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EXECUTIVE SUMMARY

An investigation of the extent and fate of spills and leaks of elemental

.mercury at the Oak Ridge Y-12 Plant has been carried out. Most of the

mercury was released during the period 1953 to 1963, with much smaller
releases continuing over the past 20 years. It is estimated that
428,000 1b were lost to earth materials in the area (UCC-ND 1983). 1In
order to evaluate the fate of the metal in the subsurface, a
multiphased well installation and soi1l boring program was carried out.
A phased approach was utilized to minimize the total number of borings
and to concentrate on potential problem areas while sti11 assessing the

problem as a whole.

Phase 1 of the program involved the installation of monitoring wells,
soil borings, and the drilling of rock cores. A1l sampling operations
were performed in the same boreholes to minimize dril1ling and to
maximize the data for a single location. The rock cores were logged
and used to evaluate the hydrogeology of the plant site. The soil
borings were taken with a sampling device that allowed essentTally.
undisturbed samples to be collected, described, and then analyzed for
total mercury content. After earth materials were sampied, monitoring
wells of polyvinyl chloride (PVC) and stainless steel construction were
installed in the boreholes. Wells were emplaced in nests so that the
three-dimensional aspects of groundwater flow could be analyzed and
samples from discrete horizons could be collected. The well locations
were chosen such that probable migration paths of both mercury and
groundwater were likely to be intersected. To do this, an evaluation
of the preconstruction hydrology of the site was carrted out, and the
hydraulic properties of the aquifer were assessed. This predrilling
assessment minimized the total number of borings and allowed their

placement to be optimized.

Phase Il of the program involved the drilling of a series of soil
borings at four locations in the plant. The drilling locations were
based on the data collected during Phase I of the study and known spill
locations. The final part of the program, Phase IIl, involved the

ix
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installation of several additional monitoring wells at key locations
downflow of potentially contaminated areas. The overall program
resulted in the installation of a 43-well monitoring network, the
analysis of 430 soil/mud samples and 113 groundwater samples for
mercury content. In addition, 59 analyses for uranium in groundwater
were made, and. 132 anion and cation analyses were run.

- '

The results of the investigation cover three important areas: (1) the
hydrogeology of the Y-12 Plant, which 1s underlain by the Conasauga
Group; (2) the fate of mercury losses at the plant; and (3) an
evaluation of the general groundwater chehistry and contamination. The
hydrogeology of the plant is dominated by the original East fork Poplar
Creek drainage channel and the extensive solution cavity system that
surrounds the creek within the Maynardville Limestone. Aithough the
original hydrologic system at the plant has been altered due to
construction and recontouring of the topography, the original drainage
sti11 plays an important role in the subsurface movement of water. The
three-dimensional flow system within the plant has been assessed, and a
permanent network has been installed for continued monitoring of water
levels and for the collection of water samples. In general, groundwater
flow is from northwest to southeast, with Upper East Fork Poplar Creek
(UEFPC) being the local discharge area. Adjacent to UEFPC, groundwater
flow appears to be predominantly southwest to northeast (along strike).

Mercury analyses of soils and f111 indicate that high concentrattons
(up to 1% by weight) of mercury occur in the shallow sotl and fi1l at
several sites within the plant, but the estimated total quantity
located (~70001bs) represents only about 2% of the amount estimated
to have been lost to the ground. Additional quantities of mercury may
exist in the extensive cavity system underlying much of the plant.
Detection of metallic mercury in these solution zones was believed at
the outset of the study to be unlikely, and none was encountered in
this study. Results of mercury analyses of groundwater indicate that
mercury does not appear to be moving in significant quantities in an

F.0608.028.0158.pdf 8
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aqueous phase: the highest soluble concentrations found (~1 ug/L)
were 1imited to three wells. The occurrence of elevated mercury levels
mainly in shallow (<10ft) soils and f111, and of mainly background
levels 1n groundwater, indicate that the metal has been generally
immobi11zed/retained in upper earth materials. At two sites (buildings
9201-2 and 81-10), high mercury levels and their 6rox1m1ty to surface
water (UEFPC) Justify further studies to characterize the environmental
impacts. Because large-scale removal and disposal of soil is quite
expensive, 1t 1s of great value to identify those areas where such

action 1s not required.

The analyses of the groundwater samples for basic chemical constituents
and contaminants yielded several important and interesting findings.
Several contaminant plumes occur in the plant: sulfates from the Y-12
coal pile, nitrates from the S-3 ponds or one of the procéss buildings
(9201-5), chlorides from several sources, and general increases of
electrical conductance and alkalinity. The configuration of the
various plumes support the flow system analysis based on potentiometric
head measurements. Several of the chemical constituents in =
groundwater, in particular the Mg:Ca ratio and the silica content, were
found to vary with the geologic formation in which the wells were
situated. These chemical differences indicate that the water chemistry
along a flow path in the subsurface is altered by the various

- formations of the Conasauga Group, and that the source of groundwater

in an area may be qualitatively determined.

xi
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ABSTRACT

€. R. ROTHSCHILD, R. R. TURNER, S. H. STOW, M. A. BOGLE,
L. K. HYDER, 0. M. SEALAND, and H. J. WYRICK. 1984.
Investigation of subsurface mercury at the 0ak Ridge Y-12
Plant. ORNL/TM-9092.  Oak Ridge National Laboratory,
Oak Ridge, Tennessee. 270 pp.

An investigation of the fate of spills and leaks of elemental mercury
at the 0ak Ridge Y-12 Plant has been carried out through a multiphased
well installation and soil boring program. The overall program
resulted in the installation of a 43-well monitoring network and the
analysis of 430 soi1/mud samples and 113 groundwater samples for
mercury content. In addition, 59 analyses for uranium in groundwater
were made, and 132 anion and cation analyses were run. The
hydrogeology of the plant i1s dominated by the original Upper East fork
Poplar Creek drainage channel and the extensive solution cavity system
that underlies the creek the Maynardville Limestone. Although the
original hydrologic system at the plant has been aliered due to
construction and recontouring of the topography, the original drainage
st111 plays an important role in the subsurface movement of water.
Results of mercury analyses of soils and fi11 indicate that high
concentrations (up to 1% by weight) of mercury occur in the shallow
earth matertals at several sites within the plant, but the estimatec
total quantity located (~7000 1b) represents only about 2% of the
amount estimited to have been lost to the ground. Results of mercury
analyses of groundwater indicate that mercury does not appear to be
moving in significant quantities in an aqueous phase: the highest
soluble concentrations found (~1 ug/L) were limited to three

wells. The analyses of the groundwater samples for other chemical
constituents revealed the presence of several contaminant plumes within
the plant, including sulfates from a large coal pile, nitrates from
14quid waste disposal operations, and chlorides from several sources,
as well as general increases of electrical conductance and alkalinity.

xi1
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1. INTRODUCTION

Following declassification on March 19, 1983, the U.S. Department of
Energy released a report, prepared in 1977, containing preliminary
information on mercury losses and unéépounted-for mercury at the

0ak Ridge Y-12 Plant. A subsequent report (ucc-ﬁb 1983) identified a
number of locations where mercury was used and was spilled and/or lost
in the 1950s and 1960s, and concluded that about 428,000 1b of the lost
mercury is now contained in the earth below the spill locations.
However, there were no studies to confirm this conclusion. Similarly,
there are no data to permit assessment of either the possible presence
of mercury in the groundwater or the hydrologic characteristics at the
spill locations; nor are there detailed geologic data of the Y-12 site,
specifically of the rock units underlying the spill areas. This study
was undertaken to address the above issues. The initial phases of the
study began in August 1983, and field investigations ended in May 1984.

£.0608.028.0158.pdf 11 6/12/2023 5:28:28 PM
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2. O0BJECTIVE AND APPROACH

The objective of this study was the verification and characterization
of mercury contamination in the earth materials and the groundwater
in the v1c1n1ty’of known spi11 locations at the Y-12 Plant. If
contamination was found the extent of the contaminated zone was to be

determined as well as possible.

In order to achieve the objective of this study, the geologic,
hydrologic, and topographic characterdstics of the spill locations were
determined. This was accomplished by field mapping, core drilling,
geophysical logging, cqhstruct1on of monftoring wells, and use of
topographic maps. To determine the presence and extent of mercury
contamination, samples of grodndwater and earth materials were
collected and analyzed chemically.

This report documents the technical data collected to date on the

extent and fate of mercury contamination at the Y-12 Plant and presents
[ 4

observations, conclusions, and recommendations.

6/12/2023 5:28:28 PM
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3. INVESTIGATION RATIONALE AND PROGRESS TO DATE

3.1 MERCURY ACCUMULATIONS

Mercury in the metallic form has been released during the period 1953
to 1963 in and around several buildings at the Y-12 Plant, including

9204-4, 9202, 9201-5, 9201-4, 9201-2, 81-10, the old deflasking area

near 9103, and the old mercury storage area near Guard Portal 33.

The most probable locations of mercury accumulation, if they exist, are
in permeable zones in the fi11 and bedrock and along contacts between
rock and f111. Permeable zones include open fractures and solution
features in the bedrock and open voids in fi11 material. Contacts
between more permeable zones and less permeable zones are possible
areas of mercury "pooling." These include the contacts between fill
and native material, between weathered and unweathered rock, and
pbssibly along the contact between the Nolichucky and Maynardville
Formations. Mercury may also tend to pool in precoﬁétruction

o

topographic lows.

The drilling program has focused around likely accumulation areas,
attempting to intersect as jnany features as possible. Undisturbed soill
and rock samples were obtained to determine mercury content.

3.2 GROUNDWATER MONITORING

Just as mercury may accumulate in permeable zones and along contacts
between various materials, these are also areas where groundwater
movement is greatest. Groundwater flow is generally from higher .
elevations to lower (toward East Fork Poplar Creek), but flow also
occurs along strike due to solution features and fracturing.

Groundwater around the spill/leakage locations has been monitored for
chemical constituents and water levels. Monitoring wells are located
downslope and along strike from mercury-use areas. Wells are also

3
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located in preconstruction topographic lows. Monitoring wells are
clustered in groups or “nests.® Each nest consists of several wells
with different completion depths at one location. This vertical
resolution allows an estimate of the vertical extent of mercury
contamination and aids in the interpretation of the three-dimensional
groundwater flow regime. B

cat

3.3 DRILLING PATTERN AND TECHNIQUES

The dri1ling program, which was designed in three phases, enabled data
to be collected with increasing detail and a narrowing of scope with

each subsequent phase.

Throughout this document, wells and borings are identified by a
sequence of paired numbers (e.g., 60-1). The first number of the pair
(60) refers to the general location of the site. This number s based
on the 0ak Ridge Reservation (ORR) grid system used in the plant. For
example, the wells near building 9201-2 having easting coordinates of
between E60,000 and €61,000 (longitudinal grid 1ines) were therefore
designated 60-1 wells. The “"1" simple refers to the first site in the
"60" area. Within the plant, locations range from 53 to 60. The
letter designations for wells refer to their relative depths, "A" being

the shallowest and "C" the deepest.

3.3.1 Phase I

The first phase of drilling was -the completion of monitoring well nests
close to mercury use or spill areas (Fig. 1). Orilling has permitted
the acquisition of three types of information: (1) an estimate of the
extent of the contamination problem, (2) data on the site geology,

(3) and data on the groundwater flow system. This phase included

11 well nests, each nest containing two or three drill holes. The

»shallowest hole was screened near the water table. The second well was

finished at the bedrock-f111 interface, if extant. If the water table

6/12/2023 5:28:28 PM
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Fig. 1. Locatton of monitoring wells installed and sampled during the investigation of sudbsurface

mercury at the Y-12 Plant. .
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at a particular location was at this interface, the second hole was
extended deeper (10 to 20 ft). The deepest hole was drilled to a depth

of approximately 75 ft.

During drilling, holes were continuously sampled, using either a
modified Denison sampler (Acker 1974) or Shelby tubes until these

' methods could progfess no further. In the deepest hole of eight of the

F.0608.028.0158.pdf 16

nests, NX-size core was taken, using a diamond bit, when solid rock was
encountered. The drilling fluid used during rock coring was clean
water (from fire hydrants in the plant). In the two shallow holes
after coring, a 6-in. air hammer was used to deepen and/or to ream the
holes prior to well installation. These drilling procedures allowed
samples to be retrieved and tested with minimum disturbance. A
portable mercury vapor analyzer was used in a Yimited manner during
Phase 1 drilling to determine at the site whether mercury-bearing earth
materials had been encountered (see Sect. 6.5)

This first phase of dri11ing was very important in setting the scope of

work to follow. The rock cores and samples, in conjunction with the
logs, have helped in evaluation of the geology of the site, and in
correlation of the strata with other areas that have been more fully
studied. The purpose of the geophysical logs is twofold. First,
because of the electrical properties of mercury, it was hoped that
electrical logs would be useful in identifying mercury-filled fractures,
cavities, and zones. Seconc, the logs have allowed correlation between
vartous holes and characterization of”the geologic media.

3.3.2 Phase I1

The second phase of'dr1111ng involved 55 soil borings. These holes
were drilled immediately adjacent to, or in, spill areas; some holes
were drilled farther away from spil) sites, downflow and along strike,

to determine the lateral extent of mercury movement. Drilling was
concentrated around buildings 9201-2, 81-10, 9733-1, and the old
mercury storage area. These sites are representative of various

6/12/2023 5:28:29 PM




spill/use locations and also appear to be the most contaminated areas
based on prelimiﬁary data. In the fi11 and weathered bedrock, a
modified Denison sampler or Shelby tubes were used to retrieve
undisturbed samples for mercury analysis. These holes were backfilled
with a mixture of cuttings and bentonite to deter the vertical
migration of possible contaminants. '

3.3.3 Phase 111

Phase 1II 4involved the dril1ing of wells situated in stfategic locattions
along projected flow paths from the spil1/use areas. Locations were
selected on the basis of data from Phases I and II, but in general they
were located outside immediate zones of contamination. These wells
were drilled and sampled by the same methods used in Phases I and 1I.

F.0608.028.0158.pdf 17 6/12/2023 5:28:29 PM
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4. SITE GEOLOGY

4.1 PROGRAM DESCRIPTION

The goals of the geologic investigation are to describe the local
11thology and structural geology of the site, to describe the
weathering characteristics of the rock underlying the Y-12 Plant, and
to evaluate the local geology with regard to the regional and
reservation geology.

Geologic data were obtained from three sources. Prior to any field
work in the Y-12 Plant area, previous studies and reports were
evaluated, the majority of which were engineering and foundation
studies. Most of the data in these reports concerned very shallow
depths. In order to evaluate the site geology in conjunction with
hydrologic studies, elght 75-ft-long core holes were drilled. To
suppiement subsurface data, measurements and descriptions from surface
outcrops were made. Outcrops within the Y-12 Plant are very rare;
therefore, rock exposures in construction pits and trenches were
studied. Following are detailed discussions of the geologic data
acquired from these sources,

»~

4.2 SITE DESCRIPTION AND PREVIOUS WORK

The Y-12 Plant lies within the Valley and Ridge physiographic province,
which 1s characterized by a succession of southwest-trending ridges and
valleys. The topography of the site is a function of the underlying
geologic structure and the differential erosion of underlying rock

formations.

The Y-12 Plant s located within Bear Creek Valley, which is bounded by
Pine Ridge to the north and Chestnut Ridge to the south. The valley is
underlain by rocks of the Cambrian-aged Conasauga Group (Maynardville,
Nolichucky, Maryville, Rogersville, Rutledge, and Pumpkin valley
Formations, 1isted in descending order). Pine Ridge is held up by the
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sandy shales and sandstones of the Rome Formation, and Chestnut Ridge
is underlain by dolomite of the Knox Group.' The valley 1ies within the
White 0ak Mountain thrust block, and the geologic strike of strata in
the area is approximately N 55° E with a dip of approximately 45° SE.

The genera1 geology of Bear Creek Valley has been described in various
documents and will not be covered in this report. West. of the Y-12
Plant, a major geologic investigation was undertaken 1n'conjunction
with the development of the Exxon Nuclear Fuel Recovery and Recycling
Center (NFRRC) (Law Engineering 1976). Core holes were drilled across
the valley, and geologic sections were described; these holes will be
. referred to later in this report. Other studies in the area of the
Y-12 Plant have been much smaller in scale.

Most of the drilling and geologic work performed around the Y-12 Plant
has been in éonjunctﬁon with engineering and foundation studies. These
reports, which date from the mid-1940s to the present, vary greatly in
quality and scope. Approximately 75 reports were available for
evaluation. In total, about 500 holes have been drilled in and around
the Y-12 Plant. In general, the holes are shallow "soil borings" of
10- to 20-ft depth. Many data are'given on engineering characteristics
(Atterberg 1imits, shear strength, etc.), but there are very few data
on hydraulic properties, and useful geologic descr\pt1ons are not

included in any of the reports.

Several generalizations about the site can be gleaned from the
engineering reports. First, the site topography has been greatly
altered; hills were flattened and valleys filled. As an example of
this, Fig. 2 shows'buiIdings 9201-4 and 9201-5 and the original site
topography. Second, the f111 material in original topographic lows is
highly variable. So1l, rock, concrete, wood, and steel have all been
found in borings of fi11 material. In addition, the compactness of the
fi11 vartes greatly; the f111 may be tightly compacted or have a large
number of voids. Third, the depth to rock is very shallow in most
areas. Finally, the depth to groundwater is shallow in most areas, and
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in many places the fi11 material is saturated. Of all the reports,
three (U.S. Army Corps of Engineers 1954a,b; Geotek 1979) were
particularly valuable, and these will be discussed later in this report

where germane.

4.3 ,SUBSURFACE DRILLING AND GEOPHYSICAL LOGGINé

Lo . . e
After selection of 11 sites for .well nests, two types of
drilling/sampliing were inittated. The first method allowed for
retrieval of undisturbed samples of the unconsolidated materials and
weathered shale. This was done by Shelby tube sampling, which was
selected over spiit spoon sampling, which generally causes disturbance
of the sample, resulting in agitation and a possible loss of entrapped
mercury. The Shelby tube sampling was done in two ways. The first
2 ft of material were sampled by driving the 2.5-in. Shelby tube into
the ground and retrieving the filled tube. The remainder of the
sampling was carried out by a continuous Shelby tube technique (modified
Denison sampler); the tubes were driven by advancing a 6-in hollow-stem
auger fitted with a special bit that allowed the tube to remain about
3-in. in front of the bit. As the auger rotated, the tube remained
stationary because of a bearing system within the first auger flight.
After a 2-ft advancement, the tube was retrieved by a wireline and a
new tube was inserted. This method was continued until "refusal® by
the auger or crushing of the tube., This continuous Shelby tube ..
technique provides undisturbed samples because the tube is advanced in
front of the auger. The method is also very good for sampling in .
harder material, such as weathered shale, because minima) external tube
surface is exposed; thus, there is minimal friction with the side wall.
The tubes were later cut lengthwise with a circular saw for study and
sampling. It was clear after inspection that the samples were
essentially undisturbed and that in areas or zones where visible
mercury was present.'the mercury was retained.
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After the relattvely soft upper materials were sampled, the second
dril1ling method, rock coring, was used. Eight sites were chosen for
taking continuous rock core to a depth of 75 ft (Fig. 3). The sites
were chosen to yleld core from all representative geologic formations.
Prior to coring, a 4.5-in. surface casing was set in competent rock.
Coring then proceeded using an NX-size diamond bit (appré&imately

2 In.). The only drilling fluild utilized was water from fire hydrants
on site. The water was recirculated after passing through a settling
basin to remove cuttings. . Water samples were periodically collected
and analyzed for mercury content (Appendix C).  The cores were logged
in the field, then placed in core boxes, which are stored in a
refrigerated environment. The 1ithologic logs are included in
Appendix A. oo e '

Geophysical logs were run on seven holes (Appendix A). Because of
problems with side wall collapse, not all core holes were logged, and
some uncored holes were logged. Equipment problems dictated which logs
were run on a each hole, but, in general, the logs run were.caliper,
natural gamma, density (gamma-gamma), resistivity, neutron, and sonica
In some cases, a microresistivity log was also run. '

§.4 INVESTIGATION OF SURFACE OUTCROPS

ODuring the investigation, several construction projects were under way
south of bullding 9201-4. The pipeline and foundation excavations
exposed fi11, soil, and weathered rock, allowing geologic data to be
collected. The data collected are incorporated in a geologic map
(Fig. 4) and wil) be discussed in the following section.

4.5 DISCUSSION'OF RESULTS

Two maps were produced from data collected during this study. The first
¥s a very general map for the Y-12 Plant (Fig. 3) which shows the
approximate location of formational contacts. For more accurate
formational contacts, longer cores need to be taken from the site.

The secon& map (Fig. 4) shows more detailed data from the area behind

butlding 9201-4.
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The areas studied within the Y-12 Plant appear to be underlain by three
formations (Fig. 3). The southeastern part of the plant is underlain
by the Maynardville Limestone. Buildings 81-10 (site 56-5) and 9201-2
(site 60-1) are built on the Maynardville Limestone.

Stratigraphically beneath the Maynardville Limestone is the Nolichucky
Shale.  The drill sites surrounding buildings 9204-4, 9201-4, 9201-5,
and 9733-1, as well as the site at building 9202, penetrate the
Nolichucky Shale. The drilling at bullding 9103 (site 55-4) penetrated
the Maryville Limestone, which 1ies stratigraphically below the
Nolichucky Shale. During the drilling program, none of the lower three
formations of the Conasauga Group was encountered (they crop out to the
northwest of building 9103) nor were rocks of the Knox Group (outcrops
of Knox Group are seen southeast of Third'Street) encountered.

In the following sections, the results of the geologic investigation
are discussed.

~

4,5.1 Unconsolidated Materials -

Fi11, soil, and weathered shale (saprolite) samples were obtained by
Shelby tube sampling (see earlier section discussing sampling
techniques), augering, and hand sampling of outcrops. The greatest
amount of descriptive information was obtained from the Shelby tube
samgles, and the following represents the study of these samples.

Thirty-four sites where Shelby tubes were collected have been examined,
described (Appendix B), and sampled. Total depth ranges from 3.5 to
34 ft (Table 1). The general stratigraphic sequence observed in the
cores is f111 material at the top underlain by bedded shale. The shale
is highly weathered at the top; in most cases, a relict soi) horizon
can be noted at the top of the shale, below the fi11. A thin soil zone
also occurs on top of the f111 occasionally. Following are general
descriptions of the f111 material, and relict soil and shale horizons.
. Detailed descriptions of cores are included in Appendix B.
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Table 1. Summary of boring data on total depth and approximate
depth to native materials (alluvium, soil, or weathered shale)
(details are given in logs for individual borings)

Depth to native

Borehole " Total depth (ft) = - earth matertals (ft)
53-1/81 6.0 ok : 6.0
53-1/85 6.0 “ 3.0
53-1/818 N 6.0 4.0
55-18 : , 1.0 1.5
55-2A - 15,0 : 9.5
55-2C 14,8 - , 12.0
55-3C o 10.0 SR 7.0
55-4A 205 | 7.0
56-1 0.0 : ~1.0
56-2C 10.0 - | : 6.0
56-3C 8.5 -4.5
56-4C 14.5 . 5.5 ®
56-5C 17.0 >17.0
56-5/82 32.0 23.0
56-5/B3 34.0 32.0
56-5/84 19.5 ' >19.5
56-5/85 31.0 26.0
56-5/86 30.25 25.0
56-5/87 26.0 19.0
56-5/B8 13.0 >13.0
56-5/89 17.0 >17.0
58-1/M 4.0 8.0
58-1/N 20.7 3.5
58-1/0 5.6 4.5
58-1/Q 9.8 8.2
59-1/C 22.0 3.5
60-1A 18.0 8.0
60-1/81 15.0 14.0
60-1/82 16.0 9.0
60-1/B3 20.0 17.5
60-1/84 13.0 11.0
60-1/B5 13.0 7.5
60-1/8B6 17.0 >17.0
60-1/8B7 14.0 8.0
60-1/88 9.0 6.0
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The thickness of fi11 materia) ranges up to at least 34 ft (location
56-5/83, where Shelby tube refusal was encountered at the 34 ft

depth). The f111 material 1s highly variable in composition and
texture. Color ranges from gray to red brown to yellow brown and dark
brown. Generally, 1t contains angular gravel-sized clasts of dolomite
and weathered shale up to 2 in. across mixed with clay. In some cores,
pieces of asphalt, wood, roots, and wire are found in the fil1l. The
percentage of dolomite and shale clasts varies greatly and ranges up to
approximately 90% in thin (less than 4 in.) zones. The shale clasts
are often stained by manganese'oxide and exhibit bedding structure. 1In
some cores, the upper part of the f111 1s composed dominantly of
dolomite clasts, and is highly porous and very unconsolidated.
cOﬁpactness and consolidation of the f111 increase with depth. At
locations not overlain by asphalt, the upper part of the fill is
characterized by a thin zone (less than 4 in.) of organic-rich soil and
grass. A previous description of fi11 material at the vY-12 Plant

(U.S. Army Corps of Engineers 1954b) indicated that the fi111 contains
considerable voids and that drilling fluids are lost in the voids.
Laboratory tests showed the f111 to have a high water content and
relatively low density.

Below the f111 material, shale, relic soil, or alluvium occur. For
purposes of discussion, the in-place soil or alluvium are considered tc
be the materials lying between the f111 material and shale in which
bedding can be recognized. The soi) zone varies in color from brown:
to grays, but most generally is yellowish brown; occasionally mottled
greenish zones are seen. The soil zone is typically a homogeneous,
structure1ess,‘wel]-compacted clay; rarely sandy horizons occur. The
bottom of the soil is marked by a fairly sharp transition (a few
inches) to strata in which bedding can be recognized.

The shale underlying the soil s highly chemically weathered at the
top, where it 1s easily disaggregated. This very weathered rock, which
is often called saprolite, retains the structural features of the
unweathered bedrock. Colors are highly variable and refiect types -and
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degrees of weathering; various hues of yellowish brown are most common,
but grayish orange, brownish black, and blue gray also occur locally.
With depth the shale becomes harder, friable, less porous, and the most
commofl color is pale brown. Throughout the shale, bedding planes dip
at 45 to 80°. 1In most cores there are joints perpendicuiar to
bedding. The Joints are at least 2 in: in length and may be longer,
but their termination on the sides of the core precludes determination
of their actual extent. The bedding and joint surfaces are commonly
marked by a dark reddish-brown and yellow-brown oxide coloration,
indicative of a high degree of weathering from movement of groundwater.
" This 4s most common in the upper parts of the shale where weathering

has been most effective.

Additional samples of unconsolidated material (f111, soil, weathered
shale) were taken from excavation trenches. One large trench,
southeast of building 9201-4, was sampled at 24 locations to assess the
possibility of mercury contamination at this site; these data are
discussed later in this report. During the sampliing of thi; trench, 2
¢lear distinction could be made between the f111 and the underlying
soil/shale, and the location of a prefill stream channel was noted.

4.5.2 Maynardville Limestone

The Maynardville Limestone is the uppermost formation of the Conasauga
Group. It occurs throughout tast Tennessee and is divisible into two
regionally consistent members: an uppermost Chances Branch Member and
an underlying Low Hollow Member (Hasson and Haase 1984).

Based on data from the Exxon NFRRC site west of the Y-12 Plant (Law
Engineering 1975), the thickness of the Maynardville Limestone in Bear
Creek Valley (White Oak Mountain thrust block) 1s estimated to be

360 + 40 ft. Based on data from the Copper Creek thrust block (Haase
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et al. 1984), the Chances Branch Member i1s estimated to be approximately
160 ft thick and the Low Hollow Member to be 200 ft thick near the

Y-12 Plant. Coring data from Copper Ridge (Haase et al, 1984) show
that the Chances Branch Member consists of medium- to thin-bedded buff
and light-gray dolostones, ribbon-bedded dolostones/1imestones, and
thin-bedded medium-gray limestones. The Low Hollow Member is
principally wavy to even thin-bedded (06)m1crospar1te. with alternating
horizons of dolomite-bearing, ribbon-bedded microsparite and
calcarenite. The Low Hollow Member and the lower portion of the

Chances Branch Member are o0dl1itic.

The lower contact of the Maynardville Limestone with the Nolichucky
Shale is gradational over approximately a 15-ft interval. The
Maynardville Limestone is overlain by the Copper Ridge Dolomite (Knox
. Group), and the contact is marked principally by a sharp decrease in
dolomite content and a change in stratification patterns (Haase et al.

1984).

-~

As can be seen in Fig. 3, cores taken from sites 56-5 (81-10)’and'60-1
(9201-2) penetrate the Maynardville Limestone. The 1ithologic logs.
from both sites indicate a significant amount of solution activity,
with 2- to 3-ft-thick cavities present. From the drilling and logging,
1t is difficult to say if the cavities are water- or clay-filled.

Based on water loss during drilling, 1t appears that at least some of
the cavities are water-filled.

After coring, the borehole at site 56-5 collapced; therefore, no
geophysical logs are available for this site. The geophysical logs
from site 60-1 show well the cavities present at that site

(Appendix A). The cavities appear as peaks at depths of 25, 32, 43,
and 45 ft. The increases shown by the natural gamma log may indicate
that the cavities are partially filled with clay or with very fluid
mud. The logs from site 60-1 show how valuable logging may be in
locating permeable zones.

F.0608.028.0158pdf 29 6/12/2023 5:28:31 PM




F.0608.028.0158.pdf 30

20

The dip of strata in both boreholes ranges from 40 to 50°. This is an
apparent dip (relative to the side of the core), not a true dip. Based
on a dip of 45°, approximately 53 ft of sectton is actually seen in

each core hole.

At both sites, cores of the entire section showed signs of groundwater
movement. This 1s inferred primarily.from the presence of iron oxide

within fractures or voids.

Two reports by the Army Corps of Engineers (1954 a,b) discuss extensive
drilling performed as part of a foundation analysis for the Y-12 Steam
Plant (building 9401-3). A geologic cross section contained in both
reports 1s reproduced in fig. 5. We interpret the section to be in the
lower Maynardvilie L1mestoné; the bedding dip 1s approximately 45° SE
with a perpendicular joint set. During drilling, significant losses of
dril1l mud occurred due to poorly or uncompacted f111. Solution cavities
are numerous. Most are less than ) ft thick, but cavities up to 8 ft
in thickness were encountered. The cavities appear to foiIou the
strike and dip of bedding (%1.e., along bedding planes) and were fil?ed
with a soft, yellow, plastic clay that provided no resistance to
drilling. Sound rock occurs at about 25 ft (based on 1imited solution
activity and with regard to rock strength for a foundation).

ODrilling west of -the Y-12 Plant indicated significant solution activity
within the Maynardville Limestone (Bechtel 1984a); and in drilling
beneath the Y-12 coal pile, an 11-ft-thick solution cavity was
encountered (Rothschild et al., in prep.).

4,5.3 Nolichucky Shale

The Nolichucky Shale 11es stratigraphically beneath the Maynardville
Limestone. Throughout East Tennessee, the Nolichucky Shale can be
divided into three members: the Upper Shale, the Bradley Creek, and
the Lower Shale Members (Hasson and Haase 1984). Based on data from
the Exxon NFRRC site (Law Engineering 1975), the Nolichucky Shale in
Bear Creek Valley 1s approximately 375 + 40 ft thick.
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The Upper Shale Member consists of complexly interbedded calcaréous
shale/mudstone and 1imestone 11thologies. The Bradley Creek Member
consists predominantly of lenticularly to irregularly stratified
bio(od)micrite and blosparite. The Lower Shale Member consists of
repeated cycles of shale and Timestone. Most carbonates in the lower
member are o611tic, and many beds contain intraclasts. The lower
contact of the No]ibhucky Shale with the underlying Maryville Limestone
is gradational over about 50 ft, with an increase in carbonate content
with depth. Descriptions are based on Haase et al. (1984).

The majority.of core holes drilled on site penetrated the Nolichucky
Shale. This formation underlies most of the areas of known mercury
usage (buildings 9204-4, 9201-5, 9201-4, 9733-1, and 9202). The cores
taken at sites 55-2, §6-1, 56-2, 56-4, and 59-1 represent the
Nolichucky Shale. ' o

Except ‘for the core hole from site 55-2, none of the holes indicated
the presence of significant solution activity. 1In dr1]]ihg at

site 55-2, severai large cavities and a thick zone of highly weathé;ed )

rock, loose fi111, or alluvium (see original topography in Fig. 2) were
encountered. A1l of the cores showed signs of water movement (iron
precipitate, open fractures, or solution tav1t1es) to a depth of 50 ft
or greater, with the exception of site 56-1 where fresh bedrock was
encountered at a depth of approximately 8 ft.

~ In addition to geophysical logs on some of the core holes, logs were
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also run on holes at sites §5-1, 55-3, and 56-3. The logs show very
clearly the alternating shale and 1imestone beds. The logs from 55-1,
55-3, 56-2, and 59-1 show a number of spikes, which may be fracture
zones. The .log taken from borehole 56-3 1s short in length because of
the side wall collapse. The zone causing'the wall failure can be seen
on the log at a depth of approximately 38 ft.
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The apparent dip of bedding in the cores of the Nolichucky Shale
averages approximately 55° and ranges from 45 to 60°. Using an averag.
dip of 55°, about 43 ft of section occur in each core, and a surface
outcrop width of about 460 ft can be calculated using a formation

thickness of 375 ft.
1Y

4.5.4 Maryville Limestone

Underiying the Nolichucky Shale is the Maryville Limestone, The core
from Copper Ridge shows that the upper part of the Maryville Limestone
is characterized by the abundant occurrence of 1- to 5-ft intervals of
distinctive flat pebble conglomerate. The lower part of the Maryville
Limestone is composed of 0.5- to 1-ft beds of calcareous mudstone,
interstratified with blosparites, intraodbiosparites, calcarenites, and
calcareous siltstones. The lowermost 50 ft of the Maryville Limestone
is characterized by an increase in calcareous mudstone content prior to
grading into the massive mudstones of the underlying Rogersville Shale.
The data from west of the Y-12 Plant (lLaw Engineering 1975)'1n31cate a
thickness of 375 ¢ 40 ft for the Maryville Formation. The only site
of interest to the mercury investigation that 1s underlain by this.~
formation is site 55-4, near the old deflasking site (where mercury was
unloaded from trucks prior to distribution within the plant).

Based on the légs and on projected surface outcrops, it is difficult-to
tell if the core from site 55-4 1s actually in the lower Maryville ~

" Limestone, the upper Rogersville Shale, or both. 1In any case, the rock

1s quite solid with no major fracture zones or solution activity.
Weathered rock appears to be 1imited to about the upper 30 ft at the
site.  The average bedding dip seen in the core is about 50° and ranges

from 45 to 75°,
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4.5.5 Structural Geology of the Site

Structurally, the Conasauga Group can be quite complex.' As described
earlier, the average strike and dip of bedding in the Y-12 Plant area
1s approximately N 55° E, 45° SE. The data shown in Fig. 4 indicate
that in a small area, the strike ranges from N 35° E to N 65° E, and
the dip varies from 54 to 83° SE. Smal) scale-folding greatly
influences bedding and joints in the area. ‘

The U.S. Army Corps of Engineers (1954a) report that in the Y-12 Plant
area at least two Joint sets have been identified; one set has a strike
of N 55° £ and a dip of 45° NW, and a second set has a strike of

N 35° W and dip of 35° NE. The spacing of joints varies from a few
inches to as much as 20 ft. In addition to these two major sets of
Joints, the report cites evidence of the presence of sheet-jointing

.parallel to- the surface of the valley. Additional work near the Y-12

Plant and in Melton Valley on joint orientations and spacing is
described in Sledz and Huff (1981). Work conducted in Melton Valley
(Sledz and Huff 1981; Davis et al. 1983; Rothschild et al., 1984) °
indicates that joint orientation is extremely variable and is
especially dependent upon small scale geologic structures. Spacing
between joints is quite variable, from fractions of inches to several
feet and 1s partially controlled by 1ithology and thickness. Because
of the regional thrusting, small-scale folds with axes parallel to
geologic strike are also common.- Movement has occurred along bedding
planes in the Conasauga Group, as indicated by polishing and striations.

The outcrops exposed by construction behind building 9201-4 allowed
observations to be made of the structural geology. A structural
geologic map of this site is shown in Fig. 4. In the foundation
excavation (large pit), two major joint sets were observed. The first
has a strike of approximately N 33° W with a dip of 89° SW. The second
set strikes approximately N 46° W and dips 57° NE. The spacing of
Joints is on the order of 0.5 to 3 in. A minor, high-angle joint set
was also observed; it has a strike and dip of approximately N 10° W,
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84° SW, respectively. 1In the pipeline irench south of Second Street,
two joint sets were also noted. The dominant joint set has a strike of
N 50° W with a dip of 72° SW. The second joint set has a strike of
approximately N 74° W and a dip of 46° NE.

The orientation and number of joints is extremeiy'important because they
in part-control the movement of groundwater. Although data on joint
sets are important, data are limited to the few available outcrops.
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5. HYDROLOGY
5.1 SURFACE WATER FLOW AND THE IMPACT OF PLANT CONSTRUCTION

The preconstruction surface water drainage for the Y-12 Plant area is
shown in Fig. 6. In general, streams drained from a series of hills in
the northern part of the Y-12 Plant area to Upper East Fork Poplar
Creek. The surface water divide between UEFPC and Bear Creek 1ies
along the western edge of the Y-12 Plant. Based on experience in other
areas underlain by the Conasauga Gfoup. depth to groundwater in the
Y-12 Plant area probably ranged from about 30 ft beneath the h1lls to
essentially zero near streams. In general, the water table was
probably a subdued image of the surface topography.

After construction of the Y-12 facilities, all north-south surface
dratnages were eliminated. In part, these have been replaced by
subsurface drains in the Y-12 Plant area. UEFPC was also altered; the
headwaters are now an underground drainageway (storm sewer “system), and
the channel has been significantly stratghtened in the Y-12 Plant ara,
Altering the natural hydrologic system by changing the topography and
rerouting the stream has very likely caused significant changes in the
groundwater flow system. The water table in the Y-12 Plant area '
probably st111 mimics the present topography so that in many areas the
lower portion of the f111 material 1s now saturated. The existence of
buried stream channels also alters groundwater flow; they are likely to
act as conduits for groundwater movement. For example, the channel
that existed west of building 9201-5 1s probably sti1l active (Figs. 2
and 6). The current elevation around 9201-4 is between 960 and 965 ft
above MSL. Around building 9201-5 elevation ranges between 975 and

980 ft above MSL. It is apparent from Fig. 2 that hills were leveled
around building 9201-4, and stream channels were filled near

building 9201-5. Further evidence of the importance of old
drainageways to water movement is presented in Section 7, "Groundwater

Chemistry."
26
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Preliminary data for Bear Creek near the Bear Creek Valley Buria)
Grounds indicate that there 1s an intimate connection between the creek
and the extensive solution cavity system surrounding the creek. The
solution cavity system 1s pervasive in the Maynardville Limestone all
along UEFPC and, in conjunction with UEFPC, acts as a drain for surface
and groundwater to leave the valley. This conduit sti11 appears to be
active in the Y-12 Plant area even though the old creekbed has been
significantly altered and storm sewers replace stream channels.

5.2 GROUNDWATER HYDROLOGY

5.2.1 Completion of Monitoring Wells

In total, 43 wells were completed in 24 locations (Fig. 1). After
drilling was complete, with either an auger or air-hammer, the hole was
cleaned to remove cuttings by further augering or compressed air. Most
boreholes were stable and remained open without collapsing. In several
areas, a temporary surface casing was required to keep the hole open.
Table 2 1ists the wells, their depths, ground elevation, measuring
point elevation, and notes on we]l completion.

[ 4

A1l wells were completed with a 5-ft section of 4-in. 0.01-in. slot
stainless steel spiral-wound well screen with end cap (with the
exception of three wells as noted in Table 2). A 10-ft section of
4-in. polyvinyl chloride (PVC) casing was threaded inte the screen.
Above the threaded casing, 20-ft sections of PVC casing with bell
couplings were utilized. The bottom 6 ft of the annulus was backfilled
with clean pea gravel/sand. Two feet of clean sand was placed above
the pea gravel to prevent fines from washing into the gravel pack. A
3-ft bentonite seal was placed above the gravel and sand to isolate the
screened portion of the well. Clean cuttings were used to backfi1ll the
holes to within several feet of the ground surface, and then a cement
seal was poured. In areas of known soil contamination, the backfill
used was a mixture of one-third bentonite and two-thirds fine sand.

A diagram of a typical well is shown in Fig. 7.
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Table 2. Y-12 monitoring well completion data

Total -casing Elevation of Elevation of
Well wWell North East Tength medsuring point ground surface Kote on zome of
nest 10  coordinate coordinate (Ft) (ft.msy) (ft.msL) completion
$3-v A 30,176.21 53,814,682 22.0% 993.65 930.67
S41 A 30,010.02 51.702..89 23.m 9A3.87 ’ 91N
54-2 A 30,009.19 54.855.10 6.3 983.17 $81.07 .
§5-1 A 30,469.88  $5,014.07 19.29 $86.67 986.20
- §5-1 8 30,469.21  55,009.99 33.18 $86.26 986.05
$5-1 C 30,466.74 55, M13.13 15.12 qRK. I3 9A5.85
55-2 A 30,085.32  54,194.96 4.0 976.74 976.1/ Highly weathered rock
5.2 9 30,084.88 55,199.17 21.99 971.25 916.17 Highly weathered rock
$5-2 € 30,085.20 5% 202.96 75.89 9716.8% 916.00
$5-3 A 29,959.34  55,695.12 14.34 ‘ 972.46 9MNn.se
$5-3 8 29,958.13  55.698.77 38.09 913.32 911.57 @
$5-3 C 29,958.59  55.702.65 71.53 974.24 9Nn.16 o
55-4 8 30,762.67  55.694.55 25.49 1004.68 1003.92
5.4 € 30,762.71  55.698.10 72.64 1004.86 1603.95
$5-§ A 30,697.60  55.556.53 10.86 988.58 986.67
55-6 A 30,667.34  55,306.66 12.89 989.04 $986.82 .
$6-1 A 30,350.69 $6,079.34 19.03 969.25 968.72
$6-1 € 30,355.03  56,077.03 75.38 969.49 964.89
§6-2 A 29,880.8% 56,228.12 15.12 963.30 962.52
$6-2 8 29,883.61  56,225.60 38.81 - 962.28 962.21 N
56-2 C 29,884,683  56,230.5! 11.30 . 964.94 962.44
N ’
56-3 A 29,866.66  56.452.76 17.78 963.03 962.35 Possible solution
cavity
56-3 8 29,867.20 $6.447.67 33.43 963.40 962.36 Possible solution
cavity
56-3 ¢ 29.959.16  56,449.10 55.48 962.86 962.36
$6-4 A 29,819.%9  56,802.01 12.14 » 962.07 960.10 weathered rock
$6-4 8 79.815.13  56,799.2R 32.98 963.38 950.5%
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Table

2. (continued)

Total casing

Elevation of

Elevation of

Well Well Korth East tength measuring point ground surface Xote on zone of
. nest 10 coordinate coordinate (ft) (Ft-msL) (ft-N5L) . completion
- §6-4 C 29,815.06  56,804.51 76.28 962.62 959.05
565 A 29,380.21  56,823.8% 12.60 965.69 $865.90 [21)]
36-5 8 29,382.47  56,827.82 3%.10 966.72 865.87 Solution cavity
$6-5 €  29,315.41 56,818.57 n.se 967.30 966.3¢
$6-6 A 29,783.24  56,915.30 2.0 960.28 958.12
$6-7 A 29,449.16 56,814.30 2.0 958.45 956.62
$6.8 A 29,465.51 56,545.7 25.56 962.46 959.15
$56-9 A 29,%32.83  56.043,39 11.29 965.86 $63.81
58-1 A 29,647.%2 $8,7717.80 n.1s 947.04 947.20 installed 1n 58-1/BN
s8-1 8 22.64 Installed in 58.1/80
$8.2 A 29,500.33 58,772.32 9.94 938.16 936.23
59-1 A 29,830.5% 59.8384.79 13.22 945.75 945.26
59-1 8 29,835.10 59.885.47 36.9¢ 945.69 945.07
5931 ¢ 29,834,600  59.381.56 13.92 945.8/ 945.12
60-1 A 29.225.6) 60.199.87 23.20 929.66 929.29 Wells are shallow due
66V 8 29,225.44 60.203.55 ?9.23 929.60 929.16 to problems with
‘ well collapse
60.2 A 29,097.06 60,118.58 1.52 929.69 S21.17

3A11 wells are completed with 5 Ft stainless steel scroen with the following exceptions:
well S3-1A 1s an alt stataless steel, 2.9n. dlam well, with a 5 ft screen: and wells $6 7 3nd 56-8 have
S5.ft. 0.00 in. sTot PVC screens.

.
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To help ensure the low permeability of the backfilled cuttings,
laboratory permeability tests were run on two samples of the uncompacted
cuttings. Permeability values were found to be 1.02 x 10'4 and

3.43 x 'IO"5 cm/s. Thus, the permeability of the compacted backfill

ts expected to be as low as or lower than that of the surrounding

aquifer materja]s (Table 3).

The completion method used allows a 5-ft zone to be isolated for
hydraulic measurements or water quality samples. The wells are
suitable for sampling of either organic or inorganic contaminants. No
glue was used in the bottom 15 ft of the well, but samples were be
taken directly from the screened portion. Sampling from the screened
portion helps to ensure that fresh formation water has been sampled and
that the water has come in contact only with stainless steel.

After completion, all wells were surveyed in. The appropriate
elevations and locations are given in Table 2.

5.2.2 Groundwater Flow System

In the Conasauga Group, groundwater flow is largely controlled by
fractures, folds, solution features, and the orientation of bedding.
Groundwater flow, as well as surface water flow, is predominantly
south, to UEFPC or 1ts old channel. Although the hydraulic gradient ts
toward UEFPC, significant water flow 1s likely to occur along strike
(east-west on the ORR grid) due to anisotropic permeability and the
pervasive along-strike solution cavity system.

Water levels and water samples were gathered from 43 wells (Appendix C),
comprising 11 well nests and 13 single well sites. The location and
fdentification of well locations can be seen in Fig. 1. Based on data
from shallow (water table) wells, a map of the potentiometric surface
was drawn (Fig. 8). The map is based on data from April 4, 1983, and
approximates the highest water levels recorded during this study. The
data indicate that flow 1s to the southeast from the high areas of the
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Table 3. field-determined hydraulic conductivity (X) values for the Conasauga 6roup

Average K valyed Number

Source Site? . {cm/s) of tests
Geotek 1979 West of Y-12 Plant 8.91 x 107> 9
Law Engineering 1983 West of Y-12 Plant 2.95 x 107* 7
Davis et al. 1983 ORNL-SWSA 6 6.31 x 1070 36
Rothschild et al. 1984 ORNL-SWSA 7 2:57 x 1070 12
Bechte) National, Inc. 1984a BCVBG (weathered rock) 8.2 x107° 26
Bechtel National, Inc. 1984a  BCVBG 1'.3 X 10'6 kH
Bechtel National, Inc. 1984b BCVY o1l Jandfarm 1.2 x ’I()'4 12
This study ' Y-12 Plant 3.54 x 10-4 18

4BCVBG = Bear Creek Valley burial ground. BCV = Bear Creek Valley.

bGeometric mean.
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Y-12 Plant, then has a considerable eastern component in the low areas
(e.g9., flow 1s off the hills and appears to discharge into UEFPC or tts
old channel). A very steep gradient near building 81-10 causes the
“kink" 4n the potentiometric contours near that site. This "kink" is
probably related to a bend in the original channel, of UEFPC; that is,
the old channel 1s controlling groundwater flow as much as or more than
the underground storm sewer system. An alternative explanation for
this phenomena 1s that the shallow well at 81-10 (56-4A) 1s completed
in a perched water table, but during drilling at the site, this did not

appear to be the case.

A two-dimensional cross section éonstructed along A-A' (Fig. 9) shows
s1ight upward gradients in the wells north of First Street (56-1, 55-6,
55-4), indicating recharge from farther uphill discharging into the
valley. The other wells in the cross section show downward gradients,
indicative of groundwater discharging into the old UEFPC channel.
Steep downward gradients occur near building 81-10 (56-5) due to the
steep topography and the proximity to the old UEFPC channel.

-
It must be kept in mind that although potentiometric contours can be
drawn, flow 1s not likely to be directly down gradient due to the
apparent anisotropy of the formations. The anisotropy will very likely
cause water to move Drefereﬁtia)ly along geologic strike and dip. The
results of a pump test performed in the Bear Creek Valley burial grounds
(Law Engineeribg 1983) indicated a horizontal to vertical anisotropy
ratto of about 3:1. Water flow will also be controlled locally by the
existence of folds, faults, fracture zones, and solution cavities.

The groundwater divide between the UEFPC and Bear Creek drainage basins
probably occurs in the same area as the surface water divide, west of
mercury spill1/use areas. The UEFPC and its oid channel are major
groundwater discharge zones for the Y-12 Plant, and little flow beneath
the creek is 1ikely (i.e., underflow to the Knox Group). The magnitude
of groundwater flow along strike to and from the Bear Creek watershed

is unknown.
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Water level fluctuations have been monitored on a weekly basis from the
well network. The data cover a period from November 1983 to April 1984
and are plotted as hydrographs in Appendix C. In general, fluctuations
on the order of 2 to 3 ft have been observed in the wells over the
observation period, primarily in response to precipitation. The shallow
wells and wells completed in solution cavities show the greatest

fluctuations.

The head relationship between wells in a nest is generally constant,
except temporarily after storms when shallow wells or wells completed
in solution cavities may respond more quickly than other wells in a
nest (such as well 56-3B). Three nests clearly show downward gradients
between the wells (55-1, 56-3, and 56-5), and four well nests
~consistently show upward gradients (55-3, 55-4, and 59-1). In well
nest 60-1 very little head difference is seen between the wells, which
is probably due to their proximity to the actual discharge area for the
valley (they are in the cavity system adjacent to the old UEFPC
channel) and to the small vertical distance between the two screened
intervals. Three nests (55-2, 56-2, and 56-4) have head re1atqonsh1ps
that are not as clear. The local flow system around nest 56-4 was
highly disturbed during the water level observation period. Adjacent
to the nest, the drilling and pumping of an elevator shaft and
excavation work took place for several months. The pumping not only
complicated the head distribution, but also dried up the shallow well,
The head relationships apparent in nest 55-2, 56-2, and 56-4 may be due
to their proximity to old stream channels (Fig. 6). Locally, the base
of these channels (fi11/rock contact) may act as discharge zones due to
thetr increased permeability.

Knowledge about the depth to water in an area is often important for
evaluating contamination problems and designing remedial actions.
Figure 10 displays the relationship between the water level elevation
and the ground surface elevation at a given site within the Y-12 Plant
area. The 1ine of regression (r2 = 0.98) 1s water level elevation
(ft) = -7.95 + 1.00 [ground elevation (ft)].
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Very simply, the relationship states that throughout the plant, the
depth to water is about 8 ft. The slope of the 1ine is 1.00, which is
not what is expected. Generally, the depth to water i1s greater beneath
hil1ls and closer to the surface in valley bottoms (e.g., for one site
underlain by the Conasauga Group in Melton Valley, a slope of 0.64 was
determined for this relationship (Rbthéchi]d et al. 1984). This
constant relationship is probably the result of two factors: first,
topographic relief has been dampened by construction; and, second, the
discharge area is not at the surface in the valley, but at a depth of
several tens of feet (the storm sewer-UEFPC-solution cavity system).
This site-specific relationship can be used to predict water levels in
areas within the plant where monitoring wells are lacking.

The three-dimensional resolution of the head distribution in the valley
and temporal variations is essential for estimating water and/or
contaminant movement and is critical for the calibration of numerical

flow models if they are to be produced.

5§.2.3 Aquifer Properties

A rather extensive data base exists on the hydraulic properties of the
Conasauga Group. Hydrogeologic characterizations have been performed
* or are ongoing in both Melton Valley and Bear Creek Valley, both of
which are underlain by the Conasauga Group. To assess how the strata
within the plant compare to other tested areas, 18 hydraulic
conductivity (K) determinations were made (Table 4). The determinations
were made by “"slug" tests (Hvorslev i951), which measure the K of
matertals immediately surrounding the sand packed interval of a well.
The geometric mean for K in the plant is 3.54 x 1074 em/s.  Two
values of K are very high (55-3B and 56-4C) and probably overestimate
K. Excessive drawdown at well 56-4C, due to adjacent pumping, might
have caused an overestimate there. Also, during the installation of
well 55-3B, problems were encountered with collapse and loss of water
circulation; thus, this test zone may be highly disturbed. The vailue
for well 56-5C is also very high, but this well may, at least in part,
be completed in a zone with solution cavities. .
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Hydraulic conductivity
(K) values from slug tests

in the Y-12 Plant

, K

we1l. (cm/s)
fs?

55-1A - 4.23 x 104
55-18 ‘4,04 x 10-4
55-1C 1.20 x 10-4
55-2C '5.10 x 10-4
55-3A 5.84 x 10-4
55-38 1.63 x 10-3
55-3C - 6.65 x 10-9
55.48 4.45 x 10-4
55-4C 1.72 x 10-4
56-1A 5.11 x 10~
56-1C 6.61 x 10-4
56-2A 8.05 x 10-4
56-28 2.97 x 10-4
56-2C 1.59 x 10-4
56-3A 2.82 x 10-4
56-3C 5.64 x 10-4
56-4C 1.28 x 10-32
56-5C 2.48 x 10-2

Geometric mean = 3.54 x 10-4 cm/s

3pumping going on nearby during test;
therefore, reported value of K s 1ikely to

be high,
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The hydraulic conductivity determinations made in the plant compare
very well with those for other areas on the ORR (Table 3). With the
exception of tests in the unweathered rock at the Bear Creek Valley
burial grounds, all the K values are within one order of magnitude--
surprisingly consistent. Local variations in K are 1ikely to occur due
to 14thologic and structural heterogeneities of tﬁe aquifer, but, in
general, hydraulic conductivity and other aquifer properties (e.g.,
porosity, transmissivity, and anisotropy) are 1ikely to be similar.
That 4s, based on variations in K for the Conasauga Group, 1t appears
that other data should be transferable from one site to another,
espectally within valleys. Data on hydraulic properties not collected
during this investigation can be gleaned from the reports referenced in
Table 3. Large-scale heterogeneities between areas underlain by the
Conasauga Group are important; these include large structural features
(faults/fracture zones), differing hydrologic units (alluvium, fi11,
and weathered vs unweathered rock), and varying stratigraphy (the
extensive solution cavity system apparent in the Maynardville
Limestone). These large-scale variation/conditions must be assessed

for each area of concern.
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6. SURFACE AND SUBSURFACE SAMPLING AND ANALYSIS
FOR MERCURY CONTAMINATION

6.1 WELL SAMPLING AND ANALYSIS

Prior to any well sampling, all wells were developed by removing § to
10 pore volumes of water from each well. One pore volume is the amount
of water in the casing and sand pack under equilibrium conditions. An
acid-washed (5% nitric acid), distilled water-rinsed, positive
displacement pump was used for development. Well development 1is
intended to remove any nonnative water introduced during drilling and
to help produce a filter pack around the well screen (to reduce
infiltration of fine sediment). Most wells yielded clear water after

development.

Immediately prior to taking a water sample, 5 pore volumes .of water
werc removed from the well., This evacuation of water .helped ensure
that freshwater from the aquifer was sampled. In most cases, water
levels in the well dropped quickly or the well hried out, and a >
recovery period was required to remove more water. An acid-washed,
distilled water-rinsed, stainless steel bladder pump was used for well
evacuation, Compressed N2 gas was the displacement medium.

After evacuating the well, a water sample was taken, using a point
source (a8 ball valve on each end) Teflon batler that had been washed
with acid and rinsed with distilled water. Attached to the bottom end
of the baller was a stainless steel "probe" to keep the batler off the
bottom of the well (and off any possible sediment) and within the
screened portion of the well. Thus, samples were taken from about 2 ft
from the bottom, where freshwater in contact only with stainless steel
could be removed. When the sample was retrieved, the water was removed
by use of a Teflon emptying device and placed, without filtration, into
bottles containing nitric acid and potassium dichromate as a A
preservative (fFeldman 1974a). Samples were not filtered prior to
preservation for two reasons: (1) even under idea) conditions,

42
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filtration can result in either sample contamination or loss of soluble
mercury by sorption to filter and glassware; (2) total analysis is a
better index of groundwater contamination by mercury because mercury 1s
expected to be largely (>90%) associated with suspended matter

(Cranston and Buckley 1972).

»

Prior to evacuation of any well, water levels were noted in all wells
within a nest. After sampling, measurements of electrical conductance,
pH, and temperature were made either in situ (by lowering a probe into
the well) or on the surface by retrieving a batled sample (see later
discussion of general groundwater chemistry). '

Mertury in well-water samples was determined by the method of Feldman
(1974b). Previous comparison of this method with the U.S.
Environmental Protection Agency (USEPA) method (USEPA 1979; method
245.1) has demonstrated that results are equivalent. However, the
method of Feldman, as applied in the ORNL Environmental Analysis
Laboratory, affords higher sensitivity (0.01 wg/L vs. 0.1 wug/L).
Mercury in well sediment was determined by the USEPA method (USEPA
1978) for sediment. Methyl mercury was not analyzed for in any
well-water samples because 1t was expected to be absent or to be -
present at extremely low concentrations (below analytical detection

limits).

6.2 RESULTS OF WELL-WATER ANALYSES

A1l wells have been sampled and the water analyzed for mercury at least
once, most having been sampled two to five times. Table 5 summarizes
analytical data for mercury for the period November 10, 1983, through

March 27, 1984.

In the agsessment of possible groundwater contamination by mercury, it
s 1mport5nt to obtain samples having only natural suspended sediment
(1.e., without sampling-induced turbidity) because mercury 1s readily
sorbed ontd sediment. The nitric acid and potassium dichromate used to
preserve the samples will release sorbed mercury from sediment, making
it detectable during analysis. High amounts of suspended sediment carn
therefore result in an anomalously high concentration of mercury, which
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Table 5. Mercury in Y-12 groundwater

Mercury
Nest Well ~ Date Quality? (ug/L)
53-1 15MAY84 ™ -0.10
§4-1 « A 03MARBS . ™ 0.04
54-1.. A 12MAR84 TH 0.03
54-2 A 03MARBS ™ 0.04
54.2 A 12MARS4 ™ 0.09
55-1 A 10NOV83 ™ 1.10
55-1 A 16DEC83 C 0.06
55-1 A 25JANB4 . ™ 0.06
55-1 A 12MARB4 ™ 0.04
55-1 B 10NOV83 C 0.10 .
65-1 . B 25JANB4 ™ 0.09
55-1 C 14NOV83 T C 0.60
55-1 C 25JANBA - C 0.13
55-2 A "17NOV83 ™ 3.50
55-2 A 15DEC83 C 1.70
55-2 A 16DFCBI ¢ 1.10
55-2 A 26JAN8B4 ™ 0.73
55-2 A 20MARSB4 ™ 0.06
55-2 B 17NOV83 C 0.04
55-2 B 263JAN8B4 C 0.03
55-2 B 22MARBA C <0.01 >
55-2 c 05DEC83 C 0.08
55-2 ¢ 26JANGEA c <0.01
55-2 c 22MARB4 C <0.01
55.3 A 16N0V83 ¢ 1.10
55-3 A 150FC83 C 0.15
55-3 A 27JANBA ™ 0.04
55-3 A 20MARB4 M 20.00
55-3 B 16NOV83 c 0.03
55.3 B 27JAN8B4 c 0.33
55-3 B 26MARSB4 ™ 0.20
55-3 ¢ 16NOV83 ¢ 0.07
55-3 ( " 27JANB4 C <0.01
55-3 C 26MARS4 C 0.01
55-4 8 08DECB3 c 0.16
55-4 8 10FEB84 ™ 0.05
55-4 8 12MAR8B4 C 0.07
§5-4 C 08nFCB3 M 4.00
55-4 C 10FEBB4 M 0.20
55-5 A 05MAR8B4 . VM 93.00
55-5 A 12MARB4 VH 11.00
55-6 A 05MARBA VM 1.10
55-6 A 12MAR84 M 4,90
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Table 5. (continued)

Mercury
Nest Well Date Quality? (ug/L)

56-1 A 14NOV83 ™ 0.50
56-1 A 14N0V83 - ™ 0.90
56-1 A 16DECB3 c 0.19
56-1 A 02FEBBA ™ 0.13
56-1 A 12MARB4 ™ 0.16
56-1 C 14NOV83 c 0.30
56-1 c 14NOVS3 c 0.40
56-1 c 02FEBS4 c 0.05
56-2 A 050DECS3 VM 5,20
56-2 A 05DEC83 VM 145.00
56-2 A 06NFC83 u 5.20
56-2 A 15nFC83 c 0.62
56-2 A 30JANS4 ™ .86
56-2 A 20MARS4 ™ 0.73
56-2 B 06DF (83 c 0.15
56-2 B 30JANB4 ™ 0.35
56-2 B 27MARS4 M 0.10
56-2 c 06DECS3 c 1.30
56-2 c 06DECB3 - c < 0.95
56-2 C 31JANB4 ™ 0.13
56-2 c 27MARS4 ™ 0.93
56-3 A 07DEC83 c 0.9
56-3 A 01FEBBA ™ 0.29
56-3 A 20MARS4 ™ 0.18
56-3 8 07DEC83 c 0.08
56-3 B 01FEBS4 c 0.02
56-3 C 07DEC83 c <0.01
56-3 c 01FEB84 c <0.01
56-4 B - 09DEC83 c 0.05
56-4 B 03FEB84 c 0.02
56-4 B 06FEBBA . R

56-4 ‘B 19MARB4 M 0.10
56-4 c 09DECS3 ¢ 0.03
56-4 c 02FEBB4 c 0.03
56-5 A 13MARB4 ™ 4,30
56-5 B 15DEC83 c 1.30
56-5 8 16JANB4 c 0.94
56-5 c 14DECB3 ¢ 0.17
56-5 c 16JANB4 ¢ 0.88
56-6 A 03MARB4 M 0.21
56-6 A M 0.50

05MAR84
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Table 5. (continued)

Mercury
Nest Well Date Quality? (ug/L)
56-6 A T9MARB4 ™ * 0.17
56-1 A 02MARB4.; ™ 1.90
56-7 A 13MARB84 © ™ 7.60
56-8 A 02MAR8Y - C <0.01
56-8 A 13MAR84 I 1.00
56-9 A 02MARB4 ™ 0.02
56-9 A 14MARS4 ™ 0.05
58-1 A 10JANBA ] 14.00
§8-1 A 18JANB4 ™ 16.00
58-1 A 15MAR84 ™ 30.00
58-1 8 10JANBEA - U 2.00
58-1 B 18JANB4 1M 7.60
58-1 B 15MAR84 ™ 0.71
58-1 C 10JANB4 U 40.00
58-2 A 02MARSB4 M 0.1
58-2 A 19MARB4 ™ 0.06
59-1 A 11DEC83 C 0.02
59-1 A 23JANSY ™ 0.40
59.1 A 19MARS84 ™ 0.40
59-1 B 130EC83 C <0.01
59-1 8 23JANBS ™ 0.05 >
59-1 C 11DECB3 ' ™ <0.01
59-1 C 24 JANBA ¢ 0.01
60-1 A 13DECB3 M 8.10
60-1 A 17JAN84A M 1.10
60-1 A 14MARB4 VM 28.00
60-1 B 13DECB3 M 1.30
60-1 8 18JANBS VM 0.69
60-2 A 02MARBA4 ™ 0.10
60-2 A 14MARB4 C <0.01

C = clear; TM = trace mud; M = muddy; VM = very
muddy; U = unpurged. o
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is not necessarily representative of the mercury concentration of the
water. Thus, 1t is necessary to obtain samples for analysis that are
free of sediment or to note the presence of sediment in samples that
contain detectable amounts. In Table 5, the designations C, TM, M, and
VM are approximately equivalent to total suspended matter (sediment)
concentrations of <10 mg/L, 10 to 100 mg/L, 100 to 10,000 mg/L and
>10,000"mg/L,- respectively. To get sediment-free samples, the water
can be filtered (the reasons for not filtering were stated earlier) or
the well can be pumped and evacuated until clear formation water s

obtained.

In spite of prolonged pumping during well development, several wells
continued to yleld turbid water samples. Samples with sediment are not
considered to be representative of formation water because the sediment
1s'presumed to be entrained only as a consequence of well drawdown.
This s not to imply that sediment is nevef transported by groundwater.
Ordinarily, however, groundwater moves through formations without
resuspending previously deposited sediments. The local temporary
velocity increase associated with pumping sometimes results in sediment
resuspension, particularly during the early stages of well use. In
most cases, turbid samples were associated with the shallowest wells

(A and B), which are screened in fi111, soi}, and weathered rock.

Before examining these data, it s important to define a minimum
concentration of mercury in groundwater that will be considered as: :
evidence of contamination. For water samples with 1ittle suspended
matter (e.g., <10 mg/L), the value often used as a natural background
value for stream water, 0.05 ug/L, 1s also appropriate for
groundwater. Allowing for somewhat higher concentrations of suspended
matter concentrations (e.g., 50 mg/L) would yield an upper 1imit of
perhaps 0.5 ug/L mercury. Thus, groundwater samples with values 1in
excess of 0.5 ug/L will be interpreted as having mercury concentrations
"above background." Kaiser and Tolg (1980) show a range of mercury
concentrations for unpolluted groundwater of 0.01 to 0.46 wug/L.
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Groundwater, which may serve as an untreated potable water supply, may
contain up to 2 ug/L before exceeding the state and federal drinking
water standard for mercury.

t

The data in Table 5 support the following immediate conglusions:

1. No wells yielded “clear” groundwater samples with mercury .
concentrations which exceeded the nattonal primary drinking water
'standard (NPDWS) of 2 ug/L. Three wells (55-2A, 56-2C, and
56-2B) yielded “clear" samples with mercury concentrations close to
50% of the NPDWS.

2. Nine wells yielded “clear" groundwater samples with mercury
concentrations which are suggestive of low-level contamination

(0.1 to I ug/L).

3. Fifteen additional wells y1e1ded “clear“ groundwater samples with
essentially background concentrations (<0.1 wug/L).

Further interpretation of the data in Tab]é 5 requires éxam1nation of
the mercury content of suspended matter from 28 of the wells (Table §6).
Three of these wells ‘(56-5A, 58-1A, and 60-1A) show a high mercury
content (>10 ug/g) in suspended matter. These wells are located,
respectively, near 81-10, in the 9733-1 alcove, and near 9201-2, all
areas of known high contamination of upper soil and f111. Suspended
matter from 15 additional wells showed siight (0.5 to 1 wg/g) to
moderately elevated (1 to 10 ug/g) mercury concentrations, while
suspended matter from the remaining 10 wells showed no evidence
(mercury <0.5 ug/g) of contamination. Table 7 gives the ranking of
mercury concentrations for all wells. All but four wells (55-1A,
55-1B, 56-4C, and 59-1A) have some evidence (water and/or suspended
matter analyses) of contamination by mercury. Thus, of_the known
mercury use or spill areas, only the 9202 area (wells 59-1A, 59-18,

- 59-1C) appears not to be contaminated.
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Table 6. Comparison of mercury concentrations
in water and in suspended solids

Mercury in Mercury in
. water solids
) Nest  Well  Date (ug/L)  Quality? (ug/9)
54-1 A 12MARB4 0.03 ™ 0.06
54-2 A 12MARB4 0.09 COTM 0.15
55-1 A 25JAN8BA 0.06 ™ 0.25
55-1 A 12MARB4 0.04 ™ 0.13
55-1 B 25JANB4 0.09 ™ 0.13
55-2 A 26JANB4 0.73 ™ 1.60
§5-2 A 20MARS84 0.06 ™ 2.50
55-3 A 27JANB4A 0.04 ™ 0.40
55-3 A 20MARB4 20.00 M 2.30
§6-3 B 27JANBY 0.33 c 0.05
§6-3 B 26MARB4 0.20 ™ 0.26
55-4 C 08DEC83 4.00 M 0.2¢
55-4 C 10FEBB4 .20 ] 0.45
55-5 A 05MARB4 83.00 VM 3.70
§5%-5 A 12MARB4 11.00 VM 5.70
55-6 A 05MARB4 1.10 VM 2.10
55-6 A 12MAR84 4.90 M 2.00
56-1 A 12MAR84 0.16 ™ 0.6
56-2 A 05DECB3 5.20 VM 3.10
56-2 A 05DEC83 145.00 R 3.10
56-2 A 30JANB4 0.86 ™ 2.80
56-2 A 20MARB4 0.73 ™ » 3.10
56-2 B8 060£C83 0.15 C 0.61
56-2 8 30JAN84 0.35 ™ 0.55
56-2 B 27MARB4 0.10 [ 0.94
56-2 C 060EC83 1.30 c 1.60
56-2 c 06DEC83 0.95 ¢ 1.60
56-7 C 27MARB4 0.43 ™ 2.20
56-3 A 01FEBB4A 0.29 ™ - 8.60
56-4 B 19MARB4 0.10 M 3.00
56-5 A 13MARS4 4,30 ™ .17.0C
56-6 A T9MARS4 0.17 ™ 0.13
56-7 A 13MARS4 7.60 ™ 10.00
56-8 A 13MAR84 7.00 ™ 1.20
56-9 A 14MARB4 0.05 ™ 0.10
58-1 A 15MARB4 30.00 ™ 168.00
88-1 8 18JANB4 7.60 ™ 6.80
58-1 B 15MARS4 o.M ™ 2.10
58-2 A 19MARB4 0.06 ™ 0.29
59-1 A 23JANB4 0.40 ™ 0.35
59-1 A T9MARS4 0.40 ™ 0.40
60-1 A 13DEC83 8.10 M 6.20
60-1 A 14MARBA4 28.00 vM 13.00
60-1 A 14MARS84 28.00 VM 12.00
60-1 B 13DEC83 1.30 M 7.20
60-1 B 18JANS4A 0.69 VM 2.60
60-2 A 14MARB4 -0.00 c 1.10

4C = clear; TM = trace mud; M = muddy; VM = very muddy.
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Rankings of mercury concentrations in wells from

analyses of (1) suspended sediment, (2) all water
samples, and (3) only “clear® water samples

Ranking

Wells

0.5-1.
1-10

>10

(>10)

59-1A
56-14A,
55-2A,

Suspended sediment samples (wq/q)

54-1A, 54-2A, §5-1A, 55-16, 55-3B, 55-4C, 56-6A, 56-9A, 58-2A,

56-28
55-3A, 55-5A,

55-6A, 56-2A, 56-2C, 56-3A, 56-4B, 56-7A

56-BA, 58-1B, 60-18, 60-2A

56' SA'

55-4B,3 56-3B, 5

60-2A

55-1C,
56-5C,

556-24A,
55-3A,

55-1A,
56-4C,

$5-1C,
55-2A,

58-1A, 60-1A

A1l water samples (ug/L)
53-1A, 54-1A, 54-2A, 55-1A,2 55-1B, 55-2B, 55-2C, 55-3C,

$5-38, 56-1A,
56"6A. 56-8A'

55-4C, 55-6A,

6-3C,

56-4B, 56-4C, 56-9A, 59-1B, 59-1C,

56-1C, 56-2A,3 56-2B, 56-2C,3 56-3A,
58-2A, §9-1A >

56-5A, 56-5B, 56-7A, 58-1B, 60-18

55-5A, 58-1A, 58-1C, 60-1A
Only “clear" water samples (ug/L)

55-18, 55-28,
56-8A, 59-1A,

55-2C, 55-3C, 55-4B, 56-38, 56-3C, 56-48B
59-18, 59-1C, 60-2A

55-3A,3 55-38, 56-1A, 56-1C, 56-2A, 56-2B, 56-3A, 56-5C,

56-2C, 56-58B

Agxclusive of first observation.
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It is important to consider whether some wells may have been
contaminated as a result of well drilling, i.e., by downward transport
of contaminants in the upper soil and fil11 to well screen depths by
auger reentries and other well installation activities. Availability
of analyses of soil cores (discussed in detail later) provides some
means of determining whether near surface contamination has been dragged
downward. Corresponding soil data for each well screen depth is
available for only some of the wells (Table 8). As suggested by the
data summarized in Table 8, five wells (55-3A, 56-3A, 56-3B, 58-1B, and
60-1A) may contain mercury-contaminated sediment due to well
installation (t.e., mercury concentration in sediment much greater than

that in boring samples).

One of the groundwater samples was filtered (0.4-um pore size) before
mercury analysis. For this one sample (56-2A, 12/5/83), the soluble
concentration was 0.04 ug/L, whereas the total mercury concentration
in.a replicate sample was 145 ug/L. The sample that was filtered
contained about 50 g/L of sediment with a mercury concentration of
3.1 ug/g. This case 11lustrates very well the impact of sediment on
total mercury concentration in a sample. Several other samples were
turbid and contained over 10 g/L of sediment; thus, a mercury
concentration in the range of 1 to 2 ug/L would be expected for these
samples even in the absence of groundwater contamination. For exampile,
a water sample containing 1 g/L of suspended sediment with a mercury
content of 0.5 ug/g in the sediment will be analyzed as having a
total mercury concentration of 0.5 ug/L.

6.2.1 Results of Drilling Water Analyses

Included in Appendix D are analyses of drilling water samples collected
at intervals during the drilling of the core holes. These samples were
collected with the hope of being able to identify mercury-rich zones at
depth, 1f they exist, and to monitor water quality.
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Table 8. Comparison of Hg concentration in soi1/f111 boring samples
from approximate well screen depths to suspended matter Hg
- concentrations, Letters in () indicate boring ID
if other than well 1D.

Well 10 Boring samples? (ug/g)  Suspended matter (ug/g)
55-1A <0.1 (B, C) 0.13-0.25
55-20 13 y 1.6-2.5
55-34 <0.1 o 0.4.2.3°
56- 3 <0.1 (C) - 8.6
56-48 <0.1 (C) 3.0
56-5A 48 (8) . 17

5814 11 ' 168

58-18 0.3 o 2.1-6.8"
59-1A 0.4 ' ~0.35-0.40
60- 1A <0 | 6.5-13°
60-18 2.3 2.6-1.2

8Letters in parentheses indicate boring jdentification
if other than well identification.

bpossible contamination of screen Tevel from well
tnstallation,
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Analyses were made of the water, including suspended sediment, and of
the supcrnatant after the sediment had been separated by centrifugation.
In all cases (Appendix D) the supernatants have very low mercury
concentrations (<1.0 ug/L). Most of the unseparated samples also

have low concentrations (10.0 ug/L or less) of mercury, but in two
cases (sites 56-5 and 60-1) elevated concentrations (4800 and

170 ug/L) occur. Only limited,sampling was done at site 56-5 because
there was a total loss of drilling water starting at a depth of about

30 ft.

6.3 SAMPLING AND ANALYSIS OF UNCONSOLIDATED MATERIALS

Soil samples were taken, using the Shelby tube method described
earlier. After “refusal" by that technique, straight augering
continued. After a short distance (usually 2 ft) the auger was removed
and a "bag" sample was retrieved off the dri1l bit. Sampling continued
until auger "refusal.” 1In some sites, negr-surface samples were
retrieved, using a hand auger or probe. Samples were also retrieved by

hand sahpling in pits and trenches. N

After sampling, all bags or tubes were labeled and sealed to minimize
vapor loss. All samples were transferred to a refrigerated (4°C)
environment to 1imit mercury loss prior to analysis and for storage.

The Shelby tubes were split open using a circular saw, and the tube was
iogged and then channel-sampled over its entire length (about 2 ft).

Where distinct horizons were apparent, subsamples of that horizon were
removed. Bag samples were homogenized and subsampled prior to testing.

The mercury concentration in soil samples was determined by the USEPA
method (USEPA 1979; method 245.5). Prior to submission for mercury
analysis, soil and mud samples were dried in a forced-air oven at 55°C
for 16 h. A few samples collected early in the study were analyzed
without drying, but this procedure was abandoned as discussed later.
The USEPA methods manual (USEPA 1979) states that drying at 60°C does
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not result in the loss of mercury from sediment. Experience at ORNL
has confirmed this, but not for solls where mercury may occur in the
elemental state as visible beads. Because some of the soil samples
obtained for this study contained small visible beads of mercury, 1t
was decmed important to test for mercury Josses by volatilization from
small mercury beads. As demonstrated in Fig. 11, mercu;y 1s lost
slowly from small beads (approximately’ 100 mg, 1 to 2 mm in diameter)
held in a 55°C drying oven for extendéd periods of time. The losses
were Insignificant (less than 1% of initial weight) over the 16-h
period used for soils from this study. For much smaller beads (e.g., -
microscopic) with higher surface areas, the losses could be higher;
thus, drying times were kept as short as possible (16 h or less). We
do not think that oven drying of soil samples in this study resulted in
significant losses of mercury, but it would be prudent to consider all
reported soi) values as minimum values. ' '

6.4 RESULTS OF SOIL SAMPI ING

~

Soil sampling was carried out in two phases. Phase I sampling took®
place during initial installation of monitoring wells and allowed
determination of which sites warranted further investigation. Phase II
sampling involved detailed soil borings at three locations where the
mercury concentrations were highest (58-1, 56-5, and 60-1) and one
additional area (53-1). 1In total, 382 soi) samples were analyzed for
total mercury content; complete analytical resu1ts and graphic plots of
the data are included in Appendix E. ‘

6.4.1 Phase 1 of Soil Samplin

Prior to examination of the soil data, the significance of reported
mercury levels should be kept in mind. Background levels of mercury in
soil or sediment are generally 0.05 to 0.2 ug/g (Fleischer 1970;

Pierce et al. 1970); thus, levels above 0.2 ug/g might indicate

contamination.

6/12/2023 5:28:38 PM




F.0608.028.0158.pdf 65

Fig. 1.

PIRCTNT A INITI WMWY

55

ORNL-DWG 8411480

105< H

LT P S YU S S Wy Y

-

©

L]
[}

C Vel 2 ) dedpte

ce
.

LI BT

L T

™
"

€T 5l €T BT 11T 120 1N 38D gel 2T0 eIl 2.

DOVING TIwE n M3 =3

rd)
A
.
o
[

SOLID=ALUNJI BOLT 04Sm=D AST.C BOLT
VERT-SH LANZ=22 C TG 55 C

-~

Loss of mercury from small beads (weighing 76 to 135 mg each)
at 55°C. Values plotted are percentages of initial weight as
a function of time. Solid 1ines are for beads in aluminum
weighing dishes; dashed 1ines are for beads in plastic
dishes. Dishes were transferred to 55°C oven at 65 h

(vertical line).

6/12/2023 5:28:38 PM



56

Some of the early analyses were performed on a wet-weight basis. This
method was discontinued for two reasons: first, the samples were more
difficult to homogenize than dry samples; second, a time-consuming
correction was required to convert the data to a dry-weight basis. All
concentrations from wet samples were less than 0.2 ug/g, with most

being less than 0.05 ug/g.

Soil samples were collected from all well sites (except location 56-1,
where rock was at the surface) and analyzed. Data from sites 55-1,
55-3, 56-3, and 56-4 indicate that these areas are uncontaminated. One
sample of f111 from each site showed s1ight contamination. The
possibility exists that the f111 material may have been contaminated
prior to 1ts.p1acement (alluvium from UEFPC has been used for fil11 at

various localities).

Somewhat higher concentrations are found at sites 55-2, 55-4, 56-2, and
59-1, but the values are all less than 5 ug/g. The largest
concentrations occur in the upper 5 ft of f111, but concentrations
greater than 0.2 ug/g are found through the entire thickness of the”

f111 at these sites.

The two sites where mercury levels are highest are 56-5 (building 81-10)
and 60-1 (building 9201-2). The most extreme contamination is at site
56-5 where mercury was detected on the order of hundreds of micrograms
per gram as deep as 17 ft. Small beads of visible mercury were noted

in the Shelby tube samples at 6 ft depth for this location. Based on
Phase I studies, the contamination at site 60-1 ts much less than that
at 56-5 and occurs on]y in the upper 5 ft of the f1ll These areas are
discussed in greater deta11 1n following sections. '

Extensive sampliﬁg of f111 and weathered shale was also performed
behind building 9201-4 in a pipeline excavation trench. Data for this
site, and two other pits in that area, are also included in Appendix E.
The sampling locations in the trench are shown 1n Fig. 12. . The samples
are 1imited in vertical extent but cover a wide area. The area shows
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signs of low-leve) mercury contamination throughout (>0.2 ug/g),
although no levels of mercury greater than 1.67 ug/g were encountered.
Samples from the two nearby pits (Fig. 12) have concentrations less

than 0.05 ng/qg.

In general, the results of Phase I soil sampling did not indicate
widespread areas of high mercury conckntrations: the two areas of
greatest concern are near buildings 81-10 and 9201-2.

6.4.2 Phase II of Soil Sampling

Investigations at Building 9733 Alcoves

In the process of digging Ffench drains near building 9733-1,
construction workers discovered visible mercury in the f111 and
weathered shale. Although this area had not previously been noted as a
mercury spil) area, 1t was the site of a pilot-scale operation where
mercury was used in the early 1950s. The profiles exposed by hand
digyging the holes for French drains were especially interesting to this
project because they revealed that mercury, occurring as fairly large '
beads (up to 0.25 in.) in a porous med ium {(coarse-loamy sand to

fine. Toamy gravel), had apparently not migrated significantly for

30 years. Although 1t could not be determined how this area was
1nitia11y contaminated, the site provided an opportunity to document
the arcal and vertical distribution of mercury in an area with minimal
postcontamination disturbance by construction (the alcove is grassed
and open only to foot traffic).

A series of bucket.auger samples was obtained in October 1983 at nine
locations (A through I in Fig. 13) in the south alcove between
buildings 9733-1 and 9733-2. At each.location, auger samples
representing up to 12 in. of material were taken sequentially until the
auger could not be advanced deeper. In addition, exposed material in
the two French drain holes (TP1 and TP2) were sampled at 6-4n.
intervals. Nearly all of these samples have been analyzed for total
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mercury; the data are included in Appendix E. Mercury concentrations -
range from 4.8 to 10,600 ug/g; sites B and E have the highest
concentrations. Except at location C, where the boring extends to a
depth of only 18 in., all of the profiles show a decrease in mercury
concentrations with depth. Although the bulk of the contamination
appears to be confined to the upper 2 ft, even tne deepest samples
obtained have greatly elevated concentrations (by a factor of 100) over
natural background (>0.2 wug/g).

The bucket augering method used allowed for the possibiiity that
contaminated matertal near the surface could be carried downward,
thereby contaminating lower samples. To avert this situation, soil
sampling with the power hollow-stem auger and Shelby tubes was
undertaken to better define the vgrtical 1imits of contamination and to
allow for well installation. In December 1983, a dril) rig was hoisted
by crane into the enclosed south alcove, and two holes (58-1M, 58-1N)
were augered to refusal (Fig. 13). Shelby tube cores were obtained in
the upper soil horizons, but only auéer—t1p samples could be.obtained
in the deeper shale saprolite. An additional hole (58-1Q) was augered,
and sampled in the north alcove between buildings 9733-1 and 9733-2
(Fig. 12). PVC casings (2-in. inside diameter), slotted in the lower

3 ft, were installed in holes 58-1N and 58-1Q to provide for
groundwater sampling. Minimal investment was made in these wells
because it was anticipated that they would be removed during excavation
of the contaminated soil in the very near future. |

Results of mercury analysis of soil samples from 58-1M, 58-1N, and
58-1Q are displayed in Fig. 14 and tabulated in Appendix E. Except for
the surface sample (0 to 5 in.) from hole 58-1N, which has a mercury
concentration of 561 ug/g, the samples from power augering were
generally lower in mercury content than were those from the earlier
hand augering. These results confirm that elevated levels of mercury
(10 times background or more) do occur down to auger refusal in the
south alcove. A crude estimate of the quantity of mercury in the south
alcove would be on the order of 1300 1b or less. Most of this would be
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recoverable by removing the top 2 to 6 ft of earth material. The
vertical distribution of mercury in the soils s shown in Fig. 14, as

is the approximate depth to groundwater.

Analyses of samples from the boring in the north alcove (58-1Q) reveal
elevated mercury levels (4.5 ug/g) in the upper 2 ft and at about

5 ft (1.0 uwg/g). The‘fema1nder of fhe;ho1é. which penetrated to

23 ft, has only background levels of mercury (<0.2 ug/g).

Additional shallower borings‘were made across the road from the south
alcove between buildings 9733-1 and 9733-2 and in the alcoves to the
eést (Fig. 13). One samplie of a black sludge from one of the concrete
traps on the south side of 9733-1 contains a mercury concentration of
6430 ug/g. Based on old engineering drawings, it appears that this
trap, and others like it in the area, was apparently used to trap
mercury spilled within the nearby building.

Investications at Building 81-10 N

[

Building 81-10, the old mercury furnace, is the only site tnvestigated
south of UEFPC. Initial drilling there indicated that a significant
amount of f111 underlies the site (34 ft of f111 at site 56-5/83).
Bencath the f111 1ies bedrock of the Maynardville Formation. The
formation 1s riddled with solution cavities, and drilling at the site
was particularly difficult (lost water circulation and side wall
collapse). Phase I soil sampling indicated a h1gh mercury concentration
to a depth of about 6 ft, and anomalously high values were encounlered
at even greater depths. Because of the geology, the results of Phase 1
drilling, and its proximity to the UEFPC (fig. 6), it was decided to
further characterize this potential mercury source.

In December 1983, eight soi) borings were completed near building 81-10
(borings 56-5/82 to B9). The location of the borings and the general
site layout can be seen in Fig. 15. Drilling was concentrated north of
81-10, between the old furnace and UEFPC. Two borings were drilled

F.0608.028.0158.pdf 72 6/12/2023 5:28:40 PM



63

ORNL—DWG 84-10095

ORR N

-t
ey ??i+:tiitttdgg;id:ttid:t
_ INDUSTRIAL DRAINAGE DITCH \
o84 i e Syledte
565 A,
33 @
81-10
®s5
3rd STREET
B8g 501 BORING
P OCATION AND 1D
0 50 400
A - 1
FEET
uilding 8.1-10.

Fig. 15 phase 11 sampling Jocations near b

F.0608.028.0158.pd
.028. .pdf 73
6/12/2023 5:28:40PM



F.0608.028.0158.pdf 74

64

east of 81-10 near a site where facilities associated with the mercury

furnace were located. The Shelby tube samples were collected as
described earlier, and logs of all sections are included in Appendix B.

A1l of the samples collected have been analyzed for tot@] mercury
content; the results are included in Appendix E. The data are plotted,
along with the approximate depth to water, in Fig. 16. The mercury
concentrations in the near-surface samples collected from all the sites
werc above background (>0.2 wg/g), and most near-surface soils have

a concentration above 12 ug/g. Sites 56-5/B3 and B4 appear to be the
most highly contaminated areas; concentrations of greater than

1000 ug/g were encountered in both bor1ng§. The Phase I boring

(56-5C) was also highly contaminated. Mercury concentration tends to
decrcase with depth in most borings, but distinct high-concentration
zones at depth were noted (Fig. 16). The area of greatest mercury
contamination appears to be north of building 81-10, with high mercury
concentrations evident to depths as great as 15 ft. The surrounding
area shows elevated concentrations of mercury, but the contamination is

gencrally limited to'the upper 4 to 6 ft of f111. 1t 1s interesting to.

note that at most of the sites a mercury peak is present at a depth of

4 to 6 ft; perhaps the depth of this peak is indicative of the rate of

mercury movement in the subsurface. It is estimated that about 2800 1b
of mercury is contained in the unconsolidated earth materials near

building 81-10.

Investigations at Building 9201-2

Building 9201-2 was the site of an early pilot plant that used mercury
in its process stream. As well as possible leakage from the system,
large losses (~95,000 1b) of mercury were reported to have occurred
within the bay on the east side of the building from 1951 to 1955
(UCC-ND Task Force 1983). The site is underlain by new fi11 (after
spills), old fi11, alluvium, and bedrock of the Maynardville Formation,
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The geology and stratigraphy of the site is complex and has been
modified greatly since construction of the building. The original
construction plans (unpublished drawings by Stone & Webster, 1943) for
the site indicate that a meander of UEFPC has since been straightened,
and that a rather large spring (22 ft deep, 30 ft in diamgter. with a
flow of about 500 gpm) was sealed to accommodate the construction of
building 9201-2. These original features are indicated in Fig. 17.
Phasc I drilling at the site indicated that significant solution
cavities underlie the site, as 1s typical for the formation.

Initial borings at the site indicated mercury contamination, and

because of the potential for accumulation (mercury not recovered after
being spilled), a second phase of eight borings Qéré complieted at the
site (Fig. 17). The borings were located downflow (toward UEFPC) of

the spi11 site and within the 01d meander loop south of 9201-2. Samples
were collected as previously described. High concentrations of

mercury, with values as high as 5000 ug/g, and significant contamination
a8s deep as 13 ft (500 wug/g) were encountered in boring 60-1/84. It
appears that most of the mercury was retained in sediments immediately
surrounding the spill site (borings 60-1/B3-6) and that migration
within the unconsolidated materials has not been extensive. Some
elevated mercury values are apparent in boring 60-1/B1; these are very
tikely caused by a general loss of mercury from the building, not from
the large spill. Although the highest mercury concentrations were
found surrounding the spill area, almost a1l samples collected had
above-background concentrations (>0.2 wg/g). Figure 18 shows the
distribution of mercury in the borings from the site; based on the
boring data, it is estimated that about 2700 1b of mercury 1s contained
In the unconsolidated earth materials at the site.

Investigations at the 01d Mercury Storage Area

After completion of the Phase I studies, it was reported that visible
mercury had been found in soils near guard portal 33. The area has
been described as an old storage site for mercury flasks (G. Kamp,
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personal communication). The site is generally underlain by 2 to 6 ft
of f111 material, beneath which is weathered shale of the Nolichucky

Formation,

A total of 21 shallow borings (F1g. 19) were completed at the site
during February 1984. At the same time, a shallow well was completed
south of the site (well 53-1A). Of the 21 borings, 3 have been
described (Appendix B) and sampled. All the samples analyzed have
above-background mercury concentrations (>0.2 ug/g), but none of

the samples had greater than 12 ug/g of mercury. Contamination
appears to be restricted to the very shallow earth materials, and the
highest concentration encountered was 7.80 ug/g (fig. 20). 1t is
estimated that about 15 1b of mercury are contained in the earth

materials at this site.
6.5 RESULTS OF EXPERIMENTS WITH MERCURY VAPOR ANALYZERS

For extensive or long-range studies to be carried out,-a rapid methed
of screening sotls and subsurface materials for mercury contamindtion
is needed. Cleanup operations especially would benefit from an
in-field screening method, which would allow oberations to be directed
for maximum recovery while they are under way. Detailed mapping of
zones of contamination without the need to refer to hundreds of
taboratory analyses would also be helpful. Therefore, attempts were
made, using different monitors in the laboratory and tn the field, to
measure mercury vapor concentrations as an indicator of soil

concentrations.

Use of a simple vapor monitor (Bacharach Model MV2) held over soil or
rock cores can, at best, provide only qualitative data. Inttially, we
tmproved slightly on this procedure by placing the unopened Shelby
tubes into a length of 4-in.-dYam PVC pipe with endcaps drilled to
accept tubing connectors. One end of this pipe isolation chamber was
connected to an MSA MercSorb respirator cartridge to remove mercury and
other atr contaminants in the inflowing air. The other end was
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connected to a Bacharach Model MV2 portable mercury monitor. Operating
the monitor in this configuration for 10 to 15 min usually gave stable
readings. High mercury vapor readings were obtained for some, but not
all, of the Shelby tubes, which were subsequently found to contain
elevated mercury levels by wet chemical analysis.

Based on our limited success with the Bacharach monitor and crude
jsolation chamber, a decision was made to evaluate a more sensitive
mercury monitor, the Jerome Model 411 gold film mercury vapor analyzer
attached to a smaller, more sophisticated isolation chamber. The
Jerome monitor was made available to us for onlj a few days by the Y-12
Industrial Hygiene group, so we could not fully ekp]ore 1ts potential.
Nonetheless, enough data were obtatned to demonstrate merit in further

studies.

Figure 21 depicts the experimental apparatus employing the Jerome
monitor. The sample chamber has a volume of 650 mL and, thus, at the
atr intake flow rate (12.5 mL/s) of the Jerome, about 1 min is required
to replace the air in the empty chamber. Air is pulled though the .
chamber, using the external air pump, at a flow rate equal to that of
the Jerome. After several minutes, the valve (stopcock)-is switched to
the Jerome for a 10-s sampling period. Mercury readings are taken
until a steady-state value is obtained by alternating the airflow
between the Jerome and the external pump. Preliminary work without
continuous flushing of air through the chamber resulted in rapid
saturation of the gold film for even small (100 mg) samples containing
126 ug Hg/g. Continuous chamber flushing at the same flow rate used
by the internal Jerome air pump results in a steady-state vapor
concentration that may be related to the total mercury content of the
sample in the chamber.

Interestingly, one sample containing 52 ug Hg/g yielded essentially
no mercury vapor, whereas another sample containing 126 ug Hg/g
yielded vapor in nearly direct proportion to the weight of the sample
in the chamber (Table 9). This suggests that some samples contatin
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Table 9. Results of mercury vapor concentration
in air over different amounts of sample
48-7 held in 655-mL chamber with air
fliow of 750 mL/min (total mercury
in sample 126 wug/g)

Weight of sample (g)

1.000 2.000
o
COncentgat1on gf mercury
vapor (mg/m ) 0.050 0.126
0.060 0.159
0.055 0.160
0.057 0.14)
0.060 0.139
0.050 0.147
0.063 0.140 .
0.060 0.143
0.062 0.148
0.057 0.144
0.072 0.124 - -
0.068 0.124
- 0.11
0.123
-- 6.121

4Successive 10-s sampling periods.
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volatile mercury while others do not. The absence of vapor over a
sample containing 52 ug Hg/g 11lustrates one flaw in this approach,
1.e., the assumption that any mercury in the sample is in a form

permitting a significant vapor phase.

A]thoqgh most of the difficulties with the apparatus and the Jerome
monitor have been worked out, fﬁrther testing is required. If further
exploration for mercury becomes necessary, apparatus similar to that
described here could be very useful for quickly determining whether
elevated mercury levels are present in samples from a given area.
Although this approach might incorrectly classify some samples or areas
as uncontaminated, 1t has a high probability of detecting mercury in
samples containing microscopic beads of mercury such as have been
observed in sotls from known spi1l areas (buildings 9733-1, 81-10,
9201-2). The main improvement in the apparatus would be to modify the
Jerome to operate on 110 vV ac. With samples having a high mercury
content, even small sample welghts rapidly saturate the gold film.
Without ac operation, gold film purging quickly depletes the batteries,
which require 14 h to recharge. .
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7. GROUNDWATER CHEMISTRY

7.1 SAMPLING AND ANALYSIS PROCEDURES

After all wells were developed, samples were collected for analysis of
major anions and cations, trace elements, alkalinity, and uranjum (in
addition to mé}cury analysis and fieldfmeasurements). The same
sampling procedures described previously were used. Most wells were
sampled at least twice during the study with the exception of a few
deep wells, which we}e"sampled only once. The major cations and trace
metals were ana]yzed using inductively coupled plasma emission
spectroscopy .(Method 200.7, USEPA Report 600/4-79-020; USEPA 1979).
Analysis of anions was by lon chromotography (Method 300.0, USEPA
600/4-84-017; 1984 addendum to USEPA 1978). Analyses for uranium were
run using a fluorometric technique for uranium in water (Method EC-191,
UCC-ND Environmental and Effluent Analysis Manual).

7.2 RESULTS OF WATER ANALYSES
The results of the analytical program and graphical displays of sampile
charge balances are included in Appendix F. The groundwater at the
study site is generally of the Ca-Mg/HCO3 type. The relative
importance of other 1ons varies, depending on the well; it should be
noted that in many cases, anthropogenic inputs account for a méjor
portion of the total charge balance (C1, 504. and N03). For

example, in well 55-28B, NO3 accounts for almost 15% of the total

fonic equivalency and in well 53-1A NO3 accounts for nearly 100% of
the total 1onic equivalency. (Appendix F). Calcium was the dominant
cation in the latter well.

As an aid in assessing geochemical conditions within the various
geologic formations underlying the Y-12 Plant, water samples from the
different formations were compared. Figures 22 to 24 show the ion
balances for water samples taken from the three formations: Maryville
Limestone (wells 55-4, 55-5, and 55-6), Nolichucky Shale (wells 54-1,
54-2, 55-1, 55-2, 55-3, 56-1, 56-2, 56-3, 56-4, 56-6, 58-1, and 59-1),
and Maynardville Limestone (56-5, 56-7, 56-8, 56-9, 58-2, 60-1,

76
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£.0608.028.0158 pdf 87 6/12/2023 5:28:43PM




18

ORNL~OWG 8411458

-

FORMaNOL JCHUCKY SH

HED SUM

NN\
4 -

o ) .
AN1ONS CATION
LEGEND: ELEMENT CR tL - == 32
mane K X539 NG = ua
NO3 £33 504

Fig. 23. 1lon balance for groundwater samples from wells completed in
the Nolichucky Shale. Represents average of all samples.

£.0608.028.0158,pdf 88 6/12/2023 5:28:43 PM




19

ORKL-DWG 8411483

FORM=MARYNRRSVILLE ’

NEQ SUM
11

10

RN]ONS CRTIN

L [ooseviilngd
J . £33 hn

LESENC: ELEMENY [v . v Rl o
bl

[ W
2z NO3 e~ |

wTrH

Fig. 24. Ion 'bala‘hce for groundwater samples from wells completed in
the Maynardville Limestone. Represents average of all

samples,.

F.0608.028.0158.pdf 89 6/12/2023 5:28:43 PM




80

and 60-2). To analyze differences between the groups of wells, a

Waller-Duncan K-ratio t-test (SAS Institute 1982) was used (Table 10).

The analysis ylelds six statistically significant differences between

the groups of samples:

1. MWater from the Maynardville Limestone contains a high concentration
of SO‘ which 1s most 11kely a result of the location of the coal
pile.

2. The formation waters contain lower amounts of silica down-section;
silica concentrations are highest in the water from the Maryville
Limestone and lowest in water from the Maynardville Limestone.
This pattern is concordant with the relative amounts of siliceous
rock in the formations of the Conasauga Group.

3. Alkalinity 1s lowest in water of the Nolichucky Shale, which is
indicative of the relatively low carbonate content in this
formation. L

4. Differences in potassium concentration are observed, but they may
be due to large variations in detection 1imits. Note that, for
statistical analysis, "less than" values were treated as equivalent
to the detection 1limit. *

5. The Ca:Mg ratio is lower in the Maynardville Limestone than in the
other formations; this 1s probably a result of a relatively high
magnesium concentration in groundwater discharge from the Knox
Dolomite underlying Chestnut Ridge.

6. Sodium, manganese, and magnes1um codéentrat1ons are all highest in
water, from the Maynardviile Limestone.

Comparisons of water constituents with depth were also made, but the

overall results do not appear to be significant. By comparing wells at

a given location (Appendix F), trends and variations can be seen. For

example, alkalinity, 804. and uranium were generally highest in the

shallowest wel) of a nest and decreased with increasing depth. In
contrast, No3 was generally highest in the deepest well of a nest and
exhibited increasing concentrations with depth.

Several chemical species are useful as indicators of groundwater
contamination: 504, N03. and chloride. Electrical conductance and
alkalinity can also be indicators of groundwater contamination. These
five indicators were mapped (Figs. 25-29) using mean values of
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Table 10. Means* for selected Y-12 groundwater constituents
as a function of geologic formation

Detection

1imit Maryville Maynardvilie Nolichucky**

pH | 6.8 7.42 7.2%°P
EC ' 609.03 723.02 545.0°
ATk _ 248.0° 284.0° 183.0P
ND, (0.04 to 0.5) 552 1.85° 9.05°
s0, 37.0P 184.0° 50.0P
cl 17.82 23.8° 36.4°
ca 81.0° 61.0° 72.0°
Mg 16.7° 37.4° 13.2°
Na 7.0° 59,43 13.5°
K (4 to 54) 6.1 18.22 B.3>
51 8.67° 3.53° 5.17°
Mn (0.02) 0.40b 1.408 .33b

*For a given row, means followed by the same letter (a, b, c) ;}e not

significantly different at the 5% level (Waller-Duncan K-ratio t-test).

**Exclusive of Well 53-1A.
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concentrations for shallow wells in the Y-12 Plant. The most striking
feature of the plumes is the apparent high concentrations within the
old UEFPC channel and the solution system surrounding the old creek.
That 1s, subsurface flow is controlled by the creek-fill-solution
cavity system, and the system probably acts as a “"collector" or drain
for the.plant site. It is also apparent that concéntrat1ons of
indicator species are high in groundwater and that the groundwater is
not necessarily discharging into UEFPC adjacent to the apparent
sources. It should be noted that although high concentrations of
various constituents are found in the old UEFPC channel and 1ts
tributaries, sampling bias may exist; i.e, most wells were placed in
these channels. to intercept potentially contaminated groundwater.

The concentration isopleths on the maps (Figs. 25-29) are very similar
to each other, but there are important differences. The 1sobleths for
electrical conductance indicate areas significantly above background
(100 to 200 us/cm) in the old UEFPC valley (Fig. 25). There does not
appear to be a single source for the high conductance, although it is
highest just east of the Y-12 coal pile. Because no wells have been
installed west of the coal piie, 1t 1s not known if the high
conductivity plume extends to or originates west of the coal pitle (such
as at the S-3 ponds). The isopleths for So4 in groundwater indicate

a plume that probably originates at the Y-12 coal pile and extends down
valley (east) to at least building 9201-2 (Fig. 26). There also
appears to be a source of SO4 north of buildings 9201-5 and 9201-4.
Groundwater near the coal pile and north of buiidings 9201-5 and 9201-4
approaches or exceeds the drinking water standard (250 mg/L) for

504. Concentrations of chloride are quite high in isolated

localities north of UEFPC, indicating sources in or near buildings
9201-5, 9201-4, and 9103 (Fig. 27). These small plumes appear to be
related to old tributaries to UEFPC (see Fig. 6). The map giving the
alkalinity of groundwater (fig. 28) indicates that various sources
exist, with concentrations being highest near buildings 9201-4, 9201-2,

and 9103.
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The concentration of NO3 in groundwater is quite high at the plant
(Fig. 29). Nitrate is generally a good indicator species for
contamination and 1s a contaminant 1tself; NO3 1s also attenuated to
a very low degree by movement through geologic media, i.e., 1t is
generally considered to be "conservative" in nature. Faken together
the data for the wells south of 9204-4, 9201-5, and 9201-4 suggest the
presence of:a plume (Fig. 29) of Mgh‘No3 groundwater centered

beneath or immediately south of 9201-5. Well 53-1A, located west of
this area and about one-half the distance to the S-3 ponds, exhibited
extremely high noa levels (15,500 mg/L). It 4s highly likely that
the high NO (up to 83 mg/L) groundwater south of 9201-5 is related
to the extremely high NO groundwater at Well 53-1A but the well
density between the two areas is too sparse to define the boundaries of

the plume. The S-3 ponds are almost certainly implicated in the high

NO levels at Well 53-1A and probably implicated in the high NO3
levels in deeper groundwater south of 9201-5. The national primary
drinking water standard (NPOWS) for NO3 1s 45 mg/L (USEPA 1976) and
thus groundwater from Well 53-1A greatly exceeds the NPDWS. Deeper
groundwater (Wells 55-2B and 55-2C) south of 9201-5 exceeds the NPDWS

by about a factor of 2.

Analyses for uranium were also run on the water samples because of the
targe number of possible source terms in the Y-12 Plant. Most of the
uranium values were quite Yow (<0.01 mg/L); only three wells had
greater than 0.0 mg/L (55-2A, 55-5A, and 56-5A). The highest
concentration encountered was in well 56-5A (0.17 mg/L); the source may
be materials that were stored at building 81-10 until the initiation of
drilling for this project. Typical uranium concentrations in fresh
groundwater from nonmineralized areas range from <0.00img/L to
0.01mg/L (Rogers and Adams 1970). Concentrations in mineralized areas
(near ore bodies) range up to 0.46mg/L.
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8. CONCLUSIONS AND RECOMMENDATIONS

The results of this study provide data in two areas: first, the basic
hydrogeology of the Y-12 Plant, including the geolog&. the groundwater
flow system, and basic groundwater chemistry; and second, the extent
and nature of subsurface mercury contamination in the plant, both in
earth materials and groundwater;e Table 11 summarizes the number and
types of samples collected during this 9-month study (August 1983 to

April 1984).

The geology of the site was characterized by means of field mapping,
core drilling and logging, and analysis of previously collected data.
The area of study is underlain by four formations of the Conasauga
6roup, from youngest to oldest: the Maynardville Limestone, the
Nolichucky Shale, the Maryviile Limestone, and the Rogersville Shale.
Structural deformations are important to water movement within the
Conasauga Group (strike and dip of bedding, faults, fractures, and
folding), and the extensive solution cavity system in the Maynardville
Limestone is 1ikely to dominate subsurface movement of water ia the
valley. In order to gather further information on the orientation

and number of fractures in the Conasauga Group, it is recommended that
several observation pits be excavated. The hilly topography of the
site prior to construction of the plant has been greatly altered, and
f111 material plays an important role as the uppermost
hygrostratigraphic unit.

The hydrology of the site was investigated through the installation of
43 monitoring wells from which data on groundwater chemistry, water
level fluctuations, and aquifer properties were collected. The
hydrology of the site has been greatly impacted by plant construction
and topographic alterations., Groundwater flow is generai]y north to
south toward UEFPC. The original UEFPC channel appears to dominate the
flow system, this 1s probably due to the original solution cavity
system that s associated with 1t and to the more permeable (than
surrounding rock) f11) material used to recontour the surface water

89
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Table 11. Inventory of samples. and sampling points

Monitoring wells installed

Ané]yses of mercury 1nrsoils and well sediment
Analyses of mercury in groundwater

Analyses of mercury in drilling waters
Analyses of uran1§m in groundwater

Analyses for major cations and trace elements
(ICP-0ES)3

Analyses for major anions (IC)P

43

430
113

- 3N

59
67

65

3Inductively Coupled Plasma-Optical Emission
Spectroscopy.

bion Chromotography.
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channels. After reaching the local discharge area (UEFPC), water then
moves southeast. The permeability of the strata ranges from about
3.54 x 10"4 cm/s in the fractured and bedded rocks to essentially
infinity where solution cavities are present. The location and
temporal variability of the groundwater divide between the Bear Creek
and UEFPC watersheds is uncert§1n and needs to be-evaluated further.

To assess subsurface contamination by mercury in the plant, a total of
- 113 water samples and 430 soil/mud samples were analyzed. Samples were
collected from many sites within the plant where contamination was
suspected; after initial assessment of the data, four sites were studied
in greater detail. 1In general, it does not appear that mercury is
mobile in an aqueous phase. Many water samples had above-background
mercury concentrations, but it was concluded that the mercury content
of most of these sample was due to excessive amounts of sediment in the
samples. No wells yielded clear groundwater samples with mercury
concentration in excess of the NPOWS (2 ug/L), although three wells
(two south of buildings 9201-5 and 9201-4 and one nprth of
building 81-10) yielded clear samples that approached 50% of }he NPDWS.
Nine wells ylelded clear groundwater samples suggestive of a low level
of mercury contamination (0.1 to 1.0 ug/L), while 15 wells were
essentially free of aqueous mercury contamination. Of the sites
investigated, the soil column of building 81-10 was the only one that
contained a very high concentration of mercury below the saturated zone
{(water table); this is likely to be the cause of the contaminated

groundwater in this area.

Based on the cores from the four sites that were studied in detail, it
is estimated that a total of approximately 7000 1b of mercury is
contained in the soils and weathered rock of these areas (Table 12).

0f the 7000 1b estimate, 50 1b (?) of mercury might be accounted for on
the basis of the shallow contamination (but possibly large area) extent)
of other areas in the plants. Because of the extensive cavity system
underlying a large portion of the plant, and two of the more
contaminated areas in particular (buildings 81-10, 9201-2), an
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Table 12. tstimate of mercury content in soil,
111, and weathered rock

. . . . Mercury
Site content (1b)
Uldkmercury storage area (well 53-1) 15
81210 area (well 56-5) “ 2800
9732 alcoves (well 58-1) 1300
9201-2 area (wel) 60-1) - 2700
Other areas o | S 50 (7)
Total o 6865
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additional quantity of mercury may be held in solution cavities.

) Detection, investigation, and retrieval of mercury in solution zones is
very hit-or-miss in nature, and none was encountered in this study. It
appears that even if mercury is present in these zones, 1t s relatively

‘ immobile in the aqueous phase. Mercury held in solution cavities may
be less mobile than mercury held in soil because of a decrease in its
surface area (1.e., seams vs small beads) and because the mercury in
solls tends to be exposed to varying geochemical conditions resulting
from seasonal variations in water levels.

The results of this study indicate that the sites where the potential
movement of mercury, and thus 1ts exposure to the biosphere, 1is
greatest 1s at the old mercury furnace at building 81-10 and at
building 9201-2. At both sites the mercury levels in deeper fill are
quite high and below the zone of saturation. The sites are in close
proximity to UEFPC and the solution cavity system surrounding it; thus,
flow paths to surface water bodies and the biosphere are short.

The results of the other groundwater chemistry anafyses indicate that
the groundwater within the plant is being impacted by a varigty of
sources. Plumes of No3, 504. and electrical conductance have al}

been identified. The contamination of groundwater by NO3 is potentially
the most important water quality problem in the plant (with regard to
the analytical work performed in this study). Very high levels of

NO3 are present in groundwater from some areas, and contamination is
present to relatively great depths (at least 75 ft). The origin of the
NO3 plume is uncertain; but the S-3 ponds are strongly implicated.

The extent of groundwater degradation in the plants warrants further
investigation and possible remedial action. Organic contaminants were
not analyzed for in this investigation but should be included in future

studies.
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If field investigations of mercury contamination are to continue, it is
recommended that the use of the mercury vapor analyzer be perfected as
a field/screening tool. This effort will greatly streamline

" characterization and remedial studies, and will also save considerable

analytical costs.

This study haf’covered a relatively short time span with regard to
hydrologic variability, but the init1al monitoring network has been
installed and measurements have been made. It i1s recommended that both
water level monitoring and water quality sampling be continued. These
measurements will supplement the analysis of mercury contamination and
of general groundwater quality in the plant.
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GEOPHYSICAL AND LITHGLOGIC LOGS

99

F.0608.028.0158.pdf 109 6/12/2023 5:28:47 PM




101

Appendix A
GEOPHYSICAL AND LITHOLOGIC LOGS
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Appendix B

LOGS OF SOIL BORINGS
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LOG OF BORING

Boring No. __ S5-1 8
Date s

T 7 1 -
Location 420:-§

Depth | Sample
(fe)]| Type*

S.nple
Interval

Recovery/ .
Compacted } Lithologic
Length (%) Lo, Description & Notes

P5

a IMALE, wlrm T A ALARS, PIF To-go'
3 BL 1§ BN, RAATLAR ASD SE3bOL WRUWCES
b srmaath (ie A IN)-

to 9

/0 AB

o

AVURA  REf 48, AT 07

®AR = Auger Bit

P5 = Pusn Sheloy LS * continuous Shelby

T 1y LAY ( GTAT) T (U T ASAAat . A Adad

6/12/2023 5:28:51 PM




F.0608.028.0158,pdfl 131

123

Appendix B (continued).
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Appendix B (continued).
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Appendix B (continued).
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Appendix B (continued).
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LOG OF BORING

Soring No. -
Date —aecey
location " 9jesey

oy
&1

Description & Notel

4130 @18 0F oAy {Ie YA U in) ADD ReAD GAAINL
snled LAy,

um.- oF CoAY {1014 u W™ ey
Ao LAMNEL [ SRALE CaBirt

Volrn Mem 67 audY (TR yin) un »M?i 73

Pheaems, sene woar sasomsa

T8 B5: 8A (IOVA FIv) dnay o784 &° GAAI(STIN

CLAY sefa PAREAL, paar l.‘qm CwAY. bone
VRa08: AUl (udAT SAAIMLY

CABY (Y NL) thly 0 fong endar
Sasensurs LavA iy, B 1 ¥N).

24 (S VY 6 AT & 4 Mol Crava Biv,
TE YD) 10 Qiren )% ¢ntal pgasvmturs
TR sospar.

P Qo ¢oAT (ot $iV) wfe ABACES {10 Yofy,

SY W) 3pmp CreaT Aup (RALE MAvaguny

A4 Ageva.

‘ . Recoveryy
Depth | Seaple | Ssmple Compacced | Lithologic
(fe)] type* ]| Interval | lenmgth (2 log -
0
2
Ps 92
4
cs [1-2]
3
: cs g 83 .
[} . -
s 88 -
10
[ 1 o9
2
¢S 56 .
4
cs 63
6
cs too
8
20
2
&
6
, .
[}

AlvBa Qer-vhv &F 9.

OAB ® Auger Bit

FS = Pusn Sheldy (3 = Contanuous Shelby
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Appendix B (continued).

153

LOG OF BORING
Boring Ko. go-1/8%
Date 12-15-8%
location $ler-2
Recovery/
Dapth | Sample | Sample Compscted | Lithologic .
(£t)| Type* | Interval | Lengeh (2} | 1o Description & Hotes
PR 5 1
[ A ¥
2 A mv B F cuny (lau.ﬂq) Adb Asap vaaisns
wEarmaso Lrmid
Ps L0 e
. frg] A% AmOsvE.
; s 58 % .
é ..-‘ ToF FesT T BA (8 VA "., uAv -t EmALe) trouwl.
B O TA &, GTEI0) beml CAHRAF AMeEEaTE. I EA AR
Cs 83 by uw;n iy Ivnnn.-lv weale MR BE( YA Ty,
3 1oy &i3) & LAgAr mAAbv s P
8 PAAY unn,cu—m WaTY AnRY LT PahwT
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c5 18
1o T ( To, SYBA) $nm1 trAY NiAa 7 e famn
- n.aa (i9va m. i
¢S :1:] ¢ S antar PASes S
B LAl CASAP ud catBA PRAT 84 JurTA
2 FRAT (S 1 G]L) BITY LLAY Bliatiup $i-T Mmat
Pt RIMEm . gparmiat maMead) (TY VL) sl
s Bs PANT AlmAint.
&
Apsdt AaraA. AT 1§
é
a -~
1] L]
2
&
6
8
0

*AB = Auger It

PS5 = Pusn Shelby

¢S = Continuous Shelby
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Appendix B (cont1nued)._

LOC OF BORIKG
Boring Mo. bo-1 /88
Date ‘2 -ib-B1
Location §20/-2
Recovery/
Dapth{ Semple | Sample Compacted | Litholegic
{ft)] Typer | Interval | Length (1) 10, Description & Motes
0 ~
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p 23 dos BT
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(1844 $17). hamd PAr RamAmt Aun thear
cs. 94 F AN T3
s cs sg AL A&
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2
A
6
]
.
0
2
4
6
]
0
*AB = Auger Bat FS = Pusr 3nheloy L3 % Lontinuous Sheiby
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Appendix C
GROUNDWATER HYDROGRAPHS
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Appendix C (continued).

WATER LEVEL ELEVATION VS TiME
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Appendix C (continued).
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Appendix C (continued).

WATER LEVEL ELEVATION VS Tiv=Z
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Appendix C {continued).

WATER LEVEL ELEVATION VS TIvMZ
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Appendix C (continued).

WATER LEVEL ELEVATION V& T
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Appendix C (continued).

WATER LEVEL ELEVATION VS 7z
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Appendix C (continued).

WATER LEVEL ELEVATION VS TIME
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Appendix C (continued).

WATER LEVEL ELEVATION VS Tiv:z
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Appendix C (continued).
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Appendix

POTENTIDMETRIC HEAN 1N FETT (M5L)

C (continued),
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Appendix C (continued).
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Appendix C (continued).
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WATER LEVEL ELEVATION VS TiMEZ
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Appendix é (continued).

WATER LEVEL ELEVATION VS TiME
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Appendix C (continued).

WATER LEVEL E';sEs.\a/AT‘lON VS THE

+

832.00
931.504 \

; \
931.004
830,504
$30. 00-
3 |

929.503

929,003

POTENTIOMI TRIC HEAD IN FEET (MSL)

928.50
b [ 4

828, 00

4
P

-

927,533

¥ . 4
CInT.E3  CIDIC23 O1USn2. Q1%E2I,  Cjwsaz, it
£eg

LEGEND: N2 .12

F.0608.028.0158.pdf 182 6/12/2023 5:29:01 PM



176

Appendix C (continued).
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Appendix C (continued).
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POIENTIOMETRIC HEAD IN FEFT (MSL)

916.00
9!7.80]

9]6.203‘

9!7.60}
9!7."’.‘3

9iE.4d

e:8,202

NESTa65-1

.

LRS-

TN
Cini.g3

LECEND: HELLIC

s2
.....

.......

6/12/2023 5:29:01 PM




178

Appendix C (continued).
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Appendix D

DRILL WATER ANALYSES

Table D-1. Hg Analyses of Drill Waters
(For Cores)?

Hg (ug/mL) Hg (ug/mt)

Hole 10 Date Time _Lab # Suspension Supernatent
56-4 C 8/11/83 1300 3859 0.009 <0.001
56-4 C 8/1/83 1530 3919 0.002 <0.001
56-4 C 8/12/83 1100 392 0.002 <0.001
56-4 C 8/12/83 1425 3920 0.002 <0.001
56-4 C 8/15/83 1155 3966 <0.001 <0.001
56-2 C 8/16/83 3697 0.003 <0.001
56-2 C 8/16/83 3968 <0.00 <0.00
56-2 C 8/11/83 3969 <0.001 <0.001
56-2 C 8/11/83 3970 <0.001 <0.001
56-2 C 8/18/83 3973 <0.001 <0.001
55-2 C 8/18/83 1450 4382 0.000 <0.001
55-2 C 8/22/83 1500 4383 <0.001 <0.001
55-2 C 8/19/83 1010 4186 <0.00% <0.001
55-2 C 8/19/83 1430 4187 <0.001 50.001
55-1 C 8/23/83 1400 4384 <0.000 <0.00?
55-1 € 8/24/83 0900 4385 0.004 <0.00?
55-1 C 8/24/83 1300 4386 0.014 <0.001
55-1 C 8/24/83 1630 4387 6.012 <0.00"
55-1 C 8/25/83 1405 4388 <0.001 <0.001
55-4 8/26/83 1130 4435 <0.00 <0.001
55-4 8/26/83 1430 4436 <0.001 <0.00%
56-5 8/31/83 1050 4437 4.8 <0.001
60-1 C 9/8/83 1129 4654 0.014 <0.00
60-1 C 9/8/83 1600 4655 0.000 <0.001
60-1 C 9/8/83 1730 4656 0.004 <0.001
60-1 C 9/9/83 0955 4657 0.017 <0.001
59-1 9/13/83 0930 4685 0.001 <0.001
59-1 9/13/83 1145 4686 0.002 <0.007
59-1 9/13/83 1500 4687 0.001 <0.000
59-1 9/14/83 1020 547 <0.001 <0.001
59-1 9/14/83 1520 5472 <0.001 <0.001

apri11 water was recirculated throughout drilling of entire
hole with the exception of hole 56-4 C for which water was
circulated once through. The source of all water was local fire
hydrants.
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Appendix E

ANALYSES AND PLOTS OF MERCURY IN SOILS, FILL, AND WEATHERED ROCK

Table E-1,

Mercury in 111, so1l, and weathered rock samples
collected during drilling

TYPE: AB = auger bit, PS = push Shelby, CS = continuous Shelby, BA = bucket auger,

SC = soil corer, T = trowel.

MISCELLANEOUS SITES

uP, DOWN, and DEPTH 1n feet below surface;
HG = Hg in ng/g dry welight; WHG = Hg in ug/g, wet weight basis.
Negative prefix denotes “less than.®

SITE BORING 1YPE DATE up DOWN WHG HG DESCRI
PITIWPI2 1 09MAY83 . . -0.05 ] W SHALE
P1T2KWOF ¢ 1 09MAY83 . . -0.05 ] W SHALE
TRENCH A 1 09MAY83 . . . 0.33 W SHALE
9733-2 A SC 21JANS3 . 1.0 . 4.00
9733-3 A SC 21 JANS3 . 1.0 . 0.72
9733-2 A SC ©  21JAN8B3 1 1.3 . 34.00
TRERCH B 1 09MAYB3 . . . 0.74 W SHALE
9733-2 8 SC 21JANB3 . 1.0 . 1.00
TRENCK C 1 09MAYS83 . . . 0.15 W SHALE
TRENCH D 1 09MAYB3 . . . 0.40 W SHALE
TRENCH £ T 09MAY83 . . . 0.32 W SHALE
TRENCH F T 09MAYSB3 . ° . 0.20 W SHALE
TRENCH 6 T 09MAY83 . . . 0.66 W SHALE
TRENCH H 1 09MAY83 . . . 0.55 W SHALE
9733-2 HGTRP 1 010£C83 . . o 6430.00 FILL
TRENCH | T 09MAYB3 . . . 0.57 FILL
TRENCH J T 09MAYS3 . . . 0.72 FILL
TRENCH K 1 09KAYB3 . . . 0.83 FILL
TRENCH L 1 09MAYB3 . . . 0.61 FiLtL
TRENCH M T O9MAYSB3 o . . 0.26 FILL
TRENCH N 1 09MAY8B3 . . . 0.53 FILL
TRENCH 0 1 16AUGB3 . . . 0.38 FILL
TRENCH P I 16AUG83 . . . 0.33 FILL
TRENTH Q T 16AUGB3 . * . 0.38 FILL
TRENCH R T 16AUG83 . . . 0.42 FILL
TRENCH S T 16AUGS3 . . . 0.42 fFILL
TRENCH T T 16AUGB3 . . . 1.00 FILL
TRENCH v T 16AUG83 . o . 1.67 FILL
TRENCH v T 16AUGB3 . N . 0.85 FILL
TRENCH W 1 16AUGB3 . . 3 0.85 FILL
TRENCH X 1 16AUGB3 . . . 0.31 FILL
TRENCH Y T 16AUGB3 . . . . 0.34 FILL
TRENCH 2 T 16AUGB3 -~ o o . 0.47 FILL
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Table E-2. Mercury tn f111, soil, and weathered rock samples
collected during drilling. (Site 53-1)

TYPE: AB

auger bit, PS = push Shelby, CS = continuous Shelby, BA = bucket auger,
SC

soll corer, T = trowel. UP, DOWN, and DEPIH in feet below surface;
HG = Hg in ug/qg dry weight; WHG = Hg in ug/g, wet weight basis.
Negative prefix denotes "less than."

{panui3u03) 3 xipuaddy

SITE 53-1
STIE BORING  1YPE DATE UP  DOWN  WHG" HG DESCRI
N POST33 ) PS . 0 2 . 0.08 =
N POST33 1 cs . 2 4 . 0.26 . . -
N POST33 3 cs . a 6 . 0.28
N POSI33 18 PS . 0 2 . 7.80
N POST33 18 cs . 2 4 . 0.37
N POSI33 18 cs . 4 6 . 0.28
N POSI33 5 PS . 0 2 . 4.20
N POS133 5 cs . 2 4 . 1.00
N POS133 5 cs . 4 6 . 1.00
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TYPE:

SC = soil corer, 1 = trowel.

Table E 3. Mercury in f111, soil, and weathered rock samples
collected during drilling.

AB = auger bit, PS = push Shelby, CS = continuous Shelby, BA = bucket auger,
UP, OOWN, and DEPTH in feet below surface;
HG = Hg in ug/g dry weight; WHG = Hg in ug/g, wet weight basis.

(Stte 55-1)

Negattive prefix denotes "less than."

* (panu{juod) 3 x|puaddy

SITE 55-1
2
SItE BORING TYPE DATE up DOWN WHG HG DESCRI
NW9201-5 8 A8 04AUGB3 . 8 -0.05 . W SHALE
NW9201-5 8 A8 04AUG83 . n -0.05 . CALC SHALE
NW9201-5 c AB 04AUGB3 . 5 -0.05 . W SHALE
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Table E-4.

Mercury in f111, soil, and weathered rock samples
collected during drilling.

(Site 55-2)

TYPE: AB = auger bit, PS - push Shelby, CS = continuous Shelby, BA = bucket auger,

SC = soil corer, T = trowel.

Negative prefix denotes "less than.®

UP, DOWN, and DEPIH in feet below surface;
H6 = Hg in ug/g dry welght; WHG = Hg in nug/g, wet weight basis.

S11t 55-2
StIe BNRING TYPE DAIE ue DOWN . WHG HG DESCRI
S 9201-4 A AB 08AUGA3 . 15.0 1.40 . FILL
S 9201.4 B AB 08AUGE3 . 5.0 1.30 . -FILL
S 9201-4 8 AB 08AUGS3 . 5.1 1.90 . FILL
S 9201-4 8 AB 0BAUGS3 . 10.0 0.85 . FILL
S 9201-4 8 AB 08AUGS3 . 10.5 0.64 . W SHALE
S 9201-4 B AB 08AUGE3 4 15.0 0.61 . W SHALE
S 9201-4 B 88 08AUGS3 i 15.5 0.63 . W SHALE
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Table E-5. Mercury in f111, soll, and weathered rock samples
collected during drilling. (Site 55-3)

TYPE: AB = auger bit, PS = push Shelby, CS = continuous Shelby, BA = bucket auger,
SC = soil corer, T = trowel. UP, DOWN, and DEPIH in feet below surface;
' HG = Hg in ug/g dry weight; WHG = Hg in ug/g. wet weight basis.
Negative prefix denotes *less than.®

*(panuijuod) 3 xypuaddy

SITE 55-3
SITE BORING 1YPE DATE up DOWN WHG HG DESCRI
. : 2

S 9201-5 At AB 05AUG83 i 16 -0.05 . W SHALE
S 9201-5 B' AB 05AUG83 . 10 -0.05 . W SHALE
S 9201-5 8’ AB 05AUGB3 o 15 -0.05 . W SHALE
S 9201-5 8 AB 05AU683 . 18 -0.05 . W SHALE
S 9201-5 [ PS 05AUG83 2 4 0.03 . FILL

S 9201-5 ¢ cs 05AUG83 6 7 0.10 . FILL

S 9201-5 c’ cs 05AUG83 1, 8 0.26 . W SHALE
S 9201-5 c' cs 05AUGB3 8 10 0.04 . W SHALE
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Table E-6. Mercury in f111, soil, and weathered rock samples
collected during drilling. (Site 55-4)

* TYPE: AB = auger bit, PS = push Shelby, CS = continuous Shelby, BA = bucket auger,

_ SC = so¥l corer, T = trowel. UP, DOWN, and DEPIH in feet below surface;
o HG = Hg I1n ug/g dry weight; WHG = Hg in ug/g, wet weight basis.
Negative prefix denotes "less than."

SITE 55-4
SITE BORING TYPE DATE up OOWN WHG H6 DESCRI

S 9103 A PS 15AUG83 2 3.0 . 4.90 FILL

S 9103 A cs 15AUGB3 6 1.0 . 0.04 W SHALE
S 9103 A AB 15AUGE3 . 12.0 . 0.96 W SHALE
S 9103 A AB 15AUG83 . 17.0 . 0.70 W SHALE
S 9103 A AB 15AUGB3 . 20.5 . 0.40 W SHALE
S 9103 8 16AUG83 i 5.0 . © 0.53 W SHALE
S 9103 8 AB 16AUG83 . 10.0 . 0.17 W SHALE
S 9103 8 AB 16AUG8B3 . 15.0 . ©0.27 W SHALE
S 9103 8 AB 16AUGB3 . 20.0 . 0.35 W SHALE
S 9103 8 AB 16AUG83 . 22.0 . 0.65 W SHALE
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TYPE:

SC = soi) corer, T = trowel.

Table E-7.

Mercury in f111, soil, and weathered rock samples
collected during drilling.

(Site 56-2)

AB = auger bit, PS = push Shelby, CS = continuous Shelby, BA = bucket auger,

Negative prefix denotes “less than.”

UP, DOWN, and DEPIH in feet below surface;
HG = Hg in ug/g dry weight; WHG = Hg in ug/g, wet weight basis.

SITE 56-2
Siie BORING TYPE DATE up DOWN WHG HG DESCRi
S 9201-4 C cs 09AUGS3 1 3 . 5.00 FILL
S 9201-4 c cs 09AUG83 3 5 . 2.20 FILL
S 9201-4 C cs 09AUGB3 5 7 . 1.20 FILL
S 9201-4 c Cs 09AUG83 7, 9 . 0.67 FILL
S 9201-4 c cs 09AUGS3 9 10 . 0.61 W SHALE

* (panugjuod) 3 xjpuaddy
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Tahle €-8. HMercury n f111, soil, and weathered rock samples
collected during drilling. (Site 56-3)
TYPE: AB = auger bit, PS = push Shelby, CS = continuous Shelby, BA = bucket auger,
SC = soil corer, T = trowel. UP, DOWN, and DEPIH in feet below surface; .
HG = Hg n ug/g dry weight; WHG = Hg in wug/g, wet weight basis.
Negative prefix denotes “less than."

« (panuyjuod) 3 xipuaddy

SIIE 56-3
STTE BORING TYPE DATE ur DOWN WHG HG DESCRI =
~
S 9201-4 C PS 02AUG83 ~ 3.0 - -0.05 . FILL
S 9201-4 C PS 02AUG83 3 5.0 -0.05 . FILL
S 9201-4 c PS 02AUG83 5 1.0 -0.05 . "W SHALE
S 9201-4 c cs 02AUG83 7 8.0 -0.05 . W SHALE
S 9201-4 c cs 02AUG83 8 8.5 -0.05 . ” SHALE
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Table E-9. Mercury in fi11, soil, and weathered rock samples
collected during drilling. (Site 56-4)

TYPE: AB = auger bit, PS = push Shelby, CS = continuous Shelby, BA = bucket auger,
SC = soil corer, T = trowel. UP, DOWN, and DEPIH in feet below surface;
HG = Hg in ug/g dry weight; WHG = Hg in ug/g, wet weight basis.
Negative prefix denotes “less than."

{panuy3u0d) 3 x|puaddy

SITE 56-4
SITE BORING  TYPE DATE UP DOWN  WHG HG 0ESCRI
: 2

S 9201-4 c CS  29JuLe3 2.0 e  -0.05 e W SHALE
S 9201-4 c PS  29u83 1.0 1.5  -0.05 . FILL

S 9201-4 c PS 290utB3 1.5 3.0  0.13 . W SHALE
S 9201-4 C ¢S  29Juta3 3.0 5.0 -0.05 e W SHALE
S 9201-4 c s 29JuLa3 5.0 5.3  -0.05 . W SHALE
S 9201-4 c ¢S  29JuLB3 5.3 7.2 -0.05 . W SHALE
S 9201-4 c s 29JuLs3 7.2 9.0 -0.05 . W SHALE
S 9201-4 ¢ €S 29Jue3 9.0 11.0  -0.05 . W SHALE
.S 9201-4 ¢ €5 ° 29JUL8B3  11.0  12.0  .0.05 . W SHALE
S 9201-4 c ¢S 29JuLe3 - 4.2 .0.05 . W SHALE
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Appendix E (continued).

TYPE:

A8 = auger bit,
SC =« soil corer, T = trowel.

194

Mercury in f111, soll, and weathered rock samples

collected during drilling.

(Site 56-5)

PS = push Sheiby, CS = continuous Shelby, BA = bucket auger,
UP, DOWN, and DEPTH in feet below surface;

HG = Hg in ug/g dry weight; WHG = Hg 1n ug/g, wet weight basis.
e, Negative prefix denotes "less than.®
SITE 56-5
SITE BORING TYPE DATE P DOWN WHG HG DESCR]
N 81.10 B AB 10AUG83 . 5.0 . 144,00 FILL
N 81-10 B AB 10AUGB3 . 10.0 ) 48.00 FILL
N 81-10 B! AB 10AUGB3 . 5.0 . 33.00 FILL
N 81-10 c cs 10AUGB3 4.0 6.0 . 303.00 FILL
N 81-10 c (3 10AUGB3 5.5 6.0 . 303.00 FILL
N 81-10 c ¢S 10AUG83 6.0 8.0 49.00 FILL
N 81-10 ¢ cs 10AUG83 8.0 10.0 . 20.00 FILL
N 81210 ¢ 3 10AUGB3 10.0 12.0 . 18.00 FILL
N 81-10 c ¢S 10AUGS3 12.0 14.0 . 32.00 FILL
N 81-10 ¢ cs 10AUG83 14.0 5.0 o 198,00 FILL
N 81-10 ¢ AB 10AUGB3 . 17.0 . 105.00 FILL
N 81-10 2 AB . . 1.0 o 100.00 FILL
N 81-10 2 ¢S . 1.0 3.0 . 25.00 FILL
2 cs . 3.0 4.0 . 9.80 FILL
2 cs . 4.0 6.0 . 12.00 FILe
2 cs . 6.0 8.0 . 5.00 FILL
2 ] . 8.0 10.0 . 1.90 FILL
2 cS . 10.0 12.0 . 2.00 FILL
2 cs . 12.0 14.0 . 2.30 FILL
2 ¢S . 14.0 16.0 . 0.5) FILL
2 ] . 16.0 18.0 . 0.38 FILL
2 ¢S . 18.0 20.0 . 1.30 FILL
2 ¢S . 20.0 22.0 ) 4,20 FILL
2 cs . 22.0 23.2 . 1.30 FiLL
2 cs * 23.2 24.0 . 0.88 Fitl
N 81-10 2 cs . 24.0 26.0 . 0.7¢
N 81-10 2 cS . 26.0 28.0 o 0.45
N 81-10 2 cS . 28.0 30.0 . 0.97 W SHALE
N 81-10 2 cs ] 30.0 32.0 . 0.89 W SHALE
N 81-10 3 PS . 0.0 0.3 . 30.00 FILL
N 81-10 3 PS . 0.3 2.0 o 4,30 FILL
N 81-10 3 Cs . 2.0 3.0 . -15.00 FILL
N 81-10 3 43 . 3.0 4.0 . 1436.00 FILL
N 81-10 3 ¢S . 6.0 6.7 . 164.00 FILL
N 81-10 3 CS . 6.7 8.0 . 11.00 FILL
N 81-10 3 . o 10.0 12.0 ) 1.40 FILL
N 81-10 3 ¢s - . 12.0 14.0 . 1.10 FILL
N 81-10 3 © €S . 14.0 15.2 o 3.00 FILL
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Appendix E (continued).

195

Table £.10. (continued)
SITE BORING TYPE ~ DATE up OOWN WHG HG 0ESCR]

X 81-10 3 €S . 15.2 16.0 . 1.50 FlLL
N 81-10 3 cs . 16.0 18.0 o 3.00 FILL
N 81-10 3 cs . 18.0 20,0 ° o 8.20 FILL

N 81-10 3 cs . 20.0 22.0 . 2.00 FILL

N 81-10 3 (] o 22.0 24.0 . 4.10 FILL
N 81-10 3 cS . 24.0 26.0 . 0.60

N 81-10 3 ¢S . 26.0 28.0 . 2.60

N 81-10 3 cs . 28.0 30.0 . 1.90 W SHALE
N 81-10 3 (] . 30.0 32.0 . 1.30 W SHALE
N 81-10 4 cS L 32.0 34.0 o 0.56 W SHALE
N 81-10 4 PS . 0.0 1.5 ) 21.00 FILL
N 81-10 4 AB . . 3.0 . 19.00 FILL
N 81-10 4 ¢S o 3.0 5.0 . 11.00 FlLL
N 81-10 4 PS . 5.0 1.0 . 2.90 FlLL
N 81-10 4 PS . 7.0 9.0 . 7.20 FILL
N 81-10 4 PS J 9.0 9.7 . 8.20 FlLL
N 81-10 4 ¢S o 10.5 1n.0 . 10490.00 FILL
N 8-10 4 (] . 1.0 11.5 ° 515,00

N 81-10 4 PS o 13.0 15.0 . 4.90 W SHALE
N 81-10 4 AB J . 19.0 . 39.00

N 81-10 4 A5 . . 19.5 o 56.00

N 81-10 5 ¢S . 2.0 4.0 . 1.40

N 81-10 5 €S . 4.0 6.0 . 1.60

N 81-10 5 ¢S . 6.0 6.3 o 44.00

N 81-10 5 cS . 6.3 8.0 ) 2.90

N 81-10 5 cs . 8.0 10.0 . 1.20

N 81-10 5 cs ¢ 10.0 n.0 . 0.15

N 81-10 5 cS J n.0 12.0 . 0.33

N 81-10 5 ¢S . 12.0 14.0 . o.M

N 81-10 5 cs . 14.0 16.0 . 0.06

N 81-10 5 cS . 16.0 18.0 . 0.03

N 81-10 5 ¢S J 18.0 20.0 o 0.0%

N 81-10° 5 €S U 20.0 22.0 . 0.06

‘N 81-10 5 ¢S . 22.0 24.0 . 0.10

N 81-10 5 ¢S . 24.0 26.0 o 0.2

N 81-10 5 ¢S . 26.0 28.0 . 0.09

N 81-10 5 €S . 28.0 30.0. . 0.2%

N 81-10 5 ¢S . 30.0 n.0 . 0.44

N 8110 6 ¢S . 3.0 5.0 . 2.20

N 81-10 6 cs U 5.0 6.0 . 135.00

N 81-10 6 cs . 6.0 7.0 . 0.14

N 81-10 ) cS J 7.0 9.0 . 0.27

N 8Y.10 6 ¢S . 9.0 1.0 . 0.26

N 81-10 6 ¢S . 18.0 20.0 . 8.20

N 81-10 6 .CS . 1.0 13.0 . 0.10
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Appendix E (continued).

Table E-10. (continued)

SITE BORING  TYPE  DATE up DOWN WHG HG DESCRI
N 81-10 6 cs . 13.0 15.0 . 0.13
N 81-10 6 cs . 15.0 17.0 . 0.09
N 81-10 6 cs . 17.0 19.0 e - 0.09
N 81-10 6 cs . 19.0 21.0 . 0.24
N 81-10 6 cs . 2.0 23.0 . 0.09
N 81-10 6 s . 23.0 25.0 . 0.12
N 81-10 6 cs . 25.0 27.0 . 0.06
N 81-10 6 cs . 27.0 29.0 . 0.07
N 81-10 6 ¢S . 29.0 30.2 . 0.14
N 81-10 1 AB . . 2.0 . 134.00 FILL
N 81-10 7 cs . 2.0 4.0 . 199.00 FILL
N 81-10 7 cs . 4.0 6.0 . 23.00 FILL
N 81-10 7 cs . 6.0 8.0 . 0.62 FILL
N 81-10 7 cs . 8.0 10.0 ’ 0.37 FILL
N 81-10 7 cs . 10.0 12.0 . 0.28 FILL
N 81-10 7 cs . 12.0 14.0 . 0.29 FILL
N 81-10 7 s . 14.0 14.6 . 0.14 FILL
N 81-10 7 cs . 14.6 16.0 . 2.10 FILL
N 81-10 7 cs . 16.0 16.6 . 0.75 FILL
N 81-10 7 s . 16.6 18.0 . 0.36 FILL
N 81-10 7 cs . 18.5 20.0 . 0.10
N 81-10 7 cs . 18.0 18.5 . 0.28
NB8l-10 . 7 ¢s . 20.0 22.0 . 0.35
N 81-10 7 cs . 22.0 24.0 . 0.26
N 81-10 7 ‘¢S . 24.0 26.0 . .36
N 81-10 7 s . 1.0 3.0 . 0.63 FILL
N 81-10 8 s . 3.0 5.0 . 0.23 FILL
N 81-10 8 cs . 5.0 5.8 . 84.00 FILL
N 81-10 8 ¢s . 6.5 7.0 . 0.30 FILL
N 81-10 8 cs . 7.0 9.0 . 0.19 FILL
N 81-10 8 cs . 9.0 9.3 . 0.27 FILL
N 81-10 & cs . 10.3 n.0 . 0.25 FILL
N £-10 8 cs . n.0 1.6 . 0.39 FILL
N 81-10 8 s . 12.2 13.0 . 0.33
N 61-10 8 s . 2.0 4.0 . 39.00
N §1-10 g s . 4.0 6.0 . 20.06
N 8118 9 ¢s . 6.0 7.0 . 3.60
N 61-15 ° cs . 7.0 9.0 . 3.00
N 81-16 9 ¢S . 9.0 11.0 . 11.00
N 81-10 g cs . 11.0 1.9 . 4.60
N 81-10 9 s . 12.7 13.0 . 2.00
N 81-10 3 s . 13.0 15.0 . 1.20
N 81-10 9 cs . 15.0 11.0 . 3.50
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Appendix £ (continued).

Table E-11. Mercury in 111, soll, and weathered rock samples
collected during drilling. (Site 58-1)

TYPE: A8 = auger bit, PS = push Shelby, CS = continuous Shelby, B8A = bucket auger,
SC = sot) corer, T « trowel. UP, DOWN, and DEPTH in feet below surface;
. K6 = Hg in ug/g dry weight; WHG = Hg in ug/g, wet welght basis.
vl . Negative prefix denotes "less than.®

SITE 58-1

SITE BORING TYPE DATE up DOWN WHG HG 0ESCk1
9733-1 8 .BA . -26AUG83 ) 0.2 ] 5000.0
9733-1 8 BA 26AUGB3 0.2 0.4 . 2300.0
9733-1 ] 8A 26AUGB3 0.4 0.7 . 10600.0
9733-1 8 BA 26AUGB3 0.7 0.9 . 5600.0
9733-1 B BA 26AUGB3 0.9 1.4 . $700.0
9733-1 8 BA 26AUGBJ 1. 1.4 . 370.0
9733-1 8 BA 26AUGB3 1.4 1.6 * 126.0
9733-1 8 BA 26AUG83 1.6 1.8 . 138.0
9733-1 8 BA 26AUG83 1.8 2.1 . 38.0
97331 c BA 26AUG83 J 0.3 . 39.0
9733-1 ¢ BA 26AUGB3 0.6 0.9 o 145.0
873341 C BA 26AUGB3 1.2 1:5 . 3100.0
97331 D BA 02SEP83 ) 0.2 o 43.0
9733-1 0. BA 02SEP83 0.6 6.9 . 39.0
9733-1 D BA 02SEPB3 1.2 1.3 . 30.0 .
9733-1 3 BA 02SEPB3 . 6.2 . 51.0
9733-1 3 BA 02SEPB3 0.2 0.5 . 16.0
9733-1 t BA 025€EPB3 0.5 0.9 . 1300.0
9733-1 t BA 02SEPBI 0.9 1.2 . 7900.0
8733-1 1 BA 02SEPB3 1.2 1.5 . 233.0
9733-1 t 8A 02S£P83 1.5 2.0 . 425.0
9733-1 3 BA 025EP83 2.0 2.6 . 64.0
9733-1 3 BA . 02SEP83 2.6 3.3 . 50.0
9733-1 13 8A 02SEP83 3.3 4.3 J 64.0
9733-1 t 8A 02SEPB3 4.3 5.1 . 31.0
9733-1 F BA 025EPB3 J 0.2 . 49.0
9733-1 F BA ~ 02StP83 0.7 1.0 . 49.0
9733-1 f BA 02S£PB3 1.2 1.5 . 19.0
9733-1 f BA 025¢P83 1.8 2.2 ° 20.0
9733-1 G BA 025€£P83 J 0.2 o 214.0
9733-1 G BA 025EPB3 0.8 1.0 . 12.0
9733-1 6 BA 025EP83 1.2 1.5 o 4.8
9733-1 G BA 025EP83 1.9 2.2 . 4.8
9733-1 H BA 02SEP83 . 0.2 . 41.0
9733-1 H BA 02SEPB3 0.8 1.8 . 15.0
9733-1 H 8A 02SEP83 2.2 2.5 o 18.0
9733-1 i 6A 02SEP83 . 0.2 . 52.0
9733-1 1 BA 02sEPB3 0.8 1.0 . 4.8
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Appendix E (continued).

Table E-11. (continued)

- SITE BORING  TYPE DATE UP  DOWN  WHG HG 0ESCRI
9733-1 N [ 29NOVe3 e 0.2 . 6.8

9733-1 N Ps  29NOVE3 0.2 2.0 o 2.2

9733-1 M pS  29NOVE3 2.0 4.0 . 0.4

9733-1 H Cs  29NOvVe3 4.0 6.0 . 1.1

9733-1 N Cs-  29NOVE3 6.0 8.0 o 1.3

9733-1 M Cs  29NOV83 8.0 . 9.0 . 6.7

9733-1 M AB  20NOVE3 . 12.0 o 0.3

9733-1 N A8 20NOVB3 - o 14.5 . 0.42

9733-1 N PS  29NOVE3 . 0.5 . 561.00

9733-1 N ps  20NOVB3 0.5 2.0 . 11.00

9733-1 N AR 29NOVE3 2.0 2.5 . 17.00

9733- N AR 20NOV83 2.5 4.0 . 0.64

97331 K AB  29NOV83 . 4.0 . 44.00

9733-1 N AB  29NOVE3 . 5.0 . 20.00

9733-1 N AB  29NOV83 . 7.0 . 15.00

9733-1 R AB  29NOV83 . 9.0 . 3.40

9733-1 N AB  20NOVE3 . 11.0 . 17.00

9733-1 N AB  20NOVE3 . 13.0 . 12.00

9733-1 N AB  20NOVS3 . 15.0 . 1.60

9733-) N AB  20NOV83 . 17.0 . 4.70

9733-1 N AB  29NOVB3 . 19.0 . . 1.20

9733-1 N AR 29NOVB3 . 20.1 . 480 -
9733-1 0 PS  0IDEC83 2.0 2.5 . 7.10  FILL .
9733-1 0 PS  01DEC83 2.5 4.0 o 0.16  FILL
9733-1 0 ¢S O0IDECB3 4.6 5.6 . 3.30 W SHALE
9733-1 Q PS  020ECB3 - o 2.0 . .50  FILL
9733-1 0 Ps  D206C83 2.0 4.0 . 0.17 W SHALE
9733-1 0 ¢s  0206c83 4.0 4.8 . 1.00 W SRALE
9733:1 0 AB 02DEC83 4.8 5.2 . 0.4 W SHALE
9733-1 Q cs  02DECB3 5.2 3.2 . 0.7 W SHALE
9733-1 0 ¢s  D20ECB3 1.2 8.2 . 0.29 W SHALE
9733:1 Q AB  020EC83 8.2 9.1 e 0.37 W SHALE
9733-1 0 AB  02DECB3 9.1 9.8 . 0.07 W SHALE
9733-1 Q A8 020683 9.8 11.B . 0.29 W SHALE
9733-1 Q AB 0206C83 11.8  14.0 . 0.15 W SHALE
97331 Q . AB 020£C83 4.0 16,0 o 0.08 W SHALE
9733-1 0 A8 0206C83  16.0  18.0 . 0.31 W SHALE
9733-1 Q AB  020EC83  18.0  20.0 . 0.44 W SHALE
9733-1 Q AB  02DEC83 o« 220 e 0.33 W SHALE
9733-1 Q AB  02DEC83 . 23.0 . o 0.11 W SHALE
9733-1 R SC  21JANS3 . 1.6 o 1.90

97331 R SC  213ANB3 1.0 2.0 . 0.47

9733-1 P2 T 02SEPB3 . 0.5 . 296.00

9733-1 P2 1 02SEP8B3 1.0 1.5 . 80.00

9733-1 w2 .1 02SEP83 2.0 2.5 . 74.00
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Table E-12. Mercury in f111, soil, and weathered rock samples
collected during drilling. (Site 59-1)

1YPE: AB = auger bit, PS = push Shelby, CS = continuous Shelby, BA = bucket auger,
SC = soll corer, T = trowel. UP, DOWN, and DEPIH in feet below surface;
HG = Hg In ug/g dry weight; WHG = Hg in ug/g, wet weight basis.
Negative prefix denotes "less than."

- (panuy3u0d) 3 x{puaddy

SITE 59-1
SITE BORING TYPE DATE up DOWN WHG HG ~ DESCR1
b
W 9202 A AB 11AUGB3 . 10.0 . 0.36 W SHALE
W 9202 A AB 11AUG83 . 15.0 . 0.43 W SHALE
W 9202 8 A8 11AUG83 . 5.0 . 0.79 W SHALE
W 9202 B AB 11AUG83 . 10.0 . 0.97 W SHALE
W 9202 8 AB 11AUG83 . 15.0 . 0.74 W SHALE
W 9202 8 A8 11AUGB3 . 20.0 . 0.20 W SHALE
W 9202 c PS 11AUG83 2 4.0 3 0.51 W SHALE
W 9202 c cs 11AUGB3 q 4.5 . 0.08 W SHALE
W 9202 c AB 11AUG83 . 9.5 U 0.69 W SHALE
W 9202 c AB 1TAUGB3 . 15.5 . 0.22 W SHALE
W 9202 C AB 11AUGB3 i 20.0 . 0.09 W SHALE
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TYPE:

SC = soil corer, T = trowel.

Table E-13.

Mercury in fi11, soll, and weathered rock samples
collected during drilling. (Site 60-1)

200

AB = auger bit, PS = push Shelby, CS = continuous Shelby, BA = bucket auger,

Negative prefix denotes “less than.®

UP, DOWN, and DEPTH in feet below surface;
HG = Hg in ug/g dry weight; WHG = Hg in ug/g, wet weight basis.

SITE 60-1

SITE BORING  TYPE DATE up DOWN  WHG HG DESCRI
£ 9201-2 A PS  12AUGB3 2.0 4.0 . 1.10 FILL
£ 9201-2 A cs 12AUGB3 4.0 6.0 . 0.48 FILL
£ 9201-2 A €S 12AUGE3 6.0 8.0 . 0.33 FILL
£ 9201-2 A cs 124683 8.0  10.0 . 0.09 FILL
£ 9201-2 A cs 12AUGB3  10.0  12.0 . 0.09 FILL
£ 9201-2 A €S 12AU6B3  12.0  14.0 . 0.10 FILL
£ 9201-2 A CS. 12AU683 14.0  16.0 . 0.05 FILL
£ 9201-2 A €S 12AU683 6.0  18.0 . 0.06 FILL
E 9201-2 B AB  12AUGS3 . 5.0 . 1.30 FILL
£ 92012 B AB  12AUGS3 . 5.1 . 25.00 FILL
£ 9201-2 B AB  12AUGB3 . 10.0 . 1.00 FILL
€ 9201-2 B AB 12AUGS3 . 15.0 . 0.74 FILL
£ 9201-2 8 - AB  12AUGE3 . 16.5 . 2.30
€ 9201-2 8 ¢s . 2.0 4.0 . 12.00 .
£ 92012 81 cs . 4.0 6.0 . 5.50
£ 9201-2 Bl cs . 6.0 8.0 . 4.30
£ 9201-2 g1 s . 8.0  10.0 . 3.60
£ 9201-2 B} cs . 0.0 12.0 . 7.40
E 9201-2 B) cs ‘o 12.0 14,0 . 9.80
£ 9201-2 g’ cs . 4.6 15.0. 13.00
E 920i-2 B2 cs . 2.0 4.0 . 0.27
£ 9201-2 B2 cs . 4.0 6.0 . 0.04-
£ 9201-2 82 €s . 6.0 8.0 . 0.27
£ 9201.2 B2 s . 8.0 8.5 . 0.30
£ 9201-2 82 (s . 8.5 10.0 . 0.13
£ 9201-2 B2 cs . 0.0 12.0 . 0.06
£ 920}-2 B2 cs . 12.0  12.3 . 1.50
£ 9201-2 82 cs . 12,3 14.0 . 1.20
£ 9201-2 B2 cs . 4.0 16.0 . 0.8
£ 9201-2 3 cs . 4.0 £€.0 . 4.00
£ 9201-2 83 cs . 6.0 8.0 . 4.0
€ 9201-2 83 cs . 8.0  10.0 . 3.50
E 9261-2 B3 cs . 10,0 12.0 . 1.40
£ 9201-2 83 cs . 2.0 14.0 e 6.70
€ 9201-2 83 cs . 4.0 16.0 . 8.60
£ 9201-2 B3 cs . 16,0 17.2 . 7.90
E 9201-2 83 cs . 17.6  18.0 . 1.30
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Table E-13. (continued)

SITE BORING TYPE up BOWN DESCR1
9201-2 B3 €S . 18.0 20.0 .

9201-2 B4 cs . 2.0 2.9 o

9201-2 B4 cs . 2.9 3.7 .

9201-2 84 cs . 3.2 4.0 )

9201-2 84 cs . 4.0 6.0 .

9201-2 84 cs . 6.0 6.4 .

9201-2 84 cs . 6.4 8.0 .

9201-2 B4 cs . 8.0 9.0 .

9201.2 B4 cs . .o 12.0 .

9201-2 B4 cs . 12.0 13.0 .

9201-2 B5 €S . 2.0 4.0 .

9201-2 85 €S . 6.0 8.0 .

9201-2 B5 cs . 8.0 10.0 .

8201-2 85 CS . 10.0 12.0 .

g201-2 BS cs . 12.0 13.0 .

9201-2 B6 (o3 . 2.0 4.0 .

9201-2 " 86 ¢S . 4.0 5.5 .

9201-2 86 ¢S . 6.5 8.0 .

9201-2 86 ¢S . 8.0 10.0 .

9201-2 86 cs J 16.0 12.0 .

9201-2 B6 cs J 12.0 14.0 .

8201-2 86 ¢S . 14.0 16.0 ..

9201-2 86 €S . 16.0 17.0 ] 2.80
9201-2 8?7 ¢S ) 1.5 3.5 . 0.33,
9201-2 87 cs . 4.0 6.0 . 0.12
9201-2 87 ¢S . 6.0 6.6 . 0.36
9201-2 87 (3 . 6.9 8.0 . 0.09
9201-2 87 cs . 8.0 10.0 . 0.26
9201-2 8? ¢S . 10.0 12.0 . 0.26
9201-2 B? (Y . 12.0 14.0 o 0.06
9201-2 87 cs . 14.0 14.4 . 0.38
9201-2 87 ¢S . 14.4 16.0 . 0.46
9201-2 87 cs . 16.0 18.0 . 0.50
9201-2 88 €S . 2.0 4.0 . 0.98
9201-2 88 cs . 4.0 6.0 . 0.44
9201-2 68 ¢S . 6.0 8.0 . 0.97
9201-2 88 cs 8.0 9.0 . 0.59
9201-2 AB . 18.5 . 0.62

¢
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Appendix F
GROUNDWATER CHEMISTRY DATA

Table F-1. Water quality data for Y-12 wells

NEST .WELL DATE LEVEL  QUALITY FPH £C HE u TEMP
53-1 A 15MAYB4 . ™ U 6920 0.10 . 26.6
54-1 A 03MARB4 3.36 ™ . 172 0.04 0.001 24.0
54-1 A 12MARB4 3.47 ™ 7.00 520 0.03 0.000 15.3
54-2 A 03MARB4 3.39 ™ . 176 0.04 0.001 23.8
54-2 A 12MARB4 3.89 ™ 6.80 554 0.09 0.000 15.7
55-1 A 10NOVB3 . ™ 8.18 702 1.10 . .
55-1 A 16DEC83 . ¢ o . 0.06 ¢ .
55-1 A 25JAN84 3.22 T 7.00 594 0.06 0.002 151
55-1 A 12MAR8B4 N ™ 7.00 783 0.04 0.002 15.4
55-1 8 10NOV83 . ¢ *8.05 740 0.10 . *
55-1 8 25JAN84 3.18 ™ 6.90 793 0.09 ©0.000 1711
55-1  .C 14NOVE3 3.671 ¢ 7.9 560 0.60 * d
55-1 C 25JANBA 3.39 c 6.90 181 0.13 0.001 16.9
55-2 A 1780V83 2.70 ™ . . 3.50 . .
55-2 A 150EC83 o ¢ . . 1.70 . .
55-2 A 16DEC83 ] c 7.00 359 1.10 . 4
55-2 A 26JAN84 2.48 ™ 6.90 469 0.73 0.009 16.5
55-2 A 20MARS4 2.53 ™ 6.80 467 ~ 0.06 0.012 14.9
55-2 8 1780V83 2.60 ¢ . . 0.04 . o
55-2 8 26JANS4 2.49 ¢ -6.70 521 0.03 9.001, 18.2
55-2 8 22MARB4 2.49 c 6.50 535 -0.00 0.002 15.9
55-2 ¢ 05D£C83 . ¢ 7.30 547 0.08 . o
55-2 ¢ 26JAN84 2.51 ¢ 7.20 609 -0.01 0.000 15.5
55-2 c 22MARB4 2.58 ¢ 6.90 613 -0.00 0.002 16.5
55-3 A 16HO0VE3 3.09 C . . 1.10 . .
55-3 A 15D£C83 . ¢ 7.30 478 0.15 - . .
55-3 A 27JAN84 3.45 ™ 7.00 583 0.04 0.002 19.8
55-3 A 20MARBA 3.26 H 6.80 526 20.00 0.003 17.4
55-3 8 16N0V83 3.90 c . . 0.03 . .
55-3 8 27JANSB¢ 3.98 ¢ 7.20 467 0.33 . 0.002 18.7
55-3 8 26MARB4 3.7 T™ 7.60 498 0.20 -0.00? 18.7
55-3 c 16N0V83 3.67 c J . 0.0?7 . .
55-3 ¢ 27JANB4 3.69 c 7.40 amn -0.0 0.001 18.¢
55-3 c 26MARB4 3.49 ¢ 1.80 420 0.00 -0.001 18.4
55-4 8 080ECS3 1.84 ¢ o . 0.16 . ]
55-4 8 10FEBB4 3.37 ™ 6.50 109 0.05 ° 6.002 18.6
55-4 8 12MAR84 3. ¢ 6.60 677 0.07 ~ 0.001 18.9
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Tabte F-14. Water quality data for Y-12 wells (continued)

NEST WELL  DATE  LEVEL QUALITY FPH EC HG v TEMP
55-4 C O0SDECB3  2.34 M o . . 4.00 . .
55-4 C  10FEBB4  2.87 M 6.90° 615 0.20  0.001 15.1
55.5 A OSMARG4  2.09 VK e - 583 93.00  0.028 24.0
55-5 A 12MARB4 2,13 - WM 6.90 612 1.00 0.0 12.0
55-6 A O5MARB4  3.05 VM . . 1.00  0.002 .
55-6 A 12MARB4  2.31 M 6.60 487 4.90  0.001 12.1
56-1 A 14NOVB3  2.60  TM 8.33 628 0.50 o .
56-1 A 14NOVB3  2.60  TH 8.33 628 0.90 . .
56-1 A 16DEC83 c 7.20 534 0.19 . .
56-1 A  O02FEBBA 2.1 M 7.30 627 0.13  0.005 17.0
56-1 A 12MARBE  2.54  TM 7.30 847 0.6  0.003 14.0
56-1 C 14NOVB3  1.88 8.42 465 0.30 . .
56-1 C. 14NOVB3  1.89 8.42 . 465 0.40 . .
56-1 C O2FEBBA  2.00  C 7.20 . 895 0.05  0.002 15.6
56-2 A OSDECB3  2.29 VM 7.18 555 5.20 . .
56-2 A OSDECB3  2.29 VM 7.18 555 145.00 . .
5.2 A  06DECB3 . v 7.40 449 5.20 . .
56-2 A 15DEC83 . c 7.20 474 0.62 . .
56-2 A  30JANG4  2.28 M 7.30 761 0.86  0.006 14.0
56-2 A  20MAR84  2.30 M 7.00 695 0.73  0.006 14.8
$6-2 B  06DECA3 .« . € 7.40 449 015 . o .
56-2 B  30JANSd 20 M 7.60 483 0.35°  0.002 3.3
56-2 B  2IMARB4  2.22 M 7.30 497 0.0 -0.000 »17.8
5.2 C  OGDECS3 . c 8.26 462 1.30 . .
56.2 €  06DECB3 . ¢ 8.26 462 0.95 . .
56-z C  31JANS4  2.79 1M 8.20 41 013 0.000 14.3
56-2 C  27MARBA 2,73 TM 8.20 476 0.43  -0.001 1.7
56-3 A O7DEC83  3.28 . . 0.9 . .
56-3 A  OVFEBBA  3.45. TM 7.40 384 0.29  0.004 17.7
56-3 A 20MARB4  3.25  TM 7.10 399 0.18  0.003 16.5
56.3 B  O7DECB3  3.25 7.00 855 0.08 . o
56-3 B  O01FE884  3.26 7.00 780 0.02  0.002 18.3
56-3 C  ODECE3  3.74  C . . -0.01 . .
56-3 ¢ OIFEBBA  3.45 € 7.00 891 -0.01  0.002 17.6
56-4 B 0IDECE3 . C 6.30 920 0.05 . o
56-4 B  O03FLBBs  4.12  C 6.90 1225 0.02 . 15.5
56-4 B  O6FEBBA . 7.00 241 e .  0.00 .
56-4 B 19MARBd 3.48 M 6.7¢ 1300 0.10  0.003 20.4
56-4 C  09DECE3 .« - C 7.30. 790 0.03 . .
56-4 C  O2FEBBd  3.85  C 7.00 1055 0.03  0.001 15.4
56-5 A -13MAR84  2.87 M 7.10 1086 4.30  0.170 1.9
56.5 B  15DEC83 . ¢ 7.40 803 1.30 . .
56-5 B 16JANS4 714 C 7.60 262 0.94 . n.2
56-5 C  14DECE3 . c 6.30 636 0.17 . .

F.0608.028.0158.pdf 208

6/12/2023 5:2906 PM




F.0608.028.0158 pdf 209

Appendix F (continued).

207

Table F-1. Water quality data for Y-12 wells (continued)
NEST  WELL DATE LEVEL QUALITY FPH EC HG ] TEMP
$6-5 . C 16JANBA 8.05 ¢ 6.60 769 0.88 . 14.3
56-6 A 03MARB4 3.00 M ) 146 0.2y 0.000 24.2
56-6 A 05MARB4 . M . ° 0.50 . .
56-6 A 19MARS4 3.22 ™ 1.10 805 0.17 0.002 1.3
56-7 A 02MARS4 5.12 ™ . " 682 1.90 0.002 25.4
56-17 A 13MARB4 5.25 ™ 6.80 970 7.60 0.002 15.8
56-8 A 02MARB4 3. C . 921 0.0 0.002 24.9
56-8 A 13HARS4 5.36 ™ 7.10 925 1.00 0.002 16.3
56-9 A 02MARB4 3.20 ™ . 392 0.02 0.003 24.8
56-9 A 14HARB4 3.33 T™ 7.70 1468 0.05 0.003 13.8
58-1 A 10JANB4 3.02 u . 105 14.00 . 23.6
56-1 A 18JANB4 3.88 ™ . 102 16.00 0.008 )
58-1 A 15MAR84 2.20 ™ 6.30 96 30.00 . 18.6
58-1 8 10JANBA 3.69 v . 155 2.00 . .
$8-1 B 18JANB4 2.59 ™ 7.90 134 7.60 0.002 23.8
58-1 B 15MARB4 3.00 ™ 7.10 166 omn . 19.5
§8-1 C 10JANSA 1.25 U . . 40.00 . .
58-2 A 02MARB4 2.36 M . 97 6.2y 0.001 23.17
58-2 A 19MARB4 3.56 ™ 7.80 474 0.06 0.002 16.9
§8-1 A 1106C83 1.02 C 6.70 469 . 0.02 . .
59.1 A 23JANB4A 1.10 ™ 6.20 456 0.40 . 12.5
59-1 A 19MAR84 1.23 ™ 6.50 462 0.40 @.003 21.8
59-1 B 130EC83 0.77 c 7.10 337 -0.00 . * .
59.1 8 23JANB4 0.90 ™ 7.00 434 0.05 . 12.9
59-1 ¢ 110€C83 0.80 ™ 7.10 as8 -0.01 . .
59-1 ¢ 24JANBA 0.88 C 7.20 383 0.01 0.001 16.3
60-1 A 13DEC83 4.02 M 7.60 703 8.10 . .
60-1 A 17JANB4 3.85 M 7.60 1048 1.10 0.003 12.1
60-1 A 14MARSY 4,02 VM 7.30 998 28.00 0.005 12.¢
60-1 8 13DEC83 4.39 L] 1.15 583 1.30 . .
60-1 8 18JANSS 2.18 VM . 483 0.69 0.003 ]
66-2 A 02MARB4 3.33 ™ . 426 0.10 0.002 23.8
60-2 A 14MARB4 3.34 [ 1.10 716 -0.01 0.000 18.8
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Table F-1. Mater quality data for Y-12 wells (continued)

NEST  WELL  DATE ALK F cL S04 NO3 CA NG NA K S

56-2 B 27MARSA 180 -0.50 9.4 57 2.50 °61.0 10.9 10.3 13.C N 34
56-2 -'C 31JAN84 230 -0.05 N0 r3) 0.12 5.3 1.4 B1.0 9.% 4.1C
56-2 -C 27MARB4 189 -0.50 10.4 20 1.10 4.6 1.2 51.0 4.0 5.20
56-3 A 01FEBBA 120 -0.50 Nn.0 49 8.08 60.0 4.1 4.7 -4.0 2.20
56-3 A 20MARBY 130 -0.50 16.0 49 1.40 54.0 4.8 4. -%.0 2.20
56-3 B 01¢£884 160 -0.50 87.0 81 4.40 130.0 6.1 4.5 -4.0 3.2¢
56-3 [4 O0V1FEBBY 170 -0.50 99.0 120 3.30 140.0 8.9 0.0 -4.0 3.86
56-4 8 03FE084 . . . . . 180.6 17.0 16.0 6.3 2.90
56-4 8 06FEB84 140 -0.50 107.0 130 1.20 120.0 24.0 25.0 45.0 4.60
56-4 8 TSHARBA 170 -0.50 170.00 240 3.30 170.0 18.0 13.0 -9.0 3.04
56-4 ¢ 03FEBBY 160 -0.50 120.00 160 1.60 140.0 27.0 ° 24,0 9.5 4,50
56-5 A 13MARBA 280 0.58 15.00 220 0.85 150.0 26.0 18.0 -9.0 2.0%
56-6 A O3MARSE 390 0.20 7.90 22 -0.10 83.0 45,0 3.8 -8.0 71.30
56-6 A TINARSYE 320 -0.50 7.40 22 -0.50 8.0 25.0 3.8 9.0 17.90
56-2 A O2MARB4 230 0.20 49.00 86 1.30 68.0 27.0 23.0 -4,0 2.00
56-7 A 13MARSY 270 -0.50 70.00 130 1.40 3.0 54.0 3.0 -54.0 4.30
56-8 A 02HARS4 320 0.40 28.00 140 0.10 7.0 240 58.0 -4.0 3,9¢
56-8 A 13MARS4 340 -0.50 33.00 140 -0.50 8.0 51.0 41,0 -54.0 5.03
56-9 A 02MARB4 309 0.70 5.04 480 4.80 130.0 - 81.0 4.¢ 19.¢c .4
56-9 A . 14MARSY 340 -0.50 5,40 520 -0.50 130.0 13C.0 4.9 -54.0 3.2
58-1 A 18JANB4 120 -0.50 4,30 33 5.06 42.0 2.0 4.7 -4.0  3.00
-58-1 A 15MARB4 54 0.50 10.90 50 6.80 2%.0 1.7 3.7 -9.0 Z.4C
58-1 B 18JAKBA 180 -0.50 2.10 27 9.90 72.0 9.8 3.¢ -4.0 3.9
58.1 8 158ARB4 169 -0.50 2.60 23 4.60 62.0 6.5 3.7 -9.0 2.90
58-2 A 02MARBA no 0.10 5.20 26 7.08 16.0 24,0 4.5 4.6 3.60
58-2 A T9HARSA 180 -0.50 11.00 4% 5.90 36.0 21.0 5.2 -8.0 4.05
59.1 A 23JAN84 . . . . . 7%.0 3.0 4.0 -4.0  7.70
59.1 A 19MARBA 204 -0.50 14.00 1% 0.99 49.0 2.9 6.1 -9.0 2.20
$9-1 8 23JANB4 . . . . . 77.0 180 °*N.0, -4.0 1.9
59.1 4 24JANB4 150 -0.50 13.00 19 1.80 §8.0 10.7 4.5 -4.0  71.5¢0
60-1 A 18JANBA 300 -0.50 20.90 no 1.90 37.6 20.0 0.0 13.9  5.30
60-1 A 14HARBY 440 0.88 26.00 220 -0.50 18.0 3.3 236.0 -9.0 4.2C
60-1 8 18JANS4 230 -0.50 32.00 5 0.5% 66.0 7.8 5¢.0 1.6 3.2C
60-2 A 02MARGS 330 0.60 22.00 340 -0.10 3.0 23.¢0 190. -4.0  2.9C
60-2 A 14MARBA 290 -0.50 11.00 66 -0.50 41.0 26.0 44,0 -9 3.2¢
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Appendix F (continued).

Table F-1. Water quality data for Y-12 wells (continued)

NEST WELL DATE 13 L] Al 11 BA ] 6t (4] co SR

53-1 A 158AYE4 -0.2 2.36 -0.36 0.30 28.4 -0.36  -0.02 -0.26 -0.2 -0.3

54-1 A 03MARBA, 0.20 2.100 -0.06 0.06 0.09 0.74 -0.001 -0.009 0.13 -0.02
54-1 A 12KARBA . 0.25 2.600 -0.06 0.06 0.08 0.85 -0.000 -0.009 0.15 -0.02
54-2 A 03IMARSB4 - -0.02 0.720 -0.06 0.06 0.12 -0.08 -0.000 -0.009 -0.00 -0.02
54-2 A T2MARG4 -0.02 0.016 -0.06 0.05 0.12 0.08 -0.000 -0.008 -0.00 -0.02
56-1 A 25)ANB4 -0.02 0.102 0.10 0.05 0.48 -0.08 -0.00t -0.009 -0.01 -0.02
55-1 A 12MARB4 -0.02 0.08% -0.06 0.0% 0.42 -0.08 -0.00% -0.009 -0.01 -0.02
55-1 B 25JANBA -0.02 0.470 0.07 0.05 0.63 .0.68 -0.000 -0.0608 -0.00 -0.02
§5-1 € 25JANB4 -0.02 0.00N 0.08 0.05 0.3% .0.08 -0.000 -0.80%3 -0.00 -0.02
§5-2 A 26JANB4 -0.02 1.200 0.0? 0.05 0.97 -0.08 -0.001 -0.008 -0.00 .0.02
§5-2 A 20MARS4 -0.02 -0.001 -0.06 0.06 0.08 -0.68 -0.000 -0.009 -0.00v .0.02
55-2 & 26JANB4 -0.02 1.100 0.09 0.05 0.30 -0.08 -0.000 -0.009 -0.00 -0.02
55-2 8 22MARS4 -0.02 0.970 -0.06 0.06 0.26 .0.08 -0.001 -0.009 .-0.01 -0.02
55-2 ¢ 26JANB4 0.02 0.210 0.07 0.05 0.5? 0.08 -0.000 -0.009 -0.00 -0.02
55-2 ¢ 22MARB4 -0.02 0.130 -0.06 0.06 6.72 -0.08 -0.000 -0.009 -0.01 -0.0¢
§5-3 A - 27JAN84 0.21 0.260 0.40 0.05 0.20 0.0 -0.000 -0.009 -0.01 -0.02
55-3 A 20MARS4 -0.02 -0.001  -0.06 0.06 0.09 0.08 -0.000 -0.009 .0.01 -0.02
55-3 8 27JANB4 -0.02 0.370 0.07 0.05 0.32 0.10 -0.001 -0.008 -0.01 .0.02
55-3 8 26MARB4 -0.02 0.082 -0.06 0.05 0.29 0.09 -0.000 -0.009 -0.00 -0.02
55-3 € 27JANB4 6.02 0.075 -0.06 0.05 0.46 0.6 -0.000 -0.009 -0.0v .0.02
55-3 € 27MARB4 -0.02 0.084 .0.06 0.06 0.1 6.312 -0.000 -0.009 -0.0v -0.02
55-4 8B 10FEBB4 -0.02 0.150 -0.06 0.06 0.29 -0.08 -0.00 -0.009 -0.00 -0.02
55.4 8 12MARBY -0.02 0.180 -0.06 0.05 0.26 -0.08  -0.00y -0.009 -0.0) -0.02
55-4 ¢ 10FEBB4 -0.02 1.300 -0.06 0.06 0.31 -0.08 -0.000 -0.009 -0.00 -0.02
55-6 A - 03MARBA -0.02 6.280 -0.06 0.06 0.14 -0.08  -0.001 -0.009 -0.00 -0.02
55-5 A 12MARB4 0.02 0.860 -0.06 0.05 0.16 -0.08 -0.000 -0.009 -0.00 -0.02
55-6 A 03MARB4 -0.02 -0.601 -0.06 9.06 0.07 -9.08 -0.001. -0.008 -0.00 -0.02
55-6 A 12HARB4 0.02 0.03¢ -0.06 0.06 0.07 -0.08 -0.000 -0.009 -0.00 .0.02
56-1 A 02FEB84 -0.02 0.067 0.16 0.06 0.06 -0.08 -0.000 -0.008 -0,;0 -0.02
56-1 A 12MARB4 -0.02 0.046 -0.06 0.06 0.06 -0.08  -0.001 -0.009 -0.00 -0.02
$6-1 € 02F£884 -0.02 0.170 0.17 0.06 9.1 -0.08 -0.001- -0.009 -0.00 -0.02
56-2 A 303ANE4 0.02 -0.00) 0.06 0.06 0.0 0.2' .0.000 .0.008 .0.0¢ -0.02
5¢-2 A 20MARB4 -0.02 -0.00y  -0.06 0.06 0.06 6.16 -0.00%7 -0.009 -0.01 -0.02
56-2 6 27MARB4 0.0z -0.060  -0.06 0.06 0.17 6.13  -0.001 -0.009 -0.0} -0.02
s6-2 C 31JANB4 -0.62 0.004 -0.06 0.06 0.10 0.72 -0.001 -0.00% -0.01 .0.02
56-2 € 27MARSBS -0.02 0.005 -0.06 0.05 0.09 0.76  -0.00' -0.0609 -0.01 .0.02
56-3 A 01FEBBE -0.02 -0.0¢* -~ 0.08 -0.06 0.05 0.32 -0.000 -0.009 -0.01 -0.02
56-3 A 20MARG4 -0.02 -0.000  -0.06 0.06 0.06 0.43 -0.000 -0.009 -0.00 .0.02
$6-3 8 01FEB64 -0.02 -0.001 0.07 0.06 0.12 -0.08 -0.000 -0.009 -0.00 -0.02
56-3 01FEBB4 -0.02 -0.061 © 0.07 6.06 0.08 -0.08 -0.000 -0.009 -0.01 -0.0¢
56-4 8 03FEBB4 -0.02 0.015 6.2) 0.0¢ 0.0} -0.08 0.000 -0.008 -0.00 -0.02
56-4 B 06FEBBS -0.02 0.00¢ .17 0.06 0.15 -0.08  -0.001 -0.009 -0.00 -0.02
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Appendix F (continued).

Table F-1. MWater

2N

quality data for Y-12 wells (continued)

NEST WELL  DATE FE - HN AL 11 BA B 8t co co CR

56-4 B 19MARB4 -0.02 0.000 -0.06 0.06 -0.06 -0.08 -0.000 -0.009 -0.0% .0.0¢
56-4 C  O3IFEBBA -0.02 0.003 0.20 6.06 0.11  -0.08 0.0 -0.009 -0.0% -G.0:
56-5 A 13HARS4 -0.02 0.430 -0.06 0.06 0.08 0.20 -0.007 -0.009 .0.00 -G.02
56-6 A ...03MARS4 -0.04 0.420 -0.12 0.12 0.24 -0.35 -0.003 -0.018 -0.03 -0.0S
56-6 A  19MARB4 -0.02 0.380 -0.06 0.06 0.21 0.08 -0.60v -0.009 -0.00 0.03
56-7 A D2MARB4 -0.02 1.500 -0.06 0.06 0.06 ©0.23 -0.0m -0.009 -0.00 -0.02
§6-7 A 13MARBS -0.12 1.800 -0.35 0.32 0.08 -0.46 -0.008 -0.055 -0.08 -0.14
56-8 A O2MARS4 -0.02 5.900 -0.06 0.06 0.09 0.39 -0.00) -0.009 -0.00 -0.02
56-8 A 1IMARSA -0.12 4.200 -0.3% 0.32 0.0 -0.46 -0.008 -0.055 -0.08 -0.14
56-9 A O2MAREd -0.06 1.160 -0.17 0.19 0.13 -0.23 -0.004 -0.028 -0.04 -0.07
56-9 A 14NARBA -0.12 0.702 -0.35 0.33 0.11  -0.46 -0.008 -0.055 -0.08 -0.14
§8-1 A 18JANBY -0.02 0.190 0.08 0.05 0.09 -0.08 -0.00% -0.009 -0.00 -0.02
58-1 A 15MARSA -0.02 0.046 -0.06 0.06 0.05 -D.08 -0.00 -0.009 -0.00 -0.02
58-1 B 18JANS4 -0.02 0.310 0.08 0.05 0.08 -0.08 -0.001 -0.009 -0.01 -0.02
58-1 B 15MARBA -0.02 1.660 -0.06 0.06 0.05 -0.08 .0.001 -0.008 -0.0' .0.02
58-2 A O2MARB4 -0.02 -0.000 -0.06 0.06 0.02 -0.08 -0.000 -0.008 -0.0 -0.02
58-2 A 19RARBA -0.02 -0.000  -0.06 0.06 0.02 0.v4  -0.000 -0.009 -0.00 0.03
59-1 A 23)ANS4 -0.02 6.010 0.08 0.06 0.08 -0.08 -0.00 -0.009 -0.0% -0.02
59-1 A 19MARBA4 -0.02 -0.000 -0.06 0.06 0.08 -0,08 -0.000 -0.009 -0.01 -G.0¢
59-1 B, 23JANB4 -0.02 0.094 0.08 0.05 0.13 -0.08 -0.000 -0.009 -0.0° -0.02
59-7 ¢ 24)ANBS -0.02 -0.001 0.0?7 0.05 0.26 -0.08 -0.000 -0.009 .0.00 -0.0¢
60-1 A 18JANB4 -0.02 0.200 0.08 0.05 0.09 -0.08 -0.000 -0.009 -0.01 -0.02
60-1 A 14MARBA -0.02 0.407 -0.06 0.05 0.08 0.4 -0.000 -0.009 -0.0¢ -0.02
60-1 B 18JANS4 -0.062 1.900 0.0% 0.05 0.11  -0.08 -0.000 -0.009 -0.0 -0.02
60-2 A 02MARB4 -0.02 0.460 -0.06 0.06 0.18 0.09 -0.001 -0.009 -0.01 -0.02
60-2 A 14MARB4 -8.02 0.500 -0.06 0.06 0.22 -0.08 -0.000 -0.009 -0.00 -0.02

o
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Appendix F (continued).

_ Table F-1. HWater quality data for Y-12 wells (continued)

NEST  NELL DATE ‘U BA HF - KO NI PB s St SR .V
iy )
531 A 1SMAYed  -0.36 -0.64 -0.32 -0.2¢c 0.163 .0.18 3.06 . 12.60 0.70
54.1 A O3MARBA  -0.03 -0.07 ©0.08 -0.03 -0.110 -0.26 -0.20  -0.43 0.10 -0.0)
54-1 A 12MARGA  -0.03 -0.07 -0.05 -0.03 0.120 -0.26 -0.20  -0.43 0.10 -0.00
54.2 A 03MARB4  -0.03 -0.07 0.08 -0.03 -6.M0 .0.26 -0.20  -0.43 0.15 0.02
54.2 A 12MAR84  -0.03 -0.07 -0.04 -0.03 -0.310 -0.26 -0.20 -0.43 0.18 -0.0)
55-1 A 25)AN84  -0.03 -0.07 -0.04 -0.03 -0.110 -0.26 -0.20 -0.43 0.24 -0.00
55.1 A 12MARB4  -0.03 -0.07 -0.0¢ -0.03 -0.110 .-0.26 -0.20  -0.43 0.24 -0.00
55-1 8  25)AN4  -0,03 -0.07 -0.04 -0.03 -0.110 -0.26 -0.20 -0.43 0.53 -0.0
5.1 ¢ 25)ANB4  -0.03 -0.07 -0.04 -0.03 -0.M0 -0.26 -0.20 -0.43 0.46 -0.00
55.2 A 26JANB4  -0.03 -0.07 -0.04 -0.03 -0.110 -0.26 -0.20 = -0.43 0.17 -0.00
55-2 A 20MARS4  -0.03 -0.07 -0.04 .0.03 -0.110 -0.26 -0.20  -0.43 0.15 -0.0%
55.2 8 26JAN84  -0.03 -0.07 -0.04 -0.03 -0.010 -0.26 -0.20  -0.43 0.24 -0.01
55.2 8  22MARS4  -0.03 -0.07 -0.0¢ -0.03 -0.110 -0.26 -0.20  -0.43 0.18 -0.0
55.2 ¢ 26JANe4  -0.03 -0.07 -0.04 -0.03 -0.110 -0.26 -0.20  -0.43 1.06 -0.00
55.2 ¢ 22MARS4  -0.03 -0.07 -0.04 -0.03 .0.110 -0.26 -0.20  -0.43 1.40 -0.0
55.3 A 210ANB4 0.05 -0.0?7 -0.04 -0.03 -8.130 -0.26 -0.20 -0.43 0.38 -0.00
55-3 A 20MARS4  -0.02 -0.07 -0.0¢ -0.03 -0.110 -0.26 -0.20 -0.43 0.25 -0.0 X
55.3 g  27JANg4  -0.03 -0.07 -0D.0¢ -0.03 -0.MC -0.26 -0.20 -0.43 0.63 -0.0
55.3 6  26MARBA  -0.03 -0.07 -0.04 -0.03 -0.110 -0.26 -0.20 -0.43 0.55 -0.01
55-3 ¢ 21JAk4  -0.03 -0.07 -0.04 -0.03 -0.110 -0.26 -0.20 -0.43 1.20 -0.0
55.3 ¢ 2mMARss  -0.03 -0.07 -0.04 -0.03 -0.110 .0.26 -0.20 -0.43 1.20 -0.00
55-4 §  10FeBgd  -0.03 -0.07 -0.04 -0.03 -C.110 -0.26 -0.20  -0.43 0.31 -0.01
55-4 8 I2MARB4  -0.03 -0.07 -0.04 -0.03 -0.130 .-0.26 -0.20 -0.43 0.39 -0.01
§5-4 ¢ 10FEB@4  -0.03 -0.07 -0.04 .0.03 -0.110 -0.26 -0.20 _ -0.43 0.37 -C.00
55.5 A O3MARG4  -0.03 -0.07 -0.05 -0.03 -0.310 -0.26 -0.20  -0.43 0.16 -0.01
55.5 A 12HARG4  -0.03 -0.07 -0.04 -0.03 -0.110 -0.2¢ -0.20 -0.43 0,7 -0.00
55.¢ A OD3MAR&:  -0.03 -0.07 -0.0¢ .0.03 -0.110 -0.26 -0.20 -0.43 0.2 -0.00
55.¢ A 12MARGA  -0.03 -0.07 -0.04 .0.03 -0.110 .0.26 -0.20  -0.86 0.10  0.02
56-1 A O2FtB8:  -0.03 -0.07 -0.04 -0.03 -0.310 -0.26 -0.20 -0.43 0.62 -0.0
563 A 12MaR®Z  -0.03 -0.G: -0.0¢ -0.08 .0.110 -0.2¢ -0.20  -0.43 0.7 -0.0
567 ¢ o2Fee8d  -0.0: -C.CT -D.6¢ .0.63 -0.m0 -C.26 -0.20 -0.43 0.87 -0.0
56.2 A 30JAM88  -0.03 -6.€7 -0.04 -0.63 -0.11C -0.2¢ -0.14  -0.43 0.2z -0.0
5¢.2 A 20MARBE  -0.C} -C.&7  -6.0¢ -6.03 -B.11¢ -C.26 -0.20  -0.43 0.1 .0.0%
56.7 g 27MaRed  -0.03 -0.0; -0.04 -0.63 -0.110 -0.26 -0.20 -0.43 0.25 -0.00
5¢.2 ¢ 3NJANEZ  -0.03 -0.C7 -C.04 -0.05 -0.110 -C.26 -0.14  -0.43 0.2 -C.0°
56-2 ¢ 2WMR8:  -0.03 -0.01 -0.04 -0.03 -0.110 -0.z6 -0.20 -0.43 0.2! -0.00
56-3 A 0FtB84  -0.03 -0.67 -0.0¢ -0.03 -0.110 -0.26 -0.20 -0.42 0.16 -0.00
56-3 A 20MARe4  -C.63  -0.07 -0.64 -0.03 -0.13C -0.26 -C.20 -G.43 0.10 -0.01
56.3 8  0IFEB6L  -0.C3 -.eT -0.04 -0.63 -0.170 .0.26 -C.20  -0.43 0.19 -0.01
5¢-3 ¢ ©oFeeee -0.6:  -C.6. -0.0¢ -0.03 -C.11G -0.26 -0.20  -C.43 0.2¢ -06.00
5b-4 b  03FEB84  -0.05 -0.07 -0.04 -0.03 -0.010 -0.26 -0.26  -0.43 6.34 -0.00
g  O0sfEBB4  -0.03 -0.07  0.05 -0.03 -0.116 -0.26 -0.20 -0.43 0.53 -0.0%
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Appendix F (continued).

Table F-1. Water quality data for Y-12 wells (continued)

NEST WELL  DATE cu 6A HF L11] Nl ] S8 St SR v

56-4 8 VONARBA -0.03  -0.07 0.04 -0.03 -0.110 -0.26 -0.20 -0.43 0.34 -C.00
56-4 [ 03FEBBA -0.03  -0.07 0.05 -0.03 -0.130 -0.26 -0.20 -0.43 0.59 -0.0V
56-5 A 18MARB4 -0.03 -0.07 0.05 -0.03 -0.M0 -0.26 -0.20 -0.43 0.69 0.02
56-6 A OBMARBA -0.06 -0.14 0.12 -0.05 -0.M0 -0.52 -0.40 -0.86 0.33 -0.03
§6-6 A VSHARBA -0.03 -0.07 0.09 -0.03 -0.110 -0.26 -0.20 -0.43 0.36 0.03
56-7 A 02MARBY -0.03 -0.07 0.08 -0.03 -0.M) -0.26 -0.2 -0.43 0.13 0.02
56-7 A 13MARBA -0.19 -0.42 -0.2¢ :0.16 -0.M -1.60 -1.2 -2.60 0.15 -0.09
56-8 A 02KARBA -0.03  -0.42 0.12 -0.03 -0.M -0.26 -0.2 -0.43 0.4 -0.02
56-8 A 13MARBY -0.19  -0.2Y -0.24 .0.36 -0.M} -1.60 1.2 -2.60 0.14 -6.09
56-9 A 02MARS4 -0.30 -0.42 0.27 -0.08 -0.M} 0.7 -0.6 -1.30 1.60 0.07
$6-9 A 14MARB4 -0.19  -0.07 -0.24 -0.36 -0.M -1.60 1.2 -2.60 1.90 -0.09
$8-) A 16JAKBA -0.03 -0.07 -0.04 -0.03 -0.M1  -0.26 -0.2 -0.43 0.08 -C.0"
58-1 A 15MARB4 -0.03 -0.0? -0.04 -0.03 -O0.M -0.26 -0.2 -0.43 0.0¢ -0.00
58-1 ] 18JANB4 -0.03 -0.07 -0.04 -0.03 -0.Mm -0.26 -0.2 -0.43 0.16 -(.00
58-1 B 1SMARGA -0.03 -0.07 -0.04 -0.03 -0O.M -0.26 -0.2 -0.43 0.12 -0.0%
$8-2 A O2MARB4 -0.03  -0.07 0.07 -0.03 -0.M -0.26 -0.2 -0.43 0.04 -0.00
58-2 A 19NARBA -0.03 -0.07 0.07 -0.03 -0.M -0.26 -0.2 -0.43 0.09 0.02
$9-1 A 23)AN84 -0.03 -0.07 -0.04 -0.03 -0.11 -0.26 -0.2 -0.43 0.6 -0.01
59-1 A 19HARB4 -0.03 -0.07 -0.04 -0.03 -0.M -0.26 -0.2 -0.43 0.19 -0.00
59-1 8 23JANS4 -0.03 -0.07 -0.04 -0.03 -0.M -0.26 -0.2 -0.43 0.28 -0.01
59-1 C 24JANB4 -0.03  -0.07 0.04 .0,03 .-0.M -0.26 -0.2 -0.43 0.31 -0.00
66-1 A 18JANO4 -0.03  -0.0? 0.04 -003 -0.M) -0.26 -0.2 -0.43 0.18 -C.01
601 A 14MARS4 -0.03 -0.07 0.04 0.08 -0.M} -0.26  -0.2 -0.43 on -0.0%
60-1 8 18JANSA -0.03  -0.07 0.05 -0.03 -.0.M -0.26. -0.2 -0.43 0.39 -0.01
60-2 A 02MARSA -0.03  -0.07 0.06 6.04 -0.M) -0.26 -0.2 -0.43 0.10 -0.01
60-2 A 14RARB4  -0.03 -0.07 0.05 -0.03 -0.1 -0.26 -0.2 -0.43 0.10 -0.02
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. Table F-1, Water quality data for Y-12 wells (continued)

NEST WELL  DATE N IR P AS Ll
53-1 A .. 15HAYB4 -0.20 1,220 -5.20 -0.20 0.472
54-1 A O3NARSA 0.07 -0.018 -0.33 -0.64 -0.100
54-1 A 12MARS4 0.0 -0.018 -0.33 -0.64 -0.100
54-2 A O3MARGA 0.0 -0.018 -0.33 -0.64 -0.100
54-2 A T2HARS4 0.10 -0.016 -0.33 -0.64 -0.100
55-1 A 25)ANBA 0.05 -0.018 -0.33 -0.64 -0.100
55-1 A 12MARBY 0.06 -0.018 -0.33 -0.64 -0.100
55-) 8 25JANB4 -0.02 -0.018 -0.33 -0.64 -0.100
§5-1 C 25JANB4 0.03 -0.018 .0.33 -0.64 -0.100
§5-2 A 26JANB4 -0.02 -0.018 -0.33 -0.64 -0.100
§5-2 A 20NARB4 0.05 -0.018 .0.33 -0.64 -0.100
§5-2 8 26JANB4 -0.02 -0.008 -0.33 -0.64 -0.100
§5-2 B8  22MARBM4 0.04 -0.018 -0.33 -0.64 0.130
55-2 ¢ 26JANBS .0.02 -0.018 -0.33 -0.64 -0.100
§5-2 ¢ 22MHARBA 0.05 -0.018 -0.33 -0.64 0.160
5%-3 A 271JANB4 0.09 -0.018 -0.33 -0.64 -0.100
§5-3 A 20MARB4 0.05 -0.018 -0.33 -0.64 -0.100
55-3 8 21JANB4 -0.02 -0.018 -0.33 -0.64 -0.200
55-3 8 26MARB4 0.15 -0.018 -0.33 -0.64 0.180
§5-3 ¢ 279ANB4 -0.02 -0.018 -0.33 -0.64 -0.100
55-3 ¢ 27MARBA 0.26 -0.018 -0.33 -0.64 0.190
55-4 ] 10FEBB4 0.03 -0.0'8 -0.33 -0.64 -0.100
§5-4 8 12MARS4 0.07 -0.008 -0.33 0.64 -0.100
55-4 ¢ 10FEBB4 -0.02 -0.018 -0.33 -0.64 -0.100,
§5-5 A 03MARS4 0.07 -0.08 -0.33 0.64 -0.100
55-5 A 12MARB4 0.08 -0.018 -0.33 -0.64 -0.100
55-6 A 03MARS4 0.07 -0.018 -0.33 -0.64 -0.100
§5-6 A 12MARB4 0.09 -0.018 -0.33 -0.64 -0.100
56-1 A 02FEBB4 0.02 -0.008 .0.33 -0.64 -0.150
56-1 A T2MARE4 0.07 -0.018 -0.33 -0.64 -0.100
56-1 4 02FEBS4 0.02 -0.018 -0.33 -0.64 0.180
56-2 A 30JANB .0.02 -0.018 -0.33 -0.64 -0.100
56-2 A 20MARB4 0.05 -0.018 -0.33 -0.64 -0.300
56-2 6 2IMARBA 0.06 -0.0y8 -0.33 -0.64 0.190
56-2 c 31JANB4 -0.02 -0.0'8 -0.33 -0.64 0.120
$6-2 ¢ 27RARB4 0.0? -0.018 -0.33 -0.64 0.240
56-3 A 01FEBSA -0.02 -0.018 -0.33 -0.64 -0.300
5¢-3 A 20HARB4 9.05 -0.018 -0.33 -0.64 -0.100
56-3 8 017EBR4 0.05 -0.018 -0.33 -0.64 -0.100
56-3 ¢ 01+ EBB¢ 0.05 -0.008 -0.32 -0.64 -0.100
56-4 6 03f €684 0.03 -0.018 -0.33 -0.64 0.150
56-4 B 06FEBB4 0.02 -0.008 -0.33 -0.6¢4 0.150
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Yable F-1. Water quality data for v-12 wells {continued)
NEST  MELL  DATE N R P AS L1
56-4 B T9MARG4 0.06 ,-0.018 -0.33 -0.64 -0.100
56-4 C 03FEgBe -0.02 -0.018 .0.33 -0.64 0.140
56-5 A 13MARB4 0.04 -0.018 -0.33 1.10  -0.100
56-6 A Q3INARSA 0.07 -0.036 -0.66 -1.30 -0.200
56-6 A 19MARB4 0.04 -0.018 -0.33 -0.64 -0.100
56-1 A 02HARS4 0.06 -0.0018 -0.33 -0.64 -0.10
56-7 A 13WARBY -0.M7  -0.108 -2.00 .3.80 -0.60
56-8 A Q2MARBA 0.10 -0.018 -0.33 -0.64 -0.30
56-8 A 13M4ARB4 . -0.708 -2.00 -3.80 -0.60
56-9 A 02MHARBA 0.09 .0.054 -0.99 2.0 0.30
56-9 A J4MARB4 0.21 -0.108 -2.00 -3.80 -0.60
58-1 A 18JANB4 -0.02 --0.018 -0,33 -0.64 0.12
58-1 A 15MARBA 0.10 -0.018 -0.33 -D.64 0.0
58-1 8 18JANB4 0.0 -0.0018 -0.33 -0.864 0.13
58-1 ) 15MARB4 0.8 -0.008 -0.33 -0.64 -0.10
58-2 A 02MARBA 6.06 -0.018 -0.33 -0.64 -0.10
58-2 A 19RARGA 0.07 -0.08 -0.33 -0.64 -0.10
59-1 A 23JANBA 0.0 .0.018 -0.33 -0.64 -0.10
89-1 A 19MARBA 0.07 -0.008 -0.33 -0.64 -0.10
$9-1 6 23JANBA 6.09 -0.018 -0.33 -0.6¢ -0.10
§9-1 ¢ 24)ANBA -0.02 -0.006 -0.33 -0.64 0.83
60-1 A 18JANB4 -0.02 -0.0'18 -0.33 -0.64 0.57
60-1 A 14HARSA 0.64¢ .0.018 -0.33 -0.64 6.28
60-1 (] 18IANBY .0.02 -0.018 -0.33 -0.64. -0.18
60-2 A 02MARB4A 0.0 -0.038 -0.33 -0.64 -0.10
60-2 A 14MARBA 0.5 -0.018 -0.33 -0.64 -0.10

Concentrations in mg/L except as noted LEVEL is water level

in meters below measuring point QUALLTY is U » Unpurged,

€ « Clear, TH = Trace mud, M s Muddy, VP < Very muddy HG ts
in ugsL, FPH = Fleld pH, €C = Conductance in uS/cm

Negative prefixr denotes value reported a
TEMP = Water temperature in centigrade,

An mg/V CaC0j

s less than
ALKsTota) alkalinity
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lon Balonces in Y—=12 Ground''aizr
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lon Balances in Y=12 Groundwatsy
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lon Balances in Y=12 Groundwater

FORM=NOLICHUCKY SH  NESTeS8-2  RE.Lsl

MEQ SuX
6

} atendan

]
ANJONS CRIICH
EoENT; ELIvinT ce N cnrinslid frovooa Bl
LEZEND: ELfvE [T = i =
= x?? [ S o -

F.0608.028.0158.pdf 226 6/12/2023 5:29:09 PM




225

Appendix F (continued).

lon Balances in Y—12 Groundwcter

FORKaNOL JCHUCKY SH  NEST1«58-3  NELL:S

HEQ SUM
?
5
5 YU,
Y
3
2 ~
o
1
6
LESEND: ELEVENT o oA v
m— X e
2 W22

F.0608.028.0158 pdf 227 6/12/2023 5:29:09 PM




226

Appendix F (continued).

lon Balances in Y=12 Groundwater
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lon Balances in Y=12 Groundwctear
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lon Balances in Y=12 Groundwater
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., lon Balances in Y=12 Groundwater
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lon Balances in Y=12 Groundwater
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lon Balonces in Y—12 Groundwoier

FORKsNOL JCRUCKY SH

MEQ SUM

LEGEND: ELEMEN?

(&)

adanasl

FRVOVS FPTTPTOVTY FTIOTPTTTIN FUvr

1

aslasssaass

saaaasat

NEST=E5-3  HELLeZ .

RAJONS

o R
=rms ¥
— »33

6/12/2023 5:29:12 PM




F.0608.028.0158.pdf 241

Appendix F (continued).

FOa4eNOL JCruC”Y S

"

[ FHPTTPIITY FUTPPITTS FYTUTIPPIN FUTTTTUUIN PRTUUPITTS FUTTTreesy |

lon Balances in Y=-12 Groundwaier

TeEE-3

"o

W )

‘o

g 4

enoe ante an'ya a

-

~

| I
[y

PRl

6/12/2023 5:29:12PM




Wd ZL'6Z:S £20Z/TL/9 Tve Jpd'8s510'820'8090°3

v23 i . =3
- =3 == ’
il Hem .= vl 33T STNEITY
wtizd . ’
o T3
e,"‘.g r
o [
l",v':!g% - !
E'\ )
5 :
[ RN - 2
. 5
< *y
t4
;.g - ¢
Fd b
12%0 1
i
HE - 5
IS r
(R4 [
| - 9
!:q' [
i" e
! x
1
[
- ]
- 8
- 01
-
A0S O3H

21°93v h-33s1§3V MG AuSNHIICNeNHLO04

12;8:ApUNOLY Z | —A Ul S8duojog uo|

* (panuijuod) 4§ x| puaddy

0ve



24
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lon Balances in Y=12 Groundwater
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lon Balonces in Y=12 Groundwoter
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lon Balances in Y=12 Grounc ater

FORM=HAYNARDVILLE  KEST»S3-3  uftlreS R
HEQ SUXM
16
16
T

2

10

e b >
T
1
- wd

~

o
NS
St v
: RNENCAPEY
LA SPVEPIRE P Shy SR S Sy Y

v 2
MY

L 3

[N et aliaRaibure |

.
31

ARIONS

LAl

. -
= .

L
I

F.0608.028.0158.pdf 248 6/12/2023 5:29:13 PM




F.0608.028.0158.pdf 249

247
Appendix F (continued).

lon Balonces in Y=12 Groundwoter
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Appendix F (continued).
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