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ABSTRACT

FRANCIS, C. W., and R. G. STANSFIELD. 1986. Groundwater
monitoring at three 0ak Ridge National Laboratory
inactive waste impoundments: results after one year.
ORNL/TM-10193. 0Oak Ridge National Laboratory,

Oak Ridge, Tennessee. 133 pp.

To determine if the migration of potential contaminants from three
inactive waste impoundments at Oak Ridge National Laboratory poses a
threat to groundwater quality, at least one upgradient groundwater
monitoring well and three downgradient monitoring wells were installed
at each impoundment in early 1985. These three unlined impoundments
(also called waste basins or ponds) were formerly used to collect and,
in some instances, treat wastewater. There are (1) the 3513
impoundment, (2) the 01d Hydrofracture Facility (OHF) impoundment, and
(3) the Homogeneous Reactor Experiment No. 2 (HRE) impoundment.

Groundwater samples were collected quarterly for one year.
Analyses were conducted for the groundwater protection parameters
promulgated by the Resource Conservation and Recovery Act (RCRA). The
groundwater samples were also analyzed for polychlorinated biphenyls;
copper; nickel; zinc; and the radioisotopes 9OSr. ]3705, and
tritium. The contaminants found most often to affect groundwater
quality at all three waste impoundments were radionuclides. For
example, mean concentrations of gross beta and gross alpha activity
exceeded drinking water 1imits at all three sites. The gross beta
1imit (4 mr/year, assuming a person drinks 2.2 L of water per day for a
year) was exceeded at the 3513 and OHF impoundments by either 905r or
tritium levels. At the 3513 impoundment, there was substantial
evidence that the downgradient groundwater has been contaminated by
chromium and lead and possibly by halogenated organic compounds. At
the OHF impoundment, the mean level of tritium measured in the
upgradient well (about 91,000 Bq/L as compared with 80,000 Bq/L in the
downgradient wells) indicated that the groundwater quality has been
affected by the radioactive wastes buried in the low-level radioactive
waste burial ground solid waste storage area-5 upgradient of the

xi



impoundment. Testing for groundwater contamination, using the
indicator parameters outlined in Title 40, CFR (Subpart F, Groundwater
Protection, para. 265.92), disclosed statistically significant
contamination at all three sites.

xii



1. INTRODUCTION

One of the objectives in the operation of a large research
facility such as Oak Ridge National Laboratory (ORNL) is to ensure that
the treatment and/or disposal of wastes comply fully with federal and
state regulations. In response to some recent regulations promulgated
under the Resource Conservation and Recovery Act (RCRA), the Laboratory
has begun to evaluate more thoroughly the environmental impacts of some
of its former waste management practices. One such practice was the
use of unlined impoundments (also called waste basins or ponds) to
collect and, in some instances, treat the liquid waste. To determine
the environmental impact of such a practice on the groundwater quality,
a groundwater monitoring program was established at three impoundments
that are no longer being used to collect wastewater: (1) the
3513 impoundment, (2) the 01d Hydrofracture Facility (OHF) iwmpoundment,
and (3) the Homogeneous Reactor Experiment No. 2 (HRE) impoundment. At
each impoundment, three dow..gradient wells and at least one upgradient
well were installied. This report contains the groundwater analyses
data collected over the first year (four quarterly sample periods) and
evaluates the influence of each impoundment on the near-field
groundwater quality.
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2. BACKGROUND AND DESCRIPTION OF SITES

The intent of this section is to introduce, in an abbreviated
form, some background material to acquaint the reader with the past
history and some general characteristics of each impoundment. A more
complete description of the construction and operation of each of the
impoundments, as well as the duminant geologic and hydrologic
characteristics of each of the sites, is presented in several previous
ORNL reports (Stansfield and fFrancis 1986a, 1986b, 1986¢c, 1986d;
Francis and Stansfield 1986).

Also contained in the above reports are estimated inventcries of
radionuclides and potentially hazardous chemicals in the standing water
phase and sediments of each of the impoundments. Sediments from each
of the impoundments have been subjected to leaching by the extraction
procedure (EP) leaching test promulgated under the (RCRA). Only the
sediment from the 3513 impoundment was found have a toxic
characteristic because of elevated levels of mercury in the extract.
Thus, sediment from the 3513 impoundment is considered to be a
hazardous waste. '

2.1 3513 IMPOUNDMENT

The 3513 impoundment was constructed in 1944 to serve as a holding
basin for wastewaters prior to their discharge into White Oak Creek.
This unlined impoundment, which is ~67 by 67 m wide and 1 m deep,
received Laboratory 1iquid wastes until 1976 when a new process waste
treatment plant began operating. Its locatfon is 11lustrated in
Fig. 1. On the east and north of the 3513 impoundment are three
similar unlined impoundments (a large holding basin, 3524, and two
smaller holding ponds, 3539 and 3540), which are presently being used
to receive wastewater from ORNL. These holding basins, as well as
leaking underground waste lines (F. J. Homan, Operations Division,
personal communication, February 1986), represent potential sources of
contamination to the groundwater, which is sampled from monitoring
wells around 3513.
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The estimated capacity of the impoundment 1s 7.1 x 106 L. The
net annual precipitation input to the pond is ~56 cm (which
corresponds to ~2.5 x 106 L). The water level is maintained by
. pumping the overflow water to the 3524 impoundment where it is
processed.

2.2 OLD HYDROFRACTURE FACILITY IMPOUNDMENT

The old Hydrofracture Facility (OHF) was used for the permanent.
disposal of 1iquid radioactive waste in impermeable shale formations
from 1964 to 1979. The facility is located at the confluence of Melton
Branch and White Oak Creek, ~1.5 km southwest of the ORNL main
complex (see Fig. 2). The impoundment is downslope, ~50 m to the
northwest, of building 7852, which contains the control room that was
used in injecting 1iquid radiocactive waste, in the form of a grout,
into impermeable shale formations at depths ranging from ~230 to
300 m. The impoundment, which is ~30 m long and 6 m wide and 1 to 2
m deep, was constructed in 1963 to serve as an emergency containment
basin for possible spillage of grout. The design capacity is
~3.8 x 105 L. Stansfield and Francis (1986b) estimated the pond to
contain ~3.0 x 105 L in August of 1985. Differences between mean
annual precipitation (~140 cm) and mean annual evaporation indicate
that ~140,000 L is leaking annually from the pond and entering the
groundwater.

2.3 HOMOGENEOUS REACTOR EXPERIMENT NO. 2 IMPOUNDMENT

The Homogeneous Reactor Experiment No. 2 (HRE) impoundment was
built in 1955 to serve as a settling basin for low-level radioactive
waste generated by the homogeneous reactor experiments. The HRE
facility is located in Melton valley, ~900 m southeast of the main
ORNL complex (see Fig. 3). When constructed, the capacity of the
impoundment was ~1.2 x 106 L (20 by 20 m and ~3 m deep). The
impoundment received 1iquid wastes intermittently from 1957 through
1962. 1In 1970 the impoundment was drained and backfilled with soil1 and
partially weathered shale from the surrounding area. The filled
impoundment was then capped with crushed 1imestone and asphaltic
concrete.
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3. METHODS AND MATERIALS

3.1 LOCATION AND CONSTRUCTION OF MONITORING WELLS
3.1.1 3513 Impoundment

Five monitoring wells were installed around the perimeter of the
3513 impoundment in January 1985 (Fig. 4). Monitoring wells 1 and 1A
were located to sample groundwater upgradient from the impoundment.
"Upgradient" is defined here as the direction of increasing static head
of the groundwater table. Monitoring well 1 (the bottom of which is
2.4 m below the ground surface) is not as deep as well 1A (the bottom
of which is 7.6 m below the ground surface). The major difference is
that well 1 does not penetrate the limestone bedrock underlying the
clay soil. Well 1A, on the other hand, penetrates ~1 m into the
1imestone bedrock. The other three wells (2, 3, and 4) were located
with the inten* of sampling groundwater downgradient from the
impoundment. These wells penetrate ~0.6 m into the 1imestone
bedrock. Thus, approximately one-third of the well screen (which is
2.1 m in length) is located in the limestone bedrock. A geologic cross
secticn of the 3513 impoundment area, il1lustrating the elevation of the
groundwater in relation to the monitoring wells, is presented in
Fig. 5. The grid coordinates and pertinent elevations for each of the
monitoring wells are presented in Table 1.

Table 1. Grid coordinates and elevations for 3513 monitoring wells

Monitoring well
1 1A 2 3 4

ORNL grid coordinates, m

North 6542.0 6541.7 6455.8 6455.8 6486.7

East 9496.8 9496.1 9491.9 9451.6 9439.7
Elevations, m

Top of well casing 239.8 239.7 239.6 239.3 238.7

Ground surface 238.8 238.8 238.17 238.4 238.0

Top of well screen 237.1 234.5 236.6 233.5 236.0

Bottom of well screen 236.5 232.3 234.5 234.4 233.8

Top of sand pack 237.3 234.6 237.1 236.9 236.5

Bottom of well hole 236.4 231.2 234.5 234.4 233.8
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The monitoring wells are constructed of 5.1-cm-diam stainless
steel well screen and casing. The weil screens have a continuous slot,
0.25-mm wide. The length of well screens ranges from 0.6 to 2.1 m, and
all are surrounded by a sand pack of medium-grained quartz sand which
extends a minimum height of 30 ~m above the elevation of the top of the
well screen. A detailed de: .ption of the coring and construction of
the wells is given in Appendices A and B of Stansfield and Francis 1986a.

3.1.2 01d Hydrofracture Facility Impoundment

Four monitoring wells were installed in March 1985 around the
perimeter of the OHF impoundment (see Fig. 6). Monitoring well 1 was
located to sample groundwater upgradient from the impoundment. This
well is located at the northeast corner of the impoundment ~15 m from
the edge of the standing water contained in the impoundment. However,
it is located ~30 m downgradient from a disposal trench in a
low-level solid waste storage area (SWSA-5), which is a potential
source of contamination. Monitoring wells 2, 3, and 4 were located to
collect groundwater downgradient from the impoundment.

The depth from ground surface of monitoring well 1 s ~10 m as
compared with ~7 m for monitoring wells 2, 3, and 4. The grid
coordinates and elevations to specific parts of each of the monitoring
wells are presented in Table 2. A geologic cross section of the

Table 2. Grid coordinates and elevations for
01d Hydrofracture Facility monitoring wells

Monitoring well
1 2 3 4

ORNL grid coordinates, m

North 280.7 875.6 5272.7 5285.0
East 8717.4 8688.3 8685.8 8692.6
Elevations, m
Top of well casing 238.4 236.8 235.8 235.8
Ground surface 237.5 236.0 234.9 234.9
Top of well screen 231.17 232.0 231.8 231.8
Bottom of well screen 228.6 229.2 228.1 228.8
Top of sand pack 234.6 234.1 233.1 232.4
Bottom of well hole 226.9 228.17 227.6 2217.6
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impoundment, i1l1lustrating the relative position of the water table and the
monitoring wells, is presented in Fig. 7. Note that sediments in the
bottom of the impoundment were in direct contact with the water table on
July 29, 1985.

The monitoring wells were constructed of 7.60-cm-diam fiberglass well
screen and casing. The 3.0-m long well screens contain two rows of slots,
each 0.25-mm wide, to allow the movement of groundwater into the wells. A
medium-grained quartz sand was packed around the screen extending to ~30
cm above the top of the well screemn. A bentonite clay seal of ~30 cm in
length was place on top of the sand pack. The remainder of the boring was
backfilled with portland cement concrete. Detailed descriptions of each
of the drillings as well as the construction of the monitoring wells are
given in Appendices A and B of Stansfield and Francis 1986b.

3.1.3 Homogeneous Reactor Experiment No. 2 Impoundment

Four monitoring wells were installed during February and March of
1985 around the perimeter of the HRE impoundment (Fig. 8). Monitoring
well 1 was installed at the far northwest corner of the asphaltic cap.
The location of monitoring well 1 further upslope and off the asphaltic
cap area was restricted by aboveground and belowground structures.

This well is considered to be upgradient from the impoundment, based on
water level measurements (see Fig. 9). None of the other wells (2, 3,
and 4), which were installed to sample groundwater downgradient of the
covered impoundment, were located within the area of the enclosed
asphaltic cap. Depths from ground level to the bottom of the
monitoring wells range from 9 m for monitoring well 1 to ~7.5 m for
the downgradient wells. The grid coordinates and elevations for
specific parts of the monitoring wells are 1isted in Table 3.

The construction of the monitoring wells at the HRE impoundment is
similar to the construction of the wells at the OHF impoundment; i.e.,
the well screens and casings are made of 7.6-cm-diam fiberglass rather
than stainless steel, which was used for the 3513 impoundment wells.
Detailed descriptions of each of the drillings, as well as the
construction of the monitoring wells, are given in Appendices B and C
of Stansfield and Francis 1986¢.
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Table 3. Grid coordinates and elevations for domogeneous
Reactor Experiment monitoring wells

._Monitoring well

1 2 3 4

Grid coordinates, m

North 5679.9 5663.6 5644.5 5643.5

East 95717.7 9611.4 9609.1 9584.3
Elevations, m

Top of well casing 252.1 248.6 247 1 248.17

Ground surface 250.9 247.9 246.3 247.8

Top of well screen 246.0 244.1 242.6 245.2

Bottom of well screen 242 .9 241.0 239.5 242.1

Top of sand pack 241.9 240.3 238.8 240.3

Bottom of well hole 241.9 240.3 238.8 240.3

3.2 SAMPLING PROCEDURES

3.2.1 Sample Collection

The monitoring wells at each impoundment were sampled quarterly
over a 12-month period (February 1985 to January 1986) (Table 4).
Before water samples were taken, the wat ' level of each well was
measured with an electric tape. To avoid cross-contamination between
wells, the immersed portion of the tape was rinsed with deionized water
after samples were taken from each well. The water levels recorded
throughout the sampling year are presented in Table 5.

A bottom-loading, stainless steel bailer was used to purge and
sample the wells. To ensure a thorough cleaning, the bailer was
disassembled and washed with hot water and detergent after each well
was sampled. During the first quarter of sampling, the bailer was then
rinsed with dilute nitric acid followed by distilled water rinses. 1In
subsequent quarters, the acid rinse was replaced by a methanol rinse
followed by distilled water rinses. A new nylon 1ine was attached to
the bailer prior to sampling each well. Before a sample was taken, the
well was purged by removing a volume of water equal to five times the
volume contained within the well screen and casing. The water removed
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Table 4, Sampling dates for each waste impoundment

Quarter
Impoundment ] 2 3 4
Month/year
3513 2/85 4/858 9/85
1/86
01d Hydrofracture Facility (OHF) 3/85b 5/85 9/85
1/86
Homogeneous Reactor Experiment
No. 2 (HRE) 2/85 5/85 10/85 1/86

3A11 monitoring wells at the 3513 impoundment were also sampled
in Jupe 1985 for total organic carbon.

bWell 1 at the OMF impoundment was sampled twice in March 1985
for all groundwater quality parameters.

Table 5. Water levels (m) in monitoring wells

Monitoring well
Date 1A 1 2 3 4

3513 impoundment

2/6/85 237.6 237.8 236.1 235.9 236.8
4/8/85 237.5 2317.5 236.7 235.17 236.6
4/16/85 231.2 237.5 236.6 235.17 236.7
6/16/85 237.4 231.5 236.8 235.1 236.5
1/1/85 237.4 2317.5 236.1 235.1 236.6
9/10/85 237.6 2317.5 236.17 235.8 236.5
12/16/85 236.4 237.6 236.17 235.8 236.6
01d_Hydrofracture Facility impoundment
4/8/85 235.0 230.56 230.8 231.9
5/23/85 234.5 230.3 230.7 231.6
6/4/85 234.4 230.2 230.5 231.5
1/1/85 234.2 230.2 230.5 231.5
1/30/85 234.1 230.3 230.6 231.5
9/117/85 234.2 230.4 230.6 231.6
1/06/86 234.2 230.2 230.6 231.6
Homogeneous Reactor Experiment No. 2 impoundment
4/8/85 248.3 246.3 245.0 245.5
5/20/85 248.0 246.1 244.9 245.5
6/04/85 248.0 246.3 244.8 245.5
1/01/85 248.5 246.3 245.0 245.5
10/1/85 248.2 246.3 NTQ 245.5
1/13/86 248.1 246 .1 244 .9 245.5

ANT - measurement not taken.
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for purging purposes was measured and then discarded into the
impoundment. 1In the case of the wells at the HRE impoundment, the
purged water was transported to the process waste system for disposal.

The pH and specific conductivity were measured at the well site,
except for the first quarter samples taken at the 3513 impoundment
wells. In that instance, samples were taken promptly to the laboratory
and measured.

3.2.2 Sample Preservation

The groundwater samples that were to be analyzed for RCRA-requlated
contaminants were transferred directly from the stainless steel bailer
into glass containers with polytetrafluoroethylene-1ined caps. These
samples were delivered to ORNL's Analytical Chemistry Division for
analysis on the day they were collected, or were stored overnight in a
refrigerator for delivery the next day. The samples to be analyzed for
organic compounds, nitrates, sulfates and chlorides were stored under
refrigeration in the Analytical Chemistry Division prior to analysis.
Separate aliquots were taken for metal analyses and then acidified with
nitric acid to a pH <2. The groundwater samples that were to be
analyzed for gamma-emitting radioisotopes were counted directly in the
1-L plastic containers in which they were collected and thus required
no refrigeration.

3.2.3 cChain of Custody

A record was made for all samples collected in which the following
information was recorded: name of collector, identifying 1ist of
samples, date and location where collected, inclusive dates when the
samples were in the collector's custody, and date when samples were
transferred to the laboratory for analyses. A copy of this record
accompanied the samples to the analytical laboratory.

3.3 GROUNDWATER QUALITY PARAMETERS MEASURED

The principal goal in analyzing the groundwater in the vicinity of
former wastewater impoundments was to determine if it had been
contaminated. Regulations have been promulgated under RCRA to protect
groundwater quality at RCRA-permitted facilities. The wastewater
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impoundments discussed here are not RCRA-permitted sites:; however, they
were included under section 3004(u) of the 1984 Hazardous and Solid
Waste Amendments of the reauthorization of RCRA when ORNL applied to
the U. S. Environmental Protection Agency (USEPA) for a hazardous waste
storage facility at building 7€32 (J. H. Scarbrough, Chief of the
Residual Management Branch, Region IV, USEPA, personal communication to
J. A. Lenhard, Oak Ridge Operations, U. S. Department of Energy, May
1986). Under these regulations, the permittee is required to identify
and characterize all solid waste management units curkently or
previously located within its boundary. The intent of this regulation
is to determine whether a prior or continuing releasejof hazardous
waste or hazardous constituents has occurred or is oc52rr1ng and/or to
characterize the nature and extent of the releases. Groundwater
protection standards under RCRA are defined in Title 40, Subpart F, of
the Code of Federal Regulations (CFR). The only parameters that have
regulated 1imits are those defined by the National Interim Primary
Drinking Water Standards (NIPDWS) (see Table 6). Other parameters that
require monitoring in groundwater are those establishing groundwater
quality and those chosen to be indicators of groundwater contamination
(these parameters are also listed in Table 6). The groundwater quality
parameters are to be used as the basis for comparison in the event a
groundwater quality assessment is required, and the indicator
parameters are used to determine if groundwater has been contaminated
by the facility. During the first year, the operator or owner, on a
quarterly basis, must establish initial background concentrations, or
values, of all parameters for all monitoring wells. For each of the
indicator parameters, at least four replicate measurements must be
obtained for each sample and the initial background arithmetic mean and
variance determined by pooling the replicate measurements for the
respective parameter concentrations, or values, in samples obtained
from the upgradient wells during the first year. These groundwater
parameters, as well as PCBs, copper, nickel, zinc, and the
radioisotopes 905r. ]37Cs. and tritium, were measured in the
groundwater samples taken from the monitoring wells. Measurements of
temperature and dissolved oxygen were also made.
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Table 6. Groundwater parameters measured

Parameterd Maximum level a}lowedd:D

National Interim Primary Drinking Water Standards (NIPDWS)

Arsenic 0.05
Barium 1
Cadmium 0.01
Chromium 0.05
Coliform bacteria, count/100 mL 1
Endrin 0.0002
Fluoride 1.4-2.4
Gross alpha, Bq/L 0.556
Gross beta, mR/year 4
Lead 0.05
Lindane 0.004
Mercury 0.002
Methoxychlor 0.1
Nitrate-N 10
Selenium 0.01
Silver 0.05
Toxaphene 0.005
2,4,5-TP Silvex 0.00
2,4-D 0.1
Parameters establishing groundwater quality
Chloride ND
Iron ND
Manganese ND
Phenols ND
Sodium ND
Sulfate ND

Parameters used as_indicators of groundwater contamination

pH ND
Specific conductance, uS/cm ND
Total organic carbon ND
Total organic halides ND

dConcentrations are in mg/L unless otherwise stated.
ND = maximum level for that parameter not defined.
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3.4 METHODS OF CHEMICAL ANALYSIS

The methods used to analyze the groundwater are those described in
USEPA methods manuals (USEPA 1982, 1983). For elemental concentrations,
it was necessary to use atomic absorption spectroscopy to reach the
detection levels required by the NIPDWS. The recommended USEPA methods
are 7061, 7081, 7131, 7191, 7421, 7470, 7741, and 7761 for arsenic,
barium, cadmium, chromium, lead, mercury, selenium, and silver,
respectively. Inductively coupled plasma (ICP) spectroscopy (method
200.7 in USEPA 1983) was also used to determine the concentrations of
nonregulatory elements, namely copper, nickel, and zinc. The
concentrations of pesticides and herbicides as well as the PCBs in the
groundwater were determined by method 8080 (USEPA 1982), except the
analyses were by liquid chromatography instead of gas chromatography.
Coliform bacteria were determined by method 405.1 (USEPA 1983).
Concentrations of fluoride, chloride, nitrate, and sulfate were
determined using methods 340.2 and 300.0 (USEPA 1983). Phenol
concentrations were measured by method 420.1 (USEPA 1983). Total
organic carbon (TOC) and total organic halides (TOX) were determined
using methods 9060 and 9020, respectively (USEPA 1982).

The radionuclide concentrations were determined using solid state
alpha and beta detectors. Aliquots of groundwater were dried on
counting planchets, and the levels of gross alpha and gross beta
activity were determined using Tennelec LB5100 Series II equipment.
This automated system is programmed to convert raw data to activity
units as well as utilizing material weights or volumes to produce
activity per unit (weight or volume). Analyses of gamma-emitting
radionuclides were conducted using high-resolution germanium
detectors. The detectors were shielded from extraneous background and
were calibrated for the respective sample geometries, using certified
mixtures of gamma-emitting radionuclide standard solutions from the
National Bureau Standards (NBS). Calibration procedures and assessment
have been described by Larsen and Cutshall (1981). Tritium
concentrations were measured using established 1iquid-scintillation
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counting procedures. Strontium-90 was separated from other cations in
the groundwater by precipitation as the oxalate salt and then counted
on a beta proportional counting system.

3.5 STATISTICAL PROCEDURES

Two strategies were used to determine statistical differences in
the concentrations of parameters measured in groundwater. In the first
procedure, all parameters were statistically analyzed for differences
in concentrations between monitoring wells across the four quarters of
sample collection. In this case, the statistical variability for each
well was determined by differences in the concentration of the
parameter determined over four quarters of sampling; i.e., the sample
quarter was treated as a statistical replicate. Thus, this method of
statistical analysis is confounded with respect to time (over the
sampling interval of one year). Statistical differences between mean
concentrations in individual monitoring wells were determined by
Duncan's multiple-range test, as conducted by the GLM procedure of the
SAS Institute Inc. statistical software package (SAS 1985). For
observations below the analytical detection level, the analytical
detection level was used as an estimate for that concentration, a
conservative approach.

The second method of statistical analysis that was used is
outlined in Subpart F, (Groundwater Monitoring, of Title 40, CFR). 1In
this procedure, for each of the indicator parameters (pH, specific
conductance, total organic carbon, and total organic halides), the
arithmetic mean and variance must be calculated, based on at least four
replicate measurements on each sample for each well monitored, and
compared with its initial background arithmetic mean. The initial
background arithmetic means for each of the indicator parameters are
determined from the measurements made in the upgradient monitoring
wells over four quarters of sampling. The comparison must consider
individually each of the wells in the monitoring system and must use
the Student's t-test at the 0.01 level of significance to determine
statistically significant increases (and decreases, in the case of pH)
over initial background. This method of statistical analysis was
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determined using the T TEST procedure as outlined in SAS (1985).
Unequal variances were assumed between the background measurements and
those determined from a quarterly sample. Measurements for indicator
parameters were all above the analytical detection level.
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4. RESULTS AND DISCUSSION

Reported in Table A-1 in the Appendix are the concentrations of
groundwater quality parameters observed in each of the monitoring wells
for each of the four quarters of sampling at the three waste
impoundments. (Negative values in these tables indicate the analytical
detection level. Data are also reported to five decimal points, but
only two digits should be considered significant.) Mean valuec over
four quarters of sampling for each of the monitoring wells are
presented in Table A-2 in the Appendix. Comparisons between parameter
concentrations sampled from downgradient and upgradient wells are
1isted in Table A-3. Discussions pertinent to each of the impoundments
follow.

4.1 3513 IMPOUNDMENT

4.1.1 Groundwater Measurements That Exceeded RCRA Limits

The mean concentrations of chromium, lead, gross alpha, gross
beta, and mean counts of coliform bacteria in the downgradient wells
exceeded the maximum allowable levels established by RCRA. The maximum
levels were also exceeded for the mean counts of coliform bacteria and
mean concentrations of gross alpha and gross beta in the upgradient
wells, indicating possible migration of contaminant from one of the
adjacent unlined impoundments (impoundments 3524, 3539, or 3940; see
Fig. 1) or leakage from a broken transfer line (Stansfield and Francis
1986a).

The high mean values for chromium in the downgradient wells appear
to be due to the high chromium values measured in wells 2 and 4 during
the first quarter of sampling (see Table 7 and Tables A-1 and A-2 in
the Appendix). The high concentrations of lead in the downgradient
wells appears to have been caused by the high values observed in
monitoring well 3 during the last three quarters of sampling (see
Table A-1). For this well, all three samples were in excess of the
RCRA 1imit (0.05 mg/L).

The groundwater from downgradient wells 2 and 4 contained
considerably more gross alpha and gross beta activity than the
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Table 7. Mean groundwater concentrations measured in monitoring wells
at the 3513 impoundment

Measuredd
Maximum level
Parameterd allowedd.b Upgradient Downgradient

National Interim Primary Drinking Water Standards (NIPDWS)

Arsenic 0.05 <0.0033 <0.0040
Barium 1 <0.24 0.35
Cadmium 0.0 <0.0014 <10.0
Chromium 0.05 <0.029 0.18
Coliform bacteria, count/100 mL ] 1.3 10.0
Endrin 0.0002 <0.0002 <0.0001
Fluoride 1.4-2.4 <1.0000 <1.0000
Gross alpha, Bq/L 0.556 1.9 <5.1
Gross beta, Bgq/L 0.13¢ 5.4 23
Lead 0.05 <0.010 0.15
Lindane 0.004 <0.00M <0.0011
Mercury 0.002 0.0002 <0.0002
Methoxychlor 0. <0.00M1 <0.0047
Nitrate-N 10 <5.0 <3.5
226Ra, Bg/L 0.19 <0.03 <0.0609
Selenium 0.0 <0.0050 <0.00¢"
Silver 0.05 <0.03 <0.03
Toxaphene 0.005 <0.0035 <0.0035
2,4,5-TP Silvex 0.00 <0.0075 <0.0079
2,4-D 0.1 <0.007% <0.0078
Parameters establishing gqroundwater quality
Chloride NO 6.4 18
Iron ND 2.7 24
Manganese ND 1.5 3.9
Phenols ND <0.0010 <0.0002
Sodium ND 23 3
Sulfate ND 80 <13
Parameters used as indicators of groundwater contamination
pH ND 6.5 6.4
Specific conductance, uS/cm ND 820 660
Total organic carbon ND 4.8 5.9528
Total organic halides ND 0.067 0.14
Nonrequlated parameters
Cogperd ND <0.025 <0.028
137¢s, Bq/L ND 1.3 0.39
Dissolved oxygen ND 5.0 4.5
Nicke1ld ND 0.06 0.36
Polychlorinated biphenyls (PCBs) ND 0.000 0.0000
30sr, Ba/tL 0.13¢ 2.4 13
Temperature, $C ND 15 18
Tritium, Bq/L 670¢ 350 4800
Zincd ND <0.061 0.15

aconcentrations are in mg/L unless otherwise stated.

bND = maximum level for that parameter not defined.

CLevel of activity necessary to give a total body dose of 4 mR/year to a person
drinking 2.2 L of water per day for a year.

Hazardous substance guidelines issued by the State of Tennessee (L. W. Gregory,
Division of Solid Waste Management, Department of Health and Environment, State of
Tennessee, personal communication, 1985%).
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groundwater from well 3 (the other downgradient well). Well 2
contained especially high concentrations of gross beta activity (mean
value >50 Bq/L). One of the gross alpha measurements involved an
analytical detection level greater than the RCRA 1imit (the measurement
of the sample taken the first quarter from well 4; see Table 8).
However, its inclusion or omission in the data set had little effect on
the mean values of gross alpha in the downgradient wells. For example,
the mean value for gross alpha in downgradient wells was <4.7 Bq/L when
all measurements were used and 4.8 8gq/L when the measurement involving
a detection level greater than the RCRA 1limit was deleted. In either
case, both mean values exceeded the RCRA 1imit.

The mean levels of tritium and 905r in groundwater from the
downgradient wells were considerably greater'than the level of activity
necessary to give a total body dose of 4 mR/year to a person drinking
2.2 L of water per day for a year (see Table 7). However, only one
tritium measurement in the upgradient wells (a measurement of 760 Bq/L
taken the third quarter from well 1A) exceeded the calculated limit of
670 Bq/L .

Those concentrations measured in groundwater that exceeded the
RCRA maximum 1imits are listed in Table 9. Measurements in which the
analytical detection level exceeded the RCRA 1imit were not included in
Table 9 (e.g., those measurements of gross alpha, 226Ra, and silver
listed in Table 8). Excessive levels of chromium were observed in all
three downgradient wells the first quarter of sampling, but
measurements from the same wells at later sampling dates were below the
RCRA 1imit. The dominant contaminants appear to be radionuclides;
i.e., excessive levels of gross alpha and gross beta were observed in
groundwater samples taken from all monitoring wells. There appears to
be a trend in elevated levels of lead in groundwater sampled from
well 3 as compared with the other downgradient wells.

4.1.2 Statistically Significant Differences Between Monitoring Wells

One method of comparing concentrations of the measured parameters
between monitoring wells is to make statistical comparisons between the
wells over the four quarters of sampling, i.e., to treat the
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Table 8. List of samples whose detection levels exceeded Resource
Conservation and Recovery Act (RCRA) Timits

RCRA Well Sampling Detection
Parameter Unit Timit no. quarter level

3513 impoundment

Gross alpha Bq/L .55 4 1 3.0
226g4 Bg/L 0.18 4 4 0.2
Silver mg/L 0.05 1 1 0.07
Silver mg/L 0.05 1 2 0.07
Silver mg/L 0.05 2 1 0.07
Silver mg/L 0.05 2 2 0.07
Silver mg/L 0.05 3 1 0.07
Silver mg/L 0.05 3 2 0.07
Silver mg/L 0.05 4 1 0.07
Silver mg/L 0.05 4 2 0.07

01d Hydrofracture Facility impoundment

Gross alpha Bq/L 0.55 2 2 2.0

Gross alpha Bg/L 0.55 4 2 3.0

226p, Bq/L 0.19 1 3 0.40
226p4 Bq/L 0.19 2 1 0.20
226R4 Bq/L 0.19 3 1 0.20
226p4 Bq/L 0.19 3 3 0.60
226pa Bq/L 0.19 3 4 0.20
226Ra Bq/L 0.19 4 1 0.20
226p, Bq/L 0.19 4 3 0.60
Silver mg/L 0.05 1 1 0.07
Silver mg/L 0.05 1 2 0.07
Silver mg/L 0.05 2 1 0.07
Silver mg/L 0.05 2 2 0.07
Silver mg/L 0.05 3 1 0.07
Silver mg/L 0.05 3 2 0.07
Silver mg/L 0.05 4 1 0.07
Silver mg/L 0.05 4 2 0.07

Homogeneous Reactor Experiment impoundment

Chromium mg/L 0.05 1 2 0.20
Silver mg/L 0.05 1 1 0.07
Silver mg/L 0.05 1 2 0.07
Silver mg/L 0.05 2 1 0.07
Silver mg/L 0.05 2 2 0.07
Silver mg/L 0.05 3 1 0.07
Silver mg/L 0.05 3 2 0.07
Silver mg/L 0.05 4 1 0.42
Silver mg/L 0.05 4 2 0.07
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Table 9. Measured concentrations in groundwater at 3513 impoundment that
were in excess of Resource Conservation and Recovery Act (RCRA)
maximum limits for groundwater

Sampling quarteré

RCRA
Parameter unit limit 1 2 3 4
Well 1
Coliform bacteria count/100 mL 1 8 8L BL BL
Gross alpha Bq/L 0.55 2 1 2 2
Gross beta Bq/L 0.13 5 2 5 3
905 Bq/L 0.13 ND 1 2 2
Well 1A
Chromium mg/L 0.05 0.14 BL BL BL
Coliform bacteria count/100 mL 1 2 BL BL BL
Gross alpha Bq/L 0.55 1 1 6 4
Gross beta Bq/L 0.13 1 5 13 8
905y Bg/L 0.13 ND 3 3 3
Tritium Bq/L 670 ND BL 760 BL
Well 2
Chromium mg/L 0.05 1.20 BL BL BL
Gross alpha Bq/L 0.55 4 1 18 17
Gross beta Bq/L 0.13 54 45 65 62
905y Bq/L 0.13 ND 26 33 32
Tritium Bq/L 670 ND 3600 3500 2900
Well 3
Chromium mg/L 0.05 0.07 BL 8L BL
Coliform bacteria count/100 mL 1 2 BL 8 120
Gross alpha Bg/L 0.55 BL BL 2 2
Gross beta Bq/L 0.13 4 1 4 2
Lead mg/L 0.05 8L 1.4 0.06 0.08
905y Bq/L 0.13 ND 0.40  0.64 1.40
Tritium Bq/L 670 ND 2300 2800 2400
Well 4
Chromium mg/L 0.05 0.69 8L BL 8L
Gross alpha Bq/L 0.55 BL BL 4 5
Iron Bq/L 0.13 9 7 15 19
905y Bq/L 0.13 ND 5 1 7
Tritium Bq/L 670 ND 2200 20000 3600

g = pelow RCRA groundwater limit; ND = not determined.
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concentrations taken at the four sampling periods as replicates.
Treatment in this manner confounds any analysis with respect to time.
For example, there is no assurance that an observation at each of the
wells is independent of time or that any response to time, if there is
one, is the same for each well. Obviously, such treatment is much less
dangerous at inactive sites than it is at active sites (those sites
that continue to receive wastes). To make simple comparisons between
upgradient and downgradient wells at specific points in time, at least
three to four upgradient wells are needed for comparison with the same
number of downgradient wells. Regardless of the implications, a
statistical comparison was made between monitoring wells for each one
of the measured parameters, as described in Sect. 3.5, Statistical
Procedures. Those parameters that showed significant differences at
the 0.05 level are listed in Table 10.

One evidence of groundwater pollution is a significant difference
between upgradient and downgradient wells in the concentration of those
parameters defined by RCRA for monitoring groundwater characteristics
(see the 1ist of those parameters in Table 6). In a statistical sense,
taking into consideration those parameters for which an RCRA l1imit
exists (i.e., NIPDWS), only the gross beta measurements in groundwater
from wells 2 and 4 were significantly different (P < 0.05) from similar
measurements in groundwater taken from upgradient wells (combined
measurements from wells 1 and 1A over the four quarters of sampling;
see Table 10). There were significant statistical differences in mean
concentrations of a number of groundwater parameters between monitoring
wells. For example, significantly higher concentrations of chloride,
jron, tritium, manganese, 9OSr', TOC, TOX, and zinc were observed in
groundwater sampled from one or more of the downgradient wells as
compared with the upgradient wells (Table 10). Interestingly, the
concentrations of sulfate were significantly lower in downgradient
wells than in upgradient wells. The same was true for measurements of
specific conductance; i.e., the groundwater from the downgradient wells
measured significantly lower in conductivity than that sampled from the
upgradient wells. These measurements strongly indicate that the plume
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Table 10. Significant differences in water quality parameters between
monitoring wells at the 3513 impoundment

Concentrations in monitoring welils 1-4a,b

Parameter 1 2 3 4
Chloride, mg/L 6.4§ 36* 12¢% 6.6§
Dissolved 4.6% 3.5¢ 4.6% 5.4%
oxygen, mg/L
Iron, mg/L 2.7t 8.8t 51* 12+
Gross beta, 5.4§ 54% 2.6§ 1+
mR/year
Tritium, Bq/L 35¢% 3300*+ 2500*% ¢ 8600*
Manganese, mg/L 1.5¢ 4.8% 3.8% 3.2%
pH 6.5¢% 6.7*% 6.31§ 6.3§
Sulfate, mg/L 80* 20¢ 6t 13¢
Specific 820%* 602*¢ 620¢% 730*¢
conductance,
us/cm
90sr, Bq/L 2.3§ 30% 0.8§ 6.4%
Total organic 4.8¢ 3.6% 7.1% 7.2*%

carbon, mg/L

Total organic 0.07¢ 0.07¢ 0.17* 0.19*
halides, mg/L

Zinc, mg/L 0.06¢ 0.07*+ 0.29* 0.09*f

aConcentrations are statistically different (0.05 level) between
wells if they do not have similar superscripts (*, +, §). The
statistical comparisons were determined using the Duncan's
multig]e—range test of the GLM procedure, as outlined in SAS 1985.
Concentrations found in monitoring well 1A were combined with
those in monitoring well 1 for statistical comparison.
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from the 3524 impoundment or leaks in underground waste lines seriously
impacted the water quality of the upgradient monitoring wells for the
3513 impoundment. A considerably more valid interpretation can be made
regarding the effect of the 3524 impoundment when the analyses for the
groundwater sampling program around the 3524 impoundment are completed
(data covering four quarters of sampling are expected to be available
in late summer to early fall of 1986).

4.1.3 Testing for Groundwater Contamination Using Indicator Parameters

Title 40, CFR (Subpart F, Groundwater Protection, para. 265.92)
requires that each of the indicator parameters listed in Table 6 for
every sample taken from a monitoring well be compared with background
levels in the upgradient wells averaged over the first four quarters of
groundwater monitoring. The comparison must consider each of the wells
in the monitoring system individually, and must use the Student's
t-test at the 0.01 level of significance to determine statistically
significant increases (and decreases, in the case of pH) over initial
background levels. Means and other statistical information pertaining
to the concentrations of the indicator parameters measured in the
upgradient wells over the first year of data collection are tabulated
in Table A-5 of the Appendix.

Comparisons of indicator parameters in each of the upgradient and
downgradient wells with background levels over the four quarters
sampled at the 3513 monitoring wells are presented in Table 11.
Unfortunately, four replicated measurements were not made on all
sampling dates. For example, with respect to the measurements for pH
and specific conductance, only in the fourth quarter were four
replicated measurements made. Measurements of pH in the fourth quarter
showed significantly higher values for groundwater taken from well 2 as
compared with the control, whereas samples taken from wells 3 and 4
were significantly lower in pH than the control (mean pH of 6.4).
Measurements of groundwater pH from the upgradient wells (wells 1A and 1)
in the fourth quarter were not significantly different from the
background levels determined over the sampling year (Table 11). The
measurements taken in the fourth quarter for specific conductance



Table 11. Student's t-test for indicators of groundwater contamination
at the 3513 impoundment

Specific
conductance Total organic Total organic
pH (uS/cm) carben (mg/L) halides (mg/L)
Sampling Signifi- Signifi- Signifi- Signifi-

Well quarter Mean canced Mean canced Mean canced Mean canced
Background® 6.5 820 4.8 0.067
1A 1 6.4 SV 590 SV 2.3 Sv 0.072 Sv

2 6.6 SV 810 SV 8.4 balad 0.022 Sv

2AC ND ND 4.1 NS ND

3 6.4 SV 740 SV 3.1 fabed 0.040 *

4 6.4 NS 790 NS 5.0 SV 0.17 okl
1 1 6.7 SV 570 SV 2.1 SV 0.062 SV

2 6.5 SV 940 SV 8.1 falal 0.004 Sv

2AC ND ND 3.6 % ND

3 6.4 SV 310 Sv 3.1 ald 0.039 *

4 6.5 NS 1100 el 4.0 SV 0.048 NS
2 1 6.2 Sv 440 Sv 1.5 Sv 0.055 SV

2 1.1 Sv 680 SV 5.1 * 0.022 sv

2aC ND NO 3.0 o ND

3 6.5 SV 650 Sv 1.6 ok 0.1 fadad

4 6.8 fada 680 * 8.0 Sv 0.046 NS
3 1 6.4 SV 460 SV 3.7 Sy 0.060 Sv

2 ND ND 9.4 ok 0.032 SV

2AC ND ND 5.1 NS ND

3 6.3 Sv 370 SV 3.8 NS 0.28 *e

4 6.2 b 700 NS 22 Sy 0.18 kol
4 1 6.4 Sy 500 SV 2.9 SV 0.08 Sy

2 ND ND 9.7 *k 0.042 Sy

2AC ND ND 5.6 NS ND

3 6.3 Sv 450 SV 6.7 * 0.34 fdad

4 6.2 wx 830 NS 10. SV 0.053 NS

asv = single value; ND = not determined; NS = not significant; * = significant at the 0.05
Tevel; ** = significant at the 0.01 level.

Mean background concentrations determined from upgradient monitoring wells over four quarters
of sampling (see Table A-5 of the Appendix).

CA replicate sampling taken for total organic carbon in June 1985.

£6L0L-WL/INYO
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showed no significant difference at the 0.01 level; however, a
significantly lower specific conductance, at the 0.05 level, was
observed in well 2 in the fourth quarter as compared with the
background measurement. The general trend was a lower specific
conductance in the groundwater downgradient as compared with the
upgradient wells.

An additional sample (designated 2A in Table 11) was taken from
the monitoring wells in the second quarter (June 6, 1985) for total
organic carbon (TOC) analyses. Samples taken at this date were
consistently lower in TOC than the samples collected earlier in the
quarter (April 15, 1985) but were closer to the TOC values determined
in the third quarter. The early second quarter samples from wells 3
and 4 showed significantly higher levels of TOC (at the 0.01 level)
than the background samples. These and the sample taken the third
quarter from well 4 were the only sampies that showed TOC values
significantly (P < 0.01) higher than the mean background level
(4.8 mg/L). Five samples taken from downgradient wells contained
concentrations of TOC that were significantly different (P < 0.01) from
the background level. Three of these samples contained TOC
concentrations greater than background values, and two contained lower
concentrations. The high value (a single value of 22 mg/L) measured in
the fourth quarter in well 3 appears to be an outlier.

Four replicated measurements of total organic halides (TOX) were
made in the third and fourth quarters. The third quarter sampling
showed significantly elevated levels in all three downgradient wells.
Well 3 also showed significantly higher concentrations of TOX in the
fourth quarter. These data indicate that the 3513 impoundment is
contaminating the downgradient groundwater with organic halides.

4.2 OLD HYDROFRACTURE FACILITY IMPOUNDMENT

4.2.1 Groundwater Measurements That Exceeded RCRA Limits

Except for the radioactivity (gross alpha and gross beta
measurements) and the counts of coliform bacteria, the mean
concentrations of NIPDWS contaminants determined in downgradient wells
were below RCRA maximum 1imits (see Table 12). The major contaminants
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Table 12. Mean groundwater concentrations measured in monitoring wells
at the Qld Hydrofracture Facility impoundment

Measured?
Maximum level
Parameterd allowedd,b Upgradient Downgradient

National Interim Primary Orinking Water Standards {NIPDWS)

Arsentic 0.05 <0.0028 <0.0033
Barium 1 0.45 0.57
Cadmium 0.01 <0.00N <0.0020
Chromium 0.05 <0.027 <0.031
Coliform bacteria, count/100 mL 1 5.2 <6.4
Endrin 0.0002 <0.0001 <0.0002
Fluoride 1.4-2.4 <1.0 1.0
Gross alpha, Bg/L 0.556 <1.2 <58
Gross beta, 8g/L 0.13¢ 4.8 no
Lead 0.05 <0.01 <0.0420
Lindane 0.004 <0.0009 <0.00M
Mercury 0.002 <0.0001 <0.0047
Methoxychlor 0.1 <0.0033 <0.0047
Nitrate-N 10 2.1 <3.8
226pa, Bq/L 0.19 <0.11 <0.19
Selenium 0.01 0.0033 <0.0037
Silver 0.05 <0.042 <0.036
Toxaphene 0.005 <0.0032 <0.0035
2,4,5-TP Silvex 0.00 <0.0070 <0.0075
2,4-D 0. <0.0070 <0.0075
Parameters establishing groundwater quality
Chloride ND 12 19
Iron ND 2.1 17
Manganese ND 0.20 2.9
Phenols ND <0.0012 <0.0012
Sodium ND 13 24
Sulfate ND 20 16
parameters used as indicators of qroundwater contamination
pH ND 6.5 6.3
Specific conductance, uS/cm ND 710 450
Total organic carbon ND 4.5 5.7
Jotal organic halides ND 0.1 0.13
Nonrequlated parameters
Cogper“ 1 <0.0200 <0.0261
137¢s, BgL ND 1.2 1.7
Dissolved oxygen ND 6.9 7.4
Nicke1d 5 <0.06 <0.06
Polychlorinated biphenyls (PCBs) ND 0.0000 0.0001
%0sr, Bq/L 0.13¢ 1.9 460
Temperature, °C ND 16 16
Tritium, Bq/L 670¢ 91000 80000
24ncd 5 <0.06 <0.1476

dConcentrations are in mg/L unless otherwise stated.
ND = maximum level for that parameter not defined.
CLevel of activity necessary to give a total body dose of 4 mR/year to a person
drinking 2.2 L of water per day for a year.
dHazardous substance guidelines issued by the State of Tennessee (L. W. Gregory,
Division of Solid Waste Management, Department of Health and Environment, State of
Tennessee, personal communication, 1985).
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in downgradient wells appear to be 9OSr and tritium (mean
concentrations of 460 and 80,000 Bq/L, respectively, over four gquarters
of sampling). The tritium concentrations appear to be derived from a
source other than the impoundment, as the mean concentration of tritium
in the upgradient wells over the same four quarters of sampling was
slightly higher (91,000 Bq/L) than the mean for the downgradient

wells, The most l1ikely source of tritium in these groundwater samples
is the low-level radiological waste disposed of in the burial ground
(SWSA-5) northeast of the OHF. Tritium has been observed in
groundwater sampled immediately below this waste burial ground. For
example, in 1974 water samples from seeps at the bottom of the hill on
the south side of the burial grounds contained 109 Bg/L of tritium
(Duguid 1976).

Other than the radiological measurements and coliform counts,
there were instances where the concentrations of barium, chromium, and
lead in the downgradient wells exceeded the RCRA maximum limits (see
Table 13). The degree to which these concentrations exceeded the 1imit
was generally very small: for example, the concentration of barium was
1.09 mg/L and the 1imit was 1; the concentration of chromium was 0.08
mg/L (1imit, 0.05); and the concentration of lead was 0.09 mg/L (limit,
0.05). Lead concentrations in monitoring well 3 were 0.08, 0.08, and
0.09 mg/L, respectively, in the last three quarters sampled.

4.2.2 Statistically Significant Differences Between Monitoring Wells

Statistical analysis of the water quality parameters, taken as
replicate samples across the four sampling quarters, showed some
significant differences (P < 0.05) between monitoring wells for the
parameters analyzed (Table 14). However, none of these contaminants
were those designated as primary drinking water contaminants in the
NIPDWS (see Table 6). Well 3, across the four sampling quarters,
yielded significantly (P < 0.05) higher mean concentrations of
chloride, iron, manganese, and sodium than the mean concentrations
determined for the upgradient well over the same sampiing period. On
the other hand, well 4 contained significantly higher (P < 0.05) mean

concentrations of gross beta and 903r than the upgradient well (1) or
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Table 13. Measured concentrations in groundwater at the 01d Hydrofracture Facility

impoundment that were in excess of Resource Conservation and

Recovery Act (RCRA) maximum limits for groundwater

Sampling quarter?

RCRA
Parameter Unit limit 1 2 3 q
Well 1
Coliform bacteria count/100 mL 1 5 16 Bl BL
Gross alpha Bq/L 0.55 BL 2 1 3
Gross beta Bg/L 0.13 4 5 7
Osr 8q/L 0.13 ND 2 2 2
Tritium Bq/L 670 ND 79,000 15,000 120,000
well 2
Coliform bacteria count/100 mL 1 BL 10 B1. BL
Gross alpha Bq/L 0.55 BL BL 1 3
Gross beta Bg/L 0.13 2 2 3 3
Lead mg/L 0.05 BL BL 0.10 8L
90sr Bq/L 0.13 ND BL 0.41 BL
Tritium Baq/L 6170 ND 190,000 58,000 140,000
Well 3
Barium mg/L 1 BL 1.09 8L BL
Chromium mg/L 0.05 8L 0.08 8L BL
Coliform bacteria count/100 mL 1 48 BL 8L BL
Gross alpha Bq/L 0.55 | 1 1 52
Gross beta Bq/L 0.13 8 380 570 220
Lead mg/L 0.05 8L 0.08 0.08 0.09
90y Bg/L 0.13 ND 250 240 120
Tritium Bq/L 670 ND 60,000 5,000 210,000
Well 4
Coliform bacteria count/100 mL 1 18 BL BL BL
Gross alpha Bq/L 0.55 n 3 1 620
Gross beta Bq/L 0.13 600 1,300 2,700 2,700
90sr Bq/L 0.13 ND 420 1,400 1,700
Tritium Bg/L 670 ND 33,000 11,000 14,000

4BL = below RCRA groundwater limit; ND = not determined.
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Table 14. Significant differences in water quality parameters between
monitoring wells at the 01d Hydrofracture
Facility impoundment

Concentrations in monitoring wells 1-43

Parameter 1 2 3 4
Chloride, mg/L 12 18*¢ 25* 14%
Iron, mg/L 2.7t 11*t 37* 2.3¢%
Gross beta, mR/year 5+ 2t 300t 1800*
Manganese, mg/L 0.2¢% 1.5¢ 6.1* 1.0%
Sodium, mg/L 13t 16t 39* 17+
pH 6.5% 6.4% 6.4 6.1¢
Sulfate, mg/L 20% 12+ 18* 18*%
Specific conductance, 710%* 630* 440t 220§
uS/cm
90sr, Bq/L 1.9¢ 0.3t 200t 1200%

2Concentrations are statistically different (0.05 level) between
wells if they do not have similar superscripts (*, +, §). The
statistical comparisons were determined using the Duncan's multiple-range
test of the GLM procedure, as outlined in SAS 1985.

the other downgradient wells (2 and 3). Well 4 also yielded groundwater
whose mean pH was significantly lower than the mean pH of the
groundwater taken from the other wells (Table 14). Interestingly, the
mean specific conductivity measurements for wells 3 and 4 were
significantly lower than those from upgradient wells 1 and 2.

4.2.3 Testing for Groundwater Contamination Using Indicator Parameters

As described in Sect. 4.1.3, for every sample taken from a
monitoring well, each of the indicator parameters listed in Table 6
must be compared with background levels averaged from the upgradient
wells over the first four quarters of groundwater monitoring. As was
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the case for the 3513 data, there were a number of sampling quarters
where four replicate measurements were not taken. In cases where only
single values were determined (denoted by "SV" in Table 15),
statistical analysis could not be performed.

Compared to the background pH (the mean of these pH measurements
taken from the upgradient well over the first year), significantly
lTower (P < 0.01) mean pH measurements were observed in well 2
(fourth quarter sampling) and well 4 (second and fourth sample
quarters). During the second quarter, the pH measurements in wells 1
and 2 were significantly higher than the background level (Table 15).

As indicated in Sect. 4.2.2, measurements of specific conductance
in groundwater taken from wells 3 and 4 were significantly lower than
those in groundwater from the upgradient well (see Table 15). For
example, measurements taken in the second quarter (243 and 161 uS/cm
for groundwater from wells 3 and 4) were significantly lower (P < 0.01)
than the background level (709 uS/cm). These measurements, l1ike
those of tritium concentrations, indicate potential contamination from
the low-level radioactive waste burial ground (SWSA-5) upgradient and
northeast of the OHF impoundment.

Measurements of total organic carbon (TOC) varied erratically from
one sample period to another; for example, in wells 1 and 4 values
significantly higher as well as significantly lower than the background
levels were observed (Table 15). A similar trend was observed in TOC
measurements at the 3513 impoundment, indicating either a sampling
and/or an analytical analysis error.

Four samples, from four different monitoring wells, showed
significantly higher concentrations of total organic halides than were
found in samples taken from the upgradient background monitoring wells
(Table 15). A1l four samples were collected in the third quarter.
These high values on this one sampling date (if not a result of either
contamina- tion of the samples or a procedural error in their analysis)
might indicate general contamination of the groundwater with organic
halides.



Table 15. Student's t-test for indicators of groundwater contamination

at the 01d Hydrofracture Facility impoundment

Specific
conductance Total organic Total organic
pH (uS/cm) carbon (mg/L) halides (mg/L)
Signifi- Signifi- Signifi- Signifi-

Well Quarter Mean cance? Mean cance? Mean cance? Mean canced
Backgroundb 6.4 820 4.8 0.067
1 1 6.2 SV 820 SV 3.4 NS 0.020 NS

2 6.8 Yok 610 NS 7.0 *k 0.010 SV

3 6.4 NS 670 NS 5.2 NS 0.223 Yok

4 6.4 * 820 * 1.9 *ok 0.073 NS
2 1 6.3 SV 760 SV 6.3 SV 0.013 SV

2 6.9 *k 580 * 8.3 ke 0.009 Sv

3 6.4 NS 640 NS 3.2 * 0.23 *k

4 6.1 jadel 650 NS 3.3 NS 0.044 *
3 1 6.5 SV 710 Sy 3.2 Sv 0.033 SV

2 6.5 NS 240 *k 7.0 *k 0.029 Sy

3 6.5 NS 310 *x 8.9 fakel 0.27 fatel

4 6.3 * 680 NS 3.9 NS 0.061 NS
4 1 6.2 SV 260 Sv 2.2 SV 0.049 Sv

2 6.2 faded 160 Wk 5.7 * 0.037 Sv

3 5.5 SV 200 Sv 9.0 *k 0.26 ok

4 6.1 falad 280 *k 2.4 *ok 0.069 NS

asy = single value; ND = not determined; NS = not significant;

Tevel; ** = significant at the 0.01 level.

*

significant at the 0.05

6Hean background concentrations determined from upgradient monitoring wells over four quarters

of sampling (see Table A-5 in the Appendix).

6t
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4.3 HOMOGENEOUS REACTOR EXPERIMENT IMPOUNDMENT

4.3.1 Groundwater Measurements That Exceeded RCRA Limits

Mean values for the RCRA groundwater-protection parameters in
upgradient and downgradient monitoring wells aver the four quarters of
sample collection are presented in Table 16. As in the case of the
3513 and OHF impoundments, the major contaminants in groundwater
downgradient of the HRE impoundment appear to be alpha and beta
radionuclides. Mean counts of coliform bacteria in downgradient as
well as in upgradient wells are also in excess of drinking water
standards. It is not clear why excessive counts of coliform bacteria
are present in upgradient wells. Similar high counts were observed in
the 3513 and OHF impoundments (see Tables 7 and 12). Waterfowl, as
well as muskrat and woodchucks, are known to inhabit the ponds and
adjoining areas and most likely contribute to the bacteria counts in
downgradient wells, but their presence should not have a major impact
on upgradient wells.

The mean concentration of chromium in the upgradient wells was
found to exceed the drinking water standard (<0.065 as compared with
the 1imit of 0.05 mg/L); however, this is an artifact resulting from
the analytical detection levels being in excess of the drinking water
limit. For example, Table 8 shows that the detection 1imit for the
second quarter sample from monitoring well 1 was 0.2 mg/L. If this
value is deleted from the data set, the mean chromium concentration in
the upgradient wells is 0.0203 mg/L (see Table A-4 in the Appendix). A
similar relationship exists for silver. For example, the mean
concentration for silver in the downgradient wells was <0.0645 mg/L if
all measured values were used and the analytical detection level was
used as an estimate for that value. The analytical detection level for
silver for many samples was 0.07 mg/L, and in one case the detection
level was as high as 0.42 (Table 8). wWhen those detection levels in
excess of the RCRA drinking water 1imit are deleted from the data set,
the mean value for silver in the downgradient wells over the four
quarters of sampling is <0.007 mg/L (see Table A-4 in the Appendix).
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Table 16. Mean groundwater concentrations measured in monitoring wells
at the Homogeneous Reactor Experiment No. 2 impoundment
Measured?
Maximum level —_
Parameterd allowedd:b Upgradient Downgradient

National Interim Primary Drinking Water Standards (NI1PDWS)

Arsenic 0.05 <0.0028 <0.0043
Barium 1 <0.30 <0.74
Cadmium 0.0 <0.0006 <0.0010
Chromium 0.05 <0.065 <0.0
Coliform bacteria., count/100 mL 1 3.0 3.3
Endrin 0.0002 <0.0002 <0.0002
Fluoride 1.4-2.4 <1.0 <1.0
Gross alpha, Bg/L 0.556 4.0 <22
Gross beta, Bq/L 0.13¢ 3.9 380
Lead 0.05 <0.022 <0.020
Lindane 0.004 <0.0014 <0.0014
Mercury 0.002 <0.0001 <0.0001
Methoxychlor 0.1 <0.0043 <2.5
26Ra, 8q/L 0.19 <0.0063 <0.053
Selenium 0.0 <0.0033 <0.0033
Silver 0.05 <0.035 <0.06
Toxaphene 0.005 <0.0035 <0.0039
2,4,5-TP Silvex 0.01 <0.0075 <0.0075
2,4-0 0.1 <0.0075 <0.0075
Parameters establishing groundwater quality
Chloride ND 8.5 5.5
Iron ND 1.9 24
Manganese ND 0.13 4.5
Phenols ND <0.0018 0.0012
Sodium ND 6.3 14,
Sulfate ND 46. 44,
Parameters used as_indicators of groundwater contamination
pH ND 6.8 6.7
Specific conductance, 3S/cm ND 500 590
Total organic carbon ND 5.0 3.7
Total organic halides ND 0.10 0.06
Nonregulated parameters
Cngerd ) <0.02 <0.04
137¢s, Bq/L ND 0.13 0.48
Dissolved oxygen ND 4.2 4.5
Nickeld 5 <0.06 <0.11
Polychlorinated biphenyls (PCBs) ND 0.0007 0.0001
%0sr, 8q/L 0.13¢ 0.17 130
Temperature, °C ND 18 17
Tritium, Bq/L 670¢ 12 190
Zincd 5 <0.02 0.08

dConcentrations are in mg/L unless otherwise stated.
ND = maximum level for that parameter not defined.

ClLevel of activity necessary to give a total body dose of 4 mR/year to a person

drinking 2.2 L of water per day for a year.

ddazardous substance quidelines issued by the State of Tennessee (L. W. Gregory,
Division of Solid Waste Management, Department of Health and Environment, State of

Tennessee, personal communication, 1985).
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Those measurements in groundwater sampled from the HRE monitoring
wells that were found to be in excess of the RCRA maximum 1imits for
groundwater are listed in Table 17. As mentioned above, the principal
parameters in excess of the limits are radioruclides and counts for
coliform bacteria. There were a few instances where concentrations of
barium, lead, chromium, and nitrate exceeded the 1imits; however, those
instances were few and the degree of excess was generally quite small.

4.3.2 Statistically Significant Differences Between Monitoring Wells

Comparisons of RCRA groundwater parameters between monitoring
wells revealed some significant differences (P < 0.05) between wells
(Table 18). Well 2 appears to be in the path of 90Sr leaching from
the impoundment (e.g., the mean concentration over the four quarters of
sample collection was 370 Bq/L as compared with 28 Bq/L for well 4 and
0.2 for the upgradient well). The mean concentrations of tritium
measured in groundwater from wells 2 and 3 were significantly higher
(P < 0.05) than those measured in wells 1 and 3. The mean tritium
concentration measured in groundwater from well 3 (390 Bq/L) was also
significantly higher (P < 0.05) than that measured from well 2
(170 Bq/L). HWell 3 also showed the highest concentration of sodium
(Table 1B8). The mean chloride level measured in groundwater from well
1 (the upgradient well) was significantly higher (P < 0.05) than those
measured in groundwater from wells 3 or 4, but similar to that measured
in well 2 groundwater.

4.3.3 Testing for Groundwater Contamination Using Indicator Parameters

As described in Sect. 4.1.3, for every sample taken from a
monitsring well, each of the indicator parameters 1isted in Table 6 had
to be compared with background levels of these parameters in
groundwater from the upgradient wells, averaged over the first four
quarters of groundwater monitoring. As was the case for the 3513 and
OHF groundwater monitoring data, four replicate measurements were not
taken in a number of sampling quarters. Where only single values were
determined (denoted by "SV" in Table 19), statistical analysis could
not be performed.

Four groundwater samples were significantly lower (P < 0.05) in pH
than the background samples (Table 19). Two of the samples were from
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Table 17. Measured concentrations in groundwater at the Homogeneous Reactor Experiment
No. 2 impoundment that were in excess of Resource Conservation and
Recovery Act (RCRA) maximum limits for groundwater
Sampling quarterd
RCRA i

Parameter Unit limit 1 2 3 4
Well 1

Coliform bacteria count/100 mtL 1 8 14 8.8 BL

Gross alpha Bq/L 0.55% | | 8L 9

Gross beta Bq/L 0.13 10 4 | 1

Lead mg/L 0.05 0.07 BL BL BL

Nitrate~N mg/L 10 24 BL BL BL
Well 2

Coliform bacteria count/100 mL 1 30 BL BL 2

Endrin mg/L 0.0002 0.0008 BL 8L BL

Gross alpha Bq/L 0.55 6 6 BL 200

Gross beta Bq/L 0.13 720 950 810 840

226R, Bq/L 0.185 0.33 BL. BL BL

905y Bq/L 0.13 NDP 540 140 430
Well 3
Barium mg/L ) ? BL BL BL
Coliform bacteria count/100 mL ) 8L 2 BL BL
Gross alpha Bq/L 0.55 1 BL 8L 2
Gross beta Bq/L 0.13 24 4 2 1
Lead Bq/L 0.05 0.09 BL BL BL
905 Bq/L 0.13 ND 1.3 BL BL
Toxaphene mg/L 0.005 0.005 BL BL BL
Well 4
Barium mg/L 1 2.1 BL BL BL
Chromium mg/L 0.05 BL 0.06 BL BL
Coliform bacteria count/100 mL ) BL 6 8L BL
Gross alpha Bq/L 0.55% 24 BL 8L BL
Gross beta Bq/L 0.13 900 210 b5 61
90sr B8a/L 0.13 ND 1 50 32

4BL = pelow RCRA groundwater 1imit; ND = not determined.
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Table 18. Significant differences in water quality parameters between
monitoring wells at the Homogeneous Reactor
Experiment No. 2 impoundment

Concentrations in monitoring wells 1-43

Parameter 1 2 3 4
Chloride, mg/L 8.5% 7.2*%% 4.6% 4.6%
Tritium, Bq/L 12§ 170+ 390* 24§
Sodium, mg/L 6.3¢% 12+ 25% 5.8t
pH 6.8%% 6.6¢ 6.7*t 6.9%
Sulfate, mg/L 46*+ 57* 41+ 35¢
90sr, Bq/L 0.2¢ 370% 0.5+ 28+
Temperature, °C 18* 17*%+ 16+ 17*¢

aConcentrations are statistically different (0.05 level) between
wells if they do not have similar superscripts (*, t, §). The
statistical comparisons were determined using the Duncan's multiple-range
test of the GLM procedure as outlined in SAS 1985.

well 2 (third and fourth quarters), and the remaining two samples were
taken from wells 3 and 4 in the fourth quarter of sampling. There
seemed to be considerable variation in specific conductance
measurements. For example, significantly smaller as well as
significantly larger values were observed in samples from the same well
over the four quarters of sample collection. There does not seem to be
a pattern with respect to time. For example, well 2 showed lower
specific conductance measurements in the fourth quarter relative to
those measured during the second and third quarter. Well 3, on the
other hand, revealed significantly lower measurements than the
background in the second quarter of sampling, and in the third and
fourth quarter had measurements that were significantly higher than the
background measurements (Table 19).
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The total organic carbon (TOC) in downgradient wells appeared to
be generally lower than the background measurements. For example,
three of the four significant differences observed between the
measurements in groundwater downgradient from the impoundment contained
lower rather than higher TGC levels. In one instance, in well 3 (where
the sample was taken the second quarter) there was an increase in TOC
in groundwater downgradient from the impoundment.

Only one groundwater sample showed a total organic halide (TOX)
content that was significantly higher (P < 0.01) than that measured in
the background samples. This sample was taken from well 2 during the
first quarter of sampling (Table 19). Samples taken from the same well
at later dates showed a mean concentration of TOX less than one-fourth
of that measured the first quarter.



Table 19. Student's t-test for indicators of groundwater contamination at the

Homogeneous Reactor Experiment No. 2 impoundment

Specific
conductance Total organic Total organic
pH (#S/cm) carbon (mg/L) halides (mg/L)
Signifi- Signifi- Signifi- Signifi-
Well Quarter Mean canced Mean canced Mean cance? Mean canced
Background® 6.8 500 5.0 0.10
1 1 6.8 SV 640 SV 2.9 Sy 0.540 Sv
2 6.9 NS 520 NS 6.5 NS 0.014 Sv
3 6.7 NS 440 NS 8.3 kk 0.086 NS
4 6.7 NS 520 NS 6.7 *k 0.023 NS
2 1 6.7 SV 120 Sy 2.3 Sy 0.410 *%
2 5.7 NS 120 *k 5.9 NS 0.015 SV
3 6.5 *k 720 fabel 4.5 NS 0.075 NS
4 6.5 k& 240 *k 0.95 *k 0.029 NS
3 1 6.9 SV 130 Sv 2.1 SV 0.36 SV
2 6.6 NS 290 ok 8.2 *k 0.013 Sv
3 6.9 NS 150 *ok 3.4 NS 0.029 NS
4 6.5 *k 730 *k 0.83 *k 0.024 NS
4 1 6.7 Sv 630 SV 0.24 Sv
2 6.6 * 560 NS 6.1 NS 0.006 v
3 1.5 NS 610 *k 2.7 * 0.023 NS
4 6.6 wok 580 * 1.0 *% 0.016 NS

asy = single value; N0 = not determined; NS = not significant;

level; ** = significant at the 0.01 level.

*

significant at the 0.05

Mean background concentrations determined from upgradient monitoring wells over four quarters

of sampling, see Table AS of Appendix A.
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5. SUMMARY AND CONCLUSIONS

As one would expect, the contaminants that most often were found to
impact groundwater quality at all three waste impoundments were
radionuclides. The mean concentrations of gross beta activity in the
groundwater from downgradient wells exceeded the drinking water limits of
4 mR/year at all three sites. At the 3513 and OHF impoundments, this
1imit (4 mR/year, assuming a person drinks 2.2 L of water per day for a
90Sr or tritium. At the
HRE impoundment, the 1imit was exceeded only by the level of 9OSr in the
groundwater. The mean concentrations of alpha activity in the
downgradient groundwater also exceeded drinking water standards at all

three impoundments. The mean counts of coliform bacteria in downgradient

year) was exceeded by concentrations of either

and upgradient monitoring wells at all impoundments were in excess of the
RCRA drinking water standards. The source of the bacteria in the
groundwater has not been identified but is assumed to be the excrement of
waterfowl and animals such as woodchuck and muskrat that inhabit the areas.

At the 3513 impoundment, there is substantial evidence that the
downgradient groundwater has been contaminated by chromium and lead and
possibly by halogenated organic compounds. Groundwater quality upgradient
of the 3513 impoundment is believed to be strongly impacted by the
leaching of constituents from leaking underground waste lines or the 3524
waste holding basin located ~25 m to the northwest of the 3513
impoundment. The 3524 basin is presently being used to store laboratory
wastewater effluent before treatment at the process waste treatment
plant. Indications of impact by the 3524 basin are higher measurements of
specific conductivity and sulfate in groundwater from upgradient wells
than from downgradient wells at 3513.

At the OHF impoundment, lead concentrations of 0.08, 0.08, and
0.09 mg/L were observed in groundwater samples (taken the second, third,
and fourth quarter, respectively) from one of the downgradient monitoring
wells. These values are slightly in excess of the RCRA 1imit for
groundwater (0.05 mg/L). A lead concentration of 0.10 mg/L was also
observed in a groundwater sample taken from one of the other downgradient
monitoring wells, indicating possible contamination by lead. The high
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mean concentration of tritium measured in the upgradient well (~91,000

as compared with the 80,000 Bg/L in the downgradient wells) indicates that
groundwater quality has been affected by radiocactive wastes buried in the
low-level radioactive waste burial ground (SWSA-5) upgradient of the
impoundment. Another indication that this burial site is affecting water
quality at the OHF impoundment is the significantly (P < 0.01) higher
readings for specific conductance in the upgradient well as compared with
the downgradient wells.

Two groundwater samples at the HRE site contained levels of
herbicides in excess of the RCRA 1imit. For example, in the first quarter
of sample collection, Endrin was measured in groundwater from well 2 at a
concentration of 0.0008 mg/L (slightly higher than the 0.0002 mg/L
1imit). Toxaphene was also found during the first quarter in well 3 to be
at the RCRA 1limit of 0.005 mg/L. This is the first instance of detection
of herbicides or pesticides in groundwater at any of the three
impoundments in concentrations in excess of the RCRA 1imits. There is a
record of sodium borate being added to kill weeds during backfilling of
the HRE impoundment (Stansfield and Francis 1986¢c), but there is no record
of the use of Endrin or Toxaphene. These compounds were not detected in
any of the groundwater samples taken at later dates.

There were also instances at all three sites where lead, barium, and
chromium were detected at levels in excess of the RCRA maximum limit.
However, none of these metals were in excess of the 1imit more than twice
over the four quarters of sampling (4 wells x 4 sample periods), and in no
case was an excess observed twice in the same well. Statistical analyses,
in which sample quarters were used as replicate analyses, revealed no
statistical differences between monitoring wells for the RCRA parameters
for which 1imits have been set (the primary drinking water standards).

The exception was gross beta measurements at both the 3513 and OHF
impoundments.

Testing for groundwater contamination, using the indicator parameters
outlined in Title 40, CFR (Subpart F, Groundwater Protection, para.
265.92), disclosed statistically significant contamination at all three
sites. This testing procedure is the one prescribed by USEPA to determine
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if there is an indication of groundwater contamination at RCRA-permitted
sites. The procedure involves a comparison of pH, specific conductance,
total organic carbon, and total organic halides concentrations at each of
the wells at a specific sample time with the initial background levels
taken from the upgradient well over four quarters of sample collection.
The Student's t-test at the 0.01 level of significance is used to
determine statistically significant increases (and decreases, in the case
of pH) over initial background levels.
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CONCENTRATIONS OF GROUNDWATER QUALITY PARAMETERS
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° FOUR QUART ES GF SAMPLING
SITZ=JHF iELL NUMBER=3

SAMPLING QJUAFTER 1

Y PP SRR AU U RS |

1 ! 2 ! 2 ! 4 1

leneeccmcemcefmmmrccmcccccfrmmrmcmeec—ctem e m— == ]
! MEASURSC ] MZASUKRED | MEASURED I MEASURZD I
! CONCIMTRA= I CINCENTRA- | CCACENTRA- | CONCENTRA-
i TI3N { TIoN { TION i TION 1
!

carcecsceccscnccedrTterscnenvrosdrcccrvcontaclosucace e s -—-l

. . rea
TAGLD A=io. CBNu:J
2l

(ﬂﬂ

e b e a4
- )

1 MEAN IN 1 MZAN IN I MEAN IN 1 MZan IN 1

| R L T P L L L P S T L TR PR ekl il etttk falal lltetlate Sk |
!PANAW'TFNIJN;TS 1LI4lT 1 t 1 O | [ | 1 1
|ceconsavectavroacunrnentvonwn rvacea | 1 1 1 1 1 1 1 {
INICKEL tM3/L 15 ! =74962371 11 04273531 1! el ! ol ol

[ R e R R Y Y L L e T R L R L P R N R PR L R L R L L R |
JNITRATZ=-NIMG/L fiv I 2200291 1! -5.0390C1 11 ol ol ol ol
|eocacncsncatecsrnnencssquwooccs s cnccvimaroccossricalccsnrecsoesdonbenrrovsncotoodorrncecoacnpn=]
1223 IM3/7L LR 1 el o1 24320101 1! ol o} ol !

lowecaew C R L L E R e P Y R T T L L LI LR R T R L R P Y TR PR L T T |

1PH 1PH 1Yo I 354580001 1! 5,512501 41 6,5C0C0! 41 65.27500! 41

LR Y L R R Ty e L Ly R e L L Y P L L e P PR LY T PP P L LR T

lPH'WDLS 115%/L 1NE 1 =5e¢2€1531 11 =0,031C30 11 =0.0C200! 11 0.9052001 11
loccccace= b mmccae-- L R e et Sk katbiital lah etttk ettt St |
IRA:IUW- 169270 10 o183 1 1 ! 1 1 1 1 1 1
12235 { 1 ! =2642C2001 11 =%,337301 11 =0,600001 11 =0,200001 11
| R R L ----4------------#--—----—-#--+------——-#--+----—----+--+-------—-+--

ISSLENIUY IMG/L liedi 1 =240223091 1! =0,051CC1 11 «0,0C5091 11 =5,295008 1t

l---------+---------4-----------+---------+--+---------;--+---------4--4_-------_+--

15ILVEIR 1457L 1T NS 1 =0,072031 11 =0.07G0C1 11 =-0,0C050! 1! -0,002001 ll

]---------+---------+-----_-----+--------_4_-+---------+--+---------+-- LT TR Py |

1550T49% 14670 {1 1 37.023021 11 37,.3239° 11 o1 o! 44,0000C1 1!

1------.--+---------+-----:-----;_--------+--+---------4--Q---------+--+-------_-4--!

1SPeCANDs 13JMHCS/CM 14D 1711023001 112424750C31 41311.5G0001 416834500001 &1

|weercavacinnccracandccnscrcnna= ¢oacosncansi¢ncsjcncvccvnsbocjovconcevenbosbocacwcane 0--,

l)TQOWTIUWl)Q/L 1243 1 1 1 1 1 1 1 i1 1
1993 ! ! o1 412504000001 11240,000003 11120,900001 11

]---------+---------f-----------+---------+--+---------+--+---------}-—+-------—-*-.

ISULFATZ 115/L 1Ne 1 24,000301 11 126070531 11 12,500008 131 23,000008 11}

{ecrcrnccenircscscanaccjucsscsacenatonsvrennwsfocdrcvcnronrdentrrrrccacnjrcbarvcrnsvsvntes
1T, 0235, 115/L INOD 1 1 1 ! 1 1 1 1 1
1CLE3N 1 1 1 3,212001 11 7000001 41 B8,375001 41 3,875001 &l

d ! 1 H t 1 1 1 i1 1
14ALI53ZY 1 1 0,032901 11 043230030 11 0.272751 41 04060751 t:

{
tTIMPERA= 1D535. € INT 1 1 { ] 1 | 1 1 |
i TJRE ! 1 ! ol o ol o) 17.600008 At 15,6500031 41!

L L R T T Lk L R Y T

ITIXAPHIENZING/L 10,945 ! «643020Q01 1! =-2.002¢21 11 =-0,.,00500! 11 -0,.005001 11

1--_------+-_-------+-----------f---------+--+---------+--+---------4--4_-------_4--

1TRITIVM 183/7L 1740 1 o] ! 600001 11 £000! 11 2100008 1!

| el el Ltk et lttl ek il el et Ltk Attt el L |

1ZINC IMG7L 135 1t 2,12007%% 11 5,133C01 11 o1 ol sl o}

- P - T D S A RS G s e R D NS e A SR NS e m AR SR D DD G R D A @ e AR R L D YR AP D e U D Gk R D P D L e e D s D R D D W W @ e e

(CINTINUZ D)

eL



TATLL 2=1¢ CTINCENTIATIANS IF GRCUNDWATER QUALITY FARAMETERS
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JCHLIRTLE 1AG/L IND ! 33,3%0000! 1f 35,00C001 11 24,0C0021 11 40,0003C1! 11!

R e Lk LR R L e Y Y T L L L T T TR Py ---------+--+_--------¢--

[CHRIMIUM 145/L 10el5 I 1250001 11 9,015021 11 (0.0C6C0! 11 2.020001 ll

T R Y el el el lt e L L L TR PP P PP PP PR Y L L LY TR YT |

COLIF3*M 1CeoL/182 1t I 24903901 11 0.0000%1 11 G,2C000! 1t 0,000001 11

lecscvccsnnjoccnana LR L e R LA L P L P R e L L Py Y Y T Y L L LY LR ey |
1COPPER 1570 I2 1 04025031 1! -0,0200C! 11 el 41 el o1
HE R il et EE R R R L P P R T T P Y P LR L P P R P R R PR L L E L T T P |

12155, VAR 190 ! 1 1 i 1 1 1 1 1
XY TN ! H ! ol 41 ol o1 20560801 1t 3,8060001 4ag

|eassnassstocovcravarrcrenoracancnsdracccsnanisstrcccnsavodnatrrcracancntaenponavccacantas]

[ INSUIN 1574 152002 ! =0,3G022! 11 =0.0031C1 11 =Ce0N320! 11 ~-0.002201 11!

leceracencpmcmcnna L TR T e Db T O e L L Tty |
1FLUIRIDT !WJ/L 11,8=2,44% 1 -1,052021 11} -I.JODCOI 11 =1.000001 11 =1,000001 11
R Tl e T D iy T L R PRI membeeprmmcccmcnbenpo e mncagaa]
lJ u-PHA lJ)/' 10,555 ! 3.922091 11 1.40 0C! 21 18.00CC03 11 17.00000! 11
---------------- o-----------+---------¢--+---------+--+------—--+--+—--------+--|

lu-o .TA IJ"/L 1229 { 5347%30671 11 43.90C001 11 65.0C0001 21 £2.000901 11t
jecccn = R RLEE Y P AL L R e R e e LA R R E R R R IR LR Tl Tkl ) Ot kel |
}I39M 1570 {40 T 7,2070%1 11 3,700C21 1% o o1 1C.000001 11
lececrmancicaconnane teeccamcccacntrccococretectoncnaccucbonbrnccscccatocimemmcetaatan]
“IA 14370 13415 1 ",0240691 21 0,922¢C1 11 €4050001 21 0.024001 11
e D TR T N D S T O PP o s |
PoTa2aNi 15/t 19,294 ! el o! =0,C09551 21 =C,0C2G21 11 =-0,0029%01 11
e R s O IR YR SRR PSP Pt G G|
PRUANDATIZSZIMI/L IND 1 3,5C9991 11 5.0063091 11 ol o1 54000001 11
lecevmcwsmbrannrrecct e mrem—ecre- (A LA L E LR AL AL LA LI LRI LR LAl Xy ittt LR L L2 X T N
IM1Z33UY IM5/L0 17,000 1 24007321 18 =0,00C10! 21 04300231 11 0.C00301 21

IR Y LR R R R LR R ettt el it el el Ll il Ll |
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Ta,L: A=l CONCENTRATIONS IF GROUNDWATEZER QUALITY FACTAMEITERS
DVE FOUR ZUARTERS DF SAMPLING
SIT=Z=3512 MELL NUMBER=2

! SAMPLING QUAFRTZER !
HEE TR LR R e e R R PR ik |

1 1 1 z ! ? 1 4 1
|cecervrcnacscsjrncnsvarvosnctecnrncscacardancanaccenaas]
{ MEASURID ! MEASURED f MEASYRED I MEBASURED I
{ CINCEMTRA= | CONCZTRA= 1t COAMCENTRA= 1| CONCENTYRA- |
{ TIDN 1 TION ! TION 1 TION |
!
!

L R et L L L LT R TR P PR Y RSP X T P |

MZAN IN I MZAN IN | MEAAN IN 1 MEAWN IN |

e L T T T Y E T TR e P R L N N Ry P L LT TP T P X T §
PARAMETERIYNITS CINIT ! { ] ] 1 1 1 1 !
I R P PR R R R R T T | 1 [ { H ! 1 1 1

1eZCwZIL 1mss7e 1 130021 1! =9.9630%1 11 ol Wt ol ol

| R L R R N Y Lt TR R T ey L R R I YT PP L L L Y PP |
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cemsmosee -’---------Q-----------#---------+--§---------f--+-----o---#--+---------f--
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{ecnccnvenjocccnnccct¢cccnncscvccs ’.--------‘--‘---------‘--#---.-----‘--‘---------f—-!
1PH {PH 1MD I 64250001 11 7.,1C0000 1! ©5.560001 11 6.80000! al
|eerrcrncerirmcncnnantscnvrecvnec¢soravnsavtnapvoracvocnrwjoadbrcncscccnotsobnocsscennntanl]
IPHENILS  11u/0 INC 1 =0e2C2921 1] =043051331 1! =00C106G31 11! ~-CeC01001 11
I LR LR R Y PR R R P P AT R L R L P R L L I R Y R A L L Y L LN
lRAD'UW- tud/L Tel85 1 ! 1 1 ] 1 ! i 1
122 ! 1 1 =NaN23031 11 -9,979001 11 -0.013001 1! =-0+350001 11
!------..-&---------'-----------f---------#--‘--.‘----00--0---0-----#--#----.----+-.
ISELENI UM tM5/7L 17.921 ! =04005021 11 ~0eJ995C51 11 =-040C5001 11 -0.00500! 11
cescoeccns el orcscerswsdosrrecsanvessjseronatendnefrosvecunodbasbecccnnsvaadordrTesssvace e
{SILveg 14570 10495 1 =0e¢370001 11 =Je07GCCI 11! -G,09CCZ201! 1! -0G,C10001! 11

!------.--f---------f-----------+---------+--¢---------f--+---------+--f---------¢--l
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IEE T LR E R L L ] [ L E LR L R R I R L L R S L L E R RIS L AL R LR L LR & X4
§5PCIND, lU1N35/r“ IND 1442.0C2071 11673,0G00021 1!16548,0C000) 11679500001 a1
|errrccacc e [ O L L L L L R T T R e R R R e Y et L L L T T L P PPy |

1STRIUTZ U“!34/L 1342 t 1 1 ! l 1 1 1 1
135 ! ! ! ol o8 26,060001 11 33,0C200! 11 32,000001 11
T Y e L LT P L R Y P L T e Y R L L L P P PRI R LR L L LR |
1SULEATE  1MS/L IND 1 214930001 11 22,0C00038 11 154000001 11 20000001 1!
]---------¢---------*----o------4---------+--+---------¢--+---------+--¢---------¢--|
1T 225, 1M57L IND 1 1 ! 1 ] 1 ] 1
1CAR3IN ! 1 1 1.4€00391 11 4,3375¢ l 8! 14500001 41 €.00000!1 11!
| R N R R L L R P e L L L R Y R e e L R L PR L L LR L
Te IN3e IM3/L 15 ! 1 1 1 1 1 1 1 1
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ATICNS OF GROUNDAATEZR QUALITY FARAMSTERS
J QUARTERS JF SAMPLIANG
TE=3512 WELL NUMBIR=2
1 SAMPLING QUARTER :
IR R R L L P L L L Y
! 1 ! 2 1 2 1 4 1
|enveccnsrsroclovosncnacvascascncnsoenssaennfasscasvosrosas]
{ MZASURED § MEASURED I MEASURED | MEASURED I
1 CINCENTRA= | CONCENTRA= | COANCENTRA= ] CINCZNTRA- |
! TIIN ! TION 1 TION 1 TION 1
IEE T e Y e L PR E T R PR L LY PR L L LU |
1 MEAN IN 1 MEAN IN 1§ MEAN iN I MEAN IN 1
| L L L TR R e L LR L L P L L R R L L R E P P Y R R L R Lk |
IPARAMETERIUNITS ILIVIT 1 1 I 1 1 1 1 1 1
e T L e L 1 1 1 1 1 1
12,4=9 IMG7L 10.1 I =CeD0500! 11 «0,CC52(! 11 =0.,016301 1! -3.01000) 1!
|cmcrcrccrncivenscsrnnsreecccecrrccnss trocecrnendratroscnnrmrrboectrencrrerrobrsforcccnncnta=

12934=-5 T 14C/L 10421 1 =04035001 11 =2.50500!1 11 =-0,010097 11 -0,010001 11
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TAALI A=14 COHIENTRATICNS JF GROUNIWATER QUALITY FARAMITERS
IVIP FOUR JIVARTERS GF SAMPLING
SITZ=3513 WELL NUMBER=3

} SAMPLING JUARTER }

! 1 ! 2 I 2 ! 4 !
IR R S P R R R L P L L R e E L L Ll L ke L |
! MEASUKRED ¢ MEASUKED ! MEASUPED I MEASURED 1
! CINCEMTRA- | CONCENTRA- | COACENTRA- 1 CINCENTRA-
! TI3N ! TION 1 TION 1 TION 1
IEE LT T et bttt L L LR L L L EE P PP L EL Y LY ]
1 MEAN N § MIAN 1 MEAN {N 1 MEAN IN 1
| T L L T L R N L L R Y L L L P R P PP I R L PR PR R P R R L L L L L Oy |
IPALMNETERIYNTTS JLIMIT { l 1 1 t ! 1 1 1
|ecvoevoenetmcmacccncboroncnvenas] 1 1 1 [} 1 1
TARSENIC  115/¢L 12475 ! Cal04 3! il -0.051001 11 G, ”530! 11 J.011006!1 11
!---------;---------5-----------+---------+--4---------¢--+---.-----4--+---------0--]
IHARTUM I"3/L 1i 1 24142091 11 J3.52000! 1! -G.56CCO0! 11 0,250001!1 1!
|ecrncnacscivavensrrsoincsarnvrrcow e esccsrandrrirronavarctoatronsocrcnntactrosamccavsdas]
ICADMIUM 11570 17.01 I Ge3£1021 11 =C,GT30CT1 1! 040CG401 11 =0,002001 11
|recccsveviocnanccncfeconnnrnrcentrrrrrcenscetonfccnmonesrsfswirrernarsedontrccccvrcanba=]
[CeESIUM=-  IBA/L IND 1 1 1 { 1 1 1 1
1137 ! ! I J45€88381 21 04030001 1! ol o! el !
|rervancantvmrnnncvnfoncsrwnnsewdrreacnncnfnuntoconennanbactbranracccsabwrfrccvanccsbue ]|
§CHLIRIDE IM3/L IND ! 124003071 11 1349000C0!0 11 1249730971 11 13.,500901 11!
IEE LT TR EY Y] P T L L L L L P R P P T Y T T P P R P PR L R Y P R P YL TR TN |

JCHRTGMIUM [MG/L 10,95 § 2.973321 1! 0.034000 1! 0,018001 11 C.C1900! 1!

jrcccnvcant- L e L L T T L P L T R A Y T L Y P T T L TR P
1C3.IF0™ IC2L/iG60 11 I 2.70000! 13 €.0200001 11 4,000001 21120,000001 11
jecreccec et . R g ettt lllaindth fadh Lttt ld et Atk ettt bl et afaiebea DL X L L |
1C2PPIR Mo/ 11 I 74022000 11 2.,2590031 11 ol ol ol ol
I A L e e R e L L Ly e AL L L L e R P P L LI R R b X D et Ll |
10255 1571 IND I 1 1 ! L 1 1 H 1
13XY32Y ! ! ! ol ! el «! 3480000! 21 4,225901! Al
]---------+-------—-+-----------+---------+--+---------+--+_--.-----*--Q---------*--|
1ENDRIN (M3/7L 10,0502 ] =-04900101 11 -3.,0001¢C! 1! -0.0C3201 11 =0,000201 11
!.--------+---------+-----------+---------+--f---------+--+---------+--¢-----—-—-+—-l
1ZLydevde [MG/L [l1e8-2eb 1 =-1,000078 11 =-1,0000C8 1] ~1.05000! 11 ~1,000001 11
|omcancsee c¢monscanretonconecerenjrnsnnrsrentectcncnsesscfraterrcncsncecctectrccccavanbea]
{s5=-4LPHA 13270 13,555 1 5.290091 11 $.30000! 1! 1,900C01 1t 1,500001 1%
[ e L L L R R e L L L Y P P P IR L P PR LI PR LS |
I o=0z72a 18337L 10.29 1 3500008 11 14402000 11 37006001 11 2.,100001!1 11
R R S el Lt Al el Letthridk Atk Stttk ekt Rttt Sk
1i30N INs5/7L INC ] 15000001 11 72,003C01 11! ol o1 65,000001 11
HERE RN P L L L L L T T e P Y T P PR PR L P P TR P Y P L LR PR LI R P L L L L ) |
1L2A0 M3/ L 10.058 ! D.011900 1! 1.40063! 1! 0,050C0! 31! 0.083008 1!
!—-—------+—-—------+-------—---Q----—----+--*-u-m----o§--§---------+--§---------*--l
TLINDANZE  IM5/L 124734 H ol o1 0.000001 2! =G.0C206Y1 11 -5,002001 11
I R TR b mcmmmme-- P e L L L L R e R Y Ll Lt il ket St |
1MANLGANZSSIMG/L IND 1 3.100601 11 40105001 it ol Wl 4.106001 ll
]---------&---------4-----------4---------0--+---------+--¢---------4--4---------#--

IMZP7TIRY M5/ 19,002 f 34300101 1! -0,23010! 1! -06,3C010! 11 -0Q.CQ020! 11

[——-------*—--------4-----------+---------4--4---------0--+---------¢--¢---.-----4--]
1MZTHOXY=- 1M5/L 13,1 { 1 1 ! ! ! 1 1 1
A ! t ! ~0,000221 11 -0,00C291 1y =C,003800! 11 -0,308001 11
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1F SROUNDWATER QUALITY FARAMETERS
CUARTERS JIF SAMPLING
2 WELL NUMBERs

SAMPLING GUARTER

[ {0 ika
t W Ore
[ N g
[ IS VP

1 1 c ! 2 ] 4 |
L s ------------*-----.------Q------------,
MELSYRED { MIASURED { MEASURED ] MEASURED !
CTONCENTRA- | CONCZNTRA~ | CONCENTRA=~ 1 CONCENTRA- |
TIaN 1 TION ! TION 4 TION 1

L Lt R L L T e R Y L L T T |

MEAN IN 1! MZ AN IN ! MEAR IN 1} MEAN IN

IR R LY N R L R L e R P R R Y R e L Y Y L L e I L LR L R PR T LY ekttt e |

IPASAMITERIUNITS 1LINIT ! { ! 1 1 1 1 i

!-----.---b------—--+------—----l l ! l l l l l

]

1

INICKIL 4570 15 I 2.2790931 11 =%e403CC00 11! ol ol ol ol
-1

1

L )
s pa tm smomem ot on | =y P>

(e LR L R L R L R R R L L e L e R R L L AL R R LRI R R R R L LD L Ry

INITRATZ=NIMG/ZL 110 1 =.43C0001 11 =-53350021 11 ol ol ol o

|mrecrcmosccctermamreacaprnoccvncnser’' —wmscovaatveirrcceneratvedonccscvsrtonbacncenenndoel]
IPCJ 11J/L IND 1} el W1 N.000291 11 ol o1 o1 ol
.......... P E E T E T R Y Y R LI R L R L R L R P R L P E R L R L R YL Y XY ek |
1PH lPH INT ! 2+400001 11 el o1 643C0C01 11 64225001 4}
I EEEEEE XL RS e e mmna LRl el L e DL B L L AL L L L R IR L R P L PRI L L L |
1PHINILS  IMG/ZL 18D 1 =0,202001 11 =-9%,.,001C0! 11! =-0,0C01001 1! -0.C010CE: 1
TEme~ces o= -+---------#-----------0-—-------+--+-----—---+~-+---------+--+---------0--l

IRADIUM= 13370 1041835 ! ! ! ! L | 1 1
1225 ! 1 1 -C..-OOO! 11 54140001 11 -940290091 11 -04100001 11

l—————--— e mm--- CE R E TR EE L EFE L EIILY il et etttk dadadh autedededade X R R L L L L L LR T
ISSLINIYUM lWJ/L 13421 1 -0.,005091 1! -0.90500! 11 -0,005C0! 11 -0,305001 11
| R Lk T i LR TR P R LR R P T T Y R Y R Y ettt Rl Lttt e |
1STILVIR qu/L 10,35 1 =C,.,070091 11 -CeG7OCC! 11 -0,CCu50! 13 -C.210003 11
........ -4---------;---------_-¢---_-----4--+---------¢--¢-.-.-----+--+---------+--|
153010 TML/L tno ! 22,0070951 11 27.C202C1 1! ol o1 2%.006001 11
|ecerccsnatnmn == L Er L LT T B P T T T P |
1SP.CONDe 1YMHIS/IM IND 1850.,0C300 1 11 el o1365.,00CC0! 117024750001 &l
Je=-eccemctocecamccntmmmman me—mmpmmmm———- B Ty T e T e |

ISTIONTIUMI /L 10e3 ! t ! 1 1 L S |
130 l 1 1 ol ol 344GO0C! 1! G.64000! 1! 1,400001 11

------------------ D L T R ek Tl R R T R el TR LT T T P g
JLFAT S !4:/L tie 1 =3,3220)31 11 =549200201 1! ~5,uG02921 11 8.500001 11
R L L L Y T T L L LT Y P L T TRy SR R T R Y el Tt |

e -P5e  IMO/L 14¢C 1 1 1 i 1 L | 1 1
CLI3IN L ! 1 2.717031 1! 7,25CC21 381 34823001 4] 22.C70008 11
L E R R R R R R L L L L R R P L I P R PR L L RS SRR PR R R LR T
s 3P35e [ IRV AR | IR 1 1 1 ! 1 1 i 1 1
! AL IS ! l { T.062001 11 24232971 18 Q279251 4} Cel77501 at
lecemance vt nacenesscntoconcnvnecartrasronnnwdratbcsocncosnnvbncrbrcancs --+--+—------u-§--
ITEMPEIRA- 10254 C 140 1 I 1 { { 1 ! !
17y~ ! ! ! ol ! ol Wl LI.ICOGOI ‘l 164925001 41

e 0 1w o o e
AT O~ UJ

R R ettt R —prmmm e —— By T R e D T T S O PR ———ge=1
TIAAPHINTIMG/ZL 154025 1 =94082931 11 =04902C21 11 =0,0CS CO! ll -9,005001 11
B R R R L bl it Tt per +--+--—----—-+--+---------+--+-—-—-----0--l

1IT=TTIUY 13srzL 17a0 ! ol Wl 30! 2 25000 114 24091 11

lemcmamee~ R LR Y LR T cbmmemm—— T L R -
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NDwATZR QUALITY FACAMETEZRS
R OF SAMPLIND
513 WZLloe NUM3ZR=2

-4
.0
Q0
tnc

1 SAMPLING GUARTER 1
IR T P Y L P R A R PR L L E L R TR LT |
1 1 1 < 1 2 1 ] 1
I R et Lt S ettt et |
1 MZASURID 1t M™MzZaA5uREd 1 VRBASURED 1 MEASURED |}
! CINCENTA- ! CONCEINTRA- 1 CONIENTRA- 1 CONCENTRA- 1
{ TION l Taw ! TICA 1 TION !
jecsacrccccretrmccmcecan— g e |
I  M=EAN IN 1 MIan InN 1 FMEAN {9 1 MEAN IN 1
P L L L L T e Y R R L L L T T R R R T R e R Ll o |
1223AMSTERIUNITS TLIMIT ! 1 { ! 1 1 1 { {
I e el il | 1 11 1 1
1C14=0 1495/7L 1.1 I =249¢5C31 11 =35,3250351 i1 =9.218909! 11 =-C.0100901 11
[ A il L L L PR e R L e Y Y Y T P P L L LR LS |

1d93-3 T 1570 15631 I =06ul5CI! 11 =2.0C5C0C! 11 =0,01G001 i1 =C.0100C1! 11
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TAYLZ A=-1, CIONCINTRATIONS 3% GROUNDWATER QUALITY FARAMETEIRS
OVER FOYR JUARTZIR3 OF SAMPLING
SITE=3512 WELL NUM3CIR=4
1 SAMPLING QUAFRTER !
|rrccccncaccssrrrrnacav e rcnamvnccsnsaccnacsnacs " cacvasv=]
1 1 ! 2 1 e 1 N 1
[ e R A N N L L L L T Y L L ]
1 MEASURZID 1 MZASURED ! MEASURED I MEASURED 1
{ CINCEVTRA- ] CONCZNTRA=- ! COACENTRA~ I CONCENTRA- ]
1 TIAN 1 TIGN 1 TIGN 1 TION 1
1
!

04 00 0% on 0w S om o2 |

et PGP gy U s U

MEAN IN | AEAN IN |  MEAN 1IN 1 MEAN IN o

IR e L E T e L e e e LR Ly L L e L L A e L L T 2 —-pe=]
IPARAMSTERIUNITS ILIMIT i 1 1 1 ! 1 ! 1
levvcawcesatecconcncctnencsvrncnca=| 1 1 1 1 1 1 1 1

TARSINIZ tM5/L 174,05 I -0e2322301 11 €,0G203! 11 =C.J305G0! 1! 0.006001 11
].-------.4---------¢-----------¢---------,--4---------+--*---------+--,---------Q--
13ArRIUM 14571 !1 T 24353091 11 C.593001 1! -0,4560C0! 11 J.36000! 11
[ e A Y X T e e L L R R P L P T PR YL L TP S |
YCADMTUY INMG/L 10,11 1 064992008 1f =04302031 11 Ce0032C2 1! -2.002001 11!
| L R A L L R L Y L R X P Y ST R R L Ly
12S5TUM=- 13370 INT ! ! 1 { ! 1 ! 1 1
1137 ! ! 1 Q245216481 21 0.,005C92! 11 C.79%201! 21 ol o1
M e A R bl el il Akl bkl Rk ettt e it ek kel ke |
ICHLORIOE IMG/7L INe 1 94930031 11 6,22C0C1 11 640906000! 11 50200001 11
IR RIT LI E R R R IR L LR Y R L LI LI XL ] -+—-—------+--§---------+-—+--—------+-—l
ICHROMIUM IM3/L 10405 1 0,690001 11 0,920C0! 1! 90,9C7¢01 11 (Q.03000! 11}
‘-------- sbtmcoennsccslseancsavaserbemevsoemeraboesbrracvcoecssvebuoboravcnncvabroadsadccvnvaantee
ICSLIFIR™ ICOL/1G5 1t 1 0.062001 1) 0.00000! 1! G.0CO0CO! 1I $.000001! 1!
l--------a@---------+---------.-+---------+--§--------—+--Q--—.-----f--’---------f--!
1CIPPER IMG/L 12 ] -2.720001 13 -Ce.J2000! 11 ol ! ol o}
lemcsavosanst(rcnavers st mananccnanavbrcnoenmacnbucteccavecccntonlomcravsnrdvabrcrreccvanteal]
10IS3,. 1MG/L IND 1 1 LI | 1 1 1 1
I 3IXYSGEN L 1 H ol ol ol o1 447CC201 11 5455300t 4!
IR TR R R Y Y R R R L L R e P P Y E P R P T Y R YR P L L PR LTS |
1ZNORIN 15670 104752 1 =0,0C%101 11 =C4000101 11! -0.0G0201 11 ~0,000201 1}
lavancecne,= .-------+-----------+---------+--Q---------+--+---.----n’--+---------§--l
IFLUQRIOT M5 11.4-248 1 -1.000001 1y -1,0C0¢0G! 11 -1,8GCC0! 1! -1.00000! 1
ln----- - .+-------—-}----------— toeonecvwe --’--*-------——+--+---------+-- LEEE LT LT X X )
I3=-aLPHA 1849/7L 134555 { =-3.,0C207¢ 11 2,230001! 1! 4,100301 211 4.,50000!1 1t
P L L L R S Y e L L L Y P P L P R T YL T TR P L L L |

15=-B2TA 13271 10,23 ! 3,5C0001 1f 7.000CC! 11 15.,0€000! 1 15.700001 11

[~-___----+_---_----¢---------_-+---------*--+------_--+--¢---------+-- E R T LT

1TRIN IMG/L INC 1 5,633901 11 9,6000C1 1 ol o1 2C.00000! &I

| S ._4._---_----+-----------4---------+--*---------+--¢---------+--+--_------’-.
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P e X Y
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ISZLZNI UM IMG/L 10,21 ! =-3.2035021 11 -0.20500! 1! =-0,005331 11 =-0,005001! 1
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1sI v 1t"s/L Jel5 1 ="%,073001 11 =QeC70CG! !1 =040CCGEQ! 1! -04210004 11
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TFLJIRIDT (M50 11,4-2,4 1 1,003251 41 1,003CCY &1 1.0C030C! 4t 1,90%001 a1
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e R L e R L L R LR L R L R R R L L R R R R L R LR PR R L EE LR LN
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1S2D1I9M 11670 1ND I 5633970! 21 114857001 21 246.850001 21 5,325001 z!
[ R T L R Y e e e P T T P e L R L LR Ty ]
ISP CIONDe 1UMHOS/IM 1D 1504,327671121572,€615381131592.922081121588,523081131
[ L L R R e R N et kbt il il Al il bl ekl |
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MZASURZD { MZASURED 1 MEASURZD 1 MEZASURED 1
CINCENTRA= | CONCENTRA=- | CGMCENTRA- 1 CCNCINTRA- 1

TION i TION ] TION 1 TION 1
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IETNESN MINITIRING WELLS
ATER JUALITY PAXAMETERS
==JHF
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JNIT2ATZ-01MG/C 113 I 2.6856A71 21 5.900C01 21 3,500601 2! 3,000001 &1
------ B I e el el ket kit 2l L E R PP P LT TP T |

1P 115/7L 14D ! 043001221 11 040021318 31! 040CC13Y 1! C.000161 1!

| e il kel ik el ek il Ll L L L L L L TP TS |

1”4 1PH IND 1 6473851131 044538513131 64424621131 5.,595001101
IR L P R R Y L R Y R Ry R L Y P R T P Y P R R L P PR L L L PR XL |
$PHINILS 1370 INC ! 9,2%1231 31 Ced1aSt 4l CsCC1251 al 0.2010C! al
IR L EL L R L R L R LRl L PR I L L Y e R L e L R R L L LR L IR
1RADINM=-  153/L 17,185 ! 1 1 { 1 1 1 1 1
12¢o ! ! I 2.11:1C21 €1 0,3389501 41 (,251751 41 (C,22C001 4}

| R ks il kT P o ccmcmcannabuo b rcaccncccnctbncdboancrcancveatanbrcconnse=ban

IS3ZLINI U™ 1570 10401 I 02.003831 S1 J.004C00 41 Q.CC3521 al (Q.003501 &1

| R P R el kit bttt el ittt et bt Ak Sttt taakh Sdedetabetadadada kg

I3ILvER 14370 {71405 ! Je042501 S1 J,035621 4! G,035€21 a4l 0Q.035621 4l

e L L Y R L R R I L E S L P R P P L L PR R LR L L LI R PP LY L L ==
133221 IM3/7L 14D 1 124565671 31 15.933321 31 39.423331 31 17.033331 21
(R R P R L R PR R L Y L R AL L PR RS L L L R I A R EL L LR LR LAkl cacebecpomvrccnccan e

15PeCIMDe TU™MHDIS/7CM IND 17084769231231533.307691131435.5784611312290,569900110!

[ L L TR R I R e Y L TR R T Y R il Ll bl T LY |

ISTISNTIUMIZ 7L {043 1 1 1 L 1 1 { 1 1
153 1 1 1 14933331 321 04233321 3120343233231 31 1173,331 2}
!——-- ----- - —- R e L L L T R A L L L T T T L P I T T T PR I P L P Py P |
13UL7aATT 12570 L o ! 20,4007201 5¢ 12.25GC01 4! 13,0C7801 41 13.0000010 al
|mcenmaca= P L B R e e L L L T S BN P P R TR Y T P Y L L R R
Te 325, IMG7L 1480 1 1 1 { 1 1 t 1 !
TAx3INM ! ! I 44473371140 S5.01C0Q0113f 5.323851131 5.429231131
LA R LS L L R Ll Rt it LELE LI LIt LD LRt Ll DLl il temtbemcncccncc o]
Te I35, 1M5/70 IND { 1 1 { 1 ) ! 1 {
HALDSZT 1 ! 54113641113 90,1136801121 0,1296011001 9.1403501101
L R L Ll L L L L R T R e Y R A R L TR Y Y R Y L L TR TS |

T4 34« 1225 C YR ! 1 1 1 ! ! 1 1
TueZ ! ! ! 154175021 81! 154425CC1 81 16.623C0! 8! 15.1809C€1 51

ecccmaa L L TP e it et el et Lt L T T R P LY |
TIXAPH4INZIIMSG/ZL 1385 ! C.023221 51 0,C00G3501 al C.2C3531 31 Ce0C3501 a1t
--------- D L L T T S O Lk LT e O L0 |
IToITI M 13274 173) 1 31373431 21 1293321 31 G15€35471 21 1533331 31

| R ek il el L LT L PP R LY PR PR L LT Py R R R R ek Rkt |

1Z2INE 1Ms/7L 15 T 2.%E2731 31 2.1150C1 21 J.156801 21 G.171401 21

(CINTINJEC)

96



TABLE a=Z, COMPARISIN SETWZIIN MONITORING aELLS
JF CONCENTRATIONS OF SATER GWUALITY PARAMETERS
SITS=0HF

1 “#ELL NUMBER 1

1 1 ! ! 1 2 1 § 1

]-_----------4.--------_---+---.-:------4-------------]

I MEASURZID | MEASURED 1 MEASYRED 1 MEASURED I
1 CONCZMNTRA= | CONCENTRA~ § COMNCENTRA- ! CONCENTRA- 1
1 TIIN 1 TION 1 TION 1 TION 1

|racvvoecwnevonjecncccnnrsernecjucrrccrnvsavnefercvccwenanes |

1 MEAN IN 1 MEAN IN I MEAN IN 1 MEAN IN o

IEE L R R R P R PR AL PRI R R L P L R R LR L L P L LY LT cocecedvateccccccnnaden]
122ANZTERIYNITS TLIMIT ! 1 1 1 1 1 1 1 1

|cecsscnecinrrcncnracbocancwvacoca]

1 1 ! 1 1 1 1 1
1244=D 1M7L 10,41 f 0.307001 51 Q,0975C1 &1 G,L,007501 a1 (0.007501 0!

g------..--4...------..-+-----------4.-..-------4-..+--------..+_-+_--.----- R T L L T T ey |

12:4-5 T IMG/L 12491 I 3,)07921 51 CeCI7501 41 04007531 41 0,007501 al

. S 0ett 4y ot P Bup B P

L6



-2 SETuZeN MINITORING WELLS
ENTRATIONS 2F $ATIR QUALITY PAREAVMETERS
3i7z=3°%1

TION ! TION ! TICN ! TION L TION 1

LY R R LR R LR L P R P LI R R R R R L L N L L D LT |

SITZ 3
} } WZoLL NUM3ER ;
1 1 1 1 i 1 2 1 3 H 4 1
! jeenmrcncmcna tommma= ceeccetmcce- L L T L i fpoecerrmccmceea]
! ! MEASURED 1 MEASUREZD 1 MESASURELC 1 MZASURED l MEASURED 1
H 1 COMCENTIA= 1 T72YCEMNTRA= 1 CIONCEANTRA« | CONMCINTAA= | CONCENTRA- )
g H
H !

MEZAN LI MZAN I8 1 MEAN IN I MZAN IN | MEAN In

IR E L LR R R Lkt R Ll L L L L D LR Rl e PLEE LR Ll adadd A LA L LT LR LKL Rodadedd g ———ta=-]
IPARAMETZRIUNLIT 3 TLIMIT 1 ! { 1 H 1 1 ! 1 { 1
e SR S S tomrmmmmaea] ! 1 1 1 1 1
1ARSENIC 149570 12423 1 "edL3251 41 0eCo2251 41 54023251 41 0035251 41 0.0C35G1 4!
|reccncnvatoccaccaa m—tmecaneccea- o= ---*--+------*-—+--+--'°-----4--+"-------+--+- ------ omp==]
13ARTIyYM HA VAR 1l 1 0.227371 41 UeZ353751 41 04425C0! 4! 0,37755! 41 0,253251 41
L R N T L L I e e el et e Ll L R R T R e X A N L L LI

1CADMIUM 1 135/L 1%, 1 0.,001551 41 Ca.0213Ct1 401 0,991551 41 0,001350 a4l C.C01551 41
| T N Ll L R R L LT X L T i S e S L. L.k T gy PRy PPy SRR S |
1CTSTuM= 1373/L s { ! 1! R t { t 1 t 1 | 1
1237 ! 1 ! 24525151 21 Jeliz3asl =1t Ce123831 2 0.239251 31 Ge525541! 51
[eeccncana S, +----------_+---------¢--L-------_-+_-+---------4--+---------+_-;---------+--

1CALI2TIDE 111G/L 1NO ! 54902911 41 50245038 a1 35,500C01 4] 12425900! 4! €.575001 &l

L A R N il et el Lk ittt Rkl Rblblll il Rtk Sk |

!CHROHIJM IM5/7L 10409 I D,.019251 41 2042591 41 04210561 41 D4036901 43 O0.1E675!1 at

| B R L L R T L L by L R A R R el L ol L L L T R P
ICILIFIR’RM ICoL/123 i 1 24000031 41 J2,509991! a1} «Z3°CCT 41 2649000001 51 0.000001 a1
IR T P L PR LT ------+---------;--+---------4--+---------4--+---------+--+_ ----- EX X T |

1ZCPpPER G /sL 1 1 C¢e,d022501 21 CeGz03021 Z1t n,022s5Ct 21 GC,049501 21 ©,.02C021 21
!------"-"f-""-"-""+"---"-"‘---+---------+--+-'----‘-‘+--+--"-’----‘--+----"---‘+--+‘--------+--l
12135, 1457L IVD 1 1 [ 1 1 1 i 1 1
1IXYGE N 1 1 445279061 €1 54533000 51 3.5a40001 €1 4-62000! 5| 5.380001 51

!---------+---------+-—---------+---------+--+---------¢--+----—----+--+--—-- --------------- ==
1ENDAUN 1M37L 1HeCa52 I 0,000151 a1 ©C,C0L151 41 2,03CJ151 41 .0001‘! Ql 0.000151 &1
T T e T T T Supupupp B T T Lt D D T R LY o r s -4-=]
IFLUIRIDE IM5/7L 1le4=243 H 1,092001 at 1.0C02701 a1 loGOOCOI 41 1,02000! 41 1.,000001 41
R e T T R R e T L L e
lu-uLpHH f21/L 1YeS55 1 14587501 a4l 24950921 41 12 C750'! 41 0,97500! a4t Z.50750! al
------- PP L E R DR LR R EE LIRS ELLIEL IR R ELL LY XY +---------§--+---------4--4---o-----#--!
lJ°3 TA 133/L 17429 I 34753C38 &1 7372031 41 S5S,500C01 a1l  2.709701 41! 12,.375001 a1}
) R L el I L N L L Y P Y PR L L P L L L PR P I P RE PR L PR R PR L Y PR R L R L L L L2

1IRIN ll;/L TND I 14206571 21 44200901 =1 8,323331 31 504666671 31 11.73333§ 3

| I el L LT R R R R Y R R R R R el Ll Lk Xl L TR T FET R TETI L LR T TS |

1LZAD 1°15/L 130353 1 $.0.0731 al J.C35551 641 0.025C01 41 2.388501 41 0.,022751 4!

L R L R e L T T PR R L R e ek ok el L L LY TR LT PP TR T |

TADAMNCZ 11570 l)..J* I C.051271 4! T.2C1251 4! 2,001271 8] 0.,021C5!1 4] 0.,00:0S! al

P e e it e L R R R R R ey L L LR B T R R TP e TR PR L LR S |

I1415/7L !ND I 2.533331 71 04426671 31 4,823331 31 3,766571 31 3.,1665671! 31

rreee co- -- E R X cemeenfprcaccn e R R o N kil el bl kLl L TP T

1570 15,022 1 CeN03251 41 D4C0I217! a1 D,000221 &! 04905121 41 0.000221 38}

1 bmm e —m—-- LR T e A Ll T T e P P P T R L L R NI oL R TR T |
VAZTHIXY - 1MG/L 17t 1 1 LI | 1 1 1 1 1 1
ICHLD ! ! I G40C4131 41 2.004171 41 G.304101 41 0,0041C! a4y C.C041231 41

86



TASLE A=2, CIMPARISIN SITHZEN MONITISING mELLS
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----------- ——-—-—Q-—-——------Q--—-—----+———----—-+-——--—---+—-+—--------4-—-------Q—--------+--]
SPHCN”LS 110/‘ IND 1 C.00117! GedJ1CCH D,502001121 04901751 93,201C01 0.0C400!1 Al
IR EELE LR R LR LR i +——----'----0---------+-‘-‘-----+---------+C-+--------°§---------§—-—'-----+--l

§2ADIUN=- 13070 1001353 ! 1 1 1 1 1 1 1 1
1225 ! I ! 04052671 0,02100! 236001121 0.006251 «05200! 0,010001! &l
!—------—-f-—----—--#-—------—--{---------#-------—-+-—-------+--§-—-------+-—--—----+---------+--
ISELINIUY 19570 «J2 1 1.€0325! 0.00100! C.005001121 0.,33325! 0,0010C! 0,035001 al
(---------+---------+-----------+---------4--------_+-------_-4--4-------_-4---------4---------4--]
ISILVER 15/ 10e925 I C€e064541 GCe320501 04420001121 0.23537! 0,000501 0,070001 a1
crecsccscrrpercccan= R L L LT L e Y Y P Y R PR Y YL P P P Y IR LI L PP PR R L LY T |
153DIUN 1457, 14D 1 1441735001 35.6500C1 28.,000001 6! 6.,3C0001 5.800C0! ©6.800001 21
D T g e e e R |
ISP-CJID. 1UMH33/7C% INT 1583,820511241.G20001727.,000C013515044307691185.0000C1636.000001131
------ .--f---------Q--------—--+---------4---------+---------+--+--------—+---------+---------+--]
ISTRO“TIU“IUJ/' 1oe] L 1

99 1 !132.686671 0.1200015499000001 9! 0.17332 0-12000! 0.26009! 3!
l---------+---------+--------o——+---------Q---------+---------+'-+---.-.---+---------+---------§--l
1 5ULFATZ  $1M4G/ L IND 1 484333331 31409G0C1 754u5G0000112!1 464000001 42,006030! 544000001 &l
e T L T L R e il L T T P Y P DT Y Ty |
ITe JIR3 1M6G7 IND 1 I 1 1 1 { 1 ! )
1CARIAN ! 1 1 3.583231 C.769001 504“JC51391 44575381 D2.539301 B8.400001131
| cmncrcr bt e mma - LR L L LY S ---.--+-‘-—--—--+---------+---'_---‘+ ----- creccecbonmnaccnccbrenccna m—eape=]
1Te G35 IMG/L IND ! 1 ! 1 1 1 1
ITHALOGEN | ! I J.050731! 9.036001 Gc41000!30! 0.098901! 0.014C0! 0.54000110!
[ A L L R T e R T P Y TR L L e L e R L Y P L L R D R L LR LA DY PP Y UL L L Dl LTl
ITEZMPERPA- 1256, O {ND 1 ! 1 1 1 4 ] ! |
1 TURE t 1 1 15607250001 13.033C0! 184629001241 174812501 17000008 18.800001 81
T LT T e P L L T DT S PR P R T T |

ITIXAPHINEIMG/L 10,905 1 04003851 Ce0020C! 0035221121 0,903501 9,002201 0.,005001 4}

R L L L R T R L L LY R R L L e P P L L L DL L PR Sy P LD Ll |

ITRITIYM 13071 1745 11544222221 1540730014304,000001 31 1s-0v”"51 3,0306C1 20,0C0001 31

|eemcccavatrersccrastan e rc e re b e e ce mrm e r e e e b m e m - +--+------ -------- B T |
1 ZINC 1957 | 5} 1 0,07418! 3,029209! QJ3.,1400050! 61 04300! 0,02003! 0.,020001! 21

(CINT IMNYTS)

<ol



IN JATZR QUALITY PARAM TRATIONS

T AND UPSRADIENT MINIT

(ALL MEASUREMENTS)
SITE=HRS

¢ HWELL LOCATION 1

’-——-—- - m- ---------—-—----—---—------—-----------------—---—-----x

1 D0 IN=GRADZIENT 1 UP=GRADIENT i

HEE R R R R R R ekt L et Rt bttt |

i MZASURED CCNCENTRA-TION H MEASURED CONCZNTRA=TION ]

L L L Y R Y L LT L Y R L Y L L L R P LT Ny

I MEAN 1 MIN 1 MAX IN 1 MEAN 1 MIN ! MA X IN |

| R L L L L T R P T R R R L L R P T L P T P I L E R R R L L L R LY |

IPARAMITERIUNITS ILIMIT ! ! ! ! 1 ! 1 ! 1

I R X L R R T |

i ! 1 1 1 1 1 !
294=3 1670 121 ! 34297531 (C.2252%1 G.0130C1121 Cl.NC7501 0,00530tT €,010001 &t

[ L L T T R g R N N R L T T L L L L T R P T PR L |

129435 T 1MG/L 13e¢212 ! CeC07531 Q0e2250C1 (o012C0C11221 24007501 0,005021 0,010001 ag

ETER CONCEN
JRING WELLS

- o O pun s P

tOL



TA3LE A=?, COMRARISIN IN 4ATZR GUALITY PARAMZITER CONCENTRATIONS
THOJJaNZRADIENT AND UPSGRACICINT MINITORING wELLS
(ALL MZASURZIMENTS)
SITE=0HF
} 1 WELL LOCATIOA ) ;
IEE T E R LR LI ERI L L I L P I AL P R R I S L L R R LRI R LX)
! 1 JOIN=-GADIENT ! UP=-GRADTENT !
1 IR R R L N R L Y il bl ettt ikl |
!
1
!

! MEASUXED CONCENTRA-TION 1 MEASURED CONCENTRA-TION 1

IR L L L L Y T R L PP R R L L L E T |

1 MZIAN ! M1M 1 MAX IN 1 MEAN 1 MIN ! MAX IN 1

[ itk Al letlded el el el et el L L Y T T TR TR |

{PARAMITIRIUNTTS tLIMI ! l 1 l l 1 1 L |

[ R L LT N R | ! 1 1 [} ]
FARIENT T 1570 120.32 1 -.\333‘ 0e07310C1 .o»pDQCll l c.022830 Q,081301 0.005001 51
| s emcn e ccrccrctacncaw -----+-—-------¢---------+---------+--¢---------4---------+---------§--l

13ARIVI {M57. I § CeS77331 CeC00T91 14770C01128 Ce452201 0,250001 1,0000691 51
L E L R R T R Rl P L R E P P R R R ELEL B R BT Y R Eldl ekl kbt ekl Stttk Skl |
ICADMIIN MG/ 10,21 1 Ce0D0c1t C.0002°7 SeGl10COI12! 9.0C1141 C,s00020! 9.00300! 51
]---------,---------+-----------+---------+---------+---------4--+---.-----+---------+---------+--1
1CESIM- 137970 IND 1 1 i 1 1 L 1 1
1137 1 H 1 1470 Q'C! CeT7i73¢C1 3052694Y 51 14129281 0,721€31 2068841 31
il R el L LRl it L ) Rl B R el R Ll Kl Dl T L bt Al X L L L e e L E P L PRI Elalak X
1CHLIRIDI 1MG/L D) 1 16.166671 84030351 40,3CCN701121 12.29C001 12,000C0!1 13.000001 51
IR L L L R L R R E R R L L L R P L R R L L L L L T Y R L Y L P T P TR TN |

lCHnDﬂ Uil s,/ 1.3z 1 04930351 $.9273001 92,)372701121 0.026€601 0.00507! 0,050001 51

-------- PR L A R R L etk itk ettt A el tdlh Al el ekt Staa |

lCﬂLIFOﬂM [ R 1RSSR TR I ! £.35000! 0.0000C! 43,3500C0Jt1121 5,200¢0] GC.Q00000! 16.000001 51

P LR T T R P R R T P Y e R R Y L L R P R R P R R Y P R Y R LR L P P L R T
1 CQPP =R 1570 i1 1 040251201 24020001 0,05570! 61 C,e022%01 0,023C01 0,02C021 31
T T b T L D b L T R T ST PPy
1DISS,. 570 1N i ! l | { { ! 1 1
[AIXYSZH ! ! ! 7.41333! 433902 _oOuOOOIZOI 6.875231 5.20000! 10,300001 &1

EE X LR R TR R I Y ik L R it et e lad el bl Rkttt B e e e it cmeoe- v =]

1ZVDRIN 11670 125422 N IS 030'3! O.GJulGl O 00020111! C.OCOI4! 0.00?10! 0.000201 51
| = e e $emmmem—a temmmm— - —pemmmm—aa- T D D e LT T P el Tt |
IFLUORPIDI 1571 lelb=Zet H 1,382001 1.0900C! 1,0002C01121 1, OCvCu! 1,080201 1,000001 51
T T L E b T ---—+---------+-----—---+-------—-+--+---------+---------+---------¢—-l
{3=-ALPHA a7 !J-S 1t 357.95582!¢ .3;(00!643.70960! i | 1.,2722¢C1 7409001 245000301 S1i
[ b Lt T e, cee———— ~pommmmm—aa ctmmemcmimebomcm - fo— pommmmacaa T Y D |
15=2278 1072 !JQ-C 1737291571 147303C1 47C0!12! 4,623001% 3,5%0001 6.60000! 51
R L e T S Tt T L L L T s |
1 TRON !“a/' !ND ! 16,E5313} ce2300C1 57.9053C21 31 ce 741751 De587C€31 04600621 &1
R R ey LT P TPy et el Ly T e L L e |
1LIAD !WG/L 10.0¢ I 04082300 9.002301 0,100001121 D2401C801 04991061 0.C3003! 51
--------- i S St fet e At A S Sttt At bt St At
T_INDANT  1MG/L 10.208 ! J.00105! (Ce.%00101 0,9C2CGt1 ! C.7C0E51 0,30623! ©€,002001 51
I ke fpemmme e - e Rttt temmmcmccn=s -—-------+-----—---+ --------- B L e L L L T T PPy PP
P43 15581457 !ND 1 h.“33671 56300! 8.£5CC91 3! Ce136121 J.03340! 0.,293001 341
R T T T e T P T s L D il bl bt L R Lt DL Ty
IS RCUY 1457 . 10 ClL= ! .20 GJ! u.90 0*! G.%0010112!1 CedCCOTY Nn.00€551 C.000101! 51

Jomem e e P T R T AP i --------+---------+----«----+---------+--¢---------+---------+---------¢--]
{MITHOIX Y= P M57L 10.1 1 1 1 1 1 1 ! 1
1CH..I2 ! ! 1 d.C28101 0.0302Cl 2.9687°C1121 G.0%0332.1 2,026 G4.008001 5!

(CINTINIYLD)

vol



ON IN JATZIR QUALITY PARAMETER CCMNCENTRATIONS
TENT AND YUPSRADIZNT MONITORING WELLS
(ALL MSASURZIMENTS)
SIT- OHF

! ! NELL LQLATIJR 1
1 | emmmmecmcemecmece—ememeee—eceemmoeee————— cememmmmmeeccmeee—cean=]
! 1 DQ]V-:QQ“I NT ! UP=GRADISENT 1
1 IR T R L X —w - @ ---o- R L e b L L L T T T Py |
i { MZASURZD PJV ENTRA-TION ! MEASURZD CONCENTRA=-TICN 1

| B R R D P L T Y P L L P L Y Y L R Y S
1 1 MZAN ! MIN 1 MAX IN 1 MEAN 1 MIN ! MAX IN !
| R R e L P T L T T LR L E L P P L L R R L L R L L R P R L R L B
!PQQAW TZRIUNITS PLIvIT ! i 1 1 ! 1 1 1 1
Jemcr e temm—m————- bommm——- —a=meal { ! 1 1 1 1 1 1
INICRTL ins/L 15 I 0.052251 £.96002! 04373521 68 0.9€6C0C! D,0350i01 0.060001 31

]—-—--_---+----_----&-----------+---------+----m----¢--_------+--+---------;---------+-------_-+--]

INITRATE=NIVMG/L 113 ! 34933331 1.070591 8,.,000001 61 <.6ESE7! 1.000001 5.0C0001 31

I N e L L X L L P TR YR Y -~-+----—----+---------+--+----——---{—-—-———-- —————— LR L2
}P”= 16 /7L IND 1 24990121 0e0901¢ 0.00016! 3l 0, OCCIZI 3.00012! 0060121 1;
-_---_--_,----_-_--+-----__----+---------+---------+- ------- LR Ly S P P PP L cadm-
1PH 1PH IND 1 6e387221 3.500001 7, 73&L0!36! 6. a73351 6 209001 6.550C01131
LA L A L R R L L L L L Ll LR L Ll Ll Ll il al Ll Xl LR it ---4--#0--------+----"----1'—--------*--l
I2HZNCLS 14570 IND I 2.601171 6-001“01 J.0C020C1121 0,021231 0,301371 04002001 51
I R R L L L L LN LR bl Al el et dadadodadadall 2 RS Sl LR R Lt l ] cermtencccccc st r e bm]

REYRRAVE LI Lo VA 12e¢1353 { 1 1 1 1 1 1 t
1223 ! 1 I 2.1870931 0.007001 Je5C0001121 G,.111001 0,3905C01 0,4C0001 SI
L R Y il etk At ltld etk ek etk el tl ettt alad |
ISZLINTI UM IMG/L 1Je)2 {1 N4203671 0901038 0Ce005905128 94263801 2,02310C! 0,005001 S
IR AL R R L Y L I L R A L R R A L AR e LT L LR L L LR Ll ek L
;SILVEQ MG/ 1Cer: I De0355Z1 04000501 9260700C ll I 0. 04-50! 0.,0C2501 0,370091 51

L L P R L P L L T R et et Stttk £ L ERE R L R L e LY e )
153C01IU 11670 IND 1 244133331 1348002C! 44,00C001 351 12, 56c57l 10.369C0! 17.600001 2!
1-—-------+---------+-----------+----—----+---------+---------+--+---------+--—------+-- ------- =]
ISP .C3ID, 1UMHIS/CH IND 1447,22222115840000C17684C00091351T7C84769231251,0000013184.000001131
l---------+---------¢-----------+----—----+---------f -------- ot mbtemcscrsnmcterccrc e cnjen s ccan =]
IST=ANT IUMIB /L 133 ! 1 1 1 1 1 1 1 1
14584385671 544210001 1700, 391 143332331 1,5C0C01 2.200001 31

L L e Rt it Rl T R R R L X ki Y L S L LY P

I35 VAR IND ! 1 { 1 1 1 | ! 1
ERA U B ! ! $.131301 G.0723001 12.284001301 0.,113€41 0.7%11001 O©0.252001111
1---------&---------+-----------+----—----+-----—---+---------+--+---------+--- ----- —fommceanna +=-=1
ITZVPTRA=- 123Z2Ge C 1 MD ! t 1 ! 1 1 1
1Tl ! ! 1 16, 05!30' 13-30005' 134400001211 164175C3! 144500001 18.7CN091 8!

1

1---—-----+ --------- L L L T Lk L L T T P PEPEPEL - -
ISULFATZ 14574 IND ! 1€¢983331 1240003C1 Z24,0000.,01321 204870000 19.0000C1 22.000301 51
{ —----———f ————————— PR R PR IR E R PR E R R PRI EL RS R LIRS E LY EL PR PR R R L LR R AL LR L 2
! JRL,  ING 1ND ! 1 1 1 1 1 ! 1 1
i i I 54587591 Z2e1300C1 34920001331 4,478571 1.80060! 7100001141
:

!

5
Toe
172300 !
Te
L'

it e ks e R L R Lt T R ok el it it St
TT3AHINILG/ 0 13472%53 1 Ce203501 J2472027°C1 24205C001121 0,9C3291 0,002001 0.C05001 S
I brmmma - $ormmemacnaaa +---------+--—------+---------+--+---------+--—------+---------+--l
[T2ITIUn 132/7L 1740 1 adi11,.1t 50921 21CJC01 31 G1333,31 750031 1200001 31
R i tmmm e ———— $ommmcmcaaa R T R Ly e R e et ettt et fatd
1223 1570 L ! C.187521 C.020071l Ce2200GCY! 6! 0,0E2731 92.520C21 G.090C01 31

50t



T23LI A=F, CIMPARISON IN =ATZR QUALITY PARAMETER CONCENTRATIONS
IN DOWANGOADIZNT AND UPSRADIZNT MINITORING WELLS
(ALL 1EASUREMENTS)
SITE=CHF

1 WELL LOCATION ]

I P yp PSSO |

i O0WN=GRADIZN 1 UP-JRADI:NT 1

|emcemccecec—eecccoroemecccmmcaceeteceememe—em————————— cmemmmem——ana]
| MEASUR:ZD CONCINTRA-TION 1 MEASURZD CDNC“NTRA -TION :
HE D Y L e A e L L L L L L T T T X Y ¥ P payr e

H MIAN 1 MIN ! MAX tN ol MEAN 1 MIN H MAX il

. gt G G n gt ves e

e E et e e - S .- - R L. L YR E et Lk T R A L L L L R T Y T Iy |

IPASLMETZRIUNITS JLIMIT 1 1 { 1 { 1 1 1 1

L S E ! 1 11 1 1 1 1
§2s4=D IM5/7. !C 1 1 CeCN7501 £.0353"71 00137201121 CWNC7001 0.,905091 C.G2009! 51
R el kit T R T A L R L L L R R e L X P ey |
12,3=5 7 135/70 10.01 I Q4027501 7.~35"0! GeJd10CC1121 D40C7(01 04005201 0.01000! SI

90t



TAILE 4-7, TIVEAR

TSOM IN YATIR Q2JALITY PARAMETER CCACENTRATIONS
™ CJlaNGRADI

1
INT AND UPSRADIENT MINTITORING wELLS
(ALL MEASUREMZINTS)
SITZ=3513

! WELL LOCATI1OAN 1

! DOYN=-GRADIENT 1 UP=GRADTIENT ]

| R Ry Y L L L L P T P R T T T |

1 MEASURED CONCZINTRA~TIGON H MEASURED CONCSNTRA-TION 1

R T Y ittt e et e e L L LT T |

H MEAN 1 1L 1 MAX IN I MEAR H MIN H MAX IN

I g Y L L L L X L e L L L P R L R Y L L L R T LY TR PP |

I1PARAMETCERIUNITS fLIMIT 1 ! ! 1 1 1 1 1 1

P Y e el

| ==crecccetocccccccatmmmanaccnan] ! ! 1 1 1 1 1
1LISENTC 11570 10e2¢ I 0,0048021 D43210%1 JeC11008221 04202251 3,001C0! C.0r%001 81
|ermnccevvoetrsrcnacaccsvirennonccranatarcnccee= D L e R B L L N S L EEY Y

1341y IMG/L 12 1 C.235122! 92.,059201 5.520001121 (C,241271 0,C33001 G.,5C Y 8¢

!---------+---.-----+-----------+-----_---4----—----+---------+--+----_---- ---------+------0J-+--l

ICADIIUY  1M57L 1J.21 I J2.001481 06933201 0.002€21121 C.0C1421 0,9002C! 0.002001! 81
[ e e +¢--------_-+-_-------+---------+---------+--+---------+------_--+---------4--l
ICESIut- 13270 143 1 1 1 1 1 1 1 1 1
1237 ! 1 1 J3.3233711 0,030001 1,943671101 1.3430%1 0,00000] 4.885271 4l

[---------+---------+.-------.--+---------+---------+-------—-+--+---.-----4--_------+--------—+--l

1CHLORICE 1M3/0 1N 1 180193331 :.300901 40e22CC01121 50362501 5,0303C1 7,000001 81

| B R T R L Lt e R N R R A L Y L L R TR R Rt L T PR L LR LRI T TR T

{CHRIMTIUN 1670 10el3 1 0177751 0.0JGOJ! 14200091121 0.02937! 0,092301 0,.,140001 81

]--_---_--+-.-------+_----------+---------+—------_-+---------+--+---------{---------+-----_---+-.

1CILIFIRY 1CIL/100 11 1 19.,076321 (s000001120,0000C1131 14253001 0D.00CCO0! 64000001 81

R L L e Y S L PP R At et et. Sntatal it Attt cretectemmcmna- ~tmmeccececcp e cmc e enbaa]
1LJenszn IMG/7L 11 1 Ce227671 uoO’Ou 0059091 61 06024751 0025091 0039001 41
R e L LR T e L P cemtecrcmce e reccna- +-------—-+--+---------+-------~-+---------+--x

inIss, I1M5/7L D i 1 {1 ! { 1 1
13XYscy H H I 44513321 2-590021 76000001151 S,010C0! 44,00009! 6,100001101

[ el T B L R R R N L Lt it T T T R Y Y el L T T L R |

1 INDRIN IMG/7L 1Cel02 ! 040602151 924000121 0,00020112! 04020151 0,239101 04000291 81

| A L L L L e E P R TR T T T .--+----—----+---------+--+---.-----+-—-------+—--------+--l

IFLUQRID: IMG/_ 1ie34=Ce4 1 1.9900C1 1,9000G! 1,000C0122! 1.09CC0! 1.0C2001 1.0C000! 81

l---------+---------+-----------+-o-------+---------+--------—+--+---------+--------—+--------—+--

1G=2AL°44 13u7L 154555 ! 4.55250! %Z.030001 15.0C000112! 2.47375! 0.799¢ Ol £.,700091] B;

R L e bl kT R R R R R T L R R R R R R R

}3-;_T& 15a/. 1uel3 1 22,858331 1,40CG0051 63,900001121 £.8€2 501 1, SOOOJI 13.00000! a1
---------o---------&_----------4---------+-------_-+---------+--+ -------- P R R TE TR R PR
11204 170 IND 1 22078435881 354699001 724009001 31 4.70’331 3, 42000! .90000! 61
!---------f-_-------+_----------+---------+--------_4-------_-+-_+--- ..... +---------+---------+--|

1 240 1457 12:2% 1 J.145421 5.003CC1 1.,400C0!121 G, 010191 0,001C3 0.,620001 81

l---------+---------+-----------+---------+----—--_-+--------_+--+--------_+---------+---------+--|

PLIRIANT M5/ 12010 1 0.03112! Ce20010! 04002001221 0,CC1217! D4800191 0460200! 81

1---------,---------+-----------+-_-------+-_-----_-+_------_-+u-+----_---_L---------+---------+_.

[MAISA1Z521 10 IND 1 Je32222¢ ZeTO0UC!  S5.00020! 91 143706001 2e25000! 34500001 61!

!-—-c-----’---------’-----------f—--------+----—----+---------+--+---------+-—-------+---------+--’

11ZCURY  IMG/L 10,072 1 vef20131 5S.002 1C! Je006501121 C.020021! 0,7001C! C€.0GC049! 81

| ccemccccetmcaam e mccbem—m——— ~metemmeceaa cvtmmme et cmccmfmmprocccncmnt e e e e et eea e meben ]
12T IXY- tY5/7L 1201 1 ! 1 H ! ! H !
1 CALOR $ 1 1 Ca304101 0.0COZCI 0.00280201121 0.004101 3.,009231Y 0,G0309%1 81

(C2NTTU9=2)

Lot



TAILS 3=3, COMPAPISOY IN JATER QUALITY PARAMETIR CONCENTRATIINS
T CJaMSRADIENT AYMD JPSRACISNT MIONITORINMNG WELLS
(ALL MZASURZIMENTS)
SIT==3517

AELL LICATIOAN 1

!
1
! 3JdAN-GRADIENT 1 UP-GRADIENT t
1

B L L e R R el il L L L L P T T T R |

M*AJUQCD CONCENTRA=-TIIN ! HEASYREN CONCENTRA-TION i

|eccccncaccccan ELL A L AP P PRI P L PR RS LY YL L EL L P TR L LT L R TS |

1 M-AN : 41 1 MAX IN | NEAN ! MIN 1 MAX IN I
e cemm e e ———— g g g g S S iy
LPARAMETERIGNITS 1LT4MLT { 3 1 ! 1 1 t ! 1
leccrocmcmtocmomemcetommomaenan=] 1 ] 11 1 1 11
IN'”(rL 14570 15 1 C4356571 e05CCCT  1,000001 6! J¢760001 0.C<S3CT1 0,060001 41
........ T T T e kL Lk e Qs U g P g gy
lNIT%AT'-v!WF/L ll? I 2,500001 2.0260C1 5. 003931 61 5.0€000! 54009501 5.C00001 31
I LI R L R P P L R L L o cmecteccccarccatboveccannsaa L Rl e L P P L L L L L P el LR T |
1pPCa 1MG/L IVD I 0.02C251 G.0200931! u.OCO 91 31 Ge2C2071 0.,050071 04660071 23
IR AR LT L R R e L L e L L e R L L DL il DAL LEL LT LY LI LT TR tremmmrccccw =]
1PH 1oH4 IND I 54826321 6.19200C! 7,100000119! 6.450C0! 64300C01 6.70000114}
I I L L L Y X R T R R E X L P PR PR R L Y Il il ettt kel |
IPHER LS 1M7L IND ! 54001751 54731001 34007001221 0,J0%7120! 0.00130Y G.C0100! 6!
-------- LR L R A L AL R Rl L LR L XY ---4'-----"--"+--------- el et P R Al Ll L Rt L LR Ll L

IQADIUW— 1307 1ds1c2 ! { 1 { ~ 1 1 1
1226 1 ! 1 C.063921 CoOOSObI CoZOOOOIl’l 0402025! 0.0727%01 G.100001 81

L E T YR LY T R LR L L L L - ----f---------4'-----‘---*--#---------4'---------+---------+--
ISELINTUM $1MG/7L 12,02 1 2.00530! 0.025001 ©€.005001i21 G.0C500! 0,035801 6.005001 8!
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