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BASELINE RISK ASSESSMENT OF GROUND WATER CONTAMINATION AT
THE URANIUM MILL TAILINGS SITES NEAR RIFLE, COLORADO CITIZENS’ SUMMARY

CITIZENS' SUMMARY

The U.S. Department of Energy (DOE)} Uranium Mill Tailings Remedial Action (UMTRA)
Project consists of the Surface Project (Phase 1) and the Ground Water Project (Phase il).
Under the UMTRA Surface Project, tailings, radioactive contaminated soil, equipment, and
materials associated with the former uranium ore processing sites are placed into disposal
cells. The cells are designed to reduce radon and other radiation emissions and to prevent
further ground water contamination. The Ground Water Project evaluates the nature and
extent of ground water contamination resulting from the uranium ore processing activities.
Two UMTRA Project sites are near Rifle, Colorado: the Old Rifle site and the New Rifle
site. Surface cleanup at the two sites is under way and is scheduled for completion in
1996. The Ground Water Project is in its beginning stages.

A risk assessment identifies a source of contamination, how that contamination reaches
people and the environment, the amount of contamination to which people or the
environment may be exposed, and the health or environmental effects that could resuit
from that exposure. This report is a site-specific document that will be used to evaluate
current and future impacts to the public and the environment from exposure to
contaminated ground water. This evaluation and further site characterization will be used
to determine if action is needed to protect human health or the environment.

Human health risk may result from exposure to ground water contaminated from uranium ore
processing. Exposure could occur from drinking water obtained from a well placed in the areas
of contamination. Furthermore, environmental risk may result from plant or animal exposure to
surface water and sediment that have received contaminated ground water.

RISK SUMMARY

Currently, no one drinks or bathes in ground water contaminated from the processing site
at or adjacent to either Rifle site. Therefore, no risk is associated with exposure from
these pathways. This situation will continue if land and water use near the sites does not
change (e.g., if a residential drinking water source is not constructed in the contaminant
plume). Additionally, the contaminant concentrations to which people could be exposed
through potential current exposure pathways (eating fish and skin contact with surface
water and sediment) are not expected to cause adverse health effects. Current evaluation
of limited environmental data suggests that the Old Rifle pond environment could have
potential to adversely affect aquatic organisms.

Because there is a potential for land development at and downgradient of the Old and New
Rifle sites, this risk assessment evaluates potential health problems that could occur if
people drank the contaminated ground water. Some health problems could occur if a
drinking water well were placed in the contaminated ground water at either the Old or the
New Rifle site; therefore, people should not drink the contaminated ground water.

if the concentrations of contaminants from other exposure pathways (skin contact with
ground water, surface water, and sediment, and eating fish) are added to the drinking
water pathway, the exposure concentrations will not substantially increase the potential
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for adverse health effects. Evaluation of the ecological conditions at the New Rifle
mitigation wetlands suggests the potential for adverse effects to aquatic life and to
terrestrial wildlife and plants.

GROUND WATER QUALITY AND USES
kground ground water guali

Background ground water quality is the natural quality of water that is not affected by
uranium milling activities. There are two water-producing units (aquifers) in the immediate
vicinity of the Rifle sites: a shallow aquifer (the alluvium) and a deeper aquifer (Wasatch
Formation).

in the Rifle area, ground water from the alluvium and the Wasatch Formation is naturally
poor tasting and considered unpalatable due to its high content of sulfates and total
dissolved solids. Neither aquifer supplies municipal water because the ground water would
need extensive treatment before it could be consumed. Water for the Rifle residents
comes from the Colorado River and Beaver Creek, away from any contamination
associated with the UMTRA Project sites. People outside the city of Rifle use ground
water for purposes other than drinking, such as bathing and irrigating. Private well users
drink bottled water or use Rifle’s municipal water supply system.

Site-related ground water guality

When uranium mill tailings were in place at the two sites (from 1924 to 1995 at Old Rifle
and from 1958 to 1995 at New Rifle), rainwater and the overland flow of surface water
moved through the tailings, taking contaminants down toward the ground water. As a
result, part of the shallow and deep aquifers beneath the Rifle sites became contaminated.
The contamination appears to extend west, some distance off the site; however, the full
extent of contamination has not been determined. Ground water mixes at New Rifle,
flowing back and forth between the two aquifers. Intermixing of the two aquifers at Old
Rifle has not been studied extensively enough to draw any definite conclusions; based on
what is known, however, a large downward movement of contaminants is not expected.
The contaminated alluvial ground water at Old Rifle has not moved very far from the site.

One private industrial well aimost 3 miles from the New Rifle site lies in the direction of
contaminated ground water movement. The source of the chemicals detected in this well
has not been determined and needs further study. Employees at this industrial site are not
exposed to the chemicals in the ground water: they drink bottled water because the
ground water tastes bad. Due to the manner in which the ground water flows at both
sites, the former uranium mill activities have not affected other private wells in the area.

When contaminated ground water feeds a surface water body, the contaminated ground
water can contaminate the surface water. Likewise, the surface water can come into
contact with the sediment and contaminate it. Because ground water beneath the Rifle
sites flows into several surface water bodies, this report aiso evaluates the possible
effects of contaminated ground water on the surface water bodies at these sites.
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HUMAN HEALTH RISK ASSESSMENT

Methods

This risk assessment first identifies ground water contaminants that resulted from uranium
ore processing by comparing water quality data from on-site and background wells. This
ground water analysis probably will overestimate the potential risk because the comparison
uses ground water from the most contaminated part of the alluvial aquifers. Contaminants
detected in the ground water that could cause adverse human health effects if taken into
the body are called contaminants of potential concern. Ammonium, antimony, arsenic,
cadmium, chloride, fluoride, iron, lead, manganese, molybdenum, selenium, sodium,
sulfate, vanadium, uranium, lead-210, polonium-210, radium-226, and thorium-230 are the
contaminants of potential concern detected in the shallow aquifer at New Rifle. The
contaminants of potential concern detected in the Wasatch Formation at New Rifle are the
same as those in the alluvium at New Rifle, except for cadmium, lead, and nitrate.

Arsenic, fluoride, iron, manganese, molybdenum, selenium, suifate, vanadium, uranium,
lead-210, polonium-210, radium-226, and thorium-230 are the contaminants of potential
concern in the shallow aquifer at Old Rifie.

The contaminants of potential concern for human health for surface water and sediment
were assumed to be the same as those for ground water at both sites.

The next step examines possible human health problems from exposure to contaminated
ground water. A person in the Rifle sites area could be exposed to contaminated ground
water by drinking ground water; accidentally drinking surface water while swimming;
contacting his/her skin with ground water, surface water, and sediment; eating fish caught
from the Old Rifle pond; and accidentally eating sediment (e.g., a child eating sediment
while playing in a pond). Of the potential exposures evaluated, drinking the contaminated
ground water was determined to be the greatest concern. Therefore, this report evaluates
this exposure route in detail.

This risk assessment considers possible current and future ground water use. A water use
survey in the Rifle area indicates no one currently uses the contaminated ground water for
drinking water. However, ground water could be used for drinking water in the future.
Future risk was determined, assuming a residential well constructed in the most
contaminated area of the ground water is the only source of drinking water.

Health risks are evaluated for the age group most likely to experience health problems from
the contamination. Children (aged 1 to 10 years) are most likely to be affected by drinking
contaminated ground water because their bodies are small and they tend to drink more
water on 8 body weight basis than adults and consequently take in a higher contaminant
dose than adults. Infants (aged O to 1 year) are especially sensitive to contaminants like
sulfate. Cancer risks are evaluated for adults (11 + years), assuming lifetime exposure.

The seriousness of health effects varies for several reasons. Contaminant levels in ground
water vary from one well sampling round to the next. People vary in body weight, the
amount of water they drink each day, and their reactions to chemical exposure. This risk
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assessment considers these differences whenever possible, using graphs to show various
potential exposure levels and the most current scientific information on the health effects
that could result from the exposure.

Resuilts

Table CS-1 summarizes the possible future health risks associated with drinking the ground
water at the Old and New Rifle sites. Note that only people who drink all their water from
a well in the most contaminated part of the ground water well will experience the health
problems listed in Table CS-1. Therefore, the table presents the upper limit of possible
risks; real risks probably would be lower.

New Rifle

Severe health effects could develop from drinking the ground water due to the water’'s
ammonium, arsenic, iron, manganese, nitrate, and sulfate content. Nitrate and sulfate
would affect infants in particular. Sulfate exposure could cause severe diarrhea, quickly
leading to dehydration. Nitrate exposure could cause a condition called
methemoglobinemia, in which the oxygen availability in the blood decreases, eventually
causing unconsciousness. Ammonium exposure could cause mild to severe digestive tract
and kidney problems. Manganese exposure could cause memory loss, irritability, and
muscle rigidity. Arsenic exposure could adversely affect the liver, arteries, and skin. Long-
term iron exposure could lead to cirrhosis of the liver. Uranium and arsenic exposures
could increase the incidence of cancer.

Additionally, fluoride exposure could result in dental damage (mottling) in children.
Exposure to molybdenum could result in copper deficiency leading to anemia, and the
sodium chioride levels could lead to high blood pressure. Vanadium exposure could cause
sudden drops in cholesterol levels. A distinguishing feature of vanadium exposure is the
development of a green tongue. Adverse selenium effects could result in brittieness and
loss of nails and hair.

O/d Rifle

The most significant adverse health effect from contaminants of potential concern at Old
Rifle is severe diarrhea, leading to dehydration in infants, from sulfate exposure. Uranium
and arsenic exposures could increase the incidence of cancer. Milder effects could be
seen from fluoride, manganese, and molybdenum. Manganese exposure could cause
neurological symptoms such as memory loss, irritability, and muscle rigidity. Fiuoride
exposure could result in dental damage (mottling) in children, and molybdenum exposure
could result in a copper deficiency, leading to anemia.

At both sites, the concentrations from the other exposure pathways (skin contact with
ground water, surface water, and sediment, and eating fish) are not expected to cause
adverse health effects if they are the only source of exposure. Furthermore, if the
additional exposure concentrations are added to the drinking water pathway, the exposure
concentrations would not be expected to substantially increase the potential for adverse
health effects.
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Table CS-1 Potential adverse human health effects of drinking contaminated ground
water, Rifle, Colorado, sites

Contaminant of

potential
concern Potential health problems

Arsenic Mild-to-severe toxicity, including neurological effects, cirrhosis of the
liver, thickening of the arteries, and skin discoloration. Individual excess
lifetime cancer risk above the acceptable EPA risk range (skin cancer).

Ammonium Mild-to-severe toxicity to the digestive tract and kidneys.

Antimony Adverse effects not expected.

Cadmium Adverse toxic effects not expected.

Fluoride Mild effects following long-term exposure: dental damage (mottling).

lron Mild-to-severe effects following long-term exposure, ranging from iron
buildup in body organs and skin discoloration to cirrhosis of the liver.

Lead Neurobehavorial toxicity and effects on the blood are known to occur
with lead exposure, but no safe level has been demonstrated.

Manganese Mild-to-severe effects following long-term exposure: neurological
symptoms such as memory loss, irritability, and muscle rigidity.

Molybdenum Miid-to-severe effects following long-term exposure: copper deficiency
anemia.

Nitrate Short-term effects ranging from mild to severe: weakness, rapid puise
and breathing, and methemoglobinemia.

Selenium Mild toxic effects: nail and hair brittleness and loss.

Sodium and Hypertension following long-term exposure.

chloride

Sulfate Short-term mild-to-severe effects: diarrhea leading to dehydration.

Uranium Health problems not predictable from chemical toxicity; individual
excess lifetime cancer risk above the acceptable EPA risk range.

Vanadium Mild effects: sudden drop in cholesterol levels, loosened stool and
cramps, and green tongue.

Lead-210, Individual excess lifetime cancer risk within or below the acceptable EPA

polonium-210, risk range. '

radium-226,

thorium-230

EPA - U.S. Environmental Protection Agency.

Note: These effects vary from person to person, depending on the amount of water a
person drinks, body weight and dietary habits, and individual sensitivities such as
preexisting kidney or heart disease.
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concentrations would not be expected to substantially increase the potential for adverse
health effects.

ECOLOGICAL ASSESSMENT

Methods

The ecological risk assessment presented here is a screening level evaluation that relies
almost completely on existing site data. This assessment identifies habitats, aquatic life,
terrestrial wildiife, and vegetation resources that apparently are not affected by
contamination from the sites; resources that may be affected by contamination; and areas
where more information is needed.

Many uncertainties are associated with the field of ecological risk assessment. For
exampie, there is little information on how some contaminants affect plants, terrestrial
animals, and aquatic life, and the impacts of two or more contaminants working together
is poorly understood. Furthermore, due to limited surface and sediment sampling at the
Rifle sites, little specific information is available on possible adverse effects to the plants
and animals at the Rifle sites.

Contaminants that could cause adverse ecological effects are also called contaminants of
potential concern. This risk assessment compares concentrations of the contaminants
detected in surface water, sediment, and ground water to guidelines from regulatory
agencies and literature values to determine their possible effects on aquatic life, terrestrial
wildlife, and vegetation. Surface water from the Colorado River, Old Rifle pond, and the
Roaring Fork gravel pit pond is evaluated, as well as sediment from the Colorado River and
the Old Rifle pond.

Surface cleanup at the Old and New Rifle sites eliminated wetlands; to replace them,
mitigation wetlands have been constructed. This assessment also evaluated the surface
water (which is fed by the contaminated alluvial ground water) in the mitigation wetlands
area. ’

Results

The Colorado River and the Old Rifle pond are not measurably affected by ground water
contamination. However, contaminants have been detected at levels above background in
the Roaring Fork gravel pit pond, although contaminants detected in the pit pond do not
exceed the values established to protect aquatic life or wildlife.

Contaminants detected in sediment from the Colorado River and the wetland ditch suggest
concentrations similar to background concentrations. However, sediment quality in the
Old Rifle pond suggests that cadmium, uranium, and zinc are high relative to background
and aquatic organisms (including fish) could be adversely impacted.

Plants rooted in the contaminated ground water at the Old Rifle site are unlikely to be
adversely affected.
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Although livestock currently cannot access the Roaring Fork gravel pit pond and are not
expected to access the pond in the future, existing nitrate concentrations prohibit its use
as a water source for livestock.

Currently, surface water data are not available for the mitigation wetlands. Therefore,
contaminants of potential concern detected in the alluvial ground water are evaluated as
the concentrations that may be detected in the wetlands. Evaluation of ground water data
suggests there is a potential for adverse ecological effects at the wetlands. Six
contaminants of potential concern in this aquifer (arsenic, cadmium, chloride, iron,
manganese, and selenium) exceed federal or state water quality standards for the
protection of aquatic life. Also exceeded are two guidelines for terrestrial wildlife {arsenic
and vanadium) and seven guidelines for terrestrial plants (arsenic, cadmium, iron,
manganese, molybdenum, vanadium, and zinc).

CONCLUSIONS

No human health risks are associated with current land use at the Rifle sites. This will
continue if water and land uses do not change. If specific land uses for the sites change,
they should be evaluated to identify potential health and environmental risks from the
contaminated ground water or surface water. If the contaminated ground water is used
for drinking water in the future, certain human health problems could occur. Therefore, it
is recommended that no one drink the ground water in the contaminated areas. However,
it is unlikely that people will drink this ground water because the water in the Rifle area
historically is considered naturally poor and unpalatable, and good water is available from
the city of Rifle. Additionally, the uranium mill tailings (the source of the contamination)
are being removed, and contaminated ground water at these sites will tend to disperse and
dilute {move away from the site and decrease in concentration), thereby reducing exposure
concentrations over time. Furthermore, data from the most contaminated wells on the
sites were used in this evaluation. For these reasons, this risk assessment is a
conservative estimate of risk to human heaith at the Rifle sites.

The screening assessment of the ecological environment indicates the potential for adverse
ecological effects to plants and to aquatic and terrestrial wildlife, primarily at the mitigation
wetlands. It should be noted, however, that the evaluation of the wetlands is based on
ground water concentrations and not on surface water data from the wetlands. Several
environmental factors will influence contaminant concentrations in the mitigation wetlands,
thereby increasing or decreasing surface water concentrations. These factors include
rainfall, snow, evaporative effects, dilution due to the effect of the river, and geochemical
processes that occur in the wetlands. Therefore, a monitoring program is recommended
for the mitigation wetlands to determine if contaminants are entering the wetlands as
predicted and if they pose a potential ecological risk.

Additionally, because of limited data and other limiting factors associated with ecological
assessments, more information should be collected to better characterize the ecological
environment. This should include additional surface water and sediment data and analyses
of fish tissue. These additional data also could be used to verify the results of the human
health screening evaluation of these exposure pathways. The plant ingestion pathway for
the human health risk assessment was not evaluated due to the lack of scientific
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information on this exposure route; therefore, research data on this pathway should be
evaluated when they become available.

The environmental evaluation of the UMTRA Project Rifle sites is ongoing and will include
further characterization of ground water quality and movement. This risk assessment and

future investigations will be used to determine how to comply with the U.S. Environmental
Protection Agency ground water standards.
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1.0 INTRODUCTION

The purpose of this baseline risk assessment is to determine if ground water contamination
at the two abandoned uranium mill processing sites near Rifle, Colorado, could adversely
affect public health or the environment. The Old and New Rifle sites are two of the 24
abandoned uranium processing sites that are undergoing remediation in accordance with
the requirements of the Uranium Mill Tailings Radiation Control Act (UMTRCA) of 1978
(42 USC 87901 et seq.) under the oversight of the U.S. Department of Energy (DOE)
Uranium Mill Tailings Remaedial Action (UMTRA) Project. The 1988 amendments to the
UMTRCA authorize the DOE to conduct ground water restoration activities. Under the
UMTRA Ground Water Project, site-related ground water contamination is being evaluated
and an appropriate ground water compliance strategy will be selected. Results of this risk
assessment will be included in the development of a ground water compliance strategy for
the Rifle sites.

Under the UMTRA Surface Project at the Oid and New Rifle sites, the source of ground
water contamination, residual radioactive material (RRM), is being stabilized in an off-site
disposal cell at Estes Guich. The disposal cell is engineered to prevent radon and other
radiation emissions, and to prevent ground water contamination. Surface remedial action
at the Old and New Rifle sites began in 1992 and is scheduled for completion in 1996.
The evaluation of risks from surface soil contamination and the off-site disposal cell are not
within the scope of this risk assessment. Completion of surface remedial action will
prevent further ground water contamination at the processing sites.

The Programmatic Environmental Impact Statement (PEIS) for the Uranium Mill Tailings
Remedial Action Ground Water Project (DOE, 1994a) presents a proposed framework for
selecting a ground water compliance strategy to meet the U.S. Environmental Protection
Agency (EPA) ground water standards for the UMTRA Project (40 CFR Part 192). This
baseline risk assessment evaluates potential current and future human health and
environmental risks from ground water contamination at the Old and New Rifle processing
sites, and provides information to help determine the ground water compliance strategy.
Remaining data gaps in ground water characterization will be addressed in the Old and
New Rifle site observational work plan. Based on the PEIS, the site observational work
plan, and this risk assessment, site-specific National Environmental Policy Act (NEPA)
documentation will be prepared to identify impacts from the proposed ground water
compliance strategy for the Old and New Rifle sites.

This risk assessment is a baseline assessment in that it describes preremediation ground
water conditions at the site, with ground water quality only partially characterized. This
document evaluates potential risks that may need attention before the site is fully
characterized, and examines risk to human health and the ecology from the most
contaminated wells at each processing site.

This risk assessment follows the human health risk assessment methodology for the
UMTRA Ground Water Project (DOE, 1994b). This methodology is designed to evaluate
human health risks associated with ground water contamination at inactive uranium
processing sites. It allows the development of probabilistic distributions for exposure
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variables when data are sufficient and the simulation of exposure dose distributions, using
Monte Carlo techniques rather than a single exposure dose calculation. Risk interpretation
is based on a comparison between the predicted exposure dose distribution and the
observed toxicity ranges of contaminants of potential concern. Graphic presentations
(figures) are designed to interpret exposure dose distributions, helping the public and
decision-makers understand the adverse health effects of the contaminants of potential
concern.

The methodology used for the ecological portion of this risk assessment is the EPA’s Risk
Assessment Guidance for Superfund (EPA, 1989a). This methodology uses a qualitative
approach to evaluate ecological risks.

This ecological risk assessment evaluates the ecological environment of the two Rifle sites
as one unit. Ecological risk assessment at the Rifle sites identifies potentially exposed
habitats and qualitatively evaluates analytical data to describe how contamination could
affect these habitats. Thus, this qualitative approach is a screening level assessment of
the risks associated with potential exposure to contaminated media at the site.
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2.0 SITE DESCRIPTION

2.1 SITE LOCATION AND HISTORY

The Rifle UMTRA Project sites are two separate former processing sites in the
vicinity of the city of Rifle in Garfield County, in western Colorado (Figure 2.1).
Known as the Old Rifle site, the eastern site is approximately 0.3 mile (mi)

(0.5 kilometer [km]) east of the center of Rifle. Known as the New Rifle site,
the western site is approximately 2 mi (3 km) southwest of the center of Rifle.
The Colorado River is south of both sites. The Old Rifle site covers
approximately 22 acres (ac) (9.0 hectares [ha]), between U.S. Highway 6 to the
north and the Denver and Rio Grande Western Railroad embankment and the
Colorado River to the south (Figure 2.2). The New Rifle site covers
approximately 142 ac (58 ha) between U.S. Highway 6 to the north and
Interstate 70 and the Colorado River to the south (Figure 2.3). Both the Old
Rifle and New Rifle sites were constructed, owned, and operated by the Union
Carbide Corporation {Union Carbide) and its predecessor, the United States
Vanadium Corporation. The designated Rifle processing sites are in sections 15
through 18, Township 6 South, Range 12 East, Sixth Principal Meridian. The
state of Colorado acquired both sites in 1988, as specified by the UMTRCA.

2.1.1 Old Rifle site

Union Carbide owned and operated the Old Rifle uranium mill site from 1924 to
1932 and from 1942 to 1958. From 1932 to 1942, the mill was idle; it
produced vanadium during both operating periods and uranium during the later
period. Ore was shipped to the mill by truck and railroad from eastern Utah and
from the Uravan Mineral Belt and Meeker and Rifle Creek mines in Colorado.
Atomic Energy Commission (AEC) records from 1947 to 1958 show that
761,000 tons (690,000 metric tons} of ore were processed at the site and over
2000 tons (1800 metric tons) of uranium concentrate were sold to the AEC.
After 1958, most of the tailings at the Old Rifle site were reprocessed and
deposited at the New Rifle site (DOE, 1990). The chemicals used in the process
are described in Section 3.2.

Approximately 13 ac (5.3 ha) of tailings remained at the Old Rifle processing
site prior to surface remedial action. No structures remained at the mill site.
The relatively flat tailings pile was at the base of the cliff below Highway 6.
The tailings pile was partially stabilized by Union Carbide in 1967, in accordance
with state of Colorado regulations. The edge of the pile was moved away from
the raiiroad tracks and the entire pile was covered with 6 inches

{15 centimeters [cm]) of soil, fertilized, and seeded with native grasses. Water
from the Colorado River was used for irrigation. Surface water drainage
originating from an upgradient seep across Highway 6 flows through the site. A
lined pond collected this seep water as it passed the pile before releasing it to
the Colorado River. This pond was removed during surface remedial action.
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BASELINE RISK ASSESSMENT OF GROUND WATER CONTAMINATION AT

THE URANIUM MILL TAILINGS SITES NEAR RIFLE, COLORADO SITE DESCRIPTION
2.1.2 New Rifle site

2.1.3

The New Rifle mill replaced the Old Rifle mili in 1958, and was owned and
operated by Union Carbide. The mill was constructed as part of a multisite
complex that included the upgraders at Slick Rock, Colorado, and Green River,
Utah. Ore and upgrader products from those sites were shipped to the New
Rifle mill by truck and railroad. From 1958 to 1973, the mill produced uranium
and vanadium; AEC records show that 2,259,000 cubic yards (yda) (1,727,000
cubic meters Im>)) of Old Rifle tailings and ore were processed and upgrade
products were refined. Over 5000 tons (4500 metric tons) of uranium
concentrate were sold to the AEC, and additional uranium and vanadium
products were sold commercially. From 1973 to 1984, part of the mill was
used to produce vanadium; this operation involved processing vanadium
solutions and did not produce tailings. The chemicals used to process uranium
and vanadium are described in Section 3.2.

The west central portion of the New Rifle mill site contained 33 ac (13 ha) of
tailings, and a mill area north and east of the pile. Former ponds that had held
processing wastes (including vanadium and gypsum) were east of the tailings
piles. All buildings and structures were demolished during Phase | of surface
remedial action. Prior to that, the site contained the mill facilities, water
retention ponds, and two ore storage areas. The tailings were partially stabilized
with the application of mulch and fertilizer and an irrigation system was
installed. Much of the pile did not revegetate, and wind and water eroded the
tailings pile.

Surface remedial action of the Rifle sites began in the spring of 1992 and is
scheduled for completion in 1996. Tailings from both the New and OId Rifle
processing sites are being relocated to the Estes Guich disposal site
approximately 9 mi (15 km) north of the New Rifle site.

Previous risk assessment

The 1992 Rifle baseline risk assessment was conducted to estimate the
following conditions and/or activities:

Then-current risks from the use of potentially contaminated domestic wells.
The future use of ground water at both Rifle sites.

The then-current use of the fishing pond east of Rifle.

The potential use of the Roaring Fork grave! pit pond west of New Rifle.
Incidental contact with water in the ditch west of New Rifle.

A screening level environmental evaluation also was conducted in 1992 to
determine potential impacts to aquatic biota.

The methodology used for the 1992 risk assessment was the risk assessment
guidance for Superfund (EPA, 1989a). The 1992 risk assessment methodology
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BASELINE RISK ASSESSMENT OF GROUND WATER CONTAMINATION AT
THE URANIUM MILL TAILINGS SITES NEAR RIFLE, COLORADO SITE DESCRIPTION

differed from the current (1995) risk assessment in that the hazard quotient
{(HQ) approach was used to evaluate noncarcinogenic risks. The HQ is defined
as the ratio of a single substance exposure level over a specified period to a
reference dose for that substance. When two or more HQs are added together,
the resuiting number is called a hazard index (Hl). When an Hl exceeds 1.0,
adverse health effects can occur. For the 1995 risk assessment, exposure dose
probability distributions were generated to evaluate noncarcinogenic risks.

Carcinogenic risks were evaluated using the same methodology in both risk:
assessments (i.e., individual excess cancer risks were calculated).

In addition to the different methodologies used to evaluate noncarcinogenic risk
for the two baseline risk assessments, a better understanding of the Rifle sites’
hydrogeology has been developed since the 1992 risk assessment. In the 1992
risk assessment, uncertainties that may have influenced the results were
identified. One of the most significant uncertainties was the adequacy of the
sampling data. Sampling frequency and well coverage were not adequate to
provide information on the spatial and temporal variability in water quality. The
locations of two of the four wells (RFO-01-0597 and -0598 and RFN-01-0600
and -0601) that were evaluated as background wells for the alluvial aquifer
were determined to be inappropriate to define background. Wells RFO-01-0597
and -0598 are in locations that justifiably can be used as background because
they are upgradient of the Old Rifle site, they are in the same hydrogeologic
unit, and they are not impacted by uranium mill processing activities. However,
RFO-01-0601 is located across the Colorado River in a different hydrogeologic
unit than the Rifle sites, and this well is influenced by the river (causing a
dilution effect). Using this well as background could have biased the 1992 risk
assessment, making background concentrations appear to be lower than they
are. Because well RFO-01-0600 is downgradient of Old Rifle and the water
quality in this well has not been established, determining background based on
this well is not appropriate. Therefore, two additional wells were constructed
upgradient of Old Rifle for the 1995 background evaluations. Additionally, the
1992 risk assessment identified several wells as downgradient from the New
Rifle site although these wells are crossgradient from the site.

The 1892 risk evaluation included the following assessments:

e Current evaluation for private wells downgradient of both Rifle sites. All but
one household used bottled water for drinking water, and it was assumed
that for all other household purposes 0.5 liter (L) per day was consumed.
An ingestion rate of 2 L of contaminated ground water per day was
assumed for the one household that did not consume bottled water. For all
scenarios, the HI fell below 1 (where adverse health effects would not be
expected). Carcinogenic risks fell within the acceptable range 1E-06 (1
chance in 1,000,000) to 1E-04 (1 chance in 10,000).
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BASELINE RISK ASSESSMENT OF GROUND WATER CONTAMINATION AT

THE URANIUM MILL TAILINGS SITES NEAR RIFLE, COLORADO SITE DESCRIPTION

2.2

If all private well users were assumed to ingest 2 L per day, adverse health
effects could be expected (i.e., HQs would exceed 1 for fluoride,
manganese, and uranium). Carcinogenic risks would exceed the acceptable
range of 1E-06 to 1E-04, primarily due to uranium.

e Future evaluation of ground water. Contamination levels (especially nitrate
concentrations) were sufficiently high in off-site monitor wells to be of
concern. Additionally, antimony, arsenic, cadmium, fluoride, molybdenum,
uranium, and vanadium exceeded the HQs at both sites; chromium
exceeded the HQ at New Rifle, and manganese and selenium exceeded the
HQ at Old Rifle. Carcinogenic risks exceeded the EPA acceptable risk range
of 1E-06 to 1E-04 for uranium and arsenic at both sites.

e Commercial wells. Little potential existed for noncarcinogenic risk
associated with the use of contaminated ground water downgradient of
both sites. Carcinogenic risks fell within the EPA acceptable risk range,
assuming a 30-year exposure period and a consumption of 1 L per day. All
businesses provided bottled water because of the poor taste of the well
water.

e Long-term routine consumption of fish from the Old Rifle pond. This could
result in carcinogenic risk, primarily from uranium and lead-210, that
exceeds the EPA risk level of 1E-04.

e Surface water. No impact to the Colorado River would be likely from site
activities. A small potential for impact existed to aquatic or benthic
organisms in the ponds and drainage ditch.

The resuits of the 1992 risk assessment were considered preliminary because
data were limited and two of the four background locations were subsequently
determined inappropriate for background water quality evaluation. Additional
characterization was recommended. The current risk assessment provides an
updated evaluation based on additional data and site characterization as well as
an analysis that uses the risk assessment methodology adopted in 1992 for the
UMTRA Ground Water Project (DOE, 1994b).

CLIMATE

The Rifle region has a semiarid climate with low precipitation and low humidity,
large temperature variations, and high evaporation. The Colorado River Valley
and surrounding steep canyons and plateaus range in elevation from 5400 feet
(ft) (1500 meters [m]) in the valley to approximately 10,500 ft (3200 m) on the
plateaus. Elevation, exposure, geographic location, and topographic wind
channeling affect the weather differently at different locations.

The interior Colorado River Valley is surrounded by mountains and receives little
precipitation. Consequently, agriculture is dependent on irrigation; mountain
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BASELINE RISK ASSESSMENT OF GROUND WATER CONTAMINATION AT
THE URANIUM MILL TAILINGS SITES NEAR RIFLE, COLORADO SITE DESCRIPTION

snow melt and rain provide an adequate supply of water for irrigation. Summer
rains occur mainly as scattered light showers from thunderstorms that develop
in the mountains. The average summer temperature is 70 degrees Fahrenheit
(°F) (21 degrees Celsius [°C]). Winter snows are frequent, but are mostly light
and melt quickly. The average winter temperature is 23 °F. The average annual
precipitation for Rifle was 11 inches (28 cm) from 1931 through 1980.
Snowfall in the Rifle region averages 41 inches (104 cm) per year.

23 PHYSIOGRAPHIC SETTING

The Rifle area is on the northeastern edge of the Colorado Plateau Physiographic
Province near its boundary with the Southern Rocky Mountain Physiographic
Province. Principal physiographic elements that are within the region of
hydrologic influence include the Colorado River Valley; the Grand Hogback
monocline, which forms the western boundary of the Southern Rocky Mountain
Physiographic Province; and the White River Plateau (Figure 2.4). Other
features within the region of the Rifle sites are Grass and Taughenbaugh Mesas
to the south and the Roan Cliffs to the west.

The region upgradient (north) of the Rifle sites is characterized by mature,
stream-eroded upland pediment surfaces, large structural upwarps, and
intervening basins. Topographic elevations in the region range from 5400 ft
(1600 m) above sea level along the Colorado River near the former Rifle
processing sites to 8000 ft (2400 m) above sea level along the Grand Hogback
monocline to 10,500 ft (3200 m) above sea level along the White River Plateau.
Figure 2.4 illustrates this topographic variability.

24 GEOLOGY

Regional and local geologic conditions relevant to the risk assessment are
described below. Geologic information supports the conclusions regarding
regional and on-site ground water and surface water flow.

2.4.1 Regional geologic setting

Quaternary deposits near the Rifle sites are represented by sediments consisting
of pediment gravels of several ages, glacial drift and outwash, landslide
deposits, fluvially deposited alluvium, and colluvium. Four levels of river
terraces and associated pediments formed during two glacial advances are
present in the Rifle area (Sinnock, 1981). Pediment deposits consist of coarse
gravel, cobbles, and boulders in a clayey-silt matrix. Unconsolidated fluvial
alluvium is present along the Colorado River channel and along major tributaries
such as Rifle Creek. Near Rifle, the alluvium is approximately 16 to 25 ft (4.8
to 7.6 m) thick (DOE, 1992a).

Although it is not present at the Rifle sites, northwest of Rifle the more resistant
Green River Formation overlies strata of the Wasatch Formation, forming the
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BASELINE RISK ASSESSMENT OF GROUND WATER CONTAMINATION AT

THE URANIUM MILL TAILINGS SITES NEAR RIFLE, COLORADO SITE DESCRIPTION

2.4.2

prominent Roan Cliffs. These cliffs are visible from the Rifle sites and the
Colorado River (Figure 2.4). The Tertiary Green River Formation consists of oil
shales, sandstones, and marlstonesT

Figure 2.5 shows a generalized cross section of the region directly north of the
city of Rifle. Shallow bedrock in the southern part of the region (generally
between the Colorado River and the Grand Hogback monocline) consists of
variegated claystone, siltstone, and fine-grained sandstone of the Wasatch
Formation. Although the Wasatch Formation contains some resistant beds that
form cliffs, most of the formation weathers easily and has formed lowland
mesas, including the Prefontaine and Graham Mesas directly northwest and
northeast of the city of Rifle. The sedimentary beds of the Wasatch Formation
generally dip southwest (toward the axis of the Colorado River Basin) in the
vicinity of the sites. However, the dip steepens rapidly to a near-vertical
orientation along the face of the Grand Hogback monocline. Numerous faults
cutting Precambrian to Tertiary bedrock occur along the Grand Hogback
monocline and landslide deposits occur on the steeply dipping rock surfaces.
Directly north of the Grand Hogback and extending another 6 mi (10 km) north
are a series of near-vertical beds of late Permian, Mesozoic, and Cambrian age,
including the vanadium and uranium-bearing Morrison and Entrada Formations
(Figure 2.5). Figure 2.4 shows the location of the Entrada Sandstone, which
contains developed vanadium and uranium deposits.

Southwest of the town of Rifle and the Colorado River, Battlement Mesa rises to
a height of nearly 11,000 ft (3400 m), with the highest surfaces capped by
basaltic lava flows. The northern slope of the mesa consists of multiple levels
of pediments and alluvial fans that slope toward the Colorado River.

Old and New Rifle site geology

The Old and New Rifle tailings sites rest on Quaternary Colorado River floodplain
alluvium, which consists of silt, sand, gravel, and cobbles. The alluvium directly
overlies the Wasatch Formation at the Old Rifle site and is approximately 20 ft
(6 m) thick, with depths to ground water ranging from approximately 2 to 22 ft
(0.5 to 7 m) below land surface. The alluvium at the New Rifle site is 25 to

35 ft (8 to 11 m) thick and depths to ground water range from approximately 2
to 57 ft (0.6 to 17 m). Figures 2.6 and 2.7 show monitor well locations at each
site and private wells near the sites. Table 2.1 lists the formation of
completion, screened interval, dates sampled, and flow relation for DOE and
private wells in the vicinity of the processing sites. Wells recently installed for
this risk assessment include Old Rifle background wells RFO-01-0605 and
-0606 and New Rifle downgradient well RFN-01-0620.

Topographic contours in Figure 2.6 show that the Old Rifle site sits along a low-
lying, erosional meander of the Colorado River. The more resistant cliff-forming
beds of the Wasatch Formation outcrop abruptly, directly west and north
(downgradient) of the site. These resistant cliffs control the northern extent of
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BASELINE RISK ASSESSMENT OF GROUND WATER CONTAMINATION AT

THE URANIUM MILL TAILINGS SITES NEAR RIFLE, COLORADO

SITE DESCRIPTION

Table 2.1 Monitor and private well/spring information for Old and New Rifle, Colorado,

sites
Screen
interval®
Unit {completion Date sampled Flow
Location ID  screened depth)® (year) relation Decommissioned
OLD RIFLE
RFO-01-0581 Qal 30-38 83,88,92 On-site X
RF0-01-0582 Qal 21-27 83,85,87,92 On-site X
RF0-01-0583 Qal 25-31 83,90-92 On-site X
RF0O-01-0584 Qal 14-29 83,85,87,90,92  On-site X
RFO-01-0585 Qal 13-34 83,87 On-site X
RFO-01-0586 Qal 20-33 83,85,87,90-91 On-site X
RF0O-01-0587 - Qal 14-24 83,92 On-site X
RFQ-01-0588 Qal 11-18 83,85,87 On-site X
RFO-01-0589 AQal 7-33 83,85 Downgradient
RFO-01-0590 Qat 13-30 83,85,87,92-94 Downgradient
RF0-01-0592 Qal - 91 Not known X
RF0O-01-0594 Qal 22-27 90 On-site X
RF0O-01-0597 Qal 7-12 85,87,90-94 Upgradient
RFO-01-0598 Qal 15-20 85,87,90,92-94  Upgradient
RFO-01-0599 Qal 7-12 85,90,92 Downgradient
RF0-01-0600 Qal 16-21 85,87,90-94 Downgradient
RFO-01-0601 AQal 6-11 85,87,90-92 Downgradient X
RFO-01-0602 Qal 15-20 85,92 Downgradient
RF0O-01-0603 Qal 6-11 85,87,90 Downgradient X
RFO-01-0604 Qal 16-21 85,87,90,92-94  Downgradient
RFO-01-0605 Qal 9-13 94 Upgradient
RFO-01-0606 AQal 8-12 94 Upgradient
RFO-01-0620 WS 32-67 85-87,90,92-94  Upgradient
RF0O-01-0621 WS 79-89 86,90,92-94 Upgradient
RFO-01-0622 WS 48-58 86-87,90,92 Upgradient
RFO-01-0623 WS 89-99 86-87,90-94 On-site X
RFO-01-0624 WS 64-74 86,92 On-site X
RFO-01-0625 WS 76-96 86-87,90,92 Downgradient
RFO-01-0626 WS 48-59 86-87,90,92 Downgradient
RFO-01-0629 WS 161-181 86,92 Crossgradient
RFO-01-0630 WS 131-141 86,90,92 Crossgradient
RFO-01-0640 WS 88-98 86,90,92 Crossgradient
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BASELINE RISK ASSESSMENT OF GROUND WATER CONTAMINATION AT

THE URANIUM MILL TAILINGS SITES NEAR RIFLE, COLORADO

SITE DESCRIPTION

Table 2.1 Monitor and private well/spring information for Old and New Rifle, Colorado,
sites (Continued)
Screen
interval®
Unit (completion Date sampled Flow
Location ID  screened depth)"’ (year) relation Decommissioned
RFO-01-0641 WS 59-69 86-87,90,92 Crossgradient
RFO-01-0644 WS 126-146 86-87 Downgradient
RFO-01-0645 WS 91-111 86-87,90-93 Downgradient
RFO-01-0436 ? Private 72 92-93 Upgradient
NEW RIFLE
RFN-01-0559 ? Private ? 90 Crossgradient X
RFN-01-0560 ? Private 130 90.91 Crossgradient
RFN-01-0581 Qal 19-34 83,85,87.88,90, On-site X
92
RFN-01-0582 Qal 9-22 83 On-site X
RFN-01-0583 Qal 14-23 83,85,90-91 On-site X
RFN-01-0584 Qal 71-81 83,88,92 On-site X
RFN-01-0585 Qal 9-47 83,87 Upgradient X
RFN-01-0586 Qal 59-66 83 On-site X
RFN-01-0587 Qal 64-71 83,88,92-93 On-site X
RFN-01-0588 Qal 7-50 83,85,87,90 On-site X
RFN-01-0589 Qal 8-40 83,87,93-94 Downgradient X
RFN-01-0590 Qal 10-41 83,85,87,92-94 Downgradient X
RFN-01-0591 Qal 8-13 85,87 Upgradient X
RFN-01-0592 Qal 17-22 85,87-88,90,92  Upgradient X
RFN-01-0593 Qal 12-17 85,90,92 On-site X
RFN-01-0594 Qal 18-23 85,87,90,92 On-site X
RFN-01-0595 Qal 8-23 85,87,92 On-site X
RFN-01-0596 Qal 8-13 85,90,92-94 Downgradient
RFN-01-0598 Qal 6-11 85,90,92-94 Downgradient
RFN-01-0599 Qal 12-17 85,87,90-91,93 Downgradient
RFN-01-0600 Qal 12-17 85,87,90-91, Downgradient
93-94
RFN-01-0601 Qal 7-12 85 Downgradient
RFN-01-0602 Qal 6-11 85 Downgradient
RFN-01-0603 Qal 18-23 85,87,90-94 Downgradient
RFN-01-0605 Qal 20-25 85 Downgradient
RFN-01-0609 Qal 8-23 85,87,90-34 Downgradient
RFN-01-0610 Qal 5-35 85,87,90-91 On-site X
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BASELINE RISK ASSESSMENT OF GROUND WATER CONTAMINATION AT
THE URANIUM MILL TAILINGS SITES NEAR RIFLE, COLORADO

SITE DESCRIPTION

Table 2.1 Monitor and private well/spring information for Old and New Rifle, Colorado,
sites (Continued)
Screen
interval®
Unit (completion Date sampled Flow
Location ID  screened depth)b {year) relation Decommissioned
RFN-01-0615 Qal 9-29 85,87 On-site X
RFN-01-0616 Qal 10-20 85,87,90-92 On-site
RFN-01-0618 Qal 18-23 85,87,90-92 Downgradient
RFN-01-0619 Qal 8-13 85,90,92-94 On-site
RFN-01-0620 Qal 7-12 94 Downgradient
RFN-01-0611 WS 32-47 85-87,90-94 On-site
RFN-01-0612 WS 54-69 85-87,90-93 On-site
RFN-01-0613 WS 28-71 85-87,90-91 On-site
RFN-01-0614 WS 32-34 85-86,90 On-site X
RFN-01-0621 WS 99-119 86-87,90,92 Downgradient
RFN-01-0622 WS 54-59 86-87,90,92-94  Downgradient
RFN-01-0623 WS 46-66 85-87 On-site
RFN-01-0624 WS 29-39 85-87,90,92,94  On-site
RFN-01-0625 WS 91-101 85-87,90,92 On-site X
RFN-01-0626 WS 67-77 86 On-site X
RFN-01-0627 WS 67-86 85-87,90,92 On-site
RFN-01-0628 WS 93-113 85-86,92 On-site X
RFN-01-0629 WS 45-55 85-87,90,92 On-site
RFN-01-0630 WS 69-89 86-87,90,92 Downgradient
RFN-01-0631 WS 47-57 86-87,90,93-94 Downgradient
RFN-01-0632 WS 85-95 86, 87, 90, 91,93 Crossgradient
RFN-01-0633 WS 62-72 86,90,92-94 Crossgradient
RFN-01-0634 WS 41-51 86-87,90,92 Crossgradient
RFN-01-0640 WS 131-151 86-87,90,92 Crossgradient
RFN-01-0641 WS 71-81 86-87,90-94 Crossgradient
RFN-01-0642 WS 73-93 86-87,90-92 Downgradient
RFN-01-0643 WS 60-70 86,93 Downgradient
RFN-01-0644 WS 86-96 86,90,92 Crossgradient
RFN-01-0645 WS 61-71 86-87,90-93 Crossgradient
RFN-01-0646 WS 121-141 86-87,90 Upgradient
RFN-01-0647 WS 59-74 86-87,90,92-93  Upgradient
RFN-01-0650 WS 82-92 86,90,92-94 Downgradient
RFN-01-0651 WS 53-63 86-87,90 Downgradient
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BASELINE RISK ASSESSMENT OF GROUND WATER CONTAMINATION AT

THE URANIUM MILL TAILINGS SITES NEAR RIFLE. COLORADO

SITE DESCRIPTION

Table 2.1

Monitor and private well/spring information for Old and New Rifle, Colorado,
sites {Concluded)

Screen
interval®
Unit (completion Date sampled Flow
Location ID  screened depth)" (year) relation Decommissioned
RFN-01-0421 ? Private 25 91-94 Upgradient
RFN-01-0422 ? Private 160 91-92,94 Upgradient
RFN-01-0423 ? Private 20 91-94 Upgradient
RFN-01-0424 ? Private 60 91-94 Upgradient
RFN-01-0425 7 Private 65 91-93 Upgradient
RFN-01-0426 D-WS?-Spg NA 91-94 Upgradient
RFN-01-0427 7 Private 68 91-92 Crossgradient
RFN-01-0428 7 Qal 30 91-94 Downgradient
RFN-01-0430 ? Private ? 91-92,94 Upgradient
RFN-01-0431 ? Private 80 91-92,94 Upgradient
RFN-01-0432 ? Private 55 91-92,94 Upgradient
RFN-01-0433 D-WS?-Spg NA 94 upgradient
RFN-01-0435 D-WS?-Spg NA 94 Upgradient

*Feet below the surface.
®Completion depths given for private wells.

Qal - alluvium.

WS - Wasatch Formation.
7 - Well screened and completed at an unknown depth.
D-WS?-Spg ~ Private spring in Wasatch Formation or Wasatch colluvium.

? Private —~ Private well likely completed in the Wasatch Formation.

X - decommissioned.
NA - not applicable.
Dash indicates data are not available.
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BASELINE RISK ASSESSMENT OF GROUND WATER CONTAMINATION AT

THE URANIUM MILL TAILINGS SITES NEAR RIFLE, COLORADO SITE DESCRIPTION

2.5

2.5.1

the alluvium at Old Rifle. The alluvium narrows considerably west of the Olid
Rifle site because of the more erosional-resistant Wasatch beds.

A cross section (profile A-A') of Old Rifle (Figures 2.6 and 2.8) shows that most
of the Old Rifle site was overlain with a layer of approximately 15 ft (6 m) of
tailings materials consisting of silty sands and slimes. These materials, which
are being removed during surface remedial action, were placed directly over
alluvium composed of dark brown, clayey or silty sands. Profile A-A' also
shows the top of the Wasatch Formation and bedding slopes south toward the
Colorado River.

At New Rifle, the alluvium was deposited in a broad floodplain over the Wasatch
Formation. A short distance north of Highway 6, the alluvium pinches out and
merges into Wasatch colluvium.

New Rifle cross section profile A-A' (Figures 2.7 and 2.9) shows that the
bedrock surface and bedding of the weathered Wasatch Formation dip
southwest. The upper beds of the Wasatch Formation are composed of
weathered sandstone and are underlain by shale.

The deeper beds of the Wasatch Formation near the former Rifle processing
sites consist of over 2000 ft (600 m) of interbedded shales and lenticular
sandstone units dipping 5 to 10 degrees west-southwest. The upper Shire
Member is 1600 ft (500 m) thick near Rifle and consists of variegated
claystones, siltstones, and lenticular sandstones (DOE, 1992a).

HYDROGEOLOGY

This section presents information relative to regional and on-site ground water
flow to provide supporting data for discussion of background water guality and
on-site and downgradient contaminant distribution.

Regional hydrogeolo

Regional ground water flow north of the Rifle sites is complex due to structural,
topographical, and geological variation. Little detailed information is available on
the hydrogeologic systems within the region surrounding Rifle. Figure 2.4
approximates the limit of the regional drainage boundary. The White River uplift
and Grand Hogback are in the zone of regional recharge while the Colorado River
and vicinity are in the zone of regional discharge. The hydrologic drainage basin
north of the Rifle sites (Figure 2.4) has well defined local relief. As evidenced
by features such as the Colorado River and numerous creeks and springs, many
different flow systems discharge toward the river in the vicinity of the Rifle
sites. Ground water flow paths are longer in regional and intermediate ground
water flow systems than in local systems. The degree of ground water
mineralization is a function of both the initial water chemistry and the length of
time the water is in contact with the different rock types along its flow path.
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BASELINE RISK ASSESSMENT OF GROUND WATER CONTAMINATION AT
THE URANIUM MILL TAILINGS SITES NEAR RIFLE, COLORADO SITE DESCRIPTION

2.5.2

The numerous flow systems, with varying rock types and flow path depths and
lengths within the interbedded shales and sandstones of the Wasatch
Formation, cause variations in ground water quality in the Rifle area.

Oid and New Rifle site hydrogeology

The Old and New Rifle processing sites are underlain by two water-bearing
hydrogeologic units: a shallow unconfined aquifer in the alluvium lining the
Colorado River and a semiconfined aquifer in the Wasatch Formation bedrock
beneath the alluvium. In contrast to the Old Rifle site, New Rifle alluvial
sediments are deposited in a broad floodplain that extends several miles
downgradient. The upper Wasatch Formation at both sites is fractured due to
weathering. Although it has a lower hydraulic conductivity, it is in direct
hydraulic contact with the alluvium. Therefore, the upper Wasatch and the
alluvium are sometimes indistinguishable when ground water quality and ground
water level data are analyzed.

The alluvium at both sites is recharged by precipitation, regional ground water
flow from upgradient water-bearing beds of the Wasatch Formation, and return
irrigation flow. The Old Rifle site also may be recharged locally by the
upgradient lagoons on Graham Mesa. Seasonal fluctuations in the Colorado
River recharge the alluvium locally when the river is high. The Colorado River is
a regional drainage divide for the alluvial aquifer and upper Wasatch Formation
at both sites.

Ground water in the alluvium and Wasatch Formation at the Old and New Rifle
sites flows southwest and discharges to the river. The horizontal hydraulic
gradient in the alluvial aquifer and in the upper Wasatch Formation ranges from
0.002 to 0.006 feet per foot (ft/ft) (DOE, 1992a). During times of high river
stage, ground water flow near the river probably tends to parallel the river.
When the river is low, alluvial ground water discharges to the Colorado River.
Ground water levels generally fluctuate from 2 to 5 ft (0.6 to 1.5 m) annually.
Figures 2.10 and 2.11 are contour maps of the water table for the alluvial
aquifer and potentiometric surface of the Wasatch Formation for the Old and
New Rifle sites. The maps show there is little apparent variation in horizontal
hydraulic gradient across the site. Ground water flow directions and gradients
are better documented near the New Rifle tailings.

DOE has monitored ground water levels within a network of seven New Rifle
alluvial well points since 1989 (Figure 2.11). Measurements are collected
biweekly. These data indicate a relatively constant horizontal hydraulic gradient
toward the southwest in the immediate vicinity of the New Rifle tailings,
regardless of the stage of the Colorado River. Ground water levels measured by
DOE in New Rifle Wasatch monitor wells along profile A-A' (Figure 2.9) also
show that ground water flows southwest and that ground water from
upgradient Wasatch Formation beds recharges the alluvium along the northern
boundary of the New Rifle site. All available water level data indicate there is
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BASELINE RISK ASSESSMENT OF GROUND WATER CONTAMINATION AT
THE URANIUM MILL TAILINGS SITES NEAR RIFLE, COLORADO SITE DESCRIPTION

no potential for ground water flow from the New Rifle processing site toward
private wells north of Highway 6 (or east of the former tailings pile).

In general, there are small-to-no downward vertical gradients at the Rifle sites
from the alluvial aquifer to the upper weathered Wasatch Formation because
these units are hydraulically connected. At the Old Rifle site, the alluvial aquifer
is mounded due to seepage from lagoons north of Highway 6. Ground water
levels from several Wasatch Formation well clusters indicate complex vertical
gradients deeper within the Wasatch Formation. For example, New Rifle
Wasatch monitor wells RFN-01-0640 and -0641 (Figure 2.9) are very near each
other yet ground water levels measured in well -0641 are consistently about

10 ft (3 m) higher. Well -0641 is 86.5 ft (26.4 m) deep and is screened from
approximately 70 to 80 ft (21 to 24 m). Well -0640 is 160 ft (49 m) deep and
is screened from about 130 to 150 ft (40 to 46 m). The elevated ground water
levels observed in well -0641 probably are a result of water flowing downdip
along the bedding of a lower hydraulic conductivity. The occurrence of springs
along Wasatch bluffs in the vicinity of these wells supports this observation.
Further south, downgradient from the New Rifle tailings site, ground water
levels from Wasatch Formation well cluster RFN-01-0642 and -0643 {completed
at depths of 105 and 71 ft [32 and 22 m], respectively) show a reversed
relationship. In this case, the deeper well (-0642) consistently shows a ground
water elevation that is approximately 50 ft (15 m) higher than in shallower well
-0643. Ground water level measurements from well -0642 are consistent with
levels from most other Wasatch wells. Therefore, it is believed to exhibit the
dominant potentiometric surface of the Wasatch Formation near New Rifle.
Well RFN-01-0643 may be completed in an aquitard. Water levels observed in
well RFN-01-0626 (screened from approximately 65 to 75 ft [20 to 23 m] just
east of the former New Rifle tailings pile also indicate a much lower
potentiometric surface than nearby Wasatch wells. This supports the assumed
presence of an aquitard or separate flow system at a relatively shallow depth
across the site. Further downgradient of the New Rifle tailings, wells
RFN-01-0650 and -0651 (completed at 102 and 65 ft {31 and 20 m],
respectively) respond similarly to fluctuations in ground water levels. Ground
water quality results from the Wasatch well clusters indicate deeper wells are
screened in flow systems in which chloride and total dissolved solids (TDS) tend
to be elevated, whereas shallow wells are screened in a system in which sulfate
and uranium levels tend to be elevated.

The analysis of ground water level trends and ground water quality indicates the
presence of a least four flow systems in the vicinity of the New Rifle site. The
uppermost flow system (north of the site) consists predominantly of springs that
discharge along the Wasatch Formation bedding surface. The second is the
alluvial aquifer and weathered Wasatch system. The third is a lower
permeability aquitard. The fourth consists of semiconfined sandstones and
shales. The flow systems in the vicinity of the Rifle sites will be further defined
in the site observational work plan.
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2.6

Limited test data indicate that hydraulic conductivities at the Old Rifle site
average 200 ft per day (7 x 102 centimeters per second [cm/s]} in the alluvium
and 0.02 ft per day (7 x 10°° cm/s) in the Wasatch Formation. Average linear
ground water velocities are approximately 800 ft (300 m) per year in the
alluvium and 0.3 ft (0.09 m) per year in the Wasatch Formation. Less than 500
ft (150 m) southwest of the Old Rifle site, within the narrow floodplain
between the Colorado River and the Old Rifle site, an outcrop of Wasatch
bedrock slows ground water flow and its relatively low hydraulic conductivity
forces the flow toward the river. Although ground water flow is impeded
downgradient of Old Rifle, a narrow deposit of alluvial material remains that
could transmit ground water westward if it were saturated when the river is
high.

At the New Rifle site, hydraulic conductivities average 70 ft per day

(2.5 x 102 cm/s) in the alluvium and 0.09 ft per day (3.2 x 10° cm/s) in the
Wasatch Formation. Average linear ground water velocities are approximately
300 ft (90 m) per year in the alluvium and 3 ft (0.9 m) per year in the Wasatch
Formation. The limited nature of the test data, the heterogenous nature of
alluvial deposits, and the sensitivity of the ground water velocity to various
parameters may cause considerable variations in actual linear ground water flow
velocities at both the Old and New Rifle sites. The large difference between
average linear ground water flow velocities at the Rifle sites indicates a broad
range in hydraulic conductivity. This range will be defined further in the site
observational work plan.

SURFACE WATER HYDROLOGY

This section presents information relative to regional and on-site surface water
flow to provide supporting data for discussion of background water quality and
on-site and downgradient distribution of contaminants.

North of Rifle, the steeply tilted Grand Hogback monocline rises to an elevation
of 8000 ft (2400 m), redirecting surface drainage from the steep-walled canyon
and the mountain region of the White River Plateau to the broad flat valleys of
the Colorado River Basin. The area just north of Rifle is drained locally by Rifle
Creek, Elk Creek, and Government Creek. The area is drained regionally by the
Colorado River (Figure 2.4).

The main channel of the Colorado River at the Old Rifle site is within 75 ft

(23 m) of the former tailings pile and was separated from the tailings pile by a
railroad embankment. At New Rifle, the floodplain is much broader. Near New
Rifle, the main channel of the Colorado River has been artificially channeled to
the north by blocking alternative river channels upstream of the site. The
Colorado River is about 1000 ft (310 m) east and 600 ft (200 m) south of the
tailings pile. Interstate 70 is between the New Rifle site and the Colorado River.

Several additional surface water features near the Rifle sites are seeps, springs,
irrigation ditches, ponds, and wetlands. Surface water and sediment sampling
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locations are shown in Figure 2.12. Table 2.2 gives a sampling history of
surface locations. It should be noted here that during the surface remedial
action phase, a wetland area, formerly called the New Rifle ditch wetlands, and
an area formerly referred to as the south swale, as well as a wetland within the
boundary of the Old Rifle site were destroyed. The destroyed wetlands have
been replaced with mitigation wetlands at the south end of the New Rifle site.
A detailed discussion of the mitigation wetlands is presented in Section 7.0.
Numerous seeps and springs, many at Wasatch bedding and colluvium
interfaces along the southern cliff faces of Prefontaine and Graham Mesas, are
found north of the Rifle sites. The seeps discharge seasonally, often
surrounding the point of discharge with precipitated salts. Springs provide
water throughout the year. Three private springs that have been sampled
(RFN-01-0426, -0433, and -0435) are north of Highway 6 near the New Rifle
processing site and several additional springs are apparent northeast of the Old
Rifle site. Discharge from the springs near Old Rifle drains into what is referred
to as One Mile Pond (Figure 2.12). A spring upgradient from One Mile Pond
(surface location RFO-01-0573) discharges along the interface of Wasatch
bedrock and the overlying colluvium at a rate greater than 10 gallons (40 L) per
minute. Some of the water flowing from these regional discharge features may
have originated far to the north as snowmelt.

An extensive ditch irrigation system exists in the vicinity of the Rifle sites. Many
of the ditch systems originate from Rifle Creek and are used to distribute water
for agricultural purposes on Graham and Prefontaine Mesas (Figures 2.2 and
2.3). Pioneer Ditch, north of the New Rifle site, flows from Rifle Creek parallel
to Highway 6 and extends west of the processing site (Figure 2.12).

Other significant surface water features in the vicinity of the Rifle sites are the
Old Rifle Pond downgradient from the site; lagoons on Graham Mesa upgradient
from Old Rifle; the Roaring Fork gravel pit pond, approximately 4800 ft

(1500 m) west of the New Rifle site; and two city of Rifle sewage lagoons,
south of Highway 6 about 4000 ft (1200 m) and east of the New Rifle site
(Figure 2.12).

Several drainages relevant to this baseline risk assessment, including Beaver
Creek and Helmer Gulch, are south of the River (Figure 2.12).

2.7 LAND USE

The city of Rifle (population approximately 4600) is in Garfield County,
Colorado. The town consists of businesses, industrial areas, and residential
neighborhoods (DOC, 1991). The Old and New Rifle former processing sites are
just outside the Rifle city limits {Figure 2.1).

The sites and the properties adjacent to both sites are not annexed by the city
of Rifle but are under the jurisdiction of Garfield County. These areas are zoned
for both industrial and agricultural uses. This zoning classification allows
residential development on a 2-ac (0.8-ha) (minimum) lot. Industrial use requires
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BASELINE RISK ASSESSMENT OF GROUND WATER CONTAMINATION AT

THE URANIUM MILL TAILINGS SITES NEAR RIFLE, COLORADO

SITE DESCRIPTION

Table 2.2 Surface water/sediment sample location information for Old and New Rifle,
Colorado, sites

Date sampled

Location ID Description (year) Flow relation
Old Rifle
RF0-01-0538 Colorado River 87.91,94 Upgradient
RFO-01-0568 Rifle Creek 1994 Upgradient
RFO-01-0569 Rifle Creek 1994 Upgradient
RFO-01-0570 One Mile Pond 1994 Upgradient
RFO-01-0572 Old Rifle Pond 1989-1994 Downgradient
RFO-01-0573 One Mile Spring 1994 Upgradient
RFO-01-0574 E. Rifle Creek 1994 Upgradient
New Rifle
RFN-01-0541 Helmer Guich 94 Upgradient
RFN-01-0542 Pond NW of New Rifle 94 Upgradient
RFN-01-0544 Wetland 94 Downgradient
RFN-01-0545 Colorado River 87,91,93,94 Upgradient
RFN-01-0548 Colorado River 91,94 Downgradient
RFN-01-0575 Roaring Fork gravel pit 91,92,93,94 Downgradient

pond

RFN-01-0576 Wetland 91,92,94 Downgradient
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2.8

special approval by the county and is limited to activities associated with natural
resource extraction (e.g., the existing gravel pits). The city’s long-term master
plan is to annex these areas and commercially develop the area from the New
Rifle site west to the Interstate 70 entrance ramp. Plans will be negotiated for
future development of land being remediated under UMTRCA and the land will
be returned to the community.

There are no residences adjacent to either site. The residential areas nearest to
the former processing sites are within 1 mi (1.6 km) and upgradient from the
sites, north across Highway 6.

Both sites are within the 100-year floodplain. A pond on private property,
referred to as the Old Rifle pond, is west of the Old Rifle site. Old Rifle pond is
known to be used for recreation such as fishing and swimming. Ranching is the
main industry on Prefontaine and Graham Mesas, north of New Rifle.

WATER USE

Residents in the city of Rifle receive water from the municipal water system,
which receives surface water from the Colorado River and Beaver Creek (Figure
2.4). Water from the Colorado River is collected at an inlet approximately

0.5 mi (0.8 km) upstream of the Old Rifle site. Water in Beaver Creek originates
from Beaver Mountain snowmelt and precipitation and is transported into the
municipal water supply via a pipeline. Beaver Creek supplies approximately

10 percent of the city’s water. Water for agriculture is obtained from an
extensive surface water ditch system running from the mountain’s major
tributaries, including Rifle Creek.

The city provides water to some users outside the city limits, though most
residents living outside the municipal boundaries obtain water from private wells

or springs. Natural ground water quality in the Colorado River alluvium and

weathered Wasatch Formation is poor tasting and considered unpalatable
because of high sulfate and TDS levels (DOE, 1992b). Consequently, the
ground water from these private wells and springs generally is not used for
drinking water. Ground water is known to be used for other domestic purposes
such as bathing, watering domestic livestock, and watering gardens. Ground
water and surface water also are used agriculturally to water livestock. Table
2.3 summarizes private well use in the vicinity of the Rifle sites.

Sixteen private wells and springs were monitored as part of the DOE's surface
and ground water projects (Figures 2.6 and 2.7). Limited well log information
indicates most private wells are probably completed in the colluvium or
weathered Wasatch Formation (Table 2.1). Fifteen of these private wells and
springs (which have been monitored) are in the vicinity of the New Rifle site. All
private wells and springs near the New Rifle site are upgradient or crossgradient
from the site, except well RFN-01-0428, which is clearly downgradient. Private
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Table 2.3 Pr_ivate wells sampled in the vicinity of the Old and New Rifle, Colorado, sites

2-33

Well number Well location Geographic location
RFN-01-0421 Farmyard Upgradient of New Rifle, south of Highway 6/east of site
RFN-01-0422 Industrial Upgradient of New Rifle, south of Highway 6/east of site
RFN-01-0423 Residential Upgradient of New Rifle, north of Highway 6/NE of site
RFN-01-0424 Industrial Upgradient of New Rifle, north of Highway 6/NE of site
RFN-01-0425 industrial Upgradient of New Rifle, north of Highway 6/NE of site
RFN-01-0426 Residential Upgradient of New Rifle, north of Highway 6/NE of site
spring
RFN-01-0427 Industrial Crossgradient of New Rifle, north of Highway 6/NW of site
RFN-01-0428 industrial Downgradient of New Rifle, south of Highway 6/west of site
RFN-01-0430 Residential Upgradient of New Rifle, north of Highway 6/NE of site
RFN-01-0431 Residential Upgradient of New Rifle, north of Highway 6/NE of site
RFN-01-0432 Residential Upgradient of New Rifle, north of Highway 6/NE of site
{now on city
water)
RFN-01-0433 Residential Upgradient of New Rifle, north of Highway 6/north of site
springbox
RFN-01-0435 Residential Upgradient of New Rifle, north of Highway 6/north of site
spring
RFO-01-0436 Residential Upgradient of Olid Rifle, north of Highway 6/NE of site
RFN-01-0559 Industrial Crossgradient of New Rifle, north of Highway 6/NW of site
{(now decommissioned)
RFN-01-0560 industrial Crossgradient of New Rifle, north of Highway 6/NW of site
{now on city
water)
DOE/AL/62350-179 10-Aug-95
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well RFN-01-0559 has been decommissioned; residences and businesses
supplied by wells RFN-01-0423, -0432, and -0560 have been connected to the
city water system. Private well RFO-01-0436 is upgradient of the Old Rifle site.
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3.0 MAGNITUDE AND EXTENT OF CONTAMINATION

Ground water quality data from the Old and New Rifle processing sites and vicinity were
collected from 1981 through 1994. A of total of 114 wells were sampled. In Tables 2.1
and 2.2, these wells are compiled according to hydrogeologic zone of completion {alluvial
deposits or Wasatch Formation) and location (Old or New Rifle). Old Rifle wells include 24
DOE monitor wells completed in the alluvium, and 14 DOE monitor wells completed in the
Wasatch Formation (Figure 2.6). One private well was sampled at a trailer park upgradient
of the site.

At the New Rifle processing site, 34 DOE monitor wells are completed in the alluvium; 29
DOE monitor wells are completed in the Wasatch Formation (Figure 2.7). Twelve private
wells associated with the New Rifle site have been sampled. These wells are mostly
upgradient or crossgradient (to the northeast or northwest); one private well is 2.7 mi
(4.3 km) downgradient.

Ground water quality data collected from August 1990 through August 1994 are used in
this document to characterize the magnitude and extent of contamination and to assess
risks. This effort incorporated 4 years of ground water data and represents the most
recent information on current conditions. Tables 3.1 and 3.2 summarize the minimum,
median, and maximum values found for chemical parameters in the background ground
water and contaminated ground water in the alluvium and the Wasatch Formation,
respectively. A supplement to this baseline risk assessment contains all data evaluated
(DOE, 1995). Tables 3.1 and 3.2 list all inorganic and radionuclide parameter statistics,
except field parameters, and gross alpha and gross beta measurements.

Most water samples drawn from monitor wells at the Rifle sites were filtered prior to water
quality analysis. Results are available for only two sampling rounds of unfiltered sample
analyses of major site contaminants and indicators. Furthermore, the wells with the
highest levels of contamination have no data on unfiltered water samples. However, a
comparison of water quality data from pairs of unfiltered and filtered samples collected
concurrently indicates manganese, iron, and radium-226 concentrations are consistently
higher in unfiltered samples (DOE, 1995). For the other constituents with available paired
data, the unfiltered results typically are more variable but on average are comparable to
levels measured in filtered samples.

From 1990 to 1994, ground water quality was monitored for a comprehensive suite of
inorganic parameters. In 1990, ground water from the Rifle sites was screened for organic
constituents listed in Appendix IX to 40 CFR Part 264. The screening detected toluene
(0.018 milligrams per liter {[mg/L]) and 2,4,5-T (a defoliant) (0.005 mg/L) in ground water
beneath the tailings pile at the New Rifle site. However, organic constituents are not
evaluated in this risk assessment but will be addressed in the site observational work plan.

3.1 BACKGROUND WATER QUALITY SUMMARY

Background water quality is defined as the quality of ground water that would
exist if uranium milling activities had not occurred. The Old Rifle and New Rifle
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Table 3.1 Summary of ground water quality in the alluvial aquifer, Rifle, Colorado,
processing sites, August 1990 to August 1994, filtered samples

Observed concentrations

Frequency Minimum Median® Maximum
Constituent Well ID® of detection®  (mg/L) (mg/L) {mg/L)
inorganics
Aluminum
Background 2/5 <0.05 <0.10 0.14
Oid Rifle 2/9 <0.05 <0.05 0.24
New Rifle 5/27 <0.05 <0.05 0.26
Ammonium
Background 8/12 <0.1 0.5 1.5
Old Rifle* RFO-01-0583 5/5 0.8 1.4 2.0
New Rifie® RFN-01-0583, -0589, 19/19 506 1030 1750
-0590, -0600, -0618
Antimony®
Background 0/5 <0.003 <0.003 <0.003
Old Rifle 1/9 <0.003 <0.003 0.007
New Rifle 3/25 <0.003 <0.030 0.038
Arsenic
Background 2/12 0.001 <0.005 <0.03
Old Rifle® RFO-01-0583 5/5 0.15 0.23 0.24
New Rifle® RFN-01-0594 2/2 0.97 1.1 1.3
Barium
Background 3/5 0.03 0.03 <0.1
Olid Rifle 7/9 0.02 0.03 <0.1
New Rifle 20/27 0.01 0.02 <0.1
Bromide®
Background 3/5 <0.1 0.3 0.4
Old Rifle 3/9 <0.1 <0.4 3.0
New Rifle 4/22 <0.1 <1.0 <3.0
Cadmium
Background 0/9 <0.001 <0.001 <0.001
Old Rifle 0/9 <0.001 <0.001 <0.001
New Rifie? RFN-01-0590, -0595, 19/21 0.002 0.024 0.129
-0600, -0619
Caicium
Background 15/15 93 162 229
Oid Rifie® 9/9 243 287 331
New Rifie® (RFN-01-0587, -0619) 12/12 401 462 514
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Table 3.1 Summary of ground water quality in the alluvial aquifer, Rifle, Colorado,
processing sites, August 1990 to August 1994, filtered samples (Continued)

Observed concentrations

Frequency Minimum Median® @ Maximum
Constituent Well ID® of detection®  (mg/L) (mg/L) {mg/L)
Inorganics
Chloride
Background 13/13 62 a3 261
Oid Rifle 9/9 30 41 186
New Rifle’  RFN-01-0583, -0587, 33/33 55 420 1750
-0589, -0590, -0599,
-0600, -0618, -0619
Chromium
Background 1/8 <0.01 <0.01 0.02
Old Rifie 2/9 <0.01 <0.01 0.03
New Rifle 5/29 <0.01 <0.01 0.04
Cobalt
Background 0/2 <0.01 <0.01 <0.01
Old Rifle 0/6 <0.01 <0.03 <0.03
New Rifle 4/16 <0.01 <0.03 0.03
Fluoride
Background 13/13 0.4 0.5 1.2
Old Rifle? RFO-01-0583 5/5 1.1 1.2 1.4
New Rifle®  RFN-01-0587 4/4 6.2 8.1 8.1
iron®
Background 15/15 0.04 1.2 2.4
Old Rifle® RFO-01-0600 9/9 3.4 9.2 12
New Rifle? RFN-01-0583 2/2 16 17 17
Lead®
Background 1/5 <0.001 <0.007 <0.01
Old Rifle 0/9 <0.001 <0.01 <0.05
New Rifle 2/122 <0.001 <0.01 0.08
Magnesium
Background 15/15 59 120 182
Old Rifie RFO-01-0584 4/4 112 127 143
New Rifle 44/44 29 91 185
Manganese
Background 15/15 0.1 2.8 4.2
Old Rifle” RFO-01-0583 5/5 1.1 1.1 1.2
New Rifle® RFN-01-0583, -0590, 20/20 9.0 9.9 13
-0600, -0619
DOE/AL/62350-178 10-Aug-95
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Table 3.1 Summary of ground water quality in the alluvial aquifer, Rifle, Colorado,
processing sites, August 1990 to August 1994, filtered samples (Continued)

Observed concentrations

Frequency Minimum Median® Maximum
Constituent Well ID" of detection®  (mg/L) (mg/L) (mg/L)
Inorganics
Molybdenum
Background 10/15 <0.01 0.01 0.06
Oid Rifle* RFO-01-0583 5/5 0.04 0.10 0.14
New Rifle® RFN-01-0583, -0587, 23/23 2.3 2.9 3.7
-0589, -0590, -0619
Nitrate
Background 5/12 <0.1 <1.0 7.8
Old Rifie 7/9 <1.0 1.7 5.4
New Rifle” RFN-01-0589, -0618 7/7 552 784 1110
Nickel
Background 0/2 <0.01 <0.01 <0.01
Old Rifle 0/2 <0.01 <0.01 <0.01
New Rifle 4/5 <0.01 0.03 0.03
Phosphate®
Background 1/5 <0.1 <0.1 0.1
Old Rifle? RFO-01-0600 3/5 <0.1 0.5 6.3
New Rifle® RFN-01-0581, -0583, 12/18 <0.1 0.2 7.0
-0584, -0587, -0590,
-0594, -0595, -0600,
-0619
Potassium
Background 15/15 3.2 5.8 12.5
Old Rifle 9/9 5.8 7.0 7.4
New Rifle® RFN-01-0599, -0600, 11/11 71 109 114
-0618
Selenium
Background 3/15 <0.002 <0.005 0.013
Old Rifle” RFO-0590 5/5 0.007 0.072 0.085
New Rifie? RFN-01-0581, -0583, 14/34 <0.002 <0.05 0.30
-0584, -0587, -0590,
-0594, -0595, -0600,
-0619
Silica
Background 13/13 17 19 25
Old Rifle* RFO-01-0583 5/5 28 31 39
New Rifie® RFN-01-0619, -0587 12/12 20 24 33
Silver
Background 0/5 <0.01 <0.01 <0.01
Old Rifle 1/9 <0.01 <0.01 0.01
New Rifle 0/27 <0.01 <0.01 <0.01
DOE/ALI62350-179 10-Aug-95
REV. 1, VER, 2 013F2TB3.DOC {RFL)

3-4




BASELINE RISK ASSESSMENT OF GROUND WATER CONTAMINATION AT

THE URANIUM MILL TAILINGS SITES NEAR RIFLE, COLORADO MAGNITUDE AND EXTENT OF CONTAMINATION

Table 3.1 Summary of ground water quality in the alluvial aquifer, Rifle, Colorado,
processing sites, August 1990 to August 1994, filtered samples (Continued)

Observed concentrations

Frequency Minimum Median® Maximum
Constituent Well ID" of detection®  (mg/L) (mg/L) (mg/L)
Iinorganics
Sodium
Background 15/15 177 217 610
Old Rifle 9/9 96 120 324
New Rifie® RFN-01-0583, -0589, 22/22 1300 2390 3850
-0590, -0599, -0600,
-0618
Strontium
Background 5/5 1.5 1.8 1.9
Oid Rifie? RFO-01-0584 4/4 3.5 3.7 3.8
New Rifie? RFN-01-0599, -0618 5/5 3.6 4.0 5.2
Sulfate
Background 15/15 476 857 1240
Old Rifie? RFO-01-0584 4/4 1050 1066 1530
New Rifle* RFN-01-0583, -0589, 21/21 1560 7350 12600
-0590, -0599, -0600,
-0618
Thallium
Background 0/2 <0.01 <0.01 <0.01
Oid Rifle 0/2 <0.01 <0.01 <0.01
New Rifle 1/5 <0.01 <0.01 0.01
Tin
Background 0/2 <0.005 <0.005 <0.005
Old Rifle 0/6 <0.005 <0.005 <0.005
New Rifie 0/16 <0.005 <0.005 <0.05
Uranium
Background 15/15 0.001 0.026 0.046
Old Rifle® RFO-01-0583 5/5 1.6 1.8 2.1
New Rifle? RFN-01-0599, -0618 6/6 0.24 0.29 0.37
Vanadium
Background 3/15 <0.01 <0.01 0.05
Old Rifle? RFO-01-0583 4/4 0.51 0.55 0.75
New Rifle? RFN-01-0590, -0594, 12/12 0.59 1.3 2.8
-0600
Zinc
Background 3/12 <0.005 <0.029 0.29
Old Rifle 5/9 <0.005 <0.005 0.032
New Rifle® RFN-01-0590, -0594, 18/18 0.30 0.58 1.6
-0600
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Table 3.1 Summary of ground water quality in the alluvial aquifer, Rifle, Colorado,
processing sites, August 1990 to August 1994, filtered samples (Concluded)

Observed concentrations

Number of Minimum Median® Maximum

Constituent Well ID® samples®  (pCi/L) (pCil/L) (pCi/L)
Radionuclides
Lead-210

Background 2 1.4 1.9 23

Old Rifle 6 0.5 1.5 4.5

New Rifie 16 0.0 0.7 4.6
Polonium-210

Background 2 0.0 0.0 0.8

Oid Rifle 6 0.0 0.2 0.8

New Rifle 16 0.0 0.3 1.6
Radium-226

Background 15 0.0 0.1 0.8

Old Rifle 9 0.0 0.2 0.9

New Rifle 44 0.0 0.3 3.2
Thorium-230

Background 2 0.0 0.2 0.4

Old Rifle 6 0.0 0.1 0.2

New Rifle 16 0.0 0.3 53
Uranium’

Background 18 0.69 18 32

Old RifleY  RFO-01-0583 5 1100 1200 1400

New Rifle RFN-01-0599, -0618 6 170 200 250

*The median is the 50th percentile of the data. When only two data are available, the
reported median is the arithmetic mean of the two values.

PBackground wells used are RFO-01-0597, -0598, -0605, -0606. Old Rifle plume wells are
RFO-01-0583 and -0584; data are combined unless otherwise indicated. New Rifle plume
wells are RFN-01-0581, -0583, -0584, -0587, -0589, -0590, -0594, -0595, -0599,
-0600, -0618, and -0619 unless otherwise indicated.

°Number of samples with reported concentrations at or above the detection limit/total
number of samples.

dConstituent is statistically above background. Concentration represents total uranium.

*Data reported as “below detection” as a result of analytical interference were omitted for
this summary because the detection limit exceeded the maximum observed concentration
in the remainder of the data set.

1'mg/L of uranium was converted into pCi/L by multiplying mg/L of uranium by 686.
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Table 3.2 Summary of ground water quality in the Wasatch Formation, Rifle, Colorado,
processing sites, August 1990 to August 1994, filtered samples

Observed concentrations

Frequency Minimum  Median® Maximum

Constituent of detection® (mg/L) (mg/L) (mg/L)
Inorganics
Aluminum

Background 3/10 <0.05 <0.07 0.21

New Rifle 2/9 <0.05 <0.10 0.25
Ammonium

Background 11/14 <0.1 0.6 : 2.7

New Rifle* 13/13 76 811 1720
Antimony®

Background 0/10 <0.003 <0.003 <0.03

New Rifle® 4/8 <0.003 <0.03 0.044
Arsenic®

Background 4/10 0.001 <0.005 <0.01

New Rifle? 4/5 <0.001 0.010 0.018
Barium

Background 7/10 0.02 0.02 <0.1

New Rifle 6/9 0.02 0.02 <0.1
Bromide®

Background 6/7 0.1 <1.0 2.0

New Rifle® 4/7 <0.1 <0.7 1.2
Cadmium

Background 1/13 <0.001 <0.001 0.003

New Rifle 2/13 <0.001 <0.001 0.005
Calcium

Background 15/15 3.6 17 319

New Rifle® 13/13 337 388 445
Chloride

Background 14/14 165 523 622

New Rifle® 13/13 470 700 1250
Chromium

Background 1/12 <0.01 <0.01 0.02

New Rifle 2/9 <0.01 <0.01 0.02
Cobait

Background 0/6 <0.01 <0.02 <0.03

New Rifle 1/4 <0.01 <0.03 <0.03
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Table 3.2 Summary of ground water quality in the Wasatch Formation, Rifle, Colorado,
processing sites, August 1990 to August 1994, filtered samples (Continued)

Observed concentrations

REV. 1, VER. 2
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Frequency Minimum  Median® Maximum

Constituent Well ID® of detection® (mg/L) (mg/L) (mg/L)
Inorganics
Fluoride

Background 14/14 0.18 2.4 4.5

New Rifle® RFN-01-0613 2/2 6.7 7.1 7.4
Iron

Background 7/15 <0.02 <0.03 0.24

New Rifle® RFN-01-0613 2/2 13 14 16
Lead®

Background 1/9 <0.001 <0.005 <0.01

New Rifle 1/6 <0.001 <0.009 <0.01
Magnesium

Background 15/15 1.1 4.9 126

New Rifle® RFN-01-0611, -0624 11/11 83 155 180
Manganese

Background 12/15 <0.01 0.06 1.0

New Rifle" RFN-01-0611, -0624 11/11 4.7 6.8 8.8
Molybdenum

Background 15/15 0.01 0.20 0.30

New Rifle 13/13 0.24 1.7 3.4
Nitrate .

Background 7/16 <0.1 <1.0 9.0

New Rifle 5/13 <1.0 <1.0 10.6
Nickel

Background 0/3 <0.01 <0.01 <0.01

New Rifle 0/2 <0.01 <0.01 <0.01
Phosphate®

Background 4/7 <0.1 0.3 0.6

New Rifle? 4/8 <0.1 <0.3 1.2
Potassium

Background 15/15 1.6 5.5 6.7

New Rifle® 13/13 52 75 108
Selenium
- Background 0/15 <0.002 <0.005 <0.05

New Rifle® 3/13 <0.002 <0.025 0.10
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Table 3.2 Summary of ground water quality in the Wasatch Formation, Rifle, Colorado,
processing sites, August 1990 to August 1994, filtered samples (Continued)

Observed concentrations

Frequency Minimum  Median® Maximum

Constituent Well ID® of detection’ (mg/L) (mg/L) {mg/L)
Inorganics
Silica

Background 14/14 7.0 8.9 17

New Rifle 13/13 12 14 22
Silver

Background 0/10 <0.01 <0.01 <0.01

New Rifle 0/9 <0.01 <0.01 <0.01
Sodium

Background 15/15 363 532 1030

New Rifle® 13/13 1350 2930 3910
Strontium

Background 10/10 0.17 0.80 3.2

New Rifle? RFN-01-0611, -0624 717 4.2 5.1 8.2
Sulfate

Background 14/14 49 1105 1440

New Rifle® 13/3 4940 8230 11900
Thallium

Background 0/3 <0.01 <0.01 <0.01

New Rifie 0/2 <0.01 <0.01 <0.01
Tin®

Background 0/4 <0.005 <0.005 <0.005

New Rifle 2/3 <0.005 0.008 0.009
Uranium

Background 14/15 <0.001 0.005 0.036

New Rifle? 13/13 0.085 0.14 0.24
Vanadium

Background 5/15 <0.01 <0.01 0.08

New Rifle® 12/13 0.02 0.08 0.25
Zinc

Background 6/13 <0.005 <0.009 0.051

New Rifle® 9/13 <0.005 <0.05 0.43
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Table 3.2 Summary of ground water quality in the Wasatch Formation, Rifle, Colorado,
processing sites, August 1990 to August 1994, filtered samples (Concluded)

Observed concentrations

Number of Minimum Median® Maximum

Constituent Well ID® samples (pCi/L) {pCi/L) (pCi/L)
Radionuclides
Lead-210

Background 6 0.0 0.0 2.3

New Rifle 4 0.0 0.2 2.0
Polonium-210

Background 6 0.0 0.2 0.5

New Rifle 4 0.0 0.0 0.0
Radium-226

Background 15 0.0 0.2 2.1

New Rifle 13 0.0 0.2 1.4
Thorium-230

Background 6 0.0 0.1 19

New Rifle 4 0.0 0.1 0.4
Uranium

Background 15 <0.69 3.4 25

New Rifle 13 58" 96' 170

*The median is the 50th percentile of the data. When only two data are available, the
reported median is the arithmetic mean of the two values.

"Background welis used are RFO-01-0620, -0622, and RFN-01-0641. New Rifle piume
wells are RFN-01-0611, -0613, and -0624; data are combined, unless otherwise
indicated.

°“Number of samples with reported concentrations at or above the detection limit/total
number of samples.

Constituent is statistically above background.

°Data reported as “below detection” as a result of analytical interference were omitted for
this summary because the detection limit exceeded the maximum observed concentration
in the remainder of the data set.

fmg/L of uranium was converted to pCi/L by multiplying mg/L of uranium by 686 (DOE,
1995).
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3.1.1

sites are less than 2 mi (3.2 km) apart and ground water occurs within the same
geologic units at both sites. Thus, the same background wells are used to
define background ground water quality conditions for both sites. DOE monitor
wells selected to describe background ground water quality conditions at the
sites contain concentrations of some parameters that exceed UMTRA maximum
concentration limits (MCL). Consequently, in addition to a description of local
background ground water quality in DOE monitor wells, regional ground water
quality data for constituents that occur at relatively high levels in background
are discussed here.

Alluvial background water

Background water quality data for conditions in the alluvium at both Old and
New Rifle are available from Old Rifle upgradient monitor wells RFO-01-0597,
-0598, -0605, and -0606 (Figure 2.6). These wells are at least 0.5 mi (0.8 km)
upgradient of the Old Rifle site and are not affected by Old and New Rifle
uranium milling activities. Monitor wells -0597 and -0598 are downgradient of
a gravel pit, and this feature may have affected ground water quality in these
wells (DOE, 1992a). Therefore, monitor wells -0605 and -0606 were installed
upgradient of the gravel pit. Two rounds of 1994 sampling data from monitor
wells -0605 and -0606 are consistent with data from monitor wells -0597 and -
0598, confirming that water quality in wells -0597 and -0598 represents
background water quality in the alluvial aquifer.

Old Rifle monitor wells RFO-01-0600, -0601, -0602, -0603, and -0604 and
New Rifle monitor wells RFN-01-0591/-0592 (Figures 2.6 and 2.7) were all used
previously to define background ground water quality in the vicinity of the Old
and New Rifle sites (DOE, 1992a; 1992b). These wells are not used to define
background conditions in this risk assessment for the following reasons.
Monitor wells -0591, -0592, -0600, -0603, and -0604, although upgradient of
the New Rifle site, are less than 1.5 mi (2.4 km) downgradient of the Old Rifle
site. A 1985 uranium value reported for ground water in monitor well -0591 is
0.15 mg/L. There is little other evidence that these wells were impacted by
contamination, but to make a conservative estimate of background, these wells
were eliminated. Monitor wells -0601 and -0602 are across the Colorado River
from both sites in an area that does not receive recharge from the same
drainage system that recharges ground water at the Rifle UMTRA sites. These
welis (-0601 and -0602) were also eliminated from consideration for
background.

The pH (a measure of acidity or basicity) of alluvial background ground water
ranges from 6.95 to 7.55 and TDSs range from 1690 to 2520 mg/L. Eh
conditions (a measure of the tendency for oxidation/reduction reactions to
occur) generally are oxidizing, with redox potentials near 400 millivoits (mV).
The background alkalinity (as calcium carbonate) ranges from 455 to 530 mg/L.
Despite the relatively high alkalinity of these waters, the dominant anionic
species in the alluvial background water is sulfate (Figure 3.1). This water has a
mixed sodium-calcium-magnesium-cation composition with a tendency for
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BASELINE RISK ASSESSMENT OF GROUND WATER CONTAMINATION AT
THE URANIUM MILL TAILINGS SITES NEAR RIFLE, COLORADO MAGNITUDE AND EXTENT OF CONTAMINATION

3.1.2

sodium to dominate. Geochemical modeling of alluvial background monitor
wells RFO-01-0597 and -0605, using the computer program PHREEQE
(Parkhurst et al., 1980), indicates they are at or near saturation with respect to
calcite (calcium carbonate), siderite (ferrous iron carbonate), rhodochrosite
(manganese carbonate), and gypsum (calcium sulfate) (DOE, 1995). Equilibration
with these minerals would explain relatively high concentrations of iron,
manganese, strontium, sulfate, and alkalinity in this background water.

Most trace elements were detected at low concentrations or were never
detected in analyses of background alluvial ground water. However,
molybdenum, selenium, and uranium were present in amounts that require
further discussion. Concentrations of these constituents in alluvial background
ground water have been as high as 0.19 (molybdenum), 0.036 (selenium), and
0.046 (uranium) mg/L. These selenium and uranium values are above UMTRA
MCLs. Gross alpha values as high as 56 picocuries per liter (pCi/L) have been
observed in alluvial background water. Phosphate has never been above
detection in alluvial background ground water, but nitrate values as high as
7.8 mg/L have been observed.

Wasatch background water

Background water quality data for conditions in the Wasatch Formation at both
Old and New Rifle are available from Old Rifle monitor wells RFO-01-0620/
-0621, and -0622 and New Rifle monitor wells RFN-01-0640 and -0641
(Figures 2.6 and 2.7). Monitor wells -0621/-0622 and -0640/-0641 represent
paired Wasatch Formation wells, with one pair upgradient of each site. One
well in each pair samples ground water just below the Wasatch/alluvium contact
and one well samples ground water from deeper in the Wasatch Formation.
Monitor well -0620 is near the -0621/-0622 pair but is screened at a shallower
depth, sampling water directly below the Wasatch/alluvium contact.

Oid Rifle monitor wells RFO-01-0625, -0626, and -0641, and New Rifle monitor
wells RFN-01-0644 and -0645 (Figures 2.6 and 2.7), used previously to
estimate background conditions in the Wasatch Formation (DOE, 1992a), are all
across the Colorado River from the Rifle UMTRA sites. All these wells could
receive recharge from the drainage system south of the river. The Wasatch
Formation near the Rifle UMTRA sites is thought to be influenced primarily by
drainage systems north of the river. Therefore, these wells were exciuded from
the background determination. In addition, New Rifle monitor wellis
RFN-01-0646 and -0647 are between Old and New Rifle, close to city of Rifle
sewage lagoons. These wells were also excluded from background
determination.

The pH of Wasatch Formation background ground water ranges from 7.8 to 8.6;
the pH tends to be higher in the shallower weil of a well pair. Eh conditions are
generally oxidizing (redox potentials near 400 mV). TDSs range from 1200 to
4580 mg/L, with one anomalous value in monitor well -0641 of 13,300 mg/L.
The higher TDS and pH values tend to occur in the shallower well of the pair.
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3.1.3

The background alkalinity (as calcium carbonate) ranges from 235 to 469 mg/L.
In this case, however, higher values occur in the deeper well of the pair. The
dominant anion species in the Wasatch Formation background water is chloride
in all wells except monitor well -0641, which is higher in sulfate (Figure 3.1).
Sodium is the dominant cation in all Wasatch Formation background wells.
Geochemical modeling of ground water from Wasatch Formation background
monitor wells Old Rifle -0621 and New Rifle -0641, using the computer program
PHREEQE (Parkhurst et al., 1980), indicates they are at or near saturation with
respect to calcite (calcium carbonate), magnesite (magnesium carbonate), and
fluorite (calcium fluoride). Equilibrium with fluorite is consistent with observed
concentrations of fluoride as high as 2.6 mg/L in this background water. in
addition, dissolution of carbonate minerals in the aquifer matrix may contribute
to strontium values as high as 3.2 mg/L.

Concentrations of molybdenum, selenium, and uranium are noteworthy in
Wasatch Formation background water, just as they are in alluvial background
water. Historical concentrations of these constituents in Wasatch Formation
background ground water have been as high as 0.12 mg/L for molybdenum,
0.34 mg/L for selenium, and 0.57 mg/L for uranium. These values are all above
UMTRA MCLs. Other trace elements that were present historically are barium .
(up to 0.26 mg/L), bromide (up to 3.8 mg/L), lead (up to 0.015 mg/L), vanadium
(up to 0.26 mg/L), and zinc (up to 0.44 mg/L). Among other constituents, gross
alpha and gross beta values as high as 121 and 94 pCi/L, respectively, have
been observed. Nitrate values as high as 11 mg/L and phosphate values as high
as 6.2 mg/L have been observed historically.

mparison with regional background water

While there is very little overall information available concerning regional ground
water conditions, Markos and Bush (1983) sampled and analyzed ground water
in five wells in the Rifle area, all well away from the possible influence of
uranium mill-related activities. These data are from an area of about 50 square
miles (mi?) (129 square kilometers [km?]) surrounding Rifle. Ground water
analyses from this study provide insight into regional ground water quality in the
Rifle area, supporting the choice of wells to represent background at the site.
Ground water quality in the background wells is similar to regional water quality
in several respects. For example, regional sulfate levels range from 68 to near
1000 mg/L and uranium ranges from 0.002 to 0.067 mg/L. The latter value is
from a well on top of the mesa above the Old Rifle site and approximately

1.2 mi (2 km) north of the site. These ranges are similar to background wells
(Tables 3.1 and 3.2).

Another indication of regional background is the seep above One Mile Pond
(surface location RFO-01-0573). While it is technically a surface water
sampling location, a seep is ground water that has just emerged at the surface.
This seep issues from colluvium overlying the escarpment of Wasatch Formation
that rises nearly 100 ft (31 m) above the top of the Old Rifle tailings pile
approximately 1 mi (1.6 km) northeast of the Old Rifle site. Thus, water at this
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THE URANIUM MILL TAILINGS SITES NEAR RIFLE, COLORADO MAGNITUDE AND EXTENT OF CONTAMINATION

location could not be impacted by uranium milling activities. Water quality
analyses from this location show total uranium concentrations up to

0.048 mg/L, gross alpha up to 33 pCi/L, and total sulfate concentrations up to
2010 mg/L.

The above discussion indicates that, in spite of the paucity of regional
information, several constituents associated with uranium ores are present at
elevated levels in regional ground water. This likely is because the regional
ground water recharge area contains the uranium ore bodies described in
Section 2.0. Other, unknown uranium ore bodies may be present. A study by
Markos and Bush (1983) did not demonstrate that molybdenum and selenium
are present at high levels in regional background as they are in site background
monitor wells. This difference most likely is due to the small number of
sampling locations. Molybdenum and selenium are commonly associated with
uranium deposits (Evans, 1987) and their presence in association with uranium
in background monitor wells is expected.

3.2 MAGNITUDE OF SITE-RELATED CONTAMINATION

Merritt (1971) indicates that salt roasting and acid leaching of roscoelite-type
uranium/vanadium ores contributed sodium chloride (NaCl) and sulfuric acid
(H,S0,) to the tailings piles, and, thus, to the ground water at both the Old and
New Rifle sites. Vanadate oxidation and neutralization also added sodium
chlorate (NaClO,), sodium hydroxide (NaOH)}, and sodium carbonate (Na,CO;).
Additionally, at Old Rifle ammonia gas (NH3) was used as a neutralizer and iron
sulfate (Fe,(S04)a) was used to precipitate iron vanadate. At New Rifle, a
solvent extraction used di(2-ethylhexyl) phosphoric acid (EHPA), most likely in a
carrier such as kerosene. Also at New Rifle, ammonium chloride (NH,Cl) was
used in a purifying step. Thus, major indicators of contamination expected in
downgradient wells at both sites are the sodium (Na™*), ammonium (NH, "),
sulfate (8042'), and chloride (Cl') ions. Secondary indicators of contamination are
nitrate (NO3") (from oxidation of ammonium) and phosphate (P043') (from
phosphoric acid). Contaminants that can be expected in association with the
uranium/vanadium ores themselves are arsenic, molybdenum, selenium,
uranium, and vanadium (Evans, 1987).

Ground water quality data collected from downgradient wells at both sites from
1981 through 1994 show strongly decreasing concentrations of most
constituents associated with uranium processing (DOE, 1995). These trends are
particularly noticeable at New Rifle where, for example, sulfate concentrations
in monitor well RFN-01-0593 have declined from 40,400 mg/L in 1985 to
2760 mg/L in 1992 (the most recent result from this well). Major sources of
contamination at the Old and New Rifle sites were the tailings piles at each site
and the vanadium ponds at the New Rifle site. These contaminant sources are
being removed as part of surface remedial action.

There is little direct information concerning the chemical composition of the
tailings pore fluids or the liquid in the vanadium ponds. Only two of five

DOE/AL/62350-179 10-Aug-95
REV. 1, VER. 2 013F253.DOC {RFL}

3-15



BASELINE RISK ASSESSMENT OF GROUND WATER CONTAMINATION AT
THE URANIUM MILL TAILINGS SITES NEAR RIFLE, COLORADO MAGNITUDE AND EXTENT OF CONTAMINATION

lysimeters installed in the Old Rifle tailings pile produced enough liquid for
analysis. The lysimeters were sampled in December 1988 and April 1989.
Lysimeters installed in the New Rifle tailings did not yield enough liquid for
analysis (DOE, 1995).

Markos and Bush (1983) took core samples of tailings materials at both Old and
New Rifle. These materials were water-leached to determine the water soluble
constituents in the tailings solids. These are the constituents that could be
added to the ground water system as precipitation or irrigation water leaches
through the tailings piles. The maximum values of major contamination
indicators observed in leach tests of Old and New Rifle tailings solids and
maximum values observed in Old Rifle tailings lysimeters were compared with
maximum historical values observed in alluvial background and in alluvium on
the site or downgradient of tailings piles at both sites.

Water leach data and lysimeter data from Old Rifle are roughly concordant and
these values are generally of the same order of magnitude as downgradient
values observed at Old Rifle. Thus, the high values observed in Old Rifle
downgradient wells from 1983 to 1985 are probably the result of water
leaching through the tailings pile. Values for most of the more mobile
constituents in downgradient wells at Old Rifle have declined. The tailings pile at
Old Rifle is being removed and high values probably will not be repeated in the
future.

Water leach data from New Rifle are in agreement with Oid Rifle water leach
and lysimeter data. However, maximum values from downgradient wells are
significantly higher than water leach data for several parameters. Thus, early
high values at New Rifle are not simply the result of water leaching through the
tailings pile, but probably reflect the direct contribution of processing fluids.

Differences between extent of contamination at the two sites may be related to
differences in the extent of alluvium at each site {(see Section 2.4.2) and to
higher average ground water velocities at Old Rifle having dispersed processing
fluids more quickly than at New Rifle. Also, the presence of processing fluids at
New Rifle may reflect more recent processing activities at the site. Vanadium
processing continued at the New Rifle site until 1984 (DOE, 1990)

in paired deep and shallow downgradient alluvial wells at both sites,
concentrations of constituents associated with uranium processing consistently
arrive in deeper wells first. For example, New Rifle alluvial monitor wells
RFN-01-0598 and -0599 are less than 10 ft (3 m) from each other (Figure 2.7).
Monitor well -0598 is screened from 6 to 11 ft (2 to 3.4 m) below the surface
and monitor well -0599 is screened from 12 to 17 ft (3.7 to 5.2 m) below the
surface. The early high value in monitor well -0599 for sulfate is 14,000 mg/L
(June 1985). The sulfate value in monitor well -0598 on the same date is
8800 mg/L.
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Conversely, in paired deep and shallow downgradient Wasatch Formation wells
at both sites, constituents arrive in the shallower well first. For example, New
Rifle Wasatch Formation monitor wells RFN-01-0650 and -0651 are less than
40 ft (12 m) apart (Figure 2.7). Monitor well -0650 is screened from 84 to 94 ft
(26 to 29 m) below the surface and monitor well -0651 is screened from 55 to
65 ft (17 to 20 m) below the surface. June 1985 sulfate concentrations in wells
-0650 and -0651 are 454 and 811 mg/L, respectively.

These observations suggest that tailings-related contamination at both sites
moves along the interface between the overlying alluvium and the upper
weathered Wasatch Formation. This in turn suggests this interface forms a
more permeable pathway than either unit alone. Thus, variations in permeability
along the interface could lead to complex contaminant distributions.

To estimate the current extent of contamination, Figures 3.2, 3.3, and 3.4 show
the current uranium distribution in the alluvium at the Old Rifle site and in the
alluvium and the Wasatch Formation at the New Rifle site. There are not
enough well locations in the Wasatch Formation at the Old Rifle site to fully
characterize the contamination distribution. However, contamination at both
sites appears to be less extensive in the Wasatch Formation than in the
alluvium. This is consistent with the lower permeability of the Wasatch
Formation described in Section 2.5.

At Old Rifle, the alluvium is bounded on the north by an escarpment of the
Wasatch Formation and on the south by the Colorado River (Figure 3.2) with
ground water flowing southwest in the alluvium, parallel to the river when the
river is high. The Wasatch Formation escarpment extending toward the river
funnels the bulk of alluvial ground water flow into the Colorado River. Thus,
most contamination is confined to the processing and tailings site itself.
However, relatively low levels of site-related constituents are reported
downgradient of the promontory to alluvial monitor well RFN-01-0590 and
possibly -0600. The uranium value in monitor well -0590 from the March 1994
sampling round was 0.11 mg/L. Uranium values are not above background in
monitor well -0600 but iron values have been near 10 mg/L since 1991.

At New Rifle, as at Old Rifle, the alluvium pinches out against an escarpment of
Wasatch Formation directly north of the site. The Wasatch Formation
escarpment north of the New Rifle site is approximated by the 5280 ft (1610 m)
elevation contour on Figure 3.3. Therefore, ground water flow in the alluvium is
effectively limited to the area between the Wasatch Formation escarpment
north of the site and the Colorado River south of the site with ground water
flowing west, paralle! to the river. Thus, contamination is elongated west of the
site, in the general direction of ground water flow (Figure 3.3).

At New Rifie, elevated levels of certain constituents in far downgradient monitor
well RFN-01-0620 (Figure 2.6) indicate that uranium processing-related
contamination may have traveled as much as 3 mi (4.8 km) in the direction of
ground water flow. Concentrations of calcium, chloride, magnesium, nitrate,
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sodium, and sulfate show increasing trends over time in monitor well -0620.
Sodium and sulfate, however, are the primary constituents that are elevated
above background with levels up to 1300 and 2900 mg/L, respectively.

Uranium, another primary indicator of contamination from uranium milling
activities, is only slightly elevated above background at the Rifle sites. Similar
levels occur in a natural seep (Old Rifle surface location RFO-01-0573)
demonstrating that a natural source is possible for ground water in wells
RFN-01-0620 and -0428.

There are other possible explanations for observed constituent levels in these
welis. Monitor well -0620 and nearby private well -0428 have similar
constituent levels and probably receive ground water from a recharge area to
the west that includes large exposures of the Green River Formation. The Green
River Formation is notable for the occurrence of a variety of unusual sodium
salts (Greensmith et al., 1971). Thus, high sodium and sulfate levels could be
coming from this alternate source. Also, well -0620 is in an irrigated field with
white salts crusted on the surface. These salts likely are sodium sulfate salts
from evaporating sodium sulfate water {the dominant ground water type in the
alluvial aquifer). A light rain would dissolve these salts, elevating sodium and
sulfate in nearby ground water. Nitrate is commonly used to fertilize crops.
Thus, observed levels of these constituents could reasonably have come from
sources other than uranium milling related activities. Additionally, wells
RFN-0-0620 and -0428 are more than 1 mi (1.6 km) further downgradient than
the furthest extent of contamination predicted with estimated average ground
water velocities at the site (DOE, 1992a). Because of these uncertainties, there
are not enough data to state conclusively that elevated constituent levels
observed in monitor well -0620 (and in private well -0428) are related to
uranium processing.

Other than well -0428, private wells monitored in the vicinity of the Old and
New Rifle sites are either upgradient or so far crossgradient that the chance of
impact by site-related activities is small to nonexistant (Section 2.0).
Geochemical evaluation of these wells verifies that they are not impacted.
Mean nitrate values up to 8.7 mg/L in two wells can be attributed to leaking
septic tanks or garden fertilizer and mean sulfate values of 1485 mg/L in one
well may be from local clay and gypsum in the Wasatch Formation where the
well is completed. No other parameters exceed mean background.

3.3 SURFACE WATER AND SEDIMENT

Surface water sampling locations are shown in Figure 2.12. Surface water
locations in the Rifle area have been sampled periodically since 1986, but the
analyte list has varied and sampling locations have not been consistent. For
these reasons, and in an effort to represent current conditions at the site, only
data from the most complete sampling round (March 1994) are used in this
assessment. Table 3.3 presents the March 1994 data for all surface locations.
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Table 3.3 Constituents detected in surface water bodies in the vicinity of the Rifle, Colorado, sites

River Ponds Wetlands Other
RFN-01-
0575 RFN-01-
RFO-01- RFO-01- RFO-01-  Roaring RFN-01- 0542  RFO.01- RFO-01- RFO-01-
0638 RFN-01-  RFN-01- 0570 0572 Fork RFN-01-0576" 0641 NW of 0568 0569 0574
background 0545 06548 One Mile  Oid Rifle  gravel pit Former New Rifle Helmer New Rifie  Rifle Rifie  East Rifie

river river river Pond pond pond ditch wetlands Guich pond Creek Creek Creek
Alkalinity 126 132 127 300 150 344 118; 442 350 119 229 209 226
Ammonium <0.10 0.10 0.19 <0.10 0.45 120 NA; 38.8 <0.10 <0.10  <0.10 <0.10 <0.10
Arsenic <0.005 <0.005 <0.005 <0.005 <0.00 <0.005 <0.5; <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Cadmium <0.001 <0.001  <0.001 <0.001 0.00 <0.001 0.02; 0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Calcium 68 67 66 86 52 310 370; 193 33 26 110 91 100
Chioride 170 160 180 40 52 220 1510; 72.2 59 2.5 19 6.2 6.3
Fluoride 0.27 0.28 0.31 0.29 0.24 0.48 7.6;,0.4 0.87 0.18 0.25 0.22 0.21
Iron 0.45 0.84 0.52 0.35 0.22 0.22 10; <0.03 0.93 4.2 8.3 1.7 0.51
Magnesium 15 15 15 85 14 120 360; 95.9 28 47 33 31 26
Manganese 0.13 0.07 0.05 0.73 0.15 0.54 38; 1.80 0.02 0.04 0.26 0.09 0.02
Molybdenum  <0.01 <0.01 <0.01 <0.01 <0.01 0.18 2.5;0.04 0.01 <0.01 <0.01 <0.01 <0.01
Nitrate <1.0 <1.0 <1.0 <1.0 <1.0 200 NA; 140 <1.0 <1.0 <1.0 <1.0 2.1
Potassium 3.7 3.9 3.8 8.9 2.4 77 420; NA 2.8 7.6 5.1 2.0 1.7
Selenium <0.005 <0.005 <0.005 <0.005 <0.00 <0.025 <0.005; <0.005 <0.005 <0.005 <0.005 <0.005

<0.005

Silica 10 12 12 17 0.98 14 NA; 15.9 16 22 50 13 1
Sodium 120 110 110 64 39 1200 7090; 243 200 28 44 22 6.8
Sulfate 130 120 120 250 59 3200 18,600; 937 230 15 220 180 110
Uranium 0.003 0.003 0.003 0.01 0.01 0.31 0.8; 0.166 0.018 0.008  0.006 0.005  0.003
Vanadium <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.9; <0.01 <0.01 0.02 0.01 <0.01 <0.01
Zinc <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 1.1; <0.05 <0.05 <0.05 0.15 <0.05 <0.05
DS 611 580 582 761 329 5830 -; 1870 818 285 604 489 399

*Data from samples collected October 1991 (unfilterad)/March 1995 (filtered).

Notes: 1. All concentrations are single sample concentrations reported in milligrams per liter from unfiltered samples. The samples were collected in March 1994,
unless specified otherwise.

2. Only constituents with concentrations above background alluvial ground water levels and detected in the surface water are listed.

RFO - Oid Rifle sampling location.
RFN - New Rifla sampling location.
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BASELINE RISK ASSESSMENT OF GROUND WATER CONTAMINATION AT
THE URANIUM MILL TAILINGS SITES NEAR RIFLE, COLORADO MAGNITUDE AND EXTENT OF CONTAMINATION

The baseline risk assessment ‘supplement contains results of the surface water
analyses (DOE, 1995).

Water quality from the Old Rifle upstream background location on the Colorado
River (RFN-01-0538) and New Rifle downgradient locations (RFN-01-0545 and
-0548) is dominated by sodium and chloride, with TDS concentrations near
600 mg/L. Excluding measurement and sampling variability, there are no
differences in trace element concentrations (including arsenic, cadmium,
molybdenum, selenium, uranium, vanadium, and zinc) in surface water samples
taken upstream and downstream of the Rifle sites. The same is true of trace
element concentrations in sediment samples taken at the same locations
(Table 7.2). Therefore, any contaminated ground water is greatly diluted as it
enters the Colorado River.

In the semiarid climate of western Colorado, water tends to evaporate from
standing water bodies. For example, One Mile Pond (Old Rifle surface location
RFO-01-0570) is a background location that contained 761 mg/L TDSs in March
1994 (a relatively wet time of year) and 3060 mg/L in August 1994 (a dry time
of year). Thus, evaporation has increased the concentrations of dissolved salts
in water at this location fourfold in less than 5 months. Water at this location
contains roughly equal amounts of the major cations (calcium, magnesium, and
sodium) and a 60-t0-40 mix of suifate and bicarbonate anions.

Water quality in Old Rifle pond (Old Rifle surface location RFO-01-0572} is
similar to water quality in One Mile Pond except that lower TDS values and
higher chloride concentrations are evidence of greater river influence in Old Rifle
pond. With the exception of uranium, trace element concentrations in water
show negligible differences between the two locations (Table 3.3). The uranium
value of 0.017 mg/L is lower than the 0.026 mg/L median value reported for the
alluvial aquifer {(one source of water in Old Rifle pond). However, certain trace
elements are elevated above background in sediment samples including
cadmium, uranium, and zinc. These elements likely are adsorbed onto iron
oxides and hydroxides in ground water that precipitates out of solution as
ferrous iron enters strongly oxidizing surface water.

The Roaring Fork gravel pit pond (New Rifle surface location RFN-01-0575)
shows strong evaporation effects. Tailings-related contamination clearly has
affected this water. Water quality is dominated by sodium and sulfate, two
major indicators of contamination. Ammonium and nitrate are also high (Table
3.3). Uranium is as high as 0.31 mg/L and molybdenum is as high as

0.18 mg/L. These values are from winter sampling rounds, which represent the
wet time of year. Concentrations could be much higher in a dry time of year. In
addition, the same evaporation effect can be seen from water quality data
obtained from the former New Rifle ditch wetlands. For example, surface
location -0576 had a TDS concentration of 2810 in February 1992, but in
October 1991 it was near 28,000 mg/L (estimated from concentrations of major
ions). Additionally, it is conceivable that the water quality in the Roaring Fork
gravel pit pond also has been affected by the normal activities associated with

DOE/AL/62350-179 10-Aug-95
REV. 1, VER. 2 O013F2S3.D0OC (RFL)

3-23




BASELINE RISK ASSESSMENT OF GROUND WATER CONTAMINATION AT
THE URANIUM MILL TAILINGS SITES NEAR RIFLE, COLORADO MAGNITUDE AND EXTENT OF CONTAMINATION

34

3.4.1

the operation of the gravel pit (e.g., turbation of the water, digging, etc.). This
issue will be addressed in the site observational workplan.

In summary, Rifle site-related ground water contamination has the potential to
enter two different types of surface water environments. The Colorado River
represents the first type and the second type consists of ponds and wetlands
being fed by the alluvium downgradient of the Rifle sites. Ground water
contamination that enters the Colorado River quickly dilutes to background
levels. In contrast, ponds and wetlands are strongly affected by
evapotranspiration, and ground water contamination that enters these features
could build up over time in both surface water and sediment.

CONTAMINANTS OF POTENTIAL CONCERN

Water quality data presented in Sections 3.1 and 3.2 were used to compile a list
of contaminants of potential concern for the Old and New Rifle alluvial aquifers.
A list also was prepared for the weathered portion of the Wasatch Formation
under the New Rifle site. Potential contamination of the Wasatch underlying the
Old Rifle site could not be evaluated due to insufficient well coverage in the
area. The human health evaluation in Section 6.0 is based on an assessment of
the levels of these contaminants of potential concern and their corresponding
toxicities.

Selecting contaminants of potential concern for human health is a two-step
process. First, statistical methods are used to identify constituents with higher
concentrations on the site or downgradient from the site than in background
waters. These constituents then undergo toxicity screening that focuses on
contaminants with the greatest potential to affect human health.

Statistical analyses of ground water guality

Statistical comparisons of on-site and background ground water quality were
conducted to determine the constituents at each site that are elevated above
background. The on-site wells used in the comparisons represent the greatest
levels of contamination associated with the heart of the contaminant plume.
Statistical testing was conducted at the 0.10 level of significance. A complete
description of the statistical methods used in this assessment is presented in a
statistician’s report (DOE, 1995).

Alluvial ground water at the Old Rifle si

Water quality data from Old Rifle monitor wells RFO-01-0597, -0598, -0605,
and -0606 were used to describe background water quality for the alluvial
aquifer at the Old Rifle site. Monitor wells -0597 and -0598 are approximately
10 ft (3 m) from each other and the water quality of the two wells is very
similar; therefore, when the variation in background water quality was
quantified, these two wells were viewed as representing a single location.
Since 1990, monitor well -0597 has been sampled seven times and -0598 five
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times. DOE monitor wells -0605 and -0606 were installed in 1994. Two
sampling rounds of 1994 data are available for Old Rifle monitor well -0605 and
one round for -0606.

Water quality data from on-site wells RFO-01-0583 and -0584 at Old Rifle
generally were used in the statistical comparisons with background. However,
data from additional on-site and downgradient wells were included in
assessments of constituents with low detectability. Table 3.1 summarizes
background and on-site water quality in the alluvial aquifer at the Old Rifle site
and identifies wells used in this assessment. In Table 3.1, background data are
pooled and on-site concentrations reflect the wells with the highest average
concentration of the constituent.

Cadmium, cobalt, lead, nickel, silver, thallium, and tin were eliminated from
consideration at Old Rifle because detectable levels were not measured or
because the frequency of detection was extremely low in the on-site and
downgradient monitor wells.

The following monitored constituents showed high percentages of nondetects in
the background and/or on-site well data, and were statistically evaluated using
the nonparametric Wilcoxon rank-sum test: aluminum, antimony, arsenic,
barium, bromide, chromium, phosphate, selenium, vanadium, and zinc.

The remaining monitored constituents are present in detectable concentrations
in both background and on-site wells: ammonium, calcium, chloride, fluoride,
iron, magnesium, manganese, molybdenum, nitrate, potassium, silica, sodium,
strontium, sulfate, and uranium. For these constituents, analysis of variance
(ANOVA) was used to determine if the mean concentration in Old Rifle wells
RFO-01-0583 or -0584 exceeded the mean of the three locations representing
background (-0597/-0598, -0605, and -0606). When necessary, a
mathematical transformation such as the logarithmic transformation was applied
to the data to equalize variances prior to applying the ANOVA procedure.

These statistical analyses identified 15 constituents that are higher on the site
than in background in the alluvial aquifer at the Old Rifle site (Table 3.4).

Alluvial water quality at the New Rifle site

Background alluvial water quality is expected to be similar at the Old and New
Rifle sites, and the same background well data were used in the statistical
assessments of both sites. The following on-site or downgradient wells were
used in one or more of the statistical comparison procedures for the New Rifle
alluvium: RFN-01-0581, -0583, -0584, -0587, -0589, -0590, -0594, -0595,
-0599, -0600, -0618, and -0619. Table 3.1 compares background ground
water quality to concentrations in the most contaminated wells on or
downgradient from the New Rifle site. Table 3.1 also compares concentration
levels at the two sites.
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Table 3.4 Contaminants of potential concern for the alluvial aquifer, Old Rifle, Colorado,

site

Contaminants
that exceed
background levels

Contaminants in
nutritional range

Contaminants of low
toxicity and/or high
dietary range

Contaminants of
potential concern

Ammonium
Arsenic
Calcium
Fluoride
lron
Magnesium
Manganese
Molybdenum
Phosphate
Selenium
Silica
Strontium
Sulfate
Uranium
Vanadium

Calcium
Phosphate

Ammonium
Magnesium
Silica
Strontium

Arsenic
Fluoride

fron
Manganese
Molybdenum
Selenium
Sulfate
Uranium®
Vanadium
Lead-210°
Polonium-210*
Radium-226°
Thorium-230?

*All radionuclides detected were retained as contaminants of potential concern because
they are known human carcinogens.
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Aluminum, barium, bromide, chromium, silver, thallium, and tin were eliminated
from further assessment at New Rifle because no detectable levels were
measured in any of the on-site or downgradient monitor wells or because
detection limits were too high to be meaningful.

Antimony, cobalt, lead, and nickel were detected very infrequently in one or
more of the shallow on-site wells during the 1990 to 1994 test period. The data
are insufficient for a statistical comparison. Prior to 1990, however, these
constituents appeared at measurable levels numerous times in shallow on-site
wells very near the tailings pile, suggesting the constituents may be associated
with uranium milling, but are generally insoluble/immobile. These four
constituents were not subjected to additional statistical evaluation or
quantification, but were included and discussed qualitatively in the risk
assessment.

On-site concentrations of arsenic, cadmium, fluoride, phosphate, selenium,
vanadium, and zinc were compared to background levels using the Wilcoxon
rank-sum test. With the exception of fluoride, these constituents generally were
below detection downgradient of the site, and had a low frequency of detection
even on the site itself. The remaining constituents (ammonium, calcium,
chloride, iron, magnesium, manganese, molybdenum, nitrate, potassium, silica,
sodium, strontium, sulfate, and uranium) generally are present in detectable
concentrations in both background and plume waters. For these constituents,
ANOVA was used to determine if the mean concentration in one or more plume
wells exceeds the mean of the three locations representing background.

These statistical analyses identified 20 constituents that are higher in on-site or
downgradient wells than in background in the alluvial aquifer at the New Rifle
site {Table 3.5). As discussed for the alluvial water quality at New Rifle,
antimony, lead, cobalt, and nickel are also included on the list.

Wasatch Formation water quality at the New Rifle site

Background water quality for the weathered portion of the Wasatch Formation
at the New Rifle site is described using water quality data from Old Rifle monitor
wells RFO-01-0620/-0622 and New Rifle well RFN-01-0641. Since 1990,
monitor well -0620 has been sampled six times, -0622 has been sampled two
times, and -0641 has been sampled eight times.

Water quality data from New Rifle on-site wells RFN-01-0611/-0613, and -0624
were used in the statistical comparisons with background. Table 3.2
summarizes background and on-site water quality in the weathered portion of
the Wasatch Formation at the New Rifle site. That table pools background data,
and on-site concentrations reflect wells with the highest average concentration
of the constituents.

Cadmium, cobalt, chromium, lead, nickel, silver, thallium, and tin were
eliminated from further assessment because detectable levels were not
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Table 3.5 Contaminants of potential concern for the alluvial aquifer, New Rifle, Colorado,

site

Contaminants

Contaminants in

Contaminants of low

that exceed nutritional toxicity and/or high Contaminants of

background levels range dietary range potential concern
Ammonium Calcium Cobalt® Ammonium
Antimony® Phosphate Nickel® Antimony®
Arsenic Potassium Silica Arsenic
Calcium Zinc Strontium Cadmium
Cadmium Chloride
Chloride Fluoride
Cobalt® Iron
Fluoride Lead®
Iron Manganese
Lead® Molybdenum
Manganese Nitrate
Molybdenum Selenium
Nickel® Sodium
Nitrate Sulfate
Phosphate Uranium®
Potassium Vanadium
Selenium Lead-210°
Silica Polonium-210°
Strontium Radium-226°
Sodium Thorium-230°
Sulfate
Uranium
Vanadium
Zinc

*Insufficient data from the 1990 to 1994 test period to do statistical analysis; however,
constituents historically were detected in ground water.

PAll radionuclides detected were retained as contaminants of potential concern because
they are known human carcinogens.
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measured or because of their extremely low frequency of detection in any
on-site wells. For the remaining constituents, the data from the three
background wells were pooled and compared to pooled data from the three New
Rifle plume wells (-0611, -0613, and -0624). Water quality data from the three
plume wells were similar enough to justify pooling the data. The Wilcoxon rank-
sum test was used for all comparisons.

Results of these statistical analyses identified 19 constituents that are higher in
on-site wells than in background in the weathered portion of the Wasatch
Formation at the New Rifle site (Table 3.6).

3.4.2 Toxicity screening for contaminants of potential concern

Site-related contaminants identified by statistical methods are evaluated for
toxicity to human health using the health-based criteria below. Although
present above background, several constituents were screened from further
assessment because first, their concentrations are within acceptable nutritional
ranges or second, they are within an expected dietary range. The criteria for an
acceptable nutritional range are based on the National Research Council
recommended dietary allowance (RDA) (National Research Council, 1989).
Criteria for expected dietary range are based on data from the Agency for Toxic
Substances and Disease Registry, the EPA Integrated Risk Information System
(IRIS) (EPA, 19943a), and the Handbook on the Toxicology of Metals (Friberg

et al., 1986). These publications identify common intake rates for specific
macro- and micronutrients. A third criteria for screening a constituent from
further evaluation is based on a contaminant’s degree of toxicity. Constituent
toxicity is considered iow when the anticipated intake levels fall well below any
known adverse health effect level found in the literature. The 95 percent upper
confidence limit for the mean concentration in the most contaminated on-site or
downgradient wells (TAC, 1994) was used to estimate an exposure point
concentration for comparison with literature values known to cause any adverse
health effect. The baseline risk assessment supplement contains contaminant-
specific data used to determine contaminants of potential concern (DOE, 1995).

Data screening from the Old Rifle site retained arsenic, fluoride, iron,
manganese, molybdenum, selenium, sulfate, uranium, and vanadium as
contaminants of potential concern for human health (Table 3.4). At the New
Rifle site, ammonium, arsenic, cadmium, chloride, fluoride, iron, manganese,
molybdenum, nitrate, selenium, sodium, sulfate, uranium, and vanadium
remained as contaminants of potential concern for human health (Table 3.5) in
the alluvium. Antimony and lead remained as contaminants of potential concern
in the New Rifle alluvium for a qualitative toxicity assessment. Also for a
qualitative assessment, ammonium, antimony, arsenic, chloride, fluoride, iron,
manganese, molybdenum, selenium, sodium, sulfate, uranium, and vanadium
remained as contaminants of potential concern for the New Rifie weathered
Wasatch Formation (Table 3.6). Toxicity profiles for these contaminants are
presented in Section 5.0.

DOE/AL/62360-179 10-Aug-95
REV. 1, VER. 2 013F253.D0C {RFL}

3-29




BASELINE RISK ASSESSMENT OF GROUND WATER CONTAMINATION AT :
THE URANIUM MILL TAILINGS SITES NEAR RIFLE, COLORADO MAGNITUDE AND EXTENT OF CONTAMINATION

Table 3.6 Contaminants of potential concern for the weathered Wasatch Formation
aquifer, New Rifle, Colorado, site

Contaminants that
exceed background

Contaminants of low
Contaminants in toxicity and/or high Contaminants of

levels nutritional range dietary range potential concern
Ammonium Zinc Calcium Ammonium
Antimony Magnesium Silica Antimony
Arsenic Potassium Strontium Arsenic
Calcium Chloride
Chloride Fluoride
Fluoride Iron
Iron Manganese
Manganese Molybdenum
Magnesium Selenium
Molybdenum Sodium
Potassium Sulfate
Selenium Uranium®
Silica Vanadium
Strontium Lead-210?
Sodium Polonium-210?
Sulfate Radium-210°
Uranium Thorium-230°
Vanadium
Zinc

*All radionuclides detected were retained as contaminants of potential concern because
they are known human carcinogens.
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Uranium was statistically above background in the ground water at the Old Rifle
and the New Rifle sites, and both chemical (noncarcinogenic) and radiological
(carcinogenic) risks associated with uranium in ground water are evaluated in
this risk assessment. Other monitored radioactive progeny of uranium (thorium-
230, radium-226, polonium-210, and lead-210) were not analyzed for their
presence above background in the ground water under the sites, but were
included in the evaluation of carcinogenic risks because these radionuclides are
known human carcinogens {Section 6.2). Arsenic also was evaluated as a
carcinogen.

The 1992 risk assessment identified 16 contaminants of potential concern for
human health. Barium and chromium are the only constituents previously
evaluated that were not evaluated in this risk assessment. The more thorough
analysis of background ground water quality in this assessment did not identify
these constituents as elevated at either the Old or New Rifle sites. Therefore,
they were eliminated from further toxicity screening.

Because the ground water discharges to the surface water, the contaminants of
potential concern for surface water and sediment were assumed to be the same
as those for ground water.

3.5 CONTAMINANT FATE AND TRANSPORT

The contaminants of potential concern for human health listed in Section 3.3
were evaluated for contaminant fate and transport. Contaminants are
transported at the site by ground water flow in the alluvium and Wasatch
Formation. Mobility, uptake, and toxicity depend on the species of ions in the
aqueous environment. The type of ion species and complexes depends on anion
and cation availability for the formation of complex ions and on pH and Eh
conditions. The pH conditions in the bulk of the alluvium are near neutral (close
to 7) but slightly lower near the former tailings piles (near 6.8). The Wasatch
Formation tends to have higher pH values (generally near 8 or above, particularly
in the deeper screened wells) but contaminated wells have pH values that
resemble alluvial pH (6.8 to 7). Eh conditions in both units are variable, ranging
from slightly to strongly oxidizing (50 to 570 mV). Stable species of the
contaminants of concern were computed with the geochemical speciation code
PHREEQE (Parkhurst et al., 1980) using the constituent concentrations and Eh-
pH conditions observed in the most contaminated wells in each unit at each
area. Table 3.7 summarizes the predominant species and their molar
percentages. The following discussions of each contaminant of potential
concern focus on the alluvium at New Rifle because overall, it is the most
contaminated unit at the Rifle sites and the New Rifle site has better well
coverage. Additionally, Table 3.7 shows speciation is similar in both units at
both sites.
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Table 3.7 Stable species of constituents of concern in the ground water system, Rifle,

Colorado, site, at observed Eh and pH conditions

Contaminant identity of
of potential Valence species in
concern state Common name ground water  Approximate molar percentage
A B C D
Antimony* 5+ Antimony hexahydroxide Sb(OH)e" Dominant
3+ Antimony trihydroxide Sb(OH); AQ Secondary
Arsenic 5+ Hydrogen arsenate HAsO4% 73 65 77 75
5+ Dihydrogen aresnate H,As04" 27 35 23 25
Cadmium 2+ Cadmium sulfate CdSO, AQ 31 21 21 30
2+ Cadmium ion (ol b 24 44 46 28
2+ Cadmium disulfate Cd(SO,),* 23 2 2 15
2+ Cadmium bicarbonate CdHCO;'* 9 15 15 8
2+ Cadmium chioride cdcr'* 7 10 2 13
2+ Cadmium carbonate CdCO; AQ 4 8 14 5
Chiorine 1- Chloride cr 100 100 100 100
Fluoride 1- Fluoride ion F" 85 20 91 89
Iron 3+ Iron dihydroxide FeOH,'* 97 93 1
2+ Ferrous ion Fe?* 1 78 62
2+ lron sulfate FeSO, AQ 21 36
Lead 2+ Lead carbonate PbCO; AQ 61 74 83 65
2+ Lead {ll) sulfate PbSO, AQ 14 6 4 13
2+ Lead bicarbonate PbHCO,'* 12 13 8 1
Manganese 2+ Manganese ion MN?* 55 74 75 60
2+ Manganese sulfate MnSO, AQ 41 21 21 36
Molybdenum 6+ Molybdate ion Mo0,* 100 100 100 100
Nitrogen 5+ Nitrate ion NO," 80 6
3+ Nitrite ion NO," 10 94
3- Ammonium ion NH,'* 96 86
3- Ammonium sulfate NH,SO,’ 4 14
Selenium® 44 Hydrogen selenite HSeO,' Dominant
44+ Selenite Se0,? Secondary
Sodium 1+ Sodium ion Na'* 93 98 98 94
Sulfur 6+ Sulfate ion S0, % 84 74 72 73
6+ Calcium sulfate CaS0, AQ 6 14 19 7
Uranium 6+ Uranyl tricarbonate UO,(CO3)*~ 76 39 2 80
6+ Uranyl dicarbonate uoz(cos);' 12 50 1 20
6+ Uranyl biphosphate UO,HPO,“ 12 10 97
Vanadium 5+ Vanadate HV,0,* 92 1" 84 66
5+ Vanadate H,vOo," 7 82 14 30
- 5+ Vanadate HVO,” 1 6 2 4
*From Rai and Zachara (1984).

A - New Rifle downgradient alluvial monitor well 590 during the August 1994 sampling round.

B - Old Rifle alluvial monitor well 584 during the November 1992 sampling round.

C ~ Old Rifle alluvial monitor well 583 during the November 1892 sampling round.

D - New Rifle Wasatch Formation downgradient monitor well 611 during the March 1994 sampling round.

Note: Aqueous species were calculated using the geochemical code PHREEQE {Parkhurst et al., 1980).
Information for some species was taken from Rai and Zachara (1984).
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Ammonium and nitrate

The New Rifle site has ammonium concentrations up to 1750 mg/L and nitrate
concentrations of up to 1110 mg/L. These constituents are near background
levels at Old Rifle. At New Rifle, ammonium concentrations tend to be high near
the tailings pile and tend to diminish as ground water moves downgradient.
Conversely, nitrate concentrations are low near the pile and increase
downgradient. This is because ammonium was used in the milling process and
entered the ground water at the tailings pile where some of the ammonium
oxidized to nitrate in the oxygen-rich ground water at the site. Because nitrate
is highly mobile under almost all conditions, dilution and dispersion will be the
primary controls on concentrations of this species. Because the Wasatch
Formation at New Rifle is more reducing than the alluvium, ammonium species
are more stable in the Wasatch Formation (Table 3.7). However, ammonium is
strongly adsorbed by clays and would be expected to attenuate in the clay-rich
Wasatch Formation.

Antimony

Antimony is present at both sites at concentrations of up to 0.044 mg/L, but
generally is present at lower concentrations (less than 0.03 mg/L). The high
concentrations are directly under the tailings pile at each site or immediately
downgradient. All the known antimony compounds are very soluble; therefore,
precipitation is not expected to control concentrations at the site. While very
little is known about adsorption/desorption behavior of antimony species (Rai
and Zachara, 1984), adsorption appears to have attenuated concentrations of
this ion in both areas of the site.

Arsenic

Arsenic is present up to 1.3 mg/L in on-site well RFN-01-0594 at New Rifle
{near the vanadium ponds) but concentrations are at or near detection in
downgradient wells, due to adsorption onto the aquifer matrix. The highest
concentrations at Old Rifle are much lower (0.24 mg/L) and are apparent only in
the alluvium directly under the tailings pile. Thus, data for the Rifle sites
demonstrate that with transport and time, arsenic has been greatly attenuated
by adsorption and further attenuation is expected with time.

Cadmium

Cadmium is present at New Rifle at values of up to 0.13 mg/L in monitor well
RFN-01-0619 (directly adjacent to the southwest corner of the tailings pile) but
is generally less than 0.025 mg/L in downgradient wells. Cadmium was not
detected at Old Rifle. Equilibrium with the mineral otavite (CdCO3) may limit
solution concentrations of cadmium species (Rai and Zachara, 1984) and
modeling with PHREEQE (Parkhurst et al., 1980) indicates ground water at the
Rifle sites is in equilibrium with otavite. Thus, most cadmium in the ground
water has precipitated in the subsurface near the source of contamination.
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Chloride

Chloride concentrations in the most contaminated ground water are about 4
times background. Chloride is a nonreactive ion and is mobile in ground water.
Therefore, decreases in chloride concentrations will be due to dilution and
dispersion without the benefit of adsorption.

Fluoride

Near the tailings pile at New Rifle, fluoride concentrations in most wells vary
from 2 to 9 mg/L. Further from the pile, concentrations in individual wells are
lower (from less than 1 to 5 mg/L) and concentration-versus-time plots show
stability over time. This stability suggests fluoride is in equilibrium with
solubility-controlling solids. Modeling with PHREEQE (Parkhurst et al., 1980)
indicates downgradient wells at both sites are in equilibrium with the mineral
fluorite (CaF,). Thus, fluoride is precipitating as fluorite as it moves
downgradient. These deposits will form a secondary source of fluoride that will
continue to release fluoride in equilibrium amounts (from less than 1 to about

5 mg/L) until the solids are completely dissolved.

lron

Iron concentrations near 17 mg/L at the New Rifle site fall to less than 0.1 mg/L
within 500 ft (150 m) down gradient of the tailings pile. Iron is soluble under
acid or reducing conditions but forms insoluble hydrated oxides under oxidizing
conditions at pH values greater than 6. Ground water in all downgradient wells
is oversaturated with respect to these iron oxides and with time, oxygen is
expected to diffuse into the ground water and iron concentrations will decrease
to background levels (1.2 mg/L), due to both precipitation and dilution.

Lead

Lead is generally below detection (less than 0.01 mg/L) at both Rifle sites but
concentrations as high as 0.08 mg/L have been observed directly beneath the
tailings pile at New Rifle. Adsorption has been effective in removing lead from
ground water, and further decreases in lead are expected in the future.

Manganese

Manganese is present at New Rifle in concentrations as high as about 10 mg/L.
At Old Rifle, manganese is generally below background. Several ground water
samples at the New Rifle site are at or near saturation with respect to the
mineral rhodochrosite (MnCO3), and in the past, manganese probably
precipitated out of solution as rhodochrosite. These deposits will form a
secondary source of manganese that will continue to release manganese in
equilibrium amounts (about 1 to 10 mg/L) until the solids are completely
dissolved. As a result, decreases in concentration will be due to dilution and
dispersion without the benefit of adsorption.
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Molybdenum

Molybdenum is present at both sites. At Old Rifle, molybdenum is limited to
concentrations of about 0.1 mg/L or less but at New Rifle molybdenum is
present at concentrations up to about 3 mg/L. Molybdenum occurs in the
contaminated ground water as molybdate (Mo0O,?), a negatively charge ligand
(Table 3.7). As with most negatively charged ligands, molybdenum adsorption
is most effective under acid conditions (pH of approximately 3 to 4). Thus,
molybdenum adsorption in the near-neutral pH ground water at Rifle will be less
important than dilution as a mechanism for decreasing concentrations.

Selenium

Selenium occurs at both Rifle sites at concentrations of up to 0.069 mg/L. The
dominant selenium species in ground water at both sites is hydrogen selenite
(HSeO,) followed by selenite (SeO;;z') (Table 3.7). Adsorption of these selenium
anionic species is most effective under acid conditions (pH less than 4). Thus,
under the near-neutral pH conditions at the site, both anionic species are mobile
in ground water and are increasing in some areas as pH increases. Therefore,
dilution and dispersion are likely to be the primary reducing mechanisms for
selenium concentrations at the site.

ium

Sodium occurs as a contaminant at both sites, at concentrations of up to about
3900 mg/L. Sodium forms very soluble bicarbonate, chloride, and sulfate salts;
thus, those salts will not precipitate. A primary mechanism for sodium removal
is cation exchange for calcium within clay minerals. However, the alluvium at
the Rifle sites appears to have little cation exchange capacity. Therefore,
dilution and dispersion will be most effective in decreasing sodium
concentrations in this area.

Sulfate

Sulfate is a contaminant at both Rifle sites, occurring at concentrations of up to
about 12,000 mg/L at the New Rifle site, and up to about 1500 mg/L at the Oid
Rifle site. The sulfate ion (S0,%) is the dominant sulfur species in ground water
at the site, followed by calcium sulfate (CaS0,°) (Table 3.7). Modeling with the
computer code PHREEQE (Parkhurst et al., 1980) indicates gypsum is at
equilibrium and should tend to precipitate. These precipitates would then
become a secondary source of contamination, supplying sulfate to the ground
water in equilibrium concentrations (1000 to 2000 mg/L) until solids are
compietely dissolved.

Uranium

Uranium concentrations at New Rifle are up to about 0.4 mg/L and at Old Rifle
up to about 2 mg/L. Uranium occurs in ground water at the New Rifle site
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dominantly as a uranyl carbonate complex (for example, UO,(CO3);*) (Table
3.7). This complex is mobile in neutral-to-alkaline ground water. Modeled
uranium species in monitor well RFO-01-0584 (on the site, upgradient of the
tailings pile) at Old Rifle resemble those in ground water at New Rifle (Table
3.7). Uranium occurs in ground water in monitor well RFO-01-0583 (beneath
the tailings pile) at the Old Rifle site primarily as uranyl biphosphate
(UOZHPO42'). This complex is also likely to be mobile; therefore, during oxidizing
conditions dilution will be the primary control on uranium concentrations as
ground water enters the Colorado River.

nadium

Vanadium occurs at both sites, but relatively high concentrations (up to about
2.8 mg/L) are restricted to the New Rifle site. With the oxidizing conditions at
the site, vanadium exists in ground waters in its maximum oxidation state (5 +)
as a vanadate ion (primarily HV2073') (Table 3.7). Modeling with PHREEQE does
not indicate the presence of solubility-controlling solids, thereby arguing against
the possibility of attenuation by precipitation. Little is known about the
adsorptive behavior of vanadium species, but vanadates are known to be
adsorbed by iron oxides (Rai and Zachara, 1984). Overall, vanadium appears to
be mobile at the Rifle sites; therefore, dilution and dispersion will be the primary
reducing mechanisms for concentrations in ground water.

DOE/AL/62350-179 14-Aug-85

REV. 1, VER. 2

013F2S3.DOC (RFL)

3-36




BASELINE RISK ASSESSMENT OF GROUND WATER CONTAMINATION AT
THE URANIUM MILL TAILINGS SITES NEAR RIFLE, COLORADO EXPOSURE ASSESSMENT

4.0 EXPOSURE ASSESSMENT

This section discusses and quantifies the potential exposures that could be incurred by
current or future residents, recreational users, and others who use ground water or surface
water in the vicinity of the Old and New Rifle processing sites. The methodology is
consistent with the EPA guidance on exposure assessments (EPA, 1989b), which
recommends analysis based on a reasonable maximum exposure under both current and
future land-use conditions. Reasonable maximum exposure is defined as the greatest
exposure that can reasonably be expected to occur, based on the current evaluation of on-
and off-site conditions. Both current and potential future ground water use scenarios are
based on current domestic ground water use in the region.

Similar processing activities occurred at the New and Old Rifle sites, resulting in similar
ground water contamination beneath the two sites. However, the magnitude and extent of
ground water contamination varies between the two sites and between aquifers.
Contamination is generally greatest in the alluvium at both sites with higher levels at New
Rifle than at Old Rifle. Contaminant levels are generally lower in the Wasatch Formation at
New Rifle. In this exposure assessment, the overlying alluvium and the underlying
weathered Wasatch Formation are viewed as a single water-bearing unit where possible
exposure could occur because ground water mixing can occur between these hydrologic
zones. Although the magnitude and extent of contamination in ground water in each of
these units are addressed independently in Section 3.0, this exposure assessment focuses
on the greatest levels observed for the contaminants of potential concern in each
hydrogeologic unit at the New Rifle site. The Wasatch Formation at the Old Rifle site has
not been characterized.

This exposure assessment uses ground water quality data that were collected before
complete site characterization. Therefore, future impacts on water quality from the
completion of remedial action, and the time and distance effects on contaminant transport
that are expected to decrease contaminant concentrations are uncertainties that cannot be
quantified with the available data. However, these impacts and effects will be addressed
in the Rifle site observational work plan under the UMTRA Ground Water Project.

4.1 POTENTIALLY EXPOSED POPULATION

Exposure can only occur if there are contamination, a mechanism of transport,
and a receptor. Contaminated ground water in the immediate vicinity of the Old
and New Rifle processing sites is not currently used for drinking water. Most
residences within a 2-mi (3-km) radius of the sites are supplied by the Rifle
municipal water supply. Some county residents and commercial sites outside
the city limits do not access city water and use private ground water wells.

The assessment of background water quality and the hydrogeologic system for
the Rifle area indicates the private wells in the vicinity of the sites have not
been impacted by contaminated ground water and are not expected to be
impacted in the future.
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However, one private commercial well (RFN-01-0428) is approximately 3 mi

(5 km) downgradient of the New Rifle site. According to the manager at the
commercial site, the ground water from this well is not used for drinking water
(Marshall, 1995). Bottled water is supplied to the employees daily because the
poor taste of water from this well precludes its use as drinking water. Well
water is used for the sewage system only. Because ground water is not used
for drinking water at this location, the exposure pathway is incomplete and
adverse human health effects cannot occur. Additionally, this well probably is
recharged from a different ground water formation than the Rifle sites and the
extent of the contaminant plume at the New Rifle site has not been completely
characterized. Therefore, the source of the constituents (e.g., plume indicators
nitrate, sulfate, and uranium) in this well has not been determined.
Consequently, because of the incomplete exposure pathway and the uncertainty
associated with the source of the constituents in this well, this risk assessment
does not evaluate exposure in this well. However, when the New Rifle plume is
characterized as part of the site observational work plan, well RFN-01-0428 wiill
be reevaluated to determine if it is affected by contamination from the New Rifle
site. The potential for human health exposure will also be reevaluated at that
time.

Although there are no current human receptors of contaminated ground water at
or adjacent to the processing sites, future domestic ground water use is
assessed here for a residential population, given the potential for property
development at or downgradient of the New Rifle site or at the Old Rifle site.
Contaminant levels found in ground water in the heart of the plume were used
to estimate the reasonable maximum future exposures for the contaminants of
potential concern at each site if land immediately on or adjacent to the
processing sites were developed and ground water were accessed for domestic
purposes.

The potentially exposed population includes individuals of the following age
groups: infants (birth to 1 year old), children (1 to 10 years old), and adults (11
to 64 years old). These age groups were selected because survey data for
population variables such as age, weight, and daily water intake are available for
these age groups, and because toxicological variables are similar within these
age groups. These similarities include responsiveness of sensitive subgroups
(infants and children) to the contaminants of potential concern, toxicant intake
to body weight ratios, and toxicokinetics.

Specific sensitive subpopulations and/or individuals could be more vulnerable to
the estimated potential exposures than the general public. A sensitive
subpopulation could be people with existing illness or individuals who have
multiple exposures to these constituents. Also, any of the three age groups
investigated could show a greater sensitivity to particular contaminants of
potential concern. Potentially sensitive subpopulations are addressed directly
where applicable and when data are available.
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4.2 EXPOSURE PATHWAYS

An exposure pathway describes the course a contaminant takes from the source
to the exposed individual. There must be a source of contamination, a point of
contact with a population or individual, and a route of exposure {(e.g., water
ingestion) to complete a pathway. Evaluating potential exposure pathways
involves determining not only the most likely pathways but also the major
contributing pathways to risk as a function of exposure dose. This assessment
evaluates both direct and indirect exposures to contaminated ground water.
Given the chemical properties of the inorganic contaminants of potential concern
at UMTRA Project sites, direct exposure through drinking water ingestion is
expected to resuit in the most significant contaminant exposure dose. The main
contributions to risk are identified by a screening process that compares
exposures through the drinking water pathway to exposures through other
pathways.

Ground water in the region of the Rifle sites is used for household purposes such
as cooking, gardening, and bathing. Although ground water could be used for
drinking, it usually is replaced by city water or bottled water because of the
naturally poor water quality of shallow ground water in the region. Ground
water is not commonly used for large-scale irrigation or livestock watering
because of the ample availability of surface water. However, incidents of using
ground water to water gardens and livestock have been recorded. Indirect
exposure to ground water could occur through ground water impacts on surface
water and sediment. Figure 4.1 provides a conceptual model of the potential
ground water exposure pathways that may occur at the Rifle sites. Figure 4.2
outlines the potential current and future receptors considered for the Rifle
screening exposure scenarios.

4.2.1 Drinking water ingestion

It is unlikely that ground water at either the Old or New Rifle site will be used in
the future for drinking purposes because of the availability of a municipal water
supply. However, drinking water ingestion generally is the most significant
exposure pathway to ground water contaminated with metals and other
nonvolatile compounds. In this evaluation, drinking water consumption includes
water ingested by drinking and consuming food prepared with water (e.g.,
reconstituted juices, soup, rice, and beans). A screening level assessment of
contaminant intakes through drinking water is shown in Table 4.1. These
calculations are based on the reasonable maximum exposure concentrations
(95 percent upper confidence limit [UCL] for the mean) of the contaminants of
potential concern both at the New Rifle and Old Rifle sites. Data were compiled
from the most contaminated monitor wells at each site and represent a single
exposure point dose.
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Table 4.1 Exposure dose calculations for alluvial ground water ingestion and dermal contact by an adult in a future
hypothetical scenario, Rifle, Colorado, sites (Concluded)

Cw Contaminant concentration in ground water.

IRw = Ingestion rate for water (liters per day) (2 L per day for an adult).

EF = Exposure frequency (350 days per year).

ED = Exposure duration (30 years for an adult).

BW = Body weight (70 kilograms for an adult).

AT = Averaging time (365 days x ED for noncarcinogens; 365 days x 70 years for carcinogens),
SA = Skin surface area (19,400 square centimeters).

Pc = Dermal permeability constant (0.001 cm per hour).

Ct = Conversion factor {0.001 L per cubic centimeters).

ET = Exposure time (0.2 hour per day).

Exposure concentration is represented by 95 percent UCL of the mean in ground water from the most contaminated wells.
The UCL for arsenic (2.2 mg/L) exceeded the maximum value detected, so the maximum value was used.

Uramum-234 and uranium-238 combined.

9Picocuries per liter; 1 mg of uranium is assumed to equal 686 pCi.

®Units for the carcinogenic dose for uranium are in picocuries per lifetime; all other doses are in milligrams per kilogram of body weight per
day.

NA - not applicable.
NC - not a contaminant of potential concern at Old Rifle.
mg/kg-day — milligrams per kilogram per day.
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4.2.2

4.2.3

Dermal contact

Dermal absorption is the process by which chemicals coming into contact with
the skin become absorbed into the blood vessels near the surface of the skin.
Although some compounds are absorbed easily in this manner, inorganics
usually are absorbed poorly through intact skin. Because chemical-specific
absorption factors are not available for these contaminants, they are assumed to
absorb across the skin at the same rate as water (EPA, 1992a). This
assumption is believed to overestimate any potential dose contribution from
dermal contact. Although the dermal dose is an absorbed dose, and only a
percentage of the ingested dose will be absorbed, the screening calculation that
compares it to the ground water ingestion route (Table 4.1) shows a very low
contribution from dermal absorption (much less than 1 percent for each
contaminant of potential concern). Because the assumptions used to estimate
dermal absorption likely overestimate the dose and adverse health effects would
not be expected at such low doses, dermal absorption is considered insignificant
compared to ingestion and is not evaluated further in this risk assessment. Its
significance as an independent source of exposure is discussed relative to the
risks associated with the drinking water pathway in Section 6.0.

Dermal contact to surface water and sediment through swimming is possible at
the Old Rifle pond. Although the pond is not a designated swimming area and
no one has been observed swimming in the pond, access is not restricted.
Tables 4.2 and 4.3 present screening calculations for children exposed to
surface water and sediment while swimming in the Old Rifle pond. Exposure
doses from these pathways are relatively insignificant compared to exposure
through drinking water ingestion. However, the possible impacts of these
exposure pathways are discussed further in Section 6.0.

Ingestion of ground water-irrigated produce

Contaminants in ground water could be taken up by plants either through roots
in saturated soils or through irrigation water. Large-scale irrigation with ground
water is not considered a pathway because surface water is the main source of
irrigation water in the Rifle area. lrrigation of garden plants with subsequent
ingestion of contaminated produce is a potential future exposure pathway.
Currently, not enough data exist in the literature to determine potential
exposures from this pathway because the estimation of contaminant uptakes by
plants from water is uncertain. Therefore, this risk assessment does not present
a screening calculation for exposure through plants. The UMTRA Ground Water
Project is studying contaminant uptake by vegetables and grasses irrigated with
contaminated ground water. When these data become available, this pathway
will be evaluated further.

Section 7.0 presents a screening evaluation of the potential environmental
impacts of contaminated ground water on natural vegetation.
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Table 4.2 Exposure dose calculations for incidental surface water ingestion and dermal
contact for children swimming in Old Rifle pond, Rifle, Colorado, sites’

Ratio of surface Ratio of surface
Concentration Ingestion water ingestion to Dermal water dermal contact
Contaminant in surface surface water ground water contact to ground water
of potential water® exposure dose ingestion exposure dose ingestion
concem {(mg/L) {mg/kg-day) Old Rifle New Rifle (mg/kg-day) Oid Rifle New Rifle
Noncarcinogenic effects
Fluoride 0.24 8E-05 0.002 0.0004 2E-05 0.0005 0.0001
iron 0.22 7E-05 0.0002 0.0001 2E-05 0.00007 0.00004
Manganese 0.15 5E-05 0.002 0.0002 1E-05 0.0003 0.00003
Suifate 59 2E-02 0.0005 0.00007 4E-03 0.0001 0.00001
Uranium 0.017 6E-06 0.0001 0.0007 1E-06 0.00002 0.0001
Carcinogenic effects
Uranium® 12 4E+02° 0.00001 0.00008 S8E+01° 0.000003 0.00002
Equation definitions for exposure dose calculations
Incidental ingestion of surface water
Chemicals: Chronic daily intake (mg/kg-day) = Csw x IRsw x EF x ED x ET
BW x AT
Radionuclides: Lifetime intake (pCi/lifetime) = Csw x IRsw x EF x ED x ET
Dermal contact with surface water
Chemicals: Chronic daily intake (mg/kg-day) = Csw x SA x Pc x Cf x ET x EF x ED
BW x AT
Radionuclides: Lifetime intake (pCi/lifetime) = Csw x SA x Pc x Cf x ET x EF x ED
Where:
Csw = Maximum contaminant concentration in surface water (milligrams per liter or picocuries per liter).
IRsw = Incidental ingestion rate for surface water (0.05 L per hour for 8- to 12-year-old children} (EPA,
1989b).
Cf = Conversion factor (0.001 liters per cubic centimeter)
EF = Exposure frequency (90 days per year; 3 months per year for 7 days per week]).
ED = Exposure duration {7 years for 6- to 12-year-old children).
BW = Body weight (38.3 kilograms [kgl; based on 90th percentile body weight for 6- to 12-year-old male
children) (EPA, 1989a).
AT = Averaging time (365 days x ED for noncarcinogens) (365 days x 70 years for carcinogens) (EPA,
1989b).
SA = Skin surface area (10,937 cm? for 6- to 12-year-old children; based on 50th percentile total body
surface area) (EPA, 1989a).
Pc = Dermal permeability constant (0.001 cm per hour) (EPA, 13889b).
ET = Exposure time (1 hour per day).

*Based on maximum detected value in surface water (sampling location RF0-01-0672).
®Uranium-234 and uranium-238 combined; 1 mg uranium is assumed to equal 686 pCi.
“Units are picocuries per lifetime.
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Table 4.3 Exposure dose calculations for incidental sediment ingestion and dermal contact for
children swimming in Old Rifle pond, Rifle, Colorado, sites

ingestion Dermal contact  Ratio of sediment
Contaminant Concentration sediment Ratio of sediment to sediment dermal contact to
of potential  in sediment” exposure dose ground water ingestion exposure dose ground water ingestion
concern {mg/kg) {(mg/kg-day) Oid Rifle New Rifle - {mg/kg-day) Old Rifle New Rifle
Noncarcinogenic effects
Arsenic 9.3 6E-06 0.0006 0.0001 7E-07 0.00007 0.00001
Cadmium 6.4 4E-06 NA 0.002 5E-07 NA 0.0003
Iron 16000 1E-02 0.03 0.02 1E-03 0.003 0.002
Manganese 394 3E-04 0.01 0.001 3E-05 0.001 0.0001
Selenium 1.7 1E-06 0.0003 0.0002 1E-07 0.00003 0.00002
Uranium 8.2 5E-06 0.00008 0.0006 6E-07 0.00001 0.00007
Vanadium 45.8 3E-05 0.002 0.0006 3E-06 0.0002 0.00006
Zinc 860 6E-04 NA 6E-05 NA
Carcinogenic effacts
Arsenic 9.3 (mg/kg) 6E-07 0.0001 0.00002 7E-08 0.00001 0.000002
Uranium® 5600 (pCirkg) 9E+01° 0.000003 0.00002 4E+01° 0.000001 0.000008
Equation definitions for exposure dose calculations
incidental ingestion of sediment
Chemicals: Chronic daily intake (mg/kg-day} =  Csd x Cf x IRsd x EF x ED
BW x AT
Radionuclides: Lifetime intake (pCi/lifetime) = Csd x Cf x IRsd x EF x ED
Dermal contact with sediment
Chemicals: Chronic daily intake (mg/kg-day) = CsdxCfxSAXxAFxABS xEFxED
BW x AT
Radionuclides: Lifetime intake (pCiflifetime) = Csd x Cf x SA x AF x ABS x EF x ED
Where:
Csd = Contaminant concentration in sediment (maximum concentration) (milligrams per kilogram or

picocuries per kilogram).

Cf = Conversion factor {10 mg/kg).

IRsd = Incidental ingestion rate for sediment {100 mg per day for 6- to 12-year-old children) (EPA, 1989b).

EF = Exposure frequency (90 days per year; 3 months per year for 7 days per week).

ED = Exposure duration {7 years for 6- to 12-year-old children).

AF = Soil-to-skin adherence factor (1 mg/cm?).

ABS = Absorption factor (0.001; unitiess).

BW = Body weight {38.3 kg; based on 30th percentile body weight for 6- to 12-year-old male children}
(EPA, 1989a).

AT = Averaging time {365 days x ED for noncarcinogens; 365 days x 70 years for carcinogens) (EPA,

1989b).
SA = Skin surface area (10,937 cm? for 6- to 12-year-old children; based on 50th percentile total body
surface area) (EPA, 1989a).

*Based on maximum detected value in sediment (sampling location RFO-01-0572, Oid Rifle pond).
*Uranium-234 and uranium-238 combined; 1 mg uranium is assumed to equal 686 pCi.

“Units are picocuries per lifetime.

mg/kg-day — milligrams per kilogram per day.

NA - not applicable, since not above background in ground water.
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4.2.4 Ingestion of milk or meat from ground water-fed livestock

Contaminants in ground water can enter the food chain through livestock
consuming contaminated ground water or surface water. Ground water-fed
livestock could concentrate contaminants in their meat or milk, thus providing
an ingestion pathway to humans. Surface water is the current primary water
source for livestock in the Rifle area. Therefore, any estimate of human
exposure to meat or milk would be based on a hypothetical future ground water
use scenario. At the New Rifle site, contaminant levels in ground water in the
heart of the plume are potentially lethal to livestock. Therefore, this pathway
could not be completed at that site. However, contaminated ground water at
the Old Rifle site could be given to livestock, which would complete this
pathway. Nonetheless, a screening calculation was not done because of the
lack of confidence in estimating contaminant uptakes by livestock and because
the estimates would contain many uncertainties.

4.2.5 Fish ingestion

Recreational fishing occurs at the Old Rifle pond although it is on private land.
Contaminated ground water from the Old Rifle site appears to have impacted
this downgradient pond.

Fish ingestion represents an exposure route that could increase dietary levels of
the contaminants of potential concern for the Old Rifle site. In 1991, a single
fish sample was collected and the whole body was analyzed for arsenic,
cadmium, chromium, molybdenum, selenium, uranium, vanadium, and
radium-226. Arsenic, cadmium, molybdenum, and vanadium were not detected.
Chromium and selenium were detected at 2.8 milligrams per kilogram (mg/kg),
uranium was detected at 0.35 mg/kg (24<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>