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CONVERSION FACTORS

The inch-pound units used in this report may be converted to metric
(International System) units by the following factors:

Multiply inch-pound units By To obtain metric unit

inch (in.) 25.4 millimeter (mm)

foot (ft) 0.3048 meter (m)

mile (mi) 1.609 kilometer (km)

gallon per day (gal/d) 0.003785 cubic meter per day (m3/d)

picocurie per milliliter 0.037 becquerel per milliliter
(pCi/mL) (Bq/mL)

Temperature in degrees Fahrenheit (°F) can be converted to degrees Celsius
(°C) as follows:

°C = (°F - 32)/1.8

Sea level: 1In this report "sea level" refers to the National Geodetic
Vertical Datum of 1929 (NGVD of 1929)--a geodetic datum derived from a general
adjustment of the first-order level nets of both the United States and Canada,
formerly called Sea Level Datum of 1929.



GROUND-WATER LEVELS AND TRITIUM CONCENTRATIONS AT THE
MAXEY FLATS LOW-LEVEL RADIOACTIVE WASTE DISPOSAL SITE
NEAR MOREHEAD, KENTUCKY, JUNE 1984 TO APRIL 1989

By Karen S. Wilson and Bridgett E. Lyons

ABSTRACT

Ground-water levels and the occurrence of tritium in ground water at the
Maxey Flats Low-Level Radioactive Waste Disposal Site near Morehead in
northeastern Kentucky were monitored by the U.S. Geological Survey, in
cooperation with the Kentucky Natural Resources and Environmental Protection
Cabinet from June 1984 to April 1989. Data collected during this monitoring
program are presented in this report.

The Maxey Flats Low-Level Radioactive Waste Disposal Site encompasses
approximately 280 acres near the edge of a flat-topped ridge. The ridge is
underlain by fractured shale and sandstone beds of the Nancy Member and the
Farmers Member of the Borden Formation of Mississippian age. The only
appreciable ground-water flow in the strata beneath the site occurs through
fractures, and flow patterns are difficult to delineate. The configuration of
the potentiometric surface also is difficult to determine because several
saturated and unsaturated zones are present in the rocks.

Generally, ground-water levels in wells intercepting permeable fractures
fluctuated seasonally and were lowest from December through June and highest
from July through November. Water levels in the disposal trenches fluctuated
less than those in wells, and for most trenches the fluctuations were less
than 0.5 foot.

From June 1984 to April 1989, tritium concentrations in ground water
ranged from 0 to 2,402,200 picocuries per milliliter. The greatest and most
variable tritium concentrations were in wells in the northwest section of the
site. The major conduit of ground-water flow from the trenches in the
northwestern part of the site was a non-homogeneously fractured sandstone bed
which formed the base of most trenches. Elsewhere along the site perimeter,
elevated levels of tritium were not detected in wells, and mean tritium
concentrations indicated little change between 1986 and 1988.

Generally, fluctuations in tritium concentrations and specific
conductance values were not related. Also, a general relation could not be
determined between fluctuations of tritium concentrations and water levels.

INTRODUCTION

The Maxey Flats Low-Level Radioactive Waste Disposal Site (hereafter
called the Maxey Flats site or "the site") began operation as a commercial
radioactive waste disposal facility in May 1963. 1In 1973, the Kentucky
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Figure 1.--Location of the Maxey Flats site.



severe thunderstorms generally occur during the summer months. On

average, thunderstorms occur about 46 days each year based on 41 years of
record. Prevailing winds are from the south. Temperatures range from above
90°F (degrees Fahrenheit) in the summer months to below O°F during the
winter months.

The study area consists of approximately 2B0 acres that are owned and
maintained by the Commonwealth of Kentucky. Of this total, 45 acres have been
fenced and designated as a restricted area (fig. 2). 1In the restricted area,
52 trenches were dug and approximately 25 acres were used for radioactive
waste disposal (figs. 2 and 3).

In general, the trenches were constructed %y excavating soil and rock
material. Although the trenches are of various| sizes and accurate dimensions
are unavailable, a typical trench is rectangular in shape, about 20 ft (feet)
deep, 300 ft long, 50 ft wide, and separated from other trenches by 5 to 10 ft
of existing shale. After the radioactive wastes were placed in the trench,
soils removed during the excavation were backfilled and the trench was capped
with 3 to 10 ft of crushed shale and compacted &lay. Trench caps were then
graded, contoured, and seeded with grass to promote drainage of surface waters
away from the trench (Zehner, 1983).

Decomposition of wastes in the trenches created voids and the caps
cracked and subsided. The loss of trench cap integrity led to the accumulation
of water in the trenches as precipitation infiltrated through cracks and
depressions. 1In addition, some natural infiltrbtion of precipitation occurred
through the intact areas of the trench caps.

At various times during operation of the disposal site, trench sumps were
installed to allow dewatering, chemical treatment, and evaporation of trench
leachate. Each trench generally had several trench sumps. The sumps ranged
from 2 to 12 inches in diameter, and consisted of either steel or plastic pipe
slotted in the lower several feet (Zehner, 1983, p. 48). Trench bases were
sloped a minimum of 1 percent so that infiltrating water would flow to the
sumps for removal. Sumps were installed using one of the following methods:

1. During waste disposal, a pipe was set iat the base of the trench and
stabilized by backfilling with waste; jor

2. After the trench was filled, a pipe w%s driven into the ground as
deep as possible; it was assumed that [the bottom of the pipe reached
the base of the trench. 1

Two ponds (ponds B and C, fig. 3) lined with polyvinylchloride (PVC) were
constructed for the storage of trench leachate pumped from the sumps (Zehner,
1983, p. 55). The ponds were covered in 1981 and no longer exist. Also,
holding tanks were used to temporarily store trench leachate. The tanks were
surrounded by an earthen berm to contain any spills of radioactive water and
the area was referred to as a pond (pond A, fig. 3). Several spills contami-
nated the berm area (Kentucky Natural Resources and Environmental Protection
Cabinet, written commun., 1982), and pond A also was eliminated in 1981.












Drum water-level recorders were installed on wells UE2, UK1l, UK2, UGL,
N2B, and Walker 8 to record water levels continuously (table 1). These wells
are in areas where the highest tritium concentrations have been detected. The
mean daily, maximum, minimum, and hourly water levels are available for these
wells. Water levels were measured monthly by steel tape at 45 wells clustered
in the area of highest tritium concentrations and around the perimeter of the
restricted area. Water levels were measured semiannually in all wells
(table 2).

Trench Sump Network

Continuous water-level fluctuations were monitored at 15 trench sumps
using drum water-level recorders (fig. & and table 1). USGS personnel
serviced the continuous recorders and contractors at the Maxey Flats site
measured water levels at all other trench sumps. The water levels measured by
contractors are not included in this report.

The trenches are categorized into three areas at the site (fig. 4):

(1) The Western Trench Area includes trenches 27-32, 35, 36, 41, and 47.
A non-homogeneously fractured sandstone bed of the Nancy Member forms
the base of most trenches in this area.

(2) The Central Trench Area includes trenches in the central section of
the disposal site.

(3) The 40 series Trench Area includes trenches 40, 43, 44, 48, and 49.
The trenches in this area are the largest and the deepest trenches at
the site.

Tritium and Specific Conductance

Water samples from selected wells were analyzed for tritium and specific
conductance. Sampling intervals were dependent on the level of tritium in a
well; generally wells with concentrations greater than 3,000 pCi/mL
(picocuries per milliliter) were sampled monthly (Lyverse, 1987). Surrounding
wells with lower tritium concentrations and selected wells along the perimeter
of the restricted area were sampled monthly or quarterly. All wells with
sufficient water except Walker 8 and the UA, the UB, and the UH series wells
were sampled semiannually (table 2).

Water samples were collected by evacuating water from the well using a
bailer or a peristaltic pump, or by submerging a sample bottle in the well.
In March 1988, at the request of the KNREPC, sampling techniques for wells
UF1l, UF5, UF10, UF23, UF26, UF37, UF45, UEl, UE8, UEll, UG2, and UG7 (Pat
Haight, Kentucky Natural Resources and Environmental Protection Cabinet,
written commun., 1988) were changed to include well-purging. Where yields
permitted, three casing volumes were purged from the well before a sample was
collected. This sampling procedure was designed to obtain a representative



Table 1.--Wells and trench sumps equipped
with continuous recorders

Date recorder Date recorder

Well installed Well installed
UE2 08-03-84 UGl 08-07-87
UK1 08-13-86 N2B 07-30-84
UK2 08-06-87 Walker 8 06-12-86

Trench Date recorder Trench Date recorder
sump installed sump installed
29-W 12-19-86 35-8 03-05-87
30-M 12-16-86 36-3 12-10-85
31-5 12-03-86 38-2 02-08-84
32-7 11-14-86 40-2 11-17-82
35-2 03-05-87 1S 12-19-79
35-3 05-14-86 SLIT-3 12-20-79
35-4 03-06-87 SLIT-4 12-20-79
35-6 11-14-86




Table 2.--Data collection schedule for well

June 1984 - April 19

s
8

[NM, not measured; NS, not sampled]

at the Maxey Flats site,

Frequency of Frequency of Sampling
USGS water-level water-quality method for
Well site number measurement sampling water quality
UAl 381548083340001 Monthly NS
UA2 381549083340001 Monthly NS
Ua3 381549083335901 Monthly NS
UA4 381548083335901 NM NS
UBl 381533083341801 NM NS
UB1-A 381533083341701 Monthly NS
UB2 381533083341702 Monthly NS
UB3 381534083341801 Monthly NS
UB4 381533083341802 Monthly | NS
!
UEl 381538083342001 Monthly I Monthly Purge well
UE2 381538083342002 Continuously Monthly Grab sample
Quarterly Purge well
UE3 381538083342003 Monthly Monthly Grab sample
UE7 381537083342101 Monthly Monthly Grab sample
UES 381536083342201 Monthly Monthly Purge well
UE9 381540083341901 Monthly Monthly Grab sample
UE1ll 381539083341901 Monthly Monthly Purge well
UFl 381540083341801 Monthly Monthly Purge well
UF2 381541083341701 Monthly . Monthly Grab sample
UF3 381542083341601 Monthly Semiannually Grab sample
UF4 381543083341601 Monthly Semiannually Grab sample
UF5 381543083341501 Monthly Monthly Purge well
UF6 381544083341401 Monthly Semiannually Grab sample
UF8 381544083341201 Monthly . Semiannually Grab sample
UF9 381543083341101 Monthly ' Semiannually Grab sample
UF10 381542083341001 Monthly Monthly Purge well
UF1l1l 381542083340901 Semiannually Semiannually Grab sample
UF12 381541083340801 Semiannually ; Semiannually Grab sample
UF13 381541083340701 Semiannually }Semiannually Grab sample
UFl4 381540083340601 Semiannually | Semiannually Grab sample
UF15 381539083340501 Semiannually ' Semiannually Grab sample
UF16 381539083340401 Semiannually ’Semiannually Grab sample
UF17 381538083340301 Semiannually : Semiannually Grab sample
UF18 381538083340201 Semiannually ' Semiannually Grab sample
UF19 381537083340301 Semiannually , Semiannually Grab sample
UF20 381536083340401 Semiannually Semiannually Grab sample
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Table 2.--Data collection schedule for wells at the Maxey Flats site,
June 1984 - April 1989--Continued

[NM, not measured; NS, not sampled]

Frequency of Frequency of Sampling
USGS water-level water-quality method for
Well site number measurement sampling water quality
UF21 381535083340401 Semiannually Semiannually Grab sample
UF22 381534083340501 Semiannually Semiannually Grab sample
UF23 381534083340601 Monthly Monthly Purge well
UF24 381533083340601 Semiannually Semiannually Grab sample
UF25 381532083340702 Semiannually Semiannually Grab sample
UF26 381531083340801 Monthly Monthly Purge well
UF27 381530083340901 Semiannually Semiannually Grab sample
UF28 381529083340901 Semiannually Semiannually Grab sample
UF29 381529083341001 Semiannually Semiannually Grab sample
UF30 381528083341101 Semiannually Semiannually Grab sample
UF31 381527083341101 Semiannually Semiannually Grab sample
UF32 381526083341201 Semiannually Semiannually Grab sample
UF33 381525083341201 Semiannually Semiannually Grab sample
UF34 381524083341301 Semiannually Semiannually Grab sample
UF35 381523083341301 Semiannually Semiannually Grab sample
UF36 381523083341401 Semiannually Semiannually Grab sample
UF37 381524083341601 Monthly Monthly Purge well
UF38 381525083341701 Semiannually Semiannually Grab sample
UF39 381525083341801 Semiannually Semiannually Grab sample
UF40 381526083341901 Semiannually Semiannually Grab sample
UF4l 381526083342001 Semiannually Semiannually Grab sample
UF42 381527083342101 Semiannually Semiannually Grab sample
UF43 381530083342701 Semiannually Semiannually Grab sample
UF44 381531083342601 Semiannually Semiannually Grab sample
UF45 381532083342501 Monthly Monthly Purge well
UF46 381533083342401 Semiannually Semiannually Grab sample
UF47 381534083342401 Semiannually Semiannually Grab sample
UF48 381534083342301 Semiannually Semiannually Grab sample
UF49 381535083342201 Monthly Semiannually Grab sample
UGl 381540083341601 Continuously Semiannually Grab sample
UG2 381539083341501 Monthly Semiannually Grab sample
UG3 381539083341401 Monthly Semiannually Grab sample
UG4 381538083341401 Monthly Semiannually Grab sample
UG5 381539083341301 Monthly Semiannually Grab sample
UG6 381540083341401 Monthly Semiannually Grab sample
UG7 381541083341501 Monthly Semiannually Grab sample
UG8 381540083341201 Monthly Semiannually Grab sample
UG9 381540083341301 Monthly Semiannually Grab sample

11




June 1984 - April 1989--Continued

[NM, not measured; NS, ndt sampled]

Table 2.--Data collection schedule for wells at the Maxey Flats site,

USGS

Frequency of
water-level

Frequency of
water-quality

Sampling
method for

Well site number measurement sampling water quality
UG10 381541083341401 Monthly Semiannually Grab sample
UG11 381542083341501 Monthly Semiannually Grab sample
UG12 381542083341301 Monthly Semiannually Grab sample
UG13 381542083341201 Monthly Semiannually Grab sample
UG1l4 381531083341301 Semiannually Semiannually Grab sample
UG15 381530083341301 Semiannually Semiannually Grab sample
UG16 381529083341401 Semiannually Semiannually Grab sample
UG17 381535083341401 Semiannually Semiannually Grab sample
UG18 381537083341101 Semiannually Semiannually Grab sample
UG19 381534083341601 Semiannually Semiannually Grab sample
UH1 381548083335601 NM NS

UH2 381548083335602 NM NS

UH3 381548083335603 NM NS

UH4 381548083335604 NM NS

UH5 381548083335605 NM NS

UH6 381548083335606 NM NS

UH7 381548083335607 NM NS

UH8 381548083335608 NM NS

UH9 381548083335609 NM NS

UIl 381540083341611 Semiannually Semiannually Grab sample
UI2 381540083341602 Semiannually Semiannually Grab sample
UIl3 381540083341603 Semiannually Semiannually Grab sample
Ul4 381540083341604 Semiannually Semiannually Grab sample
UI5 381540083341605 Semiannually Semiannually Grab sample
Ulé6 381540083341606 Semiannually Semiannually Grab sample
u17 381540083341607 Semiannually Semiannually Grab sample
UI8 381540083341608 Semiannually Semiannually Grab sample
UI9 381540083341609 Semiannually Semiannually Grab sample
UI10 381540083341610 Semiannually Semiannually Grab sample
uJ1 381542083341309 Semiannually Semiannually Grab sample
uJ2 381542083341302 Semiannually Semiannually Grab sample
UJ3 381542083341303 Semiannually Semiannually Grab sample
UJ4 381542083341304 Semiannually Semiannually Grab sample
uJs 381542083341305 Semiannually Semiannually Grab sample
uJé 381542083341306 Semiannually Semiannually Grab sample
uJ7 381542083341307 Semiannually Semiannually Grab sample
uJ8 381542083341308 Semiannually Semiannually Grab sample

12




Table 2.--Data collection schedule for wells at the Maxey Flats site,
June 1984 - April 1989--Continued

[NM, not measured; NS, not sampled]

Frequency of

Frequency of

Sampling

USGS water-level water-quality method for
Well site number measurement sampling water quality
UK1 381539083341902 Continuously Monthly Grab sample
Quarterly Purge well
UK2 381538083341901 Continuously Monthly Grab sample
Quarterly Purge well
UK3 381524083341701 Semiannually Semiannually Grab sample
UK4 381523083341601 Semiannually Semiannually Grab sample
UKS 381522083341501 Semiannually Semiannually Grab sample
UK6 381522083341401 Semiannually Semiannually Grab sample
ULl 381550083341001 Monthly Semiannually Grab sample
UL2 381547083341201 Monthly Semiannually Grab sample
UL3 381540083340201 Monthly Semiannually Grab sample
UL4 381543083340401 Monthly Semiannually Grab sample
11E 381534083342302 Monthly Semiannually Grab sample
WALKER 8 381537083341001 Continuously NS
N2B 381540083342001 Continuously Monthly Grab sample
Quarterly Purge well

13
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sample from the aquifer and to prevent the introduction of a foreign substance
that might affect the water quality. Due to a slow water recovery rate when
the water level in UF45 was low, a sample was collected before purging.

UG2 and UG7 were dropped from the sampling network in June 1988. At the
request of the KCHR, wells UKl, UK2, UE2 and N2B, were sampled monthly but
were only purged quarterly.

The concentration of tritium in water samples was determined through a
distillation process approved by the EPA, and performed by the KCHR, Kentucky
Radiation Control Branch Laboratory (John Volpe, Kentucky Radiation Control
Branch, oral commun., 1989). Specific conductance also was determined by this
laboratory.

Precipitation

A tipping-bucket precipitation gage was installed within the restricted
area on well UB3 in April 1985. The precipitation gage was equipped with a
data-log recorder which provided a continuous record of daily sums of
rainfall. Precipitation data from June 1984 to April 1985 were obtained from
a weighing-bucket rain gage installed by the USGS but maintained by the Maxey
Flats site contractor.

GEOHYDROLOGY

A detailed description of the geohydrology of the study area has been
documented in previous studies by Zehner (1979 and 1983). The following is an
overview of the geohydrologic system at Maxey Flats.

Geology

The stratigraphic units underlying the Maxey Flats site consist, from
oldest to youngest, of the upper part of the Crab Orchard Group of Silurian
age; the Ohio Shale of Devonian age; and the Bedford Shale, the Sunbury Shale,
and the lower part of the Borden Formation of Mississippian age (fig. 5).

The New Albany Shale, of Devonian and Mississippian age, is stratigraphically
equivalent to the Ohio, Bedford, and Sunbury Shales.

The lower part of the Borden Formation at the Maxey Flats site consists
of the Farmers Member and the Nancy Member. The Farmers Member underlies the
Nancy Member and is composed of interbedded sandstone and minor amounts of
shale. In the study area, the average thickness of the Farmers Member is
36 ft. The upper part of the Farmers Member (Zehner, 1983) is extensively
jointed. The lower part of the Farmers Member is also jointed but to a lesser
degree than the upper part. The lower part of the Farmers Member contains
shale in thin beds ranging from less than 1 inch to a few inches in thickness.
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The Nancy Member of the Borden Formation, which consists of shale,
siltstone, and sandstone, caps the Maxey Flats ridge. The shale of the
Nancy Member is bluish- to greenish-gray and weathers from olive-gray to
grayish- orange. The shale is slightly to very silty and is poorly fissile.
Minor amounts of shaly siltstone occur near the top of the unit. The
sandstone is yellowish-brown, very fine grained, and evenly bedded (McDowell
and others, 1971).

The Nancy Member consists of unweathered and weathered shale. The
unweathered part of the Nancy Member underlies the weathered material.
Although the unweathered shale also contains small, irregular fractures,
there is a prominent, near vertical joint system (Zehner, 1983). The near
vertical joints are partially or completely filled with particles of weathered
shale. Also, there are at least two very fine-grained sandstone beds with a
maximum thickness of 3 ft near the base of the unweathered Nancy Member. The
beds vary in thickness and are fractured and discontinuous (McDowell and
others, 1971).

The upper 1 to 25 ft of the Nancy Member is composed of weathered shale,
which is jointed with small, irregular fractures (Zehner, 1979). The
weathered part of the Nancy Member extends over the edge of the Maxey Flats
ridge where it grades into colluvium on the hillsides. Near the base of the
weathered shale is a sandstone bed which ranges in thickness from less than 1
inch to about 3 ft and averages about 1.5 ft (figs. 6 and 7). The sandstone
bed is present over most of the study area, is extensively jointed, and may be
discontinuous or fractured on crests and troughs of small anticlinal and
synclinal structures. In these areas, the weathered shale may extend to
greater depths.

At the site, all rock strata contain major weathered joints and fractures
of varying densities (Zehner, 1979). The spacings between fractures range
from a few inches to more than 100 ft (Zehner, 1983). Most fractures
terminate or are offset at the bedding planes.

Hydrology

The stratigraphic units underlying the Maxey Flats site are permeable
enough to transmit water in small quantities, but the permeability is
insufficient for production wells. Most drilled wells in the Maxey Flats area
will not produce enough water for a dependable domestic supply (100 gallons a
day) except in valleys surrounding the ridge (Hall and Palmquist, 1960).

The only appreciable ground-water flow at the Maxey Flats site occurs
through fractures that represent secondary porosity. Pore water is mostly
contained within the primary porosity of the rock and moves at much slower
rates than the water that flows through the fractures (Pollack and
Zehner, 1981).
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The ground-water system has several saturate
in the rocks underlying the site. Zehner (1983)
bed approximately 15 ft below the land surface in
saturated. The underlying unweathered part of th
in some areas and unsaturated in other areas. Si
determined for the upper part of the Farmers Memb
Farmers Member was saturated.

Recharge of ground water to the Nancy Member
precipitation. Zehner (1983) stated that because
the strata, many months were probably required fo

|
I
|

d and unsaturated sequences
reported that the sandstone

| the Nancy Member was

e Nancy Member was saturated
milar conditions were

er, but the lower part of the

is by infiltration of
of unsaturated intervals in

r infiltration of

precipitation at the Maxey Flats site to change water levels in the rock units

underlying the Nancy Member. However, a change i

water flow through the unsaturated zones at the s
horizontal components. Flow was predominately ve

n water level apparently
occurs almost simultaneously in the Nancy Member and the Ohio Shale.

Ground-
ite had both vertical and

rtical in the unweathered

part of the Nancy Member, the lower part of the Farmers Member, and the

Bedford Shale. It was predominately lateral thro
Farmers Member, the Sunbury Shale, and the Ohio S
and Zehner (1981) described a sandstone bed of th

ugh the upper part of the
hale (Zehner,
e Nancy Member, approximately

1983). Pollack

15 ft below the land surface, as the major conduit for ground-water flow at

the site. Zehner (1983) reported that the predo
the sandstone bed was unknown, but Lyverse (1986)
horizontally through this sandstone bed.

Ground-water discharge occurs along outcrop
ridge and surface water drains from the site to

inant component of flow in
reported that water moved

and seeps on the side of the

rip Springs Hollow to the

west, Rock Lick Creek to the south, and an unnamed stream to the east.

Surface flow is intermittent in all these streams
channels indicate that ground water discharges to

i

At least one ground-water divide is present
topographic axis of the Maxey Flats ridge (Zehne
flow boundary extends from well UFl12 to the UB s

, but pools in the stream
the surface.

along the northeast-southeast

1983). This ground-water

ries wells (fig. 3) and

continues less-well-defined to the southwestern perimeter.

GROUND-WATER LEVELS

Because ground-water flow at the Maxey Flats

site is through fractures in

the Nancy Member of the Borden Formation, flow p#ths are difficult to

delineate.

Also, because of saturated and unsaturated zone sequences in the

rocks underlying the Maxey Flats site, it is difficult to determine the

configuration of the potentiometric surface. Th

following discussion on

ground-water levels is primarily limited to describing water-level

fluctuations in the Nancy Member.
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Levels in Wells

In general, ground-water levels in wells UK1l, UK2, UE2, and N2B on the
northwestern perimeter of the restricted area fluctuated seasonally. Levels
were the lowest from December through June and the highest from July through
November (figs. 8 and 9; table 3, at the back of the report). This seasonal
fluctuation also was reflected in well UGl, inside the restricted area near
the northwestern perimeter (fig. 10 and table 3).

Conversely, in Walker 8, which is inside the restricted area but toward
the northeastern perimeter, water levels were lowest from June through
November and highest from December through May (fig. 10). There are several
possible explanations why Walker 8 reflected different cyclic fluctuations:

1. Walker 8 is separated by a ground-water divide from the other wells;

2. Wells N2B, UK1l, UK2, UGl, and UE2 are all completed in the sandstone
bed considered the major conduit for ground-water flow in the Nancy
Member, with the screens set in the sandstone and overlying shale
(table 4). Walker 8 was drilled to a depth of 41 ft and completed in
shale with no screen (Walker, 1962). Because it is open to a
different and deeper rock unit, the well might have exhibited a time
lag for recharge from precipitation to influence the water level;

3. The well casing at Walker 8 was not cemented at the ground surface
and surface water seeped into the borehole. Over the years, sediment
had filled the bottom of the well and the depth was reduced to
28.2 ft. Walker 8 might not have a good hydraulic connection to the
shale formation;

4., Walker 8 is near trench 49, which has a PVC cover limiting
infiltration of water in the vicinity of the well.

With the exception of Walker 8, the maximum and minimum water levels for
each well with continuous record were not significantly different from year
to year.

In 1986, trench 49 was excavated near Walker 8 and the water level in the
well declined 3 ft (fig. 10). Following this decline the water level remained
fairly stable from year to year. The decline of water level in UE2 (fig. 9)
of 1.5 ft from 1984 to 1985 might have reflected the effect of limiting the
infiltration of precipitation into the trenches and subsequent migration of
ground water through the sandstone bed.

Comparison of water-level fluctuations and precipitation data indicated
that fluctuation of water levels in the Nancy Member was directly related to
rainfall (fig. 11; table 5, at the back of the report). This indicated that

recharge to the ground-water system to the Borden Formation was from
precipitation.
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Figure 8.-—Mean daily water levels in wells UK1 and UK2,
June 1984—Apri\| 1989.
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June 1984-April 1989.
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Evapotranspiration, a combination of evaporation from near land-surface
soil and transpiration from scil by plants, also affects ground-water levels
where the water table is near land surface. Zehner (1983) stated that rises
in water levels occurred during months of low evapotranspiration, between
November and March, and water levels declined during months of high evapo-
transpiration, between June and November. Since Zehner's observations, the
PVC cover had been installed over approximately 25 acres of previocusly
vegetated land. Presently, water levels tend to decline from December through
June and tend to rise from July through November (figs. 8, 9, and 10).

Three characteristic hydrographs show fluctuations of water levels for
the wells that were measured monthly (fig. 12). The first characteristic
hydrograph shows little fluctuation of water levels in wells UE7, UF6, UF8,
UG5, and UGl2 (fig. 12; table 6, at the back of the report). Generally these
wells had very little water in the borehole and apparently did not intercept
permeable fractures.

The second characteristic hydreograph shows definite fluctuations of water
levels in wells UE3, UG2, UG3, UG4, UG6, UG7, UG8, UG9, UGl0, UGll1l, UG1l3, and
11E (fig. 12 and table 6). With the exception of well 11E, all wells with
fluctuations reached peak levels from July through November and low levels
from December through June. These fluctuations corresponded with those
discussed earlier for wells with continuous water-level record. Fluctuations
in well 11E (fig. 12) reached peak levels from March through June and low
levels from July through January. All wells with seasonal fluctuations except
11E are completed in the Nancy Member and are screened in a sandstone bed and
overlying shale. Well 11E is 50 ft deep and completed in the Farmers Member.
Recharge to this deeper rock unit might have exhibited a time lag for
precipitation to influence water levels.

The third characteristic hydrograph shows erratic fluctuations in wells
UE9, UF2, UF4, UF9, and UF49 (table 6). Possible causes of erratic
fluctuations might have been unrecorded pumpage in the well or in a nearby
well, or well screens might not have intercepted permeable fractures.

Seasonal fluctuations cannot be shown for all wells measured monthly
because several wells were pumped dry on a monthly or quarterly basis
(table 2) for the collection of water samples. Water levels in these wells
seldom stabilized before being pumped again.

Wells measured semiannually usually had higher water levels in October
than in April (table 6). Again this corresponded with the general trend that
water levels rose from July through November and declined from December
through June.

Levels in Trenches

In general, the water levels Iin disposal trenches did not fluctuate as
much as those in wells. The PVC covering the trenches slowed infiltration and
accumulation of water in trenches. Water-level data from 13 of 15 trench
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sumps indicated that the levels of water in the trenches were relatively
stable and fluctuations were small, generally 1less than a few tenths
of a foot.

From 1986 through 1989, water levels changed less than 0.5 ft in trench
sumps in the Western Trench Area. Trench sumps measured in the Western Trench
Area include 29-w, 30-M, 31-5, 32-7, 35-2, 35-3, 35-4, 35-6, 35-8, and 36-3
(fig. 4). Although seasonal fluctuations were between 0.3 or 0.4 ft, the
water level in trench sump 29-W fluctuated more than water levels in the other
trench sumps in the Western Trench Area. Water levels in trench sumps 30-M
and 31-5 did not have as pronounced seasonal fluctuations as water levels in
sump 29-W (fig. 13; table 7, at the back of the report). The water-level
altitude in trench sump 30-M was only 0.2 or 0.3 ft higher than the water-
level altitude in trench sump 29-W (fig. 13). The water-level altitude in
trench sump 31-5 was only 0.25 ft higher than trench sump 30-M and a downward
trend was indicated for the periocd 1986-89 in both sumps (fig. 13).

The altitude of the water level in trench 32 was several feet lower than
the water-level altitude in trenches 29, 30, and 31. Although the water level
in trench 32 fluctuated by 0.1 or 0.2 ft, the level exhibited no long-term
trend (fig. 14 and table 7). Water levels also were at a lower altitude in
trench 35 than at the more scuthwestern trenches and three of five sumps in
that trench (35-2, 35-4, 35-8) had fairly stable water levels (fig. 15 and
table 7). Two other sumps in trench 35 (35-3, 35-6) indicated a gradual
increase and then stable water levels. Trench 36, the most northwestern
trench, had the highest water-level altitude of the trenches in the Western
Trench Area and the water level increased by about 0.1 ft during 1986-89
(fig. 14). Although the changes in water levels might have been small, the
change in the volume of water might have been substantial because of the size
of the trenches.

Water levels in trench sumps 38-2 and 1S in the Central Trench Area and
trench sump 40-2 in the 40 Series Trench Area fluctuated in the range of 1.5
to 2.5 ft from 1984 through 1989. Water levels in trench sump 1S fluctuated
more than any other trench sump, but the fluctuations were about the same
magnitude each year (fig. 16 and table 7). Also, the altitude of the water
level was higher in sump 1S than in any other monitored sump. The water level
in trench sump 38-2 increased approximately 2.5 ft from 1984 to 1989 (fig. 16
and table 7). Water levels in this trench had not stabilized, by 1989.

Water-level altitudes in trench sump 40-2 were the lowest of all water
levels recorded for the trenches (fig. 17 and table 7). Trenches in the 40
Series Trench Area are the deepest and largest of the trenches, and thus, the
base of the trenches are at a lower altitude. Since 1987, water levels in
trench 40 seemed to have stabilized.

S1lit trench 3 and slit trench 4 had fluctuations in water levels of 6 to
10 ft because of pumpage from 1984 to 1989. These slit trenches were not
waste trenches and were designed to intercept water. Water from these
trenches were evacuated until 1987. Since 1987, the water in the slit
trenches had accumulated as indicated by the gradual increase in water levels
(fig. 18 and table 7). Levels seemed to be stabilizing in slit trench 4 by
1989, but were still rising in slit trench 3. Water-level fluctuations in the
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|
slit trenches were similar to those of the wells on the northwestern
perimeter of the Maxey Flats site (fig. 19).

Trench 35 was the only trench where data were collected from more than
one sump. There are eight sumps in trench 35, and five were monitored for
continuous water-level record (fig. 20). Sumps 35-3 and 35-6 in the western
part of the trench had similar water-level altitudes (fig. 15). These sumps
also reflected the lowest water levels within the trench. Sump 35-4 in the
eastern part of the trench had the next highest water levels. Sump 35-2 and
35-8 near the center of the trench had even higher levels. There was a
difference of approximately 2 ft in water levels between the western part
(sumps 35-3 and 35-6) and the central part (sump 35-8).

There are several reasons why the water levels measured at different
locations in a trench might have fluctuated. At the time of disposal, the
wastes were deposited in trenches and covered with soil in sections. After a
certain amount of waste was placed in a trench, backfill would be added and
then more waste would be deposited (Zehner, 1983, p. 52). This type of
disposal could have created partitions with different water levels in each
partition. Another reason is that partitions could have had different types
of waste with different compaction properties that produce different levels of
leachate. Also, the methods of construction of the trench sumps varied widely
and could have affected the water levels in the sumps. Because the sumps were
no longer pumped on a regular basis, debris could have settled in the sumps in
varying amounts, which could cause each sump to respond at different rates and
magnitudes to changes in water levels outside /the sumps.

TRITIUM CONCENTRATIONS
|
i
Tritium is the predominant radionuclide in trench water and is widespread

in the disposal trenches at the Maxey Flats site (Zehner, 1983). As an
isotope of hydrogen, tritium can become incorporated into water molecules and
flow with ground water in the form of tritiated water. At the Maxey Flats
site, tritium has been used as an indicator of migration of the leachate from
the trenches to monitoring sites.

From June 1984 to April 1989, tritium concentrations in wells ranged from
0 to 2,402,200 pCi/mL (table 8, at the back of the report). In general, the
highest concentrations of tritium in ground water at the Maxey Flats site were
in one of the first three samples evacuated from a recently drilled well. The
greatest and most variable tritium concentrations in the study area were in
wells along the northwestern side of the site., Tritium concentrations from
USGS wells along the other three sides of the restricted area have exhibited
little change during this period of study; this was reflected in part by
comparing the mean tritium concentrations in 1986 to the mean tritium
concentrations in 1988 (figs. 21 and 22; table 9). Most wells along the
northeastern, the southeastern, and the southwestern sides of the restricted
area had tritium concentrations below the maximum contaminant level of
20 pCi/mL for ground water (U.S. Envirommental Protection Agency, 1988).
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Figure 19.--Daily water-level altitudes in well N2B
and slit trench 4, April 1989.
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Table 9.--Annual mean tritium concentrations, in picocuries per milliliter,
in wells in 1986 and 1988

[--, no data available]

Well 1986 1988 Well 1986 1988
UEl 687,980 1,527,788 UF41 9.27 5.96
UE2 541,906 921,884 UF42 .77 .84
UE3 278,983 204,685 UF43 .76 .50
UE7 27,863 18,261 UF44 1.58 .74
UE9 32,735 26,482 UF45 8.54 194.47
UES8 44,125 21,920 UF46 .53 .52
UE1l 301,702 925,079 UF47 1.56 20.14
UF1 656,879 758,444 UF48 41.96 41.27
UF2 635,026 749,091 UF49 65.64 64.08
UF4 372,840 102,157 UGl 313,190 77,927
UF5 377,597 358,012 UG2 141,914 155,913
UF6 10,843 -- UG3 81.23 129.32
UF8 1,245 -- UG4 190.80 73.53
UF10 789.45 1,168 UGS 108.00 89.86
UF1l1 2.39 1.78 UG6 2,065 1,784
UF12 5.38 9.44 uG7 121,064 224,010
UF13 1.84 5.06 UG8 45 .44 11.24
UF1l4 3.17 1.47 UG9 60.31 46.26
UF15 2.90 1.86 UG10 11,558 1,911
UF1l6 .34 .19 UGl1 50,831 18,987
UF17 1.04 .51 UG12 195,707 88,257
UF18 .74 .56 UG13 2,299 2,780
UF19 .46 2.26 UGl4 9.75 3.29
UF20 1.74 .80 UGle 4.34 4.46
UF21 .30 .24 UG17 181.18 148.76
UF22 16.13 2.20 UG18 72.78 68.20
UF23 45.65 124 .40 UG19 128.18 112.24
UF24 4.24 5.29 UIl 602,036 --
UF25 3.70 1.23 UI2 56,039 --
UF26 187.44 171.92 U13 659,531 --
UF27 2.83 .36 UI4 853,973 --
UF28 2.82 3.79 UI5 356,510 --
UF29 .93 .20 UI6 757,203 --
UF31 .20 .10 U17 791,111 --
UF32 8.53 5.22 UI8 765,267 --
UF33 2.10 1.82 UI9 231,470 --
UF34 2.16 1.65 U110 817,142 --
UF35 .80 .33 UK1 577,737 1,014,131
UF36 270.40 40.26 UK2 1,762,150 1,226,554
UF37 1,050 996.68 UK3 33.60 .85
UF38 5.74 6.64 UK6 7.65 .88
UF39 .27 .27 N2B 371,736 367,736
UF40 76.62 45.64 11E 46,337 13,526
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Northwestexn Side

Water samples collected from monitoring wells on the northwestern side of
the restricted area had tritium concentrations ranging from 0.19 pCi/mL in
well UF46 to 2,402,200 pCi/mL in well UE3. UE3 and all monitoring wells north
of UE3 on the northwestern side are completed in the lower sandstone unit
shown in figure 6 (geologic section A-A’'). Tritium concentrations increased
in the vicinity of trenches 36, 47, and 33L and the three covered leachate
storage ponds (fig. 23). Tritium concentrations decreased in wells in a
northwesterly direction away from the restricted area (fig. 23).

The mean annual tritium concentrations for wells on the northwestern
side exhibited an increase between 1986 and 1988 (fig. 21 and 22). Monitoring
wells near trench 47 and trench 33L had the greatest increase in tritium
concentrations.

Northeastern Side

Wells on the northeastern side of the restricted area are completed in
the top of a sandstone unit and the unweathered| shale unit of the Nancy Member
of the Borden Formation (fig. 5, geologic section B-B'). Wells UF1l7 and UF18
are not open to the sandstone bed. Water samples collected from wells along
the northeastern side had tritium concentrations as high as 2,111 pCi/mL in
well UF10, and as low as 0.13 pCi/mL in well UF13. Tritium concentrations in
wells UFll through UF18, with the exception of well UFl4, were consistently
less than 20 pCi/mL. The first water sample analyzed from UF1l4 had an
elevated level of tritium of 700 pCi/mL, but all succeeding samples had
tritium concentrations less than 20 pCi/mL.

Wells UF8 and UF10 had elevated tritium concentrations greater than
20 pCi/mL during the entire period of study. High tritium concentrations in
these wells might have been due to migration of ground water through the
sandstone bed from the Western Trench Area.

The UG series wells inside the restricted Frea had tritium concentrations
ranging from 0 in well UG8, to 1,142,700 pCi/mL in well UGl (fig. 23).
Tritium concentrations in wells UG1-UGl3 tended to increase in a northwesterly
direction. Wells UG1-UGl3, with the exception of wells UG5 and UG6, in the
northwestern corner of the restricted area are completed in the lower
sandstone bed.

Tritium concentrations recorded for wells UGl4 and UGl6 were less than
20 pCi/mL throughout the period of study. Well UGl7 and well UG18 had
elevated tritium concentrations greater than 20 pCi/mL. Even though both
wells are completed in a sandstone unit of the INancy Member, wells UGl4 to
UGl9 are in a different drainage area from the |UG series wells, UG1-UG13.
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Southeastern Side

Monitoring wells along the southeastern side of the restricted area had
tritium concentrations ranging from O to 3,386 pCi/mL. With the exception of
wells UF22, UF23 and UF26, the tritium concentrations in these wells were less
than 20 pCi/mL during 1986-89. Well UF22 had only one water sample with a
tritium concentration greater than 20 pCi/mL. ritium concentrations have
fluctuated and were occasionally greater than 20 pCi/mL in well UF23 but were
consistently greater than 20 pCi/mL in well UF26.

Trenches 40, 42, 43, and 44 are excavated to an average depth of 30 ft,
and the bases are within several feet of the contact of the Nancy Member and
the Farmers Member (Zehner, 1983). It is probable that trench leachate
migrated te and through the fractures of the Farmers Member toward the
southeastern slope of the study area. Because all monitoring wells on this
side of the perimeter are completed in the Nancy Member above the Farmers
Member, this could have accounted for the low tritium concentrations in the
wells. The elevated tritium concentrations in wells UF23 and UF26 could have
been caused by localized fractures or migration | of leachate through the sand
lens in the immediate vicinity of the wells from the 40 series trenches.

|

Southwestern Side

Along the southwestern side of the restricted area tritium concentrations
ranged from 0.28 pCi/mL in wells UF35 and UF42 to 12,637 pCi/mL in well UF37
during the period of study. Wells UF36 and UF37 had consistently elevated
concentrations of tritium compared to other wells on this side of the
perimeter. In 1986, tritium concentrations were less than 20 pCi/mL in all
wells except for wells UF36, UF37, and UK3. In11988, only wells UF36 and UF37
had mean annual tritium concentrations greater than the maximum contaminant
level of 20 pCi/mL for ground water. With the exception of UF40, which is
completed in a sandstone bed, wells on the southwestern side are completed in
unweathered shale (fig. 7, geologic section D-D{). Wells UF35 and UF38 are
completed in unweathered shale and a sandstone lens.

Wells UK3, UK4, and UK6, south of the UF series wells, had tritium
concentrations that ranged from 0.59 pCi/mL in well UKé to 127.29 pCi/mL in
well UK3. The screens in these wells were set in unweathered shale with
sandstone lenses. Elevated tritium concentrations along the southwestern side
might have been the result of ground water migrating through fractures from
trench 37, 38, 39, 46 or slit trenches 3 and 4.
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Tritium Concentration and Specific Conductance

The available data did not indicate a correlation between tritium
concentration and specific conductance in ground water at the Maxey Flats
site. Graphic representation of tritium concentrations and specific
conductance in water from selected wells showed similarities in fluctuations;
specifically, wells UEl, UE2, UE3, UE8, UE9, UEll, N2B, UK1l, UK2, UFl, UF2,
and UF5 reflected similarities in fluctuations between tritium concentration
and specific conductance. All of these wells are in the northwestern part of
the site where the most data are available.

However, the fluctuation of tritium concentration and specific
conductance was not always in the same direction. For example, in well UE3
which was drilled to a depth of 15.9 ft and completed in a sandstone bed and
overlying shale, tritium concentrations decreased when specific conductance
values increased (fig. 24 and table 8). Well UE2, only 100 ft from well UE3
was also drilled to a depth of 15.9 ft and is completed in a sandstone bed and
overlying shale. However, in well UE2, when tritium concentrations increased,
specific conductance also increased (fig. 24 and table 8). The most common
relations between these constituents are (1) tritium concentration fluctuated
while specific conductance remained constant or (2) tritium concentration
remained relatively constant while specific conductance fluctuated.

Tritium Concentration and Water-Level Fluctuations

Although no general relation can be determined between tritium
concentration and water levels from available data, in some wells the tritium
concentration decreased when the water level increased. For example, in April
1988 (tables 6 and 8), the tritium concentration in well UGl9 was 198.37
pCi/mL and the water level was 20.00 ft below land surface. In October 1988,
the tritium concentration decreased to 26.12 pCi/mL and the water level rose
to a level of 17.72 ft below land surface. These data indicated dilution, but
this relation was not true for all wells. For example, in July 1987, the
tritium concentration in well UE3 was 38,205 pCi/mL and the corresponding
water level was 13.68 ft below land surface. 1In September 1987, the tritium
concentration increased to 128,990 pCi/mL and the water level rose to 13.56 ft
below land surface.
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SUMMARY AND CONCLUSIONS

Water levels and the occurrence of tritium in ground water were studied at
the Maxey Flats Low-Level Radioactive Waste Disposal site in northeastern
Kentucky near the city of Morehead. Water-level data and water samples were
collected from June 1984 to April 1989 from 123 wells and 15 trench sumps.

In the study area, the topography is a series of conical hills and flat-
topped ridges. The site is near the edge of a flat-topped ridge underlain by
near-surface rocks of shale and sandstone of Mississippian age. Ground water
flows primarily through fractures in the shale and sandstone, and saturated and
unsaturated zone sequences occur in the strata beneath the site. A fractured
sandstone bed in the Nancy Member of the Borden Formation is considered the
major conduit for the movement of ground water to areas of discharge along the
sides of the ridge.

During the period of study, ground-water levels in wells completed in the
Nancy Member were the lowest from December through June and the highest from
July through November. The seasonal fluctuations were similar from year to
year. Wells that did not have seasonal fluctuations apparently did not inter-
cept permeable fractures in the sandstone or shale units. Wells completed in
the Nancy Member of the Borden Formation responded to rainfall with a rise in
water levels. This indicated that recharge to the ground-water system was from
precipitation.

The commercial disposal facility began operation in 1963. When the site
was closed in 1977, enough water had accumulated in some trenches to move and
transport radionuclides from the trenches. In 1981, a PVC cover was installed
over the trenches to limit infiltration and accumulation of water. Water levels
in trenches at the site did not fluctuate as much as those in wells. Water-
level data from 13 of 15 trench sumps indicated that the level of water in the
trenches was relatively stable and fluctuations were small, generally less than
a few tenths of a foot. Trench 35 had five sumps from which water-level data
were collected. Data from these sumps indicated that the water levels varied
between partitions in a trench. Water-level data from slit trenches 3 and 4,
designed to intercept water, indicated that water-level fluctuations in these
two trenches were similar to fluctuations in wells.

Water samples were collected from all USGS wells except the UA, UB, and UH
series wells. From June 1984 to April 1989, tritium concentrations in these
samples ranged from O to 2,402,200 pCi/mL. The greatest and most variable
tritium concentrations were in wells along the northwestern side of the site.
The highest concentration of tritium was detected in well UE3. The base of most
disposal trenches in the Western Trench Seriles are in a fractured sandstone bed
in the Nancy Member of the Borden Formation. This fractured sandstone bed was
probably the major conduit of ground water migration from the disposal trenches.
Elsewhere along the perimeter of the restricted area, elevated levels of tritium
were not detected in wells, and the mean tritium concentrations in wells
indicated little change between 1986 and 1988.

A consistent relation between tritium concentrations and specific
conductance values could not be determined from the available data. Also, a
general relation could not be determined between fluctuations of tritium
concentrations and water levels.
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Jun Jul Aug Sep

May

bove sea level--Continued
Apr

long 83%34720"
Mar

Feb

June 1984 - April 1989--Continued

in feet below land surface datum; ---, data not availablel
Jan

Water Year October 1984 through September 1985

18

Dec
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Table 6.--Water-level measurements in selected #g;Ls, June 1984 - April 1989

[Water levels in feet below llLd surface]

Water Water Water Water
Date level Date level Date level Date level

Well UAl; USGS Site number 381548083340001; Well depth, 79.0 feet;
Altitude of land surface, 1,038.3 feet above sea level

Apr 28, 1987 67.31 Feb 25, 1988 66.90 Jul 07, IQSJ 66.73 Dec 02, 1988 66.49
Jul 28 66.12 Mar 16 66.84 Aug 04 66.70 29 66.47
Oct 01 65.98 Apr 11 66.85 Sep 02 66.65 Feb 17, 1989 66.46
Dec 22 65.87 May 12 66.79 Oct 05 66.60 Mar 16 66.42
Jan 22, 1988 66.93 Jun 10 66.75 Nov 02 66.55 Apr 13 66.39

Highest level, 65.87, Dec 22, 1987; lowest level, 67.31, Apr 28, 1987

Well UA2; USGS Site number 381549083340001; Well depth, 131 feet;
Altitude of land surface, 1,040.0 feet above sea level

Apr 28, 1987 89.57 Feb 25, 1988 99. 54 Aug 04, 1988 99.69 Feb 17, 1989 99,99
May 28 99,55 Mar 16 99.63 Sep 02 99.67 Mar 16 100.09
Jul 28 98,50 Apr 11 99.77 Oct 05 99.72 Apr 13 100.12
Oct 01 99,47 May 12 99,82 Nov 02 99.76
Dec 22 99.35 Jun 10 99.79 Dec 02 99.79
Jan 22, 1988 99.43 Jul 07 99.76 29 99.88

Highest level, 99.35, Dec 22, 1987; lowest level, 100.12, Apr 13, 1989

Well UA3; USGS Site number 381549083335901; Well depth, 53.4 feet;
Altitude of land surface, 1,038.2 feet above sea level

Apr 28, 1987 19.35 Feb 25, 1988 19.68 Aug 04, 1988 19.59 Feb 17, 1989 20.96
May 28 19.90 Mar 16 19.70 Sep 02 ‘ 19.98 Mar 16 19.86
Jul 28 17.55 Apr 11 19.50 Oct 05 ,  20.61 Apr 13 18.42
Oct 01 18.56 May 12 19.18 Nov 02 ‘ 20.93
Dec 22 20.28 Jun 10 18.82 Dec 02 | 21.43
Jan 22, 1988 19.41 Jul 07 19.36 29 I 21.61

Highest level, 17.55, Jul 28, 1987; lowest level, 21.61, Dec 29, 1988
|
Well UA4; USGS Site number 381548083335901; Well depth, 322 feet;
Altitude of land surface, 1,036.2 feet above sea level

Apr 28, 1887 261.37 Jul 28, 1987 260.82 Dec 22, 1987 260.70 Feb 25, 1988 260.91
May 28 261.08 Oct 02 260.52 Jan 22, 1988 260.85 Mar 16 260.79

Highest level, 260.52, Oct 02, 1987; lowest level, 261.37, Apr 28, 1987

Well UB1l; USGS Site number 381533083341801; Well depth, 68.2 f‘et;
Altitude of land surface, 1,059.3 feet above sea level

Jun 13, 1984 Dry Jul 10, 1984 Dry

Well UB1A; USGS Site number 381533083341701; Well depth, 26.5 feet;
Altitude of land surface, 1,059.1 feet above sea level

Apr 29, 1987 23.39 Jan 21, 1988 22.67 Jul 06, 19848 23.37 Feb 16, 1989 23.24
May 28 23.40 Feb 23 22.94 Aug 03 23.23 Mar 15 23.07
Jul 27 23.15 Mar 16 23.20 Sep 01 23.04 Apr 12 23.43
Sep 02 23.00 Apr 12 23.21 Oct 04 22.84
Oct 01 22.71 May 13 23.45 Nov 02 22.67
Dec 21 22.76 Jun 10 23.38 Dec 01 22.72

Highest level, 22.67, Jan 21, 1988, Nov 02, 1988; lowest level, 23.45, May 13, 1988



Table 6.--Water-level measurements in selected wells, June 1984 - April 1989--Continued

[Water levels in feet below land surface]

Water Water Water Water
Date level Date level Date level Date level

Well UB2; USGS Site number 381533083341702; Well depth, 328 feet;
Altitude of land surface, 1,059.5 feet above sea level

Apr 29, 1987 290.90 Dec 21, 1987 299.00 Jun 10, 1988 301.39 Nov 02, 1988 302.90
May 28 301.81 Jan 21, 1988 300.23 Jul 06 297.97 Dec 01 303.72
Jul 27 300.36 Feb 23 298.04 Aug 03 300.36 Feb 16, 1989 300.09
Sep 02 301.90 Mar 16 295.77 Sep 01 300.79 Mar 15 295.02
Oct 01 301.14 May 13 306.41 Oct 04 302.49 Apr 12 291.55

Highest level, 290.890, Apr 29, 1987; lowest level, 306.41, May 13, 1988

Well UB3; USGS Site number 381534083341801; Well depth, 0.0 feet;
Altitude of land surface, 1,059.1 feet above sea level

Apr 29, 1987 84.19 Jan 21, 1988 84.05 Jul 06, 1988 83.98 Feb 16, 1989 83.79
May 28 84.16 Feb 23 84.03 Aug 03 83.93 Mar 15 83.77
Jul 27 84.14 Mar 16 84.02 Sep 01 83.93 Apr 12 83.77
Sep 02 84.13 Apr 12 84.01 Oct 04 83.92
Oct 01 84.12 May 13 84.00 Nov 02 83.92
Dec 21 84.08 Jun 10 84.00 Dec 01 83.89

Highest level, 83.77, Mar 15, 1989, Apr 12, 1989; lowest level, 84.19, Apr 29, 1987

Well UB4; USGS Site number 381533083341802; Well depth, 130 feet;
Altitude of land surface, 1,060.1 feet above sea level

Apr 29, 1987 118.46 Jan 21, 1988 118.39 Jul 06, 1988 118.35 Feb 16, 1989 118.27
May 28 118.46 Feb 23 118.38 Aug 03 118.36 Mar 15 118.30
Jul 27 118.40 Mar 16 118.38 Sep 01 118.32 Apr 12 118.30
Sep 02 118.45 Apr 12 118.40 Oct 04 118.32
Oct 01 118.40 May 13 118.38 Nov 02 118.30
Dec 21 118.39 Jun 10 118.37 Dec 01 118.30

Highest level, 118.27, Feb 16, 1989; lowest level, 118.46, Apr 29, 1987, May 28, 1987

Well UE1l; USGS Site number 381538083342001; Well depth, 15.9 feet;
Altitude of land surface, 1,048.2 feet above sea level

Aug 08, 1984 13.20 Dec 10, 1985 13.80 Mar 06, 1987 13,90 Apr 21, 1988 13.71
10

12.78 Jan 08, 1986 13.82 Apr 02 13.72 May 12 14.03
16 12,95 Mar 12 13.72 28 13.73 Jun 10 14.01
Sep 12 13.02 Apr 15 13.56 May 27 13.73 Jul 06 13.91
Oct 12 13.03 May 14 13.57 Jun 22 13.32 Sep 01 13.49
Nov 08 13.10 Jun 11 13.43 Jul 28 13.18 Oct 04 13.14
Dec 03 13.32 Jul 08 13.48 Sep 01 13.12 Nov 02 13.08
Jan 02, 1985 13.59 Aug 05 13.35 Oct 01 13.63 03 13.03
Mar 12 13.89 Sep 03 13.19 28 13.09 Dec 01 13.47
Apr 09 14,17 17 13.25 Nov 24 13.38 28 13.56
Jun 04 13.53 Oct 02 13.12 Dec 21 12.40 Feb 16, 1989 12.15
Jul 03 13.67 Nov 03 13.17 Jan 22, 1988 13.68 17 14.17
Sep 17 13.57 Dec 04 13.47 Feb 25 14.01 Apr 13 13.90
Oct 17 13.56 Jan 07, 1987 13.43 Mar 16 14.15
Nov 13 13.49 Feb 05 13.83 17 14.16

Highest level, 12.15, Feb 16, 1989; lowest level, 14.17, Apr 09, 1985, Feb 17, 1989

81



Table 6.--Water-level measurements in selected We;Lk, June 1984 - April 1989--Continued

|
[Water levels in feet below hand surface]

|
|
I

Water Water Water Water
Date level Date level Date level Date level

Well UE2; USGS Site number 381538083342002; Well depth, 15.6 keet;
Altitude of land surface, 1,049.0 feet above sea level

Aug 08, 1884 12.48 Jan 09, 1986  14.32 May 27, 1887  14.42 Jun 10, 1988  14.54
10 12.50 Mar 12 14.36 Jun 22 ‘ 14.00 Jul 07 14.46
16 12.79 May 14 14.10 Jul 27 13.91 Sep 01 14.06
Dec 04 13.40 Jul 08 14.10 Sep 01 13.75 Oct 05 13.99
Jan 02, 1885 13.37 Aug 05 13,93 Oct 27 ' 13.65 Nov 03 13.65
Mar 12 13.40 Sep 03 13.75 Nov 25 ‘ 13.90 Dec 02 14.24
Apr 08 13.82 Oct 02 13.63 Dec 22 i 13.74 28 14.21
Jun 04 13.45 Dec 04 13.88 Jan 22, 1988 14,23 Mar 16, 1989 14.58
Jul 03 13.35 Jan 07, 1087 13.90 Feb 23 | 14.36 Apr 13 14.48
Oct 17 13.76 Mar 06 14,53 Mar 16 14.71
Dec 10 13.90 Apr 03 14 .44 17 14.71
Jan 08, 1986 14.18 28 14.39 Apr 12 14.26

Highest level, 12.48, Aug 08, 1984; lowest level, 14.71, Mar 16, 1988, Mar 17, 1988

Well UE3; USGS Site number 381538083342003; Well depth, 15.8 feet;
Altitude of land surface, 1,048.6 feet above sea level

Aug 08, 1884 13.16 Sep 17, 1985 13.67 Jan 07, 1987 13.83 Mar 16, 1988 14.44

10 13.22 Oct 17 13.87 Feb 05 14.39 17 14.44

16 13.44 Nov 13 13.70 Mar 06 14.38 Apr 12 14,17
Sep 12 13.60 Dec 10 13.85 Apr 02 | 14.11 May 12 13.95
Oct 12 13.55 Jan 08, 1986 14.39 28 X 14.20 Jun 10 13.70
Nov 08 13.61 Mar 12 14.22 May 27 14.15 Jul 07 13.43
Dec 03 13,92 Apr 15 14.07 Jun 22 13.61 Aug 04 13.92

04 13.63 May 14 14.16 Jul 28 13.68 Sep 01 13.97
Jan 02, 1885 14,14 Jun 11 13.88 Sep 01 13.56 Oct 05 13.79
Mar 11 14,26 Jul 08 13.93 Oct 01 13.52 Nov 02 13.65
Apr 08 14,48 Aug 05 13.79 28 13.58 Dec 02 14.25
May 06 13.97 Sep 03 13.77 Nov 24 13.84 28 14.14
Jun 04 14.05 Oct 02 13.63 Jan 22, 19#8 14,36 Feb 16, 1989 14.74
Jul 03 13.84 Nov 03 13.62 Feb 23 [ 14.25 Mar 16 14,44
Aug 07 13.72 Dec 04 14.01 24 ‘ 14.28 Apr 13 14.43

Highest level, 13.16, Aug 08, 1984; lowest level, 14.74, Feb}ls, 1989

Well UE7; USGS Site number 381537083342101; Well depth, 20.8 feet;
Altitude of land surface, 1,050.1 feet above sea level

Aug 03, 1984 18.61 Nov 13, 1985 14.09 Mar 06, 19#7 14.75 Apr 12, 1988  14.40
08 20.70 Dec 10 14.18 Apr 02 14,54 May 12 14.85
10 13.62 Jan 08, 1986 14.66 28 14.54 Jun 10 14.75
16 13.77 Mar 12 14,57 May 27 14,58 Jul 06 14,70
Oct 12 13.82 Apr 15 14.36 Jun 22 ! 14.16 Aug 04 14.41
Nov 08 13.86 May 15 14,48 Sep 01 13.95 Sep 01 14.3
Dec 03 14.38 Jun 11 14.25 Oct 27 ' 14.71 Oct 05 12.23
Jan 02, 1885 14.40 Jul 08 14.28 28 13.95 Nov 02 14,08
Mar 12 14 .44 Aug 05 14.20 Nov 24 14,22 Dec 02 14 .49
Apr 08 14.69 Sep 03 14,07 Dec 22 13.85 28 14.42
May 06 14.30 Oct 02 14.00 Jan 22, 1988  14.74 Feb 16, 1989 14.89
Jun 04 14.28 Nov 03 14.05 Feb 23 14,82 Mar 16 14.74
Jul 03 14.20 Dec 04 14.33 24 14.87 Apr 13 14.70
Aug 07 14.01 Jan 07, 1987 14,32 Mar 16 14,93
Sep 17 14,01 Feb 05 14.72 17 14.10

Highest level, 12,23, Oct 05, 1988; lowest level, 20.70, Aug 08, 1984



Table 6.--Water-level measurements in selected wells, June 1984 - April 1989--Continued

[Water levels in feet below land surface]

Water Water Water Water
Date level Date level Date level Date level

Well UE8; USGS Site number 381536083342201; Well depth, 22.4 feet;
Altitude of land surface, 1,052.2 feet above sea level

Aug 08, 1984 Dry Nov 13, 1985 14.80 Feb 05, 1987 3.01 May 12, 1988 6.98
Sep 12 23.20 Dec 10 3.75 Mar 06 3.68 Jun 10 16.06
Oct 12 Dry Jan 08, 1986 3.26 Apr 02 3.07 Jul 06 19.29
Nov 09 14.52 Mar 12 5.40 28 4.50 Aug 04 21.52
Dec 04 10.31 Apr 15 6.73 May 27 7.67 Oct 04 20.85
Jan 02, 1985 8.09 May 15 8.81 Jul 28 13.96 Nov 02 21.76
Mar 12 17.24 Jun 11 7. 44 Sep 01 14.01 03 22.15
Apr 09 7.50 Jul 08 10.21 Oct 01 15.28 Dec 01 21.72
May 06 8.06 Aug 05 12.901 28 15.61 28 21.96
Jun 04 5.55 Sep 03 14,25 Nov 24 15.89 Feb 16, 1989 12.79
Jul 03 7.14 Oct 02 15.00 Dec 22 16.10 17 12.15
Aug 07 9.48 Nov 03 15.45 Jan 22, 1988 2.00 Mar 16 10.44
Sep 17 12.30 Dec 04 15.75 Mar 16 2.27 Apr 13 2.39
Oct 17 13.86 Jan 07, 1987 3.66 Apr 12 2.33

Highest level, 2.00, Jan 22, 1988; lowest level, 23.20, Sep 12, 1984

Well UE9; USGS Site number 381540083341901; Well depth, 17.9 feet;
Altitude of land surface, 1,050.6 feet above sea level

Aug 16, 18984 14.16 Nov 13, 1985 14.29 Mar 06, 1987 5.27 Mar 16, 1988 15.31
Sep 12 14,28 Dec 10 14.57 Apr 02 3.60 Apr 12 14.98
Oct 12 15.30 Jan 08, 1886 15.34 28 12.75 May 12 15.37
Nov 08 15.40 Apr 15 14.80 May 27 12.37 Jun 10 15.30
Dec 03 14.85 May 15 14.86 Jun 22 14,59 Jul 07 15.16
Jan 02, 1985 14.89 Jun 11 14.65 Jul 28 14.39 Aug 04 14.85
Mar 12 14.86 Jul 08 14.78 Sep 01 15.38 Sep 01 14.78
Apr 09 15.30 Aug 05 14.62 Oct 01 14.24 Oct 05 14.72
May 06 14.80 Sep 03 14.41 28 14.31 Nov 02 14.44
Jun 04 14.66 Oct 02 14.41 Nov 24 14.69 Dec 02 15.05
Jul 03 14.71 Nov 03 14.47 Dec 22 13.58 28 14.61
Aug 07 14,53 Dec 04 3.07 Jan 22, 19888 14.89 Feb 16, 1989 15.34
Sep 17 14.44 Jan 07, 1987 10.04 Feb 24 15.33 Mar 16 15.28
Oct 17 14.68 Feb 05 5.24 Mar 16 15.32 Apr 13 15.07

Highest level, 3.07, Dec 04, 1986; lowest level, 15.40, Nov 09, 1984

Well UE11l; USGS Site number 381539083341901; Well depth, 16.7 feet;
Altitude of land surface, 1,049.0 feet above sea level

Aug 08, 1984 16.27 Nov 13, 1885 14.11 Mar 06, 1987 14.80 Mar 16, 1988 15.14

10 15.85 Dec 10 14.20 Apr 02 14.54 17 15.14

16 15.14 Jan 08, 1986 14.48 28 14.60 Apr 12 14,64
Sep 12 13.87 Mar 12 14.59 May 27 14.53 May 12 14.87
Oct 12 13.01 Apr 15 14.50 Jun 22 14.16 Jul 06 14.81
Nov 09 14.06 May 15 14.28 Jul 27 14.07 Sep 01 14.33
Dec 03 14,12 Jun 11 14.29 Sep 01 14.03 Oct 04 14.05
Jan 02, 1985  14.49 Jul 08 14.39 Oct 01 13.86 Nov 02 14.04
Mar 11 14.47 Aug 05 14.25 27 14.75 03 14.50
Apr 09 14.75 Sep 03 14.12 28 13.97 Dec 01 14.41
May 06 14.45 Oct 02 14.00 Nov 24 14.21 28 14.26
Jun 04 14.35 Nov 03 14.21 Dec 22 14.11 Feb 16, 1989 14.85
Jul 03 14.33 Dec 04 14.11 Jan 22, 1988 14.53 17 15.30
Aug 07 14.16 Jan 07, 1887 14.35 Feb 23 14.79 Mar 16 16.02
Sep 17 14.09 Feb 05 14.73 24 15.01 Apr 13 14.81

Highest level, 13.86, Oct 01, 1987; lowest level, 16.27, Aug 08, 1984



Table 6.--Water-level measurements in selected wells, June 1984 - April 1989--Continued
i

[Water levels in feet below and surface]

I
r
|
\

Water Water Water Water
Date level Date level Date level Date level

Well UF1; USGS Site number 381540083341801; Well depth, 18.2 fpet;
Altitude of land surface, 1,049.8 feet above sea level

Jul 01, 1985 Dry Jun 11, 1986 14,52 May 27, 1987 14.41 Jul 06, 1988  14.63
03 Dry Jul 08 14,38 Jun 22 14.14 Aug 04 16.56
09 16.70 Aug 05 14,21 Jul 28 14.13 Sep 01 14.18
11 16.44 Sep 03 14.18 Sep 01 14.05 Oct 04 14.09
22 15.91 17 14.10 Oct 27 14.43 Nov 02 14.11
30 15,44 Oct 02 14.04 Nov 24 14.14 03 16.13

Aug 08 15.16 Nov 03 13.71 Dec 22 14.09 Dec 01 14.33
20 14.95 Dec 04 12.78 Jan 22, 198% 14.41 Feb 16, 1989 14.16

Sep 17 14.71 Jan 07, 1987 14.20 Feb 24 14.63 17 16.07

Oct 17 14.45 Feb 05 14.24 25 16.28 Apr 13 13.84

Dec 10 14.01 Mar 06 14,11 Mar 16 15.10

Jan 08, 1986 14.50 Apr 03 14,51 Apr 12 14,97

May 14 14 .48 28 14 .37 Jun 10 14.54

Highest level, 12.78, Dec 04, 1986; lowest level, 16.70, Jul 09, 1985

Well UF2; USGS Site number 381541083341701; Well depth, 13.1 fleet;
Altitude of land surface, 1,044.8 feet above sea level

Jul 01, 1985 9.08 May 14, 1986 9.29 Feb 24, 1987 9.72 Dec 22, 1987 9.51

03 9.12 Jun 11 9.33 Mar 06 10.40 Jan 22, 1988 9.58

09 9.18 Jul 08 9.44 16 10.07 Apr 12 9.28

22 9.22 Aug 05 9.30 Apr 02 9.51 May 12 9.71

30 9.25 Sep 03 9.35 28 9.39 Jun 10 9.64

Aug 08 8.20 17 9.49 May 27 9.51 Jul 07 9.53

20 9.08 Oct 02 9.36 Jun 22 9.20 Aug 04 9.24

Oct 17 9.13 Nov 03 9.71 Jul 28 9.18 Oct 05 9.13

Dec 10 9.42 Dec 04 9.48 Sep 01 9.04 Nov 02 9.03

Jan 08, 1986 9.78 Jan 07, 1987 10.11 Oct 02 9.21 Dec 02 8.76

Mar 12 9.71 Feb 05 10.15 28 9.50 28 9.09

Apr 15 9.37 16 10.09 Nov 24 ' 9.48 Apr 13, 1989 9.57

Highest level, 8.20, Aug 08, 1985; lowest level, 10.40, Mar 46, 1987
Well UF3; USGS Site number 381542083341601; Well depth, 13.4 feet;
Altitude of land surface, 1,045.2 feet above sea level

Jul 01, 1985 Dry Jul 08, 1986 Dry May 28, 1987 Dry May 12, 1988 Dry

03 Dry Aug 05 Dry Jun 22 Dry Jun 10 Dry

09 Dry Sep 03 Dry Jul 28 Dry Jul 07 Dry

22 Dry 17 Dry Sep 01 Dry Aug 04 Dry

30 Dry Oct 02 Dry Oct 01 Dry Sep 01 Dry

Aug 08 Dry Nov 03 Dry 28 Dry Oct 05 Dry

20 Dry Dec 04 Dry Nov 24 Dry Nov 02 Dry

Oct 07 Dry Jan 07, 1987 Dry Dec 22 Dry Dec 02 Dry

Dec 10 Dry Feb 06 Dry Jan 22, 1988 Dry 28 Dry

Jan 08, 1986 Dry Mar 06 Dry Feb 24 Dry Feb 16, 1989 Dry

Mar 12 Dry Apr 02 Dry Mar 16 Dry Mar 16 Dry

Apr 15 Dry 28 Dry Apr 12 Dry Apr 13 Dry




Table 6.--Water-level measurements in selected wells, June 1984 - April 1989--Continued

[Water levels in feet below land surface)

Water Water . Water Water
Date level Date level Date level Date level

Well UF4; USGS Site number 381543083341601; Well depth, 13.4 feet;
Altitude of land surface, 1,044.7 feet above sea level

Jul 01, 1885 Dry Mar 12, 1986 Dry Feb 06, 1987 13,30 Nov 24, 1987 13.2
03 Dry Apr 15 Dry Mar 06 Dry Dec 22 ry
09 Dry Jul 08 13.30 Apr 02 Dry Jan 22, 1988 12.10
22 Dry Aug 05 13.20 28 Dry Feb 24 12.59
30 Dry Sep 03 13.20 May 27 Dry Mar 16 12.85
Aug 08 Dry 17 13.10 Jun 22 Dry Apr 12 10.83
20 Dry Oct 02 13.00 Jul 28 13.20 May 12 11.23
Oct 17 Dry Nov 03 13.00 Sep 01 13.30 Jun 10 12.19
Dec 10 Dry Dec 04 13.20 Oct. 01 Dry Jul 07 12.44
Jan 08, 1986 Dry Jan 07, 1987 13.30 28 13.30 Apr 13, 1989 10.39

Highest level, 10.39, Apr 13, 1989;
lowest level, 13.30, Jul 08, 1986, Jan 07, 1987, Feb 06, 1987, Sep 01, 1887, Oct 28, 1987

Well UFS5; USGS Site number 381543083341501; Well depth, 17.5 feet;
Altitude of land surface, 1,047.9 feet above sea level

Jul 01, 1985 16.77 Jun 11, 1986 16.74 May 27, 1987 16.89 Apr 12, 1988 16.99
03 16.73 Jul 08 16.72 Jun 22 16.74 May 11 Dry
09 16.72 Aug 05 16.60 Jul 28 16.66 Jun 10 16.90
22 16.68 Sep 03 16.57 Sep 01 16.61 Jul 06 16.90
30 16.69 17 16.60 Oct 01 16.62 Sep 01 16.78
Aug 08 16.65 Oct 02 16.59 28 16.69 Oct 04 16.70
20 16.64 Nov 03 16.72 Nov 24 16.81 Nov 02 16.78
Oct 17 16.68 Dec 01 16.77 Dec 22 16.89 Dec 01 17.07
Dec 10 16.77 Jan 07, 1987 17.04 Jan 22, 1988 16.88 28 16.79
Jan 08, 1986 16.89 Feb 06 17.06 Feb 24 17.00 Feb 16, 1989 16.41
Mar 12 16.87. Mar 06 17.18 25 16.97 17 16.62
Apr 15 16.77 Apr 02 16.94 Mar 16 17.09 Mar 16 17.37
May 15 16.79 28 16.95 17 17.10 Apr 13 16.75

Highest level, 16.41, Feb 16, 1989; lowest level, 17.37, Mar 16, 1989

Well UF6; USGS Site number 381544083341401; Well depth, 16.2 feet;
Altitude of land surface, 1,047.2 feet above sea level

Jul 01, 1985 Dry May 15, 1986 15.73 May 27, 1987 15.95 May 11, 1988 Dry
02 Dry Jun 11 15.79 Jun 22 15.85 Jun 10 16.05
03 Dry Jul 08 15.85 Jul 28 15.95 Jul 07 16.05
09 Dry Aug 05 15.85 Sep 01 15.85 Aug 04 16.05
22 Dry Sep 03 15.85 Oct 01 15.95 Sep 01 16.05
30 Dry Oct 02 15.85 28 16.15 Oct 05 16.05
Aug 08 Dry Nov 03 16.05 Nov 24 16.15 Nov 02 16.05
20 Dry Dec 04 16.05 Dec 22 Dry Dec 02 15,95
Oct 17 Dry Jan 07, 1887 Dry Jan 22, 1988 Dry 28 15.95
Dec 10 16.05 Feb 06 Dry Feb 24 Dry Feb 16, 1888 16.15
Jan 08, 1986 15.85 Mar 06 Dry Mar 16 Dry Mar 16 Dry
Mar 12 15.44 Apr 02 15.95 17 Dry Apr 13 Dry
Apr 15 15.74 28 15.85 Apr 12 Dry

Highest level, 15.44, Mar 12, 1986; lowest level, 16.15, Oct 28, 1987, Nov 24, 1987, Feb 16, 1989

Well UF7; USGS Site number 381544083341301; Well depth, 16.7 feet;
Altitude of land surface, 1,047.0 feet above sea level

Jul 01, 1985 Dry Jul 03, 1985 Dry Jul 22, 1985 16.45 Aug 08, 1985 16.40
02 Dry 08 Dry 30 16.34 20 16.39

Highest level, 16.34, Jul 30, 1985; lowest level, 16.45, Jul 22, 1985



|

Table 6.--Water-level measurements in selected wo#;g, June 1984 - April 1989--Continued

[Water levels in feet below land surface]

Water Water Water Water
Date level Date level Date level Date level
Well UF8; USGS Site number 381544083341201; Well depth, 21.2 feet;
Altitude of land surface, 1,051.9 feet above sea level
Jul 02, 1885 Dry Jun 11, 1886 20.90 May 27, 1987 20.90 May 12, 1988 21.00
03 Dry Jul 08 21,00 Jun 22 21.00 Jun 10 21.00
09 Dry Aug 05 21.00 Jul 28 21.00 Jul 07 21.10
22 Dry Sep 03 21.00 Sep 01 21.10 Aug 04 21.00
30 21.10 Oct 02 20.80 Oct 01 20.80 Sep 01 21.00
Aug 08 21.10 Nov 03 21.00 28 20.90 Oct 05 20.90
20 21.10 Dec 04 21.00 Nov 24 21.00 Nov 02 20.90
Oct 17 21.00 Jan 07, 1987 21.00 Dec 22 21.00 Dec 02 20.72
Dec 10 20.80 Feb 06 21.00 Jan 22, 1988 20.90 28 21.12
Jan 08, 1986 20.93 Mar 06 21.00 Feb 24 20.80 Feb 16, 1989 21.11
Apr 15 20.80 Apr 02 20.90 Mar 17 21.00 Mar 16 20.70
May 15 21.00 28 20.90 Apr 11 Dry Apr 13 21.10
|
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