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Significance to NRC Waste Management Program

Perhaps the two most important geotechnical design parameters
which must be specified at BWIP are the in-situ stress state and
the rock mass strength. BWIP has produced two documents which
provide initial design values for these parameters. An indepen-
dent team of consultants, including highly regarded engineers in
deep mine planning and design, were engaged by BWIP to examine
their methodology in defining these parameters. The recommenda-
tions of this group will guide, to some extent, the BWIP program
direction in design and in-situ testing.

Summary of the Document

This paper is the proceedings from a one-day workshop on geotech-
nical design parameters for the BWIP site held prior to the 26th
U.S. Rock Mechanics Symposium in Rapid City, South Dakota. BWIP
employed a group of consultants [Z. T. Bieniawski (Pennsylvania
State University), E. Hoek (Golder Associates), N.G.W. Cook (Uni-
versity of California, Berkeley), W. Hustrulid (Colorado School of
Mines), and B. C. Haimson (University of Wisconsin)] to review the
current state of knowledge in in-situ stress and rock mass
strength at the Hanford site. This review was based on two docu-
ments: "In-Situ Stress State at the Hanford Site" by Kim et al
(Rev. 0, 1985) and "An Evaluation of the Rock Mass Strength of
Basalt" by Hardy et al (1985). The former document has been re-
viewed by Itasca (Itasca Review 001-02-21); the latter has yet to
be released.
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The purpose of the meeting was to arrive at "consensus positions"
on each of these topics for the following questions.

1. Is the current understanding of the parameters
(stress or strength) adequate for preliminary design
of the repository?

2. What values of the parameter should be used in the
current design?.

3. What improvements in understanding and/or additional
data are required and how might these be obtained?

The consensus positions of the consultant board are as follows.

A. In-Situ Stress State

1. Hydraulic fracturing is the only currently practical
method of measuring the state of in situ stress at the
candidate horizon, prior to construction of the explora-
tory shaft. Based on published results of comparisons of
hydraulic fracturing with other stress measurement tech-
niques, including overcoring, and with indicators of
stress, including seismicity and faulting, it can reason-
ably be concluded that hydraulic fracturing provides re-
liable, quantitative values for in situ stress.

2. The report on the state of in situ stress at the Hanford
Site, based on the results of hydraulic fracturing mea-
surements, provides convincing evidence of exceptionally
great horizontal stresses. These are consistent with all
other stress indicators, including recorded seismic ac-
tivity, core disking, and borehole spalling.

3. It is recommended that the report be enhanced by inclu-
sion of data from early tests in borehole DB-15 and that
all data in Appendix B should be evaluated quantitatively
and discussed. If data are discarded then specific rea-
sons should be cited (largely taken into account in is-
suance of Rev. 1).

4. It is recommended that alternative methods of analyzing
the hydraulic fracturing records be considered and that
the results of alternative calculations be included in
the report. The hydraulic fracturing data should be pre-
sented to specialists in the field for independent review
and interpretation. Such additional analyses and inde-
pendent review will significantly increase the confidence
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level in the estimates of the in situ stress. It is un-
likely, however, that the current estimates will signifi-
cantly change as a result.

5. It is recommended that extreme values of the in situ hor-
izontal stress should be used in design studies. The ex-
treme values should be selected so as to ensure conserva-
tism. Specifically, the combination of extreme values of
in situ stress resulting in the most adverse conditions
should always be selected; these could be either the two
most different horizontal principal in situ stress values
or the most similar values.

6. Using the present data, 50 to 75 MPa and 30 to 40 MPa are
tentatively identified as the range of values for the
maximum and minimum horizontal in situ stresses, respec-
tively. These values may change as a result of work
recommended in items 3 and 4 above. For design of exca-
vations at the repository horizon, the values used should
preferably be based on the results of measurements per-
formed in the candidate horizon, rather than for all
flows, providing a statistically significant number of
tests have been conducted within that candidate horizon.

B. Rock Mass Strength

1. The current report on the rock mass strength of basalt
provides a substantive review of the subject, but addi-
tional material should be added prior to its release. In
particular, this report should include specific recommen-
dations regarding the rock mass strength relationships
and values to be used for preliminary design of under-
ground excavations for the basalt repository.

2. Derivation of rock mass strength through direct applica-
tion of the published rock mass strength relationships
developed by Hoek and Brown (1980) is not appropriate for
design of excavations for a repository in basalt that is
probably intensely jointed but tightly interlocked. De-
velopment of alternative approaches or revised coeffi-
cients for existing relationships is appropriate, provid-
ing that the necessary field measurements or supporting
evidence is available.
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3. The use of the Rosengren and Jaeger (1968) analogue for
fractured rock is a reasonable approach to adopt, and the
estimates of the rock mass strength presented in the re-
port are not unreasonable. However, both the approach
and the estimates need to be better substantiated through
(1) improved discussion of the characteristics of the
fractured basalt rock mass and (2) discussion of more re-
cent laboratory investigations, such as reported by
Gerogiannopoulos (1979).

4. It is recognized that the jointing in the basalt plays a
critical role in determining its strength and the redis-
tribution of stresses, including both geomechanic and
physical properties, around excavations. It is therefore
essential that joint data be collected for the Hanford
Site so that representative structural models of the
jointing at the repository horizon can be developed.

5. It is strongly recommended that every effort be made to
reconcile any estimates of the rock mass strength to be
used in conceptual designs with the currently observable
behavior at the Hanford Site. Specifically, the results
of applications of the recommended method to estimate the
strength must be demonstrated to be consistent with any
records of borehole spalling and seismic activity.

6. Rock mass strength is an important parameter in analyti-
cal approaches to the design of underground structures.
One widely used analytical approach involves an evalua-
tion to determine whether the strength of the rock ex-
ceeds the stress, as determined by linear elastic stress
analysis. Such a simplistic approach may prove to be im-
possibly conservative when applied to the design of a
nuclear waste repository in basalt. However, simple ap-
proaches are probably justifiable at the present time be-
cause no alternative design method can be verified until
in situ observations are made at the repository horizon.
It is recommended that detailed analyses of excavation
shapes be performed to determine whether it is possible
to arrive at optimum shapes around which the rock mass
strength is nowhere exceeded.

7. It is recommended that the best possible effort, coupled
with appropriate conservatism, be made to justify designs
using the approach described above. However, more me-
chanistic approaches to the design of a repository that
explicitly include non-linear rock mass response should
be investigated at the same time. These should include,
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but not necessarily restricted to, analyses in which the
possible beneficial effect of the pre-existing fractures
of the basalt rock mass is considered.

8. It is strongly recommended that any relevant case histor-
ies of excavations in basalt, particularly at sites where
there is evidence of high stresses, borehole spalling,
and core disking, be carefully documented. The approach
used to estimate the rock mass strength should be shown
to be consistent with data obtained form such case stud-
ies.

In general, we feel that the consultant group performed a thorough
review of the in-situ stress report (Kim et al, 1985) and are in
agreement with their conclusions and recommendations. [It is
noted that some of the recommendations, particularly those con-
cerning the magnitude of in-situ stresses for design and the use
of different methods for analysis of the hydraulic fracturing have
been accounted for in the release of Kim et al (Rev. 1, 1986).)]
The panel has recommended a design range of in-situ stress of

0Hmax = 60 + 15/-10 MPa

and

1iHmin = 35 + 5/-5 MPa.

This covers the range in test data and is nearly the same as that
proposed in Itasca Document Review 001-02-21.

We cannot, with assurance, agree (or disagree) with the panel re-
garding in-situ rock mass strength because the Hardy et al (1985)
report has not been issued formally. It is possible, however, to
see the gist of the document from the comments and viewgraphs re-
produced in the appendix. From these, it appears that the BWIP
approach is to use an empirical failure criterion (Hoek and Brown,
1980) with rock mass constants derived from laboratory testing.
The strength values are then reduced in an attempt to reflect the
influence of fractures by using the size reduction factors pro-
posed by Rosengren and Jaeger (1968). These factors are based on
compression tests on granulated marble. The correctness of this
approach caused disagreement among the panelists. In particular,
based on his practical experience and on the perceived degree of
"interlocking" of basalt blocks, Evert Hoek felt that the
Rosengren and Jaeger (1968) factors were reasonable and that the
use of the Hoek and Brown criteria would produce conservative re-
sults. Neville Cook felt that a better description of the rock
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mass was necessary to support the granulated marble analogy, and
Bezalel Haimson felt that differences in scale and material made
the analogy questionable. The panel felt that a more mechanistic
approach to rock strength, based on a more complete data base, is
required.

We agree with the panel that a measurement of the rock mass
strength will be obtained only upon excavation in the ES. We also
stress the importance of development of a mechanistic approach to
rock mass strength which explicitly accounts for the non-linear
response of the rock mass rather than simply an estimate of rock
mass strength reduction factors based on tests on granulated mar-
ble by Rosengren and Jaeger (1968).

In conclusion, the panelists have recognized that estimates of the
in-situ stress and strength are two of the most critical factors
relating to geotechnical design at BWIP. They recommend conserva-

tism in specifying these parameters, and we therefore agree sub-
stantially with their comments.

Detailed Comments

Christopher St. John, of J.F.T. Agapito Associates, and Kunsoo
Kim, of BWIP, acted as moderators for this one-day panel discus-
sion. Other persons in attendance (in addition to the panel) in-
cluded:

M. Hardy (Agapito Associates, BWIP contractor)
B. Schmidt (RKE/PB, BWIP contractor/design)
J. Caggiano (BWIP)
G. Evans (BWIP)
P. Boileau (DOE, RL)

The panelists were given the two subject reports prior to the
meeting and were asked to review them and submit comments. The
agenda included a short presentation by BWIP and/or its contrac-
tors on in-situ stress and rock mass strength, followed by panel
discussions. The major comments submitted by individual panelists
are summarized below.

N.G.W. Cook - Dr. Cook feels that the analysis of in-situ stress
at the Hanford site is quite complete and indicates the presence
of "unusually high horizontal stresses". The measurements are
supported by the borehole disking, spalling and seismicity. An
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exception is taken to the stress values suggested by BWIP for de-
sign purposes. Rather than taking the average values, the ex-
tremes of ± 2 standard deviations should be chosen for conserva-
tism-i.e.,

(1) GHmax = 70.9 MPa; GHmin = 28 MPa

(2) GHmax = 51.3 MPa; aHmin = 38.8 MPa

Dr. Cook questions the concept of the utility of a stress/strength
approach to engineering design. Since this problem is, in effect,
an "infinite" rather than "finite" structure. Therefore, complete
failure or collapse rarely occurs. Thus, the simplistic approach
of determining some global value for rock mass "strength" may not
be particularly reasonable. He suggests, however, that failure of
openings is of great concern at the site ("a very serious poten-
tial problem"). In particular, the present failure of borehole
walls and seismicity (probably resulting from slip on joints or
fracture surfaces) indicate failure. If the basalts were more
massive, Cook would expect extensive, possibly violent, failure of
emplacement holes and drifts. The effects of heavy jointing on
alleviation of these problems is unknown.

B. C. Haimson - On the in-situ stress determination, Haimson has
several comments.

1. Several methods should be used for determining the instantan-
eous shut-in pressures rather than the Gronseth technique.
(This was actually performed in Rev. 1 of the report and
shown to make little difference with the results.)

2. Twenty-one (21) hydraulic fracturing tests were rejected but
not discussed in the paper. (This, again, has been addressed
in Rev. 1.)

3. The stresses to be used in design should be conservative in
nature. Haimson suggests:

0Hmax = 75 ± 2 NPa (the highest experimental value obtained
repeatedly)

OHmin = 30 ± 2 MPa (the lowest experimental value obtained
repeatedly)

*Cook does point out that 2a limits are not particularly
meaningful due to heterogeneity in stress.
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4. Haimson suggests that BWIP attempt to construct a strength
versus size relation by conducting a series of triaxial tests
on samples of increasingly larger sizes to about 1 meter
size. In our opinion, this is not a possible or fruitful ap-
proach.

E. Hoek - Dr. Hoek has the following general comments.

1. Hoek suggests the general conclusions of the report on in-
situ stress and feels the calculated values are reasonable.

2. Of the various failure criteria examined by Hardy et al, only
the empirical criteria are suggested for use by Dr. Hoek.
This is, apparently, due to their better fit to experimental
data.

3. Hoek reports some new values of the m and s constants for the
Hoek and Brown criteria which may be applicable to basalt.

4. Hoek feels that the use of the Rosengren and Jaeger (1968)
size reduction factors for strength are reasonable for basalt
but are conservative since they represent the behavior of
"granulated" marble. The interlocking nature of the basalt
is not accounted for and, therefore, this method is conserva-
tive.

W. A. Hustrulid - Hustrulid's comments are primarily concerned
with questions of clarity and style of the report. A second set
of comments submitted after the meeting were more detailed.

1. Regarding rock mass strength, the defensability of the
strength values used is controlled primarily by the extent of
the data base rather than the sophistication of the modeling
methods. Emphasis at BWIP should be placed on the collection
and analysis of data. In particular, laboratory or field
test work should be directed to get Hoek and Brown criteria m
and s values.

2. Some physical models may be constructed and tested in the
laboratory to examine extent of disturbance and guidelines
for modeling.

3. BWIP needs more information on the orientation and spacing of
fracture in the Cohassett flow. Hustrulid suggests some
angled hole drilling to determine the geometry of non-verti-
cal fractures.
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Z. T. Bieniawski - Bieniawski agrees, in general, with the esti-
mate of in-situ stresses. Additional comments include the follow-
ing.

1. The extreme values, rather than the average values, of the
stresses should be used in design.

2. No discussion is given for the OHmin value being constant
with depth.

Concerning the evaluation of rock mass strength, the following
points were made.

1. The long-term effects of strength (degradation?) must be ex-
amined.

2. The strength of the vesicular zone within the Cohassett flow
must be addressed.

Panel Recommendations

The consensus recommendations of the panel were given previously.

Observations

The panel reached agreement on one key point-the hydraulic frac-
turing measurements, as well as stress indicators, show that an
exceptionally high horizontal stress (magnitude and deviation)
exists at the Hanford site. It was agreed that the magnitude of
the stress suggested for design calculations in Rev. 0 of the re-
port (based on average values) is not conservative. Instead, the
average maximum and minimum values should be used. The suggestion
of the panel to use

0Hmax = 60 ± 15/-10 MPa

and

0Hmin = 35 + 5/-5 MPa

is, essentially, the same as that suggested in Itasca Document
Review 001-02-21.

A number of comments concerned the methods used for analysis of
hydraulic fracturing test data. These comments were addressed in

ITASCA



-10-

Rev. 1 of the subject report, where four different methods were
used to estimate the instantaneous shut-in pressure. No substan-
tial differences in results were noted.

The panelists concluded thatthe subject of rock mass strength for
basalt was of critical importance since the in-situ stresses at
Hanford are of such great magnitude. They recommended that the
report by Hardy et al (1985) be readied for public release.

The panelists disagreed on the adequacy of the suggested BWIP ap-
proach. In particular, Evert Hoek felt that the use of an empiri-
cal approach to define rock mass strength and the Rosengren and
Jaeger (1968) or the crude geomechanics classification size reduc-
tions will produce conservative results. Neville Cook felt that
the data base was too small to support the use of such size-
strength analogies. Bezalel Haimson questions the use of scale
effect formulas developed for granulated marble on a basalt rock
mass. The only consensus the panel could, apparently, arrive at
was that scale effects should preferably be based on a mechanistic
approach rather than an analogy to granulated marble.

The panelists felt that the strength formulation developed should
be capable of predicting the occurrence of borehole spalling at
the site. They also felt that an analysis should be performed of
the large-scale stability of the rock mass and used to back-
analyze the observed microseismic activity at the site.

Perhaps the most important discussions of the panel regarded the
design methodology to be employed. Evert Hoek and Neville Cook
both voiced concern that the indications of high stress and rock
instability presented in the reports raised serious questions
about the stability of openings at BWIP. For example, Cook stated
that questions of rock failure and excavation stability are of
greatest importance at the Hanford site. If the basalts were mas-
sive, he would expect major difficulties such as excessive spall-
ing and possible violent failure. The effects of the intense
jointing in alleviating these problems are unknown.

The design approach suggested by the panel moves from a simple
strength approach to one which explicitly accounts for jointing.

1. First perform a simple analysis comparing the in-
duced stress around the openings (from elastic cal-
culations) to the estimated in-situ strength using
some form of size-reduction analysis.
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2. Perform a non-linear analysis which shows the pro-
gressive development of a stable stress distribu-
tion. The non-linearity is introduced through slip
along jointing in the material.

3. Perform an analysis that accounts specifically for
jointing and examine if the presence of fractures
helps to reduce the problem of violent instability.

The panel concluded that the simplistic stress-strength approach
presently used by BWIP was overly simplistic, inadequate, and
probably conservative. They finally recommended that a more me-
chanistic approach be taken to design. In addition, a detailed
search for case histories of excavations in highly stressed basalt
must be made.

Recommended Action

1. Obtain and review the BWIP report by Hardy et al (1985), when
issued.

2. An analysis of the methodology for design of repository open-
ings in basalt should be developed. It is suggested that a
point paper be written which examines the steps in design of
the openings (dimensions, shape, spacings) and the proper de-
tail required in description of the rock mass properties.
This could then be related to the in-situ testing point paper
for rock mass properties determination.
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