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MEMORANDUM FOR: Robert J. Wright JOBunting
Repository Projects Branch PSJustus
Division of Waste Management . MRKnapp
, LBHigginbotham
FROM: Mysore S. Nataraja PDR
Engineering Branch L DR
Division of Waste Management

John T. Buckley
Engineering Branch
Division of Waste Management

SUBJECT: INFORMATION COLLECTED DURING DATA REVIEW VISIT AT BWIP
(JANAURY 23-26, 1984)

C)

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 1lists
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 Daemen
and Ernie Corp) met in the BWIP library to review colored photographs of the
rock cores from various boreholes. By examining the core photographs and a

borehole information handout (attachment 1), we determined which core boxes

should be examined on Wednesday the 25th, in the core library.

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
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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 because we could visit the test location,
visually observe the test set-up and instrumentation, and collect raw data for
further review. BWIP has agreed to provide additional test data for the Block
Test, Hydrofracture Test and Heater Test as soon as they are cleared through
Rockwell clearance procedures.

\_/ 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.

Drghoo Sgacu -

Mysore S. Nataraja
Engineering Branch
Division of Waste Management

Dngmal Bigata By

John T. Buckley
Engineering Branch
Division of Waste Management
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‘Attached are the following items:
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BWIP Borehole Catalogue

Borehole location maps

Stratigraphic column _

List of boreholes with video tape data

List of boreholes with acoustic logging data =

'List‘of boreholes with geophysjcal logging data

List of boreholes with laboratory data. Also includes 1ist of
areas within the Near-Surface Test Facility for which data is

available ‘
List of bérehoIés with hydrofracture data

List of tests performed in the Near.Surface Test Facility

Appendix A.- lists specific geophysical and acoustic data available

for selected boreholes in the reference repository location

Appendix B - lists referéhces in which laboratory test results are
presented
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6s1°

3703.7"
3800'

3000’

2051
3235
3839’

'2366'

3232'
3980*
2587
3544
3955°

526'

2225"

761"

3731

3781"
3176"

3786"

VIDEO TAPES

6-10-83

6-10-83
6-10-83

6-9-83

6-6-83
6-6-83
6-6-83

10-21-83
10-21-83
10-21-83
12-19-83
12-19-83

112-19-83

- 12-6-83
12-6-83 -

12-7-83
12-7-83

1-19-84

1-19-84-

1/20/84

#1

#1

#1
#2
#3

#1

#2

#3
#1
#2
#3

#1
#2
#3
#4
#1
#2
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VIDEO TAPES

RRL-2
0 - 2674' 6-8-83
0 - 2696' 6-6-83
2674 - 3634° 6-8-83
2696 - 3530° 6-6-83
RRL-14 - ,
0 - 2581° . 6-9-83
2541 - 3668 6-9-83
3668 - 3949.5' €-9-83
DB-2
950 - 1225 6-7-83
RATTLESNAKE HILLS #1 6-20-83

0'BRIAN 3-18-83

#1 {plus copy)

#1A (plus copy)
#2

#2A (plus copy)

#1 (plus copy)

#2 (plus copy)
#3 (plus copy)

£1



Boreholes for which acoustic logaing data are available:

Boreholes

~RRL-2

In general, all DC holes have been log
and logs for their suite of geophvsfca

RRL-6
DC-4
DC-19C
0C-20C
DC-22C

for which geophysical logging data are availables

RRL-6
RRL-14
DC-4
DC-16A

DC-19C
DC-20C
DC-22C

?e

d by Pacific Northwest Laboratories (PNL)
tests are available,



ROCK MECHANICS LABORATORY DATA

Location feports

pc-i10 ¢-N
BC-11 c-38
DH-4 €38
DH-5 C-38, LBL-7038
DDH-3 €38
bC-2 €-38, C-92
DC-4 C-55
bC-6 ¢-50
BC-8 C-54
D5-5 C-76, LBL-7038
DB-15 c-76 '
KSTF LBL Letter Report
Fs#1 Ce7
FS#2 €85
Area_3 C-100
RRL-2 SD.BHI+TD-002
LBL Letter Report
 RRL<S SD~BH1.TD+003

 RRL-14 . SDeBMI.TD-00F

Summary Reports: SD-BWI-DP-041
~ RHO-BHI -C-90

NOTES: 1. References for the reports are presented in Appendix B,
| A11 reports listed will Be available at the workshop,

2. FS#1 and FS#2 indicate the two fullescale heater tests)
Area 3 is the block test area, NSTF indicates the Neare
Surface Test Facility, A1l other designations are boreholes.



HYDROFRACTURING TESTS CONDUCTED TO DATE

Borehole # Test ¢ Depth to center of Basalt flow
ccemoee ceemecem e e e oo ——a fracture {nterval * e e e o com—e —
~-PpC-12 1 3417 - Umtanum
: 2 3400
3 3382
4 3350
5 33z23
6 3288
RRL=-2 ’ 1B 3831 , Umtanum
. 1A 3821 ' '
2B 3806.5
A 3801
3B - 3786 =
3A 3782
4B 3768
&A 3762
5B 38N Grande Ronde #7
1MA 3466
68 3457.5
78 3251.8 Cohassett
10A - 3247.8
SA 3244
- 8B , 3234
" BA 3231
9B s .
7A 3174 o
10B 3106
8A 3102
118 3053
9A -3043.5
12A 3030
RRL -6 ) 39 Umtanum
8 3900.5
7 3708 S #McCoy Canyon
. 3637 , : ,
8 3624 ,
& - 3340.5 o _ Cohassett
K 3336 . : .
2 3306 -
o 1 3084 ' Rocky Coulee
_DC-4 2 - 3202 Cohassett
. 1 3170.5 ~ '
- 3 3021

* Fracture interval is two feet in length for all tests
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APPENDIX A

GEOPHYSICAL AND ACOUSTIC DATA AVAILABLE
FOR
SELECTED BOREHOLES IN THE REFERENCE REPOSITORY LOCATION
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TABLE 4. Borehole RRL-2--Geophysical Logging Intervals,

Performed by Pacific Northwest Laboratory

. . SPONTANEOUS
NEUTRON- GRMMA NATURAL FLulp POTENTIAL/
NEUTHON GAMMA GAMA SONIC TEMPERATURE CALIPER RESISTIVITY DENSITY MAGHETOMETER

DATE (ft) (fe) (1) (ft) (re) (ee) (fe) (ft) (fe)
03-06-81 2-592 0-591 9-597 13-587 4-59) e
06-09-8) 3-1450 - 3-1450 569-1454 3-1450 3-1450 569- 1454 3- 1450 $€9-1454
10-21-81 160-1443
12-31-8) 50-552 e
02-05-82 1400-1714 . As50- N4 1530-1712 1545-112
02-18-82 1400-1772 1600-1772 1200-1772 1650-1271 1545-1770
03-18-82 1240-2222 - 1700-2222 imo-2222 y 000\ 4 _
04-07-82 2150-2602 | L 2000-2642 2150-2642
04-20-82 1400-2713 1400-2713 1400-2713 230-2713. 2690-2713 1542-2713 1400-2713 1542-2113
04-26-82 _ 1530-2712 1520-21712 L
04-29-82 _ 240-2713 e
05-06-82 2650-2913 . 236-2913 2698-2913 3
05-20-82 2850-23020 2600-3020 2650-3020 - _
06-21-82 2970- 3851 220-385) e
06-25-82 ' 2660-1972 2014-3972 3746-3972 2713-3972
06-30-82 - 2660-3972 2713-3972
10-06-82 . 2650-3927
10-07-82 | 3550-395] L 2700-395}

' Performed by Birdwell
DATE DENSITY GAMA RAY HEUTRON ELASTIC 3-D VELOCITY ELECTRIC TEMPERATURE CALIPER
' __|_ PROPERTIES : L e

04-27-82 1500-2712 0-2705 0-2705 | _ 1500-2700 1500-2695 1530-2713 0-2713 1500-2712
10-05-82 2650-13924 2700-3924 2700-3924 2700-3920 - _ 2700-3922 2210- 3920 2650-3924 o
NOTE: To convert feet to meters, multiply by 0.3048,

E11-11-1IMg-0S
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TABLE 3. Borehole RRL-6--Geophysical Logs.
" Performed by Pacific Northwest Laboratory
DATE NEUTRON- GAMMA 'NATURAL SONIC FLUID CALIPER - | SPONTANEOUS | MAGNE-.
. NEUTRON GAMMA GAMMA FT TEMPERATURE FT .| POTENTIAL TOMETER
. FT FT FT FT RESISTIVITY FT

9/15/81 .7-1538 4-1538 4-1538 10-1538 160-1538 600-153¢: 640-1538 -
8/21/82l ‘1400-2843 ‘ 1400;2843 1400-2843 1400-2843 1400-2843 1580-2843 1611-2843 1608-2843

9/16/82 | 2700-4031 --- --- 2970-4030 2700-4031 ——- - -~
'2/14/83 “—- - 2292-4027 2790-4027 ——- 190-4030 2820-4027 2840-4027 2840-4027
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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

Neutron-epithermal

neutron 4 - 1,69 1,650 - 2,870 1,640 - 3,997 = ecea--
Gamma gamma 4 - 1,690 1,650 - 2,870 1,640 - 3,997 = emeee
Natural gamma 4 - 1,69 - 1,650 - 2,870 2,340 - 3,997 2,800 - 3,997
Sonic 4 - 1,690 1,650 - 2,870 @ -e--- 2,800 - 3,997
Fluid temperature 4 --1,690 —---e- 150 - 3,999 2,800 - 3,997
Caliper 4 - 1,690 1,680 - 2,870 1,640 - 3,997 ———
Spontaneous

potential

resistivity 4 - 1,690 1,696 - 2,870 2,870 - 3,997 = eeee-
Magnetometer . 4 - 1,690 1,696 -'2,870 -e--- , ————

18
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Full suite, see DC-20C
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06/25/87 |

09/03/81
09/22/81
09/25/81
10701781 .
11/5%6/81
01/15/81
03/02/82
03/15/83.
4/8-9/82
5/3-4/82

05/21/82 -

- 06/10/82

07/15/82

08/12/82
08/26/82
09/28/82
10/11/82

10/12/82

10/13/82

10/21/82 -

10/22/82
10/24/82
12/21/82
02/03/83
02/24/82

06/02/83
07/15/83

TABLE 2. Borehole DC-16A Geophysical Logs

NEUTRON-
EPITHERMAL GAMMA- NATURAL FLUID SPONTANEOUS
~ NEUTRON GAMIMA GAMMA SONIC TEMPERATURE CALIPER POTENTIAL RESISTIVITY
7-617 4-617 7-618 n/a 160-611 n/a n/a. n/a
550-834 550-834 550-834 550-725 0-834 550-834 n/a n/a
"~ n/a n/a nfa 550-725 n/a n/a 550-725 550-725
. n/a - n/a n/a 550-834 n/a n/a 550-834 550-834
750-1021 750-1021 750-1021 602-1021 180-1021 750-1021 602-1021 - 602-1021
950-1212 ~n/a 950-1212 950-1212 200-1212 930-1212 950-1212 950-1212
"1150-1515 975-1515 1150-1515 | 1150-1515 1150-1515 1150-1515 1150-1515
1400-1728 . n/a 1518-1728 | 1530-1728 200-1728 1546-1728 1567-1828 1567-182¢8
1650-1828 1300-1828 | 1650-1828 | 1650-1828 240-1828 1650-1828 1650-1828 1650-1828
- 1750-1998 1750-1999 | 1750-1998 n/a 220-1999 1750-1999 1560-1998 1560-1998
1950-2156 1950-2156 n/a n/a 1800-2156 1950-2156 n/a n/a
- 2100-2261 2100-2261 | 2100-2261 n/a 1500-2261 2100-2261 2100-2261 2100-2261
-2200-237N 2200-2371 | 1920-2371 | 1750-2371 2200-2371 2200-2371 1569-237N 1569-2371
2320-2557 2320-2557 | 2320-2556 | 2556-2250 2320-2556 2556-2320 2556-2350 "
2632-2500 2632-2500 | 2632-2500 | 2632-2500 2500-2632 2632-2500 2632-2500 2632-2500 =
2720-2550 2720-2550 | 2720-2550 2550-2717 2720-2550 ’ @
2822-2620 . -
= 1995-2777 | 1560-2777 1562-2777 1569-2777 =
, : 1500-2777 1545-2777 - N
‘ 1540-2777 @
2700-2944 2700-2944 2700-2944 «a
: ' 2700-2044
2900-3083 '
3000-3358 - 3000-3358 | 3000-3358 | 3000-3358 3000-3358 3000-3358 - 3000-3358 3000-3358
' o 3493-3300 3495-2700 3494-3300
3547-3450 3020-2950 | 3020-2950 3546-3000 3020-2950 3020-2950 3020-2950
, 3547-3450 | 3547-3450 3547-3450 3547-3450 3547-3450
4398-2700 4398-2700 | 4398-2700 | 4394-2700 4398-220 4398-2800 4398-2827 4398-2827
.3800-3550 3800-3550 3800-3550 3800- 3550 :
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LIST OF GEOMECHANICS MODELS AND CODES USED AND/OR
BEING DEVELOPED

DAMSHEL ~
NONSAP -

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

.



AGENDA
NUCLEAR REGULATORY COMMISSION WORKSHOP
GEOMECHANICS REPOSITORY

Tuesday, January 24, 1984 Visitors Center, Gable Mountain

9:00 - 9:05 a.m. - INTRODUCTION P. L. Boileau
8:00 - .9:15 a.m.. _ N. A. Steger
S FULL-SCALE MEATER TESTS
8:15 - 9:45 a.m. - - o Test Layout E. C. Gregory
. ¢ Analysis R. R. Ames

9:45 - 10:15 a.m. BLOCK TEST

o Test Layout and Analysis M. L. Cramer
10:15 - 10:30 a.m. BREAK
10:30 - 11:00 a.m. HYDROFRACTURE TESTING

¢ Measurement of In Situ

Stress in Rock T. A. Rundle
11:00 - 11:30 a.m. ROCK MECHANICS LABORATORY
: o Test Activities D. L. South

11:30 - 12:00 noon BOX LUNCH . K. A. Hadley
12:00 - 4:15 p.m. DISCUSSION AL

Wednesday, January 25, 1984 Peoples Bank Building/3rd Floor Conference Room

8:00 - 10:00 2.m. - DVERVIEW OF APPLICATION OF GEOMECHANICS
s | WUMERICAL MODELING T0 .. ~  .J. T. Baxter
REPOSTTORY DESIGN & PA R T. ¥Wilde
10:00 - 10:15 a.m. BREAK
10:15 - 12:00 noon DISCUSSION
12:00 - 1:00 p.m. LUNCH
- 4:00 p.m. ROCK MECHANICS LABORATORY TOUR

~1:00
: 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
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ROCK MECHANICS TESTS PERFORMED AT THE
NEAR-SURFACE TEST FACILITY

(JAnuARY 24, 1984)

LABORATORY TESTS (SEE LAB TEST DATA SHEET)
FuLL-ScaLe Heater Tests Nos. 1 anp 2

BOREHOLE JACKING - .
- Goooman Jack (FounpATion Sciences, Inc.)
- MopiF1Ep BoreHoLe JAack (DE LA Cruz AnD Voss)
- SLEEVE FRACTURING (STEPHANSSON)

OVERCORING :
- BOREHOLE DEFORMATION GAUGE (FounnArxon
Sciences Inc.)

, - BoreHoLe DerorMATION GAuce., CSIRO HoLtow
“IncLuston STRESS CELL, CAST EXPOXY INCLUSION,
LULEA TRIAXIAL STRAIN CELL, AND THE CSIR
poorsTOPPER (ROCKWELL)

Bgocx TesT
- Step 1
- Step 2

HyprAULIC FRACTURING |
- PRE-NSTF consTRuCTION (HAIMSON)
- posT-NSTF consTrucTION (ROCKWELL)

CRossuotg Sersmic (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

o POTENTIAL DATA SOURCE FOR MODEL
VERIFICATION . '

=)
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FIGURE 3-4. Plan-Instrumentation Layout and Borehole Designation for
Full-Scale Heater Test 1. .
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FIGURE 3-5. Plan-Instrumentation Layout and Borehole Designation for Full-Scale Heater Test 2.
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POWER LEVEL (KW)

"POWER LEVELS FOR FULL-SCALE HEATER TEST NO, 1- |

PERIPHERAL HEATERS
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| |
34 i _ |
e
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f POWER LEVEL (Kw)
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POWER LE_\/ELSFOR FULL.-_S.CI\J._E_ HEATER TEST NO. 2
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FULL-SCALE HEATER TESTS

HMaxiMum TEMPERATURES RECORDED

| _ | * AT HEATER
TEST CANISTER
FSi | 4290 ¢
FS#2 (INITIAL) 4500 ¢
FS#2 (OVERPOWER) 6799 ¢

BASALTw (0.2 M
FROM HEATER

3700 C
3200 C
465° C




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 PRre-TEST SITE CHARACTERIZATION (MoAK AND
Hintczak) o
BASED ON THIS CHARACTERIZATION A
REVISED PREDICTIVE ANALYSIS WAS
CONDUCTED USING A NEW BASALT -DEFOR-
MATIONAL MODEL TO ACCOUNT FOR
ANTICIPATED ROCK MASS BEHAVIOR.

e Brock Test (PReLIMINARY ReESULTS)
REVISED DEFORMATION CHARACTERISTICS
INDICATE SIGNIFICANTLY REDUCED
STRESSES




CANISTER BOREHOLE STRESSES‘
AT BOREHOLE WALL

SOURCE SatPn)  SkaPm)
LAWRENCE BERKELEY - 2u4.8 85.1 1A 3 365 pays
LABORATORY - |
Dawes & Moore - 5L.0 18.3 . FSi2 8 500 pavs
APPL!?D MEcHANICS 15;0 5.8 | FS#2 a 500 pays .
NC.

SR - MAXIMUM RADIAL STRESS IN THE TEST AREA AT
HEATER CENTERLINE
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FIGURE 7.7 FS #1 MEASURED AND PREDICTED TEMPERATURE BAND TO TAKE INTO' ACCOUNT
: UNCERTAINTY IN THERMOCOUPLE LOCATION 1702703
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- LOCATIONS THROUGHOUT THE ROCK MASS
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FS1i MPBX COMPARISONS DAY 226

FIGURE 6.1
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APPLICATION OF BLOCK TEST RESULTS
T0 REPOSITORY DESIGN

I. DEVELOPMENT AND VALIDATION OF NUMERICAL
MODEL ING TECHNIQUES

A. PROVIDES MATERIAL PROPERTIES FOR
INPUT INTO MODELS: ‘
O COEFFICIENT OF THERMAL EXPANSION
O DEFORMATION RESPONSE
0 THERMAL CONDUCTIVITY

B. ALLOWS COMPARISON BETWEEN MODELING
RESULTS AND ACTUAL ROCK MASS DATA

I1. DEVELOPMENT OF INSTRUMENTATION AND TEST
| TECWNIQUES PRIOR TO APPLICATION AT DEPTH

Praswer o & f.a

QD



CRONOLOGY OF BLOCK TEST #1

_  JANbA§v 14, 1981 - DriLLinG oF STep 1
Srtot Beeun

JuNE 22, 1981 - Step 1 TeSTING BeGun
Aveust 18, 1983 - Step 1 TesTine COMPLETED

January 15, 1982 - S1eEP 2 CONSTRUCTION REGUN

|
g

JANUARY 28, 1932 = STEP 1 ReporT COMPLETED | |
JuLy 15, 1982 - STEP 2 TesTing Besun ‘(PHASE 1)

May 15, 1983 - Puase 11 OF THE STEP 2 TESTING.
SEQUENCE BEGUN
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SH13

BHO09

® ® ®
§HOB SHO7 §HOE

# CABLE TENDON HOLE
V EXTENSOMETER
@ MHEATER

OPTICAL TARGET

J07

5H29 SH28 6H27

@ MONITORING HOLE

"1 BOREHOLE DEFORMATION GAUGE

A BOREHOLE DEFORMATION GAUGE AND
VIBRATING WIRE STRESSMETER
4\ VIBRATING WIRE STRESSMETER

NOTE: EACH INSTRUMENT AND HEATER SHOWN CONTAINS A THERMOCOUPLE

SHI

A
EH23



EXPOSED FACE
OF TEST BLOCK

OPTICAL DISPLACEMENT
MONITORING ASSEMBLY
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 TUNNEL #2

- BLOCK TEST ISOMETRIC VIEW ~ -




SUMMARY OF BLOCK TEST AMBIENT
TENPERATURE LOADING CYCLES

DeviaTORIC STRESS

(hydrostatic test)
1.00 - 5.00

CvcLe ConFINING STRESS
: (MPa) (MPa)
[+] [} o]
A xx - yy 22
i 1.00 - 3.75 1.50 1.50
- . . >
: XX Yy 22
2 1.00 - 6.50 2,50 2,50
3 ' “%x Oyy 3
2.00 - 12.0 5.00 ¢ 5.00
[ ] [ =] O
XX Yy 22
3R 2.00 - 12.5 5.00 5.00
) . Syy %xx 22
100 - 3.75 1.50 1.50
. Oyy ' Cxx C22
1.00 - 6.50 2.50 2.50
6 vy V. ®xx 22
2.00 - 12.40 5.00 5.00
. 0 [ o] . O
, | yy : XX 22
7 2.00 - 9.00 5.00 5.00
- 8 , °xx ; qyy ‘ ‘.ozz
- 2.00 - 9.00 5. 00 5.00
9 Cyy Oy x - %22
- 2.00 - 9.00 5.00 5.00
. [ o] F o] [}
yy xx 22
1 2.00 -"9.00 5.00  5.00
n . 22 Oxx Cyy
1.00 - 5.00 2.50 2.50
12 v ©22 Oy x Oyy
2.00 - 5.00 5.00 5.00
13 : %22 Oy x Cyy
2.00 - 5.00 9.00 9.00
OXX' nyoozz "- -
14 (hydrostatic test)
1.00 - 5.00 -- -
© [ o] [ ]
b & 4 XX yy
15 1.00 - 5.00 2.50 2.%50
16 ®xx*yy*°z2 " o




FLATJACK PRESSURE, MPa
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FLATJACK PRESSURE, MPa
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YEETING FOR TENDON CYCLE 13
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L

DeverLoPMENT OF BasaLT ConsituTive MopEL
o IMPLEMENTATION ON DAMSWEL

0 ASSUMES THREE MAJOR RESPONSE CHARACTERISTICS
_FrROM_INITIAL BLock TEST DATA

1) MobuL! DEPENDENCE ON CONFINING STRESS
2) MINIMAL NON-LINEARITY OF STRESS-STRAIN RESPONSE
3) LoapING AND UNLOADING PATH DEPENDENCE
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[1. ANALYSIS OF TEST BOUNDARY CONDITIONS

0 IMPLEMENTATION on ANSYS
0 EXPLICIT MODELING OF FLAT JACKS

0 ASSUME HOMOGENEOUS, 1SOTROPIC,
LINEAR ELASTIC MATERIAL RESPONSE
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III, Discrere BLock MopeLinG Tecwntaue -
0 DISTINCT ELEMENT copE =~ UDEC

0 [INVESTIGATE INFLUENCE OF VARIOUS JOINTING
CONDITIONS

1) PATTERN
2)- SPACING -
3) ELASTIC AHD FRICTIDNAL PROPERTIES

0 ATTEMPT TO DETERMINE DOMINATE MECHANISM WHICH
' PRODUCES INELASTIC BEHAVIOR |

1) sLip oN SUBVERT!CAL AND/OR SUBHOR1ZONTAL
| JOINTS
** 2) OPENING AND CLOSING OF JOINTS

0 INVESTIGATE UNIFORM!TY OF STRESS DISTRIBUTION
IN BLOCK




SUMMARY OF STEP 2 RESULTS

Rock Mass ExHIBITS AN AN1SOTROPIC AND Non-HOMOGENEOUS
DEFORMATIONAL RESPONSE,

‘THE DEFORMATION RESPONSE 1S SENSITIVE TO CHANGES IN
THE CONFINING STRESS LEVEL. |

THE BouNgARv Conp1TIONS OF THE TEST CONFIGURATION -
CAN INFLUENCE THE MATERIAL RESPONSE.

) .
FLaT-Jack Loapine SysTeM Requires FURTHER DEVELOPMENT.

THe BDMS AnD EXTENSOMETERS HAVE PERFORMED SATISFACTORILY
wHILE THE BOoREHOLE DEForRMATION GAUGE, THE VIBRATING
WIRE STRESSMETER AND FLAT-JACK DEFORMETERS REQUIRE
FURTHER DEVELOPMENT.



SUMMARY OF BLOCK TEST
FUTURE ACTIVITIES

CompLETE AMBIENT TEMPERATURE TESTING PHASE
- COMPLETE ALL ITEMS INCLUDED IN CURRENT
" PLAN-OF-ACTION
-‘7“Connuc1 ADDITIONAL TESTING CYCLES AS NECESSARY
~  PREPARE COMPLETE REPORT ON AMBIENT TEMPERATURE
TESTING
T
ConpucT ELEVATED TEMPERATURE TESTING
-  EVALUATE DEFORMATIONAL RESPONSE AT 100°C,
150°C, anp 200°C _
= EVALUATE COEFFICIENT OF THERMAL EXPANSION AND
THERMAL CONDUCTIVITY AS A FUNCTION OF TEMPERATURE
AND CONFINING STRESS

PRePARE COoMPREHMENSIVE BLock TEST REPORT



AVAILABLE BLOCK TEST DOCUMENTS

- TEST PLANS
SD-BWI-TP-001 A-0, “Test Plan for Jointed Block Test #1"

SD-BWI-T1-042 0-2, “"Operational Test Guidelines and Support Data
for Jointed Block Test #1"

REPORTS

RSD-BWI-TI-OSQ, “Pre-Test Analysis of Step 2 of the Jointed Block
Test™

SD-BWI-TP-001, "Block Test Step 1 Report"
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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 A3M 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 ASM 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 Assocwat1on 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 Basali Deformation Measurement System



