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Significance to NRC Waste Management Program

This document presents a generic test plan for in-situ testing at
the ES shaft in salt. The information needs for the salt reposi-
tory are developed and used to provide the basis for a series of
generic testing methods which may be used to resolve the informa-
tion needs. The plan, therefore, reviews the current thinking of
the Office of Nuclear Waste Isolation (ONWI) regarding their view
of the role of in-situ testing in satisfying NRC regulations as
well as design requirements. The plan will provide the basis for
the ES design and test specification.

Summary of the Document

The document provides a generic test plan for in-situ testing in
salt. The plan was written in March 1985, prior to selection of
the Deaf Smith site and, therefore, all of the test descriptions
are generic in nature.

The plan has many positive features. An attempt is made to pro-
vide a detailed rationale for the test plan by starting with the
basic regulations to develop information needs. The process is
illustrated schematically in Fig. 1 and 2; the ultimate result of
this process is the information presented in Figs. 3 and 4 (which
are Tables 4-1 and 5-1 from the test plan). The tables in these
latter figures attempt, first, to link the information needs to
regulatory requirements and, second, to link the information needs
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to in-situ tests which can be used to resolve them. The back-
ground data for these summary tables are given in the report ap-
pendices. Each regulation is given in full, and the associated
perceived performance issues or information requirements are
stated in a very general fashion.

The methods available for resolution of the pre- and post-closure
performance issues (derived from the above tables) are then de-
fined. Three broad categories of methods are suggested: demon-
stration, empirical analysis, and numerical analysis. For each
performance issue, the relative applicability of these analysis
methods is given in detail. Finally, the current state of know-
ledge for each information requirement is reviewed, and the areas
where additional information is needed is given.

This methodology represents a great deal of effort and attempts,
in a straight-forward fashion, to define the in-situ testing needs
from the basic regulatory requirements. The results are worth-
while, but there are several problems associated with the way in
which information needs are developed. These are discussed in de-
tail in the following section.
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Problems, Limitations and Deficiencies

Although the plan has positive aspects, there are problem areas,
many of which are associated with the preliminar and generic na-
ture of the plan. A listing of general problems is given below.

1. The development of information needs is done without an-
alysis of any kind and is purely subjective in nature.
It therefore is very difficult to assess the completeness
of the information needs if one cannot track the basis
from which they were developed. In other words, the plan
presents pages of tables of non-detailed information
without any detailed description or analysis. For exam-
ple, information regarding the "disturbed zone" is given
in Table 4-1 and in the in-situ test methods needs (Table
5-1) of the report. There is no overall discussion of
performance assessment in salt and, therefore, the char-
acteristics and effects of a disturbed zone in salt are
not known. It essentially must be accepted on faith that
the "disturbed zone" is of importance.

2. The test plan is not placed in the context of the on-
going salt program. There should be greater detail on
how this testing relates to the current numerical,
laboratory, and A/E design work which is on-going. How
this work will be utilized by the design contractor(s)
must be reviewed. Also, the use of data from WIPP and
Asse should be valuable and provide a basis upon which
the plan may be built.

3. The resulting tabular listing of information needs versus
regulations is a necessary first step which gives all
data needs-regardless of level of importance. The plan
does not take the next step, which is to define the level
of importance of these needs and, consequently, which
ones require in-situ testing. The end result is a very
extensive listing of quite obvious information require-
ments but with no analysis to indicate the relative im-
portance of the needs. What does not come across to the
reader is- What are the most crucial problems which face
the salt program and how will the ES facility be used to
resolve them?
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4. As above, the specification of in-situ tests suffers from
a lack of analysis to determine whether or not the test
actually will resolve the information need. The reader
must assume that the personal judgment of the test plan
writer is sufficient.

5. The in-situ testing program is not related to the-numeri-
cal modeling effort. The models to be used for design
and performance assessment are not discussed nor is their
role in test design and interpretation. There is no ap-
parent "feedback" loop illustrating how the in-situ test
data is used in validation of models or design criteria.
In its present form, the plan defines a very broad series
of possible tests but does not go beyond this point. It
is impossible to tell from the test plan how the test
data is actually used to resolve information needs.

6. The test plan does not address some very crucial problems
in salt and, in particular, does not distinguish the
problems specific to domal and bedded salt. For example,
the entire issue of formation variability or inhomogene-
ity and how this affects the in-situ testing needs and
methods is not addressed. This includes such problems as
interbedded seams and variability in the salt structure.
Such problems must have a great effect on the amount of
exploration drifting and testing methods required to
characterize salt response. This is particularly true of
the Deaf Smith site, where over 10% of the formation is
composed of interbedded non-salt rocks.

• The significant problem of retrievability is
largely ignored, as are the present plans for
backfilling and retrieving by excavation.
Any practical demonstration within the ES of
these concepts is not discussed.

* The definition of a creep model for salt is
not discussed. At present, there is a sig-
nificant controversy in the ability of exist-
ing creep laws for prediction of long-term
in-situ response. The test plan needs to ad-
dress this problem in detail, relating the
laboratory testing to in-situ demonstration
in verification of creep laws.
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The possibility of water leakage into a re-
pository at Deaf Smith is not considered.
Here, the site is located in close proximity
to aquifers and one of the greatest problems
in salt or potash mining is the leakage of
water into the mine. Exploratory techniques
must be used to determine the proximity to
groundwater from 'the repository.

7. The resulting listing of possible in-situ tests in the
appendices is simply a "shopping list" of most standard
techniques. The test plan does not detail how the mea-
surements made during these tests will resolve informa-
tion needs.

8. The schedule for the test facility is optimistic. Many
of the tests, such as the heater experiments, are in op-
eration only 2-3 months before a cut-off of data for the
Draft Environmental Impact Statement is imposed.

Conclusion

The plan provides interesting background work which relates the
regulatory requirements to information needs. The primary problem
with the plan is that no analyses are given which illustrate the
importance of the information needs. The crucial issues which
must be resolved for a salt repository are thereby lost in an ex-
tensive listing of very general information needs and in-situ
tests. In fact, some of the most important issues (such as varia-
bility of the formation, the development of a creep law, and re-
trievability) are not discussed in detail. The in-situ tests pro-
posed are of a general nature and there is no detail suggestion of
how these tests interface with the development and validation of
models.

We feel that the test plan is a useful tool. It can be improved
by providing the background analyses necessary to determine those
information needs of greatest importance. A thorough discussion
of the crucial issues for salt should follow and should contain a
detailed examination of the use of in-situ tests for resolution of
the issues. The specification of in-situ tests should be changed
from a generic description to site-specific description.
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Specific Comments

Page 3 Figure ES-2 shows the identification of information
required for resolution of performance issues di-
rectly from the analysis method. There are no ap-
parent parametric studies which support the devel-
opment of information requirements. Therefore, the
information requirements are developed from the
personal experience of the individual.

Page 4 Figure ES-3 does not show any analysis to design
and specific testing. There is no apparent inter-
action of this program with the overall ONWI pro-
gram.

Page 5 The bulleted items refer to identification of per-
formance issues without stating how this is done.

Pages 17-21
There is no detailed discussion of the existing la-
boratory and field testing results in salt. Here,
critical issues regarding such items as a creep law
for salt should be discussed. The problems dis-
cussed in this section of the report included some
significant ones-particularly the different re-
sponse from the corejack and laboratory results as
well as the apparently poor predictability of the
WIPP tests (not to mention the poor performance of
instrumentation). Yet, nowhere in this plan are
these problems discussed in detail, and a course of
action given for rectifying problems (or re-design-
ing tests for future testing programs).

Page 48 (Section 4.0) A general comment on this section-
The information needs developed from the regulatory
requirements are given in detail in the appendices.
It is impossible to see if the needs are all-inclu-
sive since there are no analyses to back them up.
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Page 61 (Section 4.2) The plan does not describe well the
process used by ONWI in a progression of knowledge
from laboratory to in-situ testing. We know noth-
ing about their plan for development of a constitu-
tive law for salt, the philosophy regarding varia-
bility of the rock mass, or how it affects the type
of testing, the numbers of tests and the test
scale. There is no relationship of inhomogeneity
of the rock mass and the need for extensive explor-
ation drifting to define the variability. There is
no attempt made to relate the in-situ testing to
the design or numerical modeling effort. In other
words, the actual definition of in-situ tests is
very poor and does not provide some very basic in-
formation required to assess the utility of the
program.

Page 66 Statements such as

"Several tests provide data for each informa-
tion need. This is required in order to as-
sess scale effects, calibrate the results of
simple tests which can be used to index be-
havior through the site, and study responses
under a full range of environmental condi-
tions."

are somewhat meaningless. Nowhere in the plan are
the details of scale effects and index behavior
discussed. This is particularly important with
regard to the inherent inhomogeneity at Deaf Smith.

Pages 66-70
There is no discussion of the relationship between
.the shaft and principal borehole it is advisable
that the shaft be sunk on the hole.
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Pages 66-71
The plan discusses geologic characterization in a
general, textbook fashion but does not discuss the
problem of variability of the salt formation. This
is particularly true at Deaf Smith, where numerous
clay and anhydrite seams are found within the salt.
Bedded salt is also typically inhomogeneous later-
ally. The effects of this variability on the need
to explore by drifting rather than drilling of hor-
izontal boreholes is not discussed. The problems
associated with long horizontal drill bit wandering
and the possible intersection of water-bearing fea-
tures is also not discussed. In a related fashion,
the effects of variability on in-situ testing is
not described in the document.

Page 74 The block sampling program is valuable.

Page 78 The utility of the borehole torsional shear test is
open to question. It would seem more realistic to
obtain block samples of bedded material and perform
direct shear tests.

Page 80 There is no discussion of the proposed model cali-
bration from the mine-by test. No details are
given regarding the types of models, the validation
plan, etc.

Page 81 There are no data to indicate that simple rockbolt
pull tests will allow the determination of the
utility of rockbolts for support prior to backfill-
ing.

Pages 81-87
The discussion of the mine-by, facility monitoring,
room-scale heater test and facility thermal model-
ing must include the role of inhomogeneity of the
rock mass on the results of the testing. Again,
there is no detailed discussion on how the results
of these tests will be used to provide design or
performance assessment information. Also, there
are no details concerning the modeling effort.
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Page 97 The discussion of the ES facility conceptual layout
does not review its relationship to the rest of the
repository. The total facility is roughly only 600
feet by 600 feet in dimension. It would seem that
a more significant area of exploration is necessary
at Deaf Smith. We would feel that lateral dimen-
sions of thousands of feet may be required.

Page 104 The schedule is highly optimistic. In particular,
it shows that only a few months of data from the
thermo-mechanical experiments will be available
prior to the DEIS data cut-off. This is obviously
unacceptable.

Recommended Action

It is recommended that the NRC review the latest revision of the
in-situ testing plan for Deaf Smith when it becomes available.
The plan should be reviewed with regard to the above concerns.
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