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ABSTRACT

Geohydraulic packer testing was completed in coreholes CH-1 through CH-5
in Bethel Valley at the Oak Ridge National Laboratory X-10 Plant Area. The
coreholes penetrate rocks of the Chickamauga Group and range in depth from
350 feet to about 400 feet. A straddle packer assembly consisting of two
sliding-end pneumatic packers, a downhole pneumatically activated shut-in
valve and three downhole vibrating wire pressure transducers was utilized to
complete the testing.

The transducers were used to monitor the rock formation hydraulic
pressure above the top packer, in the tested interval, and below the bottom
packer. The upper transducer was used to monitor the open annulus water
pressure and the effectiveness of the upper packer seal. The middle
transducer was used to measure the response of the test section. The lower
pressure transducer was used to monitor the water pressure in the sealed
borehole beneath the lower packer and the effectiveness of the lower packer
seal. The transducer readings were recorded using a multi-channel datalogger
in conjunction with a portable microcomputer.

A total of 38 packer tests were completed. Hydraulic conductivity
results from corehole 1 ranged from about 5 x 10-9 cm/s to 1 x 10-4 cm/s.
Corehole 2 results ranged from about 1 x 10-5 cm/s to 8 x 10-6 cm/s.

Corehole 3 results ranged from about 2 x 10-5 cm/s to about 1 x 10-8 cm/s.
Corehole 4 results ranged from about 4 x 10-° cm/s to 5 x 10-9 cm/s, and
those in corehole 5 ranged from about 4 x 10-7 cm/s to 6 x 10-9 cm/s.

The static head distribution across coreholes CH-1 through CH-5 indicate
significant artesian pressures at depth with a general upward gradient.

These pressures may be remnant, but the overall flow pattern at the plant
area in the tested section is hypothesized to be downward from the recharge
areas on top of Haw and Chestnut Ridges, with upward flow near the valleys.
Preferential weathering along bedding planes and differential fracturing have
created a system that, in a vertical section, may contain discreet zones of
high head and low permeability. The groundwater flow directions will likely
be controlled by bedding strike in a direction orthogonal to the tested cross
section. The average permeability appears to increase across the section
from the Rome Formation to the Knox Formation.
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1.0 INTRODUCTION

Martin Marietta Energy Systems is currently engaged in
several hydrogeologic investigations at the Oak Ridge
facilities (ORNL) near Knoxville, Tennessee. To supplement
the on-going investigations, Golder Associates was retained
by Martin Marietta to perform the installation of packers and
subsequent hydraulic testing of existing rock core holes.

The packer testing of rock core holes CH-1, CH-3, and
CH-5 was performed in the field from December 2, 1986 to
December 19, 1986. Packer testing of rock core holes CH-2 and
CHE-4 was performed under a contract extension. These tests
were completed in the field from March 30, 1987 to April 10,
1987. Volume I of this report presents the scope of work for
the packer testing, the field test methodology, the analysis
methodology, discussion of the results, and conclusions.
Volume II of this report presents the field data and the
packer test analyses.

1.1 Scope of Work

The original scope of work for the packer testing called
for installation of packers and subsequent hydraulic testing
of five existing core holes at ORNL. A maximum of five
intervals in each core hole was to be selected for testing
for a maximum of 25 tests. The packer testing methodology
was to include instrumentation capable of monitoring pres-
sures above, within, and below the packers and to estimate
the static head and hydraulic conductivity of the tested
zone.

Prior to commencement of the field packer testing
program, Golder Associates and Martin Marietta reviewed the
core hole geophysical 1logs for preliminary selection of
appropriate test intervals. After selection of the tested

Golder Associates
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intervals (based on geophysical logs) Golder Associates and
Martin Marietta examined the actual rock core represented by
these intervals. It became apparent, after examining the
actual core that the geophysical logs alone would not be
adequate for selection of test intervals. Golder Associates
and Martin Marietta agreed that all of the rock core should
be examined for selection of appropriate test intervals.
Golder geologists examined the rock core and prepared general
descriptive logs (no detailed geologic logging was completed)
for each core hole CH-1 through CHE-S5. The logs are presented
in Appendix A. Subsequent to the logging, Martin Marietta
and Golder Associates agreed that a test section interval of
about 36 feet would be appropriate for this project based on
cost, frequency of fracturing and 1lithological variation
within the rock.

Packer testing of core hole CH-1 commenced on December
2, 1986. Six intervals had been selected based on review of
the rock core and geological information. In the field, a
decision was made to perform one additional test in CH-1 that
had not originally been selected. The additional section was
chosen on the basis of further examination of the Golder core
logs which indicated the presence of fractures filled with
calcite, mylonite and trace pyrite. This test (259.9 ft. to
295.2 ft.) revealed substantial permeability and possible
artesian conditions. Consequently, Golder Associates and
Martin Marietta considered it appropriate to increase the
number of test zones in each core hole so that the probabil-
ity of missing key hydrogeologic zones would be reduced. As
a result of this change of scope a total of 21 tests were
completed in core holes CH-1, CH-3, and CH-S.

Golder Associates
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Subsequent to the testing of the core holes CH-1, CH-3,

and CH-5, Golder Associates completed an additional 18 tests

in core holes CH-2 and CH-4. The results of the additional

tests are included in this report for completeness, although

the tests were actually performed under a separate contract
extension.

Golder Associates
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2.0 PHYSICAL SETTING

2.1 General

The Oak Ridge Reservation 1lies in East Tennessee,
principally within the Valley and Ridge geological province,
although portions of both the Blue Ridge and the Appalachian
Plateau provinces are included in the area (Figures 1 and 2).

Rocks within East Tennessee range in age from pre-
Cambrian to Pennsylvanian, with unconsolidated residual clay
and terrace deposits overlying the bedrock. Southeast
dipping imbricating thrust faults cause 1long, narrow,
outcrop belts which strike northeast.

The principal water-bearing rocks of the area include
limestone, dolomite and calcareous shale of Cambrian and
Ordovician age. The usable groundwater is usually restricted
to solution enlarged fractures, with the quantity available
for well use being dependent on size and number of fractures
encountered.

2.2 Climate

East Tennessee climate is primarily influenced by storms
moving from the Gulf Coast to the Atlantic Coast, and to a
lesser extent by storms moving northeastward from Oklahoma to
Maine. The elevation differences between mountain tops and
valleys cause a considerable variation in temperature. The
mean annual temperature is between 57° and 58°F, with
temperature extremes between -32°F and 111°F., July is the
hottest month and January the coldest.

Precipitation is controlled in part by topography, being

heavier in the Blue Ridge and Appalachian Plateau than in the
Valley and Ridge province. This is because the moist air

Golder Associates
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masses are forced over the Cumberland Plateau to the north-
west, and the Unaka Mountains to the southeast of the Valley
and the Ridge, and thus moisture is condensed and precipi-
tated in these elevated areas producing comparatively dry
conditions between them. Average annual precipitation in
East Tennessee is about 53 inches in the Valley and Ridge
near ORNL, and about 55 inches average on the Cumberland
Plateau. Precipitation in excess of 80 inches has fallen in
the Unaka Mountains. Rainfall is well distributed throughout
the year with January through March being wettest, and
September through November being driest.

Golder Associates
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3.0 Geologic Setting

3.1 The Valley and Ridge Province

The Valley and Ridge province is the major geological
environment with respect to this report. The region is
characterized by numerous elongated ridges and intervening
valleys, all trending in a northeast-southwest direction, as
a result of folding and fracturing caused by a major orogeny
some 230 to 260 million years ago during the Permian geologic
period. Ridges within the Province range in elevation from
1495 feet at White Oak Mountain near Chattanooga to 3097 feet
at Bays Mountain near Kingsport. Valleys to the north
average 1000 feet in elevation, and to the south about 750
feet.

Stream courses in the Valley and Ridge are closely
related to the structure and composition of the rocks. Most
of the smaller streams are in the northeast-southwest
trending valleys. However, several large streams flow almost
at right angles to these valleys, possibly guided by major
rock fractures (cross-faults).

3.2 Oak Ridge Reservation

The Oak Ridge Reservation lies in Anderson and Roane
Counties in East Tennessee. Anderson County is nearly
triangular in shape and is bounded by the Clinch River on the
southeastern edge, and by Knox, Roane, Morgan, Scott,
Campbell and Union Counties elsewhere.

The southeastern half of Anderson County lies in the
Valley and Ridge province and consists of alternating ridges
and valleys, reflecting the varying resistance to weathering
of the folded and faulted calcareous rocks. The major ridges
at the Oak Ridge Reservation are Pine Ridge, an overthrust

Golder Associates
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ublock underlain by sandstone and shale of the Rome Formation
(Cambrian); Black Oak, Chestnut and Copper Ridges, underlain
by dolomite and limestone of the Knox Group (Ordovician); and
Haw and Bull Run ridges, also underlain by the Rome forma-
tion. The major valleys at Oak Ridge are Bethel Valley,
underlain by Ordovician 1limestone and shale (Chickamauga
Group); and Bear Creek Valley, underlain by limestone and
shale of Cambrian age (Conasauga Group). East Fork Ridge to
the northwest is capped by rocks of Mississippi Age.

3.3 The Test Site

The test site, as shown in Figure 3, consists of a line
of five 380 feet to 470 feet deep 3.7" diameter core holes
located in Bethel Valley between Chestnut Ridge (Knox Group)
and Haw Ridge (Rome formation), (Figure 3). The core holes
penetrate rocks of the Chickamauga Group.

The Chickamauga group is classified as Middle to Upper
Ordovician in age, and at the test site has been subdivided
into eight units by Stockdale, (1951). Table 1 lists the
lithological descriptions of the eight groups. The core from
each core hole has been examined by Golder (approximate logs
are presented in Appendix A), but no attempt has yet been
made to correlate core with the above groupings.

Core holes CH-1 through CH-5 at the ORNL plant area
penetrate units A through G of the Chickamauga Group. In
general, the rock consists of limestones with some shale and
calcareous shale. The limestones primarily include massive
sparite, and micritic and lithographic limestone. These
units are laminated with dark gray calcareous shale. The
shale layers are partly fossiliferous, mottled, and occa-
sionally contain chert nodules or layers.

Golder Associates
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There is evidence of solutioning and intense weathering
of the limestone. However, the depth of weathering decreases
significantly where the rock type is predominantly shale.
This preferential weathering pattern is of primary importance
in interpreting the results of the packer tests completed.

The presence of both structural and 1lithological
variations in the subsurface is pertinent to this work.
Slickensided fractures accounted for the majority of frac-
tures observed in the rock core. The fractures were
primarily oriented 20 degrees to 35 degrees from horizontal.
Fractures that were noted outside the weathered zones were
fresh and appeared to be tight. However, there is evidence
for offsetting of high angle calcite stringers in the lower,
unweathered, parts of core hole number 3 indicating ground-
water flow has been altered by structural movement. A packer
test in this zone indicated high permeability (-~ 2 x 107°
cm/sec) at depths of about 335 ft., (Table 4). The role of
fracture frequency, orientation and type has not been
characterized in this study since the core fracture data
requires a greater degree of quantification than presently
available.

Golder Associates
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4.0 FIELD TEST METHEODOLOGY

4.1 Equipment

Golder Associates utilized a straddle packer assembly
depicted in Figure 4, consisting of two sliding-end pneumatic
packers connected with perforated pipe and drill rods. The
packer assembly was installed in each core hole using NX
drill rods. The straddle packer assembly utilized a downhole
pneumatic shut-in valve depicted in Figure 5 and three
downhole vibrating wire pressure transducers.

High pressure nitrogen cylinders were used to inflate
the packers and operate the downhole shut-in valve. Normal
inflation time for the packers was about 2.5 minutes. The
shut-in valve required about 1.5 minutes to open from the
closed position or visa versa. The packers and shut-in valve
were generally inflated to a pressure of 130 to 150 psi above
the static water pressure at the top of the tested interval.
The packers had a gland length of five feet before inflation
and an estimated gland 1length of about four feet after
inflation.

Three downhole vibrating-wire pressure transducers were
used to monitor the pressure above the top packer, in the
tested interval, and below the bottom packer. The three
transducers were physically located above the top packer. The
middle (in the tested interval) and 1lower (Below the bottom
packer) transducers were ported to the prescribed 1location
using water filled tubing open at one end as depicted in
Figure 4. The transducer readings were recorded using a
multi-channel datalogger in conjunction with a Portable
Microcomputer. The frequency of reading could be varied, but
was generally held constant at a 30 second scan rate. The
transducers were calibrated in each core hole to within about
0.5 psi of the calculated static water pressure. The actual

Golder Associctes
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transducer readings were accurate to within about 0.5 psi
under static conditions. However, under dynamic (transient)
pressure conditions, the relative readings in time appeared
to be gquite stable.

4.2 Procedures

Packer testing is not limited to one specific procedure.
There are many types of tests that can be performed such as
pressure build up, pressure decay, constant pressure injec-
tion or constant flow withdrawal, pulse testing, etc. The
primary objective of the test, the available time, equipment
and budget will often dictate which type of test is per-
formed. Often a combination of different types of tests may
be performed depending on the observed hydraulic response of
the tested interval. The test method chosen for this series
of tests is the well established pressure build-up drill stem
test (Reference 1). This method is appropriate for strata
with hydraulic conductivity in the range of about 104 cm/s
to about 1078 cm/s. The hydraulic conductivity of the strata
to be tested was considered to most probably fall within this
range.

A general description of the field testing procedure

that was employed at ORNL is as follows:

1. Read and record the initial water level in the core hole
(assumed static), unless the borehole is flowing.

2. Assemble the straddle packer assembly as depicted in
Figure 1 and lower the assembly into the core hole to the
prescribed depth.

3. Connect the vibrating wire pressure transducers to the
datalogger.

Golder Associates
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4.

10.

11.

12.

13.

Calibrate the pressure transducers to the calculated
static water pressure in the borehole above the transdu-
cers depth. In the case of a flowing hole the pressure
is calculated as the head above the transducers to the
top of the borehole casing.

Allow the datalogger to obtain several initial readings
to assure that the instruments are operating properly and
to observe a drop in water level that may be occurring as
a result of the fluid displaced by the rods and instru-
ments.

Inflate the packers to about 130 to 150 psi above the
calculated static water pressure at the top of the upper
packer.

Shut the downhole valve.

Wait approximately five minutes to allow adequate
pressure to build in the packers and valve.

Remove about one-third of the standing water from the
drill rods using a swabbing tool. Note that removal of
too much water could alter the formation properties due
to increased effective stress at the core hole face when
the downhole valve is opened.

Monitor the water level in the drill rods to determine
the rod leakage rate.

Open the downhole valve to allow the tested interval to
flow. Monitor the water level in the rods during this
flow period to provide a preliminary assessment of the
flow rate. The duration of the flow period should be
such that a constant flow rate can be determined, but
preferably short enough so as not to allow the formation
to fully recover or the flow rate to decline signifi-
cantly. The time required will depend on the hydraulic
properties of the tested zone.

shut the downhole valve to allow a pressure pulse to
build within the tested zone. The duration of the first
shut in period should be long enough to allow a pressure
build-up trend to develop which can be used to calculate
the hydraulic conductivity of the tested zone and
extrapolated to estimate the static head of the tested
zone. Usually 15 to 30 minutes is sufficient.

Swab more water out of the drill rods if necessary so
that a second flow period can be completed.

Golder Associates
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14. Open the downhole valve to allow a second flow period to
take place. Again, allow sufficient time for a constant
flow rate to develop, but not so long that the formation
recovers or the flow rate declines significantly. Note
that the second flow rate will likely be lower than the
first if no additional swabbing was completed during the
shut-in period (item 13).

15. Shut the downhole valve to allow a second pressure pulse
to build within the tested zone. Again, allow sufficient
time for a trend to develop. Preferably the duration of
the second shut-in period should exceed the first. 1f
detailed static head measurements are preferred the
second shut-in duration may be on the order of hours or
even days.

16. Open the downhole valve.

17. Deflate the packers.

18. Allow sufficient time for the packers and valve to
deflate. Disconnect the transducers from the datalogger

during this time.

19. Remove or add drill rods to position the straddle packer
assembly at the new location.

20. Reconnect the transducers and repeat steps number 5
through 19.

4.3 Data Recording

As previously mentioned, the pressure transducer data
were recorded and stored on an electronic data logging
device. This device could store about 1800 units of data
after which the data had to be down loaded to the computer.
However, the data could be instantly observed in the form of
pressure readings every 30 seconds, or at whatever scan rate
was prescribed, on the computer monitor screen. This allowed
the progress of the test to be monitored and any problems to
be instantly seen. For example, if the pressure readings for
all three transducers stabilized at the same static head the
packers may not have been properly sealed against the rock.

Golder Associates
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5.0 ANALYSIS METHODOLOGY

5.1 Data Reduction

An arithmetic plot of the transducer readings for each
test is provided in Appendix B and the reduced field data are
presented in Volume II of this report. The transducer
readings were first converted to total hydraulic head by
expressing the pressure as feet of water and adding it to the
elevation of the transducer. For example, a transducer
located at 800 FT MSL reading 100 psi would be equal to about
1030 feet of total hydraulic head. These hydraulic head
values are expressed in terms of a fresh water head; density
gradients due to salinity and temperature variations are
ignored, since neither groundwater samples nor in situ
specific conductance measurements were required during this
test sequence, and hence density calculations could not be
made.

The second step of data reduction was to calculate the
elapsed shut-in time data. Shut-in data refers to the
transducer readings obtained immediately after a flow period.
During the flow period the downhole valve is open. Once the
valve is shut, the flow period ends and the shut-in period
begins. The elapsed shut-in time data have been calculated
for both the first and second flow periods in Volume II.

The final step of data reduction was to calculate the
elapsed time since packer inflation for the lower transducer.
These data can in some cases be used to calculate the
vertically averaged hydraulic conductivity of the core hole
between the bottom of the lower packer and the bottom of the
core hole. Again, Volume II presents this data reduction.

Golder Associates
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5.2 Borner Method

The shut-in data presented in Appendix B was analyzed
(wvhere applicable) according to the method described by
Horner (Reference 2). The Horner method is a semi-log method
in which the head (or pressure) is plotted against the log of
the ratio of the duration of the flow period (T) plus the
elapsed shut in time (t'), to the elapsed shut in time i.e.

H vs. log [(T + t')/t']

Where:
H = Total Hydraulic Head (FT MSL)
= Duration of Flow Period (Min)
t'= elapsed time since shut-in (Min)

It can be seen from the above that, as the elapsed shut
in time (t') increases, the log [(T +t') /t'] will decrease.
Consequently, for convenience, the function is often plotted
on a reversed X-axis i.e. decreasing to the right. Also note
that as the shut-in time increases the value of [(T + t')
/t']) will approach unity and the log will approach zero.

According to Horner, a portion of the shut-in data
plotted as described will fall on a straight line. BHowever,
the early and late data may deviate from the straight line
due to wellbore storage and boundary effects, respectively.
The slope of the straight 1line portion can be used to
calculate the Hydraulic Conductivity of the tested interval:

_2.303Q
4Rl S

Where,

Flow rate during the flow period (cm3/sec)
Length of tested interval (cm)

Slope of straight line portion (cm)

mneo

Golder Associates
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In addition to Hydraulic Conductivity, the Horner plot
can be used to estimate the static head of the tested
interval. As previously stated, as the elapsed shut-in time
(t') increases, the value of log [(T + t') /t'] will approach
zero. Consequently, the straight line portion of the Horner
plot can be extrapolated to log [(T + t') /t'] = 0 which will
correspond to large values of elapsed shut-in time (t').

The Horner analysis method presented above is essen-
tially the same as the Theis recovery method (Reference 3).
Both methods are based on the solution to the partial
differential equation governing groundwater flow, which in
radial coordinates can be written as:

Qr
n
j—
o
”n
w

s 9
ar r or K 3

(a4

The Horner method assumes a constant flow rate during
the flow period and does not consider the effects of wellbore
storage, skin, or boundary effects. For more detailed
procedures and theory regarding the Horner analysis " see
Reference 2 and 3.

5.3 Variable Head Analysis

In some instances, a tested zone recoveéred so rapidly
during the flow period or after shut-in that sufficient data
could not be obtained to construct the Horner Plot. For
example, the transducer plot for test CH-1-2 (Appendix B)
clearly indicates that during both flow periods transducer
number two nearly recovered to its original position. Conse-
quently, the tested interval was very near steady state at
the time of shut-in. The Horner Plot is relatively flat with
no straight line portion. A second example is test CH-4-1.

Golder Associates
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The transducer plot indicates that, after shut-in, the tested
interval recovered within 30 seconds. Consequently, again
the Horner plot is relatively flat (very near steady state)
which is insufficient to properly interpret the formation
response.

In these two cases, and others, (CH-1-3, CH-2~4, CH-3-1,
CH-4-10) the hydraulic conductivity of the tested interval
was calculated by analyzing the data obtained during the flow
period. The flow period response was analyzed as a rising
head test.

The rising head analyses were completed according to the
method described by Hvorslev (Reference 4). The method is a
semilog method that is well documented in the literature. For
detailed information on the method see Reference 4.

5.4 Pressure Slug Analysis

One type of field testing procedure which is often used
to determine the hydraulic conductivity of tight formations
(K < 1 X 10”8 cm/s) is the pressure slug decay test. The
field procedure presented in Section 2.2, although not
specifically intended to perform this type of test, may
produce data which can be analyzed as a pressure slug decay.

When the packers are inflated, if the core hole is
sufficiently tight below the lower packer, a pressure pulse
may develop in the core hole below the bottom packer. This
pressure pulse is effectively shut-in until the packers are
deflated at the end of the test. The decline of this lower
pressure pulse over time can be analyzed to determine the
vertically averaged hydraulic conductivity of the core hole
below the bottom of the lower packer.

Golder Associctes
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The pressure slug decay data (when available) were
analyzed according to the method described by Bredehoeft and
Papadopulos (Reference 5). The method 1is a type curve
procedure in which the head ratio (head above static at any
instant in time after shut-in divided by the initial head
above static) is plotted against the log of time since
pressure slug shut-in. The method results in an estimate of
transmissivity and storativity, although as stated in Refer-
ence 5, the estimates of storativity may in some cases be of
guestionable reliability. For the tests conducted at ORNL,
only estimates of transmissivity were calculated. These
estimates were then used to calculate values of hydraulic
conductivity by dividing the transmissivity by the length of
the tested interval.

5.5 Storage, Skin, and Boundary Effects

In addition to the standard methods of analysis
discussed in Sections 5.2 to 5.4 several methods of analysis
are available to investigate the effects of wellbore storage,
skin, and boundary effects.

Wellbore storage and skin effects generally manifest
themselves in the early time data of pressure build-up.
Immediately after shutting in a producing well, a small
amount of flow may still be occurring at the core hole face.
This wvolume of water may be stored in the wellbore due to
compliance or "give" in the rock mass immediately surrounding
the borehole and in the down hole equipment such as packers
and plastic tubing. As a result, the pressure in the tested
interval may not build up as rapidly as would be expected.

Skin effects are a result of damage to the core hole

face during drilling. The face can become smeared, frac-
tured, or filled with fine cuttings, etc. As a result, the
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early pressure response during shut-in may be more represen-
tative of the hydraulic characteristics at the core hole face
rather than the geologic formation itself. Skin effects can
be either positive or negative and may cancel or compound
wellbore storage effects. For these reasons, the early
shut-in time data may be misleading.

Boundary conditions manifest themselves in the late
shut-in data. Impermeable, layered, or constant head
boundaries all may effect the late time data. 1In addition,
other active wells in the vicinity may cause boundary
effects. Generally, major boundary features will be evi-
denced as significant changes in slope of the late time data
of the Horner plots.

In instances where wellbore storage, skin, or boundary
effects may be strongly evident, the data most likely will
not be suitable for Horner semi-log methods of analysis. The
data may have to be analyzed using type curve methods that
deal specifically with skin and wellbore storage or corrected
using correction factors prior to applying the semi-log
methods. In some instances, the data may not be suitable for
analysis at all.
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6.0 RESULTS

A total of 38 packer tests were completed in core holes
CH-1 through CH-5. The results are presented in Tables 2
through 6 respectively. Test results are plotted on a cross
section through the five core holes on Figure 6. Thirty-two
tests were analyzed using the Horner Semi Log method and six
were analyzed as a rising head test during the flow period.
In addition, five hydraulic conductivity estimates were
calculated based cn the analysis of the shut in pressure data
obtained below the lower packer. In total, the hydraulic
conductivity was estimated for 43 different intervals. The
field data for each test, the Horner analyses, the rising
head analyses, and the shut-in pressure slug analyses are
presented in Volume II of this report.

The following is a brief summary of the packer results.
The implications of these results on the hydrogeologic model
are presented in Section 7.0.

Seven tests were conducted in core hole CH-1. The core
hole was under flowing artesian conditions at the time of
testing. The resulting permeability estimates ranged from a
low value of 3.9 X 10”2 cm/s for the interval of 299.2 ft. to
385.2 ft. BTC (Below Top of Casing) to a high value of 2.0 X
1074 cm/s for the 89.6 ft. to 125.0 ft. interval. The static
head for each tested interval appeared, in general, to
increase with depth to a maximum value of about 960.0 ft. MSL
at the bottom of the core hole, beneath the lowest tested
section (Table 1).
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Eight packer tests were completed in core hole CH-2. The
resulting hydraulic conductivity estimates ranged from a low
value of 7.2 x 1078 cm/s for the interval 161.1 ft. to 196.6
ft. to a high value of 1.0 x 10”3 cm/s for the zone 201.1 ft.
to 236.6 ft. The distribution of hydraulic head varied with
depth although not in any reqular pattern. Deep within core
hole CB-2 (372.1 ft. to 472.8 ft.) the transducers behaved
very sporadically. The readings fluctuated, possibly due to
electrical short circuiting which may be an indication of a
brine solution, or of a grounding problem with the transdu-
cers. Data interpretation was more difficult for the tests
completed in this zone (CH-2-6 and CH-2-8), since pressure
fluctuations were frequent. The data was interpreted with
reasonable accuracy by interpolating between the fluctua-
tions.

Six packer tests were completed in core hole CEB-3. The
resulting hydraulic conductivity estimates ranged from 1.4. X
1078 cm/s to 2.3 X 1075 cm/s for the 129.0 ft. to 164.3 ft.
interval and 319.3 ft. to 354.6 ft. interval, respectively.
The core hole was under flowing artesian conditions at the
time of testing. The distribution of static head with depth
throughout the core hole was somewhat irregular. The highest
static head was measured in excess of 1000 ft. MSL for the
129.0 ft. to 164.3 ft. interval. Note that this zone also
indicated the lowest hydraulic conductivity. - In general the
static head then declined with depth with a slight rise at
279.3 ft. to 314.6 ft.

The results of the ten packer tests completed in core
hole CH-4 ranged from 1.1 x 1079 cm/s to 7.0 x 10”2 em/s for
the test intervals 110.6 ft. to 380.6 ft. and 106.1 ft. to
141.6 ft. respectively. The hydraulic head again varied with
depth with no apparent pattern.
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Eight packer tests were conducted in core hole CH-5. The
resulting hydraulic conductivity estimates ranged from 5.8 X
1079 cm/s to 2.4 x 1077 cm/s for the 218.3 ft. to 446.4 ft.
interval and 369.4 to 304.7 ft. interval, respectively. The
distribution of the static head with depth was, again,
somewhat irregqular, although artesian heads do exist in
isolated zones within the core hole.
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7.0 DISCUSSION OF RESULTS

As noted on Tables 2 through 6 the hydraulic conductiv-
ity estimates presented do not include estimates of the
effects of rod leakage, wellbore storage, skin, or boundary
effects. Bowever, for completeness, several of these effects
were qualitatively investigated.

Rod leakage was calculated for all tests in which the
leakage rate was of a measurable quantity. Where measurable,
the leakage rate was less than 0.07 gallons per minute (gpm)
and in most cases was less than 0.01 gpm. This slight
leakage rate can be considered negligible relative to the
flow rates and will not cause significant error in the calcu-
lation of hydraulic conductivity.

To help quantify the effects of wellbore storage and
skin effect, three tests (randomly selected) were re-analyzed
according to a type curve procedure outlined by Gringarten et
al (Reference 6). The procedure results in an estimate of
hydraulic conductivity, wellbore storage coefficient, and a
skin factor.

The -Gringarten et al type curve analysis of the test
data from tests CH-4-6, CH-4-5, and CH-2-2 resulted in
geometric mean values of hydraulic conductivity of 2.2 x 1073
cm/s, 8.0 x 10~/ cm/s, and 9.8 x 1076 cm/s respectively.
These values are higher than the corresponding values
obtained from the Borner analyses of 5.6 x 10”7 cm/s, 1.3 x
10”8 cm/s and 7.2 x 10”8 cm/s. The resulting skin factors
for the three tests ranged from about +26 to +40, which
appears to indicate severly damaged coreholes. Drill
cuttings may have been forced into the fractures near the
corehole face. Alternatively, the results may indicate the
close presence of higher permeabililty zones within the
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layered rock mass. Consequently, the " Horner analyses
probably represent the area around the borehole rather than
the intact geologic media. In addition wellbore storage
coefficients for the three tests were calculated as 0.05 cm?
to 1.6 cm?, i.e. one to three orders of magnitude greater
than can be attributed to the compressibility of water, (10'3
cm2) (Reference 9), and indicate significant storage capac-

ity.

The estimated static head for each test interval
presented in Tables 2 through 6 were calculated by extrapo-
lating either the Horner plots or plots of the transducer
readings verses time. To investigate the reliability of the
short term Horner projections several tests which were
shut-in overnight were reviewed. The estimated static heads
based on the Horner projection of short shut-in time data for
the second flow period was compared to the long term arithme-
tic plot of the shut-in data (Table 7). For example, the
Horner projection for test CH-2-1 resulted in an estimated
static head of 808 PFT. MSL. after 30 minutes, 810 FT. MSL.
after 90 minutes and 815 FT. MSL. after 12 hours.

The results indicate the static heads measured at 30
minutes and 90 minutes after shut-in were within + 1% of the
static heads at 12 hours. In one case, test CH-2-5, the
results were much more varied at +18% and +8%, respectively.
However, the shape of this curve at early times made is
obvious during the test that the pressure would take many
hours to stabilize. It should also be pointed out that
boundary effects interfere with all pressure readings, and
may occur at any time during the test.
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Core Hole CH-5 appeared to be most affected by possible
boundary effects. At late shut-in times the Horner plots for
tests CH-5-4, CH-5-6, and CHE-5-7 all indicated strong
boundary effects. 1In addition, the lower transducer for test
CH-5-4 indicated a possible boundary effect about 150 minutes
after the packers were inflated. The boundary effects are
manifested in a short decrease in pressure, as if a produc-
tion well had suddenly turned on, or the rock mass was
responding elastically.
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8.0 HYDROGEOLOGIC CONCEPTUAL MODEL

Figure 6 represents an approximate cross-section at the
ORNL X-10 area. The cross-section depicting the various
units of the Chickamauga group is based on a geologic map of
the area prepared by Harry J. Klepser (Fiqure 3) of which a
portion was prévided to Golder Associates by Martin Marietta.
The section runs from core hole CH-1, through core holes
CH-2, CH-3, and CH-4 and terminates at core hole CH-5.
Surveyed locations and elevations for each core hole were
provided by Martin Marietta. The five core holes fall on a
line drawn about 34° west of north.

The hydraulic conductivity results, derived from the
Horner and rising head analyses, and estimated static head
for each tested interval are also presented on Figure 6.
Initial review of the results indicates only one readily
apparent trend. The average permeability increases across
the section from the Rome to the Knox. Decreasing permeabil-
ity with depth or geologic unit, or increasing hydraulic head
with depth (with the exception of CH-1l) are not readily
apparent. However, it is apparent that, in general, high
heads appear to correlate with low hydraulic conductivities.
In addition, discrete zones of higher permeability do exist,
and in some instances appear to be bounded by zones of
relatively low permeability.

These seemingly erratic and inconsistent results are
interpreted to be a result of two phenomena; preferential
weathering patterns along bedding planes in the various
geologic units of the Chickamauga Group; and differential
fracturing in response to historical deformation. Examina-
tion of core logs indicates that zones comprised primarily of
limestone may be subject to intense weathering to great
depths along the bedding planes. However, 2zones comprised
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primarily of shale appear more resistant to weathering. These
weathering-resistant zones are closer to ground surface. The
highly weathered zones exhibit relatively higher hydraulic
conductivity values (1072 to 10~% cm/s) whereas the weather-
ing resistant zones exhibit hydraulic conductivities in the
range of 1078 cm/s or lower.

The alteration and solution of rock by chemical weather-
ing is largely caused by infiltrating rain water acting as a
carrier of dissolved oxygen and carbon dioxide, together with
various acids and organic products derived from the soil
cover. An increase in acidity increases the rate of weather-~
ing; rain water pH ranges from 4 to 7, its acidity coming
mainly from dissolved carbon dioxide. Calcium carbonate in
limestone is dissolved and removed as calcium bicarbonate.
The process is enhanced by the presence of deformation
fractures, such as those described in Section 3.3. Surface
water can infiltrate to great depths in fractured rock and,
thus, the weathering and solutioning process, starting with
surface weathering of fracture planes, can also occur at
great depth.

Figure 7 presents a schematic diagram depicting this
type of weathering pattern. The weathering profile has been
depicted in three =zones: Zone A represents values of
hydraulic conductivity greater than 1072 cm/s. The zone is
comprised of highly weathered and fractured rock, with deeper
weathering in the limestone units. Zone B represents values
of hydraulic conductivity in the range of 10~° cm/s to 10~8
cm/s, and is mainly composed of partially weathered rock and
discrete fracturing. The fracturing is composed of both high
angle, tensional (sometimes offset) and low angle, slicken-
sided, sheared fractures. Zone C represents values of
hydraulic conductivity less than 1078 cm/s, and is composed
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of unweathered units with occasional open fractures. As can
be seen, this geologic interpretation offers a clear explana-
tion of the apparent isolated =zones of high hydraulic
conductivity such as in the lower portion of core hole CH-3.

With regard to hydraulic head, the preferential weather-
ing pattern also offers an explanation of the apparent
isolated high heads observed in several of the core holes.
For instance, the high heads observed in core holes CH-3 and
CH-4 appear to coincide with the relatively tight =zones,
defined by the above described hydraulic conductivity
boundaries, that may have resisted weathering. The sources of
the high heads may be associated with recharge areas on
Chestnut and Haw Ridges, as illustrated in Figure 8.

The concept of high pore pressure development at
permeability boundaries, such as those suggested above, can
be explained by examination of a hypothetical flow system
stream-tube. Assuming the stream-tube has a constant area,
and variable permeability over constant lengths then, by
continuity; ‘

Flow Q = KlA hl = KzA hz
where K; and K, are permeabilities and Ahl and Ah2 are
head drops;

If Ky is much greater than K,

K2
then Ah = — A h,
Ky

and hence Ah, is much greater than Ah;
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Therefore, a very low permeability strata next to high
permeability strata will result in a very high pressure drop
across the interface. It is possible the high heads (pore
pressures) are caused by remnant, stress related fluid
pressures, however, they should have been relieved during the
tests, rather than risen in value.

In addition to the above description, 1local £flow
systems, as indicated in Figure 8, appear to be generated
within the section in the weathered zones. These local flow
systems may well penetrate to depths greater than 200 feet,
and most probably flow along strike, orthogonal to the
cross-section.

The preferential weathering pattern, described above,
can also account for the apparent boundary effects observed

in several of the tests. A relatively permeable zone may
feel the effect of a tight zone immediately above or below
the tested 2zone. In addition, the apparent skin effects

observed in some tests, may be further evidence of variable
hydraulic conductivity. Finally, the observation of brine at
variable depths at ORNL by other investigations may be
explained by the above conceptual model.
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9.0 CONCLUSIONS

The results of the 38 packer tests completed in core
holes CH-1 through CH-5 indicate the following:

1. The hydraulic, conductivity in core hole CH-1 ranges from
about 2 X 10™% cm/s to about 4 X 1077 cm/s.

2. The hydraulic_conductivity in core hole CH-2 ranges from
about 1 x 10™2 cm/s to about 7 x 107° cm/s.

3. The hydraulic_conductivity in core hole CH-3 ranges from
about 2 X 1072 cm/s to about 1 X 107° cm/s.

4. The hydraulic_conductivity in gore hole CH-4 ranges from
about 7 x 1072 cm/s to 1 x 107° cm/s.

5. The hydraulic conductivity in core hole CH-5 ranges from
about 2 X 10~/ cm/s to about 6 X 1077 cm/s.

6. The core holes may have been damaged during drilling and
as a result hydraulic conductivity estimates that do not
consider skin effects may underestimate the hydraulic
conductivity of the formation. Alternatively, many test
zones may be reflecting the presence of higher permeabil-
ity within the influence of the test.

7. The static head distribution throughout core holes CH-1
through CH-5 indicate significant artesian pressures at
depth with an overall upward gradient.

8. The overall flow pattern at the plant area appears to be
downward from the recharge areas on top of Haw and
Chestnut Ridges with upward flow near the wvalleys.
Preferential weathering along bedding planes has created
a system that, in a vertical section, may contain
discreet zones of high head and low permeability. The
groundwater flow directions will likely be controlled by
bedding strike in a direction orthogonal to the tested
cross-section.

9. The average permeability of the test cross-section

increases across the section from the Rome Formation to
the Knox Formation.
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10.0 RECOMMENDATIONS

The following suggestions and recommendations are made,
based on the above testing program:

l. The data generated in this report can be used to select
permeable zones within the tested boreholes for monitor-
ing well installation.

2. The testing techniques used during the program can be
used in other holes at Oak Ridge to select appropriate
monitoring well locations.

3. Analysis of static head values indicates that the second
flow period should be run for a minimum period of tw9
hours when permeabilities are judged less than 1 x 10-
cm/sec to avoid errors greater than 1% in static head
value in this formation.

4. Groundwater samples should be taken from test sections
and analysed for major ions and pH as a matter of course
in future testing.

5. Boundary conditions noted in this test sequence will most
probably be observed in other boreholes at the Oak Ridge
Reservation. Cross-hole hydraulic tests should be
performed between boreholes to further examine the value
of boundaries.

6. Selected test sections in the existing boreholes should
be instrumented with long-term monitoring equipment to
establish the trends of hydraulic head and chemistry
variations with depth.

7. The conceptual hydrogeologic model developed from this
testing program should be further validated by a testing
program in boreholes orthogonal to the existing borehole
section to establish a third dimension, and examine the
role of flow along strike.

8. The presence of natural gases and oil in one borehole is
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acknowledged, however, higher level data analysis to
account for multi-phase flow was not performed. If, in
the future, similar conditions are met, then higher level
analysis should be done.

7

Project

~

' S
Ray—Pearson, Ph.D, P.Eng.
Associate

WBL/RP:maa
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TABLE 1

B63-3386.3

DESCRIPTION OF ROCK UNITS IN CHICKAMAUGA GROUP, BETHEL VALLEY (Reference 8)

Thickness
bescription of Huck in feat)

Siltetone, calcareous, gray, olive, wsroony
aith shely partings and thin llmastons lenses . 85

Limestone of varied types, gray, ollve-gr_ay

bulf, dreb; mostly thin-bedded; with argill-

aceous partings; weathers Lo shaly appear-

snce; with fossififerous toms « . « « » « « « +180

Liwestone, argillaceous (calcarecus siltstons),
gray, olive-gray, "pinkish® maroon; even-

bedded, with shale partings « « « « s o o « o ._jgg_

Limestone of varied types, dark gray to

broanish gray; sostly nodular with sbhundant

black Irreguler clay partings; denas to wedium-
grained; mostly thin-bedded, partly massive;

with shale psrtings; weathers to a lighter

crlored shaly or *"nodular® apprarance; with

sowe f031111ferous horlzons; mvstly cuvered in
10218N43 ¢ o ¢ ¢ « s s o o v s « o s s e s s ¢ 3OO

Siltstone, calcareocus, alternating with shale;
olive-gray to marvon; even-tedded; lominatedy
wrathers o a red shaly sppenrance; prodiuces e
slight rise In topopraghyy 8 very distinetive

MHEL o ¢ o 2 o o 06 o o o 0 66 6 6 000000 25

lloestone, nostly gray to drab, partly pinkish
rmarcen, mottled; brittle, thin-bedded to
massjve; with shaly partings . + o + o s o o o « 60

Limeslone, simllar to "G* above, mostly covered
In 1om1ands & ¢« o ¢ o 6 o 0 ¢ 0 o0 5000 e o 220

Calearevus shale snd srgillacerous lloeatone, pray
to Luff; in slternating thin even beds; ylelding
cmoll reandish alabs upon weathering, with .
4€1108-buff €0JOF o ¢« 4 o ¢ ¢« ¢« o« o s o s o s » h4

Unit
D
C
R
A

Thicke. 9y
Description of Hock (in feet?

Llwestone of varied types, gray; mostly argilla-

ceous and nodular; in thin lrregular beds

with shale partings; sbundant fossils . . . . . . 5
3337

Limestone and chert; llmestone 1a grsy to olive-
grey, in part nodilar, shsly, snd thin-bedded;

in pert zassive; with sbundent chert 1n thipn,

even, bands, breaking into angulsr fragments

upon weathering; produces a chain of low hills » 160

Shale, celcareocus, olive-gray to light-caroon;
f1esile) evenly-lasinated o . ¢ o 0 0+ o e a e 10

Limestonn of varfed types, gray; (ine to coarse-
grained, partly crystalifone, partly nodilar;

mostly wassivey with occaslonal patches of

chert; partly fosslliferous; "quarry beds” , . . 105

Stltstne, {n aven beds up to 2 feet thick, lamin-
aled, alternating with calcareous shale; olfve-
@ray, tulf, msroon; svec limestons, non-resis-

tant; more shele at base o v o o o ¢ o o o & « o 216

Lirestone of vartied types, dark gray to buffr;
"ith shale partinge; mith grey to bleck chert
in nodules amd lonses ¢ v ¢ 4 4t 4 0 e bt . . a9

Chert, thin-bedded, with shely partings . . . . . 15

St1tstone, calcarecus, olive-gray to maroon;
westhers to shaly sppesrance . « « « . o & . e s JU

Siltstone and chert, in alternating beds; silt-

stone {3 calcareous, gray, olive, maroon;

seathers o shaly sppearance; with abunijant
granular chert in even Leds up to 6 inches thick,
bresking tnto angular blocks upon weathering. . . 90

Limestone; mostly covered « o o o o o o o & e e o 5
B ]

Total Miickness 1734
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TABLE 2

CORE HOLE CH-{

SUMMARY OF PACKER TEST RESULTS (1)

HYDRAULIC HYDRAULIC
TEST NC. TESTED IONE ESTIMATED CONDUCTIVITY CONDUCTIVITY
FT. BELOW T1.0.C. STATIC HEAD Ist FLOW PERIOD 2nd FLOW PERIOD
{7.0.C.=822.72 FT MSL) (FT MSL) {CH/S) {Cn/S)

CH-1-7 0.0 to 35.7 823.3 - -
fH-1-7 39.7 to 75.0 824.7 {3) 1.2e-04 (3) 3.2E-05
CH-1-7 79.0 to 385.2 824.5 - -
CH-1-2 0.0 to 85.6 823.4 - -
CH-1-2 89.5 to 125.0 823.0 (2} 1.35E-04 (2} 2.6E-04
CH-1-2 129.0 to 385.2 - -
CH-1-3 0.0 to 145.8 823.2 - -
CH-1-3 149.8 to 185.1 825.5 (2) 2.1E-06 (2) 1.7€-06
CH-1-3 189.1 to 383.2 827.0 - -
CH-{-4 0.0 to 175.9 823.0 - -
CH-1-4 179.9 to 215.2 825.0 (3) 5.0E-06 {3) &.3E-06
CH-1-4 219.2 to 385.2 830.0 - -
CH-1-6 0.0 to 215.7 822.2 - -
CH-1-6 219.7 to 255.1 833.0 (3) 8.3E-08 {3) B.1E-08
CH-1-6 259.1 to 385.2 829.0 - -
CH-1-5 0.0 to 235.9 822.5 - -
CH-1-5 259.9 to 295.2 830.0 {3) 6.7€-06 {3) 7.1E-06
CH-1-5 299.2 to 385.2 828.7 - -
CH-1-1 0.0 to 335.4 {(5) - -
CH-1-1 339.4 to 3747 930.0 (3} 4,1E-09 -
CH-1-1 378.7 to 385.2 960.0 - -

NOTES:

HYDRAULIC
CONDUCTIVITY
PRESSURE SLUB

(CH/S)

B63-3386.3

BEOMETRIC MEAN
HYDRAULIC
CONDUCTIVITY

(CH/S)

(4) 3.9£-09

(1) THESE RESULTS DO NOT INCLUDE ANALYSIS OF WELLBORE STORAGE, SKIN EFFECTS,
ROD LEAKAGE OR BOUNDARY EFFECTS.

{2) CALCULATED AS A RISING HEAD TEST DURING THE FLOW PERIOD.

(3) CALCULATED USING HORNER METHOD FOR SHUT IN PRESSURE BUILD-UP.

(4) CALCULATED USING BREDEHOEFT & PAPADOPULOS METHOD FOR SHUT IN PRESSURE DECAY.

(5) THE UPPER TRANSDUCER FOR THIS TEST WAS NOT OPEN TO THE BORE HOLE/ROD ANNULUS THEREFORE,

STATIC HEAD COULD NOT BE ESTIMATED FOR THIS 10NE.
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TABLE 3

CORE HOLE CH-2

SUMMARY OF PACKER TEST RESULTS (1)

863-3385.4

HYDRAULIC HYDRAULIC HYDRAULIC BEOMETRIC MEAN
TEST NO. TESTED IONE ESTINATED CONDUCTIVITY CONDUCTIVITY CONDUCTIVITY HYDRAULIC
FT. BELOW T.0.C. STATIC HEAD 1st FLOW PERIOD 2nd FLOW PERIOD  PRESSURE SLUG  CONDUCTIVITY
{1.0.C.=825.12 FT mSL) (FT MsL) {CH/S) (CM/S) (CH/8) (CN/S)
CH-2-9 0.0 to 37.1 (2) - - - -
CH-2-9 41,1 to T7b.6 814,46 (3) 4.3E-06 (3) 1.7€-06 - 2.7E-06
CH-2-9 80.6 to 472.8 810.3 - - - -
CH-2-1 0.0 to 117.1 804.8 - - - -
CH-2-1 121.1 to 156.6 813.5 (3) 1.7E-06 {3) 2.2E~06 - 1.9E-06
CH-2-1 125.1 to 472.8 B12.6 - - - -
CH-2-2 0.0 to 157.1 804.6 - - - -
CH-2-2 161.1 to 196.8 901.0 {3) 8.4E-08 {3) &6.2E-08 - 7.2E-08
CH-2-2 200.6 to 472.8 811.7 - - - -
CH-2-3 0.0 to 197.1 803.9 - - - -
CH-2-3 201.1 to 236.6 808.4 (3) 1.2E-05 {3) 9.1E-06 - 1.0E-05
CH~2-3 240.6 to 472.8 813.7 - - - -
CH-2-4 0.0 to 237.8 805.3 - - - -
CH-2-4 241.8 to 277.3 809.4 (4) 1,6E-08 (4) 2,1E-08 - 1.8E-06
CH-2-4 281.3 to 472.8 819.6 - - - -
CH-2-5 0.0 to 287.1 805.3 - - - -
CH-2-5 291.1 to 326.6 975.0 {3) 2.8e-08 {3) 2.1E-07 - 7.7e-08
CH-2-5 330.6 to 472.8 823.0 - - - -
{3} CH-2-b 0.0 to 368.1 806.5 - - - -
{5) CH-2-6 372.1 to 407.6 876.0 {3} 1.6€E-07 {3) 9.6£-07 - 3.9€-07
{5) CH-2-b 411.6 to 472.8 157.6 - - - -
{3) (6) CH-2-8 0.0 to 417.1 993.1 - - - -
(5)(6) CH-2-8  421.1 to 436.6 {5 (3) 3.1E-06 {3) - 3.1E-Ch
{5)(6) CH-2-8  460.6 to 472.8 927.6 - - - -

NOTES:

{1

{2)
{3)
Ll
{3)

(8)

THESE RESULTS DO NOT INCLUDE ANALYSIS OF WELLBORE STORAGE, SKIN EFFECTS,
ROD LEAKAGE OR BOUNDARY EFFECTS.

THE UPPER TRANSDUCER WAS NOT IN OPERATION DURING TEST NUMBER CH-2-9.

CALCULATED USING HORNER METHOD FOR SHUT IN PRESSURE BUILD-UP.
CALCULATED AS A RISING HEAD TEST DURING THE FLOW PERIOD.
DURING TESTS CH-2-6 AND CH-2-8 THE DOWNHOLE ELECTRICAL EQUIPMENT APPEARED

TO RESPOND SPIRATICALLY.

THE TRANSDUCER READINGS FLUCTUATED THROUGHOUT THE TESTS.

THIS MAY HAVE BEEN AN INDICATION OF BRINE SOLUTION DEEP WITHIN THE CORE HOLE.
CONSEQUENTLY, DATA INTERPRETATION WAS DIFFICULT AND IN SOME CASES NOT POSSIBLE.
TEST NUMBER CH-2-7 WAS NOT COMPLETED DUE TO EQUIPMENT FAILURE,
THE TEST WAS RESTARTED AS TEST NUMBER CH-2-8.
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TABLE 4

CORE HOLE CH-3

SUMMARY OF PACKER TEST RESULTS (1)

Bb63-3386.3

HYDRAULIC HYDRAULIC HYDRAULIC GEOMETRIC MEAN
TEST NO. TESTED IONE ESTIMATED CONDUCTIVITY CONDUCTIVITY CONDUCTIVITY HYDRAULIC
FT. BELOW T.0.C. STATIC HEAD  1st FLOW PERIOD 2nd FLOW PERIDD  PRESSURE SLUE  CONDUCTIVITY
(1.0.C.=797.98 FT MSL} (FT MSL) (CH/S) (CH/S) (CMH/S) (Cm/S)
CH-I-1 0.0 to 85.3 795.6 - - - -
CH-3-1 89.3 to 124.6 797.8 (2) 1.1E-05 (2) 1.4E-05 - 1,2E-05
CH-3-1 128.6 to 400,46 801.0 - - - -
CH-3-2 0.0 to 125.0 796.0 - - - -
CH-3-2 129.0 to 164.37 1031.0 {3) 2.5E-08 {3) 7.7€-09 - 1.4E-08
CH-3-2 168.3 to 400.6 804.0 - - - -
CH-3-3 0.0 to 195.3 791.8 - - - -
CH-3-3 199.3 to 2l4.6 967.5 {3) 1,4€-07 (3) 2.0E-08 - 5.3e-08
CH-3-3 238.6 to 400.6 809.0 - - - -
CH-3-4 0.0 to 235.3 791.8 - - - -
CH-3-4 239.3 to 274.6 831.0 {3) 3.6E-06 {3) B.4E-07 - 1.7E-06
CH-3-4 278.6 to 400.6 809.5 - - - -
CH-3-5 0.0 to 275.3 795.5 - - - -
CH-3-5 279.3 to 314,46 1030.0 (3) 1.1E-07 {(3) 6.26-08 - 8.3e-08
CH-3-5 318.6 to 400.6 809.0 - - - -
CH-3-6 0.0 to 315.3 796.2 - - - -
CH-3-6 319.3 to 354,64 807.0 (3) 2.3E-05 (4) - 2.3E-05
CH-3-6 358.6 to 400.6 806.0 - - - -
NOTES:

(1) THESE RESULTS DO NOT INCLUDE ANALYSIS OF WELLBORE STORAGE, SKIN EFFECTS,

ROD LEAKAGE OR BOUNDARY EFFECTS.
(2) CALCULATED AS A RISING HEAD TEST DURING THE FLOW PERIOD.
(3) CALCULATED USING HORNER METHOD FOR SHUT IN PRESSURE BUILD-UP,
{4) ONLY ONE FLON PERIOD WAS COMPLETED FOR CH-3-6.
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TABLE 3

CORE HOLE CH-4
SUMMARY OF PACKER TEST RESULTS (1)

B6l-1186.4

HYDRAULIC HYDRAULIC HYDRAULIC GECMETRIC MEAN
TEST KO, TESTED IONE ESTIMATED CONDUCTIVITY CONDUCTIVITY CONDUCTIVITY HYDRAULIC
FT. BELOW T.0.C. STATIC HEAD  1st FLOW PERIOD 2nd FLOW PERIOD  PRESSURE SLUBE  CONDUCTIVITY
(T.0.C.=796.41 FT MSL) {FT MWSL) (CH/S) {CH/S) {CH/S) (CH/S)
CH-4-10 0.0 to 3.6 790.2 - - - -
CH-4-10 35.6 to 71.1 788.2 {2) 1.7€-05 {2) 1.9E-05 - 1.8E-05
CH-4-10 75.1 to 380.6 788.7 - - - -
CH-4-1 0.0 to 67.1 788.6 - - - -
CH-4-1 71,1 to 106,46 788.7 (2) 1.2€-05 {2) 1,3E-05 - 1.2E-03
CH-4-1 110.6 to 380.6 796.2 - - {(3) 1.1E-09 1.1E-09
CH-4-2 0.0 to 102.1 790.4 - - - -
CH-4-2 .1 to 141.6 788.4 {4) 7.4E-05 {4) 6.6E-03 - 7.0E-05
CH-4-2 b to 380.6 790.4 - - - -
CH-4-3 0.0 to 137.1 792.8 - - - -
CH-4-3 141.1 to 176.6 809.5 (4) 6,5£~08 (4) 7.2e-08 - 6.8E-08
CH-4-3 180.6 to 3B0.6 791.9 - - - -
CH-4-9 0.0 to 172.1 798.4 - - - -
CH-4-9 176.1 to 215,68 1042.5 {4) S5.9E-09 {4) 3.6E-09 - 4.6E-09
CH-4-9 215.6 to 380.6 788.0 - - - -
CH-4-4 0.0 to 207.1 796.0 - - - -
CH-4-4 211.1 to 246.6 795.0 {(4) 2,0E-07 {4) 1.5€-07 - 1.7€-07
CH-4-4 250.6 to JBO.6 789.4 - - - -
CH-4-5 0.0 to 256.6 800.5 - - - -
CH-4-5 260.6 to 296.1 851.% {4) 1,3E-08 (4) 1.4E-08 - 1.3E-08
CH-4-5 300.1 to 380.6 789.0 - - - -
CH-4-8 0.0 to 266.1 802.1 - - - -
CH-4-8 270.1 to 305.6 1050.0 (4) 6.1E~09 (4) 1,2€-08 - 8.6E-09
CH-4-8 309.6 to 380.6 783.0 - - - -
CH-4-4 0.0 to 306.6 803.9 - - - -
CH-4-5 310.6 to J46.1 171.5 (4) 4.4£-07 (4) 7.1E-07 - S.6E-07
CH-4-6 350.1 to 380.& 788.0 - - (3) 2.5e-09 2.5€-09
CH-4-7 0.0 to 328.1 805.2 - - - -
CH-4-7 332.1 to 367.4 754.0 {4) 3.1€-07 (4) 6,3E-06 - 1. 4E-06
CH-4-7 371.6 to 3B0.6 785.0 - - (3) 3.0E-09 3.0E-09
NOTES: (1) THESE RESULTS DO NOT INCLUDE ANALYSIS OF WELLBORE STORAGE, SKIN EFFECTS,

ROD LEAKABE OR BOUNDARY EFFECTS.

(2) CALCULATED AS A RISING HEAD TEST DURING THE FLOW PERIOD.
(3) CALCULATED USING BREDEHOEFT & PAPADOPULOS METHOD FOR PRESSURE SLUG DECAY.
(4) CALCULATED USING HORNER WETHOD FOR SHUT IN PRESSURE BUILD-UP.
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NOTES:
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TABLE &

CORE HOLE CH-S
SUMMARY OF PACKER TEST RESULTS {1)

B63-3386.3

HYDRAULIC BEOMETRIC MEAN
CONDUCTIVITY HYDRAULIC
PRESSURE SLUG  CONDUCTIVITY

HYDRAULIC HYDRAULIC
TESTED 10NE ESTIMATED CONDUCTIVITY CONDUCTIVITY
FT. BELOW T.0.C. STATIC HEAD 1st FLOW PERICD 2nd FLOW PERIOD
{1.0.C.=801.42 FT MSL) {FT MWSL) (CH/8) (CM/S) {CH/S)
0.0 to 45.3 - - - -
49.3 to B84.6 - - - -
88.6 to 446.4 - - - .
0.0 to 115.3 782.5 - - -
119.3 to 154.6 873.0 (3) S5.0E-08 {3) 7.96-09 -
158.6 to 444.4 780.0 - - -
0.0 to 175.0 785.0 - - -
179.0 to 214.3 790.0 (3) 1.4E-08 (3) 1,3E-07 -
218.7 to 446.4 787.0 - - {4) 5.8E-09
0.0 to 215.3 778.0 - - -
219.3 to 254.7 770.0 (3) 2.4£-07 {3) 5.5E-08 -
258.7 to 446.4 822.0 - - -
0.0 to 265.4 781.0 - - -
269.4 to 304.7 980.0 4,5E-07 1.3E-07 -
J08.7 to 446.4 812.0 - - -
0.0 to 295.1 771.0 - - -
299.1 to 334.4 941.2 (3) 2.7€-07 (3) 1.4€-07 -
J38.4 to 8464 812.0 - - -
0.0 to 325.0 760.0 - - -
329.0 to Jb4.4 920.0 (3) I,3E-08 (3) 8.5E-09 -
368.4 to 446.4 754.0 - - -
0.0 to 385.0 780.0 - - -
389.0 to 424.4 890.0 (3) 1.4E-07 (3) 4,2E-08 -
428.4 to 445.4 {5) - - -

(1)

(2)

{3)

(4)
{5)

THESE RESULTS DO NOT INCLUDE ANALYSIS OF WELLBORE STORABE OR SKIN EFFECTS,
ROD LEAKAGE OR BOUNDARY EFFECTS.
CH-5-8 COULD NOT BE COMPLETED BECAUSE THE WATER LEVEL IN THE BORE HOLE WAS AT OR BELOW

THE LEVEL OF THE TRANSDUCERS.

FROM PREVIOUS TESTING.

(CH/$)

1.9e-07

THE WATER LEVEL HAD NOT RECOVERED O STATIC CONDITIONS

CALCULATED USING HORNER METHOD FOR SHUT IN PRESSURE BUILD-UP.
CALCULATED USING BREDEHOEFT & PAPADOPULOS METHOD FOR SHUT IN PRESSURE DECAY.
THE LOWER TRANSDUCER WAS NOT IN OPERATION DURING THE CH-5-7 TEST THERFORE THE STATIC
COULD NOT BE ESTIMATED FOR THIS IONE.
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TABLE 7

Short-Term and Long-Term Hydraulic Head Comparisons
(Second Flow Period unless noted otherwise)

Static Head Static Head Static Head
Estimate After Estimate After Estimate After Difference Difference
Test 30 Mins. (Ft. MSL) 90 Mins. (Ft. MSL) 12 Hrs. (Ft. MSL) P12 to P30 P12 to P90

Number (P30) (P90) (P12) 14 4 Comments
CH-1-6 (1st) 842 845 846 +0.48 +0.12
CH-2-1 808 810 815 +0.87 +0.62
CH-2-5 830 900 975 +17.5 +8.3 Long Response
CH-3-4 833 834 835 +0.24 +0.12
CH-4-3 808 808 805* -0.37 -0.37 Boundary Noted
CH-4-8 945 935 942++ -0.32 +0.75 Boundary Noted
CH-5-1 (1st) 847 848 848 +0.12 0
CH-5-7 896 900 890 -0.67 -1.1 Boundary Noted

* Test run longer than 12 hours; f1na_‘l head is 835 Ft. MSL, but boundaries are influential.

** As above; final head 852 Ft. MSL.

Goider Associates




40

Af 2044CAa . @B

OAK RIDGE RESERVATION

AFTER MILLER ANMD MAHER (REFERENCE 7)

cnEcKed Mgz owe wo. 21

oIN0. 883-3386.3 it NT.S. PHYSIOGRAPHIC MAP OF TENNESSEE
omawn =P oate @/3/87 AND LOCATION OF OAK RIDGE
RESERVATION

FISURE

Golder Associates

T




JoeNe. 883-3386.3

AT 2C44T A B

4]

OAK RIDGE RESERVATION

Western valley of Tennessse Rive

Comperisng Mgtea
Coasta! Pigin ' Western l"""“"‘ fim Costerr "l'”Md [ aiiey ane Riage
\ i / )
: i Contra: Basin Sequetchis
Matisnen: Mver Yeiley I / ;
e -
\\/ﬁ-’” | g7
i {
!

= o
M o ". s
H ; « p
L. — . T
= PR -
7L ~ A
=y e
e L T T T
- —
Ssnsspp. Empayment Nashviie Domg
R

'
jommpmn | qunanis ! =
Tertiary sae CETIn T or¢ ne Pannsynsn s
Cratsconvs sane Davers 1 Coampy soiem ene
Qsooecior  an ®
Compr mes

:::::

AFTER MILLER AND MAHER (REFERENCE 7)

scaLE

N.T.S,
=P

DATE

RELIEF MAP OF TENNESSEE SHOWING
8/3/87
cn(cuom

owe N0 22

TH RELATIONSHIP OF MAJOR
OLOG 1C 3

TRUCTURES TO
P YSIOGRAPHIC UNITS
Golder Associates

FiQuRe

2




2044CA. P 42

LEGEND

|
|
i
1 :- v ~ ey
I
I

oy V(A ey
oot -t [ Roand bl

=33R5RE3

=
K e

aen v | o} mom |
R e bl

1]
1]
h
fs

- G WAl SR SE M
e oo

V-
.
LN
]

m

@ CH~-1 Approximate

Corehole Location

NOTE: GEOLOGIC MAP (REFERENCE 8) PROVIDED BY MARTIN MARIETTA.

0N 383-3386.3 |4 A8 SHOWN

"GEOLOGICAL UNITS AND CORE
baAwN e MTE @/3/87

HOLE LOCATIONS AT THE TEST SITE
CHECKED Wg: owe NO. 23

Golder Associates Fot 3




AT 2C44CA. 2 43

FuusH JoinT CasiNg

—_
) ELecTrIcaL CapLES
4 (To GRPOUND SURFALE)
_ . UPPER PRESSURE. TRANSDUCER
. ] MIDDLE FPRESSURE. TRANSDUCER
Riser Pipe
Assembly
LOWER PRESSURE TRANSDUCEDR
TRANSDUCER PRES“>URE LINES
(WATER FILLED TuBED)
1 SOHUT-IN VALVE LINE
\ (To GROUND SURFACE)
Shut-in (f
Valv {
ane S ~|—— PACIER INFLATION LINE
f (To (AROUND SURFACE)
/
i PACWKER
PerrFoRATED PiPE
Straddle
Packer o EXTENSION
Assembly PACKER INFLATION LINE
F‘—— EXTENSION
? PERFORATED PiFE
- PACKER
1
e - o g - - T R N.T.S.
ORAWN ww oATE 2 /19/87 DRILLSTEM TOOL
CHECKED WBL owo wO. 17

FIGURE 4

MARTIN MARIETTA, INC.

Golder Associates




AT 20840A-B

44

To Riser Pipe

AL AL L LLANA LR A ALY OO AT RE TS

Pneumatic Line

o———— "0" Ring Seal

DDA S SSRGS

g By
..1 'A
~
KA WY
LA
R B
‘ A
3 14
i B
o A
i A
” A

e o Packer
s %
B M
11
[ W%
]
K 19
2 :;‘
o Jﬁ ]
t B%
A A
2§ A
- A
& B
2 By
<A
y
g
Vs
A
/
¢
5
1
A
-
1
¢
Weld

Yo Test Interval

JOB MO &3_33%3 SCALE MT 5.
e Py Jryye SHUT IN VALVE DETAIL
CHECKED OwWg . NO. 18

Golder Associates

FIGURE 5

MARTIN MARIETTA , INC.




SUPERCEDED BY REV.

DATE

45

A F 20440C-C

NATIONAL LABORATORY (X-10) AREA RELEVANT TO THE DISPOSAL OF RADIOACTIVE
WASTE” P.B. STOCKDALE, AUGUST, 1951 REPORT NO. ORO-58

FILE No. 863-3386

HAW RIDGE CHESTNUT RIDGE
SOUTHEAST NORTHWEST
cZ_):, 1100 1100 éél
=3 1000 CH-2 1000 < .
> ‘ -
Wt 900 CH-5 CH-4 CH-3 Ch-| 900 Y
e 7 7
7:-(2_'0_” 815 (3x10"%) Ja25 (6310 800
780 (1210%8) . - [ s25(2x10
(27109 788 (2=100) (1210°3) 814 (210 "} 826 (2x10°®)
o’ 810 (8«109) 1031 (I1n10% 901 (T=10°8) - 2
Uaio) 1043 (510 ) 808 (121079) B3 (601018 Y
{1s1Q 798 (2%10°") 968 (3x107) 809 (2x1079) 830 (7x?o")) 0"‘~ S
(4=10) 832 (|-|o"% 83| (22109} 975 (8x1079) S ?,ﬁ’
(210 1050 (9=i0%) 1030 (8x10%) - <9
_ o= '9 < o INIA) (340°%)
N )
CHICKAMAUGA FORMATION
LEGEND

TEST INTERVAL
873 (2x10°%)=~—HYDRAULIC CONDUCTIVITY (cm/sec)
N\——— HYDRAULIC HEAD (t.-msl)

CH-4 COREHOLE LOCATION & NUMBER

SCALE IN FEET

300 600
NO VERTICAL EXAGGERATION

STRATIGRAPHY BASED ON DATA PUBLISHED IN "GEOLOGIC CONDITIONS AT THE OAK RIDGE

900

JBNO gex_3386 3 SCALE 2§ SHOWN SOUTHEAST - NORTHWEST GEOLOGICAL
DRAWN Ts. R. DATE 3/31/87 CROSS -SECTION-BETHEL VALLEY
CHECKED QP OWG. NO. 20/REV, ! OAK RIDGE NATIONAL L ABORATORY

Golder Associates

FIGURE @
MARTIN - MARIETTA .




SUPERCEDED BY REV.

DATE

A F 20440C-0

46

CHESTNUT RID6E

HAW RIDGE .
SOUTHEASTY . : NORTHWEST
z =
Z ~ 1100 100 55
29 (3
— . 1000 « .
<>(?. 100Q SK
w900 900 Wit
J o
o d 800

A 23 6307

d 5(200°%)

yd 815 Ys=10®)
109 7 - s)n (210
o3 (e (‘Q iy ' §
y , -

. |

780 (4= 0¢)
770 (1=} , 008 429104
bondbbal A A ﬂ(‘-l )

{9 : : Jors %a10-')

.
0 810"

1 (g=)
L]
(NA) (B Qg

CHICKAMAUGA

FORMA TION

-

L J s
pome LEGEND
ZONE A FLOW SEMI-INDEPENDENT OF BEDDING. LOCAL FRESH WATER FLOW CELLS . )
ARE DEVELOPED IN HIGHLY WEATHERED AND FRACTURED RDCX (KX>10*CM/SEC) TEST INTERVAL
e73 200 1=~— mgg:&;g %Ngucnvm (cmisec)
(.-
ZONE B FLOW CONTROLLED BY BEDDING. FLOW umnm STRIXE B PARTIALLY f.-msi)
WEATHERED AND DISCRETELY FRACTURED (10-*OMreRO< X < 10-°CM/SEC) CH-4 COREHOLE LOCATION & NUMBER
K= 10-® cm/sec PERMEABILITY BOUNDARY
. K=10"%cm/sec PERMEABILITY BOUNDARY
ZONE C LOW FLOW UNITS IN UNWEATHERED ROCK HEADS 9860 FT. M8L ED SCALE N FEET oSl
BY NEARBY RIDGES AND LOW Psmsnmgv (x:. 10-*C/oEe®) ARY s o e =
, OR BY REMNANT PORE PRESSURE :
CONOITIONS NO VERTICAL EXAGGERATION
oew agy_33gg 3 | 'L Ag SHOWN POSTULAT THERING EFFECT -
G LT ON TS RS
LW 28/87 NAT LL
cuecxeo ¢ owe o 20/REV, ! FLOW SYSTEM
. M Fiount
FILE Ne. 003-3388 | Golder Associates RTIN - MARIETTA 4




00T

47

CKAMAUGA .

FORMA TION

LEGEND

PR
CHESTNUT RIDGE
HAW RIDGE - )
SOUTHEAST NOR THWEST
- 53
Z o~
°© @ F2
- 3 ; )
; 2 -4 . W t
w oo ‘ 2L
w e
788 (2%1073
789 . i*»iQ 7
] ‘88 14010 2.
8i0 (8=I1C *,
043 &
798 (2x
& %41 20107 ) 932,
,-/\)‘\\ 920 (2240 ( ;72 t
N 890 i6%10% 754 (1
S

e _EST INTERVAL

873 2x10 %)= HYDRAULIC COND'Z "iVITY (cmisec)
N WYDRAULIC HEALD !11.-msh

CH-4 TOREHOLE LOCATION & NUMBER
:}_b CONCEPTUAL FLOW LINES
SCALE IN FEET

200 " 600 900
NO VERTICAL EXAGGERATION

JOB NO.

863-3386.4 |**'* AS SHOWN

CONCEPTUAL FLOW MODEL

ORAWN

AMC paTE 6/3/87 BETHEL VALLEY OAK RIDGE

CMECKED

NATIONAL LABORATORY

FIounL

MARTIN MARIETTA

-

. no. 26
Golder Associates










A-3

WORCT Aoy Mar, ette [oresraueir /b bRihion w0 Fg s 2 3re |80AMG NoLp-/oME SmEET /o 7
> 7 -
BORING BEGAN - BORING COMPLETED — CORE WOLE LOCATION
—
METHOO OF CORING - NG GRELEV - WEATHER 7
-
CASING USED ~ SRE - NSPECT - OPERAT - WATER LEVEL, TIME,DATE -
S DISCONTIUITEE S o
¢ v o
- ¢ g w -
i ; L] : o I > ¥
: vl THERE : g |2l .82
x |z 2 z z z <} ¥ < [} 3 LA
- B®ololrx . Slul 8 )1zle | 5% CoE|SEE -
Y o [} 2| g| o 2 © & ~ a &< Y
& A w|al|w s L I - O R £lg §: %
o = z 2 - - I = T I~ DESCAPTION e |sl24z §
- R Fr 3 -
C \ R r
- o
-~ 2 3) J o
= L ¥ c
- E
o [l
= of WG (AL QA E ] OkS
— P C e caens F2.5° 0 .
o E SOV Sy x4 5
- . C Jwrrcssoosw VEEC iy
3 I vy 5] FR |cchpeér =T S R PP SR
: : /M/cl"/‘> .
- E— BE.S PiAate 7o ca-/f-nff’b
- v e s
. iy 257 E o5 o 15 cm Tk PR
- a5 |75 " o rps ™ A PVREPW, . 2L
3 ' E cso o
- - L
g o i "[_:r‘/f F2’-v2’
: - /. ! - EE, Pk GReEL Al
o - SAPERY L S
I <15 65 ) - ST MEL. GE
- E7E |impwssy L b srircde Fem s THLY
- R L 4k T (et : A AT W cowdd Pk
aldd o +——— b~ s TE  cupiy T, sal £S
- F Lown. sotbe meeTmies
2 - Yy - 2EL o srALS 92V
- | o L: .
- <90 | 2 &S] = A E CEET MiC. LS 107
C ’ - FaACS  30-60 " L i
- Fr PR — = W LA T 92 et sk T
- g LIRTES LaiF X
- o] o0’
- 225|757 - E A sAME L5 oW
C U wrersssic « Fosc gons 5
- [ - :
- 7 f——r - 2 -
o ” £r P4 //’:; o Go 5 E3-6Yy
- -
- . F
&«
- I r
C 1 £ 93 LosrotsTE STAWEL JowT
o
:— :__ ﬁlé! M, O FAR  arssTi YV
E E Jrucas Bread %0
- -
- 2-71 ° [ 8¢~ 92 S - Lps arl. gasss 2
= Ao eo - h
o 1,’) a o GrREY  Puind BEBDEL FE A
E .| €6 |FLFE iy o b soeiey oS
o b s o fid L ¢ Ao /"‘;‘/reu o
s Frs FIPS |ceAraeb »- o v ’ " &
- (714 [ ;o -
= 490 oo | 94 |F/ TR M*;‘; [ Lo sTOVE A5 ABAYT g1 5 747
- ’ < - cracr R r EosE wiT L mic,Te
- | I s comons TE Manll Samcrsd K3
- %0 D AT 9y o7 ~0.5 coand mIRL
- Tk 5 b T e mmi T a5 emle
- o ”
- A - T 4f Fo *
C R A o
- T 57
= Lo, -
- [ 50 GLEY /i, Loml ST
- -
:_— ~f5 -’f —
o 1107 coonT GREY 4O g
- - Lt FSTONE T qa T ATE
L_ :— SwHLY PAKT ~8S ;glgwrer
o w27 "’*(J o 0,2° swksi FANES AT y0p op
- - gral, T
WOTER: .4y B ilhD BELE e puAVE FAAToal . pufesims™# T SCALE 1 DIVISIONE  FRET
ADer” 773
or NNELL FEACTOEES PAELGHNATE TO ,p¢ "
Si AAASAEL FHELy TIONT CRACS Treaenm o (o kaTh4TED AT flal
ELEC,ATID PoES 47 279 anvp 2657 DaATE LOOQED ovﬁ“

Golder Associates




| mmoscT e 6 70ve, - SOk oo OB NO BORING NO.C A7 JDATE /032 SHEET 20k _?
BORING BEGAN — BORING COMPLETE — CORE MOLE LOCATION
METHOO OF CORING — mé'““ GRELEV - WEATMER 7 -—
CASING USED —__sue ] ~ NSPECT -~ OPERAT. ~ WATER LEVEL TIME.DATE —
DISCONTIRNTE S . 5
- (-] I
- > * ° v : ¥
" [ 4 «
=l - -] ; > S £ < @0, g H
z |z > x z z 4 w 5 <] : ol o
EIEQ oo}k - Slul 8 )2jg| &% ol zlsgE -
s E3cicofs| ¥ [Flg1e|ElElzsc F |8 ;g: §
< 2
e c e I 3 - O I - B~ DESCRIPTION g lf|59¢s 5
2223 op| Frir E crenT GREY SMEC G4
465 | 128 | AZFR $2 g ¢ E : Lrms
3 F 28 1 ol 7o E Sras” aurw cewTo6 re sasly]
- lo-7 = FPAL Tl #0 sFos (r-3ocu)
- b oF DAl ochY mulkTE
- U (Srervesarrs
- R .
- As pas Wl r -
3 “ :;_/33’ Y TR BrLar> L gwr-
- - AMEL O a UF - o’
- - LrmtESTO I
- -
- ’s -
F > 55 ) 15 c U i b gomT ORIV mfL L
- o LS WTw LLASTE oF ALK
il S t SAEY w3 BT S et
— - Aus Tk (L mtr) 1BLE v s #E.
- - p
5 o FRAST ekl L omp L BT F LY
= ) his b 1<) ) I~ rp ik iy on TE caieTE
o o - - Bivaw,r’),rp_r
- o - s - A BrDLEL T c ca v EY
- o BECOHY oiemT GREY aifT GR
- >3
— didinsd - LS 2 Ll GREV i T
- 61 FLFPAC E¥ids C TR Soml cERTE CoMITS,
s g[S o) 6F - CACTE ekl Fas.TLalS
— » o o [— S o BTEY L Ty ot TE
= * = ST MDA cot LA ETT
- Fyot ppit - s
- > 557} >45] - e
. -l
o - STYiouTES /E%-/7D
- -
C C
l— -
F >150555 c
C -
= 127| FrPRe 1364244 ol
- = -
C Vz PAE YVFET C
s Y | F/ s =900
- % - Ore Fret&D eSS ,o0 cHcc,7E| *
- ~fo b Puilo Fhacraes
&5 /e
- e W20 ﬁ, Lv/8s” #1C 0emalT sionr arr
- o i STONE T fo AR
o o SR FARTIS WS T s
}—2 00 1 2ty - ZHEOND . clTE ~ Trek -
ot >9S5\ a8l g PL|C |20 ’r/ E et ureriowe miacroels
- zo8 r o Com P UTELY MERTE e
- — ol WA TY i TE — 3¢ AT aitr D
- - LT ES O MBI E PART
C C I BE - Al CpCT BELS
- -
— [ 20 _
- f{ wio ST (R eat) SR VEET
F o 7' - CAKCTE FalKD pracress g
— -
ol -
- -
o -
o U shwr SELAEY 7 mbES A T
o 95|95 o E sy a0 08 LS saod wntTT
C
C o
- -
- -
C C
- 220252  GeaDy 7O puscr
= 545 )7,/ = RID A ARl
= C ALY
— = 235 L rst SFRND pusty RED
o of CHCATBS Wi &0
o »551095 n o E 4T el ” F-MIC s
- 2431 FI1Pk| ¢ | 39 / o crmtr s VR
C o
- -
o o D a5 o E -t
- iy o :IV AL E o & sroid YOO
= C SHPE 307
NOTES: , QCALE: 1 DIVISIONE /O FERY
O-107 s meLE
,07- 226" L s ELTIE
130~ S mAE & ormd STOIE
DATE LOGGED BY 455
Golder Associates




A-5

PROJECT /'740/‘4 /%ﬂe/?‘,/;/fvv/”,gf/h‘ /‘4'7'}“ JOB NC. =, N ~3 7

BORWNG NO CA / DATE

SHEET ~ Of 3

CORE MOLE LOCATION

BORING BEGAN — BORING COMPLETED -
WiETHOD OF CORING - LING GRELEWV < WEATHER - -
CASNG USED . sge < 1 - NSPECT . OPERAT. . WATER LEVEL.TIMEDATE
DISCONTINUTIE 8 5
- o
» H ?—' 3 w
—_ .3
- I~ > =
& . o ; 513 £ Slel|l. &S
z > X z z & w g o : @l
i 3 of|letfr Sjw| %)l g i & |F R AT
s EYc|ofs| v [Zlelz|¥s|s]c AHIEH
w w | = N P = 27
- = ° > HEIRAR §, [T DESCAPTION S EREE T
=5 - ] WTYREBIDLIT +7 AT mED
- 15557 E QR Lim ESTOE (07 )
ol ~ L Lush Y REw o CCALEDS
- F
- o E S ANE (30 FrOS TSt
- -
- -
3 > $5] >45] -
- E
- syt -
2 4 i
— bws| FIFLE |30d i - 265 swmse s0%
o o - PR 20%
a2 229 1yesd s pElC (s ZZE -
- ° -
- - weE Eonys 2755 ssirsmnd, #7
ol 48 ‘; 298| £ /PR [50% | /57 __»é Aps £ 7 Reer |4
o . o FRACTRES | Srec b o7
- < - / i TF styioanTE A TE
- -
- = Py2ITE
= ES 200" comis SO7 ”
- Pfs1 058 - ; £ ST ST
- - ~zge S e 7070
- - LoimtE 5D 207,
- P A1 H S0}%mmr] -
- s00 IS F> |1 ler| I Bloasn @ok w sposc& 217~ *
; o E 2698 THACK ciAY ( z smdsl
o = o PMITES Fred - o it
- 3‘;‘//?5’;?‘ V-L/ - s At THAIL
E > g0 ’ C 3ot mian Ll o oS,
. -l Somr Prame - Orva e sE
= - pERr RIS H LOAE
= o
: o - TRl CALEITE il VA KT
- - A D Fodc 4T 3137
- -
- -
- pris )7’f — (~reT Br-° A7 722
o | b 32/ 5 - kLS TO Lipm”
r
: <-34 FIPK & |8ef amT - OAEY mtl e Gk (S DN
- 4o T wrm trw BEOS cadroarel
- ;75 L 0505 awp cumrs om o rhd
ol D AAC mtc & 7E _osil i TE
- L Froild FLACS o> o &5
o
o -
= -
- P>, " A4S AR iy Diaa 200
- P - SAHAY a1 RITE AL
- - CAicanrevs sral 0%
- -
o -
- o
= ) -
o - -
: PP F
- 359 b a7 BEls BESw 312
- o
e 4 -
= #6548 =
= -
p— ot
- -
— =
- -
=
E E
- 8§51 10 [3¢5| Frra| ¢ | 306704 o
- ASY -
- -
o :
o b~ 70 A4S A8 w0 o sHALE
= >9s ;7:571 £1re|é A 3 A "oy -
- -

e

wores: s fo I¥0 FIPEc 30° 3y

SCALE: 1 DIVISION® /O FRET

OGS EL =_zg_(lzl

LOGOED BY 2 Fs

Goilder

Assoclates




A-6

= -, par p=
PROJECT #UR7 A m@gfm/;WAqqrﬂ;/m( KDL/ Tpr  JOB WO fi3 237, .mN:o:?{oc/n?o‘n“m S SHEET  oF &
CO.E 3
BORING BEGAN - BORING COMPLETED — Za 2
METHOOD OF CORNG PR ima  |omELEy  — weaTmER  —
- Lot — —
CASING USED — s@E WSPECT OPERAT. WATER LEVEL TIMEDATE
— [ ]
OISCONTINUMTE 8 - @
v ¥
- > H \f o = ol
- x < Q ) <
: 3 HEINEE £ AEAE
: |.% > z z £ |2 £ Sleledde .
[ 3 o o . - 21 % H § g 2 I |8 ;S Sk
s |z 3 o 2 M Y slgleld 3 - < s leilid iz
) o a e z -3 - S - I 4 DESCRPTION g |Ils98 5
= E
-
- -
- -l
- -
— F
- -
- -
[ - .
- -
o =
= C ,
= b covme Bropm e 2.9
Sl mahas D)
-7 1|92 Los|er A s b LG Z AV STV SR s A ek D%/ 2
o W ! FI‘PS - |z5-10-5 ol ;‘: Ak W/DK AT LOw NB TIonS o) ok STYOWRES
. -~ /. —
o o FIPL |ex |3 G P ocosmi & as®
E 5.7 srers/
o
T 7P R 24 scose
- XA/ - £ LrTH. et BE0OS
L 2L A N P o« £ sam L
F 2 > S iy vessy g 15.00 < 5Tl
[L N o 2% 75% 15 (FER Lea e N - oo smec
- Lyag |frme fae o’ {7 FE 829" cavnro !, )
- T E {FPE |- s - VT (bloc b mmare
- PRgeps -
~ -
e :-_
:zﬂ-ﬁ ’/, "/‘z -
o .7 o -
o p—
- L5 -
- ay |39%{7%, 0-2 E
s . o wenl Lo
L2 *[— 259 s €113 K - semé
lea/| gee 4
- 2.1 |F1P5 0019 il -
o z7.7 |f1PE |— ol
- .
- 25/ \frPk |AE e - ;:
- e~ -
o 25 4 \Frk - -
- ) sk wERTH ALNC.
o ol |ehs. |/ = 3¢
) -
2 . 3.3 |F1Ps Wce E-se weere AaAC. & 313
- ;
- » F— s
- 4 D 2.5 375 Mpun- S/ Ais
- 1007 7957 G ot
- 2 -
35 —
o (0 c
- ~ -
- o
o o
C
o C
“o E- oo |Fros |7 biad L - G AN 5t musTu
o
> . -E
C e, 4 |F1Ps |7 135 hel -
: 47.4 1F/ ’Ijl 3 r
’ 24
C 5 2.7 ”’! G| 1 -3 Ay F_
s 429 |£ -
C Lac — .
= §a-0 e 7 L e 92.7 s Atsc— o000 casdTey
o
o 443 [~ 429 - Alac 3. mittre
= -
C -
o C
so | C
E -
L »> 107 | FrPL Sad -
- - sy hiw a v esm,,. , -
-
-
C o-2les -
-
[ & -
- //’,’ p—
- ~d -
o o
— o
= -
- ot
- E
o -
LX) :— :
il I 60 / Fropas =4
NOTES: SCALE: 1 DIVISIONE
BaTE 257 LOOGED By L&

Golder Associates




&0

Pe

Je0

A-7

PROECT 2 B77,/ m«/m/@,/;uAftA‘/a,yx KO TAr OB NO. t,3-335¢ BORING NO.LK2 DATE - 4  SHEET Z Of ©
BORING BEGAN — PORING COMPLETED — cuﬁm‘; LOCATION
METHOD OF CORING - LG GRELEV. — WEATHER -
CASING USED swE - 1 | m8PECT 45T OPERAT. — WATER LEVEL TIME,DATE
DISCONTIUITE 8 4
i g £
- > x g -
. z R o =
LogAg el: w’*”\ g AEIR-E
T > z z z 8 4 o * |o S
e M ojlof*r slul 81z § ¥ 2| ¥lusE -
AN EREHEF I HEEE AHIEER
> z - a £
a |l A o ¥ |z|Z|e}518 ||y DESCRIPTION ¢ |fj3qs i
e 4 fe~ o7 |£1Te &g . -
[ < “ 16 1 4L | Xy famon/
=l 4 >N > 117 g-1 |~ yz. -
- Jdo-t e e
= Lesofrirx 1R b (62 C fel s 5.
= ~5.4 |#1P5 3% o )
3 :44 E o ek o [,
[ 7c.¢ ~70.0]£1P5 ma |~ 4 - forapt £.5
o g‘”ﬁ - in ot or /1‘”}' /‘ ,
— £1PR o5 E_— itk At g lemenlarsp s
o >957 Loow Feesh &% |5 -
- < TIgat -
e —
—ta -
Az % F o5 55 Fair §5° Fromms5, 200"
3 » [P >957 Firx |4 o | 2h o L e sk wifminsr o 2L
= el “* - -
[ =
S E
: e . gereentfy Foesh - 55
L > 9570 % Firt [ea o4 C I
- R I RN
-l -
o L5355 = mare epe ﬁ“
- [7 959 7957, - o < b—
= o
e C
= o £ipe |- bt (30 E i Free Pk
- C
a—d p—
[C/m0.6 (2o o
- g - 3 <£-
2 f1f% otz E o avse THh 2y
F 7 3
p=s20.0 :——
- - N R
- - 4 . ey -
g — e L7 ’1///(1144[,
C - & ferses rom
- = Zo gy’
= -
- o
p— pueer
- -
L £
- -
-  —
- -
« r
o o
- o
- -
o C
- r
o «
o -
o -
= o
E o
= —
d —
- I
- C
- -
- -
C -
- -
C C
- o
p— d
- -
= o
- d
C C
NOTES: SCALE: 1 DIVISIONS  PRET
DATE LOGGED 8Y

Golder Associales




fzo

/¢

170

24

/190

230

220

z¢o

A-8

PROVECT AUL I~V 2740,677H A&rduﬁzz/wkjwz FJA JOB NO. §(3- 3O, BORNG NO/H 2 DATE 3. + SHEETZ OF &
BORING BEGAN — BORING COMPLETED HOLE LOCATION
METHOO OF CORIG - JoRi NG GRELEV. ~  WEATMER — A2
CASING USED — s@E - l WNSPECT ~6T - OPERAT. ~ WATER LEVEL TWWE,DATE —
OISCONTIMUITE S ::
- \ @ I
- > H ,,/V s ¥ “lw
IS Z P Ty ° zl =
o [=] <
L p ) el 3| © £ Slol §2
T E 3 © 4
x ; a - 5 - z g w Sielgdle .
Y E olo] 8 e ] 3 &1 ¢ z t |8 ;5 EE
a Jvelela > RERN 3 I < g E13a=z 7
B o a - Il &S| o ¥l s DESCRIPTION g {T|88E S
,_mb.t :
o 13/ , -
- 1PL 2 - !
— s prsh |75 ;//,5 GCZ ol {, 2 el f e o5 & 4328
= e
o - .
— > - ’"V',,,,; P [., art afomg ~Sorh
- 1 // E graey FHegrpl €7 s
o | »95h>65% — o |o -
- —
o -
F -
- -
4.7 E
E < E
E [ty - ek ¢-2 |3 b trecs Aok
- -l
[ /509 -
1 E
- 2 >9f?’7§7. — {4k -1 13 — s -t frvik - 5 wm?s
- =
- o
= C
e —
p—r6 / :
- o
76, skl |25 -
S AL e Il G PV A P L . s e L Ak
- i 2z s - 9
o A* C
- -
o) 57 P or22 /53 4 &8 Hin LSe et hyodis b !,
L. 7/ o Dot 5r49.
o "y 4] -
R KRINT: E10 I i P/ s E ook ek
- ' Saad o
F 1794\ 1P4 C /P4 6 = Mns 55a smmn! oF (A
-l ? wre precy Siong fomr - opmare” open
/804
154 -
C 491 65,1547, C it
= 4 . ek 02|48 e s Frac ﬂ-f:l//"/ med )
- E #yh”
F
- P € /90 F: Mo e Som andedfmitVS
E/M,e - /,_,UA;/./! 5r An edTX LY ; ,t"/ .
79, g 7 2, /7
S AT P B wloplu E gy M 45 o A IR Bee T
: P — > 5 - Kowe /ro,‘ orom el
- lerz & o Fok?
« C
C - J
a— e
<FZ] F
o b2/ | 755205 =
3 4 %7 LIPS orlz L X s apprrar open, G mirrers o
o s o o A
L ~|7?z 2727 o
=l Az’ o 14 " b w20 /’“’//‘ colr
=7 Coek o
- zy -
- 32|75 > 952 - -l -lo | ¢ b= auders cns wondecirp’ ‘/ﬂ-;«/‘("
C = i r
- -
- C
- -
327 -
- sy E 2275 chiwyercolim
[— ar |2942) >952 FSie2t ¢ Y sy S £S5 7
- -
E PR 44’:‘4 ;-_P( - f"”/’/' /""‘70”) ”/e'”'ﬁj “
C 15" |F Lo 1y L femeTions (oftbn trcansstod )
23/ N ans ~i#e greenad 9roy £
- z/;V . 0oz R S ¥ ANy AN
- ~ - - .
o P2 l235 8 Fe ’{9 s \: From safF .rp/"..e-zo“,..,
C oty L . Lo kool ayof it
- 238 |frPL o & P 4
- E . o ar Fre Fegh gk oot i,
=Py h.// - 2248 - s/ et R L]
- 2] C
WOTES:  ConT shr7T PAGE SCALE: 1 DIVISIONE /2 FRAT
oATE /- F  LOOOEDBY O

Golder Associotes




A-9

mﬂk«tﬂﬂ/‘ﬁww Sk Rl KYOEE OB NOE 2 S8 p. X [BORMG MO, " & DATE I smeer & of 7
BORING BEGAN — BORING COMPLETED — CORE HOLE LOCATION
A THOO OF CORMG = Jemime " CH-
[V GRELEY  — WEATHER —
SASING USED Z_SQE -~ ] INSPECT — OPERAT __ ~ WATER LEVEL TIMEDATE —
DISCONTINUITE § 4\«& . g
] Ay @ Z
- > = «( /‘." S : w
- [ 4 o - "\ Q o z :
W w el 2 I¥5 £ < |, dla
> x | ¥ 2z « © (A TX
x - z - w = “luel$ .
- (<] ol w s ['4 § I 2 lagl & -
o It} o . w 2l <41 3 o 2 - e |2 HE
S EHHEHERHHELEIEE 2L
e B @ - Ele| & |5| 0 ¥ z DESCRIPTION g |TlaYSE §
29¢
=il » - same a5 pREr PRLF
- 2 . - B B
N G P PP B P P A P i R e R
- A a are {o o84 & TgAF
C Fie B “,t o
fu — ” b
25 L 25y L -
35737 E Lo/ & grer LAk L5
[ |0 e o =
o 27 -
2l E— -
t261.7 -
227 -
- L >959|-15% FIF3 —|r0l0/ | 2 -
- -
o - v
27 E_ I PP e 2 E o s e Foas
3573 a
- V4 -
st ~as® b oo
- 2 hasbas /iP5 2521y - A P RS .‘/:7.:;/;}“{;3{; e
S E 7 fow b ¢ ogmil Byh T
28 B L 7 296 - [ Fui 3/ st
- -
_7’/ 7. :
E . PV 9% e PR e e |3 =
- 3¢ o5 = frar sppear Fregd 1 £
- 3
Zie - -
279 C ~255.00- 306 ~ 5rag X/n £S5
= 7 PR Bedio- -
- . d /1=
: 3/ )45/’-' lco” < :
Soo ™ Azacg| AP (or fec :_—6,:44 F Fowt wf i mmir — Gomecs apen
~ 302/ -
E !l? Nyers 7772 |- Aot fe-/12 E(, $07 T £ 3053 Frac3 ae 3 weetR
- ‘ L
I o 208 3| F1FS 1757 ol
-
- -
_3}2.? F
-l ]
C L o-2 -
E % 2 :
yae | sior st U fone Frusp-chuma /’4/
o -
C wros | FIP 30 -
saos - S ’
- 3, a2t ,;"2,4' 2 23V 2 Lrue prath i Fe sEone
¢ .9 -
s o 2 :
- #u -
3 rc b .
- -
o 1% C
C ¥, ot | Z -
- 35 L3365 | #4PR Joet -
- T IS o
T - : =
- -
L5429 o
- 75/ -
- L v lper en dad| et | 2 -
-l -
7S - ol
-t [1-%2 -
-l p—
- -
353,/ , o )
" - - adl - s
- Firk |~ :" -2 |4 E 55 fue front oL ght, prod m B Aued
3¢o - -
:xbl.l :
- -
NOTES: SCALE: 1 DIVISIONE /) FRET
DATE. o> - 2. /6 LOGQED BY #EE

Goider Associotes




0

370

ER 14

39

Qex

Foe

1

A-10

DATE 7 - ¢-{C LOGGED BY (5 (.

PRONCT pfetr b sl 177 [ Bl st AT 2 DA Kol /7~ 408 WO. 13- 5390 |BORMG MO, '+L DATEA 5 SHEETS of <
BORING BEGAN — BORING COMPLETED _ CORE MOLE LOCATION
= PG CH-Z
METHOO Of CORING Y3 GRELEV. -~ WEATMER —
CASING USED —  sgE -~ 1 g INSPECT — OPERAT. . IwaTER LEVEL.TIMEDATE ~
DRCONTRUTES [{ . 5
. ® Jfw. |* 4 S
-~ n -
L « < f $ 2 o A
L ﬂ - el o £ < wl, 4
r jzal 3 s z I ¢l s S lefoLe
A EHHBEREEHEL B IERE AEEEEN
RERIE R R E I IR AR I g3g23
o o « < || & S| eI % DESCRIPTION g [T|0Ys §
[ 2e ny . £ 3624
- 73’7. xi Yy ;rqu, f;,/ - ,,bf('ﬁp"‘¢ /:oﬂ/-mn
- 7 ’( o0 |7 faemr F ¢ cr5.5 /‘w—é/f'“ Vdied
- "; 3 ixd o 2§ etror
o ) F
— . 421 |FiFR RS —
- o E ol e bonde & faminae oL
S I A PP i
Fe75 ¢ B 7
— FIRE ety -y e fegeis o oS5k g7
- Lgen |29<% t-1 2 F Yon &5 < ,ahir)
o % E
- 380 [ C - 847, 307
s —_ U e _332.5 4. s/w..ﬂ wf ON - prir
fx37 =
- ool /o0 - - o jo -
- -
- -
— —
- -
F
:w 7 ¢ 7 - p
p— L N 3 =5 - 4
- A ET FIPE L c-1 |2 - i
- Fresh C wert so0 ol rere bu! d4ca
ol D 124 maiter L
- = erres mert onc e Ly
7 3 = /
o4 65 -
C Lacts| £ 7R | -
p— - ; i v
- oL |scq | FrFs Jee ’”' [P F Cas oMo on :a/‘l)
- Fr ! -
- 4 | FI eor¥ - .
= - G409 free box 0 deadt ey,
- A48’ |prps  JCE 33t o resieta. feature
- R AP P 4
= E
4043 :p_mg/ Fras 5/ wo?¥ "/t‘ v
- C
o S RYARAYS I -
-l 4 Fibr / -
- TN -
244 -
e -
- -
” », ¢
- Prsor et — | 2 e r
o 7 TErE -
-l ol
4307 , -
= A439 1 FIPA ek -
= 77532 P " iz o
- ¢4z % ™ cami 4 pess foni e $0usr er
a P roce < ik aiacent o Fror.
= o S et et
Cad4) = ¢
C o7, |7957 ‘lo-2 o
2 77 (79 Useq PP s s jbc’|o z =
- . L & 6 - core ”
o iz |FrPr |0A 1% - G #4760t gpun o
o C
. ” -
:4»4"7 4s5.2 | £2 PS> (_‘2 '““t‘ :_;’"‘ Sevariles, Cp Calest of Foms
F 992957 et |7 3
3 s tallze p2° s
- 4351 £, P54 o
- lae? 5 :4‘13 @3 e -# faactires %
- - o/
.7 - 3/ et S Qlf Moie oo A
- -
= P 132255 axt core V| o | E i pemk
- -
C C
L4725 L comins TECMUGTLEO (e 472 .8
C -
C C
- -
- F
— guand
- ad
- C
- p=
- —
NOTES: BCALE: Y DIVISIONE /< FRET

Golder Associates




ze

3o

A-T1

so00 |

[ T

7 P -
PROJECT 4{’/1 Ao {/;wrdg_ggﬂ,/ f}dg“ 208 NO. B0 3- 33R6-2 |BORING NO.F 5 DATE /5-4-& SHEET: oF &
TOCATT
BORING BEGAN — BORING COMPLETED — cont ”°‘-E}°° ON
METHOD OF CORNG 4l Eii[“'“’ WEATHER — &
& Ul |ORELEV - EATH
CASING USED —  3TE ] MSPECT . OPERAT. —  |WATER LEVEL TMEDATE —
DISCONTINUITEE 8 N E
CRIZD il 4 w
ek A ¢ | ¢
L - el 31 ¢ H S lel. &&
x > x = ¥ = w « o MKEE
b cloel|* Sjwl ¥ g | ¥ “ | Eiugz -
e o o [ : o 'e' ° S = I ‘i =) ;5 S
- A w « : > Ll 2| ¥ 3 - w o | %] iz
e g« < Ele| « o[ ¥z DESCRPTION € 1fls9g 3
= - VoA AL LS
- E srmeres coeni Bt BES
U T -
F b £rrs |eea|ze- VT4 R L To Lakr ERAY BAKOLL frD
&G FiES . [>
— ! ?*/"’“fyz Frpr | Ca |eo o-4|F ] WV peeasionActl MOITLEDL Lr7H0 -
- C  Laapmne Al wf Xin LiMESTONE
o - (Dark sanv Aawss 6o bnscy LITH
[ 20.6 = I 5) Aessairsecos /B8 S
- ) &£ [CA - SACS ARL St =Mel
o %’7"/ 507, FrF5 e tew | boore-zee - A il Fred€D
- o Fr AR 4 = wrarn - GEnERAY
o - ih ko boern ;/g-../m;/
- S AN ]
= [ e, TreE s
- 304 B - /
- srsd Llo-al C - cerdll, Keesk
b Z b3572 (2957 FrPk sre e - roes Pt G
: oA : - FRALS - AfualAT
- 344 pol! dév T 4.1—”’/3/-/4—44_,/
©C -
- 7 - .
-l g~ -
= f;/’;sbqg pore ol E et wesy fwid S Aass
- 4 Y27 1e -
- e
- C
-
Tol "
- sV’ e - Yy ys
S R L B P A I ) [ el of fu s
- Clse |FrAs A -
- 2 -
C &3 -
zo. f_:
it e | e C
- ‘4 ST IRAT] i 31, - ot A g W wlf
- — A1 A 25/| 2] -
- s E e £ s %
- - PAketed & Anﬁ
L 70-¢ -
- -
Zb >7. ps |- o o
- % P 5ssl> 757 et aeyC 2| o ol
= 4 rs || see - = ;hv./& HAgart
. & -
A 55 77 2 L
. P, . - i
P2 s2| >950 £/ oY s E - T ae s foid)
ARy n - £ -~ ) ogrn st
pren £ :
ke -
e ¢ : - ey KL (e dX
N —
e P -
L72 c L Aol Jce | -
PA% s 555 o
& -
Z e e, z;; 3 |7 E—*
£ A 2 - 7 oy P L A ,7,_/,
¥ = ssc °
73 F
- -
.
L 1752|2957 o5l - ol 9 E g A Nl S Wy
1 Vo~ fee |5 E e A
o3 1777 fee o C 5 /0> Fr omeal S o et
e E e
7 o '
-
lfoppe |77 Hre-1 0. 21 > -
77, ca
//a”‘q‘ ’ ;'.‘,/‘,/ Frrke |ea (300 - "‘{—rl }f""/é f{,./ Py /,J;/‘
sy |FrrS  jew? : x & it WEL e ’fﬁ‘/"v’/
a2t " e we” -
p—
a4 A OTE /5.6 -/22 9 / conescs
L vn aomasropg 50:.0 GRAT(A
- wafmcnu'ﬂ;.ys)
NOTES: SCALE: 1 DIVISIONE “CPREY
&

DATE 2. .5, LOGQGED BY ““C<

Goider Associates




7 30

/5¢

70

sre

sFe

Tye

xx,

A-12

PROSECT PIART I P11 TR s o fpueTretf ot oo T2 IO8 WO BLT - 328,

80AmG NO* 1 DaTE, s cg SHEET 2 oF 4

CORE MWOLE LOCATION

BORING BEGAN -~ BORING COMPLETED
LING = cH-3
ME THOD OF CORING - o GRELEV ~ WEATHER -~
~
CASING USED - see < 1 INSPECY OPERAAT - WATER LEVELTIME,DATE -
; Ll
DISCONTINUITE 8 ,(14 - 4
] : ° g
- > 3
£ « < el 9 ; 3
s - > : «
< - o 3 o H < g R- K
Sl ° . z £ ¥ S lEjade
- 12 o o : - Sjwl Y 3 § 4 ; z |Yg 2z -
a 3 (8] [+ -y a2 e o - : z O |80 k&
a : w « ° > HERR 3 > - £ 213>,
& - T« & |31 0 = 2 DESCRIPTION e |T]ag% s
- b 26 I A 128 Li5riwlTIVE QAMNRTLL
-
C . o ) b s PALGLL SHbit? b5 ABurstrs”
-l B 1795115, 41 o4 Zl A D e I cwene~i Abori 80P1v6 (%*)
o k4 L D ARAES APEAR GALsh At 1107
- -
- -
= Bus . STH1Tie o IRITuRES APPLML
- xd E 5 Gf mAsviAedsy caiof [ BML] ywyu
- g bass b9 & v - E Sesn dprers el
- /,, —,',?./,4/37. iirg |, - B
- Ca/f674m8  Lwés =7 Loom nm‘w
- . - 157 5 - /35 S by h PIMTEL Atk o avdsr
— Arro leops et 13 -2 ye ccar su FreLsn b (s A< s AV oy 1
/40,0 -
- " E ,20-,30 - &Pav /& £ 5
- 2P 254 -
- VS Ghd pPE A o1 | F = seew asm wirme £ pon pha o
= - o bed - foss sAY 45
- A -
= B orhe b fovs upr somer fo s wmonety
Fosee b o e snds (genensdiy e Fyar)
- i Eo , o
2 ol , ;
= . el ou A e e=Ei - s /33, ceay on s
C r;.;//’:( A r eSO b 4@ LA x rcc
- -
— — Pl ALl fS £ 1-7", |
w2l :
- -
- -
= . / Vs sz = :'
- - - ,
F %13 f,";:" 7 b Jii saacs b S k£ 5
o ot Y= 7 i S mers
Co0e o
- -
[ ~ . - o
= v mre 7 2)< E sty Aok s Tafr
: “ -
- -
— gt
Y -
- e r
- (24 -
~ p Frre |2 e-3|7 ol
- 7
- e U o o0 /- From y//L— PN
o e CAR 27 S PR N P -
- -
- - ~
Fr7e¢ o P A V4 Gramy 4 Lae lann
C cE o H i et 25 f e
- — - Tl o e Vaalll SR endiigs p
o E chet mehilts
- -
- - .
- -
= Jwor -
- e
- -
d PE A7 ) o
- . " £ T Lo/ | 2 - -
o aLes* -
- s -
- - ,
=2~ ¢ DX orl - €2 of cohy BFdlr
F 032 A frEs e
= L 57 #1175 KO -
o V23 I ccasimrs oakriascs BEAD soxs | .
ol - (conctnd ~6°) gp L, 20620
oo o
- b Xhrs — CASCITE « DEiiszr soom v6 -
- -
— ~ |zrasifipR c-z|9 [~ o Bans i e PSS
o 227 ! -
- PSS k4 -
- V224 - Faansaa3’ ey Let erém BT
f— vibbn ) TC, SobaiSrena?®
e s
- -
E ca - s
FI1PK - 24
3 £iPR - Jea ¥ E o s/ fees Sumr G o
ol #1035 |ea =
- -
—
2906 -
o o
- -
WOTEX BCALE: 1 DIVISIONE /¢ PRET

DATE LOGQED BY b 4

Goider Associates




240

27

2¢

2

e

Fse

2

e

A-13

PROVECT, 2140 75 “,
e Wt /(ﬁiéﬂwfi Mfe‘x’/wf,@mz JOB NO. Ful-S25, 5 [BORING NO.C#-3 DATE 2-5 9. SHEETZ o +
BORING BEGAN - BORING COMPLETED -~ CORE MOLE LOCATION
e DRI LN
THOD OF CORING d mm g GRELEV - WEATMER -~ ChH- 3
CASING USED -~ sge - -
_] INSPECT - _OPERATY < WATER LEVEL TIME DATE -
oscontowres 4! )
- e i p » 7
= > x dt] o w S
r & g1 / ° " Sl
L o w ol 3 > b4 > &
e I x 2l = H S lwm| &2
[ - ) o g S| W ¥ ¥ CREFEE
e ¥ o o a w 31 2 g ] I S (wluel§ .
A S - 13 DElEEE .
= - o)l > |E|z|¢E - A z (g(8Q:2%
< w30t DESCRPTION S |tz i
- a I oA 3
p— = ’
- 3 - ¢4
- V2R i - z775-% *
ull L9572 . - . U- < Ahh 1./ /
E 521957, P AT A ~ Cedd A Srmy AN Fnitn)) 45
: - pl ke 4 -./59’\( cAkLr¥
:—( - -l REri AT ik SHESL I‘¢“""“{’
- ' plse
EI AT et one T, - o BLACS] Frmet /.7,'3/”’7 s
— 253 v?(”‘} Lirk A/ ’-7"‘-"6'/ 4 - secasiove/ Ak 5ray Soiniran . oper
- w0 = wnd ket picfotes 2) i
a E - (a2¥5 7 - /’n’/.//'f Jranfo it e o e ﬂ
o€ = ‘
s e 1 e | Cooaese po pon e S
:_ b7 |-’ Y73 ” oz 7 P -z §- semre
- L e A1 K -
: 244 2 :
Fame | T -
- basr |agey £IPE f/y R P F_
- F1PE Lpee 1367 - -
- ¥ o
— €4 -
Fzroc -
- -
= o
‘. - - cacs- g TrledT
- boe |z, are A2l g [ oo seerns
o fips |7 o594 remFoo De 40 [k
= R S Y e S
Fzoc - .
e IR P il E‘Mbﬁ" 247 /- 245 - 4 focfums
- LA A N o6 -l , s
C SN DISEE Ca i £ ke zemes prdnins syt
E & - 4/.7‘3’/..r
Fot — Z Frochareear C_/=7 K‘/ﬁ/
- ) T Co/e £ FmFares JSO5e?
S V:(I, A £10f O~ 5 -l
F (oo ) . o
- 2 =
- -
3k . ,
o 32711 DR pamsl o f £ D513 7 e apprert Jenr Sut siletiand
- ~ _ t
- FST e V7o 2 ©2|5 -
- sy * C
3 75,‘/ - e =g - ARE REZTLE4
- ¢ — Hled
E Ve vt B oriteet 4 €Co s T
I 5204 - ’
~ ) . - Xrn 25 c0h £
E— 5 pis?. 1 PK Arele-2zly ol DARA ", amiahrh ARE LFSS
H yegsal o PAilAkLLis . CALCARBR S SKHALE ©
L s - - -
o
ol
F530.6 ] ons i N . A
. b lres? ciph A |7c E (-~ 332-3532.7- LARSd( 7Pty
o - 2l - FRAC CEATEDD e/ s7¢on NARY
F f/fLW‘ - CALCLTE A
- E
- -
Frat 3
- o Ahs
= " . — < s g rd
- .5>7/ A1Pr i ks lc2 g T - A soac> 7 172 =f
- PR -
- pa -
3506 X =
C Az22|F1PA (cafér Con 3525 - tari? cwnhié Frac? opeedd
- o’ -
— ¥ 552|795 F1Ps s/ ;(y t-21 - P
o 176 P =
- gt -
o -
P‘ -
- -
oy
NOTES: . ] ]
55 cmes Mmde s wrre pekudly et Lrestpr SCALE: 1 DIVISIONE /< FERT
ham, Ao e wisfn, plaes T IR 2
i
PR LY &4
DATE LOGGED BY (- € &

Golder Asseciotes




A-14

PROSECLOr I nr a1 AR s JTA) Einst nATER /DAL L1 8 , Tpy/ OB WO 35785305 5 [BORNG MO C" P DaTE/3 S-2¢ SHEET 4 OF &

CORE HOLE LOCATION

BORING BEGAN - BOAING COMPLETED - ch-3
METHOD OF CORNG = PRI LING GRELEV -~ WEATMER ~ )
CASING USED - szt — 7 |mseect  OPERAT. - |WATER LEVELTIMEDATE -
DISCONTIMUNTE 3 Wt 2
w & 2
®
- > = h"/" he H M
- « <! , 4 [} &<
L g w efs| & £ < el &a
AT E z MR- g% S lglode
SEES|s|s] v [2]E|Bl882)¢ AHHH
w X o b4 w e © g w I P = x g [ 3% z §
e 3 ° > R I I S I T DESCRIPTION e lT|sgE s
760
206 -
= -
-l %”ﬂ' ki) f1ot rdhose’ 67| & .
o Y o
= -
s70 | C
= - - 7
_‘_”“ ,,/ 375/ (FIPR MA,/ E & ~375.1- VPER LA TH € CATE.
- » o-4 g oY
o v FIPE
rge E
- . ; <y
LA 43806 | gr1pR 0 |EA bt ¢ ~ 356 purt ’fﬁ" Fnt
- v -2 4 roted oA enlet xis
- ! FIPES
o [fogm?
290 3
340
"’ I 2946 ML Srey //[‘}/.fA;1 /<
E_ 4 B “PL A5 | 1
- T4
- frocd
s E
C e oRinG TELMIARTED (o $0C. ¢

woTh P2 TTe- ace see LA

y
Aogd & (m Go~Ge¥] calc 7

/

S Eimsens Koo SaFen S okl 4

[y

P I

llHIIlll]”ll]ll”]”'IIHIﬂTIn]HvT]HHlHll[HIr[HH[IITI]HH[HH[IITI[IHI]HHIHH]H'I]””[”'I]I

lllqlll']'lll'lllllllil]llll]'llvllllYIYITl]TITI]‘IY‘]llll]lYIlllllllYlIT[YTl]ll{

SCALE: 1 DIVISIONE FEEY

»

DATE LOOGED 8Y <<

Goider Associates




A-1%

PROJECT b MAR LT B sur i) uAl /L Yo T3 JOR WO (L€ 2¢y 1 |BORING NOU# 4 DATE S-S5 SHEET | oF £
BORING BEGAN - BOAING COMPLETED -~ CORE ":;LE;OC"'ON
METHMOD OF COAmNG  ~ [DRK (NG GRELEV  ~ WEATHER -~ -
CASING USED - SRE - _l - INSPECT ~ OPERAT. 7 WATER LEVEL TIMEDATE -
DISCONTPRATEE S . E
° tete, 2 ¥
- > x [r‘# 24 = w
[ T [ <! ) z‘; Q o %l %
L - o/ 3 o 1 < [ & 4
: 2 z MR- ¥ | & Slzlede
L = w .
s RIS ||ty (2B 8822 AL
w A w « b 3 sl g u g o o g H &q H 5
e b e e v ER - - . 1 DESCRPTION 2 [3{898 5§
O
o e
- - Ty llE B LI MWpua s TE STA MY D
- r St STEvE CAAEs ABoik 1y >
= - [apA er“,l)
L - {
- b srakren coenk (o /4.2
4 ' . —
E 2 ; -:/2 Jk‘ F103 ks da -l e bzo /Z‘f‘ D ket s te FaTsaiy wexiiaed L&
- 71;7‘ 44,]’ Y 2L ) 80" ﬂt - C5 and Dushy Koi/ codioreons SAA
£e v T v T - - 94 -F =4 Shdony £ S, - SembmiTE LORTINE n:ﬂlﬁ"
< s 1% s b fﬁ;) a3 (25405 C -17- 26 Tartrssy kAT . 5 pup
- 0% 3% o Tinss (wlArs s aicAtFoms Rusdesd
244 s | = o e 304
- 2| % el id S Ve E ~20./ ccnracr bermein susey ‘/—ZE«J::—’“‘Q’,‘
C 297 29 24 Lt - KLl ¢ 3 a4 cmec. spgil T2z ! K 2Ny,
A = - crd] Gty SPwAR] bS5 s
|- 3 ¢ 3 k>3 -
o 7 -
- 1Pt . c -
- 24 7£ -£27) L ;e G Lw |o-5 47 —rre 48’ scati rone
- ’(:‘ = orwas KLACS Wbl FiawT BT Su  1edavd
C o
0 -
Lt E o
- FIPR (2 . -
E a9 res £% i1 A3 -
- éx p—
- —
- -
- -
so oo -
SN e | g
- 519504727 prre (N p k)i E . punw cmpcs @i A THIY 484 0%
. -
= i PR - Ll d
- =
- -
- -
6t - ¢ ¢ 4e. - =
o - zo -
o E FIPE |ek4) 3, -
- ¢ bestlor? orps |4 L3106 124 l CAAT - Srack? 45 o/ Dans Agwy
- : CAM AL Tl MUY aryy CALCALE NS
- : (q-7¢'- Si(s) FRAC TYLES o/ 2w 4
70 5o - toar i i wlATY
- Py - - oo Hy ot e Foucs Fresh.
- £ 7 o7 rZ4 . o ~ 3
= 7 yISATIO% FIPE e 15 10-3 19 o ,
- P X Bé1on 7¢° et tw WA ATO FRALS
« =
- -~ P
co B [, ~éSc WecewsS asss A/A4LT
w2l F . ke st TwecsriprroC
- C
- 2 N -
- 7 0152 hae? pFt tle-z) ¢ -
o st E
- ot S/ T A T
90 L s S N T
3 E . ,
E . . F e/ ik S 5o ga ]
o é L 957, baso, FIPK = -2 | C  clanden? pttels
- C
- . F
00 - 19.6 £1PA (€& |~s0 [ €954 - 54w A
B -
- -
= 14 V8 2l -
— 1>, ¢ -
= » P72 559, passa) -
o Trest C
- -
1" b—
ey ZER VN :
o » “ b o7, i1, 27l - Ly oo
> FIPL . ‘ ‘ g .
- 0, 29527957, o-Z|( ."_C“ calh sr Ca AepusFoun
-
- .9 | £rre 71 5 o
C . eatd”
120 ys7.c 24 o
] b
o
o o
-
NOTES: BCALE: 1 DIVISIONE FRRT
DATE /2-5-26 LOGQED BY (L6F .

Golder Associates




/22

170

/e

160

/5o

2s¢

Z9C

A-16

wH -
PROKCT _gppor s mARETTA oropel WW,»—JOG NO. fp ?. P 3EL BORWG NO.” © DATE > SEESHEETZ oF <
BORING BEGAN — BORING COMPLETED - co zﬂm; LOCATION
METHOO OF CORMG  — [pauimG GRELEV  ~ WEATMER — o
-
CASING USED ~  sge -~ NSPECT - OPERAT.  ~ WATER LEVEL,TIME DATE ~
DISCONTINUITIE 8 4
- o
- > 5 ol g = w
. « < > = ) -] z <
) w e|l3! & £ <« |el oa
: -9 2 z HE- g | 2 S |Elezdle
» IS ] o . - 2|l w) 3 3 3 I JlzlegE s
[ 3 ol o H 2la| @ e " 2 1818928
- A w|aig > siz| ¥ 3 et e o | %392 2
sl v o > |2|Zl =t 1wy DESCRPTION < [T|aY8 s
ol % - (O Loy RwD s |
- “ - SRAY BANUL U g A ASEL § e
- PISQ[295Y,i25.3] F1F K Lselo-1} 7  wsuan semasiove
/304 -
- . -
ol ‘,,Z >953P9s3 Firr P |ez |4 L Becaming mare Spe-ry
- e S 1 g1pac |ea |76 -
- ormE Rt -
o pLesh ll
/%00 » -
— Bt s ?ihe /. V4774 ‘;4 3|02 |3 C . 0 e Lwes Aoeo 52 wtars £
L v - Ca.
C 2 -
- -
o of
- o -
-l +553 P09 SIPL KA :"; ~3 1,2 -
- & —
— o~y /" —
- Frooh s -
- 71 ol
[C e i -
= 2 -
- 49571957 FIPE ez ol
- ~ -
- F
- 7] . pe
o us.s |eipe L4 |40 -
o C
o 3v-10-2 -
o basal>ren|  |ArE | Ga|o | T =
o FRESH) -
o £ Fremt -
- -
2 -
- b 657 ; F1PA fo-ip 2 -l
- b 9 g, o I Ve -
- Bden 7 o
- sk -
p— —
¥z o)
- b boer #1¢ e los |7 -
- AL FRESH 4 ..
- (S Z7%4 o
- o
- -
2co.( =
= -
- p1s7, pIs7, F1ok AT -
o rosh/ 40 o
o R -
=204 -
o o3ls C
- e, -
s VIS0 |50 ps i | frrte (:( 205 0 - hres St vpaTi
« e By fres KT
E_au q
- lzz4.1 | £1P5 |4 . £
ol bLose, |7 959, LIPh oo\ G E 224/ - - oo M Frac. )
C 2241 PR (‘;, C & aa 2 -S4 ae/? 4-;4—1/‘7¢5¢A
. -
;- - b1 Al Fpaes e - /'ntj/f,ﬂ
oS- 2325| F1PR |6 C. 2At-fyoess 5ol fove [ honn lootns |
o -
-l -2 -
a IS2PIS2) £ 1Pk g -
- -
- o
C -
o
Em o
-
-
NOTES: - s ’ SCALE: 1 DIVISIONE /. FRET
ST A mhs  BECeE
AR > L5 L 3y
DATE LOGGED 8y “4<

Golder Associates




250

sé0

27°

Z g

290

3/

330

3¥0

360

A-17

PROJECT 2/0<7 777 m(/é’/ﬁ/[/@wﬂw,‘(l B b TA OB MO, 77T gl,  |BORING NOLH Y DATE /2°F SHEETT of £
BORING BEGAN - BORING COMPLETED - C?/;‘OL; LOCATION
METHOO OF CORNG - gt GRELEV  ~  WEATHER ~
7)) . _
CASING USED ~ SQE -~ j INSPECT - OPERAT WATER LEVEL YIME,DATE —
DISCONTIMUTE 8 ol o
- 4
i~ [ -
- >
K oyl g o .| 85
3 w el I3 [ « 2, 0la
x > I z Zlo v | & S lojode
© -] w « X -
< ool H 21 2| @ § © é = e | 3|78 £ .
w ERREE L s 8lwidiglx]| s g 2183z i
o | d =« a A - - I O = DESCRPTION R R
[ 2vs.é N = =
- 7 -
- KA ok | ea 43‘5;" -2l @] ¢ - ~amC 4110
[~ ,y"z B rroNt & - LA, SRr K5t a Kot By
- 27-2 - snose o e rrk iy
— —
b= 2524 B -
7
A £t Y s o3 E rmascs rear soun ae
72
- 1950, 559 O P =
o :2:4 pe -
: THw7r :
w7y r
- 4’ o ~ RS ) - Ch-F, /AT
- Y J L & 4L 40,
— %/ how , -
- {;,7’,7 > 754 24 2o 3| - ?lc ./zﬂ——..,.,,:. P s
- - loags.fj Frre | e - AL spme. oy
- —
- 2 20 - Lt 2]
- & bgsa Pic) Y73 ror (64 /0 - Z%0. 5 - 299 5 ;24(:/ 4
- < ' N - L wsanT
- prrsrs - dreems T4 <. 3  emffcr
o st T o Sy LapnDS
w21 :
o .. “7 PRI -
- Z V2 4| 30¢ -
C 3 Seny | =
— 22 -
Z -
ki _ E
- -
- > -
A e PR @27 y
- Ll -
- 95 5 Leroe (-4 =
:h' ‘ i06.7] fmem.;:'/»zﬁ -
- b 4375 ek o - 2/
= 72 P75 ob 9. V73 loo-| €73 | /2] [ &5t tare ARacs /7o of cu
- = i ed? eesay |V [5r F -
- TBA e o
Eim: _'_—/Lo,’/ A KA 2T - P o fogdf
: 2 ? o :(1..//,4//“,-_— y-,«///,},;, P
4 Prrald=~ 259 O 4 Ve A re VISR RIRE 2P o
P 7 A2 el
- % 75-5 2 arrwe s b e Z Yy
- -
s Lo -
— K3 e
ot Xy o
- =l -
o ¥ V72700 < B o e -
- 4 < e -
- lmasTdoy i -
5 FRASH -
- sanr -
— —
|27 20 ¢ o
- 2y 37, So-lc- . 7 2
R A e 1B V2 4 J =
- i e “229¢ 5y e o 3352 3339¢  #as 4., s
- - Aoi o St mn iy e "
o I~ - e S Sewms 7
:-/’ QL oy, vk K 1 cont, : rr,,,/‘
taa2d - (ff—»..n,,.{ gt Bl /1/
- . - —_
-l y - 26 fera | - - LY S
= ” nrj)ir: N pp 7/ = : l-)
- fu/;/ -
:Q{« 723 1 ladad 574 E
2 tadl e = e o,
-l {) b 159 > 902 £ Pk L V<5 ea f77 D 7 ~36%3 so-sc- 7 52, coemr¥
- : 1157 e - .
C el (2 B - 5365/ - 920 Fae wSsil” . A
of J5° - S e & Secomtsry Calo o A4S
-
coum’
3 :—34222~ 3725 - Selel gy
- L Cre fominflondiny | cov ¥rn 3oar. Te
NOTES. Sc/ccrw S/ LD FROACTNES Ny e HEOemr At ™ SCALE: 1 DIVISIONS FEET
CRICT LS SESLRKIEL: | FHESE Apac TeRLs AlE CEALRAiL
A sy AL A e LA G g ited s CTR ol g A D
DATE ~3/cq,1,000€0 8Y (-~ <

Golder Associntes



A-18

PROSECT #8077/ MG, £7T 1 [ ERonpittTES 0D E RIGOL Trs08 w0 %3 TT5(  |nonma noZn-§ DATE/S 7-5comeet Lo 1
BORING BEGAN - CORING COMPLETED  — co;t/;og;wcmon
METHOO OF CORING i o m'ua GRELEY - WEATHER —
CASWG USEC  —  sgf - - WSPECT . OPERAT.  ~  |WATER LEVELTWEDATE —
DISCONTINUITEE 8 {of+] . g
H /,.1 /rmr » w
v : x ﬁ o " > &
AR HE : PR E
x|z > x z z T S 1ol
- > ] a - S| w s g g ¥ M w :‘; $.
L E sieolu y 28| & L] < T lolgd-k
w A w|a|¥ s |2 w2 = s g 2183 5
e o e - Elci &Sl o| P ]2 DESCRPTION O ;gg -
360
- -
Aay- o
E L LV e b i o Foam N1 3651 = el ecsts
[— /é 7'(2 70 7 FIPL - |2s-lo-4 9 ““ I~ Fred w/T7. o~ eta o aec. fracs.
= ol E [ fras. gerocally tomnd oo mare
C £“FPs |- {;: ~ -'7;'/""-, Ao eSS
370 }— ol
F F ~3¢5-370.% Srays DA Gy 47 ﬂ‘..’
E % 4,3 E sominalar (ogybicoint Samomac)
o P4 e <& - ) dpeinae o7 occ 8
- {’ lomaar 7 - /¥ [ et 25eg'TD! Ay (xinh o7 SP04G
- A E 2ves . Y
C Tl il E oo f3mpecy Finron "-/“;n'-/// /.
350 — 130 sPETRK 38-5)| 500 F coarid "uiss & paried o Sogs. Spmebar jg;,y
-:“M E CCmPLeET4D c08L/nd Comd
-l @ rFo.¢
E E
- E Arane Lok - &9
358 - =
o -
o -
- —
- o Ao TE SiE-S5C- FAACT A Z A
- o seds S sy Lpan. T ¢ - 2s-4
- -
= s 25t sabherintis T
£oo o :"' /- f-5 J' Ehorire /7
- - 2 3045 Cupatos |
- -
- =
E -
L V7 ol
- -
oy -
o -
— —
- -
- -
€20 (— -
- -
. =
30 | £
o -
- -
o -
— —
- -
a E
e -
- -
- -
950 £ o
o ud
- -
o -
- -
F s
o C
-l —
- -
= -
=
- -
- e
o -
- -
-l b
= =
- o
o —
- -
o -
[~ ol
o -
- -
- F
o -
=t -
noTes: SCALE: 7 DIVISIONS  PRET
OATE <" %-4¢ LoogED BY ZcEE

Golder Associates




A-15

PROJECT 2
/%//4 /%'/_//f’!yddoo;érv/%l/( é( JOB NO. S¢ T & 38C [BORING wO.CAS DATE SHEET . oOF 4
BORING BEGAN - BORING COMPLETED -~ CORE MOLE LOCATION
p= W.Lm
METHOD OF COAMG 0 e GRELEV ~ WEATHER -
CASING USED -
- SQE e 1 INSPECT _OPERAT WATER LEVEL TIME,DATE
OISCONTIMUTE S o
- x . g p
] V‘ : : o E = w
[ Ay . > > -
ke | gl 8 |,|f §|3:85
> ; ) o | * Slu| 49 4 ¥ 2lejoys
a ° ° a w 2l=213]2| ¢ 2> z Ciz|uEE -
& Jo[Qfw e fZiol g |z | < Fle &S [
o H o« o r stz 88y £0s gq P
Il E|S|o| el DESCREPTION g |Tjsqe §
- b E
s N -
o : -
> ¢ .
3 = ST coklds & 12D
— I Duskr 28D oL Xl oD
- - I 4
: #(_ SII{ Al T (“Z)
_ZU vﬂ M" ) p V. :— ! ‘/—,‘—’r d-‘ry jldr
- s 72 koo ~20] /-5 Y arcerE ( vo% )
- el 1E - FRATHAES JERY STHAT £
»:—- - Y Fova FLG& ~230°
- - PYY4
5 )f T ~ 49" TN POk ® wFL TO y
F 1o 3 O YErT ek R v
o “lasolano|  |FPENE <241 SRS curew
-
— _72' psGoT = A EP o< FY ks TE
- t—t r . cosrae TEY JDo 2 ]
= E pewk omwfy coms™s = 1 c*
.. =
= Yl -&5] r
C & -
- -l o
= - “
-l -
x -
= ) o) E oe~” - 1g
= | A s [ PPsATTIL PELLEIS 5 pmrs (S
- :‘v;’-lcﬂ K E7 2587
ol P - bt AS pr ,4_5)
o -
-
- L
3 E ot
. 4 .
g 95525 o/ e
= C
o -
- ] E_ v o praES B TAA BLEOHS
- b (20 ca) FuE TO €Y GE
o - E sresmus edorm couTDTEY
- S - A v = swalLY taad 7% PART oS
F 95| 95 Firel e +2045 -
ull W SirceapS O8Ny LS & I
- 20 — I Jos 2 V2.5
o
- -
ol -
e Y4 —
E 7|47 9% -
:-fa o -
- F
L C
= 1 —
by -
F 7| A )‘,( [ w srve o rds s lALED (oo rf
a C .
&0 .
F . - Fiee Fascs 47T g - e
o o Cs~r0cntd
- - 02" o Ares YoF Lt s kY v
- —  poLs TS Fi wITTESTD PR LTS
, -
- 2 | e = ZCiASTS s AT O mATEK
: ~ -
:I/J :
- -
- -
-l -
- -
a . -
C / C
- b1 -
- o
t -
= -
MOTES: OCALE: 1 DIVISIONE  PRET
DATE LOGQED BY g s ¢

Goider Associates




A-20

paosect Hordy Horie /e /f/,y,/g,,{//p,[ oy JO0B MO Be3 ~33r%  |BoAmG wo. €7 Date SHEET [ OF 4
[

ATT
BORING BEGAN — BORING COMPLETED — CORE MOLE LOCATION

METHOO OF CORING  — F—ﬂ"&é"‘e GRELEV .~ WEATHER -
-
CASING USED - _SRE o ] WSPECT 7 OPERAT. ~ WATER LEVEL TIMEDATE ot
DISCONTINUTE S 5
Lt 0
o [
- > IS e
- >l -
o = : -] ey z g s o !, gt s
z |=9 3 z z g8 g |8 ¢ lflide
] ) = S| w 2! a I z z -
ER¥o|lols| »w |2/2/2|8/8]|2]¢% NE R
w o o & w . Yy w =3 x < zT Iz 2
a o > z| z & = - w © « |« X
2/‘ |~ - Sl « w ) o = 3 DESCR®PTION 4 1 [e{S §
L1 £ erprr T kMY
== o F 7. rre SADOFD /F:f‘/f:‘iofrl;lb
s
- E Lorsrad ,«,r/; < s
— - e Ka-ir A
- T o r PARTIV & ,
S Blra C S fvels 50 Cren] £1337)
- el o —0 AL
- /3w F PR c {10 s ] - ALL Y e T kLT j
- E aed7 00c/ 7€S, comsTS Rsmls
r C cocmaces: 22v020e5D &
- I, 48 [ Logwr oadr MEE oadalo 1 aTEX
- = L)
s - CPA LR W
= ¢ C /w2 wlFe GaE v AMIGETE
- = T Sarkil c Al TE Sl kS
o " BuREOIS Al T/ ()
s o
[ 77145l 9¢ s lEsPh| ¢ 141——2 b caAe ST cTARMIGERS gions
- . — L BACO e Pudods
- ~ [ 20 cat B oF PELEF™S 3 ceds™s
o - o AMEE Gl TR T T eSS
- e FiIPKC 200 T - x4
E y [~
E o PFe < - o wsrrin
S -
b Aoess Frmsel s 4
- E ’111,(&‘1141 cmiosTE C2D
- L - T 66 Y
- Jew | FrPK g ie?t L] - “
- I /o9 T4 _amarusory aeni 7E
- - PV U R ar g G
= S5 - ol o paTaed TOAIE
:'/7’ e 3 - CamSTa PLulET EFRS -]
- - 1
- - 176 £remT Sl y Foptr GRS
- - o MESTOLE Ly I 2 M TOE TS
- - SadV PATIES  some Beatosss
- F
- -
= < | 495 ol
- =
E F
- -
p— |
-l —
- -
- F
- _ - -
- H | € jze” -
- )7()9 5" |F17 7y -
- 145 | A PIC |G 0% 2 o
oo o
- -
- r o
F c o comaT R pAALET TFCS B
- 1,( — 5o po=t
E 1ie o
- o - O e
- E e E Fracs D AT AL pAAC
C : YT
C | P € o
— b
- -
- >7£ fYte 4204 - -
o c et ol
-y W liles -
- -
a - N
L 7)/ 22y | F TR |cu 0 C  sawi TN cAEsTE =reeds
- - f
o P ~J.0'JE«—— - FArS Famscs paLad
- )0{ 95" (423 o ::.U'
- -
- —
= aL s e € |28 C
- o
- -
C -
= -
- )i)‘)if -
o -
- r 2 PEFLET PAOS
— pelc | 207 L L zo% e
- ) Avs (| pBr 204 - . o7
- 951457 Lyz s pa|€ 2w 27
= ol
- -
o -
- =
C
NOTES: SCALE: 1 DIVISIONE FEEY

DATE LOOGED Y 4r

Golder Associates




A-21

CORE WOLE LOCATION

PROSECT /’//4 /%r/g{/fnnw/w;ér el z/}@(vg 408 NO. s 33 e |BORWNG nO.CALSDATE sHEET x oF 4

BORING BEGAN BORING COMPLETED -
METHOO OF CORNG Joriiing GRELEV -~ WEATHER - -
~
CASING USED —__SaE i 1 INSPECT - OPERAT. -~ WATER LEVELTIMEDATE 7
DISCONTINUTEE S o
- I'd
. o =
- > = ° - ol
I« « ol Sl 5|2 H Sle|. §&
P > d £/ 2| 28 g S |w|nd
z |z = W w 1 wlwel & .
<O £ ofloel* Sjw| 8|3 a I z oG~
[ olol & v HE AR 2 g [~ I ig 2%
w [ -] = 2
e « e > |E|F|E S| L)t DESCRETION A TR
|- 2% - W ALY Lt YO B
- 253 | mipe e 2o E AROVED L) PESTOE ot TP o
ul b 55| prox | ¢ | 20 [© CowTaRTUD amtir SagTass X
= [ Owkbsnds sawr Sros o Peudly
- 2 - canST o KT 1S N FD et
- [ GamasD wATRIX (BDS $5-08 co]
[ -
o 2@ rle -
a2 »
- TR P P P PR M -
o C
- - -
— -
- -
- | P 15 asipirE le 130 r
|2 757 -
o i /=3 E /2 meacs 2y ESs .
: F/f[ ¢ 207 - 07 ETHWSEL FEAC 4T 2835
— " Las| go = (makS occme aas smot Y
s E pearmis)
F -
[ -
- - -
E E w3 FRECD Lo- 257>
- RN L -
= -
— -
- -
- FrPe | ¢ (it b
- a6 meacs 56T -5
:_—3&0 P2 70 :-_
- o
- - -
o -
o
: —
- -
= -
al — -3/45
- >9{ 99’ . - g FRACS 2063
- v F
o -
- n
— -
- -
- E
ol -
E .| 599 fo F o 6 FRACS 3,.8-327
=I5 -
- -
- -
- -
- r .
= —
- -
- - ‘ -
ol 5757 75 FrPlle [2¢9 7 - Al sy 327-3a%
o o
- -
- -
- -
- o - s 33¥-3we
- ;-2 ~ & FRACS 3
- S5 es” rF/PE ¢l 28 —
- - 572~ REGwiARLY ,ITFROLPOLP
- - rared
=X o LT SREV MEL GR 4”
C of o cAB T M1ishD Boakos
- o - 2 caiciPE STRMEIRg phhos/s
o et € 290/ = DIDO e PLaS 18I T v
o ¢ g5 - v 20 cai) ANE DARE oRLY
E C SRy I RITE (ATE TPRE
-y - WIS w5 can)
- -
- o - o3 ERACS B ur-35F ¢
— -
C - |oEs] 1S - 342,57 puskY 6O cMC.
C 2 - cwas &%
- - 8 (7 el WP ok
- o crmks rawk 5%
-J” -
NOTES: SCALE: t DIVISION® rFREY

DATE LOOGRD BY AL

Golder Associotes




A-22

SHEET &/ OF &

PRoRCT L) hy My, & Mo /5 rrpmetir fof Sk ,/,ég J0B NO. £6 3 £ 386 |B0RIG NO.LASDATE

CORE HWOLE LOCATION

DATE LOGQED BY

BORING BEGAN BORING COMPLETED -~
—
METWOD OF CORING  — m"“’ GRELEV SWEATHER
~
CASING USED ~  sgE o~ 1 WSPECT OPERAT. WATER LEVEL TIME,DATE -
DISCONTPRNTE S 2
Lot 0
® (4 wi
- > x v : w
- [ 3 < Q -
> o [4
- x SRR - $lzl.8¢
f IZ™M o] eifr Slwl ¥ S ¢ g | ¥ S lulddg
S EZojofs| ¥ |Zl2lc|8lCiz2]zx MHEE
w N w a > .z W = S x - [ oz
o 2 o e z S-S - I A A DESCRPTION g | fisdz 3
275 j ; b E05-3VE LiewT 0kHY AEC.ont
§5 2451 ) - L v
- - GRIED Lo E STO "'7 B
- 7 CowTorTh: WA PALT 1483
- E1PL ¢ 297 LA g o ( 3
. 5 C sor-Dussr afD caic swark
— . 73, .)f{ e o “, L E S TWE (S 8ok
o ’ - yro¥ .
- E se/- cwwm7-rde strr ;-rﬂ?;
- = s ESTONE cs1TH S5
- - At 8/TE & AN AA
F £ PR Bee ] -
r Rl
= p el 72 Ty [~ pemt Brocaw 37 (& 365°
- 17|50 P C iet|omt E
u o v [ & conTORTES S wtkir paerisiss
I— o) =~ % sicecwsior? ceacs 3§,-go0 s
o -
- —
-~ ¢ FIrRIC |ad -
- ¢ af F vy mreas vorr-o,3
o >4 o
- [ %% - sipmT a4y meD-
o o CAAEE ol IVOE et
- e C o/l 5 ki ¥ PAET S £ it na &
F R PUiiFT 8 comrr BEPI
C g5~ siraic |37 [l L« v mxdts wor v -wu
- s -
. -
- o
- C
o r
C r
= 257 Forr|mr 2] I
o pow -
- P %3 r
ol >15 1199 " oo FEAS W av-gly
= - -
- - g e | pot = -
- 757 e
- = o« STV TES 3 oy-
- r
o 4 T ooy eacs B4y ;
= >¥1¢0 E e ~ 7Y A Gy
— =
- -
- C
C c
- ol
- - 7
S E 7L CoBED 4407
- o
o o
- o
o o
- o
- o
- -
- C
- -
- -
= .
= -
r o
- -
- -
= -
- L
.. o
o ..
[ -
- b~
o o
- -
— —
a -
- L
C o
C -
= -
o -
= o
- -
- of
) =
- -
C -
e -
- -
. o
C -
C -
- E
= [
- C
- o
: -
o
NOTES: SCALE: 1 DIVISIONE  PEET

Goider Associcotes










B-3

c# NVML O ©

> -

Z# Nvdl

+

L# Nyyl O

(U ) WL 135 Y13
(spupsnoy] |

. | 820 90 ¥ 20 0
d
&
lghml“ -
/,
B
W / SRR AR SIS QS RIS IS SIS IR Iz e s S SuSIS S S SESSISE S=aatt .rwiﬂja
A
A\ \
,.//.//f ic\|+,+||‘+.l_l»l.+!+il+v+l.l+l+lrl+. 44 LT:!-T#.»ILIATI e ~%\ *l
i ,..,.,’I|¢AY[¢4_.V!¢¢1¢¢1¢ YN ] HM.‘.\\
IO —alo—00-10o— 09
—4
14 £ %42 03 14 $7 60y
| =L —HD SONIAVAY J40NOdSNVAL

(1S4} INNSIHA

P



LRE (P

-3

PRE:

1y
.

60
58
56
54
8 i
50
43

46

TRANSDUCER

G9.6 FT tao

READINGS

1250 F1

CH—1-2

0]

TRAN #1

ELAPSED TIME (min)

THAN

42

1200

TRAN #2

1 411

v-d



20

i
(]

P Land
g 75
LN
(A

o
[ A9
-
[

0 65

60

i)
th

R

TRANSDUCER READINGS CH—T1-—05

1428 FT to 1851 FT

cut g 2 Vo g AL AW AT Y 3 el o e R B o e
W«umwce&wxwﬂﬁ. e b e B a2t m‘“"*

4
T

A H

-
-
-+
-+
'
+
4+

W»H—-H'*%F-Hﬁ%

B R T

-+

’

#J_

0 (I 0.4 0.4 0.8
(Thouzands)
ELAPSED TIME (rmin)
O TRAN #1 + TUTRAN #7 o TRAN #7

G-d



E (PSI)

SUR

PRE:

20

85

80

J0

TRANSDUCER

READINGS

1428 FT to 1851 FT

+———¢

1l

|
_MJ ¥

0.2

O

D.92 024

TRAN #1

.24

0.98 1 1.02
| Thousands)

ELAPSED TIME (min)

+

TRAN #2

1.04

O

1.06

TRAN #3

1

e

s

9-4



TRANSDUCER READINGS CH—1—4

179.9 FT to 215.2 FT
110

100

90

PRESURE (P51

G0

L-4

20

TRAN #1

41

) &0 100

ELAPSED TIME (min)
+ TRAN 47

120

140

TRAM #23

16N



PRESURE (PSI)

50

TRANSDUCER READINGS

252.9 FT to 295.2 FT.

CH—1—5

TRAN #1

0 20 40 0 g0 100
ELAPSED TIME (min)
| +  TRAM #72 o TRAN #23

8-9



N

L
0

L

PRESURE

110

1068

G

x
n

tad B

78

™ (_\ * ™y £ :_ “_(_:l _Nﬁfl F' .fh". RN I [.,\.\J Pt I::':'
JSODIUCER READINGS

21927 FT to 2551

P

1

CH—1—6

Ty St o M. et gty

e

B i o S o B 5 mutn s st

-
B
+
-+
-+~

M

3
L
-

-
.

i

T BT

R HEEHEHR I EE

T T LT

—

O

TRAN #1

0.4 0.6
[Thousands)

ELAPSED TIME (rmin)

+

TRAN #7 | o

TRAN #3

6-4



)
/

.ik

3

PRESURE (P

120

110

105

100

95

TRANSDU

CER READINGS

F__T t"--j 'ZEIE' . 1

219.7

FT

CH—1—6

) L.._%v——

I e

0

O

20 40

TRAM #1

a0

S0

100

120

ELAPSED TIME (min)

*..

TRAN #7

oL-49



LURE (P51

e

PRES

TRANSDUCER READINGS CH—1—06
219.7 FT to 255.1 FT
120

>

115

(W
n

LL1-4

18

i

td
80 .}2*
et

75 ¥

0.85 0.87 0,89 0.51 0.3 0.95 007 0.99
[ Thousands)
ELAPSED TIME (min)
O TRAN #1 +  TRAN #72 o TRAN #3




1)

-3

L,

RE (P

|
A

PRESL

28
26

10

TRANSDI

JCER READLTNC

3.7 FT to 750 FT

- C_\
) bl

®

H—1— 7

STRINT I

LLARIR LA

I TIEIBINIGIEIY STRI§T)
miiy LR R Al

0

0

RN/

2

40

TRAN #1

18]

g0 100 120

FLAFSED TIME (rmin)
+  TRAM #7

140

160 &0

53

V'

TRAN #3

200

RN
Ay

ZL-9



PRESURE (FSI)

70

60

50

40

30

TRA

NSDUCER READINGS

1211

FT to 156.6 FT

CH—2—

d

5>

P

£

GO0-VH0P SO HEG0004

HI - H-O-0 00O

ZW I . Al g e

T e R RARR RS

o

mmwpwgﬁ%ﬁﬂamm
0 0.7 0.4 0.6 0.5
[ Thousands)
ELAFSED TIME (min)
O  TRAN #1 +  TRAN #Z2 o TRAN #3

€L-4



PRESURE (F31)

70

60

50

40

TRANSDUCER R

N(‘J )

1211 FT to 156.6 FT

CH—Z

LTI S ITCIR, o oo ————" o - >
1P BRI P SR S . ; ;
H i £3 g = 1 3
t (
0 20 40 60 80 100 120 140 160 180 200
ELAPSED TIME (min)
O  TRAN #1 +  TRAN #2 o TRAN #3

vL-4



TRANSDUCER READINGS CH-—2—2

161.1 FT to 196.6 F7T

10

.’, B
_,.
- n
0 Y vV

D Z0 ' 410 50 &0

ELAPSED TIME (min)
a TREAN #1 + TRAN #2 o TRAN #.73

GL-9



PRESLIRE (PSI)

TRANbDII( FR READINGS CH—Z2—23

2011 FT to 236.6 FT

105

<
k3

1 DD -1 <« V}U b

", ) \ /
» < \ ,.’ '\j \05 R SR Ve
y
95 % 4

5

Q0

85

80 —:#W“Hﬂiﬂﬂfﬂﬂﬂmm’ *——wr—t\/+——*——+~+»+—»4—+4 fnm !!:H::F‘:;Y"'HTF{ M

9L-4

0 20 40 60 g0 100

ELAPSED TIME (min) _
O TRAN #1 +  TRAN #2 o TRAN #3



PRESURE (P5I)

TRANSDUCER READINGS

CH-—2

4

241 38 FT to 277.3 F7T
130
120 4 Oty B — B ——
'\({ ¥’/ \Q‘/ \gz Ly
P I &
110
100 L -

——‘—T
T
]
4—r—‘+

Iy

r~1nr'1r-1nl‘J

0
53
iy

0

0
0|

:
?
b

B0

]

H+—T"
|

0

TRAN #1

40

ELAPSED TIME (min)

+

TRAN #72

v\

&0

TRAN #7

30

L1-4



TRANSDUCER READINGS CH—2—5

2911 FT to 3266 FT

200

NS S S SN

+
-
-
4
-
<+

190 Tt
+r+“+ ‘+—+++
4+

T

180 -

170 ot

160

150

D N T e S B

140

gl-d

120
SR enTom R Yt oS o § o Do Voo o N s s Yo B G s | mm e D0 2 K g S N Ve Tom im S Yow Tum Baie N ow § o [ o N |
1 1 l:] @8 8 VORGS0 I G | | O W SO O O S R B R SN L B L [ 805 G0 | i | S | O OB o iy 6
100
o0 E
Ti¥F
80
70
0 200 400 600 B

FLAPSED TIME (min)
0 TRAN #1 v TRAN #72 s TRAN #7

-



L5

'y

1]

L
Lt

—

200
1920
180

170

160

TRANSDIUCER READ
AP

29170 FT to

0 20 40 ©ooal) 50 100 120

| ELAPSED TIME (min)
0 TRAN #1 + TRAN #7 | o TRAN #3

140

e
e
.
R ,1;&, ‘7"/__ = - ____{____-..
A
.".
,
rd
/.n‘
E =) f = £B -
.“"’A
ra
4
'.I
.

6L-4



PSh)

LURE (

PFES

210
200
190
180
170
160
150
140
130
120
110
100
90
80
70
60
50
40
30
20
10
D

TRANSDUCER

™A TNV K AN
h ["_x“ﬁ. [' I N (5D

CH—2—6

I
Fo———

T

~
'(':’(—
L

'b. .‘_‘v R
%

k-

19—&"'— e

0 20

O TRANM #1

LYy

0 &0

ELAFSED TIME (min)
FoOTRAN #72

1010

120

TRAN #3

1 40

0c-14



1)

-3

PRESURE (Fs

TRAN SDUCER READINGS

421.1 FT to 456.6 FT

CH-2-7
s £ !

200
180
160 W
140 & g
B SR T Y
= Rb R T iy
80 Pﬂ; ¢ | N 7 fgﬁ ' g ol M. ]
60 % L ?e& q‘f 3o E{W—“ ‘t{ L M?ﬂf‘ F
40 _ é‘ﬂ%ﬁ; 1 r i IR L] S
o | IR wm@ﬁ“ &1 I T I
0 & ’ ‘ l L’ !
. el
~20 i
40 L
—Ba0 .l‘
—-30
0 20 40 60 &0
0 TRAN #1 ELA;F \E%'Rllf\rl“%fz_(mmj < TRAN #3

L¢-4



PRESURE (PSI)

TRANSDUCER READINGS CH—2-—8

4211 FT to 456.6 FT

0 20 40 610

ELAPSED TIME (min)
O TRAN #1 + TRAN #7 - o  TRAN #23

2¢-4



PRESLRE (PSI)

TRA\IBDU"TEP READINGS CH—2—9

411 FT to 76.6 FT

s VY :;:::WW'*’ BERRE R A ‘h»vw WWY*
f

0 20 40 &0 50 100

ELAPSED TIME (min)
O TRAN #1 +  TRAN #7 o> TRAN #3

£2-4



PRESURE (PSI)

70

60

40

30

10

TRANSDUCER READINGS CH— 23—

892.3 FT to 124.6 FT

o

-
—‘M ob - W.______
et k#
..f_
0 20 40 &0 80 100

O

TRAN #1

FLAPSED TIME (min)
+  TRAN #2 > TRAN #3

v¢-4



PRESURE (PS1)

TRANSDU

CER

REA

1220 FT to 164

S FT

sl dl
d

]

20

TRAN #1

4D

ELARS
+

&)

ED
TR,

TINME

&0

(min)

AN #2

100

121

TRAN #3

1400

GZ-4



PRESURE (PS)

100

20

80

70

60

TRANSDL

CER

READINGS

1923 FT to 2346 FT

(™ Z
e ——m h )
ons? \_J'

/|

/

0 20 40 G0 31 100
ELAFSED TIME (min)
0 TRAN #1 + TRAN #2 ‘ 2 TRAN #3

9¢-4



PRESUFE (PS)

TRANSDUCER READINGS CH—5—4
2395 FT tao 274 6 FT
140

130

il

100 T . B

90 )

50

WHHHH LR

70

0 20 B Xy 60 S0 100

ELARPSED TIME (mm)
0 TRAN #1 + TRAN #2 2 TRAN #3

L£2-4



PRESURE (P3I)

TRANSDUCER READINGS CH—3—4

2323 FT to 274.6 FT

8¢-4

140
130
| ME be
120
d
l‘{l
10 ]
|
k )
100 ¥
geay [/ e
fﬁ i
I
a0
Y
50
70

0.8 N.s2 0.84 0.848 D83 0. 0.92 0.94 0.GA 008
(Thaousands J
ELAPSED TIME erm
O TRAN #1 + TRAN #2 TRAN #23

>



PRESURE (P31)

B
I~
(]

210
200
190

180

110
100

G0

TRANSDUCER READINGS CH—5—05

2723 FT to 314.6 FT

P

0

0

I3

TRAN #1

i 1
410 &0 80 100 120

FLAPSED TIME (min)
+ TRAN #7 o TRAN #3

6¢-4



JRE (P31

]
Ll

PR

140

130

110

TRAN“THU‘EF READINGS

312.3 FT to 354.6

CH—3>—6

O

20
agn

TRAN #1

ELAFPSED TIME Imnﬂ
+4

41

TR AN #7“

o

TRAN #3

0€-4



sl)

FS

PRESURE

TRANSDUCER READINGS

711 FT to 106.6 FT

CH—4—1

0

TRAN #1

ELAFPSED TIME (min)

+  TRAN #7

y
L

WW -[hfﬂ“rHHHHHHHH!'- HHHHHH -
1 | k
f | |
vt 14
i
0 2 40 60

TRAN #3

Le-4



PRESURE (PSI)

TRANSDUCER READINGS CH—4—2
~ 106.1 FT to 141.6 FT

572 :
5 RGO 6% ey — ——
‘ : - ™ - y MY 4TI N B

o I P tdnti Y s T

D 20 40 510

ELAPSED TIME (min) .
O TRAN #1 + TRAN #2 o TRAN #3

2e-4



TRANSDUCER READINGS CH—4—05

141.1 FT to 176.6 FT

""— e U oA A WL . PN
h-0-0-0-0-6-O10-0- H-O-6-4-0-0-0-0 WMMZ', ﬁ"i-‘?“‘}*\: Y W‘ e ?G P00 -l
£ Vi \
3d /o : %
S
1§ Y
4’-»! \ r*"'*w._,_
A et +
i’ g f/HL ¥ ,,'/ ey —
]

PRESURE (P31

SEEREESE }5{}55{‘ FBBF‘RMFBBE SISTEISIC s ST T
i

£e-d

50

45

40

35

@
&
2
@
0
aQ
=

0 200 ' 400 a0

ELAPSED TIME (min) _
O TRAN #1 +  TRAM #2 o TRAN #3

84
o
—_
L)




PRESURE (PSI)

TRA

NSDUCER READINGS

141.1 FT to 176.6 FT

CH—4—05

0 20 40 &0 S0 100
ELAPSED TIME (min)
0 TRAN #1 t+ TRAN #72 ‘ & TRAN #3

ye-4



I

RESURE (P3I)

F

2111 FT to Z246.6 FT

TRANSDUCER READINGS CH—4—4

110

<

PO

100 ‘ <£§é )

20

-
FET

Ge-4

7
/
i
%

60

1l

50

0 20 40 60 80

ELAFPSED TIME (min)
O TRAN #1 +  TRAN #2 o TRAN #3



TRANSDUCER READINGS CH-—4—

260.6 FT to 2961 FT

E
|
1
|
Jo

70
60
0 20 40 &0 80 100 120
ELAPSED TIME (min)
+  TRAN #2 o TRAM #3

O TRAN #1

9¢-4




PSI)

E I

SUR

FRES

TRANSDUCER READINGS CH—4—6

3106 FT to 3461 FT

LE-4

1 t3 D ‘] i {_J { g L 0 | SO0 [ G
120 T — [L

100 ¥ mfmm;
90 _fwj ﬂﬂ =t

0 20 40 a0 &0 100 150

ELAPSED TIME (min)
0 TEAN #1 + TRAM #72 ' O TRAN #J3



1

L_
-3

PRESLIRE (F

TRANSDUCER READINGS CH—4—7/
FT

332.1 FT to 367.6

S

B] 20 4.0 50 30 100 120

ELAPSED TIME (rmin)
O TRAN #1 +  TRAN #2 o TRAN #7

8t-4



URE (PSS

5

PRE:

TRANSDUCER

READINGS

60

0O TRAN #1

27010 FT to 3056 FT
35_ 3 TR s s 2 o £ SIS s B B t : : —
¥l At g -
T | H
uéi&§4}?.. S e i A S ¥ = :
/ A
-E}—EP~3*£}*EE3—E%ﬂﬂxfa,i}'E}hEkw——EB— = = -
D n.z 0.4 0.6 0.3 1
~ [(Thousands)
ELAFSED TIME (min)
+ TRAN #2 2 TRAN #3

6€-4



TRANSDUCER READINGS CH—4—8

2701 FT to 3056 FT

4

PRESURE (PSI)

_4',—
! s e S e B *
H } ’
1
) /
- + I
i
!
) s = -l e < T T
\‘!9,/ g
J j
4 - foe | ']
L { _}‘——-—W,_ -3 NC, ) Lo .1 _ B_.»ﬂ"‘ {3\"\ _ P
[!] L 11 []‘:‘ /' B
i /
/

4.0 10 B0 100 120 140 160 180 2000

N
L]

0

ELAPSED TIME (min)
O TRAN #1 + TRAN #2 o TRAN #.3

ov-4



PRESURE (PSI)

TRANSDUCER READINGS CH—4—9

1761 FT to 211.6 FT

160 mr‘#*}

120 ]f
£
110 f
i .
100 1+

ST+ VUIUSION FUOUSIIUToN o IVSISOUNIVSTRROTDS IUVUIIS! USIUTUT! ISOUNUTIIT SUTSTY V0N CUNUTIININ ISTITOOY Sov WOUURURIIN Pveey "
DERIIE: vl i L L L L S i b L s |
St
S f

&0 | { il

o
et
1¢

h+—

D 20 410 60 80 10

ELAPSED TIME (min) ,
O TRAN #1 +  TRAN #2 & TRAN #3

Lv-4



PRESURE (P31

TRANQDUL FR READINGS CH—4—10

326 FT to 71.1 FT

O TRAN #1

20

40 a0

ELAPSED TIME (min)

+  TRAN #2 TRAN #3

cv-4



TRANSDUCER NO. 2 CH—4-—10

356 FT to 71.1 FT

Y

/.

PRESURE (PSI)

0 20 40 60

ELAPSED TIME (min)
O TRAN #1 +  TRAN #7 o TRAN #3

£v-4




1)

)

PRESURE (P

119.3 FT to 154.6 FT

.
L—_—

TRANSDUCER READINGS C

Q0

80

70

FRr—00R M%W e X6 %m} OO 0 68, e

a0 -
RN
-+
MMH R
&
|
| #,f"
5
30
0 20 40 610 S0
ELAPSED TIME (rn in)
0 TRAN #1 + TRAMN #2 ‘ o TRAN #34

100

vy-4



PRESURE (PS1)

80

70

60

40

30

TRANSDUG

E R

112.3 FT to 1546

READINGS

FT

rr'-\_ ‘r::_‘ y
S N ?

L

3.9

[l

3.94

TRAN #1

3.98

407 4.08

(Thousands)

ELAPSED TIME (min)

+.

TRAN #2

4.1

{’L

4.14

TRAN #3

415

Gv-4



1

~

PRESURE (P

0L

90

865

80

70

65

60

TRANS

DUCER

READINGS

172.0 FT to 2143 FT

i —
f ~ e
N’ )

O

TRAN #1

ELAFSED TIME (min)

TRAN #7

3

TRAN #3

B L3 ¥ A h
2
0 Z0 4.0 H50 =50 100 120 140 160 180 00

9%-4



PRESWURE (P31

TRANSDUCER READINGS CH—5—3
: 212.3 FT to 254.7 FT '
130 '
120
110
100
‘I‘lm;\
90 E,
80
70 >};]
ge SR
60

0 20 40 £50) 80 100 120 140

ELAFSED TIME (min)
O TRAN #1 t  TRAN #7 o TRAN #3

Ly-8



i\l

-3

&,

’

URE (P

5

FRE

(S
i
O

= NN P
o O

o O

TRANSDUCER READINGS

269.4 FT to 304.7 FT

CH—5

J RN e e B Sa i B 5
= ~agh
iL
-H6—01—& Gyt ymnilly O
S PN N
|
]
i s S S o e S oo s Sls B= R (RS s RS
20 410) 50 B0 100 120 140 140
ELAPSED TIME (min) -
| TRAN #1 + TRAMN #2 & TRAN #.3

8v-4



]

(PSI

N

FRESURE

D ~d 0L O =M W W
oCc o oo o Do o0

e A B 0 B A AR 5 T % T AN

18)
fan

ANSDUCER READINGS CH—5—4
T R."’—\\ r\\'l -._) [;' |'-_.-'I I'\w" " . ___J'A\ -.}l ‘] h._:) \__.) ('-.A_.,./ \_,.:' -
269.4 FT to 304.7 FT
I L w S| B e e B e e e S At e pn
B et B S L M Lan R SR
| |
£ 21 v = e e e 5 1 e s S = = S SR
W 3
s
0.7 0.74 n.ys D82 0.86 0.9 0.94 0.98

[Thousands)
ELAPSED TIME (min)
TRAN #1 + TRAN #2

o TRAN #3

6v-4



)

=

H

PRESURE |

210
200
120
180
170
160

150

TRANSDUCER READINGS

2921 FT to 334.4 FT

=, r—
CH—5—

L

il

.....
TR

......
SRR T X PR SO R o

Abhasiillil
" “ﬂ]qmn[l L)
.........

.......
I NN

LU

LiRiALl

[TETY

0

O

40

TRAN #1

50 120

ELAPSED TIME (min)
+OTRAN #2

160

s TRAN #3

Z20n

0G-4



TRANSDUCER READINGS CH—-5—6

3290 FT to 364 4 FT

)

i#*{

i

§ g

/ =
/ [

PRESURE (PSI)

I -?" i

tg-9

_‘_ﬂel::#l l Lia pLAlhaa L
/ | ;,

HHHH Hb :::;::::.j RS

0 20 4.0 &0 &0 100 120 140 160

ELAPSED TIME (min)
O TRAN #1 v+ TOTRAN #2000 TRAN #3




PRESURE (PSI)

TRANSDUCER READ

NGS

382.0 FT to 424.4 FT

CH—5—7
S - 4

g

{1 S e R

’ ":Hlnuu
R S T

533 358 483 3601 380 a

§ 8 2
0 0.2 0.4 0.6 0.8
(Thousands ).
FELAPSED TIME (miin)
0 TRAN #1 +  TRAN #72 o TRAN #23

25-4



PRESURE (PSI)

TRANSDUCER READINGS CH—5—/

382.0 FT to 424 .4 FT

210 i = il I - } [t T
e
) MH"— r e

200 , 7

L

o J
120 T

180

170

120
110

44 [ ++-HHHHHE
100

_ ELAFPSED TIME (min)
0 TRAN #1 + TRAN #2 S o TRAMN #.3

£5-4



PRESURE (PSI)

n

W

R

TRANSD UK

CER READINGS

H### FT to g4 P

: ; 5 N P PN WP
PeRK "99“8% M&?‘&*ﬁw,ﬂw -j{ M‘&MX&?} ngﬁﬁg&}myﬁﬂw&w%?k(ﬁ

{

Lf-m*.H

.
“;i.fy# 3

mﬁqﬁam

HHR P

4]

O

TRAN #1

10

ELAFSED TIME (min)
+ TRAN #2

N
-

R

TRAN #3

40

vS-4



(-
—
}

N
—

50.
51.
52.
53.
54.
55.
56.

57.
58.

59.

60.
6l.
62-91.

PN bt bt et bt i s
OWONOUOWONOUL W

ORNL/Sub/86-32136/3/V1

INTERNAL DISTRIBUTION

T. L. Ashwood 22. L. E. McNeese

J. B. Cannon 23. L. J. Mezga

J. Christian 24. T. E. Myrick

R. B. Clapp 25-34. Park Owen

N. Cutshall 35. T. H. Row

E. C. Davis 36. R. J. Selfridge

R. B. Dreier 37. C. B. Sherwood

W. Fulkerson 38. D. K. Solomon

T. M. Gilliam 39. L. Toran

C. S. Haase 40. S. D. Van Hoesen

R. H. Ketelle 41. E. W. Whitfield

H. L. King 42. T. J. Wilbanks

D. W. Lee 43. ORNL Patent Office

R. R. Lee 44. Central Research Library
F. C. Maienschein 45. Document Reference Section
L. L. McCauley 46-48. Laboratory Records

E. W. McDaniel 49. Laboratory Records-RC

EXTERNAL DISTRIBUTION

R. E. Anderson, Martin Marietta Energy Systems, Portsmouth Plant,
P.0. Box 628, Piketon, OH 45661

J. D. Bradford, EG&G Idaho, Inc., P.0. Box 1625, Idaho Falls, ID
83415

J. G. Carbonell, Associate Professor of Computer Science, Carnegie-
Mellon University, Pittsburgh, PA 15213

E. A. Jennrich, EG&G Idaho, Inc., P.0. Box 1625, Idaho Falls, ID
83415

E. A. Jordan, U.S. Department of Energy, DP-122, GTN, Washington, DC
20545

F. R. Kalhammer, Vice President, Electric Power Research Institute,
P.0. Box 10412, Palo Alto, CA 94303

R. E. Kasperson, Professor, Government and Geography, Graduate School
of Geography, Clark University, Worcester, MA 01610

J. A. Logan, EG&G Idaho, Inc., P.0. Box 1625, Idaho Falls, ID 83415
Office of Assistant Manager for Energy Research and Development,
DOE-ORO, P.0. Box E, Oak Ridge, TN 37831

R. L. Perrine, Professor, Engineering and Applied Sciences, Civil
Engineering Department, Engineering I, Room 2066, University of
California, Los Angeles, CA 90024

S. F. Seltzer, Paducah Gaseous Diffusion Plant, P.0. Box 1410,
Paducah, KY 42001

S. H. Street, Office of Emergency Management, 144 W 1lst. N. St.,
P.0. Box 722, Morristown, TN 37814

Technical Information Center, U.S. Department of Energy, P.0. Box 62,
Oak Ridge, TN 37831



	image0001
	image0002
	image0003
	image0127
	image0131
	image0134

