Chapter 6

6.0 GROUNDWATER MONITORING PROGRAM

The MEMP dite lies dong and atop of a portion of Ohio's largest sole-source agquifers, the Buried
Vdley Aquifer (BVA). The City of Miamisburg and a number of other communities in the area draw
drinking water from the BVA. MEMP dso relies on the BV A for drinking and process water.

MEMP mantains gpproximately 175 active groundwater monitoring points ondgte and offgte to
characterize the impact operations may have on the BVA. Included in these Stes are three ondite
production wdls, 117 monitoring wells, 38 piezometers, five capture pits, and 13 community water
supplies and private wells. The groundwater monitoring program has been developed to meet Safe
Drinking Water Act (SDWA) monitoring requirements, CERCLA program objectives, and DOE-
mandated practices. This chapter serves as a general summary of the groundwater activities that have
occurred in 2000.

6.1 Regional Hydrogeology
The BVA was designated a sole-source aquifer by the U.S. EPA in May 1988. This digtinction

indicates that the aquifer supplies dl of the drinking water to the communities aboveit. The gpproximate
aerid extent of the BVA isshown in Figure 6-1.

Figure6-1. Location and Extent of the Buried Valley Aquifer
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The aguifer has a north-south orientation and reaches a maximum thickness of about 46 m (150 ft) near
the Great Miami River channd. Groundweter in the area generdly flows south, following the
downstream course of the River. Limited recharge by induced stream infiltration occurs due to the
extendve layers of dayish till in the region, which impede infiltration. The BVA flow sysem is
characterized by glacid outwash depodgts with very high hydraulic conductivity, consequently, the
aquifer is capable of trangmitting large quantities of groundwater. The BVA west of the Steis esimated
to have cdculated transmissvity vaues ranging from 200,000 to 430,000 gdlons per day per foot. The
transmissvity values are based upon hydraulic characterization data obtained from a May 1993 aquifer
pump test.

The BVA is somewhat overdrawn between the cities of West Carrollton and Dayton. Practices
involving relocation of well fields and artificid recharge via infiltration lagoons are in use to reduce the
magnitude of the reversd. There is no evidence that the gradient reversal affects regions south of West
Carrollton such as Miamisburg.  In Miamisburg, pumping does not influence the naturd groundweter
gradient except in the immediate vicinity of the well fields.

Uses of Groundwater in the Vicinity

There are seven municipa water supplies and numerous industrid users within an 8 km (5 mi) radius of
the ste. The locations of public and private water supply and monitoring wells are shown in Figure 6-2.
The only industrid user within 8 km (5 mi) downgradient is the O. H. Hutchings Power Generation
Station. Industrid groundwater users located north (upgradient) of the site are isolated from MEMP by
hydraulic barriers.

The communities of Franklin and Carlide are the first downgradient water supplies. Monitoring efforts
are concentrated in the Miamisburg area due to the relatively dow movement of groundweter. The City
of Miamisburg operates four production wells to the west of the Great Miami River. These wdls are
upgradient and are not expected to be impacted by MEMP. All community production wellsin use are
separated from the Ste by a minimum straight-line distance of 0.8 km (0.5 mi).

In 1992, aresdential well and cistern study (DOE, 1993b) was conducted. A totd of 216 resdentia
wells and 14 cigerns were identified within a two-mile radius of the Ste. Reaults of this sudy are in the
CERCLA Public Reading Room.

6.2 Site Hydrology

As seenin Figure 6-1, a“tongue’ of the BVA underlies the Ste. Within the limits of the property, the
maximum known thickness of the aquifer is about 21 m (70 ft) at the extreme southwest corner of the
gte. Present usage of the BVA by MEMP ranges gpproximately from 1.23 to 2.27 million liters per
day (326,000 to 600,500 gdlons per day). Recharge to the portion of the BVA underlying the ste
primarily arises from infiltration of river water, precipitation, and leskage from vdley wals. These
sources of recharge provide sufficient volumes of weter to balance MEMP s withdrawals.
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As areault of the dramatic changes in eevations associated with dte topography, the Ste has a variety
of groundwater regimes. Typica groundwater elevation contour maps, shown in Figures 6-3 and 6-4,
reflect the two sources of groundwater that are of concern to MEMP, perched water in the bedrock
and the BVA. Groundwater levels vary from eevations near 204 m (670 ft) to agpproximately 267 m
(875 ft). Ondte groundweter levels generdly increase with increasing ground surface devations.
(Ground surface devations are shown on Insart 1-1.) At the lowest Ste devations overlying the BVA,
groundwater is typicaly present at depths between 6 m (20 ft) and 25 ft (7 m) below the surface. The
maximum groundwater level for the perched water in the bedrock beneath the main hill is gpproximately
255 m (835 ft). The ground surface devation for the main hill is gpproximately 268 m (880 ft).

Bedrock permeability. The bedrock flow system is comprised of thick sequences of interbedded
shales and limestones that make-up the topographic bedrock highs known as the Main Hill and SM/PP
Hill. The bedrock is not capable of transmitting large quantities of water due to its low hydraulic
conductivity. Groundwater flow in the bedrock system occurs primarily within an upper fracture
cargpace that extends from the ground surface to a depth of gpproximately 50 ft. The fracture carapace
is characterized by bedrock that contains sufficient interconnected secondary porosity to dlow
transmission of small quantities of groundwater. Permegbility of this cargpace is estimated to range from
40 to 400 L/day/n? (1 to 10 ga/day/ft?). Below it, bedrock permesbility generaly ranges from O to 8
L/day/n? (0 to 0.2 gal/day/ft?). Bedrock groundwater typically discharges as either surface seeps or
into onlapping portions of glacia deposits.

Glacial till and outwash permeability. Hydraulic properties of the glacid tills that form a veneer over
the dte vary depending on the proportions of fine and course-grained materids a a given location.
Vaues of permesbility normally range from 0.0041 to 0.041 L/day/n¥ (0.0001 to 0.001 gal/day/ft?),
dthough vaues up to 2.8 L/day/n (0.07 gal/day/ft?) have been measured in upper weathered zones.
Bdow the glacid till in the lower valey is a zone of glacid outwash composed of sand and gravel. The
permesbility of this zone is estimated to range from 40,700 to 81,000 L/day/n7 (1,000 to 2,000 gal/day
ffit?). Additiona information concerning the site's hydrology can be found in “ Operable Unit 9,
Hydrologic Investigation, 1994” (Bedrock and Buried Valey Aquifer Reports).

Seeps

At points dong the northern and western portions of the hillsde, bedrock is exposed and seep lines
exis. A generdized cutaway depicting this phenomenon is shown in Figure 6-5. Seeps serve as escape
routes for groundwater in the upper eevations of the groundwater regime.

Surface Water Features
There are no perennid streams on the Ste. A naturd drainage area exigts in the deep vdley separating

the two main hills, but water in this area generdly has a short resdence time. The basin is rdatively
smdl and the dopes are relaively steep. Therefore, runoff through Ste drainage featuresis rgpid.
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Figure 6-2. Production and Monitoring Well L ocations
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Figure 6-3. Groundwater Elevationsfor Perched Water in the Bedrock
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Figure6-4. Groundwater Elevationsfor the Buried Valley Aquifer
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Figure 6-5. Geologic Cutaway
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Groundwater runoff travels slowly downhill
through cracks in and between bedrock layers to
the Buried Valley Aquifer and the Great Miami River.
(If pictured above, the river would lie further in the foreground).
When bedrock is suddenly exposed along hillside outcrops,
seeps occur, as pictured above.

6.3 Applicable Standards

Guidelines for concentrations of radionuclides in drinking weater are provided in DOE Order 5400.5
(DOE, 1993). These guides are based on recommendations in Publications 26 and 30 of the
Internationa Commission on Radiological Protection (ICRP 1977, 1979). The guides for radionuclide
concentrations are referred to as DCGs. The DCG for aradionuclide is defined as the concentration of
that radionuclide which will result in a 50-year CEDE of 100 mrem (1 mSv) following continuous
exposure for one year. EPA has aso established a drinking water dose standard of 4 mrem/year for
gpecific combinations of radionuclides and concentration standards, or maximum contaminant levels
(MCLY9), for tritium, radium, and gross dpha

The Nationd Primary and Secondary Drinking Water Standards a so provide MCLs for nonradiologica
parameters. Primary MCLs have been established for avariety of parameters, including volatile organic
compounds (VOCs) and inorganic substances such as metds. Primary MCLs are the maximum
concentrations alowed under the SDWA. Secondary MCLs are guidelines for maximum advisable
concentrations for other contaminants. Maximum concentrations of lead and copper are expressed as
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“action levels” DCGs, MCLs, and action levels are included with the groundwater results presented in
Appendix D.
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6.4 Environmental Concentrations

Each year, samples are collected from a community water supply that is not affected by MEMP
operations. These samples represent background, or “environmenta,” levels for radionuclides. For
drinking water, the environmenta reference location is Tipp City, gpproximately 40 km (25 mi) north of
MEMP. Environmenta concentrations for 2000 can be found in Appendix D, Table D-1.

6.5 Offste Groundwater Monitoring Program

The objectives of the offste groundwater monitoring program are to assure loca resdents and
communities that their drinking water has not been adversaly impacted by plant activities and to provide
an early waning of impacts due to continuing decontamingation and decommissioning activities and
environmenta restoration activities. This program consists of the collection and andysis of samples from
production wells, private wells, regiond drinking water supplies, and BVA monitoring wells. Samples
are andyzed for radionuclides, inorganic substances, and VOCs. A description of the andyticad
procedures used to generate these results can be found in the Environmenta Monitoring Plan
(BWXTO, 2000) and the Groundwater Protection Management Program Plan (DOE, 1997).

Community Water Suppliesand Private Wells

Tritium is the most mobile of the radionuclides rdleased from the dte.  Therefore, private wells
immediately downgradient of MEMP and regionad groundwater supplies are closdy monitored for
tritium. Monthly samples are collected from seven community water supplies and sx private wdls.
Results for 2000 are shown in Appendix D, Table D-2. Average tritium concentrations ranged from
0.09 nCi/L to 0.17 nCi/L, or 0.5% to 0.9% of the MCL, respectively. The results reflect the pattern of
tritium concentrations one would expect: higher averages near the ste (eg., Miamisburg) and lower
averages at greater distances (e.g., Middletown).

The Miamisburg community water supply is dso andyzed for plutonium-238, plutonium-239,240,
uranium-233,234, uranium-238, thorium-228, thorium-230, and thorium-232. Plutonium and uranium
samples are collected monthly, while thorium samples are collected quarterly. Results for 2000 are
shown in Appendix D, Tables D-3 through D-5. Many results for 2000 were comparable to
background levels for these radionuclides; average concentrations were less than 3.1% of the respective
EPA dose standard.

Offste Monitoring Wells

Radionuclides. To provide additiona information on the extent of offgte tritium migration, MEMP
a0 collects groundwater samples from offgte monitoring wells.  The results for 2000 are shown in
Appendix D, Table D-6. Average tritium concentrations ranged from 0.13 nCi/L to 7.33 nCi/L, or
0.7% to 36.7% of the MCL, respectively.
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Monitoring wells dong the western boundary of the Ste are dso andyzed for plutonium-238, plutonium-
239,240, uranium-233,234, uranium-235, uranium-238, thorium-228, thorium-230, and thorium-232.
The results are shown in Appendix D, Tables D-7 through D-9. Average concentrations ranged from
non-detectable to 2.4% of the respective EPA dose standard.

VOCsand Inorganics. Thirteen offste monitoring wells were aso used to evauate concentrations of
VOCsin the BVA. The wdls sampled were analyzed for over 50 organic compounds. Results are
presented in Appendix D, Table D-10. Higtoricad contaminants, such as tetrachloroethene,
trichloroethene, 1,1,1-trichloroethane, were observed in approximatdy hdf of the offdte wells
monitored in 2000. No MCLs were exceeded in 2000. In addition to the historical contaminants,
trihndomethanes (THMs) have been detected in nine of the thirteen monitoring wdls.  THMs
(bromoform,  chloroform, bromodichloromethane, and dibromochloro-methane) ae generdly
conddered disnfection-by-products from chlorination. THMs were introduced into the aguifer as a
result of a vave falure a the old Miamisburg Wl #2. Chlorinated potable water from the City of
Miamisburg leaked into the aquifer for gpproximately nine months before the leak was found.

Inorganic substances are dso evauated in offgte monitoring wells. The metas and other inorganics of
interest are those regulated under the SDWA. In 2000, only those parameters with MCL detectable
concentrations are presented in Appendix D, Table D-11. In 2000, a concentration above primary
MCLs was observed for nickdl. Secondary MCL s were exceeded for duminum, iron, and manganese.
In 1999, a fidd invedtigation was initiated to study the nature and variability of the devated leves of
metals. The study results suggested that turbidity induced by the sampling methodology was the primary
factor for the variability in meta concentrations. Results and sampling recommendations from the fied
investigation can befound in “ Metals Investigation Assessment Report, US Department of Energy,
October, 1999.” A change in sampling methodology will be implemented in calendar year 2001.

6.6 Onste Groundwater Monitoring Program

The objectives of the onste groundwater monitoring program are to assure Site workers that drinking
water is safe for consumption, to assure containment of known groundwater contamination, and to
monitor progress and effectiveness of ongoing groundwater remediation efforts. This program congsts
of routine collection and andyss of samples from production wells and BVA monitoring wells. Samples
are andyzed for radionuclides, inorganic substances, and VOCs. A description of the andytica
procedures used to generate these results can be found in the Environmental Monitoring Plan
(BWXTO, 2000) and the Groundwater Protection Management Program Plan (DOE, 1997).

MEMP Production Wdls

Three ongte production wells provide drinking and process water for the ste. Samples from the
production wells are andyzed for tritium, plutonium-238, plutonium-239,240, uranium-233,234,
uranium-238, thorium-228, thorium-230, and thorium-232. Tritium samples are collected and andlyzed
weekly, plutonium and uranium samples monthly, and thorium quarterly. Results for 2000 ae
summarized in Appendix D, Tables D-12 through D-15. Average tritium concentrations
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observed in 2000 were less than 0.5 nCi/L. This vaue represents less than 2.0% of the MCL.
Average concentrations of other radionuclides measured in 2000 in production wells represented less
than 1.3% of the respective EPA dose standard.

MEMP s production wells are dso analyzed for over 50 organic compounds quarterly each year. The
three halogenated solvents typicaly present in trace concentrations are 1,1,1-trichloroethane,
trichloroethene, and tetrachloroethene. As seen in the offgte monitoring wells, THMs have shown up in
two of the production wells. Since THM concentrations are larger offsite than ondte, results would
indicate that the THMs are being drawn ongte by the production wells large cone of influence as seen in
Figure 6-4. Results for 2000 are shown in Appendix D, Table D-16. The data confirm that the
production wells are congstently below MCLs for organic compounds.

SDWA Compliance Summary

Reaults in this Chapter have been summarized in terms of average concentrations for the year. SDWA
compliance for drinking water supplies, however, is evduated by comparing individua sample results
with applicable MCL vdues. Because the three ondte production wells serve as a drinking water
source for the site, SDWA compliance is determined by an annud running average. Table 6-1 shows
the maximum concentrations of parameters measured in the production wells during 2000. In 2000, no
MCL exceedances were observed in the production wells.

Table6-1. SDWA Compliance Summary

Parameter Maximum Concentration MCL
Tritium 0.8 nCi/L 20 nCi/L
Bromodichloromethane 14 ny/L 100 ny/L
Chloroform 1.1 ng/L 100 ng/L
Dibromochloromethane 0.9 ny/L 100 ny/L
1,1,1-Trichloroethane 2.0 ny/L 200 ny/L
Trichloroethene 1.1 ng/L 5nylL
Tetrachloroethene 0.7 ny/L 5ny/L

MCL = Maximum Contaminant Level (based on EPA Drinking Water Standards)
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The SDWA does not limit the concentrations of most radionuclides individudly (tritium is an exception).
Instead, the dose from specific combinations of radionuclides is limited to 4 mrem/year. In 2000, the
dose from plutonium, uranium, and thorium measured in the ongte production wells was 0.08 mrem.
This represents 2.0% of the dose standard.

To demondtrate compliance with the SDWA, samples are collected from the distribution system. These
samples are andyzed for gross adpha and beta, radium, tritium, tota coliform, lead, copper, nitrate,
inorganics, and volatile organic compounds. No exceedances were observed in 2000.

Ongite Monitoring Wells

Radionuclides. MEMP maintains an extensve network of onste BVA monitoring wdls (Figure 6-2).
Samples from these wels are andyzed for tritium. The results for 2000 are shown in Appendix D,
Table D-17. The maximum average concentration observed in 2000 was 10.25 nCi/L. This vaue
represents 51.2% of the MCL.

Samples from onsite monitoring wells located in the tributary valley are dso andyzed for plutonium-238,
plutonium-239,240, uranium-233,234, uranium-235, uranium-238, thorium-228, thorium-230, thorium-
232, radium-226, and radium-228. Monitoring for these congtituents are part of the PRS 66 fied
investigation. Results for 2000 are shown in Appendix D, Tables D-18 through D-21. In 2000,
average vaues ranged from below detection limits to 48.7% of the respective EPA dose stlandard.

VOCs and Inorganics. Ongte monitoring wels in the upper and lower units of the BVA have been
sampled snce 1988. Results confirm the presence of VOC contamination in the aquifer. The
contamination appears to be greatest in the upper unit of the BVA dong the western boundary,
immediately southwest of the Main Hill.  Generdly, within the Ste boundaries, contamingtion tends to
decrease from west to east and from south to north.

The CERCLA OUL1 project addresses VOC contamination in groundwater near the ste’s former solid
wade landfill. The project is comprised of two dements a groundwater pump and trest system
designed to prevent the migration of VOCs into the aguifer and an ar sparge/soil vapor extraction
system to accelerate the remova of VOCs from the soil.

Onsite monitoring wells are sampled for over 50 organic compounds. Many of the wells are sampled to
evduate contanment of the plume and the effectiveness of the OU1 treatment process. A declining
trend in VOC concentrations has been observed. Results for 2000 are presented in Appendix D, Table
D-22. In 2000, carbon tetrachloride, cis-1,2-dichloroethene, trichloroethene, and tetrachloroethene
exceeded drinking water MCLs. In addition to the historica contaminants, THMs have been detected
in goproximately haf of the ondte monitoring wdls.

Inorganic substances in onsite monitoring wells are aso evduated. The metds and other inorganics of
interest are those regulated under the SDWA. The results are presented in Appendix D, Table D-23.
In 2000, concentrations above primary MCLs were observed for arsenic, chromium, and nickd.
Secondary MCLs were exceeded for aluminum, iron, and manganese. In 1999, a fidd investigation
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was initiated to sudy the nature and variability of the devated levels of metds. The study results
suggested that turbidity induced by the sampling methodology was the primary factor for the variability
in metd concentrations.  Results and sampling recommendations from the fied investigation can be
found in * Metals Investigation Assessment Report, US Department of Energy, October, 1999.” A
change in sampling methodology will be implemented in calendar year 2001.

6.7 Seepsand Capture Pits

Seeps. Tritium has been recognized as a contaminant in the seeps located dong the northwest border
of the Ste 9nce 1986. Since then, tritium has been the focus of extensve sampling activities in that area.
Appendix D, Table D-24 shows concentrations of tritium in seep samplesin 2000. In 2000, the highest
tritium concentrations were associated with Seep 601, consstent with observations in previous years.
The sampling locations are shown on Figure 6-6.

Samples collected in 1988 first confirmed the presence of VOCs in Seeps 0601, 0602, 0605, and
0607 (EG&G, 1991). VOC monitoring results for the seeps in 2000 are presented in Appendix D,
Table D-25. In 2000, trichloroethene and tetrachloroethene were observed at concentrations greater
than the drinking water MCL..

Capture Pits. A number of groundwater collection devices, or “capture pits,” are used on the Main
Hill to isolate and monitor contamination in perched groundwater. These devices have been designed to
collect pockets of shdlow groundwater which may have been contaminated as a result of past
operationa practices. In 2000, samples were collected from the capture pits and analyzed for tritium.
The reaults are shown in Appendix D, Table D-26. The sampling locations are shown on Figure 6-6.

Monitoring in previous years has indicated that the VOC contamination exists in the cgpture pits. The
results are shown in Appendix D, Table D-27. In 2000, trichloroethene was the only compound to
exceed the MCL vaue.
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Figure 6-6. Seep and Capture Pit L ocations
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6.8 Five-Year Trendsfor Welsof I nterest

As seen in the preceding sections of this Chapter, a large volume of groundwater monitoring data is
generated each year. It is important that the data be reviewed for evidence of long-term trends,
especidly in cases where there is some hitory of eevated concentrations of contaminants.  In this
section, five-year trends are presented for certain indicator parameters measured in wells of interest.

Trend Data for Offsite Drinking Water

A primary consderation of the MEMP environmental monitoring program is to ensure that area drinking
water supplies are not adversely affected by activities a the Ste. The most mobile of the condtituents
released to groundwater is tritium.  For this reason, tritium is an excdlent indicator of offSte migration.
Two drinking water sources can be considered key receptor wells. Firdt, the drinking water supply of
the City of Miamisburg is of interest due to the proximity of the City’s wdl fiedds. And second, Well
0904, a private well, is useful as an indicator because it reflects potentia impact to smal drinking water
systems.

Five-year trends for tritium concentrations in the two wells described above are shown in Figure 6-7.
As seenin thefigure, tritium levesin the wells have exhibited little change over the past five years. All of
the vaues are sgnificantly below the MCL for tritium of 20 nCi/L.

Figure 6-7. Annual Average Tritium Concentrationsin Offdsite Drinking Water, 1996 -
2000
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Trend Data for Ondte Production Wellsand Seeps

As previoudy described in this chapter, tritium and certain VOCs have been observed in groundwater
underlying the Site. The seven haogenated solvents typicaly present in trace concentrations are carbon
tetrachloride, chloroform, cis-1,2-dichloroethene, freon, tetrachloroethene, trichloroethene, and 1,1,1-
trichloroethane. Trichloroethene has been the most prevaent contaminant and, therefore, serves as an
“indicator” VOC.

An appropriate ondte indicator wel is Production Well 0076 (also referred to as Well 3) because it
serves as the primary source of drinking water for the site. Other important monitoring points for the
evauation of groundwater conditions are the seeps. Data suggest that Seep 0601 is an gppropriate
location for the observation of long-term trends.

Five-year trend data for Production Well 0076 are shown in Figures 6-8 and 6-9 for tritium and
trichloroethene, respectively. Similarly, Figures 6-10 and 6-11 present five-year trend data for tritium
and trichloroethene at Seep 0601.

Figure 6-8 indicates that tritium levelsin Well 0076 have consstently averaged near 1 nCi/L. Thisvaue
iswel below the gpplicable MCL (20 nCi/L). Trace concentrations of trichloroethene have also been
observed in Well 0076 (Figure 6-9). However, measured concentrations have steedily decreased and
remained well below the gpplicable MCL (5 ng/L).

Figure 6-10 presents tritium concentration data for Seep 0601. Data for the period 1996-2000 show
the yearly average for tritium concentrations ranging from agpproximately 67 nCi/L to 90 nCi/L.
Although the average concentrations have varied over the five-year period shown, tritium vaues have
been consistently near or below the 100 nCi/L leve the last four years. Seep 0601 is aso characterized
by eevated levels of trichloroethene. Additiondly, though not shown in the figure, tetrachloroethene has
aso emerged as a contributor to VOC contamination in this seep.

The risks associated with contamination in the seeps will be evauated under CERCLA and appropriate
remediation actions taken if indicated.
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Figure 6-8. Annual Average Tritium Concentration in Production Well 0076, 1996 - 2000
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Figure 6-9. Annual Average Indicator VOC Concentration in Production Well 0076, 1996-2000
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Figure6-10. Annual Average Tritium Concentration for Seep 0601, 1996 - 2000
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Figure6-11. Annual Average Indicator VOC Concentration for Seep 0601, 1996 - 2000

Trichloroethene Concentration (ng/L)

20.07

18.0

16.0

14.0+

12.0+

10.0+

8.0

6.0

40+
1 5.2 5.0 39 5.4 5.0
2.0 :

0.0 T T T T T
1996 1997 1998 1999 2000

(MCL for trichloroethene = 5 ng/L)

6-18



Chapter 6

6-19



