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ABSTRACT

WIPP Salado Hydrology Program Data Report #3 presents hydrologic data collected during permeability
testing, coupled permeability and hydrofracture testing, and gas-threshold-pressure testing of the Salado
Formation performed from November 1991 through October 1995. Fluid-pressure monitoring data
representing August 1989 through May 1995 are also included. The report presents data from the drilling and
testing of three boreholes associated with the permeability testing program, nine boreholes associated with
the coupled permeability and hydrofracture testing program, and three boreholes associated with the gas-
threshold-pressure testing program. The purpose of the permeability testing program was to provide data with
which to interpret the disturbed and undisturbed permeability and pore pressure characteristics of the different
Salado Formation lithologies. The purpose of the coupled permeability and hydrofracture testing program was
to provide data with which to characterize the occurrence, propagation, and direction of pressure induced
fractures in the Salado Formation lithologies, especially MB138. The purpose of the gas-threshold-pressure
testing program was to provide data with which to characterize the conditions under which pressurized gas
displaces fluid in the brine-saturated Salado Formation lithologies. All of the holes were drilled from the WIPP
underground facility 655 m below ground surface in the Salado Formation. All testing was conducted using
multipacker test tools with infiatable packers to allow formation pore-pressure buildup and subsequent test
events to be carried out in isolated intervals. The testing sequences performed or monitored in boreholes
C1H05, C1H06, C1H07, C1X05, C1X086, C1X10, C2H01, C2H02, DPD02, DPDO03, L4P51, L4P52, SCPO1,
and S1P74 involved Marker Beds 138, 139, 140, a clean halite above Marker Bed 140, and an argillaceous
halite approximately 10 m below Marker Bed 140. Test data include pressures and temperatures from the
brine-filled, packer-isolated test intervals, fiuid production during constant-pressure-flow tests, nitrogen-
injection rates during gas-threshold-pressure tests, and borehole-closure and axial test-tool movement
measurements. The boreholes associated with the permeability and gas-threshold-pressure testing programs
were drilled and/or cored to a nominal 4-inch (10.2-cm) diameter using compressed air or brine circulation to
remove drill cuttings. The two test boreholes associated with the coupled permeability and hydrofracture
testing program were drilled and/or cored to a nominal 3-inch (7.62-cm) diameter using similar drilling
techniques. The observation boreholes associated with the coupled permeability and hydrofracture testing
program were similar to those associated with the permeability and gas-threshold-pressure testing programs.
Compliance tests were conducted on the test tools in sections of stainless-steel casing to evaluate the
mechanical performance and behavior of the tools. Compliance testing sequences include leak tests and
zone compressibility tests (zone compressibility test were sometimes conducted within a test borehole.
Following permeability and/or gas-threshold-pressure testing, fluid pressures were monitored in packer-
isolated sections of test boreholes C2H01, C2H02, DPD01, DPD02, DPDO03, L4P52, SCP01, S1P71, and
S1P72. This was done in an effort to quantify the relationship between proximity to an excavation and
change in formation pore pressure as a function of time.



EXECUTIVE SUMMARY

WIPP Salado Hydrology Program Data Report #3 contains data collected during the drilling
and permeability testing of boreholes L4P51, L4P52, and S1P74, the drilling and coupled
permeability and hydrofracture testing of boreholes C1H05, C1H06, C1H07, C1XO05,
C1X06, C1X10, C2H01, DPD02, and DPD03, and the drilling and gas-threshold-pressure
testing of boreholes C2H02, L4P52, and SCP01. All of the test boreholes were drilled with
4.0-inch (10.2-cm) core and drill bits using compressed air or circulated brine to remove
drill cuttings, except for the hydrofracture test boreholes C1X05 and C1X10, which were
drilled with 3.0-inch (7.62-cm) core and drill bits using similar techniques. Descriptions of
the recovered core samples are presented in Appendix A.

Permeability tests were designed to meet three objectives: 1) to provide technically
defensible data with which to interpret the permeability characteristics of the different
lithologies of the Salado Formation that could contribute to fiuid flow to and/or from the
WIPP underground facility; 2) to delineate, if possible, the extent of hydrogeologic
disturbance in the Salado Formation around the WIPP underground facility; and 3) to
provide estimates of the formation pore pressure of the Salado Formation near the WIPP
underground facility, and where possible, establish a pore-pressure profile from the surface
of the excavation to undisturbed far-field conditions in the formation. Permeability testing
boreholes were drilled in Room L4 and Waste Panel 1, Room 7. Borehole L4P51 was
deepened from 10.06 to 22.35 m vertically downward from the floor in Room L4 to test
Marker Bed (MB) 140 during permeability-testing sequence L4P51-C1 and to test the halite
above MB140 during permeability-testing sequence L4P51-C2. Borehole L4P51 was later
deepened to a total depth of 30.45 m to allow testing of an argillaceous halite from 29.62
to 30.40 m below the room floor during permeability-testing sequences L4P51-D1 and
L4P51-D2. Borehole L4P52 was deepened from 5.56 to 14.18 m at an upward angle of

40° from vertical from near the top of the west rib of Room L4 to test MB138 during
permeability-testing sequence L4P52-B. Borehole S1P74 was drilled at an upward angle
of 40° from vertical from near the top of the east rib of Waste Panel 1, Room 7 to a depth
of 7.69 m to test anhydrite "a" during permeability-testing sequence S1P74-A. Borehole
S1P74 was later deepened to a total depth of 16.88 m to test MB138 and the argillaceous
halite below MB138 during permeability-testing sequence S1P74-B.

Permeability testing was performed using multipacker test tools to isolate brine-filled
sections of the boreholes for pressure buildup/falloff, pulse-withdrawal, and constant-
pressure-flow testing. The test tools utilized two or three 3.75-inch-(9.53-cm) diameter
packers with 92-cm-(36.22-inch) long elements to isolate single or multiple test zones and
guard zones of various lengths. Multiple isolated zones are useful for decreasing the
pressure gradient across a packer, thereby decreasing the possibility for pressure bypass
around a packer and also for detecting pressure bypass if it does occur. The principal test
zones were the bottom-hole zones, although testing was also performed in selected middie
zones that contained horizons of hydrologic interest.

The permeability test tools were equipped with pressure transducers to monitor fiuid
pressure in the zones and the inflation pressure of each of the packers. In some cases,



thermocouple were used to monitor temperatures in the zones. Also, in some cases, the
test tools were equipped with three radially oriented linear variable-differential transformers
(LVDTs) to measure borehole closure, and an axially oriented LVDT to monitor test-tool
movement in response to pressure changes' in the isolated intervals as well as in the
packers. A differential-pressure-transmitter (DPT) panel was used to measure brine
production during zone compressibility tests and constant-pressure-flow tests. Calibration
data for the pressure transducers, LVDTs, and DPT panel columns are stored in the
Sandia WIPP Central Records File (SWCF) under WPO #42269.

In most permeability-testing sequences, pulse-withdrawal tests and constant-pressure-flow
tests were performed after fluid pressures in the zones to be tested had built up to
relatively stable levels. Pulse-withdrawal tests were used because of the low permeability
of the Salado Formation as indicated by other testing at the WIPP site (Beauheim et al.,
1991). Pulse-withdrawal tests were performed in preference to pulse-injection tests to
avoid potential hydrofracturing of the formation, which could occur if a pulse-injection were
to exceed the formation's lithostatic pressure. Pulse-withdrawal tests were typically
repeated to provide an indication of the reproducibility of the test results. In some cases,
pulse injections were performed in order to increase the fluid pressure in isolated intervals
in which little or no fluid-pressure responses were observed after shut in. Constant-
pressure-flow tests were performed in order to obtain brine-production information and
data to allow for the evaluation of the formation's hydraulic properties. Permeability-testing
results are presented in sequence plots of the parameters monitored versus time in
Section 3.6.

Pulse-withdrawal and constant-pressure-flow tests were conducted in the isolated guard
zone containing the halite above MB140 in borehole L4P51 during permeability testing
sequence L4P51-C1. Several constant-pressure-withdrawal tests were conducted in the
isolated test zone containing MB140 during the same testing sequence. Pulse-withdrawal
tests, constant-pressure-injection tests, and constant-pressure-withdrawal tests were
conducted in the isolated test zone containing the halite above MB140 in borehole L4P51
during permeability testing sequence L4P51-C2. In borehole L4P52, both constant-
pressure-injection tests and constant-pressure-withdrawal tests were conducted in the
isolated test zone containing MB138 during permeability-testing sequence L4P52-B.

A pulse-withdrawal test and a constant-pressure-withdrawal test were conducted in the
isolated test zone containing anhydrite "a" in borehole S1P74 during permeability-testing
sequence S1P74-A. Pulse-withdrawal tests were conducted in both the isolated test
intervals containing MB138 and the argillaceous halite below MB138 (AH-1) in borehole
S1P74 during permeability-testing sequence S1P74-B.

Unsuccessful attempts were made to perform permeability tests in the isolated test zone
containing the argillaceous halite below MB140 in borehole L4P51 during permeability-
testing sequence L4P51-D1. Testing was suspended for permeability-testing sequence
L4P51-D1 when the test tool was determined to be unreliable. Pressure monitoring only
was performed with tool configuration L4P51-D2. The following table notes the hydrologic
units monitored in the test and guard zone intervals for the respective permeability-testing
seguences.



Summary of Hydrologic Units Tested During the Permeability Testing Program

PERMEABILITY TEST ZONE 1 TEST ZONE 2 GUARD ZONE
TESTING SEQUENCE
L4P51-C1 Marker Bed 140 N/A halite
L4P51-C2 Marker Bed 140 halite halite
L4P51-D1 argillaceous halite Marker Bed 140
L4P51-D2 argillaceous halite N/A N/A
L4P52-B Marker Bed 138 N/A halite, clay J,
argillaceous halite

S1P74-A anhydrite "a" N/A halite, '?brlhydrite
S1P74-B Marker Bed 138 argillaceous halite N/A

The hydraulic fracturing program was designed to meet six objectives: 1) to determine the
fluid pressures at which fracturing will occur in anhydrite interbeds, especially MB139, both
in a potentially disturbed state and in its undisturbed state; 2) to determine whether
fracturing would take place by the opening and interconnection of preexisting, partially
healed fractures of by the formation of new fractures; 3) to determine at what induced
pressure (liquid or gas) fracturing might be sustained; 4) to determine if fracturing in MB139
involved the development of new fractures, would the fracturing be confined to the
anhydrite interbed, or would newly created fractured extend across the MB139 contacts;
9) to determine if the total stress state (matrix stress plus pore pressure) in MB139 and
MB140 is isotropic or not, and can near-field stress measurements around excavations be
used to infer the undisturbed state of stress in the interbeds; and 6) to determine the
magnitude of the smallest principal stress in anhydrite interbeds, if the stress state is
anisotropic. Complementary pre- and post-fracture hydrological measurements were
intended to meet three objective: 1) to provide reliable values of formation (pore) fluid
pressure; 2) to provide permeability values of the interbeds before and after hydraulic
fracturing; and 3) to provide a comparison of permeability measurements in MB139
relatively near existing excavations with equivalent data in MB140, which was expected to
be essentially undisturbed. Coupled permeability and hydrofracture testing and
observation boreholes were drilled in Room C1. Boreholes in Room C2 and in the North
1420 drift were also monitored. Borehole C1X10 was drilled vertically downward from the
floor of Room C1 to a total depth of 10.16 m to test MB139 and clay E during testing
sequence C1X10. Testing sequence C1X10 had five associated observation boreholes,
all completed to allow monitoring of MB139 and clay E: C1H05, C1H06, C2HO01, DPDO02,
and DPDO03. Borehole C1HO5 was drilled vertically downward from the floor of Room C1
to a total depth of 8.26 m. Borehole C1H06 was drilled downward, 30° from vertical, to a
depth of 9.40 m at the intersection of the floor and the north rib of the North 1420 drift west
of Room C1. Borehole C2HO01 was drilled vertically downward into the floor of Room C2



to a total depth of 8.97 m. Boreholes DPD02, and DPDO03 are located at the junction of the
north rib and the floor of the North 1420 drift positioned between Room C1 and Room D.
Borehole DPD02 was drilled downward, 46.8° from vertical to a total depth of 13.11 m.
Borehole DPDO03 was drilled downward, 45.8° from vertical to a total depth of 13.11 m.

Borehole C1X05 was drilled vertically downward from the floor of Room C1 to a depth of
9.14 m to test MB139 and clay E during coupled permeability and hydrofracture-testing

sequence C1X05-A. Testing sequence C1X05-A had six associated observation
boreholes: C1H05, C1H06, C1H07, C1X06, C1X10, and C2HO1. The configurations of
boreholes C1H05, C1H06, C1X10, and C2H01 have already been described. Boreholes
C1HO07 and C1X06 were drilled vertically downward from the floor.of Room C1 to depths
of 8.18 m and 7.63 m, respectively.

Borehole C1X05 was deepened vertically downward to a total depth of 30.20 m to test
MB140 during coupled permeability and hydrofracture testing sequence C1X05-B. Testing
sequence C1X05-B had two associated observation boreholes completed to MB140:
C1HO07 and C1X06. C1HO7 and C1X06 were deepened vertically downward to total depths
of 27.88 m and 27.99 m from the floor of Room C1 respectively.

Hydraulic fracturing of the Salado Formation was conducted at three locations within Room
C1. Section 4.3 gives a detailed description of the actual hydrofracture process. Pre-and
post-hydrofracture permeability testing were performed in each of the testing sequences
using multipacker test toois to isolate the individual sections of the test boreholes for
pressure-buildup/falloff, pulse-withdrawal, and constant-pressure-flow testing. The test
tools utilized two or three 2-5/8-inch-(6.67-cm) diameter packers with 40-inch-(102-cm)
long elements to isolate test and guard zones of various lengths. Pressure responses to
hydrofracture events were also monitored in nearby boreholes during all three of the
hydrofracture events. Single- and triple-packer test tools as described in Section 4.3 were
used to monitor pressure, temperature, borehole ciosure, test-tool movement, and fluid
production in the observation boreholes. The hydrofracture test and monitor tools were
equipped similar to the permeability-testing tools.

In all of the coupled permeability and hydrofracture testing sequences, typical permeability
tests (as described previously) were conducted both prior to and after hydraulic fracturing
of the formation. By proceeding along these lines, the pre-fracture and post-fracture
formation parameters could be characterized. Coupled permeability and hydrofracture
testing results are presented in sequence plots of the parameters monitored versus time
in Section 4.6.

In borehole C1X10, constant-pressure-injection tests and constant-pressure-withdrawal
tests were conducted in the isolated test zone containing MB139 during testing sequence
C1X10. Both pre- and post-fracture tests were conducted during this testing sequence.
In borehole C1X05, constant-pressure-injection tests and constant-pressure-withdrawal
tests were conducted in the isolated test zone containing MB139 during testing sequence
C1X05-A. Both pre- and post-fracture tests were conducted during this testing sequence
as well. In borehole C1X05, constant-pressure-injection tests, constant-pressure-
withdrawal tests, and a pulse-withdrawal test were conducted in the test zone isolating a




portion of MB140 during testing sequence C1X05-B. Both pre- and post-fracture constant-
pressure flow tests were conducted during this testing sequence and a pulse-withdrawal
test was conducted post-fracture. The following table notes the hydrologic units monitored
and the test-zone intervals for the coupled permeability and hydrofracture-testing
sequences.

Summary of Hydrologic Units Tested During the Hydrofracture Testing Program

HYDROFRACTURE TESTING TEST ZONE 1 TEST ZONE 2
SEQUENCE :
C1X10 Marker Bed 139 ’ N/A
C1X05-A Marker Bed 139 N/A
C1X05-B Marker Bed 140 Marker Bed 140

The gas-threshold-pressure testing (GTPT) program was designed to meet five objectives:
1) to provide information about the far-field gas-threshold pressure in the Salado Formation
anhydrite interbeds, particularly MB139 and MB140; 2) to determine, if possible, the far-
field gas-threshold pressure in both argillaceous and pure halite beds of the Salado
Formation; 3) to determine if the gas-threshold pressure varies with distance from the
excavation in the WIPP underground facility; 4) to determine if the gas-threshold pressure
is related to formation permeability; and 5) to determine if there will be sustained gas flow
into the formation after gas-threshold pressure is reached, and at what rate pressure will
the gas flow. GTPT was performed in boreholes previously drilled in Room C2, Room L4,
and in the Core Storage Library. Borehole C2H02 was drilled at the intersection of the
west rib and floor of Room C2 downward, 45° from vertical to a total depth of 10.91 m and
allowed testing of MB139 and clay E during testing sequence C2H02. Borehole SCP01
was drilled downward, 77° from vertical on the south rib of the Core Storage Library to a
total depth of 15.39 m allowing testing of MB139 and clay E during testing sequences
SCPO01-1 and SCP01-2. The configuration of borehole L4P52-B has already been
described.

GTPT was performed using three different types of multipacker test tools to isolate gas-
filled sections of the boreholes. A detailed description of the three different types of
multipacker test-tools used in the GTPT program is given in Section 5.3. All of the GTPTs
were performed in the bottom-hole zones of the respective boreholes. The GTPT tools
were equipped similar to the permeability-testing tools.

In GTPT sequences, the isolated test zone was allowed to reach stabilization pressure
under typical permeability-testing conditions (brine-filled zones) at which point the brine
was exchanged with gas (nitrogen) in preparation for the GTPT. Upon successful
completion of the gas/brine exchange, additional gas was introduced into the isolated test
zone at a constant rate, thereby increasing the test-zone pressure. When it was
determined that the gas threshold pressure had been reached, gas injection was
terminated and the test-zone pressure was allowed to decay continuously or by imposing
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step decreases by withdrawing a volume of the gas from the test zone. GTPT results are
presented in sequence plots of the parameters monitored versus time in Section 5.6.

Constant-rate-injection, and pulse-withdrawal tests were conducted in the isolated test
zone containing MB139 and clay E in borehole C2H02 during GTPT sequence C2H02.
Also, a pulse-withdrawal test was conducted in the isolated test zone containing the halite
above MB139 in borehole C2H02 during this same GTPT sequence. In borehole L4P52,
constant-rate-injection and pulse-withdrawal tests were conducted in the isolated test zone
containing MB138 during GTPT sequence L4P52-B. In borehole SCPO1, only constant-
rate-injection tests were conducted in the isolated test zone containing MB139 and clay E
during GTPT sequence SCP01-2.

Unsuccessful attempts were made to perform GTPTs in the isolated test zone including
MB139 and clay E in borehole SCP01 during GTPT sequence SCP01-1. Testing was
suspended when it was determined that the test-zone packer was not properly sealed and
the test-zone pressure was bypassing the test-zone packer. The following table notes the
hydrologic units monitored and the test and guard zone intervals for the respective GTPT
sequences:

Summary of Hydrologic Units Tested During the Gas Threshold-Pressure Testing

Program
GTPT SEQUENCE TEST ZONE GUARD ZONE
SCPO01-1 Marker Bed 139, clay E polyhalitic halite 4
C2H02 Marker Bed 139, clay E polyhalitic halite 4
L4P52-B Marker Bed 138 halite, clay J, argillaceous
halite
SCP01-2 Marker Bed 139, clay E polyhalitic halite 4

In most cases, compliance testing of the multipacker test tools was performed before each
testing sequence in order to achieve the following three objectives: 1) to characterize test-
tool performance, 2) to identify the responses due to test-tool movement, and 3) to identify
changes in the size and shape of the elastic packer elements caused by changes in packer
and zone pressures. During a typical compliance testing sequence, the multipacker test
tool was installed in a sealed chamber and pressure checked to ensure that the tool's
components were not leaking. Constant-pressure injection and withdrawal tests were
performed in the isolated intervals in the chamber in order to determine zone
compressibility (in some cases zone compressibility tests were performed in test
boreholes). The responses of the pressure transducers, thermocouple, LVDTs, and DPTs
were monitored over the entire duration of the testing sequence in order to determine the
test-tool behavior. Compliance testing results are presented in Section 6.
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The fluid-pressure monitoring program was designed to meet two objectives: 1) to
determine if pore pressures in the various Salado Formation interbeds change as a
function of time due to the underground excavation; and 2) to determine the relationship
between proximity to an excavation and change in formation pore pressure as a function
of time. As part of the fluid-pressure monitoring program, fluid-pressure data obtained
during the various testing programs were supplemented with data collected from packer-
isolated intervals of test boreholes C2H01, C2H02, DPD01, DPDO02, DPDO03, L4P52,
SCPO01, S1P71, and S1P72. Borehole DPD01 is located at the junction of the north rib and
the floor of the North 1420 drift positioned between Room C1 and Room D. Borehole
DPDO01 was drilled downward, 49.9° from vertical to a total depth of 12.34 m to test MB139
and clay E. Borehole S1P71 was drilled vertically downward to a depth of 4.55 m and
deepened to a total depth of 10.15 m from the floor of Waste Panel 1, Room 7 to test
anhydrite "c" and clay B. Borehole S1P72 was drilled downward, 58° from vertical to a total
depth of 6.05 m to test MB139 and clay E. The configurations and locations of boreholes
C2H01, C2H02, DPD02, DPDO03, L4P52, and SCP01 have aiready been described. The
following table notes the hydrologic units monitored during the fluid-pressure monitoring.

Summary of Hydrologic Units Monitored During the Fluid-Pressure Monitoring

Program
FLUID-PRESSURE MONITORING TEST ZONE
BOREHOLE

C2HO01 Marker Bed 139, clay E
C2H02 Marker Bed 139, clay E
DPDO1 Marker Bed 139, clay E
DPD02 Marker Bed 139, clay E
DPDO03 Marker Bed 139, clay E
L4P52 Marker Bed 138
SCPO1 Marker Bed 139, clay E
S1P71 anhydrite "c"
S1P72 Marker Bed 139, clay E

Data from the fluid-pressure monitoring are shown graphically in Section 7.
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1. INTRODUCTION

WIPP Salado Hydrology Program Data Report #3 is the third and final in a series of reports
that make available hydrologic data collected during drilling, permeability testing, coupled
permeability and hydrofracture testing, gas-threshold-pressure testing (GTPT), and fluid-
pressure monitoring in the Salado Formation at the Waste Isolation Pilot Plant (WIPP) site
near Carlsbad, New Mexico. The data presented in this report were collected between
November 1991 and October 1995. The purpose of this series of reports is to disseminate
basic hydrologic data to interested parties in a timely manner, often before data
interpretation. The underground testing described in this report was carried out by INTERA
Inc. under the direction of the Geohydrology Department of Sandia National Laboratories,
Albuquerque, New Mexico.

This report presents data from the drilling and testing of fourteen boreholes drilled from the
WIPP underground facility in the Salado Formation 655 m below ground surface (Figure
1-1). The boreholes were in the experimental, operations, and waste-storage areas of the
underground facility. The boreholes are oriented vertically downward, angled downward,
and angled upward. The data presented include the pressures and temperatures in brine-
filled, packer-isolated test intervals, fluid production during constant-pressure-flow tests,
nitrogen-injection rates during gas-threshold-pressure testing, and borehole-closure and
test-tool movement measurements collected during pressure-buildup/falloff periods and
in response to pressure-pulse and constant-pressure-flow tests. The report also contains
fluid-pressure monitoring data from packer-isolated intervals of selected boreholes
encompassing the time period from August 1989 to May 1995.

This report is written using standard Sl units and abbreviations with the following
exceptions. For convenience, liter, abbreviated L, is used instead of 0.001 m*. When
certain equipment has been manufactured using materials specified in inch-pound units
(such as standard tubular supplies), or the equipment is rated in inch-pound units (such

as pressure equipment), the inch-pound units are used, followed by the S| equivalent in
parentheses.

Information and data contained in this report is kept on file in electronic form in the Sandia
WIPP Central File (SWCF) under WPO #42269. Persons interested in obtaining this
information should make inquiries to the SWCF of Sandia National Laboratories.

NOTE: The use of brand names in this report is for identification purposes only and does

not imply any endorsement of specific products by Sandia National Laboratories or
INTERA Inc.
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Figure 1.1 Location of WIPP Site and associated access shafts.
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2. THE WIPP UNDERGROUND FACILITY

) 2.1 Construction

Figure 2-1 diagrammatically illustrates the WIPP underground facility as it exists at the time
of this report. The facility is being constructed in the Salado Formation approximately 655
m below ground surface. The Salado Formation is a bedded-evaporite sequence
consisting primarily of bedded halite with associated interbeds composed principally of
anhydrite, polyhalite, clay, and siltstone. As shown in Figure 1-1, the underground facility
is accessed by four vertical shafts.

The underground rooms and drifts of the WIPP facility were excavated by continuous-
mining techniques. Blasting techniques were not employed in the WIPP underground
facility. The drifts in the underground excavations are numbered according to their north-
south or east-west distance in feet from the salt-handling (SH) shaft. These designations
are used to identify locations such as the East 140 drift. Figures 2-2a and 2-2b show the
geometry of typical rooms in the northern experimental area and in the southern waste-
storage area, and the generalized local stratigraphy of the Salado Formation. The figure
shows that the floors of the simulated waste experimental rooms are stratigraphically
approximately 1.8 m above the backs of the rooms in the waste-storage area. Bechtel
(1986) provides construction details for the WIPP underground facility and the locations
of geomechanical instrumentation stations in both the experimental and waste-storage
areas.

2.2 Stratigraphy

Figures 2-2a and 2-2b illustrate the typical stratigraphic sequence encountered in the
Salado Formation near the WIPP underground facility and shows that the Salado contains
evaporite-mineral and clay-rich interbeds above and below the repository level. Figures
2.2a and 2-2b also indicate the named clay units and anhydrite interbeds and shows map-
unit designations according to terminology presented in Bechtel (1986) and Deal et al.
(1989). Anhydrite marker beds and their associated clay seams, as well as other clay
seams, are of particular interest to the testing programs. These stratigraphic interbeds are
often the loci for stress-relief fractures and salt efflorescences noted in 10- to 90-cm-
diameter boreholes drilled from the drifts and rooms in the underground facility (Bechtel,
1986).

During this reporting period, the anhydrite interbeds "a", "b", Marker Bed (MB) 138, MB139,
MB140, the halite approximately 1 m above MB140, and an argillaceous halite
approximately 10 m below MB140 were tested under the permeability-testing program, the
anhydrite interbeds MB139 and MB140 were tested under the coupled permeability and
hydrofracture testing program, and the anhydrite interbeds MB138 and MB139 were tested
under the gas-threshold-pressure testing (GTPT) program. Also, the anhydrite interbeds
"c" MB138, and MB139 were monitored under the long-term fluid-pressure monitoring
program.

2-1



C1HO6 C1HO7
C1HOS C1X05
ROOM L4 N.1420 ORIFT CiX10 C1X06

_ L4PS51 § .
COMPLIA DPDO2
BOREHOLE 4 I:H]‘[ﬂi]: \ \/é DPDO3
v
EXPERIMENTAL = ——= U . ¢
AREA ; o ENP10} COMPLIANCE Roou c2
ROOM G / BOREHOLE

N.1100 DRIFT 4 E.140 DRIFT

E.0 DRIFT ———ed
AIR- SALT~HANDLING SHAFT
INTAKE
SHAFT

WASTE=-HANDLING SHAFT
OPERATIONS
AREA
—_ EXHAUST SHAFT
ROOM Q
CORE-

= —Z—=

DIBRARY E.300 DRIFT
TYPICAL ROOM UBRARY .
DIMENSIONS L L
10m W. x 4m H. x 91m L. S.1300 ORIFT

\ \ S.1600 DRIFT
~ S1P71
W.170 omn-\ s1e71
/ S1P74

WASTE PANEL #8

WASTE PANEL f1
_[ " NUs.1950 ORIFT ROOM 7

20X SARERS P Toreel DT TeTerens

WASTE PANEL #7

WASTE-STORAGE
AREA e — - .

WASTE PANEL #6

1390.6020°0
OO

WASTE PANEL #2

1207000000000

WASTE PANEL #3

R

WASTE PANEL #5

>

-
R,

WASTE PANEL #4

PLANNED EXCAVATION @ LOCATIONS OF TEST BOREHOLES
EXISTING EXCAVATION

O LOCATIONS OF SHAFTS
I I°  BULKHEADS

INTERA-6115~2-0

Figure 2-1. Map of the WIPP Site underground facility and test and observation borehole
locations.

2-2



SALADO FORMATION LITHOLOGY
AP

o |uniTs DISTANCES FROM 14 3¢
H=6 CLEAR 7O REDDISH—ORANGE HAUTE, TRACE POLYMALITE. CLAY G (METERS) :
9.17
S S N, SR R g Y o sove I 80 BEN RN W NS NN 896
i ] ittt ity e ARGILLACEOUS HALSTE, BROWN TO GRAY CLAY UP TO SX.7_—_—_ —_—_~ 35T ok ]
I I T 7.62
H-5 CLEAR COARSELY CRYSTALLINE HALITE.
- = - 7.01
3 it — = — — CLAY 4, OR ARGILLACEOUS HALITE, OR 1.25cm REDDISH-BROWN CLAY SEAM, AND SCATTERED CLAY BREAKS. — — — =
15 CLEAR TO GRAYISH ORANGE—PINK RAUTE, TRACE OF DISPERSED 6.40
POLYHALITE AND INTERCRYSTALLINE CLAY.
- 5.09
14 f
— e — e — - Y--—F--t482
CLEAR TO GRAYISH ORANGE=PINK HALITE, TRACE
POLYHALITE AND DISCONTINUOUS CLAY STRINGERS.
13 GRAY CLAY SEAM
CLEAR TO MODERATE REDDISH-BROWN HALITE, oL

TRACE TO SOME POLYHALITE AND TRACE OF CLAY.

——_—f—_———_—————— — ] — — — —13.51

CLEAR TO MODERATE REDDISH-BROWN HALITE,
TRACE TO SOME POLYHALITE, ANHYDRITE

12| SIRINGERS NEAR BOTTOM OF UNI. TYPICAL 5.5-m HIGH
SIMULATED-WASTE
S TS EXPERIMENTAL ROOM SN
A AN M AT ETNNN Y 229

10| CLEAR TO MODERATE REDDISH-BROWN HALTE, TRACE
0 SOME POLYHALITE AND DISCONTINUOUS CLAY STRINGERS.

e T - 1.68
CLEAR TO GRAYISH ORANGE~-PINK HAUITE.
9
ANHYDRITE'S" UNDERLAIN BY CLAY G 1
S~ HE AN AN S NN 0.06
Ay 0.00
CLEAR TO MODERATE REODISH~BROWN TO MEDM )
7 | GRAY HALITE, TRACE POLYHAUITE AND SOME CLAY
STRINGERS
|y e —_—— - ——— — — — — — =07
6 CLEAR TO REDDISH—ORANGE HALTE, TRACE POLYHALITE.
—
e N——4-213
5 | CLEAR HALE TRACE ARGILLACEOUS
MATERIAL.
A F—— — —_—— — — — — L —1-2.74
CLEAR TO REDDISH—-BROWN ARGILLACEOUS
4 | AAUTE wWimH DISCONTINUOUS CLAY PARTINGS
IN UPPER HALF.
e — 1 TYPICAL 4.0-m HIGH L 1347
CLEAR TO REDDISH—ORANGE HALITE, WASTE-STORAGE TOP OF
3 | TRACE POLYHAUTE. ROOM 0W67
2 BAND. —4.18
— ; 427
X REDDISH—-ORANGE HALITE.TRACE —4.42
POLYHAUTE.
REDDISH~BROWN TO BLUISH-GRAY
ARGILLACEOUS HAUTE. 3
’ .
J
n CLEAR TO REDDISH—ORANGE AND REDDISH-BROWN HALITE, ARGILLACEOUS iN UPPER PART, TRACE POLYHALITE. 1
I P IR R e -6.71

CONTINUED

INTERA-6115-3-0

Figure 2-2a. Detailed lithology of the Salado Formation and typical positions of WIPP
underground rooms.
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Figure 2-2b. Detailed lithology of the Salado Formation and typical positions of WIPP

underground rooms (continued).
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3. PERMEABILITY TESTING PROGRAM

The permeability-testing program for the WIPP underground facility was designed to
provide data on the permeability and formation pore pressure of the Salado Formation.
These data are required for estimating brine flow into and away from the repository, a
factor that will affect the saturation state and pressurization of the sealed waste panels
after closure of the repository. Analysis of the data provided by the Salado Hydrology
Program reduces the level of uncertainty in permeability values used in performance-
assessment calculations for the WIPP repository. The permeability-testing program was
designed to provide hydraulic data both within the zone of influence of the WIPP
excavations and in the undisturbed “far-field" parts of the Salado Formation. WIPP
Procedure 483 describes the permeability testing procedure in detail.

3.1 Test Objectives

The design of effective plugs and seals for the repository's waste panels, proper evaluation
of backfill, and performance-assessment calculations for the WIPP underground facility
require knowledge of the distribution of permeability and formation pore pressure within the
geologic media surrounding the facility. The far-field permeability may control the rate of
brine flow into and away from the facility after closure. The amount of brine that enters the
repository will affect the state of consolidation of the backfill and, therefore, the condition
of the material in the sealed waste panels.

The specific objectives of the permeability-testing program are:

° to provide technically defensible data with which to interpret the permeability
characteristics of the different lithologies of the Salado Formation that could
contribute to fluid flow to and/or from the WIPP underground facility;

] to delineate, if possible, the extent of hydrogeologic disturbance in the Salado
Formation around the WIPP underground facility; and

° to provide estimates of the formation pore pressure of the Salado Formation near
the WIPP underground facility, and where possible, establish a pore-pressure
profile from the surface of the excavation to undisturbed far-field conditions in the
formation.

3.2 Test Design

The underground-permeability tests discussed in this data report were conducted in three
boreholes drilled at two locations in the WIPP underground facility shown in Figure 2-1 and
described in detail in Section 3.5. The boreholes were drilled vertically downward and
angled upward. In the experimental area, boreholes L4P51 and L4P52 were drilled in
Room L4. In the waste-storage area, borehole S1P74 was drilled in Waste Panel 1, Room
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7. The test locations were chosen to provide an adequate representation of permeability
in the Salado Formation and its interbeds at and near the repository horizon and to provide
comparisons with previously tested areas. Borehole locations and orientations are
discussed in Section 3.5.1.

After drilling, a multipacker test tool (see Section 3.3) was installed in each borehole. The
packers were used to isolate a bottom-hole test zone and a guard zone between the two
packers in the case of a double-packer test tool, and to isolate a bottom-hole test zone, a
middle zone between the bottom two packers, and a guard zone between the top two
packers in the case of a triple-packer test tool. In a triple-packer configuration, the bottom-
hole zone is referred to as test-zone 1, the "middle zone" is referred to as test-zone 2, and
the isolated zone closest to the repository is the guard zone. The zones were filled with
1.22 kg/L sodium-chloride brine. The middle and/or guard zones were used to detect
pressure leakage from the bottom-hole test zone transmitted either through the test-tool
or through the formation and to reduce the pressure gradient across any one of the
packers. The middle and/or guard zones were also used as a testing zone in some
instances. After packer inflation, the zones were shut in and the fluid-pressure buildup was
monitored with pressure transducers and recorded on a computer-controlled data-
acquisition system (DAS). As fluid pressures stabilized, over periods ranging from weeks
to months, permeability tests were performed on the isolated, bottom-hole test zones, as
well as on the middie and/or guard zones of selected boreholes.

Pulse-withdrawal testing and constant-pressure-injection/withdrawal testing procedures are
described in Section 3.4. The permeability tests were conducted in a manner similar to
that used to measure permeability and pore pressure in the WIPP waste-handiing shaft
(Stensrud et al., 1988; Saulnier and Avis, 1988) and to that used to measure permeability
and pore pressure in the Salado Formation (Saulnier et al., 1991: Stensrud et al., 1992).
For the Salado Hydrology Program, permeability tests were conducted in halite,
argillaceous halite, and in anhydrite interbeds, similar to those described in Saulnier et al.
(1991) and in Stensrud et al. (1992), at depths of approximately 7 to 30 m from the ribs,
floor, or back of the WIPP underground facility.

Pulse-withdrawal tests were performed in order to provide data with which to estimate the
compressibility of the zone being tested as well as formation hydraulic conductivity (K),
formation pore pressure, and specific storage. Constant-pressure-injection/withdrawal
tests were performed because this type of test allows a much larger radius of influence
within the formation to be investigated than with pulse-withdrawal tests. Also, for testing
sequences in which test-zone compressibility was not calculated, a constant-pressure-
injection/withdrawal test is less sensitive to uncertainty in compressibility estimates.

Figure 3-1 illustrates the stratigraphic position of each of the permeability-testing boreholes
and shows which strata were included in the test intervals.
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Figure 3-1. Stratigraphic positions of permeability-testing boreholes with test
zones and guard zones indicated.
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3.3 Test Equipment for Permeability Testing

The following section (3.3.1) briefly describe the equipment used in the permeability-testing
program in the WIPP underground facility. The equipment includes multipacker test-tools,
data-acquisition systems, pressure transducers, thermocouples, linear variable-differential
transformers, a differential-pressure-transmitter panel, and a constant-rate injection
system. Equipment specific to individual testing sequences is provided in Section 3.6.
More detailed descriptions of the testing equipment and the procedures are presented in
Stensrud et al. (1992). Equipment calibration is discussed in Section 3.3.2.

3.3.1 Description of Equipment

3.3.1.1 MULTIPACKER TEST TOOLS

The multipacker test tools, shown in Figures 3-2 and 3-3, were designed and built
specifically for the permeability-testing program by Baski Inc. in conjunction with SNL and
INTERA Inc. The test tool in Figure 3-2 has two sliding-end, 3.75-inch (9.53-cm) O.D.
packers mounted on a 1.9-inch (4.83-cm) mandrel with the fixed ends oriented toward the
bottom-hole end of the test tool. The test tool in Figure 3-3 has three sliding-end, 3.75-inch
(9.53-cm) packers mounted on a 1.9-inch (4.83-cm) mandrel with the fixed ends oriented
toward the bottom-hole end of the test tool. Figure 3-4 shows the nominal dimensions of
the test tools' parts. Packers were inflated using a Teledyne Sprague Engineering Mode!
S-216-J series air-driven hydraulic pump. When inflated, the packers provide isolation of
a bottom-hole test zone, and one or two other zones between packers depending on the
test-tool configuration. Pipe extensions of different lengths can be added to the test tool
to accommodate boreholes and test zones of varying lengths. Packers had either a 0.92-m
or 0.60-m long, inflatable, synthetic rubber element which had seal lengths of 0.84 m and
0.51 m, respectively, in a 4-inch- (10.2-cm) diameter borehole.

In some cases, a volume displacement device was used during testing in order to minimize
the effective borehole volume. The volume displacement device was constructed of 3.75-
inch (9.63-cm) O.D. stainless steel of various lengths. Two or more of the individual
volume displacement devices could be connected if necessary to fill a long portion of a
borehole.

During permeability and compliance testing, the test tool was anchored to the borehole
collar or compliance chamber using a slip-type restraining device. The slip-type restraining
device (Figure 3-5) consisted of a set of radially oriented, tapered slips that tightened onto
the test-tool's extension tubing as the test tool attempted to move out of the borehole in
response to fluid-pressure buildup.

The multipacker test tools were equipped with pressure transducers and thermocouples,
in most cases, to monitor the pressures and temperatures in the zones and the inflation
pressure in each of the packers (Figure 3-6). The test tools had vent and/or injection ports
for all of the zones. The vent and/or injection ports allow for the dissipation of squeeze
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Figure 3-2. Generic double-packer test-tool configuration used for permeability testing.
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Figure 3-3. Generic triple-packer test-tool configuration used for permeability testing.
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Figure 3-5. Slip-type test-tool restraint device.
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Figure 3-8. Generic split-view schematic illustration of a multipacker test tool used for
permeability testing.



pressure during packer inflation and for venting of entrapped air or formation-derived gas
from the zones. When the test tools were assembled, the vent tubes for angled and
vertically upward installations were left as long as possible in order to minimize air
entrapment. The injection ports could also be used to apply pressure to the isolated
zones. Under-pressures and over-pressures could be applied as pressure pulses or as
constant-pressure-brine injection/withdrawal tests.

In most instances, the test-zone section of the test tool was equipped with LVDTs to
measure radial-borehole deformation and/or test-tool movement during the permeability
test. Three LVDTs were radially oriented 120° apart, immediately below the test-zone
packer (Figure 3-6) One axially oriented LVDT was mounted at the bottom end of the test
tool and was used to measure axial borehole elongation and test-tool movement during
permeability testing.

An control panel with pressure gages was sometimes used to monitor the progress of
packer inflation and fluid injection/withdrawal directly (Figures 3-7a and 3-7b). Packer
inflation and fluid injection were controlled by positive-displacement intensifier pumps
which were activated using compressed air or pressurized nitrogen. The various intensifier
pump configurations were designed to accommodate different needs during testing.

3.3.1.2 DATA-ACQUISITION SYSTEM (DAS)

A computer-controlled data-acquisition system (DAS) was used to monitor the progress of
each test and recorded pressure, in some cases temperature, and in some cases radial
borehole closure and axial tool movement (Figure 3-8). Each DAS consisted of an IBM
compatible desktop computer for system control and data storage, a Hewlett Packard (HP)
3497A Data-Acquisition/Control Unit (DCU) containing power supplies to excite the
instruments associated with a given test (transducers, thermocouples, differential-pressure
transmitters (DPTs, and LVDTs), a signal scanner to switch and read channels, a 5-1/2
digit voltmeter to measure the output from the instruments associated with a given test
(transducers, thermocouples, DPTs, and LVDTs), and an Eigar Model 6000B
uninteruptable power supply. The HP-3497A was used with PERM data acquisition
software (PERM4C and PERM4F). The data-acquisition software allowed sampling of the
instrument output signals at user-specified time intervals ranging from approximately 10
seconds to several days. As data were acquired, they were stored both on the computer's
hard disk and on a 3.5-inch diskette. Real-time listing of the data on an auxiliary printer
and monitor and/or printer plots of the accumulated data were also possible.

3.3.1.3 PRESSURE TRANSDUCERS

During permeability testing, pressures in the test and guard zones and in the packers were
monitored with various Druck strain-gage pressure transducers (models PDCR 10/D,
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Figure 3-7a. Intensifier pump system for packer inflation and fluid injection
(configuration #1).
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Figure 3-8. Schematic illustration of the data acquisition system.
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PDCR 830, PDCR 910, and D930-18) rated to monitor pressures from 0 to 3000 psi (0 to
20.7 MPa). The transducers were mounted on instrument panels outside the boreholes
and were connected to the isolated zones and the packers through 3/16-inch (0.48-cm)
O.D. and/or 1/4-inch (0.64-cm) O.D. stainless-steel tubing which passed into and through
the packer mandrels (Figure 3-6) to the respective termination points. The manufacturer's
stated accuracy of the least accurate of these Druck transducers is + 0.1% of full scale,
or approximately = 3 psi (0.021 MPa).

3.3.1.4 THERMOCOUPLES

Type E Chromel-Constantan thermocouples are used to monitor temperatures within the
test and guard zones during permeability testing, in monitor boreholes during coupled
permeability and hydrofracture testing, and in some test zones during GTPT's. The
thermocouples are 1/8 inch (0.32 cm) in diameter and are sheathed in Inconel 600. The
thermocouples are reported to be accurate to within £ 0.06 °C by the manufacturer, ARI
Industries.

3.3.1.5 LINEAR VARIABLE-DIFFERENTIAL TRANSFORMERS (LVDTSs)

Open boreholes, rooms, and drifts in the WIPP underground facility exhibit closure,
deformation, and differential movement between halite and anhydrite beds (Bechtel, 1986).
Measurable borehole closure (on the order of a few tenths-of-a-millimeter change in
borehole diameter) in a shut-in, fluid-filled test interval could raise the pressure in the hole
given the low compressibility of the fluid. Three Trans-Tek Model 241 LVDTs were radially
mounted, with 120° separation, on the test-interval part of the multipacker test tool to
measure radial borehole deformation (Figure 3-6). These LVDTs can each measure a
range of motion of 0.5 cm. Axial movement of the multipacker test tool can occur due to
changes in packer-inflation pressure, pressure buildup or withdrawal in the isoiated
intervals, and hole elongation resulting from creep closure of the excavations. The rate of
rock creep decreases with increasing distance from an excavation (Westinghouse, 1990),
causing boreholes drilled from an excavation to elongate. Axial movement of the test tool
can change the test-zone volume, which, in low-permeability media, can affect the
observed pressure response in an isolated borehole interval. An axially mounted Trans-
Tek Model 245 LVDT on the bottom of the test tool measures tool movement relative to
the bottom of the borehole along the borehole axis (Figure 3-6). This LVDT has a range
of motion of 10 cm. The LVDT responses are reported by Trans-Tek to be linear within +
0.5% over their working ranges. Two Trans-Tek Model 242 LVDTs were used during
permeability-testing sequence S1P74-B to measure fracture dilation as a function of
pressure, however, this testing sequence was terminated prior to obtaining information
about fracture dilation. These LVDTs were similar in design and specification to the Trans-
Tek Model 245 LVDTs. Jensen (1990) discusses in detail the design, calibration, and use
of the LVDTs. LVDTs were used in order to account for any change in interval pressure
caused by too movement and/or borehole closure.
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3.3.1.6 DIFFERENTIAL PRESSURE-TRANSMITTER PANEL

Fluid volumes produced from or injected into test zones during test-zone-compressnblhty
tests and constant—pressure-ﬂow tests were méasured using a différential-pressure-
transmitter panel (Figures 3-9a, 3-9b, and 3-9¢). The panel consists of a differential-
pressure transmitter (DPT) and injection/withdrawal columns which act as fluid reservoirs.
Rosemount Alphaline Model 1151DP4E44M3B2 DPTs were used in the WIPP
permeability-testing program.

The DPT panel can be used with several different cylindrical columns: 8-inch (20.32-cm),
4-inch (10.16-cm), 1-inch (2.54-cm), 1/2-inch (1.27-cm), and 3/8-inch (0.95-cm) O.D.
stainless-steel columns, and a 1/4-inch (0.64-cm) Lexan-column manometer (Figures 3-9a,
3-9b, and 3-9¢) depending upon the volume of fluid that is withdrawn from or injected into
the test zone. Ideally, the smaller the volume of fluid required, the smaller the diameter of
the column to be used so that accuracy is not sacrificed when only small fluid volumes are
required. Fluid level in a column increases as the fluid leaves the test zone and enters the
column or decreases as the fluid leaves the column and enters the test zone. The DPT
measures the difference in the pressure exerted on two sides of a sensing diaphragm. On
one side of the diaphragm is the ambient test pressure. On the other side of the
diaphragm is the pressure exerted by the fluid in the column, plus the ambient pressure.
Therefore, the difference, or differential pressure, is equal to the pressure exerted by the
fluid in the column. As the fluid level in the column changes (a change in fluid-column
height corresponds to a linear change in the volume), the voltage output from the DPT
changes proportionally. The DPT output voltage signal is recorded by the DAS.

During test-zone compressibility tests and constant-pressure-flow tests, it is necessary that
the pressure inside the injection/withdrawal column remain under near constant-pressure
conditions. In all testing sequences, a Victor SR4J-580 pressure regulator was used to
regulate the pressure on the gas-side of the DPT panel. In some cases (testing sequences
L4P51-C2 and L4P51-D1) an electronic pressure controller was used in conjunction with
a Victor SR4J-580 pressure regulator, a TESCOM 54-2000 series pressure-reducing
regulator, a TESCOM ER-2000 pressure controller, and a Druck D930-18 pressure
transducer to maintain constant pressure conditions. To maintain constant pressure, the
injection/withdrawal column is connected to a TESCOM ER-2000 pressure controller which
is, in turn, connected to a pressurized nitrogen reservoir. As the fluid moves into or out of
the injection/withdrawal column during testing, the pressure controller maintains a constant
back-pressure on the fluid column. Pressure relief valves were incorporated into each of
the differential pressure-transmitter panels (see Figures 3-9a, 3-8b, and 3-9c¢) in order to
eliminate the possibility of over-pressurizing equipment.

The various differential pressure-transmitter panel configurations were designed to
accommodate different needs during testing.
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Figure 3-9a. Differential-pressure-transmitter panel (configuration #1).
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Figure 3-9b. Differential-pressure-transmitter panel (configuration #2).
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Figure 3-9c. Differential-pressure-transmitter panel (configuration #3).

3-18



3.3.1.7 PRESSURIZED-BRINE-SAMPLING APPARATUS

Brine/gas samples were collected during constant-pressure flow tests during permeability-
testing sequence L4P51-C1 in order to help define the types, amounts, and origins of gas
being produced by the tested strata. Figure 3-10 is a diagram of the pressurized-brine-
sampling apparatus used in the permeability-testing program. The sampling apparatus
was incorporated into the DPT panel and consisted of a Whitey sample cylinder, two Nupro
non-rotating stem valves, and two Nupro rising-plug valves. The sampling apparatus was
incorporated into the DPT panel in such a way that fluid and/or gas fills the sample cylinder
on its way to the designated fluid reservoir. When the sample is to be removed, the four
Nupro valves were closed allowing the fluid and/or gas to bypass the sample cylinder.
When a new sample cylinder is installed, the valves are opened and the sample cylinder
is again filled. A vacuum pump is attached to the sampling apparatus prior to installation
to evacuate all gas from the sample cylinder. After drawing a vacuum on the sample
cylinder, the cylinder is flushed with argon gas and the two Nupro non-rotating stem valves
are closed. Finally, the sampling apparatus is installed in the DPT panel.

3.3.1.8 PRESSURE-MAINTENANCE SYSTEM

Packer pressures steadily declined during some testing sequences, potentially jeopardizing
the isolation of test and/or guard zones. In most testing sequences, a pressure-
maintenance system (Figures 3-11 and 3-12) was attached to the packers associated with
the test to hold the packer pressure nearly constant during testing. In some cases, a
pressure-maintenance system was attached to zones in order to minimize pressure
perturbations in the test zone. A Whitey 1-gallon cylinder was filled, with water when
attached to packers and brine when attached to zones, and then pressurized with nitrogen
to the desired pressure. The control valve between the cylinder and the nitrogen tank was
left open, creating a large buffer volume. When the desired pressure in the cylinder was
achieved, the control valve between the cylinder and the packer/zone was opened,
allowing the pressures in the packer/zone and in the cylinder to equilibrate. Subsequent
losses of fluid from the packer/zone and/or changes in packer/zone volume thereafter
resulted in smaller changes in pressure than would have otherwise occurred. The
operation and use of the pressure-maintenance system is described, in detail, in WIPP
Procedure 470.

3.3.2 Equipment Calibration

This section discusses calibrations performed on equipment described in Section 3.3.1.
Calibrations performed by the SNL WIPP calibration laboratory or INTERA personnel were
in accordance with SNL WIPP procedures. Calibrations performed by the SNL calibration
laboratory in Albuquerque, NM were in accordance with that organization's policies and
procedures. Calibration records associated with this equipment are provided in the SWCF
under WPO #42269.
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Figure 3-10. Pressurized-brine-sampling apparatus.
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Figure 3-11. Typical stainless-steel vessel pressure-maintenance system.
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3.3.2.1 DATA-ACQUISITION SYSTEM

The DAS equipment and associated software were tested prior to the start of the
permeability-testing program to ensure proper operation. The procedure consisted of
testing the response of the HP-3497A Data-Acquisition/Control Unit and the DAS software
using known input signals to ensure proper signal conversion. The DAS software was
designed and tested by SNL and INTERA Inc. The DAS software was baselined and
controlled in accordance with the SNL approved INTERA WIPP Quality Assurance Manual.
In addition, the HP-3497A DC voltmeter option was calibrated by SNL WIPP calibration
laboratory using WIPP Procedure 182.

3.3.2.2 PRESSURE TRANSDUCERS

All pressure transducers associated with the permeability-testing program were calibrated
before and after use for each permeability test. Two methods of calibration have been
employed to calibrate pressure transducers for use in the permeability- testing program.
In both methods, the pressure transducers were calibrated in a constant-temperature
environment.

The first, as illustrated in Figure 3-13, was employed by INTERA personnel until
November 11, 1993. In this method, the transducers were connected to a Heise pressure-
measurement gage (Model CMM) and to an intensifier pump with an air compressor used
as the source of pressure. Pressure was applied to the transducers in stepwise
increments, measured with the Heise gage, over the transducers' rated pressure range,
typically 0-2000 psig. The transducers' responses to the applied pressures were then
analyzed by linear-regression techniques to determine their sensitivity coefficients, which
consisted of the slopes, expressed as pressure/mV, and the y-intercepts, expressed as
pressure. The sensitivity coefficients were used to convert the transducers' millivolt output
signals to pressure values. The Druck pressure transducers used in the permeability-
testing program were pressure rated by the manufacturer in pounds per square inch, gage
pressure (psig). The Heise gage used to calibrate the transducers by this method used a
psig scale and was itself calibrated by the manufacturer and by the SNL calibration
laboratory in Albuquerque, NM. Because the transducers’ ratings and the calibration
gage's scale are in psig, the test-tool pressure transducers are calibrated in psig. The
calibrations that were performed following the method described above were done so using
the transducer calibration code RAMBO1D, RAMBO2, or PERM4F. The DAS software
converts the transducers' psig/mV sensitivity coefficients to MegaPascals (MPa) using the
conversion factor 0.006895 MPa/psig. More detailed descriptions of methods used to
calibrate the equipment are presented in Stensrud et al. (1992).

The second method employed to calibrate pressure transducers used in the permeability-
testing program was done so by the SNL WIPP calibration laboratory after November
11,1993 in accordance with WIPP Procedure 054. Here, a dead weight tester was used
to apply pressures in stepwise increments, over the transducers' rated pressure range.
This method also analyzed the transducers' responses to the applied pressures by linear-
regression in order to establish sensitivity coefficients for the transducers with the psig to
MPa conversion incorporated into the coefficients.
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Figure 3-13. Schematic illustration of the pressure-transducer-calibration system.
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3.3.2.3 THERMOCOUPLES

Type E Chromel-Constantan thermocouples were used to monitor temperatures within the
test and guard zones during permeability testing. The thermocouples were 1/8-inch (0.32
cm) in diameter and were sheathed in inconel 600. The thermocouples were reported to
be accurate to within + 0.06 °C by the manufacturer, ARI Industries. The thermocouples
were calibrated by SNL calibration laboratory in Albuquerque, NM.

3.3.2.4 LINEAR VARIABLE-DIFFERENTIAL TRANSFORMERS

Each of the radially-oriented LVDT plunger assemblies used to measure radial deformation
was calibrated by the SNL WIPP calibration laboratory in accordance with WIPP Procedure
204. Linear-regression analysis of the calibration data provides slope (sensitivity) and
offset (y-intercept) values that are used by the DAS software to convert the DC voltage
output to a linear dimension (cm), starting near zero (0) when the plungers are extended
and increasing in magnitude as the plungers are depressed. The technique used to
establish the LVDT response to a known radius is to use a Radial LVDT Measurement
Device (Figure 3-14). Establishing a known reference radius for the radial LVDT
assemblies was done in accordance with WIPP Procedure 473. The Radial LVDT
Measurement Device provides an accurately machined radius of 4.9735+0.0005 cm, and
is designed to center and align the LVDT assembly. The Radial LVDT Measurement
Device is also used at the end of a permeability testing sequence when the test tool is
retrieved from the borehole to recalibrate the plunger depressions and provide a measure
of instrument drift with respect to time. The average plunger depression value along with
the known calibration sleeve radius is used to establish the initial borehole radius after
installing the multipacker test tool in a test borehole and inflating the packers. Combining
the average change in plunger depressions with the previously calculated borehole radius,
the change in borehole radius is measured during permeability testing.

The LVDT plunger assembly used to measure axial test-tool movement is calibrated prior
to installation using WIPP Procedure 205. Linear-regression analysis of the calibration
data provides slope (sensitivity) and offset (y-intercept) values that are used by the DAS
software to convert the DC voltage output to linear dimensions (cm) starting near zero (0)
when the plunger is extended and increasing in magnitude as the plunger is depressed.
These measurements correspond directly to the axial movements of the test tool relative
to the bottom of the test borehole. Axial LVDT values decrease in magnitude if the test-
tool moves out of the borehole and increase in magnitude if the test tool moves into the
borehole.

3.3.2.5 DIFFERENTIAL-PRESSURE-TRANSMITTER PANEL

The DPTs are calibrated from 0 to 100 cm of water (0-9.8 kPa) by the SNL WIPP
calibration laboratory in accordance with WIPP Procewdure 353. The manufacturer's
stated accuracy of the DPTs is £ 0.2% of the calibrated span, including the combined
effects of hysteresis, repeatability, and independent linearity. The various
injection/withdrawal columns associated with the DPT panels were verified in the field using
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Figure 3-14. Radial-LVDT Measurement Device.
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the DPT. The verification procedure involves filling a column with the fluid to be used in
a constant-pressure-injection/withdrawal test. The column is pressurized to the test
pressure and a fixed volume of fluid is removed from the column, generating a voltage drop
across the DPT. This process is repeated until the column has been emptied. Linear-
regression analysis of the DPT voltage output versus the cumulative volume of fluid
removed from the column provides sensitivity values, which consist of the slope expressed
as volume/volt, and the y-intercept expressed as volume. Sensitivity coefficients are used
to convert the DPT voltage signal to a volume measurement for a given test pressure. A
step-by-step description of the verification procedure is presented in SOP INT-5 (INTERA,
1992) and in WIPP Procedure 476.

3.4 Procedures for Permeability Testing

3.4.1 Test-Tool Installation Procedures

The following paragraphs describe a typical test-tool-installation sequence. Multipacker
test tools were installed in each of the test boreholes as soon after drilling as possible in
order to minimize depressurization of the formation surrounding the borehole. All
multipacker test-tools were installed following test tool installation procedures presented
in SOP INT-5 (INTERA, 1992) and/or WIPP Procedures for multipacker-test-tool
installation (479, 480, and 481) (see Figures 3-15 through 3-17). Before test-tool
installation, in vertically down or angled downward borehole orientations enough brine was
added to the borehole to fill all of the zones, helping to minimize air entrapment. After the
multipacker test tool was installed and the DAS activated, the packers were sequentially
inflated to approximately 14 MPa, beginning with the uppermost packer and continuing until
the bottom-hole packer was inflated. Pressures and, in some cases, temperatures were
monitored until the observed values stabilized or the packers were put on a pressure-
maintenance system.

If the packers were not put on a pressure maintenance system, the packer inflation
pressures were monitored for 24 to 48 hours after inflation. If compliance-related pressure
decreases of greater than 3 MPa were observed, the packer inflation pressures were
increased to approximately 14 MPa and observed for an additional 24 hours. After
achieving satisfactory packer inflation pressure response, the zones were shut in by closing
all associated valves. The pressure buildups in the isolated zones were monitored for the

duration of the testing sequence.

For boreholes oriented vertically or angled upward, the multipacker test tools were installed
and the guard-zone packer inflated to approximately 14 MPa. The isolated borehole was
then filled with brine while a vacuum pump was attached to the bottom-hole zone vent line
to removed entrapped air. In some cases, 10 psi (0.07 MPa) check valves were attached
to the vent lines to prevent brine from draining from the isolated borehole interval, assuring
that all zones were fluid filled (Figure 3-18). The next packer (going into the borehole) was
then inflated to approximately 14 MPa. The in-line check valves prevented the zone
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Figure 3-15. Test-tool installation in a borehole oriented vertically downward.
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Figure 3-17. Test-tool installation in a borehole oriented vertically upward.

3-30



pressures from exceeding 10 psi (0.07 MPa) during packer inflation. This process was
repeated until all of the packers were inflated. In instances when the check valves were
not incorporated into the vent lines, all associated valves were shut in during packer
inflation and the zone pressures were closely monitored as the packers were inflated. If
the zone pressures showed an increase, the associated vent valves were opened slightly
to relieve the pressure buildup. This process was repeated until all of the packers were
inflated to the desired pressure.

3.4.2 Pulse-Withdrawal Testing Procedures

Pulse-withdrawal tests performed as part of the permeability-testing sequences were
conducted after monitoring fluid-pressure buildups in the test zones until the rate of
pressure increase had decreased to a satisfactory level and the pressure-recovery curves
appeared to be on asymptotic trends toward stable values. For the majority of
permeability-testing sequences, pulse-withdrawal tests were conducted in one or more of
the zones after the fluid-pressure buildups in the zones had achieved relative stability.

Pulse withdrawals rather than puise injections were chosen for permeability-testing
sequences because, in some cases, the pressure buildups in the zones approached
lithostatic pressure. With zone pressures of this magnitude, pulse-injection pressures of
sufficient magnitude to generate interpretable fluid-pressure responses would have
approached the hydrofracture pressure of the Salado Formation. In this case, the
boreholes would have been artificially stimulated, resulting in an invalid representation of
formation conditions. Figure 3-19 illustrates the elements of a typical permeability-testing
sequence including a pulse-withdrawal test.

The following procedures were used to conduct most of the pulse-withdrawal tests that are
reported here. The DAS was set to scan the instruments' return signals at frequencies
sufficient to monitor test responses adequately. Then the test-zone vent valve was opened
and a portion of the shut-in pressure was allowed to dissipate by allowing fluid to leave the
test zone. When the desired pressure decrease was achieved, the test zone was shut in.
The resuiting test-zone fluid-pressure buildup, packer-inflation pressure, and guard-zone
pressure were all monitored with the DAS according to prescribed frequencies. The
volume of fluid removed from the test zone was measured and recorded for each pulse-
withdrawal test performed. Pulse-withdrawal tests were sometimes repeated, after the
formation showed full recovery, to ensure that the fluid-pressure responses were
reproducible and that they were representative of the actual formation responses. Pulse-
withdrawal tests allowed for the determination of the compressibility of the zone being
tested by measuring the volume of fluid required to increase/decrease the zone pressure
a measured amount.

3.4.3 Constant-Pressure-Injection/Withdrawal Testing Procedures

Constant-pressure-injection and/or withdrawal tests were performed as part of the
permeability-testing sequences were conducted after monitoring fluid-pressure buildups
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Figure 3-18. Test-tool packer-inflation and fluid-injection configuration for vertically
upward and angled upward boreholes.
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in the test zones until the rate of pressure increase had decreased to a satisfactory level
and the pressure-recovery curves appeared to be on asymptotic trends toward stable
values. The DPT panel, as described in Section 3.3.1.6 and illustrated in Figure 3-9, was
used to perform the constant-pressure-injection/withdrawal tests. In some of the
permeability-testing sequences, both constant-pressure injection and constant-pressure
withdrawal tests were performed in order to evaluate the flow properties of the formation
in the vicinity of the borehole as a function of pressure. Figure 3-19 iliustrates the
elements of a typical permeability-testing sequence. Due to the much longer period of time
during a constant-pressure-injection/withdrawal test relative to the pulse tests when the
formation is subjected to over- or under-pressure conditions, a much larger portion of the
formation can be effectively tested. Another advantage of the constant-pressure-
injection/withdrawal test is that it provides flow-rate data for the testing period which
provide an additional constraint during analysis of the data. A detailed description of the
steps that must be followed in order to conduct a constant-pressure-injection/withdrawal
test successfully is given in SOP INT-5 (INTERA, 1992) and WIPP Procedure 476.

In some cases, a series of constant-pressure-injection or constant-pressure-withdrawal
tests were performed at different pressures in succession. By conducting several tests at
different pressures, the formation pressure and flow responses could be evaluated as a
function of pressure without going through the intermediate step of pressure recovery after
each individual flow period.

A variation of the constant-pressure injection/withdrawal test is a zone compressibility test.
In a zone compressibility test the pressure within a given zone is increased from 0 to
something approaching the maximum pressure that would be expected in that zone while
the test tool is in the borehole. The pressure is increased slowly through the DPT panel
in order to measure the fluid volume required to increase the zone pressure by a certain
amount. A needle valve is used to regulate the rate at which the zone pressure is
increases. When the maximum pressure is achieved, the procedure is repeated only the
zone pressure is decreased back to 0. The zone compressibility tests are typically
conducted in a compliance chamber during compliance testing, however, in some cases
they were conducted in test boreholes. A more detailed description of zone compressibility
tests is given in Section 6.

3.4.4 Pressurized Brine-Sampling Procedures

Pressurized brine samples were collected as part of the permeability-testing program from
MB140 during permeability-testing sequence L4P51-C1. These pressurized brine samples
were collected in order to determine the volume and composition of dissolved gas
contained in the formation fluid within MB140 at this location as well as the chemical
composition of the fluid. Because nitrogen was expected to be one of the principal gases
in solution, the sampling apparatus was pressurized with argon gas.

The following procedures were used to collect all of the pressurized brine samples

associated with permeability-testing sequence L4P51-C1. Following a pre-determined
schedule, samples were collected at approximately 14-day intervals. A sampling apparatus
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as shown in Figure 3-10 was used in conjunction with the differential-pressure-transmitter
(DPT) panel to collect the pressurized brine samples as part of a constant-pressure-
withdrawal test. During a constant-pressure-withdrawal test formation fluid flows through
the sampling apparatus prior to entering the designated column-on the DPT panel. When
a sample is to be retrieved, a series of valves are opened and/or closed in a prescribed
sequence in order to allow the formation fluid to bypass the sampling apparatus. When
the sampling apparatus is effectively isolated, the sample is retrieved. WIPP Procedure
467 describes the steps required to collect and submit for analysis a pressurized brine
sample to assure that an uncontaminated sample was supplied to the laboratory
conducting the analysis.

The gas analysis that was performed on each of the samples was conducted by the
geochemistry department at New Mexico Institute of Mining and Technology under the
supervision of Dave Norman. The brine analysis on each of the samples was conducted
by Chem-Nuclear Geotech Analytical Laboratory. A portion of the resuilts from the brine
analysis is presented in Section 3.6.3.

3.5 Boreholes and Test-Tool Configurations for Permeability Testing

3.5.1 Borehole Locations and Orientations

Figure 2-1 presents the locations of the boreholes associated with the permeability-testing
program. A testing sequence is referred to by the borehole designation in which it was
conducted. Modifications to this reference system were required when a borehole was
deepened and additional tests performed in new (deeper) intervals or when a new test-tool
configuration was used to conduct tests in borehole intervals that had been previously
tested. When a borehole was deepened to test a new interval a letter designation was
added to the borehole designation with “A” referring to the initial testing sequence and all
subsequent borehole deepenings proceeding alphabetically. An example of this is
illustrated in the S1P74-A and S1P74-B testing sequences. The initial testing sequence
was conducted in borehole S1P74 and was referred to by this designation. Then the
borehole was deepened and the new interval was tested. Therefore, the initial testing
sequence (S1P74) was redesignated S1P74-A and the new testing sequence (in the
deeper borehole) was designated S1P74-B. In the case when a new test-tool configuration
was used to conduct tests in a borehole that had been previously tested a number
designation was added to the appropriate borehole and letter designation with “1" referring
to the original test-tool configuration and all subsequent test-tool configurations proceeding
numerically. An example of this is illustrated in the L4P51-C1 and L4P51-C2 testing
sequences. The initial test-tool configuration used in testing sequence L4P51-C was a
double-packer configuration and was referred to as L4P51-C and a testing sequence was
conducted using this configuration. Later, it was decided that a triple-packer configuration
was needed to better test a particular interval. Therefore, the original test tool was
removed and the new one was installed and a second testing sequence was performed.
Under these circumstances the first testing sequence was redesignated L4P51-C1 and the
second testing sequence was designated L4P51-C2.
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The locations for the WIPP underground permeability-testing boreholes were based on the
ages of excavations and access to Salado Formation lithologies of interest. Therefore,
permeability testing results from boreholes located in more recently excavated areas of the
underground facility could be compared with those from areas that had been excavated
earlier, thus providing an opportunity to investigate the permeability of geologic media least
affected by the pressure relief imposed on the Salado Formation by excavations. Table
3-1 summarizes the location and orientation of each of the boreholes associated with the
permeability testing program. Borehole orientations at an underground location attempt
to accompilish three objectives:

° to characterize the interbeds in close areal proximity;

° to test the same interbed at varying distances from an excavation while maintaining
close areal proximity; and

° to characterize the interbeds at a maximum distance from the excavation.

Table 3-1. Summary of Borehole Locations and Orientations

Test Sequence Drilling Interval Date Location Excavation
est sequ Method Drilled/Cored (m)  Drilled/ Date of Room
(Orientation) c

ored
L4P51-C1 Brine-rotary  10.06 - 23.35 4-1-92 to Room L4 February
(vertical down)  w/ coring bit 4-15-92 1989
L4P51-C2 Brine-rotary  10.06 - 23.35 4-1-92 to Room L4 February
(vertical down)  w/ coring bit 4-15-92 1989
L4P51-D1 Brine-rotary  23.35- 30.45 9-20-94 to Room L4 February
(vertical down)  w/ coring bit 9-22-94 1989
L4P51-D2 Brine-rotary  23.35-30.45 9-20-94 to Room L4 February
(vertical down)  w/ coring bit 9-22-94 1989
L4P52-B Air-rotary 9.02 - 14.12 12-10-92 to Room L4 February
(angled upward 40°) w/ coring bit 12-14-92 1989
( from vertical)
S1P74-A Air-rotary 0.00-7.69 7-27-92to  Waste Panel 1, March
(angled upward 40°) w/ coring bit 7-29-92 Room 7 1988
(from vertical)
S1P74-B Air-rotary 7.69 - 16.88 1-26-95t0  Waste Panel 1, March
(angled upward 40°) w/ coring bit 1-31-85 Room 7 1988

(from vertical)

Tables 3-2 provides pertinent information on the boreholes and test zones associated with
the permeability-testing program.
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Table 3-2. Permeability-Testing Sequence Test-Zone Information

Test Test Test Horizon Borehole Test Interval Borehole Sequence Sequence
Sequence Horizon Penetrated Diameter (cm) Depth (m) Depth (m) Started Terminated
L4P51-C1 Halite 4-3-92 1112 15.59 - 16.55 22.20 4-24-92 11-11-93
(08:00)
L4P51-C1 MB140 4-14-92 10.33 17.80-21.97 22.20 4-24-92 11-11-93
(14:20)
L4P51-C2 Halite 4-3-92 11.12 15.59 - 16.53 22.20 11-18-93 7-19-94
(09:00)
L4P51-D1 Argillaceous  9-21-94 10.33 29.62 - 30.40 30.45 9-30-94 3-21-95
Halite (14:30)
L4P51-D2 Argillaceous  9-21-94 10.33 29.62 - 30.40 30.45 4-6-95 10-25-95
Halite (14:30)
L4P52-B MB138 12-14-92 10.15 13.89-14.02 14.18 12-17-92 12-29-93
(12:00)
S1P74-A Anhydrite "a"  7-29-92 10.35 7.15-7.41 7.69 8-5-92 8-9-93
(09:15)
S1P74-B MB138 (TZ1) 1-31-95 10.35 16.38 - 16.66 16.88 2-7-95 5-18-95
(12:45)
S1P74-B Argillaceous  1-27-95 10.35 12.58 - 13.49 16.88 2-7-95 5-18-95

Halite (TZ2)  (12:15)

Figure 3-20 schematically depicts Room L4 in plan view and in cross section, showing the
locations and orientations of boreholes L4P51 and L4P52. Figure 3-21 schematically
depicts Waste Panel 1, Room 7 in plan view and in cross section, showing the location and
orientation of borehole S1P74.

3.5.2 Borehole Drilling

Requests for borehole drilling and coring were made in accordance with WIPP Procedure
140 and WIPP Procedure 125. Drilling and coring operations were performed by
Westinghouse including installation and load-testing of borehole-flanged collars and
borehole surveys. Records of borehole drilling and coring activities are maintained by
Westinghouse.

The boreholes for the permeability-testing program were drilled using two different

procedures. The first of the two procedures consisted of an air-rotary drilling technique in
which the following steps were followed:

o A Longyear D-65 compressed-air drill was set in place at each borehole location
and used to drill the test and observation boreholes into the floors and ribs of the
test rooms. The boreholes were drilled primarily with a coring bit and core barrel for
sample recovery. Compressed air was the principal means used to remove drilling
cuttings from the boreholes as they were being drilled. The bottom of each borehole
was faced off with a flat bit to insure a smooth surface for proper test-tool seating
and test-zone-volume calculations.
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Figure 3-20. Spatial representation of Room L4 showing the locations and orientations of
boreholes L4P51 and L4P52.
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Figure 3-21. Spatial representation of Waste Panel 1, Room 7 showing the locations
and orientations of boreholes S1P71, S1P72, and S1P74.
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° Using 4.0-inch (10.2-cm) drill and core bits, the test and observation boreholes were
drilled and cored to depths of up to 10 m from the excavations. The following data
and associated core logs and descriptions were recorded and are included in
Appendix A of this report:

1) the time of the start of drilling and interval times for every 1 m penetrated;
2) the presence and depth of any brine produced by the formation:

3) the presence and depth of any significant fracturing; and

4) the time and depth at which the bottom of the borehole was reached.

° Core samples were recovered from over 95% of the cored sections and were
marked, boxed, and described. The core samples were marked to indicate their
proper orientation relative to the bottom of the boreholes and each 0.1-m increment
was marked on each core sample. Core was transferred to the WIPP underground
Core Storage Library upon completion of core logging. Core logs are included in
Appendix A for boreholes S1P74, C1H05, C1H06, C1H07, C1X05, C1X06, C1X1 0,
L4P51 (C and D series), and L4P52 (B series). Additional documentation for
boreholes L4P51 (A and B series) and L4P52 (A series) are provided in Stensrud
et al. (1992).

° The boreholes were reamed to 7-inch (17.8-cm) diameter to a depth of
approximately 20 inches (50.8 cm). A 5-1/2-inch (14.0-cm) I.D., 20-inch- (50.8-cm)
long, steel borehole collar was then installed and grouted to the surrounding
formation material. The multipacker test tool was bolted to the borehole collar to
help eliminate test-tool movement in response to packer inflation and fluid-pressure
buildup.

The second of the two procedures consisted of a brine-rotary drilling technique in which
a Longyear D-38 pressurized-fluid drill was set in place and used at the remaining borehole
locations. In this drilling procedure, due to the depth of the boreholes, pressurized brine
was the principal means used to remove drilling cuttings from the boreholes.

Boreholes L4P52 and S1P74-B were drilled using air drilling techniques. All other
boreholes were drilled using brine as the circulation medium.

3.5.3 Test-Tool Configurations

Figures 3-20 and 3-21 schematically depict Room L4 and Waste Panel 1, Room 7 and
show the positions of the boreholes associated with the testing program. Figures 3-22
through 3-33 show the test-tool configurations and associated installations that were used
during the testing program. It should be noted that Figures 3-25, 3-26, 3-27, 3-28, and 3-
29 each consist of two parts (ex. 3-25a and 3-25b). Specific test tools associated with
each permeability-testing sequence are identified in the events tables (Tables 34, 3-6, 3-8,
3-10, 3-12, 3-14, and 3-16).
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L4P51-C1 Borehole Stratigrapny

Test—Tool 0.00 (See L4P51 core logs for
Configuration #1 remainder of description)

1295 Halite (H-m1)

i 13.683 - | HAalite {h—m :

Tool Extension - —colorless to gray, medium
_ | to coarsely crystalline, minor

Borehole: L4P31 gray clay decreasing with

Test Tool: 33A - . ~ _ | depth, minor polyhalite

Date: 04/24/92 beginning ot 15.15 m

- 14372

Hole depth: 22.20 - _
Guard—Zone // 14.623 _
Packer /
# 3041.7 ——-/ X
/ /Holite (H-m2)
15.52 = 7, 15.529 15.59 -—coI.orIess to orange,
] X medium crystalline, trace
X gray clay, polyhalite increas—
2 X | ing with depth
N Guard—Zone -~ 16.086 16.10 —
_é Transducer 16.118
15 Port [N
© ~—— 16.247
__l___ 16.50 — — -
16.57 » / 16.498 X Polyhalitic Halite (H-m2)
Test—Zone / X —orange, medwum crystalline,
Packer / ¥ | anhydrite stringers beginning
# 3041.6 _’// X at 17.05 m
1739 s / 17.403 X
X
p ¢ X
17.80
17.895 Marker Bed 140
LVOT #R-04 [} 17.983 —anhydrite, gray, orange,
N red, microcrystalline, holite
LVDT #R-16 < 18.059 pseudomorphs after gypsum
18:226 halite abundant from 19.40
to 20.02 m, clean gray
2 anhydrite from 21.15 to
S 21.34 m
| Test—Zone
< Transducer -——— 18.582
o Port
|—-
18.759
LVDT #A-02 18.809
R '
Vent Line g Cloystone, gray
S|
. | & Marker Bed 140
NOTE: Measurements g 21.38 — —anhydrite, gray, micro-
in meters from floor 3 crystalline
before packer inflation. | 8 21.44 y
+ Estimated position w Holite (H—m3)
after packer inflation. g 21.97 po —pale oronge, medium
i 22-099 — _ - | crystalline
22.200 22.20

INTERA-6115-30-1

Figure 3-22. Configuration #1 of permeability test tool for sequence L4P51-C1.
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L4P51-C1

Configuration #2

Test—Tool m

Tool Extension

Borehole: L4P51
Test Tool: 33B

Date: 05/13/92

Hole depth: 22.20

Test Zone

,icwd z—-—'
NN\

Borehole Stratigraphy

Guard—Zone
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# 3041.7 —=

15.56 =

Guard—Zone —
Transducer
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16.60 =
Test—Zone
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17.43 =

L=
of
P

LVDT #R-05

LVDT #R—11

T

@

LVDT #R-12 o

Test—Zone

Transducer
Port

LVDT #A-01

NOTE: Measurements
in meters from floor
before packer inflation.
+ Estimated position
after packer infiation.

|
VOLUME DISPLACEMENT DEVICE
|

0.00 (See L4P51 core logs for
12.95 — remainder of description)
13.722 - Halite (H-m1)
- —coloriess to gray, medium
— to coarsely crystalline, minor
gray cloy decreasing with
= - | depth., minor polyhalite
14.411 beginning at 15.15 m
14.662 -
X
15.568 X |/Halite (H—m2)
’ 15.59 —colorless to oronge,
X medium crystalline, trace
X X gray clay, polyhalite increas—
ing with depth
16.125 16.10 — 9 P
16.157
e 0
S8
16.286 o4
16.50 —=
16.537 Polyhalitic Holite (H—m2)
X x| —orange, medium crystalline,
anhydrite stringers beginning
X ot 1705 m
X
17.442
X
X
X
17.80
17.934 Marker Bed 140
18.022 —anhydrite, gray, orange,
18.098 red, microcrystalline, halite
) pseudomorphs after gypsum
18.174 from 18.23 to 19.00 m,
18.265 halite abundant from 19.40
to 20.02 m, clean groy
anhydrite from 21.15 to
21.34 m
18.621
18.733
18.798
18.900
19.001
Claystone, groy
Marker Bed 140
20.524 21.34 —anhydrite, gray, micro—
21.44 — crystalline
Halite (H-m3)
21.97 —— _ | —pale orange, medium
22.200 22.20 - crystalline

INTERA=6115-31~1

Figure 3-23. Configuration #2 of permeability test tool for sequence L4P51-C1.
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L4P51-C2
Test—Tool
Configuration

Tool Extension
Borehole: L4P51
Test Tool: 41

Date: 10/22/93
Hole depth: 22.20

Guard—Zone

Packer —

Borehole Stratigraphy

_I—__ 13.96 =

Guard—-Zone
Transducer

Guard Zone

—l——— 15.01 =*
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0.00
12.616
(See L4P51 core logs for
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12.95 -
13.102 —T - Halite (H-—-ml)
- —coloriess to gray, medium
- to coarsely crystolline, minor
7 13.355 _ gray clay decreasing with
/ - | depth, minor polyhalite
/ _ beginning at 15.15 m
// 13.970 -
X
14.503 X
14.540
14.688 X
14.942 X
%
/ X
% X |/Halite (H-m2)
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X medium crystalline, trace
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z] E—' 16.130 16.10 — ng wi ep
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16.527 16.50 —=
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/ X —oronge, medium crystalline,
/ x | anhydrite stringers beginning
/ X at 17.05 m
” 17.144 X Marker Bed 140
—anhydrite, gray, orange,
17.398 X red, microcrystalline, halite
T :
pseudomorphs after gypsum
e Egig X 1l from 18.23 to 19.00 m,
‘ l : X holite abundant from 19.40
= 17.654 17.80 to 20.02 m, cleon gray
g anhydrite from 21.15 to
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g Claystone, gray
; N\ Marker Bed 140
-1 21.34 — —anhydrite, gray, micro-
% 21.44 crystalline
g N\ Hatite (H-m3)
21.97 —p— —pale orange, medium
22.200 22.20 = crystalline

INTERA=6115-32-1

Figure 3-24. Configuration of permeability test tool for sequence L4P51-C2.
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L4P51-D1
Test—Tool
Configuration #1

PAGE 1 OF 2

BOREHOLE STRATIGRAPHY

0.00

(See L4P51 core logs for
remainder of description)
Halite (H-m1)

- —colorless to gray, medium
to coarsely crystaline, minor
- gray cloy decreasing with
depth, munor polyhalite

" beginning at 15.15 m

Tool Extension —"] X
15.59

Borehole: L4P51
Test Tool: P51-DIA
Date: 09/28/94
Hole depth: 30.48

12.95 — -

X Halite (H—m2)

15.723 X ~colorless to orange,
medium crystalline, trace
gray clay, polyhalite increas—
16.10 — ing with depth

-

-~ 16.201

Core
Loss

16.452

16.50 —=y

Guard—Zone
Packer —

_I__ 17.053 =

Guard—Zone 17.521 X
Transducer % 17.545
Port 17.626 X

] 17.80

Polyhaiitic Holite (H—m2)
—orange, medium crystalline,
anhydrite stringers beginning
at 17.05 m

NN

17.063 X

Guard Zone

\ Marker Bed 140
—anhydrite, gray, orange,
red, microcrystalline, halite
pseudomorphs after gypsum
from 18.23 to 19.00 m,
halite abundont from 19 40
to 20.02 m, clean gray

aonhydrite from 21 15 to

™ 21.34 m

Claystone. gray

Marker Bed 140
—anhydrite, groy, micro-
crystalline

21.97

Halite (H-m3)

—pale orange, medwm
crystalline

core loss

Halite (H-m3)

— 22.20
NOTE: Measurements — 22.26

in meters from floor — Colorless, medium to coarsely
before packer inflation. crystalline, trace polyhalite. anhy—
« Estimoted position drite stringer at 23.12, texture
after packer inflation. grades from coarse to medium
— " from 23.0-23.4 m

INTERA-6115~33-1

Figure 3-25a. Configuration #1 of permeability test tool for sequence L4P51-D1.
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PAGE 2 OF =

L4P51-D1
REH STRATIGRAPHY
Test—Too! Configuration #1 BOREHOLE

Continued from previous page

] 23.42 Anhydrite
Borehole: Lg5P151DIA 0343 — gray., microcrystaliine.
Test Tool: - . ] :
Date: 09/28/94 _ |y 23.48 —N = ﬁ;ayt'eg(rﬁf-ms)
Hole depth: 30.48 ‘ %282 X - Podular muddy, medium to coorsely
— 25.142 2532 = —— Necrystalline, minor polyhalite, groy clay.
- Polyhalitic Halite (H-m3)
~ {\\- Orange, coarsely crystaline

- Hatite (H-m3)

— Podular muddy, brown clay, finely
to coarsely crystalline.

Halite (H-m3)

~ Colorless, texture grades from

1

-~ 25.875

.

— Podular muddy, gray clay, finely to
- coarsely crystalline.

26.19 = 7/ 26.126 26.57 finely to very coarsely crystalline
Test—Zone 2 / ) from 25.32-25.55 m
Packer —-/ = — | Halite (H-m3)
2

T__27,02 . 27.025 -
o~ 27.30
° 27.379 x | Halite (H-m3)
c Test—Zone 2 . 27.658 — Colorless to oronge, coarsely
g Transducer 57.680 X crystalline, troce polyhalite ot 2B.18
Port increasing to minor with depth.
b7
o
- -— 27.831 X
1 X
28.15 = 7 28.082
/ X
Test—Zone 1 /
Packer -—-/ 28.77 X
X — groy to white, microcrystaline, cubic
halite inclusion. 1mm clay ot base.
o d X Halite (H-m3)
— Pale orange, coarsely crystalline,
minor polyhalite.
LvDT #R-17 Ne— 29.407 X
- LVDT #R-04 ~@—— 29.483 X
)
5 LVDT #R-16 — 29.561 X
N 29.64
" _ Argillaceous Halite (AH-m1)
i - | — Brown, medium to coarsely
[ _ | crystalline.
Test—Zone 1 -
Transducer — 30.005 -
Port 30.033
LVDT #A-02 30184 -
#a- 30.286 T
o 30.30 = :
[ 30.38 —! Halite (H-m4)
1 30.48 — Colorless, medium crystolline.
NOTE: Measurements in meters from floor before packer inflation. No core

» Estimated position after packer inflation. Bottom of hole faced.

INTERA-B115-34-1

Figure 3-25b. Configuration #1 of permeability test tool for sequence L4P51-D1
(continued).
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L4P51-D1
Test—Tool

PAGE 1 OF 2

Configuration #2 BOREHOLE STRATIGRAPHY
0.00
(See L4P51 core logs for
Borehole: L4P51 remainder of description)
Test Tool: P51-DIB 12.95 —ep——T -
. 10/13/94 Halite (H—-m1)
Date: /h' éO 48 - —colorless to groy, medium
Hole depth: : ~ | to coarsely crystalline, minor
- gray clay decreasing with
_ | depth, mnor polyhalite
L beginning at 15.15 m
Tool Extension —] X
15.59 .
N Halite (H-m2)
15.625 X —colorless to orange,
’ medium crystalline, trace
X x | gray clay, polyhalite increas—
16.10 — ing with depth
o0
16.107 5@
(& ]
/ 16.359 16.50 —
Guard—Zone / x | Polyhalitic Halite (H—m2)
Packer —- % —orange, medium crystaliine,
/ anhydrite stringers beginning
17.05
_‘_15_95 . Z, 16.960 x | ™
X
) X
c
N Guard—Zone . 17.418 X
- Transducer 17.440
= Port 17.539 x X
3 17.80
© r \\ Marker Bed 140
—anhydrite, gray, orange,
red, microcrystaliine, halite
pseudomorphs after gypsum
from 18.23 to 19.00 m,
halite abundant from 19.40
to 20.02 m, clean groy
—J anhydrite from 21.15 to
[ 21.34 m
21.34 —
21.44 — Claystone, gray
Marker Bed 140
\ —anhydrite, groy, micro—
crystalline
21.97 A th
= _ - | Halite (H—m3)
- _ | —poale orange, medium
- crystalline
- %%%g Core 1685
NOTE: Measurements ] : Halite (H-m3)
in meters from floor — Colorless, medium to coarsely
before packer infilation. crystalline, trace polyhalite anhy-
+ Estimated position dritg strfmger at 23.1{2, texct’ure
: - grodes from coarse to medium
after packer inflation. L _— from 23.0-234 m

INTERA-6115-35-1

Figure 3-26a. Configuration #2 of permeability test tool for sequence L4P51-D1.
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PAGE 2 OF 2
L4P51-D1 K
Test—Tool Configuration #2 BOREHOLE STRATIGRAPHY

Continued from previous page

=
23.42 \ Anhydrite

— gray. microcrystatline.

Clay, gray.

X _~| Halite (H-m3)

24.30 Y Y\ — Podular muddy, medium to coorsely
5532 = — = Mcrystalline, minor polyhalite, gray cloy.

- Polyhalitic Hatite (H—m3)
— Orange, coarsely crystalline.

- Halite (H—-m3)
— Podular muddy, brown clay. finely

Borehole: L4P51
Test Tool: P51—-DIB
Date: 10/13/94
Hole depth: 30.48

— _ — | \to coaorsely crystalline.
| - Halite (H—-m3)
_ — | = Colortess, texture grades from
26.09 » 7/ 26.023 26.57 finely to very coarsely crystalline
Test—Zone 2 / : from 25.32-25.55 m.
Packer _../ = — | Halite (H-m3)
_ | — Podutar muddy, gray clay, finely to
// - coarsely crystalline.
—‘—-——-26.91 * 26.916 -
o~ 27.30 -
® X Holge (H—m3)
c ne 2 . — Colorless to orange, coarsely
2 T%’?E}ngguger %;g‘;g X crystalline, trace polyhalite ot 28.18
Port iy increasing to minor with depth.
3
. - 27.737 X
—l———28.06 * 27.989 X
:
Test—Zone 1 /
Packer — X
/ 28.77 :
28.86 2 28.872 28.85 Anhydrite
X — gray to white, microcrystalline, cubic
halite inclusion, 1Tmm clay at base.
X Halite (H-m3)
— 0 —~ Pale orange, coarsely crystaolline,
minor polyhalite.
X
l.— 29.504
i 29.527 X
o
5 X
29.64
N O~ 29.714 — Argillaceous Halite (AH-m1)
T L Z | 29826 - | — 'Brown, medium to coarsely
2 2 _ | crystatiine.
Sw -
&U -—
-2 Q-—-— 29.978 -
H
5‘ —
z —
T 30.079 -
= 30.30 — -
N 30.38 =1 Halite (H-m4)
30.48 — Colorless, medium crystalline.
NOTE: Measurements in meters from floor before packer inflation. No core
« Estimated position after packer inflation. Bottom of hole faced.

INTERA-6115~36~2

Figure 3-26b. Configuration #2 of permeablhty test tool for sequence L4P51-D1
(continued).
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L4P51-D1
Test—Tool
Configuration #3

PAGE 1 OF 2

BOREHOLE STRATIGRAPHY

0.00

(See L4P51 core logs for
remainder of description)
Halite (H—m1)

- —colorless to gray, medium
to coarsely crystalline, minor
- gray clay decreasing with
depth, minor polyhalite

|, beginning at 15.15 m

Tool Extension —] X
15.59

Borehole: L4P51
Test Tool: P51-DIB
Date: 10/27/94
Hole depth: 30.48

12.95 —= -

X Halite (H—m2)

15.620 X —colorless to orange,
medium crystalline, trace

X gray clay, polyhalite increas—
16.10 — ing with depth

>

16.102

Core
Loss

16.354

16.50 —=

Polyhalitic Halite (H-m2)
—orange, medium crystalline,
anhydrite stringers beginning
at 17.05 m

Guard—Zone
Packer —

N\

16.95 =

16.955 X

|

Guard—-Zone 17.413 X

Transducer % 17.435
Port 17.534 X

] 17.80
Marker Bed 140
\ —anhydrite, gray, orange,
\ red, microcrystolline, halite
\ pseudomorphs after gypsum
N\
N
N\

Guard Zone

from 18.23 to 19.00 m,
halite abundant from 19.40
to 20.02 m, clean gray
anhydrite from 21.15 to
21.34 m

21.34 —

21.44 —

Claystone, gray

Morker Bed 140
—anhydrite, gray, micro—
crystalline

Halite (H—m3)

—pale orange, medium

crystalline
) 22.20 core loss

NOTE: Measurements ] 22.26 Halite (H—-m3)
in meters from floor

21.97

— Colorless, medium to coarsely
before packer inflation. crystalline, trace polyholite. anhy—
+ Estimated position dritg stx;inger at 23.1t2. texcl,yre

§ ker inflation. grades from coarse to medium
after packer inflation L from 23.0-23.4 m.

)

INTERA=6115=37~2

Figure 3-27a. Configuration #3 of permeability test tool for sequence L4P51-D1.
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L4P51-D1 STRATIGRAPHY PAGE 2 OF 2
OREHOLE STRATIGRAPH
Test—Tool Configuration #3 B

Continued from previous page
™ 23.42 \ Anhydrite
Borehole: L4P51 — gray. microcrystalline.
Test Tool: P51-DIB gg:g Clay, gray.
Date: 10/27/94 | K ) X _—| Halite (H-m3)
Hole depth: 30.48 " %282 Y Y\ — Podular muddy, medium to coarsely
25.025 95:37 = ——MNcrystalline, minor polyhalite, groy clay.
| -7 Polyhalitic Halite {H—m3)
— \\— Orange, coarsely crystaliine.
T - Halite (H-m3)
g ~ 11— Podular muddy, brown clay, finely
— ~— 25.763 _ = | \to coarsely crystalline.
| - Halite (H-m3)
_ - | = Colorless, texture grades from
26.08 = // 26.015 26.57 finely to very coarsely crystalline
Test—Zone 2 / ~ from 25.32—25.55 m.
Packer ——f — | Halite (H—-m3)
_ | — Podular muddy, gray clay, finely to
// - coarsely crystalline.
—'————26.90 * 26.908 -
N 27.30 -
° % Hclgel (i;l-m%)
c - - Colorless to orange, coarsely
N -%?'2%55822"2 ._%;ggl X crystaliine, trace polyhalite ot 28.18
Port : increasing to minor with depth.
o
- — 27.729 X
—I———za.os . 7 27.981 X
. X
Test~Zone 1 /
Packer —f X
/ 28.77 <~ -
—————28.85 = 2. 28.864 28.85 Anhydrite . .
X — gray to white, microcrystalline, cubic
halite inclusion, Tmm clay at base.
X Halite (H—m3)
3 — Pale orange, coarsely crystalline,
minor polyhalite.
X
g 29.496
- R f— 29.519 X
g X
29.64
™ O—t— 29.706 - Argililaceous Halite (AH-m1)
- Z 20.818 - | — Brown, medium to coarsely
2@ ] _ - | crystalline.
1 -
-2 - 29.970 L
3 T
. 30.071 -
] 30.30 — -
< 30.38 =] Halite (H-m4)
30.48 - Colorless, medium crystalline.
NOTE: Measurements in meters from floor before packer inflotion. No core
« Estimated position after packer inflation. Bottom of hole faced.

INTERA-6115-38-2

Figure 3-27b. Configuration #3 of permeability test tool for sequence L4P51-D1
(continued).
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L4P51-D1
Test—Tool
Configuration #4

PAGE 1 OF 2

BOREHOLE STRATIGRAPHY

0.00

(See L4P51 core logs for
remainder of description)
Halite (H—-m1)

- —colorless to gray, medium
to coarsely crystolline, minor
- gray clay decreasing with
depth, minor polyhalite

|, beginning at 15.15 m

Tool Extension —~] X
15.59

Borehole: L4P51
Test Tool: P51-DIB
Date: 11/23/94
Hole depth: 30.48

12.95 — -

X Halite (H—m2)

15.778 X —colorless to orange,
medium crystalline, troce

X x | gray clay, polyhalite increas—
16.10 — ing with depth

-~ 16.242

Core
Loss

16.495 16.50 —=

Polyhalitic Holite (H-m2)
—orange, medium crystalline,
anhydrite stringers beginning
at 17.05 m

Guard—Zone
Packer —

NN

17.11 = 17.115 X

|

Guard—Zone 17.571 X

Transducer 17.593
Port 17.692 x X

17.80

Guard Zone

Marker Bed 140
—anhydrite, gray, orange,
red, microcrystalline, halite
pseudomorphs after gypsum
from 18.23 to 19.00 m,

halite abundant from 19.40
to 20.02 m, clean gray
— anhydrite from 21.15 to
N

21.34 m
21.34 —
21 44 —) Claystone, gray

Marker Bed 140
—anhydrite, gray, micro—
crystalline

21.97

Halite (H-m3)
—pale orange, medium

crystalline
T 22.20 core loss

NOTE: Measurements ] 22.26 Halite (H—m3)
in meters from floor

— Colorless, medium to coarsely
before packer inflation. crystalline, trace polyhalite. anhy—
» Estimated position drite stringer ot 23.12, texture
after packer inflation. grodes from coarse to medium

P from 23.0-23.4 m.

)

{NTERA-6115-39-2

Figure 3-28a. Configuration #4 of permeability test tool for sequence L4P51-D1.
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L4P51—D1 PAGE 2 OF 2
H TRATIGRAPHY
Test—Tool Configuration #4 BOREHOLE S

Continued from previous page
[T 23.42 N
Borehole: L4P31 — gray, microcrystalline.
: P51-DIB 23.43
Test Tool: 23,48 Clay, gray.
Date: 11/23/94 . S : ' X _~| Halite (H-m3)
Hole depth: 30.48 %igg X — Podular muddy, medium to coarsely
25.180 25.32 = —— Mcrystaliine, minor polyhalite, gray clay.
[ | -- Polyhalitic Halite (H—m3)
o ~ \\- Orange, coarsely crystalline.
—Lg - Halite (H—-m3
~ |- Podulor muddy, brown clay. finely
— — 25.913 _ ~ | \to coarsely crystalline.
| - Halite (H—m3)
_ — | = Colorless, texture grodes from
26.23 + 7/ 26.164 26.57 finely to very coarsely crystaliine
Test—Zone 2 / B from 25.32—25.55 m.
Packer — — | Halite (H—m3)
/ _ | — Podular muddy, gray clay, finely to
- coarsely crystaliine.
-I———-27.06 * Z 27.067 - Y
o~ 27.30 -
o L_ ¥ | Halite (H-m3)
c —7one — Colorless to orange, coarsely
ﬁ T['??]Lsggcerz %?/.gg? X crystalline, trace polyhalite at 28.18
Port : increasing to minor with depth.
o
= -—— 27.860 X
X
28.18 = 7/ 28.113
/ X
Test—Zone 1 /
Packer — X
/ 28.77 —=i -
————29.01 « A, 29,022 28.85 Anhydrite . .
X — gray to white, microcrystalline, cubic
holite inclusion, Tmm clay at base.
X Halite (H-m3)
" — Pale orange, coarsely crystalline,
minor polyhalite.
X
l— 29.655
- 29.718 X
‘g -— 29.793 X
N ° 29.64 - -
_ Argillaceous Halite (AH—m1)
% . - | = Brown, medium to coarsely
0 % _ - | crystalline.
_gé_ _‘_
g _-.
- 30.230 -
< 30.30 — -
& 30.38 =! Halite (H-m4)
30.48 — Colorless, medium crystalline.
NOTE: Measurements in meters from floor before packer inflation. No core
» Estimated position after packer inflation. Bottom of hole faced.

INTERA-6155-40-2

Figure 3-28b. Configuration #4 of permeability test tool for sequence L4P51-D1
(continued).
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L4P51-~D1 PAGE 1 OF 2
Test—Tool

Configuration #5

BOREHOLE STRATIGRAPHY
- 0.00
% (See L4P51 core logs for
Borehole: L4P351 Z remainder of description)
Test Tool: P51-DIB 4 12.95 —ep—_ Hafite (H-m1)
Elcfe: d1 2{}_;].648448 ;.’: - —coloriess to gray, medium
ole aepth: : Z ~ | to coarsely crystalline, minor
é - gray clay decreasing with
_ | depth, minor polyhalite
A beginning at 15.15 m
Tool Extension—~] X
15.59
X Halite (H—-m2)
15.812 X —colorless to orange,
) medium crystalline, trace
X x | grey clay, polyhalite increas—
16.10 — ing with depth
—— 16.276 ]
o
[& ]
16.529 16.50 —
l/,
7 Polyhalitic Holite (H-m2)
Guard—Zone / X'| —orange. medium crystalline,
Packer ‘—'/ X anhydrite stringers beginning
at 17.05 m
17.14 = % 17.149 X
| X
o 17.402 X
N Guard—Zone X
- Transducer
s Port X X
3 ] 17.80
© ) \\ Marker Bed 140
—anhydrite, gray, orange,
red, microcrystalline, holite
pseudomorphs after gypsum
from 18.23 to 19.00 m,
halite abundant from 19.40
to 20.02 m, cleon gray
— anhydrite from 21.15 to
[T 21.34 m
21.34 —
21.44 —l Claystone, gray
Marker Bed 140
\ —anhydrite, gray, micro-
crystalline
21.97 —\ >
— _ - | Halite (H-m3)
- _ —pale orange, medium
- crystalline
_ 22'22 Core_Toss
NOTE: Measurements — 22.2 Hafite (H-m3)
in meters from floor ~ Colorless, medium to coarsely
before packer inflation. crystalline, troce polyhalite. anhy—
» Estimated position drite stringer at 23.12, texture
after packer inflation. [ R ?r?r?\ezgrgiz;iorr?: to medium

INTERA=-B115-~41~1}

Figure 3-28a. Configuration #5 for permeability test tool for sequence L4P51-D1.
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L4P51—D1 PAGE 2 OF 2

. REHOLE STRATIGRAPHY
Test—Tool Configuration #5 BORE

r/_\ Continued from previous page

[T 23.42 \\ Anhydrite
Borehole: L4P51DB 23,43 ~ gray, microcrystalline.
Tool: P51-DI .
Bﬁa 12/16/94 ., 23.48 — ﬁ':,f{e g(rf,im)
Hole depth: 30. 48 ’ %289, ¥_X\ — Podular muddy, medium to coarsely
25.217 75.32 — ——Mcrystalline, minor polyhalite, gray clay.
[ ] -7 M Polyhalitic Halite (H-m3)
~— |\~ Orange, coarsely crystalline.
:lg - Halite (H—m3)
~ |\- Podular muddy, brown clay, finely
B~ 25.938 _ = | \to coarsely crystalline.
- Halite (H—m3)
26.26 * 26.189 _ —{ — Colorless, texture grades from

’ % finely to very coarsely crystalline
Test—Zone 2 // 26.57 from 25.32-25.55 m.

Packer —-/ ~ — | Halite (H-m3)
/ — Podular muddy, grey clay, finely to

— 7 | coarsely crystaliine.
—'———27.08 . 2, 27.092 -
o 27.30 = :
o ) x | Halite (H-m3)
5 Test—Zone 2 -— 27.724 — Colorless to orange, coarsely
N Tronsducer 27.816 X crystalline, trace polyhalite at 28.18
= increasing to minor with depth.
o
= ~— 27.885 X

28.21 = 28.138

Test—Zone 1 / X
%

Packer —
28.77

29.047 28.85 —S NN Anhydrite
: — grey to white, microcrystolline, cubic
halite inclusion, Tmm clay at base.

Halite (H-m3)
— Pale orange, coarsely crystalline,
minor polyhalite.

\

D\

29.04 =

Test Zone 1———-‘ ’,‘
> >
=

WL— 29.680
x
X
o 29.64 - -
- Argiliaceous Halite (AH-m1)
|z | — | — Brown, medium to coarsely
§ _ { crystalline.
Sw -
&U -
-aé— T
£
g T
T 30.255 T
) 30.30 —t— .
g 30.38 =1 Halite (H~m4)
30.48 — Colorless, medium crystalline.
NOTE: Measurements in meters from floor before packer inflation. No core
» Estimoted position after packer inflation. Bottom of hole faced.

INTERA-6115~42-2

Figure 3-29b. Configuration #5 for permeability test tool for sequence L4P51-D1
(continued).
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L4P51-D2
Test—Tool Configuration

BOREHOLE STRATIGRAPHY

: 0.00
Z (See L4P51 core logs for
Borehole: L4P51 ': remainder of description)
Test Tool: P51-D2 % — Halite (H—m3)
Date: 04/05/95 é ~ | — Coloriess, texture grodes from
Hole depth: 30.48 %z _ — | finely to very coorsely crystalline
% - from 25.32-25.55 m.
26.57
L Halite (HmM-3)
Tool Extension——/ - |- Podlulor m;:c:lqy. gray clay, finely to
_ | coarsely crystalline.
27.167 27.30 =
X Haolite (H-m3)
— Colorless to orange, coarsely
X crystalline, troce polyhalite ot 28.18
| increasing to minor with depth.
X
——lg-— 27.896 X
X
7 28.146 %
Test—Zone / zggg SN Anhyarite
Packer 28. — gray to white, microcrystalline, cubic
X halite § )
/ clite inclusion, Tmm cloy at base.
/ Halite (H-m3)
23.04 = 7 29.046 X1 —"Pale orange, coarsely crystalline,
minor polyhalite.
X
o 0 X
2 29.64 X
5 29.748 “gggg? ’ _ Argillaceous Halite (AH~m1)
N : 29.817 — | — Brown, medium io coarsely
W ' - | crystalline.
et ° -
T 30.255 30.30 — _
=] 30.38 =1 Halite (H—m4)
Y 30.48 — Colorless, medium crystalline.
No core
NOTE: Measurements in meters from floor before packer inflation. Bottom of hole faced.

+ Estimated position after packer inflation.

INTERA=6115-43~1

Figure 3-30. Configuration of permeability test tool for sequence L4P51-D2.
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Figure 3-31. Configuration of permeability test tool for sequence L4P52-B.
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Figure 3-32. Configuration of permeability test tool for sequence S1P74-A.
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Figure 3-33. Configuration of permeability test tool for sequence S1P74-B.
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3.6 Permeability Test Data

The following section presents the data from the permeability-testing sequences

condu

cted. Four zone-compressibility tests (see Section 6.1), 7 pulse-withdrawal tests, 11

constant-pressure-injection tests, and 11 constant-pressure-withdrawal tests were
performed.

Acronyms used in the tables presented in this section are as foliows:

TZ = Test Zone

TZP = Test Zone Packer.

TZ1P= Test Zone 1 Packer (Triple-Packer Configuration)
TZ2P = Test Zone 2 Packer (Triple-Packer Configuration)
GZ = Guard Zone

GZP = Guard Zone Packer

CMP = Compressibility Test

CPI = Constant-Pressure-Injection Test

CPW = Constant-Pressure-Withdrawal Test

PW = Pulse-Withdrawal Test

TZ1 = Bottom-Hole Zone (Triple-Packer Configuration)
TZ2 = Middle Zone (Triple-Packer Configuration)

Zone Fluid Volume = Isolated Zone Volume+Tubing Volume-Tool Volume
AH = Argillaceous Halite

Table 3-3 summarizes the information from these tests. Complete data files and abridged
tabulations of the data are stored in the SWCF under WPO #42269.

Table 3-3. Test Summary Associated with Permeability Testing

Permeability Date Test Initial Final Fluid Volume Zone Zone Tool Zone Fluid
Test Zone  Started Type Unit Pressure Pressure Injected (+) Length Radius Volume Volume
Sequence (mm-dd-yy) (MPa) {MPa) Withdrawn (-) (cm) {cm) (mL) (mL)
(mL)
L4P51-C1 GZ 5-7-92 PW#1 Halite 8.826 0.011 -225 105 5.56 6586 3773
L4P51-C1 Gz 5-26-92 CPW#1  Halite 8.246 6.106 -1750 104 5.56 6586 3773
L4P51-C1 TZ 6-23-92 CPW#1 MB140 8.584 8.060 -9834 477 5.165 32308 7899
L4P51-C1 Gz 7-29-92 PW#2 Halite 7.567 0.073 -96.5 104 5.56 6586 3773
L4P51-C1 TZ 8-26-92 CPW#2 MB140 8.833 8 407 -5056 477 5.165 32308 7999
L4P51-C1 TZ 10-13-92 CPW#3 MB140 8.952 8.462 -13853 477 5.165 32308 7999
L4P51-C1 TZ 10-26-92 CPW#4 MB140 8.650 7.943 -22326 477 5.165 32308 7999
L4P51-C1 TZ 2-11-93 CMP MB140 7.578 0.344 N/A 477 5.165 32308 7999
L4P51-C1 TZ 4-15-93 CPW#5 MB140 8.621 7.728 -143869 477 5.165 32308 7999
L4P51-C2 TZ2 3-9-94 CPW#1  Halite 7.849 7.255 -1227 104 5.56 6466 3988
L4P51-C2 TZ2 4-4-94 CPI #1 Halite 7.963 8.136 +3025 104 5.56 6466 3998
L4P51-C2 TZ2 4-21-84 CPi #2 Halite 8.080 8.885 +4677 104 5.56 6466 3988
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Table 3-3 (Continued). Test Summary Associated with Permeability Testing

Permeabllity Date Test Initial Final Fluid Volume Zone Zone Tool Zone Fluid
Test Zone  Started Type Unit Pressure Pressure Injected (+)  Length Radius Volume Volume
Sequence (mm-dd-yy) (MPa) (MPa) Withdrawn (-) {cm) (cm) {mL) (mL)
{mL)
L4P51-C2 TZ2 5-12-94 CPW#2 Halite 8.346 ~7.8 -466 104 5.56 6466 3998
L4P51-C2 TZ2 5-17-94 PW Halite 8.126 4.158 -38.2 104 5.56 6466 3998
L4P51-C2 TZ2 6-14-94 CPW#3  Halite 8.133 4.206 -3469 104 5.56 6466 3998
L4P51-D1 TZ1 12-8-94  CPl#1 AH 0.006 2.323 +3389 147 5.165 7466 3692
L4P51-D1 TZ1 12-21-84 CPl#2 AH 0.004 2.325 +2519 147 5.165 7466 3692
L4P51-D1 TZ1 12-28-94 CPI# AH 0.025 2.245 +374 147 5.165 7466 3692
L4P51-D1 TZ1 1-18-95 CPI#4 AH 0.361 2.069 +7 147 5.165 7466 3692
L4P51-D1 TZ1 1-19-85 CPI#5 AH 2.013 4.404 +279 147 5.165 7466 3692
L4P51-D1 TZ1 1-23-95 CPl #6 AH 4.438 6.962 +193 147 5.165 7466 3692
L4P51-D2 Only initial pressure build-up data recorded
L4P52-B TZ 2-11-93 CPW#1 MB138 9.084 7.971 -435 141 5.08 8525 3114
L4P52-B TZ 6-7-93 CPlI#1 MB138 9.155 9.598 +219 141 5.08 8525 3114
L4P52-B TZ 6-22-93 CPI#2 MB138 9.592 10.086 +484 141 5.08 8525 3114
L4P52-B TZ 7-7-93 CPI#3 MB138 10.068 11.090 +1241 141 5.08 8525 3114
S1P74-A TZ 1-25-93 CPW  Anhydrite  6.420 5.523 -66 143 5.174 8389 3735
g
S1P74-A TZ 8-3-93 CMP #1 Anl'.lydrite 6.542 ~0.030 N/A 143 5.174 8399 3735
g
S1P74-A TZ 8-3-93 CMP #2 Anhydrite ~0.030 ~8.8 N/A 143 5.174 8399 3735
ng
S1P74-A TZ 8-3-93 PW  Anhydrite ~8.8 0.319 -498 143 5.174 8399 3735
ng
S1P74-A GZ 8-4-93 CMP#1  Halite 4.045 0.024 N/A 102 5.174 6531 2079
S1P74-B TZ1 4-10-95 PW MB138 9.273 8.860 -8.9 180 5.174 5654 9284
S$1P74-B TZ22 4-24-95 PWi#1 AH-1 8.801 7.083 -7.1 106 5.174 6587 2375
S1P74-B TZ2 5-13-95 PW#2 AH-1 8.814 4-977 -20.5 106 5.174 6587 2375

3.6.1 Permeability Testing in Room L4

3.6.1.1 BOREHOLE L4P51, PERMEABILITY-TESTING SEQUENCE L4P51-C1

Permeability-testing sequence L4P51-C1 took place in Room L4 in borehole L4P51. This

test sequence was designed to investigate the brine permeability of MB140. Table 3-4
gives a detailed description of the events that occurred during permeability-testing
sequence L4P51-C1.
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Table 3-4. Permeability-Testing Sequence L4P51-C1 Events

EVENT DATE CALENDAR 1882 TIME
DAY CALENDAR (HH:MM:SS)
DAY

Ream borehole L4P51 to a diameter of 7.5-inch (19.05-cm) to a depth of 10 feet. 3-30-92 90 90 12:00:00

install and grout into place a 10-foot borehole flanged collar. 3-30-92 90 Q0 14:00:00

Deepen borehole L4P51 with 4-inch (10.16-cm) bit (2-inch (5.08-cm) core) to 11.10m.  4-1-92 92 92 14:30:00

Deepen borehole L4P51 with 4-inch (10.16-cm) bit (2-inch (5.08-cm) core) to 12.62m.  4-2-92 83 93 12:45:00

Deepen borehole L4P51 with 4-inch (10.16-cm) bit (2-inch (5.08-cm) core) to 14.10m.  4-2-92 93 93 13:20:00

Deepen borehole L4P51 with 4-inch (10.16-cm) bit (2-inch (5.08-cm) core) to 1568 m.  4-2-92 93 93 14:20:00

Deepen borehole L4P51 with 4-inch (10.16-cm) bit (2-inch (5.08-cm) core) to 17.18 m.  4-3-92 94 94 08:22:00

Suspend drilling activities until a drilling fluid that is more fully saturated with respect 4-6-92 97 97 08:00:00
to NaCl can be obtained.

Deepen borehole L4PS1 with 4-inch (10.16-cm) bit (2-inch (5.08-cm) core) to 18.10m.  4-14-92 105 105 13:40:00

Deepen borehole L4P51 with 4-inch (10.16-cm) bit (2-inch (5.08-cm) core) to 18.61 m.  4-14-92 105 105 14:22:00

Deepen borehole L4P51 with 4-inch (10.16-cm) bit (2-inch (5.08-cm) core) t0 20.17 m.  4-15-92 106 106 09:45:00

Deepen borehole L4P51 with 4-inch (10.16-cm) bit (2-inch (5.08-cm) core) t0 21.74 m.  4-15-92 106 106 13:50:00

Deepen borehole L4P51 with 4-inch (10.16-cm) bit (2-inch (5.08-cm) core) t0 22.20 m.  4-15-92 106 106 14:30:00

Perform video-log of borehole L4P51 (COLOG). 4-22-92 113 113 12:00:00

Install volume displacement device in borehole L4P51 as indicated in the test-too! 4-23-92 114 114 14:00:00

configuration diagram #1 (Figure 3-22).
Install multipacker test tool #33A in borehole L4P51 for permeability testing sequence  4-24-92 11§ 115 09:27:00
L4P51-C1 as indicated in the test-too! configuration diagram #1 (Figure 3-22).

Begin data file L4P51CO1. 4-24-92 115 115 09:47:37

Inflate GZP to ~ 10.3 MPa. 4-24-92 115 115 09:50:00

inflate TZP to ~ 10.3 MPa. 4-24-92 115 115 09:55:00

Increase GZP pressure. 4-24-92 115 115 09:58.00

Increase TZP pressure. 4-24-92 115 115 10:00:00

Shutin GZ and TZ. 4-24-92 115 115 10:07:00

Increase GZP pressure. 4-27-92 118 118 06:58:00

Increase TZP pressure. 4-27-92 118 118 07.00:00

Leaky fitting on GZ. 4-28-92 119 119 07:38:00

Leaky fituings on GZ and TZ. 4-30-92 121 121 09:00:00

LVDT #1 has been disconnected since day 125. 56-92 127 127 08.03:00

End data fila L4P51CO1. 5-7-92 128 128 11:33:11

Power outage in Room L4. 5-7-92 128 128 11:45.00

Begin data fils L4AP51C02. 5-7-92 128 128 12:43:40

Initiate pulse-withdrawal test #1 in GZ frgnllde.st to 0.011 MPa removing 225 mL of 5-7-92 128 128 12:44:00

uid.

Shut in GZ. 5-7-92 128 128 12:46:10

Depressunze TZ. 5-11-92 132 132 08:32:56

Depressurize GZ ending pulse-withdrawal test #1 in GZ. 511-92 132 132 08:34:24

Deflate TZP and GZP. 5-11-92 132 132 08:38:00
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Table 3-4 (Continued). Permeability-Testing Sequence L4P51-C1 Events

EVENT DATE CALENDAR 1992 TIME
DAY CALENDAR  (HH:MM:SS)
DAY

End data file L4P51C02. 5-11-82 132 132 08:40:47

Remove multipacker test tool #33A from borehole L4P51. 5-11-92 132 132 14:00:00

Install multipacker test tool #33B in borehole L4P51 as indicated in the test-tool 5-13-92 134 134 09:30:00

configuration diagram #2 (Figure 3-23).

Begin data file L4P51C03. 5-13-92 134 134 11:41:00

Inflate GZP to ~10.3 MPa. 5-13-92 134 134 11:41:30

inflate TZP to ~ 10.3 MPa. 5-13-92 134 134 11:43:.00

Shutin TZand GZ. 5-13-92 134 134 11:45:00

Increase TZP pressure to ~ 11 MPa. 5-21-92 142 142 10:15:43

End data file L4P51C03. 5-26-92 147 147 07:53:40

Begin data file LAP51C04. 5-26-92 147 147 07:59:40

Begin constant-pressure-withdrawal test in GZ at ~ 2 MPa below GZ pressure 5-26-92 147 147 08:17:40
(~ 6.1 MPa).

Increase back pressure on the DPT panel. 5-28-92 149 149 11.00:04

Leaky fitting on DPT panel. 5-29-92 150 150 09:34:00

Increase back pressure on the DPT panel. 6-2-92 154 154 09:36:00

Increase back pressure on the DPT panel. 6-4-92 156 156 09:46:00

increase back pressure on the DPT panel. 6-5-92 157 157 07:33:00

Shut in GZ from DPT panel, terminating the constant-pressure-withdrawal test. 6-8-92 160 160 08:17:00

End data file L4P51C04. 6-10-92 162 162 08:29:05

Begin data file L4AP51COS. 6-10-92 162 162 08:46:24

Begin constant-pressure-withdrawal test #1 in TZ at ~ 0.5 MPa below TZ pressure 6-23-92 175 175 08:20:10
(~ 8.0 MPa).

Shut in TZ from DPT panel terminating the constant-pressure-withdrawal test#1 in TZ.  6-26-92 178 178 12:36:30

End data file L4P51CO5. 6-29-92 181 181 12:16:13

Begin data file L4P51C06. 6-29-92 181 181 12:20:00

Open GZP to accumulator. 7-8-92 190 190 12:03:03

DAS running on unconditioned power since day 191. 7-13-82 185 195 10:15:00

Increase TZP pressure. 7-16-92 198 198 12:15:37

Open TZP and GZP to same accumulator. 7-16-92 198 188 12:19:37

Initiate pulse-withdrawal test #2 in GZ fr:n';d7567 to 0.073 MPa, removing 96.5 mL of  7-29-92 211 211 08:00:29

uid.

Deflate GZP. 7-29-92 21 211 08:02:44

Inflate GZP to 10.898 MPa. 7-29-92 211 21 08:08:29

Increase GZP pressure. 7-29-92 211 211 08:19:14

Open GZP to accumulator. 7-29-92 211 211 08:25:14

Shut in GZ. 7-28-92 211 211 09:00:00

End data file LAP51C06 terminating pulse-withdrawal test #2 in GZ. 8-14-92 227 227 07:57:06
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Table 3-4 (Continued). Permeability-Testing Sequence L4P51-C1 Events

EVENT DATE CALENDAR 1992 TIME
DAY CALENDAR (HH:MM:SS)
DAY

Begin data file LAP51C07. 8-14-92 227 227 08:31:00

End data file L4P51C07. 8-24-92 237 237 05:42:52

Begin data file L4P51C08. 8-24-92 237 237 12:41:28

Begin constant-pressure-withdrawal test #2 in TZ at ~ 0.5 MPa below TZ pressure 8-26-92 239 239 08:41:37

(~ 8.4 MPa).

Decrease back pressurs on DPT panel. 8-28-82 341 241 10:04:00

Decrease back pressure on DPT panel. 8-31-92 244 244 08:43:00

Leaky fitting on DPT panel. 8-31.92 244 244 08:45:00

Shut in TZ from DPT panel terminating the constant-pressure withdrawal test #2in TZ.  9-1-92 245 245 08:54:00

End data file LAP51C08. 9-8-92 252 252 07:52:01

Begin data file L4P51C09. 9-8-92 252 252 09:51:12

End data file L4P51C09. 8-21-92 285 265 07:42:34

Begin data file L4P51C10. 10-2-92 276 276 09:00:35

End data file L4PS1C10. 10-8-92 282 282 11:21:32

Begin data file L4P51C11. 10-8-92 282 282 13:11:06

Begin constant-pressure-withdrawal test #3 in TZ at ~ 0.5 MPa below TZ pressure 10-13-92 287 287 09:04:36

(~ 8.4 MPa.)

Increase back pressure on DPT panel. 10-21-92 285 295 12:30:00

Decrease the rate of gas coming from the column. 10-22-82 296 296 12:21:30

Increase back pressure on DPT panel. 10-23-92 297 297 11:50:00

Decrease back pressure on DPT panel to ~ 7.4 MPa terminating the constant- 10-26-92 300 300 09:19:07
pressure-withdrawal test #3 in TZ and beginning the constant-pressure-withdrawal test

#4inTZ

Shut in TZ from DPT panel terminating the constant-pressure-withdrawal test #4 in TZ.  11-6-92 31 311 09:52:38

End data file L4P51C11. 11-6-92 311 311 14:25:28

Begin data file LAP51C12. 11-6-92 31 311 14:29:45

End data file LAPS1C12. 1-8-93 8 374 04:21:46

Begin data file L4P51C13. 1-8-93 8 374 09:44:47

Possible leaky fitting on DPT panel. 1-13-93 13 379 08:00:00

Perform compressibility test in TZ dropp:g the pressure in steps from 7.578 t0 0.344  2-11-93 42 408 12:12:00

a.

Depressurize TZ teminating the TZ compressibility test. 2-11-93 42 408 12:12:18

Depressurize GZ. 2-11-93 42 408 12:16:48

Deflate TZP. 2-11-93 42 408 12:21:18

Deflate GZP. 2-11-93 42 408 12:23:18

Inflate TZP to ~ 10.3 MPa. 2-11-93 42 408 12:57:15

Inflate GZP to ~ 10.3 MPa and increase TZP pressure. 2-11-93 42 408 12:59:15

Increase GZP pressure. 2-11-93 42 408 13:03:30

Open TZP to accumulator. 2-11-.93 42 408 13:04:30
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Table 3-4 (Continued). Permeability-Testing Sequence L4P51-C1 Events

EVENT DATE CALENDAR 1992 TIME
DAY CALENDAR  (HH:MM:SS)
. .o : DAY

Open GZP to accumulator. 2-11-93 42 408 13:04:45
Shutin TZ. 2-11-83 42 408 13:10:46

Shut in GZ. 2-11-83 42 408 13:13:31

End data file L4P51C13. 3-5.93 68 434 11:24:11

Begin data file LAP51C14. 3-9-93 68 434 11:32:04

End data file L4P51C14. 4-14-93 104 470 07:08:13

Begin data file L4P51C15. 4-14-93 104 470 10:16:33
Begin constant-pressure-withdrawal test #5 in TZ at ~ 1 MPa below TZ pressure 4-15-93 105 474 09:50:00

(~ 7.7 MPa) and obtain pressurized brine sample #13105-1.

Shut in TZ from DPT panel due to overfull fiuid reservoir. 4-19-93 109 475 10:02:22
Resume constant-pressure-withdrawal test #5 in TZ. 4-19-93 109 475 11:45:.00

Shut in TZ from DPT pane! due to plugged flow line. 4-21-93 i1 477 12:52:14

Resume constant-pressure-withdrawal test #5 in TZ. 4-21-93 111 477 13:22:28
Shut in TZ from DPT panel due to plugged flow line. 4-27-93 117 483 12:10:00
Resume constant-pressure-withdrawal test #5 in TZ. 4-27-93 17 483 12:16:56
Shut in TZ from DPT panel due to plugged flow line. 5-7-83 127 493 12:00:.00

End data file L4P51C15. 5-10-93 130 496 11:32:21
Begin data file L4P51C16. 5-10-93 130 496 11:35:40
Resume constant-pressure-withdrawal test #5 in TZ. 5-10-93 130 496 11:40:00
Decrease back pressure on DPT panel. 5-10-83 130 496 14:26:00
Decrease back pressure on DPT panel. 5-13-93 133 499 14:08:00
Decrease back pressure on DPT panel. 517-93 137 503 08:20:00
Obtain pressurized brine sample #13152-1 from TZ (cylinder flushed with argon). 6-1-93 152 518 08:58:00
Obtaln pressurized brine sample #13167-1 from TZ (cylinder flushed with argon). 6-25-93 176 542 11:13:53
Obtain pressurized brine sample #13176-1 from TZ (cylinder flushed with argon). 7-2-93 183 549 10:53:41
Obtain pressurized brine sample #13183-1 from TZ (cylinder flushed with argon). 7-9-93 180 556 10:31:52
Obtain pressurized brine sample #13180-1 from TZ (cylinder flushed with argon). 7-15-83 196 562 13:22:44
End data file L4PS1C16. 8-6-93 218 584 07:43:00
Begin data file LAPS1C17. 8-6-93 218 584 07:47:24
Obtain pressurized brine sample #13258-1 from TZ (cylinder flushed with argon). 9-15-93 258 624 08:05:33
Decrease back pressure on DPT panel. 9-23-93 266 632 07:37:47
End data file L4P51C17. 9-23-93 266 632 07:46:18
Obtain pressurized brine sample #13274-1 from TZ (cylinder flushed with argon). 10-1-93 274 640 08:59:30
Decrease back pressure on DPT panel. 10-6-93 279 645 07:02:00
Obtain pressurized brine sample #13281-1 from TZ (cylinder flushed with argon). 10-8-93 281 647 09:17:00
Decrease back pressure on DPT panel, 10-11-93 284 650 08:45:00
Power outage in Room L4 since day 284. 10-12-93 285 651 13:52:00
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Table 3-4 (Continued). Permeability-Testing Sequence L4P51-C1 Events

EVENT DATE CALENDAR 1992 TIME
DAY CALENDAR (HH:MM:SS)
DAY
Decrease back pressure on DPT panel. 10-15-93 288 654 09:53:00
Decrease back pressure on DPT panel. 10-18-93 291 657 08:08:00
Obtain pressurized brine sample #13294-1 from T2 (cylinder flushed with argon). 10-21-93 294 6680 09:00:00
Begin data file LAP51C18. 10-22-93 295 661 08:38:02
Obtain pressurized brine sample #13302-1 from TZ (cylinder flushed with argon). 10-29-93 302 668 08:28:25
Increase back pressure on DPT panel. 10-29-93 302 668 08:38:07
Decrease back pressure on DPT panel. 11-3-93 307 673 10:15:32
Obtain pressurized brine sample #13308-1 from TZ (cylinder flushed with argon). 11-4-93 308 674 09:36:44
Decrease back pressure on DPT panel. 11-5-93 308 675 10:11:00
DAS powered by generator. 11-10-93 314 680 09:27:53
Shut in TZ from DPT panel terminating the constant-pressure-withdrawal test#5in TZ.  11-11-93 315 681 08:58:00
Depressurize TZ. 11-11-83 315 681 09:04.00
Depressurize GZ (~ 100 mL of brine removed). 11-11-83 315 681 09:09:00
Deflate TZP. 11-11.93 315 681 09:15:00
Deflate GZP. 11-11-93 315 681 09:18:00
End data file L4P51C18. 11-11-93 315 681 09:26:00
Remove multipacker test tool #33B from borehole L4P51 and terminate permeabilty ~ 11-11-93 315 681 12:00:00

testing sequence L4P51-C1.

Figures 3-34 through 3-40 illustrate the zone pressures, packer pressures, zone
temperature, axial-LVDT displacement, radial-LVDT displacement, fuid production during
constant-pressure-flow tests, and test-zone compressibility, respectively, for permeability-
testing sequence L4P51-C1. It should be noted that Figure 3-39 (Fluid production during
constant-pressure -flow tests in permeability testing sequence L4P51-C1) consists of two
parts (Figures 3-39a and 3-39b). Copies of the video-log associated with testing sequence
L4P51-C1 identified in Table 3-4 are provided in the SWCF under WPO #45907.
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Figure 3-34. Zone pressures during permeability-testing sequence L4P51-C1.
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Figure 3-35. Packer pressures during permeability-testing sequence L4P51-C1.
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Figure 3-36. Zone temperatures during pemmeability-testing sequence L4P51-C1.
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Figure 3-37. Axial-LVDT displacement during permeability-testing sequence L4P51-C1.
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Figure 3-38. Radial-LVDT displacement during pemmeability-testing sequence L4P51-C1.
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Figure 3-39a. Fluid production during constant-pressure-flow tests in permeability-

testing sequence L4P51-C1.
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Figure 3-38b. Fluid production during constant-pressure-flow tests in permeability-
testing sequence L4P51-C1 (continued).
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Figure 3-40. Test-zone compressibility as measured during permeability-testing sequence L4P51-C1.
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Table 3-5 indicates the equipment that was used and the duration that each instrument
was used during permeability-testing sequence L4P51-C1.

Table 3-5. Permeability-Testing Sequence L4P51-C1 Equipment

Equipment Location Serial # Installed Removed
DAS Software N/A PERM4F 4-24-92 11-11-93
DCU (HP3497A) N/A 2629221996 4-24-92 10-2-92
DCU (HP3497A) N/A 2629221990 10-2-92 3-25-03
DCU (HP3497A) N/A 2629222040 3-25-93 9-6-93
DCU (HP3497A) N/A 2514217149 9-6-93 9-22-93
DCU (HP3497A) N/A 2023201688 9-22-93 11-11-93
(Druck POOR g30)  Guard Zone 246914 4-24-92 11-11-93
Transducer Test Zone
(Druck PDCR 10/D) Packer 211695 4-24-92 11-11-93
Transducer Guard Zone
(Druck PDCR 830) Packer 246920 4-24-92 11-11-83
(Druz{(agg%‘;ﬁro D) Test Zone 211690 4-24-92 11-11-93
(szrf’l‘fgg;egso) DPT Panel 246910 5-26-92 6-10-92
(szrfgsgg;eg1 0 DPT Panel 322427 8-24-92 9-8-92
(szrl?gsl;ig;e; 10) DPT Panel 322427 10-8-92 11-6-93
(Dm'zr:gsgg;e; 10 DPT Panel 322427 10-22-93 11-11-93
LVDT (Trans-Tek 241) N/A RO4 4-24-92 5-11-92
LVDT (Trans-Tek 241) N/A R16 4-24-92 5-11-92
LVDT Trans-Tek 241) N/A R17 4-24-92 5-11-92
LVDT (Trans-Tek 245) N/A A02 4-24-92 5-11-92
LVDT (Trans-Tek 241) N/A RO5 5-13-92 10-22-93
LVDT (Trans-Tek 241) N/A R11 5-13-92 10-22-93
LVDT (Trans-Tek 241) N/A R12 5-13-92 10-22-93
LVDT (Trans-Tek 245) N/A A01 5-13-92 10-22-93

Thermocouple

(Type E) Test Zone 1 4-24-92 11-11-93
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Table 3-5 (Continued). Permeability-Testing Sequence L4P51-C1 Equipment

Equipment Location Serial # Installed Removed
Thermocouple Guard Zone 2 4-24-92 11-11-93
(Type E)
Injection Column N/A 76 6-23-92 4-14-93
Injection Column N/A 77 5-26-92 4-14-93
Injection Column N/A 38 4-14-93 11-11-93
Injection Column N/A 88 4-14-93 11-11-93
DPT
(Rosemount 1151DP) N/A 1408226 5-20-92 10-12-92
DPT
(Rosemount 1151DP) N/A 1389938 10-12-92 4-12-93
DPT
(Rosemount 1151DP) NIA 1140864 4-12-93 11-11-93

* Installed dates for injection columns refer to dates of initial use rather than date installed.

3.6.1.2 BOREHOLE L4P51, PERMEABILITY-TESTING SEQUENCE L4P51-C2

Permeability-testing sequence L4P51-C2 took place in Room L4 in borehole L4P51. This
test sequence was designed to investigate the brine permeability of a halite directly above
MB140. Table 3-6 gives a detailed description of the events that occurred during the
permeability-testing sequence L4P51-C2.

Table 3-6. Permeability-Testing Sequence L4P51-C2 Events

EVENT DATE CALENDAR 1993 TIME
DAY CALENDAR (HH:MM:SS)
DAY
Install 4.63 meter volume-displacement device in borehole L4P51 as indicated inthe  11-16-93 320 320 13:18:00
test-tool configuration diagram (Figure 3-24).
Install multipacker test tool #41 in borehole L4P51 as indicated in the test-tool 11-17-93 321 321 14:00:00
configuration diagram for permeabiiity-testing sequence L4P51-C2 (Figure 3-24).

Begin data file LAP51C19. 11-18-93 322 322 12:58:00
inflate TZ1P to ~ 10.3 MPa. 11-18-93 322 322 13:08:20

Inflate T22P to ~ 10.3 MPa. 11-18-93 322 322 13:10:52
inflate GZP to ~ 10.3 MPa. 11-18-93 322 322 13:13:20

Shutin TZ1. 11-18-93 322 322 13:16:01
Shutin TZ2 and GZ. 11-28-93 333 333 08:58:00
Increase GZ pressure to ~ 4.1 MPa. 12-1-93 335 335 09:59:00
Increase GZ pressure to 5.888 MPa. 12-2-93 338 336 11:48:20
increase GZP pressure to 11.209 MPa. 12-2-93 336 336 11:50.00
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Table 3-6 (Continued). Permeability-Testing Sequence L4P51-C2 Events

EVENT DATE CALENDAR 1993 TIME
DAY CALENDAR (HH:MM:SS)
DAY

Increase GZP pressure to ~ 12 MPa. 12-8-93 342 342 11:26:27

Open GZ to accumulator at ~ 6 MPa. 12-8-83 342 342 11:30:00

Leaky fitting on GZP. 12-15-93 349 349 09:20:56

Replace gage on GZP. 12-16-93 350 350 09:31:49

Remove gage from GZP. 12-17-93 351 351 08:12:00

Increase GZP pressure. 12-20-93 354 354 09:45.00

End data file L4PS1C19. 1-19-94 19 384 12:23:27

Begin data file L4P51C20. 1-19-94 19 384 12:27:49

Open TZ2P to accumulator at 11.175 MPa. 2-8-84 39 404 11:11:00

End data file L4P51C20. 2-24-94 55 420 10:55:13

Begin data file L4P51C21. 2-24-84 55 420 11:07:33

End data file L4P51C21. 3-7-84 66 431 11:11:22

Begin data file L4P51C22. 3-8-94 67 432 12:11:46

Replace junction box on DAS to allow for the use of a DPT. 3-8-94 67 432 12:14:00

Begin constant-pressure-withdrawal test #1 in TZ2 at ~ 0.5 MPa below TZ2 pressure 3-9-84 68 433 11:03:45
(~ 7.3 MPa).

Shut in TZ2 from DPT panel terminating constant-pressure-withdrawal test #1 in TZ2.  3-18-84 77 442 10:31:05

End data file L4P51C22. 3-30-94 89 454 08:21:50

Begin data file L4P51C23. 3-30-84 89 454 10:21:58

Begin constant-pressure-injection test #1 in TZ2 at ~ 0.5 MPa above TZ2 pressure 4-4-94 94 459 09:17:00
(~ 8.4 MPa).

Shut in GZP from accumulator. 4-7-94 97 462 12:13:00

Open GZP to accumulator at 11.774 MPa. 4-21-84 "M 476 08:46.00

Terminate constant-pressure-injection test #1 in TZ2 and end data file L4P51C23. 4-21-84 111 476 12:56:09

Begin data file L4P51C24. 4-21-94 111 476 12:59:10

Begin constant-pressure-injection test #2 in TZ2 at ~ 1 MPa above TZ2 pressure 4-21-94 111 476 13:00:33
(~ 8.9 MPa).

Shut in TZ2 from DPT pane! terminating constant-pressure-injection test #2 in TZ2. 4-27-94 117 482 10:58:35

DAS was not functioning properly upon armival (problem occurred on day 117). 4-29-94 119 484 08:31:00

End data file L4P51C24. 4-29-84 119 484 08:41:44

Begin data file L4P51C25. 4-29-94 119 484 09:05:00

£nd data file LAP51C25. 5-10-94 130 485 11:38:35

Shut in all zones and packers to replace transducers. 5-10-94 130 495 11:52:00

Begin data fils L4P51C26. 5-10-94 130 495 14:04:27

Open all zones and kers to new tr 5-10-84 130 495 14:06:00

Open TZ1P to accumulator at 11.985 MPa. 5-12-94 132 497 12:40:00

Begin constant-pressure-withdrawal test #2 in TZ2 at ~ 0.5 MPa below TZ2 pressure  5-12-94 132 497 12:47:10

(~ 7.8 MPa).
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Table 3-6 (Continued). Permeability-Testing Sequence L4P51-C2 Events

EVENT DATE CALENDAR 1993 TIME
DAY CALENDAR (HH:MM:SS)
DAY
Shut in T22 from DPT panel terminating constant-pressure-withdrawal test #2 in T22.  5-12-94 132 497 13:44:45
Initiate pulse-withdrawal test in TZ2 dropping pressure from 8.126 to 4.158 MPa 5-17-94 137 502 09:14:47
removing 38.2 mL of fluid.
End data file L4P51C26. 6-2-84 153 518 12:08:21
Begin data file L4P51C27. 6-2-84 153 518 12:42:23
Terminate pulse-withdrawal test in TZ2 and end data file L4P51C27. 6-6-84 157 522 10:21:12
Begin data file L4P51C28. 6-6-94 157 522 10:49:54
Begin constant-pressure-withdrawal test #3 in TZ2 at ~ 4 MPa below TZ2 pressure 6-14-94 165 530 11:48:15
(~ 4.1 MPa) using a pressure controller.
Shut down power to everything except the pressure controller and the reference 6-17-94 168 533 08:52.00
transducer in order to maintain test conditions during a power outage.

Power supplied to entire system. 6-20-94 171 536 09:22:.00

Fluid reservoir level altered. 6-23-94 174 539 ~ 10:30:00
Retum fluid reservoir level to approximate original position. 6-23-94 174 538 13:10:00
End data file L4P51C28. 6-27-94 178 543 11:11:03
Begin data file L4P51C29. 6-27-94 178 543 11:15:46
Shut in TZ2 from DPT panei terminating constant-pressure-withdrawal test #3 in T22. 7-6-94 187 552 08:06:25
End data file L4P51C29. 7-18-94 199 564 10:14:19
Begin data file L4P51C30. 7-18-94 199 564 10:35:02
End data file L4P51C30. 7-19-94 200 865 08:01:06
Depressurize all zones. 7-25-94 206 571 09:54:00
Deflate all packers. 7-25-94 206 511 10:03:00
Remove multipacker test too! #41 from borehole L4P51 terminating permeability 7-25-94 206 571 14:00:00

testing sequence L4P51-C2.

Perform video-log of borehole L4P51. 7-26-94 207 572 13:03:00

Figures 3-41 through 3-44 illustrate the zone pressures, packer pressures, test-zone
temperature, and fiuid production during constant-pressure-flow tests, respectively, for
permeability-testing sequence L4P51-C2.
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Figure 3-41. Zone pressures during permeability-testing sequence L4P51-C2.
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Figure 3-43. Test-zone 1 temperature during permeability-testing sequence L4P51-C2.
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Table 3-7 indicates the equipment that was used and the duration that each instrument
was used during permeability-testing sequence L4P51-C2.

Table 3-7. Permeability-Testing Sequence L4P51-C2 Equipment

Equipment Location Serial # Installed Removed
DAS Software N/A PERM4F 11-18-93 7-19-94
DCU (HP3497A) N/A 2629221990 11-18-93 3-7-94
DCU (HP3497A) N/A 2023201688 3-7-94 5-10-04
DCU (HP3497A) N/A 2629221996 5-10-04 7-19-94
Transducer Test Zone 2
(Druck PDCR 910) Packer 308152 11-18-83 7-19-94
Transducer Test Zone 1
(Druck PDCR 830) Packer 246919 11-18-93 7-19-94
(Dmlrf’,’,sgg;egw Test Zone 2 246910 11-18-93 5-10-94
(Dmlfgsgg;egw) Test Zone 1 246912 11-18-93 5-10-04
(Drir;r;ssig;egw) Guard Zone 308143 11-18-93 5-10-94
Transducer Guard Zone
(Druck PDCR 910) Packer 322423 11-18-93 5-10-94
(Dm'l;r:rl;sljclg;eg1 0 DPT Panel 321768 3-4-94 3-30-94
(D;erk"so‘g%%‘f; 5 DPT Panel 609364 3-30-94 6-18-94
(Drzfl?s[‘)%‘g%e_; 8 Test Zone 1 609374 5-10-94 7-19-04
(DL?I?SD%%%%{I &) Test Zone 2 609367 5-10-94 7-19-94
(DL'CE‘,:‘SD%‘Q%E_: ) Guard Zone 609366 5-10-94 7-19-94
Transducer Guard Zone
(Druck D930-18) Packer 609369 5-10-94 7-19-94
Transducer Pressure
(Druck PDCR 910) Controller 322427 6-2-94 6-18-94
Thermocouple (Type E) Test Zone 1 1 11-18-83 7-19-94
Injection Column N/A 264 3-4-94 6-18-94
Injection Column N/A 265 3-4-94 6-3-94
Injection Column N/A 88 6-3-94 6-18-94
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Table 3-7 (Continued). Permeability-Testing Sequence L4P51-C2 Equipment

Equipment Location Serial # Installed Removed
(Rosemo?Jlr::;r 1151DP) N/A 1140864 3-4-94 6-18-94

* Installed dates for injection columns refer to dates of initial use rather than date installed.

3.6.1.3 BOREHOLE L4P51, PERMEABILITY-TESTING SEQUENCE L4P51-D1

Permeability-testing sequence L4P51-D1 took place in Room L4 in borehole L4P51. This
test sequence was designed to investigate the brine permeability of an argillaceous halite
approximately 10 m below MB140. Unsuccessful attempts were made to perform
permeability tests in the isolated test zone containing the argillaceous halite below MB140
in borehole L4P51 during permeability-testing sequence L4P51-D1. Testing was
suspended for permeability-testing sequence L4P51-D1 when the test tool was determined
to be unreliable. Table 3-8 gives a detailed description of the events that occurred during
permeability-testing sequence L4P51-D1 and gives evidence of the unreliability of the test
tool.

Table 3-8. Permeability-Testing Sequence L4P51-D1 Events

EVENT DATE  CALENDAR 1994 TIME
DAY CALENDAR (HH:MM:SS)
DAY

Deepen borehole L4P51 with 4-inch (10.16-cm) bit (2-inch (5.08-cm) core) t0 23.60m.  $-20-94 263 263 13:29:20

Deepen borehole L4P51 with 4-inch (10.16-cm) bit (2-inch (5.08-cm) core) t0 24.91m.  9-21-94 264 264 09:32:10

Deepen borehole L4P51 with 4-inch (10.16-cm) bit (2-inch (5.08-cm) core)to 26.25m. 9-21-94 264 264 10:41:00

Deepen borehole L4P51 with 4-inch (10.16-cm) bit (2-inch (5.08-cm) core) t0 27.62 m.  9-21-94 264 264 13:01:00

Deepen borehole L4PS1 with 4-inch (10.16-cm) bit (2-inch (5.08-cm) core) t0 28.85m.  9-21-94 264 264 13:46:15

Deepen borehole L4P51 with 4-inch (10.16-cm) bit (2-inch (5.08-cm) core) t0 30.35m.  9-21-94 264 264 14:39:40

Face off the bottom of the borehole with 4-inch (10.16-cm) plug bt to 30.45 m. 9-22-94 265 265 10:27:30

Install multipacker test tool #P51-D1A in borehole L4P51 as indicated in the test-too! 9-29-94 272 272 12:00:00
configuration diagram #1 to begin penneazgi)l.ity-testmg sequence L4P51-D1 (Figure 3-

Begin data file L4P51D01. 9-30-94 273 273 11:01:51

Circulate fiuid through GZP to remove all possible gas. 9-30-94 273 273 11:42:00

Inflate GZP to 13.228 MPa. 9-30-94 273 273 11:45:00

Fill borehole with brine to remove all possible gas. 9-30-84 273 273 11:53:00

Inflate TZ1P to 13.514 MPa. 9-30-94 273 273 12:00:00

Inflate TZ2P to 13.743 MPa. 9-30-94 273 273 12:04:00

Open all packers to accumulator at ~ 13.9 MPa. 9-30-94 273 273 12:13:36

Shut in all zones. $-30-94 273 273 12:15:17

Increase TZ2 pressure to 4.872 MPa. 10-4-94 277 277 09:45.00

End data file L4P51001. 10-6-94 279 279 11:08:01
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Table 3-8 (Continued). Permeability-Testing Sequence L4P51-D1 Events

EVENT DATE CALENDAR 1994 TIME
DAY CALENDAR (HH:MM:SS)
’ DAY
Begin data file L4P51D02. 10-6-94 279 2719 11:12:59
Shut in all packer from accumulator. 10-6-84 279 279 11:26:00
Depressurize TZ1. 10-6-94 279 279 11:26:54
Depressurize TZ2. 10-6-94 279 278 11:27:25
Open GZ injection line to atmosphere. 10-6-94 279 279 11:27:44
Deflate TZ1P. 10-6-84 279 279 11:28:46
Deflate TZ2P. 10-6-94 279 279 11:29:56
Inflate TZ1P. 10-6-94 279 279 11:33:43
{nflate TZ2P. 10-6-84 279 279 11:34:48
Shutin TZ1. 10-6-94 279 279 11:39:19
Increase TZ2 pressure to 5.372 MPa. 10-6-94 279 279 11:42:02
DAS was not functioning properly upon arrival. 10-7-94 280 280 10:38:00
End data file L4P51D02. 10-10-94 283 283 10:15:52
Begin data file L4P51D03. 10-10-94 283 283 10:17:14
Depressurize all zones. 10-10-84 283 283 11:38:53
Deflate TZ1P. 10-10-84 283 283 11:43:30
Deflate TZ2P. 10-10-84 283 283 11:44:21
Circulate brine through the system. 10-10-94 283 283 11:55:00
Inflate all packer to ~ 14 MPa. 10-10-94 283 283 12:12:35
Increase pressure in all packers to ~ 16.5 MPa. 10-10-94 283 283 12:13:55
TZ1P appears to be leaking into the TZ2. 10-10-94 283 283 12:20:00
Depressurize all zones. 10-10-84 283 283 13:20:00
Deflate all packers. 10-10-84 283 283 13:28:00
Remove multipacker test -tool #P51-D1A from borehole to fix leak. 10-11-84 284 284 09:04:00
Remove LVDT housing from test tool and put on a volume-displacement device. 10-11-94 284 284 14:21:00
Perform a leak check on test tool # P51-D1B. 10-11-84 284 284 15:00:00
Install multipacker test tool #P51-D1B in borehole L4P51 as indicated in the test-tool ~ 10-13-84 286 286 15:30:00
configuration diagram #2 (Figure 3-26).
End data file L4P51D03. 10-14-94 287 287 07:15:21
Begin data file L4PS1D04. 10-14-94 287 287 07:27:38
Inflate GZP to 13.357 MPa. 10-14-94 287 287 07:39:.00
Circulate brine through the system to remove all possible gas. 10-14-94 287 287 07:45.00
Inflate TZ1P to 13.880 MPa. 10-14-84 287 287 07:49:00
Inflate TZ2P to 14.151 MPa. 10-14-94 287 287 07:54:00
Open all packers to accumulator at ~ 13.8 MPa. 10-14-84 287 287 08:07:00
Increase packer pressure to ~ 16.3 MPa. 10-14-94 287 287 08:09:00
Increase TZ2 pressure to 5.338 MPa. 10-14-34 287 287 08:12:25
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Table 3-8 (Continued). Permeability-Testing Sequence L4P51-D1 Events

EVENT DATE CALENDAR 1934 TIME
DAY CALENDAR (HH:MM:SS)
DAY
Shut in TZ1. 10-14-94 287 287 08:13:08
Switch TZ1 inject and TZ1 vent line due to plugging of TZ1 inject line. 10-14-94 287 287 08:34:51
Decrease TZ2 pressure. 10-14-94 287 287 08:41:00
DAS not functioning properly upon armival. 10-17-94 290 290 07:58:00
Depressurize TZ1. 10-17-94 290 290 08:07:29
Shutin T21. 10-17-94 290 290 08:08:30
End data file L4P51D04. 10-17-94 290 290 09:54:00
Begin data file L4P51D05. 10-17-94 290 290 10:01:50
Depressurize TZ1. 10-19-94 292 292 09:51:55
Depressurize T22. 10-19-94 292 292 09:52:51
Depressurize GZ. 10-19-94 292 292 09:53:20
Deflate TZ1P and T2Z2P. 10-19-94 292 292 09:59:20
Attemipt to circulate brine through the system, 10-19-94 292 292 10:10:00
Inflate all packers via accumulator, 10-19-94 292 292 10:33:29
Shut in GZ. 10-18-84 292 292 10:34:05
Shut in TZ2 and TZ21. 10-19-94 292 292 10:36:44
Depressurize all zones. 10-25-94 298 298 07:30:09
Deflate all packers. 10-25-94 298 298 07:31:58
End data file L4P51D05. 10-25-94 298 298 07:33:36
Remove test too! # PS1-D1B from borehole L4P51 to unplug TZ1 inject line. 10-25-84 298 288 14:00:00
Install multipacker test too! #°51-D1B in borehole L4P51 as indicated in the test-tool  10-27-94 300 300 14:00:00
configuration diagram #3 (Figure 3-27).
Begin data file LAP51D06. 10-28-94 301 301 07:33:53
inflate GZP to 16.886 MPa. 10-28-94 301 301 08:02:59
Inflate TZ1P to 14.063 MPa. 10-28-94 301 301 08:15:00
Inflate TZ2P to 14.000 MPa. 10-28-94 301 301 08:20:0
Open all packers to accumulator at ~ 15.5 MPa. 10-28-94 301 301 08:21:41
Shut in all zones. 10-28-94 301 301 09:41:53
TZ1 vent line is plugged again. 10-28-94 301 301 12:14:00
Depressurize all zones. 10-28-94 301 301 12:16:56
Deflate all packers. 10-28-94 301 301 12:20:57
Remove multipacker test too! #P51-D1B from borehole L4P51. 11-1-94 305 305 08:26:00
Perform a video-log on borehole L4P51 to determine what is in the bottom of the 11-7-94 3N 311 10:33:00
borehole.
Circulate brine through the borehole using the Longyear D-38 drilling fig in an attempt  11-22-84 326 326 10:44:00
to remove the sediment in the bottom of the borehole.
Perform a video-log on borehole L4P51 to make sure that the sediment has been 11-22-94 326 326 12:04:00
removed.

End data file L4P51D06. 11-23-94 327 327 12:37:32
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Table 3-8 (Continued). Permeability-Testing Sequence L4P51-D1 Events

EVENT DATE CALENDAR 1994 TIME
DAY CALENDAR (HH:MM:SS)
- DAY
Install muttipacker test tool #P51-D1B in borehole L4P51 as indicated in the test-tool  11-23-84 327 327 12:38:00
configuration diagram #4 (Figure 3-28).
Begin data file LAP51D07. 11-23-94 327 327 12:39:30
Infiate all packers and put all packers on accumulator at ~ 15.3 MPa. 11-23-94 327 327 13:55:44
Increase TZ2 pressure to 5.460 MPa. 11-23-84 327 327 13:57:35
Increase TZ2 pressure to 5.369 MPa. 11-23-94 327 327 14:01:00
Shut in GZ and TZ1. 11-23-94 327 327 14:05:12
Leaky fitting g on TZ2. 11-28-94 332 332 11:30:00
Increase TZ2 pressure to 4.845 MPa. 11-30-94 334 334 08:10:20
End data file L4PS1D07. 11-30-84 334 334 08:13:23
Begin data file L4P51D08. 12-6-94 340 340 11:18:46
P7 and P8 transducers are not reading correctly. 12-6-94 340 340 14:38:00
P7 and P8 transducers are reading comrectly. 12-7-94 341 341 09:00:00
Begin constant-pressure-injection test #1 in T21 at 2 MPa. 12-8-94 342 342 12:39:20
Shut in TZ1 from DPT panel terminating constant-pressure-injection test #1 in TZ1. 12-9-94 343 343 09:42:00
Shut in all packers from accumulator. 12-10-84 344 344 10:04:00
Depressurize ali zones. 12-10-94 344 344 10:11:09
Deflate all packers. 12-10-94 344 344 10:13:00
Remove muttipacker test tool #P51-D1B from borehole L4P51 to fix suspected leak.  12-10-94 344 344 13:30:00
End data file L4P51D08. 12-12-94 346 346 09:15:26
Perform a leak check on TZ1P. 12-14-94 348 348 12:59:00
install muttipacker test tool #P51-D1B in borehole L4P51 as indicated in the test-tool ~ 12-16-84 350 350 14:00:00
configuration diagram #5 (Figure 3-29).
Begin data file L4PS1D09. 12-20-94 354 354 09:34:52
Circulate brine through TZ1 while inflating TZ1P to ensure all ines remain open. 12-20-94 354 354 10:02:00
inflate all packers and put all packers on accumulator at ~ 14.5 MPa. 12-20-94 354 354 10:32:03
Shut in all zones. 12-20-94 354 354 10:32:55
Begin constant-pressure-injection test #2 in TZ1 at 2.325 MPa. 12-21-94 355 355 08:38:40
Shut in TZ1 from DPT panel due to empty injection column temunating constant- 12-21-94 355 355 08:47:47
pressure-injection test #2 in TZ1.
Begin constant-pressure-injection test #3 in TZ1 at ~ 2.2 MPa. 12-28-94 362 362 12:14:.05
Leaky fitting on accumulator. 12-29-94 363 363 08:03:00
Shut in T21 from DPT panel terminating constant-pressure-injection test #3 in TZ1. 12-30-84 364 364 08:10:17
Leaky valve on GZ. 12-30-94 364 364 08:10:50
Replace bad gage on TZ2. 12-30-94 364 364 08:37:40
End data file L4P51D09, 1-3-85 3 368 08:57:35
Begin data file LAPS1D10. 1-3-85 3 368 09:01:34
End data file L4PS1D10. 1-4-85 4 369 10:03:16
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Table 3-8 (Continued). Permeability-Testing Sequence L4P51-D1 Events

EVE NT DATE CALENDAR 1994 TIME
DAY CALENDAR (HH:MM:SS)
DAY
Begin data file L4P51D11. 1-4-95 4 369 10:06:10
Tubing string is completely filled with brine. 1-16-95 16 381 08:38:00
Begin constant-pressure-injection test #4 in T21 at ~ 2 MPa. 1-18-85 18 383 13:24:30
Shut in TZ1 from DPT panel terminating constant-pressure-injection test #4 in TZ1. 1-19-95 198 384 08:32:10
Begin constant-pressure-injection test #5 in T21 at ~4.4 MPa. 1-18-85 19 384 08:54:57
Shut in TZ1 from DPT panel terminating constant-pressure-injection test #5 in TZ1. 1-23-85 23 388 08:05:15
Begin constant-pressure-injection test #6 in TZ1 at ~ 7 MPa. 1-23-85 23 388 08:12:55
DAS was not functioning properly upon armival. 1-24-95 24 389 09:16:00
End data file L4P51D11. 1-30-95 30 395 08:32:50
Begin data file L4P51D12. 1-30-95 30 385 08:35:56
Increase TZ2 pressure to 5.283 MPa. 2-2-95 33 398 08:53:45
Open TZ2 to accumulator at 4.845 MPa. 2-2-95 33 398 13:08:20
Increase TZ2 pressure via accumulator to 5.152 MPa. 2-2-95 33 398 13:08:59
Shut in TZ1 from DPT panel terminating constant-pressure-injection test #6 in T21. 2-6-95 37 402 08:35:52
End data file LAP51D12. 2-10-95 41 406 13:05:55
Begin data file L4P51D13. 2-10-85 41 406 13:08:29
End data file LAP51D13. 2-17-85 48 413 07:36:53
Shut in all packers from accumulator to eliminate temperature effects. 2-20-95 51 416 12:19:00
Shut in TZ2 from accumulator to eliminate temperature effects. 2-20-95 51 416 12:21:00
Begin data file L4P51D14. 2-20-95 51 416 12:43:24
End data file L4P51D14. 3-3-95 62 427 07:57:22
Begin data file L4P51D15. 3-3-95 62 427 07:58:49
Depressurize all zones. 3-20-95 79 444 11:27:00
Deflate all packers. - 3-20-95 79 444 11:28:30
End data file L4P51D15. 3-21-95 80 445 08:53:25
Remove multipacker test tool # P51-D1B from borehole L4P51. 3-21-95 80 445 15:00:00

Figures 3-45 through 3-49 illustrate the zone pressures, packer pressures, axial-LVDT
displacement, radial-LVDT displacement, and fluid production during constant-pressure-
flow tests, respectively, for permeability-testing sequence L4P51-D1. It should be noted
that Figure 3-49 (Fluid production during constant-pressure-flow tests in permeability-
testing sequence L4P51-D1) consists of two parts (Figures 3-49a and 3-49b). Copies of
the video-log associated with testing sequence L4P51-D1 identified in Table 3-8 are
provided in the SWCF under WPO #45907.
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Figure 3-45. Zone pressures during permeability-testing sequence L4P51-D1.
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Figure 3-46. Packer pressures during permeability-testing sequence L4P51-D1.
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Figure 347. Axial-LVDT displacement during permeability-testing sequence L4P51-D1.
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Figure 3-48. Radial-LVDT displacement during permeability-testing sequence L4P51-D1.
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testing sequence L4P51-D1.
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Table 3-9 indicates the equipment that was used and the duration that each instrument
was used during permeability-testing sequence L4P51-D1.

Table 3-9. Permeability-Testing Sequence L4P51-D1 Equipment

Equipment Location Serial # Installed Removed
DAS Software N/A PERM4F 9-30-94 3-20-95
DCU (HP3497A) N/A 2629222040 9-30-94 10-14-94
DCU (HP3497A) N/A 2629221996 10-14-94 3-3-95
DCU (HP3497A) N/A 2629a22040 3-3-95 3-20-95
Transducer
Transducer
(Druck D930-18) Test Zone 2 609368 9-30-94 3-20-95
Transducer Test Zone 1
(Druck D930-18) Packer 609371 9-30-94 3-20-95
Transducer Test Zone 2
(Druck D930-18) Packer 609374 9-30-94 3-20-95
Transducer
(Druck D930-18) Guard Zone 609366 9-30-94 3-20-95
Transducer Guard Zone
(Druck D930-18) Packer 609369 8-30-94 3-20-95
Transducer
(Druck D930-18) DPT Panel 609372 12-6-94 3-20-95
Transducer Pressure
(Druck D930-18) Controller 609370 12-6-94 1-4-95
LVDT (Trans-Tek 241) N/A R04 9-30-94 10-11-94
LVDT (Trans-Tek 241) N/A R16 9-30-94 10-11-84
LVDT (Trans-Tek 241) N/A R17 9-30-94 10-11-94
LVDT (Trans-Tek 245) N/A A02 9-30-94 10-11-94
Injection Column N/A 265 12-6-94 12-28-94
Injection Column N/A 264 12-6-94 12-28-94
Injection Column N/A 88 12-28-94 2-20-95
DPT N/A 1140864 12-6-94 1-4-95
{Rosemount 1151DP)
DPT
(Rosemount 1151DP) NIA 1389938 1-4-95 2-20-95

* Installed dates for injection columns refer to dates of initial use rather than date installed.
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3.6.1.4 BOREHOLE L4P51, PERMEABILITY-TESTING SEQUENCE L4P51-D2

Permeability-testing sequence L4P51-D2 took place in Room L4 in borehole L4P51. This
test sequence was designed to investigate the brine permeability of an argillaceous halite
approximately 10 m below MB140. Table 3-10 gives a detailed description of the events
that occurred during permeability-testing sequence L4P51-D2.

Table 3-10. Permeability-Testing Sequence L4P51-D2 Events

EVENT DATE CALENDAR 1995 TIME
DAY CALENDAR  (HH:MM:SS)
DAY

Begin data file L4P51D16. 4-6-95 96 96 12:07:41

Install single-packer test tool #P51-D2 in borehole L4P51 as indicated in the test-tool ~ 4-6-85 96 96 12:10:00
configuration diagram (Figure 3-30).

Inflate TZP to ~ 14 MPa, 4-6-95 96 96 12:13:00
Open TZP to accumulator at 14.319 MPa. 4-6-95 96 96 12:17.00
Circulate brine through TZ to remove all possible gas. 4-6-95 96 96 12:18:00
Shutin TZ. 4-6-95 96 96 12:18:34
End data file L4P51D16. 5-17-95 137 137 07:50:35
Begin data file L4APS1D17. 5-17-95 137 137 07:51:59
End data file LAP51D17. 9-14-95 257 257 07:06:10
Begin data file L4P51D18. 9-14-85 257 257 07:31:59
Depressurize TZ. 10-25-95 298 298 08:00:00
Deflate TZP. 10-25-95 298 298 08:10:00
Remove test too! from borehole. 10-25-95 298 298 11:00:00
End data file L4P51D18. 10-25-95 298 298 06:49:25

Figures 3-50 and 3-51 illustrate the zone pressure and packer pressure, respectively, for
permeability-testing sequence L.4P51-D2.
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Figure 3-50. Zone pressure during permeability-testing sequence L4P51-D2.
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Table 3-11 indicates the equipment that was used and the duration that each instrument
was used during permeability-testing sequence L4P51-D2.

Table 3-11. Permeability-Testing Sequence L4P51-D2 Equipment

Equipment Location Serial # Installed Removed
DAS Software N/A PERM4F 4-6-95 10-25-95
DCU (Hp3497A) N/A 2629222040 4-6-95 10-25-95
Transducer Test Zone 609375 4-6-95 10-25-95
(Druck D930-18)
Transducer Test Zone Packer 609368 4-6-95 10-25-95

(Druck D930-18)

3.6.1.5 BOREHOLE L4P52, PERMEABILITY-TESTING SEQUENCE L4P52-B

Permeability-testing sequence L4P52-B took place in Room L4 in borehole L4P52. This
test sequence was designed to investigate the brine permeability of MB138. Table 3-12
gives a detailed description of the events that occurred during permeability-testing
sequence L4P52-B.

Table 3-12. Permeability-Testing Sequence L4P52-B Events
1992

EVENT pate  CALETDAR CALENDAR (Hnmﬁsm
Y
Perform load test on the borehole flanged collar. 12-10-92 345 345 09:00:00
Deepen borehole with 4-inch (10.16-cm) core barrel to 9.024 meters. 12-10-92 345 345 14:00:00
Deepen borehole with 4-inch (10.16-cm) core barre! to 11.89 meters. 12-11-92 346 346 10:20.00
Deepen borehole with 4-inch (10.16-cm) core barrel to 14.18 meters. 12-14-92 349 349 11:00:00
Install multipacker test tool #37 in borehole L4P52 as indicated in the test- 12-15-92 350 350 12:00:00
too! configuration diagram (Figure 3-31).
Begin data file L4P52B01. 12-17-92 352 352 11:26:01
Inflate GZP to ~ 10.3 Mpa. 12-17-92 352 352 14:00:00
Deflate GZP. 12_17-92 352 352 14:05:00
Shutin GZ. 12-17-92 352 352 14:20:00
Fill TZ and GZ with Brine. 12-17-92 352 352 14:38:00
GZP pressure decayed to 0.516 MPa due to leaky fitting. 12-18-92 353 353 08:00:00
Inflate GZP to ~10.3 Mpa. 12-18-92 353 353 08:56:00
Inflate TZP to ~10.3 MPa. 12-18-92 353 353 09:04:00
Decrease TZ and GZ pressure to ~0.2 MPa and shut in. 12-18-82 353 353 09:12:00
Increase TZP pressure to 110.3 Mpa 12-18-92 353 353 09:13:00
Decrease GZ pressure to ~0.18 Mpa and shut in. 12-18-92 353 353 09:15:00
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Table 3-12 (Continued). Permeability-Testing Sequence L4P52-B Events

CALENDAR ., 1392 TIME
EVENT DATE DAY CALDE'nyAR (HH:MM:SS)
No voltage from the power supply card to the transducers . 1-21-93 21 387 08:11:00
End data file L4P52B01. 1-21-93 21 387 11:19:57
Begin data file L4P52B02. 1-21-93 21 387 11:23:00
End data field L4P52B02. 2-10-93 41 407 12:00:54
Begin data file L4P52B03. 2-10-93 41 407 12:02:44
Begin constant-pressure-withdrawal test #1 in TZ at ~1 Mpa below TZ 2-11-93 42 408 11:23:00
pressure (~8.05 Mpa).
Repair leaky fitting on the DPT panel. 2-11-93 42 408 16:15:93
Repair leak on the DPT panel. 2-17-93 48 414 13:49:38
Shutin TZ from DPT pane! terminating constant-pressure-withdrawal test 2-24-93 55 421 09:13:17
inTZ.
DAS not functioning properly upon amival. 3-19-93 78 444 10:14:55
End data file L4P52B03. 3-23-93 82 448 10:18:38
Begin data file L4P52B04. -23-93 82 448 11:37:18
Potential problem with P4 transducer. 3-25-93 84 450 09:35:00
Open GZ to accumulator at ~7.1 Mpa. 4-19-93 109 475 13:30:00
End data file L4P52B04. 5-10-93 130 496 09:59.07
Begin data file L4P52B0S. 5-10-93 130 496 10:01:58
Shut in GZ from accumulator. 5-12-93 132 498 09:51:58
Open GZ to full accumulator. 5-12-93 132 498 10:28:27
Increase GZP pressure via accumulator. 5-19-93 139 505 11:06:59
Shut in GZP from accumulator. 5-19-93 139 505 11:10:59
Shut in GZ from accumulator. 5-19-93 139 505 11:12:00
Open GZ to full accumulator. 5-19-93 139 138 11:21;00
Shut in GZ from accumulator. 5-20-93 140 506 13:14:00
Begin constant-pressure-injection test #1 in TZ at ~0.4 MPa above TZ 5-7-93 158 524 08:44:24
pressure {9.598 MPa).
End data file L4P52B05. 6-8-93 159 525 12:06:46
Begin data file L4P52806. 6-8-93 159 525 12:56:20
Shut in TZ from DPT panel ten'nina_tin$Z constant-pressure-injection test #1 6-22-93 173 539 10:03:57
inTZ.
Begin constant-pressure-injection test #2 in TZ at ~1 MPa above TZ 6-22-93 173 539 10:22:48
pressure (~10.1 MPa).
Increase TZP pressure to ~13 MPa. 7-7-93 188 5§54 10:12:00
Increase GZP pressure to ~13 Mpa. 7-7-93 188 554 10:14:00
Decrease GZ pressure to ~8.4 Mpa. 7-7-93 188 554 10:15:00
Shut in TZ from DPT panel tennina}in?z constant-pressure-injection test #2 7-7-93 188 554 10:18:00
inTZ.
Begin constant-pressure-injection test #3 in TZ at ~2 MPa above TZ 7-7-93 188 554 11:44:00
pressure (~11.1 Mpa).
Shut in TZ from DPT panel terminating constant-pressure-injection test #3 7-19-93 200 566 07:57.00

in TZ.
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Table 3-12 (Continued). Permeability-Testing Sequence L4P52-B Events

1992
EVENT pate  CALENDAR - caLenDAR (HHT;AN;ESS)
o DAY
End data file L4P52B06. 8-2-83 214 580 05:26:34
Begin data file L4P52B07. 8-2-93 214 580 09:13:18
The P4 transducer is giving incorrect readings again. 8-3-93 215 581 09:41:00
DAS not functioning properly upon arrival. 10-7-93 280 646 08:32:00
DAS not functioning for the past 3 days. 11-15-93 319 685 09:03:00
End data file L4P52807. 12-29-93 363 728 11:48:23

Figures 3-52 through 3-57 illustrate the zone pressures, packer pressures, zone
temperatures, axial-LVDT displacement, radial-LVDT displacement, and fluid production
during constant-pressure-flow tests, respectively, for permeability-testing sequence
L4P52-B.
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Figure 3-52. Zone pressures during permeability-testing sequence L4P52-B.
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Figure 3-53. Packer pressures during permeability-testing sequence L4P52-B.

3-101



Temperature (°C)

35

| i i [ :
S
- © LA
i ' — Test Zone Lo
] i - (O - GuadZone | !
I . |
33 - i .
I
i | i
|
» II —
i %@ ! 1
I
31 - & ! »
i ‘ |
— l -
| |
i I _
' [
! !
29 ;— 5 i
L f -
} !
S : ]
L | : i
| i} '_
27 + A _
;, _
25 | . | , ! I ' ] 1 !
300 400 500 600 700 800
Time (1992 calendar days)

Figure 3-54. Zone temperatures during pemmeability-testing sequence L4P52-B.
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Figure 3-55. Axial-LVDT displacement during permeability-testing sequence L4P52-B.
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Figure 3-56. Radial-LVDT displacement during permeability-testing sequence L4P52-B.
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Figure 3-57. Fluid production during constant-pressure-flow tests in permeability-
testing sequence L4P52-B.
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Table 3-13 indicates the equipment that was used and the duration that each instrument
was used during permeability-testing sequence L4P52-B.

Table 3-13. Permeability-Testing Sequence L4P52-B Equipment

Equipment Location Serial # Installed Removed
DAS Software N/A PERM4F 12-17-92 12-28-93
DCU (HP3497A) N/A 2629a22040 12-17-82 1-21-93
DCU (HP3497A) N/A 2629221996 4-16-93 5-10-93
DCU (HP3497A) N/A 2629221990 5-10-93 9-22-93
DCU (HP3497A) N/A 2629221989 9-22-93 1-28-93
Transducer Test Zone 214048 12-17-82 12-28-93
(Druck PDCR 830)
Transducer Test Zone Packer 214466 12-17-92 12-28-93
(Druck PDCR 830)
Transducer Guard Zone 246913 12-17-92 12-28-93
(Druck PDCR 830)
Transducer Guard Zone 214470 12-17-92 12-28-93
(Druck PDCR 830) Packer
Transducer DPT Panel 322427 2-10-93 3-23-93
(Druck PDCR 910)
Transducer DPT Panel 211694 3-23-83 8-2-93
(Druck PDCR 830)
LVDT (Trans-Tek 241) N/A RO9 12-17-92 12-28-93
LVDT (Trans-Tek 241) N/A RO3 12-17-92 12-28-93
LVDT (Trans-Tek 241) N/A R02 12-17-92 12-28-93
LVDT (Trans-Tek 245) N/A AO03 12-17-92 12-28-93
Thermocouple (Type E) Test Zone 1 12-17-92 12-28-93
Thermocouple (Type E) Guard Zone 2 12-17-92 12-28-93
Injection Column N/A 38 2-11-93 2-24-93
Injection Column N/A 77 6-7-93 7-7-93
Injection Column N/A 76 7-7-93 7-19-93
DPT (Rosemount 1151DP) N/A 1140864 2-10-93 4-1-93
DPT (Rosemount 1151DP) N/A 1140863 5-10-93 9-1-93
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*|Installed dates for injection columns refer to dates of initial use rather than data installed.
3.6.2 Permeability Testing in Waste Panel 1, Room 7

3.6.2.1 BOREHOLE S1P74, PERMEABILITY-TESTING SEQUENCE S1P74-A

Permeability-testing sequence S1P74-A took place in Waste Panel 1, Room 7 in borehole
S1P74. This test sequence was designed to investigate the brine permeability of anhydrite
“3". Table 3-14 gives a detailed description of the events that occcurred during
permeability-testing sequence S1P74-A.

Table 3-14. Permeability-Testing Sequences S1P74-A Events

EVENT DATE CALENDAR 1992 TIME
DAY CALENDAR (HH:MM:SS)
DAY
Initiate borehole with 7-inch (17.78-cm) core barret to 0.62 meters in order to 7-27-92 208 209 11:15:00
set a borehole collar.
Deepen borehole with 4-inch (10.16-cm) core barrel to 1.65 meters. 7-27-92 209 209 13:50:00
Deepen borehole with 4-inch (10.16-cm) core barel to 2.15 meters. 7-27-92 208 209 14:30:00
Deepen borehole with 4-inch (10.16-cm) core barrel to 3.07 meters. 7-28-92 210 210 10:15:00
Deepen borehole with 4-inch (10.16-cm) core barrel to 4.04 meters. 7-28-92 210 210 11:30:00
Deepen borehole with 4-inch (10.16-cm) core barrel to 4.88 meters. 7-28-92 210 210 13:30:00
Deepen borehole with 4-inch (10.16-cm) core barre! to 6.00 meters. 7-28-92 210 210 14:05:00
Deepen borehole with 4-inch (10.16-cm) core barrel to 7.06 meters. 7-28-92 210 210 14:44:00
Deepen borehole with 4-inch (10.16-cm) core barret to 7.67 meters. 7-29-92 211 211 09:35:00
Face off the bottom of the borehole with 4-inch (10.16-cm) plug bit to 7.69 7-28-92 211 211 10:00:00
meters.
Perform video-log of borehole S1P74. 7-30-92 212 212 13:15:00
Install borehole flanged collar. 7-30-92 212 212 14:00:00
Perform load test on the borehole flanged collar. 7-31-92 213 213 12:00:00
Install multipacker test tool #35 in borehole S1P74 as indicated in the test-tool ~ 7-31-92 213 213 14:00:00
configuration diagram (Figure 3-32).
Power outage in Waste Panel 1, Room 7: cannot begin data collection. 7-31-92 213 213 14:30:00
Remove test tool #35 from borehole S1P74 in order to extend the TZ vent 8-3-92 216 216 10:00:00
line to the bottom of the borehole.
Install multipacker test tool #35 in borehole S1P74 as indicated in the test-tool 8-3-92 216 216 12:00:00
configuration diagram (Figure 3-32).
Begin data file S1P741. 8-5-82 218 218 09:27:22
Inflate GZP to~10.3 Mpa. 8-5-92 218 218 09:43.00
Fill TZ and GZ with brine. 8-5-92 218 218 09:54:00
Diagnose leak in the GZ interval. 8-5-92 218 218 10:00:00
End data file S1P741. 8-5-92 218 218 10:18:31
Remove test tool #35 to find and repair leak in GZ interval. 8-7-82 220 220 08:00:00

3-107



Table 3-14 (Continued). Permeability-Testing Sequence S1P74-A Events

EVENT DATE CALENDAR 1992 TIME
DAY CALENDAR (HH:MM:SS)
DAY

Install multipacker test tool #35 S1P74 as indicated in the test-too! configuration 8-7-92 220 220 10:30:00
diagram (Figure 3-32).

Inflate GZP to ~10.3 Mpa. 8-7-92 220 220 14:00:00

Fill TZ and GZ with brine with 0707 MPa check valves in place to maintain 8-7-92 220 220 14:10:00

pressure head.

Begin data file S1P742. 8-7-92 220 220 14:16:37

Inflate TZP to ~10.3 MPa. 8-7-92 220 220 14:20:00

Shut in GZ. 8-7.92 220 220 14:25:00

Shutin TZ. 8-7-92 220 220 14:29:00

Depressurize GZ in order to repair leaky fitting. 8-11-92 224 224 09:22:00

Shutin GZ. 8-11-92 224 224 09:30:00

DAS not functioning properly upon arrival. 9-14-92 258 258 10:29:00

Increase TZ pressure to 2.27 MPa. 9.22-92 266 266 14:36.00

DAS has not been functioning properly for the past 3 days. 9-28-92 272 272 11:35:00

End data file S1P742. 10-1-92 275 275 11:00:10

Replace DAS computer. 10-1-92 275 275 11:01:00

Begin data file S1P743. 10-1-92 256 275 12:14:00

End data file S1P743. 11-13-92 318 318 10:46:35

Begin data file S1P744. 11-13-92 318 318 11:26:00

End data file S1P744. 1-25-93 25 391 07:30:59

Begin data file S1P745. 1-25-93 25 391 11:11:47

Begin constant-pressure-withdrawal test in TZ at 1 MPa below TZ pressure 1-25-93 25 391 13:25:00

(~5.4 MPa).

Decrease back-pressure on the system. 1-25-93 25 391 14:15:00

Shut in TZ to change flow line from the bottom to the top of the fluid column. 1-26-93 26 392 10:54:00

Open TZ to fluid column. 1-26-93 26 392 11:00:00

Shut in TZ from fiuid column terminating constant-pressure-withdrawal test in TZ. 2-1-93 41 407 10:30:00

End data file S1P745. 2-10-93 41 407 10:45:21

Begin data file S1P746. 2-10-93 41 407 10:45:35

Increase GZP pressure to ~10.5 MPa. 6-12-93 193 559 13:04:17

Shutin GZP. 6-12-93 193 5§59 13:04:47

End data file S1P746 8-3-93 215 581 06:28:19

Begin data file S1P747. 8-3-93 215 581 11:15:14

Perform TZ-compressibility test #1 from 6.542 to 0 MPa. 8-3-93 215 581 13:14:¢0

Shut in TZ terminating TZ-compressibility test #1. 8-3-93 215 581 13:53:00

Perform TZ-compressibility test #2 from 0 to ~8.8 MPa. 8-3-93 215 581 13:58:41

Shutin TZ terminating TZ compressibility teset #2. 8-3-93 215 581 14:02:00

Initiate pulse-withdrawal test removing 498 mL of brine from the TZ in order to 8-3-93 215 581 14:07:00

decrease the TZ pressure.
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Table 3-14 (Continued). Permeability-Testing Sequence S1P74-A Events

EVENT DATE CALENDAR 1992 TIME
DAY CALENDAR  (HH:MM:SS)
DAY
Shutin TZ. 8-3-93 215 581 14:07:51
Terminate TZ pulse-withdrawal test. 8-4-93 216 582 11:25:00
Perform GZ-compressibility test #1 from 4.045 to 0 MPa. 8-4-93 216 582 11:25:06
Shut in GZ terminating GZ compressbility test. 8-4-93 216 582 12:06:56
End data file S1P747. 8-4-93 216 582 12:07:31
Begin data file S1P748. 8-4-93 216 582 12:13:53
End data file S1P748. 8-9-93 221 587 11:06:30
Depressurize TZ. 9-8-93 251 617 09:00:00
Depressurize GZ. 9-8-93 251 617 09:05:00
Deflate TZP. 9-8-93 2561 617 09:10:00
Defiate GZP. 9893 251 617 09:15:00
Remove multipacker test tool #35 from borehole S1P74. 9-8-93 251 617 10:30:00

Figure 3-58 through 3-64 illustrate the zone pressures, packer pressures, zone
temperatures, axial-LVDT displacement, radial-LVDT displacement, fluid production during
a constant-pressure-withdrawal test, and test-zone compressibility as a function of
pressure, respectively, for permeability-testing sequence S1P74-A. Copies of the video-log
associated with testing sequence S1P74-A identified in Table 3-14 are provided in the
SWCF under WPO #45907.
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Figure 3-58. Zone pressures during permeability-testing sequence S1P74-A.
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Figure 3-59. Packer pressures during permeability-testing sequence S1P74-A.

3-111

i ey - - - P e ir D e e e e e L mee st - —mp———— =
racd P o S sace e o . - . s




Temperature (°C)

28 7 ' i ! !

i

—

Test Zone

. - (O - Guard Zone

27 + =
g_ 1
26 - -
| 7
; ?
| ?
] 6
i |
r ¢
: b
25 — e ! :
200 300 400 500 600
Time (1992 calendar days)

Figure 3-60. Zone temperatures during pemmeability-testing sequence S1P74-A.
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Figure 3-61. Axial-LVDT displacement during permeability-testing sequence S1P74-A.
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Figure 3-62. Radial-LVDT displacement during permeability-testing sequence S1P74-A.
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Figure 3-63. Fluid production during constant-pressure-flow tests in permeability-
testing sequence S1P74-A.
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Figure 3-64. Zone compressibility as measured during permeability-testing sequence S1P74-A.
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Table 3-15 indicates the equipment that was used and the duration that each instrument
was used during permeability-testing sequence S1P74-A.

Table 3-15. Permeability-Testing Sequence S1P74-A Equipment

Equipment Location Serial# Installed Removed

DAS Software N/A PERM4C 8-5-92 10-1-92
DAS Software N/A PERM4F 10-1-92 8-9-93

DCU (HP3497A) N/A 2936a23831 8-5-92 11-13-92

DCU (HP3497A) N/A 2023a01688 11-13-92 4-20-93
DCU (HP3497A) N/A 2514a17149 4-20-93 8-9-93
Transducer (Druck PDCR 910) Guard Zone 322423 8-5-92 8-9-93

Packer
Tranducer (Druck PDCR 910) Test Zone 308152 8-5-92 8-9-93
Packer

Transducer (Druck PDCR 830) Guard Zone 246910 8-56-92 8-9-93
Transducer (Druck PDCR 830) Test Zone 246912 8-5-92 8-9-93
Transducer (Druck PDCR 910) DPT Panel 322427 1-25-93 2-10-93
Transducer (Druck PDCR 10/D) DPT Panel 211694 8-3-93 8-4-93
LVDT (Trans-Tek 241) N/A RO4 8-5-92 8-9-93
LVDT (Trans-Tek 241) N/A R16 8-5-92 8-9-93
LVDT (Trans-Tek 241) N/A R17 8-5-92 8-9-93
LVDT (Trans-Tek 245) N/A A02 8-5-92 8-9-93
Thermocouple (Type E) Test Zone 1 8-5-92 8-9-93
Thermocouple (Type E) Guard Zone 2 8-5-92 8-9-93
Injection Column N/A 39 1-25-93 2-10-93
Injection Column N/A 76 8-3-93 8-4-93

DPT (Rosemount 1151DP) N/A 1140864 1-25-93 2-10-93
DPT (Rosemount 1151DP) N/A 1140863 8-3-93 8-4-93

*Installed dates for injection columns refers to dates of initial use rather than date installed.
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3.6.2.2 BOREHOLE S1P74, PERMEABILITY-TESTING SEQUENCE S1P74-B

Permeability-testing sequence S1P74-B took place in Waste Panel 1, Room 7 in borehole
S1P74. This test sequence was designed to investigate the brine permeability of MB138.
Table 3-16 gives a detailed description of the events that occurred during the permeability-
testing sequence S1P74-B.

Table 3-16. Permeability-Testing Sequence S1P74-B Events

EVENT DATE CALENDAR 1995 TIME
DAY CALENDAR (HH:MM:SS)
DAY
Ream existing S1P74 borehole with 4-inch (10.16-cm) bit prior to deepening. 1-24-95 24 24 12:31:00
Deepen borehole with 4-inch (10.16-cm) core barmrel to 8.55 meters. 1-26-95 26 26 11:03:00
Deepen borehole with 4-inch (10.16-cm) core barre! to 9.50 meters. 1-26-95 26 26 13:05:00
Deepen borehole with 4-inch (10.16-cm) core barrel to 10.36 meters. 1-26-95 26 26 13:38:00
Deepen borehole with 4-inch (10.16-cm) core barrel to 11.15 meters. 1-26-95 26 26 14:32:00
Deepen borehole with 4-inch (10.16-cm) core barmel to 11.92 meters. 1-27-95 27 27 09:07:00
Deepen borehole with 4-inch (10.16-cm) core barrel to 12.88 meters. 1-27-95 27 27 12:25:00
Deepen borehole with 4-inch (10.16-cm) core barrel to 13.80 meters. 1-30-95 30 30 09:56:00
Deepen borehole with 4-inch (10.16-cm) core barrel to 14.45 meters. 1-30-85 30 30 10:42:00
Deepen borehole with 4-inch (10.16-cm) core barrel to 15.32 meters. 1-31-95 31 31 09:43:00
Deepen borehole with 4-inch (10.16-cm) core barre! to 16.18 meters. 1-31-85 31 31 10:39:00
Deepen borehole with 4-inch {10.16-cm) core barrel to 16.82 meters. 1-31.95 31 31 09:43:00
Face off the bottom of the borehole with a 4-inch (10.16-cm) plug bit to 16.88 1-31-95 31 31 13:30:00
meters.
Perform a video-log of the borehole. 2-1-85 32 32 09:06:00
install the multipacker test tool #P74-B until the bottom of the borehole is 2-2-95 33 33 12:30:00
reached.
Remove the test tool #P74-B to inspect the TZ vent line to ensure that the 2-6-95 37 37 09:00:00
vent line reaches the bottom of the borehole.
Tag borehole depth at 17.04 meters from the collar face. 2-6-95 37 37 10:00:00
Install the mulipacker test tool #P74-B to a depth of 16.960 meters from the 2-6-95 37 37 13:00:00
collard face as indicated in the test-too! configuration diagram (Figure 3-33).

Begin data file S1P74801. 2-7-95 38 38 08:57:47

Pressurize GZP to 13.469 MPa. 3-7-95 38 38 10:03:00

Open GZP to accumulator at 13.419 MPa. 2-7-95 38 38 10:05:00
Fill borehole with brine. 2-7-95 38 38 10:27:000

Pressurize TZ2P to 13.326 MPa. 2-7-95 38 38 10:58:30

Shutin GZ 2-7-95 38 38 10:58:45

Open TZ2P to accumulator at 13.747 MPa. 2-7-85 38 38 11:01:33

Pressurize TZ1P to 13395 MPa. 2-7-95 38 38 11:12:08

Shut in T22. 2-7-95 3as 38 11:12:27

Open TZ1P to accumulator at 13.435 MPa. 2-7-95 38 38 11:13:54

Shutin TZ1. 2-7-95 38 38 11:17:45
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Table 3-16 (Continued). Permeability-Testing Sequence S1P74-B Events

EVENT DATE CALENDAR 1995 TIME
DAY CALENDAR  (HH:MM:SS)
DAY

Leaky fitting on the GZ injection line. 2-7-85 38 38 08:10:00

End data file S1P74B01. 2-10-95 41 41 08:17:04

Begin data file S1P74B02. 2-10-95 41 41 08:28:12

Power outage and UPS failed to respond. 2-10-85 41 41 09:45:00

Determine that the UPS is not functioning properly so it is replaced. 2-10-95 41 41 12:00:00

DAS not functioning upon arrival. 2-13-85 44 44 08:00:00

Shut in GZ to replace leaky fitting. 2-14-95 45 45 08:42:00

Open GZ to system. 2-14-95 45 45 08:49:00

Tighten leaky fitting on the TZ1 inject line. 3-2-95 61 61 08:00:00

Tighten the same leaky fitting on the T21 inject line. 3-8-95 67 67 08:00:00

End data file S1P74B02. 3-10-85 69 69 08:47:33

Begin data file S1P74B03. 3-10-95 69 69 08:52:33

End data file S1P74B03. 3-14.95 73 73 09:04:50

Begin data file S1IP74B04. 3-14-95 73 73 09:10:64

Shut in all packers from accumulators in order to try to eliminate the 3-24-95 83 -83 12:10:00

temperature-dependent pressure fluctuations in the data.

End data file S1P74B04. 4-3-95 93 93 08:07:25

Begin data file S1P74B05. 4-3.95 93 93 08:21:17

Open TZ1P and GZP to accumulator at 113.3 MPa because of pressure 4-3-95 93 93 08:48:00

decay.
Replace bad valve on the GZP infiation line. 4-3-95 93 93 09:30:00
Initiate pulse-withdrawal in TZ1 (90.273 to 8,860 MPa) removing ~8.9 4-10-95 100 100 07:58:00
mL of brine.

Open TZ2P to accumulator at ~13.67 MPa. 4-13-95 103 103 07:43:00

Terminate pulse-withdrawal test in TZ1. 4-24-95 114 114 08:23:00

Initiate pulse-withdrawal test #1 in TZ2 (8.801 to 7.083 MPa) removing 4-24-95 114 114 08:23:30
~7.1 mL of binre.

Begin several weeks of power outage. 4-24-95 114 114 09:28:00

Generator supplying power to the DAS broke down. 4-25-95 115 115 13:00:00

Upon arrival the generator was functioning again. 4-26-95 116 116 12:43:00

End data file S1P74B05. 5-8-95 131 131 16:58:52

Begin data file S1P74B06. 5-10-85 132 132 14:20:17

Terminate pulse-withdrawal test #1 in TZ2. 5-13-85 135 135 07:50:00

Initiate pulse-withdrawal test #2 in TZ2 (8.814 to 4.977 MPa) removing 5-13-85 135 135 07:52:42
~20.5 mL of brine.

Terminate pulse-withdrawal test #2 in TZ2. 5-18-95 138 138 07:49:00

Shut in all packers from accumulators. 5-18-95 138 138 07:50:00

Depressurize TZ1. 5-18-95 138 138 08:05:00

Depressurize TZ2. 5-18-95 138 138 08:08:00

Depresurrize GZ. 5-18-95 138 138 08:10:00
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Table 3-16 (Continued). Permeability-Testing Sequence S1P74-B Events

EVENT DATE CALENDAR 1995 TIME
DAY CALENDAR (HH:MM:SS)
DAY

Defiate TZ1P. 5-18-95 138 138 08:20:00

Deflate TZ2P. 5-18-95 138 138 08:25:00

Deflate GZP. 5-18-95 138 138 08:30:00

End data file S1P74B06. 5-18-95 138 138 08:02:43

Remove test tool #P74-B from borehole S1P74. §-18-95 138 138 14:00:00

Figures 3-65 through 3-67 illustrate the zone pressures, packer pressures, and axial-LVDT
displacement, respectively, for permeability-testing sequence S1P74-B. Copies of the
video-log associated with testing sequence S1P74-B identified in Table 3-16 are provided

in the SWCF under WPO #45907.
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Figure 3-65. Zone pressures during permeability-testing sequence S1P74-B.
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Figure 3-68. Cumulative production from the test zone of borehole L4P51 during the pressurized

brine-sampling campaign (sample dates indicated).
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4. COUPLED PERMEABILITY AND HYDROFRACTURE TESTING

Complementary hydrauiic fracturing and permeability tests were conducted in MB139 and
in the deeper MB140 to address the consequences of gas generation in disposal rooms
and, specifically, the experimental evaluation of analyses concerning the gas
pressurization of anhydrite interbeds such as MB139 (Davies, 1991). Considerable
variability was recorded in the measured formation (pore) pressures and permeabilities in
MB139 one to two meters below the repository horizon and, to a lesser extent, some six
meters below the floor of the experimental area in the WIPP. The observed variability
suggests that the properties of MB139 have been altered by the influence of nearby
excavations (Stormont et al., 1987; Stormont, 1990a; Beauheim et al., 1991). Because
MB140 is located approximately 16 m deeper than MB139 (Holt and Powers, 1984),
MB140 was expected to be sufficiently less disturbed to serve as a undisturbed analog of
MB139 and other anhydrite interbeds with preexisting, partially healed fractures. Gas flow
from the disposal rooms may not be restricted to MB139 immediately below the disposal
areas. Therefore, hydraulic fracturing and hydrologic testing measurements in MB139 and
MB140 were also intended to provide data useful for the evaluation of anhydrite interbeds
above the WIPP horizon (Beauheim et al., 1993).

4.1 Test Objectives

This section presents data collected by the DAS used for permeability testing and to
monitor responses to permeability and hydraulic fracturing tests in observation boreholes.
A separate DAS was used to monitor and control the hydraulic fracturing tests and the data
collected by that DAS are reported by Wawersik et al. (1997). The hydraulic fracturing
program had six specific objectives. These objectives were:

° to determine the fluid pressures at which fracturing will occur in anhydrite interbeds,
especially MB139, both in a potentially disturbed state and in its undisturbed state;

° to determine whether fracturing would take place by the opening and
interconnection of preexisting, partially healed fractures or by the formation of new
fractures;

° to determine at what induced pressure (liquid or gas) fracturing might be sustained:;

[ to determine if fracturing in MB139 involved the development of new fractures,
would the fracturing be confined to the anhydrite interbed or would newly created
fractures extend across the MB139 contacts;

° to determine if the total stress state (matrix stress plus pore pressure) in MB139 and
MB140 is isotropic or not, and can near-field stress measurements around
excavations be used to infer the undisturbed state of stress in the interbeds; and

° to determine the magnitude of the smallest principal stress in anhydrite interbeds,
if the stress state is anisotropic.
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Complementary pre- and post-fracture hydrological measurements were intended to yield
the following information:

° reliable values of formation (pore) fluid pressure;
[ permeability values of the interbeds before and after hydraulic fracturing; and
° comparison of permeability measurements in MB139 relatively near existing

excavations with equivalent data in MB140, which was expected to be essentially
undisturbed.

The activities conducted as part of the hydraulic fracturing testing program were motivated
foremost by the objectives of hydraulic fracturing tests and attendant studies of fracture
formation and fracture growth in anhydrite interbeds. As a consequence, the test sections,
i.e., the lengths of the pressurized intervals in all flow tests in the test boreholes, were
considerably smaller than the thickness of the interbeds, and flow measurements may not
provide good measures of average interbed permeabilities.

4.2 Test Design

The coupled permeability and hydrofracture testing sequences discussed in this report
were conducted in two boreholes (C1X10 and C1XO05) drilled in Room C1 in the WIPP
underground facility. In addition to the test holes, the testing also utilized eight observation
boreholes. Boreholes C1H05, C1H06, C2H01, DPD02, and DPD03 were the observation
boreholes associated with the C1X10 (MB139) testing sequence. Boreholes C1X10,

C2H01, C1HO0S5, C1HO06, C1HO7, and C1X06 were the observation boreholes associated
with the C1X05-A (MB139) testing sequence. Boreholes C1H07 and C1X06 were the
observation boreholes associated with the C1X05-B (MB140) testing sequence. Note that
during the C1X05-B testing sequence, a pulse-withdrawal test was initiated in borehole
C1X06 and monitored in boreholes C1X05 and C1HO07. The stratigraphic positions and
isolated zones of all of the coupled permeability and hydrofracture testing boreholes are
shown in Figure 4-1.

Various combinations of single-, double-, and triple-packer test tools were used during the
three coupled permeability and hydrofracture testing sequences. The zones of the test
boreholes (C1X10 and C1X05) were filled with a mixture of Chevron Mineral Seal 38 oil
and ZL-27A Zyglo penetrant. The zones of the observation boreholes were filled with 1.22
kg/L sodium-chioride brine. After completing the pre-hydrofracture permeability tests,
hydrofracturing of the anhydrite in the test zones was performed by pumping the
ChevronMineral Seal 38 oil/ZL-27A Zyglo penetrant mixture into the test zone. Post-
hydrofracturing permeability tests were performed to determine how fracture development
changed the anhydrite permeability and storage capacity and also to determine if post-
fracturing permeability and storage were constant or pressure dependent.
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Figure 4-1.  Stratigraphic positions of coupled permeability and hydrofracture test and
observation boreholes with test zones indicated.
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Pulse-withdrawal testing and constant-pressure testing procedures are described in
Section 3.4. Tables 4-1 and 4-2 summarize the locations and orientations of the boreholes
in which hydrofracture and pre- and post-fracture permeability testing sequences were
performed, the dates that the boreholes were drilled, the lengths of the boreholes, and the
dates when the borehole locations were excavated.

4.3 Test Equipment for Coupled Permeability and Hydrofracture Testing

The following section (4.3.1) briefly describe the equipment used in the coupled
permeability and hydrofracture testing program in the WIPP underground facility. The
equipment includes single and multipacker test tools, data-acquisition systems (DAS),
pressure transducers, thermocouples, linear variable-differential transformers (LVDT), and
a differential-pressure-transmitter (DPT) panel. Equipment specific to individual testing
sequences is provided in Section 4.6. More detailed descriptions of the testing equipment
and the procedures are presented in Stensrud et al. (1992). Equipment calibration is
discussed in Section 4.3.2.

4.3.1 Description of Equipment

4.3.1.1 TEST TOOLS

As described in Wawersik et al. (1997), the coupled permeability and hydrofracture test
tools, shown in Figures 4-2 and 4-3, were variations of a conventional two-element straddle
packer with stainless steel straddle rod(s) (Wawersik, 1891, 1992, 1993). The inflatable
packer elements consisted of 40-inch (102-cm) long, 2-5/8-inch (6.67-cm) diameter slat-
type elements acquired from Baker Service Tools with outer and inner packer tube
designations #808 and #801, respectively. The length of the elastomer covers on all
packers was 76 cm. Figure 4-2 shows the assembly drawing of the tool that was fielded
in two sets of combined fiuid flow and hydrofracturing measurements in MB139. The
straddle rod was machined of 2.5-cm 1.D. x 3.8-cm O.D. (1.0 x 1.5-inch) stainless steel
pipe. The length of the straddle rod was selected so that each packer element would be
centered over the upper and lower contacts of MB139 whose thickness in the test area
varied between 0.80 and 0.95 m. The packer ends on the interval side were free to move
as the packer elements were pressurized and expanded. One adapter ('sub') of each
packer was equipped with a 3000-psi (20.7 MPa) rupture disk. Additionally, the bottom sub
of the tool contained a vent to purge the packer of air as it was filled with fluid. The top sub
contained ports for separate fluid supply lines to the packers and to the coupled
permeability and hydrofracturing interval between the packers. A third port permitted the
installation of a pressure gage for downhole measurements of the interval pressure. A
'0.953-cm O.D. x 0.775-cm 1.D. (0.375 x 0.305-inch) 304 stainless steel supply line to the
test interval ensured that the interval volume remained nearly constant with time in order
to obtain reliable measurements of the formation pressure before flow or coupled
permeability and hydrofracturing tests were initiated. Early test simulations in a steel pipe
indicated that this condition could not be maintained with a 23-m (75-foot)-long flexible
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Figure 4-2. Generic double-packer test-tool configuration used for coupled permeability
and hydrofracture testing.
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Figure 4-3.  Generic triple-packer test-tool configuration used for coupled permeability
and hydrofracture testing.
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high-pressure hose (Aeroquip No. 2781-04, 0.63-cm/0.25-inch 1.D.) whose internal
diameter changed steadily with time. Therefore, a stainless Steel supply line was used.
Figure 4-3 shows the assembly drawing of the straddle packer configuration that was used
in MB140. To control pressure in two zones, the straddle packer in Figure 4-2 was
modified in four ways. First, a new (middle) sub was built to incorporate a third packer
element. Second, a manifold was mounted on top of the straddie packer, and third, a
sliding sub was installed into the new (middie) sub in order to feed an additional,
independent fluid supply line to the lower interval. Finally, fourth, the straddle rods
between the top, middle, and bottom subs were segmented to facilitate the handling of the
tool and the process of inserting and lowering it into boreholes with limited headroom.

The monitor tools, shown in Figures 3-2, 3-3, and 4-4, were designed and built specifically
for the permeability-testing program by Baski Inc. in conjunction with SNL and INTERA Inc.
Some of the test tools had two sliding-end, 3.75-inch (9.53-cm) O.D. packers mounted on
a 1.9-inch (4.83-cm) mandrel with the fixed ends oriented toward the bottom-hole end of
the test tool (Figure 3-2). In other instances, the monitor tools had three sliding-end, 3.75-
inch (9.53-cm) O.D. packers mounted on a 1.9-inch (4.83-cm) O.D. mandrel with the fixed
ends oriented toward the bottom-hole end of the monitor tool (Figure 3-3). The remaining
monitor tools had one sliding-end, 3.75-inch (9.53-cm) O.D. packer mounted on a 1.9-inch
(4.83-cm) O.D. mandrel with the fixed end oriented toward the bottom-hole end of the
monitor-tool (Figure 4-4). Figure 3-4 shows the nominal dimensions of the monitor tools'
parts. Other information regarding the monitor tools is presented in Section 3.3.1.1.

4.3.1.2 OTHER EQUIPMENT

The DAS, pressure transducers, thermocouples, LVDTs, DPT panel, and pressure-
maintenance system used for the permeability testing aspects of the coupled permeability
and hydrofracture testing program are described in Sections 3.3.1.2 through 3.3.1.6 and
3.3.1.8. Wawersik et al. (1997) describes the fluid supply system used in the hydrofracture
testing. The fluid and pressure source consisted of an air-driven Haskel pump (model
GSF-60-6) in parallel with a 5-gallon (19-liter) Haskel accumulator (Haskel part no. 5-5-
100-1). Combinations of compact pressure transducers of Kulite Semiconductor Products
(model HKM-365-5000A) and signal conditioners/readouts of Entran Devices Inc. and
Beckman Instruments Co. were used throughout. In the MB140 experiments, the pressure
in both the upper and lower straddle packer intervals were measured only at the console
because the downhole pressure gage had been damaged during packer installation. Fluid
flow during hydrofracturing tests was measured by means of a 0.4-11.4 L/min (0.1-3 gpm)
flow meter by Flow Technology, Inc. (model FT6-8-NEXB-LED-1). Fluid flow in the range
of 1.9-11.4 L/min (0.5-3 gpm) was controlled by means of a Teledyne flow control valve
(catalog series 664). Under all other conditions, fluid flow was regulated manually.
Documentation associated with the equipment used for the actual hydrofracture tests can
be found in the SWCF under WPO #35174.
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4.3.2 Equipment Calibration

Equipment calibration information is discussed in Section 3.3.2.

4.4 Procedures for Permeability Testing Associated with Hydrofracture Experiments

Test and monitor tools were installed as described in Section 3.4.1. Data associated with
both test and observation boreholes were collected by the DAS associated with the test
borehole. During the C1X05-B testing sequence, borehole C1HO7 pressure was monitored
for a brief period by a DAS associated with that observation borehole. This was necessary
because borehole C1H07 was deepened prior to deepening borehole C1X05 (see Section
4.6.3.1).

During testing C1X05-B, borehole C1X05 was primarily used as the testing borehole. In
order to compare the directional pressure response between boreholes C1X05 and C1X08,
one pulse-withdrawal test was conducted in which borehole C1X06 was used as the testing
borehole and borehole C1X05 and C1HO7 were used as the observation borehole. This
pulse-withdrawal test is presented in Section 4.6.3.2 in Table 4-23.

One pulse-withdrawal test and muitiple constant-pressure injection and withdrawal tests
were conducted in association with the hydrofracture experiments. These tests followed
the procedures outlined in Sections 3.4.2 and 3.4.3.

4.5 Boreholes and Test-Tool Configurations for Coupled Permeability and
Hydrofracture Testing

Figure 2-1 shows the location of Room C1 in the WIPP facility where the coupled

permeability and hydrofracture testing took place. Tables 4-1 and 4-2 provide information
regarding the test and observation boreholes. To refer to a borehole which was deepened,
a letter designation is added to the borehole number to indicate a different testing
sequence.

Table 4-1. Coupled Permeability and Hydrofracture Test Borehole Information

Time Test Borehole

Test Test TestInterval Borehole Sequence Sequence

! Horizon Diameter
Sequence Horizon Penetrated (cm) Depth (m) Depth(m) Started Terminated

C1X10 MB139 11-11-91 7.62 7.50-8.10 10.16 11-12-91 6-26-92
(13:25)

C1X05-A MB139 6-29-92 7.62 6.72-7.60 9.14 7-1-92 4-12-93
(10:00)

C1X05-B MB140 6-14-93 7.62 23.09-27.14 30.20 6-15-93 4-11-94
(10:00)




Table 4-2 (Continued). Coupled Permeability and Hydrofracture Observation Borehole

Information
Test Observation Test Time. Test Bf)rehole Test Interval Borehole
Sequence Borehole Horizon Horizon Diameter Depth (m) Depth (m)
q Penetrated (cm)
C1X05-A C1HOS MB139 1-16-92 10.16 7.002 - 8.255 8.26
(13:30)
C1X05-A C1H06 MB139 1-21-92 10.16 8.200 - 9.398 8.40
(13:30)
C1X05-A C1H07 MB139 6-24-92 10.16 6.770 - 7.600 8.18
(12:00)
C1X05-A C1X06 MB139 9-29-92 10.16 6.430-7.320 7.63
(12:30)
C1X05-A C1X10 MB139 11-11-91 10.16 7.50-8.10 10.16
(13:25)
C1X05-A C2HO01 MB139 12-13-89 10.16 6.80-7.76 8.97
(12:00)
C1X05-B C1HO07 MB140 §-25-93 to 5-26- 10.16 22.688 - 23.657 27.88
a3 24277 - 27.880
C1X05-B C1X06 MB140 7-9-93 & 8-12-93 10.16 22.973 - 23.945 27.99
24.559 - 27.990
C1X10 C1HO5 MB139 1-16-92 10.16 7.002 - 8.255 8.26
(13:30)
C1X10 C1H06 MB139 1-21-92 10.16 8.200 - 9.398 9.40
(13:30)
C1X10 DPDQ2 MB139 4-86 10.16 11.00 - 13.11 13.11
(N/A)
C1X10 DPDO03 MB139 4-86 10.16 11.15-13.11 13.11
(N/A)
C1X10 C2HO01 MB139 12-13-89 10.16 6.80-7.76 8.97
(12:00)

The driling procedures describes in Section 3.5.2 were followed during the drilling of the
boreholes associated with the coupled permeability and hydrofracture testing program.
The air-rotary drilling method was used to drill all of the initial boreholes. The brine-rotary
drilling method was used to deepen boreholes C1H07, C1X05, and C1X086 prior to the
C1X05-B coupled permeability and hydrofracture testing sequence.

Figures 4-5 and 4-6 schematically depict Room C1 in plan and cross-sectional views, and
show the positions of all boreholes associated with the testing program. Figure 4-7
schematically depicts Room C2 in plan and cross-section showing the location of
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Figure 4-5. Spatial representation of Room C1 showing the locations of test and
observation boreholes.
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Figure 4-6. Cross-sectional view of Room C1 showing the locations of test and
observation boreholes.
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Figure 4-7.  Spatial representation of Room C2 showing the locations and orientations of
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observation borehole C2H01. Figures 4-8 through 4-17 show the test- and observation-

tool configurations and associated installations that were used during the testing program.
It should be noted that Figures 4-15, 4-16, and 4-17 each consist of two parts (ex. Fgiures
4-15a and 4-15b). Test-tool installation diagrams for boreholes C2H01, DPD02, and
DPDO03 are contained in Section 7.5. Detailed desription of the core that was recovered
from observation borehole C2HO01 are provided in Saulnier et al., (1991). Observation
boreholes DPD02 and DPDO03 were constructed by S-CUBED under contract to SNL prior
to 1988. Detailed descriptions of the core that was recovered from all of the other
boreholes associated with the testing program are given in Appendix A of this report.

4-14



C1Xi0
TEST—TOOL CONFIGURATION

BOREHOLE: C1X1i0
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Figure 4-8.

and C1X05-A.

BOREHOLE STRATIGRAPHY

Halite (Map unit 6)

— Colorless /pale orange fine to
coarsely crystalline, trace poly-
halite.

Halite (Map unit 5)
— Colorless/gray, very coarsely
crystalline, moderate gray clay.

Argillaceous Halite (Map unit 4)
~ Gray, fine to medium.

Halite (Map unit 3)

— Colorless/orange, medium/coarse,
trace polyhalite increasing with
depth.

Argillaceous Halite (Mop unit 2)
— Gray/reddish brown, fine/medium,
intercrystalline gray clay.

X X Halite (Map unit 1)
6.85 — Colorless, coarsely crystalline,
X trace polyhalite.
- X Argillaceous Halite (Map unit 0)
X X — Colorless/gray, fine/coarse; inter—
. crystalline gray clay decreasing
7.51 \\ with depth.
Polyhalitic Halite (PH-—4)
— Orange, medium crystaliine.
Marker Bed 139
— Anhydrite, gray microcrystalline.
8.28 —= N\ Core Loss.
X Polyhalitic Halite (H—4 and PH—3)
X — Dark orange, fine/coarse; clay
content decreasing with depth.
X
X
X
X
X
9.96 —.
10.05 —= < N\ Core Loss.
10.16

4-1

5
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Configuration of the tool in test borehole C1X10 for testing sequences C1X10




C1HOS
TEST-TOOL
CONFIGURATION

BOREHOLE STRATIGRAPHY

0.00

BOREHOLE: C1HO5
TEST TOOL: #32
DATE: 01/17/92
HOLE DEPTH: 8.25m.

TOOL EXTENSION

NO RECOVERY, DRILLED WITH PLUG BIT

6.35

6.45 = — 6.384 X | Polyhalitic halite (PH~-4)

— Colorless to moderately reddish orange,
medium to coarsely crystaliine, trace
Intercrystalline gray clay. Polyhalite increases

PACKER
/ X with depth. Contact with anhydrite below
6.99 = 4. . 7.001 is sharp and undulatory.
X
P X
-~ 7.352 X
. X x
7.15 .
N Anhydrite (Marker Bed 139)
TEST—ZONER — Brown to gray microcrystalline. Minor halite
L TRANSDUCE and polyhalite from 7.13-7.67m.
3 TEST-ZONE \
N VENT 7.95 N _
A Halite (H—4)
LJ - — Colorless to gray, medium to finely
i . - crystalline.
NOTE: MEASUREMENTS IN METERS
FROM FLOOR BEFORE INFLATION. - _ Faced to o final depth of 8.25m.
= ESTIMATED POSITION AFTER _
PACKER INFLATION. _
8.20 —
8.25

INTERA~6115~98~1

Figure 4-9. Configuration of the tool in observation borehole C1H05 for testing
sequences C1X10 and C1X05-A.
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Halite (Map unit 0)
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polyhalite beginning ot ot 6.65m.
7.10-7.70m. Halite, colorless, very coarsely
crystalline.

Polyhalitic halite (PH—4)
— Reddish orange, coarsely crystalline,
polyhalite increases with depth.

Poiyhalite (PH-4)
— Orange, microcrystalline.

Anhydrite (Marker Bed 139)
— Gray microcrystalline, minor
halite and polyhalite from 8.41-8.60m.
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Figure 4-10

Halite (H~4)
— Colorless to light gray, coarsely
crystalline, intercrystalline gray clay

Faced to o final depth of 9 40m.
No core taken.

NOTE: MEASUREMENTS IN METERS
FROM FLOOR BEFORE INFLATION.

VERTICALLY PROJECTED DEPTHS.

+ ESTIMATED POSITION AFTER
PACKER INFLATION.

()

INTERA~6115-99-1

. Configuration of the tool in observation borehole C1H06 for testing

sequences C1X10 and C1X05-A.
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C1X05-A BOREHOLE STRATIGRAPHY
TEST—TOOL CONFIGURATION

0.00 Core not described.
4
0.40 X Halite (Map unit 6)
~ Colorless to orange, fine to .
1.45 - - coarse crystolline, trace of polyhalite.
BOREHOLE: C1X05 ) ~ | Halite (Map unit 5)
TOOL: HYDRO FRAC - — Coloriess to gray. very coarse
DATE: 07/02/92 2.01 —— ggséteorzltine, moderate gray clay
HOLE DEPTH: 9.14 _ - :
2.56 Argillaceous halite (Maop unit 4)
X - — "Gray, fine to medium crystalline.
- X Halite (Map unit 3) )
3.66 —_—\ — Colorless to orange, medium to
_/ - — coarse crystalline, trace of
WIRE—-LINE - Ha : :
SUPPORT 582 - - polyhalite, increasing with depth.
’ - Argillaceous halite (Map unit 2)
407 X — Gray, fine to coarse crystaliine.
— ’ X Halite (Map unit 1)
2.635 5663 X — Colorless, medium to coarse
INCHES DIA X crystalline, trace of gray cloy.
563 —L A A . ,
- Argillaceous Halite (Map unit 0)
vy, 5.945 >-67 \X/\/\ - "Colorless to gray, fﬁ\e to coarse
// X crystalline, gray clay decreasing
/ 3 X| ond polyhalite increasing with depth.
6.30
/ X X Polyhalitic halite (PH—4)
/ 6.47 - Orange, medium to very coarsely
7/ g5 :w crystolline.
6.64  —772_ 6707 X X
: 6.65 <
N\ Anhydrite (Marker Bed 139)
— Moderate reddish orange/brown and
1 light gray microcrystalline” anhydrite,
w = 6.987 swallowtail pattern of halite growths
3 xZ L within onhydrite, common in upper
N 55 = part of unit, thin halite loyer found
5 Y = close to lower contact (7.13-7.24),
ad
] g E clay seam E found at base of unit.
© ‘ -— 7.237 \
7.517 \
7.59 ‘-—9/4 > - 60 & Cloy E <1 cm.
X Halite (H—4)
- — Gray to orange, fine to medium
crystalline, cloy content decreases
/ X down section, trace of polyhalite.
A 8.279 _
8.507 X
. 8.60
NOTE: " ;
8.876 _JX X Polyhalitic halite (PH-3)
MEASUREMENTS IN 8.94 L\g{"\\{s}' — Colorless to oronge, medium to
METERS FROM_FLOOR 8.03 —T coarsely crystalline
BEFORE [INFLATION. X X ’
« ESTIMATED POSITION 9.10 —
AFTER PACKER INFLATION. 914 Cafe_ 1.

INTERA-8115-100-1

Figure 4-11. Configuration of the tool in test borehole C1X05 for testing sequence C1X05-
A.
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CiHO7-A
TEST-TOOL
CONFIGURATION

BOREHOLE STRATIGRAPHY

0.00
0.64

Core not described.
Halite (Map unit 6)
1.75 — - Colorless/pale orange, fine to coarsely

crystalline, trace polyhalite, contact with
below is gradational.

Halite (Map unit 5)

BOREHOLE: C1HO7 - -
TEST TOOL: #34

DATE: 06/26/92

B T

HOLE DEPTH: 8.17 m. 215 — Colorless/gray. very coarsely crystalline,
— _—|\moderate gray ciay.
2.58 — =1 Argillaceous Halite (Map unit 4)

— Gray, fine to medium crystalline,
moderote gray clay.

~— 3.60 Halite (Map unit 3)
~ — =\ — Colorless/orange, medium to coarsely
TOOL EXTENSION — - — _—|\crystalline, polyhalite increases with depth.
l 3.72 ~__ =1 Argillaceous Halite (Map unit 2)
[— ; — Gray/reddish brown, fine to medium
crystalline.

3.82 —=iNANA Halite (MOP unit 1)
: — Colorless, coarse, trace polyhalite.

Core loss.

X | Halite (Map unit 0)

— Argilloceous, colorless to gray,
fine to coarsely crystalline, intercrystalline
gray clay decreasing with depth, contact
X with below is gradational based on
X | decreasing clay and increasing polyhalite.

3.96 —

5.11 X
X
-— 5.586 - _
X
5.90 * —=(7 5.837
/ - |[Polyhalitic halite (PH—4)
PACKER —= X § — Orange, coorsely crystalline,
#3659.11 6.35 some medium crystalline locally, contact
/ X sharp with unit below (MB—139) irregular
6.44 » / 6.456 X and undulating.
| X Anhydrite (Marker Bed 139)
L 6.708 X — Orange/brown to gray,
% ¢ L_ . 6.77 microcrystalline, intercrystalline
N : argillaceous material.
@ 6.806 \
- 30 753 — \\v
i TEST-ZONE VENT 27 Core loss.
TRANSDUCER -0 - N
PORT Xy | Polyhalitic halite (PH-3)
l X — Polyhalite, dark orange, fine to
8.17 coarsely crystalline, cloy content
NOTE: Measurements in meters from floor before inflation. decreasing with depth.

* Estimated position after packer inflation.

INTERA-6115-101-2

Figure 4-12. Configuration of the tool in observation borehole C1HO7 for testing sequence
C1X05-A.

4-19




C1X06-A
TEST-TOOL
CONFIGURATION

BOREHOLE: C1X06

TEST TOOL: #36
DATE: 10/01/92

HOLE DEPTH:7.63 m.

TOOL EXTENSION

533 =

TEST—-ZONE
PACKER

5.80 =

TEST ZONE

TRANSDUCER
PORT

VENT

BOREHOLE STRATIGRAPHY

4.50

f
i

~— 5.01

5.26

N

5.87

L=
=
<

VOLUME DISPLACEMENT
DEVICE

LVDT #A—02

— 7.42

7.63

0.00

Core not described.

0.62

1.30

!

2.02
2.53

3.99
3.76

4.36

6.11

6.43

7.32

Halite (Map unit 6)

— Colorless to pale orange, very coarsely
crystalline, some fine to medium locally,
trace polyhalite.

Halite (Map unit 5)
— Colorless to gray, very coarsely
crystalline, some fine to medium locally.

Argillaceous Halite (Map unit 4)
— Brown to gray, fine to medium
crystalline, argillaceous moterial.

Halite (Map unit 3)

— Reddish orange, medium to coarsely
crystalline, locolly polyhalitic, and
scattered gray ciay.

Argillaceous Halite (Map unit 2)

— Gray to reddish brown, medium to
coarsely crystalline, argilloceous material.

Halite (Map unit 1)

— Light reddish brown to reddish orange,
medium to coarsely crystaliine, dispersed
polyhalite.

Halite (Map unit 0)

— Clear to moderate reddish brown,
medium to coarsely crystalline, some
intercrystalline argillaceous material,
trace polyhalite and polyhalitic blebs.

Poiyhalitic Halite (PH-—4)
— Clear to moderate reddish oronge,
coarsely crystalline.

Anhydrite (Marker Bed 139)

— Moderate reddish brown to medium
gray microcrystalline anhydrite, halitic
and polyhalitic growths within anhydrite
decreasing with depth, thin gray cloy
seam clay E at base of unit.

Halite (H—4)
— Clear to brown, coarsely crystaliine,
some gray clay present.

NOTE: Megsurements in meters from floor before inflation.
+ Estimated position after packer inflation.

INTERA=6115-102~1

Figure 4-13. Configuration of the tool in observation borehole C1X06 for testing sequence
C1X05-A.
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k4 £
v

ST Ton NEISURATION BOREHOLE STRATIGRAPHY

(See Ci1X05 core logs for
m 22.200 20.28 = remainder of description)
BOREHOLE: C1X05 B X x | Polyhlitic Halite (H-m1&2)
TOOL: HYDRO FRAC X — Colorless to red/orange, coarsely
DATE: 06/14/93 y X| crystalline. minor groy cloy.
HOLE DEPTH: 30.20 22.479 1

23.09 Haolite

X _X
X
5)5%; — Colorless to orange, coarsely

AN

23.17 = 23.241 X crystaliine, numerous anhydrite
: stringers.
23.30 -
Anhydrite (Marker Bed 140)
1 — Gray to light brown, microcrystaliine.

o~
w = - 23.523
5 =
o L Ld
2 Ec) 3 INJECTION
— 5 PORT
s e
= ‘2 ~— 23.756

24.11 =

24,797

T 2473 »

“‘§
§
- L
§
\

w = ~— 25.171
2 EE
o
I 35 INJECTION 26.34 — Clay, groy.
— <> PORT 26.46 . " -
7] ad Anhydrite, gray, microcrystalline.
W = - 27.010 %;-?g - Clay. gray.
l ) _T T\ Argillaceous Halite (H-m3)
—~ =] = Gray, fine to medium crystalline.
27.290 27.26 _ | Holite (H—=m3)
27.36 = 7 ~ Colorless to orange, medium to
X coarsely crystalline, minor gray clay
/ and polyhalite.
4 X
Z
FIXED 28.052 -
END
CHERNE X |[Argillaceous Halite (H-m3) _
SEWER BALLS 28.395 _ - E)ronge tol reddlsthl—rbrown._ mednulm i
3—INCH DIA 28.50 ——— o coarsely crystalline, minor polyhalite
= X and anhydrite stringer.
18-INCHES LONG oA h
— =—_|[Hoalite (H-m3)
28.852 — X — || — Colorless to orange, trace polyhalite,
— - coarsely crystalline.
NOTE:MEASUREMENTS IN METERS 2803 X Halite (H-m3) : H
FROM FLOOR BEFORE INFLATION. 29.309 30.03 ~—— © Sgg{ﬁﬁietom:ﬁg} 2?: to medum
. Y.
+ ESTIMATED POSITION AFTER PACKER INFLATION. 30.20

INTERA-6115-103-1

Figure 4-14. Configuration of the tool in test borehole C1X05 for testing sequence C1X05-
B.
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C1HO7-B e . PAGE 1 OF 2
TEST-TOOL % BOREHOLE STRATIGRAPHY
CONFIGURATION #1 0.00
18.50 —
STICK—UP 1.385 Ny X | Halite (H-m1)
— Clear to light gray, coarsely
19.656 _ crystalline, trace of polyhalite,
X scottered clay breaks.
BOREHOLE: C1HO7
TEST TOOL: #39 _
DATE: 05/28/93 X
HOLE DEPTH: 27.88m.
—}-— 20.128 X _
20.379 -
7 _ X
GUARD—ZONE ~—= 20.69
PACKER X Halite (H-m2)
X | — Cleor to reddish orange. coorsely
/ crystalline, polyhalite increasing
i h.
21.27 e 21,284 X | v aeet
I X
L X
5 b 0 O X
~N — 21.915
o 21.953 X
<
3 X
~—— 22.099 X
X
X
2242 » e 22.351
X
TEST—-ZONE 2 X
PACKER X
/ 22.80 N
22.96 = % 22.973 - \ Anhydrite (Morker Bed 140)
— Gray to reddish orange,
\\ microcrystalhine.
[
o~
w
s L 23.505
~ 23.540 \
-
n
w
'—
‘ ~— 23.692 §
24.01 » % 23.945 X
TEST—ZONE 1— \
PACKER

NOTE: Measurements in meters from floor before inflation.
= Estimated position after packer inflation.

INTERA=6115~104~-1

Figure 4-15a. Configuration #1 of the tool in observation borehole C1H07 for testing
sequence C1X05-B.
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C1HO7-8B

TEST-TOOL
CONFIGURATION #1

BOREHOLE: C1HO7
TEST TOOL: #39
DATE: 05/28/93
HOLE DEPTH:27.88m.

TEST~ZONE 1
PACKER

—— 24,55

TEST—-ZONE
TRANSDUCER
PORT

VENT-

TEST ZONE 1

VOLUME DISPLACEMENT DEVICE

e

AL

27.79

T.D.

27.88

PAGE 2 OF 2

BOREHOLE STRATIGRAPHY

26.45 —
25.55 —

CONTINUED FROM
PREVIOUS PAGE

Clay Seam

D

Anhydrite (MB 140)
— Gray to reddish—orange,
microcrystalline.

27.15—
27.23 — Clay Seam
— X} Halite (H-m3)
X — Clear to light gray, coarsely
_ crystalline.
27.88

NOTE: Measurements in meters from floor before inflation.
+ Estimated position after packer inflation.

INTERA-6115-105-2

Figure 4-15b. Configuration #1 of the tool in observation borehole C1HO07 for testing
sequence C1X05-B (continued).
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C1HO7-B W PAGE 1 OF 2
TEST-TOOL BOREHOLE STRATIGRAPHY
CONFIGURATION #2 0.00
18.50
AN = x| Halite (H=m1)
~ Clear to light groy, coarsely
BOREHOLE: C1HO7 19.648 crystalline, trace of polyhalite,
TEST TOOL: #39 ) X ~ scattered clay breaks.
DATE: 12/14/93
HOLE DEPTH: 27.88m. _
X
_B 20.120 X
20.371 -
7 _ X
GUARD—ZONE —+ 20.69
PACKER X Halite (H—-m2)
X | = Clear to reddish orange, coarsely
/ crystalline, polyhalite increasing
21.27 » 22 21.276 X <
l X
L X
Z b0 0 X
N 21.907
% 21.945 X
3 X
~— 22.091 X
X
22.41 = 22.343 X
2 X
TEST—ZONE 2—f X
PACKER X
/ 22.80 <
22.96 = 24 22.965 \\\\ Anhydrite (Marker Bed 140)
— Groy to reddish orange.
\ microcrystathne.
o 0
o~
w
5 e — 23.497
N 23.532 \
—
n
L
[
l — 2368 §
24.00 = % 23.937 X
TEST—ZONE 1—=] % \

PACKER

NOTE: Measurements in meters from floor before inflation.

+ Estimated position ofter packer inflation.

INTERA-8115~-106-1

Figure 4-16a. Configuration #2 of the tool in observation borehole C1HO07 for testing
sequence C1X05-B.
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C1H07-B
TEST-TOOL
CONFIGURATION #2

BOREHOLE: C1HO7
TEST TOOL: #39
DATE: 12/14/93
HOLE DEPTH: 27.88m.

TEST—ZONE 11—

PACKER

—1——— 24.54 =

TEST—-ZONE 1
TRANSDUCER
PORT

VENT

TEST ZONE 1

\\

24551
e 24902
[¥Y)
3]
>
[¥1]
Q
[
3
s
Q
3
Q.
P2
Q
w
3
D
-~
[«]
>
27.79
LS 27.88

T.D.

PAGE 2 OF 2

BOREHOLE STRATIGRAPHY

26.45—
25.55

27.15~=
27.23—

CONTINUED FROM
PREVIOUS PAGE

Clay Seam

Anhydrite (MB 140)
— Gray to reddish—orange,
microcrystalline.

Wy T

27.88

Clay Seam

Halite (H-m3)
— Clear to light gray. coarsely
crystalline.

NOTE: Measurements in meters from floor before inflation.
« Estimated position after packer inflation.

INTERA-6115-107~2

Figure 4-16b. Configuration #2 of the tool in observation borehole C1HO7 for testing
sequence C1X05-B (continued).
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C1X06-B PAGE 1 OF 2

TEST-TOOL
CONFIGURATION ﬁ_ $ BOREHOLE STRATIGRAPHY
0.00

X — Halite (H—-m1)
— Clear to gray to reddish—orange,
20.99 coarsely crystalline.
BOREHOLE: C1X06 - X
TEST TOOL: #40 19.838
DATE: 08/25/93 -
HOLE DEPTH: 27.80m. 20.090 X

GUARD—-ZONE — -

PACKER X
20.62 —
/ X Polyhalitic Halite (H~m2)
7.

20.99 = 21.004 X | - Clear to reddish—oronge, coarsely

X crystalline.
21.253 X
LéJ 0 0 O 21.355 X
S . 21.635 X
o 21.672 X
< X
3 X
-— 21.823
X
X
22.17 22.102
T x *
X
TEST—ZONE 2—-% X
PACKER /
22.68 » 2 22.688 %
X
s —— 22.941 X
22.97

NV Anhydrite (MB 140)
e— 23221 \ — Light gray to reddish—brown,
23.22 \\\\ microcrystalline, Halite

23.262 pseudomorphs after prismatic
gypsum.

7
7

23.406

>

2

23.72 =

23.657

Y,

7

TEST—ZONE 1 —
PACKER

NOTE: Measurements in meters from floor before inflation.
+ Estimated position after packer inflation.

INTERA=6115-108~-1

Figure 4-17a. Configuration of the tool in observation borehole C1X06 for testing
sequence C1X05-B.
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C1X06-8 PAGE 2 OF 2

TEST—-TOOL
CONFIGURATION
BOREHOLE: C1X06
TEST TOOL: #40 BOREHOLE STRATIGRAPHY
DATE: 08/25/93
HOLE DEPTH: 27.80m. o
TEST—ZONE 11— “v\§
PACKER // w
4.27 »
——— 24.27 * L 24277 2 sAnhydrite (MB 140)
— Light gray to reddish—brown,
) 24.529 microcrystalline.
24.581 \
24.904 \
24.933 \
25.082 \
25.182 \
25.38 —=
VYN Anhydrite (MB 140)
\ — Gray to reddish—brown, microcrystalline,
\ Halite pseudomorphs after prismatic
V\ gypsum, crushed prism structure with
y wavy laminae.
N
- g N
[72]
o : o
g 26.29 — 270
& Anhydrite (MB 140)
(&) - .
3 — qgray to dark gray, microcrystalline.
5 \
8
[ 7% \\
=
3
3
.97
26.9 Claystone
9713 — Medium gray.
A3 —
Halite (H-m3)
— Cleor to reddish—orange, coocrsely
27.80 X X crystalline, trace polyhalite.

NOTE: Measurements in meters from floor before infiation.
« Estimoted position ofter packer inflation.

INTERA-6115-109~-2

Figure 4-17b. Configuration of the tool in observation borehole C1X06 for testing
sequence C1X05-B (continued).
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4.6 Test Data

This section presents data from the testing sequences in the two test boreholes that were
investigated. One pulse-withdrawal test, 12 constant-pressure-injection tests, and 16
constant-pressure-withdrawal tests were performed.

Acronyms used in the tables presented in this section are as follows:

CPI = Constant-Pressure-Injection Test

CPW = Constant-Pressure-Withdrawal Test

PW = Pulse-Withdrawal Test

TZ = Test Zone

TZP Test Zone Packer

TZ1 = Test Zone 1 (triple-packer configuration)

TZ1P = Test Zone 1 Packer (triple-packer configuration)
TZ2 = Test Zone 2 (triple-packer configuration)

TZ2P = Test Zone 2:Packer (tripie-packer configuration)
Zone Fluid Volume = Isolated Zone Volume+Tubing Volume-Tool Volume
* = borehole in which the test was conducted

Table 4-3 summarizes information from these tests. Complete data files and abridged
tabulations of the data are stored in the SWCF under WPO #42269.

Table 4-3. Summary of Test Information from Test Boreholes

Hydro-Frac Date -  Test Initial Final FluidVolume Zone Zone Tool Zone Fluid
Testing Zone Started Type Unit Pressure Pressure Injected (+) Length Radius Volume Volume
Sequence (mm-dd-yy) {MPa) (MPa)  Withdrawn (-) {cm) {cm) (mL) {mL)
(mL)
C1X10 TZ 11-15-91 CPI#1 MB139 5.5 6.5 +332 82 3.81 2454 2232
C1X10 TZ 11-18-91 CPI#2 MB138 6.1 6.4 +809 82 3.81 2454 2232
C1X10 TZ 11-26-91 CPI#3 MB138 6.5 9.0 +7098 82 3.81 2454 2232
C1X10 TZ 12-5-91 CPW#1 MB139 8.6 7.5 -19089 82 3.81 2454 2232
C1X10 TZ 12-6-91 CPW#2 MB139 1.7 7.6 4393 82 3.81 2454 2232
C1X10 TZ 12-11-91 CPW#3 MB139 77 74 -94 82 3.81 2454 2232
C1X10 TZ 2-6-92 CPI#4 MB139 7.5 9.0 +874 82 3.81 2454 2232
C1X10 TZ 3-18-92 CPW#4 MB139 7.9 6.4 -7831 82 3.81 2454 2232
C1X05-A TZ 8-4-92 CPI#1 MB138 9.2 9.7 +4 95 3.81 2270 2816
C1X05-A TZ 8-4-92 CPI#2 MB139 9.7 10.2 +34 95 3.81 2270 2816
C1X05-A TZ 8-10-92 CPI#3 MB139 9.4 10.2 +32 95 3.81 2270 2816
CiX05-A TZ 9-16-92 CPW#1 MB139 1.7 95 -241 95 3.81 2270 2816
Ci1X05-A TZ 9-16-92 CPW#2 MB139 11.5 9.5 -991 95 3.81 2270 2816
C1X05-A TZ 9-16-92 CPW#3 MB139 113 9.5 -1245 95 3.81 2270 2816
Ci1X05-A T2z 9-16-92 CPW#4 MB138 10.8 9.2 -3094 95 3.81 2270 2816
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Table 4-3 (Continued). Summary of Test Information from Test Boreholes

Hydro-Frac Date Test Initial Final  Fluid Volume  Zone Zone Tool  Zone Fluid
Testing Zone  Started Type Unit Pressure Pressure Injected (+) Length Radius Volume Volume
Sequence {(mm-dd-yy) (MPa) (MPa) Withdrawn (-) {cm) {cm) {mL) {mL)
(mL)
Ci1X05-A TZ 9-17.92 CPW#5 MB139 9.3 9.5 <73 95 3.81 2270 2816
CiX0s-A TZ 11-17-62 CPI#4 MB139 9.4 10.3 +6753 95 3.81 270 2816
CiX05-A TZ 12-1-92 CPI#5 MB139 10.4 11.5 +21011 g5 3.81 2270 2816
CiX05-A TZ 1-13-93 CPW# MB139 9.1 8.1 -37 95 3.81 2270 2816
C1X05-A TZ 1-18-93 CPW#7 MB139 9.1 8.1 -112 95 3.81 2270 2816
C1X05-B TZ2 10-21-93 CPI#1 MB140 9.4 10.6 +11 94 3.81 2539 Vigs!
C1X05-8 TZ2 11-22-83 CPW#1 MB140 10.6 10.7 -501 94 3.81 2539 2771
C1X05-B TZ2 11-22-93 CPW#2 MB140 12.5 10.0 -4807 94 3.81 2539 2771
C1X05-8 TZ2 11-22.93 CPW#3 MB140 20.1 122 ~1340 94 3.81 2539 2771
CiX05-B TZ2 11-23-93 CPW#4 MB140 14.0 12.2 N/A 84 3.81 2539 21N
C1X05-8 TZ2 11-23-93 CPW#5 MB140 122 10.1 ~13210 94 3.81 2539 2771
C1X05-B TZ2 1-10-94 CPI#2 MB140 11.7 122 +1085 94 3.81 2539 2771
C1X05-B TZ22 1-20-94 CPI#3 MB140 11.8 12,7 +27442 94 3.81 2539 2771
C1X05-B TZ2  2-15-94 CPW# MB140 11.7 11.2 -3460 984 3.81 2539 21N
C1X05-B TZ2 3-24-84 PW  MB140 11.8 0.2 -254 94 3.81 2539 2771
C1X05-B TZ1 4-8-94 PW  MB140 11.7 7.70 -113 353 5.08 20376 8661
*(C1X06-B)

4.6.1 Borehole C1X10, Testing Sequence C1X10

Testing sequence C1X10 took place in Room C1 in borehole C1X10 with associated
observation boreholes C1H05, C1H06, DPD02, DPD03, and C2H01. This test sequence
was designed to investigate the pre- and post-hydrofracture brine permeability of MB139.
Table 4-4 gives a detailed description of the events that occurred during the testing
sequence C1X10 in borehole C1X10.

Table 4-4. Events Associated with Test Borehole C1X10 During Testing Sequence

C1X10
EVENT DATE CALENDAR 1991 TIME
DAY CALENDAR (HH:MM:SS)
DAY
Begin drilling borehole C1X10 with 3-inch (7.62-cm) core barrel to 1.5 meters. 8-16-91 228 228 10:33:00
Deepen borehole C1X10 with 3-inch (7.62-cm) core bamre! to 2.03 meters. 8-16-91 228 228 11:07.00
Deepen borehole C1X10 with 3-inch (7.62-cm) core barrel to 2.87 meters. 8-16-91 228 228 12:45:.00
Deepen borehole C1X10 with 3-inch (7.62-cm) core barre! to 3.68 meters. 8-16-91 228 228 13:30:00
Deepen borehole C1X10 with 3-inch (7.62-cm) core barrel to 4.55 meters, 8-16-91 228 228 14:02:00
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Table 4-4 (Continued). Events Associated with Test Borehole C1X10 During Testing

Sequence C1X10
EVENT DATE CALENDAR 1991 TIME
DAY CALENDAR (HH:MM:SS)
DAY
Deepen borehole C1X10 with 3-inch (7.62-cm) core barrel to 5.46 meters. 11-11-81 315 315 10:18:00
Deepen borehole C1X10 with 3-inch (7.62-cm) core barrel to 6.10 meters. 11-11-91 315 315 11:05:.00
Deepen borehole C1X10 with 3-inch (7.62-cm) core barrel to 6.67 meters. 11-11-91 315 315 13:16:00
Deepen borehole C1X10 with 3-inch (7.62-cm) core barre! to 7.56 meters. 11-11-91 315 315 13:35:00
Deepen borehole C1X10 with 3-inch (7.62-cm) core barrei to 8.44 meters. 11-11-91 315 315 13:57:00
Begin data file C1X1001. 11-12-91 316 316 09:41:32
Deepen borehole C1X10 with 3-inch (7.62-cm) core barrel to 9.30 meters. 11-12-91 316 316 10:15:00
Deepen borehole C1X10 with 3-inch (7.62-cm) core barrel to 10.16 meters. 11-12-91 316 316 12:15:00
Perform a video log of borehole C1X10. 11-12-91 316 316 14:00:00
Pour ~ 9 liters of hydrofracture oil into borehole C1X10 and install volume- 11-12-91 316 316 15:00:00
displacement device.
Install multipacker test tool into borehole C1X10 as indicated in the test-tool 11-12-91 316 316 15:30:00
configuration diagram (Figure 4-8).
Inflate TZP and GZP to ~ 12 MPa. 11-12-91 316 316 16:52:00
Shut in both zones. 11-12-91 316 316 17:00:00
End data file C1X1001. 11-15-91 319 319 11:34:42
Begin data file C1X1002. 11-15-91 319 319 12:35:13
Begin constant-pressure-injection test #1 in TZ at ~ 1 MPa above TZ pressure 11-15-91 319 319 13:44:00
(~ 6.5 MPa).
Leaky fitting on TZ. 11-15-91 319 319 13:46:00
Shut in TZ from DPT panel terminating constant-pressure-injection test #1 in TZ. 11-15-91 319 319 14:15:30
No power to DAS upon amval. 11-18-91 322 322 09:14:00
Begin constant-pressure-injection test #2 in TZ at ~ 0.3 MPa above TZ pressure 11-19-91 323 323 10:56:30
(~6.4 MPa).
Shut in TZ from DPT panel teminating constant-pressure-injection test #2 in TZ. 11-18-91 323 323 11:47:48
Begin constant-pressure-injection test #3 in TZ at ~ 2.5 MPa above TZ pressure 11-26-91 330 330 08:46:40
(~ 9 MPa).
End data file c1x1qoz. 11-26-91 330 330 14:46:08
Begin data file C1X1003. 11-26-91 330 330 14:54:00
Shut in TZ from DPT panel terminating constant-pressure-injection test #3 in TZ. 11-26-81 330 330 14:54:40
Performed hydrofracture of MB139. 12-5-91 339 339 12:27:00
Begin constant pressure withdrawal test #1 in TZ at ~ 7.5 MPa. 12-5-91 339 339 14:32:20
Shut in TZ from DPT panel terminating constant-pressure-withdrawal test #1 in TZ. 12-6-91 340 340 09:20:.00
Begin constant-pressure-withdrawal test #2 in TZ at ~ 7.6 MPa. 12-6-91 340 340 09:24:10
DAS not functioning properly upon amival. 12-9-91 343 343 10:40:00
Shut in TZ from DPT panel terminating constant-pressure-withdrawal test #2 in TZ. 12-11-91 345 345 10:47:00
Begin constant-pressure-withdrawal test #3 in TZ at ~ 7.4 MPa. 12-11-91 345 345 11:03:20
Shut in TZ from DPT panel terminating constant-pressure-withdrawal test #4in TZ.  12-13-91 347 347 08:49:36
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Table 4-4 (Continued). Events Associated with Test Borehole C1X10 During Testing

Sequence C1X10
EVENT DATE CALENDAR 1991 TIME
DAY CALENDAR (HH:MM:SS)
DAY

£nd data file C1X1003. 1-17-82 17 382 13:59:11
Begin monitoring fluid pressure in MB139 in borehole C1H05. 1-17-92 17 382 14:00:00
Begin data file C1X1004. 1-17-82 17 382 14:14:30
Begin monitoring fluid pressure in MB139 in borehole C1HOS6. 1-22-92 22 387 14:00:00
Begin monttoring fiuld pressure in MB139 in boreholes DPD02, DPDO3, and C2H01.  1-29-92 29 394 14:45:00
End data file C1X1004. 1-30-92 30 385 08:55:41
Begin data file C1X1005. 1-30-92 30 385 13:23:46
Begin constant-pressure-injection t(GStS#:d li’na')l'z at ~ 1.5 MPa above TZ pressure 2-6-92 37 402 10:48:17
End data file C1X1005. 2-6-92 37 402 14:46:29
Begin data file C1X1006. 2-6-92 37 402 14:51:00
Shut in TZ from DPT panel terminating constant-pressure-injection test #4 in TZ. 2-6-92 37 402 14:51:40
End data file C1X10086. 3-18-92 78 443 07:37:47
Begin data file C1X1007. 3-18-92 78 443 08:19:00
Begin constant-pressure-withdrawal test #4 in TZ at ~ 1.5 MPa below TZ pressure 3-18-92 78 443 08:32:30

(~ 6.4 MPa).

Shut in TZ from DPT panel terminating constant-pressure-withdrawal test #4 in TZ. 3-18-92 78 443 14:31:09
Decrease TZ pressure (both oil and gas present). 56-92 127 492 09:36:.00
Deflate TZP. 5-6-92 127 492 09:54:00
Inflate TZP and shut in TZ. 5-6-92 127 492 10:43:00
End data file C1X1007. 5-7-92 128 493 07:48:42
Begin data file C1X1008. 5-7-92 128 493 10:03:45
Calibrated transducers on P1, P5, and P7. 5-26-92 147 512 12:56:00
End data file C1X1008. 6-26-92 178 543 08:18:34

Figures 4-18 and 4-19 illustrate the zone pressures and fluid production during constant-
pressure-flow tests, respectively, in test borehole C1X10. It should be noted that Figure

4-19 (Fluid production during constant-pressure-flow tests during testing sequence C1X10)

consists of three parts (Figures 4-19a, 4-19b, and 4-19c).
associated with testing sequence C1X10 (borehole C1X10) identified in Table 4-4 are

provided in the SWCF under WPO #45907

Table 4-5 indicates the equipment that was used and the duration that each instrument
was used during testing sequence C1X10 in test borehole C1X10 and in the observation

boreholes.
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Table 4-5. Testing Sequence C1X10 Equipment

Equipment Location  Serial # Installed Removed
DAS Software N/A PERM4F 11-12-91 6-26-92
DCU (HP3497A) N/A 2629a21989 11-12-91 4-13-92
DCU (HP3497A) N/A 2629a21990 4-13-92 6-26-92
Transducer
(Druck PDCR 830) C1X107Z 246908 11-12-91 6-26-92
Transducer
Transducer
(Druck PDCR 830) C1HO5 TZ 246917 1-17-92 6-26-92
Transducer
(Druck PDCR 830) C1HO05 TZP 246919 1-17-92 6-26-92
Transducer
(Druck PDCR 830) C1HO6 TZ 246916 1-17-92 6-26-92
Transducer
(Druck PDCR 830) C1H06 TZP 246918 1-17-92 8-26-92
Transducer
(Druck PDCR 10/D) DPD03 TZ 211694 1-30-92 5-7-92
Transducer
(Druck PDCR 910) DPD02 TZ 316158 1-30-92 5-7-92
Transducer .

(Druck PDCR 910) C2H01 T2 321768 5-7-92 6-26-92
Injection Column N/A 76 11-15-91 6-26-92
Injection Column N/A 77 11-26-91 6-26-92

(Rosemo?xlr:;r 1151DP) N/A 1140863 11-15-91 6-26-92

* Installed dates for injection columns refer to dates of initial use rather than date installed.
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Figure 4-18. Test-zone pressure in test borehole C1X10 during testing sequence C1X10.
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Figure 4-19a. Fluid production during constant-pressure-flow tests during testing sequence C1X10.
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Figure 4-19b. Fluid production during constant-pressure-flow tests during testing sequence C1X10

(continued).
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Figure 4-19c. Fluid production during constant-pressure-flow tests during testing sequence C1X10
(continued).
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4.6.1.1 OBSERVATION BOREHOLE C1HO05, TESTING SEQUENCE C1X10

Table 4-16 gives a detailed description of the events that occurred in observation borehole
C1HO05 during testing sequence C1X10.

Table 4-6. Events Associated with Observation Borehole C1H05 During Testing

Sequence C1X10
EVENT DATE CALENDAR 1991 TIME
DAY CALENDAR {(HH:MM:SS)
DAY

Begin drilling borehole C1HO5 with 4-inch (10.16-cm) plug bit to 6.350 meters. 1-15-92 15 380 10:15.00

Deepen borehole C1HO5 with 4-inch (10.16-cm) core barrel to 6.528 meters. 1-16-92 16 381 13:15:00

Deepen borehole C1HO5 with 4-inch (10.16-cm) core barvel to 7.315 meters. 1-16-92 16 381 13:45:00

Deepen borehole C1HOS with 4-inch (10.16-cm) core barrel to 8.204 meters (noticed 1-16-92 16 381 14:20.00
hydrofracture oll in MB139 core).

Perform video log of borehole C1HOS. 1-17-92 17 382 10:00:00

Face bottom of borehole C1HO5 with 4-inch (10.16-cm) plug bit to 8.255 meters. 1-17-92 17 382 10:45:00

Install single-packer monitor tool #32A In borehole C1HOS as indicated in the test-too!l ~ 1-17-92 17 382 10:00:00
configuration diagram (Figure 4-9).

Inflate TZP to ~ 11 MPa, 1-17-92 17 382 14:29:00

Shutin TZ. 1-17-92 17 382 14:40:30

Terminate data collection. 6-26-92 178 543 08:18:34

Figures 4-20 and 4-21 illustrate the zone pressures and packer pressures, respectively,
in observation borehole C1H05 for testing sequence C1X10. Copies of the video-log
associated with testing sequence C1X10 (borehole C1HO05) identified in Table 4-6 are
provided in the SWCF under WPO #45907
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Figure 4-20. Test-zone pressure in observation borehole C1HO05 during testing sequence C1X10.
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Figure 4-21. Test-zone packer pressure in observation borehole C1HO5 during testing sequence C1X10.
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4.6.1.2 OBSERVATION BOREHOLE C1H08, TESTING SEQUENCE C1X10

Table 4-7 gives a detailed description of the events that occurred in observation borehole
C1HO06 during testing sequence C1X10.

Table 4-7. Events Associated with Observation Borehole C1H06 During Testing

Sequence C1X10
EVENT DATE CALENDAR 1991 TIME
DAY CALENDAR  (HH:MM:SS)
DAY
Begin drilling borehole C1HO06 with 4-inch (10.16-cm) plug bit to ~ 6.4 meters. 1-20-92 20 385 14:30:00
Deepen borehole C1HO6 with 4-inch (10.16-cm) core barrel to 7.040 meters. 1-21-92 21 386 10:48:00
Deepen borehole C1H06 with 4-inch (10.16-cm) core barrel to 7.874 meters. 1-21-92 21 386 13.00:00
Deepen borehole C1H06 with 4-inch (10.16-cm) core barrel to 8.611 meters. 1-21-92 21 386 13:29:00
Deepen borehole C1HO6 with 4-inch (10.16-cm) core barrel to 9.347 meters. 1-21-92 21 386 14:09:00
Face bottom of borehole C1HOS with 4-inch (10.16-cm) piug bit to 9.398 meters. 1-21-92 21 386 15:30:00
Perform video log of borehole C1HO06. 1-22-92 22 387 11:30:00
Install single-packer monitor tool #32B in borehole C1HO6 as indicated in the test-tool ~ 1-22-92 22 387 10:00:00
configuration diagram (Figure 4-10).

Inflate TZP to ~ 10 MPa. 1-22-92 22 387 14:04:00
Shutin TZ. 1-22-92 22 387 14:17:00
Terminate data collection. 6-26-92 178 543 08:18:34

Figures 4-22 and 4-23 illustrate the zone pressures and packer pressures, respectively,
in observation borehole C1HO06 for testing sequence C1X10. Copies of the video-log
associated with testing sequence C1X10 (borehole C1HO06) identified in Table 4-7 are
provided in the SWCF under WPO #45907
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Figure 4-22. Test-zone pressure in observation borehole C1HO06 during testing sequence C1X10.
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Figure 4-23. Test-zone packer pressure in observation borehole C1HO6 during testing sequence C1X10.



4.6.1.3 OBSERVATION BOREHOLE DPD02, TESTING SEQUENCE C1X10

Table 4-8 gives a detailed description of the events that occurred in observation borehole
DPDO02 during testing sequence C1X10.

Table 4-8. Events Associated with Observation Borehole DPD02 During Testing

Sequence C1X10
EVENT DATE CALENDAR 1991 TIME
DAY CALENDAR (HH:MM:SS)
DAY
Borehole DPD02 drilled to 13.11 meters. 4-86 N/A N/A N/A
Begin long-term fluid-pressure monitoring of MB139. 5-3-89 123 N/A NA
Install single-packer fluid-pressure monitoring tool as indicated in the test-too! 12-4-91 338 338 N/A
configuration diagram (Figure 7-20).
Begin fluid-pressure monitoring of MB139 associated with testing sequence C1X10. 1-30-92 29 394 14:43:00
Terminate data collection. 5-7-92 128 483 14:02:00

Figure 4-24 illustrates the zone pressure in observation borehole DPDO02 for testing
sequence C1X10.
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Figure 4-24. Test-zone pressure in observation borehole DPDO02 during testing sequence C1X10.



4.6.1.4 OBSERVATION BOREHOLE DPD03, TESTING SEQUENCE C1X10.

Table 4-9 gives a detailed description of the events that occurred in observation borehole
DPDO03 during testing sequence C1X10.

Table 4-9. Events Associated with Observation Borehole DPDO03 During Testing

Sequence C1X10
EVENT DATE CALENDAR 19891 TIME
DAY CALENDAR  (HH:MM:SS)
DAY
Borehole DPDO3 drilled to 13.11 meters. 4-86 N/A NA N/A
Begin long-term fluid-pressure monitoring of MB13S. 5-3-89 123 N/A N/A
Install single-packer fluid-pressure monitoring tool as indicated in the test-tool 12-4-91 338 338 N/A
configuration diagram (Figure 7-23).
Begin fluid-pressure monitoring of MB139 associated with testing sequence C1X10.  1-30-92 29 384 14:43:00
Terminate data collection. 5-7-92 128 493 14:02:00

Figure 4-25 illustrates the zone pressure in observation borehole DPDO3 for testing
sequence C1X10.
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Figure 4-25. Test-zone pressure in observation borehole DPDO03 during testing sequence C1X10.



4.6.1.5 OBSERVATION BOREHOLE C2H01, TESTING SEQUENCE C1X10.

Table 4-10 gives a detailed description of the events that occurred in observation borehole
C2H01 during the testing sequence C1X10.

Table 4-10. Events Associated with Observation Borehole C2H01 During Testing

Sequence C1X10
EVENT DATE CALENDAR 1991 TIME
DAY CALENDAR (HH:MM:SS)
DAY

Borehole C2HO1 drilled to 5.58 meters. 8-4-88 217 N/A N/A

Begin long-term fluid-pressure monitoring. 8-22-89 234 N/A N/A

Install single-packer fluld-pressure monitoring tool as indicated in the test-tool 3-13-91 72 72 NA

configuration diagram (Figure 5-9).

Begin fluid-pressure monitoring of MB139 associated with testing sequence C1X10. 1-29-92 29 394 14:43.00
Terminate data collection. 6-26-92 178 548 08:18:34

Figure 4-26 illustrates the zone pressure in observation borehole C2HO1 for testing
sequence C1X10.
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Figure 4-26. Test-zone pressure in observation borehole C2H01 during testing sequence C1X10.



4.6.2 Borehole C1X05, Testing Sequence C1X05-A

Testing sequence C1X05-A took place in Room C1 in borehole C1X05 with associated
observation boreholes C1H05, C1H06, C1H07, C1X06, C1X10, and C2H01. This test
sequence was designed to investigate the pre- and post-hydrofracture brine permeability
of MB139. Table 4-11 gives a detailed description of the events that occurred in test
borehole C1X05 during testing sequence C1X05-A.

Table 4-11. Events Associated with Test Borehole C1X05 During Testing Sequence

C1X05-A
EVENT DATE CALENDAR 1992 TIME
DAY CALENDAR  (HH:MM:SS)
DAY

Begin data file C1X0501. 6-26-92 178 178 12:03:32

Borehole C1X05 drilled with 3-inch (7.62-cm) core barmrel to 9.14 meters. 6-29-92 181 181 12:00:00

Install multipacker test tool in borehole C1X05 as indicated in the test-tool 6-30-92 182 182 12:60:00

configuration diagram (Figure 4-11).

End data filte C1X0501. 6-30-92 182 182 14:46:37

Begin data file C1X0502. 6-30-92 182 182 15:16:14

Begin data collection from borehole C1X05. 7-1-92 183 183 08:28:00

End data file C1X0502. 7-6-92 188 188 09:19:53

Begin data file C1X0503. 7-6-92 188 188 09:48:15

DAS not functioning properly upon arrival. 7-7-92 189 189 13:27:00

DAS not functioning properly upon armival. 7-20-92 202 202 13:20:00

End data file C1X0503. 7-30-92 212 212 14:13:04

Begin data file C1X0504. 7-30-92 212 212 14:30:08

End data file C1X0504. 8-3-92 216 216 13:14:19

Begin data file C1X0505. 8-3-82 216 216 16:12:35

Begin constant-pressure-injection test #1 in TZ at ~ 0.5 MPa above TZ pressure 8-4-92 217 217 10:24:00
(~ 9.7 MPa).

Shut in TZ from DPT panel terminating constant-pressure-injection test #1 in TZ. 8-4-92 217 217 11:10:28

Begin constant-pressure-injection test #2 in TZ at ~ 1 MPa above TZ pressure 8-4-92 217 217 11:22:00
(~ 10.2 MPa).

Shut in TZ from DPT panel terminating constant-pressure-injection test #2 in TZ. 8-5-92 218 218 10:47:00

End data file C1X0505. 8-6-92 219 219 13:57:26

Begin data file C1X0506. 8-6-92 219 218 14:07:23

End data file C1X0506. 8-10-92 223 223 10:54:48

Begin data file C1X0507. 8-10-92 223 223 11.04:38

Begin constant-pressure-injection test #3 in TZ at ~ 1 MPa above TZ pressure 8-10-92 223 223 11:12:37
(~ 10.2 MPa).

End data file C1X0507. 8-18-92 231 231 09:14:13

Begin data file C1X0508. 8-20-92 233 233 09:20:34

Shut in TZ from DPT pane! terminating constant-pressure-injection test #3 in T2. 8-20-92 233 233 09:23.00

End data file C1X0508. 8-10-92 254 254 09:08:40
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Table 4-11 (Continued). Events Associated with Test Borehole C1X05 During Testing

Sequence C1X05-A
EVENT DATE CALENDAR 1992 TIME
DAY CALENDAR (HH:MM:SS)
DAY
Begin data file C1X0509. $-10-92 254 254 09:43:43
End data file C1X0509. 9-11-92 255 255 09:16:30
Begin data file C1X0510. 8-11-92 255 255 09:48:28
Increase TZP and GZP pressure. 9-11-92 255 255 13:26:00
Increase TZP and GZP pressure. 9-16-92 260 260 10:25:00
Perform hydrofracture of MB139 (injected ~ 0.53 L of fluid into TZ). 9-16-92 260 260 10:31:50
Begin constant-pressure-withdrawal test #1 in TZ at ~ 9.5 MPa. 8-16-92 260 260 10:41:46
Shut in TZ from DPT panel terminating constant-pressure-withdrawal test #1 in TZ. 9-16-92 260 260 10:48:36
Decrease TZ pressure to ~ 9.6 MPa. 9-16-92 260 280 11:00:00
Perform hydrofracture of MB139 (injected ~ 2.27 L of fluid). 9-16-92 260 260 11:02:30
Begin constant-pressure-withdrawal test #2 in TZ at ~ 9.5 MPa. $-16-92 260 260 11:10:34
Shut in TZ from DPT panel terminating constant-pressure-withdrawal test #2 in TZ. 9-16-92 260 260 11:43:41
Perform hydrofracture of MB139 (injected ~5.98 L. of fluid). 9-16-92 260 260 11:46:33
Begin constant-pressure-withdrawal test #3 in TZ at ~ 9.5 MPa. 9-16-92 260 260 11:57:18
Shut in TZ from DPT panel terminating constant-pressure-withdrawal test #3 in TZ. 9-16-82 260 260 12:11:50
Perform hydrofracture of MB138 (injected ~ 8.55 L of fiuid). 9-16-92 260 260 12:25:35
Begin constant-pressure-withdrawal test #4 in TZ at ~ 9 MPa. 9-16-92 260 260 12:40:36
Decrease TZP pressure 9-16-92 260 260 13:19:52
Increase TZP pressure. $-16-92 260 260 13:21:50
Shut in TZ from DPT panel terminating constant-pressure-withdrawal test #4 in TZ. 9-17-92 261 261 10:14:54
Begin constant-pressure-withdrawal test #5 in TZ at ~ 9.5 MPa. 9-17-92 261 261 14:05:31
End data file C1X0510. S-18-92 262 262 09:32:16
Begin data file C1X0511. 9-18-92 262 262 09:36:02
Shut in TZ from DPT panel terminating constant-pressure-withdrawal test #5 in TZ. 9-18-92 262 262 09:37:46
End data file C1X0511. 10-1.92 275 275 08:15:21
Begin data file C1X0512. 10-1-92 275 275 10:54:03
End data file C1X0512. 10-19-92 293 293 09:43:18
Begin data file C1X0513. 10-19-92 293 293 11:11:28
End data file C1X0513. 11-17-92 322 322 09:46:07
Begin data file C1X0514. 11-17-92 322 322 10:38:27
Begin constant-pressure-injection test #4 in TZ at ~ 1 MPa above TZ pressure 11-17-92 322 322 10:47:52
(~ 10.3 MPa).
Shut in TZ from DPT panel terminating constant-pressure-injection test #4 in T2. 12-1-92 336 336 11:09:58
Begin constant-pressure-injection test #5 in TZ at ~ 2.2 MPa above TZ pressure 12-1-92 336 336 11:42:17
(~ 11.5 MPa).
Shut in TZ from DPT panel terminating constant-pressure-injection test #5 in T2, 12-1-92 336 336 13:06:48
End data file C1X0514. 1-8-93 8 374 11:14:04
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Table 4-11 (Continued). Events Associated with Test Borehole C1X05 During Testing

Sequence C1X05-A
EVENT DATE CALENDAR 1992 TIME
DAY CALENDAR (HH:MM:SS)
DAY

Begin data file C1X0515. 1-8-93 8 374 12:38:36

Begin constant-pressure-withdraw?l taes11 335 gl)TZ at ~ 1 MPa below TZ pressure 1-13-93 13 379 10:39:01
Leak in DPT panel caused TZ pressure decrease. 1-18-93 18 384 10:12:00
Shut in TZ from DPT pane! terminating constant-pressure-withdrawal test #8 in TZ. 1-18-93 18 384 10:15:00
Begin constant-pressure-withdrawal test #7 in TZ at ~1 MPa below TZ pressure 1-18-93 18 384 12:50:00

(~8.1 MPa).

Shut in TZ from DPT panel terminating constant-pressure-withdrawal test #7 in TZ. 1-26-93 26 392 15:14:02
End data file C1X0515. 3-11-83 70 435 14:41:22
Begin data file C1X0516. 3-11-93 70 435 14:52:50
End data file C1X0516. 4-12-93 102 467 11:01:47
Remove multipacker test too! from borehole C1X05. 4-16-93 1086 472 09:44:00

Table 4-12 indicates the equipment that was used and the duration that each instrument
was used during testing sequence C1X05-A in test borehole C1X05 and in the observation
boreholes. Figures 4-27 and 4-28 illustrate the zone pressures and fluid production during
a constant-pressure-withdrawal tests, respectively, in test borehole C1X05 for testing
sequence C1X05-A. It should be noted that Figure 4-28 (Fluid production during constant-
pressure-flow tests in test borehole C1X05 during testing sequence C1X05-A) consists of

five parts (Figures 4-28a, 4-28b, 4-28c, 4-28d, and 4-28e).

Table 4-12. Testing Sequence C1X05-A Equipment

Equipment Location Serial # Installed Removed

DAS Software N/A PERMdF 6-26-92 4-12-93
DCU (HP3497A) N/A 2629221990 6-26-92 9-9-92
DCU (HP3497A) N/A 2023201688 9992 10-19-92
DCU (HP3497A) N/A 2629221996 10-19-92 4-7-93
(szfgsgg;egso) C1X10 72 246909 6-26-92 8-3-92
(Dmlfgsgg;egso) C1X10 TZ 246909 8-6-92 3-11-03
(szrlfg%jégegm) C1H05 TZ 246017 6-26-92 3-11-93
(Dm-glfrl"sl:?g;egm) C1HO5 TZP 246919 6-26-92 10-1-92
(szrfgsgg;eg 10 C2H01 TZ 321768 6-26-92 8-3-92
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Table 4-12 (Continued). Testing Sequence C1X05-A Equipment

Equipment Location Serial # Installed Removed
Transducer
(Druck PDCR 910) C1HO7 TZ 322426 6-26-92 4-12-93
Transducer
(Druck PDCR 10/D) C1HO7 TZP 211691 6-26-92 4-12-93
Transducer
(Druck PDCR 910) C1X05 TZ 322424 6-30-92 4-12-93
Transducer
(Druck PDCR 830) C1H06 TZ 246916 7-6-92 3-11-93
Transducer
Transducer
(Druck PDCR 910) DPT Panel 322427 8-3-92 8-18-92
Transducer
(Druck PDCR 910) DPT Panel 322427 9-10-92 9-18-92
Transducer
Transducer
(Druck PDCR 910) C1X06 TZ 308143 10-1-92 4-12-93
Transducer
(Druck PDCR 910) C1X06 TZP 308146 10-1-92 4-12-93
Transducer
(Druck PDCR 910) DPT Panel 316158 1-8-93 4-12-93
LVDT (Trans-Tek 245) C1X06 A04 10-1-92 4-12-93
Thermocouple
C1HO7 1 7-6-92 .
(Type E) 6 4-12-93
Injection Column N/A 77 8-4-92 8-6-92
Injection Column N/A 92 8-6-92 8-24-92
Injection Column N/A 77 9-16-92 9-18-92
Injection Column N/A 88 9-16-92 9-18-92
Injection Column N/A 77 11-17-92 3-11-93
Injection Column N/A 76 14-20-92 3-11-03
DPT
(Rosemount 1151DP) N/A 1409226 8-3-92 8-18-92
DPT
(Rosemount 1151DP) N/A 1389038 9-15-02 3-11-93

* Installed dates for injection columns refer to dates of initial use rather than date installed.
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Figure 4-27. Test-zone pressure in test borehole C1X05 during testing sequence C1X05-A.
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Figure 4-28a. Fluid production during constant-pressure-flow tests in test borehole C1X05
during testing sequence C1X05-A.
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Figure 4-28b. Fluid production during constant-pressure-flow tests in test borehole C1X05
during testing sequence C1X05-A (continued).
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Figure 4-28c. Fluid production during constant-pressure-flow tests in test borehole C1X05

during testing sequence C1X05-A (continued).
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Figure 4-28d. Fluid production during constant-pressure-flow tests in test borehole C1X05
during testing sequence C1X05-A (continued).
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Figure 4-28e. Fluid production during constant-pressure-flow tests in test borehole C1X05
during testing sequence C1X05-A (continued).
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4.6.2.1 OBSERVATION BOREHOLE C1HO05, TESTING SEQUENCE C1X05-A

Table 4-13 gives a detailed description of the events that occurred in observation borehole
C1HO05 during testing sequence C1X05-A.

Table 4-13. Events Associated with Observation Borehole C1H0S During Testing

Sequence C1X05-A
EVENT DATE CALENDAR 1992 TIME
DAY CALENDAR (HH:MM:SS)
DAY
Drill borehole C1HOS with 4-inch (10.16-cm) core barrel to 8.20 meters. 1-16-92 16 16 14:20:00
Perform video log of borehole C1HO5. 1-17-92 17 17 10:00:00
Face off bottomn of borehole with 4-inch (10.16-cm) plug bit to 8.26 meters. 1-17-92 17 17 10:45:00
Install single-packer monitor tool #32A in borehole C1HOS as indicated in the test-tool ~ 1-17-82 17 17 10:00:00
configuration diagram (Figure 4-9).
Begin data collection associated with testing sequence C1X10. 1-17-92 17 17 14:30:00
Terminate data collection associated with testing sequence C1X10. 6-26-92 178 178 08:18:35
Begin data collection associated with testing sequence C1X05-A. 6-26-92 178 178 13:00:00
Terminate data collection associated with testing sequence C1X05-A. 3-11-93 70 437 10:30:00
Remove monitor tool from borehole C1HOS. 3-12-93 7 437 10:50:00

Figures 4-29 and 4-30 illustrate the zone pressure and packer pressure, respectively, in
observation borehole C1H05 for testing sequence C1X05-A. Copies of the video-log
associated with testing sequence C1X05-A (borehole C1HO05) identified in Table 4-13 are
provided in the SWCF under WPO #45907
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Figure 4-29. Zone pressure in observation borehole C1HO05 during testing sequence C1X05-A.
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Figure 4-30. Packer pressure in observation borehole C1HO05 during testing sequence C1X05-A.
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4.6.2.2 OBSERVATION BOREHOLE C1H06, TESTING SEQUENCE C1X05-A

Table 4-14 gives a detailed description the of events that occurred in observation borehole
C1HO06 during testing sequence C1X05-A.

Table 4-14. Events Associated with Observation Borehole C1H06 During Testing

Sequence C1X05-A
EVENT DATE  CALENDAR 1992 TIME
DAY CALENDAR (HH:MM:SS)
DAY
Driil borehole C1HO6 with 4-inch (10.16-cm) plug bit to 9.40 meters. 1-21-92 21 21 15:30.00
Perform video log of borehole C1H06. 1-22-92 22 22 11:30:00
Install single-packer monitor tool #32B in borehole C1HO6 as indicated in the test-tool ~ 1-22-92 22 22 10:00:00
configuration diagram (Figure 4-10).
Begin data collection associated with testing sequence C1X10. 1-22-92 22 22 14.04:.00
Terminate data collection associated with testing sequence C1X10. 6-26-92 178 178 08:18:35
Begin data collection associated with testing sequence C1X05-A. 6-26-92 178 178 13:00:00
Termmate data collection associated with testing sequence C1X05-A. 3-11-93 70 437 10:30:00
Remove monitor tool from borehole C1HO06. 3-12-93 71 437 11:17:.00

Figures 4-31 and 4-32 illustrate the zone pressure and packer pressure, respectively, in
observation borehole C1HO6 for testing sequence C1X05-A. Copies of the video-log
associated with testing sequence C1X05-A (borehole C1HO0B) identified in Table 4-14 are
provided in the SWCF under WPO #45907
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Figure 4-31. Zone pressure in observation borehole C1H06 during testing sequence C1X05-A.
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Figure 4-32. Packer pressure in observation borehole C1HO6 during testing sequence C1X05-A.



4.6.2.3 OBSERVATION BOREHOLE C1HO07, TESTING SEQUENCE C1X05-A

Table 4-15 gives a detailed description of the events that occurred in observation borehole
C1HO07 during testing sequence C1X05-A.

Table 4-15. Events Associated with Observation Borehole C1HO7 During Testing

Sequence C1X05-A
EVENT DATE CALENDAR 1992 TlME.
DAY CALENDAR  (HH:MMSS)
DAY)

Start drilling borehole C1HO7 with 4-inch (10.16-cm) core barrel to 1.47 meters. 6-22-92 174 174 10:30:00
Deepen borehole C1HO7 with 4-inch (10.16-cm) core bamrel to 2.47 meters. 6-23-92 175 175 09:18:00
Deepen bore hole C1H07 with 4-inch (10.16-cm) core barrel to 3.10 meters. 6-23-92 175 175 10:00:00
Deepen borehole C1HO7 with 4-inch (10.16-cm) core barrel to 3.82 meters. 6-23-92 175 175 10:30:00
Deepen borehole C1HO7 with 4-inch (10.16-cm) core barrel to 4.40 meters. 6-23-92 175 175 13:30:00
Deepen borehole C1HO7 with 4-inch (10.16-cm) core barre! to 4.91 meters, 6-23-92 175 175 14:25.00
Deepen borehole C1HO7 with 4-inch (10.16-cm) core barre! to 5.41 meters. 6-24-92 176 176 10:00:00
Deepen borehole C1H07 with 4-inch (10.16-cm) core barrel to 6.18 meters, 6-24-92 176 176 10:30:00
Deepen borehole C1H07 with 4-inch (10.16-cm) core barre! to 6.88 meters. 6-24-92 176 176 11:10:00
Deepen borehole C1HO7 with 4-inch (10.16-cm) core barrel to 7.40 meters. 6-24-92 176 176 12:50:00
Deepen borehole C1HO7 with 4-inch (10.16-cm) core barre! to 8.18 meters. 6-24-92 176 176 13:25:00

Perform video log of borehole C1H07. 6-26-92 178 178 10:30:00

Install single-packer monitor tool #34 in borehole C1H07-A as indicated in the test-tool  6-26-92 178 178 11:15:00
configuration diagram (Figure 4-12).

Begin data collection assoclated with testing sequence C1X05-A. 6-26-92 178 178 13:00:00

Inflate TZP to‘~ 10 MPa. 6-26-92 178 178 13:05:00

Shutin TZ. 6-26-92 178 178 13:05:00

Terminate data collection associated with testing sequence C1X05-A. 4-7-93 a7 463 09:30:43

Remove monitor tool #34 from borehole C1H07. 4-16-93 106 472 10:00:00

Figures 4-33 through 4-35 illustrate the zone pressure, packer pressure, and zone
temperature, respectively, in observation borehole C1HO7 for testing sequence C1X05-A.
Copies of the video-log associated with testing sequence C1X05-A (borehole C1HO07)
identified in Table 4-15 are provided in the SWCF under WPO #45907

4-65



Pressure (MPa)

7

L J
o

4 B 1> —
i
- © _
!
|
i i |
| 1 _
,f f

O i ] 1 4&& I 1 1 1 ] 1 ; ] 2 1 ]

100 200 300 400 500

Time (1992 calendar days)

INTERA-8115-138-0

Figure 4-33. Zone pressure in observation borehole C1HO07 during testing sequence C1X05-A.
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Figure 4-34. Packer pressure in observation borehole C1H07 during testing sequence C1X05-A.
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Figure 4-35. Zone temperature in observation borehole C1HO07 during testing sequence C1X05-A.



4.6.2.4 OBSERVATION BOREHOLE C1X06, TESTING SEQUENCE C1X05-A

Table 4-16 gives a detailed description of the events that occurred in observation borehole
C1X06 during testing sequence C1X05-A.

Table 4-16. Events Associated with Observation Borehole C1X06 During Testing

Sequence C1X05-A
EVENT DATE CALENDAR 1992 TIME
DAY CALENDAR (HH:MM:SS)
DAY
Start drilling borehole C1X06 with 4-inch (10.16-cm) core barrel to 1.16 meters. 9-28-92 212 272 10:44:00
Deepen borehole C1X06 with 4-inch (10.16-cm) core barrel to 2.01 meters. 9-28-92 272 272 11:20:00
Deepen borehole C1X06 with 4-inch (10.16-cm) core barrel to 2.84 meters. 9-28-92 272 272 12:41:00
Deapen borehole C1X06 with 4-inch (10.16-cm) core barrel to 3.60 meters. 9-28-92 272 272 13:09:00
Deepen borehole C1X06 with 4-inch (10.16-cm) core barrel to 4.36 meters. 8-28-92 272 272 13:55:00
Deepen borehole C1X06 with 4-Inch (10,16-cm) core barrel to 5.16 meters. 9-28-92 272 272 14:15:00
Deepen borehole C1X06 with 4-inch (10.16-cm) core barrel to 6.05 meters. 9-29-92 273 273 09:56.:00
Deepen borehole C1X06 with 4-inch (10.16-cm) core barrel to 6.94 meters. 8-29-92 273 273 12:20:00
Deepen borehole C1X06 with 4-inch (10.16-cm) core barrel to 7.37 meters. 8-28-92 273 273 13:05:00
Face off bottom of borehole C1X06 with 4-inch (10.16-cm) plug bit to 7.63 meters. 8-30-92 274 274 10:00:00
Install single-packer monitor tool #36 in borehole C1X06 as indicated in the test-tool ~ 8-30-92 274 274 12:00:00
configuration diagram (Figure 4-13).
Begin data collection associated with testing sequence C1X05-A. 10-1-92 275 275 11:00:00
Inflate TZP to ~ 11 MPa., 10-1-92 275 275 11:19:05
Shutin TZ. 10-1-92 275 275 11:49:37
Terminate data collection associated with testing sequence C1X05-A. 4-7-93 97 463 09:30:43
Remove monitor tool #36 from borehole C1X06. 4-16-93 106 472 09:55:00

Figures 4-36 through 4-38 illustrate the zone pressure, packer pressure, and axial-LVDT
displacement, respectively, in observation borehole C1X06 for testing sequence C1X05-A.
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Figure 4-36. Zone pressure in observation borehole C1X06 during testing sequence C1X05-A.
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Figure 4-37. Packer pressure in observation borehole C1X06 during testing sequence C1X05-A.
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Figure 4-38. Axial-LVDT displacement in observation borehole C1X06 during testing sequence C1X05-A.
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4.6.2.5 OBSERVATION BOREHOLE C1X10, TESTING SEQUENCE C1X05-A

Table 4-17 gives a detailed description of the events that occurred in observation borehole
C1X10 during testing sequence C1X05-A.

Table 4-17. Events Associated with Observation Borehole C1X10 During Testing

Sequence C1X05-A
EVENT DATE CALENDAR 1992 TIME
DAY CALENDAR (HH:MM:SS)
DAY
Drill borehole C1X10 with 3-inch (7.62-cm) core barrel to 10.16 meters. 11-12-91 316 N/A 14:00.00
Perform video log of borehole C1X10. 11-12-91 316 N/A 15:00:00
Install test tool in borehole C1X10 as indicated in the test-tool configuration diagram  11-12-91 316 N/A 15:30:00
(Figure 4-8),

Begin testing sequence C1X10. 11-12-91 316 N/A 16:52:00
Terminate testing sequence C1X10. 6-26-92 178 178 08:18:35
Begin data collection associated with testing sequence C1X05-A. 6-26-92 178 178 13:00:00
Terminate data collection associated with testing sequence C1X05-A. 3-11-83 70 437 10:30:00
Remove monitor too! from borehole C1X10. 3-12-93 7 437 11:30:00

Figure 4-39 illustrates the zone pressure in observation borehole C1X10 for testing
sequence C1X05-A. Copies of the video-log associated with testing sequence C1X05-A
(borehole C1X10) identified in Table 4-17 are provided in the SWCF under WPO #45907.
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Figure 4-39. Test-zone pressure in observation borehole C1X10 during testing sequence C1X05-A.
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4.6.2.6 OBSERVATION BOREHOLE C2H01, TESTING SEQUENCE C1X05-A

Table 4-18 gives a detailed description of the events that occurred in observation borehole
C2H01 during testing sequence C1X05-A.

Table 4-18. Events Associated with Observation Borehole C2H01 During Testing

Sequence C1X05-A
EVENT DATE CALENDAR 1992 TIME
DAY CALENDAR (HH:MM:SS)
DAY

Borehole C2HO1 drilled to 5.58 meters. 8-4-88 217 N/A N/A

Begin long-term fluid-pressure monitoring. 8-22-89 234 N/A N/A

Install single-packer fluid-pressure monitoring tool as indicated in the test-tool 3-13-91 72 N/A N/A

configuration diagram (Figure 5-9).

Begin data collection associated with testing sequence C1X10. 1-28-92 29 29 14:43.00
Terminate data collection associated with testing sequence C1X10. 6-26-92 178 178 08:18:35
Begin data collection associated with testing sequence C1X05-A. 6-26-92 178 178 13:00:00
Terminate data collection associated with testing sequence C1X05-A. 8-3-92 216 216 16:06:00

Figure 4-40 illustrates the zone pressure in observation borehole C2HO01 for testing
sequence C1X05-A.
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Figure 4-40. Zone pressure in observation borehole C2H01 during testing sequence C1X05-A.
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4.6.3 Borehole C1X05, Testing Sequence C1X05-B

Testing sequence C1X05-B took place in Room C1 in borehole C1X05-B with associated
observation boreholes C1H07 and C1X086. This test sequence was designed to investigate
the pre- and post-hydrofracture brine permeability of MB140. Table 4-19 gives a detailed
description of the events that occurred in test borehole C1X05 during the testing sequence

C1X05-B.

Table 4-19. Events Associated with Test Borehole C1X05 During Testing Sequence

C1X05-B
EVENT DATE CALENDAR 1993 TIME
DAY CALENDAR {HH:MM:SS)
DAY
Borehole C1X05 drilled with 3-inch (7.62-cm) core barrel to 9.14 meters. 6-29-92 181 N/A 12:00:00
Begin testing sequence C1X05-A. 6-30-92 182 N/A 12:00:00
Terminate testing sequence C1X05-A. 4-7-93 97 97 09:30:43
Deepen borehole C1X05 with 3-inch (7.62-cm) core barrel to 10.62 meters. 6-7-93 158 158 14:25.00
Deepen borehole C1X05 with 3-inch (7.62-cm) core barre! to 12.04 meters. 6-8-93 159 159 09:20:00
Deepen borehole C1X05 with 3-inch (7.62-cm) core barrel to 13.51 meters. 6-8-93 159 158 09:50.00
Deepen borehole C1X05 with 3-inch (7.62-cm) core barrel to 14.94 meters. 6-8-93 159 159 10:20:00
Deepen borehole C1X05 with 3-inch (7.62-cm) core bamel to 16.33 meters. 6-8-93 159 159 10:45.00
Deepen borehole C1X05 with 3-inch (7.62-cm) core barrel to 17.78 meters. 6-8-93 159 159 12:45:00
Deepen borehole C1X05 with 3-inch (7.62-cm) core barrel to 19.19 meters. 6-8-93 159 159 13:05:00
Deepen borehole C1X05 with 3-inch (7.62-cm) core barrel to 20.68 meters. 6-11-93 162 162 12:30:00
Deepen borehole C1X05 with 3-inch (7.62-cm) core barrel to 22.10 meters. 6-14-93 165 165 08:25:00
Deepen borehole C1X05 with 3-inch (7.62-cm) core barrel to 23.44 meters. 6-14-93 165 165 08:51:00
Deepen borehole C1X05 with 3-inch (7.62-cm) core barrel to 24.92 meters. 6-14-93 165 165 09:35:00
Deepen borehole C1X05 with 3-inch (7.62-cm) core barrel to 26.34 meters. 6-14-93 165 165 10:30:00
Deepen borehole C1X05 with 3-inch (7.62-cm) core barrel to 26.59 meters. 6-14-93 165 165 11:20.00
Deepen borehole C1X05 with 3-inch (7.62-cm) core barre! to 28.09 meters, 6-14-93 165 165 12:30:00
Deepen borehole C1X05 with 3-inch (7.62-cm) core barrel to 29.54 meters. 6-14-93 165 165 13:05:00
Deepen borehole C1X05 with 3-inch (7.62-cm) core barrel to 30.20 meters. 6-14-93 165 165 13:25:00
{nstall multipacker test tool in borehole C1X05 as indicated in the test-tool 6-15-93 166 166 12:00:00
configuration diagram (Figure 4-14).

Begin data file C1X05801. 6-15-93 166 166 13:258:20
Increase GZ pressure via accumulator. 6-15-93 166 166 13:28:15
Replace valve on hydrofrac panel. 7-7-93 188 188 11:07:37
Shut in GZ from accumulator. 7-13-93 193 193 10:53:00
Increase TZ1P pressure to ~ 13.8 MPa. 7-15-93 196 186 12:28:51
Increase TZ2P pressure to ~ 11.7 MPa. 7-15-93 186 186 12:32:15
Decreased TZ pressure. 7-15-93 196 186 12:35:25
Remove multipacker test tool for repairs. 7-28-93 209 209 08:23:00
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Table 4-19 (Continued). Events Associated with Test Borehole C1X05 During Testing

Sequence C1X05-B

EVENT DATE CALENDAR 1993 TIME
DAY CALENDAR (HH:MM:SS)
DAY

Install multipacker test tool to original position. 7-28-93 209 208 14:00:00
End data file C1X05801. 8-18-93 230 230 12:49:30
Replace gage on GZP. 8-19-93 231 231 09:48:35
Begin data file C1X05B02. 8-19-93 231 231 12:05:02
Remove gage from TZ1. 9-1-83 244 244 10:45:00
End data file C1X05802. 9-23-93 266 266 04:38:21
Begin data file C1X05B03. 9-23-93 266 266 08:31:50
DAS not functioning properly upon arrival. 10-8-93 281 281 08.:08:00
End data file C1X05B03. 10-6-93 292 292 12:23:35
Begin data file C1X05804. 10-6-93 292 292 12:43:17
Begin constant-pressure-injection test #1 in TZ2 at ~ 1 MPa above TZ2 pressure 10-21-93 234 294 09:29:00

(~ 10.4 MPa).
End data file C1X05804. 10-27-93 300 300 07:38:44
Begin data file C1X05B805. 10-27-93 300 300 08:09:28
Shut in TZ2 from DPT panel terminating constant-pressure-injection test #1 in TZ22. 11-1-93 305 305 09:02:00
DAS not functioning properly upon arrival. 11-8-83 312 312 09:50:00
DAS power supplied by generator. 11-10-93 314 314 09:00:00
End data fite C1X05805. 11-19-83 323 323 12:44:37
Begin data file C1X05B06. 11-19-93 323 323 14:15:.00
End data file C1X05B06. 11-22-93 326 326 09:32:21
Begin data file C1X05807. 11-22-93 326 326 09:35:18
Attempt to perform hydrofracture of MB140 at 22.8 MPa. 11-22-93 326 326 11:20:12
Shut in TZ2. 11-22-93 326 326 11:25:00
Perform hydrofracture of MB140 . 11-22-93 326 326 11:41:.06
Shutin T22. 11-22-93 326 326 11:45:00
Begin constant-pressure-withdrawal test #1 in TZ2 at ~ 10.3 MPa 11-22-93 326 326 11:50:46

(~ 650 mL of fluid recovered).
Shut in TZ2 from DPT panel terminating constant-pressure-withdrawal test #1 in T22.  11-22-93 326 326 11:58:58
Perform hydrofracture of MB140 (injected ~ 5.7 Iiters of fluid in TZ2). 11-22-93 326 326 12:04:00
End data file C1X05807. 11-22-93 326 326 12:42:29
Begin data file C1X05B808. 11-22-93 326 326 14:06:44
Begin constant-pressure-withdrawal test #2 in TZ2 at ~ 10.3 MPa 11-22-93 328 326 14:10:40
(~5 fiters of fluid recovered).

Shut in TZ2 from DPT panel terminating constant-pressure-withdrawal test #2 in T22.  11-22-83 326 326 14:45:00
Perform hydrofracture of MB140. 11-22-93 326 326 15:13:00
Shutin TZ2. 11-22-93 326 326 16:40:00
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Table 4-19 (Continued). Events Associated with Test Borehole C1X05 During Testing
Sequence C1X05-B

EVENT DATE CALENDAR 1993 TIME
DAY CALENDAR  (HH:MM:SS)
DAY
Begin constant-pressure-withdrawal test #3 in TZ2 at ~ 10.3 MPa (~ 1350 mL of fluid = 11-22-93 326 326 16:55:00
recovered).
Shut in TZ2 from DPT panel terminating constant-pressure-withdrawal test #3 in T22.  11-23-93 327 327 08:41:00
increase packer pressure to 18.3 MPa. 11-23-93 327 327 09:50:00
Perform hydrofracture of MB140 (injected ~8.3 L). 11-23-93 327 327 10:12:35
Shut-in TZ2. 11-23-93 327 327 10:14:20
Drain fluid from TZ2. 11-23-93 327 327 10:21:00
Perform hydro-fracture of MB140 (injected ~ 30.7). 11-23-93 327 327 10:41:30
Shutin T22, 11-23-93 327 327 10:47:00
Begin constant-pressure-withdrawal test #4 in TZ2. 11-23-93 327 327 11:42:00
Decrease packer pressure to 15.4 MPa terminating constant-pressure-withdrawal test  11.23-93 327 327 13:30:00
#4inTZ2.
Begin constant-pressure-withdrawal test #5 in TZ2 at ~ 10.0 MPa 11-23-93 327 327 13:44:00
(~ 13.7 liters of fluid recovered).
Shut in TZ2 from DPT panel terminating constant-pressure-withdrawal test #5 in TZ2.  11-24-83 328 328 08:30:00
End data file C1X05B08. 12-1-93 335 335 08:26:15
Begin data file C1X05B089. 12-1-83 335 335 08:36:21
End data file C1X05809. 12-30-93 364 364 07:19:22
Begin data file C1X05810, C1X05B11, and C1X05812. 12-30-93 364 364 10:15:56
Begin constant-pressure-injection test #2 in T22 at ~ 0.5 MPa above TZ2 pressure 1-10-84 10 375 13:20:00
(12.2 MPa).
End data file C1X05810, C1X05B11, and C1X05B12. 1-13-84 13 378 13:29:22
Begin data file C1X05813. 1-13-84 13 378 13:32:37
Terminate constant-pressure-injection test #2 in TZ2. 1-20-84 20 385 09:48:00
Begin constant-pressure-injection test #3 in T22 at ~ 1 MPa above TZ2 pressure 1-20-84 20 385 09:49:00
(~ 12.7 MPa).
Shut in TZ2 from DPT panel terminating constant-pressure-injection test #3 in TZ2. 1-20-94 20 385 13:33:00
End data file C1X05B13. 2-8-94 39 404 11:34:25
Begin data file C1X05814. 2-8-94 39 404 13:36:36
DAS not functioning properly upon armrival. 2-10-84 41 406 12:35:.00
Increase packer pressure. 2-11-84 42 407 12:50:00
Begin constant-pressure-withdrawal test #6 in TZ2 at ~ 0.5 MPa below T22 pressure 2-15-94 46 411 09:00:00
(~ 11.2 MPa).
DAS not functioning properly upon arrival. 2-17-84 48 413 14:15:00
End data file C1X05B14. 2-18-94 49 414 10:04:23
Begin data file C1X05B15. 2-18-94 49 414 10:07:54
End data file C1X05815. 2-25-84 56 421 09:34:53
Begin data file C1X05816. 2-25-84 56 421 13:36:33
Shut in TZ2 from DPT panel terminating constant-pressure-withdrawal test #6 in T22. 3-1-94 60 425 11:53:05
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Table 4-19 (Continued). Events Associated with Test Borehole C1X05 During Testing

Sequence C1X05-B

EVENT DATE CALENDAR 1993 TIME
DAY CALENDAR (HH:MM:SS)
DAY
DAS not functioning properiy upon amival. 3-3-94 62 427 10:33:00
End data file C1X05B16. 3-15-94 74 439 11:48:09
Begin data file C1X05B17. 31594 74 439 11:53:13
Performed a 11.5 MPa pulse-withdrawal test on TZ2 removing ~ 254 mL of fluid. 3-24-94 83 448 13:04:28
Remove multipacker test tool from borehole C1X05. 4-11-94 101 466 12:00:00
Terminate pulse-withdrawal test in TZ2. 6-7-94 158 523 10:00:00
End data file C1X05B17. 6-7-94 158 523 10:04:17

Figures 4-41 and 4-42 illustrate the zone pressures and fluid production during constant-
pressure tests, respectively, in test borehole C1X05 for testing sequence C1X05-B. It
should be noted that Figure 4-42 (Fiuid production during constant-pressure-flow tests in
test borehole C1X05 during testing sequence C1X05-B) consists of three parts (Figures
4-42a, 4-42b, and 4-42c). Constant-pressure-withdrawal test #'s 3, 4, and 6 are not
included due to the short duration of these tests.

Table 4-20 indicates the equipment that was used and the duration that each instrument
was used during testing sequence C1X05-B in test borehole C1X05 and in the observation

boreholes.
Table 4-20. Testing Sequence C1X05-B Equipment
Equipment Location Serial # Installed Removed
DAS Software N/A PERM4F 6-15-93 6-7-94
DCU (HP3497A) N/A 2023a01688 6-15-93 9-16-93
DCU (HP3497A) N/A 2629222040 9-16-93 2-25-94
DCU (HP3497A) N/A 2629222040 2-25-94 6-7-94
Transducer
(Druck PDCR 830) C1HO07 TZ1 246909 6-15-93 6-7-94
Transducer
(Druck PDCR 910) C1H07 TZ22 322426 6-15-93 6-7-94
Transducer
(Druck PDCR 910) C1HO07 GZ 322424 6-15-93 6-7-94
Transducer
(Druck PDCR 830) C1X05 T22 246917 6-15-93 6-7-94
Transducer
(Druck PDCR 830) C1X06 TZ1 246918 8-19-93 6-7-94
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Table 4-20 (Continued). Testing Sequence C1X05-B Equipment

Equipment Location Serial # ‘Installed Removed
Transducer
(Druck PDCR 830) C1X06 TZ2 246916 8-19-93 6-7-94
Transducer
(Druck PDCR 10/D) C1X06 GZ 211691 8-19-93 6-7-94
Transducer
LVDT (Trans-Tek 245) C1X06 AD4 8-19-93 6-7-94
Injection Column N/A 77 10-21-93 10-22-93
Injection Column N/A 94 10-22-93 11-19-93
Injection Column N/A 77 11-18-93 11-22-93
Injection Column N/A 76 11-19-93 11-22-93
Injection Column N/A 88 11-22-93 12-8-93
Injection Column N/A 76 1-10-94 3-15-94
Injection Column N/A 77 1-10-94 3-15-94
DPT
(Rosemount 1151DP) NIA 1389938 10-19-93 11-1-93
DPT
(Rosemount 1151DP) N/A 1140863 11-1-93 3-15-94

* Installed dates for injection columns refer to dates of initial use rather than date installed.
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Figure 4-41. Zone pressures in test borehole C1X05 during testing sequence C1X05-B.
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Figure 4-42b. Fluid production during constant-pressure-flow tests in test borehole C1X05
during testing sequence C1X05-B (continued).
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4.6.3.1 OBSERVATION BOREHOLE C1H07, TESTING SEQUENCE C1X05-B

Table 4-21 gives a detailed description of the events that occurred in observation borehole
C1HO7 during testing sequence C1X05-B.

Table 4-21. Events Associated with Observation Borehole C1HO07 During Testing
Sequence C1X05-B

EVENT DATE CALENDAR 1993 TIME
DAY CALENDAR (HH:MM:SS)
DAY
Drill borehole C1HO7-A with 4-inch (10.16-cm) core barrel to 8.18 meters. 6-24-92 176 N/A 13:25:00
Begin fluid-pressure monitoring associated with testing sequence C1X05-A. 6-26-92 178 N/A 13:05:00
Terminate fluid-pressure monitoring associated with testing sequence C1X05-A. 4-7-93 97 87 09:30:43
Deepen borehole C1HO7 with 4-inch (10.16-cm) core barre! to ~ 9.37 meters. 5-21-93 141 141 11:05:00
Deepen borehole C1HO7 with 4-inch (10.16-cm) core barrel to ~ 10.58 meters. 5-21-93 141 141 12:45:00
Deepen borehole C1HO7 with 4-inch (10.16-cm) core barrel to ~ 12.05 meters. 5-21-93 141 141 13:25:00
Deepen borehole C1HO7 with 4-inch (10.16-cm) core barrel to ~ 13.58 meters. 5-21-93 141 141 14:45.00
Deepen borehole C1HO7 with 4-inch (10.16~cm) core barrel to ~ 14.99 meters. 5-24-93 144 144 10:35:00
Deepen borehole C1HO7 with 4-inch (10.16-cm) core barre! to ~ 16.52 meters. 5-24-93 144 144 13:30:00
Deepen borehole C1HO7 with 4-inch (10.16-cm) core barrei to ~ 17.52 meters. 5§-24-93 144 144 14:30:00
Deepen borehole C1HO7 with 4-inch (10.16-cm) core barre! to ~ 18.73 meters. 5-25-93 145 145 09:30:00
Deepen borehole C1HO7 with 4-inch (10.16-cm) core barrel to ~ 20.51 meters. 5-25-93 145 145 10:05:00
Deepen borehole C1HO7 with 4-inch (10.16-cm) core barrel to ~ 22.04 meters. 5-25-93 145 145 10:25:00
Deepen borehole C1HO7 with 4-inch (10.16~cm) core barrel to ~ 23.55 meters. 5-25-93 145 145 13:00:00
Deepen borehole C1HO7 with 4-inch (10.16-cm) core barrel to ~ 25.09 meters, 5-25-93 145 145 14:00:00
Deepen borehole C1HO7 with 4-inch (10.16-cm) core barrel to ~ 26.05 meters. 5-25-93 145 145 14:40.00
Deepen borehole C1HO7 with 4-inch (10.16-cm) core barrel to ~ 27.21 meters. 5-26-93 146 146 09:25:00
Deepen borehole C1HO7 with 4-inch (10.16-cm) core barrel to ~ 27.88 meters. 5-26-93 146 146 09:45:00
Install multipacker test tool #39 in borehole C1HO7 as indicated in the test-tool 5-28-93 148 148 14:14:00
configuration diagram #1 (Figure 4-15).
Begin data file C1H07B01. 5-28-93 148 148 14:14:16
Add ~ 8 liters of brine to borehole C1HO7. 5-28-93 148 148 14:31:19
Inflate TZ1P to ~ 10 MPa. 5-28-93 148 148 14:32:49
Inflate TZ2P to ~ 10 MPa. 5-28-93 148 148 14:36:49
Inflate GZP to ~ 10 MPa. 5-28-93 148 148 14:38:19
Shut in all zones. 5-28-93 148 148 14:40:49
DAS not functioning properly upon arrival. 6-11-93 162 162 08:51:00
End data file C1HO7B01. 6-15-93 166 166 11:16:48
Replace gage on GZP. 9-7-93 250 250 09:59:00
Inflate GZP to ~ 8.3 MPa. 9-7-93 250 250 10:15:00
Increase GZ pressure to ~ 3.6 MPa. 9-7-93 250 250 10:22:00
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Table 4-21 (Continued). Events Associated with Observation Borehole C1H07 During
Testing Sequence C1X05-B

EVENT DATE CALENDAR 1993 TIME
DAY CALENDAR (HH:MM:SS)
DAY

Increase GZP pressure to ~ 8.3 MPa. 9-22-93 265 265 12:.07:35

Increase TZ2P pressure to ~ 11.7 MPa. 9-22.93 265 265 12:12:20

Increase TZ1P pressure to ~ 14.5 MPa, 9-22-93 265 265 12:16:59

Increase TZ1P pressure to ~ 15 MPa. 11-2-93 306 306 09:45:00

Power outage. 11-8-93 312 312 09:34:00

DAS powered by generator. 11-10-93 314 314 08:47:00

Open TZ2P to accumulator at ~ 10.3 MPa. 12-1-93 335 335 11:44:30

Shut in all zones from accumulators and depressurized. 12-9-93 343 343 09:30:00

Deflate all packers. 12-9-93 343 343 09:50:00

Partially remove test tool #39 from borehole C1HO7 and repaired leaky fitting on T21  12-9-93 343 343 10:46:00

and retumed test tool #39 to original position in borehole C1HO7.

Replace gage on TZ2. 12-9-93 343 343 11:12:00

Inflate TZ1P to ~ 15.9 MPa. 12-9-93 343 343 11:58:00

inflate T2Z2P to ~ 15.9 MPa. 12-9-93 343 343 12:19:00

Inflate GZP to ~ 15.9 MPa. 12-9-93 343 343 12:28:00

Increase TZ1 pressure to ~ 11.5 MPa. 12-9-93 343 343 12:40:00

Increase GZ pressure to ~ 8.5 MPa, 12-9-93 343 343 12:53:00

TZ2 will not hold pressure, 12-9-93 343 343 13:00:00

Increase TZ1 pressure to 11.660 MPa. 12-9-93 343 343 13:20:00

Depressurze all zones. 12-13-93 347 347 09:31:30

Deflate all packers. 12-13-93 347 347 09:35:00

Remove test tool #39 from borehole 01#% in order to find and repair the leak inthe  12-13-93 347 347 12:00:00

Test all lines for leaks. 12-14-93 348 348 10:05:00

Install test toot #38 in borehole C1HO7 as indicated in the test tool configuration 12-15-93 349 349 11:30:00
diagram #2 (Figure 4-16).

Inflate TZ1P to ~ 15 MPa. 12-15-93 349 349 11:55:00

Inflate TZ2P to ~ 15 MPa. 12-15-93 349 349 11:57:00

Inflate GZP to ~ 15 MPa. 12-15-93 349 349 12:14:.00

Increase TZ1 pressure to ~ 11.5 MPa. 12-15-83 349 349 12:18:00

Increase TZ2 pressure to ~ 8.5 MPa. 12-15-93 349 349 12:23:00

Increase TZ2 pressure to ~ 8.5 MPa. 12-15-93 349 349 12:27:00

Increase GZ pressure to ~ 8.5 MPa. 12-15-93 349 349 12:32:00

Leaky fitting on GZ gage. 12-16-93 350 350 08:42:00

Increase GZ pressure to ~ 8.5 MPa, 12-16-93 350 350 08:48:00

Increase TZ2 pressure to ~ 8.5 MPa. 12-16-93 350 350 08:50:00

Increase TZ2P pressure to ~ 15 MPa. 12-16-93 350 350 08:56:00
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Table 4-21 (Continued). Events Associated with Observation Borehole C1HO7 During
Testing Sequence C1X05-B

EVENT DATE CALENDAR 1993 TIME
DAY CALENDAR (HH:MM:SS)
DAY
Open TZ2 and GZ to accumulator at ~ 8.5 MPa. 12-20-93 354 354 10:29:.00
Leaky fitting on GZP gage. 12-21-93 355 355 08:51:00
Leaks on both TZ1, T22, and TZ22P. 12-22-93 356 356 09:17:00
Replace gage on TZ1. 12-28-93 362 362 08:56:00
Shut in TZ2 and GZ from accumulator. 12-28-83 362 362 09:07:00
Replace all zone gages with plugs to avoid any further leaks. 12-31-83 365 365 09:29:.00
Open GZ to accumulator at ~ 7.5 MPa. 1-6-94 6 371 12:26.00
DAS not functioning properly upon arrival. 2-10-94 41 406 12:35:.00
DAS not functioning properly upon arrival. 2-17-94 48 413 14:15.00
Terminate data collection associated with testing sequence C1X05-B. 6-7-94 158 523 10:00:00
Remove multipacker test tool #39 from borehole C1H07. 6-8-94 159 524 13:50:00

Figure 4-43 illustrates the zone pressures in observation borehole C1HO7 for testing
sequence C1X05-B.

Table 4-22 indicates the equipment that was used and the duration that each instrument
was used in observation borehole C1HO07 during testing sequence C1X05-B.

Table 4-22. Borehole C1H07 Equipment

Equipment Location Serial # Installed Removed

DAS Software N/A PERM4F 5-28-93 6-15-93
DCU (HP3497A) N/A 2023201688 5-28-93 6-15-93
(Dm'l‘;r;r;sl;!é;egso) Test Zone 1 246909 5-28-93 6-15-03
(DruTcr: gsggcRegso) Te;taiﬁgre 1 246918 5-28-93 6-15-93
(DruTc;? 2538;8;1 0) Test Zone 2 322426 5-28-93 6-15-93
(DruTcr:gsSg;egso) Te;taﬁgf 2 246917 5-28-93 6-15-93
(szfgsgé;eg1 0 Guard Zone 322424 5-28-93 6-15-93
Onck POCR10D) Packer 211691 5-28-93 6-15-03
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Figure 4-43. Zone pressures in observation borehole C1H07 during testing sequence C1X05-B.
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4.6.3.2 OBSERVATION BOREHOLE C1X06, TESTING SEQUENCE C1X05-B

Table 4-23 gives a detailed description of the events that occurred in observation borehole
C1X06 during testing sequence C1X05-B.

Table 4-23. Events Associated with Observation Borehole C1X06 During Testing

Sequence C1X05-B
EVENT DATE CALENDAR 1993 TIME
DAY CALENDAR (HH:MM:SS)
DAY
Drill borehole C1X06 with 4-inch core barrel to 7.63 meters. S-30-92 274 N/A 10:00:00
Begin fluid-pressure monttoring associated with testing sequence C1X05-A. 10-1-92 275 N/A 11:00:00
Terminate fluld-pressure monitoring associated with testing sequence C1X05-A. 4-7-93 97 97 09:30:43
Deepen borehole C1X06 with 4-inch (10.16-cm) core barrel to 9.130 meters. 7-7-93 188 188 13:07:00
Deepen borehols C1X086 with 4-inch (10.16-cm) core barrel to 10.65 meters. 7-7-93 188 188 14:22:00
Deepen borehole C1X06 with 4-inch (10.16-cm) core barrel to 12.15 meters. 7-8-93 188 188 09:35:00
Deepen borehole C1X06 with 4-inch (10.16-cm) core barrel to 13.65 meters. 7-8-93 189 189 10:15:00
Deepen borehole C1X06 with 4-inch (10.16-cm) core barrel to 15.17 meters. 7-8-93 189 189 10:45.00
Deepen borehole C1X06 with 4-inch (10.16-cm) core barvel to 16.67 meters. 7-8-93 189 189 12:45.00
Deepen borehole C1X06 with 4-inch (10.16-cm) core barrel to 18.20 meters. 7-8-93 189 189 13:30:00
Deepen borehole C1X06 with 4-inch (10.16-cm) core barrel to 19.94 meters. 7-9-93 190 190 09:10:00
Deepen borehole C1X06 with 4-inch (10.16-cm) core bamrel to 21.21 meters. 7-9-93 180 180 10.00:00
Deepen borehole C1X06 with 4-inch (10.16-cm) core barrel to 22.79 meters. 7-8-93 190 190 11:00:00
Deepen borehole C1X06 with 4-inch (10.16-cm) core bamel to 24.27 meters. 7-9-83 190 180 14:20:00
Deepen borehole C1X06 with 4-inch {10.16-cm) core barrel to 25.84 meters. 8-12-93 224 224 11:30:00
Deepen borehole C1X06 with 4-inch (10.16-cm) core barrel to 27.34 meters. 8-12-93 224 224 12:55:00
Deepen borehole C1X06 with 4-inch (10.16-cm) core barrel to 27.99 meters. 8-12-93 224 224 13:15:.00
Install multipacker test tool #40 in borehole C1X06 as indicated in the test-tool 8-19-93 231 231 12:00:00
configuration diagram (Figure 4-17).
Begin data collection associated with testing sequence C1X05-B. 8-19.93 231 231 12:05:02
Inflate TZ1P to ~ 12.4 MPa. 8-19-93 231 231 12:15:56
Inflate TZ2P to ~ 12.4 MPa. 8-19-93 231 231 12:29:26
Inflate GZP to ~ 12.4 MPa. 8-18-93 231 231 12:38:27
Shut in all zones. 8-18-93 231 231 12:40:41
Vented gas from all zones. 8-20-93 232 232 12:28:37
Increase TZ2P pressure and shut in TZ22. 8-20-93 232 232 12:38:27
Increase GZP pressure. 8-20-93 232 232 12:43:38
Replace gage on GZ. 8-23-93 235 235 08:57:13
Increase TZ1P pressure. 8-23-93 235 235 09:09:32
Suspect TZ2P is leaking into TZ2. 8-25-93 237 237 08:18:00
Depressurize all zones. 8-25-93 237 237 08:23.00
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Table 4-23 (Continued). Events Associated with Observation Borehole C1X06 During
Testing Sequence C1X05-B

EVENT o ' bATE CALENDAR 1993 TIME
DAY CALENDAR (HH:MM:SS)
DAY
Deflate all packers. 8-25-93 237 237 08:29:38
Removed multipacker test tool #40 from borehole C1X06 and repair leaky fitting and ~ 8-25-93 237 237 13:22:00
re-instali the test tool to original position with LVDT not connected.
Inflate GZP to ~ 12.4 MPa. 8-25-93 237 237 13:26:55
Inflate T22P to ~ 12.4 MPa. 8-25-93 237 237 13:30:17
Inflate TZ1P to ~ 12.4 MPa. 8-25-93 237 237 13:35:18
Shutin all zones. 8-25-83 237 237 13:38:30
Leak in T21 injection line. 8-27-93 239 239 11:34:06
Leaky fitting on T22P. 8-27-93 239 239 11:44:47
Vent gas from TZ2. 8-7-93 250 250 09:50:00
Increase T22 pressure to ~ 4 MPa. 9-7-93 250 250 09:58:00
Replace gage on TZ2. 9-14-93 257 257 11:02:20
Increase TZ2 pressure to ~ 3.4 MPa. 8-14-93 257 257 11:34:00
Opened GZ to accumulator at 4.233 MPa. 9-22-93 265 265 11:18:00
Increase TZ2 pressure via accumulator, 9-24-93 267 267 09:55:55
Shut in TZ2 from accumulator. 9-27-93 270 270 08:50:00
Replace gage on TZ2. 9-28-93 271 2N 12:46:00
Open GZ to accumulator. 9-28-93 2711 271 12:50:00
Shut in GZ from accumulator. 10-4-93 277 27 09:21:00
Power outage. 11-8-93 312 312 08:34:00
DAS powered by generator. 11-10-93 314 314 08:47:00
No power supplied to transducers. 1-7-84 7 372 08:46:00
DAS not functioning properly upon amival. 2-10-84 41 406 12:35:00
DAS not functioning properly upon arrival, 2-17-94 48 413 14:15:00
Initiate pulse-withdrawal test on TZ1 dropping the pressure from 11.747 to 7.680 MPa  4-8-94 98 463 12:29:26
and removing ~ 113 mL of fluid.
Terminate data collection associated with testing sequence C1X05-B. 6-7-94 158 523 10:00:0
Remove multl-packer test tool #40 from borehole C1X06. 6-9-94 160 525 14:00:00

Figures 4-44 and 4-45 illustrate the zone pressures and axial-LVDT displacement,
respectively, in observation borehole C1X06 for testing sequence C1X05-B.
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Figure 4-44. Zone pressures in observation borehole C1X06 during testing sequence C1X05-B.
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Figure 4-45. Axial-LVDT displacement in observation borehole C1X06 during testing sequence C1X05-B.
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5. GAS-THRESHOLD-PRESSURE TESTING

Post-closure degradation of the organic and metallic material included in the radioactive
waste scheduled for burial in the WIPP underground repository is expected to generate
gas in quantities potentially sufficient to pressurize the waste/backfill continuum in the
underground rooms and drifts to lithostatic pressure (Lappin et al., 1989). Excessive gas
pressure could cause fracturing of the formation surrounding the repository unless the
generated gas can flow into the surrounding Salado Formation. Gas-threshold-pressure
tests (GTPTs), were intended to provide estimates of the pressure at which Salado
Formation anhydrite interbeds would allow initial penetration of the gas generated in the
repository.

5.1 Test Objectives

The GTPT program in the WIPP underground facility was originally designed with the
following objectives:

° to provide information about the far-field gas-threshold pressure in the Salado
Formation anhydrite interbeds, particularly Marker Beds 138 and 139;

° to determine, if possible, the far-field gas-threshold pressure in both argillaceous
and pure halite beds of the Salado Formation;

] to determine if the gas-threshold pressure varies with distance from the excavation
in the WIPP underground facility;

° to determine if the gas-threshold pressure is related to formation permeability; and

° to determine if there will be sustained gas flow into the formation after gas-threshold
pressure is reached, and at what rate and what pressure will the gas flow.

No tests of halite strata were ever performed to address the second objective because of
concerns that the rock would fracture before accepting gas. The testing program was
terminated before the third objective could be met.

5.2 Test Design

The GTPT sequences discussed in this data report were conducted in three boreholes
drilled at three locations in the WIPP underground facility (Figure 2-1) and described in
Section 5.5. The boreholes were drilled either angled downward or angled upward from
the underground rooms. In the experimental area, borehole C2H02 was drilled in Room
C2 and L4P52 was drilled in Room L4. In the operations area, borehole SCP01 was drilled

in the Core Storage Library. The test boreholes were chosen to allow evaluation of gas-
threshold pressures in the Salado Formation interbeds in locations (room pillars) where
excavation induced damage was expected to be minimal.

5-1



All of the boreholes tested in the GTPT program had previously undergone permeability
testing. In boreholes SCP01 and C2H02, long-term fluid-pressure monitoring tools were
replaced by multipacker test tools configured for GTPT sequences. In borehole L4P52,
the test tool used for permeability testing was used for the GTPT sequence. The
multipacker test tools (see Section 5.3.1) were installed in each borehole in such a way
that the packers isolated a bottom-hole test zone and a guard zone between the two
packers. The zones were filled with 1.22 kg/L sodium-chloride brine. The guard zones
were used to detect pressure leakage from the bottom-hole test zone transmitted either
through the test tool or through the formation and to reduce the pressure gradient across
the test-zone packer. After packer inflation, the zones were shut in and the fluid- pressure
buildup was monitored with pressure transducers and recorded on a computer controlled
DAS. As fluid pressures stabilized, gas/brine exchanges were performed in the test zones
(see Section 5.4). After completing the gas/brine exchange, the GTPT sequences were
performed on the isolated, bottom-hole test zones as described in Section 5.4.

A pulse-withdrawal test was performed as part of the GTPT sequence in borehole C2H02
to provide data with which to estimate the compressibility of the zone being tested,
formation hydraulic conductivity to brine, and brine pore pressure.

Figure 5-1 illustrates the stratigraphic position of each of the test and observation
boreholes and shows which strata were included in the test intervals. Borehole C2H01 was
used as an observation borehole during testing sequence C2H02.

5.3 Test Equipment for Gas Threshold-Pressure Testing

The following sections briefly describe the equipment used in the GTPT program in the
WIPP underground facility. The equipment includes multipacker test tools, data-acquisition
systems, pressure transducers, thermocouples, linear variable-differential transformers,
a differential-pressure-transmitter panel, and a flow-control device. Section 5.3.2
discusses calibration of GTPT specific equipment. Calibration of other equipment is
discussed in Section 3.3.2.

5.3.1 Description of Equipment
5.3.1.1 MULTIPACKER TEST TOOLS

Three types of multipacker test tools were used for this testing program. The first type of
test tool, which was used in sequences SCP01-1, L4P52-B, and C2H02, was the double-
packer tool described in Section 3.3.1.1 and illustrated in Figure 3-2. The second type of
test tool, which was also used in sequence SCP01-1, had the same overall configuration
as the first type of test tool except that inflatable elements constructed of hard rubber by
TAM International were used in place of the soft rubber elements manufactured by Baski,
Inc. TAM elements were used to try to avoid pressure bypass around the packers as was
suspected with the first type of test tool in sequence SCP01-1. The third type of test tool,
which was used in sequence SCP01-2, had two sliding end, 3.5-inch (8.9-cm) O.D.

5-2



TEST BOREHOLES

A e e e - e = T

Bt

T
==
. {6 ,
=
—
P-4
Q
=
(8]
w
-
(e}
14
a.
2
Q
-
o
d
X
— o~
[=} o
X s
o o~
(&3 (8]
r——r——-
[
I
I
-

L4P52-8 (VERTICAL PROJECTION) ;

| SCPO1-2 (VERTICAL PROJECTION)
| SCPO1~1 (VERTICAL PROJECTION)

.
ANHYDRITE ARGILLACEOUS
HAUTE
BOREHOLE O
PACKER POLYHALITIC  HAUTE
GUARD ZONE HALTE
PACKER _
£
TEST ZONE  Aomm  aschisecous
CLAY SEAN  POLYHALTE
HOTE: >0.8cm THICK
MEASUREMENTS 4 METERS. UTHOLOCIC CONTACTS
HOT TO SCALE.

= Ed

SHARP GRADATIONAL DIFFUSE

wap |oxstance ntoul
URITS| CLAY G (m.)
s | 10.36] mune
9.17 ~—< ~—
S ANNNNNNNEETECIRENNNNNNNNN
AH—2 QUrK - - - - T. 5T
7.624—= = = = = =
H-5 } .
-7.01 —=cur 4 — — -
2 sa0—p—=—= s —
15 : X X . x . X < x
3 e el e ~N__-
13 ¥ ox TYPICAL 5.5-m HIGH x
3514 — SIMULATED-WASTE —
x EXPERIMENTAL ROOM Xy
12 X x x x
x x x
S <S>
1 ggg \_\\-—Aummt o S S S
10 ‘ - TMcurw - -
- | 1.68-} ——1 e ——
. x x ) x
0.06_feeremence| o =
] o C ot m
R ttcw G )
- x
7 _Tox R = - -
- X - - - - - = -
6 _ - . - X - - - -
— — —2.13] F-
5
274 TYPICAL 4.0-m HIGH -
. X WASTE-STORAGE -
4 . ROOM .
|- ] —3.47 -] = -
31 -a18 |« o
1 —4.27 1] —
] 442 —
x
. -
AN J-
= - = Iy - = = . =
. I . - _x - .
—-——6.71——;—— P ot " x —x— X N
PH-4 x X X " x x X
2.71 X = x xS x x S>> x
=/ NSNS SNS S [N
TS NN OCRENNNNNNNNNNN
H=4
-9.51 . . <
-3 ~10.97 | * x x ¥ x < x
n3)~11.52 A °
PH-21—13.01] X x X X X x X X x x
H-21—14.42
M1 625 gmeRmETe, X x X Xy
. S SN NN ANERAN AN AN AN
111 6(5); \__aare
] 720031~ —GER 15 REDRHTORME FRLTE T6 POCRATIR WIE. 5~
22184 — X 2 X e
22.18 CLEAR TO ORANGE HALITE, TRACE GRAY CLAY,
Hem2| GRADING DOWNWARD TO POLYHAUITIC HAUITE.
24.39 X x x X x e CISTTIINNY - X x
TEAOTT N ANNNN
T
N LROUANN N NN NN . \
~28.56- &\X“\)._\B_\M\\\\X\BXXXXX
CLEAR TO ORANGE HALITE, LOCALLY ARGILLACEOUS 10 POLYRALMC.

INTERA=6115-152-1

Figure 5-1. Stratigraphic positions of GTPT boreholes with test zones indicated.
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inflatable packers manufactured by Baker Oil Tools mounted on a 2.4-inch (6.1-cm) O.D.
mandrel oriented with the packers' fixed ends toward the bottom-hole end of the test-tool.
The packers have 66-inch (1.7-m) long inflatable elastic elements also composed of natural
rubber and synthetic materials. The packer elements have approximately 51-inch (1.3-m)
seal lengths when inflated in 4-inch (10.2-cm) diameter boreholes. In all cases, a set of
radially oriented tapered jaws or slips that tighten on the test tool mandrel as the tool
attempts to move out of the borehole in response to pressure buildup were used to restrain
the test tool.

Each multipacker test tool was equipped with three sets of ports to the bottom-hole test
zone and the guard zone between the packers. One set of ports was used to transmit
pressures from the test and guard zones to the transducers, which were mounted outside
of the boreholes. A second set of ports was used to dissipate "squeeze" pressures created
during packer inflation and to vent fluid from the isolated intervals to decrease pressure.
These two sets of ports were accessed by continuous lengths of 3/16-inch (0.48-cm) O.D.
stainless-steel tubing. In some cases (GTPT sequences SCP01-1, C2H02, and L4P52-B),
the third set of ports provided access for 1/8-inch (0.32-cm) diameter Type E
thermocouples to measure temperatures in the test and guard zones. Packer-inflation
pressures were monitored with transducers attached to the packer-inflation lines. Other
information regarding the test tools is presented in Section 3.3.1.1.

5.3.1.2 DATA-ACQUISITION SYSTEM (DAS)

A computer-controlled data-acquisition system (DAS) was used to monitor the progress of
each test and recorded pressure, in some cases temperature, and in some cases radial
borehole closure and axial tool movement (Figure 3-8). Each DAS consisted of an IBM
compatible desktop computer for system control and data storage, a Hewlett Packard (HP)
3497A and/or 75000 Data-Acquisition/Control Unit containing power supplies to excite the
instruments associated with a given test (transducers, thermocouples, differential-pressure
transmitters (DPTs, and LVDTs), a signal scanner to switch and read channels, a 5-1/2
digit voltmeter to measure the output from the instruments associated with a given test
(transducers, thermocouples, DPTs, and LVDTs), and an Eigar Model 6000B
uninteruptable power supply. The HP-75000 was used only with Labtech (version 4.1.0)
data acquisition software. The HP-3497A was used on all other tests in which PERM data
acquisition software was used (PERM4F). The data-acquisition software allowed sampling
of the instrument output signals at user-specified time intervals ranging from approximately
10 seconds to several days. As data were acquired, they were stored both on the
computer's hard disk and on a 3.5-inch diskette. Real-time listing of the data on an
auxiliary printer and monitor and/or printer plots of the accumulated data were also
possible.

5-4



5.3.1.3 MASS FLOW METER

A Bronkhorst Model F-230C-FA-22-V mass flow meter with a high-pressure nitrogen
reservoir as the gas source was used to provide constant gas-injection rates during the
gas—threshold-pressure testing. This DAS-controlied mass flow meter allowed a constant
gas-injection rate of 0 to 5 mL/min to be maintained. The gas injection system used in all
of the tests is shown in Figure 5-2. The DAS, pressure transducers, thermocouples, DPT
panel, and pressure-maintenance system used for the GTPT program are described in

Section 3.3.1.

5.3.2 Equipment Calibration

5.3.2.1 DATA-ACQUISITION SYSTEM (DAS)

The DAS equipment and associated software were tested prior to the start of the GTPT
program to ensure proper operation. The procedure consisted of testing the response of
the HP-3497A or HP-75000 Data-Acquisition/Control Units (DCU) and the DAS software
using known input signals to ensure proper signal conversion. The PERM4F DAS software
use in conjunction with the HP-3497A DCU was designed and tested by SNL and INTERA
Inc. The Labtech 4.1.0 DAS software use in conjunction with the HP-75000 DCU was
commercially available software. The DAS software was baselined and controlled in
accordance with the SNL approved INTERA WIPP Quality Assurance Manual. In addition,
the HP-3497A and HP-75000 DC voltmeter options were calibrated by SNL WIPP
calibration laboratory using WIPP Procedure 182 and 427, respectively.

5.3.2.2 MASS FLOW METER

The Bronkhorst Model F-230C-FA-22-V mass flow meter was calibrated by the SNL
calibration laboratory in Albuguerque, NM. No sensitivity values were generated for the
instrument as it operated from an input voltage actuating a valve that allowed the desired
flow rate to be produced. Flow rates were verified by the SNL calibration laboratory in
Albuguerque, NM and the deviations from the input values were as much as +12.9% of full
scale. Calibration information pertaining to the mass flow meter is contained in the SWCF
under WPO #42269.

5-5



Bronkhorst Mass Flow Meter

/Vﬂ

To Test Zone m

ﬁ | Bronkhorst Mass Flow Meter

Pressure Transducer
To DAS

To Nitrogen Source ————

INTERA=6115-1583-0

Figure 5-2. Schematic illustration of the constant-rate gas-injection system.

5-6



5.4 Procedures for Gas-Threshold-Pressure Testing

Test tools were installed following the procedures described in Section 3.4.1. After the
test-Zone pressure had stabilized at the assumed formation pressure, the brine in the test
zone had to be displaced by gas prior to beginning the constant-rate gas injection into the
test zone for the gas-threshold pressure determination. In conducting the gas/brine
exchange in a downward-angled borehole, the test-zone packer was deflated to decrease
the zone pressure from its stabilization pressure. Nitrogen was injected into the test zone
through the test-zone vent line, expelling brine from the test-zone injection line. During the
exchange, care was taken to ensure that the gas pressure in the zone did not exceed the
pre-exchange fluid pressure. This procedure was carried out until gas flowed from the test-
zone vent line, indicating that all fluid in the test zone had been displaced. The volume of
fluid displaced from the test zone was measured and recorded. At this point, gas was
injected through the test-zone vent line and an additional volume of fluid was removed from
the guard zone in order to ensure that the test zone would be absent of fluid when the test-
zone packer was re-inflated. Again, the gas pressure was not allowed to exceed the initial
fluid pressure in the zone during injection. In conducting the gas/brine exchange in an
upward-angled borehole, the test-zone packer was deflated as previously described.
However, in this case, nitrogen was injected into the test zone through the test-zone vent
line and brine was expelled (and measured) out of the guard-zone injection line until the
entire test-zone volume had been removed. Therefore, the test-zone volume had to be
known prior to conducting this operation. Once the entire test-zone volume had been
removed, the test-zone packer was re-inflated, taking the same precautions as described
above.

After displacing the test-zone brine, nitrogen gas was injected at a constant rate into the
test zone using a Bronkhorst Model F-230C-FA-22-V mass flow meter and the test-zone
pressure buildup was monitored as the injected gas was compressed. The test-zone
pressure was monitored closely until it was determined that the gas-threshold pressure was
reached. The pressure was monitored closely in order to determine whether or not the
test-zone pressure exceeded the hydrofracture pressure, thus creating an artificial pathway
for gas entry into the formation. Once it was determined that gas-threshold pressure had
been achieved, the gas injection was terminated and test-zone pressures were monitored.
After the constant-rate gas injection in borehole C2H02 was completed, the test-zone
pressure was decreased by venting gas in a series of steps. After each step-decrease, the
test-zone pressure was monitored to determine if it was decreasing, in which case the
pressure was still above the threshold value and gas was flowing into the formation, or
increasing, in which case gas was flowing from the formation back into the borehole. After
the gas testing was completed in borehole C2H02, the gas was vented and the borehole
was refilled with brine. After stable pressure conditions were reached, a pulse-withdrawal
test was performed to determine if the brine permeability of MB139 had been altered by
residual gas saturation. The test was performed following the procedures outlined in
Section 3.4.2.




5.5 Boreholes and Test-Tool Configurations for Gas-Threshold-Pressure Testing
Figure 2-1 shows the locations of the boreholes associated with the GTPT program.

Tables 5-1 and 5-2 provide pertinent information on the boreholes and test zones
associated with the testing program.

Table 5-1. Borehole Test-Zone Information

Time Test Borehole

Test Test Test Interval Borehole Sequence Sequence

L Horizon Diameter X
Sequence Horizon Penetrated (cm) Depth(m) Depth(m) Started Terminated
SCP01-1 MB139 3-29-90 10.16 10.50-14.78 15.48 3-30-93 7-13-93
(10:30)
C2H02 MB139 4-14-89 10.16 9.20-10.68 10.91 8-10-93 3-21-94
(09:00)
L4P52-B MB138 12-14-92 10.16 13.89-14.02 14.12 12-29-93 3-31-94
12:00
SCP01-2 MB139 3-29-90 10.16 10.50 -14.78 15.48 4-15-94 6-27-94
(10:30)

Table 5-2. Borehole Locations, Orientations, and Drilling Information

Test Sequence interval Date Location Excavation Date of
- Sequ Drilled/Cored  Drilied/Cored Room
(Orientation) (m)
SCP01-1 0-1548 3-26-80 to Core Storage April & May
(downward 77°) 3-30-90 Library 1989
( from vertical)
C2H02 0-10.91 4-12-89 to Room C2 March & April
(downward 45°) 4-17-89 1984
(from vertical)
L4P52-B 9.02-14.12 12-11-92 to Room L4 February
(upward 40°) 12-14-92 1989
(from vertical)
SCP01-2 0-1548 3-26-90 to Core Storage April & May
(downward 77°) 3-30-90 Library 1989
( from vertical)

Figure 5-3 schematically depicts the Core Storage Library in plan view and in cross section,
showing the location and orientation of borehole SCP01. The test-tool configurations, as
they were installed for test sequences SCP01-1 and SCP01-2, are illustrated in Figures 54
through 5-8.
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Figure 5-8. Configuration #2 of test tool for sequence SCP01-2.
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Figure 4-7 schematically depicts Room C2 in plan view and in cross section, showing the
location and orientation of boreholes C2HO1 and C2H02. The test-tool configurations for
test borehole C2H02 and observation borehole C2HO1, as they were installed for test

sequence CZHQZ, are illustrated in Figures 5-9 through 5-11.

Figure 3-20 schematically depicts Room L4 in plan view and in cross section, showing the
location and orientation of borehole L4P52. The test-tool configuration, as it was installed
for test sequence L4P52-B, is illustrated in Figure 3-31.

5.5.1 Borehole Drilling

The boreholes for the test program (i.e. SCP01, C2H02, C2H01, and L4P52) were drilled
according to the procedures for compressed-air drilling outlined in Section 3.5.2. Core was
not collected for test and observation boreholes C2H01, C2H02, and SCP01 for GTPTs
during the time period covered in this report. Core description for test borehole L4P52 (B-
series) are provided in Appendix A. Detailed descriptions of the core that was recovered
from C2H01 and C2HO02 are given in Saulnier et al. (1991). Additional documentation for
boreholes C2H01, C2H02, L4P52, and SCPO01 are provided in the SWCF under Group 5:
Salado Testing Activities, (WPO #23253).
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C2HO1
- RATION #2 BOREHOLE: C2HO1
SINGLE—PACKER TOOL CONFIGU ON # DATE: 02711791
DEPTH OF HOLE: 8.97m.

BOREHOLE STRATIGRAPHY

— FLOOR 2 0.00 MAP UNIT 7
z ~ COARSE ARGILLACEOUS HALITE
0.68
;j MAP UNIT 6
7 0.90 - MEDIUM TO FINE ORANGE HALITE
’ COARSE, COLORLESS HALITE
4 1.96
TOOL : — — 7| MAP UNIT 5
EXTENSION 258 _ — _| — COARSE ARGILLACEQOUS HALITE
’ ~ _ | MAP UNIT 4
S MEDIUM TO FINE ARGILLACEOUS HALITE
) X X]MAP UNITS 3 & 1
384 X —~ COARSE, ORANGE POLYHALITIC HALITE
) = —1MAP UNIT O
459 —— | CLAY PARTING
4.88 — CLAY PARTING
X — | MAP UNIT O
- - MEDIUM TO COARSE ARGILLACEOUS
_ HALITE, CLAY CONTENT DECREASES
¥ = DOWNSECTION, POLYHALITE INCREASES
TEST-ZONE X DOWNSECTION
PACKER -
X ——
- X
6.82 L6834 O x_~ | POLYHALITIC HALITE 4
X | — COARSELY CRYSTALLINE HALITE
X AND POLYHALITE
6.80
- \J MARKER BED 139
e 7.185 — 6.80—7.10 ANHYDRITE WITH MINOR
\ HALITE, 7.10—7.76 GRAY ANHYDRITE
7.76
W TEST—ZONE TEST—ZONE o | HALITE 4 & POLYHALUITIC HALITE 3
Z TRANSDUCER  VENT x <>| — COARSELY CRYSTALLINE, BLEBS
N PORT OF ANHYDRITE DECREASE DOWNSECTION
— -
n X
= X
S
NOTE: MEASUREMENTS IN METERS
X FROM FLOOR BEFORE INFLATION.
X + ESTIMATED POSITION AFTER
8.97 PACKER INFLATION.

INTERA=6115-181-1

Figure 5-9. Configuration of monitor tool for sequence C2H02 in borehole C2H01.
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Figure 5-10. Configuration #1 of test tool for sequence C2H02.
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Figure 5-11. Configuration #2 of test tool for sequence C2H02.
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5.6 Gas-Threshold-Pressure Test Data

The following section presents the results of the tests in the three boreholes that were
investigated: Ten constant-rate gas injection tests, two test-zone compressibility tests,
seven gas/brine exchanges, eight depressurization steps, and four pulse-withdrawal tests
were performed during the test program.

Acronyms used in the tables presented in this section are as follows:

CMP = Compressibility Test

G/BE = Gas/Brine Exchange

Gl = Constant-Rate Gas-Injection Test
PW = Pulse-Withdrawal Test

DPS = Depressurization Step

TZ = Test Zone

TZP = Test Zone Packer

GZ = Guard Zone

GZP = Guard Zone Packer

Zone Fluid Volume = Isolated Zone Volume+Tubing Volume-Tool Volume

Table 5-3 summarizes the results from all of these tests. Complete data files and abridged
tabulations of the data are stored in the SWCF under WPO #42269.

Table 5-3. Summary of Tests Associated with the GTPT Program

GTPT Date Test Initial Final  Fluid Volume Flow Zone Zone Tool  Zone Fluid
Sequence Zone Started Type Unit Pressure Pressure Injected (+) Rate Length Radius Volume Volume
(mm-dd-yy) (MPa) (MPa) Withdrawn(-) (mlL/min) (cm) (cm) (mL) (mL)
(mL)
SCPO1-1 TZ 3-31-93 CMP MB139 10.700 0.000 230 N/A 511  13.831 35812 5853
SCPO1-1 TZ 4-26-93 G/BE MB139 9.577 9.577 -6500 N/A 511 13.831 35812 5853
SCP01-1 TZ 4-26-93 Gl#1 MB139 9.577 9.577 N/A 1.0 5§11  13.831 35812 5853
SCPO1-1  TZ 4-27-93 Gl#2 MB139 9.508 9.509 N/A 45 §11  13.831 35812 5853
SCPO1-1  GZ 5-26-93 PW  Halite 7.950 7.713 -18.5 N/A 102 13.831 6463 1915
C2H02 TZ 9-10-93 G/BE#1 MB139 8.369 8.380 -1760 N/A 133 6.259 7139 4318
C2H02 TZ 9-14-93 Gl MB139 8.359 8.361 N/A 3.0 133 6.259 7139 4318
C2H02 TZ 10-11-93 DPS#t MB139 10.475 9.970 N/A N/A 133 6.259 7139 4318
C2H02 TZ 10-15-93 DPS#2 MB139 9.836 9.587 N/A N/A 133 6.259 7139 4318
C2H02 TZ 10-19-93 DPS#3 MB139 9.565 9.401 N/A N/A 133 6.259 7138 4318
C2H02 TZ 10-22-93 DPS#4 MB139 9.426 8.227 N/A N/A 133 6.259 7139 4318
C2H02 TZ 10-26-93 DPS#5 MB139 9.248 9.021 N/A N/A 133 6.259 7139 4318
C2Ho02 TZ 11-1-83 DPS#5 MB139 9.073 8.950 N/A N/A 133 6.259 7139 4318
C2H02 TZ 11-11-93 DPS#7 MB133 8975 8.856 N/A N/A 133  6.259 7139 4318
C2H02 TZ 11-23-93 G/BE#2 MB139 8.891 8.154 4350 N/A 133 6.259 7138 4318
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Table 5-3 (Continued). Summary of Tests Associated with the GTPT Program

GTPT Date Test Initial Final  Fluid Volume Flow Zone Zone Tool Zone Fluid
Sequence Zone Started Type Unit Pressure Pressure Injected (+) Rate Length Radius Volume Volume
(mm-dd-yy) (MPa) (MPa) Withdrawn () (mlL/min) (cm) (cm) (mL) {mL)
(mL)
C2H02 TZ 11-24-93 DPS#8 MB139 7.891 6.837 N/A N/A 133 6.259 7139 4318
C2Ho2 GZ  11-28-93 PW Halite 6.413 0.000 -1720 N/A 95 6.259 5908 2256
C2H02 TZ 1-24-94 PW  MB139 9.159 6.743 -10.4 N/A 138 6.259 7139 4699
L4P52-B  TZ  12-31-93 GIBE#1 NA 8.728 8.307 ~7330 N/A 141 5.850 8525 2718
L4P52-B  TZ 1-17-94 G/BE#2 NA 8.737 8.524 -1980 N/A 141 5.850 8525 2718
L4P52-B TZ 1-27-94 GI#1 MB138 8.602 8.602 N/A 2.0 141 5.850 8525 2718
L4Ps2-B  TZ 1-28-94 Gi#2 MB138 10.543 10.543 N/A 0.8 141 5.850 8525 2718
L4Ps2-8  TZ 2-14-94 GI#3 MB138 9.391 9.391 N/A 1.1 141 5.850 8525 2718
L4pPs52-8  TZ 2-16-94 Gl#4 MB138 10.455 10.455 N/A 1.1 141 5.850 8525 2718
L4P52-B TZ 3-9-94 GI#5 MB138 9.791 9.7 N/A 0.6 141 5.850 8525 2718
L4P52-B TZ  3-14-94 DPS MB138  9.866 9.560 N/A N/A 141 5850 8525 2718
SCPO1-2 TZ 4-15-84 CMP MB139 5.500 5.446 330 N/A 406  13.831 4831 28384
8SCP01-2 TZ 5-2.84 G/BE#1 MB139 9.514 9.514 -2380 N/A 406  13.831 4831 28384
SCP01-2 TZ 5-16-94 G/BE#2 MB139 9.512 9.344 -24655 N/A 406  13.831 4831 28384
8CP0O1-2 TZ 5-17-94 GI#1 MB13S 9.261 9.261 N/A 20 406  13.831 4831 28384
SCP01-2 TZ 5-26-94 Gl#2 MB139 8.708 8.659 N/A 0.2 406  13.831 4831 28384

5.6.1 Gas-Threshold-Pressure Testing in the Core Storage Library

5.6.1.1 GAS-THRESHOLD-PRESSURE TESTING SEQUENCE SCP01-1

The first GTPT sequence to be conducted took place in the Core Storage Library in
borehole SCP01. This test sequence was designed to investigate the gas threshold
pressure of MB139 in an environment removed from the WIPP excavations. Problems
during this testing sequence associated with the inability of the packer elements to form
a reliable seal were encountered. These problems were not satisfactorily resolved while
the testing sequence was in progress. Table 54 gives a detailed description of the events
that occurred during test sequence SCP01-1.
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Table 5-4. Testing Sequence SCP01-1 Events

EVENT DATE CALENDAR 1993 TIME
DAY CALENDAR (HH:MM:SS)
- DAY
Remove single-packer, long-term test tool from borehole. 3-22-93 81 81 13:19:00
Begin data file SCP01B01. 3-30-93 89 89 14:19:45
End data file SCPO1B01. 3-30-93 89 89 14:30:16
Install double-packer test tool #38A in preparation for GTPT as indicated in tool 3-30-93 89 89 14:33:00
configuration diagram #1 (Figure 5-4).

Inflate GZP. 3-30-93 89 89 14:34:36
Shut in GZP. 3-30-93 89 89 14:37:50
Inflate TZP. 3-30-93 89 89 14:40:09
Shut in TZP. 3-30-93 89 89 14:44:50
Increase GZP pressure. 3-30-93 89 89 14:47:15
Shut-in GZ and TZ. 3-30-93 89 89 14:48:14

Increase GZP pressure. 3-30-93 89 89 14:55:11
Depressurize both zones and deflate both packers. 3-31-83 20 90 09:00:00
Pull too! out of borehole to the top of GZP. 3-31-93 90 S0 11:00.00
Inflate GZP to check for leaks. 3-31-93 S0 S0 11:05:00
{nstall test tool to original position. 3-31-93 90 90 11:40:00
Inflate GZP. 3-31-93 ] S0 11:41:00
Shut in GZP. 3-31-93 S0 90 11:43:00
Inflate TZP. 3-31-93 0 90 11:45:00
Shut in TZP. 3-31-93 90 ] 11:47:00
Increase TZP pressure. 3-31-83 90 90 12:03:00
Increase GZP pressure, 3-31-93 90 90 12:06:00
Begin data file SCP01B02. 3-31-83 90 90 15:01:14
Begin pressurization of TZ via DPT panel to ~10 MPa for TZ compressibiltty test. 3-31-93 0 0 15:08:12
increase TZP pressure to ~ 13.5 MPa. 3-31-93 90 90 16:04:03
Shut in TZ terminating TZ compressibility test. 4-6-93 96 96 11:44.02
End data file SCPO1B02. 4-12-93 102 102 10:54:34
Begin data file SCP01803. 4-12-93 102 102 11:11:43
Open TZP to accumulator. 4-12-93 102 102 12:56:44
Increase TZP pressure via accumulator, 4-12-93 102 102 12:57:29
Shut in TZP from accumulator due to leak. 4-12-93 102 102 13:07:51
Open GZP to accumulator and increase pressure. 4-12-93 102 102 13:13:42
Open TZP to accumulator. 4-13-93 103 103 11:09:46
Increase TZP pressure via accumulator. 4-13-93 103 103 11:16:30
Increase GZ pressure. 4-13-93 103 103 11:36:56
End data file SCPO1B03. 4-19-93 109 109 12:11:52
Begin data file SCP01B04. 4-19-93 109 109 13:16:36
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Table 5-4 (Continued). Testing Sequence SCP01-1 Events

EVENT DATE CALENDAR 1993 TIME
DAY CALENDAR (HH:MM:SS)
DAY

Increase GZ pressure, 4-22-93 112 112 11:10:51
Increase GZP pressure. 4-22-93 112 112 11:28:23
increase GZ pressure. 4-22-33 112 112 11:36:24
Attempt to begin gas/brine exchange in TZ but encountered a plugged line. 4-26-93 116 116 13:07:.00
Shut in zone. 4-26-93 116 1186 13:15:00
Remove ~2 liters of brine. 4.26-93 116 116 13:35:00
Remove ~1.7 liters of brine. 4-26-93 116 116 13:49:00
Remove ~1.4 liters of brine. 4-26-93 116 116 14:02:00
Remove ~1.3 liters of brine. 4-26-83 116 116 14:08:00
Gas is coming from the vent line. 4-26-93 116 116 14:11:00
Remove ~100 mL of brine while unplugging the original plugged line. 4-26-93 116 116 15:12:00
Complete gas/brine exchange in TZ. 4-26-93 116 116 15:13:00
Momentarily open TZ to flow meter set at 1 mL/min to test system. 4-26-93 116 116 15:56:00
Begin N, injection #1 into TZ at 1 mUmin. 4-26-93 116 116 16:04:00
Shut in TZ due to possible leak terminating N, #1 in TZ. 4-26-93 116 116 16:16:00
Perform over night leak check. 4-26-93 116 116 16:28:00
Begin N, injection #2 into TZ at 4.5 mUmin. 4-27-93 "7 117 11:07:00
Terminate N, injection #2 due to incorrect flow meter reading. 4-27-93 17 117 11:23:00
Resume N, injection #2 into TZ at 4.5 mUmin. 4-27-93 117 117 11:33:00

Switch from MDT to MST for recording events in the log book. 4-29-93 119 119 N/A

Bypass around TZP is suspected. 4-29-93 119 119 N/A
Terminate N, injection #2 into TZ. 4-29-93 119 119 11:22:00
Increase TZP pressure. 4-28-93 119 119 12:31:00
Increase TZP pressure to ~15 MPa. 4-29-93 119 119 12:49.00
Decrease GZ pressure. 4-29-93 119 119 13:18:00
Increase GZ pressure to ~10 MPa. 4-30-93 120 120 11:39:37
End data file SCPO1B04. 5-2-93 122 122 11:40:16
Begin data file SCPO1BOS. 5-2-93 122 122 11:40:97
Test-zone thermocouple is no longer functioning. 5-2-93 122 122 13:38:30
Depressurize TZ (25 to 50 mL of brine). 5-3-93 123 123 08:45.00
Depressurize GZ (~1480 mL of brine). 5-3-93 123 123 08:52:00
Deflate GZP. 53-93 123 123 09:01:00
Deflate TZP. 5-3-93 123 123 09:06:00
Remove test tool for inspection (bubble on GZP, brine inside tool). 5-3-93 123 123 11:34.00
Reinstall tool so that TZP straddles the halite/anhydrite contact as indicated in toot 5-3-83 123 123 09:00:00

configuration diagram #2 (Figure 5-5).

Inflate GZP to ~12.4 MPa. 5-6-93 126 126 09:25.00
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Table 5-4 (Continued). Testing Sequence SCP01-1 Events

EVENT DATE CALENDAR 1993 TIME
DAY CALENDAR (HH:MM:SS)
DAY
Shut in GZP at ~12.1 MPa. 56-93 126 126 09:31:00
Inflate TZP to ~12.4 MPa. 56-93 126 126 09:33:00
Shut in TZP at ~11.7 MPa. 5-6-93 126 126 09:35:.00
Open GZP to accumulator at ~11.7 MPa. 5-6-93 126 126 09:40:00
Open TZP to accumulator at ~12.4 MPa. 5-6-83 126 126 09:48:00
Circulate brine through TZ. 5-6-93 126 126 09:56:00
Open TZ to accumulator at ~11.7 MPa and observed pressure drop to ~3.0 MPa. 56-93 126 126 11:24:00
Increase TZ pressure via accumulator to ~10.3 MPa. 57-93 127 127 11:26:00
Shut in TZ from accumulator. 5-10-93 130 130 N/A
Increase TZP pressure via accumulator to 13.134 MPa. 5-17-93 137 137 10:00:36
Increase GZP pressure via accumulator to 13.460 MPa, 5-17-93 137 137 10:08:36
Shut in TZ from accumulator at 10.366 MPa. 5-17-93 137 137 10:14:06
Increase GZ pressure via accumuiator to 11.257 MPa. 5-17-83 137 137 10:34:06
Shut in TZP from accumulator., 5-18-93 138 138 08:34:00
Open TZP to accumulator, 5-18-93 138 138 08:38:00
Shut in GZ from accumulator to test for leaks from TZP. 519-93 139 139 09:47:00
Open GZ to accumulator. 5-20-93 140 140 09:21:00
Repair TZ thermocouple. 5-20-93 140 140 11:44:00
Shut in GZ from accumulator. 5-24-93 144 144 09:03:00
Vent GZ to expel gas that might have been introduced from the accumulator, 5-24-93 144 144 09:11:00
Perform pulse-withdrawal test in GZ pressure to 7.713 MPa removing ~18.5 mL of §-26-93 146 146 08:48:00
brine (testing for gas).
Shut in TZP from accumulator. 5-26-93 146 146 12:42:00
End data file SCP01B0S. 6-1-93 152 152 07:29:25
Depressurize TZ (~460 mL of fiuid). 6-1-93 152 152 08:48:00
Depressurize GZ (large amount of gas). 6-1-93 152 152 08:55.00
Deflate GZP. 6-1-93 152 152 09:00:00
Deflate TZP. 6-1-93 152 152 10:00:00
Attempt to remove test tool to examine TZP for leaks but it got stuck in borehole. 6-1-93 152 152 11:00:00
Reinstall test too} #38B with new (hard rubber) TAM elements as indicated in tool 6-10-93 161 161 12:00:00
configuration diagram #3 (Figure 5-6).
Begin data fils SCPQ1B06. 6-10-93 161 161 12:45:14
Inflate GZP via accumulator to ~13.5 MPa. 6-10-93 161 161 12:49:00
Circulate fluid through all of the lines. 6-10-93 161 161 14:10:00
Inflate TZP. 6-10-93 161 161 14:20:00
Pressurize TZ via accumulator. 6-10-93 161 161 14:41:00
Shutin GZ. 6-10-93 161 161 14:42:00
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Table 5-4 (Continued). Testing Sequence SCP01-1 Events

EVENT DATE CALENDAR 1993 TIME
DAY CALENDAR  (HH:MM:SS)
DAY
Increase TZ pressure via accumulator. 6-11-83 162 162 10:16:00
Shut in TZ from accumuiator. 6-11-93 162 162 10:17:00
Open TZ to full accumulator. 6-11-83 162 162 10:42:00
Shut in TZ from accumulator. 6-14-93 165 165 09:28:41
Shut in GZ from transducer to remove leaking gage. 6-22-93 173 173 10:58:00
Open GZ to transducer and accumulator. 6-22-93 173 173 11:09:00
Increase GZP pressure via accumulator. 6-28-93 179 179 11:38:26
Increase GZ pressure via accumulator. 6-28-93 179 179 12:36:38
Shut in GZ from accumulator. 6-28-93 179 179 12:37:30
Increase TZP pressure due to bypass around the packer. 6-29-93 180 180 10:00:04
End data file SCPO1B0S6. 7-1-93 183 183 08:38:57
Depressurize TZ. 7-13-93 194 194 08.55.00
Depressurize GZ. 7-13-93 194 184 08:57:00
Deflate both packers. 7-13-93 194 194 09:02:00
Terminate data collection. 7-13-93 194 194 09:04:00
Remove test tool #38B. 7-13-93 194 194 13:00:00

Figures 5-12 through 5-17 illustrate the zone pressures, packer pressures, nitrogen-
injection rate, test-zone temperature, brine-injection volume during the test-zone
compressibility test, and the test-zone compressibility as a function of pressure,
respectively, during test sequence SCP01-1.

Table 5-5 indicates the equipment that was used and the duration that each instrument
was used during testing sequence SCP01-1.

Table 5-5. Testing Sequence SCP01-1 Equipment

Equipment Location Serial # Installed Removed
DAS Software N/A PERM4F 3-30-93 4-19-93
DAS Software N/A LABTECH 4.1.0 4-19-93 7-13-93
DCU (HP3497A) N/A 2629221989 3-30-93 4-19-93
DCU (HP75000) N/A 3035a01445 4-19-93 7-13-93
Transducer
(Druck PDCR 910) Test Zone 322422 3-30-93 7-13-93
Transducer Test Zone
(Druck PDCR 910) Packer 308150 3-30-83 7-13-93
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Table 5-5 (Continued). Testing Sequence SCP01-1 Equipment

Equipment Location Serial # Installed Removed
Transducer
(Druck PDCR 910) Guard Zone 507864 3-30-93 7-13-93
Transducer Guard Zone
(Druck PDCR 910) Packer 308145 3-30-93 7-13-93
Transducer DPT Panel/Mass
(Druck PDCR 910) Flow Meter 822427 3-31-93 4-12-83
DPT
(Rosemount 1151DP) N/A 1140864 3-31-93 4-12-93
Injection Column N/A 38 3-31-83 3-31-83
Thermocouple (Type E) Test Zone 1 3-30-93 5-2-93
Flow Meter N/A 921209a 4-19-93 6-1-93

(Bronkhorst F-230C-FA-22-V)

* Installed dates for injection columns refer to dates of initial use rather than date installed.
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Figure 5-12. Zone pressures during testing sequence SCP01-1.
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Figure 5-13. Packer pressures during testing sequence SCP01-1.
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Figure 5-14. Nitrogen-injection rate during testing sequence SCP01-1.
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Figure 5-15. Test-zone temperature during testing sequence SCP01-1.
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Figure 5-16. Brine-injection volume of test-zone compressibility test during testing

sequence SCP01-1.
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Figure 5-17. Calculated test-zone compressibility as a function of pressure obtained
from test-zone compressibility test during testing sequence SCP01-1.
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5.6.1.2 GAS-THRESHOLD-PRESSURE TESTING SEQUENCE SCP01-2

The last testing sequence was also conducted in the Core Storage Library in borehole
SCPO01. The objective and result of this testing sequence was to conduct a successful test
sequence in MB139 in borehole SCP01 where equipment problems were encountered
during the previous attempt. In test sequence SCP01-2, Baker packers were used to
isolate MB139. It was decided to use these packers rather than Baski or TAM packers
because of their longer seal length and on the basis of previous experiences in problematic

boreholes. Table 5-6 gives a detailed description of the events that occurred during test
sequence SCP01-2.

Table 5-6. Testing Sequence SCP01-2 Events

EVENT DATE CALENDAR 1994 TIME
DAY CALENDAR (HH:MM:SS)
DAY

Depressurize TZ of the long-term test tool. 4-13-94 103 103 10:22:00

Defiate TZP. 4-13-94 103 103 10:23:00

Remove single-packer, long-term test tool. 4-13-94 103 103 11:30:00

Install double-packer test tool with Baker packers (TZ monitors MB139) as indicated in = 4-14-94 104 104 14:30:00
tool configuration diagram #1 (Figure 5-7).

inflate TZP to ~13.8 MPa via accumulator. 4-14-94 104 104 15:00:00

Inflate GZP to ~13.8 MPa via accumulator. 4-14-94 104 104 15:01:00

Begin data file SCP01B07. 4-15-94 105 105 12:27:39

Pressurize TZ via DPT panel to ~5.5 MPa for TZ compressibilty test. 4-15-94 105 105 13:21:26

Shut in TZ at 5.446 MPa terminating TZ compressibility test. 4-15-94 105 105 13:44:30

Open TZ to accumulator. 4-15-94 105 105 13:47:45

Pressurize GZ to 5.077 MPa. 4-15-94 105 105 13:55:00

Shut in TZ from accumulator. 4-18-94 108 108 15:04:00

End data file SCP01B07. 4-19-94 109 108 09:32:36

Switch DAS from PERMA4F to LABTECH in preparation for GTPT. 4-19-94 109 109 09:34:00

Begin data file SCP01808. 4-21-84 111 111 12:03:45

Incomrect flow meter readings. 4.21-94 i1 11 12:00:00

Shut in TZP and GZP from accumulator. 4-27-94 117 117 11:05:00

Increase TZ pressure via accumulator to ~9.4 MPa. 4-27-94 117 117 11:10:00

Shut in TZ from accumulator. 4.28-94 118 118 07:53:00

Flow meter is operating correctly and will be ieft over night at 1 mL/min open. 4-28-94 118 118 10:46:00

Shut in fiow meter and set rate to O mU/min. 4-29-94 119 119 09:13:00

Pressurize N, injection line to ~9.5 MPa. 5-2-94 122 122 11:38:00

Open TZ to N, injection and open vent line to maintain constant TZ pressure dunng 52-94 122 122 11:49:00

gas/brine exchange #1 in TZ.

Significant amount of gas flow with brine. 5-2-84 122 122 12:05:00

Shut in TZ (~1980 mL of brine withdrawn). 5-2-94 122 122 12:14:00

Open TZ to continue gas/brine exchange. 5-2-94 122 122 12:16:00
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Table 5-6 (Continued). Testing Sequence SCP01-2 Events

EVENT DATE CALENDAR 1994 TIME
- DAY CALENDAR (HH:MM:SS)
DAY
Shut in TZ (~410 mL of brine withdrawn) terminating gas/brine exchange #1 in TZ. 5-2-84 122 122 12:19:00
End data file SCPO1B08. 53-94 123 123 08:39:58
Depressurize TZ. 5-3-94 123 123 09:02:.00
Depressurize GZ. 53-94 123 123 09:04:00
Deflate GZP. 5-3-84 123 123 09:08:00
Deflate TZP. 5-3-94 123 123 08:10:00
Remove test too! to extend vent line to the bottom of the borehale. 5-3-94 123 123 14:35:00
TZP was damaged during removal and cannot be used. 5-3-94 123 123 15:00:00
Install single-packer test tool in borehols so that TZ Is not open to atmosphere. 5-5-94 125 125 14:32:00
Inflate TZP to ~13.8 MPa. 5-6-94 126 126 10:22:00
Pressurize TZ to ~9.5 MPa. 5-6-94 126 126 10:30:00
Depressurize TZ. 5-6-94 126 126 08:29:00
Deflate TZP. 5-6-94 126 126 08:30:00
Remove single-packer test tool. 5-6-94 126 126 08:45:00
Install double-packer test tool with new Baker elements to original position with a 5-9-94 129 129 13:00:00
2.817 m vent line extension to reach the bottom of the borehole as indicated in tool
configuration diagram #2 (Figure 5-8).
Begin data file SCP01B09. 5-9-94 129 129 13:01:12
Inflate TZP to ~15.2 MPa via accumulator. 5-9-94 129 129 13:07:00
Inflate GZP to ~15.2 MPa via accumulator. 5-9-84 129 128 13:29:00
Pressurize TZ to ~6.9 MPa. 59-94 129 129 13:45:00
Open TZ to accumulator at ~9.5 MPa. 5-9.94 129 129 13:55:00
Pressurize GZ to ~5.5 MPa. 5-9-94 129 129 13:58:00
Open TZP to accumuliator. 5-89.94 129 129 12:48:00
Shut in TZ from accumulator. 5-10-94 130 130 12:42:00
Shut in TZP and GZP from accumulator. 5-11-84 131 131 09:22:00
Decrease GZ pressure to ~5.5 MPa. 5-12-94 132 132 11:39:00
Begin gas/brine exchange #2 in TZ (~24655 mL of brine withdrawn). 5-16-94 136 136 12:33:00
Shut in TZ terminating gas/brine exchange #2 in TZ. 5-16-94 136 136 14:03:00
Open GZP to accumulator at ~8 MPa. 5-17-94 137 137 12:17:00
Pressurize N, injection line to ~TZ pressure. 5-17-94 137 137 12:38:00
Open TZ to flow meter set at 2 mL/min beginning gas-injection test #1 in TZ. 5-17-84 137 137 12:56:28
End data file SCPO1B03. 5-18-84 138 138 12:40:35
Begin data fils SCP01810. 5-18-94 138 138 12:55:26
Shut in TZ from flow meter because TZ pressure had surpassed N, pressure causing ~ 5-20-94 140 140 11:50:00
anomalous flow readings termminating gas-injection test #1.
End data file SCPO1B10. 5-20-94 140 140 12:11:57
Begin data file SCPO1811. 5-20-84 140 140 12:14:09
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Table 5-6 (Continued). Testing Sequence SCP01-2 Events

EVENT DATE CALENDAR 1984 TIME
DAY CALENDAR (HH:MM:SS)
DAY
End data file SCPO1B11. 5-23-94 143 143 12:40:38
Begin data file SCP01812. 5-23-94 143 143 13:32:38
End data file SCP01B12. 5-26-94 146 146 11:04:35
Shut in GZP from accumulator. 5-26-94 146 146 11:11:00
Open GZP to full accumulator. 5-26-94 146 146 11:14:00
Pressurize N2 injection line to ~8.7 MPa. 5-26-94 146 146 11:16:00
Begin data file SCPO1B13. 5-26-94 146 146 11:22:27
Open TZ to flow meter set at 0.2 mL/min beginning gas-injection test #2 in TZ. 5-26-94 146 146 11:24:46
End data file SCPO1B13. 5.27-94 147 147 12:27:25
Begin data file SCPO1B14. 5-27-94 147 147 12:30:39
End data file SCPO1B14. 5-31-94 151 151 11:59:20
Begin data file SCPO1B15. 5-31-94 151 151 12:19:59
End data file SCP01B15. 6-1-94 152 152 10:42:02
Begin data file SCPO1B16. 6-1-94 152 152 10:44:29
End data file SCP01B16. 6-2-94 153 153 13:38:54
Begin data file SCP01B17. 6-2-94 153 153 13:41:09
End data file SCP01B17. 6-3-94 154 154 11:23:42
Begin data file SCP01B18. 6-3-94 154 154 11:26:49
Shut in TZ from flow meter terminating gas-injection test #2 in TZ. 6-3-94 154 154 11:58:00
End data file SCP0O1B18. 6-20-94 171 171 12:05.04
Begin data file SCP01819. 6-20-94 171 171 12:25:40
End data file SCPO1B19. 6-27-94 178 178 11:07:08
Shut in GZ from accumulator. 8-2-94 214 214 09:01:00
Depressurize TZ. 8-2-94 214 214 09:14:.00
Depressurize GZ. 8-2-84 214 214 09:15.00
Deflate GZP. 8-2-94 214 214 09:21:00
Deflate TZP. 8-2-94 214 214 09:22:00
Remove GTPT tool #80OT-02 from borehole 8-2-94 214 214 13:00:00

Figures 5-18 through 5-22 illustrate the zone pressures, packer pressures, nitrogen-
injection rate, fluid-injection volume during test-zone compressibility tests, and the test-

zone compressibility as a function of pressure, respectively, during testing sequence
SCP01-2.

Table 5-7 indicates the equipment that was used and the duration that each instrument
was used during testing sequence SCP01-2.
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Table 5-7. Testing Sequence SCP01-2 Equipment

Equipment Location Serial # Installed Removed
DAS Software N/A / PERM4F 4-15-94 4-18-94
DAS Software N/A LABTECH 4.1.0 4-18-94 6-29-94
DCU (HP3497A) N/A 2629221996 4-15-94 4-18-94
DCU (HP75000) N/A 3035201445 4-18-94 6-29-94
Transducer
(Druck D930-18) Test Zone 609371 4-15-94 6-29-94
Transducer Test Zone
(Druck D930-18) Packer 609370 4-15-84 6-29-94
Transducer
(Druck D930-18) Guard Zone 609375 4-15-94 6-29-94
Transducer Guard Zone
(Druck D930-18) Packer 609372 4-15-94 6-29-94
Transducer DPT Panel/Mass
(Druck D930-18) Flow Meter 609368 4-15-94 6-29-94
(Rosem o?;tT 151DP) N/A 1140863 4-15-04 4-18-94
Injection Column N/A 76 4-15-94 4-15-94
Flow Meter N/A 921209a 4-18-94 6-29-94

(Bronkhorst F-230C-FA-22-V)

* Installed dates for injection columns refer to dates of initial use rather than date installed.
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Figure 5-18. Zone pressures during testing sequence SCP01-2.
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Injection Rate (mL/min)
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Figure 5-20. Nitrogen-injection rate during testing sequence SCP01-2.
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Figure 5-21. Brine-injection volume of test-zone compressibility test during testing
sequence SCP01-2.
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Figure 5-22. Calculated test-zone compressibility as a function of pressure obtained
from test-zone compressibility test during testing sequence SCP01-2.
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5.6.2 Gas-Threshold-Pressure Testing in Room C2

Testing sequence C2H02 was also designed to investigate the gas threshold pressure of
MB139 in an environment removed from the WIPP excavations. Borehole C2HO01 was
used as an observation borehole for a portion of testing sequence C2H02. Table 5-8 gives
a detailed description of the events that occurred during testing sequence C2H02.

Table 5-8. Testing Sequence C2H02 Events

EVENT DATE CALENDAR 1993 TIME
DAY CALENDAR (HH:MM:SS)
DAY
Remove long-term tool from borehole. 8-9-83 221 221 08:54:.00
Install double-packer test tool as indicated in test-tool configuration diagram #1 8-10-93 222 222 12:00:00
(Figure 5-10).

Begin data file C2H0201. 8-10-93 222 222 12:36:11
Inflate TZP. 8-10-93 222 222 12:36:57
Shut in TZP. 8-10-93 222 222 12:38:57
Inflate GZP. 8-10-93 222 222 12:39:27
Shut in GZP. 8-10-93 222 222 12:42:57
Open TZP to pressure accumulator. 8-10-93 222 222 13:01:27
Open GZP to pressure accumulator. 8-10-93 222 222 13:06:27
Circulate brine through TZ to eliminate all possible gas. 8-10-93 222 222 13:22:27
Pressurize TZ via accumulator to ~7.6 MPa. 8-10-93 222 222 13:40:57
Pressurize GZ to ~ 5.2 MPa. 8-10.93 222 222 13:46:57
Shutin GZ. 8-10-93 222 222 13:53:57
Shut in TZ from accumulator. 8-13-93 225 225 09:33:00
Open GZ to accumulator at ~ 5.3 MPa. 8-17-93 229 229 12:85:30
Shut in GZ from accumulator at 4.365 MPa. 8-23-93 235 235 08:37:25
Open GZ to accumulator at ~ 5.5 MPa (power outage). 8-27-93 238 239 13:49:00
Increase GZP pressure via accumulator by ~ 1.5 MPa to ~ 10.8 MPa. 9-6-93 250 250 10:55:05
Shut in GZ from accumulator at 4.786 MPa. 9-8-93 252 252 11:23:35
Withdraw ~ 2 mL of brine from GZ to observe the pressure response. 9-9-93 253 253 08:11:19
End data fite C2H0201. 9-9-93 253 253 12:44:23
Begin data file C2H0202. 8-9-83 253 253 12:47:08
Shut in GZP from accumultator at 10.588 MPa. 9-10-93 254 254 10:10:05

Open GZP to accumulator. 9-10-93 254 254 10:16:21
Open GZ to accumulator. 9-10-93 254 254 10:39:24
Shut in TZP from accumulator at 10.708 MPa. 8-10-93 254 254 10:43:54
Shut in GZ from accumulator at 4.763 MPa. $-10-93 254 254 10:48:54
Perform leak check on the gas injection system at 12.629 MPa. 9-10-93 254 254 12:31:.09
Begin gas/brine exchange #1 in TZ. 9-10-93 254 254 13:12:00
Stop gas/brine exchange #1 due to plugging of the flow valve. 9-10-93 254 254 13:16:00
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Table 5-8 (Continued). Testing Sequence C2H02 Events

EVENT DATE CALENDAR 1993 TIME
DAY CALENDAR  (HH:MM:SS)
DAY
Resume gas/brine exchange #1 removing ~1760 mL of brine prior to gas flow. 9-10-93 254 254 13:33:04
Shut in TZ at 8.380 MPa terminating gas/brine exchange #1 in TZ. 9-10-93 254 254 13:40:04
Begin N, injection at 3 mL/min. 9-13-93 257 257 10:21:46
Flow meter is not responding property. 9-13-83 257 257 10:24:26
Shut in TZ. 8-13-93 257 257 10:29:16
Open flow meter to TZ at 8.361 MPa. 9-14-93 258 258 08:52:30
Begin N, injection at 3 mU/min. $-14-93 258 258 08:59:45
Increase TZP pressure via accumulator and leave accumulator on line. 9-20-93 263 263 16:04:12
Shut in TZP from accumulator. 8-21-83 264 264 09:39:00
Switch P5 (#321768) from fiow meter to DPT panel. 9-22.93 265 265 11:51:40
End data file C2H0202. 9-24-93 267 267 12:47:09
Begin data file C2H0203. 9-24-93 267 267 13:10:21
Increase TZP pressure via accumulator and leave accumulator on line. 9-24-93 267 267 13:26:19
End data file C2H0203. 9-28-93 271 271 11:15:05
Disconnect flow meter and P5 (#321768) from the DAS. 9-28-93 271 27 12:25:00
Begin data file C2H0204. 9-28-93 271 271 12:52:57
Reconnect the flow meter to the DAS. 9-28-93 271 271 13:14:00
Switch P5 (#321768) from the DPT panel to C2HO1 TZ. 9-28-93 271 271 13:30:00
Shut in TZ from the flow meter terminating gas-injection test in TZ. 9-29-93 272 272 13:37.00
Increase GZP pressure via accumulator to 13.500 MPa and shut in. 9-30-93 273 273 10:26:00
Increase GZ pressure via accumulator to 10.120 MPa and left accumulator on line. 9-30-93 273 273 10:45:00
Shut in GZ from accumulator at 9.036 MPa. 10-8-93 281 281 10:05:00
Perform DPS #1 by decreasing TZ pressure ~ 0.5 MPa (P1 = 10.475 MPa). 10-11-93 284 284 14:31:00
Shut in TZ at 9.970 MPa terminating DPS #1. 10-11-93 284 284 14:32:20
Shut in GZ from accumulator. 10-14-93 287 287 07:25:00
Perform DPS #2 by decreasing TZ pressure ~ 0.25 MPa (P1 = 9.836 MPa). 10-15-93 288 288 08:58:00
Shut in TZ at 9.587 MPa terminating DPS #2. 10-15-93 288 288 08:59:20
Perform DPS #3 by decreasing TZ pressure ~ 0.15 MPa (P1 = 9.565 MPa). 10-19-93 292 292 08:04:00
Shut in TZ at 9.401 MPa terminating DPS #3. 10-18-93 292 292 08:04:50
Perform DPS #4 by decreasing TZ pressure ~ 0.2 MPa (Pt = 9.426 MPa). 10-22-93 285 295 09:22:00
Shut in TZ at 8.227 MPa terminating DPS #4. 10-22-93 295 295 09:23:05
End data file C2H0204. 10-26-93 299 299 11:04:43
Begin data file C2H0205. 10-26-93 299 299 11:34:36
Perform DPS #5 by decreasing TZ pressure ~ 0.2 MPa (P1 = 9.248 MPa). 10-26-93 299 299 11:58:00
Shut in TZ at 9.021 MPa temnating DPS #5. 10-26-93 299 299 11:58:20
Perform DPS #6 by decreasing TZ pressure ~ 0.12 MPa (P1 = 9.073 MPa). 11-1-93 305 305 09:42:00
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Table 5-8 (Continued). Testing Sequence C2H02 Events

EVENT DATE CALENDAR 1993 TIME
B DAY CALENDAR (HH:MM:SS)
DAY
Shut in TZ at 8.950 MPa terminating DPS #6. 11-1-93 305 305 09:42:20
Perform DPS #7 by decreasing TZ pressure ~ 0.1 MPa (P1 = 8.975 MPa). 11-11.93 315 315 11:41:00
Shut in TZ at 8.856 MPa terminating DPS #7. 11-11-93 315 315 11:41:20
End data file C2H0205. 11-23-93 327 327 08:27:28
Begin data file C2H0206. 11-23-93 327 327 10:16:33
Deflate TZP in preparation for gas/brine exchange (P1 = 3.872 MPa). 11-23-93 327 327 12:37:45
Begin gas/brine exchange #2 in TZ (injected ~ 4350 mL of brine into borehole). 11-23-93 327 327 12:54:32
Shut in TZ terminating gas/brine exchange #2. 11-23-93 327 327 13:00:00
Perform DPS #8 by decreasing TZ pressure to P1 = 6.837 MPa (no gas in TZ). 11-24-93 328 328 09:58:00
Shut in TZ at 6.837 MPa terminating DPS #3. 11-24-93 328 328 09:59:00
Inflate TZP to ~ 5.5 MPa. 11-24-93 328 328 10:23:00
Test tool moved out of the borehole ~ 4.5 cm as indicated in tool configuration 11-24-93 328 328 10:26.00
diagram #2 (Figure 5-11).
Deflate TZP. 11-24-93 328 328 11:01:00
Increase TZ pressure to 7.984 MPa by injecting ~760 mL of brine (no gas). 11-24-93 328 328 11:08:45
Perform pulse-withdrawal in GZ to check for gas (~1020 mL of gassy fluid then ~700  11-29-93 333 333 09:51:00
mL of fluid).
Depressurize zone. 11-29-93 333 333 09:58:00
Inflate TZP to ~ 12 MPa. 11-29-93 333 333 10:06:00
Open TZP to accumulator at ~ 12.5 MPa. 11-29-93 333 333 10:10:00
Increase GZ pressure to 6.200 MPa. 11-29-93 333 333 10:14.00
Increase TZ pressure to 8.140 MPa (circulated brine to eliminate all possible gas). 11-29-93 333 333 10:23:00
Shut in both zones (P1 = 8.931, P3 = 6.178 MPa). 11-29-93 333 333 10:25:35
End data file C2H0206. 12-20-93 354 354 08:23:13
Begin data file C2H0207. 12-20-93 354 354 09:29:54
End data file C2H0207 (end PERM4F DAS software). 12-28-93 362 362 08:56:42
Switch DAS from LABTECH to PERM4F (PS5 is not responding properly). 12-29-93 363 363 N/A
Begin data file C2H0208. 12-29-93 363 363 13:25.06
End data file C2H0208. 1-10-94 10 375 11:28:53
Begin data file C2H0209. 1-10-84 10 375 11:29:31
End data file C2H0209. 1-23-94 23 388 09:28:58
Begin data file C2H0210. 1-24-84 24 389 12:17:06
Perform pulse-withdrawal in TZ by decreasing TZ pressure to 6.743 MPa (~104 mL of  1-24-94 24 389 12:31:00
brine removed).
Shutin TZ. 1-24-94 24 389 12:33:00
End data file C2H0210. 2-16-94 46 411 09:20:23
Begin data file C2H0211. 2-16-84 46 411 09:23:44
End data file C2H0211. 3-4-94 63 434 14:20:41

5-43



Table 5-8 (Continued). Testing Sequence C2H02 Events

EVENT PATE CA[E)EI:‘YDAR CA:::::)AR (HH.:rhIHNI\IﬂE:SS)
DAY
Remove transducer 321768 (C2HO01) from system. 3-4-94 63 434 14:30:00
Begin data file C2H0212. 3-4-94 63 434 14:49:44
End data file C2H0212. 3-21-94 80 448 11:17:50
Remove test tool from borehole C2H02. 3-23-94 82 . 450 14:00:00

Figures 5-23 through 5-27 illustrate the zone pressures, packer pressures, nitrogen-
injection rate, and test-zone temperature, respectively, during testing sequence C2H02.

Table 5-9 indicates the equipment that was used and the duration that each instrument
was used during testing sequence C2H02.

Table 5-9. Testing Sequence C2H02 Equipment

Equipment Location Serial # Installed Removed
DAS Software N/A LABTECH 4.1.0 8-10-93 12-28-93
DAS Software N/A PERM4F 12-29-93 3-21-94
DCU (HP75000) N/A 3035201445 8-10-93 9-9-93
DCU (HP75000) N/A 3035a01445 9-9-93 12-28-93
DCU (HP3497A) N/A 2629221989 12-28-93 3-21-94
Transducer C2H02 Guard
(Druck PDCR 910) Zone Packer 308145 8-10-93 3-21-94
Transducer C2H02 Test
(Druck PDCR 910) Zone Packer 308150 8-10-93 3-21-04
Transducer C2H02 Test
(Druck PDCR 910) Zone 322422 8-10-93 3-21-94
Transducer C2H02 Guard
(Druck PDCR 910) Zone 507864 8-10-93 3-21-94
Transducer Mass Flow
(Druck PDCR 910) Meter/C2H01 TZ 321768 9-10-93 3-4-94
Thermocouple (Type E) C2H02 TZ 1 9-10-93 3-4-94
(Bronkhorst b 2300, F A22-V) N/A 9212092 9-10-03 9-28-93
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Figure 5-25. Nitrogen-injection rate during testing sequence C2HO02 in test borehole C2H02.
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5.6.2.1 OBSERVATION BOREHOLE C2HO01

Table 5-10 gives a description of the events associated with observation borehole C2H01
during testing sequence C2H02 .

Table 5-10. Events in Borehole C2HO01 During Testing Sequence C2H02

EVENT DATE CALENDAR 1993 TIME
DAY CALENDAR (HH:MM:SS)
DAY
Install single-packer fluld-pressure monitoring tool as indicated in the test-tool 3-13-91 72 N/A N/A
configuration diagram (Figure 5-9).
Switch P5 (#321768) from the DPT panel to C2H01 TZ. 9-28-93 271 271 13:30:00
Remove transducer #321768 from system. 3-4-94 63 434 14:30:.00
Terminate data collection. 3-18-94 7 442 11:18:00
Remove test tool from borehole C2H02. 3-23-84 82 447 14:00:00

MB139 in borehole C2H01 was monitored with Druck transducer #321768 during testing
sequence C2H02. This transducer was incorporated into the C2H02 DAS and is listed in
Table 5-9. Figure 5-27 illustrates the pressure in observation borehole C2H01 during
testing sequence C2HO02.

5.6.3 Gas-Threshold-Pressure Testing in Room L4
Testing sequence L4P52-B was designed to investigate the gas-threshold pressure of

MB138 in an environment removed from the WIPP excavations. Table 5-11 gives a
detailed description of the events that occurred during testing sequence L4P52-B.

Table 5-11. Testing Sequence L4P52-B Events

EVENT DATE CALENDAR 1993 TIME
DAY CALENDAR (HH:MM:SS)
DAY
Install double-packer test tool #37 as indicated in test-too! configuration diagram 12-16-92 350 N/A N/A

(Figure 3-31).

Change DAS from PERM4F to LABTECH in preparation for GTPT. 12-29-93 363 363 13:01:00

Begin data file L4AP52B08. 12-29-93 363 363 13:21:36

Repair a leaking fitting on GZ inject fine. 12-30-93 364 364 09:41:00

Deflate TZP in preparation for gas/brine exchange. 12-31-83 365 365 10:35:00

Perform gas/brine exchange #1 by withdrawing ~180 mL of brine. 12-31-93 365 365 11:54:00

Continue gas/brine exchange #1 withdrawing 6300 mL of brine to depressunze zone.  12-31-93 365 365 11:59:00

Deflate GZP. 12-31-93 365 365 13:11:00

Increase GZP pressure via accumulator to ~15 MPa. 12-31-93 365 365 14:00:00

Fill zones with brine. 12-31-83 365 365 14:46:00

Continue gas/brine exchange #1 by withdrawing ~850 mL of brine to expose MB138,  12-31-93 365 365 14:56:00
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Table 5-11 (Continued). Testing Sequence L4P52-B Events

EVENT DATE CALENDAR 1993 TIME
DAY CALENDAR (HH:MM:SS)
DAY

Increase TZP pressure via accumulator to ~15 MPa. 12-31-93 385 365 15:05:00

Increase TZ pressure to ~8 MPa. 12-31-93 365 365 15:13:00

Increase GZ pressure to ~8 MPa. 12-31-83 365 365 15:15:00

Shut in both packers from accumulator, 1-4-94 4 369 09:45:00

Open both packers to full accumulator. 1-4-84 4 369 10:34:00

Shut in both packers from accumulators, change N, bottle. 1-5-84 5 370 13:20:00

Open both packers to accumulator at a higher pressure. 1-594 5 370 13:27:00

Increase TZ pressure to ~9.3 MPa. 1-5-94 5 370 13:37:00

Repair leaking fitting on TZ inject fine. 1-6-94 6 371 10:22:.00

Shut in both packers from accumulator, 1-17-94 17 382 09:58:00

Perform gas/brine exchange #2 by injecting N, into TZ to remove ~950 mL of brine 1-17-94 17 382 10:27:.00
because MB138 is not fully exposed.

Deflate TZP. 1-17-94 17 382 10:33:00

Continue gas/brine exchange #2 by withdrawing ~1000 mL of brine from the zone. 1-17-94 17 382 10:40:00

Inflate TZP to ~15 MPa. 1-17-94 17 382 10:48:00

Pressurize TZ o ~8.7 MPa. 1-17-94 17 382 10:53:00

Pressurize GZ to ~8.3 MPa. 1-17-94 17 382 10:55:00

Open both packers to accumulator at ~15 MPa. 1-17-94 17 382 10:59:00

End data file L4P52B08. 1-2594 25 3%0 11:06:19

Begin data file L4P52B09. 1-25-94 25 390 12:12:47

Open TZ to the flow meter for a leak check of the system. 1-25-94 25 3%0 13:13:40

Open GZ to accumulator at ~10.2 MPa. 1-26-94 26 391 13:23:00

Increase GZ pressure via accumulator to ~9.8 MPa and left N, bottle in line. 1-27-94 27 392 09:05:00

Open pressure vaive to the flow meter, 1-27-94 27 392 09:16:00

Begin N, injection #1 into TZ at 2 mL/min. 1-27-84 27 392 09:18:00

Change N, injection rate into TZ to 0.8 mL/min to avoid possible fracture of MB138 1-28-94 28 393 14:30.00

terminating gas-injection test #1 and beginning gas-injection test #2.

Shut in TZ temminating gas-injection test #2. 2-1-94 32 397 10:18:45

Change N, injection rate to 0 mL/min. 2-1-94 32 397 10:19:00

End data file L4P52B09. 2-3-94 34 399 10:46:35

Begin data file L4P52B10. 2-3-94 34 399 11:03:58

Recharge GZ accumulator pressure. 2-8-94 33 404 11:14:.00

Shut in GZ from accumulator. 2-14-94 45 410 08:52:00

Open GZ to full accumulator at ~14.3 MPa. 2-14-94 45 410 09:12:00

Open pressure valve to flow meter. 2-14-94 45 410 10:53:00

Open flow meter to TZ. 2-14-94 45 410 10:56:00

Begin N, injection #3 into TZ at 1.1 mL/min. 2-14-94 45 410 11:00:00
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Table 5-11 (Continued). Testing Sequence L4P52-B Events

EVENT DATE CALENDAR 1993 TIME
DAY CALENDAR (HH:MM:SS)
DAY

End data file L4P52B10. 2-14-84 45 410 11:19:06

Begin data file L4P52B11. 2-14-84 45 410 11:42:59
Decrease N, injection rate due to faulty regulator on N, source terminating gas- 2-16-94 47 412 ~10:00:00

injection test #3 in TZ.
Cormrect N, injection rate to 1.1 mU/min by tapping on regulator beginning gas-injection  2-16-94 47 412 13:53:00
test#4in TZ.

Shut in TZ tenminating gas-injection test #4. 2-18-94 49 414 09:04:00

Change N, injection rate to O mUmin. 2-18-94 49 414 09:04:20

{nadvertent depressurization of GZ for ~ 2 minutes. 2-18-94 49 414 09:26.00

Repair leaking fitting on GZ accumulator. 2-18-94 49 414 09:34:00

End data file L4P52B11. 2-22-94 53 418 09:52:11

Begin data file L4P52B12. 2-22-94 53 418 10:08:57

UPS malfunction (possible loss of data). 3-3-94 62 427 N/A

Shut in GZ from accumulator. 34-94 63 428 12:30:00

Open GZ to full accumulator. 34-94 63 428 13:02:00

End data file L4P52B12. 3-4-94 63 428 13:04:12

Begin data file L4P52B13. 3-4-94 63 428 13:39:35

End data file L4P52B13. 3-8-94 67 432 11:36:36
Temporary termination of data collection to calibrate DCU #3035a01445. 3-8-94 67 432 ~12:00:00
Replace DCU #3035a301445. 3-9-94 68 433 11:00:00

Begin data file L4PS52B14. 3-9-94 68 433 11:53:01

Shut in GZ from accumulator. 3-8-94 68 433 12:44:00

Open GZ to full accumulator. 3-9-94 68 433 ' 13:05:00

Open TZ to flow meter. 3-9-94 68 433 13:09:00

Begin N, injection #5 into TZ at 0.6 mL/min. 3-9-94 68 433 13:10:00

Shut in TZ terminating gas-injection test #5. 3-11-94 70 435 13:03:00

Change N, injection rate to 0 mUmin. 3-11-94 70 435 13:04:00

Shut in GZ from accumuiator. 3-14-94 73 438 09:01:00

Open GZ to full accumulator. 3-14.94 73 438 09:33:00

End data file L4P52B14. 3-14-.94 73 438 11:11:08

Begin data file L4P52B15. 3-14-94 73 438 11:21:14

Perform DPS by decreasing TZ pressure from 9.866 MPa to ~9.56 MPa. 3-14-94 73 438 11:25:00
Shut in TZ. 3-14-94 73 438 11:25:42
Shut in GZ from accumulator. 3-18-94 7 442 12:09:00
Open GZ to full accumulator. 3-18-84 77 442 12:23:00

End data file L4P52B15. 3-21-94 80 445 11:36:10

Begin data file L4P52B16. 3-21-94 80 445 12:17:10
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Table 5-11 (Continued). Testing Sequence L4P52-B Events

EVENT PATE CA]I)EANYDAR CAI:S:%AR (HHjhlﬂbh‘ﬂE:SS)
DAY

Shut in GZ from accumulator. 3-24-84 83 448 10:18:00
Open GZ to full accumutator. 3-24-34 83 448 11:02:00
Shut in GZ from accumulator, 3-25-94 84 449 14:03:00
Shut in both packers from accumulator, 3-28-94 87 452 09:55:00
End data file L4P52B16. 3-31-94 20 455 11:27:06
Depressurize TZ. 5-4-94 124 489 10:46:00
Depressurize GZ. 54-94 124 489 10:45:00
Deflate GZP. 5-4-94 124 489 10:52:00
Deflate TZP. 54-94 124 489 10:54:00
Remove double-packer test tool #37 from borehole L4P52. 5-4.94 124 489 14:26:00

Figures 5-28 through 5-31 illustrate the zone pressures, packer pressures, nitrogen-
injection rate, and zone temperatures, respectively, during testing sequence L4P52-B.

Table 5-12 indicates the equipment that was used and the duration that each instrument
was used during testing sequence L4P52-B.

Table 5-12. Testing Sequence L4P52-B Equipment

Equipment Location Serial # Installed Removed
DAS Software N/A LABTECH 4.1.0 12-29-93 4-12-94
DCU (HP75000) N/A 3035a01445 12-29-93 3-8-94
DCU (HP75000) N/A 3035a01445 3-9-94 4-12-94
Transducer
(Druck PDCR 830) Test Zone 214048 12-17-92 4-12-94
Transducer Test Zone
(Druck PDCR 830) Packer 214466 12-17-62 4-12-94
Transducer Guard Zone
(Druck PDCR 830) Packer 214470 12-17-92 4-12-94
Transducer
(Druck PDCR 830) Guard Zone 246913 12-17-92 4-12-94
Transducer Mass Flow
(Druck PDCR 910) Meter 308148 1-20-4 4-12-04
Thermocouple (Type E) Test Zone 1 12-29-93 4-12-94
Flow Meter NIA 9212092 1:20-94 4-12-94

(Bronkhorst F-230C-FA-22-V)
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6. COMPLIANCE TESTING

6.1 Compliance-Testing Procedures

Pickens et al. (1987) showed that test-tool movement in response to packer inflation and
brine injection or withdrawal can affect fluid-pressure responses in isolated intervals in
boreholes in low-permeability media. In particular, packer movement due to packer
inflation can cause the packer element to displace brine in isolated intervals. In low-
permeability media, such displacement can cause changes in fluid pressure in the test
zone. Changes in the shape, volume, or position of the test tool that affect fluid-pressure
responses are referred to as compliance. Compliance may also affect the internal
pressure of fluid-filled packers as the inflatable synthetic-rubber packer elements stretch
or shrink in response to borehole or test-interval changes in pressure or temperature.

To evaluate the magnitude of compliance for the multipacker test tools, compliance tests
were performed on each of the test tools prior to installation in test boreholes. The
purpose of compliance testing was to (1) establish that the test tools were properly
assembled and sealed, (2) to evaluate test-tool responses to packer inflation and applied
pressure pulses, and (3) to quantify these test-tool responses by constructing test-zone-

compressibility versus pressure relationships. The results of the compliance tests are
presented below.

To begin compliance testing, a test tool or portion of a test tool was installed in a pressure-
tested stainless-steel chamber that was placed in a borehole in the underground WIPP
facility (Figure 6-1). The compliance-testing chamber consisted of a 4.5-inch (11.4-cm)
0.D. and 5.1-meter long section of stainless-steel casing. The test chamber was sealed
at one end with a welded cap and mated at the other end with a welded blind flange. The
test chamber was pressure tested and certified to a maximum allowable working pressure
of 1500 psig (10.3 MPa). The test chamber was placed in borehole ENP10 which was
drilled in the East 140 drift between the North 1100 and North 1420 drifts for compliance
testing (Figure 2-1). The borehole is a 5.5-inch (13.97-cm) diameter, 15.83-meter long
borehole, oriented 13° downward from the horizontal. The compliance chamber contained
enough brine to completely fill all zones after packer inflation. This testing configuration
served to minimize temperature related effects that were previously found to create
uncertainty in the compliance-testing results.

After a test tool was installed and before it was secured, all associated monitoring
instruments (pressure transducers, linear variable-differential transformers (LVDTs),
thermocouples, and differential-pressure transmitters (DPTs)) were connected to the data
acquisition system (DAS). The DAS was then activated and the monitoring instruments
were checked to verify that they were functioning properly. The test tool was then
positioned in the compliance chamber by monitoring the axial-LVDT output signal until the
axial LVDT was depressed approximately 5 cm. If no axial LVDT was associated with a
given test tool, the test tool was positioned in the compliance chamber to the desired level
by test-tool measurements and tubing talleys. The test tool was then secured to the
compliance chamber to prevent test-tool movement out of the compliance chamber.
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The test-tool's packers were sequentially inflated to pressures ranging from 10 MPa to 20
MPa with fresh water, uppermost packer first, followed by the next downhole packer, until
all packers were inflated. The packer-inflation pressures were monitored for 24 to 48 hours
for evidence of leaks or improper performance. Packer-inflation pressures usually
decrease during this period due to elasticity of the packer-element material. After
monitoring this pressure decay for the 24- to 48-hour period, packer-inflation pressures
were usually increased to the approximate original inflation pressure and monitored for an
additional 24 to 48 hours.

After satisfactory completion of the leak check/packer-inflation pressure adjustment
periods, the packers were usually attached to a pressure-maintenance system prior to
applying any pressure to the associated zones. The zones were then subjected to
pressure-injection pulses to the maximum pressure that would be expected in the borehole
in which the test tool was to be installed (6 MPa to 14 MPa range). The zones' fiuid
pressure responses were then monitored for evidence of leaks, and the associated packer-
inflation pressures were also monitored.

In most instances the test zone, and in some cases the second (guard) zone was
subjected to compressibility tests. These tests involved increasing the zone pressure from
0 MPa to maximum expected pressure (6 MPa to 14 MPa range) in a continuous manner
while monitoring the fluid volume necessary to provide such a pressure increase through
the DPT panel. When maximum pressure was reached, the process was repeated in the
reverse direction. Zone compressibility is an important factor in permeability testing
performed under shut-in conditions because, given the volume of a zone, the zone
compressibility govemns the pressure change resulting from the flow of a given amount of
fluid into or out of the zone. Beauheim et al.,, (1993) discusses zone compressibility
calculations in detail. These series of tests were generally performed with the packers
attached to pressure-maintenance systems. The information obtained from such a series
of tests provided the test-zone-compressibility versus pressure relationships for the specific
test-tool interval.

6.2 Compliance-Test Data
Table 6-1 provides information pertaining to compliance testing associated with the various

testing programs. Complete data files and abridged tabulations of the data are stored in
the SWCF under WPO #42269.

Table 6-1. Compliance-Testing Information

Test Tool # Testing Sequence Borehole Testing Performed
none provided C1X10 C1X10 No

32A C1X10 C1HO05 Yes

328 C1X10 C1HO06 Yes
none provided C1X10/C1X05-A/C2H02 C2HO01 No




Table 6-1 (Continued). Compliance-Testing Information

Test Tool # Testing Sequence Borehole Testing Performed
none provided C1X10/C1X05-A DPD02 No
none provided C1X10/C1X05-A DPDO03 No
33A L4P51-C1 L4P51 Yes
33B L4P51-C1 L4P51 Yes
none provided C1X05-A C1X05 No
34 C1X05-A C1HO7 Yes
35 S1P74-A S1P74 Yes
36 C1X05-A C1X06 Yes
37 L4P52-B L4P52 Yes
38A SCP01-1 SCP01 Yes
38B SCP01-1 SCPO1 No
none provided C1X05-B C1X05 No
39 C1X05-B C1HO7 Yes
40 C1X05-B C1X06 Yes
41 L4P51-C2 L4P51 Yes
BOT-01 SCP01-2 SCPO1 Yes
BOT-02 SCP01-2 SCPO1 No
P51-D1A L4P51-D1 L4P51 Yes
P51-D1B L4P51-D1 L4P51 No
P74-B S1P74-B S1P74 Yes
P51-D2 L4P51-D2 L4P51 No

Acronyms used in the tables presented in this section are as follows:

TZ = Test Zone
TZ1 = Test Zone 1
TZ2 = Test Zone 2
GZ = Guard Zone
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6.2.1 Test Tool #32A (Borehole C1H05, Coupled Permeability and Hydrofracture-
Testing Sequences C1X10 and C1X05-A)

Table 6-2 gives a detailed description of the events that occurred during compliance testing
of test tool #32A. Figures 6-2 through 6-4 illustrate the zone pressure, packer pressure,
and zone temperature, respectively, for test tool #32A. Figure 4-9 illustrates the
configuration of test tool #32A as assembled for compliance testing.

Table 6-2. Events Associated with Compliance Testing of Test Tool #32A; Borehole
C1HO05; Sequence C1X10

EVENT DATE CALENDAR 19892 TIME
DAY CALENDAR (HH:MM:SS)
DAY
Assemble single-packer test too] #32A to be used in borehole C1HO5 during testing ~ 1-10-92 10 10 13:43:00
sequence C1X10.
Fill TZ with fresh water. 1-10-92 10 10 14:15:.00
Inflate packer to ~10.3 MPa, 1-10-92 10 10 14:30:00
Begin data file COMP32. 1-10-92 10 10 14:32:36
Increase TZ pressure ~6.9 MPa. 1-10-2 10 10 14:35:00
DAS not functioning upon arrival. 1-13-92 13 13 08:55:00
End data file COMP32, 1-13-92 13 13 11:15:20
Begin data file COMP32A. 1-13-92 13 13 11:18:20
End data file COMP32A. 1-15-92 15 15 09:23:01
Remove test tool from compliance chamber and move to borehole C1HO05. 1-15-92 15 15 09:25:00

Table 6-3 indicates the equipment that was used and the duration that each instrument
was used during compliance testing of test tool #32A. Test tool #32A was used in
observation borehole C1HO05 during testing sequences C1X10 and C1X05-A.

Table 6-3. Compliance Equipment Associated with Test Tool #32A; Borehole C1HO05;
Sequences C1X10 and C1X05-A

Equipment Location Serial # Installed Removed
DAS Software N/A PERM4F -+ 1410-92 1-15-92
DCU (HP3497A) N/A 2514a17149 1-10-92 1-15-92
Transducer
(Druck PDCR 830) Test Zone 246917 1-10-92 1-15-92
Transducer Test Zone
(Druck PDCR 830) Packer 246919 1-10-92 1-15-92
Thermocouple (Type E) Test Zone 1 1-10-92 1-15-92
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Figure 6-2. Zone pressure during compliance testing of test tool #32A.
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6.2.2 Test Tool #32B (Borehole C1H06, Coupled Permeability and Hydrofracture-
Testing Sequences C1X10 and C1X05-A)

Table 6-4 gives a detailed description of the events that occurred during compliance testing
of test tool #32B. Figures 6-5 and 6-6 illustrate the zone and packer pressures,
respectively, for test tool #32B. Figure 4-10 illustrates the configuration of test tool #32B
as assembled for compliance testing.

Table 6-4. Events Associated with Compliance Testing of Test Tool #32B; Borehole
C1HO06; Sequences C1X10

EVENT DATE CALENDAR 1992 TIME
DAY CALENDAR  (HH:MM:SS)
DAY
Assemble single-packer test tool #32B to be used in borehole C1HOS during testing 1-13-82 13 13 11:18:00
sequence C1X10.
Begin data file COMP32A. 1-13-92 13 13 11:18:20
Inflate packer. 1-13-92 13 13 11:22:00
Increase TZ pressure. 1-13-92 13 13 11:27:00
Depressurize TZ and deflate packer. 1-13-92 13 13 11:38:00
Inflate packer. 1-13-92 13 13 11:53:00
Increase TZ pressure, 1-13-92 13 13 11:58:00
End data file COMP32A. 1-15-92 15 15 08:23:01
Remove test tool from compliance chamber and move to borehole C1HO6. 1-15-92 15 15 09:25:00

Table 6-5 indicates the equipment that was used and the duration that each instrument
was used during compliance testing of test tool #32B. Test tool #32B was used in
observation borehole C1HO06 during testing sequences C1X10 and C1X05-A.

Table 6-5. Compliance Equipment Associated with Test Tool #32B; Borehole C1HO06:
Sequences C1X10 and C1X05-A

Equipment Location Serial # Installed Removed
DAS Software N/A PERM4F 1-13-92 1-15-92
DCU (HP3497A) N/A 2514217149 1-13-92 1-15-92
Transducer
(Druck PDCR 830) Test Zone 246916 1-13-92 1-15-92
Transducer Test Zone
(Druck PDCR 830) Packer 246918 1-13-92 1-15-92
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Figure 6-6. Packer pressure during compliance testing of test tool #32B.

6-11



6.2.3 Test Tool #33A (Permeability-Testing Sequence L4P51-C1)

Table 6-6 gives a detailed description of the events that occurred during compliance testing
of test tool #33A. Figures 6-7 through 6-13 illustrate the zone pressures, packer pressures,
zone temperatures, axial-LVDT displacement, radial-LVDT displacement, fluid-injection
volumes during compressibility tests, and test-zone compressibility as a function of
pressure, respectively, for multipacker test tool #33A. It should be noted that Figures 6-12
and 6-13 each consist of two parts (ex. Figures 6-12a and 6-12b). Figure 3-22 illustrates
the configuration of test tool #33A as assembled for compliance testing.

Table 6-6. Events Associated with Compliance Testing of Test Tool #33A; Borehole

L4P51; Sequence L4P51-C1

EVENT DATE CALENDAR 1992 TIME
DAY CALENDAR (HH:MM:SS)
DAY
Assemble multipacker test too! #33A to be used in borehole L4P51 during testing 2-24-92 55 55 12:00:00
sequencs L4P51-C1.

Begin data file COMP33A. 2-25-92 56 56 13:46:11
Inflate GZ packer. 2-25-92 56 56 14:12:00
Inflate TZ packer. 2-25-92 56 56 14:15:00
Open GZ packer to accumulator. 2-26-92 57 57 10:24:30
Open TZ packer to accumulator. 2-26-92 57 57 10:25:15
End data file COMP33A. 2-26-82 57 57 11:51:18
Begin data file COMP33B. 2-26-92 57 57 11:59:44
Increase GZ pressure via DPT panel. 2-26-92 57 57 13:17:00
Depressurize GZ. 2-26-92 57 57 13:24:00
Increase GZ pressure via DPT panel. 2-26-92 57 57 13:27.00
Shutin GZ. 2-26-92 57 57 13:35:45
Increase TZ pressure via DPT panel. 2-26-92 57 57 13:46:13
Shutin TZ. 2-26-92 57 57 14:10:44
Depressurize GZ via DPT panel. 3-3-92 63 63 10:37:00
Increase GZ pressure via DPT panel. 3392 63 63 10:44:52
Shut in GZ. 3-3-92 63 63 10:51:.08
Shut in packers from accumulators. 3-3-92 63 63 10:52:53
Increase TZ pressure via DPT panel. 3-3-92 63 63 11:00:00
Decrease TZ packer pressure via DPT panel. 3-3-92 63 63 11:52:39
Shut in TZ from DPT panel. 3-9-92 69 69 09:35:30
End data fils COMP338. 3-24-92 84 84 08:43:52
Begin data file COMP33C. 3-24-92 84 84 09:51:25
Begin TZ compressibllity test. 3-24-92 84 84 10:02:00
Shutin TZ. 3-24-92 84 84 12:14:05
Open packers to accumulator. 3-24-92 84 84 12:31:06
Removed ~10 mL of fluld from TZ. 3-26-92 86 86 09:11:00
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Table 6-6 (Continued). Events Associated with Compliance Testing of Test Tool #33A;
Borehole L4P51; Sequence L4P51-C1

EVENT DATE CALENDAR 1992 TIME
’ DAY CALENDAR (HH:MM:SS)
DAY

Increase TZ pressure via DPT panel. 3-31-92 91 81 14:02:52
Depressurize GZ via DPT panel. 4-8-92 99 99 08:42:35
Increase GZ pressure via DPT panel. 4-8-92 99 9 09:18:10
Shutin GZ. 4-8-92 99 99 10:45:36
Depiessurize TZ via DPT panel. 4-22-92 113 113 09:51:33
Depressurize GZ via DPT panel. 4-22.92 113 113 10:15:33
Deflate GZ packer. 4-22-92 113 113 10:38:03
Deflate TZ packer. 4-22.92 113 113 10:40:33
End data file COMP33C. 4-22-92 113 113 11:1349
Remove test tool #33A from compliance chamber and move to borehole LAP51. 4-22-92 113 113 12.00:.00

Table 6-7 indicates the equipment that was used and the duration that each instrument
was used during compliance testing of test-tool #33A. Test tool #33A was used in
permeability-testing sequence L4P51-C1.

Table 6-7. Compliance Equipment Associated with Test Tool #33A; Borehole L4P51;
Sequence L4P51-C1

Equipment Location Serial # Instalied Removed
DAS Sofiware N/A PERMA4F 2-25-92 4-22-92
DCU (HP3497A) N/A 2514217149 2-25-92 4-22-92
Transducer
(Druck PDCR 10/D) Test Zone 211690 2-25-92 4-22-92
Transducer Test Zone
(Druck PDCR 10/D) Packer 211695 2:25-92 4-22-92
Transducer
(Druck PDCR 830) Guard Zone 246914 2-25-92 4-22-92
Transducer Guard Zone
(Druck PDCR 830) Packer 246920 22592 422:92
Transducer
(Druck PDCR 830) DPT Panel 246912 2-25-92 4-22-92
LVDT (Trans-Tek 241) N/A R04 2-25-92 4-22-92
LVDT (Trans-Tek 241) N/A R16 2-25-92 4-22-92
LVDT (Trans-Tek 241) N/A R17 2-25-92 4-22-92
LVDT (Trans-Tek 245) N/A A02 2-25-92 4-22-92
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Table 6-7 (Continued). Compliance Equipment Associated with Test Tool #33A;
Borehole L4P51; Sequence L4P51-C1

Equipment Location Serial # Installed Removed
Thermocouple (Type E) Test Zone 1 2-25-92 4-22-92
Thermocouple (Type E) Guard Zone 2 2-25-92 4-22-92

Injection Column N/A 38 2-25-92 4-22-92
injection Column N/A 39 2-25-92 4-22-92
(Rosemo?lm 1510P) N/A 1389938 2-25-92 4-22.92
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Figure 6-7. Zone pressures during compliance testing of test tool #33A.
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Figure 6-8. Packer pressures during compliance testing of test tool #33A.
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Figure 6-9. Zone temperatures during compliance testing of test tool #33A.
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Figure 6-10. Axial-LVDT displacement during compliance testing of test tool #33A.
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Figure 6-11. Radial-LVDT displacement during compliance testing of test tool #33A.
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Figure 6-12a. Test-zone fluid-injection volumes during compliance testing of test tool #33A.
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Figure 6-12b. Guard-zone fluid-injection volumes during compliance testing of test tool #33A.
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Figure 6-13a. Test-zone compressibility as measured during compliance testing of test tool #33A.
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Figure 6-13b. Guard-zone compressibility as measured during compliance testing of test tool #33A.
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6.2.4 Test Tool #34 (Borehole C1H07, Coupled Permeability and Hydrofracture-
Testing Sequence C1X05-A)

Table 6-8 gives a detailed description of the events that occurred during compliance testing
of test tool #34. Figures 6-14 and 6-15 illustrate the zone and packer pressures,
respectively, for test tool #34. Figure 4-12 illustrates the configuration of test tool #34 as
assembled for compliance testing.

Table 6-8. Events Associated with Compliance Testing of Test Tool #34; Borehole
C1HO7; Sequence C1X05-A

EVENT DATE CALENDAR 1992 TIME
DAY CALENDAR (HH:MM:SS)
DAY
Assemble single-packer test tool #34 to be used in borehole C1HO7 during tasting 6-2-92 154 154 09:30:00
sequence C1X05-A.

Begin data file COMP34A. 6-2-92 154 154 09:58:03
Inflate packer to ~10 MPa. 6-2-92 154 154 09:59:13
Shut in packer. 6-2-92 154 154 10:00:43
Increase TZ pressure to ~6 MPa. 6-2-92 154 154 10:06:13
Shutin TZ. 6-2-92 154 154 10:06:43
Increase TZ pressure to ~4.1 MPa 6-4-92 156 156 10:23:00
Shutin TZ. 6-4-92 156 156 10:24:00
End data file COMP34A. 6-17-92 169 169 09:43:42
Remove test too! #34 from compliance chamber and move to borehole C1H07. 6-17-92 169 169 12:00:00

Table 6-9 indicates the equipment that was used and the duration that each instrument
was used during compliance testing of test tool #34. Test tool #34 was used in observation
borehole C1HO7 during testing sequence C1X05-A.

Table 6-9. Compliance Equipment Associated with Test Tool #34; Borehole C1HO7;

Sequence C1X05-A
Equipment Location Serial # Installed Removed
DAS Software N/A PERM4F 6-2-92 6-17-92
DCU (HP3497A) N/A 2629222040 6-2-92 6-17-92
Transducer
(Druck PDCR 910) Test Zone 322424 6-2-92 6-17-92
Transducer Test Zone
(Druck PDCR 910) Packer 322426 6-2-92 6-17-02
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Figure 6-14. Zone pressure during compliance testing of test tool #34.
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Figure 6-15. Packer pressure during compliance testing of test tool #34.
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6.2.5 Test Tool #35 (Permeability-Testing Sequence S1P74-A)

Table 6-10 gives a detailed description of the events that occurred during compliance
testing of test tool #35. Figures 6-16 through 6-22 illustrate the zone pressures, packer
pressures, zone temperatures, axial-LVDT displacement, radial-LVDT displacement, fluid-
injection volumes during compressibility tests, and test-zone compressibility as a function
of pressure, respectively, for multipacker test tool #35. It should be noted that Figures 6-21
and 6-22 each consist of two parts (ex. Figures 6-21a and 6-21b). Figure 3-32 illustrates
the configuration of test tool #35 as assembled for compliance testing.

Table 6-10. Events Associated with Compliance Testing of Test Tool #35; Borehole

S1P74; Sequence S1P74-A

EVENT DATE CALENDAR ~ 1992 TIME
DAY CALENDAR (HH:MM:SS)
DAY
Assembled multipacker test tool #35 to be used in borehole S1P74 during testing 6-17-92 169 169 12:00:00
sequence S1P74-A.
Begin data file COMP35A. 6-18-92 170 170 11:02:5¢
Inflate GZ packer to ~11.0 MPa and shut in. 6-18-92 170 170 11:05:00
Inflate TZ packer. 6-18-92 170 170 11:06:00
Shut in TZ packer. 6-18-92 170 170 11:08:00
DAS not functioning upon arrival. 6-19-92 71 m 08:30:00
Increase GZ pressure to ~4.1 MPa. 6-19-92 171 171 09:01:00
Shutin GZ. 6-19-82 171 171 09:04:00
Increase TZ pressure to ~4.1 MPa and shut in. 6-18-92 171 1 09:05:00
Appears to be a leak in GZ. 6-22-92 174 174 09:00:00
End data file COMP35A. 6-22-92 174 174 11:08:44
Remove test tool from compliance chamber, diagnose and eliminate leakin GZ,and  6-22-92 174 174 11:30:00
reinstall test tool in compliance chamber.
Begin data file COMP358. 6-22-92 174 174 11:42:16
inflate GZ and TZ packers. 6-22-92 174 174 11:45:00
Increase TZ pressure to ~4.1 MPa. 6-22-92 174 174 12:00:00
Leak on TZ packer caused packer deflation and depressurization of TZ and GZ. 6-26-92 178 178 12.00:.00
End data file COMP358. 6-26-92 178 178 12:30:00
Begin data file COMP35C. 6-29-92 181 181 09:25:15
Inflate TZ and GZ packers. 6-29-92 181 181 09:53:25
Shut in TZ and GZ packers at ~11.0 MPa. 6-29-92 181 181 09:56:50
End data fils COMP35C. 6-30-92 182 182 11:25:53
Remove transducers from P1 and P3. 6-30-92 182 182 11:30:00
Install transducers 246912 and 246910, respectively on P1 and P3. 6-30-92 182 182 11:45:00
Begin data fils COMP35D. 6-30-92 182 182 13:19:00
Increase GZ pressure to ~4.1 MPa. 7-1-92 183 183 08:22:00
Decrease TZ packer pressure from 12.4 MPa to 10.7 MPa. 7-1-92 183 7 183 08:25:00
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Table 6-10 (Continued). Events Associated with Compliance Testing of Test Tool #35;
Borehole S1P74; Sequence S1P74-A

EVENT DATE CALENDAR 1992 TIME
DAY CALENDAR  (HH:MM:SS)
DAY

Increase TZ pressure to ~4.1 MPa. 7-1-82 183 183 09:11:00
Decrease TZ pressure by removing 20 mL of fluid. 7-8-92 190 180 09:06:00
Decrease GZ pressure by removing 19 mL of fluid. 7-8-92 190 190 09:07:00
End data fils COMP35D. 7-8-92 190 180 10:34:44
Begin data file COMP3SE. 7-8-92 190 190 11:17:34
Begin TZ compressibility test. 7-8-92 180 180 11:19:05
Shutin TZ. 7-8-92 180 190 11:20:21
Depressurize TZ. 7-8-92 190 180 11:24:43
Begin TZ compressibility test. 7-8-92 180 190 11:28:18
Shutin TZ. 7-8-92 190 180 11:46:52
Begin GZ compressibility tast. 7-8-92 190 190 12:29:11
Shutin GZ. 7-8-92 180 190 12:31:00
Depressurize GZ. 7-8-92 180 180 12:34:00
Begin GZ compressibility test. 7-8-92 190 180 12:39:10
Shutin GZ 7-8-92 180 180 12:51:26
Begin constant pressure withdrawal from TZ at 6.4 MPa. 7-13-92 195 195 10:48:04
Shutin TZ. 7-16-92 198 198 12:59:54
End data file COMP3SE. 7-20-92 202 202 13:35:49
Remove test tool #35 from compliance chamber and move to borehols S1P74. 7-21-92 203 203 12:00:00

Table 6-11 indicates the equipment that was used and the duration that each instrument
was used during compliance testing of test tool #35. Test tool #35 was used in
permeability-testing sequence S1P74-A.

Table 6-11. Compliance Equipment Associated with Test Tool #35; Borehole S1P74;

Sequence S1P74-A
Equipment Location Serial # Installed Removed
DAS Software N/A PERM4F 6-18-92 7-21-92
DCU (HP3497A) N/A 2629222040 6-18-92 7-21-92
Transducer
(Druck PDCR 910) Test Zone 322424 6-18-92 6-30-92
Transducer Test Zone
(Druck PDCR 910) Packer 308152 6-18-92 7-21-92
Transducer
(Druck PDCR 910) Guard Zone 322427 6-18-92 6-30-92
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Table 6-11 (Continued). Compliance Equipment Associated with Test Tool #35;
Borehole S1P74; Sequence S1P74-A

Equipment Location . Serial # Installed Removed
Transducer
(Druck PDCR 910) DPT Panel 322427 7-8-92 7-21-92
Transducer Guard Zone
(Druck PDCR 910) Packer 322423 6-18-92 7-21-92
Transducer
(Druck PDCR 830) Test Zone 246912 6-30-92 7-21-92
Transducer
(Druck PDCR 830) Guard Zone 246910 6-30-92 7-21-92
LVDT (Trans-Tek 241) N/A R16 6-18-92 7-21-92
LVDT (Trans-Tek 241) N/A R04 6-18-92 7-21-92
LVDT (Trans-Tek 241) N/A R17 6-18-92 7-21-92
LVDT (Trans-Tek 245) N/A A02 6-18-92 7-21-92
Thermocouple (Type E) Test Zone 1 6-18-92 7-21-92
Thermocouple (Type E) Guard Zone 2 6-18-92 7-21-92
Injection Column N/A 38 7-8-92 7-21-92
Injection Column N/A 39 7-8-92 7-21-92
DPT :
(Rosemount 1151DP) NIA 1140863 7-8-92 7-21-92
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Figure 6-16. Zone pressures during compliance testing of test tool #35.
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Figure 6-17. Packer pressures during compliance testing of test tool #35.
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Figure 6-18. Zone temperatures during compliance testing of test tool #35.
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Figure 6-19. Axial-LVDT displacement during compliance testing of test tool #35. -
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Figure 6-20. Radial-LVDT displacement during compliance testing of test tool #35.
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Figure 6-21a. Test-zone fluid-injection volumes during compliance testing of test tool #35.
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Figure 6-21b. Guard-zone fluid-injection volumes during compliance testing of test tool #35.
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Figure 6-22a. Test-zone compressibility as measured during compliance testing of test tool #35.
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Figure 6-22b. Guard-zone compressibility as measured during compliance testing of test tool #35.
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6.2.6 Test Tool #36 (Borehole C1X06, Coupled Permeability and Hydrofracture-
Testing Sequence C1X05-A)

Table 6-12 gives a detailed description of the events that occurred during compliance
testing of test tool #36. Figures 6-23 and 6-24 illustrate the zone and packer pressures,
respectively, for test tool #36. Figure 4-13 illustrates the configuration of test tool #36 as
assembled for compliance testing.

Table 6-12. Events Associated with Compliance Testing of Test Tool #36; Borehole
C1X06; Sequence C1X05-A

EVENT DATE CALENDAR 1992 TIME
DAY CALENDAR (HH:MM:SS)
DAY
Assemble multipacker test tool #36 to be used in borehole C1X06 during testing 9-24-92 268 268 09:00:00
sequence C1X05-A.

Begin data file COMP36. 9-24-92 268 268 11:58:47

Inflate packer. 9-24-92 268 268 12.08:56
Shut in packer. 9-24-92 268 268 12:11:26
Increase TZ pressure. 9-24-92 268 268 12:17:56
Shut in TZ. 9-24-92 268 268 12:20:26
End data file COMP36. 9-28-92 272 272 08:27:37
Depressurize TZ, deflate packer, remove test tool from compliance chamber, install 9-28-92 272 272 08:30:00

axial-LVDT, and reinstall test tool in compliance chamber.

Begin data file COMP36A. 9-28-92 272 272 14:10:12
End data file COMP36A. 9-30-92 274 274 13:33:.04
Depressurize TZ, deflate packer, and remove test tool from compliance chamberand ~ 9-30-92 274 274 14:00:.00

move to borehole C1X06.

Table 6-13 indicates the equipment that was used and the duration that each instrument
was used during compliance testing of test tool #36. Test tool #36 was used in observation
borehole C1X06 during testing sequence C1X05-A.

Table 6-13. Compliance Equipment Associated with Test Tool #36; Borehole C1X06;

Sequence C1X05-A
Equipment Location Serial # Installed Removed
DAS Software N/A PERM4F 9-24-92 9-30-92
DCU (HP3497A) N/A 2629221990 9-24-92 9-30-92
Transducer Test Zone
(Druck PDCR 910) Packer 308143 9-24-92 9-30-92
Transducer
(Druck PDCR 910) Test Zone 308146 9-24-92 9-30-92
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Figure 6-23. Zone pressure during compliance testing of test tool #36.
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Figure 6-24. Packer pressure during compliance testing of test tool #36.



6.2.7 Test Tool #37 (Permeability-Testing Sequence L4P52-B)

Table 6-14 gives a detailed description of the events that occurred during compliance
testing of test tool #37. Figures 6-25 through 6-31 illustrate the zone pressures, packer
pressures, zone temperatures, axial-LVDT displacement, radial-LVDT displacement, fluid-
injection volumes during compressibility tests, and test-zone compressibility as a function
of pressure, respectively, for multipacker test tool #37. Figure 3-31 illustrates the
configuration of test tool #37 as assembled for compliance testing.

Table 6-14. Events Associated with Compliance Testing of Test Tool #37; Borehole
L4P52; Sequence L4P52-B

EVENT DATE CALENDAR 1992 TIME
DAY CALENDAR (HH:MM:SS)
DAY
Assemble multipacker test tool #37 to be used in borehole L4P52 during testing 10-30-92 304 304 12.00:00
sequence L4P52-B.

Inflate TZ packer. 10-31-92 305 305 12:10:06
Shut in TZ packer. 10-31-92 305 305 12:11:07
Inflate GZ packer. 10-31-92 305 305 12:12:37
Shut in GZ packer. 10-31-92 305 305 12:13:37
Increase TZ packer and GZ packer pressure. 10-31-92 305 305 12:19:07
Begin data file COMP3701. 11-2-92 307 307 12:04:57
Increase TZ and GZ pressure to ~4.8 MPa. 11-9-92 314 314 10:11:00
Depressurize TZ and GZ to fix leaky fitting. 11-10-92 315 315 12:38:00
End data file COMP3701. 11-10-82 315 315 14:17:58
Begin data file COMP3702. 11-11-82 316 316 08:57:15
Begin TZ compressibility test. 11-11-82 316 316 10:31:00
Shutin TZ 11-11-82 316 316 10:52:00
Begin GZ compressibliiity test. 11-11.92 316 316 11:00:00
Shut in GZ. 11-11-92 316 316 11:18:00
End data file COMP3702. 11-13-92 318 318 10:39:40
Begin data file COMP3703. 11-13-92 318 318 10:43:53
End data fils COMP3703. 11-17-92 322 322 07:55:46
Replace valves on TZ and GZ. 11-23-92 328 328 10:19:00
DAS not functioning upon arrival. 11-30-92 335 335 12:00:00
Begin data fils COMP3704, 11-30-92 335 335 13:29:08
Increase TZ and GZ pressure. 11-30-92 335 335 13:49:00
Depressurize zones and deflate packers. 12-2-92 337 337 12:00:00
End data file COMP3704. 12-2-92 337 337 12:20:04
Begin data file COMP3705. 12-3-92 338 338 09:55:27
Inflate TZ packer and GZ packer. 12-3-92 338 338 10:12:00
increasa TZ and GZ pressure. 12-4-92 339 339 12:00:00
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Table 6-14 (Continued). Events Associated with Compliance Testing of Test Tool #37;
Borehole L4P52; Sequence L4P52-B

EVENT DATE CALENDAR 1892 TIME
a - DAY CALENDAR (HH:MM:SS)
DAY

Depressurize TZ and GZ. 12-4-92 339 339 12:01:00

increase TZ pressure to ~4.5 MPa. 12-4-92 339 339 13:23:00

Increase GZ pressure to ~4.5 MPa. 124-92 339 339 13:25:00

End data file COMP3705. 12-7-92 342 342 11:16:27

Remove test tool #37 from compliance chamber and move to borehole L4P52, 12-14-92 349 349 09:40:28

Table 6-15 indicates the equipment that was used and the duration that each instrument
was used during compliance testing of test tool #37. Test tool #37 was used in
permeability-testing sequence L4P52-B.

Table 6-15. Compliance Equipment Associated with Test Tool #37; Borehole L4P52;
Sequence L4P52-B

Equipment Location Serial # Installed Removed
DAS Software N/A PERM4F 10-31-92 12-7-92
DCU (HP3497A) N/A 2629222040 10-31-92 12-7-92
Transducer
(Druck PDCR 830) Test Zone 214048 10-31-92 12-7-92
Transducer Test Zone
(Druck PDCR 830) Packer 214466 10-31-92 12-7-02
Transducer
(Druck PDCR 830) Guard Zone 246913 10-31-92 12-7-92
Transducer Guard Zone
(Druck PDCR 830) Packer 214470 10-31-92 12-7-92
Transducer
(Druck PDCR 910) DPT Panel 322427 11-11-92 11-13-92
LVDT (Trans-Tek 241) N/A R09 10-31-92 12-7-92
LVDT (Trans-Tek 241) N/A RO3 10-31-92 12-7-92
LVDT (Trans-Tek 241) N/A R02 10-31-92 12-7-92
LVDT (Trans-Tek 245) N/A A03 10-31-92 12-7-92
Thermocouple (Type E) Test Zone 1 10-31-92 12-7-92
Thermocouple (Type E) Guard Zone 2 10-31-92 12-7-92
Injection Column N/A 39 11-11-92 11-11-92
DPT
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Figure 6-25. Zone pressures during compliance testing of test tool #37.
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Figure 6-26. Packer presures during compliance testing of test tool #37.
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Figure 6-27. Zone temperatures during compliance testing of test tool #37.
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Figure 6-28. Axial-LVDT displacement during compliance testing of test tool #37.
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Figure 6-29. Radial-LVDT displacement during compliance testing of test tool #37.
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Figure 6-30. Test-zone fluid-injection volumes during compliance testing of test tool #37.
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Figure 6-31. Test-zone compressibility as measured during compliance testing of test tool #37.
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6.2.8 Test Tool #38A (Gas-Threshold-Pressure Testing Sequence SCP01-1)

Table 6-16 gives a detailed description of the events that occurred during compliance
testing of test tool #38A. Figures 6-32 through 6-36 illustrate the zone pressures, packer
pressures, zone temperatures, fluid-injection volumes during test-tool compressibility tests,
and test-tool compressibility as a function of pressure, respectively, for multipacker test tool
#38A. Figure 5-4 illustrates the configuration of test tool #38A as assembled for
compliance testing.

Table 6-16. Events Associated with Compliance Testing of Test Tool #38A; Borehole
SCPO01; Sequence SCP01-1

EVENT DATE CALENDAR 1993 TIME
DAY CALENDAR (HH:MM:SS)
DAY

Assemble multipacker test tool #38A to be used in borehole SCP01 during testing 14-93 4 4 12:00:00
sequence SCPO1-1.

Begin data file COMP3801. 1-5-93 5 5 11:45:21

Inflate TZ packer. 1-5-83 5 5 12:38:40

Fix leak at TZ packer transducer. 1-5-93 5 5 12:41:21

Inflate TZ packer. 1-5-93 5 5 12:50:19

Shut in TZ packer. 1-5-93 5 5 12:53:53

Inflate GZ packer. 1-5-93 5 5 12:55:42

Shut in GZ packer. 1-5-93 5 5 12:68:23

Defiate TZ packer and GZ packer. 1-6-93 6 6 10:18:24

Repair TZ packer. 1-6-93 6 6 11:15:45

Inflate TZ packer. 1-6-93 6 6 11:18:25

Shut in TZ packer at 11.207 MPa. 1-6-93 6 6 11:20:11

Inflate GZ packer. 1-6-93 ] 6 11:21:04

Shut in GZ packer at 10.073 MPa. 1-6-93 6 6 11:22:51

Increase TZ packer pressure. 1-6-93 6 ] 12:30:53

Increase GZ packer pressure. 1-6-93 6 6 12:31:42

End data file COMP3801. 1-7-93 7 7 10:16:05

Begin data file COMP3802. 1-7-93 7 7 10:49:12

Inject fluld into TZ via DPT pane! (no response). 1-7-93 7 7 12:54:26

inject fluld into TZ via DPT panel (no response). 1-7-93 7 7 13:35:24

Deflate packers. 1-7-93 7 7 14:03:56

Inflate TZ packer. 1-7-93 7 7 14:07:56

Inflate GZ packer. 1-7-93 7 7 14:09:11

Increase TZ pressure via DPT panel. 1-8-93 8 8 10:06:48

Shutin TZ. 1-8-93 8 8 10:07:33

Depressurize TZ. 1-8-93 8 8 10:10:19

Increase TZ pressure via DPT panel. 1-8-93 8 8 10:16:44
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Table 6-16 (Continued). Events Associated with Compliance Testing of Test Tool
#38A, Borehole SCP01; Sequence SCP01-1

EVENT DATE CALENDAR 1993 TIME
DAY CALENDAR (HH:MM:SS)
DAY

Shutin TZ. 1-8-93 8 8 10:21:15
Depressurize TZ. 1-8-93 8 8 10:26:16
Increase TZ pressure via DPT panel. 1-8-93 8 8 10:31:16
Shutin TZ. 1-8-93 8 8 10:40:46
Increase GZ pressure via DPT panel. 1-8-93 8 8 11:00:02
Shutin GZ. 1-8-83 8 8 11:08:13
Depressurize TZ and GZ. 1-11-93 11 11 10:40:39
Increase GZ packer pressure to ~11.0 MPa. 1-11-93 11 11 10:43:40
Increase TZ packer pressure to ~11.0 MPa. 1-11-93 1 1 10:45:25
DAS not functioning upon arrival. 1-12-93 12 12 10:34:23
Increase TZ packer pressure. 1-15-93 15 15 10:36:32
Shut in TZ packer. 1-15-93 15 15 10:38:56
Begin TZ compressibility test. 1-18-93 18 18 12:40:00
Shut in TZ. 1-18-83 18 18 12:53:00
End data file COMP3802. 1-19-93 19 19 08:51:50

Begin data file COMP3803. 1-20-93 20 20 10:47:01
Decrease TZ pressure, 1-20-93 20 20 11:00:00
Depressurize TZ. 1-22-93 22 22 09:53:18
Deflate TZ packer and GZ packer. 1-22-93 22 22 09:54:30
Inflate TZ packer. 1-22-93 22 22 11:10:11
Shut in TZ packer. 1-22-93 22 22 11:12:53
Inflate GZ packer. 1-22-93 22 22 11:13:.47
Shut in GZ packer. 1-22-93 22 22 11:16:27
Increase TZ pressure. 1-22-93 22 22 13:17:18
Increase GZ pressure. 1-22-93 22 22 13:20:30
TZ, TZ packer, and GZ lost pressurs dus to leaks. 1-25-93 25 25 11:12:48
Inflate TZ packer. 1-25-93 25 25 11:22:52
Shut in TZ packer. 1-25-93 25 25 11:25:16
Perform gas/brine exchange. 1-25-83 25 25 13:33:54
End data file COMP3803. 1-28-83 28 28 13:04:39
Remove test tool from compliance chamber and move to borehole SCPO1. 2-6-93 37 37 12:00:00

Table 6-17 indicates the equipment that was used and the duration that each instrument
was used during compliance testing of test tool #38A which was used in testing sequence
SCP01-1.
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Table 6-17. Compliance Equipment Associated with Test Tool #38A; Borehole
SCPO01; Sequence SCP01-1

Equipment Location Serial # Installed Removed
q
DAS Software N/A PERMA4F 1-5-93 2-5-93
DCU (HP3497A) N/A 2629221989 1-5-93 2-5-93
(szf’;%’ggegm) Test Zone 322422 1-5-03 2-5-93
Transducer Test Zone
(Druck PDCR 910) Packer 308150 1-5-83 2-5-93
o J ;’I‘fgg‘;:& 0 Guard Zone 507864 1-5-93 2.5-93
Transducer Guard Zone
(Druck PDCR 910) Packer 308145 1-5-93 2-5-93
(Dr:‘;ﬁ"‘fgg";g1 0 DPT Panel 322427 1-5-93 2.5-93
Thermocouple (Type E) Test Zone 1 1-5-83 2-5-93
Thermocouple (Type E) Guard Zone 2 1-5-93 2-5-93
Injection Column N/A 38 1-7-93 1-18-93
Injection Column N/A 39 1-18-93 1-20-93
(Rosemo?J:tT 1151DP) NIA 1140864 1-7-93 1-20-93
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Figure 6-32. Zone pressures during compliance testing of test tool #38A.
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Figure 6-33. Packer pressures during compliance testing of test tool #38A.
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Figure 6-34. Zone temperatures during compliance testing of test tool #38A.
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Figure 6-35. Test-zone fluid-injection volumes during compliance testing of test tool #38A.
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Figure 6-36. Test-zone compressibility as measured during compliance testing
of test tool #38A.
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6.2.9 Test Tool #39 (Borehole C1H07, Coupled Permeability and Hydrofracture-
Testing Sequence C1X05-B)

Table 6-18 gives a detailed description of the events that occurred during compliance
testing of test tool #39. Figures 6-37 and 6-38 illustrate the zone and packer pressures,
respectively, for test tool #39. Figure 4-15 illustrates the configuration of test tool #39 as
assembled for compliance testing.

Table 6-18. Events Associated with Compliance Testing of Test Tool #39; Borehole
C1HO7; Sequence C1X05-B

EVENT DATE CALENDAR 1983 TIME
DAY CALENDAR (HH:MM:SS)
DAY
Assemble multipacker test tool #39 to be used in borehole C1H07 during testing 5-15-93 135 135 12:00:00
sequence C1X05-B.
Begin data file COMP3901. 5-18-93 138 138 03:32:59
Inflate packers. 5-18-93 138 138 12:34:00
TZ1 packer appears to be leaking; remove test tool and fix leak. 5-18-93 138 138 13:00:00
Inflate TZ1 packer and shut in. 5-19-93 138 139 11:14:00
Inflate TZ2 packer and shut in. 5-19-93 139 139 11:16:00
Inflate GZ packer and shut in. 5-19-93 139 139 11:18:00
increase TZ1 pressure. 5-20-93 140 140 11:15:00
Increase TZ2 pressure (no response on transducer). 5-20-83 140 140 12:15:93
End data file COMP3801. 5-20-93 140 140 12:32:14
Remove transducer 308146 and install transducer 322424, 5-20-93 140 140 12:35:00
Begin data file COMP39802. 5-20-93 140 140 12:35:41
Increase GZ pressure. 5-20-93 140 140 13:33:00
Repaired leaky fitting on TZ22. 5-21-93 141 141 10:14:00
Increase TZ2 pressure to 4.4 MPa. 5-21-93 141 141 10:18:00
Increase GZ pressure to 4.3 MPa. 5-21-93 141 141 10:20:00
End data file COMP3802. 5-28-93 148 148 04:07:08
Remove test tool from compliance chamber and move to borehole C1H07. 5-28-93 148 148 12:00:00

Table 6-19 indicates the equipment that was used and the duration that each instrument
was used during compliance testing of test tool #39. Test tool #39 was used in observation
borehole C1HO07 during testing sequence C1X05-B.
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Table 6-19. Compliance Equipment Associated with Test Tool #39; Borehole C1HO07;
Sequence C1X05-B

Equipment Location Serial # Installed Removed
DAS Software N/A PERMAF 5-18-93 5-28-93
DCU (HP3497A) N/A 2023201688 5-18-93 5-28-93
(szrfg%’g;egm) Test Zone 1 246909 5-18-93 5-28-93
Transducer Test Zone 1
(Druck PDCR 830) Packer 246918 5-18-93 5-28-93
(szfgsgg;e& 0 Test Zone 2 308146 5-18-93 5-20-93
Transducer Test Zone 2
(Druck PDCR 830) Packer 246917 5-18-93 5-28-93
(szfgsgg;e& 0 Test Zone 2 322426 5-20-93 5-28-93
(szf',lsgg;e& 0 Guard Zone 322424 5-18-93 5-28-93
Transducer Guard Zone
(Druck PDCR 10/D) Packer 211691 5-18-93 5-28-93
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Figure 6-37. Zone pressures during compliance testing of test tool #39.
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Figure 6-38. Packer pressures during compliance testing of test tool #39.
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6.2.10 Test Tool #40 (Borehole C1X06, Coupled Permeability and Hydrofracture-
Testing Sequence C1X05-B)

Table 6-20 gives a detailed description of the events that occurred during compliance
testing of test tool #40. Figures 6-39 and 6-40 illustrate the zone and packer pressures,
respectively, for test tool #40. Figure 4-17 illustrates the configuration of test tool #40 as
assembled for compliance testing.

Table 6-20. Events Associated with Compliance Testing of Test Tool #40; Borehole
C1X06; Sequence C1X05-B

EVENT DATE CALENDAR 1993 TIME
DAY CALENDAR (HH:MM:SS)
DAY
Assemble multipacker test tool #30 to be used in borehole C1X06 during testing 7-1-93 182 182 12:00:00
sequence C1X05-8.
Begin data file COMP4002. 7-2-93 183 183 12:45:22
Inflate T22 packer. 7-2-93 183 183 13:13:33
Shut in TZ2 packer. 7-2-93 183 183 13:15:10
Inflate TZ1 packer. 7-2-93 183 183 13:18:02
Shut in TZ1 packer. 7-2-93 183 183 13:19:20
Inflate GZ packer. 7-2-93 183 183 13:19:45
Shut in GZ packer. 7-2-83 183 183 13:21:21
Increase TZ2 pressure. 7-2-83 183 183 13:25:21
Increase TZ1 pressure. 7-2-93 183 183 13:40:30
Shut in TZ2 and T21. 7-2-93 183 183 13:40:58
increase GZ pressure. 7-2-93 183 183 13:44:01
Shut in GZ. 7-2-93 183 183 13:46:00
Increase TZ1 and GZ pressure. 7-30-93 21 211 12:07:14
End data file COMP4002. 8-2-93 214 214 06:59:22
Remove test tool #40 form compliance chamber and move to borehole C1X06. 8-4-93 216 216 12:00.00

Table 6-21 indicates the equipment that was used and the duration that each instrument
was used during compliance testing of test tool #40. Test tool #40 was used in observation
borehole C1X06 during coupled permeability and hydrofracture-testing sequence C1X05-B.
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Table 6-21. Compliance Equipment Associated with Test Tool #40; Borehole C1X08;
Sequence C1X05-B

Equipment Location Serial # Installed Removed
DAS Software N/A PERM4F 7-2-93 8-4-93
DCU (HP3497A) N/A 2629221989 7-2-93 8-4-93
Transducer
(Druck PDCR 830) Test Zone 1 246918 7-2-93 8-4-93
Transducer Test Zone 1
(Druck PDCR 910) Packer 308143 7-2-93 8-4-93
Transducer
(Druck PDCR 830) Test Zone 2 246916 7-2-93 8-4-93
Test Zone 2 &
Transducer
Guard Zone 308148 7-2-93 8-4-93
(Druck PDCR 910) Packer
Transducer
(Druck PDCR 10/D) Guard Zone 211691 7-2-93 8-4-93
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Figure 6-39. Zone pressures during compliance testing of test tool #40.
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Figure 6-40. Packer pressures during compliance testing of test tool #40.
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6.2.11 Test Tool #41 (Permeability-Testing Sequence L4P51-C2)

Table 6-22 gives a- detailed description of the events that occurred during compliance
testing of test tool #41. Figures 6-41 through 6-43 illustrate the zone pressures, packer
pressures, and test zone temperature, respectively, for multipacker test tool #41. Figure
3-24 illustrates the configuration of test tool #41 as assembled for compliance testing.

Table 6-22. Events Associated with Compliance Testing of Test Tool #41; Borehole
L4P51; Sequence L4P51-C2

EVENT DATE CALENDAR 1983 TIME
DAY CALENDAR  (HH:MM:SS)
DAY

Assemble multipacker test too! #41 to be used in borehole L4P51 during testing 10-24-83 297 297 12:00:00
sequence L4P51-C2.

Inflate TZ1 packer. 10-26-93 299 299 09:27:29

Deflate TZ1 packer. 10-26-93 299 299 03:28:00

Inflate TZ1 packer. 10-26-93 299 299 09:30:00

Deflate TZ1 packer. 10-26-93 299 299 09:31:00

Inflate TZ1 packer. 10-26-93 299 299 09:37:08

Shut in TZ1 packer. 10-26-93 299 299 09:38:46

{nflate TZ2 packer (incomrect response). 10-26-93 299 299 09:43:25

Removed test tool to find mislabeled inflation lines. 10-26-93 209 299 13:00:00

Begin data file COMP4101. 10-26-93 299 299 13:37.03

Inflate TZ1 packer. 10-27-93 300 300 08:10:00

Inflate TZ2 packer. 10-27-93 300 300 08:25:00

Decrease TZ1 packer pressure. 10-27-93 300 300 08:25:30

inflate GZ packer. 10-27-93 300 300 08:35.00

Increase TZ1 pressure. 10-28-93 301 301 07:53:00

Increase TZ1 pressure. 10-28-93 301 301 07:55:00

Increase TZ2 packer pressure to ~10.3 MPa. 10-28-93 3 301 08:15:00

TZ1 will not maintain pressure. 10-28-93 301 301 09:00:00

Deflate packers. 10-28-93 301 301 09:02:00

Remove test tool and fix leaky fitting. 10-28-93 301 301 09:30:00

Reinstall test tool in compliance chamber. 10-28-93 301 301 10.02:00

Inflate TZ1 packer. 10-28-93 301 301 11:09:00

Inflate TZ2 packer. 10-28-93 301 301 11:12:00

Inflate GZ packer. 10-28-93 301 301 11:15:00

Increase TZ1 pressure. 10-28-83 301 301 12:22:00

Increase TZ2 pressure. 10-28-93 301 301 12:23.00

Increase GZ pressure. 10-28-93 301 301 12:25:.00

End data file COMP4101. 10-28-93 301 301 12:32:39

Begin data file COMP4102. 10-28-93 301 301 12:36:51
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Table 6-22 (Continued). Events Associated with Compliance Testing of Test Tool #41:
Borehole L4P51; Sequence L4P51-C2

EVENT PATE CA'.I-:)EANYDAR CA:gaaDAR (HH.:rHlﬂTdE:SS)
DAY
PS gage is reading incorrectly (high) as determined by Heise gage. 11-2-93 306 306 10:42:15
End data file COMP4102. 11-11-93 315 315 12:31:36
Remove test tool #41 from compliance chamber and move to borehole L4P51. 11-16-93 320 320 12:00:00

Table 6-23 indicates the equipment that was used and the duration that each instrument
was used during compliance testing of test tool #41. Test tool #41 was used in
permeability-testing sequence L4P51-C2.

Table 6-23. Compliance Equipment Associated with Test Tool #41; Borehole L4P51;
Sequence L4P51-C2

Equipment Location Serial # Installed Removed
DAS Software N/A PERM4F 10-26-93 11-16-93
DCU (HP3497A) N/A 2629221990 10-26-93 11-16-93
Transducer
(Druck PDCR 830) Test Zone 1 246912 10-26-93 11-16-93
Transducer Test Zone 1
(Druck PDCR 830) Packer 248919 10-26-93 11-16-93
Transducer
(Druck PDCR 830) Test Zone 2 246910 10-26-93 11-16-93
Transducer Test Zone 2
(Druck PDCR 910) Packer 308152 10-26-93 11-16-93
Transducer
(Druck PDCR 910) Guard Zone 308143 10-26-93 11-16-93
Transducer Guard Zone
(Druck PDCR 910) Packer 322423 10-26-93 11-16-93
Thermocouple (Type E) Test Zone 1 1 10-26-93 11-16-93
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Figure 6-41. Zone pressures during compliance testing of test tool #41.
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Figure 6-42. Packer pressures during compliance testing of test tool #41.
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Figure 6-43. Test-zone 1 temperature during compliance testing of test tool #41.
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6.2.12 Test Tool #BOT- 01 (Gas-Threshold Pressure-Testing Sequence SCP01-2)

Table 6-24 gives a detailed description of the events that occurred during compliance
testing of test tool #BOT-01. Figures 6-44 through 6-47 illustrate the zone pressures,
packer pressures, fluid-injection volumes during test-zone compressibility tests, and test-
zone compressibility as a function of pressure, respectively, for muitipacker test tool #80T-
01. Figure 5-7 illustrates the configuration of test tool #80T-01 as assembled for
compliance testing.

Table 6-24. Events Associated with Compliance Testing of Test Tool #BOT-01;
Borehole SCP01; Sequence SCP01-2

EVENT DATE CALENDAR 1994 TIME
DAY CALENDAR (HH:MM:SS)
DAY

Assemble multipacker test tool #80T-01 to be used in borehole SCP01 during testing 3-16-84 75 75 12:00.00
sequence SCP01-2.

Begin data file BAKER1. 3-17-94 76 76 15:05:15

Inflate TZ packerto 17.2 MPa. 3-17-94 76 76 15:15:00

Inflate GZ packer to 17.7 MPa. 3-17-94 76 76 15:25:00

Increase TZ pressure to 13.6 MPa. 3-17-84 76 76 15:28:00

Increase GZ pressure to ~11.0 MPa. 317-94 76 76 15:30:00

Depressurize GZ. 3.17-94 76 76 15:35:00

Increase GZ pressure to 10.8 MPa. 3-17-94 76 76 15:42:00

Depressurize GZ. 3-17-94 76 76 15:52:00

Increase GZ pressure to 10.525 MPa. 3-17-84 76 76 15:54:00

DAS not functioning upon amival. 3-18-94 77 77 09:47:00

Depressurize GZ. 3-18-94 77 77 09:49:00

Depressurize TZ. 3-18-94 7 77 09:50:00

Deflate GZ packer. 3-18-94 77 77 09:54.00

Deflate TZ packer. 3-18-94 7 7 10:05:00

Remove test too! from compliance chamber to fix leak. 3-18-84 ” 77 10:10:00

Reinstall test tool in compliance chamber. 3-18-94 77 77 10:40.00

Inflate packers and increase TZ and GZ pressure. 3-18-94 Va4 77 12:15:00

Increase TZ packer and GZ packer pressure to ~17 MPa, increase T2 pressure to 3-21-94 80 80 13:51:00

~13.56 MPa, and increase GZ pressure to ~10.2 MPa.

Decrease TZ pressure. 3-23.94 82 82 11:42:00

Decreass TZ packer pressure. 3-23-94 82 82 11:44:00

Decrease GZ pressure. 3-25-94 84 84 12:50:40

End data file BAKER]. 3-25-84 84 84 13:15:10

Remove transducer 609364. 3-25-94 84 84 13:16:00

Begin data file BAKER2. 3-25-94 84 84 13:24:06

Increase TZ, GZ, and packer pressures. 3-31-84 90 90 14:04:00

End data file BAKER2. 3-31-84 90 90 14:08:54
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Table 6-24 (Continued). Events Associated with Compliance Testing of Test Tool
#BOT-01; Borehole SCP01; Sequence SCP01-2

EVENT DATE CALENDAR 1984 TIME
DAY CALENDAR (HH:MM:SS)
DAY

Install transducer 609370 to monitor TZ packer. 3-31-84 90 90 14:10:00
Begin data file BAKER3. 3-31-94 90 90 14:17:08
End data file BAKER3. 4-7-94 97 97 14:59:36
Incorporate DPT panel with new transducer into system. 4-8-94 98 98 13:11:00
Begin data file BAKER4. 4-8-34 o8 98 13:17:59
Depressurize TZ by removing ~65 mL of fluid. 4-11-94 101 101 13:28:00
Increase TZ pressure. 4-11-94 101 101 13:36:00
Begin TZ compressibllity test. 4-12-94 102 102 11:46:17
Shutin TZ. 4-12-94 102 102 12:42:44
Begin TZ compressibility test. 4-12-84 102 102 12:45:09
Shutin TZ 4-12-94 102 102 13:04:08
Begin TZ compressibility test. 4-12-94 102 102 13:05:09
Shutin TZ. 4-12-94 102 102 13:17:18
Depressurize TZ and GZ. 4-13-94 103 103 12:22:00
Deflate packers. 4-13-94 103 103 12:23:00
End data file BAKER4. 4-13-94 103 103 13:18:02
Remove test tool #BOT-01 from compliance chamber and move to borehole SCP01.  4-13-94 103 103 15:00.00

Table 6-25 indicates the equipment that was used and the duration that each instrument
was used during compliance testing of test tool #80T-01. Test tool #BOT-01 was used
in testing sequence SCP01-2.

Table 6-25. Compliance Equipment Associated with Test Tool #8OT-01; Borehole
SCP01; Sequence SCP01-2

Equipment Location Serial # Installed Removed
DAS Software N/A PERM4F 3-17-94 4-13-94
DCU (HP3497A) N/A 2629221996 3-17-94 4-13-94
Transducer
(Druck D930-18) Test Zone 609371 3-17-94 4-13-94
Transducer Test Zone
(Druck D930-18) Packer 609364 - 34794 3-25-04
Transducer Test Zone
(Druck D930-18) Packer 603370 3-31-94 4-13-94
Transducer Guard Zone 609375 3-17-94 4-13-94

(Druck D930-18)
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Table 6-25 (Continued). Compliance Equipment Associated with Test Tool #80T-01;
Borehole SCP01; Sequence SCP01-2

Equipment Location Serial # Installed Removed
Transducer Guard Zone
(Druck D930-18) Packer 609372 3-17-94 4-13-94
Transducer
(Druck D930-18) DPT Panel 609368 4-8-94 4-13-94
Injection Column N/A 94 4-8-94 4-13-94
DPT N/A
(Rosemount 1151DP) 1140863 4-8-94 4-13-94
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Figure 6-44. Zone pressures during compliance testing of test tool #8OT-01.
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Figure 6-45. Packer pressures during compliance testing of test tool #BOT-01.
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Figure 6-46. Test-zone fluid-injection volumes during compliance testing of test tool #BOT-01.
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Figure 6-47. Test-zone compressibility as measured during compliance testing
of test tool #BOT-01.
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6.2.13 Test Tool #P51-D1A (Permeability-Testing Sequence L4P51-D1)

Table 6-26 gives a detailed description of the events that occurred during compliance
testing of test tool #P51-D1A. Figures 6-48 through 6-53 illustrate the zone pressures,
packer pressures, axial-LVDT displacement, radial-LVDT displacement, fluid-injection
volumes during compressibility tests, and test-zone compressibility as a function of
pressure, respectively, for multipacker test tool #P51-D1A. Figure 3-25 illustrates the
configuration of test tool #P51-D1A as assembled for compliance testing.

Table 6-26. Events Associated with Compliance Testing of Test Tool #251-D1A;
Borehole L4P51; Sequence L4P51-D1

EVENT DATE CALENDAR 1984 TIME
DAY CALENDAR {HH:MM:SS)
DAY

Assemble multipacker test tool #P51-D1A to be used in borehole L4P51 during testing  8-26-94 238 238 12:25:00
sequence L4P51-D1.

install test tool in compliance chamber. 8-30-94 242 242 11:50.00

Inflate TZ1 packer to ~15.2 MPa. 8-30-94 242 242 12:35:.00

Inflate TZ2 packer to ~14.5 MPa. 8-30-84 242 242 12:41:00

Begin data file CMPPS1. 8-30-94 242 242 12:59:42

Increase TZ2 packer pressure to 15.519 MPa. 8-30-34 242 242 13:02:00

Increase TZ1 packer pressure to 15.960 MPa. 8-30-94 242 242 13:04:00

Deflate packers. 8-31-94 243 243 11:29:00

Inflate TZ1 packer to 15.640 MPa. 8-31-94 243 243 11:36:00

Inflate TZ2 packer to 15.480 MPa. 8-31-84 243 243 11:40:00

Increase TZ1 pressure to 11.881 MPa. 8-31-94 243 243 12:15:.00

Decrease TZ1 packer pressure. 8-31-94 243 243 12:19:00

Increase TZ2 pressure to 8.080 MPa. 8-31-84 243 243 12:30:00

Depressurize TZ1 and TZ2. 8-1-84 244 244 07:56:00

Deflate TZ1 packer. 9-1-94 244 244 07:57:00

Deflate TZ2 packer. 9-1-94 244 244 07:57:00

Remove test too! from compliance chamber to inspect for leaks. 9-1-94 244 244 08:30:00

Reinstall test tool in compliance chamber. 9-1-94 244 244 13:19:00

Inflate TZ1 packer to 15.450 MPa. 9-6-94 248 249 08:36:00

Inflate TZ2 packer to 15.710 MPa. 9-6-84 249 248 08:40:00

Deflate packers. 9-6-94 249 249 10:19:00

Inflate TZ1 packer to 15.532 MPa. 9-6-94 249 248 10:21:00

Inflate TZ2 packerto 15.823 MPa. 9-6-84 249 249 10:24:00

Open TZ1 packer to accumulator at 13.992 MPa. 9-6-94 249 249 11:30:00

Open TZ2 packer to accumulator at 14.062 MPa. 9-6-94 249 248 11:31:00

Increase TZ2 pressure to 8.605 MPa. 8-6-94 249 249 12:14:00

increase TZ2 pressure to 8.744 MPa. 9-6-94 249 249 12:38:00
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Table 6-26 (Continued). Events Associated with Compliance Testing of Test Tool
#P51-D1A; Borehole L4P51; Sequence L4P51-D1

EVENT DATE CALENDAR 1994 TIME
DAY CALENDAR (HH:MM:SS)
DAY

Shut in packers from accumulator. 9-7-94 250 250 07:28:00
Depressurize TZ2. 9-7-94 250 250 07:30:00
Deflate TZ1 packer. S-7-94 250 250 07:32:00
Circulate fiuid from the TZ1 to TZ2. 9-7-94 250 250 07:38:00
Inflate TZ1 packer and open both packers to accumulator. 9-7-94 250 250 07:48:00
Increase TZ2 pressure to 8.683 MPa. 9-7-94 250 250 07:54:00
Depressurize 722, 9-7-84 250 250 09:41:00
Increase TZ2 pressure to 8.635 MPa. 9-7-84 250 250 09:51:00
Shut in both packers from accumulator. 9-7-94 250 250 10:13:00
Disconnect all LVDTs from DAS. S-7-84 250 250 11:20:00
Connect all LVDTs to DAS. 9-8-94 251 251 07:56:00
Increase TZ1 pressure. 9-8-94 251 251 08:06:00
Depressurize TZ1. 9-8-94 251 251 08:08:00
Increase TZ1 pressure to 13.210 MPa. 9-8-94 251 251 08:15:00
Depressurize TZ1. 9-8-94 251 251 11:28:00
Depressurize T22. 9-8-94 251 251 11:30:00
Open both packers to accumulator. 9-8-94 251 251 11:43:00
End data file CMPP51. 9-12-94 255 255 07:23:34
Begin data files CMPRESH. 9-12-94 255 285 07:46:19
Increase TZ2 pressure to 8.571 MPa. S-12-94 255 255 07:49:00
Begin TZ1 compressibility test. S$-12-94 255 255 08:05:00
Shutin TZ1. 9-12-94 255 255 09:12:00
Begin TZ1 compressibility test. 9-12-94 255 255 10:49:00
Shutin 721. S-12-94 255 255 11:22:00
Begin TZ1 comprassibility test. S-12.94 255 255 11:30:00
Shutin T21. 8-12-94 255 255 12:13:00
Increase TZ2 pressure to 8.088 MPa. 9-12-94 255 255 12:16:00
Depressurize TZ1. 9-13-94 256 256 08:40:00
Increase TZ2 pressure to 8.165 MPa. 9-13-94 256 256 08:48:00
Begin TZ1 compressibility test. 9-13-94 256 256 09:06:00
Shut in TZ1. $-13-84 256 256 10:18:00
Depressurize TZ1. 9-13-94 256 256 10:20:00
Begin TZ1 compressibility test. $-13-84 256 256 10:36:00
Shut in T21. 9-13-84 256 256 12:08:00
Increase TZ1 pressure to 12.094 MPa. 9-19-94 262 262 07:07:00
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Table 6-26 (Continued). Events Associated with Compliance Testing of Test Tool
#P51-D1A; Borehole L4P51; Sequence L4P51-D1

EVENT DATE CALENDAR 1994 TIME
DAY CALENDAR (HH:MM:SS)
DAY
TZ2 gage busted out which explains the TZ2 pressure. 9-26-94 269 269 08;07:00
Depressurize all zones and deflate all packers. 9-26-94 262 262 08:09:00
End data file CMPRES1. S-26-94 262 262 08:09:54
Remove test tool #P51-D1A from compliance chamber and move to borehole L4P51.  9-26-84 262 262 12:00:00

Table 6-27 indicates the equipment that was used and the duration that each instrument
was used during compliance testing of test tool #P51-D1A which was used in permeability-
testing sequence L4P51-D1.

Table 6-27. Compliance Equipment Associated with Test Tool #751-D1A; Borehole
L4P51; Sequence L4P51-D1

Equipment Location Serial # installed Removed
quip
DAS Software N/A PERM4F 8-22-94 9-26-94
DCU (HP3497A) N/A 2629222040 8-22-94 9-26-94
(Drzf;;%‘g%e_; 8 Test Zone 1 609375 8-22-94 9-26-94
Transducer Test Zone 1
(Druck D930-18) Packer 609371 8-22-94 9-26-94
(DLTEE%‘Q%‘E_; 8 Test Zone 2 609368 8-22-94 9-26-94
Transducer Test Zone 2
(Druck D930-18) Packer 609374 8-22-94 9-26-94
(DL"?I:‘SD%%%‘E_Q ) DPT Panel 609372 8-22-94 9-26-94
Transducer Pressure
(Druck D930-18) Controller 609370 8-22-94 9-26-94
LVDT (Trans-Tek 241) N/A R17 8-22-94 9-26-94
LVDT (Trans-Tek 241) N/A R04 8-22-94 9-26-94
LVDT (Trans-Tek 241) N/A R16 8-22-94 9-26-94
LVDT (Trans-Tek 245) N/A A02 8-22-94 9-26-94
Injection Column N/A 92 8-22-94 9-26-94
DPT
(Rosemount 1151DP) N/A 1140864 8-22-94 9-26-94
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Figure 6-48. Zone pressures during compliance testing of test tool #P51-D1A.
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Figure 6-49. Packer pressures during compliance testing of test tool #P51-D1A.
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Figure 6-50. Axial-LVDT displacement during compliance testing of test tool #P51-D1A.
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Figure 6-51. Radial-LVDT displacement during compliance testing of test tool #P51-D1A.
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6.2.14 Test Tool #P74-B (Permeability-Testing Sequence S1P74-B)

Table 6-28 gives a detailed description of the events that occurred during compliance
testing of test tool #P74-B. Figures 6-54 through 6-58 illustrate the zone pressures, packer
pressures, axial-LVDT displacement, fiuid-injection volumes during compressibility tests,
and test-zone compressibility as a function of pressure, respectively, for multipacker test
tool #P74-B. Figure 3-33 illustrates the configuration of test tool #P74-B as assembied for
compliance testing.

Table 6-28. Events Associated with Compliance Testing of Test Tool #P74-B; Borehole
S1P74; Sequence S1P74-B

EVENT DATE CALENDAR 1895 TIME
DAY CALENDAR {HH:MM:SS)
DAY
Assemble multipacker test tool #P74-8 to be used in borehole S1P74 during testing 1-18-95 18 18 12:00:00
sequence S1P74-B.
Begin data file COMPP74. 1-18-95 19 19 14:18:33
Inflate TZ1 packer to ~13.8 MPa. 1-19-95 19 19 14:20:00
Open TZ1 packer to accumulator at 13.833 MPa. 1-19-95 19 19 14:24;00
Inflate TZ2 packer to ~13.8 MPa. 1-18-85 19 19 14:33:00
Open T2Z2 packer to accumulator at 14.058 MPa, 1-19-85 19 19 14:37:00
Inflate GZ packer to ~13.8 MPa. 1-19-85 19 19 14:42.00
Open GZ packer to accumulator at 13.712 MPa. 1-19-95 19 19 14:44:00
End data file COMPP74. 1-20-95 20 20 10:16:46
Begin data file COMPP742. 1-20-95 20 20 11:16:19
Increase TZ1 pressure to 9.909 MPa. 1-20-95 20 20 12:31:.00
Increase TZ2 pressure to 10.031 MPa. 1-20-95 20 20 12:35.00
Increase GZ pressure to 9.257 MPa. ' 1-20-95 20 20 12:39:00
Significant pressure decay in GZ. 1-20-95 20 20 12:46:00
Remove GZ portion of test tool from compliance chamber to find leak. 1-20-95 20 20 14:00:00
Leak caused by broken 1/8-inch fitting with no replacement. 1-20-85 20 20 14:15.00
Reinstall test too! in compliance chamber to test TZ2. 1-20-95 20 20 14:20:.00
Inflate TZ2 packer to 12.834 MPa. 1-20-85 20 20 14:30:00
Open TZ2 packer to accumulator at 14.047 MPa. 1-20-85 20 20 14:33:00
Inflate GZ packer to ~13.8 MPa. 1-20-95 20 20 14:37:00
Open GZ packer to accumulator at 13.691 MPa. 1-20-85 20 20 14:39:00
Increase TZ2 pressure to 9.822 MPa. 1-20-95 20 20 14:44:00
Depressurize TZ2. 1-23-95 23 23 09:25:00
Deflate TZ2 packer and GZ packer. 1-23-95 23 23 09:29:00
Beplace broken 1/8-inch fitting. 1-23-85 23 23 09:48:00
Inflate TZ2 packer to ~13.8 MPa, 1-23-95 23 23 10:14:00
Open TZ2 packer to accumulator at 14.036 MPa. 1-23-95 23 23 10:15:00
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Table 6-28 (Continued). Events Associated with Compliance Testing of Test Tool
#P74-B; Borehole S1P74; Sequence S1P74-B

EVENT DATE CALENDAR 1995 TIME
DAY CALENDAR (HH:MM:SS)
DAY

Inflate GZ packer to ~13.8 MPa. 1-23-95 23 23 10:20:00
Open GZ packer to accumulator at 13.683 MPa. 1-23-85 23 23 10:22:00
Increase GZ pressure to 4.687 MPa. 1-23-95 23 23 10:27:00
Decrease GZ pressure to ~2.7 MPa. 1-23-95 23 23 10:37:00
Increase GZ pressure to 4.459 MPa. 1-23-95 23 23 10:38:00
End data file COMPP742. 1-23-95 23 23 12:42:07
Begin data file COMPP743. 1-23-85 23 23 14:31:39
Increase GZ pressure after replacing ieaky fitting. 1-24-95 24 24 10:24:23
Depressurize TZ1. 1-24-95 24 24 10:27:47
Begin TZ1 compressibility test. 1-24-95 24 24 10:50:00
Shut in TZ1. 1-24-85 24 24 11:12:00
Begin TZ1 compressibility test. 1-24-85 24 24 11:17:00
Shut in TZ1. 1-24-95 24 24 11:45:00
Begin TZ1 compressibility test. 1-24-95 24 24 11:52:00
Shut in TZ1. 1-24-95 24 24 12:32:00
Begin TZ1 compressibility test. 1-24-85 24 24 12:35:00
Shut in TZ1. 1-24-95 24 24 12:58:00

End data file COMPP743. 1-24-95 24 24 12:58:51
Remove test tool #P74-B from compliance chamber and move to borehole S1P74. 2-1-85 32 32 12:00:00

Table 6-29 indicates the equipment that was used and the duration that each instrument
was used during compliance testing of test tool #P74-B. Test tool #P74-B was used in
permeability-testing sequence S1P74-B.

Table 6-29. Compliance Equipment Associated with Test Tool #P74-B; Borehole
S1P74; Sequence S1P74-B

Equipment Location Serial # Installed Removed
DAS Software N/A PERM4F 1-19-95 2-1-95
DCU (HP3497A) N/A 2629221990 1-19-95 2-1-95
Transducer
(Druck PDCR 910) Test Zone 1 321768 1-19-95 2-1-95
Transducer Test Zone 1
(Druck PDCR 10/D) Packer 211695 1-19-95 2-1-95
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Table 6-29 (Continued). Compliance Equipment Associated with Test Tool #P74-B:
Borehole S1P74; Sequence S1P74-B

Equipment Location . Serial # Installed Removed
Transducer
(Druck D930-18) Test Zone 2 609364 1-19-95 2-1-95
Transducer Test Zone 2
(Druck PDCR 910) Packer 322422 1-19-95 2-1-95
Transducer
(Druck PDCR 910) Guard Zone 507864 1-19-95 2-1-95
Transducer Guard Zone
(Druck PDCR 910) Packer 322426 1-19-85 2-1-95
Transducer
LVDT (Trans-Tek 242) N/A 1 1-19-85 2-1-95
LVDT (Trans-Tek 242) N/A 2 1-19-95 2-1-95
Injection Column N/A 92 1-19-95 2-1-95
DPT
(Rosemount 1151DP) NIA 1689030 1-19-95 2-1-95
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Figure 6-58. Test-zone compressibility as measured during compliance testing of test tool #P74-B.
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7. LONG-TERM FLUID-PRESSURE MONITORING

The fluid-pressure data obtained during permeability testing, coupled permeability and
hydrofracture testing, and gas-threshold pressure testing (GTPT) were supplemented with
fluid-pressure data from packer-isolated sections of selected boreholes. The specific
objectives of the long-term fluid-pressure monitoring were:

° to determine if pore pressures in the various Salado Formation interbeds change
as a function of time due to the underground excavation; and

° to determine the relationship between proximity to an excavation and change in
formation pore pressure as a function of time.

Single-packer fluid-pressure monitoring tools as described in Section 7.2 were installed in
boreholes C2H01, C2H02, DPD01, DPD02, DPDO03, L4P52, SCP01, S1P71, and S1P72.
Permeability testing was conducted in boreholes C2H01, C2H02, L4P52 (permeability-
testing sequences L.4P52-A and L4P52-B), SCP01, S1P71 (permeability-testing sequences
S1P71-A and S1P71-B), and S1P72. GTPT was conducted in boreholes SCP01 (GTPT
sequences SCP01-1 and SCP01-2), C2H02, and L4P52 (GTPT sequence L4P32-B).
Permeability-testing sequences C2H01, C2H02, and S1P71-A are described in Saulnier
et al. (1991). Permeability-testing sequences L4P52-A, SCP01, S1P71-B, and S1P72 are
described in Stensrud et al. (1992). Permeability-testing sequence L4P52-B is described
in Section 3.6.1.5 of this report. GTPT sequences C2H02, L4P52-B, SCP01-1, and
SCP01-2 are described in Section 5.6 of this report. The dates of permeability testing and
GTPT in these boreholes are given in Table 7-1. Figure 2-1 shows the locations of the
boreholes involved in the long-term fluid-pressure monitoring.

Note: Fluid pressures associated with the long-term fluid-pressure monitoring were
recorded in units of pounds per square inch (psig) and are reported as such.

Table 7-1. Locations and Dates of Testing Performed in Long-Term Fluid-Pressure
Monitoring Boreholes

Borehole Location Dates Tested Excavation Test Type
(Orientation) Date of Room
C2H01 Room C2 8-88 to 2-89 March & April Permeability
(vertical down) 1984
C2H01 (Deepened) Room C2 2-89 to 5-89 March & April Permeability
(vertical down) 1984
C2H02 Room C2 4-89 to 12-89 March & April Permeability
(downward 45° 1984
from vertical)
C2H02 Room C2 8-93 to 3-94 March & April  Gas-Threshold
(downward 45° 1984 Pressure
from vertical)




Table 7-1 (Continued). Locations and Dates of Testing Performed in Long-Term
Fluid-Pressure Monitoring Boreholes

Borehole Location Dates Tested Excavation Test Type
(Orientation) Date of Room
DPDO1 North 1400 Drift N/A March 1983 N/A
(downward 46°
from vertical)
DPD02 North 1400 Drift N/A March 1983 N/A
(downward 47°
from vertical)
DPDO03 North 1400 Drift N/A March 1983 N/A
(downward 46°
from vertical)
L4P52 Room L4 12-92 to 12-93 February 1989 Permeability
(upward 40°
from vertical)
L4P52 Room L4 12-93 to 3-94 February 1989 Gas-Threshold
(upward 40° Pressure
from vertical)
SCP01 Core Storage Library 4-90 to 10-90 May 1989 Permeability
(downward 77°
from vertical)
SCPO1 Core Storage Library 4-94 to 6-94 May 1989 Gas-Threshold
(downward 77° Pressure
from vertical)
S1P71 Waste Panel 1, Room 11-88 to 7-89 March 1988 Permeability
(vertical down) 7
S1P71 Waste Panel 1, Room 8-89 to 5-90 March 1988 Permeability
(vertical down) 7
S1P72 Waste Panel 1, Room 12-90 to 2-91 March 1988 Permeability
(downward 58° 7
from vertical)

7.1 Implementation

The long-term fluid-pressure monitoring discussed in this data report was conducted in
nine boreholes drilled at five locations in the WIPP underground facility shown in Figure
2-1 and described in detail in Sections 7.4 and 7.5. The boreholes were drilled vertically
downward, angled downward, and angled upward. In the experimental area, boreholes
C2HO01 and C2H02 were drilled in Room C2, L4P52 was drilled in Room L4, and
boreholes DPD01, DPD02, and DPDO03 were drilled on the north rib of the north 1400 drift
between Room C1 and Room M. In the operations area, borehole SCP01 was drilled in
the Core Storage Library. In the waste storage area, boreholes S1P71 and S1P72 were
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drilled in Waste Panel 1, Room 7. The monitoring locations were chosen to provide an
adequate representation of long-term fluid pressures in the Salado Formation and its
interbeds at and near the repository horizon. Figure 7-1 illustrates the stratigraphic
positions of each of the monitoring boreholes in relation to the typical WIPP excavation.

The borehole zones isolated by the single-packer tools were MB138 and MB139. Table
7-2 lists the pertinent information for the boreholes and zones.

Table 7-2. Fluid-Pressure Monitoring Boreholes; Test-Zone Information

Test Test Horizon Borehole TestInterval Borehole Monitoring Monitoring

Borehole Horizon Penetrated Diameter (cm) Depth (m) Depth(m) Started Terminated
C2H01 MB139 2-13-89 10.16 6.80-7.76 8.97 8-89 4-95
C2H02 MB139 4-14-89 10.16 9.80-10.68  10.91 2-91 4-95

1L4P52-B MB138 12-14-92 10.16 13.80-14.02 14.12 5-94 5-95

S1P71-B anhydrite "¢"  7-24-89 10.16 9.75-9.80 10.15 2-91 5-95
S1P72 MB139 12-13-89 10.16 4.40-6.00 6.05 2-91 5-95
SCP01 MB139 3-20-90 10.16 10.50-14.78 15.48 10-90 5-85

After drilling or after the completion of another testing sequence, a single-packer tool (see
Section 7.2) was installed in each of the boreholes. The packers were used to isolate a
selected zone below the packers. The zones of the long-term fluid-pressure monitoring
boreholes were filled with 1.22 kg/L. sodium-chloride brine. After packer inflation, the zone
of each tool was shut in and the fluid-pressure buildup was monitored with manually read
Bourdon tube pressure gages (Ashcroft or Wika) and recorded on appropriate data
collection forms. No additional testing was conducted in the boreholes after the tools were
installed.

7.2 Equipment for Long-Term Fluid-Pressure Monitoring

The following sections briefly describe the equipment used in the long-term fluid-pressure
monitoring in the WIPP underground facility. The equipment includes single-packer tools
and Bourdon tube pressure gages.

7.2.1 Single-Packer Tool

The single-packer tools installed for this monitoring are shown in Sections 7.4 and 7.5.
The tools consist of a sliding-end, 9.5-cm outside diameter (O.D.) inflatable packer
mounted on a 4.83-cm O.D. mandrel oriented with the packers' fixed end toward the
bottom-hole end of the test tool. The packers have 0.92-m-long inflatable elastic elements
composed of natural rubber and synthetic materials. The packer elements have
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approximately 0.9-m seal lengths when inflated in 4-inch (10.2-cm) diameter boreholes.
In all cases, a set of radially oriented tapered jaws or slips that tighten on the tool mandrel
as the tool attempted to move out of the borehole, in response to pressure buildup, was
used to restrain the tool. “ .

Each single-packer tool was equipped with two ports to the bottom-hole test zone below

the packers. One port was used to transmit pressures from the test zones to the Bourdon
tube gages, which were mounted outside of the boreholes. The second port was used to
dissipate "squeeze" pressures created during packer inflation. These two ports were
accessed by continuous lengths of 3/16-inch (0.48-cm) O.D. stainless-steel tubing.

7.2.2 Bourdon Tube Gages

Bourdon tube pressure gages of varying ranges (WIKA and Ashcroft brand) were used for
all of the long term fluid-pressure measurements. The pressure range of each gage used
was appropriate for the borehole pressure being monitored. Both aone and packer
pressures were monitored and manually recorded. The gages were not calibrated and
were used for indication purposes only. As such, the pressure measurements obtained
from these gages should not be used for data interpretation.

7.3 Procedures for Long-Term Fluid-Pressure Monitoring

7.3.1 Tool Installation Procedure

The following describes a typical tool-installation sequence. Single-packer tools were
installed in each of the boreholes as soon after the completion of a permeability-testing
sequence or a GTPT sequence as possible in order to minimize depressurization of the
formation surrounding the borehole. Prior to initiating long-term fluid-pressure monitoring,
a multipacker test tool configured appropriately for either permeability testing or GTPT
sequences was replaced by a single-packer tool. All single-packer tools were installed
following tool-installation procedures presented in SOP INT-5 (INTERA, 1992) and/or
WIPP Procedures for test-tool installation (479, 480, and 481) (see Figures 3-15 through
3-17). Before tool installation in vertically down or angled downward borehole orientations,
enough brine was added to the borehole to fill the zone to be monitored, helping to
minimize air entrapment. After the single-packer tool was installed, the packer was inflated
to an appropriate pressure as indicated on the Bourdon tube pressure gage and the zone
was shut in. Both zone and packer pressures were monitored and recorded.

For boreholes oriented vertically or angled upward, the single-packer tools were installed
and the packer inflated to an appropriate pressure. The isolated borehole was then filled
with brine while a vacuum pump attached to the zone vent line removed entrapped air. In
some cases, 10-psi (68.95 kPa) check valves were attached to the vent lines to prevent
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brine from draining from the isolated borehole interval, assuring fluid-filled zones (Figure
3-18).

7.4 Fluid-Pressure Monitoring

Information and plots of the fluid-pressure monitoring data are presented below. Complete
tabulations of the manually recorded data are stored in the SWCF under WPO #42269.

7.4.1 Borehole C2H01

Table 7-3 lists the events associated with borehole C2H01 from the time the borehole was
drilled to the termination of all testing and/or monitoring in the borehole with the events
associated with the fluid-pressure monitoring emphasized. Descriptions of events that
occurred during permeability testing in this borehole and of the core recovered from the
borehole can be found in Sauinier et al. (1991).

Table 7-3. Long-Term Fluid-Pressure Monitoring C2H01 Events

EVENT DATE CALENDAR 1989
DAY CALENDAR DAY
Drill borehole C2HO01 to 5.58 meters. 8-4-88 217 N/A
Begin permeability-testing sequence C2H01-A. 8-6-88 219 N/A
Terminate permeability-testing sequence C2H01-A. 9-1-88 245 N/A
Begin permeability-testing sequence C2H01-B. 9-2-88 246 N/A
Terminate permeability-testing sequence C2H01-B. 2-9-89 40 40
Borehole C2HO1 deepened to 8.97 meters 2-15-89 46 46
Begin permeability-testing sequence C2H01-C. 2-16-89 47 47
Terminate permeability-testing sequence C2H01-C. 5-22-89 142 142
Install single-packer long-term fluid-pressure monitor tool  8-22-89 234 234
to monitor fluid pressure in MB139 as indicated in
Figure 7-2.
Infiate packer to ~1500 psig. 8-22-89 234 234
Increase packer pressure to ~1500 psig. 8-24-89 236 236
Diagnose that the monitor tool was moving out of the  10-30-89 303 303
borehole.
Depressurize test zone. 7-5-80 186 551
Defiate packer. 7-5-90 186 551
Remove long-term fluid-pressure monitoring tool. 7-5-90 186 551
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Table 7-3 (Continued). Long-Term Fluid-Pressure Monitoring C2H01 Events

EVENT DATE CALENDAR 1989
. DAY CALENDAR DAY
Ream borehole C2H01 to 4-inch (10.16-cm) to bottom of  1-22-91 22 752
borehole.
Video-log borehole. 2-7-91 38 768
Install single-packer long-term fluid-pressure monitor tool  2-11-91 42 772
to monitor fluid pressure in MB139 as indicated in
Figure 5-9.
Inflate packer to ~1500 psig. 2-12-91 43 773
Shut in test zone. 2-12-91 43 773
Depressurize test zone. 3-13-91 72 802
Defiate packer. 3-13-91 72 802
Remove long-term fluid-pressure monitoring tool. 3-13-91 72 802
Re-install single-packer long-term fluid-pressure monitor ~ 3-13-91 72 802
tool to monitor fluid pressure in MB139 as indicated in
Figure 5-9.
Inflate packer to ~1500 psig. 3-13-91 72 802
increase test zone pressure to ~275 psig. 3-14-91 73 803
Install transducer #321768 to monitor pressure during 1-29-92 29 1124
coupled permeability and hydrofracture-testing sequence
C1X10.
Begin fiuid-pressure monitoring of MB139 associated with  1-29-92 29 1124
testing sequence C1X10.
Terminate fluid-pressure monitoring associated with 6-26-92 178 1273
testing sequence C1X10.
Begin fluid-pressure monitoring of MB139 associated with 6-26-92 178 1273
testing sequence C1X05-A.
Terminate fluid-pressure monitoring associated with 8-3-92 216 1311
testing sequence C1X05-A.
Resume long-term fluid-pressure monitoring of fluid 8-3-92 216 1311
pressure in MB139.
Increase packer pressure. 7-12-93 193 1653
Begin fluid-pressure monitoring of MB139 associated with 9-28-93 271 1731
testing sequence C2H02.
Terminate fluid-pressure monitoring associated with 3-4-94 77 1894
testing sequence C2HO02.
Resume long-term fluid-pressure monitoring of fluid 3-4-94 77 1894

pressure in MB139.




Table 7-3 (Continued). Long-Term Fluid-Pressure Monitoring C2H01 Events

EVENT DATE CALENDAR 1989
DAY CALENDAR DAY
Depressurize test zone. 4-20-95 110 1935
Defiate packer. 4-20-95 110 1935
Remove long-term fluid-pressure monitoring tool. 4-20-95 110 1935
Terminate long-term fluid-pressure monitoring. 4-20-95 110 1935

Figure 4-7 schematically depicts Room C2 in plan view and in cross section, showing the
locations and orientations of boreholes C2H01 and C2H02. Figures 7-2 and 5-9 illustrate
both of the tool configurations and associated installations that were used during the fluid-
pressure monitoring in borehole C2HO01. Figure 7-3 is a plot of the fluid pressure observed
in borehole C2HO01.
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Figure 7-2. Configuration #1 of long-term fluid-pressure monitoring tool in borehole C2H01.
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Figure 7-3. Long-term fluid pressure in MB139 in borehole C2H01.
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7.4.2 Borehole C2H02

Table 7-4 lists the events associated with borehole C2H02 from the time the borehole was
drilled to the termination of all testing and/or monitoring in the borehole with the events
associated with the fluid-pressure monitoring emphasized. Descriptions of events that
occurred during permeability testing in this borehole and the core recovered from the
borehole can be found in Saulnier et al. (1991). Descriptions of events that occurred
during the GTPT in this borehole can be found in Section 5.6.2 of this report.

Table 7-4. Long-Term Fluid-Pressure Monitoring C2H02 Events

EVENT DATE CALENDAR 1991
DAY CALENDAR DAY
Drill borehole C2H02 to 10.86 meters. 4-17-89 107 N/A
Begin permeability-testing sequence C2HO02. 4-19-89 109 N/A
Terminate permeability-testing sequence C2H02. 12-12-89 346 N/A
Ream borehole C2H02 4-inch (10.16-cm) to bottom of  1-22-91 22 22
borehole.
Video log borehole. 2-7-91 38 38
Install single-packer long-term fluid-pressure monitor tool  2-11-91 42 42
to monitor fluid pressure in MB139 as indicated in
Figure 7-4.
Inflate packer to ~1500 psig. 2-12-91 43 43
Shut in test zone. 2-12-91 43 43
Diagnose and fix leak on test zone. 10-9-91 282 282
Replace bad gage on test zone. 1-7-92 7 372
Depressurize test zone. 8-9-93 221 951
Deflate packer. 8-9-93 221 951
Remove long-term fluid-pressure monitoring tool. 8-9-93 221 951
Install GTPT test tool as indicated in Figure 5-10 and 8-10-93 222 952
begin GTPT sequence C2H02.
Remove GTPT test tool and terminate GTPT sequence  3-23-94 82 1177
C2H02.
install single-packer long-term fluid-pressure monitor tool  3-24-94 83 1178
to monitor fluid pressure in MB139 as indicated in
Figure 7-5.
Add approximately 10 liters of brine to borehole. 3-25-94 84 1179
Inflate packer to ~1750 psig. 3-25-94 84 1179
Increase test zone pressure to ~1080 psig. 3-25-94 84 1179
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Table 7-4 (Continued). Long-Term Fluid-Pressure Monitoring C2H02 Events

EVENT DATE CALENDAR 1991
DAY CALENDAR DAY
Depressurize test zone. 4-20-95 110 1570
Deflate packer. 4-20-95 110 1570
Remove long-term fluid-pressure monitoring tool. 4-20-95 110 1570
Terminate long-term fiuid-pressure monitoring. 4-20-95 110 1570

Figures 7-4 and 7-5 illustrate the tool configurations and associated installations that were
used during the fluid-pressure monitoring in borehole C2H02. Figure 7-6 is a plot of the
fluid pressure observed in borehole C2H02.
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Figure 7-6. Long-term fiuid pressure in MB139 in borehole C2H02.
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7.4.3 Borehole L4P52

Table 7-5 lists the events associated with borehole L4P52 from the time the borehole was
drilled to the termination of all testing and/or monitoring in the borehole with the events
associated with the fluid-pressure monitoring emphasized. Descriptions of events that
occurred during both the permeability testing and the GTPT in this borehole can be found
in Sections 3.6.1.5 and 5.6.3 of this report. A description of the core recovered from
borehole L4P52 can be found in Appendix A of this report.

Table 7-5. Long-Term Fluid-Pressure Monitoring L4P52 Events

EVENT DATE CALENDAR 1994
DAY CALENDAR DAY

Borehole L4P52 drilled to 5.56 meters. 4-2-91 92 N/A
Video-log borehole. 4-8-91 98 N/A

Begin permeability-testing sequence L4P52-A. 4-12-91 102 N/A
Terminate permeability-testing sequence L4P52-A. 8-11-92 224 N/A
Deepen borehole L4P52 to 14.18 meters. 12-14-92 349 N/A
Install test tool as indicated in Figure 3-31. 12-16-93 351 N/A
Begin permeability-testing sequence L4P52-B. 12-17-92 352 N/A
Terminate permeability-testing sequence L4P52-8. 12-28-93 362 N/A
Begin GTPT sequence L4P52-B. 12-29-93 363 N/A

Remove test tool and terminate GTPT sequence L4P52-B.  5-4-94 124 124
Install single-packer iong-term fiuid-pressure monitor tool  5-4-94 124 124

to monitor fluid pressure in MB138 as indicated in
Figure 7-7.

Inflate packer to ~1500 psig. 5-5-94 125 125

Shut in test zone. 5-5-94 125 125

Depressurize test zone. 5-16-95 136 501

Defiate packer. 5-16-85 136 501

Remove long-term fluid-pressure monitoring tool. 5-16-95 136 501
Terminate long-term fiuid-pressure monitoring. 5-16-95 136 501

Figure 3-20 schematically depicts Room L4 in plan view and in cross section, showing the
location and orientation of borehole L4P52. Figure 7-7 illustrates the test-tool configuration
and associated installation that was used during the fluid-pressure monitoring in borehole
L4P52. Figure 7-8 is a plot of the fluid pressure observed in borehole L4P52-B.
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Figure 7-7. Configuration of long-term fluid-pressure monitoring tool in borehole L4P52.
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Figure 7-8. Long-term fluid pressure in MB138 in borehole L4P52.
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7.4.4 Borehole SCP01

Table 7-6 lists the events associated with borehole SCP01 from the time the borehole was
drilled to the tefmination of all testing and/or monitoring in the borehole with the events
associated with the fluid-pressure monitoring emphasized. Descriptions of events that
occurred during permeability testing in this borehole and of the core recovered from the
borehole can be found in Stensrud et al. (1992). A description of events that occurred
during GTPT in this borehole can be found in Sections 5.6.1.1 and 5.6.1.2 of this report.

Table 7-6. Long Term Fluid-Pressure Monitoring SCP01 Events

EVENT DATE CALENDAR 1992
DAY CALENDAR DAY
Drill borehole SCP01 to 15.39 meters. 3-30-90 89 89
Begin permeability-testing sequence SCPO01. 4-10-90 100 100
Terminate permeability-testing sequence SCP01. 10-11-90 284 284
Install single-packer long-term fiuid-pressure monitor tool 10-12-90 285 285
to monitor fluid pressure in MB139 as indicated in
Figure 7-9.
Add approximately 30.3 L of brine to borehole. 10-15-80 288 288
Inflate packer to ~1500 psi. 10-15-90 288 288
Re-inflate packer to ~1500 psi. 10-15-90 288 288
Re-inflate packer to ~1540 psi. 10-16-90 289 289
Shut in test zone. 10-16-80 289 289
Monitor tool moved out of borehole 1.2-cm total distance. 11-6-90 310 310
Monitor tool moved out of borehole 1.3-cm total distance. 11-8-90 312 312
Monitor tool moved out of borehole 1.5-cm total distance. 11-8-90 313 313
Monitor tool moved out of borehole 3.0-cm total distance. 11-12-80 316 316
Monitor tool moved out of borehole 4.3-cm total distance. 11-14-90 318 318
Replace restraining device with slip-type to eliminate 11-19-90 323 323
monitor tool movement.

Replace bad gages on both test zone and packer. 12-6-90 340 340
Inflate packer to ~1475 psi. 12-6-90 340 340

Depressurize test zone. 12-10-92 344 1075

Deflate packer. 12-10-92 344 1075

Rotate packer 90° clockwise. 12-10-92 344 1075

Inflate packer to ~1500 psi. 12-10-92 344 1075

Shut in test zone. 12-10-92 344 1075
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Table 7-6 (Continued). Long Term Fluid-Pressure Monitoring SCP01 Events

EVENT DATE CALENDAR 1992
DAY CALENDAR DAY
Depressurize test zone. 3-22-93 81 1176
Deflate packer. 3-22-93 81 1176
Remove long-term fluid-pressure monitor tool. 3-22-93 81 1176
Install GTPT test too! as indicated in Figure 5-4 and begin  3-30-93 89 1184
GTPT sequence SCP01-1.
Remove GTPT test tool and terminate GTPT sequence  7-13-93 194 1289
SCPO01-1.
Install long-term fiuid-pressure monitoring tool to monitor  7-14-93 195 1290
fiuid pressure in MB139.
Inflate packer to ~1500 psi. 7-14-93 195 1290
Shut in test zone. 7-14-93 195 1290
Depressurize test zone. 4-13-94 103 1563
Defiate packer. 4-13-94 103 1563
Remove long-term fluid-pressure monitoring tool. 4-13-94 103 1563
Install GTPT test tool as indicated in Figure 5-7 and begin 4-14-94 104 1564
GTPT sequence SCP01-2.
Remove GTPT test tool and terminate GTPT sequence 8-2-94 214 1674
SCP01-2.
Install single-packer long-term fiuid-pressure monitor tool ~ 8-2-94 214 1674
to monitor fluid pressure in MB139 as indicated in
Figure 7-10.
inflate packer to ~1500 psi. 8-2-94 214 1674
Shut in test zone. 8-2-94 214 1674
Leak in packer. 8-3-94 215 1675
Depressurize test zone. 5-2-85 122 1947
Deflate packer. 5-2-95 122 1947
Remove long-term fluid-pressure monitoring tool. §-2-95 122 1947
Terminate long-term fiuid-pressure monitoring. 5-2-95 122 1947

Figure 5-3 schematically depicts the Core Storage Library in plan view and in cross section,
showing the location and orientation of borehole SCP01. Figures 7-9 and 7-10 illustrate
all of the test-tool configurations and associated installations that were used during the
fluid-pressure monitoring in borehole SCP01 (information regarding configuration #2 is not

available and, therefore, there is no associated installation diagram). Figure 7-11 is a plot
of the fluid pressure observed in borehole SCP01.

7-20



1 ~GST-SH19-YHIINI

LAY
V1D AVED G8 —
NV 34TvH=K10d HONIN “NOUVI4NI_¥340Vd at ecct”
‘39NVH0 0L SS31 3LV NOIISOd Q3LVAIST  * oL 6est
HOT0D “3Ni4 ALV (@) ‘SH1d30 G3103r0¥d ATWOINIA ()
TS UYL 'NOUVLINI ¥3XOvd 340438 JI0H30 OI1ONV £59'01
SNy ONOTV TIVM WO¥3 G3MNSYIN SLINN dvi
o GlaoAHNY 40 NOLLOB GNV dOL 01 SHILIA NI JONVISIG ‘310N L6001 0c9°0l~, \ gggot
“INITIVISANIONOIN

'LOVINGD ONIVINGNN -

6C1 Q38 YIHYWN (95°2)
V15 AVED GONIA < 0501
01 3OWil ‘SS3
-¥0100 OL 39NVH0
“INI4 OL 3SHVOD
‘31AVH JILNVHAT0d -~ (02°0)
¥ 3IVH_OULNVHAI0d 230

, 3LOVH
AY1O_Ava9 FOVAL
SS31Y0100 *ISUVOD - \

0 _LINN v

AHdVHOILVALS 310H3¥0d ‘

3

YOO

IS 0L
JON 310N

‘W 6€°GL I10H 40 HLd3a 1

06/tL/01 :31va
g1°659¢ # ¥INOVd
10d2S :310H3Y08

L# NOLVYNOIINOD 1001 dINOVA—ITIONIS
1 0dOS

91°659¢ #
¥INOVd
3INOZ-1531

R,

—{ 0£0 |
L1'0

ANIOd
650 3ON3Y3NDY

NOISNILX3
1000

mﬂm.o o.w_.o
Ed
£

Configuration #1 of long-term fluid-pressure monitoring tool in borehole

SCPO1.

Figure 7-9.

7-21



$=9ST-G119-VHILINI

(9v'5)
A0 AVHD OGNV 6C°S1
3LAVH-A10d HONIW
‘I9NVHO0 OL SS31
~40100 ‘aNId ‘3LTVH -
+ 3LNVH (ze)
T VD 8Lyl
ILYOAHNY
,AVHO O 39NVNO
INNTVASAHOOHOIN
*LOVINOD ONUYINANN - .
6C1 038 YINNVA A%.w..w_v

AYID AVHO HONIW
0L 39vil ‘SS3
—Y¥0700 OL 3ONVHO
‘INI4 OL _3S¥VOD
‘ALVH OILIVHATOd ~
¥ 31NVH JILRVHAOd

) 3LVH

L AVID_ AYHD 3OvHL
SST010D 'ISHVOD -
0 IINO _ojvit

AHJWYHOILVYLS 3T0H3Y08

‘weeGl

‘a'l 6¢°GL

AN

I0H 40 H1d3d
¥6/20/80 :31va
10d4JS :3T0H3408

"NOUVLINI 43MJvd
Y314V NOWLISOd Q31VAILS3

CH# NOLVYNOIINOD TO0L—LS3L ¥3IMOV-ITONIS

‘SH1d3G Q3193r0Hd ATWOUN3A ()

‘NOWVIINI ¥3NOVd 380438 ITOHIHOB Q3TONV
ONOTW TIVM WOY4 (Q3UNSY3N SLINN dvA
40 WOLL08 GNV dOL OL SY3L3W NI JONVLSIO ‘310N

IN3A
3NOZ—-1S3L

140d
Y30NASNVAL
INOZ—-1S3L

tool in borehole

ring

Figure 7-10. Configuration #3 of long-term fluid-pressure monito
SCPO1.

7-22



3000 ! | l: | ) " ] | T I J T T | T T T | T T T
: —E‘— Test Zone | :
" \nfiate Pack —&—  Test-Zone Packer ! .
2500 Inflate Packer |
i Deflate Packer 7
- Rotate Test Tool -
2000 _
—~ i }
D - .
o) N i
(o}
D 1500 F ~~_Gl# .
- ] s |
7))
)] L 4
o I ]
& B —
1000 _
500 + Replace R_estraining (Shut-in Zone) / _
i — Device Increase Zone -
L : Pressure ]
i l(r? ;:t:snezzo:r?g Test Tool Moving |
i Pressure Out of Borehole
0 1 1 1 | s 3 ! I $ . ) | ! ' I | e Y
0 400 800 1200 1600 000

Time (1990 calendar days)

INTERA-8115-257-0

Figure 7-11. Long-term fluid pressure in MB139 in borehole SCP01.
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7.4.5 Borehole S1P71

Table 7-7 lists the events associated with borehole S1P71 from the time the borehole was
drilled to the termination of all testing and/or monitoring in the borehole with the events
associated with the fluid-pressure monitoring emphasized. A description of events that
occurred during permeability-testing sequence S1P71-A can be found in Saulnier et al.

(1991). Events that occurred during permeability-testing sequence S1P71-B, as well as
core recovered from the borehole, are described in Stensrud et al. (1992).

Table 7-7. Long-Term Fluid-Pressure Monitoring S1P71 Events

EVENT DATE CALENDAR 1991
DAY CALENDAR DAY

Drill borehole S1P71 to 4.56 meters. 11-10-88 316 N/A

Begin permeability-testing sequence S1P71-A. 11-11-88 317 N/A
Terminate permeability-testing sequence S1P71-A. 7-10-89 191 N/A
Deepen borehole S1P71 to 10.15 meters. 7-24-89 205 N/A

Begin permeability-testing sequence S1P71-B. 7-25-89 206 N/A
Terminate permeability-testing sequence S1P71-B. 5-24-90 144 N/A
Ream borehole S1P71 to 4-inch (10.16-cm) to bottom of  6-7-91 158 158

borehole.

Set and grout new collar. 6-7-91 158 158

Load test new collar. 6-10-91 161 161

Video-log borehole. 6-11-91 162 162

Install long-term fluid-pressure monitoring tool to monitor  6-11-91 162 162

fluid pressure in anhydrite "c" as indicated in Figure 7-12.

Inflate packer to ~1490 psi. 6-13-91 164 164

Deflate packer. 6-13-91 164 164

Re-inflate packer to ~1490 psi. 6-13-91 164 164

Increase packer pressure to ~1580 psi. 6-13-91 164 164

Shut in test zone. 6-13-91 164 164

Increase packer pressure. 7-12-93 193 923
Depressurize test zone. 5-16-95 136 1596
Deflate packer. 5-16-95 136 1596
Remove long-term fluid-pressure monitoring tool. 5-16-95 136 1596
Terminate long-term fluid-pressure monitoring. 5-16-95 136 1596
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Figure 3-21 schematically depicts Waste Panel 1, Room 7 in plan view and in cross
section, showing the location and orientation of boreholes S1P71 and S1P72. Figure 7-12
illustrates the test-tool configuration and associated installation that was used during the
fluid-pressure monitoring in borehole S1P71. Figure 7-13 is a plot of the fluid pressure

observed in borehole S1P71.
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Figure 7-12. Configuration of long-term fluid-pressure monitoring tool in borehole S1P71.
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Figure 7-13. Long-term fiuid presure in anhydrite "C" in borehole S1P71.
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7.4.6 Borehole S1P72

Table 7-8 lists the events associated with borehole S1P72 from the time the borehole was
drilled to the termination of all testing and/or monitoring in the borehole with the events
associated with the fluid-pressure monitoring emphasized. Descriptions of events that

occurred during permeability testing and of core recovered from this borehole can be found
in Stensrud et al. (1992).

Table 7-8. Long-Term Fluid-Pressure Monitoring S1P72 Events

EVENT DATE CALENDAR 1991
DAY CALENDAR DAY
Drill borehole S1P72 to 6.05 meters. 12-13-89 347 N/A
Begin permeability-testing sequence S1P72. 12-18-89 352 N/A
Terminate permeability-testing sequence S1P72. 1-30-91 30 30
Install single-packer long-term fiuid-pressure monitoring  1-31-91 31 31
tool to monitor fluid pressure in MB139 as indicated in
Figure 7-14.
Inflate packer to ~1500 psi. 1-31-91 31 31
Shut in test zone. 1-31-91 31 31
Leak in packer. 2-1-91 32 32
Remove long-term fluid-pressure monitoring tool form 2-1-91 32 32
borehole.
Fix leak in the packer inflation line. 2-1-91 32 32
Re-install single-packer long-term fluid-pressure 2-1-91 32 32

monitoring tool to monitor fluid pressure in MB139 as
indicated in Figure 7-14.

Inflate packer to ~1650 psi. 2-1-91 32 32
Shut in test zone. 2-1-91 32 32
Replace bad gage on packer. 10-19-92 294 658
Depressurize test zone. 5-16-95 136 1596
Deflate packer. 5-16-95 136 1586
Attempt to remove long—tinnlﬂuid-pressure monitoring 5-16-95 136 1596
ool.
Terminate long-term fluid-pressure monitoring. 5-16-95 136 1596

Figure 7-14 illustrates the test-tool configuration and associated installation that was used

during the fluid-pressure monitoring in borehole S1P72. Figure 7-15 is a plot of the fluid
pressure observed in borehole S1P72.
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Figure 7-14. Configuration of long-term fluid-pressure monitoring tool in borehole S1P72.
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Figure 7-15. Long-term fluid pressure in MB139 in borehole S1P72.
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7.5 Fluid-Pressure Monitoring in Other Boreholes

The long-term fluid-pressure monitoring tools that were used in boreholes DPD01, DPD02,
and DPDO03 were similar in design to those described in Section 7.2. These monitor tools
consisted of fluid-inflatable, 3.5-inch (8.9-cm) diameter packers mounted on a 1.9-inch
(4.83-cm) mandrel. 3/16-inch (0.48-cm) stainless-steel tubing was used to access the
associated zone and to transmit pressure to pressure gages located outside of the
borehole. Prior to installation of the long-term fluid-pressure monitoring tools, the
boreholes were filled with WIPP-facility brine (1.22 kg/L) to a level such that the monitor
tool was completely submerged. The monitor tools in boreholes DPD01, DPD02, and
DPDO03 were not restrained from moving out of the boreholes in response to pressure
buildup. Table 7-9 lists the pertinent information for the boreholes and test zones
monitored in the fluid-pressure monitoring program which had not been previously tested
under the permeability and/or the GTPT program. Figure 2-1 shows the location of these
boreholes within the WIPP underground facility.

Table 7-9. Fluid-Pressure Monitoring in Other Boreholes; Test-Zone information

Test TestHorizon Borehole Testlinterval Borehole Monitoring Monitoring

Borehole Horizon Penetrated Diameter (cm) Depth(m) Depth(m) Started Terminated
DPDO1 MB139 11-84 12.7 10.39 12.34 5-89 8-89
DPD02 MB139 4-86 10.8 11.00 13.11 5-89 4-95
DPDO03 MB139 4-86 10.8 11.15 13.11 5-89 4-95

Table 7-10 summarizes the location and orientation of each of the boreholes associated
with the long-term fluid-pressure monitoring in which brine permeability and/or GTPT
sequences had not been performed. Borehole orientations at an underground location
attempt to accomplish two objectives:

° to characterize the interbeds in close areal proximity; and

° to characterize the interbeds at a maximum distance from the excavation.

Table 7-10. Summary of Long-Term Fluid-Pressure Monitoring Borehole Locations and
Orientations not Previously Tested

Borehole lntfarval Qate Location Excavatlop Date
(Orientation) Drilled/ Drilled/ of Drift
Cored (m) Cored
DPDO1 0-12.34 November North 1400 Drift March 1983
(downward 46°) 1984 East of Room C1
(from vertical)
DPD02 0-13.11 April 1986 North 1400 Drift March 1983
(downward 47°) East of Room C1
(from vertical)
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Table 7-10 (Continued). Summary of Long-Term Fluid-Pressure Monitoring Borehole

Locations and Orientations not Previously Tested

Borehole Interval Date Location Excavation Date
(Orientation) Drilled/ Drilled/ of Drift
Cored (m) Cored
DPDO03 0-13.11 April 1986 North 1400 Drift March 1983
(downward 46°) East of Room C1
(from vertical)

Figure 7-16 illustrates the locations and orientations of boreholes DPD01, DPD02, and
DPDO3 relative to the surrounding area of the WIPP underground facility.
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Figure 7-16. Locations and orientations of long-term fluid-pressure monitoring boreholes

DPDO01, DPDO02, and DPDO3.
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7.5.1 Borehole DPD01

Table 7-11 lists the events associated with the fluid-pressure monitoring in borehole
DPDO1.

Table 7-11. Long-Term Fluid-Pressure Monitoring DPD01 Events

EVENT ' DATE CALENDAR 1989
DAY CALENDAR DAY

Drill borehole DPD01 to 12.34 meters. 11-84 N/A N/A

Begin fluid level measurements. 4-27-89 117 117

Video-log borehole DPD01 to determine MB139 position.  4-28-89 118 118
Install single-packer long-term fluid-pressure monitoring  4-28-89 118 118

tool to monitor fluid pressure in MB139 as indicated in
Figure 7-17.

Survey borehole DPD01 to determine inclination. 4-28-89 118 118
Inflate packer to ~1500 psi. 5-2-89 122 122

Defiate packer. 6-5-89 166 156

Add approximately 18.9 L of brine to the borehole. 6-5-89 156 156
inflate packer to ~1380 psi. 6-5-89 156 156

Shut in test zone. 6-5-89 156 156

Increase packer pressure to ~1500 psi. 7-18-89 199 199
Remove long-term fluid-pressure monitoring tool. 8-22-89 234 234
Long-term fluid-pressure monitoring terminated. 8-22-89 234 234
Ream borehole DPDO01 to 5-inches (12.7-cm). 7-30-91 211 941
Install and grout in new collar. 7-30-91 211 941

Load test new collar. 8-6-91 218 948

Add approximately 18.9 L of brine to borehole. 12-4-91 338 1068
Install new long-term fluid-pressure monitor tool. 12-4-91 338 1068
Inflate packer to ~500 psi. 12-4-91 338 1068
Packer failed. 12-4-91 338 1068
Remove monitor too! from borehole. 12-4-91 338 1068

Figure 7-17 illustrates the tool configuration and associated installation that was used
during the fluid-pressure monitoring in borehole DPD01. Figure 7-18 shows that no fluid-
pressure buildup was observed in borehole DPD01. Apparently, the packer diameter was
too small to seal the observation zone.

7-34



ZONE—~PRESSURE

MONMTORING  LINE ~ PACKER—INFLATION -
T PRESSURE MONITORING

3 LINE

/

N.1420 DRIFT

~t— NORTH —0O

WALL

44.1°

FLOOR

TOOL EXTENSION

BOREHOLE

TEST-ZONE

9.620m
PORT

10.39m TOP OF MARKER BED 139

NOTE: NOT TO SCALE

DATE INSTALLED: 5/1/89
+ ESTIMATED POSITION AFTER
12.34m BOTTOM OF HOLE PACKER INFLATION.

INTERA=6115-263~1

Figure 7-17. Configuration of long-term fluid-pressure monitoring tool in borehole DPDO1.
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Figure 7-18. Long-term fluid pressure in MB139 in borehole DPDO01.
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7.5.2 Borehole DPD02

Table 7-12 lists the events associated with the fluid-pressure monitoring in borehole
DPDO2.

Table 7-12. Long-Term Fluid-Pressure Monitoring DPD02 Events

EVENT DATE CALENDAR 1989
DAY CALENDAR DAY
Drill borehole DPD02 to 13.11 meters. 4-86 N/A N/A
Begin fluid level measurements. 4-27-89 117 117
Video-log borehole DPDO02 to determine MB139 position. 4-28-89 118 118
Install single-packer long-term fluid-pressure monitoring  4-28-89 118 118
tool to monitor fluid pressure in MB139 as indicated in
Figure 7-19.
Survey borehole DPDO02 to determine inclination. 4-28-89 118 118
Inflate packer to ~1500 psi. 5-2-89 122 122
Begin long-term fluid-pressure monitoring in MB138. 5-3-89 123 123
Increase packer pressure to ~1500 psi. 7-18-89 199 189
Diagnose and attempt to fixed a leak in the test zone. 7-26-89 207 207
Test zone continues to leak. 7-31-89 212 212
Replace bad valve on test zone. 8-15-89 227 227
Remove monitor tool from borehole. 7-16-91 197 927
Ream borehole DPD02 to 4-inch (10.16-cm). 8-2-91 214 944
Install and grout in new collar. 8-5-91 217 947
Load test new collar. 8-6-91 218 948
Add approximately 18.9 L of brine to borehole. 12-4-91 338 1068
Install new single-packer long-term fiuid-pressure monitor 12-4-91 338 1068
tool to monitor fluid pressure in MB139 as indicated in
Figure 7-20.
Inflate packer to ~1500 psi. 12-4-91 338 1068
Increase test zone pressure to ~500 psi. 12-4-91 338 1068
Replace pressure gage on test zone. 12-16-91 350 1080
Install transducer #316158 to monitor pressure during 1-29-92 29 1124
C1X10 coupled permeability and hydrofracture-testing
sequence.
Begin fluid-pressure monitoring of MB139 associated with  1-30-92 30 1125
testing sequence C1X10.
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Table 7-12 (Continued). Long-Term Fluid-Pressure Monitoring DPD02 Events

EVENT DATE CALENDAR 1989
DAY CALENDAR DAY
Terminate fluid-pressure monitoring associated with 6-26-92 178 1273
testing sequence C1X10.

Begin fluid-pressure monitoring of MB139 associated with 6-26-92 178 1273
testing sequence C1X05-A.

Terminate fluid-pressure monitoring associated with 8-3-92 216 1311
testing sequence C1X05-A.

Resume long-term fiuid-pressure monitoring of fiuid 8-3-92 216 1311

pressure in MB139.

Replace bad gage on test zone. 9-8-92 252 1347

Increase packer pressure. 7-12-93 193 1653

Replace bad gage on test zone. 11-29-93 333 1793

Replace bad gage on test zone. 3-1-94 60 1885

Depressurize test zone. 4-21-85 110 2300

Deflate packer. 4-21-95 110 2300

Remove long-term monitoring tool from borehole. 4-21-95 110 2300

Terminate long-term fluid-pressure monitoring. 4-21-95 110 2300

Figures 7-19 and 7-20 illustrate both of the tool configurations and associated installations
that were used during the fluid-pressure monitoring in borehole DPD02. Figure 7-21 is a
plot of the fluid pressure observed in borehole DPDO02 for the entire duration of the fluid-
pressure monitoring.
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Figure 7-19. Configuration #1 of long-term fluid-pressure monitoring tool in borehole
DPDO02.
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Figure 7-20. Configuration #2 of long-term fluid-pressure monitoring tool in borehole
DPDO02.
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Figure 7-21. Long-term fluid pressure in MB139 in borehole DPD02.
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7.5.3 Borehole DPD03

Table 7-13 lists the events associated with the fluid-pressure monitoring in borehole
DPDO3.

Table 7-13. Long Term Fluid-Pressure Monitoring DPD03 Events

EVENT DATE CALENDAR 1989
DAY CALENDAR DAY
Drill borehole DPD03 to 13.11 meters. 4-86 N/A N/A
Begin fiuid level measurements. 4-27-89 117 117
Video-log borehole DPDO3 to determine MB139 position.  4-28-89 118 118
Install single-packer long-term fluid-pressure monitoring  4-28-89 118 118
tool to monitor fluid pressure in MB139 as indicated in
Figure 7-22.
Survey borehole DPD03 to determine inclination. 4-28-89 118 118
Inflate packer to ~1500 psi. 5-2-89 122 122
Shut in test zone. 5-3-89 123 123
Increase packer pressure to ~1500 psi. 7-18-89 199 199
Attempt to remove monitor tool from borehole. 7-16-91 197 927
Push monitor tool to the bottom of the borehole. 8-2-91 214 944
Ream borehole DPDO03 to 4-inch (10.16-cm) to the top of  8-2-91 214 944
the tool.
Remove monitor tool from borehole. 8-5-91 217 947
Install and grout in new collar. 8-5-91 217 947
Load test new collar. 8-6-91 218 948
Add approximately 18.9 L of brine to borehole. 12-4-91 338 1068
Install new single-packer long-term fluid-pressure monitor  12-4-91 338 1068
tool to monitor fluid pressure in MB139 as indicated in
Figure 7-23.
Inflate packer to ~1500 psi. 12-4-91 338 1068
Increase test zone pressure to ~500 psi. 12-4-91 338 1068
Install transducer #211694 to monitor pressure during 1-29-92 29 1124
C1X10 coupled permeability and hydrofracture-testing
sequence.
Begin fluid-pressure monitoring of MB139 associated with  1-30-92 30 1125
testing sequence C1X10.
Diagnose and fix leak in test zone 2-10-92 41 1136
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Table 7-13 (Continued). Long Term Fluid-Pressure Monitoring DPD03 Events

EVENT DATE CALENDAR 1989
~ DAY CALENDAR DAY
Terminate fluid-pressure monitoring associated with 6-26-92 178 1273
testing sequence C1X10.

Begin fluid-pressure monitoring of MB139 associated with 6-26-92 178 1273
testing sequence C1X05-A.

Terminate fluid-pressure monitoring associated with 8-3-92 216 1311
testing sequence C1X05-A.

Resume long-term fluid-pressure monitoring of fluid 8-3-92 216 1311

pressure in MB139.

Replace bad gage on test zone. 10-18-92 293 1388

increase packer pressure. 7-12-93 193 1653

Depressurize test zone. 4-21-95 110 2300

Deflate packer. 4-21-95 110 2300

Remove long-term monitoring tool from borehole. 4-21-95 110 2300

Terminate long-term fluid-pressure monitoring. 4-21-95 110 2300

Figures 7-22 and 7-23 illustrate both of the tool configurations and associated installations
that were used during the fluid-pressure monitoring in borehole DPDO03. Figure 7-24 is a
plot of the fluid pressure observed in borehole DPDO03 for the entire duration of the fluid-
pressure monitoring.
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Figure 7-22. Configuration #1 of long-term fluid-pressure monitoring tool in borehole
DPDO3.
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Figure 7-23. Configuration #2 of long-term fluid-pressure monitoring tool in borehole
DPDO03.
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Figure 7-24. Long-term fiuid pressure in MB139 in borehole DPD03.
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APPENDIX A: CORE DESCRIPTION OF TEST AND MONITOR BOREHOLES




TABLE A.1
CORE DESCRIPTION OF BOREHOLE S1P74-A



TABLE A1

PAGE 1 INTERA
OF 3 WIPP CORE-LOG INVENTORY | Form 1400
BOREHOLE: S1P74-A DIA.: 4-INCH LOG BY: WAS
L. OCATION: PANEL-1 ROOM 7 DATE: 7129192
ORIENTATION: UPWARD 40°FROM VERTICAL DRILL DATE: 7/27/92 - 7/129/92
COORDINATES: SOUTH 1750.59 EAST 1336.89 DRILLER: RICK BALLEW
ELEVATION: 1264.91 FT. AMSL DRILL: LONGYEAR D65
DRILL METHODS: AIR/ROTARY DRILL CO.: EXP. OPS.
@9
<& Y Q&é’
Ay" & o Oof < DESCRIPTION REMARKS
& LS/ ES S
0.0 »
10:00 I - 0.00-0.62m 7-inch core description not included.
7127192 : :
- 100
- 05 =
11:156 : :
13:30 '_‘ : - 0.62-0.83m Halite; clear to gray coarsely crystalline. Map unit S
L 1.0 o ) 0.93-400m  Halite; clear; some moderate reddish/orange Map unit 6
— = - coarsely crystalline, some fine to medium gray
1F -] 100 clay and polyhalite; contact with lower unit
[~ : X is gradational and/or diffuse.
- «
= 1,5 o
13:50 : : -
14:15 - - -
— - X
2 F -100] -
C 2.0 -
14:30 : : X
035 -
7/28192 : : -
- x
L 25 - )
3 - - 100 -
-z X

05/24195-GIM-EXCEL-CLS1P74A




TABLE A.1 (Continued)

PAGE 2 INTERA
OF 3 WIPP CORE-LOG INVENTORY | Form 1400
BOREHOLE: S1P74-A  DIA.:  4-INCH LOGBY:  WAS
LOCATION: PANEL-1 ROOM 7 DATE: 7/29/92
ORIENTATION:  UPWARD 40°FROM VERTICAL DRILL DATE: 7/27/92 - 7/29/92
COORDINATES: ~ SOUTH 1750.59 EAST 1335.89 DRILLER:  RICK BALLEW
ELEVATION: 1264.91 FT. AMSL DRILL: LONGYEAR D65
DRILL METHODS: ~ AIR/ROTARY DRILL CO.:  EXP. OPS.

77

A

DESCRIPTION REMARKS
#
10:15
- See previous page for description. Map unit 6
10:45 — =
7128192 = - -
— - X
4 = 35 = 100
= - X
- - X
11:30 = -
= 4,0
12:30 [~ 9 - 4.00-4.56m Halite; lightVmedium gray; some reddish Map unit 7
= b orange/brown; coarsely crystalline; some fine
= . - to medium; grades into polyhalite with sharp
— — contact with clay G.
5 F - 100
=~ 4.5 ™
- - X 4.56-464m Anhydrite "b"; medium gray microcrystalline, Map unit 8
. B n scattered halite growths; thin gray clay
— . - \ seam G at base of unit.
13:30 = - -
~ - 4.64-6.79m Halite; clear to light gray; clay stringers Map unit 8
13:50 : : - at top of unit.
= 5.0 o -
6 I -1 100 -
e 5.5 = -
14:05 ~ - -
G Fal

05/24/95-GIM-EXCEL-CLS1P74A




TABLE A.1 (Continued)

PAGE 3 INTERA
OF 3 WIPP CORE-LOG INVENTORY | Forw 1400
BOREHOLE: S1P74-A DIA.: 4-INCH LOG BY: WAS
LLOCATION: PANEL-1 ROOM 7 DATE: 7/29/92
ORIENTATION: UPWARD 40°FROM VERTICAL DRILL DATE: 7/27/92 - 7/29/92
COORDINATES: SOUTH 1750.59 EAST 1336.89 DRILLER: RICK BALLEW
ELEVATION: 1264.91 FT. AMSL DRILL: LONGYEAR D65
DRILL METHODS: AIR/ROTARY DRILLCO.: EXP.OPS.
Q?
<& \\ Qf
&ey' & & oo@@ < DESCRIPTION REMARKS
& LSS
6.0 Ll
14:10 = - - See previous page for description. Map unit 9
7128192 [~ . .
7 F 100"

C 65 B

: : 6.79-7.15m Argillaceous halite; moderate reddish orange/ Map unit 10

[~ - - brown; fine to coarsely crystalline;

- - X discontinuous clay stringérs locally; contacts
14:44 : 7.0 : ) Igwer un;:t d‘{ﬂ‘use based on crystal size and
9:15 = 57710 a corten
7129182 I~ -

= 1 7.15-741m Anhydrite “a*; light to medium gray sometimes Map unit 11

= - light reddish orange; microcrystalline; halitic

8 '_‘ : growths within; gray clay seam H at base.

'—" 7.5 : 741-767m Polyhalitic halite; clear to moderate reddish Map unit 12

= - orange; coarsely crystalline; contact sharp

= - X with below unit; no clay.
9:356 : :

E E 7.69 meters. Faced off bottom of borehole.

C 8.0 =

05124/85-GIM-EXCEL-CLS1P74A




TABLE A.2
CORE DESCRIPTION OF BOREHOLE S1P74-B



TABLE A.2

PAGE 1 INTERA
OF ) WIPP CORE-LOG INVENTORY [ Form1400
BOREHOLE: S1P74-B DIA.: 4-INCH LOG BY: RMR
LOCATION: PANEL 1 ROOM 7 DATE: 3/2/95
ORIENTATION: UPWARD 40° FROM VERTICAL DRILL DATE: 1/26/95 - 1/31/85
COORDINATES: S 1750.6' E 1336.9' DRILLER: RANDY WALDON
ELEVATION: 1246.91 FT. AMSL DRILL: LONGYEAR D38
DRILL METHODS: AIR ROTARY DRILL CO.: EXP.OPS.
e%
&/ S i
«&v’ & & Cpf € < DESCRIPTION REMARKS
& & o & /&
7.5
10:27 - - See S1P74-A core description.
1126195 o -
: - 769-897m Halite; colorless; coarsely crystalline; white Map Units 12 &13
[~ - X anhydrite stringers from 7.725-7.88 m;
= b trace polyhalite from 7.88 - 8.06 m; clay
[~ 7 X content gradually increases from 8.50 - 8.97 m.
1 |80 = 1001 x
[ . X
— . X
— - X
i — - X
11:03 = a5 i
12:47 : : -
2 L 2.0 = 100 B07-11.08m  Podular muddy halite; colorless halite; brown
: : .- - clay: medum crystalline.
13:05 E E o
9.5 .
13:19 : : - -
sk H1oo|---
= 10.0 =] .
13:38 E E
13:53 4 - 100 .
o 0711/95-GIM-EXCEL-CLS1P74B
A-7




TABLE A.2 (Continued)

PAGE 2 INTERA
OF z WIPP CORE-LOG INVENTORY FORM 1400
BOREHOLE: S1P74-B DIA.: 4-INCH LOG BY: RMR
LOCATION: PANEL 1 ROOM 7 DATE: 3/2/95
ORIENTATION: UPWARD 40 ° FROM VERTICAL DRILL DATE: 1/26/95 - 1/31/95
COORDINATES: S 1750.6' E 1336.9' DRILLER: RANDY WALDON
ELEVATION: 1246.91 FT. AMSL DRILL: LONGYEAR D38
DRILL METHODS: AIR ROTARY DRILL CO.: EXP. OPS.
e%
5 & o f 4‘9& ﬁ
“9" & WA DESCRIPTION REMARKS
TS
10.6 *
— : - .- R See previous page for description. Map Units 12 &13
4 F 100
14:32 : : o
= 11.0 ™
8:43 » - 11.06-11.15m Brown clay. Clay!
1127195 [~ -
: 7 ‘1.15 -11.17 m Anhydrite; white; microcrystalline. Map Units 14 &15
: : 11.17-12.58 m  Halite; colorless; coarsely crystalline.
s E_ J100
e 1.5 o
9:07 ﬁ; =
12:15 — -
e 12,0 e
6 F o100
125 -
- - 12.58-1349m Podular muddy halite; brown clay; colotless Map Unit AH - 1
I~ - halte; medium crystalline.
= - (Ctay J)
12:25 : :
9:20 = -]
1/30/95 = -1
= 13.0 =
[ -1 100
}_ =

07/10/85-GIM-EXCEL-CLS1P74B




TABLE A.2 (Continued

)

PAGE 3 INTERA
OF ) WIPP CORE-LOG INVENTORY FORM 1400
BOREHOLE: S1P74-B DIA.: 4-INCH LOG BY: RMR
LOCATION: PANEL 1 ROOM7 DATE: 3/2/95
ORIENTATION: UPWARD 40 ° FROM VERTICAL DRILL DATE: 1/26/95 - 1/31/95
COORDINATES: S 1750.6' E 1336.9' DRILLER: RANDY WALDON
ELEVATION: 1246.91 FT. AMSL DRILL: LONGYEAR D38
DRILL METHODS: AIR ROTARY DRILL CO.: EXP.OPS.
@5
<& S Qéw
,\«69’ & & Go‘& «\“@6 DESCRIPTION REMARKS
& & /L &
13.
[~ 3.8 - 13.49-1420m Halite; coloress; coarsely crystalling; trace MapUnitH-5
7 F -1 100 clay begins at 13.8 m gradually increasing
-~ = - with depth.
9:56 : : -
10:07 » 7 -
8 E 14.0 E 100 _
- - - - 14.20-16.25m  Podular muddy halite; red/brown clay; Map UnitAH - 2
= - --- colorless halite; medium crystalline; clay lens
10:42 : : -- at 15.63 m; 0.5 cm thick.
0:25 = 14.5 ™ --
1131/95 : : '- ‘- -
o F J1oo| %"
E 15.0 E - -
-
10:14 - . --
515.5 E --
10fF 100
516.0 E - -
10:39 : :
12:30 : :
11 - - 16.25-1638 m  Clay; gray to brown. Clay K
-~ - }TE.TE?TEWIWr descripuon. “MB 138
16.5
07/10/95-GJM-EXCEL-CLS1P74B
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TABLE A.2 (Continued)

PAGE 4 INTERA
OF Z WIPP CORE-LOG INVENTORY FORM 1400
BOREHOLE: S1P74-B DIA.: 4-INCH LOG BY: RMR
LOCATION: PANEL1 ROOM 7 DATE: 3/2/95
ORIENTATION: UPWARD 40° FROM VERTICAL DRILL DATE: 1/26/95 - 1/31/95
COORDINATES: S 1750.6' E 1336.9' DRILLER: RANDY WALDON
ELEVATION: 1246.91 FT. AMSL DRILL: LONGYEAR D38
DRILL METHODS: AIR ROTARY DRILL CO.: EXP. OPS.
& S ‘\«@6
59" & DESCRIPTION REMARKS
S/ &
16.5
16.38-16.66 m  Anhydrite; gray; microcrystaliine. MB 138
11 16.66 - 16.82m  Halite; pale orange; coarsely crystalline; trace MapUnitH-6
13:00 polyhalite.

llllllllllll|‘|||||||||||||||||||||||l||||||||llllllllllllll|

17.0

NEREEEERE RN AN NN NN NN NN I

16.88 m.

Borehole faced off.

07/10/85-GIM-EXCEL-CLS1P748B




TABLE A.3
CORE DESCRIPTION OF BOREHOLE C1HO05
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TABLE A.3

PAGE 1 INTERA
OF WIPP CORE-LOG INVENTORY FORM 1400
BOREHOLE: C1HO05 DIA.: 4-INCH LOG BY: RMR & TFD
LOCATION: ROOM C-1 DATE: 1/23/92
ORIENTATION: VERTICAL DOWN DRILL DATE: 1/15/92 - 1/16/92
COORDINATES: N 1456.61 E 1586.53 DRILLER: DARREL MILLER
ELEVATION: 1304.1 FT. AMSL DRILL: LONGYEAR D65
DRILL METHODS: AIR/ROTARY DRILL CO.: EXP. OPS.
<% > Qf’
«pd' S 3 &‘@6 DESCRIPTION REMARKS
6.0
10:15 0.00-6.35m No core taken. Drilled with a
111592 4 inch diameter
plug bit
14:30
1505 |
1/16/82 " 6.35-7.15m Polyhalitic halite; coloriess to moderate! reddlsh PH-4
1 orange; medium to coarsely crystalline;
13:15 = 6.5 intercrystalline gray clay; polyhalite i mcneases
with depth; contact with anhydrite below is
13:33 : : X sharp and undutatory.
_ - X
2 F Jioo] *
— - X
b 7.0 o
13:45 : : 7.15-785m Anhydrite; brown to gray; microctystalline; MB 139
[ ] minor halite and polyhalite from 7.13 - 7.67 m.
14:10 = -
~ m Core loss from
: - 7.32-7.56m.
7.5 o
~ -~ Dyed mineral oil in
3 - fractures at 7.75,
: : 7.77, and 7.85 m.
: 8.0 : 7.80-820m Halite; colorless to gray; medium to finely H-4
'_' * : crystalline.
14:20 : :
— : 8.25m Borehole bottom was fiat faced. No Core
_ 85 -

07/26/85-GJM-EXCEL-CLC1HO5A




TABLE A.4
CORE DESCRIPTION OF BOREHOLE C1HO07-A
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TABLE A4

PAGE 1 INTERA
OF 3 WIPP CORE-LOG INVENTORY FORM 1400
BOREHOLE: C1HO7-A DIA.: 4-INCH LOG BY: WAS & TFD
LOCATION: ROOM C1 DATE: 6/25/92
ORIENTATION: VERTICAL DOWN DRILL DATE: 6/18/92 - 6/24/92
COORDINATES: N 1493.12 E 1583.34 DRILLER: RALPH McGARY
ELEVATION: 1303.48 FT. AMSL DRILL: LONGYEAR D65
DRILL METHODS: AIR/ROTARY DRILL CO.: EXP. OPS.
Q’%
SR Q&é'
gf g “ < DESCRIPTION REMARKS
& &S /&
6/18/92 ’ — 0.0 0.00-0.64 m Borehole cored for placement of flanged collar;
: core not described.
L 0.5
‘ms——'; ~1.5m alite; colo e orange; nne 1o coarse . Mapunie
6/22/192 I - crystalline; trace polyhalite; contact with below
= -~ is gradationat based on color change and
: : clay content.
1 f 10 88
10:30 E E
9:08 = 1.5 =
6/23/92 : :
o : - 1.75-215m Halite; colorless/grey; very coarsely Map Unit §
= s crystalline; moderate gray clay; contact with
2 -1 94 - below based on grain size, color, and day
= 20 : ) content.
- : - 215-258m Argillaceous halite; gray; fine to medium Map Unit4
B 7 - crystalline; contact with below based on color;
: : - R change in clay content gradational.
9:18 : : -
9:40 - 2.5 - -
I ] Map Unit 3
= -] X 2.58-360m Halite; colorless/orange; medium to coarsely
3 F -1 100 crystaliine; polyhalite increases with depth;
~ - X contact with below based on color; change in
: : X clay content gradiational
- «

07720/85-GIM-EXCEL-CLC1HO7A
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TABLE A4 (Continued)

PAGE 2 INTERA
OF 3 WIPP CORE-LOG INVENTORY FORM 1400
BOREHOLE: C1HO7-A DIA.: 4-INCH LOG BY: WAS & TFD
LOCATION: ROOM C1 DATE: 6/25192
ORIENTATION: VERTICAL DOWN DRILL DATE: 6/18/92 - 6/24/92
COORDINATES: N 1493.12 E 1583.34 DRILLER: RALPH McGARY
ELEVATION: 1303.48 FT. AMSL DRILL: LONGYEAR D65
DRILL METHODS: AIR/ROTARY DRILL CO.: EXP. OPS.
‘&f gé\ ‘g Q@& ng DESCRIPTION REMARKS
20 *i‘ 6
10:00 [~ X See previous page for description. Map Unit3
10:10 [~ 7 X
- X
4 | - 100} x
- — X
= 3.5 o=
- - X
- - = IO ATGNEcE0Us RallE, giayledaisn Grow, ine 1o | = Mapuntg
: : - medium crystalline; clay contact with below.
10330 — ; 3.73-3.82m Halite; colorless; coarse trace polyhalite. Map Unit 1
12:30 E . 3.82-396m  Coreloss.
C 40 o - 386-6.35m  Argilaceous halite; coloress to gray; fine to Map Unit0
5 - 76 coarsely crystalline; intercrystaliine gray clay
[~ = - decreasing with depth; contact with below is
[~ - gradational based on decreasing clay and
: : - increasing polyhalite.
13:30 : : -
14:00 - 3 -
e 4.5 o -
6 F 100} -
14:25 _:_ E -
9:50 - -1 )
6124192 = 5.0 = -
7F  Joo] °
10:00 E E -
10:20 : 5.5 : .
— - X
8 | - 100} -
- «
- =
07/20/95-GJM-EXCEL-CLCTHO7A
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TABLE A4 (Continued)

PAGE 3 INTERA
OF 3 WIPP CORE-LOG INVENTORY “FORM 1400
BOREHOLE: C1HO7-A  DIA:  4-INCH LOGBY:  WAS&TFD
LOCATION: ROOM C1 DATE: 6/25/92
ORIENTATION:  VERTICAL DOWN DRILL DATE: 6/18/92 - 6/24/92
COORDINATES: N 1493.12 E 1583.34 DRILLER:  RALPH McGARY
ELEVATION: 1303.48 FT. AMSL DRILL: LONGYEAR D65
DRILL METHODS: ~ AIR / ROTARY DRILLCO.: EXP. OPS.

777

DESCRIPTION REMARKS

.0

10:30

¢
& >/ P
00“60*"*33'

100} -

6.5

Frrvririrerrrnd
Lot i iitild

11:10

100

See previous page for description. Map Unit 0

6.35-6.77m

12:40
7.0

10

12:50

100

13:15
7.5

11

8.0

13:25

P itic halite; ] ling;
som%ium ayg‘tgl?g: maggl
sharp with unit below (MB - 139) iregular and
undutating.

PH-4

677-7.53m

Anhydrite; orange/brown to MB 139
merocrystallme interuystallme arglllawous

677 6.82 halite crystals

7.53-770m

78 | x

Core loss
(Video indication of depth to bottom of
Marker bed 139).

7.70-847m

8.6

R B L L L L L
AN A RN N NS N

Polyhalitic halite; dark orange; fine to coarsely PH-3
crystalline; clay content decreasing
with depth.

07/20/95-GJM-EXCEL-CLCTHO7A




TABLE A.5
CORE DESCRIPTION OF BOREHOLE C1H07-B
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TABLE A.5

PAGE 1 INTERA
OF 7 WIPP CORE-LOG INVENTORY FORM 1400
BOREHOLE: C1H07-B DIA.: 4-INCH LOG BY: WAS
LOCATION: ROOM C1 DATE: 6/10/93
ORIENTATION: VERTICAL DOWN DRILL DATE: 5/21/93 - 5/26/93
COORDINATES: N 1493.12 E 1583.34 DRILLER: RONNIE LEWIS
ELEVATION: 1303.48 FT. AMSL DRILL: LONGYEAR D38
DRILL METHODS: BRINE/ROTARY DRILL CO.: EXP.OPS.
Q%
<& ) Q&é'
‘@9& & /9 o“@e DESCRIPTION REMARKS
& /S
- 8.0 - See C1HO7-A core description.
10:30 : : 8.17-873m Halite; clear to grayish to medium orange;
521193 — = - - medium to coarsely crystalline; hard; gray clay, PH-3
: : . < 1% scattered clay breaks.
: 8.6 -:- o
u - X 8.73-9.92m Polyhalitic halite; clear to medium reddish-
1 F -1 100 orange; coarsely crystalline; hard; imegular
= - X polyhalite seams and gray clay at base of
: : X contact
- 9.0 o
- X
i X
— =] X
11:05 - -
= = X
12:15 w -
- — X
b= 9.5 o
o . X
[ . X
» - X
- ] A
2 L 10.0 100 - 8.84-1050m Halite; clear to light gray; fine to coarsely H-3
~ - crystalline; medium hard to hard; trace
i o X polyhalite and gray ciay.
- x
12:45 L 10.5
= - X 10.50-11.20m  Halite; clear with some medium reddish-
12:55 . : X orange; coarsely crystalline; hard.
3 F H100f x
_ . X
110 -

07721/85-GIJM-EXCEL-CLC1HOTB




TABLE A.5 (Continued)

PAGE 2 INTERA
of  — | WIPP CORE-LOG INVENTORY FORM 1400
P e
BOREHOLE: C1H07-B DIA.: 4-INCH LOG BY: WAS
LOCATION: ROOM C1 DATE: 6/10/93
ORIENTATION: VERTICAL DOWN DRILL DATE: 5/21/93 - 5/26/93
COORDINATES: N 1493.12 E 1583.34 DRILLER: RONNIE LEWIS
ELEVATION: 1303.48 FT. AMSL DRILL: LONGYEAR D38
DRILL METHODS: BRINE/ROTARY DRILL CO.: EXP. OPS.
@5
&/ 8 Qf
“y" g O Qof f DESCRIPTION REMARKS
TS o & /&
11.0
— 7 X See previous page for description.
: _ X
= = X 14.20-12.30m  Polyhalitic halite; clear to medium reddish PH-2
- - orange-brown; coarsely crystalline; hard; < 1
: 7 X to 5 % potyhalite; trace clay.
- - X -
= 11.5 ™
3 F -1 100 X
— _ X
i - X
- X
13:25 - 12.0 - X
x -
14:10 [~ -]
— - X
_ - X
~ - X 12.30-13.58m Halite; clear to medium orange; medium to H-2
= - coarsely crystalline; medium hard to hard;
: 12.5 : - - trace potyhalite; scattered clay breaks.
— - X
— - X
4 I -1 100} - -
_ - X
C 13.0 o X
- - X
[ . X
- x
14:45 =135 =~
70:15 = S X 1356-1427 m  Halte, ciear to reddish-orange; coarsely
5124183 : : X crystalline; hard; < 1 % polyhalite. PH-1
5 F Jwo0| x
14,0

07121195-GIM-EXCEL-CLCTHOTB



TABLE A.5 (Continued)

PAGE 3 INTERA
OF 7 WIPP CORE-LOG INVENTORY | Forwm 1400
BOREHOLE: C1HO7-B  DIA.:  4-INCH LOGBY:  WAS
LOCATION: ROOM C1 DATE: 6/10/93
ORIENTATION: VERTICAL DOWN DRILL DATE: 5/21/93 - 5/26/93
COORDINATES: N 1493.12 E 1583.34 DRILLER:  RONNIE LEWIS
ELEVATION: 1303.48 FT. AMSL DRILL: LONGYEAR D38
DRILL METHODS:  BRINE / ROTARY DRILL CO.: EXP. OPS.

N

DESCRIPTION REMARKS
1
= X See previous page for description.
- X
- . PH-1
=~ X 14.27 - 15.12m  Polyhalitic halite; clear to medium reddish-
i x Ofanoe-brwms% ; coarsely crystalline; hard; < 1
I~ to §% polyhalite.
5 100
= 14.5 X
- X
— X
~ X
10:35 — X
T0.42 I 150 ™ X
- - ﬁ 15.12- 1518 Anhydrite; very light gray to very gray Anhydrite "C
= -1 anhydrite mixed with halite; microcrystalline;
: : hard; trace of clay at base of contact
-l - 16.18-17.64 m  Halite; clear to light gray; coarsely crystalline; H-1
- - X medium hard to hard; trace of polyhalite;
= - scattered clay breaks.
| » 16.6 7 X
6 -] 100 X
~ = X
= 16.0 ™ X
= - X
~ =] X
~ - X
13:30 - -
b= 16,5 = - -
13:35 = -
= - X
[~ - X
7 F -1 100
|~ = X
17.0

07721/95-GJM-EXCEL-CLC1HO7B




TABLE A.5 (Continued)

PAGE 4 INTERA
OF 7 WIPP CORE-LOG INVENTORY FORM 1400
BOREHOLE: C1H07-B DIA.: 4-INCH LOG BY: WAS
LOCATION: ROOM C1 DATE: 6/10/93
ORIENTATION: VERTICAL DOWN DRILL DATE: 5/21/93 - 5/26/93
COORDINATES: N 1493.12 E 1583.34 DRILLER: RONNIE LEWIS
ELEVATION: 1303.48 FT. AMSL DRILL: LONGYEAR D38
DRILL METHODS: BRINE/ROTARY DRILL CO.: EXP. OPS.
e":
«"‘* & & Qf q@& g DESCRIPTION REMARKS
& & o & /&
- 17.0 ] . inti R
1430 8 - 3 100 X See previous page for description. H-1
9:00 - - X
5/25/93 = hn
_ 3 X
- 17.5 - o
— - X
_ - X
: : - 17.64-18.50 m Halite; clear to light gray to medium reddish
=~ - X orange; coarsely crystalline; < 1 % polyhalite;
: : X scattered clay breaks.
9 E 18.0 E 100 _ .
C - X
I - X
— - X
- 18.5 - X 18.50-20.69 m  Halite; clear to light gray; coarsely crystalline; H-m1
= - medium hard to hard; trace of polyhalite;
9:30 : '_' - - scattered clay breaks.
X
9:40 = =
_ 3 X
- 19.0 -~ T
— . X
i X
10fF 100 X
- - X
: 19.6 : .
- X
Z - X
i X
20.0

07/21/95-GIM-EXCEL-CLCTHO7B




TABLE A.5 (Continued)

PAGE 5 INTERA
OF 7 WIPP CORE-LOG INVENTORY ~—FORM 1400
BOREHOLE: C1HO7-B DIA.: 4-INCH LOG BY: WAS
LOCATION: ROOM C1 DATE: 6/10/93
ORIENTATION: VERTICAL DOWN DRILL DATE: 5/21/93 - 5/26/93
COORDINATES: N 1493.12 E 1583.34 DRILLER: RONNIE LEWIS
ELEVATION: 1303.48 FT. AMSL DRILL: LONGYEAR D38
DRILL METHODS: BRINE/ROTARY DRILL CO.: EXP.OPS.
NS
,‘é’& o DESCRIPTION REMARKS
&7
1 - 200 X See previous page for description. H-m1
1 F 100} *
- x
10:05 - X
= 20.5
10:15 : : - -
: : % 20.69-22.80m Halite; clear to reddish orange; coarsely H-m2
= - X crystalline; hard; polyhalite increasing with
» - depth.
- . X
T~ 21.0 7 X
n _ X
2F o] *
- - X
_ . X
- 21.5 7 X
" : X
— . X
— - X
- - X
10:25 - -
E 2o X
12:30 : : X
— . X
— 3 X
- - X
13 F#25J 100 *
— . X
- - X
E E 22.80-27.23m  See next page for description. MB 140
L 23.0 =

07/21/85-GJM-EXCEL-CLC1HO7B



TABLE A5 (Continued)

PAGE 6 INTERA
or —| WIPP CORE-LOG INVENTORY [ Form1400
BOREHOLE: C1H07-B DIA.: 4-INCH LOG BY: WAS
LOCATION: ROOM C1 DATE: 6/10/93
ORIENTATION: VERTICAL DOWN DRILL DATE: 5/21/93 - 5/26/93
COORDINATES: N 1493.12 E 1583.34 DRILLER: RONNIE LEWIS
ELEVATION: 1303.48 FT. AMSL DRILL: LONGYEAR D38
DRILL METHODS: BRINE/ROTARY DRILL CO.: EXP.OPS.
<&/ S F
«&v‘ 00639 96‘ & DESCRIPTION REMARKS
- 23.0 : 22.80-27.23m Anhydrite; very light gray to light reddish- MB 140
[~ 1 orange with swallow tail halite crystals; micro-
- -1 crystalline anhydrite; hard; some polyhalite
wE 3 present o e t 2545 2059
13:00 : :
- 23.5
13:20 : :
~ 24.0 ]
15 o4 T
14:00 E 25.0 E
14:10 - -
16 ;25.5 E
14:40 - - A
26.0 s

07121135-GJM-EXCEL-CLC1HO7B




TABLE A.5 (Continued)

PAGE 7 INTERA
OF 7 WIPP CORE-LOG INVENTORY FORM 1400
BOREHOLE: C1H07-B DIA.: 4-INCH LOG BY: WAS
LOCATION: ROOM C1 DATE: 6/10/93
ORIENTATION: VERTICAL DOWN DRILL DATE: 5/21/93 - 5/26/93
COORDINATES: N 1493.12 E 1583.34 DRILLER: RONNIE LEWIS
ELEVATION: 1303.48 FT. AMSL DRILL: LONGYEAR D38
DRILL METHODS: BRINE/ROTARY DRILL CO.: EXP. OPS.
&/ 8
& & o«\f&a DESCRIPTION REMARKS
&S o &
8:48 - 26.0 See previous page for description. MB 140
5/28/83 : :
17 E 26.5 E 100 ~ 26.45-26.55m Clay Seam.

: : See previous page for description.

[~ 27.0
9:25 E E 27.15-2723m Clay Seam.

B N = 23-27.86m  Hane, ighty gray, coarse e,
: : hard. H-m3
18 | 275 3 100

9:45 E E

Fzzs.o -~

07/21/85-GIM-EXCEL-CLC1HO7B



TABLE A.6
CORE DESCRIPTION OF BOREHOLE C1H06



TABLE A.6

PAGE 1 INTERA
OF 2 WIPP CORE-LOG INVENTORY FORM 1400
BOREHOLE: C1HOS DIA.: 4-INCH LOG BY: RMR & TFD
LOCATION: N 1420 DRIFT NEAR ROOM C - 1 DATE: 1/12/92
ORIENTATION: 70 DOWN FROM HORIZONTAL DRILL DATE: 1/21/92
COORDINATES: N 1432.01 E 1574.18 DRILLER: RICK BALLEW
ELEVATION: 1306.1 FT. AMSL DRILL: LONGYEAR D65
DRILL METHODS: AIR/ROTARY DRILL CO.: EXP. OPS.
<
«‘9" g 44‘@ o“@e DESCRIPTION REMARKS
o &*‘ &S
6.0 *
12:30 = — 0.00-6.35m No core taken.
1/20/92 : :
14:00 : :
10:48 = b 6.35-7.10m Halite; coloriess to moderate reddxsh o:ange; Map Unit 0
172182 = - medium to coarsely crystalline;
: 6.5 : x polyhalite beginning at 6.65 m
1 £ 100
[ _ X
S I
12:25 — -
= 7.0 o X
12:45 : :
: : 7.10-770m Halite; coloriess; very coarsely crystalline.
2 F 100
p 7.5 L
- = X 7.70-8.25m Polyhalitic halite; reddish orange; coarsely PH-4
13:00 — 7 crystalline; polyhalite increases with depth.
13:15 C EF_ X
e 8.0 o X
3 F J1oo| x*
- X
: : 825-841m Polyhalite; orange; microctystalline.
13:28 : - 8.41-9.07m Anhydrite; gray microcrystalline; minor halite Marker Bed 139
8.5 = and polyhalite from 8.41 - 8.60 m.
13:50 : : 5
4 F 00 8
E E 89m Fracture with dyed mineral oll. Core loss from
= — 8.95-9.07m.
9.0
- 07/28/35-GIM-EXCEL-CLC1H06




TABLE A6 (Continued)

PAGE 2 INTERA
OF 2 WIPP CORE-LOG INVENTORY | Forw 1400
BOREHOLE: C1H06 DIA.: 4-INCH LOG BY: RMR & TFD
LOCATION: N 1420 DRIFT NEAR ROOMC - 1 DATE: 1/12/92
ORIENTATION: 70 DOWN FROM HORIZONTAL DRILL DATE: 1/21/92
COORDINATES: DRILLER: RICK BALLEW
ELEVATION: DRILL: LONGYEAR D65
DRILL METHODS: AIR/ROTARY DRILL CO.: EXP.OPS.
&/ S j
/\@9’ cp'g, 94\ DESCRIPTION REMARKS
- 9.0
[~ - 8.07-8.35m Halite; coloriess to light gray; coarsely H-4
4 F 100 crystalling; intercrystalline gray clay.
14:00 - -
940m Borehole faced to final depth of .40 m. No Core
9.5

llllllllllllllllllllllIIIIIIIllllllllllllllllllllll

e p—— 1 g Y i S~ an e ewp s

07/28/95-GIM-EXCEL-CLC1HO06




TABLE A.7
CORE DESCRIPTION OF BOREHOLE C1X05-A



TABLE A7

PAGE 1 INTERA
of —7—| WIPP CORE-LOG INVENTORY FORM 1400
BOREHOLE: C1X05-A DIA.: 3-INCH LOG BY: TFD & WAS
LOCATION: ROOM C-1 DATE: 716192
ORIENTATION: VERTICAL DOWN DRILL DATE: 6/25/92 - 6/29/92
COORDINATES: N 1526.39 E 1590.25 DRILLER:  RALPH McGARY
ELEVATION: 1301.73 FT. AMSL DRILL: LONGYEAR D65
DRILL METHODS: AIR/ROTARY DRILL CO.: EXP. OPS.
@5
S
4‘9" & oo‘é 6"& %/ pEscrPTION REMARKS
& &S S
0.0 ol
625192 '_' : 0.00-040m No core taken.
1 - - 0
2 - —
6/26/92 = - 0.40-145m Halite; colorless to orange; fine to coarse Map unit 6
= 0.5 - crystalline; trace of polyhalite.
3 100
. 1.0 =
12:30 : :
a F 100
12:40 E E
12:55 s 1.5 om 145-201m Halite; coloriess to gray; very coarse Map unit 5
- b crystalline; moderate gray clay present.
5 |- -1 100
13:05 : :
13:15 [~ 7
C 20
= - - 201-25m Argillaceous halite; gray; fine to Map unit 4
: : - medium crystalline.
6 F 10| "
- 2.5 =
[~ - 2.56-3.66 m Halite; colorless to orange; medium to Map unit 3
- - coarse crystalline; trace of potyhalite
: : increasing with depth.
i 05/23/95-GIM-EXCEL-CLC1X05A
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TABLE A.7 (Continued)

PAGE 2 INTERA
OF 7 WIPP CORE-LOG INVENTORY FORM 1400
BOREHOLE: C1X05-A DIA.: 3-INCH LOG BY: TFD & WAS
LOCATION: ROOM C-1 DATE: 716192
ORIENTATION: VERTICAL DOWN DRILL DATE: 6/25/92 - 6/29/92
COORDINATES: N 1526.39 E 1590.25 DRILLER: RALPH McGARY
ELEVATION: 1301.73 FT. AMSL DRILL: LONGYEAR D65
DRILL METHODS: AIR/ROTARY DRILL CO.: EXP. OPS.
Ay
o O SCRIPTION REMARKS
& £S5
_ 3.0
13:25 6 j See previous page for description.
13:35 : :
- 36 =
TE
: : - 366-3.82m Argillaceous halite; gray; fine to coarse Map unit 2
~ . - crystalline.
- - 3.82-4.07m Halite; colorless; medium to coarse Map unit 1
= h crystalline; trace of gray clay.
13:45 = -1
= 4.0
13:55 = -
~ - - 407-630m Amgillaceous halite; coloriess to gray, Map unit 0
~ T fine to course crystalline;
I~ = - gray clay content decreasing and polyhalitic
i~ — content increasing with depth; bottom
I - - contact is gradational based on clay and
8 = . _ polyhalite content.
. 45 = .
14:05 E E )
14:20 : :
C 50 - -
oF 1 |-
L 6.5 - X
14:30 - = /———
— - Core loss from 5.63 -
8:55 - - 5.67 m.
6128192 : : -
10 | -
o 3 X
0~ )

05/23/85-GIM-EXCEL-CLCIXO0SA



TABLE A.7 (Continued)

PAGE 3 INTERA
of — 7 | WIPP CORE-LOG INVENTORY FORM 1400
BOREHOLE: C1X05-A DIA.: 3-INCH LOG BY: TFD & WAS
LOCATION: ROOM C-1 DATE: 716192
ORIENTATION: VERTICAL DOWN DRILL DATE: 6/25/92 - 6/29/92
COORDINATES: N 1526.39 E 1590.25 DRILLER: RALPH McGARY
ELEVATION: 1301.73 FT. AMSL DRILL: LONGYEAR D65
DRILL METHODS: AIR/ROTARY DRILL CO.: EXP. OPS.
Qf.s
< ) @é'
4&0" o " *‘é@ o’f SCRIPTION REMARKS
= 04‘ &/ &L 4”0
6.0 s
9:05 10 i 7 < See previous page for description.
e |  F 4 | x
"E 3
9:25 [~ =1 X 6.30-6.65m Polyhalitic halite; orange; medium to very PH+4
= - coarse crystalline; lower contact is missing.
X Core loss from
9:35 - 6.6 = 6.47 - 6.57 m.
— _ X
- - X
12 |- - X
- - 6.65-7.60m Ann drite; oranﬁe to gray; fine to medium MB 139
= -1 lline; swallow tail pattem consisting of
= 7.0 o halne growths within anhydrite units; lower
9:50 : _"_' contact is missing (Clay E).
10:05 ~ :
1B3F
- 7.5 - ClayE
10:20 : : 7.60-8.60m Armgillaceous halite; gray to orange; fine to H4
= o - medium crystalline; clay content decreases
12:03 [~ : _ down section; trace of polyhalite.
- 8.0 o -
14 F 4 -
_ 8.5 o x
: : 8.60-98.10m Polyhalitic halite; colorless to orange; PH-3
12:15 : : - medium to coarse crystalline.
12:25 15 |- - )
n ] Core loss from
- 8.0 - 8.94 -9.03m.
05/23/85-GJM-EXCEL-CLCIXDSA




TABLE A.7 (Continued)

PAGE 4 INTERA
of —7i—| WIPP CORE-LOG INVENTORY FORM 1400
BOREHOLE: C1X05-A DIA.: 3-INCH LOG BY: TFD & WAS
LOCATION: ROOM C-1 DATE: 716192
ORIENTATION: VERTICAL DOWN DRILL DATE: 6/25/92 - 6/29/92
COORDINATES: N 1526.39 E 1590.25 DRILLER:  RALPH McGARY
ELEVATION: 1301.73 FT. AMSL DRILL: LONGYEAR D65
DRILL METHODS: AIR/ROTARY DRILL CO.: EXP. OPS.
< o SE Q&‘&%
{@o’ oo?g’ 04@ &"o o «’9 SCRIPTION REMARKS
9.0 & ¢
12:35 15 X See previous page for description. Core loss from

o
o

9.10-98.14m.

05/23/35-GJM-EXCEL-CLC1X05A




TABLE A8
CORE DESCRIPTION OF BOREHOLE C1X05-B




TABLE A.8

PAGE 1 INTERA
OF 8 WIPP CORE-LOG INVENTORY [ Form1a00
BOREHOLE: C1X05-B DIA.: 3-INCH LOG BY: RSK & WAS
LOCATION: ROOM C-1 DATE: 6/7/93
ORIENTATION: VERTICAL DOWN DRILL DATE: 6/7/93 - 6/14/93
COORDINATES: N 1626.39 E 1590.25 DRILLER: TROY PIDALLA
ELEVATION: 1301.73 FT. AMSL DRILL: LONGYEAR 38
DRILL METHODS: ROTARY BRINE DRILL CO.: EXP. OPS.
&
&‘-9" ' o&\x DESCRIPTION REMARKS
9.0
E 3 See C1X05-A core description.
- 1400 .14 -10.12m 5] C 3 um ish-
6/7/83 ~ - X orange; medium to coarsely crystalline; hard; PH-3
: : X scattered clay breaks.
=
= 0.5 o X
[ . X
_ _ X
T
_ - X
b 10.0 o X
- - X 10.12-10.57 m  Halite; clear to light gray to medium H-3
- han reddish orange; medium to coarsely
= b X crystalline; hard; scattered gray breaks; trace
: : _ polyhalite.
_ 10.5 = )
14:25 [~ =
= — X 10.57 -11.70 m  Halite; clear with trace of medium reddish PH-2
9:00 — = orange; coarsely crystalline; hard; trace
6/8/93 — ] X polyhalite.
— - X
L 11.0 - X
» _ X
o - X
2 F 100} x
g X
= 11,5 = X
— - X
- - X 11.70-13.48 m  Halite; clear to reddish orange brown and H-2
= - light gray; medium to coarsely crystalline;
— ] - hard gray clay; polyhalitic zones.
n 12.0 o

05/23/35-GJM-EXCEL-CLC1X05B




TABLE A.8 (Continued)

PAGE 2 INTERA
OF ) WIPP CORE-LOG INVENTORY FORM 1400
BOREHOLE: C1X05-B DIA.: 3-INCH LOG BY: RSK & WAS
LOCATION: ROOM C-1 DATE: 6/7/93
ORIENTATION: VERTICAL DOWN DRILL DATE: 6/7/93 - 6/14/93
COORDINATES: N 1526.39 E 1590.25 DRILLER: TROY PIDALLA
ELEVATION: 1301.73 FT. AMSL DRILL: LONGYEAR 38
DRILL METHODS: ROTARY BRINE DRILL CO.: EXP.OPS.
e%
Y Qf
69‘. g O &e‘é@ «\?‘@e DESCRIPTION REMARKS
&£ o &L /&
12.0
9:20 = -1 X See previous page for description. H-2
9:30 : : -
— _ X
_ . X
125 — )
— - X
_ - X
3 o100] -
_ - X
- — X
b 13.0 =
S N
- X
9.50 - -1 X
13.5 ) X
10:00 ~ = 13.48-15.25m Polyhalitic halite; clear to reddish-orange; PH-1
— ] X coarsely crystalline; hard; irregular polyhalitic
- . X seams.
- 4 | x
n - X
: 14.0 : X
I - X
4 F ool ¥
_ - X
» . X
e 14.5 o X
_ - X
_ _ X
™ - X
10:20 : : X
o Fiso 1

05/23/55-GIM-EXCEL-CLC1X05B




TABLE A.8 (Continued)

PAGE 3 INTERA
OF ) WIPP CORE-LOG INVENTORY FORM 1400
BOREHOLE: C1X05-B DIA.: 3-INCH LOG BY: RSK & WAS
LOCATION: ROOM C-1 DATE: 6/7/93
ORIENTATION: VERTICAL DOWN DRILL DATE: 6/7/93 - 6/14/93
COORDINATES: N 1526.39 E 1590.25 DRILLER: TROY PIDALLA
ELEVATION: 1301.73 FT. AMSL DRILL: LONGYEAR 38
DRILL METHODS: ROTARY BRINE DRILL CO.: EXP. OPS.
< &,&
“9’ ‘f DESCRIPTION REMARKS
< c.‘* oé\ *,tk & 6’9

: 16.0 : See previous page for description.

n - - yane, ig gray gray, MiCrocTy stanne, ANhyanie "o

.~ ] hard and massive

= - X 15.35-15.87m Halite; clearto reddlsh-otar}ge medlum to H-1

™ - rse!yaystallme trace

™ 16.5 - X

s F J1o0] *

[ - X

_ - X

: 160 : _ 15.87-17.39m gggrtgede;;st?alilgn'g %a&no?gllgymto

» - X
10:45 E E X
12:25 : : ) X

e 16.5 wm

S I

- X

7.0 = )

6 - - 100 X

= x

: : - 17.39-18.00 m  Argillaceous halite; clear to gray and reddish-

b= 17.5 ™ orange/brown; fine to coarsely crystailine;

= - - medium hard; scattered clay and clay seam

— -] - breaks.
12:45 : :
12:55 [~ 7 -

05/23/85-GIM-EXCEL-CLC1X0SB




TABLE A.8 (Continued

PAGE 4 INTERA
or | WIPP CORE-LOG INVENTORY FORM 1400
BOREHOLE: C1X05-B DIA.: LOG BY: RSK & WAS
LOCATION: ROOM C-1 DATE: 6/7/93
ORIENTATION: VERTICAL DOWN DRILL DATE: 6/7/93 - 6/14/93
COORDINATES: N 1526.38 E 1590.25 DRILLER: TROY PIDALLA
ELEVATION: 1301.73 FT. AMSL DRILL: LONGYEAR 38
DRILL METHODS: ROTARY BRINE DRILL CO.: EXP.OPS.
@
&/ 8 ol
’s(y' & o &of & L7 DESCRIPTION REMARKS
&7 & o YL
- 18:0 T - 18.00-2028m Halite; clear to light gray; coarsely H-1 & H-m1
» . ) crystalline; hard; trace of gray clay.
Cesd |
A - 100
~ 19.0 | )
13:05 : : _
12:15 - - -
8/11/93 - -] i
E 19.5 E i )
8 F 1o0] "
e 20.0 =
- 4 20.28-23.09m  Potyhalitic halite; clear to gray to reddish- H-m1 & H-m2
[~ - X X orange to brown, coarsely crystalline; hard;
-~ - trace of clay; polyhalitic stringers and clay
~ 20.5 = stringers.
12:30 - - X X
8:10 = b
6/14/93 - -
- = X X

A-37

05/23/95-GIM-EXCEL-CLC1X058




TABLE A8 (Continued)

PAGE 5 INTERA
OF 5 WIPP CORE-LOG INVENTORY [ Forw 1400
BOREHOLE: C1X05-B DIA.: 3-INCH LOG BY: RSK & WAS
LOCATION: ROOM C-1 DATE: 6/7/93
ORIENTATION: VERTICAL DOWN DRILL DATE: 6/7/93 - 6/14/93
COORDINATES: N 1526.39 E 1590.25 DRILLER: TROY PIDALLA
ELEVATION: 1301.73 FT. AMSL DRILL: LONGYEAR 38
DRILL METHODS: ROTARY BRINE DRILL CO.: EXP. OPS.
f o*é DESCRIPTION REMARKS
ﬁ'<§ &’~@
21.0
: : - See previous page for description. H-m1 & H-m2
— - X
— - X
[ - X
p 21,5 =
9 - - 100 -
n - X
- x
~ - X
8:25 = 22.0 =
8:36 : : X
- x
L 225 - )
o ] X
- X
10 - - 100 -
— . X
 23.0 B
: - X
= -~ 23.09-23.30m  Halite; clear to gray to reddish H-m2
=~ - orange; coarsely crystalline; hard; anhydnﬁc
[~ - stringers; anhydrite content increases with
o1 - depth; trace polyhalite:
- = 23.30-23.64 m z\nﬁl‘:‘ygderft:{] light gray ltlonegmhgrtt?, ltigge reddish MB 140
9:00 ~ 23.5 = polyhalite; atternating light and dark bands
o - from 23.44 t0 23.64 m.
1 | — 100
- - 23.64-24.43m  Anhydrite; clear to light gray to light reddish MB 140
= b orange to light brown; microcrystalline; hard;
— = swallow tail halitic crystals; trace polyhalite;
: : core broken 24.10 - 24.20 m.
L 240

05/23/85-GJM-EXCEL-CLC1X058




TABLE A.8 (Continued)

PAGE 6 INTERA
OF 8 WIPP CORE-LOG INVENTORY |~ Form 1400
cmmmenssss— - ¢ .
BOREHOLE: C1X05-B DIA.: 3-INCH LOG BY: RSK & WAS
LOCATION: ROOM C-1 DATE: 6/7/93
ORIENTATION: VERTICAL DOWN DRILL DATE: 6/7/93 - 6/14/93
COORDINATES: N 1526.39 E 1590.25 DRILLER: TROY PIDALLA
ELEVATION: 1301.73 FT. AMSL DRILL: LONGYEAR 38
DRILL METHODS: ROTARY BRINE DRILL CO.: EXP. OPS.
&/ N ‘og@e
««y" fé & g DESCRIPTION REMARKS
24.0 =
: : See previous page for description. MB 140
wf :
= 24.5 " 24.43-2550m Anhydrite; gray to light reddish orange to MB 140
~ - light brown; microcrystalline; hard; trace
= b polyhalite; potyhalite/halite content
: : increases with depth.
9:35 _:_ E
842 = 25.0
C 255 —
12 - 25.50-26.18m  Anhydrite; gray to light reddish orange to light MB 140
[~ = brown; microctystalline; hard; stylolitic or
[~ - sutured halitic and polyhalitic crystals
= - increasing downward.
= 26.0 o
: : 26.18-26.34m Anhydrite; light gray to gray; microcrystalline; MB 140
10:10 : : hard; scattered clay breaks bedded.
) o - =20 W CIay, gray, Sof. Droken. 1% Tt E—
11:10 13 € 3 100
11:20 = 26.5 = 26.46-27.09m Anhydrite; light gray to gray; microcrystaliine; MB 140
- =] bedded; have altemating light and dark bands.
12:15 : :
14 - - 100
236 05/23/95-GJM-EXCEL-CLC1X05B



TABLE A.8 (Continued)

PAGE 7 INTERA
OF 8 WIPP CORE-LOG INVENTORY | Form1400
BOREHOLE: C1X05-B DIA.: 3-INCH LOG BY: RSK & WAS
LOCATION: ROOM C-1 DATE: 6/7/93
ORIENTATION: VERTICAL DOWN DRILL DATE: 6/7/93 - 6/14/93
COORDINATES: N 1526.39 E 1590.25 DRILLER: TROY PIDALLA
ELEVATION: 1301.73 FT. AMSL DRILL: LONGYEAR 38
DRILL METHODS: ROTARY BRINE DRILL CO.: EXP. OPS.
@
/S
(y’ o S ép‘é& q@& M DESCRIPTION REMARKS
S A &S &
- 27.0
. — - See previous page for descripti MB 140
: : AY-Ziiam y: SOit ; gray.
— . - - 27.14-27.26 m  Argillaceous halite; clear to kght gray; fine. H-m3
= - X 27.26-28.50m Halite; clear to light gray {o reddish orange;
| - medium to coarsely crystaliine; hard; clay
~ 1 - breaks and litic seams; contact
: : x gradational with lower unit based on color.
14 |25 4 100
o - X
- 4 |
» 3 X
12:30 '_' 28.0 : -
X
12:35 - =
— - X
- X
= 28.6 ™ S
= -1 28.50-20.03m Amillaceous and anhydrite halite; orange to
[~ : X reddish brown; medium to coarsely crystaliine.
_ - X
15 J100] x
- 29.0 ]
= - - 20.03-30.03m Halite; clear to light reddish orange; hard;
" : X trace polyhalite; large enhedral halite.
== B E
13:05 n . i
295 o X
13:10 - 7 -
s F J100] *
— - X
—%Cm"r_
05/23195-GJM-EXCEL-CLC1X058




TABLE A.8 (Continued)

PAGE 8 INTERA
of — 5 | WIPP CORE-LOG INVENTORY [ Form1400
BOREHOLE: C1X05-B DIA.: 3-INCH LOG BY: RSK & WAS
LOCATION: ROOM C-1 DATE: 6/7/93
ORIENTATION: VERTICAL DOWN DRILL DATE: 6/7/93 - 6/14/93
COORDINATES: N 1526.39 E 1590.25 DRILLER: TROY PIDALLA
ELEVATION: 1301.73 FT. AMSL DRILL: LONGYEAR 38
DRILL METHODS: ROTARY BRINE DRILL CO.: EXP. OPS.
f «\?‘é DESCRIPTION REMARKS
\ff ao* o«f‘
- - - 30.03-30.20m Halite; clear to reddish-brown to brown; H-m3
13:25 16 | - - fine to medium crystalline; hard; clay present.

30.5

05/23/95-GJM-EXCEL-CLC1X058




TABLE A.9
CORE DESCRIPTION OF BOREHOLE C1X06-A



TABLE A9

PAGE 1 INTERA
OF 3 WIPP CORE-LOG INVENTORY FORM 1400
BOREHOLE: C1X06-A DIA.: 4-INCH LOG BY: WAS
LOCATION: ROOM C1 DATE: 9/30/92
ORIENTATION: VERTICAL DOWN DRILL DATE: 9/28/92 - 9/30/92
COORDINATES: N 1516.63 E 1587.78 DRILLER: R. LEWIS/R. BALEW
ELEVATION: 1302.22 FT. AMSL DRILL: LONGYEAR D65
DRILL METHODS: AIR/ROTARY DRILL CO.: EXP. OPS.
&
««‘y cP'g' DESCRIPTION REMARKS
9:00 - 0.00-062m  No core taken.
9/25192 :
L 0.5
9:15 =
9:41 E = - 062-1.30m Halite; colorless to pale orange; fine to Map Unit 6
9/28/92 I~ - coarsely crystalline; trace polyhalite; contact
[~ - - with below is gradational based on color
o - change.
1 100]x
L 1.0 o )
10:44 : : -
X
11:00 : :
: : 1.30-2.02m Halrte, cotosless to gray; vely coarsely Map Unit §
~ - crystaline; some fine to moderate locally;
: 1.5 : contact with lower unit is sharp with clay F.
2 F 100
11:20 E E
2,0
12:20 I~ -] 2.02-253m Argutaceous halite; gray to brown; fine to Map Unit 4
I~ - - medium crystalline; argillaceous material;
- - contact with below based on color; change in
: : - . clay content gradational.
3 J1oo] -
ju 2,5 o
- - - 253-3.59m Halrte; reddish/orange; medium to coarsely Map Unit 3
[~ - - crystalline; locally polyhalitic scattered gray
'_' : - clay, contact with lower unit is shamp.
12:41 [~ - X
WYL » - -
- X
3,0

07/20/95-GIJM-EXCEL-CLC1XO6A
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TABLE A.9 (Continued)

PAGE 2 INTERA
of — 3 | WIPP CORE-LOG INVENTORY FORM 1400
BOREHOLE: C1X06-A DIA.: 4-INCH LOG BY: WAS
LOCATION: ROOM C1 DATE: 9/30/92
ORIENTATION: VERTICAL DOWN DRILL DATE: 9/28/92 - 9/30/92
COORDINATES: N 1616.63 E 1587.78 DRILLER: R. LEWIS/R. BALEW
ELEVATION: 1302.22 FT. AMSL DRILL: LONGYEAR D65
DRILL METHODS: AIR/ROTARY DRILL CO.: EXP. OPS.
o DESCRIPTION REMARKS
<
3.0
X See previous page for description. Map Unit 3
X
4 1001 -
X
13:08 3.6
13:30 = - - - m T ne: gray!m oW, The Wap unn 2
= - - to medium crystalline argillaceous material.
: : Contact with lower unitis sharp.
- - X 376-4.36m Halite; light reddish brown to reddish orange; Map Unit 1
- = medium to coarsely crystalline; dispersed
: : X polyhalite.
= 4.0
5 F™ J100] *
— - X
[ Z X
13:55 : : - 436-6.11m Halite; clear t?al r‘eddts't\\tebmwn r?edium to Map Unit 0
14:05 = 51 - a illaeg.oﬁs matedal trace of mlyehalitp and
- - pgyhalmc biebs; contact with unit
: 4.5 : - gradatonal based on potyhalitic content.
6 F  J100] «x
L 5.0 - .
14;15 : :
9:34 = = X
9/20/92 — . _
- 5.5 = .
7 F -1 100
_ - X
== I

07/20/85-GIM-EXCEL-CLC1XO6A




TABLEA.9 (Continued)

10:05

PAGE 3 INTERA
oF —3—| WIPP CORE-LOG INVENTORY FORM 1400
BOREHOLE: C1X06-A DIA.: 4-INCH LOG BY: WAS
LOCATION: ROOM C1 DATE: 9/30/92
ORIENTATION: VERTICAL DOWN DRILL DATE: 9/28/92 - 9/30/92
COORDINATES: N 1516.63 E 1587.78 DRILLER: R. LEWIS/R. BALEW
ELEVATION: 1302.22 FT. AMSL DRILL: LONGYEAR D65
DRILL METHODS: AIR/ROTARY DRILL CO.: EXP. OPS.
e‘i’
S/ & o &L 7
\69’ ! é?@ S/ 5 ¢ DESCRIPTION REMARKS
&7 & &/ )&
9:56 = 6.0 See previous page for description.
10:40 = = X 6.11-643m Polyhalitic halite; clear to reddish orange; PH-4
= - coarsely crystalline; contact sharp with unit
: : X but irregular.
n - G43-7.32m  Anhydnte; moderate redaish brown to MB 139
8 I 6.5 ™ medium gray; microcrystalline anhydrite;
= - halitic and polyhalitic growths within anhydrite
= - decreasing with depth; thin grey clay seam
[~ - (clay E) at base of unit; contact with lower unit
= - is sharp.
12:20 - -
' —1
12:35 -
: 7.0
S E
13.05 - 7.32-763m Halite; clear to medium and moderate brown; Map Unit A4
— - coarsely crystalline; polyhalitic and some
10:00 = X gray clay present.
9/30/92 [~
10 = 7.5 93 ] x

8.0

T I L UL L L L
IlIlIIIIlIIIlIIIlIlIIIIIII[|I|IIII|||I|IIJ
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TABLE A.10
CORE DESCRIPTION OF BOREHOLE C1X06-B



TABLE A.10

PAGE 1 INTERA
of — | WIPP CORE-LOG INVENTORY FORM 1400
BOREHOLE: C1X06-B DIA.: 4-INCH LOG BY: WAS & RSK
LOCATION: ROOM C1 DATE: 8/20/93
ORIENTATION: VERTICAL DOWN DRILL DATE: 7/7/93 - 8/12/93
COORDINATES: N 1516.63 E 1587.78 DRILLER:  TROY PIDALLA
ELEVATION: 1302.22 FT. AMSL DRILL: LONGYEAR D38
DRILL METHODS: BRINE/ROTARY DRILL CO.: EXP.OPS.
Q%
f & épf q«f 7 DESCRIPTION REMARKS
& £/ L/ E

e See C1X06-A core description.

- 75 =
12:30 : E 7.63-85m Halite; clear to grayish to medium orange; H4
707183 = - medium {o coarsely crystalline; hard; < 1%

- 7 X gray clay.

- 8.0 - )

1 F 00| -

L 85 - )

= - ® 856-9.72m Polyhalitic halite; clear to medium reddish- PH-3

- - X orange; coarsely crystalline; iregular

w by polyhalite seams and gray clay at base of

: : X contact

u - X

- - X

= 90 -
13:07 n 7 X
13:42 f %— X

i X

- . X

2 f= 95 < 100 X

_ - X

- - - 9.72-10.21m  Halite; clear to light gray to medium reddish H3

- - orange; medium to coarsely crystalline;

[~ . X trace of polyhalite and gray clay.

[ 10.0- -

07121/85-GIM-EXCEL-CLC1X06EB




TABLE A.10 (Continued)

PAGE 2 INTERA
of 7| WIPP CORE-LOG INVENTORY FORM 1400
BOREHOLE: C1X06-B 4-INCH LOG BY: WAS & RSK
LOCATION: ROOM C1 DATE: 8/20/93
ORIENTATION: VERTICAL DOWN DRILL DATE: 7/7/93 - 8/12/93
COORDINATES: N 1616.63 E 1587.78 DRILLER: TROY PIDALLA
ELEVATION: 1302.22 FT. AMSL DRILL: LONGYEAR D38
DRILL METHODS: BRINE/ROTARY DRILL CO.: EXP.OPS.
e‘b
««‘9’ & o 0944@ qf' 4“@6 DESCRIPTION REMARKS
% o& &/ L 4’9
— 10.0 &
) - 7 X See previous page for description. H-3
: : 10.21-10.65m  Halite; clear to light gray to reddish orange;
2 - 100 « coarsely crystalline.
- 10.5 -
14:22 : : X
8:50 = - 10.65-11.57m Polyhalitic halite; clear to medium reddish PH-2
758193 = - orange-brown; coarsely crystalline; hard; <1
_—_ : X to 5% polyhalite; trace of clay.
L 11.0 o %
- X
3 o - 100
e 11.5  od %
= - 11.57-1260m Halite; clear to reddish-orange brown; medium H-2
B = to coarsely crystalline;
"_‘ : . scattered clay breaks.
S
C 12,0
9:35 : : -
X
9:45 : :
- _ - X
4 F'* J 100
= - 12.60-13.13m  Halite; clear to gray to reddish orange;
=~ h medium to coarsely crystalline; some
: . - polyhalite and clay.
— - X

07721/35-GIM-EXCEL-CLC1X06B




TABLE A.10 (Continued)

PAGE 3 INTERA
OF 7 WIPP CORE-LOG INVENTORY | FoRrM 1400
BOREHOLE: C1X06-B DIA.: 4-INCH LOG BY: WAS & RSK
LOCATION: ROOM C1 DATE: 8/20/93
ORIENTATION: VERTICAL DOWN DRILL DATE: 7/7/93 - 8/12/93
COORDINATES: N 1516.63 E 1587.78 DRILLER: TROY PIDALLA
ELEVATION: 1302.22 FT. AMSL DRILL: LONGYEAR D38
DRILL METHODS: BRINE/ROTARY DRILL CO.: EXP. OPS.
e%
AR qf’
&5 & Of A DESCRIPTION REMARKS
VA /BRI, IEVES
- 130 - X See previous page for description.
- - X
- - 13.13-14.95m Polyhalitic halite; clear to medium reddish- PH-1
= - X orange-brown; coarsely ctystalline; hard;
4 I - 100 « polyhalitic seams 3 - 4 cm thick.
= - X
= 13.56 ™
10:15 ~ - X
X
10:20 [~ -
n - X
— - X
- - X
= 14.0 ™
s X
— - X
[ - X
s ' Jioo] *
- - X
= 14.6 ™
o - X
» - X
— - X
- 15.0 - 14.95-15.08 m Anhydrite; light gray to gray; microcrystalline; Anhydrite “C"
™~ ] thin clay seam < 1 cm.
10:45 - ] RN
12:10 = - - 15.08-17.37 m  Halite; clear to light gray to light reddish H-1
= - orange; medium hard to hard; trace polyhalite
: : X with scattered clay breaks; badly broken.
- - X
= 15.56 = -
6 I - 100 X
L 16.0 =

07121195-GJM-EXCEL-CLC1X06B
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TABLE A.10 (Continued)

PAGE 4 INTERA
of — 7 | WIPP CORE-LOG INVENTORY [ Formiao0 |
BOREHOLE: C1X06-B DIA.: 4-INCH LOG BY: WAS & RSK
LOCATION: ROOM C1 DATE: 8/20/93
ORIENTATION: VERTICAL DOWN DRILL DATE: 7/7/93 - 8/12/93
COORDINATES: N 1516.63 E 1587.78 DRILLER: TROY PIDALLA
ELEVATION: 1302.22 FT. AMSL DRILL: LONGYEAR D38
DRILL METHODS: BRINE/ROTARY DRILL CO.: EXP. OPS.
@9‘& Y DESCRIPTION REMARKS
9
&S
16.0
: - See previous page for description. H-1
: X
6 | 100] ~
: 16.6 )
~ X
12:45 : _
12:50 : ]
: 17.0 : i
n - X
7 F  J100 x B e ooty o o D e
™ 17.5 ™ to hard; trace polyhalite and some
: : X argiliaceous halite; clay breaks.
" E E X
_ - X
: 18.0 : o
- - X
13:30 - -
- X
8:45 - -t - -
719183 = -
n - X
= 18.6 : 18:45-18.13m  Halite; clear to gray: coarsely crystalline; hard; H-m
8 - - 100 - some clay breaks.
L 19.0 = -

07/21/95-GIM-EXCEL-CLC1X06B



TABLE A.10 (Continued)

PAGE 5 INTERA
OF 7 WIPP CORE-LOG INVENTORY FORM 1400
A —
BOREHOLE: C1X06-B DIA.: LOG BY: WAS & RSK
LOCATION: ROOM C1 DATE: 8/20/93
ORIENTATION: VERTICAL DOWN DRILL DATE: 7/7/93 - 8/12/93
COORDINATES: N 1516.63 E 1587.78 DRILLER: TROY PIDALLA
ELEVATION: 1302.22 FT. AMSL DRILL: LONGYEAR D38
DRILL METHODS: BRINE/ROTARY DRILL CO.: EXP. OPS.
@‘" 04\ &/ e“’& DESCRIPTION REMARKS
» 19.0 - See previous page for description.
= - X 19.13-20.64m Halite; clear to gray to reddish orange; H-m1
= - coarsely crystalline; hard; trace of clay and
- -~ - polyhal:te potyhahte increases with depth;
8 - 100
- 19.6 - i
_ - X
9:10 : : -
9:15 : : ) _
g X
- 20.0 ~ ;
- x
_ - X
- X
9 I -4 100} -
- 20.5 = X
: : X 2062-22.97 m Polyhalitic halite; clear to reddish orange; H-m2
— : X coarsely crystalline; hard.
-4 | x
[~ 21.0 . X
10:00 : : X
X
10:20 = -
: - X
_ - X
~ 21.6 : X
10 F 100} «x
- X
o - X
22.0

07/21/95-GIM-EXCEL-CLC1X0EB




TABLE A.10 (Continued)

PAGE 6 INTERA
OF 7 WIPP CORE-LOG INVENTORY [~ Form1400
BOREHOLE: C1X06-B DIA.: 4-INCH LOG BY: WAS & RSK
LOCATION: ROOM C1 DATE: 8/20/93
ORIENTATION: VERTICAL DOWN DRILL DATE: 7/7/93 - 8/12/93
COORDINATES: N 1516.63 E 1587.78 DRILLER: TROY PIDALLA
ELEVATION: 1302.22 FT. AMSL DRILL: LONGYEAR D38
DRILL METHODS: BRINE/ROTARY DRILL CO.: EXP. OPS.
«5‘9» o 96‘ @ DESCRIPTION REMARKS
& *,!- ¢
- 22.0
: _—_ X See previous page for description. H-m2
.'. 3 X
n 3 X
10 - - 100 X
= — X
b= 22,5 =
— - X
~ - X
11:00 - -
- - X
12:10 - - X
: 23.0 : 2297-2427m Anhydnte light gray to gray to reddlsh light MB 140
I~ -~ rown; microcrystalline; hard; halitic and
: : polyhalmc pseudomorphs to gypsum.
11 F 235 = 100 [
- 24.0 =
14:20 E E
;?13?9 . : : 24.27 - 25.38 m Anhydnte llght grayto gray to reddish brown; MB 140
= 24.5 o
12fF o100}
_ 25.0

07/21/95-GIM-EXCEL-CLC1X06B




TABLE A.10 (Continued)

PAGE 7 | INTERA
of — 7| WIPP CORE-LOG INVENTORY ~FORM 1400
BOREHOLE: C1X086-B DIA.: 4-INCH LOG BY: WAS & RSK
LOCATION: ROOM C1 DATE: 8/20/93
ORIENTATION: VERTICAL DOWN DRILL DATE: 7/7/93 - 8/12/93
COORDINATES: N 1516.63 E 1587.78 DRILLER: TROY PIDALLA
ELEVATION: 1302.22 FT. AMSL DRILL: LONGYEAR D38
DRILL METHODS: BRINE/ROTARY DRILL CO.: EXP. OPS.
</ 8
& & S < DESCRIPTION REMARKS
N YL &
=~ 25.0 : ) See previous page for description. MB 140
12 F o100
- - 25.38-26.24m Anhydrite; gray to reddish brown to brown; MB 140
= 25.5 ™ microcrystalline with halitic and polyhalitic
= -1 pseudomorphs; some laminar dissolution
: : along bedding.
11:30 E E
12.05 : :
~ 26.0 7
— T Ty S ERL
= - 26.24-2697 m Anhydrite, gray to dark gray, microcrystalline MB 140
: : hard, some laminar dissolution along bedding.
13 | 2*° J 100}
- 27.0 o [ZoTmm Ot WE T30
- - 27 13-27.38 M Halte, doar o gray; coarsely crystaline, hard, MB 140
[~ b clay breaks; traces of polyhalite.
12:55 : : -
: - - OISR T THaie, Cleal 10 TSd0Rh Orange; Coars
1500 S " Comlig: b vach oY apare " e
14 | -1 100
— - X
13:15 : : X
07721/35-GJM-EXCEL-CLC1X068
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TABLE A.11
CORE DESCRIPTION OF BOREHOLE C1X10



TABLE A.11

PAGE 1 INTERA
OF 7 WIPP CORE-LOG INVENTORY | Forwm1a00
BOREHOLE: C1X10 DIA.: 4-INCH LOG BY: RMR & MDF
LOCATION: ROOM C1 DATE: 5/21/92
ORIENTATION: VERTICAL DOWN DRILL DATE: 8/16/91 - 11/11-12/91
COORDINATES: N 1443.18 E 1586.74 DRILLER: RICH BALLEW
ELEVATION: 1313.58 FT. AMSL DRILL: LONGYEAR D65
DRILL METHODS: AIR/ROTARY DRILL CO.: EXP. OPS.
Q’%
‘\Q’ f
«&o’ & &€ &s‘& g DESCRIPTION REMARKS
o 06\ o & 4’9
- 0.0 7 0.00-042m  Borehole cored for piacement of flanged
-_' : collar; core not described
9:28 : : 0.42-1.84m Halite; colorless/pale orange; fine to Map Unit 6
8/16/91 = 0.5 = coarsely crystalline; trace polyhalite; contact
- - with below is gradational based on color
: '_" change and clay content.
1 100
- 1.0 =
10:33 E E
1037 = =
- 1.5 =
2 o100
11:07 : :
—r 2.0 - 194-.247Tm Halrte, coloriess to gray; very coarsely Map Unit 5
12:15 [~ = aystatine; moderate gray clay; contact with
= - - below 1s gradational based on grain size,
: : . color, and clay content.
3 F_ ool
= 2.5 - - - 2.47 -2.96 M Argillaceous halite; gray; fine to medium Map Unit 4
= - - - crystalline; lower contact is gradational
: : - - based on color change and ciay content
12:45 E E - ) -
12:48 : : - ) -—
i 07720/95-GIJM-EXCEL-CLC1X10




TABLE A.11 (Continued)

PAGE 2 INTERA

OF ) WIPP CORE-LOG INVENTORY FORM 1400
BOREHOLE: C1X10 DIA.: 4-INCH LOG BY: RMR & MDF
LOCATION: ROOM C1 DATE: 5121192
ORIENTATION: VERTICAL DOWN DRILL DATE: 8/16/91 - 11/11-12/91
COORDINATES: N 1443.18 E 1586.74 DRILLER: RICH BALLEW
ELEVATION: 1313.58 FT. AMSL DRILL: LONGYEAR D65
DRILL METHODS: AIR/ROTARY DRILL CO.: EXP. OPS.

@5
" &,«\‘“ ‘L&o“é@ e“’& «’g&é& DESCRIPTION REMARKS

3.5
13:30

100

13:33

4.0

14:02

4.5

propeirrprnrrrenannte e st

100

10:02
111181

5.0

10:18

()]
U LU B L

100)- -

10:54 5.5

\l
UL L L L

56 -

296-3.81m Halite; colorless/orange; medium to coarsely Map Unit 3
crystalline; polyhalite increases with depth;
contact with below is sharp based on color
and clay content.

-3.56 M maceous haille; grayi

. Ish Drown,
fine to medium crystalline; intercrystalline Map Unit 2
_\ dlay contact with below is sharp.

3.86-4.26m Halite; colorless; coarsely crystalline; trace Map Unit 1
poiyhalite; contact with unit below is sharp
based on color, clay, and grain size.

426-6.85m Argillaceous halite; coloriess to gray; fine to Map Unit 0
coarsely crystalline; gray clay decreases with
depth: contact with unit below is gradational
based on decreasing clay and increasing
polyhalite.

Core loss from
5.69-5.97 m.

07120/85-GIM-EXCEL-CLC1X10



TABLE A.11 (Continued)

PAGE 3 INTERA
OF Z WIPP CORE-LOG INVENTORY FORM 1400
BOREHOLE: C1X10 DIA.: 4-INCH LOG BY: RMR & MDF
LOCATION: ROOM C1 DATE: 5/21/92
ORIENTATION: VERTICAL DOWN DRILL DATE: 8/16/91 - 11/11-12/91
COORDINATES: N 1443.18 E 1586.74 DRILLER: RICH BALLEW
ELEVATION: 1313.58FT. AMSL DRILL: LONGYEAR D65
DRILL METHODS: AIR/ROTARY DRILL CO.: EXP. OPS.
@‘.’
&,
AN S,
& & & os‘é@ f £ DESCRIPTION REMARKS
&S £ & /&
0
11:05 [~ 6 1 - See previous page for description.
- —ToeRsTom |
12:57 : : X 6.10- Gs.s‘)l7 m".‘
8 E _—-_ 88 X
: 6.5 : B -
13:16 : : X
13:20 : : ) -
- X
: : X 6.85-7.51m Polyhalitic halite; orange; medium crystalline. PH-4
= - X
= 7,0 -
o F  J1o0| *
— - X
_ - X
— . X
13:36 -l 7.5 -
) 7.51-826m Anhydrite; microcrystalline; depth to lower Marker Bed 139
13:42 [~ - contact of MB 139 was detemmined from
: : video survey.
10 F 80 5
[~ - Core loss from
- - 7.99-8.28 m.
: : 8.26-10.16m  Polyhalitic halite; dark orange; fine to H-4and PH-3
13:57 [~ - coarsely crystalline; trace clay and anhydrite
[~ - X from 8.60 - 9.00 m.
9:50 = 8.5 o X
11/12/81 = -
- X
1 - 100] x
. - X
— . X
9.0
- 07/20/95-GJM-EXCEL-CLC1X10




TABLE A.11 (Continued)

PAGE 4 INTERA

OF 3 WIPP CORE-LOG INVENTORY FORM 1400
BOREHOLE: C1X10 DIA: 4-INCH LOGBY:  RMR & MDF
LOCATION: ROOM C1 DATE: 5/21/92
ORIENTATION: VERTICAL DOWN DRILL DATE: 8/16/91 - 11/11-12/91
COORDINATES: N 1443.18 E 1586.74 DRILLER:  RICH BALLEW
ELEVATION: 1313.58 FT. AMSL DRILL: LONGYEAR D65
DRILL METHODS:  AIR/ROTARY DRILL CO.: EXP. OPS.

@%
@\x“” ‘&@{ é)f &p«\“@e DESCRIPTION REMARKS

9.0 *
- - X See previous page for description. H-4and PH-3
1 -1 100
- = x
10.05 - =
- - x
12:00 - -1 X
n - X
™~ 9.5 ™
= o X
- X
12 -1 90
- - X
- X
= - X LY+ (=R (21U (o)1
: 10.0 : 9.86 - 10.05 m.

12:15

07/20/95-GJM-EXCEL-CLC1X10



TABLE A.12
CORE DESCRIPTION OF BOREHOLE L4P51-C




TABLE A.12

PAGE 1 INTERA
OF 5 WIPP CORE-LOG INVENTORY FORM 1400
BOREHOLE: L4P51-C DIA.: 4-INCH LOG BY: RMR & TFD
LOCATION: ROOM L4 DATE: 4/20/92
ORIENTATION: VERTICAL DOWN DRILL DATE: 4/1-3/92 to 4/14-15/92
COORDINATES: N 1476.22 W 642.23 DRILLER: RON LEWIS
ELEVATION: 1294.23 FT. AMSL DRILL: LONGYEAR D38
DRILL METHODS: BRINE/ROTARY DRILL CO.: EXP. OPS.
@
< &
éy‘ & o &s‘é@ £ DESCRIPTION REMARKS
& LS LS
10.0 &
14:00 o “ 10.06-10.18 m  Halite; colorfess; medium crystalline. H-1
4/1/92 : :
= 1 - 10.18-11.85m Halite; coloriess to orange; fine to medium
- - crystalline; minor gray dlay and trace
[~ ] - polyhalite.
1 F J1o0]| -
= 10.5 o= -
14:30 E -:- )
10:00 = 11.0 = -
412182 : :
L 115 = -
2 - - 86 | -
: : X 11.85-12.85m Polyhalitic halite, orange; fine to medium
: 12.0 : - crystalline; minor gray clay.
F 4 |«
— - X Core loss from
= 12.19 - 12.41 meters.
10:30 : : .
X R
12:50 : 12,6 : H-1
3k e} x
F 4 |
:11": - 10.08 m ee next page tor descrniption.

05/23/95-GJM-EXCEL-CLL4PS1C




TABLE A.12 (Continued)

PAGE 2 INTERA
or —3| WIPP CORE-LOG INVENTORY FORM 1400
BOREHOLE: L4P51-C DIA.: 4-INCH LOG BY: RMR & TFD
LOCATION: ROOM L4 DATE: 4/20/92
ORIENTATION: VERTICAL DOWN DRILL DATE: 4/1-3/92 to 4/14-15/92
COORDINATES: N 1476.22 W642.23 DRILLER: RON LEWIS
ELEVATION: 1294.23 FT. AMSL DRILL: LONGYEAR D38
DRILL METHODS: ¢ BRINE / ROTARY DRILL CO.: EXP.OPS.
Q,%
&
«
69" R of ef &é DESCRIPTION REMARKS
T /S S &
13.0 &
= -1 - 12.95-15.59m Halite; colorless to gray; medium to H-m1
= - coarsely crystalline; minor gray clay
~ - - decreasing with depth; minor polyhalite
-_' : . beginning at 15.15m.
3 F oo} - 15955550 m.
= 13.5 ==
'_' : - H-m1
13:20 E‘ _:_ -
- Core loss frol
13:30 - 14.0 = 13.90-1?.35 .
145 = ' Hemt
s F 5] -
—15.0 B
- x
_ - X
[ - X
[~ - X
14:20 = -
b 15,5 = X
8:45 - -
413192 I~ hay
: : X 15.59- 16.10m  Halite; colorless to orange; medium H-m2
s F J 73] x e i gt 2Y: poiynalfte
- X
- X
16,0
05/23/35-GJM-EXCEL-CLLAPSIC

[




TABLE A.12 (Continued)

PAGE 3 INTERA
OF 5 WIPP CORE-LOG INVENTORY [ TForm1400
BOREHOLE: L4P51-C DIA.: 4-INCH LOG BY: RMR & TFD
LOCATION: ROOM L4 DATE: 4/20/92
ORIENTATION: VERTICAL DOWN DRILL DATE: 4/1-3/92 to 4/14-15/92
COORDINATES: N 1476.22 W 642.23 DRILLER: RON LEWIS
ELEVATION: 1294.23 FT. AMSL DRILL: LONGYEAR D38
DRILL METHODS: BRINE/ROTARY DRILL CO.: EXP. OPS.
e%
YL f £/
6;6' o 0 P DESCRIPTION REMARKS
&S
16.0
: : X See previous page for description.
B “ Core loss from
'_' : 16.10 - 16.50 m..
5 - 16.5 - 73
= - X 16.50- 17.80 m  Polyhalitic halite; orange; medium H-m2
= - crystalline; anhydrite stringers starting at
: : X 17.05m.
_ _ X
- = X
9:22 = h
= = X
10:55 = 17.0 =
4114192 : : X
» - X
N - X
6 F  J100] *
-~ - X
= 17.5 =
_ - X
_ : X
_ 3 X
13:40 - oy
= - 17.80-2134m Qarl\lri\tyédgtsg: gmylorangglnreegmt:‘lline; MB 140
14:00 =18.0 =™ 18.23 - 19.00 m; dark red halite abundant from
- - 19.40 - 20.02 m; halite not present by 21.15m;
— : 0 N clean gray anhydrite from 21.15 - 21.34 m.
7 £ -] 100 [
14:22 E -:- ‘
8:50 = 18.5 =
4/15/92 : : _
s F J1woof@
C . _ =

05/23/85-GJM-EXCEL-CLL4PS1C




TABLE A.12 (Continued)

PAGE 4 INTERA
OF 5 WIPP CORE-LOG INVENTORY | Form 1400
BOREHOLE: " L4P51-C DIA.: 4-INCH LOG BY: RMR & TFD
LOCATION: ROOM L4 DATE: 4/20/92
ORIENTATION: VERTICAL DOWN DRILL DATE: 4/1-3/92 to 4/14-15/92
COORDINATES: N 1476.22 W 642.23 DRILLER: RON LEWIS
ELEVATION: 1294.23 FT. AMSL DRILL: LONGYEAR D38
DRILL METHODS:; BRINE / ROTARY DRILL CO.: EXP. OPS.
<
“9“ & g DESCRIPTION REMARKS
S E
[~ 19.0 : See previous page for description. MB 140
8 E 19.5 _-__'
0:45 o
=20.0 =
12:50 '_' :
E 20.5 E
s F
L 21.0 -
: : Fractures visible in intact core at 21.19, 21.30
— - and 21.33 m.
B - -Z21.44 M ysione, gray n ing plan MB 140
: '_'_' lower contact is sharp and undulating.
=215 = 21.44-21.97m Anhydrite; gray microcrystalline; fractures MB 140
13:50 o - at 21.60; 21.84 m and at contact with halite
[~ - below.
14:00 : :
10fF 100}
; : See next page for description.
22.0

05/23/95-GIJM-EXCEL-CLL4PSIC




TABLE A.12 (Continued)

PAGE 5 INTERA
OF 5 WIPP CORE-LOG INVENTORY [ Form 1400
BOREHOLE: L4P51-C DIA.: 4-INCH LOG BY: RMR & TFD
LOCATION: ROOM L-4 DATE: 4/20/92
ORIENTATION: VERTICAL DOWN DRILL DATE: 4/1-3/92 to 4/14-15/92
COORDINATES: N 1476.22 W 642.23 DRILLER: RON LEWIS
ELEVATION: 1294.23 FT. AMSL DRILL: LONGYEAR D38
DRILL METHODS: BRINE / ROTARY DRILL CO.: EXP. OPS.
«@ f
o DESCRIPTION REMARKS
o& &/ &
A
zz.o
10 - 21.97-2220m Hal:te pale orange; medium crystalline; H-m3

14:30

100

intercrystalline gray
- thin (<1 mm) gray clay visible at contact
with above.

clay from 21.97 - 22.05 m;

05/23/95-GJM-EXCEL-CLL4P51C




TABLE A.13
CORE DESCRIPTION OF BOREHOLE L4P51-D



TABLE A.13 (Continued)

PAGE 3 INTERA
oF 3| WIPP CORE-LOG INVENTORY [ Form1400
BOREHOLE: L4P51-D DIA.: 4-INCH LOG BY: RMR
LOCATION: ROOM L4 DATE: 3/2/95
ORIENTATION: VERTICAL DOWN DRILL DATE: 9/20/94 - 9/22/94
COORDINATES: N 1476.22 W 642.23 DRILLER: RANDY WALDON
ELEVATION: 1294.23 FT. AMSL DRILL: LONGYEAR D38
DRILL METHODS: BRINE/ROTARY DRILL CO.: EXP. OPS.
«“9’ 96‘ f o’é DESCRIPTION REMARKS
(‘ 6
28.0 L
: : X See previous page for description. H-m3
- - X
— - X
s F  Jioo| _*
- - X
= 28.6 ™
_ - X
_ - X
13:46 - -1
- - 28.77-28.85m Anhydrite; gray to white; microcrystalline;
cubic halite inclusion, 1 mm clay at base.
14:13 : : X
= 29.0 - X 28.85-29.64 m. Halite; pale orange; coarsely crystalline;
: : % minor potyhalite.
- X
- X
6 - 100 X
» 29.5 - X
: : - 28.64 -30.30m  Arglilaceous halite; brown; medium to AH-m1
: : - coarsely crystalline.
530.0 -:- -
14:30 : :
. - 30.30 - 30.38 m. Halite; colorless; medium crystalline. H-m4
10:27 7 0.5 - 30.38-30.48m  No core; bottom of hole faced.
8r22/84 =

07/18/35-GJM-EXCEL-CLL4P51D




< TABLE A.14
CORE DESCRIPTION OF BOREHOLE L4P52-B




TABLE A.14

PAGE 1 INTERA
OF P WIPP CORE-LOG INVENTORY | Form1400
BOREHOLE: L4P52-B DIA.: 4-INCH LOG BY: WAS
LOCATION: ROOM L4 DATE: Dec. 15, 1992
ORIENTATION: 40° OFF VERTICAL UPWARD DRILL DATE: 12/10/92 - 12/14/92
COORDINATES: N1493.6 ft., W647.2 ft. DRILLER: RICK BALLEW
ELEVATION: 1306.6 ft. amsl DRILL: LONGYEAR D65
DRILL METHODS: AIR/ROTARY DRILL CO.: EXP. OPS.
&
&9"’ X o < .596' «\“é DESCRIPTION REMARKS
&7 &£ o & /&
6.0
b : : See Stensrud et al. (1992) for description.
. 5.5 —
10:25 = - X 5.56-6.95m Polyhalitic halite; clear to moderate Map unit 12
12/10/92 ~ e reddish-orange; coarsely crystalline; anhydrite
: : X stringers; contact sharp with unit below.
— - X
1 F_ J1o] *
b= 6.0 o X
- X
- X
10:40 o 7 X
X
12:10 b= -
= 6.5 = X
- _ X
— : X
2 r - 100 x
[ - X
- 7.0 o X 6.85-7.92m Halite; clear to reddish-orange; medium to Map unit 13
— = coarsely crystalline; some fine; traces of gray
— = - clay; dispersed ite; contact with below
™ 7 gradational based on clay and polyhalite
12:50 : : X content.
13:05 = - )
- - X
= 7.5 -
3 - 100 X
== N B
_ n - See next page for description Map unit 14
05/23/85-GJM-EXCEL-CLL4P52B
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TABLE A.14 (Continued)

PAGE 2 INTERA
of — 1| WIPP CORE-LOG INVENTORY FORM 1400
BOREHOLE: " L4P52-B DIA.: 4-INCH LOG BY: WAS
LOCATION: ROOM L4 DATE: Dec. 15, 1992
ORIENTATION: 40° OFF VERTICAL UPWARD DRILL DATE: 12/10/92 - 12/14/92
COORDINATES: N1493.6 ft., W647.2 ft. DRILLER: RICK BALLEW
ELEVATION: 1306.6 ft. amsl DRILL: LONGYEAR D65
DRILL METHODS: ¥ AIR / ROTARY DRILL CO.: EXP.OPS.
e%
<& > f
\«,o" & & @Of o“@e DESCRIPTION REMARKS
T E o & /&,
8.0
= - - 7.92-9.04 £.03m Halite; clear to grayish orange-pink; coarsely Map unit 14
13:30 = = crystalline; some medium scattered
= - - discontinuous gray stringers; clay 1 is along
upper contact; contact with lower unitis
13:45 '_' '_' - diffuse.
a F® J1oo| -
14:05 - - -
= 9.0 -
9:10 = = 9.04-1067m  Halite; clear; coarsely crystalline; scattered Map unit 15
1211192 = - anhydrite seams; lower contact
: : sharp with clay 1.
5 F 100
= 9.5 =
9.50 -_: E
12:30 : :
f= 10.0 o
6 F 100
b= 10,5 =
: : - 10.67 - 11.28 m  Argillaceous halite (clay J); brown; medium to AH-1
— : - fine crystalline.
i 05123/95-GIM-EXCEL-CLL4P52B




TABLE A.14 (Continued)

PAGE 3 INTERA
OF ) WIPP CORE-LOG INVENTORY [ Form1a00
BOREHOLE: L4P52-B DIA.: 4-INCH LOG BY: WAS
LOCATION: ROOM L4 DATE: Dec. 15, 1992
ORIENTATION: 40° OFF VERTICAL UPWARD DRILL DATE: 12/10/92 - 12/14/92
COORDINATES: N1493.6 ft., W647.2 ft. DRILLER: RICK BALLEW
ELEVATION: 1308.6 ft. amsl! DRILL: LONGYEAR D65
DRILL METHODS: AIR/ROTARY DRILL CO.: EXP. OPS.
<,f.i
o Gc‘p qé’& o’é DESCRIPTION REMARKS
11.0
'_' : - See previous page for description.
6 - -1 1003} - 11.28-11.80m  Halite; clear to light brown; coarsely H-5
: : _ crystalline with clay J.
- 11.5 7 .
14:00 E E -
8:20 = b
12/14/92 - = - 11.80-13.89m  Argillaceous halite; clear to moderate brown; AH-2
= - some light moderate reddish orange; medium
= 12.0 ™ - to coarsely crystalline; contact with lower unit
i~ - is gradational based on clay content; upper
7 E - 100 - contact with clay K is sharp.
10:00 E -:- )
C -
10:20 : 12.5 : -
8 F H1o0|"
513.0 E -
11:10 E E i}
12:42 : :
513.5 E -
9 F 100} -
» 160 7 E (T3 BT - 1302 m  ANTYamE TNt aray, mcoaysanne, B 138

0523/95-GJM-EXCEL-CLL4P52B




TABLE A.14 (Continued)

PAGE 4 INTERA
of —7—| WIPP CORE-LOG INVENTORY | Forwm1400
BOREHOLE: " L4P52-B DIA.: 4-INCH LOG BY: WAS
LOCATION: ROOM L4 DATE: Dec. 15, 1992
ORIENTATION: 40° OFF VERTICAL UPWARD DRILL DATE: 12/10/92 - 12/14/92
COORDINATES: N1493.6 ft., W647.2 ft. DRILLER: RICK BALLEW
ELEVATION: 1306.6 ft. ams! DRILL: LONGYEAR D65
DRILL METHODS: ¢ AIR / ROTARY DRILL CO.: EXP. OPS.
&
‘y\ % ! ‘\. Q& oo“f f of DESCRIPTION REMARKS
& E o & /&
14:00 14.0 14.02-14.12m  Halite. H6

14.5

05/23/95-GJM-EXCEL-CLL4P528
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