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Surface Water Pathway

Background

Surface water near the Fernald site became contaminated mainly by releases from the production
facilities, runoff from the site, and overflow from the drainage ditches and waste pits. Natural
drainage from the site to the Great Miami River occurs via Paddy’s Run Creek which flows
southward along the western edge of the site and (to a much lesser extent) to the northeast
drainage (DOE 1972-1999). Uncontrolled runoff flows into Paddy’s Run from several tributaries
on site, such as the Storm Sewer Outfall Ditch (SSOD) at the southwest boundary. Before 1955,
all runoff from the site went directly to Paddy’s Run Creek and the northeast drainage. In 1955,
the storm sewer lift station was installed to collect runoff water that had drained into an on-site
storm sewer system. This controlled surface runoff and process wastewater were routed to one of
the water treatment facilities, treated, and discharged through the Parshall Flume (previously,
through Manhole 175) to an effluent line that transports the effluence to an outfall on the Great
Miami River, located east of the site about 1.2 miles (2 km) downstream from the city of Ross.
Since January 1995, the majority of the controlled runoff and process wastewater has been
treated for uranium removal in the advanced wastewater treatment (AWWT) facility before being
discharged. Some water was treated at other on-site locations to reduce nitrates, volatile organic
compounds, and heavy metals. The major off-site discharge points are shown in Figure 7. The
Parshall Flume, which is located near the previously used Manhole 175, is/was the final
discharge point for major waste streams leaving the site (DOE 1972-1999).

During the years of production, each of the individual production plants had collection sumps
and treatment equipment to remove uranium from the process waste water. Waste water from
each plant was sampled and analyzed to ensure that the uranium concentration was within
allowable regulatory limits. The filtrate was then pumped to the General Sump for discharge
through Manhole 175 to the Great Miami River. The General Sump consisted of several
receiving and settling tanks. The settling tanks were used to reduce the concentration of
contaminants released to the Great Miami River (Killough et al. 1998a).

Paddy’s Run Creek is a small stream with intermittent flow generally from January to May. The
remainder of the year, the creek bed is dry except for intermittent flow following heavy rains.
The creek joins the Great Miami River approximately 1.5 miles (2.4 km) south of the site and
approximately 4.7 miles (7.6 km) upstream of Miamitown, Ohio (DOE 1972-1999).

The Great Miami River is a turbulent, year-round flowing river that is unsafe for swimming. It is
not a source of public drinking water between the Fernald effluent outfall and its confluence with
the Ohio River; however, some people fish in this part of the river (Killough et al. 1998a).
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Figure 7. Surface water discharge points from the Fernald site to Paddy’s Run Creek
and the Great Miami River
(Reference: Killough et al. 1998b)

The northeast drainage (not shown in Figure 7) only receives uncontrolled runoff from the far
northeast corner of the site. Only current surface water sampling results are available for this
location. During many of the sampling events, this drainage system where it exits the site is dry,
and no surface water samples are able to be collected. This point contributes very little to off-site
surface water releases.
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Because the storm sewer lift station was not connected to the production facilities, any chemical
or radioactive contaminants in this surface runoff were assumed to be from leaks and spills
(Killough et al. 1998a). Throughout the 1950s and 1960s, daily storm sewer samples continued to
reflect spills and leaks of radioactive process effluents and chemicals from various portions of
the site, including the pilot plant and waste pit area (Voilleque et al. 1995). When the capacity of
the storm sewer lift station was reached, water overflowed through the SSOD to Paddy’s Run.
Flow to the storm sewer system, and ultimately to Paddy’s Run Creek, was quite variable,
depending on total rainfall and rainfall patterns (Killough et al.1998a). The facility monitored
flow and uranium concentrations in the SSOD at a point downstream of its confluence with
Paddy’s Run Creek. However, there were additional, unmonitored releases to Paddy’s Run Creek
(because of surface flow from the western part of the site) at points north of its confluence with
the SSOD (Killough et al.1998a).

A review of historical sampling data indicates that total uranium is the primary contaminant in
effected surface water and sediments; however, other chemical releases were not reported. Past
estimates of uranium releases to the Great Miami River and Paddy’s Run Creek are relatively
well known compared to other pathways of exposure (Killough et al. 1998a). The largest releases
to the surface water occurred in the early 1960s. During this time, the average quantity of
uranium released to the Great Miami River was estimated to be five times greater than the
quantity released to Paddy’s Run Creek (Killough et al. 1998a). Uranium releases to the river and
creek steadily declined from the early 1970s to 1988 as a result of a decrease in production and
improvements in the on-site effluent handling system (Voilleque et al. 1995). For example, the
facility installed a surface water retention basin in 1986 to reduce the volume of effluent entering
the SSOD from the site.

The major radioactive contaminants in surface water releases from the Fernald site were uranium
and thorium. Smaller releases of radium 228 and radium 224 (decay products of thorium 232)
and of radium 226 (decay product of uranium 238) also occurred. Other radionuclides, such as
technetium 99, neptunium 237, and plutonium 239, were released in the processing of recycled
uranium, which began in 1962 (Voilleque et al.1995).

The types of uranium used at the facility—and thus discharged to nearby surface waters—
changed over the years of production. Natural uranium represented the greatest fraction of
uranium in the releases to the Great Miami River from 1951 to 1967 and from 1970 to 1976.
Releases of enriched uranium were minor until 1964; between 1964 and 1971, the percentage of
enriched uranium fluctuated between 20% and 60% of all uranium released to the river. Only a
small fraction of depleted uranium was released to the river until 1977. After 1977, the
percentage of depleted uranium rose as high as 90% of the total uranium released to the river
(Voilleque et al.1995).
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Environmental Data

Beginning in the 1950s, the facility regularly measured uranium concentrations and volumes in
liquid effluent released from the site to the Great Miami River. The facility collected composite
samples from the liquid effluent released to the river and analyzed them for uranium on a daily
basis. Monthly, quarterly, and semi-annual composites were analyzed for other radionuclides,
such as radium 226, radium 228, cesium 137 (Killough et al.1998b; DOE 1972-1999).

Before the 1960s, there was no continuous monitoring of water flow through the storm sewer to
Paddy’s Run Creek (Voilleque et al. 1995). Facility personnel periodically took grab samples
downstream of the storm sewer lift station and analyzed them for total uranium. The facility has
been monitoring the effluent to Paddy’s Run Creek from 1966 to the present. These samples are
analyzed for uranium and a variety of radionuclides (Voilleque et al.1995; DOE 1972-1999).

Because the waste streams flowed from each production building on site, contractors for CDC
concluded that several uranium compounds were present in the liquid waste effluent discharges
to the Great Miami River and Paddy’s Run Creek (Voilleque et al.1995). The ratios of various
uranium compounds depended largely on the pH of the water. As a result of the high volume of
water released from the site, many of the uranium compounds, even those that were relatively
insoluble, would have been dissolved or suspended in the waste streams (Voilleque et al. 1995).

Radioactive contaminants (other than uranium) released to the surface water during the years of
plant production included decay, fission, and activation products of uranium, thorium, and
recycled uranium. For example, releases of thorium 232 and its decay product (radium 228)
occurred during thorium processing beginning in 1954. No thorium was processed from 1958 to
1963 or since 1980 (Voillesque et al.1995). There were also “unplanned” past releases of
contaminants to the Great Miami River and Paddy’s Run Creek from accidental spills, leaks, or
discharges from the facility. For the FDRP, CDC contractors estimated the concentrations of
uranium and other radionuclides in these “unplanned” past releases by using information
contained in incident reports and other written correspondence from 1954 to 1989 (Voilleque et
al.1995). Unplanned releases were discharged through Manhole 175 to the Great Miami River or
directly to Paddy’s Run Creek. Also, certain radionuclides were measured in liquid effluents to
the river and creek during various periods of operation. Beginning in 1976, concentrations of
plutonium, neptunium, radium, and some fission products (cesium 137, ruthenium 106,
technetium 99, and strontium 90) were measured in liquid effluents to the river (DOE
1972-1999). Contractors for the CDC estimated past concentrations of uranium and other
radionuclides in Paddy’s Run Creek and the Great Miami River at downstream locations where
humans are likely to be exposed while wading, playing, or swimming based on measurements at
the discharge points into the creek and the river, information about “unplanned” releases to these
surface waters, and simple dilution models (Killough et al.1998a). The models accounted for the
dilution and transport of contaminants in the receiving body of water. ATSDR scientists
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reviewed the FDRP documents and agree with the methodology and results for estimating past
concentrations in Paddy’s Run Creek and the Great Miami River*. In 1964, maximum uranium
concentrations were released to the Great Miami River with the next highest releases between
1959 and 1961 (Boback 1987; Killough et al.1998b), as shown in Table 13. The 1964 estimated
annual concentrations of radioactive contaminants in off-site surface water is shown in Table 14.

Table 13. Maximum past chemical uranium concentrations in off-site surface water

Potential Exposure Point Uranium Concentration (ug/L) Year of Maximum Concentration
Paddy’s Run Creek 529 1964
Great Miami River 17 1960 and 1964

Key: ug/L = micrograms of uranium per liter of water
Source: Killough et al.1998b

Table 14. 1964 estimated concentrations for radioactive contaminants in off-site surface water in
picocuries per liter (and becquerels per liter)

Radioactive Contaminant Great Miami River Paddy’s Run Creek
Uranium 234 5.99 (2.22x10Y) 183.33 (6.79)
Uranium 235 0.28 (1.04 x 10?) 8.51 (0.315)
Uranium 238 5.70 (2.11x10%) 175.77 (6.51)
Thorium 228 0.00 (1.57 x10%) 0.01 (0.0004)
Thorium 230 1.02 (3.78 x 107 31.05 (1.15)
Thorium 231 0.28 (1.04 x 10?) 8.51 (0.315)
Thorium 232 0.02 (8.24 x 10%) 0.59 (0.0218)
Thorium 234 5.70 (2.11x10%) 175.77 (6.51)
Radium 224 0.00 (1.48 x10%) 0.01 (0.0004)
Radium 226 0.62 (2.31x10%? 27.54 (1.02)
Radium 228 0.87 (3.22x10%? 0.06 (0.0024)
Protactinium 234 0.01 (3.37x10% 0.28 (0.0104)
Actinium 228 0.00 (9.06 x 10°®) 0.06 (0.0024)
Plutonium 239/240 0.00 (1.59x10%) 0.11 (0.0039)
Source: Killough et al.1998b

* The estimated past concentrations appear low for the Great Miami River compared to current sampling;
however, past estimates are for exposure points and current samples are from manhole 175, discharge 001.
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Until 1997, DOE routinely measured concentrations of uranium and other radionuclides
downstream in the river and in the creek. Since 1997, DOE reports data only for sampling points
where the surface water leaves the site and for a background location upstream in the river. DOE
has continued to sample sediment in the river and has calculated water concentrations released
through the effluent line to the river. The limits set in 1996 for release of uranium in treated
water to the river are 600 lbs/yr total uranium with a uranium concentration of 20 pg/L (later
changed to 30 pg/L) as a monthly average (DOE 1972-1999, DOE 2002b). Maximum current
uranium concentrations at potential exposure points in the creek and river are in Table 15.

Table 15. Maximum current chemical uranium concentrations in off-site surface water

Exposure Point Uranium Concentration Year the Concentration Was
(ug/L) Detected in Surface Water
Paddy’s Run Creek downstream of site
(sample location W7) 53 1990
Great Miami River Effluent (Manhole 175) 902* 1989
Great Miami River downstream of site
(sample location W4, Miamitown) 4.8 1995

Key: pg/L = micrograms of uranium per liter water

* The concentration at Manhole 175 is the highest annual average concentration; the concentrations at Paddy’s
Run Creek (sample location W7) and the Great Miami River (sample location W4) represent annual maximum
concentrations.

Source: DOE 1972-1999

Since 1983, EPA gave the State of Ohio the authority to permit federal sites under the National
Pollutant Discharge Elimination System (NPDES) for non-radiological releases into Ohio surface
waters (EPA 2004). The releases includes storm water run-off as well as treated effluent. Until
March 1990, Ohio permitted six discharge points (two directly to Ohio waters and four on-site)
with limited water analyses. In March 1990, the permit covered seven discharge points (one new
on-site) and required more analyses on discharges (mainly for metals). ATSDR scientists
reviewed the NPDES data from 1990 through 2002 and found no surface water concentrations
leaving the site that exceeded ATSDR’s CVs. Therefore, using available data, current surface
water releases of chemicals would not cause adverse human health effects and will not be
evaluated further. (Except for uranium, ATSDR does not have sufficient past chemical data to
make a determination.)

Current maximum annual concentrations of radioactive contaminants at potential off-site
exposure points in Paddy’s Run Creek and the Great Miami River are presented in Table 16.
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Table 16. Maximum current radioactive contaminant concentrations in off-site surface water

Exposure Point

Radionuclide

Concentration in

Year of Maximum

pCi/L (Bg/L) Concentration
Great Miami River effluent Strontium 90 0.40 (0.01)
(Manhole 175, Discharge 001) Technetium 99 < 1,690 (62.6) 1990
Ruthenium 106 <90 (3.33)
Cesium 137 <11(0.41)
Lead 210 <8.5(0.31)
Radium 226 <4.9(0.18)
Radium 228 <10.6 (0.39)
Actinium 227 <1.0(0.04)
Thorium 228 <0.3(0.01)
Thorium 230 0.7 (0.03)
Thorium 232 <0.5(0.02)
Thorium 234 267 (9.89)
Uranium 234 185.4 (6.87)
Uranium 235 11.1 (0.41)
Uranium 236 7.0 (0.26)
Uranium 238 267 (9.89)
Neptunium 237 <0.21(0.01)
Plutonium 238 < 0.10 (0.00)
Plutonium 239/240 < 0.13 (0.00)
Great Miami River downstream of Strontium 90 1.2 (0.04)
effluent (sample location W4) Radium 226 0.29 (0.01) 1995
Radium 228 5.2 (0.19)
Total uranium 3.2(0.12)
Paddy’s Run Creek downstream of site | Radium 226 0.07 (0.00)
(sample location W7) Radium 228 6.00 (0.22) 1995
Total uranium 13.5(0.5)

Key: pCi/L = picocuries per liter
Bg/L = becquerels per liter

Source: DOE 1972-1999; SED 1998 (updated 2004)
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Estimated Exposure Doses

ATSDR scientists evaluated past, current, and potential future exposure to chemicals in off-site
surface water at the Fernald site. While wading or playing in Paddy’s Run Creek or the Great
Miami River, exposure may occur via incidental ingestion and direct contact with the skin.
Uranium is the only chemical evaluated for this pathway. Therefore, ATSDR scientists assumed
that ingestion of surface water was the only route of exposure for chemicals in Paddy’s Run
Creek and the Great Miami River, because uptake into the body (absorption) through the skin is
minimal for uranium (ATSDR 1999b). Also, exposure to sediment is not considered for chemical
contaminants because it is unlikely that children will accidentally ingest sediments while wading
and playing in the creek and river (Killough et al.1998b).

ATSDR scientists evaluated past, current and potential future exposure to radioactive
contaminants in off-site surface water at the Fernald site. Although uranium and thorium are the
primary radioactive contaminants, other radioactive contaminants are also evaluated for this
pathway. Past exposure doses are estimated in the FDRP and FRAP for nine scenarios described
briefly in Appendix D (Voilleque et al.1995; Shleien et al.1995; Killough et al.1998a, 1998b;
CDC 1998, 1999). ATSDR scientists reviewed these documents and agree with their
methodology and conclusions for past doses from exposures to radioactive contaminants near the
site; however, ATSDR also estimated potential doses for exposures to radioactive contaminants
in surface waters using the scenarios described below. ATSDR’s estimated doses were used to
evaluate possible public health implications although surface water releases were not found to be
a major contributor to past off-site radiation doses.

ATSDR assumed exposure to radioactive contaminants in Paddy’s Run Creek and the Great
Miami River occurred via ingestion of surface water, external exposure to radioactive
contaminants in surface water, and external exposure to sediments. Children residing near the
Fernald site are most likely to play or wade in Paddy’s Run Creek in the spring, when it is a
flowing stream. Older children and adults may periodically play, wade, or fish in the Great
Miami River but only sporadically, because the river can be turbulent and rapidly flowing.
ATSDR evaluated two hypothetical exposure scenarios. The first scenario assumes exposure to a
young child, 2 to 5 years old, weighing 13 kg, who ingests one-quarter of a liter of contaminated
water while playing in Paddy’s Run Creek five days per week, three months per year (EPA
1999). The second exposure scenario assumes exposure to an older child, 6 to 11 years old,
weighing 20 kg, who ingests one-quarter of a liter of contaminated water while playing in the
river five days per week, three months per year (EPA 1999).

ATSDR assumed exposure to a child because children, with their immature/developing systems,
may have increased sensitivity to uranium’s toxic effects. ATSDR does not have direct evidence
that children play or have played in Paddy’s Run Creek or the Great Miami River. However,

1990 Census data for Butler and Hamilton Counties indicate that 922 persons live within 1 mile
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of the Fernald site. Of these, an estimated 110 persons are 6 years of age or younger (as discussed
under Demographics). The closest residence was located directly east of the site and is currently
located directly southeast of the site. Off-site contaminated areas in Paddy’s Run Creek and the
Great Miami River are not restricted.

Chemicals

ATSDR scientists calculated chemical doses from uranium exposure in surface water for the two
hypothetical exposure scenarios (described above). The scientists compared these estimated
exposure doses for ingestion of uranium in surface water to the health-based guidelines to
determine if further evaluation was warranted. Additional information about the health-based
guidelines for uranium is presented in the Public Health Implications section of this report.

Past Exposure

ATSDR used the estimated concentrations in Table 13 to calculate past chemical exposure doses
for surface water pathways. The estimated doses for both scenarios are in Table 17 (below).

Table 17. Estimated maximum past uranium (chemical) exposure doses for hypothetical
exposure scenarios for surface water pathways

Exposure Point Estimated Estimated Exposure | Health-based Guideline
Concentration (mg/kg/day) (mg/kg/day)
(pg/L)

Scenario #1: Younger child 529 0.002 0.002

playing in Paddy’s Run Creek (ATSDR Chronic
Oral MRL

Scenario #2: Older child playing 17 0.00004 e )

in the Great Miami River

Key

ng/L = micrograms of uranium per liter water

mg/kg/day = milligrams of uranium per kilogram of body weight per day

* Equations used to estimate doses for this pathway are described in Appendix B—Exposure Doses and Health-

Based Guidelines.

The estimated exposure doses do not exceed the health-based guideline for ingested chemical
uranium even though very conservative assumptions were used. Further evaluation of exposure
to uranium in surface water is not necessary; however, ATSDR scientists evaluated the public
health hazard for this pathway, together with other exposure pathways (i.e., groundwater, soil,
air, and biota) that contribute to total uranium exposure to nearby residents, in the Public Health
Implications section of this report.

63



Final Release Feed Materials Production Center (US DOE)

Current Exposure

ATSDR scientists used the concentrations in Table 15 to estimate current chemical exposure
doses for the two hypothetical exposure scenarios for surface water pathways. For exposure
scenario #2, incidental ingestion of water in the Great Miami River by an older child, ATSDR
used the maximum uranium concentration detected in the Great Miami River downstream of the
discharge point to the river. The estimated chemical exposure doses for both exposure scenarios
are presented in Table 18 (below).

Table 18. Estimated current uranium (chemical) exposure doses for hypothetical exposure
scenarios for surface water pathways

Exposure Point Estimated Uranium Estimated Health-based Guideline
Concentration Exposure Dose* for Uranium
(in pg/L) (mg/kg/day) (mg/kg/day)
Scenario #1: Younger child 53 0.0002 0.002
playing in Paddy’s Run Creek (ATSDR Chronic
Scenario #2: Older child playing 4.8 0.00001 Oral MRL)
in the Great Miami River

Key
ug/L = micrograms of uranium per liter water
mg/kg/day = milligrams of uranium per kilogram of body weight per day

* Equations used to estimate doses for this pathway are described in Appendix B—Exposure Doses and Health-
Based Guidelines.

The estimated exposure doses for scenarios #1 and #2, under current conditions, are lower than
the health-based guidelines for ingestion of uranium; however, ATSDR scientists evaluated the
public health hazard for this pathway, together with other exposure pathways (i.e., groundwater,
soil, air, and biota) that contribute to total uranium exposure to nearby residents, in the Public
Health Implications section of this report.

Radiation

ATSDR scientists calculated three types of exposure doses for radioactive contaminants in
surface water: (1) a committed effective dose (whole body), (2) a committed equivalent dose
(bone surface), and (3) an external dose to the whole body. The bone surface is the major target
organ for radiation effects from ingested uranium and most other radioactive contaminants in the
surface water.
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Past Exposure

ATSDR estimated past exposure doses based on the estimated radioactive contaminant
concentrations in the FDRP (Table 14) and on the exposure scenarios described above. (The
FDRP exposure scenarios used less exposure time to surface water than ATSDR’s scenarios;
therefore, ATSDR estimated past doses using the same scenarios as used for current exposures.)
Surface water releases were not found to be a major contributor to past off-site radiation doses;
however, ATSDR scientists evaluated the contribution of this dose to total radiation exposure of
nearby residents in the Public Health Implications section of this report.

Table 19. 1964 estimated exposure doses for radioactive contaminants in surface water for
the hypothetical exposure scenarios

Exposure Point Estimated Committed Effective Estimated Committed Equivalent
Dose (whole body) for 1-Year Dose (bone surface) for 1-Year
Intake, in mrem (mSv)* Intake, in mrem (mSv)*
Scenario #1: Younger child playing 3.66 (0.037) 82 (0.82)

in Paddy’s Run Creek

Scenario #2: Older child playing in 0.3 (0.003) 12 (0.12)
the Great Miami River

Key:

mrem = millirem

mSv = millisievert

* Used ICRP 67 and ICRP 72 Methodology and Conversion Factors (ICRP 1993, 1995c).
These estimated exposure doses are for exposure points downstream from releases.

Current Exposure

ATSDR scientists used concentrations in Table 16 to estimate current radiation exposure doses
for the two hypothetical scenarios for surface water pathways. The concentrations used for the
Great Miami River were for Manhole 175, discharge 001 (more complete analyses) and not at an
exposure point downstream. Therefore, these doses will appear high compared to past doses and
are extremely conservative. Table 20 presents ATSDR’s estimated committed effective doses
and committed equivalent doses from ingestion of the water, and external doses from the water
(submersion) in Paddy’s Run Creek and the Great Miami River.
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Table 20. Estimated current exposure doses for radioactive contaminants in surface water
for the hypothetical exposure scenarios

Estimated Estimated Estimated
vear of Committed Effective C_ommitted External Dose for
. - Dose (whole body) Equivalent Dose 1-Year Exposure,
Exposure Point Maximum :
Concentration fo_r 1-Year Intakg, (bone surface) f_or Maximum o
in mrem (mMSv) 1-Year Intake, in Concentration, in
mrem (mSv)” mrem (mSv)'
Scenario #1:
Younger child 1.5E-06 (1.5E-08
olaying in Paddy’s 1995 2.62 (0.026) 88.3 (0.883) ( )
Run Creek
Scenario #2: Older
child playing in the 3 6E-06 (3.6E-08
Great Miami River 1995 1.9.(0.019) 80.8 (0.808) ( )

Key:

mrem = millirems

mSv = millisieverts

* Used ICRP 67 and ICRP 72 Methodology and Conversion Factors (ICRP 1993, 1995c).
" Used EPA’s Federal Guidance Report No. 12 for Conversion Factors.

Using maximum concentrations of radionuclides in Paddy’s Run Creek and Great Miami River
sediments, ATSDR scientists determined that external exposure to the skin is insignificant and
will not be evaluated further. Potential exposures to radioactive contaminants in surface water
and other pathways that contribute to radiological doses at the site (i.e., groundwater, soil, air,
biota) are evaluated further in the Public Health Implications section of this report.

Potential Future Exposure

Remedial activities at the Fernald site are expected to continue through 2006. During that time,
contaminated soils and debris will be removed from the area and transported to off-site and on-
site disposal areas. Since January 1995, most of the controlled runoff and other wastewater
released as surface water has been processed through the Advanced Wastewater Treatment
System and other treatment facilities. These activities should minimize releases to surface waters
and the potential for human exposure to chemicals and radioactive contaminants in the Great
Miami River and Paddy’s Run Creek. According to available environmental data, there is no
indication that future activities will result in human exposure to contaminated surface water off
site of the Fernald site at levels of health concern. However, if additional information becomes
available indicating that contaminants have been released or have migrated to off-site surface
waters, this exposure pathways should be re-evaluated.
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Groundwater Pathway

Background

Groundwater beneath the Fernald site occurs either as perched water in a glacial overburden, in a
sand and gravel aquifer (the Great Miami Aquifer), or in underlying bedrock (to a much lesser
extent). Perched water generally migrates from the surface and is trapped between the surface
and a dense clay layer. It is shallow, occurs sporadically, and is not a good source of drinking
water. There appears to be one or two dug wells in the area just south of New Haven Road that
are shallow (approximately 24 to 27 feet deep) (USGS 1984). The Great Miami Aquifer begins
about 25 meters (82 feet) below the site and is 38 to 53 meters (125 to 175 feet) thick (DOE
1972-1999); however, the aquifer is not quite as far below the surface in some off-site locations
(USGS 1984). Most of the wells in the area are drilled at various depths into this aquifer, but
there are several domestic and farm-use wells that are drilled quite shallow (approximately 50
feet or less). Under the site, the groundwater in this aquifer moves predominantly to the east
under the waste pits and the former production area; however, it moves to the south in the
southern portion of the site (DOE 1972-1999).

In late 1981, the State of Ohio’s groundwater sampling results indicated elevated gross beta
activity in three wells south of FMPC (Voillesque 1995). In December 1981, this contamination
was identified as uranium by National Lead of Ohio (the operator of the plant) and confirmed by
the U. S. Geological Survey in August 1982, eventually resulting in the closure of a private well
down gradient of the site (USGS 1984). Because of the elevated uranium concentrations, DOE
began routine monitoring of private wells near the site in 1982. In 1984, the Radiological
Environmental Monitoring Program for monitoring groundwater was formally established, and
property owners could request a one-time sampling of residential well water for uranium. The
results were sent to the owners, and if the samples showed above-background concentrations of
uranium, the owners had an option to participate in the routine monitoring program and were
offered bottled water for household use (DOE 1972-1999). In 1986, 24 off-site wells were also
analyzed for 16 metals. By 1987, three private wells (#12, #15, and #17) were used for
monitoring purposes only. In 1991, a fourth private well (#13) was converted for solely
monitoring purposes. By 1996, the Radiological Environmental Monitoring Program had
expanded to include more than 30 private wells. (The private well locations are shown in Figure
8.) Wells were sampled monthly or quarterly, depending on their location. In 1996, DOE
supplied some residences with public water, but some wells that are not in the uranium plume are
still in use today. In 1997, DOE discontinued monitoring all but three former residential wells
(#12, #13, and #14) but is currently sampling approximately 140 monitoring wells on-site and
off-site at various frequencies to determine water quality. These samples are analyzed for
uranium and 50 non-uranium groundwater constituents (DOE 1972-1999; DOE 2002).
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Figure 8. Location of privately owned sampled wells near the Fernald site
(Reference: DOE 1972-1999)

The aquifer apparently was contaminated by on-site leaks and spills, by contaminants migration
from surface water releases and run-off, by seepage and migration from various on-site activities
and from storage locations.
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Although many residences in the immediate vicinity of the Fernald site have relied on privately
owned wells supplied by the Great Miami Aquifer as their primary source of drinking water;
some residences near the site have used and currently use cisterns as a drinking water source
(ODH 1988). Cisterns potentially were contaminated by airborne releases; however, ATSDR
reviewed potential doses from drinking cistern water as well as well water in this section.

Since 1986, DOE contractors have been remediating groundwater south of the site. For purposes
of remediation, this plume (where uranium concentrations are greater than or equal to 30
micrograms (Jg) total uranium per liter (L) of water®) is called the “South Plume” (DOE 2002).
Additional uranium groundwater contamination exists on-site, but only the South Plume extends
outside the site boundary. (Refer to Figure 9.) By 1999, the groundwater remediation program
included 11 extraction wells in the on-site South Plume area (the “South Field”) that began
operating in July 1998, 6 extraction wells in the off-site South Plume that began operating in
August 1993, and 5 re-injection wells that began operating in August 1998. The number and
locations of these wells will vary over time as the remedy design for the aquifer evolves. DOE
estimates that 68 hectares (169 acres) of the aquifer are contaminated at levels above 30 ug
uranium/L of water (DOE 2002). The outermost uranium contour lines in Figure 9 represent the
edge of the 30 pg/L uranium concentration plumes.

The primary sources of groundwater contamination in the South Plume are historical releases of
uranium-contaminated water to the storm sewer outfall ditch (SSOD) and Paddy’s Run Creek
(Voilleque et al.1995). The SSOD became contaminated by overflow of the site’s storm sewer
system when heavy rains exceeded the storm sewer lift station capacity. Overflow from the
SSOD discharged into Paddy’s Run Creek. The Stormwater Retention Basin, which began
operations in 1986, greatly reduced discharges of contaminants to the SSOD and Paddy’s Run
Creek (DOE 1972-1999). This creek also received contaminated runoff from the western portion
of the site (Voilleque et al. 1995). Contaminated water from the SSOD and Paddy’s Run Creek
seeped into the underlying groundwater. Releases from the waste pits in the waste storage area
and contaminated runoff and liquid releases to the Pilot Plant Drainage Ditch contributed to
another area of groundwater contamination (Voilleque et al.1995). This second plume (the Pilot
Plant Drainage Ditch Plume) starts just south of the waste pit area and extends to the east under
part of the former production area (DOE 2003c). (Refer to Figure 9.)

Environmental Data

ATSDR scientists used sampling data from 1981 to the present to evaluate potential human
exposure to contaminants in privately owned drinking water wells near the Fernald site. A

® The total uranium groundwater remediation level was changed from 20 pg/L to 30 pg/L in 2001 to reflect
the EPA’s adopted Safe Drinking Water Act Final Maximum Contamination Level (MCL) for uranium going into
effect December 8, 2003 (DOE 2000a).
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limited number of samples, collected from privately owned wells between 1981 and 1996, were
measured for concentrations of metals, elements, and nitrates. Most samples were analyzed for
concentrations of total uranium only. A summary of the sampling programs and data used to
evaluate groundwater pathways for privately owned wells is provided in Table 21.

Groundwater modeling indicates that private wells south of the site may have been first impacted
by the South Plume some time after 1962 (Voilleque et al. 1995). No private well sampling was
conducted before 1981. Therefore, contractors for CDC estimated uranium concentrations by
using measurements (sampling) of water from the SSOD and Paddy’s Run Creek, known
quantities of uranium releases to the SSOD, and empirical modeling techniques in the FDRP
(Voilleque et al. 1995). Maximum uranium concentrations were found in surface water samples
from the SSOD and Paddy’s Run Creek during the 1960s (Voilleque et al. 1995). The highest
estimated yearly median uranium concentration (lower bound) to the highest estimated yearly 95"
percentile (upper bound) uranium concentration for residential wells 12 and 17 are 918 pg/L to
4,144 ng/L (Voillesque et al.1995). Although ATSDR scientists used these estimated
concentrations to calculate potential doses, they appear to be extremely conservative. The actual
concentrations were probably lower due to filtering during migration from the surface water to
the groundwater and to the amount of dilution in the aquifer before the contaminants reached
these wells.

Of the privately owned wells that were routinely sampled, only four wells (numbers 12, 13, 15,
and 17) had uranium concentrations above the proposed EPA drinking water standard of 20 ug/L
(Voilleque et al.1995; DOE 1972-1999) and the final EPA drinking water standard of 30 pg/L
that went into effect December 8, 2003 (EPA 2000a). These wells are near each other and are
directly within the South Plume. Well 15 historically had the highest concentrations, but it is
uncertain if this well was ever used as a drinking water source. Wells 12, 15 and 17 were not
used as drinking water sources after 1986. Well 13's water has contained uranium concentrations
above 20 pg/L since 1992; however, it has not been used as drinking water since 1991.
Maximum yearly (estimated and measured) uranium concentrations are presented in Table 22.
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Table 21. Summary of sampling programs and activities that include private off-site wells

Date of Program or Activity Parameters Analyzed Wells Sampled and Comments
Sampling in Well Water
1981 to DOE’s Radiological Monthly, quarterly, or Routine monitoring of up to 37 off-site
1996 Environmental Monitoring annual analyses for total private wells; special sampling conducted on
& Comprehensive uranium (U) & 16 metals a one-time basis at owner’s request; SR 128
Groundwater Monitoring & elements (Primary & study sampled 18 wells and some cisterns
Programs (routine); Secondary Drinking Water | along a 2-mile stretch of SR 128 south of the
sampling by owner’s Standards); monthly site for total U. Monthly samples analyzed for
request; and State Route 128 | analyses for nitrate- nitrate (1983 to 1985) in up to 26 wells & for
(SR 128) study, in 1990 nitrogen (1983 to 1985). 16 metals (1986 to 1995) in up to 37 wells.
(DOE 1972-1999)
1982 Sampling by US Department | Sampling off-site wells; USGS sampled ~ 30 wells in the area; 3 had
of the Interior, Geological analyzed for dissolved U; elevated uranium concentrations but no other
Survey (USGS 1984) some samples analyzed for | constituents at levels of health concern.
gross alpha & beta, metals, | Maximum concentration (430 pg/L) in well
organics, & 15 other south of site; not attributed to waste storage
constituents. area.
1986 Sampling by International Sampling off-site wells; IT collected 17 well samples. Five south of
Technology, Inc. (IT 1986) analyzed for total U. site had U concentrations above background
Sampling of six cisterns in (0.8 pug/L), maximum concentration was 269
various directions from pg/L. One well sample from east of site was
site; analyzed for 1.8 pg/L. No cistern data.
radioactive materials.
1985 to Sampling conducted by the Sampling of off-site private | ODH sampled 246 private wells, 54 cisterns,
1988 Ohio Department of Health wells and cisterns, mostly 1 public water supply, & 2 industrial water
(ODH 1988) from 1985 to 1986. supplies; 3 wells had U above background &
Samples analyzed for gross | drinking water standard; 2 wells used by local
alpha, gross beta, and total industries, 1 used for drinking water
uranium. 14 wells were (maximum 370 pg/L). DOE reported 30%
sampled for radon. higher U concentration than ODH in split
samples. One cistern had U concentrations
(43 pg/L) greater than background &
drinking water standards but had not been
used for 2 years. Public water less than
background. Radon in water not at level of
health concern.
1986 to RCRA Program monitoring Quarter & semi-annual Fernald sampled water from off-site private
1988 (DOE 1972-1999) analyses for metals, wells 8, 12, 15, 17, and 26 only (onsite
organics, radionuclides, RCRA monitoring was continued after 1988)
total phenol, chloride,
fluoride, nitrates, sulfates,
and more
1996 to Integrated Environmental Quarterly and monthly DOE sampled water from ~50 monitoring
present Monitoring Program - analyses for total uranium wells in South Plume
Combined all FEMP and 49 constituents (South
g:g;?;inv:/samom: gilézzéng Plume wells) DOE sampled water from 33 boundary wells
Quarterly and monthly east and south of FEMP plus additional on-
program (DOE 1972-1999, | analyses for total uranium | site and off-site monitoring wells
2000, 2001b, 2002, 2003c) and 27 constituents
(boundary and monitoring
wells)
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Table 22. Maximum yearly concentrations of uranium (in pg/L or ppb) in private wells 12,
13, 15, and 17 off site of the Fernald facility from 1982 to 1997

Year | Well 12 | Well 13 | Well 15 | Well 17 | Comments
1960s 918 to NA 918 to 918 to Concentration range represents the highest estimated yearly
to 1981 4,144* 4,144* 4,144* median concentration (lower bound) to the highest estimated
yearly 95™ percentile (upper bound) concentration for residential
wells based on known releases to and measurements in the storm
sewer outfall ditch and Paddys Run, and an empirical transport
model.
1982 310 NA 554 99 Fernald facility began sampling private wells.
1983 306 NA 578 68
1984 270 NA 365 68
1985 243 NA 360 55
1986 332 1 378 61
1987 410 1 330 170 Wells 12, 15, and 17 used for monitoring purposes only.
1988 300 2 310 73 Wells 12, 15, and 17 used for monitoring purposes only.
1989 350 1 320 54 Wells 12, 15, and 17 used for monitoring purposes only.
1990 210 2 330 56 Wells 12, 15, and 17 used for monitoring purposes only.
1991 190 14 310 54 Wells 12, 13, 15, and 17 used for monitoring purposes.
1992 307 30 260 50 Wells 12, 13, 15, and 17 used for monitoring purposes.
1993 176 78 264 NS Wells 12, 13, and 15 used for monitoring purposes only; well 17
not sampled after September 1992
1994 162 99 219 NS Wells 12, 13, and 15 used for monitoring purposes only.
1995 177 93 177 NS Wells 12, 13, and 15 used for monitoring purposes only.
1996 41 120* NS NS Well 12 concentrations were reported in SED; well 13 maximum
uranium concentration was reported in 1996 but was estimated
from trend analysis (DOE 1998).
1997 145* 60* NS NS Concentrations in wells 12 and 13 were estimated from trend
analysis (DOE 1998).
Key: * - estimated concentrations
NA = data not available
NS = not sampled
SED = Site-Wide Environmental Database
Hg/L = micrograms of uranium per liter of water
ppb = parts per bllion
Sources: DOE 1972-1999; Voillesque et al. 1995; DOE 1998

73




Final Release Feed Materials Production Center (US DOE)

As part of routine environmental monitoring at the site, private well water samples were
analyzed for metals from 1986 through 1995 (DOE 1972-1999). Iron and manganese were
frequently detected above EPA’s Secondary Drinking Water Standards (which are based on
aesthetics and not on adverse health effects); however, most of the iron and manganese
concentrations are typical for groundwater in this area (DOE 1972-1999). In 1988, 1989, and
1990, the maximum concentration of manganese in private wells was above ATSDR’s media-
specific comparison value (CV) for chronic ingestion by children but not for adults. However, the
concentration that exceed the CV was from a different well in each of these years (two wells
barely exceeded the CV, and their mean concentrations were below the CV). The highest
concentration (1800 pg/L) was reported in 1990 for a well that had a median concentration for all
sampling years of less than 15 pg/L. This well’s mean concentration for all sampling years
(including this outlier) is less than ATSDR’s CV. Therefore, manganese was not selected as a
contaminant of concern for groundwater based on private well sampling. ATSDR does not have
a CV for iron in water. Iron is an essential element, but gastric distress (i.e., stomachaches and
diarrhea) has been observed at ingestion rates of 70 mg/day which is roughly equivalent to an
adult drinking 2 L of water a day with 35 mg iron/L of water, assuming 100% bio-availability
(Goldhaber 2003). Since oral bio-availability of iron is closer to 18% and the maximum iron
concentration detected in a private well was 31 mg/L, iron was not selected as a contaminant of
concern for groundwater based on private well sampling. (Most of the iron concentrations were
one-half to one-tenth the value that would cause these temporary adverse health effects.) Arsenic
was consistently detected in one well above ATSDR’s CV, EPA’s Maximum Contaminant Level
(MCL) for drinking water, and background concentrations; however, this well was not near the
site. Arsenic was also detected above the MCL in a few other wells at lower concentrations.
(Refer to Table 23.) The background concentration range for arsenic reported in FEMP’s
background water quality study is 1 to 29 pg/L. Since arsenic concentrations exceeded ATSDR’s
CV and EPA’s MCL, arsenic was selected as a contaminant of concern for groundwater and
will be discussed further. Other metals (e.g., cadmium, lead, and zinc) were detected at levels
above ATSDR’s CVs or EPA’s Drinking Water Standards in very few private well water
samples collected from 1986 to 1995. Because these contaminants were detected so infrequently,
ATSDR could not identify any patterns of contamination in the wells, nor could ATSDR identify
any individual wells that were consistently contaminated. Therefore, ATSDR did not select these
metals as groundwater contaminants of concern based on private well sampling.

Since 1996, DOE has been analyzing groundwater samples collected from monitoring wells on
site and in the South Plume area for approximately 50 potential contaminants and from boundary
monitoring wells near the east and south site boundaries for 27 potential contaminants. DOE
compares the concentrations to Final Remediation Level (FRL)® and reports the exceedances in
the annual environmental reports. However, the FRLs are not always the same as ATSDR’s
health-based CVs. Because there is limited non-uranium off-site groundwater monitoring data,

® The Final Remediation Levels (FRLs) are specified in the Record of Decision for Remedial Actions at
Operable Unit 5 (DOE 1996).
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Table 23. Private Well Sampling (non-radioactive) from 1986 through 1995
(maximum concentrations in pg/L/ number of wells exceeding ATSDR’s comparison values(CVs))

Year/ number Arsenic Iron Manganese
of wells sampled

CV: CREG=0.02, MCL=10 | (EPA’s Secondary Drinking CV: Chronic RMEGc=500

Water Standard = 300)

1986/ 24 wells 43/ 3>MCL 4430/ 13>SDWS None
1987 /25 wells 48/ 4>MCL 2950/ 10>SDWS None
1988/ 26 wells 94/ 2>MCL 9090/ 15>SDWS 555/ 1>CV
1989/ 25 wells 71/ 2>MCL 3600/ 14>SDWS 560/ 1>CV
1990/ 32 wells 35/ 2>MCL 17000/ 16>SDWS 1800/ 1>CV
1991/ 34 wells 20/ 2>MCL 16000/ 15>SDWS None
1992/ 37 wells 35/ 4>MCL 12000/ 18>SDWS None
1993/ 36 wells 49/ 4>MCL 4000/ 16>SDWS None
1994/ 31 wells 63/ 1>MCL but detection 3577/ 12>SDWS None

limit (20)>MCL
1995/ 32 wells 13100/ 3>MCL 31,370/ 13>SDWS None
Key:

CREG = cancer risk evaluation guide

EPA = US Environmental Protection Agency

MCL = EPA’s Maximum Contaminant Level for drinking water

RMEGc = reference dose (or concentration) media evaluation guide for a child

SDWS = EPA’s Secondary Drinking Water Standards

NOTE: analytes not included for following reasons:

(1) no CV for essential elements calcium, potassium, magnesium, and sodium

(2) barium, chromium, copper, nickel, selenium, and silver did not exceed CVs

(3) cadmium, lead, and zinc infrequently exceeded CVs ; not consistent in any one well or area
Sources: DOE 1972-1999

ATSDR reviewed information concerning potential contaminants identified in on-site, South
Plume, and boundary monitoring well sampling data from 1997 through 2002. The constituent
was not considered a potential off-site contaminant of concern if its concentration was elevated
infrequently. ATSDR identified arsenic in the South Plume near Paddy’s Run Road; boron in the
South Field (on site); fluoride northwest of the site, in the waste pit area, and in the South Field
(on site); manganese in the South Field, in the waste pit area, in the South Plume, and near the
eastern boundary; molybdenum, nitrate/nitrite, technetium 99 and trichloroethene in the waste
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pit area. Because the groundwater flows to the east under the waste pit and production areas,
ATSDR scientists ruled out any of the contaminants from the waste pits and production area if it
was not detected above the CV on the eastern boundary. This eliminated molybdenum,
nitrate/nitrite, technetium 99, and trichloroethene. Elevated arsenic concentrations (maximum of
117 pg/L) consistently showed up predominantly in the South Plume area near Paddy’s Run
Road south of Willey Road. Because it is not predominant in samples from on-site groundwater,
ATSDR scientists do not believe that it is related to the site but will discuss possible exposure to
arsenic further in this report. The elevated boron concentrations appear in samples from two
wells in the South Field, but the boron does not appear to be migrating off site; therefore boron
will not be discussed further. Fluoride concentrations were elevated northwest of the site in 1988
and 1989 sampling. Although these wells were not sampled after March 1989, the concentrations
were elevated but were decreasing. The source of this fluoride is unknown but does not appear to
be from the site. The most elevated concentration was reported in August 1988 for a well
approximately 1 mile south of the site boundary. This well was sampled from August 1988
through June 1991 with no other samples exceeding ATSDR’s CV. Fluoride was slightly
elevated in the waste pit area; however, sampling on the eastern site boundary did not show
consistent elevated concentrations. Therefore, fluoride is not considered a current contaminant of
concern and will not be discussed further. Manganese concentrations appear to be elevated in
many of the wells on-site and off-site. Although this could be a natural phenomena, manganese is
a minor impurity (<1%) of uranium ores and ore concentrates, and potential on-site sources could
have included waste in the pits, South Field area, solid waste landfills, Plants 1, 2/3, and 8 areas,
laboratory area, and flyash piles. Three wells close to each other in the South Plume had elevated
concentrations of manganese. The highest concentration in one of the wells appears to be an
outlier, but the next highest concentration (5,410 pg/L) is similar to the maximums from the
other two wells (4,400 pg/L and 1,729 ug/L) and will be used for screening purposes. Three
wells near the eastern boundary had very similar elevated concentrations of manganese. The
maximum concentration from these wells (2,250 pg/L) was used for screening purposes.
Exposure to manganese in groundwater will be discussed further.

Off-site monitoring well data were also reviewed for non-uranium radioactive contaminants from
1991 through 1995. No other radioactive contaminant was detected at a concentration that would
have significantly contributed to off-site exposure from ingestion of groundwater.

Residences near the Fernald site also used cisterns as a source of drinking water (ODH 1988;
Pinney 2000). Investigations conducted by the Ohio Department of Health from 1985 to 1988
identified and sampled water from 54 cisterns near the site used as drinking water sources (ODH
1988). Only one cistern located immediately north of the site contained water contaminated with
uranium at concentrations above background (0.4 to 3 pg/L). The concentration in this cistern
(43.3 pug/L) was lower than uranium concentrations detected in the off-site private wells in the
South Plume but higher than EPA’s drinking water standard. Rainwater collected via roof gutters
provided the water for this system. The cistern had been disconnected 2 years before this
sampling, had not been used for drinking water since, and had not been disturbed for 2 years
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prior to sampling (ODH 1988). ATSDR does not know if the uranium concentration was higher
or lower when the water was being used.

DOE contractors are currently remediating the Great Miami aquifer as part of site remedial
activities (DOE 1972-1999). The remedy consists of a series of groundwater extraction and re-
injection wells and a centralized water treatment facility. The extraction system is designed to
prevent further southward movement of the South Plume. Six groundwater extraction wells make
up the South Plume module. Four of these wells have been operating since 1993. Groundwater
from the plume is being monitored for total uranium, radionuclides, metals, elements, and
volatile organic compounds. No other groundwater contaminants of concern have been
identified. Groundwater south of the South Plume is being monitored for chemical contaminants,
including arsenic, phosphorus, potassium, sodium, and volatile organic compounds, originating
from the Paddy’s Run Road site south of the Fernald site.

Estimated Exposure Doses

ATSDR scientists evaluated past, current, and potential future exposure to chemical
contaminants in off-site groundwater near the site. Uranium was the main chemical evaluated for
this pathway. Other chemicals (metals) were detected infrequently in private wells sampled from
1986 through 1995. No non-uranium chemical data are available prior to 1986. The data used to
evaluate chemical contaminants (other than uranium) are in Table 23. ATSDR also reviewed
DOE'’s current chemical contaminant data for wells south and east of the site and determined that
exposure to arsenic and manganese needed further evaluation.

ATSDR evaluated past, current, and potential future exposure to radioactive contaminants in the
groundwater pathway. Past exposures to radioactive contaminants were addressed in the FDRP
and the FRAP (Voilleque et al. 1995; Shleien et al. 1995; Killough 1998a, 1998b; CDC 1998,
1999). Although no private well sampling was conducted before 1981, CDC contractors
estimated past uranium concentrations in three wells south of the site for 1960 to 1981. Private
wells were potentially first impacted by the South Plume sometime after 1962. Although CDC’s
estimates appear to be very conservative, ATSDR sci