
109.4JTB/84/02/08/0.1

FEB 2 7 1984

- 1 -

Distribution:
file:

WMEG r/f
NMSS r/f
REBrowning
MJBell
JTGreeves
JTBuckley & r/f
HJMiller
MSNataraja
JOBunting
PSJustus
MRKnapp
LBHigginbotham
PDR

MEMORANDUM FOR:

FROM:

Robert J. Wright
Repository Projects Branch
Division of Waste Management

Mysore S. Nataraja
Engineering Branch
Division of Waste Management

John T. Buckley
Engineering Branch
Division of Waste Management

SUBJECT: INFORMATION COLLECTED DURING
(JANAURY 23-26, 1984)

DATA REVIEW VISIT AT BWIP

During January 23-26, 1984, M. Nataraja and J. Buckley performed a data review
at the BWIP site. This memo describes the events which took place and lists
the attendees that took part in the data review and presents the details on
data either gathered or requested during the visit.

On Monday, (January 23, 1984) we (Mysore Nataraja, John Buckley, Jaak
and Ernie Corp) met in the BWIP library to review colored photographs
rock cores from various boreholes. By examining the core photographs
borehole information handout (attachment 1), we determined which core
should be examined on Wednesday the 25th, in the core library.

Daemen
of the
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Tuesday morning, (January 24, 1984) Rockwell, DOE, NRC, and their Consultants
(EI, GAI, and BOM) gathered at the Visitors Center-Gable Mountain for
presentations on current in situ testing. Prior to a general introduction by
P. Boileau of DOE and N. Steger of Rockwell, the meeting attendees (attachment
2) received a copy of the program (attachment 3). Following the general
introduction, E. C. Gregory, M. L. Cramer, T. A. Rundle and D. L. South (all
from Rockwell) gave brief presentations on the Full-Scale Heater Test, Block
Test, Hydrofracture Test and Rock Mechanics Laboratory tests respectively.
These presentations concentrated on collection and analyses of current in
situ test data. Each presentation was supplemented by handouts
(attachments 4-9). WM Record File WM
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Following the Rockwell presentations, the NRC representatives and their
Contractors divided into three groups. Each group was responsible for
reviewing the data from one of the following three tests;

1. Full-Scale Heater Test,
2. Block Test,
3. Hydrofracture Test.

Prior to the BWIP visit we (NRC and Contractors) developed a standard data
review checklist. Each person in each group was responsible for completing the
data review checklist for that particular test. Copies of the checklists are
enclosed with this memo (attachments 10-16). The purpose of the visit was to
review in situ test procedures and to obtain existing data for our evaluation.
For the Block Test, a request was made for data from one complete loading and
unloading cycle. The data was not given to us during the visit, however, we
were assured that the said data would be sent to us after going through
Rockwell's clearance. Some data has been collected for the Full-Scale Heater
Test and the Hydrofracture Test. Attachment 17 is a copy of the data collected
while at BWIP and attachment 18 is a list of data requested from Rockwell.
Rockwell has agreed to send this data after clearance.

On Wednseday morning, the 25th, R. Wilde of Rockwell presented handouts
(attachments 19-20) along with a short introduction. J. T. Baxter of Rockewell
gave a brief presentation on the "Overview of Application of Geomechanics
Numerical Modeling to Repository Design and Performance Assessment" (attachment
21). Based on information presented during Baxter's presentation, review
checklists were prepared on computer codes being used at BWIP. (see attachment
22). In the afternoon we toured the rock mechanics laboratory (see attachment
23) and examined rock cores of interest at the core library. A demonstration
triaxial test was performed on a rock specimen in an MTS machine along with a
demonstration of analyzing and plotting the stress-strain data on the computer
screen. Larry Hulstrom of Rockwell gave us an overview of the laboratory
instrumentation and briefly presented the procedures for determining the
dynamic modulus, coefficient of thermal expansion, joint shear strength. He
also showed us the filing and record keeping system for all tests performed in
the laboratory.

Thursday morning, January 26, 1984 was spent at the Visitors Center-Gable
Mountain. We completed our data review checklists and viewed videotapes of the
boreholes. On the way back to Richland, we stopped at the exploratory shaft
site and toured the drill rig and vicinity.
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SUMMARY AND FUTURE PLANS

The data review visit was productive
visually observe the test set-up and
further review. BWIP has agreed to provide
Test, Hydrofracture Test and Heater Test
Rockwell clearance procedures.

because we could visit the test location,
instrumentation, and collect raw data for
provide additional test data for the Block
rest as soon as they are cleared through

The proposed data review process will consist of four (4) steps:

1. Convey our preliminary observations to DOE;

2. Review and analyze the data;

3. Convey NRC concerns, if any, to DOE; and

4. Perform sensitivity analyses and analyze test data
in detail.

Mysore S. Nataraja
Engineering Branch
Division of Waste Management

John T. Buckley
Engineering Branch
Division of Waste Management

OFC
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NUCLEAR REGULATORY COMMISSION
GEOMECHANICS WORKSHOP

Attached are the following items:

1. BWIP Borehole Catalogue

2. Borehole location maps

3. Stratigraphic column

4. List of boreholes with video tape data

5. List of boreholes with acoustic logging data

6. List of boreholes with geophysical logging data

7. List of boreholes with laboratory data. Also includes list of
areas within the Near-Surface Test Facility for which data is
available

8. List of boreholes with hydrofracture data

9. List of tests performed in the Near-Surface Test Facility

10. Appendix A - lists specific geophysical and acoustic data available
for selected boreholes in the reference repository location

11. Appendix B - lists references in which laboratory test results are
presented



RSD-BWI-TP-0ll

Appendix A

BWIP Borehole Catalog

March, 1982



FIGURE 3-3. Location Map for Key Boreholes Used in
Basalt Waste Isolation Project Studies.

3.2-3



RSD-BWI-TP-011



Sediment Stratigraphy of Basalt flows



1/20/84

VIDEO TAPES

DC-6

0 - 691' 6-10-83

DC-8



VIDEO TAPES

RRL-2



Boreholes for which acoustic logging data are available:

RRL-6

DC-4

In general, all DC holes have been logged by Pacific Northwest Laboratories (PNL)
and logs for their suite of geophysical tests are available,"



ROCK MECHANICS LABORATORY DATA

Location

NOTES: 1. References for the reports are presented in Appendix B,
All reports listed will be available at the workshop.

2. FS#1 and FS#2 indicate the two full-scale heater tests,
Area 3 is the block test area. NSTF indicates the Near
Surface Test Facility, All other designations are boreholes.



HYDROFRACTURING TESTS CONDUCTED TO DATE



Rock Mechanics Test Performed at the Near Surface Test Facility



APPENDIX A

GEOPHYSICAL AND ACOUSTIC DATA AVAILABLE
FOR

SELECTED BOREHOLES IN THE REFERENCE REPOSITORY LOCATION



TABLE 4. Borehole RRL-2--Geophysical Logging Intervals.

Performed by Pacific Northwest Laboratory





Figure 11- Borehole RRL-2 Summary Geophysical Log
1,400-2,000 feet

FIGURE 11. Borehole RRl-2--Summary Geophysical Log, 1,400-2,800 Feet.



Figure 12-Borehole RRL-2 Summary Geophysical log-2,800-3,973 feet



TABLE 3. Borehole RRL-6--Geophysical Logs.

Performed by Pacific Northwest Laboratory



BOREHOLE GEOPHYSICAL LOGS
BOREHOLE RRL-6

Figure 8. Borehole RRL-6 Geophysical Logs
(1 of 3)



FIGURE 8. Borehole RRL-6 Geophysical Logs
(2 of 3)



REV 0-0

25



RRL-6

USGS
Full Wave Train Acoustic (GR)
Acoustic Televiewer (GR)



SD-BWI-TI-186
REV 0

TABLE 2. Borehole RRL-14 - Geophysical Log

GEOPHYSICAL Interval Logged (Feet)
LOG 8/14/82 8/29/82 10/18-19/82 10/20-21/82



DC-4

PNL

Full suite, see DC-20C

USGS

Full-Wave-Train Acoustic (GR)

Acoustic Televiewer (GR)



BOREHOLE GEOPHYSICRL LOGS
BOREHOLE RRL- 14

FIGURE 6, Borehole RRL- 14 Geophysical Logs

(1 of 3)



BOREHOLE GEOPHYSICAL LOGS
BOREHOLE RRL-14

FIGURE 6. Borehole RRL-14 Geophysical Logs
(2 of 3)



BOREHOL GEOPHYSICAL LOGS
BOREHOLE RRL-14



TABLE 2. Borehole DC-16A Geophysical Logs

DATE



SD-BWI-TI-1 35



BOREHOLE GEOPHYSICAL LOGS
BOREHOLE: DC-I6A

FIGURE 8B. Geophysical Logs for Borehole DC-16A.
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BOREHOLE GEOPHYSICAL LOGS
BOREHOLE: DC-I6A

FIGURE 8C. Geophysical Logs for Borehole DC-16A.

-3



BOREHOLE GEOPHYSICAL LOGS
BOREHOLE: DC-16A

I

FIGURE 8D. Geophysical Logs for Borehole DC-16A.



DC-19C

PNL

Neutron-Epithermal-Neutron

Natural Gamma

Gamma-Gamma

Fluid Temperature

Sonic

Spontaneous Potential

Long & Short Normal Resistivity

3 Arm Caliper

X-Y (4 arm) Caliper

Magnetometer

Washington State University

Full Wave Train Acoustic

(SM-W-GR)

(SM-W-GR)

(SM-W.-GR)

(SM-W-GR)

(SM-W-GR)

(SM)

(SM-W-GR)

(W-GR)

(W-GR)

(SM-W-GR)

(W-GR)

Birdwell

Induction Electric Log

6 Arm Caliper

Neutron Borehole Compensated

3-D Velocity

Density

(W-GR)

(WGR)

(W-GR)

(W-GR)

(W-GR)

SM - Saddle Mtns.
W - Wanapum
GR - Grande Ronde



I
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BOREHOLE GEOPHYSICAL LOGS
BOREHOLE: DC-I9C



BOREHOLE GEOPHYSICAL LOGS
BOREHOLE: DC-19C



-;

BOREHOLE GEOPHYSICAL LOGS
BOREHOLE: DC-19C



DC-20C

PNL

Neutron-Epithermal-Neutron

Natural Gamma

Gamma-Gamma

Fluid Temperature

Sonic

Spontaneous Potential

Long & Short Normal Resistivity

3 Arm Caliper

X-Y (4 arm) Caliper

Magnetometer

Washington State University

Full Wave Train Acoustic

(SM-W-GR)

(SM-W-GR)

(SM-W-GR)

(SM-W-GR)

(SM-W-GR)

(SM-W-GR)
(SM-W-GR)

(W-GR)

(W-GR)

(SM)

(W-GR)

Birdwell

Induction Electric Log

6 Arm Caliper

Neutron Borehole Compensated

3-D Velocity

Density

(W-GR)

(W-GR)

(W-GR)

(W-GR)

(W-GR)

SM- Saddle Mtn.
W - Wanapum
GR- Grande Ronde



DC-22C

PNL

Neutron-Epi thermal -Neutron

Natural Gamma

Gamma-Gamma

Fluid Temperature

Spontaneous Potential

Long & Short Normal Resistivity

3 Arm Caliper

X-Y (4 arm) Caliper

Magnetometer

Washington State University

Full-Wave Train Acoustic

(SM-W-GR)

(SM-W-GR)

(SM-W-GR)

(SM-W-GR)

(SM-W-GR)

(SM-W-GR)

(W-GR)

(W-GR)

(SM)

(1-GR)

SM - Saddle Mtns.
W - Wanapum
GR - Grande Ronde



APPENDIX B

REFERENCES CONTAINING
LABORATORY TEST RESULTS



Craig. P A.. 1983, Tabulation of Young's Moduli and Poisson's Ratio Determinations from
Uniaxial and Triaxial Compressive Strength Test from Boreholes RR1-2,RRL-6, and RRL-14
S.D. BWI-TI-132, Rev 0-0 Rockwell Hanford Operations, Richland, Washington, Official
Release Date September 29, 1983

Hulstrom, L. C., and D. J. Hanson, 1982 Tabulation of Physical and Mechanical Property
Data from Borehole RRL-2, SD-BWI-TD-002, Rev. 0-1, Rockwell Hanford Operations, Richland,
Washington. Official Release Date November 2, 1982

Hulstrom, L. C. and D. J. Hanson, 1983. Tabulation of Physical and Mechanical Property
Data from Borehole RRL-6, SD-BWI-TD-003, Rev. 0-0 Rockwell Hanford Operations
Richland, Washington, official Release Date January 31, 1983.

Hulstrom, L. C. and D. J. Hanson, 1983. Tabulation of Physical and Mechanical
Property Data from Borehole RRL.14, SD-BWI-TD-004 Rev. 0-1, Rockwell Hanford
Operations, Richland, Washington. official Release Date March 9, l983:

Landon, R D., 1983, geologic Thickness Data - Candidate Repository Horizons
SD-BWI-DP-011 Rev. A-O, Rockwell Hanford Operations Richland, Washington

Official Release Date August 6, 1983.

Sublette, W. R., 1983, Rock Mechanics Data Package, SD-BWI-DP-041, Rev. 0-0,
Rockwell Hanford Operations, Richland, Washington Official Release Date Sept. 20, 1983



Duvall, W. I.. R. J. Miller, and F. D. Wang, 1978. Preliminary Report on Physical and
Thermal Properties of Basalt, Drill Hole DC-10. Pomona Flow. Gable mountain. RHO.BWI-C-ll.

Rockwell Hanford Operations. Richland. Washington.

Excavation Engineertng and Earth Mechanics Institute. 1978, Final Report for Fiscal Year
1978 on the Physical and Thermal Properties of Basalt Cores. RHO-BWI-C-38 Rockwell
Hanford Operations, Richland, Washington.

Martinez-Baez. L. F. and C. Hal Amick, 1978, Thermal Properties of Gable Mountain Basalt
Cores, Hanford Nuclear Reservation, LBL7038,Lawrence Berkeley Laoratory Berkeley,
California.

Excavation Engineering and Earth Mechanics Institute. 1979, Determination of Basalt
Physical and Thermal Properties at Temperatures Pressures, and moisture

Contents First Progress Report Fiscal Year 1979 Rockwell Hanford
Operations, Rockland Washington.

Excavation Engineering and Earth Mechanics institute. 1979, Determination of Basalt
Physical and Thermal ProPerties at Varying Temperatures, Pressures and Moisture
contents, Second Progress Report. Fiscal Year 1979 RHO-RHO-C-54, Rockwell Hanford
operations, Richland, Washington,

Excavation Engineering and Earth Mechanics Institute 1979, Determination of Basalt
Physical and Thermal Properties at Varying Temperatures, Pressures, and Moisture Contents.
Third Progress Report. Fiscal year 1979, RHO-BWI-C-55 Rockwell Hanford Operations
Richland. Washington.

Foundation Sciences, Inc 1980 Thermal Mechanical Properties of Pomoma Member Basalt

Foundation Sciences. Inc.. 1980. Thermal/Mechanical Properties of Pomona Member BasaltFull-Scale Heater Test

Schmidt, B . W F. Daly, S. W. Bradley, P. R. Squire. and L. C. Hultrom, 1980. Thermal
and Mechanical Properties of Hanford basaltS. Compilation and Analyses. RHO-BWI-C-90

Rockwell Hanford operations. Richland Washington.

Shuri, F. S.. D. J. Dodds. and K. Kim. 1980. Measurement of Rock-Mass Deformation
Properties by the Borehole Jacking Method at the Near-Surface Test facility RHO-BWI-C-89,

Rockwell Hanford Operations, Richland, Washington.

Foundation Sciences, Inc.. 1981. Thermal/Mechanical properties
Area 3 and Summary. RHO-BWI-C-100 Rockwell Hanford Operations, Richland Washington

Foundation Sciences. Inc., 1981, Thermal Mechanical Properties of Umtanum Basalt --
Borehole DC-2, RHO-BWI-C-92, Rockwell Hanford Operations, Richiand, Washington.

Erikson, R. L. and K. M. Krupka, undated, Thermal Property Measurements of Pomona Member
Basalt from Core Holes DB-5 and DB-15. Hanford Site. Southeastern Washington RHO-BW1-C-76,

Rockwell Hanford Operations, Richland, Washington.

Myer, Larry, 1982, Results of Thermechanical on Specimens of Hanford Basalts.
Letter Report, September 30, 1982, Lawrence Berkeley Laboratory, Berkeley California
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Craig. P. A.. 1983. Tabulation of Young's Moduli and Poisson's Ratio Determinations from
Uniaxial and Triaxial Compressive Strength Tests from borehoes RR1-2, RRL-6 and RRL-14
SD-BWl-T1-132, Rev, 0-0, Rockwell Hanford Operations Richland Washington, Official
Release Date September 29, 1983.

Hul s
trom, L. C.. and D. J. Hanson 1982. Tabulation of Physica1 and Mechanical Property

Data from Borehole RRL-2, SD-BWI-TD-002, Rev. 0-1 Rockwell Hanford Operations, Richland,
Washington. Official Release Date November 2. 1982.

Hulstrom. L. C. and D. J. Hanson, 1983. Tabulation of Physical and Mechanical Property
Data from Borehole RRL-6, SD-WI-TD-003, Rev. 0-0, Rockwell Hanford Operations,
Richland, Washington. Official Release Date January 31, 1983.

Hulstrom, L. C.. and D. J. Hanson. 1983, Tabulation of Physical and Mechanical
Property Data from Borehole RRL-14, SD- BWI-TD-004 Rev. 0-1, Rockwell Hanford
Operations Richland., Washington. Official Release Date March 9, 1983:

Landon. R D. 1983. Geologic Thickness Data - Candidate Repository Horizons.
SD-BWI-DP-011 Rev. A.O, Rockwell Hanford Operations; Richland, Washington

Official Release Date August 6, 1983.

.

Sublette. W. R. 1983. Rock Mechanics Data Package. SD-BWI-DP-041, Rev. 0-0.
Rockwell Hanford Operations. Richland, Washington. Official Release Date Sept. 20, 1983.



Duvall, M. I.. R. J. Miller. and F. 0. Wang. 1978. Preliminary Report on Physical and
Thermal Properties of Basalt, Drill Hole DC-10. Pomona Flow. Gable Mountain, RHO-BWI-C-11
Rockwell Hanf or d Operations. Ri chl and. Washington.

Excavation Engineering and Earth Mechanics Institute. 1978. Final Report for Fiscal Year
1978 on the Physical and Thermal Properties of Basalt Cores. RHO-BWI-C-38 Rockwell
Hanford Operations, Richland, Washington.

Martinez-Baez. L. F. and C. Hal Amick, 1978, Thermal Properties of Cable Mountain Basalt
Cores. Hanford Nuclear Reservation, LBL-7038 Lawrence Berkeley Laboratory, Berkeley,
Califorfia

Excavation Engineering and Earth Mechanics Institute, 1979, Determination of Basalt
Physical and Thermal Properties at Varying Temperatures Pressures and Moisture
Contents. First Progress Report. Fiscal Year 1979. RHO-BWI-C-50 Rockwell Hanford
operations, Richland. Washington,

Excavation Engineering and Earth Mechanics Institute. 1979. Determination of Basalt
Physical and Thermal Properties at Varying Temperatures. Pressure
Contents Second Progress Report. Fisca1 year 1979 RHO-BWI-C-54 Rockwell Hanford
operations, Richland, Washington.

Excavation Engineering and Earth Mechanics Institute. 1979. Determination of Basalt
Physical and Thermal Properties at Varving Temperatures. Pressures, and Moisture Contents.
Third Progress Report. Fiscal Year 1979 RHO-BWI-C-55, Rockwell Hanford operations

Richland, Washington.

Foundation Sciences Inc. 1980 Thermal/Mechanical Properties of Pomona Member Basalt
Full-Scale Heater Test #1 (Area 1)RHO-BWI-C-77, Rockwell Hanford Operations, Richland
Washigton.

Excavation Engineering and Earth Mechanics Institute 1979. Determination of Basaltical and Thermal Properties at Varying Temperatures, Pressures and Moisture, Second Progress Report Fiscal Year 1979, RHO-BWI-C-54, Rockwell HanfordstnetnoCFoundation Sciences, Inc., 1980. Thermal/Mechanical Properties of Pomona Member Basalt -
Full-scale Heater Test #2 (Area 2.) RHo-BWI-C-85, Rockwell Hanford Operations, Richland

Washington.

Schmidt. B. W. F. Daly, S.W Bradley, P. R .Squire, and L C. Hulstrom 1980, Thermal
and Mechanical Properties of Basalts, Compilation and Analyses RHO-BWI-C-90

Rockwell Hanford Operations, Richland, Washington.

Shuri, F.S...D.J . Dodds and K. Kim, 1980, Measurement of Rock-Mass Deformation
Properties by the Borehole Jacking Method at the Near-Surface Test Facility, RHo-BWI-C-89,Rockwell Hanford Operations, Richland, Washington

Foundation Science, Inc ,1981, Thermal/ Mechanical Properties of Pomona Member Basalt

Foundation Sciences. Inc.. 1981, Thermal/Mechanical Properties of Untanum Basalt
Borehole DC-2 RHO-BWI-C-92, Rockwell Hanford Operations, Richland, Washington

Erikson, R. L. and K. M. Krupka, undated, Thermal Property Measurements of Pomona Member
Basalt from Core Holes DB-5 and DB-15, Hanford Site, Southeastern Washington, RHO-BWi-C-76

Rockwell Hanford operations, Richland, Washington.

Myer, Larry 1982, Results of Thermomechanical Tests on Specimens of Hanford Basalts,
Letter Report, September 30,1982 Lawrence Berkeley Laboratory, Berkeley, California



LIST OF GEOMECHANICS MODELS AND CODES USED AND/OR
BEING DEVELOPED

ADINA

UDEC

ANSYS

DAMSWEL

NONSAP -

These models and codes will be discussed and statused in the Wednesday
morning session



AGENDA

NUCLEAR REGULATORY COMMISSION WORKSHOP

GEOMECHANICS REPOSITORY

Tuesday,

9:00 -
9:00

January 24, 1984

9:05 a.m.
9:15 a.m..

9:15 - 9:45 a.m.

9:45 - 10:15 a.m.

Visitors Center, Gable Mountain

INTRODUCTION

FULL-SCALE HEATER TESTS
Test Layout
Analysis

BLOCK TEST
* Test Layout and Analysis

BREAK

HYDROFRACTURE TESTING
Measurement of In Situ
Stress in Rock

P. L. Boileau
N. A. Steger

E. C. Gregory
R. R. Ames

M. L. Cramer

T. A. Rundle

10:15

10:30

- 10:30 a.m.

- 11:00 a.m.

11:00 - 11:30 a.m.

11:30

12:00

- 12:00 noon

- 4:15 p.m.

ROCK MECHANICS LABORATORY
Test Activities

BOX LUNCH

DISCUSSION

D. L.

K. A.

ALL

South

Hadley

Wednesday, January 25, 1984

8:00 - 10:00 a.m.

10:00

10:15

12:00

1:00

- 10:15 a.m.

- 12:00 noon

- 1:00 p.m.

- 4:00 p.m.

Peoples Bank Bullding/3rd Floor Conference Room

OVERVIEW OF APPLICATION OF GEOMECHANICS:
NUMERICAL MODELING TO J. T. Baxter
REPOSITORY DESIGN & PA R. T. Wilde

BREAK

DISCUSSION

LUNCH

ROCK MECHANICS LABORATORY TOUR
200 East Area/2101M Building L. C. Hulstrom

Thursday, January 26, 1984

Some of the NRC people may elect
to stay over for further
discussion.

1-19-84/Jcs





ROCK MECHANICS TESTS PERFORMED AT THE
NEAR-SURFACE TEST FACILITY

(JANUARY 24, 1984)

O LABORATORY TESTS (SEE LAB TEST DATA SHEET)

O FULL-SCALE HEATER TESTS NOS. 1 AND 2

O BOREHOLE JACKING

- GOODMAN JACK (FOUNDATION SCIENCES, INC.)

- MODIFIED BOREHOLE JACK (DE LA CRUZ AND VOSS)

- SLEEVE FRACTURING (STEPHANSSON)

O OVERCORING

- BOREHOLE DEFORMATION GAUGE (FOUNDATION

SCIENCES INC.)

- BOREHOLE DEFORMATION GAUGE, CSIRO HOLLOW
INCLUSION STRESS CELL, CAST EXPOXY INCLUSION,

LULEA TRIAXIAL STRAIN CELL, AND THE CSIR
POORSTOPPER (ROCKWELL)

O BLOCK TEST

- STEP 1
STEP 2

O HYDRAULIC FRACTURING

- PRE-NSTF CONSTRUCTION (HAIMSON)

- POST-NSTF CONSTRUCTION (ROCKWELL)

o CROSSHOLE SEISMIC (LBL)



APPLICABILIY OF FULL-SCALE HEATER TESTS
TO REPOSTIORY DESIGN

o DETERMINATION OF IN SITU ROCK MASS

THERMAL CONDUCTIVITY, HEAT CAPACITY,

AND THERMAL EXPANSION FOR COMPARISON

TO PRE-TEST LABORATORY VALUES

O EVALUATION OF HIGH TEMPERATURE EFFECTS

ON INTACT BASALT AT CANISTER SCALE

0 POTENTIAL DATA SOURCE FOR MODEL

VERIFICATION



RCP8007-102B

FIGURE 3-4. Plan-Instrumentation Layout and Borehole Designation for
Full-Scale Heater Test 1.

14



FIGURE 3-5. Plan-Instrumentation Layout and Borehole Designation for Full-Scale Heater Test 2.



POWER LEVELS FOR FULL-SCALE HEATER TEST NO. 1

8

6

START-UP
JULY,1980



POWER LEVELS FOR FULL-SCALE HEATER TEST NO. 2 ,



FULL-SCALE HEATER TESTS

MAXIMUM TEMPERATURES RECORDED

AT HEATER BASALT 0.2 M
TEST CANISTER FROM HEATER



FULL-SCALE HEATER TEST-MODELING

o LBL - PRE-TEST SCOPING ANALYSIS FOR

TEST PLANNING. BASALT PROPERTIES

FOR ROCK MASS PARAMETERS WERE BASED

ONLY ON LABORATORY TESTS.

o PRE-TEST SITE CHARACTERIZATION (MOAK AND

WINTCZAK)

BASED ON THIS CHARACTERIZATION A

REVISED PREDICTIVE ANALYSIS WAS

CONDUCTED USING A NEW BASALT DEFOR-

MATIONAL MODEL TO ACCOUNT FOR

ANTICIPATED ROCK MASS BEHAVIOR.

BLOCK TEST (PRELIMINARY RESULTS)

REVISED DEFORMATION CHARACTERISTICS

INDICATE SIGNIFICANTLY REDUCED

STRESSES



CANISTER BOREHOLE STRESSES
AT BOREHOLE WALL

SOURCE



FIGURE 7.7 FS #1 MEASURED AND PREDICTED TEMPERATURE BAND TO TAKE INTO ACCOUNT
UNCERTAINTY IN THERMOCOUPLE LOCATION 1T02T03



500

100

DAYS SINCE TEST STARTUP

OF THERMOCOUPLE LOCATION

Figure 7.9 FS #2 Measured and Predicted Temperature Band to Take into Account

'UNCERTAINTY IN THERMOCOUPLE LOCATION 2TOlTO4.



SCATTER PLOT -FS #2

350

PREDICTED DATA

FIGURE 7.1 SCATTER PLOT OF MEASURED AGAINST PREDICTED DAtA AT DAY 365 FOR 69
* LOCATIONS THROUGHOUT THE ROCK MASS



FS1 MIPBX RESULTS

DAYS SINCE TEST STARTUP

FIGURE 6.5 MEASURED (C) AND PREDICTED (P) DISPLACEMENTS FOR VERTICAL MPBX
IE03 AT RADIUS 0.95 M



FSI MPBX COMPARISONS DAY 220

FIGURE 6.1 SCATTER PLOT OF PREDICTED AGAINST MEASURED DATA FOR VERTICAL
MPBX'S AT DAY 220



FIGURE 6.9 SCATTER PLOT OF PREDICTED AGAINST MEASURED DATA FOR FS#1 HORIZONTAL MPBX AT 220 DAYS



BWIP Instrumentation Development



APPLICATION OF BLOCK TEST RESULTS
TO REPOSITORY DESIGN

DEVELOPMENT AND VALIDATION OF NUMERICAL

MODELING TECHNIQUES

A. PROVIDES MATERIAL PROPERTIES FOR

INPUT INTO MODELS:

O COEFFICIENT OF THERMAL EXPANSION

O DEFORMATION RESPONSE

O THERMAL CONDUCTIVITY

B. ALLOWS COMPARISON BETWEEN MODELING

RESULTS AND ACTUAL ROCK MASS DATA

II. DEVELOPMENT OF INSTRUMENTATION AND TEST

TECHNIQUES PRIOR TO APPLICATION AT DEPTH



CRONOLOGY OF BLOCK TEST #1

JANUARY 14, 1981 - DRILLING OF STEP 1
SLOT BEGUN

JUNE 22, 1981 - STEP I TESTING BEGUN

AUGUST 18, 1983 - STEP 1 TESTING COMPLETED

JANUARY 15, 1982 - STEP 2 CONSTRUCTION BEGUN

JANUARY 28, 1932 - STEP 1 REPORT COMPLETED

JULY 15, 1982

MAY 15, 1983

- STEP 2 TESTING BEGUN (PHASE I)

- PHASE II OF THE STEP 2 TESTING

SEQUENCE BEGUN



CABLE TENDON HOLE
EXTENSOMETER
HEATER
OPTICAL TARGET

MONITORING HOLE
BOREHOLE DEFORMATION GAUGE
BOREHOLE DEFORMATION GAUGE AND
VIBRATING WIRE STRESSMETER
VIBRATING WIRE STRESSMETER

NOTE: EACH INSTRUMENT AND HEATER SHOWN CONTAINS A THERMOCOUPLE



EXPOSED FACE
OF TEST BLOCK

OPTICAL DISPLACEMENT
MONITORING ASSEMBLY

Basalt Deformation Measurement System



BLOCK TEST ISOMETRIC VIEW



SUMMARY OF BLOCK TEST AMBIENT
TEMPERATURE LOADING CYCLES

CYCLE DEVIATORIC STRESS
(MPA)

CONFINING STRESS
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100 200 300 400

BLOCK TEST BDMS DISPLACEMENTS
TARGET NUMBER A02A04

TESTING PERFORMED 8/17/82
AMEIENT CYCLE NUMBER 3



12

STRAIN

FIGURE 3.2

BLOCK TEST BDMS DISPLACEMENTS
TARGET NUMBER AOIA03

TESTING PERFORMED 8/30/82
AMEIENT CYCLE NUMBER 6



TESTING fOR TENDON CYCLE 31
BLOCK TEST MPPX DISPLACEMENTS

(MPBX) 7E0)

ANCHOR STRAIN (EO4-E03)

.4



CONFINING STRESS

NOTE: (2)INDICATES TWO DATA POINTS AT THIS LOCATION

DEFORMATION MODULI RESULTS VERSUS CONFINING STRESS



I. DEVELOPMENT OF BASALT CONSITUTIVE MODEL

IMPLEMENTATION ON DAMSWEL

O ASSUMES THREE MAJOR RESPONSE CHARACTERISTICS

FROM INITIAL BLOCK TEST DATA

1) MODULI DEPENDENCE ON CONFINING STRESS
2) MINIMAL NON-LINEARITY OF STRESS-STRAIN RESPONSE
3) LOADING AND UNLOADING PATH DEPENDENCE



II. ANALYSIS OF TEST BOUNDARY CONDITIONS

IMPLEMENTATION ON ANSYS

O EXPLICIT MODELING OF FLAT JACKS

O ASSUME HOMOGENEOUS ISOTROPIC

LINEAR ELASTIC MATERIAL RESPONSE



III, DISCRETE BLOCK MODELING TECHNIQUE

O DISTINCT ELEMENT CODE - UDEC

O INVESTIGATE INFLUENCE OF VARIOUS JOINTING
CONDITIONS

1.) PATTERN
2) SPACING
3) ELASTIC AND FRICTIONAL PROPERTIES

O ATTEMPT TO DETERMINE DOMINATE MECHANISM WHICH
PRODUCES INELASTIC BEHAVIOR

1) SLIP ON SUBVERTICAL AND/OR SUBHORIZONTAL
JOINTS

2) OPENING AND CLOSING OF JOINTS

O INVESTIGATE UNIFORMITY OF STRESS DISTRIBUTION
IN BLOCK



SUMMARY OF STEP 2 RESULTS

* ROCK MASS EXHIBITS AN ANISOTROPIC AND NON-HOMOGENEOUS

DEFORMATIONAL RESPONSE.

* THE DEFORMATION RESPONSE IS SENSITIVE TO CHANGES IN

THE CONFINING STRESS LEVEL

* THE BOUNDARY CONDITIONS OF THE TEST CONFIGURATION

CAN INFLUENCE THE MATERIAL RESPONSES

* FLAT-JACK LOADING SYSTEM REQUIRES FURTHER DEVELOPMENT.

* THE BDMS AND EXTENSOMETERS HAVE PERFORMED SATISFACTORILY

WHILE THE BOREHOLE DEFORMATION GAUGE, THE VIBRATING

WIRE STRESSMETER AND FLAT-JACK DEFORMETERS REQUIRE

FURTHER DEVELOPMENT.



SUMMARY OF BLOCK TEST
FUTURE ACTIVITIES

A COMPLETE AMBIENT TEMPERATURE TESTING PHASE

- COMPLETE ALL ITEMS INCLUDED IN CURRENT

- PLAN-OF-ACTION

- CONDUCT ADDITIONAL TESTING CYCLES AS NECESSARY

- PREPARE COMPLETE REPORT ON AMBIENT TEMPERATURE

TESTING

CONDUCT ELEVATED TEMPERATURE TESTING

- EVALUATE DEFORMATIONAL RESPONSE AT 100 C,

150, AND 200

- EVALUATE COEFFICIENT OF THERMAL EXPANSION AND

THERMAL CONDUCTIVITY AS A FUNCTION OF TEMPERATURE

AND CONFINING STRESS

* PREPARE COMPREHENSIVE BLOCK TEST REPORT



AVAILABLE BLOCK TEST DOCUMENTS

TEST PLANS

SD-BWI-TP-001 A-O, "Test Plan for Jointed Block Test #1"

SD-BWI-TI-042 0-2, "Operational Test Guidelines and Support Data
for Jointed Block Test #1"

REPORTS

RSD-BWI-TI-059, "Pre-Test Analysis of Step 2 of the Jointed Block
Test"

SD-BWI-TP-OO1, "Block Test Step 1 Report"

Cramer, M. L., Cunningham, J. P., Kim, K., "Rock Mass Deformation
Properties from a Large-Scale Block Test," 24th U.S. Symposium
on Rock Mechanics, Texas A&M University, College Station, Texas,
June, 1983. Also to be published in the Bulletin of the
Association of Engineering Geologists. (RHO-BW-SA-284P)

Cramer, M.L., Black, M. T., "The Design and Construction of a Block
Test in Closely Jointed Rock," 24th Symposium on Rock Mechanics,
Texas A&M University, College Station, Texas, June, 1983. Also
to be published in the Bulletin of the Association of Engineering
Geologists. (RHO-BW-SA-286P)

Gregory, E. C., Cramer, M. L., Ames, R. R., McHenry, J. M., "Applicability
of Borehole Stress Measurement Instrumentation to Closely Jointed
Rock," 24th U.S. Symposium on Rock Mechanics, Texas A&M University,
College Station Texas, June 1983. Also to be published in the
Bulletin of the Association of Engineering Geologists.
(RHO-BW-SA-285P)

Cramer, M. L., Kim, K., "Rock Mass Deformation Properties of Closely
Jointed Basalt," American Geophysical Union Fall Meeting,
San Francisco, December 1982. (RHO-BW-SA-267P)

Gregory, E. C., Cramer, M. L., McCabe, W. M., Kim, K., "Summary of
Near-Surface Test Facility Results and Their Application to Repository
Design," 1982 NWTS Information Meeting, Las Vegas, December 1982.
(RHO-BW-SA-256P)

Lanigan, D. C., Cramer, M. L., Kim, K., "Determination of Rock Mass
Deformation Modulus in Closely Jointed Columbia River Basalt,"
29th Pacific Northwest Meeting - American Geophysical Union,
Fairbanks, September 1982. (RHO-BW-SA-229P)

Kim, K., Cramer, M. L., Jimenez, R. F., Christenson, J. E., "Thermo-
mechanical Jointed Block Test in Basalt - Preliminary Results,"
23rd U.S. Symposium on Rock Mechanics, Berkeley, August 1982.
(RHO-BW-SA-230P)



OTHER DOCUMENTS

STP-M-991-00002 B-0, NSTF Operating Procedures - Block Test No. 1

SD-BWI-ATR-002, Acceptance Test Report for the Rock Instrumentation
System for the Rock Instrumentation System Block Test #1, Step 2

SD-BWI-VP-002, Verification Plan for Equipment Installation, Block #1

HWS-10287, Specification for the Basalt Deformation Measurement System


