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CONVERSION FACTORS

For the convenience of readers who prefer to use metric

(International System) units, conversion factors for terms used
in this report are listed below:

Multiply inch-

pound unit By To obtain metric unit
foot (ft) 0.3048 meter (m) . 2477 .o
mile (mi) 1.609 kilometer (km)

acre (acre) 0.4047

square hectometer (hm?2)

iv - 5
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OCCURRENCE OF URANIUM IN GROUND WATER IN THE VICINITY OF THE
U.S. DEPARTMENT OF ENERGY FEED MATERIALS PRODUCTION CENTER,
FERNALD, OHIO

By Alan C. Sedanm

ABSTRACT

Process wastes are stored on site in rubber- and clay-lined
pits and in large tanks at the U.S. Department of Energy Feed
Materials Production Center (FMPC), where purified uranium and
uranium compounds are produced. Offsite domestic wells sampled
during December 1981 by NLO, Inc., the plant operator, revealed
54 to 320 micrograms per liter of dissolved uranium in some wells.
The U.S. Geological Survey sampled these and other wells while
conducting a preliminary ground-water study in the FMPC-Fernald
area in August 1982. The unusual concentrations of uranium in
the ground water are believed to be confined to an area of about
100 acres just south of FMPC.

It is not possible to determine the exact point of origina-
tion of contaminants in the ground water on the basis of data
presently available.

INTRODUCTION

The Feed Materials Production Center (FMPC), operated by
NLO, Inc., for the U.S. Department of Energy (DOE), covers about
1.6 square miles of flat to gently rolling terrain in Hamilton
and Butler Counties, Ohio. The southern edge of the tract is
about 0.7 mile north of Fernald (fig. 1). The rubber- and clay-
lined pits and concrete-encased storage tanks that comprise the
process-wastes storage area are located about 0.3 mile west of
the production area at FMPC (fig. 2) and are about 1.5 miles
north of Fernald. As part of its monitoring program, NLO, Inc.,
the operator of FMPC, sampled a number of offsite wells in December
1981 (fig. 2). These and other wells also were sampled by the
U.S. Geological Survey in August 1982 for uranium and other con-
stituents; the wells were assigned local numbers H-101 through
H-134 (fig. 3). In figure 2 the dissolved uranium concentrations
obtained by NLO, Inc., were converted from milligrams per liter
(mg/L) to micrograms per liter (pg/L) for consistency.
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Figure 1.—Feed Materials Production Center (FMPC)-Fernald study area,
Hamilton and Butler Counties, Ohio.
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Of particular concern are the concentrations of dissolved
uranium at wells H-121, H-111, and H-108, which are at least
several times greater than background levels. As stated by  Hem
(1970, p. 212), "Uranium is present in amounts between 0.1 and
10 pg/L in most natural water. Amounts greater than this are
unusual."

Drinking-water standards for uranium have not yet been
established, but according to Lappenbusch (1980), an interim
guideline of 10 pCiU/L (picoCuries of uranium per liter) has
been suggested. A conversion factor of 1 ug/L = 0.68 pCi/L can
be used when all three uranium isotopes are considered. (If only
the radioactivity of uranium-238 is considered, the factor is
1 pg/L = 0.33 pCi/L (Thatcher and others, 1977, p. 88).)

The elevated level of uranium appears to be confined to an
area of about 100 acres that includes wells H-108, H-111, and
H-121. 1If this represents a plume of excessive uranium concentra-
tion in the ground water, its position is inconsistent with the
ground-water flow patterns that may be inferred from the potentio-
metric map (fig. 4). Water-quality problems at the community of
Fernald (farther south) do not yet appear to be related to uranium
contamination.

This study was undertaken at the request of the U.S.
Department of Energy to determine the source of elevated con-
centrations of uranium in water from offsite wells near the FMPC
property. The study is based on data from existing wells and is
concerned with water-level conditions and the quality of the
ground water at FMPC as well as in adjacent offsite areas extend-
ing southward to include the community of Fernald. '

Hell-Sampling Program and Water-QOuality Analyses

Table 1 (at back of report) is an inventory of wells in the
FMPC-Fernald area. Water samples were collected from selected
wells between Augqust 24 and August 31, 1982 by the U.S. Geological
Survey. Choice of sampling sites was based on several considera-
tions. Wells selected included (1) the offsite wells sampled by
NLO, Inc. (fig. 2); (2) wells along Paddys Run that could be
affected by infiltration of contaminants from surface runoff;

(3) wells at FMPC that are located near waste storage facilities;
(4) wells at Fernald, an area where the ground water is allegedly
of poor quality; and (5) wells near the east and west boundaries
of FMPC that could be used to identify ground-water flow in any
other direction.

Table 2 is a listing of four analytical schedules used in the
sampling study. The letter codes (A, B, C, D) used in the table
are also shown on figure 3 for the sites sampled in August 1982.

10
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Table 2.--Sampling schedules and constituents analyzed

4

Schedule code
(see figure 3, table 1)

Constituent A B C D

Radiologic chemical determinations:

Uranium, dissolved-——-==-—ccccmccccccceo

Gross alpha (dissolved, U-nat)----------
Gross beta (dissolved, Sr-90)----------
Gross beta (dissolved, Cs-137)-----v~—-
Common constituents:
Calcium, dissolved--=-=re-ceccmrmccccecao
Magnesium, dissolved----—=--emmmme—ceeo-—
Potassium, dissolved--=---—--cccecue—-
Sodium, dissolved---=————cmmmmmme e
Silica, dissolved-—=-—-=cececmcmmeeo
Chloride, dissolved-——————-rmmemcemmee
Fluoride, dissolved--=~————cocccecea-
Sulfate, dissolved-———=cccccccmmmmec e
Nitrate, dissolved---—-=-—cccmccmccccca-
Iron, dissolved-—--=—=—ccmmmmcmmmee
Manganese, dissolved-——--c-ceremcmmeeeo-
Bicarbonate, as HCO3--=------—---—=o-——-
Hardness, as CaCO3---=-----emromemmam—o
Noncarbonate hardness——=-—cceccmccccceaa
Solids, dissolved--——-—=rcemmmmmme e
Metals:

Barium, dissolved--—-—-—-=ccmmmmmmcem e
Beryllium, dissolved--=----cmcccmmmauaax
Cadmium, dissolved--—-----c-ceecmmmeeeann
Cobalt, dissolved--——~——cmemmmmcccmceeeem
Copper, dissolved--=--==ccccmoccmmcmo
Chromium, dissolved-———ccmmcmmcmceceeeem X
Lead, dissolved-———=—=——cmmmmmme e

Lithium, dissolved-———=—cemmmmcmcaeeeees
Molybdenum, dissolved--------ccceeeueooo
Strontium, dissolved-—-—--emmmmmmmmcce
Vanadium, dissolved-—--—-—cmmmmmmccme
Zinc, dissolved--=—m——ccmmcm i
Arsenic, dissolved-—-——c—memcmmmmmme e
Mercury, dissolve@--------commmmcmmoo—
Cyanide, total, as CN-=--—c-cooccmeao

LI ]
MM X NMNX

55 B X D M B B X XM M X X XXM
R R R R R
3 X % 5 X M M X X XM M X X NN

MM M MM
»

LI
% X X ]

]

Nitrogen, organic, as N———--cccceeceeuuo %
Nitrogen, ammonia, total, as N----———--- X
Nitrogen, ammonia + organic, total, as N X
Nitrogen. NO, + NO3, total, as N---—---- X
-~ - - ~Phosphorus," %otal,'as Pommccedmmem e g
Carbon, total, organic--—-—--cccccceco——— X
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At each well, untreated water was collected as close as possi-
ble to the wellhead. The well was pumped for several minutes to
- obtain water that was representative of aquifer conditions. Field
determinations were made of water temperature, specific conduc-
tance, pH, and alkalinity. The hydrogen-sulfide content was de-
termined by U.S. Geological Survey personnel in Columbus, Ohio.
Radiometric analyses and dissolved uranium concentrations were
determined in the U.S. Geological Survey regional laboratory at
Denver, Colo. Other constituents (table 2) were analyzed at the
Survey's regional laboratory at Doraville, Ga. Analytical results
of dissolved-uranium concentrations determined by NLO, Inc., in
December 1981 are presented in table 3. Analytical data from all
of the samples collected in August 1982 are included in table 4
(at back of report).

BYDROGEOLOGIC SETTING OF THE FMPC-FERNALD AREA

The aquifer system is composed essentially of sand and
gravel of glacial origin. 1In places, the aquifer is stratified
with clay, or capped by clayey till.

Spieker (1968, pl. 2) shows the FMPC area as situated on a
terrace (above the Miami River floodplain) and consisting of a
clay-rich till underlain by about 150 feet of sand and gravel.
A 10-foot bed of clay about 130 to 140 feet below land surface
divides the sand and gravel section into an upper and a lower
aquifer. The clay bed reportedly pinches out to the east near
the eastern boundary of FMPC.

Studies by Eye (1961, p. 21) and Spieker (1968, p. Al5)
indicate that the clay beds act as partially confining layers.
Only a tew of the wells listed in table 1 are deep enough to have
tapped the lower aquifer. At FMPC, these include the production
wells (NLO/PW 1, 2, and 3) and test wells (NLO 1-D and 8-D). To
the east, three wells drilled to bedrock by Southwestern Ohio
Water Company apparently are not affected by the clay layer that
divides the aquifer at FMPC. The potentiometric map (figqg. 4) was
made to identify directions of ground-water flow within the aquifer
system and to aid in selecting sites for water—quality sampling.

An inventory of water wells and water-level measurements was
completed in August 1982. Wells used in the inventory are listed
in table 1, and their locations are shown in figure 3. Water-
level data obtained in this investigation were used to prepare
the potentiometric map (fig. 4). Not all wells in the area were
available for measurement because of problems of access to the
property or an inability to measure the depth to water without
dismantling equipment in the wells.



Table 3.--Uranium concentrations in water from wells sampled by
NLO. Inc. (Pecember 1981) and U.S. Geological Survey (August 1982)

[Well locations are shown in figures 2 and 3]

Concentrations
U.S. ‘ U.S.
Geological NLO Geological
Survey NLO (corrected Survey
local well no. well ID A to ng/L)a (ng/L)
BE-101 BPH <3.0 <2.0
H-103 DG 6.0 1.4
H-106 BLK 6.0 1.5
H-107 WK <3.0 0.7
H-108 HK 190 250
H-109 BHMHP <3.0 --b
H-110 DE <3.0 0.4
H-111 DS 320 - 430
H-116 KY 6.0 1.5
H-117 JS <3.0 <0.4
H-118 RE <3.0 <0.4
H-119 MVRM <3.0 <0.5
H-121 MC 54 46

3pata reported by NLO as milligrams per liter have been con-
verted to micrograms per liter for consistency.

bSample from H-109 not used because of excessive bleach in
water supply.
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Several anomalous features should be mentioned with reference
to figure 4. PFirst, there are two bedrock areas that crop out
along the banks of the Great Miami River near Fernald; these out-
crops probably affect ground-water movement south of FMPC.

Second, the water table defined by the 520-foot contour that
appears as a troughlike low at the southern edge of FMPC along
Willey Road opens to the south as a narrowly constricted channel
between two control points, wells H-122 and H-11l. In the area
north of these wells, ground-water pumpage (mostly domestic and
farm use) is low compared to the amount of ground water used at
Fernald and FMPC. Where the north side of the 520-foot enclosure
crosses Paddy's Run (fig. 4) the altitude of the streambed is
between 520 and 530 feet above sea level. Whether or not Paddy's
Run is a losing stream in this stretch or flows without connection
with the water table was not determined. Paddy's Run was virtual-
ly dry at the time of this investigation.

Third, the water level at the abandoned "cone house" well
(labeled "CH," fig. 3) near the northeast corner of the FMPC just
inside Butler County, is about 75 feet higher than in wells a
half-mile to the east and to the west. The potentiometric surface
along the eastern side of the FMPC is conjectural because of a
lack of suitable well data; however, the well is evidently in a
body of water that is perched or otherwise disconnected from the
water-bearing zone mapped elsewhere in figure 4. An attempt to
draw contours between this and other wells resulted in a hydraulic
gradient that was unrealistically steep. The extent of the
perched water body is unknown; thus, it is not shown in- figure 4.

Finally, a ground-water divide may exist along the eastern
boundary of the FMPC as suggested by Spieker (1968, pl. 2) between
two bedrock areas (fig. 4). The contours as drawn in figure 4
suggest that a partial ground-water divide exists in the area.

The water table beneath the principal area of activity at
FMPC is a relatively broad depression enclosed by the 525-foot
contour (fig. 4). Static water levels of onsite wells were mea-
sured when the FMPC plant was shut down for vacation and the three
main supply wells were idle. Water levels for the three wells
were just below 524.0 feet, but in two observation wells to the
north (NLO test well 10 and the old administration building well)
the levels were 515.6 and 521.9 feet, respectively; this indicates
that recovery in the aquifer was greater in the vicinity of the
supply wells. During periods of plant operation the supply wells
are pumped on a rotating basis, and the 520-foot enclosure north
of the supply wells (fig. 4) would probably be enlarged to include
all three wells.

10 15
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The cone of depression at FMPC, even when major pumping is
shut down, has become a persistent feature over the years.
According to Spieker (1968, p. Al9 and pl. 2), daily pumpage at
FMPC in 1964 averaged more than 1.0 million gallons per day, but
the cone of depression caused by pumping was too shallow to show
on his map. Although the pumping rate has been less in recent
years, development of the cone can be attributed to the fact that
ground water pumped at FMPC is not returned to the agquifer but is
discharged through sewers or lost by evaporation.

Recharge is essentially by precipitation and by ground-water
movement from surrounding areas. Rainfall in the area was defi-
cient in July 1982. Had it been abundant, the cone of depression
in figure 4 might have been smaller. o : S

The water level at well H-132 (NLO test well 1-S, fig. 3),
which is pumped continuously (at less than 100 gallons per minute)
to intercept ground water between the waste pits and the main sup-
ply wells, was about 485 feet. Because water levels in nearby
wells were much higher, the cone of depression at this well is too
small to show in figure 4. Similarly, the cone of depression at
well H-121 (fig. 3) is too small to show in figure 4.

URANIUM CONCENTRATIONS IN GROUND WATER AND THEIR SIGNIFICANCE

Table 3 compares concentrations of dissolved uranium deter-
mined by NLO, Inc., in December 1981 (fig. 2) to those determined
by the U.S. Geological Survey for the same wells in August 1982.
In general, the concentrations determined by the U.S. Geological
Survey were lower than those determined by NLO, Inc., possibly
because of differences in detection limits used in the analyses.
However, the concentrations of dissolved uranium at wells H-108
and H-111 were greater; the concentration at well H-121 was near-
ly the same as that reported by NLO, Inc. These three wells were
the highest in dissolved uranium content of the wells sampled in
this study. All had concentrations at least several times higher
than the dissolved uranium content found at wells H-132 and H-134
(fig. 5), both of which are situated near the FMPC waste-storage
areas.

Two other onsite wells, H-130 and BH-131 (fig. 5), are
located farther from the waste-storage areas and were relatively
low in dissolved uranium. Well H-131 taps the upper aquifer,
whereas well H-130 is one of three supply wells that produces
from the lower aquifer. The water—quality data for these wells
and the potentiometric surface as mapped in figure 4 suggest that
the high concentration of uranium at wells H-108, H-11l1, and H-121
did not reach these wells through the aquifer directly from the
FMPC production area because several wells such as H-103, H-104,

16
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H-116, and H-122 situated similarly along the ground-water flow
pathway were scarcely affected. Even though a localized source of
contamination is possible, it would be reasonable to consider the
" various possibilities for contaminant migration from FMPC. These
would include movement down Paddy's Run resulting from excessive
discharges at some specific time, undetermined pathways of leakage
from the storage pits, and contamination carried by storm runoff.

The amount of dissolved oxygen in the aquifer should be con-
sidered. According to Garrels and Christ (1964, p. 253-6), the
more highly oxidized forms of uranium have greater solubility.
This suggests that in areas of recharge where the oxygen content
can be expected to be high, more uranium can be carried in solu-
tion than where the oxygen content is low. It is possible that
uranium transported under conditions of oxygen enrichment could
end up as excessive amounts in some localities, whereas a low
uranium content could mean that potentially excessive amounts
of uranium have already been precipitated out somewhere along
the way from the source.

The amount of dissolved iron may be an indicator of oxygen
concentration, that is, high iron concentrations would suggest
reducing conditions or an oxygen deficiency. Conversely, low
iron concentrations may indicate that conditions of oxygen enrich-
ment prevailed. In this study, 13 samples were analyzed for dis-
solved iron. Wells H-108, H-111] and H-12l1, which were low in
iron, may have been relatively rich in oxygen. Conversely,
wells H-106, H-110, H-118, H-119, and H-122 were quite high in
dissolved iron but low in dissolved uranium. One well, B-107,
was low in both iron and uranium. This well is just east of the
three-well critical area.

Except for H-111, H-121, and B-122, samples from the wells
located along Paddy's Run (fig. 5), contained less than 2 jug/L
of dissolved uranium. However, the concentration of dissolved
uranium in water from well H-128 near the southern end of Paddy's
Run was noticeably higher (3.2 ng/L). Because this well is shal-
low and located closer to the stream than other upstream wells
(fig. 5), it is probably more susceptible to infiltration from
surface-water contamination whenever the stream is bankfull.

Concentrations of dissolved uranium for most of the wells at
Fernald were less than 2.0 ug/L; thus, dissolved uranium contami-
nation does not appear to be a problem for wells in that commu-
nity. A potential problem exists if the uranium concentration at
wells H-11l1] and H-121 increases or if this body of ground water
migrates southward toward Fernald.

13
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CONCLUSIONS

The source of the uranium found in wells B-108, B-1l1ll, and
H-121 cannot be attributed directly to ground-water flow from the
waste storage areas at FMPC; several other wells along the way
would have been affected. More data concerning the flow charac-
teristics of Paddy's Run along the southwestern part of FMPC is
needed to determine if any part of the stream is losing water to
the ground. There is a possibility that surface-water runoff,
such as storm overflow, could have carried high-level uranium
wastes toward Paddy's Run. The uranium wastes could have infil-
trated the ground-water system along the reach near the affected
wells.

Continued water-level measurements and water-quality sampling
are needed to determine if the amount of uranium is increasing in
the vicinity of wells B-108, H-111, and H-121, or if other wells
in the area (wells H-122, H-116, B-107) are likely to be affected
by increasing levels of uranium. To determine the direction of
movement may require drilling test wells. Because the water table
is relatively high in the vicinity of well H-11l1 (fig. 3), dis-
solved uranium at this locality could move in any of several di-
rections toward wells that have not yet been affected.

The amount of dissolved iron in ground water suggests a rela-

tionship exists between the amount of available oxygen and the
amount of dissolved uranium. Thus, if uranium wastes were carried
by surface-water drainage, an opportunity exists for oxygen en-
richment, which would permit greater transport of dissolved ura-
nium to the ground-water system.

The area in which additional work is needed is outlined in
figure 5. Water-level measurement and water-quality sampling
could be continued at wells H-108, H-111, H-121, and in other
nearby wells to determine if the uranium contamination is increas-
ing or likely to move. To help delineate the area of contamina-
tion, additional wells north and east of wells H-108, H-111, and
H-121 are needed. Other wells at FMPC, especially south of the
storm outfall ditch, could be drilled to various depths; core
samples could be taken during well construction.

Discharge measurements could be made along Paddy's Run to
determine if there are sections of the stream where water is being
lost to the ground. A so0il sampling program conducted along
Paddy's Run and the storm sewer outfall ditch (fig. 1), would help
identify places where infiltration may have taken place.

14
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Water samples could be collected at base flow to determine
what constituents, if any, are being carried away from FMPC by
surface drainage. Additionally, the chemistry of the mixing
waters (ground water, stream water, and process wastes) could
be studied using methods such as the U.S. Geological Survey chemi-
cal model PHREEQE (Parkhurst and others, 1980). The relation of
dissolved iron, oxygen, and uranium also could be investigated.
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Table 4.--Chemical quality of water from selected wells

BA
BE
ca
CACO3
CDh
CL
CoO
COo2
Co3
CR
CS
CU
DEG C
FE

FET-FLD

H2S
HCO3
HG
LI

MG

LIST OF ABBREVIATIONS USED

arsenic (As)
barium (Ba)
beryllium (Be)

- calcium (Ca)

cadmium (Cd)
chloride (Cl)

cobalt (Co)

carbon dioxide (CO,)
carbonate (CO3)
chromium (Cr)
cesium (Cs)
copper (Cu)
degrees Celsius

iron (Fe)

fixed-endpoint titration,

field determined
hydrogen sulfide (H5S)
bicarbonate (HCO3)
mercury (Hg)
lithium (Li)

magnesium (Mg)

~calcium carbonate (CaCO3)

22

MG/L

MN
MO
NA
NO2
NO3
PB

PCI/L

PO4
SI102
S04
SR

SR/YT-90

U-NAT

UG/L

UMBROS

ZN

-

milligrams per
liter (mg/L)

manganese (Mn)

molybdenum (Mo)

sodium (Na)

nitrite (NO,)

nitrate (NO3)

lead (Pb)

picocuries per
liter (pCi/L)

phosphate (POy)

silica (Si0y)

sulfate (SOy,)

strontium (Sr)

strontium-
yttrium-90

uranium,

natural

micrograms per

liter (ug/L)

micromhos per
centimeter
(umho/cm)

zinc (Zn)
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