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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 annul us 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"5 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.

ix
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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

CH-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 logs for preliminary selection of

appropriate test intervals. After selection of the tested

Golder Associate*
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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 CH-5. 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 lithological 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-5.

Coldor 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.

Colder Associates
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2.0 PHYSICAL SETTING

2.1 General

The Oak Ridge Reservation lies 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 long, 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

Goldor 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.

Colder 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

Colder 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 limestone 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.

Colder 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 lithological

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 10~5
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.

Colder Associates
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4.0 FIELD TEST METHODOLOGY

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 length 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 lower (below the bottom

packer) transducers were ported to the prescribed location

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

Colder Associates
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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 quite 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 10~4 cm/s
to about 10~8 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.

Colder Associates
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4. 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.

5. 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.

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

7. Shut the downhole valve.

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

9. 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.

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

11. 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.

12. 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.

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

Colder 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. If
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.

Colder Associates



August 1987 -13- 863-3386.3/4

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.

Colder Associates
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5.2 Horner Method

The shut-in data presented in Appendix B was analyzed

(where 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')r to the elapsed shut in time i.e.

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

Where:

H = Total Hydraulic Head (FT MSL)

T = 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 (f) 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. However,

the early and late data may deviate from the straight line

due to wellbore storage and boundary effects, respectively.

The slope of the straight line portion can be used to

calculate the Hydraulic Conductivity of the tested interval:

R = 2.303Q
47TL S

Where,
Q = Flow rate during the flow period (car/sec)
L = Length of tested interval (cm)
S = Slope of straight line portion (cm)

Colder 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
(f) 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:

32s + 1as mSs 3s
3r2 r 3r K 3t

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 recovered 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.

Colder 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.

Colder Associates
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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 is 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

questionable 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 volume 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. In 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 on 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 10~9 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

10"4 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 10"8 cm/s for the interval 161.1 ft. to 196.6
ft. to a high value of 1.0 x 10"5 cm/s for the zone 201.1 ft.
to 236.6 ft. The distribution of hydraulic head varied with

depth although not in any regular pattern. Deep within core

hole CH-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 CH-3. The

resulting hydraulic conductivity estimates ranged from 1.4. X

10~8 cm/s to 2.3 X 10"5 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 10~9 cm/s to 7.0 x 10~5 cm/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

10"9 cm/s to 2.4 x 10~7 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 irregular, 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. However, 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 10-^
cm/s, 8.0 x 10~7 cm/s, and 9.8 x 10"6 cm/s respectively.
These values are higher than the corresponding values

obtained from the Horner analyses of 5.6 x 10"^ 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 cm2

to 1.6 cm2, i.e. one to three orders of magnitude greater
than can be attributed to the compressibility of water, (10~3
cm2)
ity.

cm2) (Reference 9), and indicate significant storage capac-

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 FT. 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 CH-5-7 all indicated strong

boundary effects. In 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 (Figure 3) of which a

portion was provided 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-1) 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, zones 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 (10-5 to 10"6 cm/s) whereas the weather
ing resistant zones exhibit hydraulic conductivities in the

range of 10~8 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 10~5 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"5 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 10~8 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 = KXA hj_ = K2A h2

where Kx and K2 are permeabilities and Ahi and Ah2 are
head drops;

If K1 is much greater than K2

K2
then A hi = A h2

Kl

and hence Ah2 is much greater than A hi
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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, local 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 zone. 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 10~4 cm/s to about 4 X 10~9 cm/s.

2. The hydraulic conductivity in core hole CH-2 ranges from
about 1 x 10~5 cm/s to about 7 x 10~8 cm/s.

3. The hydraulic conductivity in core hole CH-3 ranges from
about 2 X 10~5 cm/s to about 1 X 10~8 cm/s.

4. The hydraulic conductivity in core hole CH-4 ranges from
about 7 x 10-5 cm/s to 1 x 10~9 cm/s.

5. The hydraulic conductivity in core hole CH-5 ranges from
about 2 X 10~7 cm/s to about 6 X 10"9 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 valleys.
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:

1. 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 two
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.

Project/Ei

Ray-Pearson, Ph.D, P.Eng.
Associate

WBL/RP:maa
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TABLE 1

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

Description of H"cji
Thickness

(in feet)

Slltatone, calcareous, gray, olive, ••roon|
alth elialy partings uid thin linnslone lenses . 8$

Uaestone of varied types, gray, olive-gray
buff, drab} aostly thin-bedded) alth argill-
aceoua parti nga| Mathers to shaly appear
ance; alth fosslllferous tones .180

Uaestone, argillaceous (calcareous slllstonu),
gray, olive-gray, "pinkish" aaroon) even-
baddad, alth ahala partings 35

Uaestone of varied types, dark gray to
brownish gray| eostly nodular alth abundant
black lrreg-Jlar clay partings) dense to Bedlun-
grelned; aostly thin-bedded, partly siasslve)
•lth ehale partings) aeathers to a lighter
cilored shaly or "nodular" appearance; alth
srwe fosslllferous horizons; aostly covered In
lo.lanrt 300

SI 11stone, calcareous, alternating with shale;
olive-gray to aamon; even-bedded; ]iimln.it ed|
•fathers to a red shaly appvMranre; produces a
slight rise In tn|u>jr;i| hy> a veiy distinctive
•••itt 25

Uoestone, tiostly gr.iy to drab, partly pinkish1
marccn, aottled; brittle, thln-bcdded to
aasslve; alth shaly partings ..... 60

Uaestone, slallar to "0" above, aostly covered
In lowlands •••»••••••••••.••. ?20

Calcareous shale and argillaceous 11me;itune, pray
t> luff; In alternating thin even b.-cl i; yielding
"..II rcinili sh slabs upon • o.itlieri nr, with

(fUi»«-l)u|[ color vi

Unit Description of Hock
n.lrnr.. ss

(ill fret '

Limns I..lie of varied types, gray; aostly argllla
ceous and nodular; In thin Irregular beds
"lth ahala partlngs| abundant fossils ....

Uaestone and chert| Uaeatone Is gray to olive-
gray, in part nodilar, shaly, and Uiln-bedded;
In part aasslve) with abundant chert In thin,
even, bands, breaking Into annular fragments
upon aeatherlng; produces a chain of lo« hills

oliale, calcareous, olive-gray to llgbt-caroon)
flssilel avenly-laalnated ....

y>y

160

10

UwesL.no or varied types, grey) fine to coarse
grained, partly crystalline, partly nodilar;
aostly aasslve) alth occasional patches of
chert; partly fosslllferous; "quarry beds" . . . 105

31Its tone. In even beds up to ? feet thick, lamin
ated, alternating alth calcareous shale; olive-
gray, buff, aaroon) suae Uaestone, non-resis
tant; .ore ahale at base 21S

Uaestone of varied types, dark graj to bufT;
• lth shale partings) alth gray to black chert
In iiudules and lenses ............ ;ij

Chert, thin-bedded, with sbely partings 15

Siits tone, calcareous, olive-gray to aaroon;
•aethers to ahaly appearance j0

Slltsione and chert, In alternating beds) silt-
stone Is calcareous, gray, olive, aaroon)
•eathers 10 shaly appearance; with abundant
granular chert In even bede up to 6 Inches thick
breaking Into angular blocks upon •eaUierlng. . ! 90

Uaestone; aostly covered ............ ;c,

Total rtiltkr.ess 1/j',

GO

CO
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TABLE 2

CORE HOLE CH-1

SUMMARY OF PACKER TEST RESULTS (1)

HYDRAULIC HYDRAULIC HYDRAULIC GEOMETRIC MEAN

TEST NO. TESTED ZONE ESTIMATED CONDUCTIVITY CONDUCTIVITY CONDUCTIVITY HYDRAULIC

FT. BELOW T.O.C. STATIC HEAD 1st FLOW PERIOD 2nd FLOW PERIOD PRESSURE SLUG CONDUCTIVITY

(T.O.C.'B23.72 FT USD (FT USD (CM/S) (CM/S) (CH/S) (CH/S)

CH-1-7 0.0 to 35.7 823.3 - - - -

CH-1-7 39.7 to 75.0 824.7 (3! 1.2E-04 (3) 3.2E-05 - 6.2E-05

CH-1-7 79.0 to 385.2 824.5 - - - -

CH-1-2 0.0 to B5.6 823.4 - - - -

CH-1-2 89.6 to 125.0 825.0 (2) 1.5E-04 (2) 2.6E-04 - 2.0E-04

CH-1-2 129.0 to 385.2 827.5 - - - -

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) 1.7E-06 - 1.9E-06

CH-1-3 189.1 to 385.2 827.0 - - - -

CH-1-4 0.0 to 175.9 823.0 - - - -

CH-1-4 179.9 to 215.2 825.0 (3) 5.0E-06 (3) 6.3E-06 - 5.6E-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 255.1 853.0 (3) B.3E-0B (3) B.1E-08 - 8.2E-08

CH-1-6 259.1 to 385.2 829.0 - - - -

CH-1-5 0.0 to 255.9 822.5 - - - -

CH-1-5 259.9 to 295.2 830.0 (3) 6.7E-06 (3) 7.1E-06 - 6.9E-06

CH-l-S 299.2 to 385.2 828.7 - - (4) 3.9E-09 3.9E-09

CH-1-1 0.0 to 335.4 (5) - - - -

CH-1-1 339.4 to 374.7 950.0 (3) 4.1E-09 - - 4.1E-09

CH-1-1 378.7 to 385.2 960.0 - - - -

NOTES:

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

ROD LEAKA6E OR BOUNDARY EFFECTS.

(2) CALCULATED AS A RISING HEAD TEST DURING THE FLOH PERIOD.

(3) CALCULATED USIN6 HORNER METHOD FOR SHUT IN PRESSURE BUILD-UP.

(4) CALCULATED USIN6 BREDEHOEFT t PAPADOPULOS METHOD FOR SHUT IN PRESSURE DECAY.

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

STATIC HEAD COULD NOT BE ESTIMATED FOR THIS ZONE.
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TABLE 3

CORE HOLE CH-2

SUMMARY OF PACKER TEST RESULTS (1)

HYDRAULIC HYDRAULIC HYDRAULIC GEOMETRIC MEAN

TEST NO. TESTED ZONE ESTIMATED CONDUCTIVITY CONDUCTIVITY CONDUCTIVITY HYDRAULIC

FT. BELOH T.O.C. STATIC HEAD 1st FLOH PERIOD 2nd FLOH PERIOD PRESSURE SLUG CONDUCTIVITY

(T.0.C.=825.12 FT MSL) (FT MSL) (CH/S) (CM/S) (CH/S) (CH/S)

CH-2-9 0.0 to 37.1 (2) - - - -

CH-2-9 41.1 to 76.6 814.6 (3) 4.3E-06 (3) 1.7E-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 472.8 812.6 - - - -

CH-2-2 0.0 to 157.1 804.6 - - - -

CH-2-2 161.1 to 196.6 901.0 (3) 8.4E-08 (3) 6.2E-08 - 7.2E-0B

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-06 (4) 2.1E-06 - l.BE-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 - - - ~

(5) CH-2-6 0.0 to 368.1 806.5 - - - -

(5) CH-2-6 372.1 to 407.6 876.0 (3) 1.6E-07 (3) 9.6E-07 - 3.9E-07

(5) CH-2-6 411.6 to 472.8 757.6 - - - "*

(5)(6) CH-2-B 0.0 to 417.1 993.1 - - - -

(5)(6) CH-2-8 421.1 to 456.6 (5) (3) 3.1E-06 (5) - 3.1E-06

(5X6) CH-2-B 460.6 to 472.8 927.6 - - - -

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

(2) THE UPPER TRANSDUCER HAS NOT IN OPERATION DURING TEST NUMBER CH-2-9.
(3) CALCULATED USING HORNER METHOD FOR SHUT IN PRESSURE BUILD-UP.
(4) CALCULATED AS A RISING HEAD TEST DURIN6 THE FLOH PERIOD.
(5) DURING TESTS CH-2-6 AND CH-2-B THE DOHNHOLE ELECTRICAL EQUIPMENT APPEARED

TO RESPOND SPIRATICALLY. THE TRANSDUCER READIN6S FLUCTUATED THROUGHOUT THE TESTS.
THIS MAY HAVE BEEN AN INDICATION OF BRINE SOLUTION DEEP WITHIN THE CORE HOLE.
CONSEQUENTLY, DATA INTERPRETATION HAS DIFFICULT AND IN SOME CASES NOT POSSIBLE.

(6) TEST NUMBER CH-2-7 HAS NOT COMPLETED DUE TO EQUIPMENT FAILURE.

THE TEST HAS RESTARTED AS TEST NUMBER CH-2-8.
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TABLE 4

CORE HOLE CH-3

SUMMARY OF PACKER TEST RESULTS (1)

863-3386.3

TEST NO. TESTED ZONE

FT. BELOH T.O.C.

(T.O.C.=797.98 FT MSL)

HYDRAULIC HYDRAULIC HYDRAULIC GEOMETRIC MEAN

ESTIMATED CONDUCTIVITY CONDUCTIVITY CONDUCTIVITY HYDRAULIC

STATIC HEAD 1st FLOW PERIOD 2nd FLOH PERIOD PRESSURE SLUG CONDUCTIVITY

(FT MSL) (CH/S) (CH/S) (CH/S) (CH/S)

CH-3-1

CH-3-1

CH-3-1

CH-3-2

CH-3-2

CH-3-2

CH-3-3

CH-3-3

CH-3-3

CH-3-4

CH-3-4

CH-3-4

CH-3-5

CH-3-5

CH-3-5

CH-3-6

CH-3-6

CH-3-6

NOTES:

0.0 to 85.3

89.3 to 124.6

128.6 to 400.6

0.0 to 125.0

129.0 to 164.3

168.3 to 400.6

0.0 to 195.3

199.3 to 234.6

238.6 to 400.6

0.0 to 235.3

239.3 to 274.6

278.6 to 400.6

0.0 to 275.3

279.3 to 314.6

318.6 to 400.6

0.0 to 315.3

319.3 to 354.6

358.6 to 400.6

795.6

797.8

801.0

796.0

1031.0

804.0

791.8

967.5

809.0

791.B

831.0

809.5

795.5

1030.0

809.0

796.2

807.0

806.0

(2) 1.1E-05 (2) 1.4E-05

(3) 2.5E-08 (3) 7.7E-09

(3) 1.4E-07 (3) 2.0E-08

(3) 3.6E-06 (3) 8.4E-07

(3) 1.1E-07 (3) 6.2E-08

(3) 2.3E-05 (4)

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

ROD LEAKAGE OR BOUNDARY EFFECTS.

(2) CALCULATED AS A RISING HEAD TEST DURIN6 THE FLOH PERIOD.

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

(4) ONLY ONE FLOH PERIOD HAS COMPLETED FOR CH-3-6.

1.2E-05

1.4E-08

5.3E-08

1.7E-06

8.3E-08

2.3E-05
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TABLE 5

CORE HOLE CH-4

SUMMARY OF PACKER TEST RESULTS (1)

HYDRAULIC HYDRAULIC HYDRAULIC GEOHETRIC HEAN

TEST NO. TESTED ZONE ESTIMATED CONDUCTIVITY CONDUCTIVITY CONDUCTIVITY HYDRAULIC

FT. BELOH T.O.C. STATIC HEAD 1st FLOH PERIOD 2nd FLOH PERIOD PRESSURE SLUE CONDUCTIVITY

(T.O.C.=796.41 FT MSL) (FT MSL) (CH/S) (CH/S) (CH/S) (CH/S)

CH-4-10 0.0 to 31.6 790.2 - - - -

CH-4-10 35.6 to 71.1 788.2 (2) 1.7E-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 106.6 788.7 (2) 1.2E-05 (2) 1.3E-05 - 1.2E-05

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-4-2 106.1 to 141.6 788.4 (4) 7.4E-05 (4) 6.6E-05 - 7.0E-05

CH-4-2 145.6 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) 6.5E-08 (4) 7.2E-08 - 6.8E-08

CH-4-3 180.6 to 380.6 791.9 - - - -

CH-4-9 0.0 to 172.1 798.4 - - - -

CH-4-9 176.1 to 211.6 1042.5 (4) 5.9E-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) 1.5E-07 - 1.7E-07

CH-4-4 250.6 to 380.6 789.6 - - - -

CH-4-5 0.0 to 256.6 800.5 - - - -

CH-4-5 260.6 to 296.1 851.5 (4) 1.3E-08 (4) 1.4E-08 - 1.3E-0B

CH-4-5 300.1 to 380.6 789.0 - - - -

CH-4-B 0.0 to 266.1 802.1 - - - -

CH-4-8 270.1 to 305.6 1050.0 (4) 6.1E-09 (4) 1.2E-08 - 8.6E-09

CH-4-B 309.6 to 380.6 783.0 - - - -

CH-4-6 0.0 to 306.6 803.9 - - - -

CH-4-6 310.6 to 346.1 771.5 (4) 4.4E-07 (4) 7.1E-07 - 5.6E-07

CH-4-6 350.1 to 380.6 788.0 - - (3) 2.5E-09 2.5E-09

CH-4-7 0.0 to 328.1 805.2 - - - -

CH-4-7 332.1 to 367.6 754.0 (4) 3.1E-07 (4) 6.3E-06 - 1.4E-06

CH-4-7 371.6 to 380.6 785.0 - - (3) 3.0E-09 3.0E-09

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

(2) CALCULATED AS A RISING HEAD TEST DURING THE FLOH PERIOD.

(3) CALCULATED USING BREDEHOEFT « PAPADOPULOS METHOD FOR PRESSURE SLU6 DECAY.

(4) CALCULATED USIN6 HORNER METHOD FOR SHUT IN PRESSURE BUILD-UP.



AUGUST 1987

38

TABLE 6

CORE HOLE CH-5

SUMMARY OF PACKER TEST RESULTS (1)

B63-3386.

TEST NO. TESTED ZONE

FT. BELOH T.O.C.

(T.0.C.=801.42 FT MSL)

HYDRAULIC HYDRAULIC HYDRAULIC GEOMETRIC HEAN

ESTIHATED CONDUCTIVITY CONDUCTIVITY CONDUCTIVITY HYDRAULIC

STATIC HEAD 1st FLOH PERIOD 2nd FLOH PERIOD PRESSURE SLUG CONDUCTIVITY

(FT MSL) (CH/S) (CH/S) (CH/S) (CH/S)

CH-5-8 (2)

CH-5-B (2)

CH-5-8 (2)

CH-5-1

CH-5-1

CH-5-1

CH-5-2

CH-5-2

CH-5-2

CH-5-

CH-5-

CH-5-

CH-5-4

CH-5-4

CH-5-4

CH-5-5

CH-5-5

CH-5-5

CH-5-6

CH-5-6

CH-5-6

CH-5-7

CH-5-7

CH-5-7

NOTES:

0.0 to 45.3

49.3 to 84.6

88.6 to 446.4

0.0 to 115.3

119.3 to 154.6

158.6 to 446.4

0.0 to 175.0

179.0 to 214.3

218.3 to 446.4

0.0 to 215.3

219.3 to 254.7

258.7 to 446.4

0.0 to 265.4

269.4 to 304.7

308.7 to 446.4

0.0 to 295.1

299.1 to 334.4

338.4 to 446.4

0.0 to 325.0

329.0 to 364.4

368.4 to 446.4

0.0 to 385.0

389.0 to 424.4

426.4 to 446.4

782.5 - - -

873.0 (3) 5.0E-08 (3) 7.9E-09 -

780.0 - - -

785.0 - - .

790.0 (3) 1.4E-08 (3) 1.3E-07 -

787.0 - - (4) 5.BE-09

778.0 - - -

770.0 (3) 2.4E-07 (3) 5.5E-08 -

822.0 - - -

781.0 - - -

980.0 4.5E-07 1.3E-07 -

812.0 - - -

771.0 - - -

941.2 (3) 2.7E-07 (3) 1.4E-07 -

812.0 - - -

760.0 - - -

920.0 (3) 3.3E-08 (3) 8.5E-09 -

754.0 - - -

780.0 - - -

890.0 (3) 1.4E-07 (3) 4.2E-08 -

(5) - - -

(1) THESE RESULTS DO NOT INCLUDE ANALYSIS OF HELLBORE STORAGE OR SKIN EFFECTS,
ROD LEAKA6E OR BOUNDARY EFFECTS.

(2) CH-5-B COULD NOT BE COMPLETED BECAUSE THE HATER LEVEL IN THE BORE HOLE HAS AT OR BELOH

THE LEVEL OF THE TRANSDUCERS. THE HATER LEVEL HAD NOT RECOVERED TO STATIC CONDITIONS

FROM PREVIOUS TESTIN6.

(3) CALCULATED USIN6 HORNER METHOD FOR SHUT IN PRESSURE BUILD-UP.

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

(5) THE LOHER TRANSDUCER HAS NOT IN OPERATION DURING THE CH-5-7 TEST THERFORE THE STATIC

COULD NOT BE ESTIHATED FOR THIS ZONE.

2.0E-08

4.3E-08

5.8E-09

.1E-07

2.4E-07

1.9E-07

1.7E-08

7.7E-08
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TABLE 7

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

863-3386.3

Test

Number

Static Head

Estimate After

30 Mins. (Ft. MSL)
(P30)

Static Head

Estimate After

90 Mins. (Ft. MSL)
(P90)

Static Head

Estimate After

12 Hrs. (Ft. MSL)
(P12)

Difference

P12 to P30

X

Difference

P12 to P90

X 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 GO

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; final head Is 835 Ft. MSL, but boundaries are Influential.

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

Golder Associate*
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APPENDIX B

ARITHMETIC PLOTS OF

TRANSDUCER READINGS
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