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1.0 Introduction

demonstrate compliance with 10 CFR Part 60 regulatory
requirements. On the other hand, repository-generated
thermal regimes that are beyond the range of current
engineering experience pose significantly more complex
problems. Such thermal regimes, acting over the long
timeframe of repository performance, may pioduce el-
fects that involve prediction considerations that are well
beyond current engineering practice. For such situations,
the use of an existing model, to predict the likely reposi-
tory effects of such loads, may not be satisfactory. For
those situations where DOE makes programmatic deci-
sions that produce repository-generated thermal regimes
well beyond those for which engineering experience s
available, it 15 expected that DOE will investigate and
evaluate the effects of coupled processes in the predic-
tions of the underground facility performance.

The guidance in this STP focuses on an approach that can
be used to demonstrate an understanding of the effect of
coupled T-M-H-C responses on peologic repository de-
sign. If, at any time. reliable information is gathered to
convincingly demonstrate that further development of
predictive models and codes would be unwarranted, noth-
ing in this STP should be interpreted 10 suggest that the
staff would expect that additional unnecessary steps
would, nevertheless, be performed.

1.2 The Use of Meodels in Thermal-
Response Predictions

The development of defensible predictive models re-
quires a thorough understanding of the thermal loads
ge. zrated by the emplacement of nuclear waste and cor-
responding thermally-induced responses ia the host rock
and the surrounding geologic setting. The stafl expects
mode! development/refinement to continue as a greater
understanding of the thermally-induced phenomena is
gained during the period of repository construction and
performance confirmation testing. For example, the
moadels that are used at the time of construction authori-
zation must be sufficiently robust for the Commission,
with reasonable assurance, to make the safety findings set
out in 10 CFR 60.31. But this by no means calls for the
models to be the most sophisticated that can be devel-
oped. On the contrary, they must be sufficient to meet the
standard of 10 CFR 60.24{a), in that the application is to
be “. . . as complete as possible in the light of information
that is reasonably available at the time of docketing.” 1f
the models are those that are “reasonably available,” they
can be used for purposes of analysis and decision making.
Of course, the judgment whether there is “reasonable
assurance” of safety must take into account the uncer-
tainty assaciated with the lack of more complete models;
but that can be accompished by appropriate conserva-
tism. Accordingly, DOE will need 1w defend its desigu
decisions on the level of T-M-H-C coupling it chooses to
consider in a particular GROA design, including those
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aspects of T-M-H-C coupling &t ¢hooses o discount in
such decisions.

The ongoing nature of model development is reflected at
a number of places in 10 CFR Part 60. For example, for
engineered and natural barriers important Lo waste isola-
tioa, DOE's license application is o prowide “. .. a
detailed description of the programs designed to resolve
safety questions. . . " (10CFR 60.21(c)K14)). If there isan
unresolved safety question relating to model validadon,
this should be described in the application. The existence
of such a question may, of course, reduce the Commis-
sion's confidence that the standards for issuance of a
construction  authonization have been  satsfied.
Depending on the significance of the unresolved safety
question, there may be reasonable assurance that applica-
hle requirements have been met and, on that basis, a
construcuon authorization might be issued. Moreover,
after a construction authorization is issued, DOE will
have a continuing obligation to report to NRC on the
“. . . results of rescarch and development programs being
conducted to resolve safety questions” (10 CFR
60.32(b)(4)): this too is addressed, among other things, to
the progress in model development. The information will
be reflected in DOE's updated application before NRC
issuance of a liconse to receive and possess waste, or to
amend or terminate geologic repository operations. Fur-
thermore, as part of the performance confirmation pro-
gram duning construction, DOE’s measurements and ob-
servations are to be compared with the original design
bases e.nd assumptions (including those pertaining to the
correctness of models). U significant differences are
noted during this comparison, the need for modifications
10 the design or construction methods is to be determined
(10 CFR 60.141(d)). This recognizes that the program
must be a dynamic one, and it must aliow for changes that
reflect the steady accumulation of more information and
mnsight.

1.3 Document Scope

This STP includes the following five sections: 1.0<Intro-
duction; 2.0—Regulatory Framework; 3:0--Staff Techni-
cal Positions; 4.0— Discussion; and 5.0 References. Sec-
twon 2.0 identifies the specific regulations addressed by
this STP. Section 3.0 states the staff's technical positions
on an acceptable approach to achieve compliance with 10
CFR 60.133(1). An explanation and discussion for the
position statements are provided in Section 4.0. Cited
references are listed in Section 5.0.

STPs are issued to describe and make available to the
public methods acceptable to the NRC stalf for imple-
menting specific parts of the Commission’s regulations,
or to provide guidance 1o DOE. Moreover, STPs are not
substitutes for regulations, and compliance with them (s
not reguired. Methods and solutions different from those
setout in the STP will be acceptable if they provide a basis
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3.0 STAFF TECHNICAL POSITIONS

It is the NRC staff’s position that DOE should cevelop
and use a defensible methodology to demonstrate the
acceptability of a GROA underground facility design.
The staff anticipates that this methodology will include
cvaluation and development of “appropriate” coupled
models to account for the T-M-H-C processes that are
induced by repository-generated therma! load. With re-
spect to 10 CFR 60.133(5), the GROA underground facil-
ity design: (1) should satisfy design goals/criteria inttially
selected by considering the performance objectives; and
(2) must satisfy the performance objectives 10 CFR
60.111, 60.112, and 60.113.

The staff's technical position on an acceptable methodol-
ogy for demonstrating compliance with 10 CFR 60.133(i)
is outlined in the following sections. The approach de-
scribed in this section is based on an expected under-
standing of the coupled effects of thermally-induced phe-
nemena consistent with the principle stated earlier in
Section 1.0. The technical position describes an approach
that provides & means o evaluate, through predictive
madeling, the effects of thermally-induced phenomena
(in the host rock, surrounding strata, and groundwater
system) on the repository performance associated with an
underground facility design. Also, the methodology takes
into account the performance objectives of 10 CFR
60.111, 60.112, and 60.113, all of which must be satisfied
by any GROA underground facility design.

3.1 Example of An Acceptable
Approach for Demonstrating
Compliance with 10 CFR 60.133(i)

DOE should develop a defensibie approach that can be
used to demonstrate the acceptability of the GROA un-
derground facility design. An example of an acceptable
approach is described next and is illustrated in Figure 1.

Step Noi. 1~ Preliminary Evaluation to Determine Sensitiv-
ity of the Performance Objectives to Thermal
Loading

Muke an evaluation to determine if the performance ob-
jectives (taking one at a time) are insensitive to the ther-
mal loading 10 be considered in the GROA underground
facility design, based on current scientific understanding
and/or engineering expenence. If such an evaluation re-
sults in a positive answer, as indiczted in Step No. 1A of
Figure 1, then the underground facility design for the
UROA would be considered independent of the thermal
loading.

Step No. 2-Determination of the Existence of Predictive
Models to Quantify the Effects of Thermal
Loading
I the underground facility design for the GROA cannot
be established to be independent of therma! loading,
determine if reliable predictive models exist to quantify
the sensitivity of the GROA design to thermal loading. If
such models exist, use them to quantify the effects of
thermal loading. In this case, the process is continued
with the development of design goals/eriteria in Step
No. 4, and since reliable models already exist, Step Nos. 3
and § are omitted.

Step No. 3~ Examination of the Thermally-Induced Phe-
nomenau

[f reliable models do not exist, examine the thermally-
induced phenomena in the host rock, surrounding strata,
and proundwater system, to provide a basis for developing
predictive models for use in the design of the under-
ground facility for the GROA.

Step No. 4— Development of Design Goals/Criteria

Develop inttial design goals/criteria for the GROA un-
derground facility, based on performance objectives, us-
ing simplified analyses.

Step No. 5—Development of “Appropriate” Predictive
Models

Deveiop predictive models for detailed analyses, Several
iterations may be necessary between Step Nos. $and 2 (in
Figure 1) before a satisfactory set of predictive models can
be developed.

Step No. 6—Application of Predictive Modeis to the Un-
derground Facility Design

Perform detailed analyses on the underground f.ility
design for the GROA, with predictive models.

Step No. 7—lterative Predictions to Check if Design

g Goals/Critena are Met d
Compare results of predictive models to initial design
goals/criteria for the GROA underground facility. If nec-
essary, modify the underground facility design (Step No.
7A in Figure 1) until it complies with the GROA design
goals/criteria.

Step No. 8—Inc 1on of Predicted Results in Pre-
wnd Postclosure Performance Assessment
Models

[ncorporate the predicted results in performance assess-
ment models, to evaluate compliance with the individual
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30 Staff Technical Positions

performance objectives o1 10 CFR 60.111, 60.112, and
60.113.

If 10 CFR Part 60 performance objectives are not
met, determine whether noncompliance with per-
formance objectives results from deficiencies in the
underground facility design for the GROA, as shown
in Step No. 8A (see bottom of Figure 1). If initial
design iterations result in noncompliance with the
performance objectives, reexamination of the design
process should be considered beginaing with Step
Nos. 2, 3, or 4. If, afier numerous design iterations,
noncompliance with 10 CFR Part 60 performance
objectives persists, examination of other criteria not
related 1o the GROA underground facility design
should be considered (Step No. 8B).

Step No. 9— Acceptability of Underground Factlity Design

The underground facility design for the GROA
would be considered acceptable if 10 CFR Part 60
parformance objectives are met.

NUREG- 1466
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3.2 Development of Detailed Predictive
Maodels

To the extent practical, DOE should develop models to
predict the thermal and thermomechanical response of
the host rock, surrounding strata, and groundwater sys-
tem, based on a mechanistic understanding of coupled
T-M-H-C b:havior,

3.3 Alternative Predictive Models

If a detailed understanding of coupled T-M-H-C effects
cannot be gained before submittal of an application for
construction authorization, DOE should:

(a) develop models that approximate coupled behavior
m a marner that is not likely to snderestimate the
unfavorable aspects or overestimate the favorable
aspects of repository performance; and

(b) present such plans for in-situ and laboratory momi-
toring and testing, and for additional model develop-
ment/refinement, as may be appropriate to confirm
the adequacy of the analytical methods used to sup-
port the application for construction authorization.
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4.0 DISCUSSION

The approaches described in Sections 3.1 and 3.2 are
acceptable o the staff because it believes that these ap
proaches would lead 10 a rgorous and objective evalu-
ation of the underground facility design for the GROA,
relative to the requirements specified in 10 CFR
60.133¢1).

The following discussions paraliel the list of stalf techni-
¢al posttions given in Section 3.0).

4.1 Example of An Acceptable
Appreach for Demonstrating
Compliance with 10 CFR 60.133(i)

There are five degision peints in the example approach
shown m Figure | (see Step Nos. 1, 2, 7, 8, and 8A). The
[irst two steps in the example approach are programmatic
deasion points. In Step No. 1, a decision will be made it
the thermal loads have significant impacts on the per-
formance of the geologic repository. In Step No. 2, a
decision will be made on whether a need exists for the
development of detailed predictive models.

In the next two decision points in the example approach
(see Step Nos. 7 and 8), evaluations are made of the
acceptability of the underground facility design for the
GROA. The evaluation point in Step No. 7 involves the
comparison of the predicted responses with the response
limits st by the design goals/critena for the underground
Yacility; those, in turn, are derived by considering rhe
performance objectives in 10 CFR 60,111, 60.112, and
60.113. If the predicted response fails to meet the design
goalsicritena for the underground facility for the GROA,
the design should be changed, with svbsequent model
application and reevaluation of predicted responses.

For each iteration cycle, the fourth evaluation point, per-
formance assessment evaluation (Step No. 8 of Figure 1),
takes place only after ail the underground facility design
poalseriteria for the ROA have been saiisfied. If, on
completion of the performance assessment evaluation,
the GROA underground facility design fails to comply
with 10 CFR Part 60 pre- or postclosure performance
oojectives, or has a potential for adversely affecting the
performance objective: 4 roassessment associated with
each step (or at least some of the steps) in the methodol-
ogy shouid be conducted, before new responses are pre-
dicted and incorporated into the performance assessment
models for reevaluntion. Several iterations may be re-
yuired before it can be determined (hat the underground
facihty design for the GROA complies with 10 CFR
60.133(1). (It should be noted that this approach does not

T e

preclude the use of performance assessments for other
purposes, utilizing interim design assumptions. )

‘The fifth and last decision point (Step No. 8Ajdetermines
if noncompliance with 10 CFR Part 60 performance ob-
jectives anses from underground facility design-related
problems, or is the result of other design- and/or site-
related problems.

The foilowing discussions are a further amplification of
Step Nos. | through 9, presented in Section 3.1,

Step No. 1= Preliminary Evaluation to Determine Sensitiv-
ity of the Performan-e Objectives to Thermal
Loading

Upon emplacement of spent nuclear fuel and high-level
radioactive waste (HLW) in the underground facility, the
host rock, surrounding strata, and groundwater system
will respond to thermal loading generated by the waste,
This response will depend on many factors, such as the
T-M-H-C characteristics of the host rock, and those of
the surrounding strata: hydrological and geochemical en-
vironment; the age of the waste and its thermal decay
charactenstics: and the designs of the underground facil-
ity and the waste package. Such a response will likely
affect the preclosure performance objective 10 CFR
60.111, as well as the postclosure performance objectives
in 10 CFR 60.113 and 60.112.

Therefore, a logical starting point for a strategy for dem-
onstrating compliance with 10 CFR 60.133(1) would con-
sist of an evaluation to determine the seusitivity of the
performance objectives (taking one at«, .ime) to the that-
mal loading to be considered in the underground facility
design for the GROA. This is Step No. | in Figure 1. If itis
determined on the basis of scientific understanding and/
or engineering experience that the GROA underground
facility design is insensitive to the effects of thermal load-
ing, then the design of the underground facility could
proceed, without further developmental work, to show
compliance with 10 CFR 60.133(i), as indicated in Step
No. TA. The design in this case is shown to be independ-
ent of the thermal loading.

Step No. 2~ Determination of the Extstence of Predictive
Models 1o Quantify the Effects of Thermal
Loading
If it 1s dete ‘mined from Step No. 1 that the performance
objective(s) is (arc) sensitive to the thermal loading, then
it will be necessary to establish whether reliable predic-
tive models exist to quantify the degree of sensitivity. If
predictive models exist that can reasonably represent
coupled T-M-H-C behavior, then there 1s no need to
develop new models. Instead, the existing models can be

NUREG-1466






T-M-H-C analyses of conceptual underground facility
designs would be conducted. Because the responses to be
considered are “thermally driven,” it is conceivable that
the design goals/criteria could be expressed in terms of a
maximum rock temperature, temperature gradient, or
flux, However, they could also be expressed in terms of
limiting rock stresses and displacements, groundwater
flow rates, and mineral dissolution and precipitation
rates. All these analyses require a certain level of scien-
tific understanding, experimental evidence, predictive
techniques (albeit simplified) and professional judgment.

There are various levels of details regarding the evalu-
ation of thermal effects on repository performance upon
which the development of such criteria could be based.
However, the critena are expected to be developed based
on the available information and understanding about the
host rock, surrounding strata, and groundwater system.
New understanding about poteatial T-M-H-C processes
and events in the host rock, surrounding strata, and
groundwater system could be gained during the period of
site characterization and performance confirmation
testing. To better guide the development of the design
process of the GROA underground facility, it 1s reason-
able that an improved understanding of the effects of
T-M-H-C processes and events might be reflected in the
design process by new and/or revised design goals/crite-
ria, However, a documented rationale would be expected
with regard to any changes to baseline design goals/crite-
na.

Step No. S~ Development of “Appropriate”’ Predictive
Models

The discussion for Step No. § in Figure 1 & contained in
Section 4.2, “Development of Predictive Models.”

Step Neo. 6—Application of Predictive Models to the Un-
derground Facility Design

The design goals/criteria that may relate response limits
(such as maumum rock temperature, displacements,
stresses, flow rates, and mineral dissolution and precipita-
tion rates) to the performance objectives serve s the
initial gauge by which the nnderground facility design
should be tested. This means that the predicted results
(including the uncertainties) of heat transfer and
thermally-induced mechanical, hydrologic, and chemical
responses associated with a particelar underground facil-
ity design must be available and compared to the design
goals/cniteria. An example of such comparisons associ-
ated with heat-transfer predictions can be found in
NUREG/CR-5428 (Brandshaug, 1989). Meeting all the
design goals/criteria will provide confidence that the un-
derground facility design has a higher likelthood o meet-
ng and/or not adversely affecting 10 CFR Part 60
preclosu ¢ and postclosure performance objectives.

4.0 Discussion

Step No. 7— lterative Predictions to Check if Design
Goals/Criteria Arc Met

Step No. 7 is a decision point 10 determine whether the
design goals/criteria for the GROA underground facility
tave been met. If the design goals/criteria have not been
maet, then the underground facility design for the GROA
needs to be modified (Step No. 7A in Figure 1) and the
design needs to be re-evaluated in the manner described
in Step No. 6. If the design goals/criteria have been met,
then the process continues to the next decision point
found in Step No. 8.

Step No. 8~ Incarpor 'tion of Predicted Results in F rform-
ane Assessment Models

Although it may be possible to show that the .nderground
facility design meets individual design ge us/criteria, the
final evaluation of the underground fa ity design must
be a test of the effect of the design on* e performance, as
measured against the objectives 10 UFR 60.111, 60.112,
and 60.113. It is expected that me Jels for the evaluation
of performance objectivesw  » available, and will incor-
porate the predicted heat transfer and thermally-induced
mechanical, hydrologic, and chemical responses, includ-
ing uncertainties, as input for analyses. Compliance with
10 CFR 60.133(i) would be demonstrated by meeting: (1)
the design goals/criteria; and (2) the performance objec-
tives.

An unsatisfactory performance assessmant result would
require a return to Step No. 4, to perform a reassessment
of the design goals/criteria. On the basis of the reassess-
ment, a re-evaluation of the design may be necessary. If
unacceptable results persist, it may become recessary to
return to Step No. 2 or 3, from Step No. 8 (see Figure 1).

It is concevable that a noncompliance determination is
not necessarily related to a deficiency in the GROA un-
derground facilitv design (Step No. 8A). This would be
evident if repeated examinaticns of the design process
(e.g., Step Nos. 2ar 3 through 7 in Figure 1) fail tovield a
satisfactory evaluation by the performance assessment
mode! (Step No. 8). [n this case, a decision would be made
to look for problems related to waste package design,
borehole and shaft seals design, and/or geologic setting
concerns (Step No. 8By however, discussions of such
analyses are beyond the scope of this STP.

Step No. 9— Acceprability of Underground Factity Design

This is the final step in the design of the GROA under-
ground facility. It is ouly reached when the design goals/
criteria as well as the performance objectives have been
satisfied. As indicated in Step No. B, several iterations
may be required before it can be concluded that 10 CFR
6. 133(1) requirements have been complied with.
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4.0 Discussion

4.2 Development of Detailed Predictive
Models

The thermai load expected to result from the emplace-
ment of spent nuclear fuel and HLW will afTect the host
rock, surrounding strata, and groundwater system for
thousands of years. Thus, the thermal load has the poten-
tial to alter the normal T-M-H-C processes within the
geologic setting throughout the entire waste containment
period and much of the waste solation period. Predic-
tions of the heat transfer and thermally-induced mechani-
cal, hydrai.gic, and chemical response of the under-
ground facility host rock, surrounding strata, and
groundwater system must be part of the basis upon which
the underground facility is designed. Analyses will be
needed that collectively world provide a perspective on
the transient rock temperaiares and associated rock
stresses and deformations, Zroundwater flow (e, liquid-
and vapor-phase transport), and chemical response such
as the dissolution and precipitation of mineral species in
the host rock and surrounding strata. The staff expects
DOE to pursue the development of coupled T-M-H-C
models based on an understanding that is proportional (o
the impact of coupling on the overall performance of the
geologic repository.

Because of the transient nature of the heat transfer asso-
Clated with the disposal of nuclear waste, the theemally-
mnduced mechanical, hydrologie, and chemical response
levels will also change with time. Details that may be
important to the prediction of the response carly in the
history of the repository and that may occur relatively
close to individual waste containers (for example the o¢-
currence of pore water boiling), may not necessarily oceur
later i the history of the repository and much farther
from the vicunity of the waste containers. Thus, predictive
models capable of analyzing canister-scale, room-scale,
repository-scale, and regional-scale problems witl be
needed to ens re that an appropriate level of detail will
be inciuded /4 the analyses

The staff recognizes that assumptions must be made
about host rock conditions and level of details that will be
reflected in the predictive models, To include great com-
plexity in the characterwzation of material behavior, for
example, does not necessarily provide more accurate pre-
dictions, because (even if the complex details can be char-
acterized at the scales needed) a complex model s often
more difficult to verify, validate, and use. The stafl also
recognizes, on the other hand, that oversimplification m
madeling may obscure the understanding of those proc-
esses that might have significant impact on design goals/
criteria and/or performance. The analyst should choose a
model that strikes a balance between unworkable detail
and oversimplification of the processes that are being
maodoled. Such a balance can reduce the model uncer-
tainty (0 a degree. Nevertheless, there remains residual
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model uncertamty that results from the simplification snd
lack of knowledge of the phenomena being modeled.

Since the purpose of the predictive models is to assist in
the evaluation of the adequacy of the underground facility
design, the models must provide a measure of response
that enables such evaluations. Relationships need to be
cs ablished between the response measures and the per-
formance measures. For the heat-transfer model, this
response ieasure would be the transient terperatures in
the host rock and surrounding strata. For the mechanical
model, the measure would be the components of stress,
strain, and displacement. For the hydrologic model, this
measure would be the specific discharge of fluid through
the host rock and surrounding strata and the Adirectional
flow vectors, For the chemical model, this measure would
be the activities of components in the agueous phase, the
composition and concentration of mineral components.
the fugacity of gaseous components, and the porosity and
mtrinsic permeability of the genloric material,

The reliability of model predictions is affected to & great
extent by the reliability of the information upon which the
predictions are derived. 'nput data to the predictive mod-
¢ls for heat transfer and thermally-induced mechanical,
hydrologic, and chemical responses must be representa-
tive of the prevailing conditions at the repository site.
Thus, the data must be derved by appropriate tests of a
sufficient number and duration, which allow for retiable
estimates of spatial representativeness, as well as range
and distribution of the data. In addition, the acquisition of
the necessary input data, as well as the analysis of the data
(e.g.. data reduction) must be conducted in accordance
with quality assurance procedures (see Subpant G to 10
CFR Part 60).

Determination of the heat transfer and thermally-
induced mechanwal, hydrological, and chemical behavior
in the host rock, surrounding strata. and groundwater
system must give consideration to the effects of uncer-
tainties associated with the values of the parameters used
in the predictive model input. To properly evaluate the
underground facility design for the GROA, the effects of
uncertainty in model input parameters must be estab-
tished with respect te the predicied results. Thir ~ludes
assumptions upon which the models rely, which tend to
Wealize a problem into manageable proportions. As-
sumptions and uncertainties could be related to geomet-
ric aspects of a problem such as two-denensional versus
three-dimensional analysis, simplified representation of
the geologic stratigraphy and‘or topography, orientation
and frequency of rock joints, initial conditons, environ-
mental conditions resulting from o range of anticipated
processes and events, and o idealizations in constitutive
relationships of phenomena, From the standpoint of
model reliability, it is essentiu that assessments be made
of the effects aof unc rta s wssociated with model as-
sumptions on the predicted results. Thus, an evaluation




of the unicertaintics must be provided with respect to the
predicted results and be included in the evaiuvation of
performance as it may relate o the design of the GROA
underground facility. The effects of uncertainties related
to material propertics could be assessed by using the
range or staustical distribution of the properties. Exami-
nation of the change in response with respect to a vari-
auon (e.g.. one standard deviation) in model-specific pa-
rameters provides a useful perspective on the evaluation
of the design of an underground facility. Such examin-
ation would:

® ndicate whether significant additional accuracy in
the prediction is attvnable, given the current pa-
mmeLer ranges and sensitivities;

® indicate which parameters may be important in
achieving more accurate predictions; and

& provide gseful guidance aimed at the development
of an underground facility design, that accommo-
dates certain parameter ranges.

The effects of assumprions could be assessed relatively,
by varying the model in terms of alternatives (e.g., using
different constitutive relationships and initial conditions),
or directly, by evaluating the model against ~hysical ex-
perimenis. The results of these activities provide confi-
dence in the reliability of a model, which v uld need to be
expressed in qualitative and quantitative terms. It is an-
ticipated that a staust.cal approach will be needed to
provide 3 systematic evaluation of the respoase uncer-
tainties. The NRC staff expects that DOE wwill use statisti-
cal methods that are consistent with the quality and quan-
tity of data avanlable in its approach to dealing with data
unger lamtics,

The licensing process requires that DOE demonstrate
that the regulations embodied within 10 CFR Pant 60
have been met However, as stated in 10 CFR
60.101{a)2). *. . . it is not expected that comnlete assur-
ance that they will be met can be presented. A reasonable
assurance, on the basis of the record before the Commus-
sikon, that the objectives and criteria will be met is the
general standard that ¢ required.” Th. Commission
mast, therefore, make a {inding that the issuance of a
license will not constitute an varcasonable risk to the
health and safety of the public. Further, this linding must
b made nn the basis of information presented in the
license applicaton. Section 10 CFR 60.24 of the rule
requires that the application be as complete as possibie at
the time of docketing and, further, that DOE updatc its
application as addivonal information becomes available.
To the extedt that the information in the application may
be incompiete, it must nevertheless be sufficient (taking
into account plans for performance confirmation)) to sup-
port the findings stuted above:

Finally. all predictive models and their numencal repre-
sentations (i.¢., computer codes) used for licensing will
need a certain degree of validation and verification, re-
spectively. Rigorous model validation and computer code
verification against laboratory ¢ :d field experniments are
expected to test the reliability of the models. Both maiel
validation and computer code verification are imperative
if heat transfer and thermally induced effects are to be
predicted with sufficient reliability to ensure compliance
of the underground facility design with the performance
objectives. However, there may be different levels of
model validation, because factors that constitute a rigor-
ous validation depend on the information obtained from
the laboratory and field experiments. For example, it is
reasonable o expect that a more rigorous model valida
tion could be achieved for short-term (e.g., less then 10
years) predictions than for long-term predictions. [t isalso
reasonable to expect that a more rigorous model valida-
ton could be achieved for predictions of T-H-M-C re-
sponse in the close vicimty of the underground facility,
including the individual waste containers, than for pre” « -
tions of responses at greater distances from the godor-
ground facility, simply because of the problems associated
with physical access. (NRC has provided guidance on
computer code verification in NUREG-0856 (see Silling,
1983). However, model validation and code venficasion
are complex issues that Jeserve a more extensive discus-
sion than ¢an be provided ia this STP.)

4.3 Alternative Predictive Models

In demonstrating compliance with design criteria of 10
CFR 60.133(i), it is ~xpected that a mechanistic under-
standing of coupled beaavior will be used to predict the
thermal and thermomechanical response of the host rock,
surrounding strata, and groundwater system. The staff
realizes, however, that it may not be possible to obtain a
thorough mechanistic understanding of coupled T-M-
H-C behavior, as discussed in Section 1.2, particulacly
before an application is submitted to construct a geologic
repository, Therefore, in the design of the underground
facility, DOE: may need to develop and .s¢ models that
express coupling between processes based on less than a
thorough mechanistic understanding of T-M-H-C behav-
wr. Note that analyss using such empirical models must
provide for an evaluation of the effects of the assumptions
of ecoupling on the predicied results and the conservatism
of the empirical models used.

The lack of a thorough mechanistic understanding may
lead 1o 11~ use of models that do not directly account for
coupling between two or more of the T-H-M-C processes
involved. Appendix C gives an example of an iterative
process for the analysis of thermally-induced phenomena
using such “approximate”™ models.

In the application of empirical models that rely on a
himited mechanistic ynderstanding of coupled processes,
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and/or that do not directly account for coupling between
WO or more processes, conservative data and assump-
tions must be used. Such conservatism should compen-
sate for the uncertainties resulting from the lack of a
detailed understanding, since otherwise such uncertain-
ties may preciude the staff from finding, with reasonable
assurance, that the performance objectives will be met.

If DOE decides to use alternative predictive models, as
discussed above, the staff expects DOE’s license applica-
tion to demonstrate that such models are not likely to
underestimate the unfavorable aspects, or overestimate
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the favorable aspeets of geologic repository performance,
in the context of analysis and design.

The stall also expects that, as a part of its performance
confirmation program (10 CFR 6/).140-143), DOE will
perform in-situ and laboratory monitoring and testing to
confirm the assumptions made in the license application,
with respect to the alternative predictive models used in
underground facility design analyses. The results of the
performance confirmation program should provide the
bases for mode! refinement, if needed, as discussed in
Section 1.2
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Appendix C

APPENDIX C

EXAMPLE OF AN ITERATIVE PROCESS FOR THE ANALYSIS OF
THERMALLY-INDUCED PHENOMENA

Figure Cl{a) illustrates a level of coupling that accounts
for all the thermal-mechanical-hydrological-chemical
(T-M-H-C) processes affecting each other's initiation
and propagation (indicated by arrows pointing in both
directions between the processes in Figure C1(a)}. Sucha
madel would be based on a detailed mechanistic undet-
standing of the coupled T-M-H-C processes. Figure
C1(b) shows a second example, of a coupled model, that
may be based on either: (1)a detailed mechanistic under-
standing of the coupled T-M-H-C processes, reflecting
the understanding of negligible effects of some of the
processes on others (i.e., arrows pointing only in one
direction between the affected T-M-H-C processes);
and/or (2) less than a thorough understanding of the
coupled processes. Figure C2 shows an example of the
analysis approach. to approx.mate the coupled models
shown in Figure C1. The example analyses depicted in
Figure C2 would initially involve a set of predictions of
heat transfer, thermalily-induced mechanical, hydrologic,
and chemical responses, with subsequent changes to the
thermal properties consistent with the predictions of me-
chanical, hydrologic, and chemial responses (e.g.,
changes in thermal properties because of disselution and
precipitation of mineral species in the host rock, as pre-
dicted by the chemical model). Subsequent analyses
would produce a second, and third, etc. set of predictions
of heat-transfer and thermally-induced mechanical, hy-
drological, and chemical responses. The iterative process
would continue untii changes in the prediction of the
respective phenomena converge to some acceptable
level.

The order in which the phenomena (e.g., T-M-H-C) are
analyzed in Figure C2 is shown only as an examp!s, The

C+1

responsibility to determine the most appropriate se-
quence of anaiysis rests with the applicant. The process
depicted in Figure C2 is based on the neéed to not oanly
provide predictions about the heat-transfer and
thermally-induced effects in the host rock, surrounding
strata, and groundwater system, but to provide it in a
manner that allows an evaluation of the level of coupling
used.

The applicant may choose to use approximate methods
similar to that illustrated in Figure C2, for assessing the
effects of thermal loads in the context of the underground
facility design. However, regardless of the methods, as-
sumptions, or approximations used in the design process,
the applicant must demonstrate, at the time of license
¢ pplication, that the proposed underground facility de-
sign will conform to the performance objectives of 10
CFR 60.111, 60.112, and 60.113, as required by 10 CFR
60.133(i).

It is also important to note that not every design goal/cri-
terion needs consideration of mechanical/chemical/hy-
drological changes resulting from thermal ioading. For
each performance objective, the scale of the problem
(canister/room/repository/region) and duration of inter-
est (0 to 100 years, 0 to 300/1000 years, 0 to 10,000 years)
will be different. The analyses should consider the exist-
ing information such as laboratory and field test data,
“simplified” model studies, and natural analogues, before
emba-“ing on any detailed analyses. For certain cases, it
may . possible to terminate the analysis procedures in
Figure C2 at the end of first or second iteration.
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Figure C1. Coupled T-M-H-C Models. “T," “M,” “H,” and “C" refer to thermal, mechanical, hydrological, and

chemical responses. respectively
r r P;
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-l SIMLRATE HEAT TRANSFER EFFECT |
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MECHANICAL
ACESPONSE SIGNIFICANTLY
AFFECT HEAT TRANSFER
PHENOMERA?

YES

INPUT THERMAL AND THEAMO-MECHANICAL
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ot

| SMULATE NONISOTHERMAL FLOW RESPONSE |

YES
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AFFECT MEAT TRANSFER
OF MECHAMICAL

INFUT THERMAL, THE RMO-MECHANICAL . AND

L HYDAOLOGIC RESPONSES 10 CHEMICAL MOOEL

| SMULATE THERMO CHEMICAL RESPONSE |

ASSEMBLE DATA FROM SENSTTIVITY/
UNCERTAINTY ANALYSIS

{

COMPARE PREDICTED RESPONSE 10
OF SIGN GOALS/CRITERIA

Figure C2. Example of an Herative Process for the Analysis of Thermally-Induced Phenomena.
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APPENDIX D
DISPOSITION OF PUBLIC COMMENTS

Note: Throughout this comment response package,
“STP” refers 1o the staff technical position noticed in the
Federal Register on July 22, 1991 (NRC, 1991; 56 FR
33478).

Department Of Energy (DOE)
Comments

General Comments

Over the p~ .on years, the U.S. Nuclear Regula-
tory Comm sion (NRC) «taff has urged the U.S.
Departme.. of Energy (DOE) to assess the coupled
thermal (T), mechanical (M), hydrological (H), and
chemical (C) responses associated with a geologic
repository. In response, the Yucca Mountain Site
Characterization Plan (SCP) stated that although
not completely defined, tests will investigate cou-
pled interactions (DOE, 1988¢, p. 8.3.2.1-14). Also,
in our Exploratory Shaft Facility (ESF) Alternatives
Study (Dennis, 1991), we examined different testing
layouts and chose one that would accommodate
most testing programs, including tests for coupled
interactions. Test Planning Packages and the Title Il
design of the ESF should give the NRC staff more
information, but we have no immediate plans to
examine coupled interactions at the level of detail
that the draft Staff Technical Position (STP) recom-
mends.

The STP outlines a step-wise approach by which the
T-M-H-C assessment would be accomplished. It is
a demanding approach entailing many ccaputer
codes whose development will push DOE well be-
yond the state-of-the-art. Ultimately, the NRC staff
expects DOE to®. . . demonstrate a comprehensive,
systematic, and logical understanding of the coupled
T-M-H-C responses associated with a particular
geologic repository operations area (GROA) under-
ground facility design.” (page 1). We seriously doubt
that the staff’s expectations will be realized, at least
within the next five to ten years.

The STP does not convince us that a “fully coupled”
maodel is needed for demonstrating compliance with
10 CFR 60.133(i) or, for that matter, any require-
ment in 10 CFR Part 60. We believe that “simpli-
fied” models would work as well, if not better. The
STP does not explain what makes a model “fully
coupled.” An example would be helpful. The STP
voids the NRC's justification for requiring a dis-

turbed zone and a containment period. Both were
justified because they permitted simplified analyses,
not the highly complex and possibly unattainable
analyses that the STP expects.

We suggest that the NRC staff limit this STP to
ong-way thermomechanical coupling as the title sug-
gests, as other NRC guidance (NUREG/CR-5428)
has done, and as 10 CFR 60.133(i) requires. We
discourage the staff from pursuing “fully coupled”
models at least until the staff and DOE know more
about them.

The STP lacks a regulatory basis. It cites the require-
ments that supposedly require an assessment of cou-
pled processes, yet the terms “coupled processes” or
“fully coupled models” never appear in 10 CFR Part
60, in the draft rule, or in the supplementary and
background information. To the contrary, NRC
sought to avoid analyses of these highly complex and
uncertain interactions. To do so, NRC confined
thermally driven phenomena to the “disturbed
zone™ a portion of the host rock for which DOE
could not take credit. Likewise, NRC required con-
tainment until the thermal loads subside. By doing
s0, NRC sought to simplify DOE's evaluation of the
repository's performance. In short, by requiring a
. .. comprehensive, systematic, and logical under-
standing of the coupled T-M-H-C responses,” this
STP voids NRC's justification for requiring a dis-
turbed zone and a containment period.

The STP is too generic and lacks pertinent details to
meet its stated purpose. The acceptable methodol-
ogy for demonstrating compliance with 10 CFR
60.133(i), as described on pages 7-10, is incomplete
and lacks some crucial details of acceptable method
for decision making, espccmua in the case where the
available information wiil reflect large uncertainty
at the programmatic and technical decision points
shown in Figure 1,

On pages 1-5 of the STP, the expectations of the
NRC staff at each stage of the program such as
Construction Authorization, Construction, Waste
Acceptance, Performance Confirmation Monitor-
ing, and Closure, are not clearly stated. The text
switches back and forth between these various stages
of the program, leaving the reader somewhat con-
fused about the various expectations. It would be
useful to the designers and modelers of the
repository if the expectations of the NRC staff were
stated clearly at each swage of the program.
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However, the stafl believes that the understanding of the
near-ficld T-M-H-C environment would contribute to
the design of the enginecred barnier system (EBS), in
particular, the thermal loads aspect of the underground
facility design. Therefore, the staff disagrees with DOE's
contention that the containment period provision of the
rule relieves DOE of a need to understand and analyze
the T-M-H-C processes that affect the waste package
performance.

Regarding the need for coupled models, the staff main-
tains that DOE should develop models 1o predict the
thermal impacts, based on a mechanistic understanding of
T-M-H-C interactions, to the extent practical and neces-
sary, There are plausible conditions ut.der which T-H-C
cffects can result in changes to a repository host rock
environment (Lin and Daily, 1989). The stalf's intent is
that a logical approach be used 1o predict the M-H-C
response of the system, (o the maximum design thermal
loading. The “level of coupling™ that needs 1o be consid-
ered should be determined from an established technical
basts. 1118 not the intent of the stafl 1o require DOE 0
develop a highly complex numerical code from the
T-M-H-C coupled model, The staff belioves that, al-
though “simplified” models are necessury and useful, they
may not be sufficient to demonstrate the adequacy of the
GROA underground facility design with the require-
ments of 10 CFR 60.133()). NUREG/CR-5428
(Brandshaug, 1989), referenced by DOE in its general
comment, 18 strictly a description of a three-dimensional
analysis of the single process of transient conduction heat
transfer in the host rock in the vicinity of waste packages
and storage rooms. It neither contains an evaluation of
thermally induced mechanical effects (i.e., T-M) as men-
tioned in the DOE general comment, nor does it consider
the combined effects of heat and water, which may be
mportant to EBS design. The sole purpose of this refer-
ence in the STP is to provide a specific example of the
process of performing analyses and comparing the results
of these analyses to “design goals™ (1.¢., Step Nos. 6 and 7,
in Figure 1) over a range of design conditions. The refer-
ence should in no way be construed to mean that the staff
endorses the single process model used in the report.

As regards DOI’s comment concerning a lack of regula-
tory basis for this STP, the stafl does not agree with the
Depacement’s comment, As stated earlier i the stafl's
response, regulatory requirement 10 CFR 60.133(i) isone
of several enteria for the design of the underground facil-
ity. It requires that the underground facility for the
GROA be designed so that the performance objectives
will be met, taking into account the predicted thermal and
thermomechanical response of the host rock, surround-
ing strata, and groundwater system. This regulation spe-
cifically refers to the groundwater in the context of “ther-
mal loads” and the design of the underground facility. The
effect of temperature on the groundwater must, there-
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fore, be considered. Because the hydrology ‘radionuclide
transport s “tied” strongly to the in-sitk geochemistry, it
becomes necessary 1o include chemical effects in the
evaluation of the thermal load. to the extent that it hasan
impact on the repository performance. Therelore, the
staff believes that the compliance evaluation of 10 CFR
60.133(1) should include an investigation of thermally-in-
duced M-H -C effects.

The requirement in 10 CFR 60.133(1) alone provides the
necessary and sufficient regulatory basis for this STP.
However, there are other regulatory requirements that
provide additional bases. For example, in 10 CFR
60.21(c) 1 XiXF), the content of the license application is
specified 1o include, “The anticipated response of the
geomechanical, hydrogeologic, and geochemical systems
10 the maximum design thermal loading, given the pattern
of fractures and other discontinuitics and the heat trans-
fer properties of the rock mass and groundwater.” Such
an evaluation of thermal responses should be based on an
understanding of the T-M-H-C processes, and their in-
teractions, Therefore, the staff disagrees with DOE that
the STP lacks a regulatory basis,

The staff does not agree with the next portion of DOE's
comment that “The STP is too generic and lacks pertinent
details 1o meet its stated purpose.” It is the staff’s intent,
in this STP, to outline an acceptable methodology for
demonstrating compliance with 10 CFR 60.133(1) without
unduly constraining DOE in its choice of methods that
may be used in implementing the intent of the STP. This
approach identifies several programmatic and technical
decision points, to facilitate the process for com

demonstration. The methods that may be used lor deci-
sion-making at each decision point should be selected by
DOE under the premise that they are defensible and
consistent with the overall repository design and perform-
ance assessment philosophy and strategy. R the
DOE concern on “... decision making ... where the avail-
able information will reflect large uncertainty ...." it is the
staff's position that DOE should apply appropriate con-
servatism in its design and performance calculations, so
that NRC will be able to make the necessary findings,
under 10 CFR 60.31, with reasonable assurance.

Finally, regarding DOE's comment related to the staff's
expectations not being clearly stated in the STP, the fol-
lowing clarification is provided. The staff expects, at the
time of construction authorization, that DOE clearly
demonstrate that the models used to predict thermal
responses are not likely to underestimate the unfavorable
aspects of repository performance or overestimate the
favorable aspects, in the context of desigh and analyses.
Subsequently, the underlying assumptions used in the
projected perfurmances should be confirmed during the
penriod of performance confirmation, by appropriate con-
tinued testing and/or model refinements.

NUREG-1466
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Appendix D

Specific Comments

1. Page iii, “Abstract”

7 3 NRC staff anticipates that the methodology to
demonstrate compliance with 10 CFR 60.133(i)
“. .. will require development of ‘fully coupled'
models.” No such requirement appears in 10 CFR
Part 60 nor has this STP justified the need for one.
Moreover, STPs cannot “reguire” but may recom-
mend or suggest a particular approach,

Response

With regard to the furst portion of DOE’s specific com-
ment, the stafl agrees that 10 CFR 60.133(1) does not
explicitly “require” the development of coupled models.
The staff notes the concern raised by DOE in its comment
and has modified the final version of the STP in a number
of places to clardy the staff’s position that it does not
require the development of “fully coupled’ models.”
However, as discussed in the staff’s response to DOE's
“General Comments,” the staff believes that any demon-
stration of compliance with 10 CFR 60.133(1) would need
t0 be based on an understanding of thermally-induced
M-H-C eflects on geologic repository design and/or 'per-
formance, Moreover, as noted in the final version of the
STP, the stafl further believes that such understanding
would need 10 include an assessment of the importance of
coupled processes in quantifying the extent of these ef.
fects as part of the design process, before such a need can
be dismussed.

Al the present time, in the repository program, with lim.
tied site-specific information, it 18 not clear what level of
coupling (if any) will be adequate in expressing the antici-
patcd thermally-induced M-H-C responses associated
with a thermal load. From the viewpoint of the NRC staff,
it seems that a prudent approach to demonstrating com-
pliance with 10 CFR 60.133(1) should not dismiss the need
10 take account of coupled processes, before such a need
has been investigated. As a result, therefore, the staff
considers 1t prudent to follow a conservative course and
thus recommends the use of coupled models in the dem-
onstration of compliance with 10 CFR 60.133(i).

Finally, the Department has correctly noted in its com-
ment that STPs do not express requirements per se.
Rather, as noted in Section 1.0 of the STP;

“STPs are not substitutes for regulations, and com-
pliance with them is not required, Methods and solu-
tions different from those set out in the STP will be
acceptable if they provide the basis for the findings
requisite to the issuance or continuance of a con-
struction authorization or license by the Commis-
sion.”

NUREG-1466

D — —

T T T S ] | R T———

However, in view of the fact that the use of the term
“require” has a potential to be misinterpreted, the “Ab-
stract” has been changed by replacing the phrase . . . will
require development . . ." with . .. will include evalu-
ation and appropriate development . . . ." This alterna-
tive language was selected because it is expected that
DOE wodld investigate the attendant coupled T-M-H-C
effects commensurate with the uncertainties generated as
a result of a given thermal load.

2. Page 2, Section 1.1, “Background”

The STP states, “One must also understand the un-
certainties associated with predicting the thermal
loading and corresponding rock and groundwater
responses so that these uncertainties can be accom-
modated by the design.” According 1o 10 CFR 60.2,
thermal loads that “may have a significant effect on
the performance of the geologic repository” are con-
fined 1o the “disturbed zone.” Provisions at 10 CFR
60.113(a)2) exclude this thermally disturbed rock
from the calculation of groundwater travel time, i.e.,
the calculation cannot take credit for the rock within
the disturbed zone. By creating a disturbed zone,
NRC relieved DOE from having to understand the
uncertainties associated with predicting thermal
loads. NRC justified a disturbed zone because physi-
cal and chemical processes therein “are especially
difficult to understand in the arca close to the em-
placed wastes because that area is physically and
chemically disturbed by the heat rated by those
wastes." (NRC, 1981; 46 FR 35281)

Likewise, NRC requires containment for at least 300
10 1,000 years because during this tume, decay heat
would drop three orders of magnitude. (Ivd ) NRC
wanted containment “during the period when the
thermal conditions around the waste packages are
most severe .. . [so that] . .. evaluation of reposi-
tory performance . . . (would be] . . . greatly simpli-
fied . .. ." (Ibid ), The rationale for 10 CFR Part 60
elaborates:

“During this critical [thermal] period the un-
certainties in predictiny release rales are very
great. Even if we did understand the mecha-
nisms completely, the data scatter increases
with temperature so that test programs 1o
gather the data 1o narrow the uncertainties to
reasonable bounds are very cumbersome.”
(NRC, 1983, p. 472)

This STP burdens DOE with the of assess-
ments that NRC sought 1o avoid. The STP would
have DOE assess the “fully coupled” thermal, hy-
drological, mechanical, and chemical processes, plus
all uncertainties. But NRC sought 10 avoid these
assessments by confiming these processes to a
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disturbed zone and by requiring that the waste be
contained until the have attenuated. If
DOE mugt provide the information that this 817
uests, there is no longer any justificavion for 10
Part 60 to require a disturbed zone or a con-
tainment period,

1t is also worthwhile to note that other uncertainties
in the overall systems, such as the model and pa-
rameter uncertaintics and the highly uncertain prob.
ability and consequences of human intrusion, far
outweigh the uncertainties resulting from the use of
uncoupled or partially coupled models.

The NRC staff should state that this STP does not
apply o the rock within the disturbed zone not does
it apply during the containment peniod. The dis-
turbed zone ncludes “that portion of the controlled
area the physical or chemical properties of which
have changed as a result of . . . heat generated by the
eiuplaced radioactive wastes such that the resultant
change of properties may have a sigmificant effect on
the performance of the geologic repository” (10
CFR 60.2). The contalnment period would last, at
the minimum, 300 to 1,000 years.

We must add, however, that if the STP applies after
the containment period and only to the rock beyond
the disturbed zone, most of the guidance would be
irrelevant. When attenuated in time and space, ther-
mal loads and gradients as well as “fully coupled”
T-M-H-C processes would not significantly affect
the repository's long-term performance.

Response

In its specific comment, DOE seeks to dismiss the need to
understand the effects of thermally-induced M-H-C
processes and the uncertainties associatcd with those
processes in dealing with the GROA underground facility
design. 11 is stated that the “disturbed zone” concept (10
CFR 60.2) and the “containment period” requirement (10
CFR 60.113(a) 1 X1u)A)) were introduced by NRC 1o re-
hieve DOE from such understanding.

The boundary of the “disturbed zone" is used to facilivaie
the caleulation of the pre-emplacerment groundwater
travel time (10 CFR 60.113(a)2)). The disturbed zone
boundary 15 established duning the site characterzation
phase, on the basis of an understanding of physical and
chemical changes within the rock surrounding the waste
emplacement area. Although necessary for all conceptual
designs, understanding of the character and extent of the
disturbed 20ne is particularly important in those design
options that call for elevated temperatures being main-
tained for extended time periods. Whereas the pre-waste
emplacement groundwater travel time calculation is asso-

cuated with one of the six performance objectives, 10CER
60.133(1) deals with all six performance objectives. The
design of the waste package that deals with two other
mbguem performance objectives (eg., 60.1 ll(a)(l)%?
(A-B)) and contributes to the overali performance of t
repository (under 10 CFR 60.112), requires a clear under-
standing of the near-field environment (which is con-
tained within the disturbed zone). The staff refers DOE
10 10 CFR 60.135(a).

In view of the alorementioned discussion, the staff dis-
agrees with DOE's interpretation that the “disturbed
zone™ concept relieves ll:‘Ob from considering "t;cmnl
impacts on repository performance in the pre- post.
closure . a8 specified in 10 CFR 60.13%(i). The
stafl believes that a prudent evaluation of thermal im-
pacts would also include an assessment of the effects of
uncertainties, which should be incorporated into the un-
derground facility design.

The stalf further believes that the understanding of the
near-field T-M-H-C environment would contribute 10
the design of the EBS, in particular, the thermal loads
aspect of the underground facility design. The capacity of
a canmister to contain waste depends on, among other
things, the local environment of the canister. Under dil-
ferent environments, the rate, mechanisms, and prog.
esses of canister degradation may be different. Therefore,
assessment of the performance of substantially complete
containment must rely on the understanding of the
T=M-H-C processes at the container scale, including an
understanding of the importance of the effects of coupled
processes and related uncertainties,

The staff recognizes, however, that there are other poten.
tial uncertainties associated with the overall system, as
indicated in DOE's comment; some of them may very well
outweigh the uncertainties resulting from the use of pre-
dictive models for thermal loads. However, this is not o
say that an understanding of the thermally induced phe-
nomena is not necessary. It is the stafl’s contention that
DOE first will have to demonstrate that the uncertainties
associated with thermal load consideration 15 indeed less
important and, second, (o demonstrate that reasonable
assurance for compliance with the performance objec-
tives will still be obtained without quantifying and/or re-
ducing these uncertainties. Until such time, the stafl con.
siders that it is appropriate and necessary 1o obtain a
better understanding of the T-M-H-C effects on the

repository performance.

Finally, DOE notes in this comment that *“When attenu-
ated in time and space, thermal loads and pradients as
well as ‘fully coupled’ T-M-M-C processes would not
significantly affect the repository’s long-term perform-
ance.” The staff is concerned that this statement conveys
the notion that the Department’s current understanding
of the T-M-H-C processes associated with a thermal
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lond o sullicient (o proveed with an advanced design of
the GROA underground facility, i advance of extensive
site charactertzavon, and well bedore a relerence thermal
Toad has been established and its effects have been evalu-
ated. Hused on the stll s review of DOE's program to
date, the stalf can find no basig on which (o concur in the
Department's observation.

A Page 3 Section 11, “Background”

In line § und elsewhere the STP references heat-in-
dueed effects on groundwater low, The ST should
also acknowledge the possibility for steam genera-
tion and water vapor transport, Otherwise, the term
“wroundwater™ could be interpreted narrowly 10
mean only liguid-phase transport

Respense

The staff agrees with this recommendation. It is cory
ahle that the level of the thermal load will be sulficien,
high to induce rock lemperatures that result in boiling .
porewater, Accordingly, the meaning of the term “fHow
in the ST has been expanded 1o include both liguid- »+
vaipor-phase transprort.

4. Pages 3 and 4, Section L1, “Background
The STP states that Tor “repository

mal regimes that are nd th” Sl
enginecning experiences,” the » aondels
s o first step i establishin’ + tange ol
effects of thermal loads ¢ wtory” unless
there is “a programme’ viluation of such
thermal londs.

This STV sy ascourage the use of estab-
lished mo! preliminary programmatic evalu-

Alione - il loadm;s Some estublighed models
W < uselul in sensitivity and tradeolf studies.

Also, the above passape contradicts statements
made on page four that state that an initial uuder
standing of thermally induced phenomena is ex
pected to be ganed from the use of models that are
reasonably available, The guidance stated above s
hurdly new, and does not contribute 1o & demonsira-
ton of . There is a need 1o demonstrate
what the th loads are, the effects of those
loads, and whether the effects are significant to per-
formance and/or design. (Thermomechanical test-
ing is described in SCF section 8.3.1.15)

Response

The STP does not discourage the use of existing models us
long as they are reliable (refer to Step No. 2 in Technical
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Position 3.1). Some “established™ models may be reli-
able, and therefore, could be useful in sensitivity and
tradeal! studies. The stafl notes that DOL finds an appar-
ent contradiction in the STP text between Sections 1.1
and 1.2, However, in an effon to avoid the potential for
musunderstanding i the futare, the third, fourth, and
Iifth pat s of Section 1.1 have been combined and
revised as (ollows:

“I'he impact of thermal loads on repository perform-

unce can be a very comples technical issue, depend-

ing on many factors, including the magnitude of m
thermal lmdn themseives. L or those repository gen

crated thermal regimes lhat are within the range d

engineering ex i, the use of existing predic-

tive models 1o eviluate the le effects of thet

al londs on repository performance may be & rea-

“le approach 1o strute compliance with

X Part 60 regulatory requirements, On the

nd, repository-gencrated thermal regimes

weyond the range of cureent cering

pose significantly more complex prob-

rmal regimes, scting over the lon,

posttony performance, miy produce

ve fon considerations that

1 current engineering practice, For

. the use of un exsting model, to pre.
.yw;v“'uycuwldmh londls,
_alaciory. For those situations whore I

% programmatic decisions that uee nm
wry-genctated thermal regimes
lm which ongimn% experience is amlme. i s
ed that DOE will investigaic and evaluate the
of eots of coupled inthe mdum of the
underground facility performance.”
£ Page A, Section L1, “Background”

In the second paragraph, the authors of (he STP
mmmmww that mlwmummm
ek n an extraord e
ated thermal m may be a unm
NRC using a Mu:l but ouuht:d !r:lmmmn D?
FEPOSILONY design in the Concept "
ug(u Report o in the Site Characterization Plan
prers 6 and/or 7. Currently, there is no
rdmm waste Ndﬂﬁ design or heat load. DOL s
currently reviewing K Fiven if this as-
sumption was true and DOL “state-of-
the-art” models, how would NRC independently
evaluate the unproven methodology?

Response
The recommended approach adopted in the STP is
neric i nature. Iowas not formulated using mforma t&

contained in DOL's

nn the repositary concepiual
i dougall e al., 1987) nor

Canceptual Design Rnpm (Macl













Appendix 13

the entire process is derative (see the loop-back from
Step No. 8 to Step No. 3 in Figure 1).

Regardless of which types. of models are used for per-
formance assessment, simple or complex, the reasonable-
ness and adeguacy of the nput data (in this case the
results from the predictive T-M-H-C modei(s)) are of
primary concern. Without a reliable data set, there 18 no
reason 1o believe that the results generited from the
performance assessment models will be reliable. The pre-
dictive madels developed through the systematic ap-
proach outhined in this STP will provide a portion of the
mnput data needed for the performance assessment mod-
els. In the context of NRC's erative performance assess-
ment efforts (see Codell er o/, 1992), the stafl positions
advocated in this 817 are consistent with this on-going
effort,

13, Page 10, Section 3.2, “Development of Detailed
Predictive Models”

The STP states, “To the extent practical, DOE
should develop models . . . based on a mechanistic
understanding of fully coupled T-M-H-C behay-
ior"

As commented carlier, NRC has not clearly ex-
plained what constitutes a fully coupled model, what
these models will accomplish in terms of meeting
NRC regulations, of what advantage ihese models
have over simple uncoupled models. In short, NRC
has not provided any compelling reason 1o develop
“fully conpled™ models.

Also, this type of “Tully coupled” mechanistic model
may be impossible Lo validate in the classical sense of
the term. NRC's performance assessment staff has
stated that classical model validation cannot be ac-
complished for a repository. Consultation with
NRC's performance 2ssessment stalf should be con-
sidered in revising the STP, concerning the listing of
scenarios and use or formulat.on of strategies on
how DOL could make a demonstration with reason-
able assurance.

Response

As regards the first portion of this comment. the STP has
been revised 10 reduce the potential for the misinterpre-
tation that might have been created by the use of the
phrase “fully coupled” models. (These changes are de-
scribed in the stafl’s response to DOIs “General Com-
ments.™)

As regards the second portion of this comment, as previ-

ously stated in the stall response to DOE Specific Com-
ment Nos. 1 and 9, the need for and desired fevel of
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coupling depends on the understanding developed
through the examination of thermally-induced processes,
as indicated in Step No. 3 of Figare 1, Such a need cannot
he simply dismussed without some assessment of the im-
portance of T-M-H-C coupling in evaluating the per-
formance of the repository. Therefore, at this peint,
whether or not coupled models are better than simple
uncoupled models should not be a concern. The main
concern should be whether there is sufficient understand-
mg of the im-sttw site conditions, including coupled
T-M-H-C processes, todetermine what level of coupling
(il any) is adequate for demonstrating compliance with
the requirements of 10 CFR 60.133(i). For this reason,
Step No. 3 of the example approach establishes a require-
ment (o evaluate the need and extent of coupling for
development of predictive models.

The comment also raises the issue of validation suggest-
ing that “fully coupled” models may be impossible to
vididute in the classical sense. The staff agrees, but would
note that this is also true of models exhibiting lesser
degree of coupling. The real issue the staff believes is
whether such models can adequately represent the o
fects of coupling on repository performance.

14, l"afe 10, Section 3.3, “Alternative Predictive Mod-
els”

This scction or the glossary in Appendix A should
clarify or provide a precise meaning of “the synergis-
tic effects of T-M-H-C imteracuions.” This phrase is
also found on page 18, Section 4.2, first paragraph,
st sentence.

Response

The stafl agrees that there has been considerable diffi-
culty i interpreting the phrase “synergistic effects of
T-M-H-( interactions.” In the draft vorsion of the STP,
the staff had used several terms to describe coupled ef-
feets (e.g., synergustic effects, interactions). However, for
consistency, these terms have been replaced with the
term “coupled effects” in the final version of the STP, the
definition of which has been included in Appendix A
(“Gilossary™). DOE is directed 10 the stafl’s response to
the Department’s “General Comments,” where the staff
specifically deseribed the revisions made o the final ver-
sion of the STP, 1o clarify the meaning and intent of these
terms.

15. Pa!e 10, Section 3.3, “Alternative Predictive Mod-
els

The suggested action in Section (a) should be clari-
fied. Models cannot affect performance objectives in
any way. They can affect one’s ability to demonstrate
compliance or the receptivity of a reviewer to the
information presented.

D-10
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Response

The staff agrees that models cannot affect performance
objectives. Accordingly, Section (a) of the technical posi-
tion has been modified, as suggested in this comment.

16, Page 10, Section 4.0, “Discussion”

The STP repeatedly states that a repository's design
must comply with the 10 CFR Part 60 performance
objectives. Here it states, “Also, this methodology
[for demonstrating compliance with 10 CFR
60.133(i)] takes into account the performance objec-
tives of 10 CFR 60.111, 60.112, and 60.113, all of
which must be satisfied by any design.” (Emphasis
added)

Twoolftl - performance objectives, a repository's
overall peormance (10 CFR 60.112) and groundw-
ater travel time (10 CFR 60.113(a)2)) are more
oriented toward natural barriers that cannot be de-
signed. Moreover, according to 10 CFR 60.133(i),
“The underground facility shall be designed so that
the performance objectives will be met . . . . Thus,
the STP should state that the design of the under-
ground facility should not preclude compliance with
the performance objectives: rather that the design
must satisfy the performance objectives.

Response

The stafl disagrees with the recommendation made by
DOE in 1ts comment. Section 60.133(1) is specific in the
requirement that “The underground facility shall be
designed so that the performance objectives will be
met . .. ." (Emphasis added) The stafl interprets the re-
quirement to imply that the design process for the GROA
should lead to the conclusion that the underground facil-
ity design meets the pertinent requirements. Thus, in
practice, the stall believes that the design goals/critena
for the GROA underground facility, with due considera-
tion 10 the effects of thermally induced loads, need to be
correlated 1o the pertinent 10 CFR Part 60 performance
objectives in order to ensure that the design will meet
these objectives. The stalf views the terms “preclude
comphance™ or “satisfy,” as alternatively recommended
by the Department in this comment, to change the intent
of the current language of the rule.

As regirds DOE's reference to “natural barriers™ and 10
CFR Part 60 performance objectives, it should be noted
that the staff agrees that natural barmiers cannot be de-
signed, and the staff believes that there s nothing in the
STP to sugpest that this would be the case. However, a
particular GROA design may impact the ability of the
underground facility to meet the performance objectives,
particularly those of the natural system. Thus, as part of
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the GROA design process, consideration must be given 1o
which design parameters for the underground facility
have the potential to adversely affect the ability of the site
10 meet the performance objectives.

17, Page 11, Section 4.1, “Example of an Acceptable
Appmch for Demslraﬁng Compliance with 10
CFR 60.133(1)"

The first paragraph states that “a decision will be
made if the thermal loads have significant impacts
on the performance of the geologic repository.”
Later, the STP states that this would be an carly
“programmatic” decision.

Since “fully coupled™ models do not exist (and prob-
ably never will), early programmatic decisions must
be based on the results of “simplified” models. DOE
recommends that the NRC staff explicitly connect
early decisions with “simplified” modcls.

Response

The staff recognizes the need 1o make preliminary pro-
gramrnatic decisions based on existing models. However,
if these models reflect the understanding and experience
that are necessary to make a finding that a 10 CFR Part 60
performance objective is insensitive 10 the effects of ther-
mal loading, and the models used are reliable and defensi-
ble, then the need for more sophisticated models is obvi-
ated, as noted in the STP. (Also see the staff response to
DO Specific Comment No. 4.)

18, Page 11, Section 4.1, “Example of an Acceptable
cgﬂrac:w 3!3(0; Dcmousmuul Compliance with 10
\ "

These are six performance objectives, not three, as
stated in the second paragraph, second sentence.

Response

The three 10 CFR Part 60 performance objectives re-
ferred to in the STP are 10 CFR 60.111, 60,112, and
60.113. The staff acknowledges the need to clarify the
STP in this area and has modified the text accordingly.

19. Page i1, Section 4.1, “Example of an Acceptable
Appmnch for Demomlnung Compliance with 10
CFR 60.1330)"

That performance assessment takes place, as stated
n the STP, only alter all design goals/cnteria have
been met, is inconsistent with the advice [ previously]
given to DOE by NRC. Performance assessment
only at the end of the process would be 100 late,
particularly if goals and criteria can be met, but
performance objectives may not be mel. The STP
should be clarified on this point.
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of the single process of transient conduction heat transfer
in the host rock in the vicinity of waste packages and
storage rooms. The reference does not contain an evalu-
ation of thermally induced mechanical effects (i.e., T-M),
as mentioned in DOE's “Gencral Comments,” nor does it
consider the combined effe: - of heat and water, which
may be important tc the EBS design. The sole purpose of
the use of this reference in the STP is 1o provide s specific
example of performing analyses and comparing the re-
sults of these analyses to “design goals” (i.e., Step Nos. 6
and 7 in Figure 1) over a range of design conditions. The
reference should in no way be construed to mean that the
staff endorses the single process mode! used in the report.
Therefore, the staff does not consider that any conflict
exists, as suggested by DOE in its specific comment.

23. Page 17, Section 4.1, “Example of an Acceptable

Approach for Demonstrating Compliance with 10
CFR 60.133())"

At Step No. Y, the second sentence states that the
final step is reached “when the design goals/criteria
as well as the performance objectives have been
satisfied . . . [then] . .. it can be concluded that 10
CFR 60.133(1) requirements have been complied
with."”

This step falsely implies that compliance with the
performance objectives (10 CFR 60.111, 60.112, and
60.113) 1s a prerequisite for the demonstration of
compliance with 60.133(i). As we read 10 CFR
60.133(i), the sequence should be: (1) design an un-
derground facility; and (2) meet the performance
objectives,

Response

Section 60.133(i) requires that “The underground facility
shall be designed so that the performance objectives will
be met . ..." Clearly, there are many aspects of reposi-
tory siting and design that contribute to meeting the 10
CFR Part 60 performance objectives. Demonstrating
compliance with 10 CFR 60.133(i) is one such aspect of
the repository design that contributes to meeting the per-
formance objectives. Because the design contributes to
meeting the performance objectives, it maust be con-
ducted in parallel and/or iteratively with the evaluation of
the performance objectives, Sequential but independent
design and performance objective evaluations, as sug-
geuied by DOE's specific comment, would not accomplish
the intent of the regulations. The methodalogy in this
STP recognizes that the product of such a design process
might lead to an underground facility design that fails to
meet the performance objectives. Therefore, Figure 1 in
the STP describes a process with appropriate feedback
loops 1o avoid this.

PRI ERERRERERENRa—r———

Appendix D

Accordingly, for the reasons noted above, the staff does
not agre. with the interpretation of 10 CFR 60.133(1)
made by the Department in this com.ment.

24. Page 18, Section 4.2, “Development of Detailed

Predictive Models™

The second paragraph, last sentence, states, “Thus,
predictive models capable of analyzing canister-
scale, room-scale, repository-scale, and regional-
scale problems are required to ensure that appropri-
ate phenomenological detail will be included in the
analyses.”

We do not believe that this is possible. Predictive
models, at their best, can discern \he engineered
from the natural barriers, but they could never ana-
lyze canister-scale, room-scale, repository-scale, and
regional-scale with phenomenological detail. In-
stead, bounding analyses can insure that the reposi-
tory will meet the performance objectives. It should
also be noted that the system performance objec-
tives at 10 CFR 60.113 were crafted to accommodate
the uncertaintics that may arise from the lack of
mechanistic understanding of the phenomenologi-
cal couplings (see our “General Comments).

Response

This comment is noted. However, the staff believes that it
is possible to develop predictive models that are capable
of analyzing canister-scale, room-scale, repository-scale,
and regional-scale problems with appropriate levels of
detail. Thus, the staff emphasized the words “appropnate
levels of detail” in the STP and refers the Department to
examples of computer codes that have been developed
that are based on coupled models and have been applied
to different geometric scales (see Noorishad and Tsang,
1989; Kelkar and Zyvoloski, 1990; and Ohnishi er al.,
1990). The knowledge of the T-M-H-C processes and
site characternistics for the different scales of resolution
may vary. For this reason, the levels of detail included in
the models may vary accordingly.

Finally, as noted earlier, the word “phenomenological”
has been deleted from the STP to avoid any misinterpre-
tation that it applies equally to all four scales of resolu-
tion.

25. Page 19, Section 4.2, “Development of Detailed
Predictive Models”

The STP states in the first paragraph, second sen-
tence, “The stafl also recognizes, on the other hand,
that oversimplification in modeling may obscure the
understanding of those processes that might have
significant impact on design goalsicriteria and/or
pedformance.”
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Please detete this statement. Overly compley .aod-
¢ls, even more so than simple models, may obscure
(through the influence of competing effects) an un-
derstanding of one of the cdupled processes.

Response

This comment is noted. However, the staff directs DOE's
attention to the paragraph to which DOE's specific com-
ment refers, in which it 18 noted:

“To nclude great complexity in the characterization
of materal behavior, for example, does not neces-
sanily provide motre accurate predictions, because
{even if the complex details can be characterized at
the scale needed) a complex model is often more
difficult to verify, validate, and use. The staff also
recognizes, on the other hand, that oversimplifica-
tion in modeling may obscure the understanding of
those processes that might have significant impact
on design poals/criteria and/or performance. The
analyst should choose a model that strikes a balance
between unworkable detail and oversimplification
of the processes that are being modeled.”

The staff considers that in the context of the overall STP,
the sentence in question is appropriate. Thus, the staff
does not believe that the STP warrants modification, as
suggested by this specific comment.

26. Page 19, Section 4.2, “Development of Detailed
Predictive Models”

The last sentence of the second paragraph indicates
that “porosity and permeability of the geologic ma-
terial” should be considered for the chemical model.
The sentence should be corrected to reflect the fact
that porosity and permeability are hydrologic prop-
erties, and therefore, should be considered in the
hydrologic model. In addition, working the porosity
and permeability into 4 chemical model without also
employing the range of grain sizes would prove diffi-
cult, singe particle surface area per unit volume is a
major factor in determining reaction rates,

Response

The major focus of the cited paragraph (4th paragraph of
Section 4.2) is to give examples of the potential response
measures that may be used for the evaluation of the
adequacy of the underground facility design. This para-
graph does not discuss input parameters that are needed
for proper madaling. Thus, the staff does not believe that
the STP warrants modification, as suggested by this spe-
cific comment.
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27, Page 21, Section 4.2, “Development of Detailed
Predictive Models”

The first sentence in the last paragraph states, “Fi-
nall{ all predictive models used for licensing are
likely to require a certain degree of verification and
validation.”

Unless offered only for information, the text on
mode! validation and code verification should be
deleted. All model validation issues, whether the
model is coupled or unc. upled, should be confined
to NUREG-0856, or a separate STP. If the NRC
staff keeps the text, please use the terms “verifica-
tion” and “validation” consistently with the way they
are defined in Appendix A and NUREG-0856,
Models are not verified; rather models are validated
and computer codes are verified.

Response

The staff agrees with the alternative recommendation
made in this comment and has modifiec the final version
of the STP to reflect the distunction between the terms
“verification” and “validation.”

28, Page 25, Figure 1

The logic flow after Step Mo, 8B is not closed. Clari-
fication should also be provided as to what drives
Step No. 7A, “Modify underground facility design,”
and how it enters the logic flow for an example of an
acceptable methodology for demonstrating compli-
ance with 10 CFR 60.133().

Response

Regarding the first portion of this comment, DOE is
referred to the last paragraph of Step No. 8 under Sec-
tion 4.1 (“Discussion™), where a discussion is provided of
what takes place beyond Step No. 8B. Accordingly, the
staff believes that the logic flow after Step No. 8B in
Figure 1 1s closed.

Regarding the second portion of DOE's specific com-
ment, concerning what drives Step No. 7A (e.g., the need
to modify the underground facility design), Step No. 7TA
will result if there is noncompliance with the design goals/
criteria evaluated in Step ¥ 7. For example, if a goal/cni-
tenon exists for a maximum borehole wall tsmperature,
and this critericn is exceeded as a result of either a very
high initial power cutput from the waste package, or very
close spacing between emplacement boreholes, this
would result in a “visit” to Step No. 7A. Once the under-
ground facility design is modified, as shown in Step No.
TA, the iterative process returns to Step No. 6.
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agrees with the State of Nevada that this STP is generic in
nature because it 1s intended to be applicable to any site
or design. However, the staff disagrees with tue State that
the STP s a nontechnical document because the STP is
based on complex technical concepts related to the inter-
action of T-M-H-C processes.

As for when this iterative process is initiated, the staff
notes, in Section 1.3 of this STP, that “The objective of
providing guidance to DOE on thermal-load design dur-
ing the pre-licensing phase is to identify what is needed to
demonstrate compliance with the requirements of 10
CFR 60.13771) and thereby minimize the potential for
significant futnre problems, so that they can be avoided.”
Therefore, given tue progressive nature of the approach,
it is apparent that DOE's iterative gesign process should
start as early as possible. The STP emphasizes that thisis
an evolving process that covers the entire period of re-
pository design, construction, and operation.

Regarding the kinds and levels of data derived from site
characterization for use in the iterative process recom-
mended in the STP, the stall believes that it is DOE's
responsibility to demonstrate that it identified and ob-
tained the appropriate kinds and levels of data as part of
its demonstration of compliance with 10 CFR 60.133(i).
The State of Nevada should recall that the NRC sqaff will
use “Draft Regulatory Guide DG-3003, ‘Format and
Content Regulatory Guide for the License Application
for the Hign-Level Waste Repository’ (FCRG)” (which
has aiready been issued; see NRC, 1990; 55 FR 48307) to
indicate to DOE the information to be provided in the
License Application. The License Application Review
Plan, which will guide the NRC staff's review of the Li-
cense Application, will be publicly available and should
provide additional insight to DOE. It is further noted that
DOE's submuittal of data and analyses are subject to con-
tinued pre-licensing review by NRC.

The State of Nevada is also concerned that DOE is pro-
ceeding with the ESF design process without the benefit
of the guidance provided in this STP. The staff wishes to
70te tha! - has already provided guidance to DOE on the
design process for the ESF (see Guptaer <’ 1991) and in
doing so, has identified 10 CFR 60.133(i' as one of the
appiicable technical criteria that needs t be considered
(opt. cit, ». C-4). Although the design of “he ESF is cur-
rently underway, the staff expects the fin:1 design of the
ESF, as it relates to 10 CFR 60.133(i), should reflect
consideration of the principles described in this STP,

The second portion of the general commer t suggests hat
DOE’s approach in dealing with therma loading is in-
compatible with the approach advanced ir the STP, and
therefore recommends that no further d: velopment on
this STP L. made until the two approac es have been
reconciled. In this regard. the State of Ne' da is referred
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to Section 1.3 of this STP, where the role of STPs is
discussed, including the fact that STPs are not substitutes
for : sgulations, and comphance with them is not required.
In view of this discussion, the staff does not find any
reason not to proceed with the publication of this STP in
its final form.

Furthermore, the State of Nevada is concerned that DOE
treats the thermal load as a design feature. For this rea-
son, it recommended that the STP should be concerned
with the design basis of the thermal load and that the basis
should be supported through an evaluation of alternative
thermal loads, regarding their effect on waste isolation
performance. The staff refers the State to 10 CFR
60.21(cXiiXD), which specifically calls for a comparative
evaluation of alternatives to major design features, that
are important to waste isolation, for assessing the effec-
tiveness of engineered and natural barriers. Therefore,
the staff believes that, as long as a design goal/criterion
associated with a design feature is tied to the performance
objectives, as suggested in this STP, the resulting under-
ground facility design would evolve from a thorough
evaluation of alternative thermal loads. Moreover, the
analysis of waste isolation implications and establishment
of the design basis for the thermal load are integral parts
of this iterative process.

As regards the third portion of the State of Nevada's
“General Comment,” the staff agrees that there has been
conside:able difficulty in interpreting the meaning of the
various terms such as “fully,” “partially,” and “one-way
coupled” T-M-H-C models, as used in this STP. The
staff agrees that there is a need to more clearly define
these terms, and ha- made the following revisions to the
STP:
(1) changed the terms “fully coupled,” “partially cou-
pled,” and “one-way coupled” models to the term
“coupled” models: and

2) defined the term “coupled” models.

In the context of thermal load considerations, “coupled
behavior” means that at least one of the processes (re., T,
M, H, or C) has an effect on the initiation and propagation
of any or all of the other processes.

As to the kinds and levels of data needed for the accept-
able application of these models, the staff reiterates that
itis DOE's responsibility to demonstrate the acceptability
of these models and the associated data needs. Such dem-
onstration and assessment of data needs will be subject to
NRC review. Also, the State of Nevada raises an issuc¢
with the use of expert judgment. As Bonano et al, (1990,
p. 46) have noted:

“Expert judgments should not be considered equiva-
lent to technical calculations based on universally
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accepted scentific laws of o the avatdability of ex-
tensive data on precisely the quantities of inter-
est ., . . Uxpert judgments are sometimes inappio-
priately used to avoxd gathenng additional
management or saentific information.”

The staff agrees with Bonano ef ol , and has stated that
expert judgment should not be used as a substitute for
investigations needed o support a complete and high-
quality hicense application. ‘This is particularly true for
reasonably available or obtainable data and/or analyses.
Finally, in ifs “General Comments,” the State of Nevada
questions the feasibility of the proposed methodology in
this STP on the grounds that the STP lacks sulficient
technical specificity and that it is incompatible with the
ongoing DOE program. The State concludes that this
STP will be of little use as guidance to DOE. The staff has
no reason to behieve that the pruposed methodology in
this STP is not feasible, because the STP is based on a
logieal, comprehensive, and systematic approach. The
staff points out that the intent of this STV s to provide
sufficient generic guidance to DOE without being too
prescriptive or overly restrictive with regard to the imple-
mentation techniques that may be chosen by DOE. Inthe
staff’s view, the guidance in this STP 15 not imcompatible
with the ongoing DOE program, as known to the staff
through us pre<icensing consultations. Therefore, the
stafl believes that vseful and umely guwdance is being
provided m this STP, for DOE to develop its ability to
demonstrate compliance with 10 CFR 60.133(i).

Specific Comments

1. Page 1, paragraph 1

It s emphasized i the STP that the DOE s ex-
pected to demonstrate a comprehensive, systematic
and logical understanding of T-M-H-C [responses)
of the underground facility. This should be clabo-
rated, It is not clear how such a demonstration 1s
expecied to be accomplished, and whether both the
theoretical and site-specific basis for such under-
standing should be presented.

Response

The staff believes that sufficient details are provided, in
the STP, to demonstrate a systematic and logical under-
standing of the coupled T-M-H-C responses associated
with a particular GROA underground facility design.
(These dewails are discussed in Sections 3,0 and 4.0, re-
spectively, of the STP.) The approach described by the
staff relies on the development of a generic (L.e., theoreti-
cal) model, based on site-specific data.
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2. Page 2, Paragraph 1

The STP states: “The staff expects that, through the
pursuit of appropriate technical programs, DOFE
would develop information that would enhance con-
siderably the approach in this documunt.”

This presumes that DOE will choose to adhere to
the staff approach (see “General Comments”), and
if DOE does so choose, the statement suggests that
the staff has some doubts about whether the ap-
proach, as presented, will lead to an adequate deter-
mination of compliance. If such doubts exist, the
staff itself should attempt to enhance the approach
before 1t is reissued as information and guidance.

Response

Since STPs arg not substitutes for regulations, andd com-
pliance with them is not required, DOE may or may not
chioose to follow the example approach recommended in
this STP. However, il DOE chooses to follow the recom-
mended methodology, the stalf believes, at the present
time, that this methodology will lead to an adequate dem-
onstration of compliance with i0 CFR 60.133(i). Like-
wise, a different methodology chosen and implemented
by DCE may also lead to a demonstration of compliance
that ‘o0 would be acceptable to the NRC staff. This is
recognized by the staff, as stated in the last paragraph of
Section 1.3 of the STP. The staff will make every attempt
to enhance the supgested methodology if and when new
information warrants such enhancement.

Page 2, Paragraph 2

The STP states: “In this STP, the NRC staff assumes
that performance assessment models will exist fo
evaluating compliance with 10 CFR Part 60 per-
formance objectives.” See discussion of this assump-
tion in “General Comments.”

Response

The staff’s statement that ... performance assessment
models will exist,” it believes, is a reasonable assumption.
This judgment is based on the observation that both the
DOFE and NRC programs (as well as those of groups such
as the Electric Power Research Institute) are focused on
developing and testing such models, using such broad-
based a as those used in Performance Assess-
ment Calculational Exercises (PACE]), and the respective
NRC/DOE Performance Assessment activities.

Page 2, Paragraph 2

The STP states: “However, claboration on the spe-
cifics of performance assessments, with respect o
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NRC's, responsibility to justify the type and the level of
the data used in the evaluation of each sten, including
Step No. 1. The suggested methodology applies to any
given thermal load design concept. Therefore, whenever
significant changes are made to the design concept, the
suggested methodology depicted in Figure 1 should be
reapplied, based on these changes.

8. Page 8, Paragraph 3

Step No. 2 calls for the determination of the exis-
tence of predictive models to quantify the etfect of
thermal loadings. This step should require, in addi-
tion, a demonstration of the reliability of such mod-
els relative to the specific site being evaluated by
DOE. According to the STP approach, this determi-
nation may never be revisited.

Response

Regarding the need for site-specific information to dem-
onstrate the reliability of the models described in Step
No. 2, the staff points out that in Section 3.0 of the STP,
Step No. 2 requires that models be reliable. For a discus-
sion on the use of reliable models, the State of Nevada is
referred to Section 4.2 of the STP.

The staff agrees with the State of Nevada comment re-
garding the need to revisit Step No. 2, and has modified
the recommended approach accordingly. The modifica-
tion involves a return from Step No. 5 to Step No. 2 in
Figure 1. In addition the text for Step No. 5 has been
changed in Technical Position 3.1.

9, Page 8, Paragraph 4

Step No. 3 calls for an examination of the thermally
induced phenomena. The STP should outline the
type and level of data necessary for this examination,
and should elaborate on what methods and scope of
examination might be expected to be employed.

Response

The staff agrees that the types and the levels of data, and
methods of examination are important issues. However,
the staff does not believe that it is appropriate to include
such information in this STP, Also, the selection of meth-
odologies or approaches that may be used for accomplish-
ing the objective of each step in the example methodology
should again be left to the purview of DOE.

In this regard, the NRC staff has previously noted that it
will use the FCRG (which has already been issued in draft
form) to provide additional guidance to DOE regarding
the kinds of data to be presented in a potential license
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application. (It is further noted that DOE’s submittal of
data and analyses are subject to continued NRC review.)

As regards the levels of data that might be necessary for
this examinav.on, the staff believes that DOE should col-
leet sufficient data that could lead to a reasoned conclu-
sion that the regulatory requirements have been com-
plied with.

10. Page 8, Paragraph §

Step No. 4 calls for development of design goals/cri-
tena.

In such development, the STP shouid call for an
evaluation of alternative design goals/criteria based
on varying the magnitude and rate of thermal load-
ing. The basis for the design goals/criteria selected
should be demonstrated.

Response

The recommended approach in the STP calls for the
development of design goals/criteria that are derived
from 10 CFR Part 60 performance objectives. Design
goals/criteria should not be determined on the basis of a
vanation of thermal loads, as the State of Nevada sug-
gests. Rather, alternative thermal loads should be deter-
mined on the basis of the design goals/criteria, derived
from the performance objectives. The State of Nevada is
referred to Step No. 4 of Section 4.1 for a detailed discus-
sion of the development of design goals/criteria.

11. Page 9, Paragraph 6

The STP states: “If, after numerous design itera-
tions, noncompliance with 10 CFR Part 60 perform-
ance objectives persists, examination of other crite-
ria not related to the underground facility design
should be considered (Step No. 8B).” This step sug-
gests that the “other” engineering criteria have been
set independent of therma! load considerations and
their relationship to thermal loading need not be
considered except as a means of compensating for
unresolvable problems in performance of the under-
ground facility and its design. It should not be ac-
ceptable that the underground facility design be con-
sidered the “weak link™ in performance relative to
thermal loads.

Response

The State of Nevada's comment implies that the example
approach in the STP precludes thermal load considera-
tions for waste package design, boreholes, shafts, and seal
design and the assessment of the geologic setting. The
staff disagrees that the suggested methodology conveys
this implication. The staff points out that the suggested
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in the STP should be viewed in the context of the overall,
more extensive discussion of the development of detailed
predictive models, as described in Section 4.2, rather than
in the manner interpreted ty the State of Nevada in its
comment.

Regarding the portion of this comment related to the use
of expert judgment, the State of Nevada is referred to the
staff’s response to the State of Nevada's “General Com-
ment.”

16. Page 34, Paragraph 2

The STP states: The order in which the phenomena
(e.g., thermal, mechanical, hydrological, . chemi-
cal) are analyzed in Figure C1 is shown only as an
example. The respeusibility to determine the most
appropriate sequence of analyses rests with the hi-
censee,”

The STP should require that alternative orders of
consideration be cvaluated and that the basis for
selection be demonstrated. Further, by using the
word licensee, the suggestion is that this exercise is
not one which is to be carried out prior 1o license
application. Surely this is not intended by the staff.

Response

This comment is noted. However, the staff reiterates that
the order in which the sequence of analyses is performed
should be that which is demonstrated to be the most

appropriate.

Also, the staff agrees that the word “licensee,” should not
be used in this STP and has been replaced by “DOE”
throughbout.

17. Page 34, Paragraph 3
Regarding the use of “licensee,” see Specific Com-
ment No. 16 above.

Response

See staff response to State of Nevada Specific Comment
No. 16.
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APPENDIX E
DISPOSITION OF ACNW COMMENT

Note: The Advisory Commutiee on Nuclear Waste
{ACNW)comments listed in this appendix were made on
the final draft of the subject Staff Technical Position
(STP), dated July 1992.

ACNW Specific Comment *

We recommend that the STP be modified to include
explicit mention of the applicability of em piricaily-
derived models in the assessment process.

Response

The staff agrees with the rerommer dation made by the
ACNW in its comment and has modified th': final version
of the STP, as suggested. Section 4.3 (*Alternative Pre-
dictive Models") in the “Discussion” setan Ras been
movdified as follows:

“In demoustrating compliance with design cniteria of 10
CFR 60.133(1). it is expected that a mechanistic under-
sianding of coupled behavior will be used to predict the
thermal and thermomechanical response of the host rock,
surrounding strata, and groundwater system. The stafl
realizes, however, ibat it may not be possible to obtain a
thorough mechanistic understanding of coupled T-M-
H-C behavior, as discussed in Section 1.2, particularly
before an application is submitted to construct a geotogic
repository. Therefore, in the design of the underground
facility, DOE may need to develop and use models that
espress coupling between processes based on less than a
thorough mechanistic understanding of T-M-H-C behay-
10:. Note that analysis using such empincal models must
provide for an evaluation of the effects of the assumptions

'T’w staff also respoaded to minor 2ad editorial comments ~n the STP

made bz!ht AUNW, as noted in the Transcrpt for the 45tk Meeing of
the ACNW — July 39-30. 1992

of coupling on the predicted results and the conservatism
of the empirical models used.

The lack of a thorough mechanistic understanding may
lead 1o the use of mode!s that do not directly account for
coupiing between two or mo ¢ of the T-H-M-C progesses
involved. Appendix C gives an example of au iterative
process for the analysis of thermally-irduced phenumena
using such “approximate” models.

[n the application of empirical models that rely on a
limited mechanistic understanding of coupled processes,
and/or that do not directly account for coupling between
IWC Or more processes, conservative data and assump-
tions must be used. Such conservatism should compen-
sate for the uncertainties resultng from the lack of a
detailed understanding, since otherwise such uncertain-
ties may preclude the staff from finding, with reasonable
assurance, that the performance objectives will be met.

If DOE decides to use alternz tive predictive models, as
discussed above, the staff expects DOE's license applica-
tion to demonstrate that such models are not likely to
und: “2ctimate the unfavorable aspects, or overestimate
the favorabie aspects of geologic repository performance,
in the context of analysis and design.

The staff aiso .xpects that, as a part of its performance
confirmation program (10 CFR 60.140-143), DOE will
per{orm in-mtu and laboratory momitormg and testing to
confirm the assumptions made in the license application,
with respect to the alternative pradictive models used in
underground facility design analyses. The resuits of the
performance confirmation program should provide the
bases for model refinement, if needed, as discuss~d in
Section 1.2."

Morcover, the tirst paiagraph of Section 1.0 (“Introduc-

tion™) has aiso been modified te address this recommen-
dation.
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straie the acceptability of a geologic repository operations area (GROA) underground facility design. The staff an-
ticipates that this methodology will include evaluation and development of appropriately coupled models, to account
for the thermal, mechanical, hydrological, and chemical processes that are induced by repository-generated thermal
loads. With respect to 10 CFR 60.133(1), the GROA underground facility design: (1) .~ ould satisfy design goals/cri-
teria initially selected, by considering the performance objectives; and (2) must satisfy the performance objectives 10
CFR 60.111, 60.112, and 60.113. The methodology in this STP suggests an iterative approach suitable for the under-
ground facility design.
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