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Table 6. Daily linear gradient between the Scioto River and well R5-WT and cumulative distance traveled inland by a
water particle during a flow-reversal event at the Ohio Management Systems Evaluation Area, July 14-31,1992

[The location of well RS-WT in relation to the Scioto River is shown in figure 2. A negative head difference and gradient means that ground water
was flowing toward the Scioto River. A positive head difference and gradient means that ground water was flowing away from the Scioto River,
toward well R5-WT. Gradient was calculated from measured head differences between the Scioto River and well R5-WT, located 475 feet inland.
Velocity was calculated from an assumed effective porosity of 0.25 and a hydraulic conductivity of 401 feet per day, as determined by Norris
(1991) from analysis of aquifer-test data from near well cluster R5 (table 3). Cumulative distance traveled inland is based on the assumption that
flow is directly toward well from river. Abbreviations: ft, feet; ft/d, feet per day]

Head difference

Dws beweentherand T Velosiy (1) L (0
07/14/92 0.20 0.0004 0.64 0.64
07/15/92 7.94 .0167 27 28
07/16/92 6.68 .0141 23 51
0717/92 5.26 .01 18 69
07/18/92 3.74 .0079 13 82
07/19/92 4.64 .0098 16 98
07/20/92 4.80 .0101 16 110
07/21/92 4.25 .0089 14 130
07/22/92 1.61 .0034 54 2130
07/23/92 242 .0051 8.2 140
07/24/92 .88 .0019 3.0 2140
07/25/92 3.24 .0068 1 160
07/26/92 -1.28 -.0027 4.3 150
07/27/92 6.03 0127 20 170
07/28/92 3.61 .0076 12 180
07/29/92 2.09 .0044 7.0 190
07/30/92 .68 .0014 22 2190
07/31/92 25 .0005 .80 2190

2 Distance traveled was too small to be reflected in rounded number.

Although hydrographs from the water-table Deep waters between ports 1 and 2 (40 and 60 ft below
wells provide data on interactions of shallow ground land surface) generally have an upward component of
water with the Scioto River, head data from multiport flow (a mean measured head difference of 0.04 ftand a

well R6, 150 ft from the river, provide further informa-
tion about the effects of the river on ground-water flow
in the deep and intermediate zones of the aquifer.

mean vertical gradient of 0.002%). The vertical

These data show that ground-water flow only 150 ft ¥Measured head differences between ports 1 and 2 ranged
from the river is predominantly horizontal throughout from less than 0.03 ft (within measurement error) to 0.09 ft.
the depth of the aquifer, as evidenced by the slight Thus, vertical hydraulic gradients between ports ranged from
differences in head measured at the different depths. 0to5x 107,
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component of flow between the uppermost saturated
port and port 2 (40 ft below land surface) is highly
variable in direction, but slight downflow generally
occurs in this zone, likely caused by numerous,
repeated bank-storage events. The maximum
measured upward and downward gradients between
the uppermost saturated port and port 2 were 0.009
(maximum head difference of 0.10 ft; distance
between ports of 10.98 ft). (Even an assumed constant
upward gradient of 0.009 in this zone multiplied by
the distance between the river and well R6 (150 ft)
would yield an estimate that a particle of water origi-
nating 30 ft below land surface at well R6 would travel
only 1.35 ft upward by the time it reached the edge of
the Scioto River.) Thus, given the absence of consis-
tent, significant upflow throughout the outwash
aquifer at well R6, and the fact that the Scioto River is
the only discharge area for ground water in the valley,
one might infer that dramatic upflow of ground water
occurs directly beneath the Scioto River and (or) deep
ground water in the sand and gravel aquifer turns
abruptly south beneath the river and flows downvalley
before eventually discharging to the Scioto River.

In addition to investigating discharge to the
Scioto River at the west edge of the study area, the
nature of ground-water interaction with Big Beaver
Creek (on the east edge of the study area) was evalu-
ated. Big Beaver Creek drains an area composed pre-
dominantly of the poorly permeable bedrock uplands
from which runoff is rapid and bank storage is mini-
mal. This set of conditions produces rapid stage fluc-
tuations in the creek during storms and only inter-
mittent flow during dry summer months.

Big Beaver Creek seems to be recharging the
outwash aquifer on the basis of the following water-
level evidence obtained from wells R1 and R8, stage
data from Big Beaver Creek, and results of seepage-
meter tests:

1. The altitude of the Big Beaver Creek streambed
was, for the period of record, generally higher
than water-table altitude in well R1-WT, located
near the creek (fig. 16). This relation indicates
that Big Beaver Creek cannot be fed by ground-
water discharge from the outwash aquifer under
typical ground-water conditions. The stage of
Big Beaver Creek was also higher than the water-
table altitude at well R8-WT (fig. 16) —an

indication that water flows from the creek to the
aquifer at this location also.

2. Hydrographs for the water-table wells at clusters
R1 and R8 (fig. 16) show a greater number of
small water-level rises (representing recharge to
the water table) than hydrographs for wells not
located near a surface-water body (for example,
well R4, figure 14). This finding indicates that
the area near Big Beaver Creek is a recharge
zone. Stage data for Big Beaver are not complete
enough to correlate to ground-water-level hydro-
graphs for wells R1 and RS.

3. Head measurements in the multiport well at clus-
ter R1 show that flow, although predominantly
horizontal, has a consistent component of down-
flow from the water table to 40 ft below land sur-
face. Vertical gradients range from a minimum
of 9 x 10" (4.75 f/mi) during September and
November of 1991 (when Big Beaver Creck was
dry) to @ maximum of 0.021 (110.9 ft/mi) on
August 4, 1992, following heavy rains that
resulted in high creek stage. Ground-water flow
deeper than 40 ft below land surface has no verti-
cal flow component that exceeds the water-level
measurement error. Vertical flow in well R8 is
rare.

4. Seepage-meter tests were done in July 1991 and
August 1992 by OSU personnel to measure verti-
cal K of the Big Beaver Creek streambed at three
locations. Test locations are shown in figure 2,
and data from the tests are summarized in table 7.
These tests showed that, on the dates tested, the
stream was losing water through the streambed to
the underlying aquifer at the test locations.
Streambed permeability as estimated by nine
tests ranged from 0.89 to 19.9 f/d; the mean ver-
tical K for the three locations was 6.10 ft/d.
Seepage meters could not be installed between
S.R. 124 and test location 1 because the stream-
bed between the two points is composed of shale.
Elsewhere in the study area, Big Beaver Creek
has a gravel streambed.

In summary, analysis of ground-water/surface-water
interactions indicates that Big Beaver Creek is losing
water to the outwash aquifer and that the Scioto River
is gaining water from the outwash aquifer.
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Figure 16. Hydrographs showing relation between stage of Big Beaver Creek (observer data) and water

levels in the outwash aquifer at wells R1-WT and R8-WT (continuous data logger), August 1991-
September 1992.
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Table 7. Vertical hydraulic conductivity of streambed of Big Beaver Creek at the Ohio Management Systems

Evaluation Area

[Vertical hydraulic conductivities were estimated from seepage-meter tests and water-level measurements in adjacent piezometers. Test
locations are shown in figure 2. Abbreviations: ft., feet: ft/d, feet per day; SW., southwest]

Number Mean vertical Stém.iard
Test o of Range of vertical hydraulic deviation of
Jocation Location description Date of test licate hydraulic gradients conductivity hydraulic
re:’ests observed (fd) conductivity
(fvd)
1 Downstream from shale 7/11/91 2 0.088 0.088 1.55 0.69
streambed (east of well
R1)
2 East of Shepherd House 8/20/92 3 0.0033 0.0067 16.6 4.1
3 30 ft SW. of SR 23 8/20/92 4 0.011 0.038 .147 .050
bridge

Bedrock-Outwash Interaction

Using techniques similar to those employed to
examine ground-water/surface-water interactions, the
investigators evaluated the relation of the bedrock and
outwash aquifers. A comparison of hydrographs from
paired wells completed in the bedrock and outwash
aquifers at locations R1, R2, and R6’ (fig. 17) shows
that vertical flow between the two aquifers varies in
direction and magnitude across the study area. At well
cluster R1, potentiometric altitudes in the outwash
aquifer are higher than those in the bedrock aquifer
(fig. 17) and indicate that downflow from the outwash
to the bedrock aquifer occurs consistently. Exceptions
were observed during periods of rapidly rising water
levels, when no fiow between the two aquifers was
measured. The maximum downward gradient from
the water table in the outwash aquifer to the upper
zone of the bedrock aquifer was 0.005 (26.4 ft/mi).

In contrast, higher head in the bedrock than in
the outwash aquifer at well cluster R2 shows that con-
sistent upflow from the bedrock to the outwash depos-
its occurs at this location beneath the middle terrace
(fig. 17). In addition to the difference in vertical flow
direction, gradients arc much greater at R2 than at well
R 1; the maximum observed gradient at R2 was 0.033

“Data from well R7 were not used for this analysis because of
the slow recovery time of the bedrock well after sampling; the
hydrograph from well R7-BR does not represent undisturbed head
conditions.

(174 fmi) on August 18, 1991, and was the largest
vertical flow gradient observed at the MSEA.

Paired bedrock and outwash hydrographs from
well R6 (fig. 17) show that upflow from the bedrock to
the outwash aquifer generally occurs at this location;
the maximum vertical gradient of 0.014 (73.9 ft/mi)
was observed during base-flow conditions on
October 1, 1991. During periods of bank storage in
the outwash aquifer, however, vertical flow between
the two formations is reversed, and gradients of as
much as 0.023 are bricfly observed as ground water
flows from the outwash into the bedrock aquifer.

Vertical Flow Gradients within the Outwash Deposits

Data defining interactions of the outwash
aquifer with streams and the bedrock aquifer were
combined with head data obtained from multiport
wells throughout outwash deposits to create an over-
view of vertical flow beneath the study area. The
resulting potentiometric section through the study area
(figs. 18 and 19) clearly illustrates that recharge to the
aquifer occurs near Big Beaver Creek and the east
edge of the study area. From this area, ground water
flows beneath the terraces and shallow waters dis-
charge to the Scioto River. Although horizontal flow
dominates beneath the terraces, slight but temporally
consistent vertical gradients are present near the base
of the outwash aquifer at well R6. The upflow of deep
outwash waters at well R6 is likely driven by upward
leakage from the underlying bedrock. Morcover, the

38 Hydrogeology and Water Quality at the Management Systems Evaluation Area near Piketon, Ohio
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confluence of ground water flowing toward the Scioto
from the west side of the valley provides an additional
driving force for upward flow of water.

Near the water table are ephemeral, shallow
flow cells that are affected by spatially variable infil-
tration of precipitation (likely caused by runoff from
hillslopes and ponding of rainfall on the land surface).
The existence of these flow cells and the influences on
them are evidenced by temporally variable flow gradi-
ents observed in shallow multiport wells. For exam-
ple, hcad measurements in wells R2, S2, and S6, in the
northeast part of the middle terrace, all showed signifi-
cant downflow on July 2, 1991. Thesc wells are all at
the base of a hillslope, so the recharge measured at
thesc wells on July 2 may have been the result of run-
off from a heavy rainfall on June 18. The only arca
where downflow is temporally consistent is the cast
edge of the valley, near Big Beaver Creek.

Intersection of the water table with land-surface
topography also affects the shatlow flow system.
During April-June 1991 (when the water table was
approximately 7 to 12 ft below land surface), two sep-
arate shallow flow cells were present beneath the
middle and lower terraces. During this period, shal-
low ground water flowed horizontally beneath the
middle terrace and discharged into the cast side of the
meander scar, at the base of the terrace bank (fig. 20).
Water then discharged from the west side of the
meander scar and flowed horizontally beneath the
lower terrace until it discharged to the Scioto River.
When the meander scar dried up at the end of June
because of declining ground-water levels, vertical flow
in wells S3 and R3 reversed direction as a deeper flow
cell formed (fig. 20). The deeper flow cell was charac-
terized by recharge on the middle terrace and slight
upflow bencath the lower terrace that resulted in dis-
charge to the Scioto River.

Ground-Water Budget

A ground-water budget is an accounting of all
waters entering or leaving a ground-water-flow
system. The water budget helps to refine the concep-
tual flow model and ensures that it is viable. The
water-budget cquation for a flow system is

Inflow = Outflow + Storage. 6)

For the water-budget calculations relevant to the
Ohio MSEA, an area of 6.92 x 107 £ was considered,
as outlined by the study area boundary in figure 1.
The east boundary is the edge of the bedrock valley,
and the west boundary of the area of interest is the
center of the Scioto River. The area is bounded by a
flow path north of the site and by a flow path south of
the cone of depression that was created by pumping of
the DOE wells (figs. 2, 12). Flow-path boundarics are
used so that regional underflow is a possible equation
paramecter only beneath the Scioto River. Any under-
flow entering the study area beneath the Scioto River
is assumed to equal the volume of underflow leaving
the study area beneath the river; therefore, underflow
is not included in the water-budget equation. Surface
runoff is considered negligible at the MSEA; infiltra-
tion of precipitation is rapid over the unconsolidated
deposits, and runoff from the uplands is channcled to
Big Beaver Creek on the east and to the Scioto River
on the west. Thus, runoff is not considered to be a
separate source of inflow to the ground-water system.
Finally, the water-budget cquation relevant to the
MSEA is based on the assumption that inflow to the
aquifer from the Scioto River during periods of high
stage equals outflow from bank storage to the Scioto
River when river stage falls, so that net bank storage is
zero.

Given the preceding assumptions, the major
components of ground-water inflow and outflow to the
outwash aquifer at the Ohio MSEA can be further sub-
divided into the following components:

Inflow

Infiltration of precipitation
Leakage from bedrock
Infiltration from Big Beaver Creck

Outflow

Discharge to Scioto River
Withdrawals from the DOE sanitary-supply weils!®

On the basis of thesc water sources and sinks, a water
budget for water ycar 1992 was calculated. Where
data permitted, component values were compared to

191, calculations of well withdrawals from the outwash aquifer,
induced infiltration from the Scioto River is subtracted from the total mea-
sured well withdrawals. Therefore, induced infiltration is not included as a
separate inflow term.

42 Hydrogeology and Water Quality at the Management Systems Evaluation Area near Piketon, Ohio
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those for water year 1991. Ground-water withdrawal
from DOE wells (fig. 2) was the only budget compo-
nent that could be measured directly. Estimation of the
other formula parameters is described in the following
sections. Estimation of the parameters was done by
use of more than one method, when possible, to cor-
roborate resulits.

Infiltration of Precipitation

Heavy rains and flooding occurred throughout
much of Ohio in December 1990 and January 1991,
and above-normal monthly rainfall continued through
April 1991. Thus, ground water was at near-record-
high levels in January 1991, at the beginning of the
study period (Shindel and others, 1992). Weather-
system changes brought drought conditions in May of
1991 that continued through 1992. Thus, the data pre-
sented in this report represent one wet and one dry
year in south-central Ohio. Total precipitation at
Piketon in water years 1991 and 1992 was 43.32 and
38.33 in., respectively. The mean annual precipitation
for south-central Ohio is 40.14 in. (Hendershot, 1990,
p. 154).

The relation between precipitation and water
levels beneath the middie terrace in the outwash
aquifer is illustrated in figure 21. A muted water-level
rise is apparent immediately after some of the precipi-
tation events. The maximum immediate observed
response to a precipitation event occurred on
July 10, 1992, when water levels rose 1.2 in. in wells
S5 and S10 in response to 1.55-in. of rain. If an effec-
tive porosity of 0.25 is assumed for the outwash
aquifer and used as a multiplier for the observed
water-level rise, then (.30 in. of water reached the
water table to cause the water-level rise. This calcula-
tion indicates that a maximum of 19 percent of the pre-
cipitation in the specified event reached the water table
within 2.5 days.

Rapid infiltration of part of the precipitation at
the site was also noted by Springer and others (1993)
and Springer (1994), who applied a conservative bro-
mide tracer to the surface of one-quarter of plot 100
(fig. 1) in spring 1991. They observed that low con-
centrations of bromide were present at the water table
beneath the treatment area after significant precipita-
tion events. However, mass-balance calculations
show that a maximum of 4 percent of the total applied
mass of bromide was detected at the water table after
any one precipitation event and that less than
10 percent of the applied mass of bromide was

detected in ground-water samples collected between
application and September 1992. Instead, analysis of
bromide in soil cores has shown that the bulk of the
bromide is moving slowly through the soil matrix and
that the center of the bromide mass was only 6 to 7.5 ft
below land surface in February 1994, roughly

3.8 years after bromide application (unpublished data
on file in the Environmental Chemistry Water Quality
Analytical Laboratory at The Ohio State University,
School of Natural Resources, Columbus, Ohio). Thus,
the tracer tests and hydrograph analyses indirectly
indicate that rapid infiltration of water and conserva-
tive solutes to the water table partially occurs along
pathways of preferential flow through the unsaturated
zone. The rest of the rainfall either infiltrates the
unsaturated zone as matrix flow at the average rate of
about 2 ft/yr or is lost as evapotranspiration during
summer.

The amount of precipitation that infiltrates to the
water table at the study area was estimated as the dif-
ference between the volume of precipitation and the
volume of water lost as evapotranspiration. As previ-
ously stated, precipitation for water year 1992, as
measured at the NWS station in Piketon, was 38.33 in.
Monthly estimates of potential evapotranspiration
(ET) were calculated by means of the modified
Blaney-Criddle equation, as described in James
(1988):

ET = K. K,NP(T/K1+K2), o)

where K is the crop coefficient for corn (James,
1988, table C2, p. 432); K, is equal to K5T + Ky,
where K3 is a constant equal to 0.0173 (James, 1988,
table 1.14, p. 34), K, is a constant equal to -0.314
(James, 1988, table 1.14, p. 34), and T is the mean
temperature for the month, in degrees Fahrenheit, as
obtained from the NWS weather station in Waverly,
Ohio; N is the number of days in the month; P is the
mean daily percentage of annual daytime hours for the
month; K, is a constant equal to 100 (James, 1988,
table 1.14, p. 34); and K, is a constant equal to 0
(James, 1988, table 1.14, p. 34).

Monthly temperature, precipitation, and ET for
1991 and 1992 are shown in table 8. ET was highest
during April through September each year. Total ET
for water year 1992 was 25.63 in. Subtraction of
estimated ET from the amount of total precipitation
for water year 1992 (38.33 in.) yields 12.70 in. of
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Figure 21. Hydrograph showing relation between precipitation and water level at well S5-WT, Ohio
Management Systems Evaluation Area, August 1991-September 1992.

water (33 percent of total precipitation) that was avail-
able to infiltrate to the water table.

An infiltration amount of 12.70 in. is reasonable
for water year 1992 when compared to recharge rates
estimated for outwash deposits elsewhere in Ohio, as
listed in table 9. One would expect lower recharge
rates in the Scioto River Valley of Franklin County
than in Pike County because of the greater amount of
urbanization in Franklin County and the presence of
overlying till layers in southern Franklin County.

Leakage from Bedrock

To calculate leakage of ground water from the
bedrock along the sides and bottom of the buried val-
ley, the investigators determined K of the bedrock,
hydraulic gradient across the bedrock-outwash con-
tact, and area of the bedrock valley walls and valley
floor. K of the bedrock was estimated by means of
slug-test analysis at well R6-BR. Analysis of recovery
of water levels in this weli after pumping yiclded a
horizontal K (Kj) of 3.0 x 103 fd (Finton, 1994), a

reasonable value to use for determining leakage from
the valley walls. To calculate leakage from the valley
floor, the investigators used a vertical K (K) esti-
mated to be one-tenth of the Ky, or 3.0 x 10 fvd.

Data for hydraulic gradient across the bedrock-
outwash contact was available only for along the val-
ley floor. The maximum gradient measured between
the bedrock and the deep outwash aquifer was 0.033,
observed at well cluster R2 in August 1991. This
maximum gradient was used in the calculation of bed-
rock leakage to produce a maximum rate of bedrock
discharge.

The area of the east valley wall (A,) in contact
with the saturated part of the outwash aquifer was esti-
mated as being equal to the length of the east valley
wall within the study boundaries (1 x 10* ft) multi-
plied by the saturated thickness of the aquifer (approx-
imately S5 ft), or a total of 5.5 x 10° ft2. The area of
the bedrock valley floor (Ag) was calculated as being
6.52 x 107 ft%, equal to the surface arca of the study
area (6.92 x 107 fi2) minus the arca adjacent to
Big Beaver Creek where downflow occurs. The area
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Tabie 8. Estimation of evapotranspiration and infiltration of precipitation at the Ohio Management Systems Evaluation Area

[Monthly evapotranspiration = (crop coefficient)(Kt)(number of days in month)(mean daily percentage of annual daytime hours)(mean temper-
ature)(1/100 + 0), as estimated by the modified Blaney-Criddle method (James, 1988). Crop coefficient from James (1988, p. 432, table C2); Kt
=0.0173(mean temperature) + -0.3 14; mean temperature derived from the National Weather Service data from station in Waverly, Ohio; con-
stants derived from James (1988, p. 34, table 1.14)]

Mean daily  Monthly

W S N POCC TS B PP gy
year ficient of days daytime (degrees (Inches)  (inches) (inches)
hours Fahrenheit)
1991  January 005  0.1998 31 0.22 29.7 0.020 3.09 3.07
February .05 2742 28 24 340 031 3.16 3.13
March 25 4316 31 27 43.1 389 6.20 5.81
April 44 6410 30 30 55.2 1.401 3.81 241
May 58 8866 31 32 69.4 3.540 1.76 -1.78
June 92 9281 30 34 71.8 6.254 2.69 -3.56
July 1.08 9818 31 33 74.9 8.124 244 -5.68
August 1.00 9333 31 31 72.1 6.467 4.29 -2.18
September 85 8001 30 28 64.4 3.679 274 -94
1992 October 25 6064 31 25 532 625 1.23 60
November 05 3607 30 22 39,0 046 1.58 1.53
December .05 .2880 31 21 348 .033 599 5.96
January 05 1912 31 22 29.2 019 1.27 1.25
February 05 3036 28 24 357 038 1.62 1.58
March 25 3728 31 27 397 310 4.64 4.33
April 44 5458 30 30 49.7 1.074 237 1.30
May 58 6825 31 32 57.6 2.262 4.66 2.40
June 92 8070 30 34 64.8 4.907 393 -98
July 1.08 9333 31 33 72.1 7.435 7.76 33
August 1.00 8486 3l 31 67.2 5.480 2.00 -3.48
September 85 7638 30 28 62.3 3.398 1.28 2.12
Water year
sum 25.627 38.33 12.70
of downflow is assumed to be apgroximately 400 ft resulting in annual leakage amounts of 2.0 x 10* 2
wide by 1 x 10* ft long (4.0 x 10° fi%). and 2.4 x 10° ft3, respectively. Summing of valley-
Estimates of ground-water leakage from the wall and valley-floor leakage amounts produces a total
bedrock valley wall (Qy,) and valley floor (Qp) were bedrock leakage amount that can then be divided by

calculated by means of Darcy’s equation (eq. 1), the surface area within the study boundaries

(6.92 x 107 ft2), resulting in an annual bedrock contri-

= KpAydh/dl
Qu = KnAw bution to the outwash aquifer of approximately
and 0.045 in.
Qr=K,Aqdh/dl,
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Tabie 9. Recharge rates for selected areas of Ohio and estimation methods used

Recharge rate

(inches per year) Area Estimation method Reference
12 Dayton Ground-water budget calculations, ground-water Dumouchelle and
recession method, flow-model calibration others (1993)
9.4 Scioto River Valley, southern Base-flow separation of stream hydrographs Stowe
Franklin County (1979)
9 Scioto River Valley, southern Digital flow model Sedam and others
Franklin County (1988)

Infiltration from Big Beaver Creek

By measurement of streambed K, vertical
hydraulic gradients in the streambed, and stream area
of Big Beaver Creek, it is possible to use Darcy’s
equation (eq. 1) to estimate reasonable minimum and
maximum volumes of water infiltrating from the creek
into the outwash aquifer. K, of the Big Beaver Creek
streambed was determined by seepage-meter tests at
three locations (fig. 2) in July 1991 and August 1992.
A total of nine tests at these locations yielded K,’s
ranging from 0.089 to 19.9 ft/d; the mean for the three
locations was 6.10 ft/d. Seepage meters could not be
driven into the streambed north of well R1, where the
creek flows directly over shale. This reach of the
creek was assumed to be impermeable relative to the
reaches where the streambed is composed of gravel.
The reach of the creek between wells R1 and R8 had a
much greater K, than the streambed adjacent to either
well location (table 7). Vertical hydraulic gradients in
the streambed, as measured during the seepage-meter
tests, ranged from 3.3 x 10 to 0.088. Although the
zone below the gravel reach of the streambed was sat-
urated at the time of the seepage-meter tests (as indi-
cated by flow of water into piezometers screened 3 ft
below the streambed), this zone likely becomes vari-
ably saturated as ground-water levels decline (there-
fore, the moisture content of sediments beneath the
stream varies areally and with time).

Minimum infiltration estimates were obtained
by means of the minimum measured streambed K,
(0.089 ft/d) and the minimum vertical hydraulic gradi-
ent (3.3 x 10'3). Maximum estimates of infiltration
from Big Beaver Creek were made by means of the
maximum measured K, (19.9 ft/d) and the maximum
measured vertical gradient (0.088). Stream width and
stage data from three time points in 1991, as given in
table 10, were used to determine the average stream

area to be substituted into Darcy’s equation. These
data, which were obtained 50 to 200 ft from the
Cemetery Road bridge, were then visually compared
to a discontinuous stage hydrograph of Big Beaver
Creek (fig. 16) (measured at the Cemetery Road
bridge over a large pool that contains water even dur-
ing periods of no flow) to determine that stream stage
conditions in June 1991 can be considered average for
the area. (August 1991-March 1992 data are missing
from the Big Beaver hydrograph; however, it is rea-
sonable to assume that flows in Big Beaver Creek
would generally be low at this time, as were flows
observed in the Scioto River (fig. 14) at this time.)
Thus, an average stream width of 10 ft (similar to the
width observed in June 1991) was assumed. Stream
length in the study area is 12,000 ft; if 3,250 ft is sub-
tracted (the reach length that flows over impermeable
shale) and the resulting length (10,250 ft) is multiplied
by the average stream width, then a stream area of
88,000 ft? is obtained.

Substituting the above values for K, area, and
hydraulic gradient into Darcy’s equation (eq. 1) and
solving for discharge (Q) results in minimum and
maximum infiltration rates of 0.0016 in/yr and
9.9 in/yr, respectively. The mean of these two values
is 5.0 in/yr. Even the maximum infiltration value is
only a small percentage (0.08 percent) of the total vol-
ume of water flowing in the stream under average con-
ditions as exhibited in June 1991.

Stream-infiltration ranges calculated by use of
Darcy’s equation were compared to observed volumes
of recharge to the aquifer determined by means of a
ground-water hydrograph separation technique (modi-
fied from Johansson, 1987, p. 183-198; Lipinski,
1985; Weiss and Razem, 1980, p. 9-10). This method
was used to calculate total recharge to the outwash
aquifer from all sources. Water-level rises above a
recession curve on each of the water-table well
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Table 10. Stage, width, and discharge of Big Beaver Creek near the Ohio Management Systems Evaluation Area in

April, June, and November 1991

Width of

Stage of Big Beaver Creek . Discharge
Date (feet above streambed) Big Be(a::::)(:reek (cublc feet per second)
April 1991 1.3 44 45
June 1991 .52 6.1 .67
November 1991 0 0 0

hydrographs were summed for the year, then multi-
plied by an assumed effective porosity 0f 0.25 to esti-
mate the recharge by infiltration for water year 1992
(fig. 22). Because the extension of recession curves is
subjective, no recession curve was drawn beyond that
described by actual water-level data. Instead, a hori-
zontal line was drawn from the base of each docu-
mented recession, and water-level rises were measured
between the horizontal line and the water-level peak.
This procedure had the effect of artificially minimiz-
ing the resulting water-level rises and subsequent
recharge rates because, in reality, ground water would
continue to flow out of the area in the absence of
recharge, causing further declines in ground-water
levels with time.

Results of the ground-water hydrograph separa-
tion are shown in table 11. Annual recharge was not
calculated for wells R3 through R7 because of bank-
storage effects in these wells caused by their proximity
to the Scioto River. Annual recharge rates range from
14.82 to 17.97 in. and reflect all water recharging
the outwash aquifer, including infiltrating precipita-
tion, leakage from bedrock, and infiltration from
Big Beaver Creek. Recharge rates are highest at wells
R1 and RS, adjacent to Big Beaver Creek. Recharge
rates are lowest at well S10, downgradient from the
reach of Big Beaver Creek that has a shale streambed.
Subtraction of infiltrating precipitation (12.70 in.) and
the mean estimate of bedrock leakage (0.045 in.),
where appropriate, from the total recharge rates deter-
mined by ground-water hydrograph separation reveals
that 2.08 to 5.27 in. (or 14 to 29 percent of the total
annual recharge for water year 1992) is from infiltra-
tion from Big Beaver Creek. Unfortunately, no wells
are adjacent to the most permeable streambed reaches
to ascertain recharge from Big Beaver Creek in these
areas. For this reason, and because the use of horizon-
tal recession curves for the ground-water hydrograph

scparation minimizes the total recharge rates calcu-
lated by hydrograph separation, the recharge from Big
Beaver shown in table 11 should be considered mini-
mum rates. These rates are between the minimum
(0.0016 in/yr) and maximum (9.9 in/yr) infiltration
estimates calculated by use of Darcy’s equation. The
mean estimate of infiltration from hydrograph separa-
tion is 3.64 in/yr, compared to the mean estimate of
5.0 in/yr calculated from Darcy’s equation. The latter
value was used in the 1992 water budget summary
presented at the end of this section because of the
known conservative nature of the mean estimate
derived from hydrograph separation.

Discharge to the Scioto River

Discharge from the outwash aquifer to the
Scioto River was calculated by means of two methods:
stream-hydrograph separation and a flux calculation.
For the stream-hydrograph separation method,
volumes of water discharged as base flow from the
outwash aquifer into the Scioto River were calculated
by means of historical discharge data (water years
1931-92) from the Higby gaging station (03234500)
approximately 14 mi upstream from the MSEA.
Base-flow separation was done by use of HY SEP soft-
ware (Sloto, 1991), a USGS adaptation of programs
originally developed by Pettyjohn and Henning
(1979). HYSEP calculates percentage of discharge
from the aquifer to the stream by means of fixed-
interval, sliding-interval, and local-minima methods.
The median annual mean base flow at Higby is 5.58 in.
(0.266 Mgal/d/miz), or 47 percent of streamflow. The
annual mean base flow calculated for water year 1992,
4.77 in. (0.227 Mgal/d/mi2), was less than the median
annual mean. In fact, 59 percent of the calculated
annual mean base flows during water years 1931-92 at
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Figure 22. Estimation of infiltration of precipitation and ground-water storage by use of
hydrograph-separation methods, well S5-WT, Ohio Management Systems Evaluation Area,

October 1, 1991-September 30, 1992.

Higby were greater than the 1992 annual mean base
flow, an indication that 1992 was indeed a mild
drought year.

The base flow to the Scioto River calculated
from data at Higby is likely much lower than the dis-
charge to the Scioto River at the MSEA because of the
absence of surficial till deposits in the Piketon area and
the presence of tills in much of the basin upgradient
from Higby. Base flow is influenced by recharge,
which is approximately 2 to S in. less in till-covered
parts of the Scioto River Basin than in outwash-
covered areas (Sedam and others, 1988; Stowe, 1979).
Adding a correction factor of 2 to S in/yr to the annual
mean base flow determined at Higby for water year
1992 yields an estimated discharge to the Scioto River
at the MSEA of 6.8 to 9.8 in/yr.

The flux method of calculating ground-water
discharge to the Scioto River uses Darcy’s equation
(eq. 1) and is based on the assumption that all water
present in the study area discharges to the Scioto

River. However, in this case, the cross-sectional area
(A) is measured parallel to the Scioto River (9,000 ft
in length) and does not include the stream length
affected by the cone of depression created by the
DOE well field. In addition, a saturated thickness of
50 ft is assumed. A horizontal hydraulic gradient of
1.1 x 1073 is used, as measured in April 1992, and K is
assumed to be equal to 401 ft/d (table 3, multiple-well
aquifer test near well RS-WT). Flux calculations
based on these parameters indicate that 7.3 x 107 ft® of
water was discharged from the unconsolidated aquifer
beneath the study area to the Scioto River in water
year 1992. This is equivalent to 12.6 in. of discharge
per year.

For the 1992 water budget summary presented
at the end of this section, the mean of all three values
(6.8 in/yr, 9.8 in/yr and 12.6 in/yr) was used as the
estimate of discharge of ground water to the Scioto
River. This mean value is 9.7 in/yr.
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Withdrawals From Wells

The only significant ground-water withdrawals
from the site are at the DOE wells at the southwest
corner of the farm. As determined from pumping
records supplied by the DOE (unpublished data on file
at the Columbus, Ohio, office of the USGS), the
DOE withdraws approximately 9.22 x 107 ft3
(6.9 x 10 gal) of water per year from three wells
(fig. 2) for sanitary supply and process water. Divided
by the area of the MSEA, discharge due to well with-
drawals is 16.0 in/yr. In addition to water withdrawn
from the aquifer, this amount includes induced infiltra-
tion of water from the Scioto River. Nortz (1991) used
the numerical model, MODFLOW (McDonald and
Harbaugh, 1988), to determine percentage of induced
infiltration in discharge to pumped wells approxi-
mately 2.2 mi north of the DOE well field, along the
Scioto River. Nortz concluded that if a well of con-
struction similar to that of the DOE wells and located
200 ft to 1,000 ft from the Scioto River was pumped at
a rate of 1.0 x 10% fY*/d, then 50 to 70 percent of the
water pumped from the well would be induced infiltra-
tion. If 60 percent induced infiltration is assumed for

the DOE wells at the MSEA, only 6.4 in. of the

16.0 in. of water pumped from the DOE wells is actu-
ally discharge of ground water from the outwash
aquifer.

Storage

For a long-term water budget under steady-state
aquifer conditions, the storage term is assumed to can-
cel from the budget equation. However, for an annual
budget, storage is calculated by use of well-hydro-
graph separation methods. A storage value for water
year 1992 was estimated from each well hydrograph
by subtracting the ground-water altitude at the begin-
ning of the water year (October 1, 1991) from the
ground-water altitude at the end of the water year
(September 30, 1992) and multiplying the difference
by an assumed effective porosity of 0.25. Storage val-
ues for the wells are summarized in table 11. Precipi-
tation late in 1992 produced partial recovery from the
drought, causing a positive change in storage of 2.7 to
4.6 in. in water year 1992. The mean of the storage
values for the six wells presented in table 11 (4.2 in.)

Table 11. Areal variation in recharge and ground-water storage at Ohio Management Systems Evaluation Area,

October 1, 1991-September 30,1992

[Well locations are shown in figure 2. Wells are listed in order of increasing distance from Big Beaver Creek. Total annual recharge
was determined by separation of ground-water hydrograph as demonstrated in figure 22; infiliration of precipitation was estimated
by subtraction of evapotranspiration from precipitation; bedrock leakage was estimated to be 0.045 inches by use of the Darcy
equation; recharge from Big Beaver Creek was calculated by subtraction of infiltrating precipitation and bedrock leakage from total
annual recharge; annual change in storage was estimated as difference between water level at beginning of water year and water

level at end of water year multiplied by effective porosity]

Annual infiltration of
precipitation and

Total annual recharge

Annual recharge from Annual change

Well number (inches) bedr?ck leakage Blg B(f:::;s(;reek ir(ll::;r:se
(inches)
RI-WT 17.63 212,70 493 4.6
R8-WT 17.97 b12.70 527 2.7
R2-WT 16.71 12.74 3.97 4.6
S10-WT 14.82 12.74 2.08 4.1
S14-WT 15.75 12.74 3.01 4.5
S5-WT 15.30 12,74 2.56 4.5

2 A consistent downward component of flow is measured from the outwash aquifer to the bedrock aquifer at well R1; therefore, bedrock leakage

is assumed to be nonexistent at this location.

b Although no bedrock well exists at this location, the flow regime is assumed to be similar to that at well R1 and bedrock leakage is estimated to

be nonexistent.
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was used as the estimate of the change in storage for
the 1992 water-budget summary presented below.

Summary of Ground-Water Budget

Ground-water-budget components needed to
solve equation 6 are summarized in table 12. When
summed, the percent difference between water-budget
inputs and outputs plus storage is 14 percent, which is
within the range of error on individual component esti-
mates.

According to the calculated budget, 72 percent
of recharge to the outwash aquifer at the Ohio MSEA
is derived from infiltrating precipitation, 0.2 percent is
from bedrock leakage, and 28 percent is from infiltra-
tion of surface water from Big Beaver Creek. Twenty-
four percent of the water recharged to the aquifer in
water year 1992 (17.7 in.) was stored in the ground-
water system at the end of the water year. Of the
16.1 in. of water discharged from the aquifer,

60 percent exited as base flow to the Scioto River, and
40 percent was withdrawn at the DOE well field.

WATER QUALITY

The goals of the water-quality data-collection
program were to (1) characterize spatial and temporal
variability in major-ion chemistry of ground water,
with emphasis on constituents that could potentially
affect the fate and transport of agrochemicals;

(2) identify factors controlling ground-water chemis-
try; and (3) use the chemical data to help corroborate
the conceptual flow model. To achicve this end, the
investigators collected data on ground-water and
surface-water quality.

Results of analyses of water-quality samples
collected by USGS personnel at the MSEA are listed
in table 13 (at end of report). As a preliminary over-
view of major-ion geochemistry in the study area,

Table 12. Summary of ground-water budget for the Ohio Management Systems Evaluation Area,

October 1, 1991-September 30, 1992

[Infiltration of precipitation was calculated by subtracting evapotranspiration from total precipitation; leakage from bedrock and
infiltration from Big Beaver Creek were calculated by use of Darcy’s equation (1856); discharge to the Scioto River was estimated
as the mean value of stream-hydrograph-separation calculations and a flux calculation based on Darcy’s equation; withdrawals
from Department of Energy (DOE) well field were summed from pumping records; ground-water storage was estimated as mean

of annual storage values presented in table 11]

Water source or destination

Inches per unit study area

Inflow: Infiltration of precipitation
Leakage from bedrock
Infiltration from Big Beaver Creek

Sum
Outflow: Discharge to Scioto River
Withdrawals from DOE well field®

Sum

Storage: -

12.7
045
5.0

17.7

9.7

6.4

16.1

4.2

2 Corrected for induced infiltration from the Scioto River.
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relative percentages of major ions in each sample
were plotted on Piper diagrams (fig. 23). To examine
variation in chemical composition of ground water
with depth, the investigators constructed boxplots for
each property and constituent of interest (fig. 24). The
boxplots allow visual comparison of median concen-
tration, interquartile range, and total range of
measured values for analyses of the following waters:
(1) surface water (samples collected from Big Beaver
Creek and the Scioto River), (2) shallow water from
the outwash aquifer (samples collected from the multi-
level wells at ports 3, 4, 5, or 6—whichever was the
uppermost saturated port at the time of sampling),

(3) water from intermediate zones of the outwash
aquifer (collected from approximately 40 ft below
land surface at port 2 of the multilevel wells), (4) deep
water from the outwash aquifer (samples collected
from port 1 of the multilevel wells, at approximately
60 ft below land surface, and (5) bedrock water col-
lected from wells completed in the Ohio Shale.
Grouping of samples by depth is valid for this aquifer
because flow paths are primarily horizontal. Boxplots
for each depth summarize data from all three sampling
rounds.

Surface Water

Properties and constituents of surface water
were determined to evaluate the effect of ground-
water/surface-water interactions on quality of water in
the outwash aquifer and in the streams bounding the
study area. Results of analyses of samples collected at
the two surface-water sites are included in table 13.
No water-quality data are presented for Big Beaver
Creek in November 1991 because the stream was not
flowing at that time. The Piper diagram (fig. 23)
shows that Big Beaver Creek waters are calcium mag-
nesium sulfate bicarbonate type and that Scioto River
waters are generally calcium magnesium bicarbonate
type. In general, major ions in both streams became
more concentrated from April to November through-
out the 1991 growing season, as discharge decreased
(table 13). The exception was silica, the concentration
of which decreased with time. Dissolved oxygen and
total iron concentrations also decreased with time.

Big Beaver Creck had much lower alkalinity
and specific conductance, as well as lower concentra-
tions of calcium, magnesium, sodium, sulfate, chlo-
ride, dissolved solids, nutrients, pesticides, and
organic carbon than the Scioto River. Dissolved solids

and nutrient concentrations in Big Beaver Creek also
were less than those in the shallow outwash aquifer.
The maximum concentration of nitrates in Big Beaver
Creek was detected in April, at 0.72 mg/L of nitrate-
nitrogen. The only herbicide or herbicide-degradation
product found in Big Beaver Creek (desethyl-atrazine)
was also detected in April but was present near the
detection limit at a concentration of 0.08 pg/L (detec-
tion limit = 0.05 pg/L).

In contrast, the maximum nutrient concentra-
tions detected in the Scioto River were found in the
fall (nitrate, 3.6 mg/L as N; dissolved phosphorous,
0.32 mg/L), and the greatest herbicide concentrations
were generally detected in June (atrazine, 2.7 pg/L;
alachlor, = 0.3 ug/L). Atrazine was detected during all
three sampling rounds, as was metolachlor. Meto-
lachlor concentrations were greatest in November, at
1.9 ug/L. (It should be noted that metolachlor was not
applied at the MSEA.)

Ground Water

Distinguishing characteristics, as concluded
from the Piper and boxplot diagrams, are discussed for
each aquifer in the paragraphs that follow. Water-
quality trends with depth within the outwash aquifer
also are discussed, as are areal and temporal variations
in ground-water quality.

Bedrock Aquifer

Distinguishing Characteristics

Several differences in the aqueous chemistry of
bedrock and outwash waters can be discerned by use
of the Piper diagram (fig. 23) and boxplots (fig. 24).
Bedrock waters are classified as calcium sodium chlo-
ride waters in contrast to the calcium magnesium
bicarbonate waters from the shallow part of the out-
wash aquifer. In addition, bedrock waters had specific
conductances and concentrations of sodium, potas-
sium, chloride, and dissolved solids that were more
than double those measured in outwash-aquifer
waters. The bedrock waters also had somewhat higher
median calcium and magnesium concentrations than
the outwash waters, somewhat lower alkalinity, and
much lower sulfate concentrations. The median sul-
fate concentration in bedrock waters was 1.8 mg/L,
compared to a median sulfate concentration of approx-
imately 72 mg/L in the deep outwash. Nitrate was not
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CALCIUM CHLORIDE AND NITRATE
PERCENTAGE OF MILLIEQUIVALENTS

EXPLANATION

SCIOTO RIVER

BIG BEAVER CREEK
SHALLOW OUTWASH
INTERMEDIATE OUTWASH
DEEP OUTWASH
BEDROCK

s 0D Q9 + O e

ANION WATER TYPE

¢
(VERVESVER VIR R AR VIR VI "

Figure 23. Piper diagram showing major cation and anion percentages of ground-water
samples (November 1991) and surface-water samples (April - November 1991) collected
at the Ohio Management Systems Evaluation Area.
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Figure 24. Water quality as a function of depth at the Ohio Management Systems Evaluation

Area, October 1, 1991-September 30, 1992.
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Area, October 1
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detected in the bedrock aquifer; however, ammonia, a
reduced form of nitrogen, was detected at a maximum
concentration of 6.0 mg/L. In contrast, the maximum
concentration of ammonia found in the outwash
aquifer was 0.21 mg/L.

Areal Differences and Temporal Variations

The large interquartile range on some of the
boxplots of bedrock data (fig. 24) can be attributed
largely to areal differences in constituent concentra-
tions within the bedrock aquifer. Bedrock water from
well R2-BR consistently had greater specific conduc-
tance and greater concentrations of dissolved solids,
chloride, and major cations than did water from other
bedrock wells (table 13). Well R1-BR consistently
produced water with the least dissolved solids relative
to the other bedrock wells, and water samples from
wells R6-BR and R7-BR were intermediate in dis-
solved solids concentration. Areal differences in bed-
rock water quality were much more prevalent than
temporal variations in constituent concentrations. For
example, the largest absolute difference in concentra-
tion due to temporal variation was a 22-percent
difference in potassium concentration at well R2-BR,
whereas the percentage difference in potassium con-
centration due to areal differences (calculated between
wells R2-BR and R1-BR) was 127 percent.

Outwash Aquifer

Distinguishing Characteristics

Shallow outwash waters generally are classified
as calcium magnesium bicarbonate type. Intermediate
and deep outwash waters in the northeastern part of
the study area have a composition that is transitional
between calcium magnesium bicarbonate and calcium
sodium chloride (or bedrock) waters (fig. 23). Deep
outwash waters in this area closely approach the com-
position of bedrock water. Intermediate and deep
waters beneath the southern part of the study area are
similar in composition to the calcium magnesium
bicarbonate waters of the shallow outwash aquifer.

A third distinct water type, calcium magnesium
chloride, was found in the deep zone of the outwash
aquifer at well SS. The relative percentage of chloride
ions in this water (76 to 88 percent of total anions) was
comparable to that of bedrock waters; however, the
dominant cations in samples from well S5-MP1 were
calcium and magnesium, in contrast to calcium and
sodium (the dominant cations in bedrock waters).
Water from well S5-MP1 was also characterized by
anomalously low concentrations of sodium, potas-
sium, and sulfate, and anomalously elevated concen-
trations of magnesium, calcium, iron, and manganese
compared to the rest of the deep outwash aquifer.
Magnesium, calcium, and sulfate concentrations at
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this location were intermediate between typical ion
concentrations of the outwash and bedrock aquifers.
Even though calcium magnesium chloride waters were
found at only one location, results of chemical
analyses from well S5-MP1 were consistent during all
three sampling rounds, indicating that this is an actual
anomaly and not a result of sampling error. In addi-
tion, cation/anion balances were within +10 percent as
calculated by Hem's method (1989, p. 164), indicating
that no significant errors were associated with the ana-
lytical results.

Spatial Differences and Temporal Variations

As indicated by the variation in dominant ions
discussed above, water quality of the outwash aquifer
is characterized by substantial spatial differences.
These differences can be grouped into two types:

(1) properties and constituents found at much different
levels in the northeastern part of the study area than
elsewhere at the MSEA (includes specific conduc-
tance, dissolved solids, chloride, sodium, potassium,
and alkalinity), and (2) properties and constituents
found at different levels near the streams than else-
where in the aquifer (includes Eh, dissolved oxygen,
iron, and manganese in the intermediate and deep
parts of the aquifer).

Differences in water quality with depth also
were noted, as is illustrated by the boxplots (fig. 24).
Differences with depth were of two types: (1) levels
of properties and constituents that increased with
depth in the northeastern part of the study area; and
(2) levels of properties and constituents that showed a
trend with depth that was observed across most of the
site. Temporal variation was generally greatest near
the water table and was most pronounced for indica-
tors of redox reactions, such as Eh, dissolved oxygen,
and nitrate.

Properties and constituents having the most pro-
nounced spatial differences and temporal variations
are described in the paragraphs that follow. Herbi-
cides and phosphorous were rarely detected in the out-
wash aquifer and therefore are not included in the
following discussion. Organic carbon is also not
included because concentrations were apparently
unaffected by location, depth, or time.

Specific Conductance, Dissolved Solids, and Chioride

Specific conductance and dissolved solids
are both proportional to the ionic concentration of a

solution; hence, they were highly correlated among
samples from the MSEA (r = 0.99). Because chloride
concentrations also were highly correlated with spe-
cific conductance (r = 0.99), spatial differences in out-
wash concentrations of dissolved solids and chloride
follow the same pattern of areal differences found for
specific conductance (fig. 25). These three character-
istics all indicate a distinct zone of mineralized waters
encompassing wells R2, S10, R4, and (in the deep
zone of the outwash aquifer) well SS5. Levels of these
characteristics within the mineralized zone were more
than twice those at the south end of the site in the deep
outwash waters. The mineralized zone is approxi-
mately 1,500 ft wide and extends across the valley
almost to the river. Two-dimensional spatial differ-
ences in specific conductance, dissolved solids, and
chloride are typified by contoured specific conduc-
tances in a hydrogeologic section cutting north-south
through the middle terrace (fig. 26). In general,
specific conductance and dissolved solids and chloride
concentration all increased with depth within the min-
eralized zone. Outside of the mineralized zone, how-
ever (from well S14 south), specific conductance and
dissolved solids and chloride concentration decreased
with depth. Levels of these characteristics in the deep
outwash aquifer showed little temporal variation.

Sodium and Potassium

Maps showing distribution of the cations
sodium and potassium (fig. 27) show elevated concen-
trations of both constituents in the northeastern part of
the site; however, potassium concentrations were
elevated in the deep zone of the aquifer only. The
shape of the sodium and potassium contours is some-
what altered relative to the zone of elevated specific
conductance, dissolved solids, and chloride, owing to
the anomalous paucity of sodium and potassium ions
in water from well S5-MP1.

Alkalinity and pH

The areal trend in alkalinity, in contrast to that
for dissolved solids, chloride, sodium, and potassium,
was inversely correlated with specific conductance.
Instead of increasing to the northeast, alkalinity of
shallow ground water decreased distinctly in the
northeast corner of the MSEA. Alkalinity concentra-
tions generally decreased with depth, whereas pH
increased. Values for both properties showed little
temporal variation during the period of study.
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Figure 26. Diagramatic section showing vertical variation in specific conductance approximately
perpendicular to flow in the outwash aquifer, June 1991. (Section trace shown on fig. 18.)
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Eh

The redox potential, or Eh, of ground water
measures the relative intensity of the oxidizing or
reducing conditions within the system. A positive Eh
indicates relatively oxidizing conditions, and a nega-
tive Eh indicates relatively reducing conditions. The
interpretation of an Eh measurement in ground water
is problematic because the Eh measured by the plati-
num electrode is really a mixed potential that is
affected by all redox pairs present in the aquifer. Still,
Eh measurements can provide useful information
about relative variations in redox conditions spatially
within the aquifer. All Eh’s in the outwash aquifer
were positive, although Eh generally decreased
abruptly with depth between the water table and about
40 ft below land surface (figs. 24 and 28). Significant
areal differences in Eh also were found, but these dif-
ferences are not related to the mineralized zone of
water in the northeastern comer of the site. Instead,
ground water in the northwestern part of the site (wells
R3, RS, and R4) had consistently lower Eh at all
depths than anywhere on the rest of the site. Shallow
waters at R2 and S14 were consistently reduced rela-
tive to Eh at the same depth elsewhere on the middle
terrace, whereas S6 and S4 waters were relatively oxi-
dizing. On the lower terrace, Eh decreased along the
ground-water flow path to the west. To the east,
waters at well R1 (near Big Beaver Creek) were con-
sistently more oxidizing at greater depths than waters
from other wells at the site. Temporally, redox poten-
tial at all depths across the site dropped by about
100 to 200 mv between April and November 1991
(unpublished data on file at the Environmental
Chemistry Water Quality Analytical Laboratory of
The Ohio State University, School of Natural
Resources, Columbus, Ohio).

Dissolved Oxygen

The maximum concentration of dissolved oxy-
gen near the water table was 7.7 mg/L, and the mean
concentration was 4.5 mg/L for the three time points
sampled (fig. 24). Concentrations decreased to less
than 1.0 mg/L at a depth of approximately 40 ft below
land surface (fig. 29). The depth at which dissolved
oxygen concentrations equal 1.0 mg/L (0.03 mmol/L)
is known, for the purposes of this report, as the
oxic/anoxic boundary. This boundary increased in
depth to about 70 ft below land surface to the west
(near the Scioto River) and to about 50 ft below land

surface to the east, near well R1 and Big Beaver
Creek.

Areal differences in concentrations of dissolved
oxygen in shallow waters were substantial. Concentra-
tions were generally high at wells S6 and S13, relative
to the rest of the site, and generally low at wells R2
and S4. Concentrations also varied temporally, as is
expected of a constituent correlated with recharge. In
shallow waters across the entire site, dissolved oxygen
decreased by about 4 mg/L from April to November,
consistent with the marked decline in Eh noted over
the same time interval. However, decrease of dis-
solved oxygen in shallow waters did not affect the
depth of the oxic/anoxic boundary, which remained
fairly stable with time (except at well locations S6,
S10, and R4).

Sulfate

Sulfate concentrations increased gradually with
depth, from a median concentration of approximately
48 mg/L in the shallow zone of the outwash aquifer to
a median concentration of approximately 72 mg/L in
the intermediate and deep zones of the outwash aqui-
fer (fig. 24). Anomalously low concentrations (19 to
32 mg/L) were found at well S5-MP1 (table 13). In
general, sulfate concentrations did not vary much tem-
porally.

Nitrate

Elevated concentrations of nitrate have been
linked to methemoglobinemia (blue baby syndrome)
in infants and young children. Because of this health
risk, the USEPA has set a maximum contaminant level
(MCL) of 10 mg/L of nitrate as N for public drinking-
water supplies.

Nitrate was present in shallow outwash waters
during the three sampling periods, as shown by plots
of temporal changes in nitrate concentration along a
flow path through plot 200 (fig. 30). In April and
November, nitrate concentrations were below the
MCL of 10 mg/L; however, in June, elevated nitrate
concentrations were noted at wells S10 and S6. The
highest concentration of nitrate was measured near the
water table at S6, where 16.8 mg/L was detected
(unpublished data on file at the Environmental
Chemistry Water Quality Analytical Laboratory,
School of Natural Resources, The Ohio State
University, Columbus, Ohio).
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The June nitrate data indicate a source of nitro-
gen beneath plot 200 that is available only in late
spring or summer. This source may be 1.35 x 10° gal
of dairy-cattle manure that was applied to plot 200
after the first sampling round in April 1991. The fact
that well S6 is just upgradient from plot 200 indicates
a second nitrate source—perhaps from fertilizer-
transfer activities either at the liquid manure tank near
well S6 or at the barn upgradient from well S6.

Of particular note is the fact that the vertical
hydraulic gradient indicated by the nitrate plume
encompassing wells S6 and S10 is steeper than that
indicated by monthly water-level measurements.
Because vertical hydraulic gradients were measured
only once per month at the site wells, chemical gradi-
ents likely are a more accurate, temporally averaged
representation of the hydraulic gradients at the site
than the widely spaced water-level measurements.

Vertically, nitrate concentrations decreased with
depth from a median of 3.1 mg/L near the water table
to below detection limits at approximately 40 ft below
land surface (fig. 24). Detectable nitrates were present
at depths greater than 40 ft below land surface at well
S10 (tig. 30), at well R1 near Big Beaver Creek, and at
wells RS and R6 near the Scioto River (fig. 31).

Iron and Manganese

Iron and manganese concentrations in the out-
wash aquifer increased with depth in the outwash
aquifer, as Eh and dissolved oxygen decreased
(fig. 24). Generally, dissolved iron and manganese
concentrations were near or below detection limits
near the water table, except at well R2. (Here, dis-
solved iron concentrations of 100 to 200 ug/L and dis-
solved manganese concentrations of 430 to 1,000 pug/L
were consistently measured in shallow waters.)
Beneath the middle terrace, dissolved iron concentra-
tions abruptly increased to 1,000 pg/L at about 40 ft
below land surface (at the oxic/anoxic boundary;
fig. 32), and manganese concentrations increased to
approximately 40 ug/L. As with Eh and dissolved
oxygen, iron concentrations at well R1 were anoma-
lous; dissolved iron concentrations at well R1 were
consistently near detection limits at all depths—even
though downgradient wells contained several thou-
sand micrograms per liter of dissolved iron near the
base of the aquifer. Manganese concentrations were
also relatively low at all depths at well R1. In addi-
tion, the depth to detectable iron concentrations
increased to the west, near the Scioto River. Iron and

manganese concentrations were fairly consistent tem-
porally.

Age of Outwash and Bedrock Waters

Tritium concentrations were used to assess the
relative ages of ground water in different parts of the
aquifer, thus providing further information on ground-
water flow in the aquifer. Tritium is a radioactive iso-
tope of hydrogen with a half-life of 12.4 years. Low
levels of tritium are produced naturally in the Earth's
atmosphere by interaction of cosmic-ray neutrons with
14N (Faure, 1977, p. 328). However, tests of large
thermonuclear devices during late 1954 - 1963
released large quantities of manmade tritium to the
atmosphere. Tritium in the atmosphere enters the
hydrologic cycle in precipitation.

It is estimated that the natural, pre-bomb tritium
content of precipitation was about 2 to 10 tritium units
(TU) (Thatcher, 1962). One tritium unit is equal to
one tritium atom in 10'® atoms of hydrogen, or
3.24 picocuries per liter. After 1953, tritium concen-
trations in precipitation increased two to three orders
of magnitude, peaking in 1962 and 1963 in response to
large-scale testing (Michel, 1989). Then, with the
cessation of nuclear atmospheric testing in the
mid-1960's, tritium concentrations in precipitation
began declining and are now approaching pre-Bomb
levels.

Tritium concentrations in precipitation differ
with latitude. Estimates of concentration of tritium in
precipitation in central Ohio from 1953 to 1983
(Michel, 1989) were corrected for radioactive decay
through June 1991 and are shown in figure 33. Other
than radioactive decay, tritium is not significantly
affected by geochemical reactions; thus, it is useful for
age-dating ground water. Considering the tritium half-
life of 12.4 years (International Atomic Energy
Agency, 1981), ground water that recharged the water
table before 1953 should have had a tritium concentra-
tion of less than or equal to approximately 1 TU in
1991. Therefore, if samples of ground water from
south-central Ohio contain tritium concentrations at
less than or equal to 1 TU, the water either originally
entered the saturated zone some time before 1953 or
mixed extensively with pre-1953 ground water. Simi-
larly, ground water containing tritium at concentra-
tions greater than 1 TU either initially recharged the
water table some time after 1953 or mixed with a large
fraction of post-1953 water. In ground-water-flow
systems where no mixing of waters has occurred, the
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tritium-input curve (fig. 33) can be used to estimate
the recharge age of waters. For example, figure 33
shows that water containing more than 32 TU would
have recharged the ground-water system some time
between 1958 and 1972.

Results of tritium analyses of MSEA ground-
water samples are summarized in table 14. MSEA
samples fell into two categories based on tritium con-
centration: tritiated and untritiated. Ground waters
with tritium concentrations below the detection limit
of 1.8 TU included the bedrock wells at clusters R1,
R2, and R6. The untritiated nature of these bedrock
wells indicates that shallow bedrock water at these
locations entered the ground-water-flow system as
recharge at an upgradient location before 1954.

The tritiation of well R7-BR (4.35 TU) likely
was caused by inadvertent contamination of the well
during development; it is unlikely bedrock water at
well R7 would be naturally tritiated because upgradi-
ent bedrock wells are not tritiated and mixing with
outwash waters is unlikely (based on the slow
recovery of this well—greater than 2 months—after

pumping). Unlike other bedrock wells at the MSEA,
well R7 was developed by jetting with water from a
different well (one that is screened in the deep out-
wash aquifer); other (non-tritiated) bedrock wells were
developed by use of a submersible pump.

The tritium content of samples collected from
the outwash aquifer ranged from 8.6 to 33.1 +2.8 TU,
indicating a component of post-1953 recharge.
Because all of the concentrations were less than 32 TU
(when considered with the precision estimate),
recharge dates could not be further specified. No
trends in tritium concentration with depth are apparent
(fig. 34). These data indicate that significant amounts
of recharge water reach even the deepest and most
downgradient zones of the outwash aquifer in less than
38 years. This finding is in agreement with the high
recharge rates estimated previously in this report and
supports the chemical evidence (demonstrated by
nitrate data, fig. 30) that vertical hydraulic gradients
are steeper than indicated by monthly water-level data.
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Figure 33. Estimates of concentration of tritium in precipitation for central Ohio, St. Louis, Mo. and
Washington, D.C.,1953-89. (From Dumouchelle and others, 1993.)
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Tabie 14. Tritium content of ground water at the Ohio Management Systems Evaluation Area

[Well locations are shown in fig. 2. Samples analyzed at laboratory of R.L. Michel, U.S. Geological Survey, Reston, Va. TU, tritium unit;
one TU equals 3.24 picocuries per liter. Analytical detection limit is 1.8 TU]

Well number Date sample collected Total tritium content (TU) Precision estimate (TU)

R1-BR 9/10/92 <1.8 1.2

R1-MP1 8/12/92 10 1.6

R1-MP3 8/12/92 8.6 1.4

R2-BR 6/17/91 0.0 2

R2-MPI 6/17/91 25.3 1.3

R2-MP2 6/17/91 25.5 1.1

R2-MP5 6/17/91 17.6 8

R6-BR 9/01/92 <1.8 1.6

R6-MP1 8/05/92 16 1.6

R6-MP3 8/05/92 13 1.6

R7-BR 9/02/92 4.35 1.6

R7-MP1 9/02/92 13.9 1.6

R7-MP3 9/02/92 33.1 2.8

$10-MP2 4/02/91 21.4 8

$10-MP6 4/02/91 15.0 7

S12-MP1 4/03/91 15.6 7

S12-MP4 4/03/91 13.5 8
Tritiated outwash waters also indicate that human CONTROLS ON WATER QUALITY
activities at land surface have considerable potential
for affecting ground-water quality beneath the study Accurate interpretation of water-quality data
area. Ground water currently present beneath the requires a knowledge of the processes controlling
study area recharged the aquifer since farming began water composition. Factors influencing surface-water
at the site and also since agrochemical use became and ground-water quality are discussed in the para-

widespread in the 1950’s. Atrazine application at the graphs that follow. In addition, instances where water-
farm began in approximately 1964 (John Van Meter, quality data support or contradict hydraulic data are
farm owner, oral commun., 1992), noted.
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Figure 34. Tritium concentration in ground water as a function of depth below land surface at the Ohio
Management Systems Evaluation Area, April 1991-September 1992.

Surface Water

The water quality of the Scioto River and Big
Beaver Creek is greatly affected by the contrasting
drainage basins of the two streams. Major-ion
chemistry of the streams is controlled largely by basin
geology. For example, Big Beaver Creek is fed by
rapid runoff from the virtually impermeable shales and
siltstones that make up its drainage basin. The runoff
has a short contact time with the rocks of the basin;
therefore, only a small amount of dissolution of miner-
als can occur, and streamwater is characterized by low
specific conductance and low concentrations of dis-
solved solids, calcium, magnesium, bicarbonate, chlo-
ride, and other major ions. These findings are
consistent with the hydrograph and seepage-meter
data presented earlier, which indicate that Big Beaver
Creek receives no recharge from ground water.

In contrast to Big Beaver Creek, streamwater in
the Scioto River consists of 48 percent ground-water
discharge (median estimated for historic record at

72

Higby by use of the fixed-interval method of hydro-
graph separation). The long contact time of ground
water with aquifer sediments allows dissolution of
aquifer minerals to occur prior to discharge of ground
water to the Scioto River as base flow. This dissolu-
tion, coupled with the greater amount of carbonate
sediment in the Scioto Basin than in the Big Beaver
Basin, contributes to the greater calcium, magnesium,
and bicarbonate concentrations in the Scioto River.
Although major-ion concentrations of the two
streams are controlled largely by basin geology, nutri-
ent and herbicide concentrations of the two streams
are controlled by land use in the drainage basins.
Greater concentrations of pesticides, nutrients, and
organic carbon in the Scioto River than in Big Beaver
Creek reflect the greater amounts of farmland and
industry in the Scioto River Basin. Temporal varia-
tions in agrochemical levels of the Scioto River are
consistent with observations of other Midwestern
streams, where nitrate concentrations commonly
increase in the fall after plant uptake of nitrogen

Hydrogeoiogy and Water Quality at the Management Systems Evaluation Area near Piketon, Ohio



decreases and where herbicide concentrations increase
in the spring and early summer because of runoff from
fields after spring application of herbicides (Goolsby
and Battaglin, 1993). The increase in the desethyl
atrazine-to-atrazine ratio (DAR) from 0.05 to 0.25
between June and November 1991 indicates that bio-
degradation of atrazine has occurred somewhere in the
system during this time period (Thurman and others,
1992). Ifthe MSEA site is representative of the entire
drainage basin (in that ground water is free of atrazine
and its metabolite desethylatrazine), atrazine degrada-
tion must occur during the transient storage of field-
runoff waters in the hyporheic sediments upstream
from the site rather than being attibutable to an
increase in the base-flow component of streamflow in
November.

The observed decrease in dissolved oxygen con-
centration of surface water during the growing season
was likely due to exsolution of oxygen as water tem-
peratures rose throughout the summer and, in the
Scioto River, to an increasing percentage of ground-
water contribution as streamflow decreased through-
out the summer.

Ground Water

Ground-water chemistry is a result of many con-
current influences, including mixing of waters from
different sources, rock-water chemical interactions,
redox reactions, anthropogenic inputs, and biological
activity in the aquifer.

Mixing of Bedrock and Outwash Aquifer Waters

The fact that some intermediate and deep out-
wash waters have chemical characteristics of interme-
diate composition between those of bedrock water
(calcium sodium chloride type) and shallow outwash
water (calcium bicarbonate type), as evident in the
Piper diagram (fig. 23), indicates that mixing of bed-
rock and outwash waters has an important effect on
ground-water quality. (Mixing trends are denoted by
lines on the Piper diagram.)

Chloride is the most conservative ion identified
in the MSEA aquifer system, and its main source in
the outwash aquifer beneath the MSEA seems to be an
influx of bedrock waters. Sodium and chloride are the
main ions in bedrock water at the site. Road saltis a
common source of chloride and sodium in shallow
aquifers; however, sodium and chloride concentrations

at the MSEA site are higher at the base of the aquifer
than near the water table, indicating that the ion source
is likely at the base of the aquifer and not at land sur-
face. Therefore, the authors attributed sodium and
chloride concentrations to influx of bedrock waters
and not to contamination of waters by road salt. A
plot of the relation between sodium and chloride was
used to indicate the proportions of bedrock water in
the outwash aquifer (fig. 35). The dashed line on the
plot represents the changing Na:Cl ratios that would
be observed in ground water affected by conservative
mixing between the two end-members, bedrock and
outwash water. Most of the outwash and bedrock
samples plot along this line; however, samples from
well S5-MP1 in the outwash aquifer plot significantly
below the mixing line. Waters from well S5-MP1
have a considerably lower Na:Cl ratio than can be
explained by the two-endpoint mixing model, an indi-
cation of a major sodium sink at this location.
Although mixing of bedrock and outwash waters may
control chloride concentrations at SS-MP1, extensive
exchange of sodium ions for calcium and magnesium
ions would be required to create the unusual chemistry
at this location. No stratigraphic data are available
near the bedrock surface at location S5 to determine if
an unusually thick clay layer overlies the bedrock that
could provide a substrate for the ion exchange.

Mixing endpoints were chosen on the basis of
field data and plotting location on figure 35. Because
consistent upflow of waters from the bedrock to the
outwash aquifer was measured at well cluster R2 and
because waters from well R2-BR contain the highest
sodium, chloride, magnesium, calcium, potassium,
and dissolved solids concentrations, water samples
from R2-BR are assumed to be representative of bed-
rock water that has not been significantly diluted by
outwash water. Similarly, because well cluster R1 is
in a recharge arca and because R1-MP6 waters contain
the lowest sodium and chloride concentrations, sam-
ples from R1-MP6 are assumed to be representative of
outwash water unaffected by mixing with bedrock
water. Proportions of bedrock water in each well sam-
pled were estimated by means of these two endpoints
and the following formula:

Estimated percentage of bedrock water in well
(by volume) = (ClW'ClOW)/(CIBR'CIOW)’ (8)

where Clyy is the chloride concentration in the well of
interest (in millimoles per liter), Clgyy is the chloride
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concentration in pure outwash water (in millimoles per
liter), and Clgp, is the chloride concentration in pure
bedrock water (in millimoles per liter). For each of
the endpoint concentrations, the average of the three
temporal samples was used. Results of the calculation
for all wells are summarized in table 15. A range of
values calculated by use of the chloride concentrations
from three time points per well is shown.

Results of the mixing calculations agree with
measured vertical hydraulic gradients between the
bedrock and outwash aquifers. These results show
that the bedrock aquifer has been diluted by water
from the outwash aquifer in areas where downflow
from the outwash to the bedrock was measured. Con-
sistent downflow has created a mixture of 18 percent
bedrock water and 82 percent outwash water at well
R1-BR (the most dilute location), whereas periodic
flow reversals near the Scioto River have resulted in
30 percent bedrock water and 70 percent outwash
water at well R6-BR.

Of the four bedrock samples analyzed, the fact
that the diluted bedrock wells are not tritiated indicates
that flow of water between the bedrock and outwash
units is very slow. A maximum flow velocity can be
calculated for bedrock waters if a completely vertical,
downward gradient in the bedrock aquifer is assumed
and if the difference between the top of the bedrock
and the midpoint of the well screen is used as the
travel distance. The travel distance divided by a travel
period of 38 years (the time period between 1991,
when MSEA ground-water samples were collected for
tritium analysis, and 1954, the most recent possible
year that bedrock waters could have recharged without
being tritiated) yields a maximum flow velocity of
0.2 ft/yr.

Mixing calculations also indicate that upward
leakage of bedrock water into the outwash aquifer
occurs at some locations. The effects of upward leak-
age seem to be most pronounced at the northeastern
part of the site, where water levels in well cluster R2
indicated consistent upflow from bedrock to the out-
wash aquifer. Waters at approximately 60 ft below
land surface in the northeast corner consist of 5 to
28 percent bedrock waters (fig. 36). Deep outwash
waters in this area also have elevated specific conduc-
tance; elevated dissolved solids, sodium, and potas-
sium concentrations; and low alkalinity (figs. 25 and
27)y—all distinguishing features of the bedrock
water. Elsewhere beneath the MSEA, deep outwash
waters consist of less than S percent bedrock water.

Percentage of bedrock-water contribution to ground-
water chemistry decreases with decreasing depth in
the aquifer (fig. 37).

The greater percentage of bedrock water in the
outwash at the northeast part of the site than elsewhere
at the MSEA could be caused by a local bedrock dis-
charge area between wells S5 and R2 that is affected
by the bedrock high immediately north of SR 124
(fig. 5). It seems more likely, however, that a local
zone of dilution is present at the south end of the site
(from well S14 south), caused by increased leakage
from Big Beaver Creek where the streambed changes
from shale to gravel. (This change in streambed is at
about the same latitude as well R1.) This interpretation
is consistent with data from seepage-meter tests and
ground-water hydrograph separations presented previ-
ously in the report, which indicate that Big Beaver
Creek is a losing stream along the southern half of the
study site.

Rock-Water Interactions

Rock-water interactions include dissolution,
precipitation, sorption, cation exchange, and redox
reactions. Dissolution-precipitation reactions can be
examined quantitatively by means of the USGS
computer program WATEQ4F (Ball and Nordstrom,
1991), which uses field measurements of temperature,
pH, Eh, dissolved oxygen, and alkalinity and the
chemical composition of water to compute the distri-
bution of aqueous species, the activity of dissolved
constituents, and, most importantly, mineral saturation
indices.

The saturation index for a mineral phase is
defined as

SI =log (IAP/Ky), )}

where IAP is the ion-activity product of the reactants
and K, is the thermodynamic equilibrium constant of
the reaction determined at the temperature of the water
sample. The saturation indices (SI’s) for a water sam-
ple indicate the tendency of the analyzed water to dis-
solve or precipitate specific minerals. An SI less than
zero indicates that the mineral is undersaturated in the
aqueous phase and that dissolution of the mineral is
possible. An SI greater than zero means that the water
is supersaturated with respect to the mineral and that
precipitation of the mineral is possible. An SI of zero
indicates that the ground water and the mineral are in
equilibrium and that this equilibrium reaction may be
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Table 15. Percentage of ground water contributed by bedrock to weils at the Ohio Management Systems
Evaluation Area

[Well locations are shown in figure 2. Chloride concentrations presented are the range determined during three sampling rounds in

April, June, and November 1991. Exceptions are wells R3 and R5; because the U.S. Geological Survey did not sample these wells,
chloride concentrations were obtained from The Ohio State University for November 1991 only (unpublished data on file at the
Environmental Chemistry Water Quality Analytical Laboratory, The Ohio State University, School of Natural Resources, Columbus, Ohio).
Percentage of bedrock contribution was calculated by use of the average R2-BR concentration of chloride as the pure bedrock end-member,
and the average R1-MP4-6 concentration as the pure outwash end-member}

Range of chioride concentration Range of percentage of ground water

Well Number® (millimoles per liter) contributed by bedrock
RI-BR 9.9 - 110 17 - 19
R1-MPI 5 - 1.1 |
R1-MP2 2 - 3 0o - 1
R1-MP4-6 .1 - 2 0
R2-BR 56.4 - 592 9 - 1064
R2-MP1 73 - 82 13 - 14
R2-MP2 1.8 - 31 3 - 5
R2-MP4-6 .1 - 28 0 - 5
R3-MP1 10 2
R3-MP2 1.1 2
R3-MP4-6 14 2
R4-MP1 34 - 40 6 - 7
R4-MP2 1.7 - 23 3 - 4
R4-MP4-6 5 - 1.5 1 - 3
R5-MP1 9 2
R5-MP2 1.1 2
R5-MP3-6 4 1
R6-BR 15.8 - 175 28 - 31
R6-MP1 8 - 1.1 2
R6-MP2 3 - 5 1
R6-MP3-6 3 - .5 1
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Table 15. Percentage of ground water contributed by bedrock to wells at the Ohio Management Systems

Evaluation Area—Continued

Range of chloride concentration

Range of percentage of ground water

Well Number® (millimoles per liter) contributed by bedrock

R7-BR 155 27

R7-MPI 6 - 19 1. 3
R7-MP2 7 - 8 1
R7-MP4-6 3 - 5 1

S5-MP! 144 - 158 25 - 28
S5-MP2 37 6
S5-MP4-6 6 - 13 -2
S10-MP1 62 - 65 1

S10-MP2 18 - 19 3
S10-MP4-6 6 - 20 1 - 4
S14-MPI 6 - 7 1. 2
S14-MP2 7 - 8 1
S14-MP4-6 3 - 10 - 2

2 Abbreviations: BR, bedrock well; MP, multiport well completed in the outwash aquifer. Well numbers ending in “MP1” indicate
that the well port is completed at a depth of approximately 60 feet below land surface; “MP2”, completion depth is approximately 40 feet
below land surface; “MP3-6”, uppermost saturated port (exact completion depth is listed in table 1 at back of report).

controlling solute concentrations in the ground water.
Complete equilibrium between ground water and
aquifer minerals is the exception—not the rule. Total
equilibrium is uncommon because the reaction rates
for some minerals are slow compared to the ground-
water residence time. Minerals most likely to be in
equilibrium with ground water are ones that form at
temperatures and pressures found at the Earth's
surface.

Results of SI calculations for the minerals dolo-
mite, quartz, and calcite (the most commonly detected
minerals in the outwash aquifer, as is evident from
table 4) are listed in table 16, in addition to SI's for the
minerals chalcedony, ferrihydrite, and siderite.
Because ferrihydrite is amorphous, its presence cannot
be confirmed by X-ray diffraction (XRD), however,
the yellowish-brown stain observed on quartz grains
from shallow sediment samples is likely ferrihydrite or
other oxyhydroxide minerals. Siderite and chalcedony

are common, reactive minerals formed in low-
temperature aqueous environments, and they may be
present in the outwash aquifer below the XRD detec-
tion limit of 5 percent by volume. Similarly, pyrite is
likely present below the XRD detection limit in the
study area because pyrite is widely distributed in
Paleozoic sedimentary rocks throughout Ohio
(Botoman and Stieglitz, 1978); these Paleozoic rocks
are the source for 96 percent of the mineral material in
glacial deposits within the State (Strobel, 1990). The
SI of pyrite could not be determined because of insuf-
ficient sulfide data. Lastly, partial pressure of carbon
dioxide (pCO,) was calculated from pH and alkalinity
measurements and is listed in table 16. The pCO; in
ground water is used to evaluate reactions involving
carbonate minerals and the oxidation of organic
matter. Similarly, results of the SI calculations are
used to evaluate the equilibrium reactions proposed in
the paragraphs that follow.
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Table 16. Mineral saturation indices for ground water at the Ohio Management Systems Evaluation Area,
November 1991

[Well locations are shown in figure 2. Abbreviations: pCO,, partial pressure of carbon dioxide; atm, atmospheres; NA, saturation index could not
be calculated because one or more mineral component was not detected)]

Log pCO, Doiomite Siderite
Well number?® (atm) Calcite (crystaliine) Chaicedony Quartz Ferrihydrite (disordered)

RI-MP1 2.04 0.29 0.28 -0.15 032 -1.06 -2.13
R1-MP2 -2.02 34 38 -.16 30 -.20 -2.12
RI1-MPS -1.30 -11 -.44 -17 30 -.56 -2.70
R2-MPI -2.34 .23 .09 -.08 39 2.06 41
R2-MP2 -2.21 A1 -.18 -.09 39 1.47 .04
R2-MP$§ -1.33 -38 -1.12 -.12 35 -42 -1.61
R4-MP1] -1.90 .08 -22 -.07 40 15 .26
R4-MP2 -1.41 -.24 -.83 -.10 37 -1.00 -.65
R4-MP4 -1.35 -.15 -.64 -.01 46 -1.75 -2.49
R6-MP1 -1.86 .10 -.15 =11 .36 1.75 11
R6-MP2 -1.64 -.08 -.51 -12 35 -1.23 -2.68
R6-MP3 -2.53 .80 1.24 -10 38 1.77 -1.87
R7-MP2 -1.79 25 .14 -.12 35 1.14 .05
R7-MP4 -1.92 29 .21 -.14 33 NA NA

R8-MP3 -2.08 -.02 -.27 -.16 31 57 -2.42
S5-MP1 -2.18 32 25 -.35 38 1.87 .49
S5-MP2 -2.27 29 .16 -.08 39 2.01 .38
S5-MP4 -1.94 22 A5 -.06 40 NA NA

S10-MP} -2.23 10 -.20 -.10 37 334 .00
S10-MP2 -2.12 24 A1 -.10 37 NA NA

S10-MPS5 -1.71 .14 -.08 -.06 40 NA NA

S14-MP1 -2.07 .03 -32 -.09 44 1.09 .24
S14-MP2 -1.91 .00 -.38 -.07 41 95 =11
S14-MP4 -1.83 17 .01 -.05 41 .26 -2.28
Error® 20 10 .20 20 20 50 .50

& Well numbers ending in “MP1 ™ indicate that the sampling port is screened approximately 60 ft below land surface; “MP2”, screened zone
is approximately 40 ft below land surface; “MP3”, “MP4”, and (or) “MP5”, uppermost saturated port.
b Combined uncertainty of the mineral equilibrium constant and analytical error (from Dumouchelle and others, 1993, table 16, p. 118-119).
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Sources of Silica

Waters are generally saturated with respect to
chalcedony (within the range of error on the SI calcu-
lations), and oversaturated with respect to quartz
(table 16). Although oversaturation with respect to
quartz is common in natural waters, the kinetics of
quartz make it unlikely to precipitate at surface tem-
peratures (Hem, 1989, p. 71). Instead, Sl calculations
indicate that chalcedony may be controlling silica con-
centrations in ground water at the site.

Carbonate Equilibria Reactions

Many of the reactions controlling the aqueous
chemistry at the site are caused by recharge across the
face of the unconfined aquifer. As carbon dioxide
from the atmosphere and produced by plants and
microbial activity is leached from the soil zone by
infiltrating precipitation, carbonic acid is produced:

H,0 + CO, = Hy,COj (carbonic acid) =
HCO; +H". (10)

The acid dissociates into bicarbonate and hydrogen,
thereby decreasing pH of ground water with respect to
surface water.

One consequence of the presence of carbonic
acid in waters recharging the aquifer is the dissolution
of carbonate minerals. The dissolution reaction for
dolomite (the dominant carbonate mineral in the out-
wash aquifer, as identified by XRD) can be written as
follows:

CaMg(CO5),(s) + 2H,CO; =
Ca®* + Mg?* + 4HCO5". (11)

This reaction increases the bicarbonate concentration
in the aquifer. Bicarbonate then acts to neutralize pH
with depth, as shown by the boxplot data (fig. 24).
The neutralization reaction also causes alkalinity to
decrease with depth. To test whether the dissolution of
dolomite is controlling concentrations of calcium,
magnesium, and bicarbonate in the outwash aquifer at
the MSEA, the investigators plotted molar concentra-
tions of cations for dolomite as a function of the anion
bicarbonate (fig. 38) for the shallow, intermediate, and
deep zones of the aquifer. As indicated by the stoichi-
ometry of equation 11, dissolution of dolomite would
yield a molar ratio of calcium plus magnesium to
bicarbonate of 1:2. Therefore, the ions in figure 38, if

affected by carbonate dissolution, should plot along a
line with a slope of 0.5.

Linear-regression analysis of calcium plus mag-
nesium concentration as a function of bicarbonate con-
centration for the shallow aquifer data (fig. 38) yields
a slope of 0.38 and a correlation coefficient of 0.62.
Departure from the predicted slope of (.5 indicates
that other, concurrent reactions may be affecting cal-
cium, magnesium, or bicarbonate concentrations in the
aquifer. Several possible reactions involving bicar-
bonate are discussed later in this section. Departure
from the predicted slope increases with depth below
land surface; data from the deep zone of the outwash
aquifer yield a slope of only 0.25 and a correlation
coefficient of only 0.34.

Oxidation-Reduction Reactions

Oxidation of Organic Carbon

Like carbon dioxide, oxygen enters the ground-
water system through infiltrating recharge and by
movement of air through unsaturated material above
the water table, so it is most concentrated in recharge
areas. Atmospheric oxygen in contact with water
becomes dissolved in the water at an equilibrium con-
centration that is a function of temperature and pres-
sure. Areas where dissolved oxygen concentration in
ground water are similar to atmospheric equilibrium
concentrations indicate areas of rapid recharge.

Once dissolved oxygen enters the ground-water
system, it may be depleted by biologically mediated
reactions involving the oxidation of organic materials
present in subsurface sediments. This process can be
expressed as

CH,0 (organic matter) + O,(aq) =
CO,(g) + H,0=HCO; + H" (12)
The reaction depicted in equation 12 consumes
organic carbon and dissolved oxygen in ground water
and produces carbon dioxide in the form of carbonic
acid, which can then react with available carbonate
minerals to produce bicarbonate. Naturally, the mag-
nitude of the reaction is greatest in areas where the
reactants (organic carbon and dissolved oxygen) are
most abundant. The occurrence of this reaction in the
shallow aquifer is consistent with dissolved oxygen,
organic carbon, and pCO, data. Dissolved oxygen
profiles in the aquifer (fig. 29) show that dissolved
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Figure 38. Concentration of calcium plus magnesium as a function of concentration of bicarbonate in
shallow, intermediate, and deep zones of the outwash aquifer, November 1991.
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oxygen becomes depleted with depth. Similarly,
organic carbon profiles (fig. 11) show that organic
carbon concentration is highest in the unsaturated
zone, near the source of decaying vegetative matter.
At the water table, where moisture facilitates chemical
reactions and dissolved oxygen is abundant, organic
carbon concentrations are near zero, likely because
of the rapid oxidation of organic carbon to carbon
dioxide. As the oxidation of organic carbon slows
between the water table and about 40 ft below land
surface as a result of the depletion of dissolved oxy-
gen, organic carbon concentrations in the sediments
increase as more of the originally deposited organic
carbon in the sediments is left unoxidized.

As data in table 16 indicate, outwash waters
have abundant carbon dioxide, with partial pressures
of carbon dioxide one to two orders of magnitude
greater than water in equilibrium with the atmosphere
(Pcozatm = -3-5 at 25 °C) (Breen, 1988). Thus, a
source of carbon dioxide other than atmospheric, such
as that described by equation 12, must be adding car-
bon dioxide to the system. P, is highest near the
water table and generally decreases with depth
(table 16).

The reaction described by equation 12 also
explains the decrease in dissolved oxygen concentra-
tions observed from April through November in the
shallow outwash aquifer. Dissolved oxygen introduced
in April by recharge to the aquifer was depleted by
oxidation of organic matter. The subsequent onset of
drought reduced the replenishment of dissolved oxy-
gen to the aquifer. The decrease in dissolved oxygen
concentrations also reduced the oxidizing potential of
the aquifer, causing the observed decrease in Eh
throughout the 1991 growing season.

Oxidation-Reduction of Iron and Manganese

In addition to the oxidation of organic carbon
discussed above, several other redox reactions con-
sume dissolved oxygen, including the oxidation of
iron and manganese. Dissolved iron in ground water
can have many sources, including (1) dissolution of
iron-bearing calcite or dolomite, (2) dissolution of
iron-bearing igneous and metamorphic minerals in
outwash sediments, (3) dissolution of siderite, or
(4) oxidation of pyrite.

After ferrous iron enters the ground-water
system, it is oxidized according to reactions 13 and 14:

Fe?* +0.5 Oy(aq) + 2H' =Fe** + H,0;  (13)

2Fe>* + 6H,0 = 2Fe(OH)5(ferrihydrite) + 6H*. (14)

Iron oxidation consumes dissolved oxygen, removes
dissolved iron from the system by precipitating amor-
phous ferrihydrite, and results in a net decrease in pH.
Evidence of iron oxidation at the MSEA can be
obtained from a visual inspection of geochemical
cross sections (figs. 28, 29, and 32). These plots show
that dissolved iron generally is not present in the
shallow outwash where oxygenated conditions (dis-
solved oxygen greater than 1 mg/L) and Eh greater
than 200 mv prevail. Moreover, the transitional zone
of the aquifer where dissolved iron concentrations go
from below detection limits to greater than 1,000 pg/L
corresponds fairly well to the observed color change
from yellowish brown to gray in the aquifer sediments
(and the associated change from stained to clear quartz
grains). The yellowish-brown grain coatings are
likely ferrihydrite or other oxyhydroxides. (A notable
exception to the correlation of detectable dissolved
iron concentrations and the presence of yellowish-
brown sediments was drill cuttings from well R1,
which were gray at altitudes well above those at which
iron was detected in ground water. One explanation is
that easily oxidized iron was already oxidized and
flushed from the system in this recharge area.) Ferri-
hydrite coatings in the unsaturated zone and the
shallow outwash aquifer are significant because they
are highly absorptive (Hem, 1989) and may limit the
movement of triazine herbicides in the unsaturated
zone and in the shallow outwash aquifer (Armstrong
and others, 1967).

In most intermediate and deep waters in the out-
wash aquifer, where dissolved iron is present, SI’s for
siderite (fig. 39) show that the iron carbonate is in
equilibrium and, therefore, could be controlling the
iron concentrations in this zone of the aquifer. In con-
trast, siderite is undersaturated (and therefore favored
to dissolve) in shallow outwash waters, as well as in
deep and intermediate levels, respectively, of wells R1
(near Big Beaver Creek) and R6 (near the Scioto
River). The zones of siderite undersaturation in the
aquifer correspond with oxidizing areas within the
aquifer, where the ferrous iron in siderite would be
thermodynamically unstable.
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Dissolved manganese in the aquifer has a simi-
lar distribution to that of dissolved iron, but it is
present at somewhat lower concentrations. Sources of
manganese in the aquifer may include substitution of
small amounts of manganese for calcium in dolomite
and limestone, or weathering of pyroxene and amphi-
bole sand grains (Hem, 1989, p. 85). Dissolved man-
ganese, which is not as easily oxidized as ferrous iron,
will generally precipitate as a coating of manganese
dioxide in the presence of elevated dissolved oxygen
(Hem, 1989, p. 86). Manganese is one of the metals
that commonly coprecipitates with iron.

Oxidation-Reduction of Nitrogen

Nitrogen, like iron, manganese, dissolved oxy-
gen, and organic carbon, is influenced by redox
reactions. Nitrogen fixation by legumes and applica-
tion of synthetic fertilizer and manure are likely
sources of nitrogen at the MSEA. In the oxidizing
conditions found in the unsaturated zone and the

shallow outwash aquifer, nitrogen entering the system
in reduced organic forms can be converted by soil bac-
teria into the anionic forms, nitrite and nitrate, through
a process known as nitrification. Nitrite is metastable
in oxygenated water and therefore is rarely detected.
Nitrate is the form most commonly found in natural
waters. Its presence in the outwash aquifer at the Ohio
MSEA is correlated with oxic conditions.

As previously stated, flow of ground water
across the oxic-anoxic boundary is indicated by
tritium data (which indicate that the aquifer is well
mixed) and by the vertical hydraulic gradients of
chemical plumes (which are assumed to be more accu-
rate in the long term than those indicated by monthly
calculations of the gradient based on measured water
levels). Because this site has been farmed since 1801,
nitrates should be found in all tritiated waters if nitrate
concentrations are being conserved in ground water.
The fact that ground-water flow must be occurring
across the oxic-anoxic boundary, and that nitrate is
present in the oxic zone and absent in the anoxic zone
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at the Ohio Management Systems Evaluation Area, November 1991.
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(figs. 30 and 31), indicates that reduction of nitrate
(denitrification) must be occurring at or below the
oxic-anoxic boundary.

To prove unequivocally that denitrification is
occurring at the MSEA site would require more data
concerning the nitrogen chemistry of the MSEA
ground water, such as dissolved-gas data (to indicate
the presence of excess nitrogen gas in the anoxic zone)
or nitrogen isotope data. Although such data are
unavailable, the following necessary conditions for
denitrification do exist at the site:

1. Anoxic conditions exist at depth. Dissolved oxy-
gen is thermodynamically favored to be reduced
by microbes before nitrates are, therefore, anoxic
conditions are necessary for denitrification to
occur. Gilham and Cherry (1978) found that in
an unconfined sandy aquifer, denitrification
occurred at dissolved oxygen concentrations less
than or equal to 2.0 mg/L.

2. Suitable electron donors are present in ground
water and (or) aquifer sediments to enable the
reduction of nitrates; such donors include organic
carbon and reduced manganese, iron, and
sulfides. One unit mass of organic carbon typi-
cally can reduce less than one unit mass of
nitrate-nitrogen (Korom, 1992). Because ground
water in the outwash aquifer typically contains
about 0.7 mg/L of dissolved organic carbon and
the median concentration of nitrate in shallow
outwash water is 3.1 mg/L (with a maximum of
16 mg/L), less than one-fourth of the nitrate ions
can be reduced by oxidation of organic carbon
dissolved in ground water. Abundant organic
carbon is present in the aquifer sediments
(median concentration, 3.9 g/kg). Although little
is known about the availability of organic matter
in aquifers for use by bacteria (Postma and
others, 1991), the decrease in organic carbon
concentration of the aquifer sediments at depths
greater than about 40 ft below land surface corre-
sponds with the zone of iron and manganese
reduction and the absence of nitrates in the
ground water. This combination of factors indi-
cates that organic matter in the sediments may be
bioavailable and could be disappearing because
of use as the electron donor for reduction of
nitrate, iron, and (or) manganese oxides.

Another necessary condition for denitrification is the
presence of bacteria with the metabolic capability of
reducing nitrates. Although isolation of such bacteria
was not attempted at the MSEA, it is reasonable to
assume that denitrifying bacteria are widespread in
aquifers (Starr and Gillham, 1993; Korom, 1991,
1992).

Denitrification at the MSEA was qualitatively
tested according to two scenarios for donation of elec-
trons to the nitrate ion: (1) oxidation of organic car-
bon and (2) oxidation of pyrite. The denitrification
reaction using organic matter as the main electron
donor can be written

5C + 4NOjy™ + 2H,0 = 2N,(g) + 4HCO; + CO, (15)

where C is an organic compound with an oxidation
state of zero (Korom, 1992, p. 1,660).

Oxidation of pyrite is microbially catalyzed
(Kolle and others, 1987) and likely occurs in the shal-
low alluvial aquifer according to equation 16,

FeS,(pyrite) + 3.5 O,(aq) + H,0 =
Fe?* +280,% + 2H", (16)

providing a source of iron to the system as well as sul-
fur. Pyrite is a likely source of sulfur in the outwash
aquifer, as indicated by sulfur isotope data from
glacial deposits and underlying Silurian and Devonian
carbonate bedrock from western Ohio. Isotope
samples from parts of Ohio not proximate to Lake Erie
were generally negative (-10.4 to -5.8 permil), indicat-
ing that a major source of sulfate in the aquifers is oxi-
dation of pyrite (Lori L. Lesney, U.S. Geological
Survey, oral commun., 1994; unpublished data on file
at the Columbus, Ohio, office of the U.S. Geological
Survey). Oxidation of pyrite consumes dissolved
oxygen in the aquifer while lowering pH. Although
the reaction specified in equation 16 may be occurring
in the shallow outwash aquifer, increasing sulfate con-
centrations with depth in the outwash aquifer indicate
that the oxidation of sulfides occurs even in the anoxic
zone of the aquifer.

Autotrophic oxidation of pyrite concurrent with
denitrification in the anoxic zone of the outwash
aquifer can be written as

SFeS, + 14NO5 +4H" =

N, + 10S0,> + 5Fe** + 2H,0. (17
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This reaction has been reported to occur in the Fuhr-
berger Feld aquifer in northern Germany (Kolle and
others, 1985). Bottcher and others (1989) and Frind
and others (1990) determined that, in the Fuhrberger
Feld aquifer, this reaction has a half-life of 1.2 to

2.1 years, proving that it is a kinetically feasible reac-
tion. Korom (1992) also verified the ability of some
bacteria to reduce nitrates, using sulfides as electron
donors. In the reaction specified by equation 17, sul-
fate is produced and nitrate is the electron acceptor.
Chemical profiles in the outwash aquifer are consistent
with the reaction proposed in equation 17 in that pH
and concentrations of sulfate and dissolved iron
increase with depth in the aquifer as nitrate concentra-
tions decrease.

Denitrification (according to egs. 15 and 17)
was evaluated by use of the geochemical modeling
program, NETPATH (Plummer and others, 1991).
NETPATH helps quantify the net masses of minerals
required to dissolve or precipitate along a hydrologic
flow path to account for the observed differences in
constituent concentrations between an initial and final
water. The chemical evolution of water along the flow
path, as calculated by NETPATH, is constrained by
chemical mass balances involving element or electron
balances. Input to the model includes initial and final
water composition, sets of elemental constraints, and a
set of phases considered to be appropriate for the reac-
tions under consideration. Because water quality data
were not available for wells directly on a flow path
(see fig. 12), samples from wells S5-MPS and R4-MP2
(June 1991) (fig. 2) were chosen as being representa-
tive of the chemical trends observed for ground water
flowing from oxic to anoxic zones in the glacial
aquifer. Elemental and electron mass-balances were
used to constrain the mass-transfer models; phases
selected were minerals and gases known to be present
in the glacial aquifer, including phases hypothesized to
be involved in denitrification reactions (eqgs. 15 and
17) and phases involved in carbonate equilibria reac-
tions and iron and manganese redox reactions pro-
posed previously in this report. Results of previous SI
calculations were used to constrain selected minerals
phases to either dissolve or precipitate so that models
that were not favored thermodynamically did not
result (for example, precipitation of goethite' in the
anoxic zone).

For the NETPATH modeling, goethite (also an oxihydrox-
ide mineral) was substituted for ferrihydrite.

The mass-transfer equations resulting from
NETPATH represent the net millimoles of each phase
entering (left side of the equation) or leaving (right
side of the equation) a kilogram of water by dissolu-
tion or precipitation as the kilogram of water moves
from the upgradient well to the downgradient well.
Two NETPATH models were generated, one using
CH,O as a reacting phase to simulate organic matter
with a carbon valence of zero (eq. 18) and one with no
organic matter to act as an electron donor (eq. 19).
Thus, a kilogram of water moving along the flow path
from well S5-MP5 to well R4-MP2 would evolve
according to the following net reactions:

S5-MPS5 water + 0.33 pyrite + 0.041 dolomite +
0.56 calcite + 1.2 CH,O + 0.0086 MnOOH +
1.2 Oy(g) = R4-MP2 water + 0.39 N,(g) +
0.31 siderite (18)

or

S5-MP5 water + 0.14 goethite + 0.33 pyrite +
0.041 dolomite +0.56 calcite + 1.3 CO,(g) +
0.0086 MnOOH = R4-MP2 water +
0.39 N,(g) + 0.45 siderite. (19

Equation 18, which uses organic matter as the
predominant electron donor for redox reactions, is not
realistic as written because it requires an unreasonable
amount of O, to be added to the system (1.2 mmol, or
39 ppm dissolved oxygen). The highest concentration
of dissolved oxygen measured in water recharging the
water table at the MSEA was 0.24 mmol/L, or
7.7 ppm.

The mass-transfer modeling indicates that deni-
trification at the MSEA site may be largely driven by
the autotrophic oxidation of pyrite present in aquifer
sediments (egs. 17 and 19). It also indicates that pyrite
reserves in the sand and gravel aquifer may be critical
to the remediation of anthropogenic nitrate contamina-
tion at the MSEA. Postma and others (1991) studied
an unconfined sandy aquifer in western Denmark and
found pyrite to be by far the dominant electron donor
for nitrate reduction, even though organic carbon was
abundant in the aquifer. It should be noted that no
models could be generated by NETPATH (electrons
could not be balanced) if nitrogen was not included as
a reacting phase and a constraint.

Denitrification at depth creates a natural zone
of remediation, where deleterious nitrates from
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anthropogenic and natural sources are removed from
the ground-water system. Generally, drinking water in
this area of the Scioto River Valley is free of nitrates
because most drinking-water wells in the valley are
screened in the deep zone of the outwash aquifer. In
the shallow aquifer, the presence of nitrates increases
the oxidation potential of the aquifer, because nitrate is
an electron acceptor.

In addition to reduction of nitrates to nitrogen
gas, nitrates are sometimes reduced to ammonia
(Korom, 1992). Such a process could be the source of
ammonia that is found in bedrock waters at the MSEA
(table 13, fig. 24); however the ammonia could also be
formed by the microbial mineralization of organic
nitrogen in the carbonaceous Ohio Shale to inorganic
nitrogen. The latter process is the more likely, because
connate water has very low nitrate concentrations to
begin with. However, analysis of nitrogen isotopes
would be required to verify the dominant process in
the bedrock aquifer.

Oxidation-Reduction of Sulfur

Ground-water samples were not analyzed for
hydrogen sulfide, which contains a reduced form of
sulfur; however, this compound has a distinctive
rotten-egg odor that is detectable to most humans at
concentrations of a few tenths of a milligram per liter
(Hem, 1989, p. 117). A hydrogen sulfide odor was
noted only once in the outwash aquifer, at well
S5-MP1. Sulfate reduction probably does occur in the
bedrock aquifer, however. This interpretation is based
on the odor of hydrogen sulfide detected in water from
bedrock wells, the absence of sulfates above concen-
trations found in precipitation, and measured Eh
values in bedrock water that fall within the prescribed
range for sulfate reduction.

Effect of Surface Water on Ground-Water
Chemistry

The chemistry of the outwash aquifer, in
addition to being affected by rock-water interactions
and bedrock mixing, is also affected by surface-water
contributions from the streams bounding the study
area. The presence of elevated dissolved oxygen con-
centrations and Eh and relatively low concentrations
of dissolved iron and manganese at unusual depths
near Big Beaver Creek and the Scioto River indicates
that a zone of oxidized ground water surrounds the
streams. The reducing zone that is observed beneath

the middle terrace at about 40 ft below land surface is
absent at well cluster R1, near Big Beaver Creek, and
is present only at depths greater than approximately
60 ft below land surface near the Scioto River. The
oxidizing zone around the streams indicates one of the
following scenarios:

1. Downflow of oxygenated recharge occurs at
these locations, at least periodically. AtR1,
advection and dispersion transport oxygen to the
base of the aquifer.

2. Organic carbon concentration in R1, RS, and R6
sediments is less than that observed at other loca-
tions in the aquifer. Therefore, less oxidation of
organic carbon occurs, and dissolved oxygen
concentrations in the ground water are depleted
less rapidly at these locations. Data in table S
show that this is not the case; organic carbon con-
centration near the streams is greater than or
equal to that observed at other aquifer locations.

3. The most reactive components of organic carbon
have already been removed in these recharge
areas. The remaining carbon is not easily
oxidized and therefore does not deplete dissolved
oxygen in the ground water.

A combination of scenarios 1 and 3 is the most likely
explanation. Thus, the chemical data independently
support the hydraulic evidence that recharge is occur-
ring beneath Big Beaver Creek and that bank storage
periodically recharges the alluvial aquifer adjacent to
the Scioto River. However, differences in conserva-
tive ion concentrations in surface water and shallow
outwash waters are not great enough to determine
mixing percentages of surface water and ground water.

SUMMARY AND CONCLUSIONS

Five Management Systems Evaluation Areas
(MSEA’s) were established in the Midwestern United
States in 1990 to address growing public concern
about agricultural nonpoint-source contamination of
ground-water resources. The purpose of the MSEA
program is to investigate the effects of various agricul-
tural management systems on ground-water quality
and to identify factors affecting the fate and transport
of pesticides and nutrients.
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The Ohio MSEA is located on a 650-acre farm
in the Scioto River Valley in Pike County, south-
central Ohio. Three farming plots as well as small
replicate plots were established at the site in 1991.

The farm is underlain by an incised bedrock
valley composed of Ohio Shale. When melting of the
Wisconsinian glaciers began, the valley was filled with
about 70 ft of outwash sediments. The outwash is
composed predominantly of discontinuous interbeds
of sand, gravelly sand, and sandy gravel with few
intervening silt or clay layers. The outwash deposits
are overlain by a veneer of recent alluvium that is gen-
erally less than 11 ft thick and is composed of silty
clay and some sand interbeds. Soils overlying the
alluvium are silt loam and sandy loam. Wells in the
Scioto River Valley yield as much as 1,300 gal/min
and are used for public and private water supply,
industrial process water, and aquaculture.

The hydraulic conductivity of sediments in the
study area, as determined from equations based on
grain-size distribution, increases with gravel content
and, therefore, is greatest in shallow and deep zones of
the outwash aquifer and lowest at intermediate depths.
Hydraulic conductivities (K’s) at the site were also
evaluated by slug, specific-capacity, and regional
aquifer tests. Although K’s measured at a given
location can vary with the scale of the test method,
relative variation in K’s determined by specific-
capacity tests and slug tests is the same areally beneath
the three research plots. Specifically, materials
beneath plot 200 have the greatest K, followed by
those at plot 100 and plot 300. Distance-drawdown
data from USGS aquifer tests show K to range from
401 to 555 fi/d at the scale of the entire site.

Outwash sediments are composed predomi-
nantly of dolomite, quartz, and calcite. The median
concentration of organic carbon in subsurface sedi-
ments was .39 weight percent, with concentrations
ranging from less than 0.01 to 1.83 percent. No statis-
tically significant correlation was found between
organic carbon concentration and grain-size distribu-
tion. Instead, subsurface distribution of organic car-
bon differed with depth, and changes in concentration
could generally be explained by redox reactions in the
aquifer that consume organic carbon.

Ground water beneath the MSEA flows from
east to west-southwest, except during periods of high
stage on the Scioto River. Ground-water-flow
velocities range from about 3.3 ft/d beneath plot 200
to an average flow velocity of about 1.7 ft/d beneath

plots 100 and 300. Horizontal hydraulic gradients
beneath the plots range from 5 x 10 t0 0.002. A
nitrate plume observed at the site indicates a steeper
component of downflow in the aquifer than is indi-
cated by monthly water-level measurements. It is
assumed that the chemical data more accurately repre-
sent the long-term, average vertical hydraulic gradient
than do the computations of gradient obtained from
monthly water-level data. Tritium data also support
the existence of a vertical component of flow by indi-
cating that the aquifer is well mixed. Even the deepest
and most downgradient parts of the aquifer contain
water that has recharged the system since 1953.

Ground water and surface water at the site are
highly interconnected. Comparison of ground-water
and surface-water hydrographs shows that shallow
ground water at the west edge of the site discharges to
the Scioto River, except during frequent times of high
river stage. At these times, flow reverses and water
moves away from the stream into the riverbanks. The
maximum observed duration of a flow reversal was
17 days, during which time a particle of water could
have migrated about 190 ft inland.

Big Beaver Creek recharges the outwash aquifer
on the southeastern edge of the study area, as indicated
by seepage-meter tests, surface-water-stage and
ground-water-head data, and water-quality data. A
zone of oxidizing waters (high in dissolved oxygen
and Eh) surrounding Big Beaver Creek and the Scioto
River is caused by the periodic inflow of surface
waters to the outwash aquifer.

Direction and magnitude of vertical ground-
water flow between the bedrock and outwash aquifers
differs areally across the site. Consistent downward
gradients between the outwash and bedrock aquifers
were measured at well R1 near Big Beaver Creek;
consistent upward gradients from bedrock to outwash
were measured at well R2. Direction of vertical flow
between aquifers was variable near the Scioto River,
owing to frequent episodes of high river stage. Areas
in the bedrock unit where periodic or consistent down-
flow occurs are indicated by spatial differences in
chloride concentration where bedrock waters have
been diluted by outwash waters. This finding indi-
cates not only that pressure gradients exist between the
aquifers but also that flow between the two aquifers
occurs. The untritiated nature of ground water in the
bedrock aquifer, however, indicates that flow rates are
very slow and may approach a maximum of only
0.2 ft/yr.
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A ground-water budget for water year 1992
indicates that only 0.02 percent of recharge to the out-
wash aquifer was from leakage of bedrock waters.
Infiltrating precipitation accounted for 72 percent
(12.70 in.) of recharge, and infiltration of surface
water from Big Beaver Creek accounted for 28 percent
(5.0 in.). Twenty-four percent of water recharged to
the aquifer in water year 1992 was stored in the
ground-water system at the end of the year. Of the
16.2 in. of water discharged from the aquifer,

60 percent exited as base flow to the Scioto River, and
40 percent was withdrawn from the DOE well field.

Areal variation in water quality at the site is
caused by areal differences in the relative importance
of the 3 recharge sources. Most outwash waters are
calcium magnesium bicarbonate type, whereas deep
outwash waters in the northeast corner of the study
area are transitional between calcium magnesium
bicarbonate waters and the calcium sodium chloride
waters of the bedrock aquifer. These deep waters are
also high in specific conductance, dissolved solids,
and potassium, and low in alkalinity—all distinguish-
ing characteristics of water from the bedrock aquifer.
Mixing calculations by use of the conservative constit-
uent chloride indicate that deep waters in the northeast
corner of the MSEA consist of as much as 26 percent
bedrock water. The effect of bedrock water on the
deep outwash waters in this part of the study area is
likely caused by the lack of dilution by waters from
Big Beaver Creek. In the central and southern parts of
the study area, Big Beaver Creek flows over a sand
and gravel streambed through which infiltration
readily occurs, thereby quickly flushing from the out-
wash aquifer any evidence of bedrock upflow. How-
ever, in the northeastern part of the study area, the
streambed of Big Beaver Creek is composed of shale;
no infiltration occurs in this area.

Although mixing of bedrock and outwash
waters appears to be the dominant process in the
northeast corner of the study area, the distribution of
aqueous constituents throughout the outwash aquifer
is also affected by rock-water interactions. Chalce-
dony is in equilibrium with ground water at the site, an
indication that dissolution and precipitation of chalce-
dony likely control silica concentrations in ground
water. Calcium, magnesium, and bicarbonate concen-
trations in ground water are controlled by dissolution
of dolomite, and concurrent processes such as
bedrock mixing also affect concentrations of these
constituents. Siderite is also in equilibrium with deep

and intermediate ground water and, therefore, likely
controls concentrations of iron in these zones of the
aquifer.

Redox reactions in the outwash aquifer seem to
be largely responsible for the observed variations in
water quality with depth. The dissolved oxygen that
enters the ground-water system as recharge is con-
sumed by oxidation of organic carbon, iron, and man-
ganese. Many of these reactions release H' ions,
thereby lowering the pH of shallow ground water.
(The pH of shallow ground water is also lowered by
the leaching of carbonic acid from the soil zone to the
water table. Neutralization of pH at depth is a result of
the dissolution of dolomite.) Oxidized iron is precipi-
tated as amorphous ferrihydrite, resulting in the iron
staining observed on quartz grains in the shallow
aquifer sediments. Also present in the shallow, oxi-
dized zone of the aquifer are nitrates, formed by the
oxidation of fertilizers and the bacterially fixed
atmospheric nitrogen. The median concentration of
nitrates in 1991 was 3.1 mg/L; the maximum concen-
tration was16 mg/L during the three sampling rounds.

Atapproximately 40 ft below land surface, most
of the dissolved oxygen in ground water has been con-
sumed; here, bacteria switch from using dissolved
oxygen to using nitrate as the electron acceptor for
their metabolic reactions. At depths greater than
40 ft below land surface, the reduction of nitrates
(denitrification) is linked with the oxidation of pyrite.
The oxidation of pyrite releases sulfates to the deep
aquifer waters. Geochemical modeling indicates that
organic carbon is not the predominant electron donor
in this zone of the aquifer. Once nitrates are con-
sumed, iron and manganese are reduced by microbi-
ally mediated redox reactions.

Surface-water quality reflects the drainage-basin
geology and residence time of waters in the subsurface
materials before being discharged to the stream. Thus,
waters of the Scioto River are similar in chemical
composition to waters of the outwash aquifer, whereas
waters from Big Beaver Creek are much more dilute.
Land use in the drainage basin also affects water qual-
ity of the streams. The abundance of farming in the
Scioto River Valley is evidenced by the year-round
presence of the herbicides atrazine and metolachlor in
the Scioto River, with peak concentrations occurring
in June. Herbicides are not detected in ground water
at the Ohio MSEA.
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Table 1. Summary of well construction at Ohio Management Systems Evaluation Area

[Well locations are shown in figure 2. Abbreviations: BR, bedrock well; MP, multiport well; WT, water-table well; P, piezometer, USGS,

U.S. Geological Survey: ft, feet; QW. water quality; WL, water level SPC, specific conductance: T. water temperature. Screened interval begins
at base of well. Instrumentation refers to data recorded hourly by electronic data loggers; K determination refers to slug and (or) specific-capacity
tests to estimate hydraulic conductivity off the screened interval]

Land  Total depth

Localwell  USGS identification  surface (ft below f‘:":‘" we':':“
number number elevation land ?’i;) instru:\entaﬁon
(ft) surface)
RI-BR 390227083013330 550.93 83.25 10 QW; instrumented for WL
RI-MP1 390227083013311 551.03 59.94 .03 QwW, WL
R1-MP2 390227083013312 551.03 39.34 .03 QW, WL
R1-MP3 390227083013313 551.03 25.57 .03 QW, WL
R1-MP4 390227083013314 551.03 22.06 .03 QwW, WL
R1-MP5 390227083013315 551.03 17.51 .03 QW, WL
RI1-MP6 390227083013316 551.03 12.97 .03 QW, WL
RI-WT 390227083013320 551.07 28 20 Instrumented for WL, SPC, T; K determination
R2-BR 390239083015130 552.09 90 10 QW; instrumented for WL
R2-MP] 390239083015111 551.22 60.83 .03 QW, WL
R2-MP2 390239083015112 551.22 40.30 .03 QW, WL
R2-MP3 390239083015113 551.22 25.50 03 QW, WL
R2-MP4 390239083015114 551.22 20.95 .03 QW. WL
R2-MP5 390239083015115 551.22 16.49 .03 QW, WL
R2-MP6 390239083015116 551.22 11.65 .03 QwW, WL
R2-WT 390239083015120 549.90 34.8 20 Instrumented for WL, SPC, T: K determination
R3-MP1 390244083023011 548.77 60.75 .03 QW, WL
R3-MP2 390244083023012 548.77 40.08 .03 QW, WL
R3-MP3 390244083023013 548.77 29.37 .03 QW, WL
R3-MP4 390244083023014 548.77 24.72 .03 QW, WL
R3-MP5 390244083023015 548.77 20.28 .03 QW, WL
R3-MP6 390244083023016 548.77 15.44 03 QW, WL
R3-WT 390244083023020 548.56 31 20 Instrumented for WL; K determination
R4-MPI 390229083022911 549.18 60.91 .03 QW, WL
R4-MP2 390229083022912 549.18 40.41 .03 QW, WL
R4-MP3 390229083022913 549.18 25.56 .03 QwW, WL
R4-MP4 390229083022914 549.18 21.05 .03 QW, WL
R4-MP5 390229083022915 549.18 16.48 .03 QW, WL
R4-MP6 390229083022916 549.18 11.62 .03 QW, WL
R4-WT 390229083022920 549.22 32 20 Instrumented for WL;K determination
R5-MPI 390229083025011 545.80 59.5 .03 QwW, WL
R5-MP2 390229083025012 545.80 39 .03 QW, WL
R5-MP3 390229083025013 545.80 21.5 .03 QW, WL
R5-MP4 390229083025014 545.80 17 .03 QwW, WL
R5-MPS5 390229083025015 545.80 12.50 .03 QW, WL
R5-MP6 390229083025016 545.80 8 03 QwW, WL
R5-WT 390229083025020 546.21 28 20 Instrumented for WL; K determination
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Table 1. Summary of well construction at Ohio Management Systems Evaluation Area—Continued

Land Total depth Screen Well use
Local well USGS identification surface (ft below length and
number number elevation land
(f) surface) (ft) Instrumentation
R6-BR 390207083024030 552.79 89.5 10 QW: instrumented for WL; K determination
R6-MPI 390207083024011 552.68 60.16 .03 QW, WL
R6-MP2 390207083024012 552.68 41.72 .03 QW, WL
R6-MP3 390207083024013 552.68 30.74 .03 QW, WL
R6-MP4 390207083024014 552.68 26.25 .03 QwW, WL
R6-MPS 390207083024015 552.68 21.83 .03 QW, WL
R6-MP6 390207083024016 552.68 17.45 .03 QW, WL
R6-WT 390207083024020 552.35 31.40 20 Instrumented for WL, SPC, T; K determination
R7-BR 390156083022830 544.80 81 10 QW; instrumented for WL
R7-MP1 390156083022811 544.74 62.14 .03 QwW, WL
R7-MP2 390156083022812 544.74 41.48 .03 QW, WL
R7-MP3 390156083022813 544.74 26.78 03 QwW, WL
R7-MP4 390156083022814 544.74 22.19 .03 QwW, WL
R7-MP5 390156083022815 544.74 17.72 .03 QwW, WL
R7-MPé6 390156083022816 544.74 12.89 .03 QW, WL
R7-WT 390156083022820 544.75 32 20 Instrumented for WL, SPC, T; K determination
R8-MP1 3901156083014311 553.02 28.56 .03 QW, WL
R8-MP2 390156083014312 553.02 24.06 .03 QwW, WL
R8-MP3 390156083014313 553.02 19.52 .03 QW, WL
R8-MP4 3901560830114314 553.02 14.70 .03 QW, WL
R8-WT 390156083014320 552.74 32 20 Instrumented for WL; K determination
R9-P - 556.19 25 5 WL
R10-P - 546.08 25 5 WL
RI12-P - 551.86 25 5 WL
R13-P - 568.69 35 5 WL
S1-MP1 390242083015611 550.32 26.28 .03 QwW, WL
S1-MP2 39(0242083015612 550.32 21.79 .03 QwW, WL
S1-MP3 390242083015613 550.32 17.31 .03 QW, WL
S1-MP4 390242083015614 550.32 12.47 .03 QwW, WL
S2-MP1 390245083020211 550.14 26.46 .03 QwW, WL
S2-MP2 39(245083020212 550.14 21.92 .03 QW, WL
S2-MP3 390245083020213 550.14 17.38 03 QW. WL
S2-MP4 390245083020214 550.14 12.62 .03 QW, WL
S3-MP1 390241083021411 548.76 26.86 .03 QW, WL
S3-MP2 390241083021412 548.76 21.36 03 QW, WL
S3-MP3 390241083021413 548.76 17.82 .03 QwW, WL
S3-MP4 390241083021414 548.76 13.02 .03 QwW, WL
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Table 1. Summary of well construction at Ohio Management Systems Evaluation Area—Continued

Land Total depth

Localwell  USGS identification  surface  (ft below ?:,:;:'" w‘i':':“

number number elevation land () instrumentation
(ft) surface)

S4-MP1 390237083020611 547.23 26.47 .03 QW, WL
S4-MP2 390237083020612 547.23 22.02 .03 QW, WL
S4-MP3 390237083020613 547.23 17.55 .03 QwW, WL
S4-MP4 3902370830206 14 547.23 12.83 .03 QW, WL
S5-MP1 390241083020511 549.88 62.01 .03 QWA
S5-MP2 390241083020512 549.88 41.51 .03 QW2
S5-MP3 390241083020513 549.88 24.68 .03 ow?
S5-MP4 390241083020514 549.88 20.11 .03 QW?
S5-MP5 390241083020515 549.88 15.59 .03 QwWa
S5-MP6 390241083020516 549.88 10.86 .03 o)\
S5-WT 390241083020520 550.03 36 20 Instrumented for WL; K determination
S6-MP1 390234083014611 553.33 24.57 .03 QW, WL
S6-MP2 390234083014612 553.33 20.01 .03 QW, WL
S6-MP3 390234083014613 553.33 15.55 .03 QW, WL
S6-MP4 3902340830146 14 553.33 10.74 .03 QWwW, WL
S7-MP1 390236083015011 548.27 26.57 .03 QW, WL
S7-MP2 390236083015012 548.27 22.06 .03 QW, WL
S7-MP3 390236083015013 548.27 17.49 .03 QW, WL
S7-MP4 390236083015014 548.27 12.73 .03 QW. WL
S8-MP1 390232083020411 553.56 29.44 .03 QW, WL
S8-MP2 390232083020412 553.56 24.92 .03 QW, WL
S8-MP3 390232083020413 553.56 20.37 .03 QW, WL
S8-MP4 390232083020414 553.56 15.52 .03 QW, WL
S9-MP1 390229083015811 555.55 28.33 03 QwW, WL
S9-MP2 390229083015812 555.55 23.95 .03 QW, WL
S9-MP3 390229083015813 555.55 19.35 .03 QW, WL
S9-MP4 390229083015814 555.55 15.23 .03 QW, WL
S10-MP1 390233083015511 553.66 60.34 .03 QwW?
S10-MP2 390233083015512 553.66 40.16 .03 QW, WL
S10-MP3 390233083015513 553.66 29.70 .03 QW, WL
S10-MP4 390233083015514 553.66 25.29 .03 QW, WL
S10-MP5 390233083015515 553.66 20.74 .03 QW, WL
S10-MP6 390233083015516 553.66 15.81 .03 QW, WL
S10-WT 390233083015520 553.68 35 20 Instrumented for WL, SPC, T; K determination
S11-MP1 390224083015511 553.49 27.17 .03 QW, WL
S11-MP2 390224083015512 553.49 22.68 .03 QwW, WL
S11-MP3 390224083015513 553.49 18.17 .03 QW, WL
S11-MP4 390224083015514 553.49 13.38 03 QW, WL
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Table 1. Summary of well construction at Ohio Management Systems Evaluation Area—Continued

Land

Total depth

Local well USGS identification surface (ft below Screen Well use
. length and
number number elevation land ) Instrumentation
(ft) surface)
S12-MP1 390223083020611 552.12 28.81 .03 QwW, WL
S12-MP2 390223083020612 552.12 24.29 .03 QwW, WL
S12-MP3 390223083020613 552.12 19.80 .03 QW, WL
S12-MP4 390223083020614 552.12 14.96 .03 QwW, WL
S13-MP1 390216083020011 551.70 28.29 .03 QW, WL
S13-MP2 390216083020012 551.70 23.82 .03 QW, WL
S13-MP3 390216083020013 551.70 19.35 .03 QwW, WL
S13-MP4 390216083020014 551.70 14.44 .03 QW, WL
S14-MP1 3902240830201 11 553.75 61.37 .03 QW, WL
S14-MP2 390224083020112 553.75 40.83 .03 QW, WL
S14-MP3 390224083020113 553.75 25.92 .03 QW, WL
S14-MP4 390224083020114 553.75 21.30 .03 QW, WL
S14-MP5 390224083020115 553.75 16.75 .03 QW, WL
S14-MP6 390224083020116 553.75 11.89 .03 QW, WL
S14-WT 390224083020120 553.44 29 20 Instrumented for WL, SPC, T; K determination
SI15-WT - 553.95 60 40 K determination
Van Meter 390238083014100 571.18 72 10 WL; drilling fluid; domestic water-supply
obDoT -- 577.76 78 -- WL; water-supply
Brown - 594.27 85 5 WL; domestic water-supply

#Twisted tubing inside multiport well prevented measurement of water levels at this port.
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Table 13. Summary of ground-water and surface-water quality at the Ohio Management Systems Evaluation Area

[Well locations and surface-water sampling sites are shown in figure 2; bls, below land surface; ft*/s, cubic feet per second; ms/cm, microsiemens per
centimeter; deg C, degrees Celsius: v, volts; mg/L. milligrams per liter; mg/L, microgram per liter; --, not analyzed for]

Local . -
U.S. Geological Water Specific ?H’ Calcium, Magrne-
surface- level (feet field Temper- Oxygen, sium,
Survey surface- conduc- Eh dissolved
water Date bls) or (stand- ature dissolved dissolved
. water station or h (v) (mg/L
station or well number discharge (ms/cm) ard (deg C) (mg/L) as Ca) (mg/L
well number (ft¥rs) units) as Mg)

RI1-BR 390227083013330 06-19-91 11.04 1,650 7.4 13.5 -- 0.1 93 27
11-12-91 16.05 1,680 7.3 12.5 - -- 94 28

R1-MP1 390227083013311 04-08-91 7.54 610 7.5 12.0 - 1.1 76 27
06-19-91 - 762 715 14.5 -- i 89 31
11-14-91 15.80 709 7.5 12.5 0.113 S 86 29

R1-MP2 390227083013312 04-08-91 7.53 660 7.5 14.0 - 1.5 89 30
06-19-91 - 688 7.4 13.0 - 1.2 98 33
11-14-91 15.80 677 7.5 13.0 162 1.5 91 30

R1-MP5 390227083013315 11-15-91 15.80 767 6.9 13.5 249 1.0 98 38

R1-MP6 390227083013316 04-08-91 7.44 798 6.5 10.0 - 3.2 110 42
06-19-91 11.40 637 7.4 17.0 -- 7.3 90 34

R2-BR 390239083015130 04-01-91 10.19 6,100 7.4 13.5 - 9 410 100
06-18-91 10.52 5910 7.8 16.5 - 5 370 100
11-13-91 15.46 6,400 7.4 13.0 -- - 390 110

R2-MP1 390239083015111 04-01-91 7.73 1,340 7.9 11.5 - 0 75 20
06-17-91 11.69 1,370 7.7 14.5 - 1 80 21
11-04-91 16.64 1,460 7.6 12.0 124 .1 100 30

R2-MP2 390239083015112 04-01-91 7.84 772 7.6 11.5 - .0 61 16
06-17-91 11.78 712 7.7 14.0 - 59 16
11-04-91 16.64 869 7.5 12.0 124 2 85 23

R2-MP5 390239083015115 06-17-91 11.74 1,030 7.3 13.0 -- 1.4 99 30
11-04-91 16.64 940 6.8 10.5 200 7.1 97 32

R2-MP6 390239083015116 04-01-91 7.79 586 73 11.0 - 5 85 24

R4-MP1 390229083022911 04-09-91 9.57 934 7.6 15.0 -- 7 100 30
06-12-91 13.87 939 7.4 15.0 - .1 110 30
11-07-91 17.97 979 7.3 12.0 066 .1 99 29
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Tabie 13. Summary of ground-water and surface-water quality at the Ohio Management Systems Evaluation Area—Continued

Local " Water - pH Magne-
.S. | i
surface- U.S. Geologica level (feet Specific field Temper- Oxygen, C.alcium, sium,
Survey surface- conduc- h dissolved .
water " Date bls) or (stand- ature dissolved dissolved
N water station or . tance (v) (mg/L
station or well number discharge (ms/cm) ard (deg C) (mg/L) as Ca) (mg/L
well number {ft¥/s) units) as Mg)
R4-MP2 390229083022912 04-09-91 -- 927 7.0 14.5 -- 5.7 100 33
06-12-91 13.83 889 7.3 14.5 -- 1.4 98 32
11-07-91 17.97 914 6.9 12.0 103 1.1 98 31
R4-MP4 390229083022914 11-07-91 17.97 893 6.9 11.0 .168 4.3 110 36
R4-MPS5 390229083022915 06-12-91 13.80 860 7.2 14.0 -- 6.2 110 37
R4-MP6 390229083022916 04-09-91 9.51 775 7.1 12.0 - 6.4 110 36
R6-BR 390207083024030 04-04-91 17.26 2,260 1.7 14.0 - 4 120 33
06-19-91 22.88 2,270 7.4 14.5 -- .6 120 33
11-13-91 24.66 2,280 7.4 13.5 - -- 120 33
R6-MP1 390207083024011 04-04-91 19.44 758 7.3 13.5 -- 2 100 31
06-18-91 - 756 7.1 17.5 -- 1.2 100 32
11-13-91 25.01 759 7.3 12.5 167 .1 93 29
R6-MP2 390207083024012 04-04-91 19.44 683 7.4 13.5 - 5.7 95 29
06-18-91 26.90 643 7.4 16.0 -- 4.6 97 30
11-13-91 25.02 580 7.1 12.0 .180 3.2 91 28
R6-MP3 390207083024013 11-14-91 25.06 680 8.0 10.5 203 2 90 29
R6-MP4 390207083024014 06-19-91 23.49 689 7.3 16.0 -- 5.3 99 31
R6-MP5 390207083024015 04-04-91 19.35 630 7.0 14.0 -- 7.0 94 30
R7-BR 390156083022830 06-19-91 18.50 2,090 7.9 15.5 - 2 140 38
11-13-91 25.97 2,210 7.7 13.0 -- -- 150 42
R7-MP1 390156083022811 04-09-91 -- 760 6.9 14.0 - 1.5 110 30
06-18-91 18.28 845 7.3 16.0 - .5 120 36
11-14-91 18.47 806 7.3 13.0 .102 .0 110 30
R7-MP2 390156083022812 04-09-91 -- 660 7.6 14.5 - 2.6 89 26
06-18-91 18.39 699 7.3 14.5 - 0.2 98 30
11-14-91 18.47 761 7.3 13.5 139 2.2 110 32
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Tabie 13. Summary of ground-water and surface-water quality at the Ohio Management Systems Evaluation Area—Continued

Local . Water pH Magne-
U.S. Geolo i i ) i
surface- eologica level (feet Specific field Temper- Oxygen, (Ealclum, sium,
Survey surface- conduc- Eh dissolved
water N Date bis) or (stand- ature dissolved dissolved
- water station or tance (v) (mg/L
station or well number discharge (ms/cm) ard (deg C) {(mg/L) as Ca) (mg/L
well number (f/s) units) as Mg)
R7-MP4 390156083022814 06-18-91 18.27 671 75 17.0 -- 3.6 98 25
11-14-91 18.47 722 7.4 14.0 .184 4.6 100 27
R7-MP6 390156083022816 04-09-91 11.08 585 7.6 10.0 - 6.7 82 24
R8-MPI1 390156083014311 04-05-91 -- 687 7.4 12.5 - 2 81 29
06-11-91 14.92 717 7.6 13.5 -- 3 92 32
11-06-91 18.02 627 7.4 13.5 .400 5 77 26
R8-MP3 390156083014313 06-11-91 14.85 828 7.1 17.0 -- 3.7 100 37
11-06-91 18.02 606 74 14.0 225 .8 70 26
R8-MP4 390156083014314 04-05-91 - 697 73 11.0 -- 7.1 100 30
S5-MP1 390241083020511 04-03-91 7.46 1,850 7.6 14.5 -- 3 220 66
06-12-91 11.42 1,890 7.5 16.0 -- 2 220 64
11-05-91 16.54 1,920 7.4 13.0 128 3 220 61
S5-MP2 390241083020512 04-03-91 -- 864 7.7 14.5 -- 3 98 26
06-12-91 11.41 944 7.6 16.0 - .0 110 25
11-05-91 16.54 892 7.6 12.5 126 6 94 24
S5-MP4 390241083020514 11-05-91 16.54 787 7.4 14.5 209 34 88 28
S$5-MP5 390241083020515 06-12-91 11.41 679 7.4 13.5 -- 5.6 76 32
S5-MP6 390241083020516 04-03-91 -- 674 -- 11.5 - 4.2 62 27
S10-MP1 390233083015511 04-10-91 11.05 1,150 7.6 12.0 -- 1.9 110 30
06-10-91 - 1,170 8.0 15.0 -- .0 88 25
11-06-91 19.73 1,140 7.5 12.5 231 3 89 24
S10-MP2 390233083015512 04-02-91 10.97 711 7.6 13.0 -- 4 95 27
06-10-91 14.67 972 7.5 18.0 - .1 120 35
11-06-91 19.73 799 7.5 13.0 258 03 92 26
S10-MP5 390233083015515 11-06-91 19.73 892 7.2 14.5 278 1.4 110 31
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Tabie 13. Summary of ground-water and surface-water quality at the Ohio Management Systems Evaluation Area—Continued

Local . Water - pH Magne-
.S. P, "
surface- U.S. Geological level (feet Specific field Temper- Oxygen, Qalclum, sium,
Survey surface- conduc- Eh dissolved .
water . Date bis) or (stand- ature dissolved dissolved
. water station or tance (v) (mg/L
station or well number discharge (msicm) ard (deg C) (mg/L) as Ca) (mg/L
weli number (ft¥s) units) as Mg)
S10-MP6 390233083015516 04-02-91 10.96 796 7.7 12.0 -- 3.5 110 46
06-10-91 14.70 889 7.4 14.5 -~ 2.8 110 42
S12-MP1 390223083020611 04-03-91 -- 761 7.4 14.0 - 1.1 94 28
06-13-91 15.04 718 7.2 14.0 - 53 96 30
S12-MP3 390223083020613 06-13-91 14.80 699 7.3 14.0 - 73 94 30
S12-MP4 390223083020614 04-03-91 - 647 7.4 12.0 -- 73 91 27
S14-MP1 390224083020111 04-02-91 11.45 534 717 13.0 - 2 77 22
06-13-91 15.81 587 7.6 15.0 - 1.0 77 21
11-05-91 20.38 577 7.4 12.5 105 .0 77 22
S14-MP2 390224083020112 04-02-91 11.44 583 75 13.0 -- .1 82 24
06-13-91 15.79 625 73 14.0 - .5 81 24
11-05-91 20.38 619 7.3 11.5 132 5 83 24
S14-MP4 390224083020114 11-05-91 20.38 684 7.3 14.0 219 4.8 98 29
S14-MP5 390224083020115 06-13-91 15.79 696 7.4 16.0 - 7.1 93 31
S14-MPo6 390224083020116 04-02-91 11.56 643 7.7 10.5 -- 77 82 31
VAN 390238083014100 12-04-90 32.84 775 7.4 12.5 . 1.7 73 20
METER
WATER-
SUPPLY
WELL
BIG 390241083011801 04-04-91 45 231 8.5 14.5 - 11.0 16 13
BEAVER
CREEK
06-11-91 .67 385 7.9 23.5 -- 8.1 30 19
SCI0TO 390250083030001 04-03-91 5,750 538 8.0 13.5 - 11.3 64 22
RIVER
06-11-91 1,780 671 8.7 27.5 - 10.0 75 26
11-19-91 675.5 907 8.2 15.5 - 10.1 79 28
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Table 13. Summary of ground-water and surface-water quality at the Ohio Management Systems Evaluation Area—Continued

Local Sollds, 1 ogen
surface- U.S. Geological Sodium, Potassium, Alkallnity, Suifate, Chloride, Sllica, residue nitri%e !
water Survey surface- Date dissolved dissolved field dissolved dissolved dissolved at 180 dissolvé d
station or water station or (mg/L (mg/L (mg/Las (mg/lLas (mg/Las (mg/las deg.C (mg/L
well well number as Na) as K) CaCoO,) SO,) Cl) Si0,) dissolved as N)
number (mg/L)
RI-BR 390227083013330 06-19-91 180 9.1 260 0.7 350 11 876 <0.01
11-12-91 170 10 340 4 390 9.7 882 <.01
R1-MP1 390227083013311  04-08-91 18 3.5 290 81 19 8.6 354 <.01
06-19-91 20 3.5 270 68 37 9.1 414 <.01
11-14-91 20 39 290 71 39 8.4 429 <.01
R1-MP2 390227083013312 04-08-91 9.9 34 280 82 8.8 8.9 475 .01
06-19-91 8.4 3.1 310 64 12 9.4 400 <.01
11-14-91 8.9 33 300 70 12 8.3 410 0.02
RI1-MP5 390227083013315 11-15-91 3.8 23 390 37 8.3 8.3 437 <.01
R1-MP6 390227083013316 04-08-91 4.0 31 370 41 5.5 8.6 431 <.0l
06-19-91 33 23 330 21 53 8.3 352 <.01
R2-BR 390239083015130 04-01-91 660 35 160 75 2,000 9.7 3,410 <.01
06-18-91 670 33 170 7.1 2,100 9.9 4,080 <.01
11-13-91 770 41 140 <. 2,000 11 3,930 <.01
R2-MP1 390239083015111  04-01-91 150 5.5 190 72 260 9.2 712 <.0l
06-17-91 160 5.6 190 68 270 9.8 728 <.01
11-04-91 150 6.0 190 58 290 9.7 840 <.01
R2-MP2 390239083015112  04-01-91 72 6.0 220 77 77 8.9 441 <.01
06-17-91 65 5.8 230 71 64 9.5 397 <.01
11-04-91 66 6.7 200 65 110 9.6 520 <.01
R2-MP5 390239083015115 06-17-91 78 35 300 76 100 10 590 .03
11-04-91 68 2.0 300 74 80 8.4 564 .37
R2-MP6  390239083015116 04-01-91 6.0 1.4 240 72 4.5 8.7 348 <.01
R4-MP1 390229083022911  04-09-91 44 5.0 240 63 140 11 550 <.01
06-12-91 40 4.5 240 65 120 12 500 .02
11-07-91 53 53 260 72 140 10 588 <.01
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Table 13. Summary of ground-water and surface-water quality at the Ohio Management Systems Evaluation Area—Continued

Local Solids, Nitrogen
surface- U.S. Geological Sodium, Potassium, Alkalinity, Sulfate, Chloride, Silica, residue nit:%e ’
water Survey surface- Date dissolved dissolved field dissolved dissolved dissolved at180 dissolv;d
station or water station or (mg/L {mg/L (mg/Las (mg/Las (mg/Las (mg/Las deg.C (mg/L
well well number as Na) as K) CaCoO;) S04) Cl) Si0,) dissoived 9
asN)
number (mg/L)
R4-MP2  390229083022912  04-09-91 52 438 320 99 77 10 588 <.01
06-12-91 49 4.4 360 86 59 11 471 .01
11-07-91 49 43 310 95 80 9.3 460 <.01
R4-MP4 390229083022914  11-07-91 28 2.7 370 60 53 11 525 <.01
R4-MP5 390229083022915  06-12-91 23 2.2 380 49 34 11 474 01
R4-MP6 390229083022916  04-09-91 12 1.1 390 33 18 10 477 <.01
R6-BR 390207083024030 04-04-91 260 13 230 96 620 11 1,240 <.01
06-19-91 270 12 250 1.0 600 12 1,300 <.01
11-13-91 260 13 230 <0.1 560 11 1,280 <.01
R6-MP1 390207083024011  04-04-91 16 3.0 310 97 30 10 450 <.01
06-18-91 15 29 280 93 31 11 443 <.01
11-13-91 18 3.1 280 94 38 9.2 456 <.01
R6-MP2 390207083024012  04-04-91 7.3 1.9 300 39 13 9.8 384 <.01
06-18-91 7.1 1.5 290 44 16 9.9 387 <.01
11-13-91 7.4 1.8 290 35 12 8.9 406 .01
R6-MP3 390207083024013  11-14-91 8.7 1.9 300 49 17 9.0 412 <.01
R6-MP4 390207083024014  06-19-91 8.1 1.5 320 46 16 10 402 <.01
R6-MP5 390207083024015  04-04-91 6.1 1.5 300 34 12 9.5 385 <.01
R7-BR 390156083022830 06-19-91 190 20 190 14 550 10 1,310 <.01
11-13-91 210 17 190 2.6 550 10 1,300 <.01
R7-MP1 390156083022811  04-09-91 11 2.4 320 T 26 12 466 <.01
06-18-91 9.8 2.4 380 69 23 12 487 <.01
11-14-91 13 2.5 370 79 67 11 492 <.01
R7-MP2 390156083022812  04-09-91 17 2.7 240 110 25 9.8 389 <01
06-18-91 16 2.5 290 81 27 10 436 <.01
11-14-91 11 2.7 320 75 25 93 390 <.01
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Table 13. Summary of ground-water and surface-water quality at the Ohio Management Systems Evaluation Area—Continued

Local Solids, Nitrogen
surface- U.S. Geological Sodium, Potassium, Alkalinity, Sulfate, Chloride, Silica, residue ni trigte !
water Survey surface- Date dissolved dissolved field dissolved dissolved dissolved at 180 dissolv;d
station or water station or {mg/L (mg/L {mg/Las (mg/Las (mg/Las (mg/Las deg.C (mg/L
well well number as Na) as K) CaCOj) S0,) Cch Si0,) dissolved asgN)
number (mg/L)
R7-MP4 390156083022814 06-18-91 11 1.6 270 49 19 9.1 377 <.01
11-14-91 9.6 1.8 300 66 18 9.1 412 <.01
R7-MP6 390156083022816 04-09-91 6.3 1.2 230 51 11 7.4 321 <.01
R8-MP1 390156083014311  04-05-91 27 3.2 280 53 30 9.5 402 <.01
06-11-91 25 29 280 56 45 10 415 .03
11-06-91 20 29 270 73 30 9.0 378 <.01
R8-MP3 390156083014313  06-11-91 25 2.0 380 29 32 12 459 02
11-06-91 19 2.9 210 94 38 8.7 362 <.01
R8-MP4 390156083014314  04-05-91 7.3 1.3 320 44 11 11 406 <.01
S5-MP1 390241083020511  04-03-91 17 4.3 88 19 560 10 1,120 <.01
06-12-91 17 3.7 110 28 550 11 1,100 .02
11-05-91 16 4.0 180 32 510 9.7 1,150 <.01
S5-MP2 390241083020512 04-03-91 41 4.0 220 62 130 10 514 <.01
06-12-91 43 4.0 240 67 130 11 525 0.020
11-05-91 50 4.4 220 68 130 99 506 <.01
S5-MP4 390241083020514 11-05-91 33 3.0 290 53 46 11 438 <.01
S5-MP5 390241083020515 06-12-91 18 7.8 270 36 21 9.7 391 .06
S5-MP6 390241083020516  04-03-91 27 - 210 75 21 7.6 427 0.56
S10-MP1  390233083015511  04-10-91 85 5.4 210 78 230 9.8 670 .01
06-10-91 100 52 180 76 220 9.8 653 <.01
11-06-91 100 54 190 80 230 9.4 640 <.01
S10-MP2  390233083015512  04-02-91 33 7.2 240 85 65 10 467 .03
06-10-91 37 7.1 280 72 09 11 575 .06
11-06-91 30 6.8 240 83 65 9.6 484 .07
S10-MP5  390233083015515  11-06-91 32 12 310 83 70 11 571 <.01
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Table 13. Summary of ground-water and surface-water quality at the Ohio Management Systems Evaluation Area—Continued

Local Solids, Nitrogen
surface- U.S. Geological Sodium, Potassium, Alkalinity, Sulfate, Chloride, Silica, residue nitrigte !
water Survey surface- Date dissolved dissolved field dissolved dissolved dissolved at 180 dlssolv’ed
station or water station or (mg/L (mg/L (mg/Las (mg/Las (mg/Las (mg/Las deg.C (mg/L
well well number as Na) as K) CaCO;) S0y) Cl) Sl0;)  dissolved asN)
number {mg/L)
S10-MP6  390233083015516 04-02-91 8.0 1.0 370 47 22 13 498 .03
06-10-91 14 4.1 330 45 33 13 484 <.01
S12-MP1  390223083020611 04-03-91 15 33 260 57 37 10 415 <.01
06-13-91 14 29 290 49 34 11 416 <.01
S12-MP3  390223083020613 06-13-91 12 2.5 280 44 23 10 408 <.01
S12-MP4  390223083020614 04-03-91 9.1 1.7 280 40 18 9.6 381 <.01
S14-MP1  390224083020111 04-02-91 13 6 210 78 23 10 341 <.01
(16-13-91 12 3.2 270 85 24 11 329 <.01
11-05-91 15 3.1 220 76 21 11 344 <.01
S14-MP2  390224083020112 04-02-91 18 3.7 250 74 26 99 386 .01
06-13-91 16 3.7 250 72 26 10 333 <.01
11-05-91 17 3.7 250 79 25 99 367 <.01
S14-MP4  390224083020114 11-05-91 20 2.9 300 64 35 11 432 <.01
S14-MP5  390224083020115 06-13-91 14 23 280 62 26 11 419 <.01
S14-MP6  390224083020116 04-02-91 53 S5 270 29 12 8.6 362 <.01
VAN 390238083014100 12-04-90 60 4.2 140 80 135 - 498 <.02
METER
WATER-
SUPPLY-
WELL
BIG 390241083011801  04-04-91 8.5 2.0 23 47 5.0 9.3 158 <.01
BEAVER
CREEK
06-11-91 14 3.8 96 74 11 6.6 211 <.01
SCIOTO  390250083030001 04-03-91 16 2.6 190 58 24 7.0 339 .02
RIVER
06-11-91 34 4.3 220 93 25 4.5 417 .01
11-19-91 72 6.8 220 140 68 2.8 523 .02
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Tabie 13. Summary of ground-water and surface-water quality at the Ohio Management Systems Evaluation Area—Continued

Local Nitrogen Phosphorus
surface- U.S.Geological gen, Nitrogen, Phosphorus, osphorus, iron, lron, Manganese,
NO2+NO3, . Ny ortho, . Manganese,
water Survey surface- Date dissolved ammonia, dissoived dissolved total dissoived total dissoived
station or water station or (mg/L as dissolved (mg/L (mg/L (ng/l  (ng/L (ng/L ( /L:s Mn)
well well number g (mg/LasN) asP) g asFe) asFe) asMn) M9
N) as P)
number
RI1-BR 390227083013330 06-19-91 0.06 1.5 .01 <.01 280 290 160 160
i1-12-91 <.05 1.7 .02 <.01 320 310 180 170
RiI-MPI  390227083013311 04-08-91 32 <.01 .03 <.01 50 6 <10 4
06-19-91 40 01 <.01 <.01 <10 <3 <10 <]
11-14-91 .44 <.01 <.01 <.01 30 6 <10 2
R1-MP2  390227083013312 04-08-91 1.1 <.01 <.01 <.01 <10 3 50 55
06-19-91 37 01 <.01 <.01 <10 <3 <10 15
11-14-91 .69 02 <.01 <.01 80 6 <10 8
RI-MP5  390227083013315 11-15-91 1.2 .02 <.01 <.01 20 5 <10 2
R1-MP6  390227083013316 04-08-91 0.92 <.01 <.01 <.01 10 <3 <10 2
06-19-91 2.0 .01 <.01 <.01 <10 3 <10 <1
R2-BR 390239083015130 04-01-91 <.l11 39 <.01 <.01 320 14 260 250
06-18-91 .06 49 .02 <.01 740 70 240 280
11-13-91  <.05 6.0 <.01 <.01 2,700 790 1,200 770
R2-MP1  390239083015111 04-0i-91 <.05 25 <.01 <.01 2,000 1,800 260 250
06-17-91 <.05 24 <.01 .01 1,900 1,800 250 270
11-04-91 13 28 <.01 .02 2,400 2,500 330 340
R2-MP2  390239083015112 04-01-91 <.05 .06 <.01 <.01 760 740 780 790
06-17-91 <.05 08 <.01 W01 700 720 370 390
11-04-91 1.4 09 <.01 .01 1,100 1,200 510 550
R2-MP5  390239083015115 06-17-91 8.4 .03 .02 .01 240 190 940 1,000
11-04-91 4.1 .05 < .01 <.01 - 100 830 810
R2-MP6  390239083015116 04-01-91 23 .02 <.01 < .01 280 200 440 430
R4-MP1  390229083022911 04-09-91 <.05 10 <.01 <.01 2,600 2,600 440 460
06-12-91 <.05 .08 <.01 <.01 2,500 2,800 440 480
11-07-91 22 .07 <.01 .03 2,800 2,600 440 450
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Tabie 13. Summary of ground-water and surface-water quality at the Ohio Management Systems Evaluation Area—Continued

Local Nitrogen Phosphoru
surface- U.S.Geological gen, Nitrogen, Phosphorus, sphorus, Iron, Iron, Manganese,
NO2+NO3, A ortho, Manganese,
water Survey surface- . ammonia, dissolved total dissolved total
N Date dissolved dissolved dissolved
station or water station or (mg/Las dissolved  (mglL (mg (oL (gL (hg/L /L as Mn)
well well number gN) (mg/L as N) as P) asgP asFe) asFe) as Mn) He
number )
R4-MP2  390229083022912 04-09-91 .19 .04 <.01 <.01 930 980 470 480
06-12-91 <.05 01 <.01 <.01 840 930 380 410
11-07-91 < .05 .05 <.01 <.01 680 - 380 380
R4-MP4  390229083022914 11-07-91 3.1 <.01 <.01 .02 <10 9 <10 <]
R4-MP5  390229083022915 06-12-91 3.4 <.01 <.01 <.01 20 <3 <10 <]
R4-MP6  390229083022916 04-09-9] 1.2 .03 <.01 <.01 <10 8 10 10
R6-BR 390207083024030 04-04-91 <.05 .40 <.01 <.01 410 510 -- 85
06-19-91 < .05 2.1 <.01 <.01 410 410 80 83
11-13-91 <.05 2.2 <.01 <.01 410 430 140 120
R6-MP1  390207083024011 04-04-91 .06 .01 <.01 <.01 1,900 1,900 510 530
06-18-91 13 .02 <.01 <.01 1.800 1,900 480 530
11-13-91 <.05 .05 <.01 <.01 2,000 1,700 460 480
R6-MP2  390207083024012 (04-04-91 1.2 <.01 <.01 <.01 <10 <3 <10 6
06-18-91 5.2 .01 <.01 <.01 <10 <3 <10 <]
11-13-91 <.05 <.01 .01 <.01 30 4 <10 3
R6-MP3  390207083024013 11-14-91 4.4 .02 <.01 <.01 -- 14 - 3
R6-MP4  390207083024014 06-19-91 5.4 <.01 <.01 <.01 <10 7 <10 <1
R6-MP5  390207083024015 04-04-91 5.1 <.01 <.01 <.01 <10 5 <10 3
R7-BR 390156083022830 06-19-91 .06 1.7 <.01 <.01 150 7 330 360
11-13-91 <.05 2.0 <.01 <.01 330 270 710 660
R7-MP1  390156083022811 04-09-91 <.05 .05 <.01 <.01 5,800 5,300 460 470
06-18-91 <.05 .06 <.01 <.01 5,800 6,100 400 440
11-14-91 <.05 .10 <.01 <.01 5,300 5,500 380 390
R7-MP2  390156083022812 04-09-91 <.05 .03 <.01 <.01 1,800 1,700 490 520
06-18-91 <.05 .04 <.01 <.01 1,300 1,300 500 540
11-14-91 .10 .06 <.01 <.01 1,400 1,300 600 560
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Table 13. Summary of ground-water and surface-water quality at the Ohio Management Systems Evaluation Area—Continued

Local .
. itrogen "
surface- U.S.Geological ;‘02:'9‘05 Nitrogen, Phosphorus, Pho:::'l::rus, Iron, Iron, Manganese, Manganes
water  Survey surface- Date dissolv ed' ammonia, dissolved dissol ;d total dissolved total ;ng ;\ ede’
statlon or water station or (mg/Las dissolved  (mglL (m /‘:_ (ng'L  (uglL (gl l/sLso VM )
well well number N) (mg/L as N) as P) asgP asFe) asFe) as Mn) ng/l-as n
number )
R7-MP4  390156083022814 06-18-91 4.8 .02 <.01 <.01 <10 <3 <10 <1
11-1491 29 00 <.01 <.01 20 <3 <10 <1
R7-MP6  390156083022816 04-09-91 2.3 <.01 <.01 <.01 570 4 20 11
R8-MP1  390156083014311 04-05-91 1.4 .02 <.01 <.01 70 26 510 520
06-11-91 1.1 .01 <.01 <.01 20 5 370 370
11-06-91 1.3 .03 <.01 <.01 <10 - 150 150
R8-MP3  390156083014313 06-11-91 1.2 <.01 <.01 <.01 <10 <3 <10 2
11-06-91 27 .03 <.01 <.01 10 6 <10 <1
R8-MP4  390156083014314 04-05-91 .70 01 <.01 <.01 70 22 90 88
S5-MP1  390241083020511 04-03-91 <.05 30 <.01 <.01 4,400 4,100 1,500 1,500
06-12-91 <.05 29 <.01 <.01 4,400 4,900 1,200 1,200
11-05-91 77 .35 <.01 <.01 5,500 5,300 1,100 1,100
S5-MP2  390241083020512 04-03-91 <.05 .07 <.01 <.01 2,200 2,100 -- 510
06-12-91 <.05 .05 <.01 <.01 2,400 2,400 380 400
11-05-91 .40 .10 < .01 <.01 2,000 2,000 350 350
S5-MP4  390241083020514 11-05-91 4.5 .03 <.01 <.01 <10 - <10 1
S5-MP5  390241083020515 06-12-91 11.0 <.01 <.01 <.01 <10 <3 <10 6
S5-MP6  390241083020516 04-03-91 9.7 .11 <.01 <.01 <10 -- <10 13
S10-MP1 390233083015511 04-10-91 <.05 .40 <.01 <.01 1,300 1,100 850 900
06-10-91 .05 30 <.01 <.01 1,600 1,400 580 580
11-06-91 21 .39 <.01 <.01 1,900 1,800 450 460
S10-MP2 390233083015512 04-02-91 2.7 .02 <.01 <.01 140 160 180 180
06-10-91 10.0 .02 .01 <.01 <10 <3 120 130
11-06-91 5.5 .02 <.01 <.01 10 <3 120 110
S10-MP5 390233083015515 11-06-91 3.7 21 <.01 <.01 <10 <3 40 <1
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Table 13. Summary of ground-water and surface-water quality at the Ohio Management Systems Evaluation Area—Continued

Locai .
. o
surface- U.S.Geological Nitrogen, Nitrogen, Phosphorus, Phosphorus, Iron, Iron, Manganese,
NO2+NO3, X ortho, Manganese,
water  Survey surface- . ammonia, dissolved total dissolved total
N " Date dissolved . dissolved dissolved
station or water station or (mg/L as dissolved (mg/L (mg/L (ng/L  (ng/L (ng/L (ug/L as Mn)
well well number 9 (mg/L as N) as P) g as Fe) asFe) as Mn) H
N) as P)
number
S10-MP6 390233083015516 04-02-91 2.8 .03 <.01 <.01 <10 8 290 290
06-10-91 8.8 .03 <.01 <.01 <10 <3 90 79
S12-MP1  390223083020611 04-03-91 43 <.01 <.01 <.01 <10 70 54
06-13-91 6.2 .02 <.01 <.01 <10 4 10 7
S12-MP3  390223083020613 06-13-91 6.8 .02 <.01 <.01 40 <3 10 <1
S12-MP4  390223083020614 04-03-91 14 <.01 <.01 <.01 <10 5 80 89
S14-MP1  390224083020111 04-02-91 <.05 .07 <.01 <.01 1,600 1,600 430 410
06-13-91 <.05 .08 <.01 <.01 1,900 2,000 300 320
11-05-91 <.05 11 <.01 <.01 2,100 2,100 330 330
S14-MP2  390224083020112 04-02-91 <.0S 04 <.01 <.01 1,000 960 370 380
06-13-91 <.05 .04 <.01 <.01 1,000 1,000 270 280
11-05-91 .05 .04 <.01 <.01 1,200 1,100 290 270
S14-MP4  390224083020114 11-05-91 2.9 .03 <.01 <.01 <10 7 <10 1
S14-MP5  390224083020115 06-13-91 57 .02 <.01 <.01 20 <3 10 <1
S14-MP6 390224083020116 04-02-91 22 <.01 <.01 <.01 160 4 <10 7
VAN 390238083014100 12-04-90 <.01 .06 <.05 -- 1,160 850 250 255
METER-
WATER-
SUPPLY
WELL
BIG 390241083011801 04-04-91 72 .01 <.01 <.01 920 160 110 100
BEAVER
CREEK
06-11-91 10 04 <.01 <.01 230 18 120 91
SCIOTO 390250083030001 04-03-91 2.8 09 .07 .06 1,600 76 60 25
RIVER
06-11-91 2.3 .05 .05 .05 1,200 9 70 5
11-19-91 3.6 04 .32 .28 360 60 100 89
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Table 13. Summary of ground-water and surface-water quality at the Ohic Management Systems Evaluation Area—Continued

Local Carbon
surface- U.S. Geologi ’ , -
rt G gical organic, Carbon, Alachlor, Ametryn, Atrazine, Cyanazine, Deset_hyl
water  Survey surface- total  °"93MC,  iecolved dissolved dissolved dissolved  2U3ZiNe:
station or  water station or (mg/L dissolved (ug/L) (ng/L (ug/L) (ug/L dissolved
well well number asgC) (mg/L as C) Hg Hg/L) g Ha/L) {ug/L)
number
R1-BR 390227083013330 06-19-91 .6 -- <0.05 <0.05 <0.05 <0.20 <0.05
11-12-91 1.8 1.3 < .05 < .05 <.05 <.20 <.05
R1-MP1 390227083013311 04-08-91 7 -- <.05 <.05 <.05 <.20 <.05
06-19-91 9 -- <.05 < .05 <.05 <.20 <.05
11-14-91 1.0 < .05 <.05 <.05 <.20 <.05
R1-MP2 390227083013312 04-08-91 1.0 -- <.05 <.05 <.05 <.20 < .05
06-19-91 8 - <.05 <.05 <.05 <.20 < .05
11-14-91 1.2 <.05 <.05 <.05 <.20 <.05
R1-MP5 390227083013315 11-15-91 1.0 <.05 < .05 <.05 <.20 <.05
R1-MP6 390227083013316 04-08-91 1.0 -- < .05 < .05 <.05 <.20 <.05
06-19-91 .6 = <.05 <.05 <.05 <.20 <.05
R2-BR 390239083015130 04-01-91 9 - <.05 <.05 <.05 <.20 < .05
06-18-91 6 - < .05 <.05 <.05 < .20 <.05
11-13-91 2.7 <.05 <.05 <.05 <.20 < .05
R2-MP1 390239083015111 04-01-91 0.9 -- <.05 <.05 <.05 <.20 <.05
06-17-91 0.7 - <.05 <.05 <.05 <.20 < .05
11-04-91 1.4 1.2 <.,05 <.05 <.05 <.20 <.05
R2-MP2 390239083015112 04-01-91 0.7 -- <.05 <.05 <.05 <.20 <.05
06-17-91 0.9 - < .05 <.05 <.05 < .20 <.05
11-04-91 1.5 1.0 <.05 < .05 <.05 <.20 <.05
R2-MP5 390239083015115 06-17-91 0.7 -- < .05 <.05 <.05 <.20 <.05
11-04-91 1.8 1.0 <.05 <.05 <.05 <.20 <.05
R2-MP6 390239083015116 04-01-91 08 - < .05 <.05 <.05 <.20 < .05
R4-MP1 390229083022911 04-09-91 1.4 -- <.05 <.05 <.05 <.05 < .05
06-12-91 0.4 -- <.05 <.05 < .05 <.20 < .05
11-07-91 0.8 9 < .05 <.05 <.05 <.05 <.05
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Table 13. Summary of ground-water and surface-water quality at the Ohio Management Systems Evaluation Area—Continued

Local

. Carbon

surface-  U.S. Geological L . -

eolog organic, Carbo_n, Alachlor, Ametryn, Atrazine, Cyanazine, Desethyl

water Survey surface- organic, 4 atrazine,

Date total y dissolved dissolved dissolved dissolved "
station or  water station or (mg/L dissolved (g/L) (ug/L) (ug/L) (ng/L) dissolved
well well number as C) (mg/lLasC) ‘M@ o g g (ng/L)
number

R4-MP2 390229083022912 04-09-91 0.8 - <.05 <.05 <.05 <.05 <.05
06-12-91 0.3 - <.05 <.05 <.05 <.20 <.05
11-07-91 0.7 i <.05 <.05 <.05 <.20 <.05
R4-MP4 390229083022914 11-07-91 0.7 .6 < .05 <.05 <.05 <.20 <.05
R4-MP5 390229083022915 06-12-91 04 - < .05 <.05 < .05 <.20 <.05
R4-MP6 39(229083022916 04-09-91 09 - <.05 <.05 <.05 <.20 <.05
R6-BR 390207083024030 04-04-91 03 - <.05 <.05 < .05 <.20 <.05
06-19-91 0.2 -- <.05 <.05 < .05 <.20 <.05
11-13-91 0.8 <.05 <.05 <.05 <.20 < .05
R6-MP1 390207083024011 04-04-91 0.4 -- <.05 <.05 <.05 <.20 <.05
06-18-91 0.3 - <.05 <.05 <.05 <.20 <.05
11-13-91 .6 <.05 <.05 <.05 <.20 <.05
R6-MP2 390207083024012 04-04-91 0.7 - <.05 <.05 <.05 <.20 < .05
06-18-91 0.5 -- <.05 <.05 <.05 <.20 <.05
11-13-91 0.7 <.05 <.05 <.05 <.20 <.05
R6-MP3 390207083024013 11-14-91 - <.05 <.05 <.05 <.20 <.05
R6-MP4 390207083024014 06-19-91 0.3 - <.05 <.05 <.05 <.20 <.05
R6-MP5 390207083024015 04-04-91 04 - <.05 <.05 < .05 <.20 < .05
R7-BR 390156083022830 06-19-91 1.0 - <.05 <.05 <.05 <.20 < .05
11-13-91 1.6 <.05 <.05 <.05 <.20 <.05
R7-MP1 390156083022811 04-09-91 1.0 -- <.05 <.05 <.05 <.20 <.05
06-18-91 0.6 -- <.05 <.05 <.05 <.20 <.05
11-14-91 0.9 1.0 <.05 <.05 <.05 <.20 <.05
R7-MP2 390156083022812 04-09-91 1.0 - <.05 <.05 <.05 <.20 <.05
06-18-91 0.8 -- <.05 <.05 <.05 <.20 <.05
11-14-91 1.4 1.0 <.05 <.05 <.05 <.20 <.05
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Table 13. Summary of ground-water and surface-water quality at the Ohio Management Systems Evaluation Area—Continued

Local Carbon
surface- U.S. Geological . Carbon, . Desethyl-
water Survey surface- organic, organic, Alachlor, Ametryn, Atrazine, Cyanazine, atrazine,
Date total dissolved dissolved dissolved dissolved
station or  water station or (mg/L dissolved (ug/L) (/) (ug/L) (ug/L) dissolved
well well number asgC) (mglLasc) M9 g Hg g (ng/L)
number
R7-MP4 390156083022814 06-18-91 0.5 -- < .05 <.05 <.05 <.20 <.05
11-14-91 0.6 .6 <.05 <.05 <.05 <.20 <.05
R7-MP6 390156083022816 04-09-91 0.8 -- <.05 <.05 <.05 <.20 <.05
R8-MP1 390156083014311 04-05-91 0.6 -- <.05 <.05 <.05 <.20 <.05
06-11-91 0.7 -- <.05 <.05 <.05 <.20 <.05
11-06-91 1.3 8 <05 <.05 <.05 <.20 <.05
R8-MP3 390156083014313 06-11-91 0.6 - <.05 <.05 <.05 <.20 <.05
11-06-91 1.1 N <.05 <.05 <.05 <.20 < .05
R8-MP4 390156083014314 04-05-91 0.8 -- <.05 <.05 <.05 <.20 <.05
S5-MP1 390241083020511 04-03-91 0.5 -- <.05 <.05 <.05 <.20 < .05
06-12-91 0.4 - <.05 <.05 <.05 <.20 <.05
11-05-91 0.7 <.05 <.05 <.05 <.20 <.05
S5-MP2 390241083020512 04-03-91 0.6 -- <.05 <.05 <.05 <.20 < .05
06-]2-§l 0.6 -- <.05 <.05 <.05 <.20 <.05
11-05-91 1.1 <.05 <.05 <.05 <.20 <.05
S5-MP4 390241083020514 11-05-91 1.0 <.05 <.05 <.0§ <.20 <.05
S5-MP5 390241083020515 06-12-91 0.5 -- <.05 <.05 <.05 <.20 <.05
S5-MP6 390241083020516 04-03-91 1.3 - <.05 <.05 0.05 <.20 <.05
S10-MP1 390233083015511 04-10-91 1.3 -- < .05 <.05 <.05 <.20 <.05
06-10-91 09 -- <.05 <.05 < .05 <.20 < .05
11-06-91 1.2 1.0 <.05 <.05 <.05 <.20 <.05
S10-MP2 390233083015512 04-02-91 0.5 - <.05 <.05 <.05 <.20 <.05
06-10-91 0.8 -- <.05 <.05 <.05 <.05 <.05
11-06-91 1.2 9 <.05 <.05 <.05 <.05 <.05
S10-MP5 390233083015515 11-06-91 1.0 9 <.05 <.05 < .05 <.20 <.05
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Table 13. Summary of ground-water and surface-water quality at the Ohio Management Systems Evaluation Area—Continued

Local

. Carbon
surface- U.S. Geological ’ -
gic organic, Carbo.n, Alachlor, Ametryn, Atrazine, Cyanazine, Deset.hyl
water Survey surface- organic, atrazine,
N N Date total . dissolved dlissolved dissolved dissolved
station or water station or (mg/L dissolved (ug/L) (uglL) (ug/L) (ha/L) dissolved
well well number as C) (mg/lLasC) M 9 e Hg g (ng/L)
number
S10-MP6  390233083015516  04-02-91 0.5 - < .05 <.05 <.05 <.05 <.05
06-10-91 0.5 - <.05 <.05 < .05 <.20 <.05
SI12-MP1  390223083020611 04-03-91 1.4 -- <.05 <.05 <.05 <.20 <.05
06-13-91 0.4 - < .05 <.05 <.05 <.20 < .05
S12-MP3  390223083020613 06-13-91 0.4 -- <.05 <.05 <.05 <.20 < .05
S12-MP4 390223083020614 04-03-91 0.5 - <.05 <.05 <.05 <.20 <.05
S14-MP1  390224083020111 04-02-91 0.8 -- <.05 <.05 <.05 <.20 <.05
06-13-91 0.9 - <.05 <.05 <.05 <.20 <.05
11-05-91 1.2 1.1 <.05 <.05 <.05 <.20 <.05
S14-MP2  390224083020112 04-02-91 0.8 - <.05 <.05 < .05 <.05 <.05
06-13-91 09 - <.05 <.05 <.05 <20 <.05
11-05-91 1.2 1.0 <.05 <.05 <.05 <.20 <.05
S14-MP4 390224083020114 11-05-91 1.0 T <.05 <.05 <.05 <.20 <.05
S14-MPS  390224083020115 06-13-91 0.6 - <.05 <.05 <.05 <.05 <.05
S14-MP6 390224083020116 04-02-91 0.5 -- <.05 <.05 <.05 <.20 <.05
VAN 390238083014100 12-04-90 <5 -- - - - - -
METER
WATER-
SUPPLY
WELL
BIG 390241083011801 04-04-91 2.0 -- < .05 <.05 <.05 <.20 .08
BEAVER
CREEK
06-11-91 4.0 - <.05 <.05 <.05 <.20 < .05
SCIOTO 390250083030001 04-03-91 5.8 -- <.05 <.05 0.17 <.20 <.05
RIVER
06-11-91 9.0 -- 3 <.05 2.7 <.20 13
11-19-91 11 9.1 < .05 <.05 19 <.20 47
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Table 13. Summary of ground-water and surface-water quality at the Ohio Management Systems Evaluation Area—Continued

Local Des-
surface- U.S. Geologlc . .
glcal isopropyl Metolachlor, Metribuzin, Prometon, Prometryn, Propazine, Simazine,
water Survey surface- : " . " "
3 " Date atrazine, dissolved dissolved dissolved dissolved dissolved dissolved
station or water station or dissolved (ng/L) (ng/L) (ug/L) (ng/L) (g/L) (nah)
well well number g/l g M g M H Hg
number g
R1-BR 390227083013330 06-19-91 <.05 <.05 <.05 <.05 <.05 <.05 <.05
11-12-91 <.05 < .05 <.05 < .05 <.05 <.05 <.05
R1-MP1 390227083013311 04-08-91 <.05 < .05 < .05 <.05 <.05 <.05 <.05
06-19-91 <.05 <.05 <.05 <.05 < .05 <.05 <.05
11-14-91 <.05 <.05 < .05 <.05 <.05 <.05 <.05
R1-MP2 390227083013312 04-08-91 < .05 <.05 <.05 < .05 < .05 < .05 <.05
06-19-91 <.05 <.05 <.05 <.05 <.05 <.05 <.05
11-14-91 <.05 < .05 <.05 <.05 <.05 <.05 <.05
R1-MP5 390227083013315 11-15-91 <.05 < .05 < .05 <.05 <.05 <.05 <.05
R1-MP6 390227083013316  04-08-91 < .05 <.05 <.05 <.05 <.05 <.05 <.05
06-19-91 < .05 < .05 < .05 <.05 < .05 < .05 <.05
R2-BR 390239083015130 04-01-91 <.05 < .05 < .05 <.05 <.05 <.05 <.05
06-18-91 <.05 <.05 <.05 <.05 < 05 <.05 <.05
11-13-91 <.05 <.05 <.05 <.05 <.05 <.05 <.05
R2-MP1 390239083015111  04-01-91 < .05 < .05 < .05 <.05 < .05 < .05 <.05
06-17-91 <.05 < .05 <.05 <.05 <.05 <.05 <.05
11-04-91 < .05 <.05 <.05 <.05 <.0§ <.05 <.05
R2-MP2 390239083015112  04-01-91 <.05 < .05 <.05 <.05 < .05 < .05 <.05
06-17-91 <.05 <.05 <.05 <.05 <.05 <.05 <.05
11-04-91 <.05 <.05 < .05 <.05 < .05 <.05 <.05
R2-MP5 390239083015115  06-17-91 <.05 <.05 <.05 <.05 <.05 <.05 <.05
11-04-91 <.05 <.05 < .05 < .05 <.05 < .05 <.05
R2-MP6 390239083015116 04-01-91 <.05 <.05 <.05 <.05 <.05 <.05 <.05
R4-MP1 390229083022911 04-09-91 <.05 <.05 < .05 <.05 < .05 <.05 <.05
06-12-91 <.05 < .05 < .05 < .05 < .05 <.05 <.05
11-07-91 <.05 <.05 <.05 <.05 <.05 < .05 <.05
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Tabie 13. Summary of ground-water and surface-water quality at the Ohio Management Systems Evaluation Area—Continued

Local

. Des-
surface- U.S. Geological . . .
9 isopropyl Metolachlor, Metribuzin, Prometon, Prometryn, Propazine, Simazine,
water Survey surface- " .

N Date atrazine, dissolved dissolved dissolved dissolved dissolved dissoived
stationor  water station or dissolved  (ug/L) (ug/L) (ug/L) ) L )
well well number o) ug ug ug (ng (ng/L) (vg

number Ha
R4-MP2 390229083022912 04-09-91 <.05 <.05 <.05 <.05 < .05 <.05 <.05
06-12-91 <.05 <.05 <.05 <.05 < .05 <.05 <.05
11-07-91 <.05 <.05 < .05 <.05 <.05 <.05 <.05
R4-MP4 390229083022914 11-07-91 <.05 < .05 < .05 <.05 <.05 <.05 < .05
R4-MP5 390229083022915 06-12-91 <.05 <.05 < .05 < .05 <.05 <.05 <.05
R4-MP6 390229083022916 04-09-91 < .05 <.05 < .05 <.05 < .05 <.05 <.05
R6-BR 390207083024030 04-04-91 <.05 < .05 < .05 < .05 <.05 <.05 <.05
06-19-91 <.05 <.05 < .05 < .05 <.05 <.05 <.05
11-13-91 <.05 <.05 < .05 <.05 <.05 <.05 <.05
R6-MPI 390207083024011 04-04-91 <.05 <.05 < .05 < .05 < .05 <.05 < .05
06-18-91 <.05 <.05 < .05 <.05 <.05 <.05 <.05
11-13-91 <.05 <.05 < .05 <.05 <.05 <.05 <.05
R6-MP2 390207083024012 04-04-91 <.05 <.05 < .05 < .05 <.05 <.05 <.05
06-18-91 <.05 <.05 < .05 <.05 < .05 <.05 <.05
11-13-91 < .05 <.05 <.05 <.05 <.05 <.05 <.05
R6-MP3 390207083024013 11-14-91 <.05 <.05 <.05 <.05 <.05 <.05 <.05
R6-MP4 390207083024014 06-19-91 <.05 <.05 < .05 <.05 < .05 <.05 <.05
R6-MP5 390207083024015 04-04-91 <.,05 <.05 < .05 <.05 <.05 <.05 <.05
R7-BR 390156083022830 06-19-91 <.05 <.05 < .05 <.05 <.05 <.05 <.05
11-13-91 <05 <.05 <.05 <.05 <.05 <.05 <.05
R7-MP1 390156083022811 04-09-91 < .05 <.05 <.05 < .05 < .05 <.05 <.05
06-18-91 < .05 <.05 <.05 < .05 < .05 <.05 <.05
11-14-91 <.05 <.05 < .05 <.05 <.05 <.05 <.05
R7-MP2 390156083022812 04-09-91 <.05 <.05 < .05 <.05 < .05 <.05 <.05
06-18-91 <.05 <.05 <.05 <.05 <.05 <.05 <.05
11-14-91 < .05 <.05 < .05 <.05 <.05 <.05 <.05
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Table 13. Summary of ground-water and surface-water quality at the Ohio Management Systems Evaluation Area—Continued

Local
surface-  U.S. Geological
water Survey surface-
stationor water station or

Des-
isopropyl Metolachlor, Metribuzin, Prometon, Prometryn, Propazine, Simazine,
Date atrazine, dissolved dissoived dissolved dissolved dissolved dissolved

well well number di?sglll\_l;ed {(ng/L) (ngiL) (ng/L) (ng/L) (ng/L) (ngh)
number K
R7-MP4 390156083022814 06-18-91 <.05 <.05 <.05 <.05 <.05 <.05 <.05
11-14-91 <.05 <.05 <.05 <.05 <.05 <.05 <.05
R7-MP6 390156083022816 04-09-91 <.05 <.05 < .05 <.05 <.05 < .05 <.05
R8-MPI1 390156083014311 04-05-91 <.05 <.05 <.05 <.05 <.05 < .05 <.05
06-11-91 <.05 <.05 <.05 <.05 <.05 <.05 <.05
11-06-91 <.05 <.05 <.05 <.05 <.05 < .05 <.05
R8-MP3 390156083014313 06-11-91 <.05 <.05 <.05 <.05 <.05 <.05 <.05
11-06-91 <.05 <.05 <.05 <.05 < .05 <.05 <.05
R8-MP4 390156083014314 04-05-91 <.05 <.05 <.05 <.05 <.05 <.05 <.05
S5-MP1 390241083020511 04-03-91 <.05 <.05 <.05 <.05 <.05 <.05 <.05
06-12-91 <.05 <.05 < .05 <.05 < .05 <.05 <.05
11-05-91 <.05 < .05 <.05 <.05 <.05 <.05 <.05
S5-MP2 390241083020512 04-03-91 <.05 <.05 < .05 < .05 < .05 <.05 <.05
06-12-91 <.05 <.05 <.05 < .05 <.05 <.05 <.05
11-05-91 <.05 <.05 <.05 <.05 < .05 <.05 <.05
S5-MP4 390241083020514 11-05-91 <.05 <.05 <.05 <.05 <.05 <.05 <.05
S5-MPs 390241083020515 06-12-91 < .05 <.05 <.05 <.05 <.05 <.05 <.05
S5-MP6 390241083020516 04-03-91 <.05 <.05 <.05 <.05 <.05 < .05 <.05
S10-MP1 390233083015511 04-10-91 <.05 <.05 <.05 <.05 <.05 <.05 <.05
06-10-91 <.05 <.05 <.05 <.05 <.05 <.05 <.05
11-06-91 <.05 <.05 <.05 <.05 <.05 <.05 <.05
S10-MP2 390233083015512 04-02-91 <.05 <.05 <.05 <.05 < .05 <.05 <.05
06-10-91 < .05 <.05 < .05 <.05 <.05 <.05 <.05
11-06-91 <.05 <.05 < .05 <.05 <.05 <.05 <.05
S10-MP5 390233083015515 11-06-91 <.05 <.05 <.05 <.05 <.05 <.05 <.05
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Table 13. Summary of ground-water and surface-water quality at the Ohio Management Systems Evaluation Area—Continued

Local

surface- U.S. Geoiogicai Des-
isopropyl Metoiachior, Metribuzin, Prometon, Prometryn, Propazine, Simazine,
water Survey surface-

N Date atrazine, dissoived dissoived dissoived dissoived dissolved dissoived
station or water station or dissolved (ug/L) (ng/L) (ng/L) (ug/L) (ug/L) (ng/l)
well well number (o) g Kg g g e M

number e
S10-MP6 390233083015516 04-02-91 <.05 <.05 < .05 < .05 < .05 <.05 <.05
06-10-91 <.05 <.05 <.05 <.05 <.05 <.05 <.05
S12-MP1 390223083020611 04-03-91 <.05 <.05 <.05 < .05 <.05 <.05 <.05
06-13-91 <.05 <.05 < .05 <.05 <.05 <.05 <.05
S12-MP3 390223083020613 06-13-91 <.05 <.05 < .05 <.05 <.05 <.05 <.05
S12-MP4 390223083020614 04-03-91 < .05 < .05 <.0§ < .05 <.05 < .05 <.05
S14-MP1 390224083020111 04-02-91 <.05 <.05 <.05 <.05 <.05 <.05 <.05
06-13-91 < .05 <.05 <.05 <.05 <.05 <.05 <.05
11-05-91 <.05 <.05 <.05 < .05 <.05 < 05 <.05
S14-MP2 390224083020112 04-02-91 < .05 <.05 < .05 < .05 < .05 <.05 <.05
06-13-91 <.05 <.05 < .05 <.05 <.05 <.05 <.05
11-05-91 <.05 <.05 <.05 <.05 < .05 <.05 <.05
S14-MP4 390224083020114 11-05-91 < .05 < .05 <.05 < .05 <.05 <.05 <.05
S14-MP5 390224083020115 06-13-91 < .05 <.05 <.05 <.05 <.05 <.05 <.05
S14-MP6 390224083020116 04-02-91 <.05 <.05 < .05 <.05 < .05 <.05 <.05
VAN 390238083014100 12-04-90 - -- - - - - -
METER
WATER-
SUPPLY
WELL
BIG 390241083011801 04-04-91 <.05 <.05 < .05 < .05 < .05 <.05 <.05
BEAVER
CREEK
06-11-91 <.05 <.05 < .05 <.05 <.05 <.05 <.05
SCI0TO 390250083030001 04-03-91 <.05 12 < .05 <.05 <.05 <.05 .06
RIVER
06-11-91 < .05 1.8 .1 <.05 <.05 <.05 <.05
11-19-9] .28 1.9 <.05 <.05 <.05 <.05 .09
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