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ABSTRACT

This report represents the results of Task 2, "In Situ Test Programs
Related to Design and Construction of High Level Nuclear Waste (HLW)
Deep Geologic Repositories," of U.S. Nuclear Regulatory Commission (NRC)
Contract NRC-02-81-037, “Technical Assistance for Repository Design."
The purpose of the complete project is to provide the NRC with technical
assistance to enable the focused, adequate review by NRC of aspects
related to design and construction of an in situ test facility and final
geologic repository, as presented in U.S. Department of Energy (DOE)
Site Characterization Reports (SCR) and License Application (LA).

The Task 2 results include the general recommendation of available
tests which should be considered in designing media/site specific in
situ test programs. Tests will be conducted within an in situ test
facility, consisting of an exploratory shaft and an underground test
facility at the prospective repository horizon. Plans for these
programs are expected to be presented in the initial SCR and the
complete results presented in the LA. The media and sites considered
include (1) basalt at Hanford, Washington; (2) tuff at Yucca Mountain,
Nevada Test Site; (3) domal salt at specific Gulf Coast sites; (4)
bedded salt at an unspecified site; (5) granite at an unspecified site.

A licensing perspective is outlined and a defensible rationale developed
and utilized for the test selection process. This rationale essentially
consists of:

e Establishing the information needs for construction authorization

e Assessing the relevant capabilities of available tests

® Matching the capabilities of specific tests to the perceived infor-
mation needs.

The information needs at any time consist of the additional information
(if any) needed n order to predict satisfactory repository system
performance with the required level of confidence, and thus are a
function of:

e The significance of the repository engineered components and site
characteristics to system performance

e The currently available information, which may be supplemented w'ih
t ime

e The acceptable level of confidence in satisfactory performance for
each licansing step.

Determination of the acceptable levels of confidence and the signifi-
cance of repository system components is outside the scope of this
report. Suitable assumptions have thus been made regarding the
development of information needs for construction authorization by the
time of initial SCR submittals.

Tests which are available and respond to the perceived media/site
specific information needs, either by simulation or assessment of site
characteristics, are identified and their capabilities assessed.
Specific in situ tests are investigated and described in detail.
Research and development which might be effective in improving test
capabilities have been recommended.
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EXECUTIVE SUMMARY

ES.1 INTRODUCTION

This report represents the results of Task 2, "In Situ Test Programs
Related to Design and Construction of High Level Nuclear Waste (HLW)
Deep Geologic Repositories," of U.S. Nuclear Regulatory Commission (NRC)
Contract NRC-02-81-037, “Technical Assistance for Repository Design."

The purpose of the complete project is tc provide NRC with technical
assistance for the following reasons:

e To enable the focused, adequate review by NRC of aspects related to
design and construction of an in situ test facility and final
geologic repository, as presented in U.S. Department of Energy (DOE)
Site Characterization Reports (SCR)

e To ascertain that the DOE site characterization will provide, as far
as possible, all the information necessary to permit a review to be
conducted by NRC of a License Application (LA).

This renort presents a licensing perspective, agescribes a methodology
for designing an in situ test program and recommends a tentative test
program together with test details which should be considered between
initial SCR submittal and LA. The in situ tests, tentatively
recommended to be conducted within an in situ test facility, have been
compiled with reference to the currently perceived specific information
needs ~¥ five media/sites: (1) basalt at Hanford, Washington; (2) tuff
at Yucca Mountain, Nevada Test Site; (3) domal salt at specific Gulf
Coast sites; (4) bedded salt at an unspecified site; (5) granite at an
unspecified site,.

ES.2 PERSPECTIVE

Any deep geologic repository for the permanent disposal of high level
waste (HLW) must be designed to achieve certain performance objectwves,
which can be summarized as:

e Short term construction and operation objective (through decommis-
sioning, about 100 years) of minimizing hazards jeopardizing the
safety of the public and personnel during repository construction
and operation (including possibly retrieval and decommissioning
activities).

e Long term waste containment and isolation objective (post-decom-
missioning, from about 100 to 10,000's years) of minimizing
radionuclide flux (rate/unit area) to accessib’e environment and
thus minimizing hazards jeopardizing public safety after
decommissioning. This objective dictates maintaining a waste
retrieval capability for a specified period after waste emplacement




and prior to decommissioning, thereby providing the opportunity for
verifying a sufficiently high probability of satisfactory long-term
performance and also providing a contingency plan for demonstrated
non-verification.

Performance criteria define and, where possible, quantify performance
objectives. These criteria can be given either deterministically (i.e.,
an absolute numerical limit) or probabilistically (i.e., an acceptable
level of confidence that a numerical 1imit will not be exceeded by the
particular repository performance indicator). Where the criteria are
given deterministically, a determination must still be made, although
implicitly rather than explicitly, of the level of confidence in not
exceeding the deterministic limit.

The performance of the repository will be a function of both the
engineered components of the repository and the inherent characteristics
of the site in which it is located. In many cases, the response of the
combined system is a result of an interaction of both engineered
components and site characteristics. Thus, performance objectives,
criteria and assessment can be related to the integrated system of
engineered components and site characteristics. This concept forms the
basis for the methdolcgy of establishing the information needs and the
associated in situ testing requirements presented here.

There are two primary ways of maximizing the level of confidence that
the performance criteria will be achieved and that the actual
performance of the repository system will be satisfactory:

e Selecting a suitable repository site

e Appropriately designing, constructing, and operating the reposi-
tory.

Several questions are apparent:

* How can a suitable site for a repository be selected so as to
maximize the level of confidence in satisfactory performance?

e Once a site has been selected, how can the repository be designed
and constructed so as to maximize the level of confidence in
satisfactory performance?

@ How ca~ a high level of confidence in satisfactory performance be
demonstrated at each step in repository development?

These three questions are critical to the licensing process, and define
the development of a repositor{. There is a need to assess, at various
discrete stages during development, the level of confidence in
satisfying each designated performance criterion, based on the available
data on engineered components and site characteristics and the
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uncertainty of this data. |[f that confidence level is found to be
acceptably high, the appropriate authorization or license amendment
necessary to initiate the next phase of repository development is
granted. However, if the level of confidence in compliance is found to
be unacceptably low, then one of two approaches can be taken by the
applicant:

(1) If the level of confidence can be increased by additional cost
effective characterization or design modification, then that
characterization or modification may be performed and the
application updated.

(2) 1f the level of confidence cannot be cost effectively increased by
further characterization or design modification, then repository
development should be stopped at this site.

The discrete points in repository development are (see Figure ES-1):

(1) Site characterization report (SCR) submittals, primarily DOE
decision points for which NRC only offers opinions

(2) License application (LA)

(3) Updated application for license to operate (emplace waste)

(4) License amendment to decommission.

The acceptable level of confidence in satisfactory performance for each
step can be established by considering the consequences of not
satisfying the performance criteria at that particular stage, as well as
the risks for other alternatives in HLW disposal. These acceptable
levels will increase with repository development. As presently
perceived, it should be highly probable at LA that ultimate repository
system performance will be satisfactory in order to provide reasonable
assurance that the repository will be fully licensable, prior to
extensive development and major expenditure of funds.

Acceptable levels of confidence may be established either:

o Implicitly, throu?h progressive technical discussions between the
regulator and applicant

o Explicitly, through rigorous decision-making utilizing quantitative
risk assessment methodology.

Although recognizing the difficulties in performing quantitative risk
assessments and subsequently defending the results in the decision-
mak ing process (especially within the institutional framework), Golder
Associates considers it important to be attempting to uti'ize
uncertainty and probability assessments of the important parameters
affecting repository performance. These assessments should be used as a
guidance tool during the site characterization phase. While these
probability approaches are being established, the current approach of
assessing acceptability implicitly through technical discussions needs
to be continued.
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either implicitly or explicitly, at each step.
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ES.3 APPROACH

A defensible rationale has been developed and utilized to tentatively
seTect available tests to be included in the media/site specific in situ
test programs. This rationale essentially consists of:

o Establishing the information needs for construction authorization
at each site

. Assessing the capabilities of available tests to meet the specific
informat ion needs

@ Matching the capabilities of specific tests to the perceived
informat ion needs.

The information needs existing at any time result from the unacceptable

uncértainties in the prediction of repository system performance.
Information needs are determined as follows:

B Identify the existin? information and assess the associated level
of confidence in satisfactory repository system performance

5 Compare the assessed level of confidence with the acceptable level,
either implicitly or explicitly

. Determine what additional information is needed to raise the level
of confidence in satisfactory performance to the acceptable level,
by:

- establishing the relationship between each component of the
repository system and system performance (i.e., sensitivity)

- fidentifying where the existing information regarding significant
components of the system is insufficient and can be readily
supplemented.

The information needs at any time are thus a function of:

. The significance of repository engineered components and site
characteristics to system performance

. The currently available information, which may be supplemented with
t ime

. The acceptable level of confidence in satisfactory performance for
each licensing step.

The significance of the repository system components to system
performance and the acceptable levels of confidence have not been
determined and are outside the scope of this report. Qualitative
assessments of acceptable levels of confidence and of the significance
of system components, as well as assumptions regarding the information
developed by the time of the initial SCR submittal, have thus been made



for the purpose of establishing information needs for construction
authorization.

The selection of tests to satisfy the perceived information needs
involves the prior determination of the relevant capabilities of
candidate tests, and the integrated compilation of a program of tests
that collectively best respond to the information needs. In the
selection of these tests, only presently available tests and potential
advancements to the state-of-the-art within current concepts and
technologies are considered. With future development, the test
capabilities may be improved,

These tests satisfy the information needs either by:

e Simulating various aspects of the repository (e.g., construction
techniques) for extrapolation of results

Assessing identified media/site specific characteristics (e.g.,
hydraulic conductivity) to be used in numerical modeling

e Verifying predictive numerical models.

It is expected that the in situ test program will evolve with time
somewhat independently for each media/site considered as the perceived
information needs and test capabilities develop. [t is even possible
that the information needs for construction authorization might be
satisfied prior to the initial SCR submittal, precluding the need for
most (if not all) in situ testing. The in situ test program must also
be flexible enough to take into account new information which becomes
available during its performance, as presented in SCR updates. The
complete design and specifications for any particular test cannot be
accomplished a priori without detailed descriptions of each individual
test location, as well as identification of specific information needs.
Hence, the recommendations for the conduct of specific tests are of a
scoping nature only.

ES.4 STUDY ACTIVITIES

In the course of developing recommendations for in situ testing, the
following activities have been undertaken (see Figure ES-2):

0 The licensing perspective, including the various licensing steps,
for repository development has been identiried, based on the
procedural rule of 10-CFR-60. At each step, the level of confi-
dence in satisfactory repository system performance should be
assessec, and a determination made of whether that level of con-
fidence is sufficient to allow further development. The acceptable
level of confidence at each step underlies the establishment of the
information needs,
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Critical engineering variables, which in conjunction with the site
will determine repository system performance, have been identified.
This has been accomplished by first identifying the primary
engineering variables of repository design and construction (e.g.,
shaft dimension, shape, etc.). The influence of these primary
engineering variables on the level of confidence in satisfactory
performance has been qualitatively assessed and those perceivad to
have a significant potential impact, in cornjunction with a
capability for change at reasonable cost, have been judged to be
critical. These critical engineering variables should be
irvest igated by in situ testing, as well as emphasized during NRC's
re:igw process.

Key issues, relating to the performance criteria, have been pre-
Viously identified in Task 1 of this project. These key issues
impact the choice of values for the critical engineering variables
and must be adequately resolved to demonstrate an acceptable level
of confidence in satisfactory performance. These key issues, which
must be addressed in both the SCR and the LA review, include:

- Constructability, Can the facility be constructed in a timely
and safe fashion, and so that it will not jeopardize the waste
containment/isolation capability of the facility? Both the
unavoidable creation of a disturbed zone of rock around
underground openings and the construction of engineered barriers
will have an effect on the response of the repository.

- Thermal Response. Can the temperature field be adequately pre-
dicted as a function of time and reliably incorporated into
mechanical, hydrological and geochemical models?

- Mechanical Response. Can the stability and deformation of under-
ground openings (including around the waste package) be ade-
quately predicted for the periods of short-term construction/
operation and long-term waste containment/ isolation?

- Hydrologic Response. Can an adequate prediction be made regard-
ing the resaturation time of the repository (post-closure) and of
the long-term groundwater flow through the repository?

- Geochemical Response. Can an adequate prediction be made of the
extent and effect of geochemical alteration of the engineered
barriers and the rock? Can the quantity and rate of migration of
specivic radionuclides over the long-term be adequately
predicted?

Informat ion needs are thus related to the resolution of these key
issues.

Characteristics which have a significant impact on the resolution of
the key issues have been identified (see Table ES-1). Each of the
characteristics has subsequently been evaluated for each media/site

xiii



— l;—

__ Dere a8

Dwe Ne AR 40

SIGNIFICANT CHARACTERISTICS Table ES-1

KEY ISSUES
v &
TR
BEERE
o w —
S & 3 - _._'..
E33: 8
v 2 2
CHARACTERISTICS 8 E i:d
GEOLOGIC SETTING
Stratigraphic/structural® LI T Y I ]
Tectonic o o e o o
In situ stress field o o e o o
In s1tu hydraulic head field | o o e o
In situ temperature field e o 0o o0 o
RESPONSE
(MECHANICAL)
Strength . e o0 0
Deformation ° .
Creep/fusing 0 e o0 o
(THERMAL )
Thermal conductivity R
Heat capacity e o
Linear thermal expansion e @
— — — — — — — — —— — —
(MYDROLOGIC)
Mydraulic conductivity .
Effective porosity
Specific storage
(GEOCHEMICAL)
Dispersivity .
Adsorption/retardation .
Alteraticn/solubility o o o & o
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(including pore fluid composition).
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aspects of the repository, so that their results can be used to
directly predict expected repository performance.

e The testing which will precede in situ testing has been anticipated.
The Tnformat ion obtained by this testing at sites where it is now
incomplete will supplement the existing information, and the present
assessment of significant characteristics may change prior to
initial SCR submittal.

e The information needs for construction authorization, which are
perceived to exist at the time of initial SCR submittal, have been
identified, based on the current media/site specific assessment of
significant characteristics, anticipated future site investigation,
and the licensing perspective,

® Media/site-specific in situ test programs have been tentatively
recommended (see Table £5-2). These programs consist of ava.lable
in situ test methods which best respond to the information needs,
either by simulation or by adequate assessment of the significant
characteristics. Where no one appropriate method exists, a
combination of independent methods which adequately responds to the
perceived information needs has been identified.

An example in situ test facility which can accommodate these
programs has been developed under Task 4 of this project.

e Scoping recommendations have been made regarding specific in situ
tests. These tests have been investigated in defail, and a des-

cription, an evaluation, and a recommendation regarding methodology
and utilization of results have been presented for each.

e Potentially effective research and development of in situ testing
techniques have been identified and recommended. Currently
available in situ tests may present difficulties in fulfilling
perceived information needs, especially in assessing characteristics
for the additional effects of radiation, temperature, and long term
behavior. These recommendations are primarily concerned with
advancements within available concepts and technologies and not
with the development of new or hybrid tests.

To the extent possible, consideration has been given in each of the
above activities to aspects which are perceived to be unique to each of
the media and sites under consideration, i.e., basalt, tuff, domal salt,
bedded salt, and granite.

£S.5 SUMMARY AND CONCLUSIONS
Golder Associates believes that this report presents defensible recom-
mendat ions regarding those tests which should be specifically considered

in a reasonable in situ test program conducted within an in situ test
facility prior to construction authorization at any site. These tests

xvi
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adequately respund to the information needs for construction
authorization which are perceived to exist at the time of initial SCR
submittal, and hence assist in resolving the key issues related to
short- and long-term performance criteria. The defensibility of these
recommendat ions relies on Golder Associates' current perception of the
information needs, which in turn are based on their licensing
perspective and assessment of currently available information.

Although some of the judgements made in the selection of these in situ
tests are necessarily subjective and the licensing perspective may not
be universally shared, the rationale is clearly outlined so that
specific areas of technical disagreement can be readily identified and
these disagreements (if any) resolved. It must be emphasized, however,
that the media/site specific in situ test programs will be a function of
both the information needs and test capabilities at the time of initial
SCR submittal. It is expected that the in situ test program will evolve
with time somewhat independently for each media/site considered as these
informat ion needs and test capabilities develop. In addition, the
program and the design of specific tests must be flexible enough to take
into account new information which becomes available during program
performance, as presented in 5CR updates.

Golder Associates thus recommends that the NRC should, accordingly,
identify the information needs for each site and then focus on (1) the
plans of the in situ test program in their review of an SCR and (2) the
results of this program, and the appropriate incorporation of these
results in design and performance assessment, in their review of a LA.

XX
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PREFACE - LICENSING PERSPECTIVE

P.1 INTRODUCTION

[t is the intent of this report to specifically address the requirements
of in situ test programs for the development of deep geologic
repositories for the permanent disposal of high level nuclear waste
(HLW), so that the U.S. Nuclear Regulatory Commission (NRC) can
adequately review U.S. Department of Energy (DOE) programs. In order to
identify these requirements, it is first necessary to establish a
erspective from which this will be accomplished. Too often, the
perspective is not clear and disagreements regarding the conclusions are
then often not easily resolved. In order to alleviate this problem, the
perspective from which Golder Associates views repository development,
and in situ testing in particular, is discussed in this Preface. The
requirements of in situ test programs can then be identified and
discussed on a logical basis.

The following topics are addressed within this Preface:

Overview of high level nuclear waste program (Section P.2)
Site selection (Section P.3)

Repository design (Section P.4)

Demonstrability (Section P.5)

P.2 OVERVIEW OF HIGH LEVEL NUCLEAR WASTE ISOLATION PRQGRAM

High level nuclear waste (HLW) presently exists and in relatively large
volumes. This waste is toxic, with its toxicity lasting for thousands
of years. This toxicity may lead to adverse health effects and thus HLW
must be isolated from the accessible environment during the period cf

its toxicity.

Compared to other forms cf permanent disposal of HLW, a deep geologic
repository appears to be optimum in terms of:

e Isolation (health effects)

e Feasibility

¢ Timeliness

e Cost-effectiveness

e Permanence, requiring no perpetual maintenance

e Public concensus and acceptability.



A federal-level approach is presently being taken to HLW disposal in a
deep geologic repository, with provisions for the concurrence of the
states involved. Tne U.S. Department of Energy (DOE) is expected to
design, construct, and operate any HLW disposal facility. The U.S.
Environmental Protection Agency (EPA) is the federal agency which is
expected to establish the ultimate performance criteria that any
facility must satisfy, These ultimate performance criteria are
presently embodied in the draft rule 40-CFR-191. The U.S. Nuclear
Regulatory Commission (NRC) is the federal agency which is expected to
regulate HLW disposal, i.e., ensure that the DOE facility will achieve
certain performance objectives related to public safety. In this
regulatory role, the NRC has produced the draft rule 10-CFR-60 to help
ensure DOE's compliance with the EPA criteria, as well as other
performance objectives.

The performance objectives, specifically related to public safety, which

deep geologic repositories for permanent disposal of HLW must achieve
can be summarized as:

e Short term construction and operation objective (through decommis-
sioning, about 100 years) of minimizing hazards jeopardizing the
safety of the public and personnel durin? repository construction

e

and operation (including possibly retrieval and decommissioning
activities).

¥ Long term waste containment and isolation objective (post-
decommissioning, from about 100 to 10,000's years) of minimizing
radionuclide flux (rate/unit area) to accessible environment and
thus minimizing hazards jeopardizing public safety after
decommissioning, This objective dictates maintaining a waste
retrieval capability for a specified period after waste emplacement
and prior to decommissioning, thereby providing the opportunity for
verifying a sufficiently high probability of satisfactory long-term

performance and also providing a contingency plan for demonstrated
non-verification,

Performance criteria must be established in order to define and, where
possible, quantify the performance objectives. These critiera, such as
the NRC criteria (10-CFR-60), which incorporate the EPA criteria
(40-CFR-191), or other interim criteria established by the DOE or its
contractor, can be given either as (see Figure P-1):

1) Deterministic, in which an absolute numerical limit (Xc) is
specified for each quantitative performance indicator (x), so that
(if small X is good) X must be less than Xc for compliance

2) Probabilistic, in wnich an acceptable level of confidence (Lc) is
specitied for not exceeding the numerical limit (Xc) by the actual
value of the quantitative performance indicator (X), so that the
probability or likelihood of (X<Xc), or P(X<Xc), must be greater
than Lc for compliance.



DEFINITIONS OF

"COMPLIANCE WITH PERFORMANCE CRITERIA" Figure P-1
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X-value  pix)

Unacceptabie performance
X 4 xXc

(gooc) X (bac)

Performance Indicator, X
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where the criteria are given deterministically, a determination must
still be made, although implicitly rather than explicitly, of the level
of confidence in not e:ceeding the deterministic limit., Hence, it is
Golder Associates' opinion that a probabilistic approach, which
quantifies and explicitly incorporates the uncertainties in performance
prediction, should be taken where possible.

In either case, for both technical and politica)l reasons, it will be
necessary to maximize the level of confidence (i.e., increase the
probability or likelihood) that the actual performance will be
satisfactory. There are two primary ways of maximizing this level of
conf idence:

o Selecting a suitable repository site
e Appropriately designing, constructing and operating the repository.
Three questions are apparent:

1) How can a suitable site for a repository be selected so as to
maximize the level of confidence in satisfactory performance?

2) Once a site has been selected, how can the repository be designed
and constructed at that site so as to maximize the level of
confidence in satisfactory performance?

3) How can an acceptably high level of confidence in satisfactory
performance, i.e., compliance with the performance criteria, be
demonstrated at each step in repository development?

Each of these questions is addressed in the following three sections.

P.3 SITE SELECTON

The first question, related to site selection, which needs to be
addressed, is:

How can a suitable site for a repository be selected so as to
max mize the level of confidence %‘n’ sa!!sfacforf performance?

Repository site screening and selection requires the assessment of
certain nonquantitative factors and quantitative parameters, which
describe the site and its properties., These site characteristics can
then be evaluated with respect to a particular set of site suitability
criteria, which are based on how those characteristics are expected to
affect repository system performarce. In addition, these site charac-
teristics can be input into performance models, which assess the
probability of satisfactory performance. Both approaches could be used
to compare sites. However, Golder Associates believes that the selec-
tion of an optimum site requires that several of the top ranking sites
be compared against specific performance criteria. Furthermore, the use




f performance models in the icantly enhance

the demonstrability of the sel

J

ite investigation for site screening and selection focuses primarily
arqge-scale features and does generally require low uncertainty

the assessment of the characteristics. At stage it thu

of tests conducted from the surface, within mited boreho

the laboratory on samples obtained from the site

boreholes), as well as prior information. aresult,

of characteristics may have widely varying iels of uncertainty at this

stage. [t is possible that the assessment of certain characteristics at
his stage could have low uncertainty and thus require no further
nformation at subsequent stages.

he second q

addressed, 1s:

s1te SO as to maxmize the ley
performance?

HOw can the repository be desi
e

selected sit

@
ing variables of
redicted performanc
selected, the level
be maximized

performance

performance

and nput,

be achieved, but

imize repository : p . . _ -
- =Vo LOT Yy 3 ( > . 10 L

formance and cost, it 11 b scessary to ICUS ose
ngine [ riables which hay f n
’WC‘< nce 1 :v"""""’\ﬁ“”_f' :v"’gr' jC'j"‘,fn
in 1) aried (i1.e,, are not predete od ( : : example

support
nethod, which may have a sig icant impact performance. Th

)f such an engineering variable is the excavation

’
n variables
important

engineering




Dwg No AR 5> Deted 8L €ng 28

MAXIMIZING THE LEVEL OF CONFIDENCE :
IN SATISFACTORY PERFORMANCE Figure P-2
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of trial sections), whereas others require the assessment of specific
site characteristics for input to predictive numerical models. Both
approaches will be essential to the resolution of the key issues.

Significant characteristics of the site, i.e., those which resolve key
issues affecting the choice of values of significant engineering
variables, must generally be assessed with considerably greater
certainty than for site screening/selection. However, if the
uncertainty is already sufficiently low, then no additional effort may
be required. Hence, site characterization should generally update the
assessment of site characteristics for site screening/selection,
especially by tests conducted in an in situ test facility. In addition
to assessing site characteristics, this in situ test facility can serve
as a simulation of the repository, and thereby resolve key issues.

In situ tests to be conducted in this facility are expected to reduce
the uncertainty in the assessment of the significant characteristics.
This reduction in uncertainty will be provided primarily by directly
testing a representative volume of rock mass which is large enough to
contain a significant number of discontinuities, Tests on a
representative volume do not require scale-effect corrections in the
determination of quasi-continuum rock mass characteristics, whereas
smaller scale tests (e.g., borehole, laboratory, or small-scale in situ
tests) assess either the intact rock or the discontinuity
characteristics, and not the composite rock mass characteristics. DOue
to their generally high cost and long duration, however, the results of
large-scale in situ tests must be used to develop and verify
site-specific correlations with the results of tests which are less
expensive and of short duration. Once reliable correlations have been
determined, these simpler tests can be used with increased confidence in
assessing the significant characteristics throughout the repository.

P.5 DEMONSTRABILITY

The third question, related to demonstrability, which must be addressed,
is:

How can an acceptably high level of confidence in satisfactor erform-
ance, 1.e., compliance w%tﬁ'fﬁe performance criteria, be aemonsérafea at

each step 1n repository development?

This question essentially defines repository development (see Figure
P-3). The NRC must assess the level of confidence in satisfactory
performance at various discrete decision points in repository
development, especially at LA. If the confidence level is found to be
acceptably high, the appropriate authorization or license amendment
necessary to initiate the next phase of repository development is
granted. However, if the level of confidence in compliance is found to
be unacceptably low, then one of two approaches can be taken by the
applicant:
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(1) If the level of confidence can be increased by additional cost
effective characterization or design modification, then that
characterization or modification may be performed and the
application updated

(2) If the level of confidence cannot be cost effectively increased by
further characterization or design modification, then repository
development should be stopped at this site.

The discrete points in repository development are:

(1) Site characterization report (SCR) submittals, primarily DOE
decision points for which NRC offers only opinions

(2) License application (LA)

(3) uUpdated application for license to operate (emplace waste)

(4) License amendment to decommission.

The acceptable level of configence in satisfactory performance,
especially compliance with the ultimate (long-term) criteria, will
increase with repository development, i.e., from initial SCR submittal
to decommissioning (see Figure P-4). It is presently perceived that the
acceptable level of confidence should be hi?h at LA in order to provide
reasonable assurance that the repository will be fully licensable, prior
tc extensive development and major expenditure of func.. I[f this were
not a concern, then the acceptable level of confidence in satisfactory
performance could be lower at LA, and the information gained after LA
relied upon to improve the level of confidence sufficiently for
decommissioning.

The assessment of the level of confidence in satisfactory performance,
relative to the acceptable level, at each decision point will affect
subsequent repository development activities (Figure P-3) and will
determine the nature and extent of subsequent in situ testing and
construction and operation monitoring. For example, if the level of
confidence in satisfactory , ~formance was high enough at the initial
SCR submittal, due possibly to conservative and reliable engineered
components and/or predictable geology/gechydrology, in situ testing
prior to LA might not be necessary. Conversely (see Figure P-5), if the
level of confidence in satisfactory performance at the time of the
initial SCR submittal was perceived to be insufficent for granting
construction authorization, in situ testing would be necessary to
sufficiently improve the level of confidence in satisfactory
performance. An exploratory shaft supplemented by surface tests might
improve the level of confidence in satisfactory performance, but still
not enough for granting a construction authorization. An underground
test facility would thus be necessary, prior to LA, in order to
sufficiently improve the level of confidence in satisfactory
performance. The results of tests after LA, as well as construction and
operation monitoring, could then sufficiently improve the level of
confidence in satisfactory performance for subsequent licensing steps.
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ACCEPTABLE LEVEL OF CONFIDENCE _
IN SATISFACTORY PERFORMANCE Figure P-4
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Notes:

* *"Level of confidence" in satisfactory performance can also be
expressed as the "probability" or “"likelihood" of satisfactory performance.

The level of confidence in satisfactory performance can be

assessed and then compared with the acceptable level,
either implicitly or explicitly, at each step.
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ASSESSMENT OF LEVEL OF CONFIDENCE
IN SATISFACTORY PERFORMANCE (EXAMPLE)

Figure P-5
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Acceptable levels of confidence may be established either:

e Implicitly, through progressive technical discussion between the
regulater and applicant

e Explicitly, through rigorous decision-making utilizing quantitative
risk assessment methodology (e.g., Roberds, 1981). Such a risk
assessment includes explicit consideration of the consequences of
not satisfying the performance objectives/criteria, as well as the
risks in other alternatives for HLW disposal.

Although recognizing the difficulties in performing quantitative risk
assessments and subsequently defending the results in the decision-
making process (especially within the institutional framework), Golder
Associates considers it important to be attempting to utilize
uncertainty and probability assessments of the important parameters
affecting repository performance. These assessments should be used as a
guidance tool during the site characterization phase. While these
probabilistic approaches are being established, the current approach of
assessing acceptability implicitly through technical discussions needs
to be continued.

The required demonstration of compliance with the performance criteria
can be provided at any step in repository development Dy:

¢ Prediction (with inherent uncertainties) of future performance,
based on numerical modeling or extrapolation of physical simulation

e Verification of past performance, based on monitoring performance.

Monitoring of repository system performance will not be possible,
however, until later stages of repository development and, even then,
complete verification of compliance with long-term performance criteria
for waste isolation will not be possible. Hence, to demonstrate
compliance with performance criteria, either numerical models, which
rely on site characteristic assessments and the proposed repository
design, or physical simulations must be utilized to predict repository
performance, with some associated uncertainty.

The uncertainty in predicted performance must generally be decreased
with each successive licensing step in order to demonstrate compliance.
This can be accomplished by:

o Decreasing the uncertainty in the assessment of significant site
characteristics

This can be accomplished by continually updating the assessment,
e.g., by additional site investigation, by in situ testing, by
construction as more areas are exposed, and by performance
monitoring.

12
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Decreasing the uncertainty in predictive numerical models

This can be accomplished by comparing predicted large-scale in situ
test results with the actual results and by comparing predicted
performance of the in situ test facility or repository with the
results of performance monitoring.

Improving the correlation between simulation tests and the prototype

The uncertainty in the extrapolation of results from a test case to
the prototype wiil be a function of the degree of similarity
between the twn. Thus, as this similarity is increased (i.e., by
making the test case as simiiar as possible to the prototype in
terms of site characteristics, test conditions, and design/
construction), the correlation will be improved and the uncertainty
reduced.

Updat ing performance predictions

The uncertainty in performance prediction increases with the time of
projection., Performance monitoring allows for some previous
predictions to be adjusted to agree with the actual performance at
the time of measurement, and thus progressively eliminate measured
errors and effectively reduce the projection time of subsequent
projections. However, due to the relatively short operating period,
this updating will be only marginally effective in reducing the
uncertainty in predicting very long term performance.

P.6 SUMMARY

[t is anticipated that certain testing/monitoring methods will need to
be utilized in order to demonstrate an acceptably high level of
confidence in satisfactory performance at each step of repository
development (Figures P-3 and P-4), This perspective of the licensing
process can be summarized as follows:

For site screening/selection, as summarized in the initial SCR
submittal, site investigation will focus generally on large-scale
features and consists of surface, borehole and laboratory testing.
This generally rough assessment of characteristics will allow for
comparison between potential sites and for the possible
demonstration of an acceptably high level of confidence in
satisfactory performance based on a conceptual repository design.

For a detailed repository design, as summarized in a license
application (LA) for construction authorization, site characteriza-

tion will Tocus on FTeatures adjacent to plTanned shafts and the
repository horizon, as well as on large-scale features. This site
characterization effort will consist primarily of the construction
and operation of an in situ test facility. In addition to the
improved assessment of site characteristics provided by in situ

13




by monitoring of the in situ test facility, certain
key issues may be adequately resolved by prototype
and predictive numerical models may be partially
The construction and operation of this in situ test
facility may thus provide information for the detailed repository
design and for the possible demonstration of an acceptabiy high
level of confidence in satisfactory performance with that design.

In an updated application for license to operate (emplace waste)
subsequent to construction, the assessment of site characteristics
will be further refined as more areas underground are exposed and as
the performance of the repository is monitored. Additional verifi-
cation of predictive numerical models and updating of performance
predictions may be provided by monitoring. This monitoring may also
provide information for modifications in design (if required) and
for the possible demonstration of an acceptably high level of con-
fidence in satisfactory performance by the constructed repository.

Finally, in a license amendment to decommission, the assessment of
site characteristics will be further refined by monitoring
repository performance. Monitoring may also provide additional
verification of predictive numerical models and updating of
performance predictions. A final assessment of the level of
confidence in satisfactory long-term performance will then be made,
and a determination made by the NRC as to whether this likelihood is
high enough. [f it is determined that the likelihood is too low,
modifications to the repository or retrieval of the waste will be
required.

Hence, the assessment of site characteristics is a continual process,
from site screening/selection to decommissioning, of reducing
uncertainty in the assessment of those characteristics which have a
significant impact on compliance with the performance criteria.
Similarly, the verification of predictive numerical models is also a
continual process, and consists of reducing their uncertainty.
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1.2 APPROACH

This study, within the context of the current licensing perspective (see
Figure 1.1), invoives the development of general recommendations for in
situ testing, with variations for each of the specific media and sites
under consideration. The media and sites specifically considered in this
study include (see Table 1.1):

e Basalt at Hanford Reservation, Washington
e Tuff at Yucca Mountain, Nevada Test Site, Nevada

e Domai salt at Richton or Cypress Creek, Mississippi, or Vacherie,
Louisiana

o Bedded salt at unspecified site (generic)
e Granite at unspecified site (generic).

The descriptions of domal salt and tuff media/sites were the subjects of
Task 1 of this project (Golder Associates, 1982a and b, respectively)
and the basalt, granite, and bedded salt media/sites were the subjects

?f ?gher and earlier work (especially Golder Associates 1979a and c, and
981).

This study is limited to consideration of tests conducted within an in
situ test facility in the time frame between the initial SCR submittal
and LA (i.e., site characterization). Testing preceding initial SCR
submittal (i.e., site investigation during site screening/selection) is
outside the scope of work and thus has not been evaluated; SCR
requirements are given in the "Standard Format and Content of Site
Characterization Reports for High-Level Waste Geologic Repositories"”
(NRC, 1981). Testing or monitoring subsequent to LA (i.e., during
repository construction/operation) is also outside the scope of work.

A defensible rationale has been developed and utilized to tentatively
select available tests to be included in the media/site specific in situ
test programs. This rationale essentially consists of:

. Establishing the information needs for construction authorization
at each site

“ Assessing the capabilities of available tests to meet the specific
informat ion needs

© Matching the capabilities of specific tests to the perceived
information needs at each site.

The information needs at any time result from the uncertainties in the
prediction of repository system performance, and consist of the
additional information needed in order to predict satisfactory
performance with the required level of confidence. Information neecs
are determined as follows:
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entify the existing information and assess the associated level
onfidence in satisfactory repository system performance

Compare 2d level of confidence with the acceptable level,
either impli 1 explicitly

Determine what additional information is needed to raise the level
of confidence in satisfactory performance to the acceptable level,
by:

establishing the relationship between each component of the

vyU

repository system and system performance (i.e., sensitivity)

identifying where the existing information regarding significant

v}j
+
L

components of the syst is insufficient and can be read
supplemented (i.e. ere the existing uncertainty is large, bu
can be effectivel )

The information needs at any time are thus a function of:

satisfactory performance at . of

ers ctive
perspective,

The significance of each component of the repository sys
(including site characteristics) with respect to
performance

The currently available information, which in conjunction with
repository design determines the level of confidence in
satisfactory repository system performance

The acceptable level of confidence in satisfactory reposi
system performance for each licensing step.

Regarding the above, performance assessment (including sensiti
studies) is outside the scope, so that the significance of reposi
system components cannot be quantitatively evaluated and the leve
confidence in satisfactory performance cannot be assessed. Also
existing information is not constant,
and updated. Determination of the acce level

,
ut continually being supplement
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TASK 2 ACTIVITY FLOW CHART

Figure 1.2

Identify Licensing Perspective, including

Performance Objectives and Criteria
(Generic)

!

which in

Identify Critical Engineering Variables,

Conjunction with Site will

Determine Repository Performance
(Generic)

!

Identify Key Issues, which Impact the Choice

of Values of these Critical Engineering

Variables, and must be Resolved
(Generic)

Input to Task 2:
Output of Task |

Identify Available

Test Methods for
esolving Key
Issues by Simu-
lation

Identify Available
Test Methods and

Evaluate their
Capabilities with
espect to Assess-
ing these Sig-

nificant Character-
istics

1

[dentify Media/Site
Specific Character-
istics which have

gnificant Impact
on the Resolution
of Key Issues

I

Input to Task 2:
Output of Task 1
and Previous
Reports

Identify Existing Information Regarding

Significant Characteristics

Input to Task 2:
Output of Task |
and Previous

!

Reports

e Anticipate Additional Testing Prior to
Initial SCR Submittal at each Media/Site

!

Identify Information Needs for Construc-

tion Authorization Perceived to be De-
veloped by the Time of Initial SCR Sub-
mittal at each Media/Site

J

Tentatively Recommend In Situ Tests which Adequately Respond to the

Perceived Information Needs and thus Constitute Rggigngglg Media/Site
Application

Specific In Situ Test Programs Prior to License

'

Tentatively Recommend Scope of Specific In Situ Tests J

Note:

Media/site specific considerations have been made to the extent
possible in each activity for basalt, tuff, domal salt, bedded
salt, and granite.
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{

) SCR submittals

License application (LA)
Jpdated application for license to operate (emplace waste)
) License amendment to decommission.

1
(2
{2)

4

The acceptable level of confidence at each step underlies the
establishment of the: information needs.

Critical engineering variables, which in conjunction with the site
characteristics will determine repository system pefformance, have
been identified (see Chapter 2, Section 2.1). This has been

omplished by first identifying the primary engineering variables
of repository design and construction (e.g., shaft dimension, shape,
etc.). The impact of these primary engineering variables on the
level of confidence in satisfactory performance has been
qualitatively assessed and those perceived to have a significant

>
augen"a<'mpact in conjunction with a capability for ’nange at
reasonable "“st have been considered to be critical These
critical engineering variables should be investigated Dy in situ

testing, as well as emphasized during NRC's review process.

Key issues, essentially related to compliance with the various
aspects of the short-term construction/operation and the long-term
waste containment/isolation performance critiera, have been
identified (see Chapter 2, Section 2.2). These key issues impact
the choice of va’Je< for the critical engineering variables and
must be adequately resolved to demonstrate an acceptably high level
of confidence in satisfactory performance. Hence, these key issues
must be addressed in both the SCR and the LA review. I[nformation
needs are related to the adequate resolution of these key issues.

These key issues can typically be resolved either by extrapolating
the results of appropriate prototype simulation or by adequately
assessing :aef“'c site characteristics and then incorporating them
in sufficiently verified numerical models

Characteristics of a site which are perceived to have a significant
impact on the resolution of the key ‘SSJQS have been identified (see
Chapter 3). The assessment of each characteristic entails some
incertainty, due to natural variability as well as due to the
quality of the data base on which the interpretaton is based. The
of uncertainty in this assessment have been 'dent'f§ea.
response characteristics

tir - Aent
(tme-dependent,

conditions (1.e.

temperature, radiation dose
conditions resul greater

of each of th gn i f ant charact

J
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Each of the characteristics has subsequently been evaluated in terms
of its influence on satisfying the performance criteria. This
evaluation has taken into account the following attributes of each
characteristic:

- availability of cost-effective design and construction techniques
which allow for a conservative assumption of the value of the
characteristic

- uncertainty in the representation of the phenomenological laws of
nature by the performance prediction model

- sensitivity of the performance prediction model to the value of
the characteristic

- cost effectiveness and scheduling limitations of measure~ to
reduce the uncertainty in the assessment of the characterist 'cC.

From this evaluation, a qualitative determination has been made
regarding the maximum acceptable level of uncertainty in the
assessment of each of the characteristics. However, these levels
are not independent of the magnitude of characteristic values
(individually or combined), the sensitivity of performance to all
the system components, or the acceptable level of confidence in
satisfactory repository system performance.

The present assessment of the value of significant characteristics
at each media/site being considered, based on available Information,
has been summarized (see Chapter 3, Section 3.5 and Appendix B of
Volume [I). For tuff and domal salt sites, this has been based
primarily on the results of Task 1 of this project (Golder
Associates, 1982a and b). For basalt, bedded salt and granite
sites, this has been based on earlier work (Golder Assoriates,
1979a, b, and c), complementary work (Golder Associates, 1981 and
1982c), work by others, and past experience. These assessments have
been presented in terms of a best estimate and an indication of the
level of uncertainty in that value.

Test methods which are available to assess the significant charac-
teristics have been identified (see Chapter 4). This has been
accomplished by first listing all of the common test methods,
including surface tests, borehole tests, laboratory tests, and in
situ tests, avatlable for assessing each characteristic (see Section
4.2). Existing repository-related in situ testing prograas have
been summarized to assist in the identification of available in situ
tests (see Section 4.1 and Appendix C of Volume II).

The capabilities of each of the available test methods regarding
its ae%ermwnation of the significant characteristics has been
assessed (see Section 4.3). This assessment has been based partly
on the test method's incorporation of those environmental conditions
which affect the characteristic, as well as whether a representative
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volume of rock mass is tested. These test capabilities are not
independent of either the magnitude of the characteristic value or
media.

Those in situ tests which can be used to resolve the key issues by
simulation have been identified (see Chapter 4, Section 4.4]. ese
Tn situ tests, as well as the in situ test facility itself, simulate
various construction/ operation aspects of the repository, so that
their results can be extrapolated to directly predict repository
performance.

The testing which will precede in situ testing has been anticipated
(see Chapter 5, Section 5.1.1). The in?ormagion obtained by this
testing at sites where it is now incomplete will supplement the
existing information, and the present assessments of significant
characteristics may change prior to the initial SCR submittal and
subsequent initiation of in situ testing.

The information needs for construction authorization, which are
perceived to exist at the time of the initial SCR submittal, have
been identified (see Section 3.5.2). This has been accomplished by
identifying the existing media/site specific assessment of
significant characteristics and the anticipated additional site
investigation, and comparing that level of information expected at
initial SCR submittal with what is perceived to be required for
construction authorization,

Tentative media/site-specific in situ test programs have been
recommended (see Chapter 5). 1hese programs consist of available in
situ test methods which best respond to the perceived information
needs for each of the media/sites, either by simulation or by
adequate assessment of the significant characteristics. Where no
one appropriate method exists, a combination of independent methods
which adequately responds to the perceived information needs has
been identified.

[t is expected, however, that these tentative programs will evolve,
even during their performance, as information needs and even test
capabilities develop.

An example in situ test facility which can accommodate these
programs has been developed under Task 4 of this project (see
Section 5.3).

Scoping recommendations have been made regarding specific in situ
tests (see Appendix A of Volume II). These tests have Deen
investigated in detail, and a description, an evaluation, and a
recommendat ion regarding methodology and utilization of results have
been presented for each. However, it is expected that the design of
each test will evolve as the information needs are defined, more
information regarding the site becomes available, and testing
technology improves.
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Potentially effective research and development of in situ testing
techniques have been identified and recommended (see Chapter 6).
These recommendations are primarily concerned with advancements to
the state-of-the-art (i.e., expanding available concepts or
improving technology), although the development of new or hybrid
tests (1.e., incorporating new concepts or combining available
concepts) and program integration have been addressed.
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2.0 KEY ISSUES FOR REPOSITORY DESIGN AND CONSTRUCTION
2.1 CRITICAL REPOSITORY DESIGN AND CONSTRUCTION ENGINEERING VARIABLES

The repository must be designed, constructed, and operated so as to
demonstrably satisfy established performance criteria (see Preface -
Licensing Perspective). The repository system consists of engineered
components and the geologic site, which has certain characteristics. It
is the integration of engineered components and site characteristics
which will determine the level of confidence in satisfactory

performance,

The primary engineered components of the repository, which must be
designed and constructed so as to optimize predicted performance and
cost, are:

o Surface facilities

® Underground facilities, including engineered barriers
(Targe-scale)
- shafts
- tunnels/caverns
(small-scale)
- waste packages.

Surface facilities are outside the scope of this report, and only
underground facilities, not including engineered barriers, have been
considered. The waste package itself is also outside the scope of this
report, but the waste package emplacement hole has been considered.

Once the conceptual repository design has been completed (as presented
in the SCR), only certain aspects in the design and construction of each
repository component can be varied to achieve optimization. Those
engineering variables which are perceived to have a significant and cost
effective impact on the level of confidence in satisfactory performance
have been termed "critical." These critical engineering variables (see
Table 2.1) should be focused on, for in situ testing, design,
performance assessment, and NRC review. These variables have been
assumed to be essentially media/site independent.

2.2 KEY ISSUES WHICH IMPACT THE CHOICE OF THE VALUES OF CRITICAL
ENGINEERING VARIABLES

The key issues which will affect the choice of the value of each
critical engineering variable (Table 2.1), and hence the level of
confidence in satisfactory performance, can be separated into those
related to:

e Purpose of each repository component, as defined by the repository
conceptual design
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¢ Engineering variable interrelationships (if any

e Site characteristics.

The purpose of the repo ’*gﬂnent is defined by the reposit
conceptual design, an ‘ the foll w*ﬂq (e‘ issues:

Usage (type) definition, e.g.-

- conveyance of men, aqu pment, muck from mining, or waste packages
provision of ventilation, Jt'.it*es, or dewatering
storage of equipment, muck, or waste packages
operating life

recui*ementu, e.g.-
of equipment
ance capacity
tion capac \*)/

e.g., separation of mining and waste storage
Layout requirements or interrelationships between components, e.qg.,
repository level conceptual layout affecting shaft location

ues which are related to site characteristics include the
owing:

Key 1ss
foll

e Constructability. Can the faciiity be constructed in a timely and
safe fashion, and so that it will not jeopardize the long-term waste
containment/isolation «aoaoi’i’y of the facility? Both the
unavoidable creation of a disturbed zone of rock around underground
openings and the construction of Dng ineered barriers will have an
effect on the response of the repository.

Thermal Response. Can the temperature field be
as a function of time to use as input to the ﬂefhan ica
and geochemical models?

Mechaaical Response. Can the stability and deformation of under-
ground openings (including waste package emplacement holes) be
adequately predicted for the periods of short-term construction/
operation and long-term waste containment/isolation?

Hydrologic Response. Can an adequate prediction
the resaturation tme of the repos "’]r’/ (post-c
gr’]un(‘wa er flow through the "PDDS "y over the
the potential impact of shafts? pccp import
of the amount of inf] c

over the short term,

[
™

regarding
of ‘ne

‘v‘tbb‘f‘

Geochemical Response.

nature and extent of




barriers and the rock? Can the quantity and rate of migration of
specific radionuclides over the long term be adequately predicted?

The above key issues are essentially related to predicting the
short-term construction/operation performance and the long-term waste
containment/isolation performance. Generally, they are a function of
both the constructed repository and the site characteristics. The site
characteristics include those of the rock mass around underground
openings which have been disturbed by excavation, as well as those of
the undisturbed rock mass. The constructed repository will also include
engineered barriers (e.g., backfill, seals, and plugs). The interface
between the barriers and the rock mass must also be considered.

The various key issues affecting the choice of the value of each
identified engineering variable for shafts, tunnels/caverns, and waste
package emplacement holes (Table 2.1) have been identified (see Tables
- 3.3. and 2.4, respectively). These key issues are considered to
be essentially media independent.

The key issues must be resolved in order to:

e Design and construct a repository (i.e., choose values for the
critical engineering variables) for any of the media/sites being
considered

e Demonstrate an acceptably high level of confidence in satisfactory
performance for that repository design and site.

These key issues can be resolved either by:

e Adequately assessing certain media/site specific characteristics,
which are used as input in predictive numerical modeling, and
sufficiently verifying these models.

e Appropriately simulating various aspects of the repository, in order
to extrapolate the results.

These two approaches will be discussed separately. Information needs,
to which in situ test programs must respond, are related to the adequate
resolution of these key issues.
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KEY ISSUES AFFECTING CHOICE OF VALUES
OF CRITICAL SHAFT ENGINEERING VARIABLES Table 2.2

Location

Orientation

Size (X-Section)
(Xx-Section)

Excavation Method

Support Method/Requirements

Liner Requirements

Dewatering Requirements

Ventilation Requirements

Hoisting Requirements

Shape
Backfil)

Excavation Method

Support Method/Requirements

INTERRELATIONSHIP

Liner :g:_"rpmpnn

Dewatering Requirements

VARIABLE

ventilation Requirements

Requirements




KEY ISSUES AFFECTING CHOISE OF VALUES OF
CRITICAL TUNNEL/CAVERN ENGINEERING VARIABLES Table 2.3
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KEY ISSUES AFFECTING CHOISE OF VALUES
OF CRITICAL WASTE PACKAGE EMPLACEMENT Table 2.4

HOLE ENGINEERING VARIABLES

CRITICAL WASTE PACKAGE EMPLACEMENT
HOLE ENGINEERING VARIABLE (See Table 2.1)
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SIGNIFICANT CHARACTERISTICS
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CHARACTERISTICS WHICH IMPACT Table 3.1
THE RESOLUTION OF KEY ISSUES ;
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Thermal Response
Mechanical Response
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In situ hydraulic head field
In situ temperature field
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* includes the physcial and chemical characteristics of each rock mass unit
(including pore fluid composition).

o characteristic significantly impacts resolution of key issues.

o characteristic impacts resolution of key issuves, but to a
lesser degree




characteristics of each rock mass unit. [t is generally assumed that
the response characteristics (or their functions) are unique for each
rock mass unit because the physical characteristics are relatively
constant throughout that unit, However, each rock mass unit is only
approximately homogeneous, so that there is some variability in physical
characteristics throughout the unit and some resulting variability in
response characteristics as measured from point to point within the

unit,

Volumes which are relatively homogeneous with respect to hydrologic
response characteristics are often termed “"hydrologic units." Such
hydrologic units consist of one or more rock mass units, and will not
necessarily be homogeneous with respect to physical characteristics or
other response characteristics. The characteristics of rock mass units
will thus be discussed here,

Discontinuities, as separations in the intact rock matrix, tend to
dominate the response of the rock mass. Hence, two different approaches
have been developed to assess the response of a rock mass (i.e.,
consistingeof intact rock, discontinuities, and pore fluid). The rock
mass can treated as either:

¢ A discontinuum, in whichk the diicontinuities are represented
discretely and explicitly

e A continuum, in which the discontinuities are implicitly represented
as part of a quasi-continuum rock mass,

The explicit treatment of each discontinuity in a discontinuum-type
analysis necessitates the following:

o Description of each discontinuity. This includes determining the
location, oriéntation, and planarity, as well as the response
Characteristics of each discontinuity., These response
characteristics will be related to the physical characteristics of
the discontinuity, i.e., persistence, aperture, roughness, nature of
infilling or surface materials.

@ Description of the intact rock., This includes determininc the
response characteristics of the intact rock, which will be re'lated
to the physical characteristics of the intact rock, i.e., its
mineralogy and texture (including microcracking, bedding, and
schistosity).

However, it is logistically very difficult to assess and mode! each
discontinuity explicitly on a large scale and perform numerical
analyses.

The implicit treatment of all the discontinuities in a continuum-type
analysis necessitates the description of the rock mass. This includes
determining the response characteristics of the rock mass, as a
composite of the intact rock and discontinuities. These response
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characteristics will thus be related to the physical characteristics of
the rock mass (i.»., the spacing, orientation, and planarity of the
discontinuities), as well as the response characteristics of both the
intact rock and the discontinuities. It is relatively easy to perform
cont inuum-type analyses.

3.2 VARIABLES WHICH AFFECT ASSESSMENT OF RESPONSE CHARACTERISTICS

3.2.1 Sensitivity
The response characteristics for any volume of material are often:

e Anisotropic (i.e., vary with orientation)
o Scale-dependent (i.e., vary with the scale of the sample)
e Time-dopendent (i.e., vary over time)

v A function of the present and past environmental condi.ions,
including

stress leve'! (oij, in tensor notation)
pore pressure (u)

temperature (Te)

radiation dose (R)

Thus, the value of an anisotropic parameter (Pyy, in tensor
notation) for a volume of material at any location can be generally
expressed as:

(Pk]) = f(v, T,oj, u, Teo R)

where
V = scale or volume of the sample
T=time ~f applicability

The sensitivity of the value of each response characteristic to each of
the assessmene variables can be investigated. For example, if the
multivariable function "f" were reliably known, the sensitivity could be
assessed by taking the partial derivative of "f" with respect to any
assessment variable, e.g. (see Figure 3.1):

8(Py) = 8F(v, T,oij, u, Te, R
i 2

The multivariable function "f" is not typically known, however, so that
the sensitivity is often assessed by observing the change in Py

with a change in one assessment variable, whi?e maintaining the others
constant, The observed sensitivity may change significantiy, however,
for another set of assessment variable values.
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SENSITIVITY OF A RESPONSE CHARACTERISTIC
TO AN ASSESSMENT VARIABLE (EXAMPLE)
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The general sensitivity of each of the response characteristics to the
assessment variables has been qualitatively assessed, based on
experience (see Table 3.2). However, the relationship, and thus
sensitivity, of response characteristics to the assessment variahles
have not been explicitly established and, also, are not independent of
media in many cases. Hence, these sensitivities provide a qualitative
indication only of which assessment variables can be expected to affect
the characteristic values.

3.2.2 Representative Sample

It is assumed that, for a given set of physical characteristics, the
multivariable function "f" is unique. Thus, in order to adequately
assess this function, it is necessary to obtain and test a
representative sample, i.e., the sample nust have a set of physical
characteristics which is very similar to that of the material. However,
the material is relatively homogeneous only within a certain dimensional
range (see Figure 3.2):

e Intact rock is relatively homogeneous between the scales of textural
Features (1.e., typically fractions of an inch) and discontinuity
spacing (1.e., up to tens of feet). A representative sample of
intact rock can often be obtained by coring. Thus, the response
characteristics of intact rock are relatively easy to assess.

¢ Discontinuities are relatively homogeneous between the scales of
roughness (1.e., typically inches to feet) and planarity (i.e.,
often many feet). Although the physical characteristics of
discontinuities within a set vary widely, it is often assumed that
discontinuities within a joint set have similar physical character-
istics, so that one joint is considered to be representative of the
set. However, it is difficult to assess large-scale physical
characteristics such as planarity and persistence. A representative
sample of a discontinuity is difficult to obtain, except exposed in
underground openings. Thus, the response characteristics of
discontinuities are relatively difficult to assess.

. The rock mass is relatively homogeneous between the scales of
discontinuity spacing (i.e., typically inches up to tens of feet)
and stratigraphic/structural features (i.e., often many tens of
feet). At smaller scales, either the intact rock or the
discontinuity is tested, and not the composite rock mass.
Conversely, at very large scales, the rock mass is no longer
homogeneous, as diverse rock mass units are included in the sample.
At an intermediate scale, however, the volume is sufficient to
contain a significant number of representative discontinuities.
This "representative" volume of the rock mass is typicaily difficult
to achieve and thus the quasi-continuum response characteristics of
the rock mass are often relatively difficult to assess. They can be
assessed in one of two ways, either:
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SENSITIVITY OF RESPONSE ,
CHARACTERISTICS TO ASSESSMENT VARIABLES Table 3.2
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a large-scale sample, ic ) in 1 't number of
representative discontinuities 2 Les and the

quasi-cont res ~harac i - irect] assessed.

However, it is logistical ery dif | ) tain and test

a

sufficiently large ¢ 8., 0 imensions of many

feet), except with

the quasi-continuum resp e character CS can be indirec
determined as a result of plicitly modeling (numericall
representative discontinuities w Lhin a simulated volume of
mass. Although it is relatively difficult to assess
characteristics of the discontinuities, it is relatively easy

adequately assess the response characteristics of the intact roc

J
and to assemble a model to develop quasi-continuum respons

characteristics for the rock mass, This indirect assessment may
contain significant uncertainty in the derived response

characteristics.

-ach rock mass unit is approximately homogeneous, however, so that

the physical characteristics of even appropriately sized sample
will vary from sample t ‘ . The response characteristic
measured for these samples will thus exhibit some natura

variability within each

Other problems in obtaining a representative sample include changes
the physical characteristics due to sampling and with time.
example, the aperture of discontinuities typically changes
sampling. This causes a significant change in the
characteristics (e.g., strength, hydraulic conductivity,

another example, the intact rock mineralogy may change as

yccurs with time., Similarly, the pore fluid content/composition and
nature of discontinuity infilling/surface coating may change with time,.

he physical characteristics of the dist B ( rock mass which wil
exist immediately around any underground openi will be unknown unt
after construction and may be significantly different from the
turbed rock mass. This is especially related to the overstressin
OCCurs during excavation, and which Xw}ts to additional

intact rock and creation

tional disco
may be dewatered and exposed to conditio
alteration, The differences in the physical char

the response characteristics, may be significant be

d1cHd [ — PR nae 1 \ o - c 1
:,“rgf"] roc I C 3 | :P’ i ‘J‘"‘_'
p

ion, these dif

they Ca

"7’? g,‘»..m‘jt_; ~ F each response h"j"j!",-""
P 1 T« A 11 1akla -~y 1A
interpretation of a avaliabie nfgrmation, 1,

e T eSS
adgrton the 1nherent ncertaint

4 y

S

b
1
|




characteristic due to this interpretation, there will be some unknown
natural variability throughout each rock mass unit, The level of

uncertainty in the assessment of each characteristic will be related
to:

e Range in physicall ossible values. Absolute upper and lower
bounds on %ﬁe value of each characteristic can be set by physical
laws, e.g., shear strength, thermal conductivity, and hydraulic
conductivity have lower bounds of zero., The larger the range
between the upper and lower bounds, the larger the ggtential uncer-
tainty is in the assessment of a given characteristic.

® Natural variability. There will exist some natural variability
throughout each rock mass unit. This variability causes a residual
uncertainty in the estimate of each characteristic, even for an
ideal data base. The larger this variability, the larger the
residual (or minimum possible) uncertainty,

e Quality of data base. The data base must contain sufficient infor-
mation to draw conclusions regarding Lhe mean value and natural
variability of each significant characteristic. Thus, the data base
must be sufficiently large, and the correlation between each data
point and the actual value must be high. This correlation will be a
function of random errors and/or systematic errors (or biases) in
the determination of each data point., These errors, in turn, are a
function of:

- Representation of the material by the sample. The physical
characteristics of the sample tested may be different than the
rock mass unit of interest, e.g., due to scale problems,
sampling disturbance, or a change in pore fluid. Also, the
physical characteristics may change with time, e.g., as
alteration or solution occurs. In the case of the potential
disturbed zone, the physical characteristics are a function of
the excavation procedure. Where a numerical model is used to
represent the coupling of individual components of a rock mass
unit, there will be additional uncertainty in the derived data
point,

- Representation of the environmental conditions by the test. The
test may not establish the complete relationship between the
response characteristic and all of the environmental conditions.
For example, one of the environmental conditions (e.g.,
temperature) might be held constant as the others are varied.
If the characteristic is sensitive to that variable, then there
will be significant uncertainty in the resulting assessment.

- Accuracy in individual test results. The results of each test
will have some inherent uncertainty due to possible measurement
errors/ biases and assumptions/interpretations in the analysis.
With care, this uncertainty can often be significantly reduced.

a4




tween
e betw

c far
ranges
+




Rev

Dete 70 #C

Dwg No #0378

PROBABILITY DISTRIBUTIONS

FOR RESPONSE CHARACTERISTIC (EXAMPLE)
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UNCERTAINTY IN ESTIMATION
OF VALUE OF CHARACTERISTIC

Figure 3.4
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of volume Il, Table B-2). The distinctive features of the site
include:

e Relatively complex geology (flow structures)

e Potential for tectonic activity

e High horizontal in situ stresses

e High in situ temperatures

® Proximity to a major water resource

e Highly fractured rock mass, especially vertical cooling joints; the
intact rock is relatively strong, brittle, abrasive, impermeable,
and thermally conductive, but the fractures dominate rock mass
strength, stiffness, hydraulic conductivity, effective porosity and
adsorption/retardation (similar to granite, see Section 3.4.2.5).

3.4.2.2 Tuff

In accordance with the previously described basis (see Section 3.4.1),

the present assessment of characteristics of the site in tuff at Yucca

Mountain at the Nevada Test Site has been accomplished (see Appendix B

of Volume II, Table B-3). The distinctive features of the site
include:

o Relatively complex geology (flow structures)
e Potential for tectonic activity

e Deep water table

e Very porous fractured rock mass; the rock mass i1s relatively weak

and may have high hydraulic conductivity, although it may be highly
adsorptive

e Susceptibility of rock to alteration, especially with elevated
temperatures.

3.4.2.3 Domal Salt

In accordance with the previously described basis (see Section 3.4.1),
the present assessment of characteristics of the potential sites in
domal salt along the Gulf Coast has been accomplished (see Appendix B of

Volume [I, Table B-4)., The distinctive features of these sites
include:

¢ Relatively complex geology (folding)
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PROCESS OF EVALUATING SIGNIFICANCE

OF CHARACTERISTICS FOR IN SITU TESTING

Figure 3.5
AS THEY RELATE TO DESIGN
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If there is a significant relationship between the characteristic
and the performance criteria, further evaluation is required.

(2) Can anything significant be learned regarding this characteristic
during the in situ test program?

In other words, can the uncertainty in the assessment of the
characteristic be potentially reduced in a cost-effective manner
subsequent to the initial SCR submittal and prior to license
application (LA)? [If nothing realistic can be done, then the
characteristic is determined to be significant, but not for in situ
testing. For example, this might be because either:

(a) there is no test available to better assess the characteristic
during the in situ test program

(b) there is low uncertainty in its present assessment.

If the uncertainty in the assessment can be realistically reduced,
further evaluation 1is required.

(3) Does the in situ test program, as it pertains to the assessment of
this characteristic, result in a large reduction in the uncertainty
in predicted performance, as required for a demonstration of
compliance with the performance criteria?

In other words, does the predictive model used in performance
assessment and demonstration of compliance with the performance
criteria adequately represent the real world and also is that model
sensitive 'to the characteristic? [f the model is very
representative (i.e., has low uncertainty) and is also highly
sensitive to the characteristic, so that the in situ test program
results in a major improvement in the performance assessment, then
that characteristic is determined to be of major significance. If
the model is only moderately representative and/or only moderately
sensitive to the characteristic, so that the in situ test program
results in only a moderately better performance assessment, then
that characteristic is determined to be of moderate significance.

Characteristics with major significance need to be assessed with
relatively low uncertainty and should have highest priority for in situ
testing., Characteristics with moderate significance can be assessed
with greater uncertainty and should have next highest priority for in
situ testing. Characteristics with minor significance can be assessed
with relatively large uncertainty and should have low priority for in
situ testing., Characteristics which are significant, but cannot be
assessed during in situ testing must be assessed with relatively low
uncertainty subsequent to repository construction.

The maximum acceptable level of uncertainty in the prediction of each
characteristic which will sufficiently resolve the key issues (Table
3.1) has been subjectively assessed (see Table 3.3) based on experience
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ACCEPTABLE LEVEL OF UNCERTAINTY
IN THE ASSESSMENT OF EACH CHARACTERISTIC Table 3.3

Moderate




and a particular licensing perspective, especially regarding the
acceptable level of confidence in satisfactory performance (see
Preface). However, until the sensitivity of performance to all system
components ’including site characteristics) has been determined and the
licensing perspective clarified, these maximum acceptable levels of
uncertainty in the prediction of each characteristic can be considered
as qualitative indicators only, Also, the significance of character-
istics is not independent of the magnitude of tne characteristic value,
of each other or of the media.

The significance of the various characteristics, specifically as they
relate to short- and long-term performance, has been determined
utilizing the above procedure (Figure 3.5) for each of the media/sites
under consideration. This assessment of significance is thus based on
the present assessment of media/site specific characteristics (including
magnitude and uncertainty) (see Section 3.4 and Appendix B of Volume
II), and also the perceived reliability of models, general test
capabilities, and sensitivity of performance to each characteristic.

3.5.2 Media/Site Specific Evaluations
3.5.2.1 Basalt

The significance of the characteristics, as they relate to the short-
and long-term performance criteria, has been evaluated for the site in
basalt at the Hanford Reservation in Washington (see Table 3.4). This
evaluation has been based on the previously discussed procedure (see
Section 3.5.1), the present assessment of characteristics (see Section
3.4.2.1 and Appendix B of Volume II, Table B-2), and experience.

3.5.2.2 Tuff

The significance of the characteristics, as they relate to the shert-
and long-term performance criteria, has been evaluated for the site in
tuff at Yucca Mountain at the Nevada Test Site (see Table 3.5). This
evaluation has been based on the previously discussed procedure (see
Section 3.5.1), the present assessment of characteristics (see Section
3.4.2.2 and Appendix B of Volume II, Table B-3), and on experience.

3.5.2.3 Domal Salt

The significance of the characterisitcs, as they relate to the short-
and long-term performance criteria, has been evaluated for the potential
sites in domal salt along the Gulf Coast (see Table 3.6). This
evaluation has been based on the previously discussed procedure (see
Section 3.5.1), the present assessment of characteristics (see Section
3.4.2.3 and Appendix B of Volume I, Table B-4), and on experience.
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SIGNIFICANCE OF CHARACTERISTICS
FOR IN SITU TESTING AS THEY RELATE TO DESIGN Table 3.4
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SUADASTED rrprae LIACY AOAMTA TMME
CHARACTERISTICS WASTE CONTAINMENT
see Table 3.1 COHSTRUCTION/QPERATION ISOLATION
B Bt A STV EN
GEOLONGIC SE ING
o iy S
ectonic
‘ SR———
In 1t strece hvdr 143¢ head nd
i S1TU Stress, Y au 3 3
temperature fields
A
RESPONSE
f adtbion =g
MECHANICAL)
V"VY 3Lh D -
’3; r"a' on D
ﬁ prp————"
reen L -
P
O Enei
| S W
v - F
hermal conductivity E i E i
ya. t., i' .' D
b | "
Linear thermal expansion E:} E:
4" i nCI1C
CROL
% -~ -~
(e |
Effective porosity Lo [::::]
SRIGEERS. S0r B £
CArUEIIT A
1.3 t 1ICAL
P— PR
1 ner<y 1t Qe
vyispersiy g
e ———ee
[—
Adsorption/retardation 4 -
-
A teration/so i 14 - b ,71
A 10 Jo y el g
- |l i

*Includes the physical and chemical characteristics of each rock mass unit
(including pore fluid composition)

- Characteristic with major significance
[::::] Characteristic with moderate significance

¥~ Characteristic with minor signifi 2

Lharacteristic is significant, but not durina in situ testina

L
1gniticance of “nNAara 'ar‘ﬁ“ ~Na ‘* ert V | oval at i r rhe
process i iIStrated in Figqure 3 and discussed in Section 3.5




SIGNIFICANCE OF CHARACTERISTICS

FOR IN SITU TESTING AS THEY RELATE TO DESIGN Table 3.5
(TUFF - YUCCA MOUNTAIN, NEVADA)

PERFORMANCE CRITERIA

SHORT-TERN LONG-TERM :
(up to 100 years) (100-10,000's Years)
CHARACTERISTICS WASTE CONTAINMENT/

(see Table 3.1) CO'STRUCTION/OPERATION 1SOLATION

GEOLOGIC SETTING
Stratigraphic/structural®

Tectonic

In situ stress, hydraulic head and
temperature fields
RESPONSE
(MECHANICAL)

Strength

Deformation
Creep

( THERMAL)
Thermal conductivity

I

Heat capacity

Linear thermal expansion
( HYDROLOGIC)
Hydraulic conductivity Lo
Effective porosity A
Specific storage
(GEOCHEMICAL)
Dispersivity -
{ .
§‘§ | Adsorption/retardation ',A
- Alteration
! *Includes the physical and chemical characteristics of each rock mass unit
sy (including pore fluid composition)
Ty Y - Characteristic with major significance
.
s Characteristic with moderate significance
| ‘ [~ Characteristic with minor significance
oy o ’
- §3 [:::::] Characteristic is significant, but not during in situ testing
BER|
:v Note: Siqnificance of characteristics was subjectively evaluated using the
: .\¥ process illustrated in Fiqure 3.5 and discussed in Section 3.5.1.
Ll
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SIGNIFICANCE OF CHARACTERISTICS
FOR IN SITU TESTING AS THEY RELATE TO DESIGN
(DOMAL SALT - GULF COAST SITES)

P rEERTETYAC
FHARA FP1S 5

LW

Table 3.1)

RESPONSE
(MECHANICAL)
Strength

Deformation
Creep

o177

ne KA

Thermal conductivity

L

thermal expansion

*Includes the physical and chemical characteristics of e )ck mass unit
(including pore fluid composition)

Characteristic with major signi
Characteristic with moderate sig
cteristi

teristic




2.4 Bedded Sa

The significance of the characteristics, as they r ‘ the short-

)
and long-term performance criteria, has been eval )r potential
sites in bedded salt (see Table 3.7). This evaluat s been based on
the previously discussed procedure (see Section 3.5.1), the present
assessment of characteristics (see Section 3.4.2.4 and Appendix B of
Volume II, Table B-5), and on experience.

2.5 Granite
The significance of the characteristics, as they rel
"

and long-term performance criteria, has been evaluate
sites in granite (see Table 3.8). This evaluation has

v
previously discussed procedure (see Section 3.5.1 the present
assessment of characteristics (see Section 3.4.2.5 and Appendix B of
Volume [[, Table B-6), and on experience.




SIGNIFICANCE OF CHARACTERISTICS
FOR IN SITU TESTING AS THEY RELATE TO DESIGN
(BEDDED SALT - UNSPECIFIED SITE)

1%

|
|

temperatu
RESPONSE

MECHANICAL)

Linear thermal expansion

VAR AT e
MY
- SRR

J - b | -~ -~ ~ 1 s
Hydraul1C conductivity

1000 K00 OU0

=
e
amm
]
3

Effective porosity

Specific storage

-
W

@1

01 |

-

Dispersivity

Adsorption/retardation
.

Solut

*Includes the physical and chemical characteristics of each rock mass
(including pore fluid composition)

Characteristic with major significance
-‘hzlra*‘ y

Charac

]

Dwg Mo L3 a2l
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SIGNIFICANCE OF CHARACTERISTICS

FOR IN SITU TESTING AS THEY RELATE TO DESIGN Table 3.8
(GRANITE - UNSPECIFIED SITE)

PERFORMANCE CRITERIA

SRORT-TERT TONG-Tem™

(up to 100 vears) (100 tc 10,000's Years)
CHARACTERISTICS WASTE CONTAINMENT/
(See Table 3.1) COMNSTRUCTION/OPERATION 1SOLATION

GEOLOGIC SETTING
Stratigraphic/structural®

Tectonic

In situ stress, hydraulic head and
temperature fields
RESPONSE
(MECHANICAL)

Strength
Deformation P |

Creep

ey
I
fad

e
e
waw

(THERMAL )
Thermal conductivity

i § I .
\

Heat capacity

Linear thermal expansion

( HYDROLOGIC)
Hydraulic conductivity

Effective porosity

Specific storage

wa
1 ]
1 —

( GEOCHEMICAL )
Dispersivity
¢ g Adsorption/retardation
s Alteration/solubility
v
i1 *Includes the physical and chemical characteristics of each rock mass unit
NS Y (including pore fluid composition)
ew
; - Characteristic with major significance
-
°| Characteristic with moderate significance
'J b~ ~4 Characteristic with minor significance

Characteristic is significant, but not durina in situ testing

Note: Significance of characteristics was subjectively evaluated using the
[¥ process illustrated in Figure 3.5 and discussed in Section 3.5.1.
60
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4.0

.1 EXISTING REPOSITORY-REL

4.1.1 Significance of Existing Pro

The DOE site screening/selection program is progressing rapidl)
1.1). In situ test plans have been or will be developed b
their contractors) for responding to the perceived information
only in a generic sense, but
consideration. [n addition,
planned for various media to
certain aspects of predict

facilities have generall)
site characterization pu

The existing site specific s it t programs and media spec

facilities (see Table 4.1) have bes identified (see Appendi
Volume II) although they are subjec 0 update and revision, The
ation of these existing programs is not wi 2 scope of this s
However, these programs serve as mp 1 ) t has been conside
others to be appropriate for respondinc ) 'd informatio

These existing programs also identif me  ay le test methods.

4.1.2 Existing Media Independent Programs

A generic in situ test program has been developed
1981), anc summarized in “NWTS Program Strategy and
Development of Test Facilities at Candidate Reposito
8, 1982).* This program is subject to update
presently consists of the following facilities (see

» Exploratory shaft
- Phase | to determine
evaluation facility
Phase
At -depth
® fest and

The TEF, and its assoc
and thus have not been

A variety of tests (see

these facilities in order t )
tests are subject to update and

*F . E. Coffman, DUE




PRESENT STATUS OF SITE SPECIFIC IN S'TU TEST
PROGRAMS AND MEDIA SPECIFIC TEST FACILITIES

Table 4.1

i

MEDIA

BASALT

TUFF

DOMAL SALT

BEDDED SALT

GRANITE

SITE SPECIFIC
IN SITU TEST PROGRAM PLAN

Cold Creek Syncline at
Hanford, Washington.

Yucca Mountain at
Nevada Test Site,

None.

None.

(Although Waste Isoiation
Project Plant-WlPP in
Carlsbad, New Mexico is
an example)

None.

MEDIA SPECIFIC
TEST FACILITIES

Near Surface Test Facility
at Hanford, Washington.

G-Tunnel at
Nevada Test Site.

Conceptual Experimental
Test Facility in
South Texas.

Avery Island Mine in
Louisiana.

Asse Mine in
West Germany.

Conceptual Experimental
Test Facility in
West Texas.

Carey Salt Mine in
Hutchinson, Kansas.

Project Salt Vault in
Lyons, Kansas.

WIPP in Carlsbad,
New Mexico

Stripa Mine in
Sweden,

Colorado School of Mines
Experimental Mine
in Colorado.

Climax Stock at
Nevada Test Site.

UKAEA at Cornwall,
England.

Underground Research
Laboratory for AECL in
Manitoba, Canada.

Note: This status is as of November 1982, and is subject to update and revision.
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Allow decision o Geotechnica) design Verification of waste

suitability for otimization and { handl ing, emplacement,

repository verificatron data and relrieveal technology
for repository and procedures

Geotechnical design (not site-specific)

» : . . ’ el ing technology | s e

- thermal response |

EF (selected site |

thermomechanical responsel

nl | exposure
vl excavation methods w

verification data for
Data base for occupational

ground control
Provide information e, Verification of ventilation
2 | water control
necessary to finaliz system design
R submittal
txpanded verification
oy a Verification of instrusentation

feren to
of Reference Repository and control system design

conditions
Evaluation of equipment

performance

Develop scaling factors to
full repository

Develop operational procedures for
both routine and abnormal operations

S3ILITIOVL LS31 NLIS NI 40 S3AILO3ra0 SLMN

Operator training and certification

Reduced uncertainty in design
bases

These objectives are sub ) 0 update and revision

from "NWTS Program Strateqgy and Guidelines for » Noye looment of Test Facilities
at Candidate Repository Sites” (January B, 1¥82) by F.E. Coffman, DOE-Washington,
D personal mmunication to J.B. Martin, NRC-Washington, D.C., January 28,

1982

¢’y 3Iqe)
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ST METHODS AVAILABLE

[ TF X <
LCHAKALTERISTILS

There are typically a variety
the previously identified sign
3

These methods can be general

Surface tes
Borehole tests
Laboratory tests
[n situ tests.

ts

v

he test methcds within each

sess each significant

4), based on experience

test programs (see Sectio

relatively comprehensi
onstrued that

of appropriate

informat ion needs

as
4,

)
/I »
+

recognized that
) assess the
dn underground
and whose
Zone's character
to assess the response
erformed on samples
11 exist in the
obtained from

exca




TEST METHODS AVAILABLE FOR ASSESSING
SIGM!IFICANT CHARACTERISTICS

Table 4.4
of 4
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grffraction
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TEST METHODS AVAILABLE FOR ASSESSING
SIGNIFICANT CHARACTERISTICS

exposure
flat

ate test
0 ar test
5 k test
hamber t
®onitor

MONILtor stress ohan
shear test o mass after excavat
Ayt $amp £ monitor displacement

mass after excavat
mnitor displacement
core observation exposure after excava
monitor deformations mONItor stress
a3 stress religved "

oring Ja
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Dwg No 18

¥
TEST METHODS AVAILABLE FOR ASSESSING
Table 4.4
SIGNIFICANT CHARACTERISTICS
3 et 4
HARACTERISTIC AVAILABLE TEST METHOD (see notes() at end of Table
‘see Tabie ] ¥ ce] _ LABORATORY 1 from subsurface e«cazation)
HYDOR 34
v rock mass sampling (50 o index tests on rock > rock mass pling (Sb
2 y (8 gecphysical we sample (9 0 geophys e logging (4
ffective porosity (8 logging 0 axial pe~meability 0 permeability test (sinale
oecif storage (8 0 permeadility test test on rock core borehole) (w/or w/o heateo
single borehole w/or w/o heat, water 4,.15)
15 stress 10a,15) o multiple borehole permeadility
o muitiple borehole 0 radial permeability test (w/or w/o heated water
permeability test test on rock sample 4,15
15 w/or w/o neat, 0 block test w/myitinle borehole
D monitor borehoie stress)(10a,b, 1% permeability test (w/or w/o
nflow (7 heat, stress
0 chamber test (w/or w/0 heated
water 15
0 monitor drainace nto excavatior
and pore pressure in rock mass
0 monitor borehole drainage (4.7
e 5 rock mass sampling (5b) o determination of » rock mass sampling (Sb
pers v o groundwater sampling (Sa groundwater sample 0 groundwater
Agsorption o tracer test composition and age samplina (4 5a)
2 3 0 tracer test om rock o tracer test (w/or w/o heated
sample (w/or w/o heat, water 4
stress 10a.b o block test w/tracer test
o determination of (w/ or w/0 heat, stress
rock sample 0 chamber test </tracer injection
mineralooy and sonitoring (w/or «/0 M ated
water)
Alteration €0 mapp ing rock mass sampling (5D 0 determination of 0 exposure magping
L 0 sampling(Sa) ground o rock mass sampling (5b
stability of compos o groundwater sampling (4, 5a)
o core logging o heater test (larce scale
¢ determination of 0 chamber test (w/or w/o heat
rock sample mineralogy o monitor alteration/solutioning

slaking or
accelerated

weathering test om rock
(w/heat, stress
solubility test on rock
w/or w/o heated

water

monitor alteration

solutioning of rock
sample

of exposures
sanp le

samp v




TEST METHODS AVAILABLE FOR ASSESSING Tabia 44
SIGNIFICANT CHARACTERZTINS avie 4.

4 of 4

subsequent ab
ring or arge

response characters s refer to the rock mass
se haraclerst $ Can De assessed either

y y testing 2 rge sca'e sampie which containg

reCl'y Dy separate!y assessing the response character

assembiing Dy & mode Hence, the rock mass response

the characteristic directly, bdut by

x test whose resyits an De

ingex tests, with varying re

y the 2
note B

Because of

ve

mass rather than

for example

orsional shear
shear test




Estimate based
conditions

on

[nterpretation the

Interpretation the

(4) Interpretation the

(5) Interpretation
simulations.

The differences in
between the various
data generated:

. +
test

¥ Surface t
disturbanc
have the f

sts,

e
e
J

owing

characteristics

typical

uncertainty in t
me

although testing

assessed at

] values for similar materials and

results of surface tests

results of borehole or laboratory tests

results of in situ tests

monitored response of prototypes or prototype

= mer characteristics
u

n
thods are due primarily the quality of the

LHIUUD

material wi

t
and under existing environmental c
] limitations:

the surface must

depth with significant uncertainty

characteris
than the
interpreted
conditions.

re

Lat wve

poor

volume of rock mass, which is often larger
volume (i.e., nonhomogeneous), are often

resolution and no range in environmental




significant disturbance of
hange in environmental
dessication.

situ tests, although testing a
place, generally have the foll

repr
in

ow

some minimal disturbance of the samp!
instrumentat ion ‘ns* l1lation

limited range of environmental
evaluated.

variables e Sect i .2.1) which can be
the available ) ) 3\ been identified

on standard t ‘ learly,

y assess a characteri ic, a t method must be
those assessment variables which that characteristic
3.2).

potential minimum level of uncertai
significant characteristics by the
thus been SJD*eF'ive‘y evaluated
resulting quality of the data:

General sample esen a"vﬂﬂpss

epr
Applied range in environmental condit
eliab

Typical test ility.
Clearly, however, the sample representation and test reli ability are not
necessarily media/site independent. Also, the level of uncertainty
not independent of the absolute magnitude of the value measured, i.

est may be appropriate for a given range of values only and

naccurate outside of that range. Other factors,
possible values, natural «arvab11‘:y, and size
impact *no level of uncertai

ytential minimum level

eristic by various
litative indicatio

METHODS AVAI

As previously discussed, rather than
assessing certain characteristics,
Key issues by appropriately
repository. ne 1n situ test fac

construction and operati

in tho * 0 | 1 3
(ne extirapoiation of
+

b ach £ ar 1 . - + A \ .
.est faciiity) to the prototype

> - -~ o~ ~ - 1 ) -
the degree of similarity between

P L -~ o > 1 -~ -~
dnd the uncertainty thus reduced
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LIMITATIONS AND UNCERTAINTY IN

ASSESSMENT OF SIGNIFICANT CHARACTERISTICS Table 4.5
BY AVAILABLE TEST METHODS 1of 9
TEST ASSESSMENT
VARIABLES
UNCERTAINTY [N
RANGE N ASSEeewer = pp
ENVIRONMENTAL N vt
CONDITIONS WARACTERISTIC™
¢ CHARACTERISTICS
3 el g ASSESSED BY l
—_ -
4 %3]t TEST METHOD .
Sl=gl=(f[2|8 (see Table 4.4) S |st |2
2lelSlB|®lgls - el -
| - =l Vvl w - b >
TEST METHOD HEHER ik H TR
{See Notes ( ) at end of Table)] €| 1| S| |6 |~ & ' S
: - st ! <1 In situ hydraulic 4
= Hydrologic mapping = X field 4
Al
§ Geologic mapping (1) | @) =| e e|=]1 Stratigraphic/structural 4
; - 9| ®| = = = = Tectonic -~
—
v
— Surface geopiysics (2) =| ®|=]=|=|=]| =] Stratigraphic/structural i
§ -~ o @ =|=|=| =] Tectonic m
E4 ®| e X|X|X|X|=| Deformation -
"2}
L Seismic monitoring -| @|X|=|=|=|=] Tectonic
Cutting evaluation | X|==| =|==|=| -} Stratigraphic/structural {
Corenoles (3) - @|=| =|=| ==} Stratigraphic/structural {
Rock mass sampling (5b) - Q|| |- -] (Pore fluid composition)
(see laboratory tests) 0[O|=0|=|=|=] In situ stress field
_ o|X|o|ojo|0 =] Strength
é o|Xlae|olo 0| ={ Deformation
- =|=10|0|=|O0|=) Creep/fusing
?_ 0|0|= {0!=|0|=] Thermal conductivity
":‘ ||| =] =l 0| =] Heat capacity
- 0|O0|=|0|=|O0|=] Linear thermal expansion
g o X|=|0| 0| 0|={] kydraulic conductivity
§ =|X|=|=l0|0|=] Effective porosity
= - X|=|=l0|0 =] Specific storage
O X|=!=|=|0|0] Dispersivity
0| X|=|=|=|0|0] Adsorption/reti-dation
-lo|lo|=|0|0 0] Alteration/solubiiity
Groundwater sampling (5a) oo o it St oy ot Y (SA0R Tiwte Camponstion
(see laboratory tests) X{X|=|=|=|0]|0] Dispersivi‘y
X| X|=|=|=|0|0] Adsorption/retardation
-l0|X|{=|X|0|O0] Aiteration/solubility

**Note: This is only a qualitative indication of uncertainty in the assessment cf
each characteristic, due only to quality of .the data base which will be
media/site specific and a function of the magnitude of the value measured

(see Figure 3.4).
T2
i<




LIMITATIONS AND UNCERTAINTY IN

ASSESSMENT OF SIGNIFICANT CHARACTERISTICS Table 4.5
BY AVAILABLE TEST METHODS 2 of ©

TEST ASSESSMENT
VARIABLES

RANGE 1IN
ENVIROMRENTAL
COND!ITIONS

R
4
4

pY
Scale (Rep. Volume)
o
r

4 > B
o)
) =3
w

m
X

§ © >

-4 MmO
w
m
o

m wn
v wm
£ U
m

) |

)

L

——————

Duration

w
3]
(o
-
o
o
3+
£

Radiation Dos¢

Stress level

Anisotro

Pore Pressure
Temperature
Very High

High
Moderate

TEST METHOD
(See Notes ( ) at end of Table
|
| Geophysical wel

4

1

logging

Hydraulic

Rsepnan——

| Effective

i

> X X
|

X X X

-

Specific storage

>
|
>

Geophysic/seismic | =1 Stratigraphic/struc
(x-hole, surface-borehole) -
Deformation

L

Borehole jacking In situ stress

1 1 | ~
(10a) ! Deformation

Overcoring | | [ stress fiel

.Hydrofracturing (16) (o] stress fiel

Hydraulic conductivity

|

|

i

!

1

L

g Permeability test

| (single borehole) (15)

Effective porosity

® * 0
>xX X X

—

|
[~
| Multiple borehole

| permeability test (1%)

Specific storage

fective porosity

L ]
> X X

Specific storage

—-

Tracer test Dispersivity

(BOREHOLE TEST METHOD)

» X

Adsorption/retardation

{
Thermal probe (single
| borehole small scale
heater test) (10a)

“Hl“lll[llll-l

Heater Test (x-hole
small scale)

Acoustic emission
monitoring

| Monitor pore pressure

Monitor temperature

| Monitor borehole inflow

(7)

-

Monitor stability of borehole @ =)

**Note This is only a qualitative indication of uncertainty in the asse
each characteristic, due only to quality of the data base which will be
media/site specific and a function of the magnitude of the value mea
(see Figure 3.4)

essment f

ured

Dweg Mo A% .42
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LIMITATIONS AND UNCERTAINTY IN
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ASSESSMENT OF SIGNIFICANT CHARACTERISTICS Table 4.5
BY AVAILABLE TEST METHODS 30l 9
TEST ASSESSMENT
VARIABLES
UNCERTAINTY [N
Ev IROWENTAL ASSESSVENT OF
CONDITIONS nARACTEPISTIC™
g CHARACTERISTICS
2 | el g ASSESSED BY ]
= e s é ; - TEST METHOD
8l gl=-|12518 (see Table 4.4) & s z
JERERERINE. | - o4 23l 12
EST METH ;3;:;%2 ;;'1?18:
(See Notes ( ) at end of Table) | €|V [{S|w |8 |= & i o] Bl sl

Core observation = B i . fiel |
(stress relief, core X{X . i SO ST e Y
discing)

Core Togging ~!@|=|=|=|=!=] stratigrapnic/structura) l i

|
—1ofo{=|[X[{X|X] Alteration/sclubility { |

Ontarninstios of reck =|O|=|=|=|=|=] Stratigraphic/structural y |
sample mineralogy ; ) {

(thin section, x-ray X|{X|=|=|=|X][X] Dispersivity by
diffraction) X!X|=|=!=1X|X] Adsorption/retardation -
-|olol={X[{X|X] Alteration/solubility - 4‘

Hydrochemical analysis Y ) [ [y : ) -
g,rggc:m;‘mp,‘ y (Pore fluid composition) 1

Determination of ground- e e | b o | A (Pore fluid composition) 4

| water sample composition )

» | and age X|X]=|=|=|X]|X] Dispersivity "

_§_ XIX|=|=|=|X|X] Adsorption/retardation 4
S - | o|X|=|X|X X | Alteration/solubility 4 :

E Index tests on rock o X | X|X|X|X|=] strength -

- sample (9)

g O|X | X{X|X|X|=] Deformation -

- O/X!|=|X|X]|X|=] Hydraulic conductivity -

g =|X|=|=|X|X|=] Effective porosity —

- = | X|{=|=|X|X|=] Seecific storage -

Sonic velocity on rock i = ‘ i
core (with or witheut o|X!X!le|X]|X Deformation - |
stress) (10a) i {

"Simple strength tests T o .

on rock sample (10a) OIX XX XX Siewgts B

Unconfined compression = 1
test on rock cere (with or |° | X[ @[ X |X |0 S "
without heat) (10a) o |X|o|0|X[0|=] Deformation i1 |
long term (with or ;. it Fund 1
without heat) (10a) el o Creep/fusing Y 1
with heat (10a) 0|of(=|0|=®|—=] Thermal conductivity |

=1=|=1=[=|®| ] Heat capacity —
Ojo|=|0|=|® | =] Linear thermal expansion « ‘

**Note: This is only a qualitative indication of uncertainty in the assessment of
each characteristic, ague only to quality of the data base which will be
media/site specific and a function of the magnitude of the value measured
(see Figure 3.4).
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LIMITATIONS AND UNCERTAINTY IN

ASSESSMENT OF SIGNIFICANT CHARACTERISTICS

BY AVAILABLE TEST METHODS

Table 4.5
4 ofi §

ENV I ROMMENTA,
CONCITION

4

Yolume)

S G
.
| |

TEST METHOD
L2ee Notes at end

Stress level
Pore Pressure
femocrature -
Radiation Doss

lnvso(vup,
Scale (Rep

Duration

- af Tab)

TICS

CHARACTERISTICS
ASSESSED BY

WEw Al
TEST METHQD

(see Table 4.4)

Very High
Moderate

L ow

Very_lou

Triaxial test on rock
core (with or without
heat) (10a, b)

® 0
> X
o o0
0o 0

Strength

Deformation

/0 O
eie »

long term (with or
without heat (10a)

Creep /fusing

S /
with heat (10a)

Thermal conductivity

Heat capacity
Linear

thermal expansion

True triaxial test
large rock sample
or without heat)

on
with
10a,b

Deformation

long term (with or
without heat) (10a

Creep/fusing

Qirect shear test on
discontinuity sample
with or without heat
(10b, 14

Strength

Deformation

long term (with or

without heat) (10b, 14)

C-eep /fusing

| Heated rock sample (10a)

(LABORATORY TEST METHOD)

 —

Thermal conductivity

Heat capacity

Linear thermal expansion

Axial permeability test
| on rock core (with or

without heat, stress
 (10a, 15)

Hydraulic conductivity
Effecti

Specific

ve porosity

storage

| Radfal permeability test
on rock sampie (with or
heat, stress

15

without
10a, b, )

Hydraulic conduct

Effective

porosi

Specific storage

test on rock
with or without
stress 10a, b)

Tracer
sample
heat,

1spersivity

dsorption/retardation

Slaking or accelerated weath-
ering test on rock sample
with heat, stress)

Alteration

Solubility test
sa e (with or
without heated water

on rock

Alteration

**Note This is only a
each character
medla/site

see Figure

Jua

ot

5L
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LIMITATIONS AND UNCERTAINTY IN

ASSESSMENT OF SIGNIFICANT CHARACTERISTICS Table 4.5
BY AVAILABLE TEST METHODS S of ®

TEST ASSESSMENT

UNCERTAINTY N
£ (ROSNNTA ASSESSMENT OF

CLDITIONS HARACTERISTIC™

CHARACTERISTICS
ASSESSED BY
TEST METHOD

(see Table 4.4)

ey
———

Pore Pressure

Temperature

S E———

Radiation Dose

o
[

Anisotropy

Scale (Rep. Volume)
Stress Level

Very High

Duration
Moderate

See Notes

Monitor alteration
solutioning of rock sample

»
.
>
»
>

Alteration/solubility

Exploratory excavations | | Stratigraphic/structural

Exposure mapping { | Stratigraphic/structural

Alteration/solubility

Index tests on | ' ' Strength

exposure (9
oo Deformation

Corehcies (3, 4) | - - Stratigraphic/structural

Rock mass sampling (Sb) ; ‘ Stratigraphic/structural
(see laboratory tests) , =

Pore flyid composition)
In situ stress field
Strength
Deformation
Creep/fusing
Thermal conductivity

Heat capacity

Linear thermal expansion

144 N - " *
Hydraulic conductivity

Effective porosi

.J

(IN SITU TEST METHODS )

Specific storage

0O 00 0 000 00 O0O0O0OOD0O0

Dispersivity

Adsorption/retardation

Alteration

Groundwater sampling (4, e | Pore f1
5a) (see laboratory tests

Dispersivity

Adsorption/retardation

Hydraulic conductivity -
Effective porosity -

Specific storage -

|

i

his nly a Iitaty ) cation of uncertainty In the assessment gf

each characteristic, on 0 quality of the data base which will be

media/site spec fig tion the magnitude of the value measured
see Figure 3.4




LIMITATIONS AND UNCERTAINTY IN
ASSESSMENT OF SIGNIFICANT CHARACTERISTICS Table 4.5
BY AVAILASLE TEST METHODS 8 of 9

RANGE 1N
ENY IRONMENTAL
CONDITIONS

Radiation Dose

TEST METHOD

(S uu

See Notes ) at end of Table

Pore Pressure

Anisotrop
Duration
Stress level
Temperature
Very High
High
Moderate

L ow

Geophysic/seismic
(x-hole, exposure-
borehcle)

Py
® o] Scale (Rep Voluﬂr?

Stratigraphic/structural

Deformation

-
>

Exposure geophysics
radar screening

Stratigraphic/structural

Deformation

Borehole jacking (4
10a

In sity stress field

Deformation

| —

| X X

Overcoring (4

—

Hydrofracturing (4)

In sity stress field

o

In sity stress field

1

Permeability test
(single borehole with
or without heated water)
(4, 15)

Hydraulic conductivity
Effective porosity

Specific storage

Multiple borehole
permeability test
with or without

heated water) (4, 15)

Hydraulic conductivity
Effective porosity

Specific storage

Tracer test (with or
without heated water
(4

Dispersivity

Adsorption/retardation

O 0/0o 0o 6jO0o 0 O

o

Thermal probe (single
borencle small scale
heater test 4, 10a

Heater test (x-hole
small scale) (4)

Heater test
large scale

(IN SITU TEST METHODS)

[+

Thermal conductivity

Heat Capacity

ll — ]HH[ lll[“ll

I x

capacity

<

Linear thermal

C O (0|0 »

o

uncertainty 'n the assessment of

of the data base which will be

the magnitude of the value measured




LIMITATIONS AND UNCERTAINTY IN

ASSESSMENT OF SIGNIFICANT CHARACTERISTICS Table 4.5
BY AVAILABLE TEST METHODS

TEST ASSESSMENT
VARIABLES

RANGE TN
ENVIRONMENTAL

CONDITIONS

g

.

———

Scale (Rep. Volume)

Stress lLeval

Temperature

Radiation Dose

Pore Pressure

- —
TEST METHOD
See Notes ! at end of
Block test
(with or without heat)

Anisotropy
Duration
Moderate

- N

able

Qeformation

p——

*
o
o
L3
>
o
L

}
:

¢

long term (with or
without heat)

Creep/fusing

1
l

with heat (with or
without stress)

.
o
|

o

Thermal conductivity

-
|
|

Heat capacity

Linear thermal expansion

with multiple bore-
| hole permeadi.ity test
(with or without heat,
| stress)

Hydraulic conductivity

Effective porosity

Specific storage

3

r’-vth tracer test (with

Dispersivity
or without heat, stress)

Adsorption/retardation

Pillar test (with or

Strength
without heat 12)

Deformation

© 0/l0 0j]0 0 0| 0O
|
00600000...

long term (with or
without heat (12

&0 O

Creep /fusing

with heat (12 =l o | Thermal conductivity

Heat capacity
Linear thermal expansion

| ——

| Mine-by test

Strength

Deformation

—_———
> X

(IN SITU TEST METHODS)

Creep /fusing

—

olo © 9 0| x

|
rfhammv test (with
or without heated
water) (15)

Hydraulic conductivity
Effective porosity

|
Specific storage

a1
Al

teration/solubi

 —
| with deformation
monitoring (with or

without heated water
b

Deformation

ong term with defor-
mation monitoring (with

or without heated water
-

with heated water . Thermal conductivity

- Heat Capacity

with heated water and

\ | =|®} Linear thermal expansion
displacement monitoring

with tracer injection . cle
and monitoring (with ,
or without heated water) | O | ® | Adsorption/retardation

Dispersivity

**Note This 1s only a qualitative indicaton of uncertainty n the assessment of
each characteristic, due only to quality of the data base which will be
media/site specific and a functiorn of the magnitude of the value measured

see Figure 3.4), 5
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LIMITATIONS AND UNCERTAINTY IN
ASSESSMENT OF SIGNIFICANT CHARACTERISTICS Table 4.5
BY AVAILABLE TEST METHODS et

TEST ASSESSMENT
VARIABLES

UNCERTAINTY
RANGE 1N jeerecwe
ENVRONMENTAL
CONCITIONS

T
|

CHARACTE rIcs
ASSESS

|
|
1

e

Scale (Rep u!?'“"‘

Radiation Dose

- ~

Anisotropy
Duration
Stress level
Pore Pressure
Temperature
Very High
Moderate

See Notes

Acoustic em

-
monitoring lectonic

¥

»
>

Seismic monitoring

L3
>

Tectonic

Monitor pore pressures | | ' 1
'n Teth saas (A3 ‘ | In sityu hydraulic field

and drainage into

Hydraulic conductivity
excavation (7)

Effective porosity

X
x|
X

Specific storage

|

[ Monitor temperatures in

| rock mass (4)
and excavation
with ventilation/
cooling) (7)
and displacements in rock
mass and excavation (7)

In situ temperature field

Thermal conductivity
Heat capacity

Linear thermal expansion

Monitor stress changes and/or
displacements in rock mass
and excavations (7

Deformation

Creep/fusing
Monitor stress changes
and strains in

nAnrte b4
supporis

BRI B0 MREE

Deformation

X XXX XX [ XX @

Creep /fusing

|

Monitor fracturing Y |Y | Stp
rock mass around ‘ y
excavation (e.g.,
acoustic emission

At tarina 4
monitoring)

(IN SITU TEST METHODS)

E';"‘

Monitor alteration 3

stuttaning af X1!) Alteration/solubilit
solut g 0

Monitor borehole
drainage \4,"
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LIMITATIONS AND UNCERTAINTY
IN ASSESSMENT OF SIGNIFICANT CHARACTERISTICS Table 4.5
BY AVAILABLE TEST METHODS g

NOTES:
@ Assessment variadble is adequately incorporated in test method.
© Assessment variable can be adequately incorporated in test method (optional).
= Assessment variadle s not adequately incorporated in test method.

X Characteristic is relatively insensitive to assessment variable (see Table 3.2), and thus the assessment variable is
not reievant.

(1) aovaau a%amg includes 4 geodetic survey and exposure mapping, as we!l as possibly aerophotography (By ai-plane or
sate €, Dlack-and-white, color, or infrareg).

(2) Surface ag%g\cs include possidly gravity and magnetic surveys (land or air based), electrical survey, and seismic
Surveys .reflection and refraction).

(3) Corencles include coring and core logging, as well as possidly boremcle surveying, caliper logging, oriented coring,
integral sampling, impression packer, boreho'e TV/camera, borencle radar, and geconysical well logging (electrical,
acoustic, and nuclear).

(4) Tests are corducted in Dorenoles drilled from underground.

(8) a) Groungwater sqg‘w-g implies subsequent laboratory determination of groundwater composition and age.
o) Jock Tass sampling, either coring or large dlock samples, 'mplies subsequent laboratory tests.

(6) The in sity (1.e,. pre-excavation or virgin) stress, hydray'ic, and temperature fields can de indirectly assessec or
inferred from the stratigrapny/structure and tectonics (e.g., in situ stress field can De inferrec from the geo~crznc's3y
and tectonics of the site).

(7) “onitaring performance 'mplies associated analysis to assess characteristic.

(8) The resconse craracteristics refer to the rock mass, which consists of intact rock, discontinyities and pore flytd, “hese
response characteristics can De assessed either:
o Qirectly By testing a large scale sample which containg a significant number of discantingyities
0 Indirectly by separately assessing the response characteristics of the intact rock, discontinuitis, and pore fluig, ang
then assemt!ing Dy & mode!. Hence, the rock mass response characteristics can often be inferred from the
stratigraphy/structure.

(9) Index tests d0 not assess the characteristic directly, tut by empirical correlations (e.9., use of a Schmidt ha-wmer or roic
core or on an exposure s an inden test whose results can be roughly correlated with the modulus of defar=ation, 3ase:
experience). There are t00 Many index tests, with varying reliadility, to list.

(10

Tests assess the response characteristics of only the a) intact rock or D) discontinuity, and does not directly 253235 ‘"¢
reszonse characteristics of the rock mass (see note 3).

(11 Tmear c3cking s very similar to torsion jacking, Because of these similarities, only shear jacking «1!! se aiscussed,

1 “03‘95‘ torsion jacking might be a suitadble alternative.

12) Pillar test can consist of either:
3 Jacking an isolated pillar or unconfined block to failure (1.e. , essentially an unconfined plate test or 3n axially
'caged unconfined block test)
0 Aeducing the dimensions of a pillar (and thus increasing stresses) uyntil failyre occurs.

-

2late test is very similar to two Other tests:

0 La0Te jacking test, in which the reaction s provided Dy an anchor in the rock mass rather than the opposite wsll of
the excavation

0 Ragra) jacking, 'n which the entire circumference of the cpening is jacked using, for example, severa! plate fack
systems,

Secause of these similarities, only the plate test will de discussed, although cable jacking or radial jacking mignt de
suitaole alternatives

(14) Direct shear test on discontinuity samples can De of various scales and s also very similar to torsional snesr tests.
duse 3f these similgrities, only the direct shear test will be discussed, although torsional shear test =i1ant de &
suitabie alternative.

(15) Tests are constant head injection, constant head withdrawal, constant flow rate withdrawa!, pulse injection, or gas
injection permeadility test. Myltiple bdorencle permead:lity tests are often called “pump” tests.

v
o

Hydrofracturing must be very carefully performed in order to control the extent of fractures which are generated.

This is a relatively comprehensive 1ist of test methods which are available
for assessing site characteristics. It should not be construed that all of
these available tests are being recommended.
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possible to the prototype in
conditions, and design/constructi

Available simulation test methods, which resol
identified (see Table 4.6). These tests
construction or operation method, which
repository development, and then observe and
the repository.

The tests with appropriate capabilities can
from this relatively comprehensive list of av
respond to the perceived information needs.
have already been adequately resolved,
simulation tests may not be necessary. Only
additional resolution need to be addressed.
construed that all of these availabl
recommended.
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IN SITU TEST METHODS AVAILABLE TO RESOLVE
THE KEY ISSUES BY SIMULATION

Table 4.6
20f 2

= o S B ey Wi, Aot
KEY ISSUE N SITU TEST METHOL
rCACUT Al DESDNNST f . - " 1 . s atin
GE MICAL RESPONSE o Observe exposures over long term after excavation of
, »
| shaft/tunnel test sections.
5 e 1 - 1 - - - i
® Monitor geochemical response (i.e., waste-rock
- s~ - — ale ~ ~) 5 -
interaction/corrosion/alteration and radionuclide
migration) of tunnel test section (with or without
test backfill/seals/plugs) due to emplaced waste pack-
ages.
* Notes ne entire 1n s1tu test fa« ty constitutes shaft/tunnel
test sections
This is a relatively comprehensive t of in tu test ‘
‘
methods which are ava able t e e the ke sues C
simulation t should not be construed that a f these
available tests are re mmended
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5.0 REASONABLE

5.1 PROGRAM CONSIDERATIONS

Testing Which is Expected

Site investigation is expected to precede tu program,
This precedent testing, including surfac ¢ ( within a
limited number of boreholes, as well as

obtained from those boreholes, has been an

The results of actual site investigation wil

Characterization Report (SCR), as delineated

Content of Site Characterization Reports for

Repositories" (NRC, 1981)

The information needs, to which the in situ test ]
will develop as the present assessment of characteri
changes with site investigation prior

possible that some characteristic

construction authorization prior to

cases, however, in situ tests will b

In the assessment of significant characterist

and adequately resolve the key issues.

1
-t Q

twn O
) N
o
< * 3V W (D -

o
ctr

w

In Situ Test Program Objectives

The in situ test program must adequately respond to the information
needs for construction authorization which have developed by the time
initial SCR submittal at a given site. This is accomp!

utilizing appropriate tests which:

e
-
)

® Reduce the uncertainty in the assessment of significant c
istics to acceptable lTevels. The uncertainties are r
'mproving the quality of the data base. Large-scale in
including predicting/monitoring the performance of the
facility itself, assess the characteristics of a representa
volume of a rock mass unit which is large enough to
significant number of discontinuities. Tests on such a
tive volume do not require scale-effect correct i

of quasi-continuum rock mass characteristics,
1 Yam e ) | + o + e 5 ~ 11
er scale tests (e.q., )
tests 355esS either the
1CS, and not the
generally high

large-scale
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e Partially verify predictive numerical models, by comparing the

measured results of large-scale in situ tests with predictions.
This includes comparing predicted performance of the in situ test
facility with monitored performance.

e Simulate important aspects of the repository. By monitoring the
performance of the in situ test Facvli%y. some of the data collected
during construction and operation of this facility can be
extrapolated to predict repository construction/operation
performance. The validity of this extrapolation will be a direct
function of how well the in situ test facility represents the
repository, both in site characteristics and design/construction.

The in situ test program is assumed to consist of tests which are
available (Tables 4.4 and 4.6), and are conducted within an in situ test
facility in the time frame between initial SCR submittal and LA. This
in situ test facility is assumed to consist of an exploratory shaft,
extending from the surface to the prospective repository horizon
possibly with test stations at various depths, and an underground test
facility, consisting of appropriate tunnels and test rooms at that
horizon.

The exploratory shaft should be constructed to:

e Allow description of the site below the surface (including the
repository horizon) near the shaft

® Provide access tc the repository horizon

® Provide information on shaft design and construction engineering
variables

e Provide information on shaft operation (i.e., ventilation, hoisting,
etc.) by monitoring

e Not adversely impact repository perfurmance.

The underground test facility should be constructed, if the site has not
been disqualified after construction of the exploratory shaft, to:

e Allow description of the repository horizon

® Provide information on tunnel design and construction engineering
variables

B Provide information on tunnel operation (i.e., ventilation,
transportation, etc.)

e Not adversely impact repository performance.

[t is expected that plans for this in situ test program will be pre-
sented in the initial SCR submittal and that the complete results will
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be presented in a LA. Testing preceding the initial SCR submittal
(Table 5.1) will affect the in situ test program, as the uncertainily 1in
the assessment of some characteristics is reduced and the information
needs correspondingly change. Similarly, testing or monitoring
subsequent to LA (i.e., during repository construc ion/operat ion) may be
required to further increase the level of confidence in satisfactory
performance to acceptable levels. This subsequent testing has not Deen
cons idered, however,

.1.3 Tentative Media Independent In Situ Test Program

Tests which should generally be considered for inclusion in an in situ
test program have been identified (see Table 5 in conjunction with
Table 4.6). This selection has been based on t objectives of the in
situ test program (see Section 5.1.2), especial

The perceived information needs for iction authorization
which will typically exist when the initial submitted, which
in turn depend on:

The maximum acceptable level of uncertainty in the assessment
the significant characteristics (see Section 3.5)

The present assessment of significant characteristics (see
Section 3.4)

which are expected to precede in situ testing (see
113

“Ahod)

capabilities of each test in addressing these informa-
which in turn depend on:

The typical level of uncertainty 1in
ficant characteristic by availab
4.3)

In situ tests which are available
simulation (see Section 4.4)

Specific in situ test methods, which comprise this program and are
especially unique and important, have been investigated 1n detail (see
Appendix A of Volume II). These methods have been individually
described and evaluated, and Golder Associates has made recommendations
regarding methodology, utilization of test results, and potential
research/ development.

As previously discussed, however,

construction authorization nor

initial SCR submittal
-

neither ar independen
»>

-

an be firml

t of media
provides
program,

ww OO0
3 -

-~

(Tables 5.2 and 4.
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TENTATIVE MEDIA/SITE SPECIFIC
IN SITU TEST PROGRAMS

Table 5.2
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EXAMPLE IN SITU TEST FACILITY
CONFIGURATION FOR BASALT Figure 5.1
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6.0 RECOMMENDED IN SITU TESTING RESEARCH
6.1 INTRODUCTION

Although the tentative media/site specific in situ test programs (see
Section 5.2), in conjunction with the recommendations regarding specific
in situ tests (see Appendix A of Volume [I), provide the best available

means for resolving the key issues, there are some remainin? mita-
tions. In order to reduce or mitigate these remaining limitations,
Golder Associates recommends that research be conducted in three broad

areas:

(1) Existing tests
Recommended areas of specific research (especially in monitoring or
measurement) in tests already selected (see Appendix A of Volume

).

(2) New or hybrid tests
Research and development of new or hybrid in situ tests which will
improve the understanding of fundamental laws and assist in the
development and verification of complex coupled predictive models.
(An example would be the coupling of thermal effects with bulk
modulus properties, as measured in a Plate Test.)

(3) Program integration
of consiaeragle importance to schedules and cost in construction of

a geologic repository is to establish how many, how extensive,
where, and when in situ tests should be performed during the
process of repository development.

Each of these research topics is discussed in the following subsections.
Also, research needs have been previously discussed by others for many
areas of rock mechanics (e.g., National Research Council, 1981) and
specifically for repository development (e.g., LBL, 1979).

6.2 POTENTIAL IMPROVEMENTS TO EXISTING IN SITU TESTS
6.2.1 Plate Test

The recommendations for research and development regarding the plate
test (see Appendix A of Volume [[, Section A.l) include:

e Development of improved modeling of the plate test for determination
of various deformation parameters

e Development of improved correlations of plate test results with
other simple tests
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6.2.5 Heater Test

The recommendations for research and development regarding heater tests
(see Appendix A of Volume [I, Section A.5) include:

Developments to improve sensitivity, reliability, and durability for
all instruments which must operate for long periods at high tempera-
tures and under adverse moisture conditions

Development of numerical modeling technigues to predict rock mass
thermomechanical response. An understanding must be achieved of
coupled reactions, such as the effects of temperature and stress on
the thermal and thermomechanical properties, and heat transfer by
conduct ion and convection in an anisotropic, nonhomogeneous media.

Development of correlations of the thermal and thermomechanical rock
mass parameters derived from the heater tests with those derived

from laboratory tests, as well as correlations with those derived
from heated block tests.

6.2.6 Tracer Test

The recommendations for research and development regarding tracer tests
(see Appendix A of Volume [I, Section A.6) include:

Investigation of solute transport in natural fractures. Statistical
methods can possibly be developed to characterize the aperture,
orientation, attitude, and continuity of fractures in geologic
materials. Such efforts may result in the development of practical,
discrete, numerical models of solute transport in fractured media.

Investigation of the relationship between the dimensions of frac-
turing and the size of a representative elementary volume (REV).
This would allow a better assessment of the use of porous media
models for describing solute transport in fractured media.

Modification of the tracer test methodology and analysis to incor-
porate other variables (such as temperature, rock and fracture
deformability and anisotropy) which affect the hydrologic response
of a rock mass

Development of laboratory techniques for determination of the
equilibrium distribution coefficient to verify calculated values
from tracer tests

Investigation to define the variance of a measured value and to

determine the relationship of the value measured to the scale of
testing.
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Improvement of strain gauges and their accuracy. Specifically, some
work needs to be performed on eliminating or reducing the effects of
temperature, length of electrical cables, or other phenomena which
adversely impact the reliability of strain readings. These
improvements might easily be effected by manufacturers.

Continued investigation into methods to improve data reduction and
instrument calibration

Continued improvement in the measurements of the in situ mechanical
properties of the rock mass required in analysis

Development of refined analysis methods for nonlinear or anisotropic
rock

Development of techniques to extend the depth to which in situ
stress measurements can be made by overcoring technigues.

6.2.9 Flatjack Test

The recommendations for research and development regarding the flatjack
test (see Appendix A of Volume II, Section A.9) include:

Investigation, possibly coordinated with repository geotechnical
investigations, into large scale flatjack testing

Development of the flatjack test for use deeper in the rock mass

Continued investigations into numerical and analog techniques for
improved interpretation of flatjack measurements.

6.2.10 Acoustic Emission Monitoring

The recommendations for research and development regarding acoustic
emission monitoring (see Appendix A of Volume I, Section A.10)
include:

Development of more sensitive seismometers to detect lower amplitude
emissions

Development of telemetry and fiber-optics systems to transmit
signals more efficiently from remote seismometers to a central
recording station

Development of more sophisticated analysis technigues for event
location and source parameter determination,
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(1) The interaction between heat and fluid transport in a fractured
medium, which cannot be adequately characterized by porous flow
behavior, This coupling of flow through fractures under a variety
of heat loads has been studied in the %aboratory. but very littie
work has been carried out in situ,

(2) The relationship between induced stress a~d fracture aperture/
deformation, and the resulting effect on hydraulic conductivity,

This is only partially understood from limited field and laboratory
experiments.

(3) The transport of specific radionuclides. The effect of assessment
variables (e.g., temperature), in conjunction with the material
type and pore fluid composition, on adsorption/retardation of
various radionuclides is not well understood. At present, the
determination of the equilibrium distribution coefficient (Ky4),

which dominates repository performance assessment, is very
uncertain,

6.4 INTEGRATION OF IN SITU TEST PROGRAM IN REPOSITORY DEVELOPMENT

The integration of the in situ test program in repository development,
i.e., number, extent, location, and timing of in situ tests relative to
the repository configuration and schedule, is a critical question which
demands site specific consideration. This topic has been addressed
under Task 4 of this project (Golder Associates, 1982d) (see Section
5.3). Exploration by means of subsurface development, i.e., a system of
tunnels (or boreholes) and an access shaft, is a most important step in
deciding on whether further investment should be made at a particular
site. This decision must be based on the observed variability of the
geological setting, as well as on the results of tests and hydrologic
and mechanical response of the test facility due to excavation of
subsurface openings. The possibility of modular development of the in
situ test facility, as well as of the repository, with explicit
intermediate decision points, requires further detailed investigation
for each potential repository site.

108






¢ Determine what additional information, if any, is needed to raise
the level of confidence to the acceptable levef, by:

- establishing the sensitivity of system performance to each
component of the repository system

- fidentifying where the existing information regarding significant
components of the system is insufficient and can be efficiently
supplemented (i.e., where the existing uncertainty is large, but
can be effectively reduced).

The information needs at any time are thus a function of:

. The significance of each component of the repository system
(including site characteristics) to system performance

e The existing information related to system performance

e The acceptable level of confidence in satisfactory repository system
performance for each licensing step.

Performance assessment (including sensitivity studies) is outside the
scope, so that the significance of repository system components has only
been qualitatively evaluated and the level of confidence in satisfactory
repository system performance, based on existing information, has not
been assessed. The existing information for each media/site considered
has been summarized herein; descriptions of tuff at NTS and domal salt
at specific Gulf Coast sites were generated under Task 1 of this
project, whereas descriptions of the other media/sites were derived from
previous work. Also, the testing expected to precede in situ testing,
and thus supplement the existing information, has been identified. The
acceptable level of confidence in satisfactory performance, specifically
for construction authorization, has not been explicitly established for
each stage of repository development. This acceptable level has in the
past, and may continue to be, established implicitly through progressive
technical discussions between NRC and DOE (see Preface - Licensing
Perspective). In the absence of a specified acceptable level, the
information needs for construction authorization cannot be firmly
established at this time. Hence, information needs for construction
authorization which are perceived to develop by the time of initial SCR

submittals at each media/site have been utilized to illustrate the
rationale for test selection.

Tests which are available and respond to the specific information needs
have been identified, and their capabilities assessed. Specific in situ
tests, which might be included in an in situ test program and are
especially important or unigue, have been investigated in detail.
Because design and specifications for each test require prior definition
of information needs and a detailed description of each test location,
recommendat ions regarding the conduct of each test and the utilization
of test results are of a scoping nature only. Potential advancements to
the state-of-the-art have been suggested, and areas pointed out where
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research and development might improve test capabilities in response to
the perceived information needs.

From a comprehensive list of available tests and their relevant
capabilities, in situ tests have been identified which adequately
respond to the perceived information needs for construction
authorization at each media/site considered (Table 5.3). These tests
satisfy the information needs either by:

e Simulating various aspects of the repository for extrapolation of
results

o Assessing identified media/site specific characteristics to be used
in numerical modeling

e Verifying predictive numerical models.

An in situ test facility which can accommodate such reasonable in situ
test programs has been developed for basalt at Hanford under Task 4 of
this project and summarized here for illustration of program

integration,

The actual selection of tests which should be included in a media/site
specific in situ test program will be a function of the information
needs and test capabilties at that time. Additional information can be
expected to be obtained during ongoing or future site investigation
prior to initial SCR submittal for some media/sites. Also, new or
hybrid tests and modeling techniques, with improved capabilities, can be
expected to be developed with time, Hence, it is expected that the in
situ test program will evolve somewhat independently with time for each
media/site considered as the perceived information needs and test
capabilities develop. The program and the design of specific tests must
be flexible enough to take into account new information which becomes
available during program performance, as presented in SCR updates.

Golder Associates believes that this report presents defensible
recommendations, based on currently available knowledge, regarding those
in situ tests which should be specifically considered in designing a
reasonable in situ test program conducted within an in situ test
facility prior to construction authorization at any site. These tests
adequately respond to the perceived information needs, and thus
sufficiently resolve the key issues related to short-term
construction/operation and long-term waste containment/isolation
performance (as given in the current drafts of NRC's 10-CFR-60 and EPA's
40-CFR-191), for construction authorization at each media/site.

Although some of the assessments made within the rationale for the
tentative selection of these in situ tests are necessarily subjective
and the licensing perspective may not be universally shared, the
rationale is clearly outlined so that specific areas of technical
disagreement can be readily identified and these disagreements (if any)

resolved.
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Golder Associates thus recommends that the NRC should, accordingly,
identify the information needs for each site and then focus on (1) the
plans of the in situ test program in their review of an SCR and (2) the
results of this program, and the appropriate incorporation of these

results in design and performance assessment, in their review of a
license application,
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G.1 GENERAL TERMS

Advancements in
State-of -
the-Art:

Characteristic:

Characterize:

Critical
Engineering
Variable:

Engineering
Variable:

Environmental
Conditions:

Factor:

Geologic Setting:

Hydrologic Unit:

(Note:

GLOSSARY

Expanding available concepts or improving available
technology.

Aspect of ground or environment describing reposi-
tory site, and being either guantitative ("param-
eter") or qualitative ("factor").

Describe the set of "characteristics," based on
testing results or measurement.

"Engineering variable" which has a significant im-
pact on the "level of confidence in satisfactory
performance."

Engineering aspect of repository design or construc-
tion which can be altered by the engineer (e.g.,
size, shape, and orientation of underground

openings).

Those conditions which may affect the assessment of
a "characteristic," including stress level, pore
pressure, temperature and radiation dosage.

Nonquantitative “characteristic."

Description of the geometry and boundary/field con-
ditions of the site, as well as the physical (non-
response) characteristics of the materials. The
geometry consists of the stratigraphy/lithology and
structure of rock mass units, Boundary/field
conditions include the pre-excavation in situ stress
field, in situ hydraulic head field and in situ
temperature field. The potential changes in the
geometry or boundary/field conditions unrelated to
repository development (i.e., tectonics) are also
part of the geologic setting.

Volumes which are relatively homogeneous with res-
pect to hydrologic "response characteristics”. Such
hydrologic units consist of one or more "rock mass
units," and will not necessarily be homogeneous with
respect to physical characteristics or other
"response characteristics."

all terms in quotation marks are defined separately herein,)
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Information Needs:

In Situ Test
Facility:

In Situ Test
Program:

Additional information needed to improve the "level
of confidence in satisfactory performance" to
acceptable levels, i.e., sufficiently reduce the
uncertainty in nredicted repository system
performance. The information needs at any time are
thus a function of:

e The significance of components of the "reposi-
tory system" (including site characteristics),
with respect to system performance

¢ The existing information, which determines the

"level of confidence in satisfactory perform-
ance"

o The "acceptable level of confidence in satisfac-
tory performance".

The information needs can be responded to by:

e Appropriately simulating various aspects of the

actual repository (e.g., construction tech-
niques) for extrapolation of results

e Adequately assessing identified media/site
specific "characteristics" (e.g., hydraulic

conductivity) to be used in predictive numerical
modeling

e Sufficiently verifying predictive numerical
models.

Consists of an exploratory shaft (or drift), extend-
in? from the surface to the repository horizon poss-
ibly with test stations at various depths, and an
underground test facility, consisting of appropriate
tunnels and test rooms at that horizon. The plans
for this facility will be presented in the initial
SCR and the complete results presented in the
license application.

Consists of a suite of appropriate in situ tests
conducted within an "in situ test facility" (after
initial SCR submittal and prior to construction
authorization) to adequately respond to the
“information needs" and thus resolve "key issues,”
either by simulation or by assessing "significant
characterist<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>