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PROGRAM: Coupled Thermal-Hydrological- FIN#: A-1755
Mechanical Assessments and
Site Characterization
Activities for Geologic
Repositories

CONTRACTOR: Sandia National Laboratories BUDGET PERIOD 10/85-
9/86

DRA PROGRAM MANAGER: M. S. Nataraja BUDGET AMOUNT: 175K

CONTRACT PROGRAM MANAGER: R. M. Cranwell FTS PHONE: 844-8368

PRINCIPAL INVESTIGATORS: E. J. Bonano FTS PHONE: 844-5303
L. R. Shipers FTS PHONE: 846-5275

PROJECT OBJECTIVES

To provide technical assistance to NRC in the assessment of
coupled thermal-hydrological-mechanical phenomena and site
characterization activities for high-level waste repositories.

ACTIVITIES DURING DECEMBER 1985

Activities and Accomplishments

K. Wahi participated in a meeting on ES-I Design and
Construction held in Richland, WA, December 3 and 4, 1985. A
trip report is enclosed as Attachment I. Comments for the two
remaining BWIP documents reviewed for this meeting are included
as Attachment II (see report for November, 1985).

Activities on the CorStar benchmark problems continued during
December. The installation of the "Waste Isolation" version of
the STEALTH computer code on the Sandia CRAY computer required
more time than initially estimated. A few minor exercises
remain before the code is installed in a production mode. In
the meantime, calculations are being performed using updates of
the standard (general purpose) version of the code.

L. Shipers started the preparation of the final report
describing the modifications made to an existing heat transfer
model to allow the simulation of heat transport in
3-dimensional media with a finite-volume heat source.
Preliminary results obtained with this model have been
discussed in previous monthly reports. The report being
prepared will include details of both the analytical solution
and the computer code that implements this solution for
semi-infinite, infinite, and infinite composite media. The
effects of non-homogeneous boundary conditions on the
semi-infinite solution will also be discussed. Several sample
problems will be used to illustrate the use of the computer



code and to demonstrate the effects of various assumptions
commonly prescribed on the conducting medium.

Travel

K. Wahi traveled to Richland, WA, to attend a meeting with
BWIP/DOE on December 3 and 4, 1985 (see attached trip report -
Attachment I).

Problems Encountered

None.



ATTACHMENT I

Trip RePort

The following is a trip report on Krishan Wahi's
participation at a workshop in Richland. Washington, held on
December 3-4. 1985. The workshop included participants from
BWIP, DOE, NRC, and several consultants representing the three
organizations. The focus of the meeting was the design and
construction of ES-I (BWIP) and its potential impact on the
long-term isolation capability of the site.

After introductory presentations on December 3 by R. P.
Saget (BWIP/DOE) and M. S. Nataraja (NRC). presentations were
given on: (1) Exploratory Shaft Overview, (2) Exploratory
Shaft/Repository Site Selections, (3) Exploratory Shaft Design:
(4) ES construction. (5) Construction Testing; and (6)
Prerequisite Plan by BWIP/RHO and BWIP/DOE. At the end of the
day, the NRC staff and consultants raised concerns about a lack
of performance assessment and performance allocation
considerations. The DOE indicated that the presentations on
December 4 (the following day) will address most of these
concerns. All through the presentations, many questions were
asked by the NRC staff and consultants.

The presentations on December 4 consisted of a summary of
the previous day's presentations: (1) Systems Requirements
Tree. (2) Seals/Performance Assessment Overview, (3) Effects on
Site Characterization. (4) Performance Assessment. (5)
Postclosure Seals, (6) QA Overview. (7) ES 'Q" List, (8) Graded
Q A Application, and (9) Closing remarks. The NRC staff then
met with its consultants to discuss what important questions
were not addressed or were addressed inadequately by the BWIP
presentations. After receiving written input from the
consultants, the NRC staff prepared meeting minutes and met
with BWIP management to finalize and sign the minutes.



ATTACHMENT II

Exploratory Shaft Test Plan. Volume II:
Preliminary Test Descriptions

Document No. SD-BWI-TP-007 (Rev. 1 Draft)

Review Comments*

Chapter 4. Geomechanics Characterization Tests

Page 4-3, para. 1 --

The fact "that integrated thermomechanical and hydrological
testing may be required" is certain to affect NRC's ability to
evaluate a license application or a construction authorization
application. How will these tests be scheduled relative to
submission of the above application(s)?

Page 4-3, para. 4.1.2 Test Sequence --

Are there candidate models identified at this time that would
be the basis of a predictive model of the room-scale
excavation, formulated using the first-stage stress measurement
and property test program?

Page 4-6, 4.1.3.2.2. Scope - Geological Char. --

It is not clear what is being suggested in the fourth paragraph
under this heading, where the document recognizes a necessary
limitation of the design process with respect to assessing
geological variability.

Page 4-10, 4.1.3.4. In Situ Stress Determination --

Since no hydrofrac tests are to be performed during ES-I. how
will the applicability of "existing hydrofracture measurements
be determined? Does the existing data come from RRL-2?

Page 4-16, 4.1.3.6.3.2 Laboratory Testing of Jointed Samples --

Are the 10" dia. samples for the proposed triaxial testing
going to be dry or saturate during laboratory testing?

Page 4-17, 4.1.3.6.3.4 Estimation of Rock Mass Strength -
Modeling --

Are there any validations of discrete models available? Which
model(s) are envisioned as possible candidates for representing
the Hanford basalts/joints?

*Chapters 2 and 3 will be reviewed at a later date.



Page 4-18, 4.1.3.7.4 Predictive Model Studies --

Will a truly predictive (i.e., before the test is conducted)
model calculation be made for the mine-by test? What existing
model or computer code is contemplated for use?

Page 4-22, Thermal Conductivity --

Will the representative, laboratory samples for thermal
conductivity measurements be dry or wet?

Page 4-23, 4.1.3.9 Canister Scale Heater Test --

Is there any anticipation of having to line the heater hole?

Page 4-25. 4.1.3.9.3 Predictive Model Studies --

What would be considered as an acceptable discrepancy between
the measured and the predicted response? Which of the
measurements are expected to be most reliable?

Page 4-30, In Situ Stress --

Stress measurements with a biaxial gage are mentioned here,
whereas Table 4-2 (p. 4-28) alludes to a triaxial cell for the
same test.

Page 4-35, 4.2.2.4 Test Design --

It is asserted that vibration monitoring will aid in minimizing
the potential for blast damage to the deflectometers. There
must be more to it (namely, corrective action) than just
monitoring

Page 4-37, 4.2.2.8 Expected Results --

Deformation and maximum deformation rates are given based on
numerical modeling results. What models have been used in
these predictions? Did they consider non-linear effects such
as plasticity, joint slip, dilation. etc..?

Page 4-39. 4.2.2.9 Reports --

Will this (deformation performance) and other interim reports
be made available to the NRC for inspection and review?

Page 4-41, 4.2.3.4 Test Design --

Would bolts of different strength and/or length be used in
vertical and horizontal directions owing to different in situ
stress in different directions?



Page 4-42, 4.2.3.4 Test Design --

The second paragraph mentions that a second hold of equal
length is to be drilled close to each instrumental bolt. Would
not this interfere with the rock response? Is it possible to
locate this hole farther away?

Page 4-64 Rock Mass Deformation Modulus --

What is the basis for stating that Poisson's ratio and shear
modulus are less critical to the numerical modeling process?

Page 4-65, 4.3.2.3 Test Location and Environment --

The monitoring station shown in Figure 4-12 is identical to the
one for ES-I (Figure 4-6). It appears that the wrong diagram
has been presented in Figure 4-12.

Page 4-71 Table 4-5 Expected Results II-3 --

Where to the predicted ranges for rock mass thermal expansion,
thermal conductivity, and hydraulic conductivity come from?

Page 4-74, 4.3.3.4 Test Design --

Structural failure is more likely to occur for larger openings
whereas with smaller openings the failure is more likely due to
overstress.

Page 4-76, 4.3.4.3. Test Location and Environment --

The orientation of the boreholes is not presented clearly in
Figures 4-13 and 4-14. In addition, Figure 4-14 does not show
the elevation view for ES-II, as the text implies and the
figure caption states.

Page 4-86, 4.3.6 Cross Hole Seismic Test --

There appears to be an inherent assumption of material isotropy
in these tests. Furthermore, the moduli estimated in this
fashion are more representative of dynamic properties.

Page 4-87, 4.3.6.4 Test Design --

Has consideration been given to a test design that has a
cluster of four (say) holes (receivers) around a central hole
(transmitter) to measure directional variability?

Page 4-87. 4.3.6.5 Equipment and Instrumentation --

How will the boreholes be kept dry for the transmitting and
receiving units to operate? Is this a limitation or a custom
feature of the equipment?



Page 4-89, 4.3.6.8 Expected Results --

Contrary to the text, Table 4-5 does not give deformation
modulus data for the cross-hole seismic method.

Page 4-89, 4.3.6.8 Expected Results --

Dynamic moduli can be an order-of-magnitude higher than the
static values, not just "somewhat higher."

Page 4-97, 4.3.7.8 Expected Results --

Contrary to the statement at the top of p. 4-97, Table 4-5 does
not list Poisson's ratio (v) values.

Page 4-97, 4.3.7.9 Reports --

Item 7 states, among other things, that the interim report will
contain finite element modeling results. Six months do not
appear to be sufficient to perform all the implied activities.

Page 4-99, 4.3.8.3 Test Location and Environment --

A confusion exists here and elsewhere with respect to the
direction of drifts and boreholes. An earlier comment referred
to the inconsistency among different documents as to whether
the rock mechanics drifts are to the east or west of the main
drift. There should be serious concerns about the stability of
the slot surfaces.

Page 4-103, 4.3.8.5 Equipment and Instrumentation --

It is not clear whether the flat jack capacity of 28 MPa refers
to its total capacity or to load capacity in excess of in-situ
stress.

Page 4-105, 4.3.8.9 Reports --

Are the finite element models (referred by bulletted item 3 on
the page) three-dimensional?

Page 4-115, 4.3.9.4.7 Modeling Considerations --

If the model is sufficiently sophisticated where it considers
discrete joints, the need for a variable modulus may not exist.

Page 4-123, 4.3.10.4 Test Design --

Using back-calculations to obtain deformation modulus values
and other properties from observed data is acceptable only if
the procedure is consistent across all tests. Arbitrary
adjustments to match numerical predictions with measured
response will decrease confidence in the overall applicability
of the data.



Page 4-128, 4.3.11.4.2 Test Sequence --

The numerical model of the canister hole/waste package system
should account for convective and radiative heat transfer
within the hole for a proper prediction of thermal and
thermomechanical response.

Page 4-131, 4.3.11.4.3 Deformation Monitoring --

What is the performance record (i.e., success rate) of MPBX's
in a high temperature environment?

Page 4-135. 4.3.11.4.6 Stress Monitoring --

It should be noted that the behavior of joints at elevated
temperatures may be significantly different from that at
ambient temperature. The numerical model should be,
accordingly, capable of handling those variations with
temperature.

Page 4-137, 4.3.11.5 Equipment and Instrumentation --

Since the hole diameter is 35 inches (see p. 4-125), the
heating source for the test should have a diameter that is less
than 35 inches.

Page 4-139, 4.3.11.8 Expected Results --

The statement at the top of the page appears to be in error in
that deformations across fracture apertures should be larger.

There is no basis to assume that the directionality of the rock
mass thermal expansion coefficient is small. One would expect
it to be a strong function of the joint orientation.

Page 4-139, 4.3.11.9 Reports --

The report is to include a determination of thermal
conductivity and thermal expansion coefficient (a) from the
response of appropriate instruments. Elsewhere, the plans call
for measurement of a in the laboratory only.

Page 4-144, 4.3.12 Small Flat Jack Test --

Reference is made to the anticipated, significant design, and
development effort for slot cutting, flat jack construction,
etc. What is the status of this design and development
effort? Presumably, it will be completed before the tests have
to be conducted.



Page 5-4, 5.2.1.2 Rationale for Selection of Parameters --

What does recording the "drilling cycle" data involve? What
information is obtained and what feedback does it provide in
improving the drilling?

How do the data recorded help in determining what drilling
fluid density and viscosity to impose?

Page 5-8, 5.2.2.2 Rationale --

The point being made in para. 3 is not clear. It says that the
6cm tolerance on the 30m long (2.4m dia.) liner section is
insufficient to prevent the liner from contacting the shaft
wall. Perhaps it means to say "sufficient" rather than
"insufficient"? If not, then the argument needs to be carried
further.

Page 5-11, 5.2.3.3 Expected Results --

What is the initial button height for which an expected wear of
2.5-5mm is given?

Page 5-11. 5.2.4 Materials Quantities --

Normal drilling operations are stated to require a minimum of 6
cubic meters of drilling fluid for "every meter drilled." A
reference hole diameter must be given to make the 6 cubic
meters a meaningful quantity.

Page 5-16, 5.2.6.3 Expected Results --

The fact that core discing occurs intermittently is indicative
of changing stress ratio and/or lithology. The entire testing
program lacks provisions (or tests) to measure the variability
of stress ratio with depth.

Page 5-29. 5.3.1.3 Expected Results --

An upper limit of 400 liters/min. is given for total water
inflow. What happens if the water inflow rates are
significantly higher than this?

Page 5-31, 5.3.2 Borehole Core Data Log and Uniaxial
Compressive Strength Testing --

It is stated that additional tests such as permeator, triaxial
strength, and shear test might be performed. Under what
circumstances will these be performed? No criteria have been
given.



Page 5-32, 5.3.2.3 Expected Results --

What action will be taken if the bond between the cement and
wall rock is weak? What about the bond between the liner and
the grout; will special attention be given to it as well?

No range is given for the compressive strength of the rock; it
is simply stated that it "varies with depth."

Page 5-33. 5.3.4 Hydraulic Conductivity of Seal Interval --

A constant head injection test is mentioned here. Earlier, on
p. 5-25, this test was mentioned as being optional (i.e., if
certain flow conditions existed). Is this test optional or
firm?

Page 5-38, 5.4.3.3 Expected Results --

A re-design of the ES dewatering system is contemplated if
inflows greater than 380 liters/min. occur. What implications
do such higher flow rates have on the suitability of such a
site?

Page A-7. A.2.1 Methodology --

Reference is made to selective sampling for rock mechanics
testing "to ensure high quality samples for both purposes."
Doesn't such selection bias the data in terms of
representativeness?

Page A-51. A.5.3 Results --

Paragraph 5. where Brazilian tensile strength is discussed, it
appears that "stress" and "strength" have been mixed up.

Page C-5, C.l.l Steady-state Solution --

The first assumption states that flow within flow tops is not
considered. This appears inconsistent with Figure C-1 which
shows the upper and lower flow tops within the model geometry,
and potential boundary condition at the outer limits of the
flow tops.

Page E-10. E.2.4 Vesicular Zones --

Paragraph 3 mentions that the rock strength of the vesicular
zone is less than half of colonnade and entablature material.
However, more recent concepts and plans permit repository
construction through the vesicular zone. How is the concern
expressed in the subject paragraph regarding structural
instability problems addressed in the context on these new
plans?



EXPLORATORY SHAFT - PHASE II
CONCEPTUAL DESIGN REPORT PROJECT B-474

Review Comments

Page 1-2. 1.2 Purpose and Scope --

It is not clear what is meant by ". . . no formal testing is
planned as part of the project." Are they referring only to
the scope of the B-474 Project?

Page 2-2. Figure 2-1 --

The drift orientations and number of drifts are different from
the plans shown in other ES-related documents.

Page 6-2. 6.0 Subsurface Excavations --

The reader is cautioned (in the first paragraph) that the
information on excavation methods, equipment, roof support,
etc., is given for scheduling and cost estimates only. How
much variation is expected from these assumed data?

Page 6-4. 6.2.1 Excavation --

The methods listed for advancing the excavations do not include
blasting. This must be an oversight.

Page 6-5. 6.2.1.1 Basic Excavation Operations --

In defining the sequence of events, removal and haulage of
blasted rock to the ES-I shaft is mentioned Does that mean
that excavation will commence from the ES-I shaft side rather
than from the shaft station at ES-II?

Page 6-16. 6.3 Groundwater --

The first paragraph states, "Nevertheless, the possibility
exists for a major inflow to the ES-II facility." Nothing more
is said about what will be done about it.

Page 6-20. Table 6.2 List of ES-II Safety Features --

Item *21 refers to Prevention of ES-II shaft boring fluids
intrusion into ES-I shaft station. There is no elaboration
(outside the intent) on what these preventive measures are.

Page 8-3. 8.2.1 Test Areas --

The hydrology drift and the rock mechanics drifts are given as
the "two basic test support areas." What about the heater
drift?
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Page 8-5. 8.3.1 Continued Facility Use --

The last sentence of the second paragraph under this heading
appears to be missing some words.
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A-1755
1628.010
December 1985

THIS IS AN ESTIMATE ONLY AND MAY NOT MATCH THE INVOICES SENT TO
NRC BY SANDIA'S ACCOUNTING DEPARTMENT.

Current
Month Year-to-Date

I. Direct Manpower (man-months
of charged effort)

1 0.5

II. Direct Loaded Labor Costs
Materials and Services
ADP Support (computer)
Subcontracts
Travel
Other

TOTAL COSTS

4.0
0.0
0.0
0.0
0.0
1.0

5.0

I I
1 2.7 1
l 1
1 1
1 27.0 l
1 0.0 I
1 2.0 l
1 33.0 l

0.0 I
I 1.0 I
I I
1 63.0 l
1 I

Other = rounding approximation
by computer

III. Funding Status

I Prior FY I
I Carryover I
I I
I 31K I
I I

FY86 Projected
Funding Level

I FY86 Funds I FY86 Funding I
I Received to Date I Balance Neededl
I I I
I 125K I None I
I .I 1

156K


