.62E - 01 4.86E - 01 2.75E - 03 7.79E - 01 4.92E - 01 5.64E - 01 5.68E -01

U-234 8.31E + 00 1.06E + 01 5.83E - 02 2.24E - 01 2,46E -02 1,40E-Ol

Th-230 1,43E+ 01 6.35E + 01 7.15E-04 2.22E - 02 1.23E - 02 6.98E - 02 \

Ra-226 1.28E + 01 1.68E + 01 8.53E - 04 4.68E - 01 2.91E-Ol 2,40E - 01 9.00E - 01

Rn-222 1,48E - 01

Pb-210 1.31E + 01 3.73E + 01 9.84E·04 4,46E - 01 3.27E - 01 2.69E - 01

'UC[9~vanjeslrOms-ampjepopUia Ion ora media, ormaximum values, whichever is lower.

Table 4.1.1-2. Radionuclide Concentrations in Verdure Creek Media at t = 0 Years'

UCL95 values from sample population ofa medium, ormaximum values, whichever IS lower

Concentration in Media (pCi/g)

Radionuclide Sediment Soli Surface Grasses Shrubs Forbs Invertebrates
Water

U-238 1,41E + 00 9.65E·Ol 6.61E - 04 1.56E - 02 1.68E - 01 1.34E - 01

U-235 8.04E - 02 8.95E - 02 4.02E - 04 1.08E + 00 6.11E-Ol 4,40E - 01 6.29E - 01

U-234 4.96E + 00 9.07E - 01 1.35E - 03 1.50E - 02 2.69E - 02 1,47E - 01

Th-230 1.34E + 01 1.26E + 00 6.10E-04 1.56E - 02 2.19E-02 1.00E - 02

Ra-226 2.39E + 00 1.85E + 00 2.06E - 04 2.06E - 02 4.19E-02 2.06E - 02 1.29E - 01

Rn-222
.

2.32E - 01

Pb-210 3.15E + 00 1.15+00 9.25E -.04 2.13E - 01 4.13E-Ol 1.00E - 01

•

(

Tab/e 4.1.1-3. Estimated Concentrations of Radionuclide Parents and Progeny in Montezuma Creek
Media at t =1,000 Years' .

Concentrations of progeny with half-lives less than 1 day arecombined wlth parent radionuclldes. Parents andprogeny wlth
concentrations less than1.0E-2 pCilg were excluded.

Concentration in Media (pCilg)

Radlonuclide Sediment Soil Surface Water Grasses Shrubs Forbs Invertebrates

U-238 8.53E+00 1.07E+Ol 5.67E-Q2 1.79E-Ql 2,46E-Q2

Th-234 8.53E+00 1.07E+01 5.67E-Q2 1.79E-Ql 2.46E-Q2

U-235 4.62E-Ql 4.89E-Ql 2.75E-Q3 7.79E-Ql 4.92E-Ql

U-234 8.29E+00 1.06E+Ol 5.61E-Q2 2.23E-Ql 2,45E-Q2 1,40E-Ql

Th-230 1,49E+00 6.30E+Ol 1.21E-Q3 2,40E-Q2 1.22E-Q2

Ra-226 1.33E+Ol 3.31E+Ol 8.98E-Q4 3.11E-Ql 1.89E-Q1 1.56E-Ql 1.27E+00

Rn-222 1.33E+Ol 3.31E+Ol 8.98E-Q4 3.11E-Ql 1.89E-Ql 1.56E-Ql 1.27E+00

Pb-21 0 1.33E+Ol 3.26E+Ol 8.95E-Q4 3.16E-Ql 1.91E-Ql 1.58E-Ql 1.29E+00

8i-210 1.33E+bl 3.26E+Ol 8.95E-Q4 3.16E-Q1 1.91E-Ql 1.58E-Ql 1.29E+00

Po-210 1.33E+Ol 3.26E+01 8.93E-Q4 3.16E-Q1 1.91E-Ql 1.58E-Ql 1.29E+00
•
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Table 4.1.1-4. Estimated Concentrations of Radionuclide Parentsand Progenyin Verdure Creek Media
. aft = 1,000 Years"

Concentration In Media /pClla)

Radlonucllde Sediment Soli Surface Grasses Shrubs Forbs Invertebrates
Water

U·238 1.41E+00 9.65E-01 6.61E-04 1.56E-02· 1.68E-01 1.81E-01
Th 234 1.41E+00 9.65E-01 6.61E-04 1.56E-02 1.68E-01
U 235 8.04E-02 8.95E-02 4.02E-04 1.08E+00 6.11E-01 4.40E-01
U 234 4.95E+00 9.04E-01 1.35E-03 1.50E-02 2.68E-02 1.47E-01

Th 230 1.37E+00 1.26E+00 6.17E-04 1.56E-02 2.17E-02
Ra-226 6.25E+00 1.64E+00 3.49E-04 1.89E-02 2.72E-02 1.34E-02 8.36E-02
Rn-222 6.25E+00 1.64E+00 3.49E-04 1.89E-02 2.72E-02 1.34E-02 8.36E-02
Pb-210 6.15E+00 1.65E+00 3.45E-04 1.88E-02 2.75E-02 1.35E-02 8.48E-02
81-210 6.15E+00 1.65E+00 3.45E-04 1.88E-02 2.75E-02 1.35E-02 8.48E,,{l2...

" 1A1=+nrI 11 ""1=+"" I~ 11 ~ 11 A dAI=.n?

·Concentratlons of progeny wlth half-lives lessthan1 day are combmed wlth parent radlonuclldes. Parents andprogeny with
concentrations lessthan1.0E-2 pCilg wereexcluded.

DeerMouse

Estimates of the dietary exposure of the deer mouse to chemical cacs were made using
Equations 4-1 through 4-7 and the assumptions presented in Tables 4.1.2-1 and 4.1.2-2.

Deer mouse populations were assumed to occur throughout the au III soil and sediment area.
Separate deer mouse exposure assessments were developed for the Upper Montezuma Creek and
Middle Montezuma Creek sections (exposure assessments were not developed for Lower
Montezuma Creek because of the lack of terrestrial invertebrate data in that part of the canyon).
The reported home range of the deer mouse, between 0.014 and 0.128 hectares (0.035 and 0.316
acres) (EPA 1993), is considerably less than the area of Upper, Middle, or Lower Montezuma
Creek. Thus it was assumed that deer mouse populations could spend their entire time exposed to
cacs and obtain their entire daily food requirements from those contaminated areas. Exposure
parameters for the deer mouse, including both CT and RME values, are summarized in
Table 4.1.2-1. CT and RME values of exposure factors, calculated from Table 4.1.2-1
parameters, are presented inTable 4.1.2-2.

The deer mouse exposure assessment focused on population-level exposure and not on risk to .
individuals. The deer mouse was chosen as an assessment endpoint not for its intrinsic value, but
because it is a prey species for other predators. Therefore, co-located data from all sampling
transects in each creek section were combined to give reasonable sample sizes for an assessment
of population-level effects.

EPA (1993) reports that deer mice are both herbivores and insectivores. During spring months,
more than 50 percent of the deer mouse diet may consist of invertebrates. The balance of the deer
mouse diet consists primarily of grass and grass seed with minor forb and shrub components. For
this assessment, annual average dietary fractions of invertebrates, grasses, forbs, and shrubs were
used (Table 4.1.2-1). .

(
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Table 4.1.2-1. Deer Mouse Exposure Parameters

CT RME
Parameter

Units Value" Value b Source

DF•.,-Diet fraction of soil percent 2.00 2.00 Beyer 1994

DFo~,,-Diet fraction of grass percent 50.97 50.97 EPA 1993

DF.Iw,,-Diet fraction of shrubs percent 2.37 2.37 EPA 1993

DF,,,,,,,-Dlet fraction of forbs percent 6.78 6.78 EPA 1993

DFkwerlobroles-Diet fraction of invertebrates percent '37.92 37.92 EPA 1993

IR...,,-Ingestion rate of solids gig-day 0.32 0.45 EPA 1993

IR~",-Ingestion rate of water gig-day 0.23 0.34 EPA 1993

BW-Body weight g' 23.20 31.50 EPA 1993

HR-Home range hectares 0.07 0.01 EPA 1993

CA-Contaminated area hectares 15.10 15.10 Measured

ED Exp..osure.days days., ~65,00 ~65,00 Assumed

•Median value of the reported range.
bMaximum value of the reported range

Table 4.1.2-2. Calculated Exposure Factors for Deer Mouse

Exposure Factor
CT RME

Units Value" Value b Eouation
I,,-Ingestion total for solid g/day 7.31 14.18 Its = IRso!ids x BW
I,.,-Ingestion of soil g/day 0.15 0.28 1,,,, = I" x DF••/100
Irasses-Ingestion of grasses g/day 3.72 7.22 I rasses = Its x OF rosso/1OO
I, ,,-Ingestion of shrubs g/day 0.17 0.34 'shrubs = Its x DFshrub/1 00
If~.-Ingestion of forbs g/day 0.50 0.96 'foros - Its x DFfortl/100

'inv&r1ebfales-lngestion of invertebrates g/day 2.77 5.38 'IrIvertebratos = Its X DFlnvertebfate/100

Itw-Ingestion total for water g/day 5.34 10.71 Itw= IR~, ,x BW
EF-Exposure frequency unitless 1.00 1.00 EF = ED/365
AUF~-Area use factor for contaminated area unitless 1.00 1.00 AUFca-CNHR

•Calculated from CTvalues, Table 4.1.2 1.
bCalculaled from RME values, Table 4.1.2-1.

Beyer (1994) reports that less than 2 percent of the deer mouse diet consists of soil. Deer mice
may inadvertently consume soil deposited on seed caches and forage, or as a result of grooming.
For this assessment it was assumed that at Montezuma Creek and at the Verdure Creek reference
area, 2 percent of the deer mouse diet consists ofsoiI. Exposure to stream' sediment was excluded
because deer mice are terrestrial species.

Equation 4-4 and the values reported by EPA (1993) for ingestion rate of solids (IRolid.)
(Table 4.I.2-I), when normalized to reported body weights for deer mice (Table 4.I .2-I),
provided CT and RME values for ingestion of solids (I,,) (Table 4.1.2-2). CT and RME values
for ingestion (L) of soil, grass, forbs, shrubs, and invertebrates (Table 4.1.2-2) were calculated
using Equation 4-3 and the DFs reported in Table 4.1.2-1. Similarly, using Equation 4-5, CT
and RME values for surface-water ingestion (It,,) (Table 4.1.2-2) were calculated using body­
weight normalized values of reported water ingestion rates (IR",,'er) (Table 4.1.2-1).
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In summary, deer mice are potentially exposed to COCs through ingestion of terrestrial
invertebrates, grasses, forbs, shrubs, and surface water, and through incidental ingestion of soil. (
The exposure parameters and factors presented in Tables 4.1.2-1 and 4.1.2-2 were used to
calculate intake factors (IF,), using Equation 4-2, for each ingestion medium. Estimates of the
RDD deer mice populations receive from ingestion of COCs in these media were calculated
using Equation 4-1. CT and RME estimates were both calculated. Results of the Upper, Middle,
and Lower Montezuma Creek exposure assessments are presented in Appendix I-I, 1-2, and 1-3,
respectively.

Mule Deer

Estimates of mule deer exposure to chemical COCs were made using Equations 4-1 through 4-7
and the assumptions presented in Tables 4.1.2-3 and 4.1.2--4.

Table 4.1.2-3. Mule Deer Exposure Paral71efers

(

Parameter Units
CT RME

Source
Value' Value"

OF....Diet fraction of soil percent 1.960 1.960 Beyer 1994

OF ",,-Diet fraction of grass percent 9.800 9.800 Wallmo 1981

OF Iwb -Diet fraction of shrubs percent 37.260 .37.260 Wallmo 1981

DF,,,,,,,-Diet fraction of forbs percent 50.980 50.980 Wallmo 1981

IR,,.,.-Ingestion rate of solids gig-day 0.024 0.027 Wallmo 1981

IR_",-Ingestion rate of water gig-day 0.074 0.084 EPA 1993

BW-Body weight g 6.82E+04 8.11E+04 Austin 1989

HR-Home range hectares 138.000 36.000 Burt 1980

CA-Contaminated area, Upper Creek hectares 15.100 15.100 Measured

Contaminated area, entire Creek hectares 38.100 38.100 Measured

ED-Exposure days days ·365.000 365.000 Assumed

•Median value of the reported range.
bMaximum valueof the reported range.

Table 4.1.2-4. Calculated Exposure Factors for Mule Deer

Exposure Factor. Units
CT RME

Equation
Value' Value"

i,,-Ingestion total for solid g/day . 1636.8 2189.7 Its = IRsolids x BW
I,.rlngestion of soil g/day 32.1 42.9 1$0'] = lis x DFsOl,l100

I"ranes-Ingestion of grasses g/day 160.4 214.6 L.rasses = Its x OF"f8ssei1 00
I'lwb,-Ingestion of shrubs g/day 609.9 815.9 'shrubs = 115 X OFshrob/1 00
I,,,,,,,-Ingestion of forbs g/day 834.4 1116.3 Iforos = Its x DFforb/100
I..-Ingestion total for water g/day 5046.8 6812.4 Itw = IRwaler X BW

EF-Exposure frequency unitless 1.0 1.0 EF =ED/365

AUF~-Area use factor for Upper Creek area unitless 0.1 0.4 AUFca- CAlHR

Area use factor for entire Creek area unitless 0.3 1.0 AUFca =CAlHR

•Calculated frommedian values, Table 4.1.2 3.
bCalculated from maximum values, Table 4.1.2-3.
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Mule deer populations were assumed to occur throughout the au III soil and sediment area.
Separate mule deer exposure assessments were developed for the Upper Montezuma Creek
section and for the entire au III soil and sediment area. The reported home range for mule deer
(Table 4.1.2-3), between 36 and 128 hectares (89 and 316 acres) (Burt 1980), is greater than the
15.l-hectare (37.3-acre) area of Upper Montezuma Creek. However, the RME value for home
range, 36 hectares (89 acres), is slightly less than the entire au III soil and sediment area.
Therefore, for the Upper Montezuma Creek assessment, it was assumed that mule deer spend
only part of their time exposed to cacs; the proportion of their daily food requirements
consumed in the Upper Creek section was factored accordingly. For the assessment of the entire
au III soil and sediment area (i.e., all transects), the RME case assumes that mule deer
populations could spend all of their time exposed to cacs and obtain their entire daily food
requirements from contaminated media.

.~~~~W.L'a",I""lm~0~(1981) repmsJhat1llille~de.er,~asJ1erbi'lOres,~forage~primarily~on~forbs.and.shrubst"the~~~~~~

grass component is smaller (Table 4.1.2-3). Beyer (1994) suggests that less than 2 percent of the
mule deer diet consists of soil. Mule deer may inadvertently consume soil deposited on forage. In
addition to incidental consumption of soil, mule deer may be exposed by consuming soil to meet
mineral needs (Robbins 1993). Most plant material contains little sodium. Ungulates, including
mule deer, may consume soil if their forage diet is deficient. It was assumed that at Montezuma
Creek and at the Verdure Creek reference area, 2 percent of the mule deer diet consists of soil.
Exposure to stream sediment was excluded because mule deer are terrestrial animals.

Equation 4-4 and the values reported by Wallmo (1981) for ingestion rate of solids
(Table 4.1.2-3), when normalized to reported body weights for mule deer (Table 4.1.2-3),
provided CT and RME values for ingestion of solids (Table 4.1.2-4). CT and RME values for
ingestion of soil, grass, forbs, and shrubs (Table 4.1.2-4) were calculated using Equation 4-3 and
the dietary fractions reported in Table 4.1.2-3. Similarly, CT and RME values for surface-water
ingestion were calculated using Equation 4-5 and body-weight normalized values of reported
water ingestion rates.

In summary, mule deer are potentially exposed to cacs through ingestion offorbs, shrubs,
grasses, and surface water, and through both incidental and possibly intentional ingestion of soil.
The exposure parameters and factors presented in Tables 4.1.2-3 and 4.1.2-4 were used to
calculate intake factors (IF;), using Equation 4-2, for each of these ingestion media. Estimates of
the RDD mule deer populations receive from ingestion of cacs in these media were calculated
using Equation 4-1. CT and RME estimates were both calculated. Results of the Upper
Montezuma Creek exposure assessment are presented in Appendix 1-4. Results of the exposure
assessment for the entire au III soil and sediment area are presented in Appendix 1-5.

Muskrat

Exposure parameters for the muskrat, including both CT and RME values, are summarized in
Table 4.1.2-5. Both CT and RME values of exposure factors, calculated from Table 4.1.2-5
parameters and used to estimate the potential exposure of muskrat, are presented in
Table 4.1.2-6. Estimates of muskrat exposure to chemical contaminants were made using
Equations 4-1 through 4-7 and the assumptions presented in Tables 4:1.2-5 and 4.1.2-6.
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Table 4.1.2-5. Muskrat Exposure Parameters

Parameter Units
CT RME

Source
Value" Value"

Df,,,-Diet fraction of soil percent 1.50 1.50 Assumed

OFsediment-Diet fraction of sediment percenl 1.50 1.50 Assumed

DF ",,-Diet fraction of grass percent 97.00 97.00 EPA 1993
IR,~~.-lngestion rate of solids gig-day 0.30 0.34 EPA 1993

IR_,,,-Ingestion rate of water 9/9-day 0.98 0.98 EPA 1993

BW-Body welaht g 1140.00 1550.00 EPA 1993·

HR-Home range ha 0.11 0.05 EPA 1993
CA-Contaminated area ha 15.10 15.10 Measured

ED-Exposure days days 365.00 365.00 Assumed

•Median value of thereported range.
_bM_~~_i~_':J_~_"€t~u~_()fJhe,"-r...~..Po..rt"'_~"~",TCi....~,,ge,"- ~~~~_~__~~ ~__~~__

Table 4.1.2-6. Calculated Exposure Factors for Muskrat

(

Exposure Factor Units
CT RME

Equation
Value" Value"

I,,-Ingestion totai for solid g/day 342.00 527.00 lis - IRso!idS x BW
I,,,-Ingestion of soil g/day 5.13 7.91 I,,,, - I,. x DF,./100
Ise<limeot-Ingestion of sediment g/day 5.13 7.91 Isoa = Its x OFs&omen/1OO
loras$8S-lngestion of grasses g/day 331.74 511.19 I rams - Its x OF r8sses/1OO
I",-Ingestion total for water g/day 1111.50 1519.00 1m = IRwaler x BW
EF-Exposure frequency unitless 1.00 1.00 EF = ED/365
AUF~-Area use factor for contaminated area unitless 1.00 1.00 AUF~=CNHR

•Calculated from median values, Table 4.1.2 5.
bCalculated from maximum values, Table4.1.2-5.

The muskrat was assumed to reside in Upper Montezuma Creek for its entire lifetime. The home
range of individual muskrats is much less than the IS-hectare (37-acre) area of Upper
Montezuma Creek. Thus, it was assumed that a muskrat population could spend its entire time
exposed toCOCs and obtain its entire daily food requirements from Upper Montezuma Creek.

The muskrat population is expected to move throughout the Upper Montezuma Creek section.
Co-located COC concentration data for all sampling transects in Upper Montezuma Creek were
included in the muskrat exposure assessment. EPA (1993) reports that muskrats are primarily
herbivores, preferring roots and basal portions of aquatic vegetation. Some populations of
muskrat will consume a few prey animals such as fish, frogs, turtle, and crayfish, but less than
3 percent of their diet consists of prey animals. This assessment used COC concentrations in
grass as a surrogate for aquatic plants; it was assumed that 97 percent of the muskrat diet consists
of grass. No aquatic prey animals were included in the assessment. It was conservatively
assumed that 3 percent of the muskrat diet consists of soil and sediment. The muskrat spends part
of its time foraging aquatic plants and thus is exposed to contaminated sediment. The muskrat is
also exposed to streambank soil associated with its den. Therefore, the 3 percent dietary fraction
was split: 1.5 percent sediment and 1.5 percent soil. (No data on dietary percentages of soil 01'

sediment are known to be reported for muskrat.)
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(
Equation 4-4 and the values reported by EPA (1993) for ingestion rate of solids (Table 4.1.2-5),
when normalized to reported body weights for muskrat, provided CT and RME values for
ingestion of solids of342.0 and 527.0 g/day, respectively (Table 4.1.2--6). CT and RME values
for ingestion of soil, sediment, and grass were calculated using Equation 4-3 and the dietary
fractions reported in Table 4.1.2-5. Similarly, CT and RME values for water ingestion were
calculated using Equation 4-5 and body-weight normalized values ofreported water ingestion
rates.

In summary, muskrats are potentially exposed to COGs through ingestion ofplants and surface.
water and through incidental ingestion of soil and sediment. The exposure parameters and factors
presented in Tables 4.1.2-5 and 4.1.2--6 were used to calculate intake factors (IF j ) , using .
Equation 4-2, for each ingestion medium. Estimates of the RDD the muskrat receives from
ingestion of COCs in these media were calculated using Equation 4-1. CT and RME estimates
were both calculated. Results are nn:sented in AIlIl~enndOJilXxJI=--6!l..~~~~~~~~~~~~~~~~~

Spotted Bat

Estimates of the dietary exposure of the spotted bat to chemical contaminants were made using
Equations 4-1 through 4-7 and the assumptions presented in Tables 4.1.2-7 and 4.1.2-8.

(

Spotted-bat populations were assumed to occur predominantly in the Upper and Middle
Montezuma Creek sections because spotted bats tend to feed over ponds. Although large ponds
are not present in Middle Montezuma Creek, Middle Montezuma Creek was considered close
enough to the ponds in Upper Montezuma that their feeding would extend into that area. Spotted
bats sleep in cliffed-areas that are located in both the eastern portion of Upper Montezuma Creek
and all of Middle Montezuma Creek.

No data on home range were reported for the spotted bat in the literature reviewed. Therefore, it
was conservatively assumed that spotted-bat populations could spend their entire time exposed to
COCs and obtain their entire daily food requirements from Upper Montezuma Creek. Exposure
parameters for the spotted bat, including both CT and RME values, are summarized in Table
4.1.2-7. CTand RME values of exposure factors, calculated from Table 4.1.2-7 parameters, are
presented in Table 4.1.2-8.

Table 4.1.2-7. Spotted-Bat Exposure Parameters

Median value of the reported range.
bMaximum value of the reported range.

Parameter Units
CT RME

Source
Value' Value"

OF, ...Diet fraction of soil percent 1.00 1.00 Assumed

DFlnvertebfales-Diet fraction of invertebrates percent 99.00 99.00 Poche 1981
IR,o«! -Ingestion rate of solids gig-day 0.12 0.13 Poche 1981
IRw8ler-lngestion rateof water gig-day 0.09 0.09 Poche 1981
BW-Body weight g 13.70 14.50 Poche 1981
HR-Home range ha - - Not Available
CA-Contaminated area ha 15.10 15.10 Measured
ED-Exposure days days 365.00 365.00 Assumed

•

DOE/Grand Junction Office
September 1998

MMTS au III ERA
4~17



Analysis ofEcological ExposureandEffects DocumentNumber Q0002100

Table 4.1.2-8. Calculated Exposure Factors for the Spotted Bat

(

Exposure Factor Units
CT RME

Equation
Value' Value"

I,,-Ingestion total for solids g/day 1.69 1.90 Its = IRso!idS x BW
1",lngestion of soil g/dav 0.02 0.02 I,,, - I" x DF"/l00
I.,.rt.",,,,,-Ingestion of invertebrates g/day 1.67 1.88 lin ertebrales - Is X DFlnvertebrata/100
I",,-Ingestion total for water g/day 1.21 1.35 II"" - IRwa1er x BW
EF-Exposure frequency unitless 1.00 1.00 EF = ED/365
AUF~~Area use factor for contaminated area unitless 1.00 1.00 AUF~=CNHR.Calcuiated from CTvalues, Table 4.1.2 7.

bCalculated from RME values, Table4.1.2-7.

Poche (1981) reports that the spotted bat forages at night and that its diet is composed almost
~~~entirely"of"micromoths,"For~thiscassessment,it~wascassumed4hat~9"p<mlent"ofth~spotted·batc

diet is composed of flying invertebrates (Table 4.1.2-7). It was assumed that the remaining
I percent is soil inadvertently consumed during grooming.

Montezuma Creek invertebrates were sampled in 1995 and again in 1996. To test a range of
conditions, exposure of the spotted bat to COCs in invertebrates was estimated first for the 1995
data and then repeated using the 1996 data. During 1995, one composite sample consisting of
flying invertebrates, ground-dwelling invertebrates, and vegetation-dwelling invertebrates was
collected at each Montezuma Creek transect. Because 1995 was a relatively wet year, sufficient
mass was obtained from the composite samples. During 1996, flying and nonflying invertebrates (
were segregated. However, because of unusually dry conditions, flying invertebrates from all
transects had to be composited to obtain sufficient sample mass. Poststratification of the 1995
data into creek sections was possible, but the data include nonflying insects that are not part of
the spotted bat's diet. The 1996 data are limited to flying insects, a better representation of
spotted bat diet, but the data cannot be poststratified to assess exposure in Upper Montezuma
Creek only.

Equation 4-4 and the values reported by Poche (1981) for ingestion rate of solids, when
normalized to reported body weights for the spotted bat, provided CT and RME values for
ingestion of solids. CT and RME values for ingestion of invertebrates were calculated using
Equation 4-3 and dietary fractions reported in Table 4.1.2-7. Similarly, CT and RME values for
surface-water ingestion were calculated using Equation 4-5 and body-weight normalized values
of reported water ingestion rates.

In summary, the spotted bat is potentially exposed to COCs primarily through ingestion of flying
invertebrates, but also through incidental ingestion of soil. The exposure parameters and factors
presented in Tables 4.1.2-7 and 4.1.2-8 were used to calculate intake factors, using
Equation 4-2, for ingestion of invertebrates and soil. Estimates of the RDD spotted bats receive
from ingestion of COCs in these media were calculated independently for 1995 and 1996 data
using Equation 4-1. CT and RME estimates were both calculated. Results of the 1995 spotted­
bat exposure assessment are presented in Appendix 1-7. Results of the 1996 spotted-bat exposure
assessment are presented in Appendix 1-8.
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Peregrine Falcon

Estimates of the dietary exposure ofthe peregrine falcon to chemical contaminants were made
using Equations 4-1 through 4-7 and the assumptions presented in Tables 4.1.2-9 and 4.1.2-10.

Table 4.1.2-9. Peregrine Falcon Exposure Parameters

Parameter Units CT RME Source
Value' Value"

OF,..--Diet fraction of soil percent 1.00 1.00 Assumed

OFverlebreles Diet fraction of vertebrates percent 99.00 99.00 Bent 1963

IR.".,-Ingestion rate ot solids g/o-day 0.16 0.22 Ratcliffe 1980

IR_,,,-Ingestion rate of water gig-day 0.06 0.07 EPA 1993

BW-Body weight 9 940.00 ·1300.00 Ratcliffe 1980

HR Hcme.ranqs hectares' 5608;00 4832:00 Ratcliffe4 980

CA-Contaminated area hectares 15.10 15.10 Measured

ED-Exposure days days 365.00 365.00 Assumed

'Medran value of the reportedrange.
bMaximum or minimumvalue of the reportedrange.

Table 4.1.2-10. Calculated Exposure Factors for the Peregrine Falcon

Calculated from CT values, Table 4.1.2-9.
'Calculaled from RME values, Table 4.1.2-9.

Exposure Factor Units
CT RME

Equation
Value' Value"

I,,-Inoestion total for solid glday 150.40 279.50 Its - IRsorlds X BW
l,..--Ingestion of soil glday 1.50 2.80 I,oil = I" x DF,./100

've"ebfates-Ingestion of vertebrates glday 148.90 276.71 'vertebrates - Its X DFyertebrelei100

I",-Ingestion total for water . glday 58.28 87.10 1m = IRwaler x BW
EF-Exposure frequency unilless 1.00 1.00 EF = ED/365

AUF",-Area use factor for contaminated area unilless .0027 .0082 AUF", = CNHR.

(

Ratcliffe (1980) reported a home range for peregrine falcons of 1,800 to 5,600 hectares (4,400 to
14,000 acres). Because this area is considerably larger than the Upper Montezuma Creek area
(15.1 hectares [37.3 acresj), it was assumed that peregrine falcons spend very little time feeding
in Montezuma Creek and obtain only a small fraction of their daily food requirements from
contaminated areas. Exposure parameters for the peregrine falcon, including both CT and RME
values, are summarized in Table 4.1.2-9. CT and RME values of exposure factors, calculated
from Table 4.1.2-9 parameters, are presented in Table 4.1.2-10.

Bent (1961) reported that peregrine falcons feed almost entirely on other birds, including cliff
swallows. For this assessment, it was assumed that 99 percent of the peregrine falcon diet is
composed of cliff swallows. It was assumed that the remaining 1 percent is soil inadvertently
consumed during grooming. The cliff swallow data used for the peregrine falcon exposure
assessment consist of three composite carcass samples obtained near a transect in Upper
Montezuma Creek.
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Equation 4-4 and the values reported by Ratcliffe (1980) for ingestion rate of solids, when
normalized to reported body weights for the peregrine falcons, provided CT and RME values for (
ingestion of solids. CT and RME values for ingestion of cliff swallows were calculated using
Equation 4-3 and the dietary fractions reported in Table 4.1.2-9. Similarly, CT and RME values
for surface-water ingestion were calculated using Equation 4-5 and body-weight normalized
values of reported water ingestion rates.

In summary, the peregrine falcon is potentially occasionally exposed to COCs through ingestion
of cliff swallows that nest near Montezuma Creek, and also possibly through incidental ingestion
of soil. The exposure parameters and factors presented in Tables 4.1.2-9 and 4.1.2-10 were used
to calculate intake factors, using Equation 4-2, for ingestion of cliff swallows and soil. Estimates
of the RDD individual peregrine falcons receive from ingestion of COCs in these media were
calculated using Equation 4-1. CT and RME estimates were both calculated. Results of the
peregrine falcon cheillicalexposureassessillentare presente<i itl i\pJ2",en"d",i",)(,"J,"=-,",9""".~..~~~~~

Southwestern Willow Flycatcher

Estimates of the dietary exposure of the southwestern willow flycatcher to chemical COCs were
made using Equations 4-1 through 4-7 and the assumptions presented in Tables 4.1.2-11 and
4.1.2-12.

Southwestern willow flycatcher populations were assumed to occur only in the Upper
Montezuma Creek section. The reported home range of the willow flycatcher, between 0.06 and
0.45 hectares (0.15 and 1.1 acres) (Bent 1963), is considerably less than the Upper Montezuma
Creek area. Willow flycatchers migrate seasonally, therefore it was assumed that willow
flycatcher populations spend only a portion of the year exposed to COCs and, when breeding in
Upper Montezuma Creek, obtain their entire daily food requirements from contaminated areas.
Exposure parameters for the southwestern willow flycatcher, including both CT and RME
values, are summarized in Table 4.1.2-11. CT and RME values of exposure factors, calculated
from Table 4.1.2-11 parameters, are presented in Table 4.1.2-12.

(

Table 4.1.2-11. Southwestern Willow Flycatcher Exposure Parameters

Parameter Units
CT RME

Source
Value' Valueb

OF,,,,--Diet fraction of soil percent 1.00 1.00 Assumed
OF ,,-Diet fraclion of shrubs percent ·4.00 4.00 Bent 1963

DFilwertebfa,es-Diet fraction of invertebrates percent 95.00 95.00 EPA 1993

IR"f,d,-lngeslion rate of solids gig-day 0.83 0.99 EPA 1993
IR~I,,-Ingestion rate of water gig-day 0.27 0.28 EPA 1993
BW-Body weight g 13.80 14.60 King 1955, USFWS 1996
HR-Home range ha 0.26 0.06 Bent 1963
CA-Contaminated area ha 15.10 15.10 Measured
ED-Exposure days days 120.00 180.00 Assumed

•Median value of thereported range.
bMaximum or minimum value of thereported range
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Table 4.1.2-12. Calculated Exposure Factors for the Southwestern Willow Flycatcher

Exposure Factor Units
CT RME

Equation
Value" Value"

I,,-Ingestion total for solids g/day 11.45 14.45 Its = IRsoli<ls x BW
I.-Ingestion of soil g/day 0.11 0.14 I,oj= I" x DF,./100
I" ,,-Ingestion of shrubs g/dav 0.46 0.58 (SNubS = Its x DFShru../1 00
11rIvertebro'e -Ingestion of invertebrates g/day 10.88 13.73 'Invertebrates = Is X DFinvertebrale/100
I..-Ingestion total for water . g/day 3.73 4.09 I.. = IRw,,", x BW

EF Exposure frequency unitless 0.33 0.49 EF = ED/365

AUF,,-Area use factor for contaminated area unitless 1.00 1.00 AUF" = CNHR

'Calculated from CTvalues, Table 4.1.2 11.
'Calculated from RME values, Table4.1.2-11.

~~~~EPA(~1J)93),report!rthaHh6'southwestern,wiHow41yeateher~feedS'primarily'omrvariety'lJrflyingO"~~~~~

and nonflying invertebrates, Bent (1963) indicates that less than 5 percent of the flycatcher's diet
consists of fruits and seeds of various shrubs. For this assessment, it was assumed that the willow
flycatcher diet is composed of 95 percent invertebrates, 4 percent shrubs, and I percent soil.
Willow flycatchers, like other birds, may inadvertently consume soil deposited on food or as a
result of preening. This and the spotted-bat exposure assessment used the same 1995 and 1996
invertebrate data and co-located shrub and soil data.

(
Equation 4-4 and the values reported by EPA (1993) for ingestion rate of solids, when
normalized to reported body weights, provided CT and RME values for ingestion of solids. CT
and RME values for ingestion ofthese media were calculated using Equation 4-3 and the dietary
fractions reported in Table 4.1.2-11. Similarly, CT and RME values for surface-water ingestion
were calculated using Equation 4-5 and body-weight normalized values of reported water
ingestion rates.

In summary, the southwestern willow flycatcher is potentially exposed to cacs primarily
through ingestion of flying invertebrates, but also through ingestion of some seeds and incidental
ingestion of soil. The exposure parameters and factors presented in Tables 4.1.2-11 and
4.1.2-12, and Equation 4-2, were used to calculate intake factors for invertebrates, shrubs, and
soil. Estimates of the RDD willow flycatchers receive from ingestion of cacs in these media
were calculated independently for 1995 and 1996 data using Equation 4-1. CT and RME
estimates were both calculated. Results of the 1995 willow flycatcher exposure assessment are
presented in Appendix 1-10. Results of the 1996 willow flycatcher exposure assessment are
presented in Appendix I-II.

4.1.3 Radiation Exposure Profiles

This section describes species-specific exposure parameters for the radiation exposure pathways
identified in Section 2.0. Three receptors were selected by the ETAG for.the conservative
assessment ofradiation exposure: deer mouse, a terrestrial mammal; muskrat, an aquatic
mammal; and mule deer, an economically important big-game species. For the following
reasons, it was assumed that the deer mouse and muskrat would receive the highest radiation
dose of the six receptors.

DOE/Grand Junction Office
September 1998

MMTSau III ERA
4-21



Analysis of Ecological Exposure and Effects Document Number Q0002100

• Both are burrowing animals and, therefore, spend much oftheir time immersed in soil or
sediment. The highest external radiation exposure in the au III soil and sediment area would (
result from immersion in soil or sediment because higher radionuclide concentrations were
measured in soil and sediment than in other media. Vital organs of mule deer are about a
meter above the contaminated soil; external radiation dose to mule deer would be much
lower. The flying receptors (spotted bat, peregrine falcon, and southwestern willow
flycatcher) would receive even lower external doses than mule deer because these receptors
spend less time in contact with soil or sediment.

• The diet of the deer mouse and muskrat contains a higher percentage of soil and sediment
than that of the other receptors, except the mule deer. Soil and sediment have the highest
concentrations of radionuclides of all the ingestion media (Table 3.4-2). Although the mule
deer consumes a high percentage of soil in its diet, internal exposure for the mule deer would

. be lowerthan the deer lUouseor lUusiaatlJecaUsl:: of its largl:: home range: aJarg~12rop-lli1ion~

of its daily food is consumed outside the contaminated area. The flying receptors (spotted bat,
peregrine falcon, and southwestern willow flycatcher) would receive lower internal doses
than the deer mouse, muskrat, and mule deer because the flying receptor diet contains a lower
percentage of soil and sediment.

Deer Mouse

Estimates ofthe dietary or internal exposure of the deer mouse to radionuclides were made using
Equation 4-9 and the following assumptions:

• Tissue concentrations of radionuclides are equivalent to concentrations in ingested media.

• The concentration of radionuclide j in ingested media is equivalent to a weighted total based
on the diet fractions.

• Diet fractions are presented in Table 4.1.2-1 are accurate.

• Arniro's (1997) internal dose-rate conversion factors for radionuclides in dietary media are
conservative.

Estimates of the external exposure of the deer mouse to radionuclides in soil were made using
Equation 4-11 and the following assumptions:

• The assumption that the deer mouse spends its life immersed in soil is conservative.

• Amiro's (1997) external dose-rate conversion factors for the radionuclides in the soil that
deer mice are exposed to are conservative.

Estimates of the internal and external radiation doses that deer mice receive from ingestion of
radionuclides and exposure to soil are presented in Appendix 1-12.

(
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Mule Deer

Analysis of Ecological Exposure and Effects

(

Exposure estimates were calculated for the mule deer because of its economic importance.
Estimates of the dietary or internal exposure of the mule deer to radionuclides were made using
Equation 4-9 and the following assumptions:

• Tissue concentrations of radionuclides are equivalent to concentrations in ingested media.

• The concentration of radionuclide j in ingested media is equivalent to a weighted total based
on diet fractions.

• Diet fractions are presented in Table 4.1.2-3 are accurate.

• Amiro's. (l2.2l)~e::~c-on'LersioniactorsJoLIadionuclidesjlLdie!ar¥~mediaare _
conservative.

Estimates ofthe external exposure of the mule deer to radionuclides in soil were made using
Equation 4-11 and the following assumptions:

• Exposure is greatest when mule deer have bedded down and are in direct contact with surface
soil. The assumption used in the calculation, that mule deer are in contact with the soil 100
percent of the time, is conservative.

• Amiro's (1997) external dose-rate conversion factors are conservative for radionuclides in
soil that mule deer are exposed to. Use of the soil immersion DCF for mule deer is
conservative.

Estimates of the internal and external radiation doses that mule deer receive from ingestion of
radionuclides and exposure to soil are presented in Appendix 1-13.

Muskrat

Estimates ofthe dietary or internal exposure of the muskrat to radionuclides were made using
Equation 4-9 and the following assumptions:

• Tissue concentrations of radionuclides are equivalent to concentrations in ingested media.

• The concentration of radionuclide j in ingested media is equivalent to a weighted total based
on diet fractions.

• Grass is an adequate surrogate for aquatic plants in the muskrat's diet.

• Diet fractions presented in Table 4.1.2-5 are accurate.

• Amiro's (1997) internal dose-rate conversion factors for radionuclides in dietary media are
conservative.
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Estimates of the external exposure of the muskrat to radionuclides in soil and sediment were
made using Equation 4-11 and the following assumptions: (

• The assumption that the muskrat spends half its life immersed in soil and half immersed in
sediment produces conservative estimates of external exposure.

• Amiro's (1997) external dose-rate conversion factors for the radionuclides in the soil and
sediment muskrats are exposed to are conservative.

Estimates ofthe internal and external radiation doses that the muskrat receives from ingestion of
radionuclides and exposure to soil and sediment are presented in Appendix 1-14.

4.2 Ecological Effects Assessment

~~~~E=c=o~logicaleffectsassessment is the seOOllilpl!rtoJ:th~naLysiscphase~ofstep~6,cSiteJnvestigation~cc__cccc
and Data Analysis, of the ERA process (EPA 1997). Assessment of ecological effects required
evaluating ecotoxicological data from the literature, selecting ecological benchmark values, and
reviewing biological data collected from OU III and the OU III reference areas. The biological
data were used to evaluate population effects and included results of histopathological analyses,
tissue analyses, and population surveys for benthic macroinvertebrates.

4.2.1 Ecological Benchmark Values

Toxicological data were reviewed so that the potential adverse effects to ecological receptors . (
could be identified. According to EPA (I 992a), the nature of the stressor (i.e., the COCs) and the
ecological component (i.e., the receptors) determines the types of effects data necessary. The
following three subsections describe the methodology used for the selection of ecological
benchmark values, which include terrestrial chemical toxicity reference values (TRVs), aquatic
chemical benchmarks, and radiation benchmarks.

Terrestrial Chemical Toxicity Reference Values

DOE prepared a list of preliminary, proposed TRVs and submitted these to the ETAG in
October 1996. The method of deriving the DOE-proposed TRVs and the tables containing the
TRVs are presented in Appendix J. In December 1996, the ETAG reviewed DOE's proposed
TRVs and recommended that EPA develop TRVs for use in the OU III risk assessment. EPA's
TRVs were used as the basis for calculating hazard quotients (HQs) and characterizing risk in
this ERA. Appendix K contains EPA's TRVs and descriptions of the method and approach used
to obtain them.

MMTSou III ERA
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Aquatic Chemical Benchmarks

Benchmark values for aquatic lifeare presented in Table 4.2.1-1. Benchmarks applicable to
surface-water exposure consist of the State of Utah's (Administrative Code, R317-2) numeric
criteria for aquatic wildlife, which were developed in accordance with the Clean Water Act
(Section 304). These values are preferred by EPA (1996a) for the evaluation of surface-water
toxicity to aquatic life. When State ofUtah aquatic wildlife values were unavailable, the Tier II
values developed in the Great Lakes Water Quality Initiative documents (EPA 1996a) were
applied.

Sediment toxicity was evaluated using the TRVs developed by Ingersoll et al. (1996) for western
freshwater streams around mining sites. Benchmarks are reported as "Effect Range Median"
(ERM) and "No Effect Concentration" (NEC). Upon the authors' recommendation, the ERM and
NEC terms Were used to determinethe"no observecLadJlerse~effectsle:\'el~QIIOAEL)~and~~~~~~

"lowest observed adverse effects level" (LOAEL), respectively, and are presented in
Table 4.2.1-1. Other sources were reviewed in an attempt to find benchmarks for the remainder
of the COCs. This included a review of the "Ontario Lower Effect Level" and "Severe Effect
Level" presented in Persaud et al. (1992), the National Oceanic and Atmospheric Administration
"Effects Range-Low" presented in Long et al. (1995), and the "Sediment Effect Concentrations"
presented in the Assessment and Remediation of Contaminated Sediments program
(EPA 1996b). None of these sources reported benchmarks for the other COCs. Risks to benthic
macroinvertebrates was estimated using both NOAEL and LOAEL values.

( Table 4.2.1-1. Criteria for au11/ cacs for Protection of Aquatic Life

Analyte Freshwater (lIg/L)' Sediment (mg/kg)

State of Utah Aquatic Tier II' NOAELd LOAELd

Wildlife Criteria"

Arsenie(III) 190 50' 100'

Arsenie(V) 8.1

Cobalt 3.0

Copper 39 h' 190 580

Lead 19 h' 99 130

Molybdenum 240

Selenium 5.0

Vanadium 19

Zinc 340 h' 550 1.300
•Metalcntena are fortotal dissolved concentrations.
'Utah Administrative Code (R317-2).
'Great LakesWater Qualily Inillallve Tier II methodology (EPA 1996a)ECO Update, Ecotox
Thresholds. Intermittent Bullelln.Vol. 3, No.2.

"Upon the authors' recommendation, Effect Range Median andNo Effect Concentration terms from
Ingersollet al. (1996)were used to determine the NOAELand LOAEL. respectively.

-vetue reported is fortotal arsenic. .
'Hardness dependent criterion (400 mg/L CaCO) used in table; actual hardness ofMontezuma
Creekexceeds400 mglL CaCO,).
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A NOAEL-based benchmark was established for exposure of OU III receptors to radioactive
COCs. Radioactive COCs in the OU III soil and sediment area are U-238, U-234, U-235, Th-230,
Ra-226, Pb-21O, and their decay progeny.

The NOAEL-based radiation benchmark differs in several ways from NOAEL-based and
LOAEL-based TRVs for chemical COCs. First, the chemical TRVs are in units of milligrams of
contaminant per kilogram of body weightper day (mg/kg-day). The radiation benchmark, or
radiation reference value (RRV), is expressed in units of radiation absorbed dose (rad) per day,

. and in the case ofOU III, mrad/day. Second, chemical TRVs were developed for each COC and
receptor. In contrast, the RRV represents a total radiation dose for all radioactive COCs
combined and is the same value for all receptors. Third, only intake was considered in
developing chemical TRVs. The RRV incorporates radiation dose received from internal sources

~~~~ofiadronitc1iaestIifougningeslronaiid11ie aiiioienl orexlemalraoiaiiondose areceptorreceives
from radionuclides in its surroundings. The RRVs and chemical TRVs are similar in that both are
based on chronic exposures.

Selection of an RRV for OU III relied primarily on an International Atomic Energy Agency
(IAEA) Teclmical Report (IAEA 1992). The IAEA report summarized experimental and field
literature on dose rates and total doses that produced observable effects for both terrestrial and
aquatic species. These data indicate that reproduction is the life cycle process most sensitive to
radiation and therefore is considered to be the limiting end point relative to population
maintenance. The report concluded that "chronic dose rates of I mGy/day (100 mrad/day) or less (
to even the more radiosensitive species in terrestrial ecosystems are unlikely to cause measurable
detrimental effects in populations." For aquatic species, "it would appear that limiting chronic
dose rates to 10 mGy/day (I rad/day) or less to maximally exposed individuals in a population
would provide adequate protection for populations." The authors expressed confidence in these
assertions because conservative assumptions were used in the analyses.

On the basis of the data presented in IAEA (1992), National Council on Radiation Protection and
Measurements (NCRP) (1991), and Warner and Harrison (1993), the ETAG selected 100
mrad/day as a conservative RRV for chronic radiation exposure of both terrestrial and aquatic
receptors at OU III.

4.2.2 Histopathological Analyses of Cliff Swallows

To help assess ecological effects, six cliff swallows were collected for histopathological analyses
in 1995: three were collected from a nest colony in Upper Montezuma Creek near transect 5
(Figure 3-1, page 3-3), and three were collected from a nest colony in the Vega Creek reference
area, near transect 13 (Figure 3-2, page 3-5). Swallows were dissected in the field, and liver and
kidney tissues, as well as other tissues (lung, adrenal gland, spleen, vertebral column, and
skeletal muscle) collected incidentally to prevent destruction of liver and kidney tissues during
dissection, were preserved in 10 percent buffered formalin and submitted to Colorado State
University's Veterinary Pathology Laboratory for histopathological analysis. The laboratory
performed a microscopic evaluation of all tissues that were submitted and compared the results
of Montezuma Creek tissues and Vega Creek tissues.
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(

(

The laboratory found no significant histologic differences between Montezuma Creek swallow
tissues and Vega Creek swallow tissues (see laboratory report in Appendix E). Mild
microvacuolar degeneration was noted in Vega Creek samples; this finding was incidental and
probably corresponds to differences in metabolic state or nutrition between the two colonies.
Minimal renal coccidiosis was noted in one Vega Creek specimen; this finding also was
incidental. Prominent individual cell necroses were found in the livers of several specimens from
both creeks. Because these abnormalities were quantitatively and qualitatively similar in
swallows from both creeks, the laboratory concluded that the changes were not a manifestation of
toxic contaminants. Instead, the laboratory suggested that the changes were from increased
turnover of hepatocytes possibly associated with metabolic stress resulting from the late spring
thaw in the Monticello area.

4.2.3 Chemical Analysis of Tissue Samples

BentniC macroil1vertebrate, Cliff swallow, mule deer, and cattle tissue samples were collected
from the OU III soil and sediment area and OU III reference areas for analysis of contaminant.
concentrations. Following are discussions of the analytical results from these tissue samples.

Benthic Macroinvertebrates

ORNL collected benthic macroinvertebrate samples from Montezuma Creek and the Verdure
Creek reference area in August 1995 and August 1996 (Smith et al. 1996 and 1997). Samples
were analyzed for arsenic, cobalt copper, lead, molybdenum, selenium, uranium, vanadium, and
zinc. Samples were collected at the following locations (see Figures 3-1, page 3-3 and 3-2,
page 3-5 for OU III transect locations):

OU III Transect
Transect 2
Transect 3
Transect 5
Transect 9
Transect 10
MZUG (ORNL designation; no OU III equivalent)
MZG (ORNL designation; no OU III equivalent)

Location
Upper Montezuma Creek
Upper Montezuma Creek
Upper Montezuma Creek
Lower Montezuma Creek
Verdure Creek
Montezuma Creek, west of golf course
Montezuma Creek, west of Highway 191

Statistical tests were performed to evaluate the normality of the data distributions and to
detemiine if contaminant concentrations in benthic macroinvertebrates were significantly higher
at locations downstream from the millsite than at locations upstream from the mill site or at the
Verdure Creek reference area. Results of the statistical tests are in Appendix L. The mean
concentration of each contaminant at each transect is listed in Table 4.2.3-1.

The results show that average analyte concentrations in macroinvertebrate populations vary
significantly among sampling locations. Although there are exceptions, arsenic, molybdenum,
uranium, and vanadium concentrations are highest in Upper Montezuma Creek, decrease in
Lower Montezuma Creek, and are lowest in upgradient locations and in the Verdure Creek
reference area. Except for uranium, analyte concentrations were not significantly higher in Lower
Montezuma Creek than in upgradient locations or in the Verdure Creek reference area.
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'The letters in parentheses refer to results of the analysis of variance parametric test described in Appendix L. Within
statistically different. Letter designations cannot be compared between years.

Transect I Year I As I Co I Cu I Mo I Pb I II Se I U
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The following limitations increase the uncertainty in the benthic macroinvertebrate analysis.
Uncertainties associated with benthic macroinvertebrate analysis are discussed in Section 5.2.4
Uncertainty Analysis (see page 5-34).

• Review of the data from 1995 and 1996 indicates that the sample results are quite different by
year. This variability may be attributable to drought conditions during 1996 and makes the
true differences by location more difficult to identify.

• Benchmark concentrations in tissue for benthic macroinvertebrates were unavailable..
Therefore, although tissue concentrations may be elevated, no health effects are implied.

• Different ratios of taxa were composited at each location to form the sample for tissue
analysis. Resultant concentrations could therefore vary because of the differences in taxa
analyzed. This potentially is a confounding factor, because taxllCanv!!IT bX-,I""o""cll..,t",io",n,,".MasSLMa~~~~~

result of habitat differences unrelated to contamination.

• Differences in analyte concentrations from one location to another may reflect differences in
the ambient environment and therefore are not necessarily attributable to millsite
contamination.

CliffSwallows

Cliff swallow carcasses and livers were collected from nestlings at transect 5 in Upper
( Montezuma Creek and at the Vega Creek reference area in July and August 1995. Samples were

submitted for analysis ofarsenic, cobalt, copper, molybdenum, selenium, uranium, vanadium,
and zinc concentrations, gross alpha and gross beta activity, and a gamma scan.

Table 4.2.3-2 presents the metals and radionuclide analytical results. Because of the limited
analytical data, statistical analyses were not performed. The results were presented to the ETAG
and discussed in March 1996. The ETAG members agreed that no significantly elevated
concentrations ofcontaminants were evident in cliff swallow tissue. On the basis of these results,
the ETAG made the decision that a second round of cliff swallow sampling was unnecessary.

Mule Deer and BeefCattle

EPA and UDEQ collected beef cattle and mule deer samples from the UpperlMiddle and Lower
Montezuma Creek sections and from the Verdure Creek reference area. Limited clinical and
pathological observations indicated that the tissue samples were normal (Henningsen 1997). Deer
and cattle samples of muscle, liver, kidney, and rib were analyzed by inductively coupled
plasma/mass spectrometry for the metals (copper, manganese, molybdenum, thorium, uranium
and vanadium), and gamma spectroscopy for the radionuclides (potassium, radium, thorium and
uranium). Analytical results indicated that contaminant concentrations in tissues of cattle and
deer from Montezuma Creek were similar to concentrations in tissues of reference area cattle and
deer. The only minor exceptions were the radionuclide concentrations in samples of bones from
exposed cattle and possibly deer in UpperlMiddle Montezuma Creek, which showed slight
« 0.1 pCilg) accumulations of certain radionuclides, denoting some site-related exposure more
indicative ofa biomarker. On the basis of these results, investigators concluded that contaminant
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(
concentrations in edible tissues were not elevated, and although some bone samples showed
barely detectable increases in some contaminants, these levels should pose no health concern.
EPA toxicologists concluded that edible tissues were therefore safe for human consumption
(Henningsen 1997).

4.2.4 Benthic Macroinvertebrate Population Surveys

A major objective ofthe benthic macroinvertebrate population survey was to determine, using
EPT density, if contamination from the millsite is negatively affecting sensitive aquatic insect
species along Montezuma Creek. EPT density is a measure of density of sensitive aquatic insect
species of the orders Ephemeroptera (mayflies), Plecoptera (stoneflies), and Trichoptera
(caddisflies). This measure can be used to compare overall stream quality at sites that have
different basic stream characteristics (e.g., bottom type, gradient, temperature). High EPT
densities indicate stream and low EPT densities indicate low stream

In August 1995, EPT samples were collected from five sites on Montezuma Creek (transects 2, 3,
5,6, and 9), one site on Verdure Creek (transect 10) and two sites on Montezuma Creek
upstream from the mill site (MZUG, MZG) (Figures 3-1, page 3-3 and 3-2, page 3-5). The
Verdure Creek and upstream locations on Montezuma Creek above the millsite are reference
sites. In August 1996, EPT samples were collected at the same sites as the 1995 effort with the
exception of transects 5 and 6. The procedures for collecting and processing EPT samples for the
1995 and 1996 sampling efforts are presented in Smith et al. (1996).

( EPT densities were highly variable between Montezuma and Verdure Creeks, between sampling
locations within each creek, and between 1995 and 1996 data sets. However, the diversity of the
types ofEPT (taxonomic richness) generally showed only minor differences between years, and
spatial patterns in Montezuma Creek were similar between the 1995 and 1996 sampling events.
At Verdure Creek, the taxonomic richness in 1996 was about one-half its 1995 value; the number
of benthic macroinvertebrates collected also decreased by about one-half between 1995 and
1996. It is normal, however, for populations of invertebrates to fluctuate annually in density and
taxonomic richness. Differences observed between 1995 and 1996 may be due to the drought in

. the Monticello area in 1996.

In general, EPT densities in Montezuma Creek increased with increasing distance from the
millsite. However, this trend could have been caused by a number of factors, including changes
in nutrient levels, stream gradient, channel characteristics, riparian characteristics, and increasing
distance from municipal water treatment discharge and the municipal golf course
(Smith et al. 1996 and 1997).

4.2.5 Mule Deer Field Observations

Limited clinical and pathological observations of mule deer tissue samples by EPA and UDEQ
indicated that the tissues were normal (Henningsen 1997). However, it was noted that the
majority of the on-site bucks had deformed antler growth. Some antlers were sufficiently
deformed to impede foraging and field of view, thereby increasing possible losses to predation.
In this manner, deformed antler growth has the potential to significantly impact mule deer at the
individual or population level. Field observations indicate that there is an ample population of
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deer in the Montezuma Creek area. Therefore, it is believed that currently there is no negative
effect on population from deformed antlers. (

(
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5.0 Risk Characterization

Risk Characterization

The purpose of risk characterization is to provide risk managers with clear information about the
likelihood of adverse effects to ecological endpoints as a result of exposure to cacs. Risk
managers use the information to develop and analyze remediation alternatives. Risk
characterization consists of three phases: risk estimation, uncertainty analysis, and risk
description (EPA 1992a). During risk estimation, the exposure and effects assessments are'
integrated to determine the likelihood of adverse effects. Section 5.1 presents the risk estimation
for each receptor, including results of HQcalculations and, for some receptors, results of
histopathological analyses and chemical analysis of tissue samples. Section 5.2 describes the
uncertainties associated with the exposure and effects assessments. Section 5.3, "Risk
Description," summarizes and integrates the different lines of evidence and uncertainties
concerning risk estimates. Section 5.4, "Risk Characterization Summary," presents the

~~~~conclusions'drawn'about'adverse'ecological'effects",;~~~~~~~~~~~~~~~~~~~~.

5.1 Risk Estimation

(

This risk estimation uses three lines of evidence to evaluate the potential for adverse ecological
effects to the au III receptors: calculation ofHQs and hazard indices (HIs), results of
histopathological analysis, and results oftissue analysis. HQs and His were calculated for all
receptors in the au III soil and sediment area and, for comparison, in the Verdure Creek
reference area. Histopathological analyses and chemical analysis of tissue were performed on
samples of cliff swallows (as a surrogate to the southwestern willow flycatcher), and chemical
analyses were performed on samples of mule deer tissue and benthic macroinvertebrates.

5.1.1 Methods for Estimating Hazard Quotients and Hazard Indices

An HQ is calculated by dividing an exposure level or daily dose by the corresponding effects
concentration or toxicity benchmark. An HI is the sum of HQs for a given receptor. The
transition between acceptable and unacceptable exposure levels occurs at the point where HQs
and HIs exceed 1.0. HQs and HIs for chemical and radioactive cacs were calculated
independently. Therefore,it was assumed that interaction of receptor responses to chemical
toxicity and to radiation exposure does not occur.

Terrestrial Chemical COCs

HQs for intake of chemical cacs were estimated using the following general equation:

where
HQJI
RDDji
TRV; =

RDD
HQ - l'

ji - TRV.
J

hazard quotient for chemical) in intake medium i (unitless),
reasonable daily dose of chemical) in intake medium i (mg/kg-day),
toxicity reference value for chemical) (mg/kg-day).

(5-1)
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H<~i calculations were repeated for a range of input values. Two RDDji values were used: one
was calculated from CT values of exposure parameters, and the other was calculated from RME
values of exposure parameters. The range ofRDDji values calculated using CT and RME
exposure parameter values provides a measure of uncertainty in the H~i estimates. Similarly,
two TRV} values were used: a NOAEL-based value and a LOAEL-based value. The intent was
that HQjisestimated using NOAEL-based TRVJ-s would be a measure of toxicity to individuals
and that H~,s estimated using LOAEL-based TRVJ-s would be a measure of effect on population
sustainability.

HIs were calculated to integrate the risks of all COCs to an assessment endpoint. This approach
assumes that toxicities are additive-that the toxicity from intake of a mixture of COCs in
various media (sediment, soil, surface water, forage, prey) is neither greater than nor less than the
sum of toxicities for individual constituents in the intake media. The following general equations
were used to calculate HIs for chemical COCs: _

m
HI, = I,HQji

i=!
(5-2)

(
(5-3)"HIt,"1 = I,HI,

j=l

= hazard index for intake medium i for all m COCs (unitless),
hazard quotient for COC j in intake medium i.

where
HI,
HQJI =

where
HI"", = additive hazard index for a receptor (unitless).

Therefore, four sets ofH~" HI" and HIt,"1 values were calculated for each chemical COC,
medium, and receptor, respectively.

Measure of Exposure Measure of Toxjcity Risk Estimate

CT NOAEL Average exposed individuals

RME NOAEL Highly exposed individuals

CT LOAEL Average exposed populations

RME LOAEL Highly exposed populations

Results of the calculations, by receptor, are in Appendices I-I through I-II.

MMTS OU III ERA
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Aquatic Chemical COCs

Risk Characterization

For aquatic life, HQs were estimated for exposure to each chemical COC in surface water and
sediments, separately and then summed. HQs were calculated for Upper, Middle, and Lower
Montezuma Creek.

Surface Water:
EPC

HQ - J
j - SWTB

J

(5-4)

where
HQJ
EPCj

Sediment:

= hazard quotient for chemicalj in surface water (unitless),
= exposure point COll.l:centratioJLo£chemicaIJjn,surface-water-(~g/1,)'F~~~~~·

surface water toxicity benchmark for chemicalj (ug/L) (Section 4.2.1).

where

( HQJ =

EPCj =

STBJ =

. EPC

HQJ = STB
J

J

hazard quotient for chemicalj in sediment (unitless),
exposure point concentration of chemicalj in sediment (mg/kg),
sediment toxicity benchmarkj for chemicalj (mg/kg), Both LOAEL and
NOAEL benchmarks were used (Section 4.2.1).

(5-5)

Radioactive COCs

For radioactive COCs, HQs and HIs were estimated for both internal and external radiation
exposures. The general equations for internal and external HQs are

Internal Exposure:

where
HQp

IRDp
RRTj

IRD ..
HQ - l'

P - RRV.
J

= internal exposure hazard quotient for radionuc1ide j in intake medium i
(unitless),

= internal radiation dose for radionuclide j in intake mediumi (mrad/day),
= radiation reference value for radionuc1ide j (mrad/day).

(5-6)
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ExternalExposure:
ERD.

HQ = l'
ji RRV.

J

(5-7)

/

(

= external exposure hazard quotient for radionuclidej in medium i (unitless),
external radiation dose for radionuclide j in medium i (mradlday),
radiation reference value for radionuclide j (mradlday).

where
so,
ERDji =

RR~ =

The internal and external RRVs are identical: 100 mradlday (Section 4.2.1, page 4-26).

To.estimate internal exposure to tissues, it was conservatively assumed that tissue concentrations
of radionuclides were equal to concentrations in ingested media, as described in Section 4.1.1
(page 4-7). External dose estimates assumed that receptors spend all their time immersed in soil
and sediments containing radionuclides.

Estimates ofHQjivalues for radioactive COCs were repeated for a range ofinput values that
cover current and possible future radionuclide concentrations. Internal and external radiation
HQs were estimated for radionuclide concentrations in media at the time of sampling (t = 0) and
after 1,000 years of radionuclide decay (t = 1,000) (see Section 4.1.1, page 4-7)..

Internal and external His were first calculated independently using Equations 5-6 and 5-7, and ("
then combined to yield:

m

HI, = IHQji
j,,,,1

(5-8)

where
HI;
HQji

= hazard index for medium i for all In radionuclides (unitless),
= hazard quotient for radionuclidej in medium i (unitless).

(5-9)

where
HI'otal = additive radiation hazard index for a receptor (unitless).

Estimates of radiation exposure risks were limited to three receptors: deer mouse, mule deer, and
muskrat. HQji' HI" and Hltotal calculations and estimates for radiation risks are presented in .
Appendices 1-12 through 1-14.

MMTS ou III ERA
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(
5.1.2 Receptor-Specific Risk Estimates

The following sections describe the risks estimated for the OU III receptors and COCs for
chemical exposure pathways. Several lines of evidence are presented:

• NOAEL-based and LOAEL-based HIs

• Incremental hazard indices (IHls)

• Hazard index ratios (HIRs)

• Histopathological analysis results

• Tissue analy'§.slgi·sur:s:emsuLjlllJitsL _

In some cases, separate risk estimates are presented for the different subregions of Montezuma
Creek (i.e., Upper and Middle Montezuma Creek).

Methods for calculating NOAEL-based and LOAEL-based HIs, using both CT and RME
estimates, are described in Section 5.1.1. IHIs (a measure of incremental risk) and HIRs (a
measure of relative risk) compare HIs for Montezuma Creek and the Verdure Creek reference
area:

( IHI = (HI/Olaf for Montezuma Creek) - (HI Io /af for Verdure Creek)

HIR = HIto,af for Montezuma Creek
HIto101 for Verdure Creek

(5-10)

(5-11)

The following sections also include risk estimates for radiation exposure pathways for the deer
mouse, mule deer, and muskrat. Risks based on radionuclide concentrations in media at the time
of sampling (t = 0) and for estimated concentrations after 1,000 years of radionuclide decay
(t = 1,000) are discussed.

Deer Mouse

Estimates of potential chemical exposure risks to the deer mouse were based on comparisons of
HIs for Upper, Middle, and Lower Montezuma Creek with HIs for Verdure Creek
(Figures 5.1.2-1, 5.1.2-2, and 5.1.2-3, respectively). Estimates of radiation exposure risks to the
deer mouse in Upper Montezuma Creek are illustrated in Figure 5.1.2--4. Appendices I-I, 1-2,
1-3, and 1-12 contain tables showing HQ calculations for each coc and resulting media­
specific HIs.
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Deer Mouse, UpperMontezuma Creek
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Figure 5.1.2-1. Chemical Hazard Indices for the Deer Mouse: Comparison of Upper Montezuma Creek
with Verdure Creek Reference Area

MMTSOU1IlERA
5-6

DOE/Grand Junction-Office
September 1998



Document Number Q0002100 Risk Characterization

(

Deer Mouse, Middle Montezuma Creek
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Figure 5.1.2-2. Chemical Hazard Indicesfor the Deer Mouse:Comparison of Middle Montezuma Creek
with Verdure CreekReference Area
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Deer Mouse, Lower Montezuma Creek
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Figure 5.1.2-3. Chemical Hazard Indices for the Deer Mouse: Comparison of Lower Montezuma Creek
with Verdure Creek Reference Area
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Deer Mouse, UpperMontezuma Creek
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Figure 5.1.2-4. Radiation Hazard Indices for the Deer Mouse: Comparison of UpperMontezuma Creek
with Verdure CreekReference Area
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Chemical Exposure Risks: Upper Montezuma Creek

NOAEL-based HItotal values for the deer mouse in Upper Montezuma Creek are 27 and 39,
respectively, for the CT and RME scenarios (Figure 5.1.2-1). The majority of these risks can be
attributed to pathways for ingestion of invertebrates (HIs of 16 and 23), soil (HIs of 5 and 8), and
grasses (HIs of 5 and 7). All other pathways have HIs less than I. COCs with the largest

. contribution to risks within each of these pathways include, in order of importance:

• Invertebrate ingestion (Appendix I, Table 11-9): copper, arsenic, and vanadium, all have HQs
greater than 1.0.

• Soil ingestion (Appendix I, Table 11-1): vanadium and copper have HQs greater than 1.0.

• Grass ingestion (Appendix I, Table 11-3): copper and arsenic have HQs greater than 1.0

Incremental risks predicted by NOAEL-based IHIs, comparing Upper Montezuma Creek with
Verdure Creek, are 13 and 19, respectively, for the CT and RME scenarios. Approximately
60 percent ofthe !HI can be attributed to COCs in invertebrates. LOAEL-based HI and IHI
values are about 50 percent lower than NOAEL-based values (Figure 5.1.2-1). The relative risk
(HIR) for the deer mouse in Upper Montezuma Creek is 1.9.

Chemical Exposure Risks: Middle Montezuma Creek

NOAEL-based Hl tot•1values for the deer mouse in Middle Montezuma Creek are 19 and 27,
respectively, for the CT and RME scenarios (Figure 5.1.2-2). The majority of these risks can be
attributed to pathways for ingestion of invertebrates (HIs of9 and 12), soil (HIs of8 and 11), and
grasses (HIs of 2 and 3). All other pathways have HIs less than I. COCs with the largest
contribution to risks within each pathway include, in order of importance:

• Invertebrate ingestion (Appendix I, Table 12-9): copper and arsenic have HQs greater than 1.0.

• Soil ingestion (Appendix I, Table 12-1): vanadium and copper have HQs greater than 1.0.

• Grass ingestion (Appendix I, Table 12-3) : copper has an HQ greater than 1.0.

Incremental risks predicted by NOAEL-based IHls, comparing Middle Montezuma Creek with
Verdure Creek, are 5 and 7, respectively, for the CT and RME scenarios. LOAEL-based HI and
IHI values for Middle Montezuma Creek are about 50 percent lower than NOAEL-based values
(Figure 5.1.2-2). The HIR for the deer mouse in Middle Montezuma Creek is 1.3.

Chemical Exposure Risks: Lower Montezuma Creek

NOAEL-based Hl totol values for the deer mouse in Lower Montezuma Creek are 32 and 46,
respectively, for the CT and RME scenarios (Figure 5.1.2-3). The majority ofthese risks can be
attributed to pathways for ingestion of grasses (HIs ofl6 and 23), invertebrates (HIs of7 and
11), and soil (HIs of 7 and 10). COCs with the largest contribution to risks within each pathway
include, in order of importance:

(

(
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• Grass ingestion (Appendix I, Table B-3) : copper and arsenic have HQs greater than 1.0.

• Invertebrate ingestion (Appendix I, Table 13-9): copper and arsenic have HQs greater than 1.0.

• Soil ingestion (Appendix I, Table B-1): vanadium and copper have HQs greater than 1.0.

Incremental risks predicted by NOAEL-based IRIs, comparing Lower Montezuma Creek with
Verdure Creek, are 19 and 28, respectively, for the CT and RME scenarios. LOAEL-based HI
and IHI values for Lower Montezuma Creek are about 47 percent lower than NOAEL-based
values (Figure 5.1.2-3). The iIIR for the deer mouse in Lower Montezuma Creek is 2.5.

Radiation Exposure Risks: Upper Montezuma Creek

The HI'otals combining internal and external radiation exposures for Upper Montezuma Creek are
0.01 and 0.08 for the t - 0 and t - 1,000 years scenarios, respectively (Figure 5.1.2-4 and
Appendix I, Tables Il2-1 through II2-1 5). The HIR value for the t = 1,000 years scenario
is 12.7. However, because of the low HI values for Upper Montezuma Creek, no further
evaluation of the deer mouse for risks from potential radiation exposure is necessary.

Mule Deer

As discussed in Section 4.1.2 page 4-15, exposure of mule deer to chemical COCs was estimated
for Upper Montezuma Creek and for the entire OU III soil and sediment area. Figures 5.1.2-5
and 5.1.2--6 compare HI values in these areas with HI values in the Verdure Creek reference area.
Risk estimates were supported by the results of histopathological and tissue analyses. Mule deer
in Upper Montezuma Creek were included in the risk assessment for exposure to radionuclides
(Figure 5.1.2-7). Appendices 1-4, 1-5, and 1-13 contain tables showing HQ calculations for each
COC and resulting media-specific HIs.

Chemical Exposure Risks: Upper Montezuma Creek

NOAEL-based HItotal values for Upper Montezuma Creek are approximately 0;2 and 0.7,
respectively, for the CT and RME scenarios (Figure 5.1.2-5). The majority of these HI values
can be attributed to exposure pathways for ingestion of shrubs, forbs, and soil, although no
individual pathways have HIs exceeding 1.0 (see Appendix 1-4).

Incremental risks predicted with NOAEL-based IRIs, comparing Upper Montezuma Creek with
Verdure Creek, are 0.01 and 0.03, respectively, for the CT and RME scenarios. LOAEL-based HI
and IRI values are about 45 percent lower than NOAEL-based values (Figure 5.1.2-5). The
relative risk (HIR) for mule deer in Upper Montezuma Creek is approximately 1.0.

Chemical Exposure Risks: Entire Soil and Sediment Area

NOAEL-based HI'otal values for mule deer in the entire soil and sediment area are 0.4 and 1.7,
respectively, for the CT and RME scenarios (Figure 5.1.2-6). The majority of these HI values
can be attributed to ingestion of shrubs, forbs, and soil, although no individual pathways have
HIs exceeding 1.0 (see Appendix 1-5).
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Mule Deer, Upper Montezuma Creek
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Figure 5.1.2-5. Chemical Hazard Indices for Mule Deer: Comparison of Upper Montezuma Creek with
Verdure Creek Reference Area
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Mule Deer, Entire Soil and Sediment Area
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Figure 5.1.2-'6. Chemical Hazard Indices for Mule Deer: Comparison of Entire OU III Soil and Sediment
Area with Verdure Creek Reference Area
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Figure 5.1.2-7. Radiation Hazard Indices for Muie Deer: Comparison of Upper Montezuma Creek with
Verdure Creek Reference Area
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Incremental risks predicted by NOAEL-based IHIs, comparing the entire soil and sediment area
with Verdure Creek, are less than 0.01 and 0.02, respectively, for the CT and RME scenarios.
LOAEL-based HI and IHI values are about 45 percent lower than NOAEL-based values
(Figure 5.1.2-6). The relative risk (HIR) for mule deer in the entire OU III soil and sediment area
is approximately 1.0, which indicates that risks on and off site are similar.

Tissue Analysis Results

Sample results from mule deer muscle, liver, kidney, and bone had mostly identical contaminant
concentrations to tissues collected from Verdure Creek. The only minor exceptions were the
results of bones from exposed deer in Upper/Middle Montezuma Creek, which showed slight
«0.1 pCi/g) accumulations of certain radionuclides, denoting some site-related exposure more
indicative of a biomarker. On the basis of these results, risks on and off site are similar.

Radiation Exposure Risks: Upper Montezuma Creek

The total HIs combining internal and external radiation exposure of mule deer in Upper
Montezuma Creek are approximately 0.01 and 0.07 for the t = 0 and t = 1,000 years scenarios,
respectively (Figure 5.1.2-7 and Appendix I, Tables 113-1 through 113-13). The HIRvalue for
the t = 1,000 years scenario is 11.1. However, because of the low HI values, no further evaluation
ofthe mule deer for potential radiation exposure is necessary.

Muskrat

Estimates ofpotential chemical exposure risks to the muskrat were based on comparisons of HIs
for Upper Montezuma Creek with HIs for the Verdure Creek reference area (Figure 5.1.2-8).
Estimates of radiation exposure risks to the muskrat in Upper Montezuma Creek are illustrated in
Figure 5.1.2-9. Tables in Appendix 1-6 and 1-14 show HQ calculations for each COC and
resulting media-specific HIs.

Chemical Exposure Risks: Upper Montezuma Creek

NOAEL-based HIs for Upper Montezuma Creek are 20 and 23, respectively, for the CT and
RME scenarios (Figure 5.1.2-8). The majority of these risks can be attributed to ingestion of
grass (HIs of 11 and 13), soil (HIs of 5 and 6), and sediment (HI of 4). The HIs for ingestion of
surface water are less than 1. COCs with the largest contribution to risks within each of these
pathways include, in order of importance:

• Grass ingestion (Appendix I, Table 16-5): copper, arsenic, and vanadium have HQs greater
than 1.0.

• Sediment ingestion (Appendix I, Table 16-3): vanadium has an HQ greater than 1.0.

• Soil ingestion (Appendix I, Table 16-4): vanadium has an HQ greater than 1.0.
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Figure 5.1.2-8. Chemical Hazard Indices for the Muskrat: Comparison of Upper Montezuma Creek with
Verdure Creek Reference Area
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Figure 5.1.2-9. Radiation Hazard Indices for the Muskrat: Comparison of Upper Montezuma Creek with
Verdure Creek Reference Area
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Incremental risks predicted by NOAEL-based IHIs for the muskrat, comparing Upper
Montezuma Creek with Verdure Creek, are 9 and 10, respectively, for the CT and RME (
scenarios. LOAEL-based HI and IHI values are about 50 percent lower than NOAEL-based
values (Figure 5.1.2-8). The relative risk (HIR) for the muskrat in Upper Montezuma Creek
is 1.8.

Radiation Exposure Risks: Upper Montezuma Creek

The total HIs combining internal and external radiation exposure of muskrat in Upper
Montezuma Creek are 0.01 and 0.08 for the t = 0 and t = 1,000 years scenarios, respectively

. (Figure 5.1.2-9 and Appendix I, Tables 114-1 through 114-11). The HIR value for the
t = 1,000 years scenario is 9.4. However, because of the low HI values, no further evaluation of
potential radiation exposure to the muskrat is necessary.

---Spotted-Bat---------------------'-----------

As discussed in .Section 4.1.2, page 4-17, exposure of the spotted bat to chemical COCs was
estimated for Upper Montezuma Creek with data collected in 1995, and for Upper and Middle
Montezuma Creek with data collected in 1996. Risk estimates were based on HI comparisons
with the Verdure Creek reference area (Figures 5.1.2-10 and 5.1.2-11). Tables in Appendices
1-7 and 1-8 show HQ calculations for each COC and resulting media-specific HIs.

Chemical Exposure Risks: Upper Montezuma Creek

NOAEL-based HItotat values for Upper Montezuma Creek in 1995 are 12 and 13, respectively, for
the CT and RME scenarios (Figure 5.1.2-10). The bulk of the His is attributed to ingestion of
invertebrates (HI of 10) and soil (HI of2). His for ingestion of water are less than I. COCs with
the largest contribution to risks within each pathway include, in order of importance:

• Invertebrate ingestion (Appendix I, Table 17-3): copper, arsenic, and selenium have HQs
greater than I. O.

• . Soil ingestion (Appendix I, Table 17-1): vanadium has an HQ greater than 1.0.

Incremental risks predicted by NOAEL-based IHIs, comparing Upper Montezuma Creek with the
Verdure Creek reference area, are 4.5 and 4.8, respectively, for the CT and RME scenarios.
LOAEL-based HI and IHI values are about 30 percent lower than NOAEL-based values
(Figure 5.1.2-10). The relative risk (HIR) for the spotted bat in Upper Montezuma Creek is
approximately 1.6.

Chemical Exposure Risks: Upper and Middle Montezuma Creek

NOAEL-based HItotal values for Upper and Middle Montezuma Creek in 1996 are 11 and 12,
respectively, for the CT and RME scenarios (Figure 5.1.2-11). The majority of these HI values
can be attributed to ingestion of invertebrates (His of8 and 9) and soil (HI of3). The HI values

(
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Figure 5.1.2-10. Chemical Hazard Indices for the Spotted Bat: Comparison of Upper Montezuma Creek
with Verdure Creek Reference Area (1995 data only)
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Figure 5.1.2-11. Chemical Hazard Indices for the Spotted Bat: Comparison of the Combined Upper and
Middle Montezuma Creek with Verdure Creek Reference Area (1996 data only)
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for ingestion of water are less than I. COCs with the largest contribution to risks within each
pathway include, in order of importance:

• Invertebrate ingestion (Appendix I, Table 18-3): copper, vanadium, and selenium have HQs
greater than I. O.

• Soil ingestion (Appendix I, Table 18-I): vanadium has an HQ greater than 1.0.

Incremental risks predicted by NOAEL-based Illls.comparing Upper and Middle Montezuma
Creek with the Verdure Creek reference area, are 3.7 and 4.0, respectively, for the CT and RME
scenarios. LOAEL-based HI and IHI values are about 30 percent lower than NOAEL-based
values (Figure 5.1.2-11). The relative risk (HIR) for the spotted bat in Upper and Middle
Montezuma Creek is approximately 1.5.

Peregrine Falcon.

Estimates of potential chemical exposure risks to the peregrine falcon were based on
comparisons of HI values for Upper Montezuma Creek with HI values for reference areas
(Figure 5.1.2-12). Soil and surface-water data from Verdure Creek and cliff swallow data from
Vega Creek were used as the basis of the exposure estimates. Tables in Appendix 1-9 show HQ
calculations for each COC and resulting media-specific HIs.

NOAEL-based HItot,1 values for Upper Montezuma Creek are 0.004 and 0.018 for the CT and
RME scenarios, respectively (Figure 5.1.2-12). Because these HI values are considerably less
than I, no further evaluation of this receptor is necessary.

Southwestern Willow Flycatcher

Exposure of the southwestern willow flycatcher to chemical COCs was estimated for Upper
Montezuma Creek from data collected in 1995, and for Upper and Middle Montezuma Creek
from data collected in 1996. Risk estimates were based on HI comparisons with the Verdure
Creek reference area (Figures 5.1.2-13 and 5.1.2-14), and on the results of histopathological and
tissue analyses. Tables in Appendices 1-10 and I-II show HQ calculations for each COC and
resulting media-specific HIs.

Chemical Exposure Risks: Upper Montezuma Creek

NOAEL-based HItot,1 values for Upper Montezuma Creek are 6 and II, respectively, for the CT
and RME scenarios (Figure 5.1.2-13). The majority of these risks can be attributed to ingestion
of invertebrates (HIs of 5 and 10). The HI values for ingestion of soil, surface water, and shrubs
are less than I. COCs with the largest contribution to risks within the invertebrate ingestion
pathway are copper and selenium with HQs greater than 1.0 (Appendix I, Table II 0-5).
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Figure 5.1.2-12. Chemical Hazard Indices for the Peregrine Falcon: Comparison of Upper Montezuma
Creek with Verdure Creek and Vega Creek Reference Areas
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Figure 5.1.2-13. Chemical Hazard Indices for the Southwestern Willow Flycatcher: Comparison of Upper
Montezuma Creek with Verdure Creek Reference Area (1995 data only)
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Figure 5.1.2-14. Chemical Hazard Indices for the Southwestern Willow Flycatcher: Comparison of the
Combined Upper and Middle Montezuma Creek Areas with Verdure Creek Reference
Area (1996 data only)
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Incremental risks estimated using NOAEL-based IHIs for the southwestern willow flycatcher,
comparing 1995 Upper Montezuma Creek with the Verdure Creek reference area, are
approximately 2 and 4, respectively, for the CT and RME scenarios. LOAEL-based HI and !HI
values are about 50 percent lower than NOAEL-based values (Figure 5.1.2-13). The relative risk
(HIR) for the southwestern willow flycatcher in Upper Montezuma Creek is approximately 1.6.

Chemical Exposure Risks: Upper and Middle Montezuma Creek

NOAEL-based HItotal values for Upper and Middle Montezuma Creek are 32 and 56,respectively,
for the CT and RME scenarios (Figure 5.1.2-14). The majority of these HI values can be
attributed to the ingestion of invertebrates (HIs of 27 and 49) and soil (HIs of3 and 6). The HI
values for ingestion of surface water and shrubs are less than I. COCs with the largest
contribution to risks within each pathway include, in order of importance:

····~·__·~~.~·TiiVerie6iate·lrigestlon(Appendix I, Table 111-5): uranium and copper have HQs greater
than 1.0.

• Soil ingestion (Appendix I, Table Ill-I): uranium has an HQ greater than 1.0.

(

Incremental risks predicted by the NOAEL-based IHIs for the southwestern willow flycatcher,
comparing Upper and Middle Montezuma Creek with the Verdure Creek reference-area data, are
22 and 39, respectively, for the CT and RME scenarios. LOAEL-based HI and !HI values are
about 80 percent lower than NOAEL-based values (Figure 5.1.2-14). The relative risk (HIR) for
the southwestern willow flycatcher in Upper and Middle Montezuma Creek is approximately 3.3.

Histopathological and Tissue Analyses

The cliff swallow was selected as a surrogate for the endangered southwestern willow flycatcher;
results of cliff swallow histopathological and tissue analysis can therefore be used to assess
ecological risks to the southwestern willow flycatcher. Details of the sampling are discussed in
Section 3.6.2, page 3-24, and details of the analysis are in Sections 4.2.2, page 4-26, and 4.2.3,
page 4-29. Results of the histopathological analysis indicated that no significant differences
existed between tissue samples collected from Montezuma Creek and those collected from the
Vega Creek reference area. Likewise, COC concentrations in Montezuma Creek and Vega Creek
tissue samples did not differ significantly. These results suggest that, for the southwestern willow
flycatcher, there is no uptake and therefore, risk associated with exposure to COCs.

Aquatic Organisms

The potential risks of exposure of aquatic organisms to surface water and sediment were
estimated by comparing HQ values for Montezuma Creek with HQ values for the Verdure Creek
reference area. Toxicity benchmarks were presented in Section 4.2.1, page 4-24, and the methods
for calculating HQs for aquatic organisms were presented in Section 5.1.1, page 5-3. Because the
literature did not contain benchmark values for all COCs (Section 4.2.1), HQ values could not be
calculated for all COCs. Aquatic-life benchmark values were not available for the following
COCs:
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Surface Water: nitrate, uranium

Sediment: cobalt, molybdenum, nitrate, selenium, uranium, and vanadium.
(

Tables 5.1.2-1,5.1.2-2, and 5.1.2-3 list CaC-specific HQ values for aquatic organisms in
Upper, Middle, and Lower Montezuma Creek, respectively. HQ values for aquatic organisms in
Verdure Creek reference area are presented in Table 5.1.2-4.

Table 5.1.2-1. Hazard Quotients for Aquatic Life Exposed to Sediment and Surface Water.' Upper
Montezuma Creek

(
Upon the authors recommendation, Effect Range Median and No Effect Concentration terms from Ingersoll et al.
(1996) were used to determine the NOAEL and LOAEL, respeciively.

bChemical analysis was for total arsenic; EPC shown assumes that speciated arsenic equals the total.
'Sediment toxicity benchmarks for arsenic are expressed as total arsenic.
dAnalyte was not detected in the media: EPC was calculated as one-half the deteciion iimit.

Surface Water Sediment EPC HQs for HQs for.Sedlment
Sum of Surface Water

Analyte
EPC (~g/L) (mg/kg) Surface Water

and Sediment HQs

NOAEL' LOAEL' NOAEL' LOAEL'

Arsenic(lII) 3.68b 8J2b 0.019 0.162' 0.081' 0.161 0.1

Arsenic(V) 3.66b 6.12b 0.454 0.162' 0.061' 0.616 0.535

Cobalt 2.91d 6.91 0.970

Copper 3.17 50.4 0.081 0.265 0.067 0.346 0.168

Lead 1.20 16.6 0.063 0.168 0.126 0.231 0.191

Molybdenum 16.7 1.63 0.070

Selenium 2.74 6.38 0.546

Vanadium 12.5 69.4 0.658

17in~ Q Ai A" A nMO n 118 oneo 0147 0.079
e ,

Table 5.1.2-2. Hazard Quotients for Aquatic Life Exposed to Sediment and Surface Water: Middle
Montezuma Creek

Surface Water Sediment EPC HQs for HQs for Sediment
Sum of Surface Water

Analyte
EPC (~g/L) (mg/kg) Surface Water

and Sediment HQs

NOAEL' LOAEL' NOAEL' LOAEL'

Arsenic(llt) 3.40b 7.4b 0.016 0.148' 0.074' 0.166 0.092

Arsenic(V) 3.40b 7.4b 0.420 0.148' 0.074' 0.568 0.494

Cobalt 3.30d 6.60 1.10

Copper 1.85d 32.6 0.047 0.172 0.056 0.219 0.607

Lead 0.79 19.9 0.042 0.201 0.153 0.243 0.195

Molybdenum 16.0 3.50 0.067

Selenium 2.30 6.30 0.460

Vanadium 3.85d 97.7 0.203
7in~ s.sn fiR 7 00111 0107 n n..fi n1?~ n nA1

e ,
Upon the authors recommendation, Effect Range Medran and No Effect Concentration terms from Ingersoll et al.
(1996) were used to determine the NOAEL and LOAEL, respectively.

"Chemical analysis was for total arsenic; EPC shown assumes that speciated arsenic equals the total.
'Sediment toxicity benchmarks for arsenic are expressed as total arsenic.
dAnalyte was not detected in the media; EPC was calculated as one-half the deteciion limit.
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(
Table 5.1.2-3. Hazard Quotients for Aquatic Life Exposed to Sediment and Surface Water: Lower

Montezuma Creek

Sediment EPC HQs for HQs for Sediment
Sum of Surface Water

Surface Water and Sediment HQsAnalyte EPC (~g/L) (mg/kg) Surface Water
NOAEL' LOAEL' NOAEL' LOAEL'

Arsenic(lIl) 6.00' 18.1' 0.032 0.262' 0.181' 0.294 0.213

ArsenicM 6.00" 18.1' 0.741 0.262' 0.18.1' 1.003 0.922

Cobalt 2.00' 8.80 0.667

Copper 11.1 179 0.285 0.942 0.309 1.227 0.594

Lead' NA NA NA NA NA 0 0

Molybdenum 13.0' 1.30' 0.054

Selenium 1.00' 3.60 0.200

Vanadium 6.10 166 0.321
!7;n~ ?,; ? RA ,; 0074 n 1?R o O';~ O? o 1?7

k·~~-·~~~·'Upon the authors recol1mTmfdatlon, EflecfRange Median anaNOEff6Ct Concentration terms from Ingersoll et al.
(1996) were used to determine the NOAEL and LOAEL, respectively.

'Chemical analysis was for total arsenic; EPC shown assumes that speciated arsenic equals the total.
'Sediment toxicity benchmarks for arsenic are expressed as total arsenic.
'Analyte was not detected in the media; EPC was calculated as one-half the detection limit.
'Lead was not analyzed in Lower Montezuma Creek sampies.

Table 5.1.2-4. Hazard Quotients for Aquatic Life Exposed to Sediment and Surface Water: Verdure Creek
Reference Area

Sediment HQs for HQs for Sadiment .
Sum of Surface Water

Analyte
Surface Water and Sediment HQs

EPC (~g/L) EPC (mg/kg) Surface Water
NOAEL' LOAEL' NOAEL' LOAEL'

Arsenic(ill) 1.84' 7.13' 0.010 0.143' 0.071' 0.153 0.081

ArsenicM 1.84' 7.13' 0.227 0.143' 0.071' 0.37 0.298
Cobalt 3.22' 7.40 1.07
Copper 2.36' 13.3 0.061 0.070 0.02 0.131 0.081
Lead 1.10 20.2 0.058 0.204 0.155 0.262 0.213
Molybdenum 5.00 1.27 0.021
Selenium 1.60 5.30 0.320
Vanadium 3.73' 23.1 0.196
7;n~ ?OA 4AA 00R1 . OOA1 OORR o 1fi? o 14A

,
'Upon the authors recommendation, Effect Range Median and No Effect Concentrahon terms from Ingersoll et al.
(1996) were used to determine the NOAEL and LOAEL, respectively.

'Chemical analysis was for total arsenic; EPC shown assumes that speclated arsenic equals the total.
'Sediment toxicity benchmarks for arsenic are expressed as total arsenic.
'Analyte was not detected in the media; EPC was calculated at one-half the detection limit.

(

Chemical Exposure Risks: Upper Montezuma Creek

. In Upper Montezuma Creek, all HQs for surface water and sediment were less than 1.0. HQs
based on the summation of surface water and sediment HQs did not exceed 1.0 for any analyte.
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Chemical Exposure Risks: Middle Montezuma Creek

In Middle Montezuma Creek, all HQs for surface water and sediment were also less than 1.0.
HQs based on the summation of surface water and sediment HQs did not exceed 1.0 for any
analyte .

. Chemical Exposure Risks: Lower Montezuma Creek

As in Upper and Middle Montezuma Creek, all HQs for surface water and sediment were less
than 1.0 in Lower Montezuma Creek. The HQ for copper in sediment, 0.942, can be attributed to
an EPC value of 179.0 mg/kg for copper. This value was the maximum concentration measured
of four samples; the mean was 23.0 mg/kg. HQs based on the summation of surface water and
sediment HQs exceeded 1.0 for arsenic and copper.

5.2 Uncertainty Analysis

Uncertainty analysis provides a qualitative discussion ofthe uncertainties inherent in the risk
assessment process. This discussion gives risk managers insight into the strengths and
weaknesses of the risk assessment. The following subsections describe the major sources of
uncertainty that underlie the assumptions and results of the au III ERA.

5.2.1 Analytical Data

Factors involved in study design, sample collection and analysis, and data handling led to
uncertainties in the analytical data used in the ERA.

Elements of the study design that contributed most to the overall uncertainty of the ERA were
the number of samples collected and locations of samples collected. Sampling for the ERA was
limited to the 14 ecological transects in Montezuma Creek and 6 reference area transects.
Although these transects provided useful data to supplement other data that were collected for
au III, the relatively few transects leads to a fairly high level of uncertainty regarding overall
nature and extent of contamination in various media in au III. To counteract the uncertainty
associated with the low numberof sampling transects, the transects were positioned in areas that
were known to be relatively contaminated. This biased placement of transects is expected to
provide a conservative estimate of contaminant concentrations in the media that were used in the
ERA and therefore would result in an overestimation of risk.

Sample collection procedures for each medium introduced uncertainty to the ERA in various
ways. Soil and sediment samples were compo sited across each side of each transect.
Compositing results in a physical averaging that tends to reduce variability and measurements of
extreme concentrations. Compositing could cause an over- or underestimation of average
contaminant concentrations depending on the distribution of contamination along a given
transect. Surface-water samples were collected at transects only during low-flow conditions.
When surface-water data from the ecological transects are compared to data obtained from
samples collected at other sampling locations and during other times of the year, it becomes clear

(

. (
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that surface-water concentrations used in the dose calculations in the ERA are conservative and
( result in an overestimation of risk.

Grass, forb, shrub, and terrestrial invertebrate samples were composites of many different
species; because different species take up contaminants at different rates, differences in
contaminant concentrations between Montezuma Creek and the reference area could have been
the result of different species compositions along the two creeks. Although cornpositing is not
expected to be the sole reason for differences in contaminant concentrations in biota between the
two sites, compositing does contribute to the uncertainty of the biota data that were used in the
ERA.

The analytical methods used were for "total" metals; speciated forms of the metals were not
differentiated. Because the toxicity of some metals is dependent on their valence state, the use of
"total" data collld result in ovexe.stimation~o£risL ..

Basic data handling procedures introduced uncertainty into the ERA. For example, the use of
estimated values (those flagged with a "J" qualifier in Appendix C) in exposure calculations may
result in an over- or underestimation of risk depending on whether the estimated value is higher
or lower than the true sample value. Also, when data values were below the detection limit,
one-half the detection limit value was used in exposure calculations. Again, this procedure could
result in over- or underestimation of risk.

(
5.2.2 Exposure Assessment

Uncertainties were also inherent in the exposure assessment phase of the ERA. Exposure intakes
were expressed as point (single-value) estimates. In nature, however, a receptor's intake varies
not only on an individual basis but on a daily and seasonal basis as it moves within its home
range, changes its diet, and migrates in and out of contaminated areas. Conservative values
(UCL95 values when sample size is adequate or maximum values when sample size is too low for
calculating UCL95 values) of environmental media concentrations were used in exposure
calculations. These procedures tend to overestimate risk.

The use of an area use factor (AUF) in the exposure intake equations implies that wildlife
receptors use all areas within the home range equally. In actuality, habitat is patchy and not
uniform, and some areas are used preferentially. If the contaminated areas lack the preferred
resources, exposure is minimized because the receptors do not use the area. However, if the
contaminated portions of an animal's home range contain preferred resources, exposure can be
higher than predicted by the exposure intake equations containing an AUF. The effect on the risk
estimates is site-specific because preferred resources vary among sites, and receptor behavior
varies among the key species chosen to represent the assessment endpoints. Careful selection of
the assessment endpoints minimizes the possibility that risk to other wildlife populations is
overlooked.

For au III, the contamination is contained within the floodplain and is present in Montezuma
Creek. Animals that depend on riparian habitat, feed within the aquatic system, or ingest surface
water are therefore expected to be more exposed than upland receptors because the exposure
pathways include exposure to water and sediments, as well as to riparian vegetation or benthic
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invertebrates. The OU III receptors of concern included mammals with small home ranges, such
as the deer mouse and muskrats, which use the riparian area constantly. .(

Only two receptors, the mule deer and the peregrine falcon, actually had an AUF applied to their
exposure intake estimates. Their home ranges were larger than the contaminated areas; therefore,

. the exposure estimates were reduced by the appropriate fraction. Application of an AUF may
underestimate exposure by these two receptors; however, risk estimates were made not only on
the average home range, but on a minimum home range expected for each of the mobile species.
Thus, use of all AUF in the exposure estimates is not expected to significantly underestimate
risks to the mule deer or to the peregrine falcon.

Radiation dose to receptors was calculated for exposure from both internal and external sources.
For calculations of internal radiation dose, it was assumed that ingestion was the sole pathway

~~~~fO.Ulldionuclidedeposition in tissue. Air monitoring data indicated that the inhalation p~at~huw~a"J"t,~~~~~

was negligible. This assumption could lead to a slight underestimation of risk.

Exposure from ingestion of radionuclides was evaluated using concentrations in media consumed
by receptors, published dietary proportions; and the assumption that tissue concentrations of
radionuclides are equivalent to concentrations in media consumed by receptors. Plant-to-soil and
plant-to-sediment CRs for OU III media were compared with published CRs as a qualitative
measure of uncertainty in EPC data used to evaluate internal radiation exposure. Plant-to-soil
(sediment) CRs were calculated using dietary fractions ofEPC values (UCLs9S) ofRa-226 and
U-238 for plants consumed by deer mouse, mule deer, and muskrat inhabiting Upper Montezuma (
Creek and the Verdure Creek reference area (Table 5.2.2-1). CRs ofEPCs at the time of
sampling and for the year t = 1,000 were calculated.

The OU III CR values in Table 5.2.2-1 are within the range of published CR values. Published
plant-to-soil CRs range from 0.001 to 0.4 for Ra-226 (Tracy et al. 1983, Clulow et al. 1988,
Markose et al. 1993) and from 0.001 to 0.8 for U-238 (Mortvedt 1994). Published CRs vary
depending on plant species, soil type, radionuclide, and chemical species (Sheppard et al. 1983).
In general, published plant-to-soil CRs vary nonlinearly; CR values are higher where substrate
concentrations are low, whereas low CR values occur where substrate concentrations are high
(Martinez-Aguirre et al. 1997).

The highest animal tissue-to-plant CR values found in the literature for Ra-226 and U-238 for
deer mouse, mule deer, and muskrat are summarized in Table 5.2.2-2. The highest bone-to-plant
CRs for Ra-226 exceed 1.0. Radium-226, as an alkaline earth series radionuclide, is analogous to
calcium and lodges principally in the skeleton in humans and other mammals (e.g., Eisenbud
1973, Schlenker et al. 1982). Therefore, the assumption that receptor tissue concentrations are
equivalent to concentration in media consumed by the receptor could lead to underestimation of
risk.

Because some literature reports CRs greater than 1.0 for Ra-226, radiological exposure risks
were re-evaluated using the highest published bone-to-plant CR values for Ra-226 in Table
5.2.2-2. Table 5.2.2-3 compares HIs for CR values equivalent to 1.0 and for the high-end
published values. HIs doubled for deer mouse and muskrat in year t = 0; all other HIs were
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between 10 and 25 percent higher. However, radiation HIs all remained one or more orders of
magnitude less than unity.

Table 5.2.2-1. Plant/Soil Concentration Ratios of Ra-226 and U-238 in Diets of Deer Mouse, Mule Deer,
and Muskrat in Upper Montezuma Creek and the Verdure Creek Reference Area

Radionuclide Area Year" Plant/Soil CRs in Receptor Diets.

Deer Mouse' Mule Deer" Muskratd

Upper Montezuma Creek t-O 0.036 0.016 .0.037

Ra-226
t =1,000 0.012 0.005 0.023

Verdure Creek Reference t =0 0,018 0.015 0.009
Area t =1,000 0.017 0.011 0.003

Upper Montezuma Creek t =0 0.022 0.011 0.002

U-238
t =1,000 0.019 0.002 0.002

Verdure'Creek'Reference" "1'='0' , ... '0:073' 0:137 0:01'1
Area t =1,000 0.084 0.162 0.011

-'Concentralion ratios were calculated usmg EPCs m the year t - 0 (at time of sampling) and estimated EPCs m
the year t = 1,000 (see Tables 4.1.1-1 through 4.1.1-4).

'The plant fraction of deer mouse diet consists of 51% grass, 7% forbs, and 2% shrubs (see Table 4.1.2-1).
'The plant fraction of mule deer diet consists of 10% grass, 51% forbs, and 37% shrubs (see Table 4.1.2-3).
'The plant fraction of the muskrat diet consists of 97% grass-like plants (see Table 4.1.2-5).

Table 5.2.2-2. Published Animal/Plant Concentration Ratios of Ra-226 and U-238 for Deer Mouse, Mule
Deer, and Muskrat

Receotorl Tissue Radionuclide CRValue Source

Deer Mouse"
Cloutier et al. 1986

bone Ra-226 3.3-7.1

Mule Deer"

bone Ra-226 0.1 - 3.0

U-238 0.340 Mahon 1982, Mirka et al. 1996
flesh Ra-226 0.022

U-238 0.130

Muskrat
Mirka et al. 1996

bone Ra-226 0.3 -6.3,Data are for meadow vole, a reasonable surrogate for the deer mouse.
oCR values from Maclaren (1987) are for moose, a reasonable surrogate for the mule deer.

(

Table 5.2.2-3. Comparison of Total Radiation Hazard Indices Calculated Using Receptor Tissue-to-Diet
CR Values of 1.0 and Highest Published Bone-to-Diet CR Values for Ra-226.

Receptor Ra-226 CR Value"
Hazard lndex"

t= u t = 1,000
Deer Mouse 1.0 0.011 0.081

7.1 0,025 0.101
Mule Deer 1.0 0.010 0.071

3.0 0.011 0.074

Muskrat 1.0 0.012 0.076
63 0.024 0.090,

, The second CR value listed for each receptor IS the highest published value m Table 5.2.2-2.
'Hazard Indices are calculated for EPC values at the time of sampling (t = 0) and for EPC estimates in the
year t = 1,000.
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Other assumptions used to calculate internal radiation dose could lead to significant
overestimation ofrisk:

• Published values of biological assimilation factors for au III radionuclides are also one to
several orders of magnitude less than 1.0 for au III radionuclides.

• It was assumed that all energy emitted by radionuclides in tissue is absorbed by the tissue.
Electrons and lX-particles are mostly absorbed, but much of the photon energy may not be
absorbed depending on the size of the receptor.

Calculations of external radiation dose overestimate the amount of emitted energy that is
received in the receptor's tissue. The calculations are based on the assumption that receptors
spend 100 percent of their time immersed in soil or sediment. Radionuclide concentrations were
higher in soil and Sediment than in other environmental media. The external dose calculations
include the assumption that the radiation level received in a receptor's tissue is equivalent to that
received at or near their skin surface. This overestimates dose because most of an organism's
tissue is self-shielded at depths below the skin surface.

Internal and external radiation doses were estimated for radionuclide concentrations both at the
. time of sampling and after 1,000 years of radionuclide decay. It was assumed that removal of

tailings and treatment of groundwater at the millsite will remove the source; that input from
upgradient sources is negligible. If this assumption is false, then radionuclide concentrations in
the year t = 1,000 may be underestimated. It was also assumed that dilution and dispersion of
contaminants over a 1,000-year period is negligible; this assumption could lead to overestimation
of concentrations in the year t = 1,000.

Additional uncertainties are associated with the assumptions that were made when calculating
exposure for each receptor. These receptor-specific uncertainties are discussed in the following
paragraphs.

In the dose calculations, it was assumed that terrestrial invertebrates and vegetation form the bulk
of the deer mouse's diet. However, it is not certain whether the invertebrate and plant species that
were collected during sampling are the same species that deer mice consume in nature. The use
of unspecific invertebrate and plant samples in the exposure assessment could lead to under- or
overestimation of risk, depending on whether contaminant concentrations in species that the deer
mouse consumes in nature are higher or lower than contaminant concentrations in sampled
species. Also, whole grass plants were used as a surrogate for the grass seeds that make up part
of the deer mouse's diet. It is uncertain whether contaminant concentrations in the seeds would
be higher or lower than contaminant concentrations in whole grass plants. Use of this surrogate
could either under- or overestimate risk to the deer mouse. Finally, the assumption that the deer
mouse obtains all of its drinking water from Montezuma Creek is likely to lead to overestimation
of risk. Mice obtain most of their water from upland sources such as dewdrops and plant tissues.

As with the deer mouse, it is uncertain whether the species that were collected to represent the
mule deer's diet are the same species that the mule deer would consume in nature. The use of
unspecific vegetation samples in the exposure assessment could lead to either under- or
overestimation of risk. It also is uncertain how much time mule deer spend in contaminated

(

I

(
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areas. To be conservative, it was assumed that the deer spend all of their time in contaminated
areas for the assessment of the entire au III soil and sediment area (i.e., all transects). While
there is a "resident" population of mule deer in the Montezuma Creek valley, it is highly unlikely
that the deer spend all of their time in contaminated areas. Therefore, the assumption that deer
spend all of their time in contaminated areas likely leads to overestimation of risk.

In nature, muskrats consume the tubers of aquatic plants such as cattails (Typhus species).
Because aquatic vegetation was not sampled during the au III characterization, grasses were
used as a surrogate for aquatic vegetation. Use of grasses as a surrogate introduces uncertainty to
the risk assessment; risk could be either under- or overestimated as a result ofusing grasses in
the exposure assessment. Muskrats also consume variable amounts of animal prey in the wild.
Because it is uncertain how much and what kind ofprey muskrats in Montezuma Creek
consume, the standard diet composition in EPA's Wildlife Exposure Factors Handbook

__~~_~~(EPA192Atwas us.ed_inJ~~exposure_assessmenLUse_ofthe.ri:RA.specified-diet-composition,~-~-~~~~~

which disregards potential consumption ofprey, could lead to under- or overestimation of risk.

It is uncertain whether the flying terrestrial invertebrate samples that were collected to estimate
the spotted bat's exposure accurately represent the species that the spotted bat consumes in the
wild. Use of the unspecific flying invertebrate data could lead to under- or overestimation of risk.
Also, it was assumed the spotted bat would spend all of its time in contaminated areas. This is a
conservative assumption that could lead to overestimation of risk.

(
In the exposure assessment, it was assumed that cliff swallows are the only prey of the peregrine
falcon. This assumption is not accurate, but it is uncertain whether it would lead to under- or
overestimation of risk. This is a conservative assumption that could lead to overestimation of
risk.

It is uncertain whether the flying terrestrial invertebrate samples that were collected to estimate
the southwestern willow flycatcher's exposure accurately represent the species that the
southwestern willow flycatcher consumes in the wild. Use of the unspecific flying invertebrate
data could lead to under- or overestimation of risk. Also, the southwestern willow flycatcher
consumes berries as part of its natural diet. In the exposure assessment, shrub shoot samples were
used as a surrogate for berries. Use of this surrogate could lead to under- or overestimation of
risk.

5.2.3 Toxicity Assessment

Uncertainty in the ERA was introduced in several phases of the toxicity assessment.

Use of toxicity reference values (TRVs) probably was the largest source of uncertainty in the
ERA. A single TRV was developed for each cac and each receptor, and the value was not
modified in response to differences in exposure route or chemical state (e.g., water-soluble
versus insoluble forms, valence-state differences). For example, if a terrestrial chemical TRV
was selected from a water ingestion study, that TRV was used for all exposure routes. Because
many metals are more bioavailable in water than in soil, the TRVs from these studies tend to
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overestimate risk for the soil ingestion pathway. In the OU III ERA, TRVs for arsenic, copper,
selenium, and nitrate were derived from water ingestion studies. Uranium TRVs for birds were (
derived from direct injection studies (in which receptor species were injected with the
contaminant). Use of these TRVs results in overestimation of risk.

Many of the terrestrial chemical TRVs were derived from laboratory studies with species other
than those selected as OU III receptors of concern; thus TRVs most likely did not closely
represent the receptors' responses to contaminants. Use of these IRVs may result in an under- or
overestimation of risk.

Uncertainty associated with TRVs was handled in several ways. First, conservative uncertainty
factors were applied to the TRVs (Appendix K) so that risk would tend to be overestimated.
Second, TRVs were not extrapolated between phylogenetic classes (e.g., only studies using birds
as test organisms Were used to derive TRVs for birds). Last. uncertainty was reduced by~lecting.~~~.

TRVs from chronic (long-term) studies in which doses were generally administered orally.

Selection of the radiation reference value (RRV), 100 mradlday, was based on recommendations
in a report published by the International Atomic Energy Agency (IAEA 1992). The authors
suggest that limiting chronic dose rates to 100 mradlday, to even the most radiosensitive species
and to the maximally exposed individuals in terrestrial environments, would provide adequate
protection. Therefore, for most terrestrial species in contaminated OU III habitats. and for most
individuals in these populations, use of the 100 mradlday RRV may overestimate risk. For
aquatic species, the IAEA authors suggest that limiting chronic dose rates to 1 radlday to the (
maximally exposed individuals in a population would provide adequate protection for that .
population. Therefore, use of the 100 mradlday RRV leads to overestimation of risk to muskrat
populations residing in OU III ponds.

5.2.4 Ecological Effects Assessment

Other sources of uncertainty in the ecological effects assessment result from histopathological
analyses of cliff swallow tissues and from benthic invertebrate population studies.

Histopathological analyses were conducted on cliff swallow tissues to estimate the effects of
contamination on the southwestern willow flycatcher. Uncertainty was inherentin these analyses
because only three samples were collected and because the cliff swallow was used as a surrogate
for the southwestern willow flycatcher. While both the cliff swallow and the southwestern
willow flycatcher feed on insects, it is not likely that they feed on the same species. Because
different insect species concentrate contaminants at different rates, these two birds may receive
different levels of exposure. Therefore, estimating the southwestern willow flycatcher's exposure
on the basis of cliff swallow data may lead to either under- or overestimation of risk.

Benthic invertebrate population studies were conducted as part of the aquatic effects assessment.
In theory, benthic invertebrate communities would be different in contaminated streams than in
uncontaminated streams, all other variables being the same. In practice, however, other stream
variables (bottom type, gradient, water temperature and pH, flow rate, etc.) are never the same in
different streams. In addition to the differences in stream variables, Montezuma Creek is likely to
be impacted by a greater amount of human interference than Verdure Creek. Impacts to the creek
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may be caused by 1) a greater amount ofagriculture and use of irrigation water on lands adjacent
to Montezuma Creek, 2) drainage from the municipal water treatment lagoons, 3) runoff from the
municipal golf course, and 4) rerouting of the creek. Therefore, comparisons of benthic
community structure between Montezuma Creek and the Verdure Creek reference area produced
uncertain results. The benthic communities are different in the two streams, but the differences
cannot be attributed with certainty to the different levels of contamination because so many other
variables are different. Uncertainty associated with differences in stream characteristics and
human impacts confounded direct comparisons of on-site benthic communities to background
communities.

5.2.5 Risk Characterization

Uncertainty is associated with the calculation ofHQs and HIs during the risk characterization
,pImseofJheEEA~InJl<!t\JJJ~,jnteractij)n~between.multiple".chemicaI"contaminants.and.between~···~ .~~~
chemical and radioactive contaminants occurs. These interactions can be synergistic,
antagonistic, or additive. In the au III ERA, exposure to each chemical contaminant was
addressed separately by CaC-specific HQs. It was then assumed that interaction between
chemical cacs was directly additive, and HQs were summed to obtain an HI. This assumption,
which in many cases is not representative of nature, may result in over- or underestimation of
risk. Ifthe true effect is synergistic, then the assumption of additivity between chemical cacs is
not conservative, and risk is underestimated. If the true effect is antagonistic, then the assumption
of additivity is overly conservative, and risk is overestimated. It was assumed that no interaction
occurs between chemical and radioactive cacs; therefore, the HQs and HIs for chemical and
radioactive cacs were calculated independently of each other. Again, this could lead to an over-
or underestimation of risk.

5.2.6 Overall Uncertainty

Various sources of uncertainty in the au III ERA could have led to either under- or
overestimation of risk. However, whenever possible, conservative assumptions were applied to
ensure that risk was overestimated. These conservative assumptions were applied in the
components of the ERA that were the largest sources of uncertainty (exposure assessment and
toxicity assessment). Therefore, the overall uncertainty is expected to result in an overestimation
of risk.

5.3 Risk Description

Risk description integrates the lines of evidence with the uncertainty analysis to interpret risk to
au III ecological receptors from exposure to cacs. This section summarizes the lines of
evidence, identifies which cacs and exposure pathways contribute the most to overall risk for
each receptor, defines categories ofpotential adverse effects, and provides a species-by-species
interpretation of potential risks using a weight-of-evidence approach.
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5.3.1 Summary of Lines of Evidence

The likelihood of adverse effects to each receptor was evaluated by integrating the following
lines of evidence:

(

• The total or additive hazard index (HI) for all COCs and all chemical exposure pathways.

• The total HIs for internal and external radiation exposure pathways.

• The relative hazard index or hazard index ratio (HIR).

• The results of chemical analysis of tissue samples.

• The results ofhistopathological analyi"se"'s"-. ~ _

Table 5.3.1-1 presents the risk-driving exposure pathways and COCs for each receptor. Risk­
driving exposure pathways are those pathways that resulted in an HI greater than 1.0. Risk­
driving COCs are those COCswith HQs greater than 1.0. For aquatic organisms, HQs were less
than 1.0, indicating that neither surface water nor sediment are risk-driving exposure pathways.

Table 5;3.1-1. Risk-Driving Exposure Pathways and GOGs

(Receptor Risk-Driving Exposure Pathway Risk-Driving COCs·

Invertebrate ingestion Arsenic, copper, and vanadium

Deer mouse Soil ingestion Copper and vanadium

Grass ingestion Arsenic and copper.... .·.··.·i> > .......... ...... ........ » ...... > ........ .......... ................ »> •..... ;>
Mule deer No exposure pathway resulted in an No COC resulted in an HQ > 1.0

HI> 1.0'
. ..... ..... ; .. .... ......... ...... ..', .... > .."
Grass ingestion Arsenic, copper, and vanadium

MUskrat Soil ingestion Vanadium

Sediment ingestion Vanadium
.. .. .... ........ . ..... ......... . ..•. ..•. > ....... > .. ...•... » >

Spotted bat
Invertebrate ingestion Arsenic, copper, selenium, and vanadium

Soil ingestion Vanadium

> ...... .> •.• .>.• > > ..•...•.. .... >
Southwestern willow Invertebrate ingestion Copper, selenium, and uranium
flycatcher Soil ingestion Uranium
........ > .... > ..>•.•••.••.• > •••••••••••••• -. > .•.••........••••.•.•..• . ...•..•• ······.·.········i· .• ».>
Peregrine falcon No exposure pathway resulted in an No COC resulted in an HQ >1.0

HI> 1.0
..........» ··i>.····..·.·······.····· ............•........... > .... .•.. >. ........... > ..••••..•.•...•••••••..•...••••. ......

AQuaticornanisms I Not annllcable' I No COC resulted in an HQ > 1.0'
• ..
HQs were calculated for lndlvldual COCs wllhln an exposure pathway.

'The total HI (RME/NOAEL-based) for mule deer is greater than 1.0 but no one exposure pathway has an HI greater
than 1.0. The HI for Montezuma Creek is equal to the HI for the Verdure Creek reference area.

'EPCs were compared to ambient water-quality criteria and to sediment quality criteria to arrive at HQs. All
comparisons to these benchmarks produce HQs less than 1.0, indicating that surface water and sediment are not
risk-driving media foraquatic organisms.

'Cobalt was the only COC that had an HQ greater than 1.0: however, cobalt was not detected in any surface-water
sample (analytical results of surface-water sampling are presented in Appendix C-1 of the RI). HQs grealer than 1.0
for cobalt result from detection limits that are greater than the toxicity benchmark.
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The HIR (Section 5.1.2) is another line of evidence for evaluating risk. The HIR, a measure of
the relative risk, compares HI values for a receptor residing within au III to HI values for the
receptor residing at a reference area location, Verdure Creek (Montezwna Creek HIs divided by
Verdure Creek HIs). Table 5.3.1-2 lists HIR values for the terrestrial receptors that had HI values
greater than 1.0. For aquatic organisms, HIRs were not calculated because sediment and surface
water HQs did not exceed 1.0 (with the exception of a single result for cobalt in Middle
Montezuma Creek surface water).

Table 5.3.1-2. HIRs for Terrestrial Receptors

Not Applicable
'The reference area location for the southwestern willow flycatcher was on Vega Creek and not Verdure Creek.

HIR Upper HIR Middle'
HIR Upper and

HIR Lower HIR Upper. Middle,Middle
Receptor

Montezuma Montezuma
Montezuma

Montezuma and Lower
Creek: Creek: Creek: Montezuma Creek:

Verdure,C,reek Ve.rllur" .9.r"Jlk.
Creek:

V:erdureCr...ek. . ....\{j!J:dure Creek... .. Verdure'Creek" .
,

----," ""--

Deer mouse 1.9 1.3 NA' 2.5 NA

Mule deer 1.0 NA NA NA 1.0

Muskrat 1.8 NA NA NA NA

Spotted bat 1.6 NA 1.5 NA NA

Southwestern 1.7 NA 3.3 NA NA
willow
flycatcheI"

•(

The results of chemical analysis of tissue samples were used to evaluate risk by comparing
concentrations measured on site with reference area concentrations. Results for cliff swallows
(the surrogate for the southwestern willow flycatcher) and for mule deer indicate no significant
uptake over that in reference area samples. Results for benthic macroinvertebrates indicate that
concentrations of arsenic, molybdenum, uranium, and vanadium are likely elevated in
comparison to reference area samples.

Results of histopathological analyses were used to evaluate risk by observing whether adverse
histologic differences exist between on site and reference area tissues. Analyses of cliff swallow
tissues indicate no significant histologic differences.

5.3.2 Categories of Adverse Effects

The relevance of lines of evidence was interpreted by defining the following categories of
possible adverse effects to a receptor:

DOE/Grand junction Office
September 1998

MMTS ou III ERA
5-37



Risk Characterization DocumentNumber Q0002100

Category Description

1 If the HI is less than 1.0, risk to the receptor is considered to be of "no concern."

2 If the Hils greater than 1.0 but the HIR equals 1.0, risk to the receptor is considered to be of "no
concern,"

3 If.the HI and the HIR are greater than 1.0, but the results of histopathological analyses did not indicate
any COC-related lesions, and COC concentrations in tissue samples collected on site and at the
reference area(s) are not significantly different, risk to the receptor is considered to be of "no concern."

4 If the HI and the HIR are greater than 1.0 and chemical analysis of tissue samples was either not
performed or showed uptake, risk to the receptor is considered to be of "possible concern."

5 If the HI and the HIR are greater than 1.0 and the results of histopathological analyses indicated COC-
reiated lesions, risk to the receptor is considered to be of "probable concern."

---'[-able-Y.-J:2=I-lists-{m-III ecological receptors by category.

Table 5.3.2-1. Potential for Adverse Effects to au11/ Receptors

Receptor . Category

Deer mouse 4-Possible concern

Mule deer 2-No concern

Muskrat 4-Possible concern

Peregrine falcon 1-No concern

Spotted bat 4-Posslble concern

Southwestern willow flycatcher 3-No concern

Aouatic oroanisms 4-Possible concern

5.3.3 Receptor-Specific Risk Interpretation

The following sections use a weight-of-evidence approach to interpret the ecological risk posed
to each OU III ecological receptor.

DeerMouse

The deer mouse is not expected to be at risk from radiation exposure because the HIs were less
than 1.0 (Section 5.1.2, page 5-11). HQ and HI calculations show that the deer mouse may be at
risk from arsenic, copper, and vanadium concentrations in invertebrates, soil, and grass. HI
values for OU III are 1.3 to 2.5 times higher than HI values for Verdure Creek, indicating risk to
the deer mouse is ofpossible concern.

Overall uncertainty associated with assessment ofrisks to the deer mouse is moderately high
(Section 5.2). The ERA is probably biased toward overestimation of risks to the deer mouse.
The TRVs for arsenic and copper are both based on drinking water studies, and the TRV for
vanadium is based on a gavage study; these types of studies tend to increase the bioavailability of
inorganics relative to that expected from their presence in food or soil. The results of the studies

(

(
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inorganics relative to that expected from their presence in food or soil. The results of the studies
were not revised to account for the increased bioavailability. Therefore, the TRVs for these
metals are likely overly conservative. The sampling bias toward contaminated areas of OU III
has a strong effect on the risk calculations for the deer mouse because of its small home range
since contamination drops sharply with distance from the stream. Depending on the actual
proportion of the deer mouse population living in uncontaminated areas, population-level effects
are likely to be either substantially lower or somewhat lower than indicated by the HI.

Although risk to the deer mouse may be ofpossible concern, because of the very conservative
assumptions, the actual potential for adverse effects is expected to be low.

Mule Deer

~.~~~Eor.mule..deer.iall.Htjs.and.Hls.are.lcss.than.I..O.with.th(l.exception.of'.the.HI.for·th~~····· .0

RME/NOAEL chemical exposure scenario. Because all but one of the HIs were less than 1.0, the
mule deer is not expected to be at risk from radiation exposure or chemical COCs (Section
5.1.2). Chemical analyses from tissue did not indicate that" the mule deer was concentrating
COCs in its muscle, liver, and kidney tissues. Limited clinical and pathological observations of
mule deer tissue samples by EPA and UDEQ indicated that the tissues were normal, except that
the majority of the on-site bucks had deformed antler growth. Although some antlers were
sufficiently deformed to impede foraging and field of view, thereby increasing possible losses to
predation, field observations indicate that there is an ample population of deer in the Montezuma

(
Creek area. Therefore, it is believed that currently there is no negative effect on population from
deformed antlers. The potential adverse effects to mule deer are considered to be of no concern.

Muskrat

The muskrat is not expected to be at risk from radiation exposure because the HIs were less than
1.0 (Section 5.1.2). However, HQ and HI calculations show that the muskrat may be at risk from
arsenic, copper, and vanadium concentrations in grass, sediment, and soil. HI values for OU III
are 1.8 times higher than HI values for Verdure Creek. Because HIs for chemical exposure are
greater than 1.0, risk to the muskrat is considered to be of possible concern.

Overall uncertainty associated with assessment of risks to the muskrat is moderately high
(Section 5.2). The ERA is probably biased toward overestimation of risks to the muskrat. The
TRVs for arsenic and copper are both based on drinking water studies, and the TRV for
vanadium is based on a gavage study; these types of studies tend to increase the bioavailability of
inorganics relative to that expected from their presence in food or soil. The results of the studies
were not revised to account for the increased bioavailability. Therefore, the TRVs for these

. metals are likely overly conservative.

The assumption that grass is the primary food source of muskrats is incorrect. Muskrats forage
primarily on algae and tubers of aquatic plants (EPA 1993). Because COC concentrations in
sediment are lower than COC concentrations in soil, COC concentrations in aquatic plants that
grow in sediment are expected to be lower than COC concentrations in grasses that grow in soil.
Therefore, by assuming that grasses are the primary food source of muskrats, the risk
calculations are probably overestimating risk to the muskrat. In addition, because muskrat spend
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most of their time in the aquatic environment, and aquatic HQs were less than 1.0, the potential
for adverse effects to the muskrat is expected to be low and of no concern,

Spotted Bat

The spotted bat is not expected to be at risk from radiation exposure because radiation exposure
to the deer mouse, muskrat, and mule deer yielded HIs less than 1.0. Spotted bat receive a lower
radiation' dose than deer mouse, muskrat, and mule deer because the spotted bat ingest a smaller
percentage of soil and sediment in their diet and spend less time on the ground and in direct
contact with soil and sediment. HQ and HI calculations show that the spotted bat may be at risk
from arsenic, copper, selenium, and vanadium concentrations in invertebrates and soil. HI values
for OU III are 1.5 to 1.6 times higher than HI values for Verdure Creek. The spotted bat is listed
as a State-sensitive species in Utah. Because His for chemical exposure are greater than 1.0, risk

~~~3'to.Jh.e~potted bat i1u:onsidered1~be.ill:p.ossihk,cOl1cern._,~~~~~~~~~~~~~~~~~,--~~~

Overall uncertainty associated with assessment of risks to the spotted bat is high. The ERA is
probably biased toward overestimation of risks to the spotted bat. TheTRVs for arsenic, copper,
and selenium are based on drinking water studies, and the TRV for vanadium is based on a
gavage study; these types of studies tend to increase the bioavailability of inorganics relative to
that expected from their presence in food or soil. The results of the studies were not revised to
account for the increased bioavailability. Therefore, the TRVs for these metals are likely overly
conservative. Also', the assumption that spotted bats spend all their time in Upper Montezuma
Creek is probably overly conservative. Most bats do not have such small home ranges. Although
risk to the spotted bat may be ofpossible concern, because of the very conservative assumptions,
the actual potential for adverse effects is expected to be low and of no concern.

Southwestern Willow Flycatcher

The southwestern willow flycatcher is not expected to be at risk from radiation exposure because
radiation exposure to the deer mouse, muskrat, and mule deer yielded His less than 1.0. The
southwestern willow flycatcher receive a lower radiation dose than the deer mouse, muskrat, and
mule deer because the southwestern willow flycatcher ingest a smaller percentage of soil and
sediment in their diet and spend less time on the ground and in direct contact with soil and
sediment. HQ and HI calculations suggest that the southwestern willow flycatcher may be at risk
from copper, selenium, and uranium concentrations in invertebrates, soil, and surface water. HI
values for OU III are 1.6 to 3.3 times higher than HI values for Verdure Creek. The southwestern
willow flycatcher is a federally listed endangered species.

Overall uncertainty associated with assessment of risks to the southwestern willow flycatcher is
high, The ERA probably is biased toward overestimation of risks to the southwestern willow
flycatcher. Because toxicity data were not available for flycatchers, a substantial uncertainty
factor was applied to literature data for quail to obtain the uranium TRV for the southwestern
willow flycatcher. The TRV s for copper and selenium are based on drinking water studies; this
type of study tends to increase the bioavailability of inorganics relative to that expected from
their presence in food or soil. The TRV for uranium is 'based on a direct injection study; this
route of exposure ensures 100 percent absorption and so artificially elevates the apparent
bioavailability, Absorption, and therefore toxicity, of uranium in the diet or soil will be much

(

MMTS OU ttl ERA
5-40

DOE/Grand Junction Office
September 1998



Document Number Q0002100 Risk Characterization

lower. The results of these studies were not revised to account for the increased bioavailability.
These factors are likely to make the copper, selenium, and uranium TRVs overly conservative.
Histopathological and chemical analyses of liver and kidney tissues from a surrogate species, the
cliff swallow, did not indicate that the surrogate was either being adversely affected by COCs or
concentrating COCs in its tissues. It is inferred that the dose modeling and resulting HIs were
overly conservative, and therefore, risk to the southwestern willow flycatcher is considered to be
of no concern.

Peregrine Falcon

The peregrine falcon is not expected to be at risk from radiation exposure because radiation
exposure to the deer mouse, muskrat, and mule deer yielded HIs less than 1.0. The peregrine
falcon receive a lower radiation dose than the deer mouse, muskrat, and mule deer because the

~.~.~..~~Pen;gri~ fa!<;;Qn.inges1Ju,m.aller perc.entage~ofsoil.and.sediment.in.their.diet.and.spend.less·time·~~~ ..•
on the ground and in direct contact with soil and sediment. The peregrine falcon is not expected
to be at risk from chemical COCs because HIs were also less than 1.0. Risk to the peregrine
falcon is considered to be of no concern. Overall uncertainty associated with assessment of risks
to the peregrine falcon is moderate (Section 5.2); the assessment shows that peregrine falcons are
not at risk even when very conservative factors are used. The ERA is probably biased toward
overestimation of risks to the peregrine falcon. In addition, the peregrine falcon has not been
identified in OU III.

(
Benthic Macroinvertebrates

Risk to benthic macroinvertebrates may be considered a possible concern because analysis of
benthic macroinvertebrate samples showed uptake of arsenic, molybdenum, uranium, and
vanadium. However, where aquatic benchmarks were available for these COCs, the HQs were
less than 1.0. This indicates that the uptake should not produce an adverse effect. Differences in
benthic community structure observed during population surveys can be attributed to differences
in habitat between OU III and Verdure Creek. Habitat differences include stream gradient,
channel characteristics, riparian characteristics, and nutrient levels. Nutrient level differences
may be due to the proximity of Montezuma Creek to human interferences such as runoff from the
municipal golf course and irrigated land and drainage from the municipal water treatment
lagoons.

Overall uncertainty associated with assessment of risks to aquatic organisms is moderate. It is
uncertain whether the ERA is biased toward underestimation or overestimation of risks to aquatic
organisms.

5.4 Risk Characterization Summary

Evaluations presented in the preceding sections indicate that

• Because HIs were less than 1.0 for the mule deer and peregrine falcon, even with the
conservative assumptions (sampling design, TRVs, etc.) used to calculate risks, and because
chemical analysis of mule deer tissue samples indicated no significant uptake, it can be
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• Because histopathological and chemical analyses of a surrogate for the southwestern willow
flycatcher did not show evidence of exposure to heavy metals in concentrations greater than (
background concentrations, it is likely actual risks to the southwestern willow flycatcher are
of no concern.

• Because of the overly conservative assumptions (sampling design, TRVs, etc.) used to
calculate risks to the deer mouse, muskrat and spotted bat, actual risks likely are of no
concern rather than of possible concern.

• Because attempts to estimate risks to aquatic organisms yielded mixed results, the aquatic
community is of possible concern. Where toxicity benchmarks are available, HQs indicate
that actual risks are of no concern.

• Overall, only impacts to the aquatic community may be ofpossible concern. There is little
.Hk:elihooiI t1iattlieoUnrcoes are negatively affecting the other receptors. tills is

substantiated by analytical results of tissue samples of cliff swallows (surrogate for the
southwestern willow flycatcher) and mule deer, which indicate that COC concentrations in
these tissues are not elevated. These findings need to be contrasted to short-term and long­
term effects to au III receptors and their ecosystems that would occur during remediation.
The potential effects of remediation are discussed in the Monticello Mill Tailings Site,
Operable Unit III, Alternatives Analysis a/Soil and Sediment (DOE 1998a).

(
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