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ABSTRACT

The purpose of this Staff Technical Position (STP) is to 
provide the U.S. Department of Energy (DOE) with a 
methodology acceptable to the Nuclear Regulatory Com
mission staff for demonstrating compliance with 10 CFR 
60.133(i). The NRC staff's position is that DOE should 
develop and use a defensible methodology to demon
strate 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(i), the GROA underground facility design: 
(1) should satisfy design goals/criteria 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 underground facil
ity design.
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1.0 INTRODUCTION

This Staff Technical Position (STP) emphasizes that the 
Nuclear Regulatory Commission (NRC) staff expects that 
the U.S. Department of Energy (DOE) will demonstrate 
a systematic and logical understanding of the coupled 
thermal-mechanical-hydrological-chemical (T-M-H-C) 
responses associated with a particular geologic repository 
operations area (GROA) underground facility design.  
Moreover, the staff expects that DOE would achieve this 
demonstration to the level that is needed to support an 
understanding of repository performance. This demon
stration is expected to be based primarily on a mechanistic 
understanding of the coupled processes. At the time of 
construction authorization, DOE may need to incorpo
rate into its demonstration empirical data from short
term tests and simplified analyses. However, the license 
application submitted before construction of the GROA 
must be updated before issuance of a license to receive, 
possess, and emplace waste, and, again, updated upon 
DOE's application to permanently close the repository.  
The NRC staff understands that with DOE's pursuit of 
appropriate technical programs of site characterization 
and performance confirmation, DOE's level of under
standing and demonstration can evolve, and is expected to 
improve significantly, over the long timeframe associated 
with the repository program.  

In this STP, the staff has included an approach that, based 
on our understanding today, is acceptable for demonstrat
ing compliance with 10 CFR 60.133(i) at the time of 
construction authorization. This approach is based on the 
principle that, to demonstrate compliance with 10 CFR 
60.133(i), DOE must consider coupling of T-M-H-C 
processes in a manner that is not likely to underestimate 
the unfavorable aspects of repository performance or 
overestimate the favorable aspects in the context of analy
ses and design. It should be noted that the terms "cou
pled models," "coupled behavior," and "coupled effects" 
used in this STP reflect the adequacy principle implied 
above. (For a definition of "coupling," see Appendix A, 
"Glossary.") 

The staff expects that at the time of construction authori
zation, DOE will need to clearly demonstrate, in its li
cense application, that the analyses used to predict ther
mal responses comply with the above principle.  
Subsequently, the underlying assumptions used in the 
projected performances should be confirmed during the 
period of performance confirmation by appropriate test
ing and/or model refinements. The staff anticipates up
dating this STP if new information and insights become 
available that may enhance the approach suggested in this 
document.  

The NRC staff assumes that performance assessment 
models will exist for evaluating compliance with 10 CFR

Part 60 performance objectives. It is also assumed that 
these models will be capable of incorporating the pre
dicted T-M-H-C responses associated with a specific 
GROA underground facility design. However, elabora
tion on the specifics of performance assessments, with 
respect to the individual 10 CFR Part 60 performance 
objectives, is outside the scope of this STP.  

1.1 Background 
Section 60.133(i) requires that the underground facility 
for the GROA be designed so that the performance ob
jectives will be met, taking into account the predicted 
thermal and thermomechanical response of the host rock, 
surrounding strata, and groundwater system. The per
formance objectives are those in 10 CFR 60.111, 60.112, 
and 60.113. They deal, generally, with the maintenance of 
safe operating conditions, the ability to retrieve emplaced 
wastes for a specified period, and the containment and 
isolation of the wastes after the geologic repository is 
permanently closed. Further, the underground facility 
design for the GROA must also comply with the design 
criteria of 10 CFR 60.130, 60.131, and 60.133.  

The rule thus recognizes that an understanding of the 
thermal loads,1 because of the emplacement of nuclear 
waste, and corresponding thermomechanical response of 
the host rock and surrounding geologic setting, is essen
tial to the design of the underground facility. One must 
also understand the uncertainties associated with predict
ing the thermal loading and corresponding rock and 
groundwater responses, so that these uncertainties can be 
accommodated by the design. Many aspects of the design, 
including canister spacing, opening configurations and 
dimensions, and support requirements, depend on pre
dictions (using predictive models) of heat transfer, and 
thermally-induced responses such as rock deformations, 
groundwater flow (both liquid- and vapor-phase trans
port), and the dissolution and precipitation of mineral 
species.  

The impact of thermal loads on repository performance 
can be a very complex technical issue,2 depending on 
many factors, including the magnitude of the thermal 
loads themselves. For those repository-generated ther
mal regimes that are within the range of engineering 
experiences, the use of existing predictive models to 
evaluate the possible effects of thermal loads on reposi
tory performance may be a reasonable approach to 
'Thermal output of emplaced radioactivewaste per unit area of geologic 

repository, usually expressed in kilowatts per acre.  
2For example, in its Fifth Report to Congress and the U.S. Secretary of En

ergy, the Nuclear Waste Technical Review Board (NWIRB) recently 
evaluated the impact of thermal loading issues on the design and per
formance of a geologic repository (see Chapter 3 in NWTRB, 1992).
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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 produce ef
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 is 
available, it is 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 geologic 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 to suggest that the 
staff would expect that additional unnecessary steps 
would, nevertheless, be performed.  

1.2 The Use of Models in Thermal
Response Predictions 

The development of defensible predictive models re
quires a thorough understanding of the thermal loads 
generated by the emplacement of nuclear waste and cor
responding thermally-induced responses in the host rock 
and the surrounding geologic setting. The staff expects 
model 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 
models 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." If 
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 associated with the lack of more complete models; 
but that can be accomplished by appropriate conserva
tism. Accordingly, DOE will need to defend its design 
decisions on the level of T-M-H-C coupling it chooses to 
consider in a particular GROA design, including those

aspects of T-M-H-C coupling it chooses to 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 to waste isola
tion, DOE's license application is to provide "... a 
detailed description of the programs designed to resolve 
safety questions.. . ." (10 CFR 60.21(c)(14)). If there is an 
unresolved safety question relating to model validation, 
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 authorization have been satisfied.  
Depending on the significance of the unresolved safety 
question, there maybe reasonable assurance that applica
ble requirements have been met and, on that basis, a 
construction 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 research 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 license to receive and possess waste, or to 
amend or terminate geologic repository operations. Fur
thermore, as part of the performance confirmation pro
gram during construction, DOE's measurements and ob
servations are to be compared with the original design 
bases and assumptions (including those pertaining to the 
correctness of models). If significant differences are 
noted during this comparison, the need for modifications 
to 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 allow for changes that 
reflect the steady accumulation of more information and 
insight.  

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
tion 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(i). 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 staff for imple
menting specific parts of the Commission's regulations, 
or to provide guidance to DOE. Moreover, STPs are not 
substitutes for regulations, and compliance with them is 
not required. Methods and solutions different from those 
set out in the STP will be acceptable if they provide a basis
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1.0 Introduction

for the findings requisite to the issuance or continuance of 
a construction authorization or license by the Commis
sion. Therefore, the objective of providing guidance to 
DOE on thermal-load design during the pre-licensing

phase is to identify what is needed to demonstrate compli
ance with the requirements of 10 CFR Part 60.133(i) and 
thereby minimize the potential for significant future 
problems.
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2.0 REGULATORY FRAMEWORK

The regulatory requirement that forms the principal basis 
to address thermal load design requirements for the 
GROA underground facility is set forth in 10 CFR 
60.133(i): 

"§60.133(i) Thermal Loads. The underground 
facility shall be designed so that the perform
ance objectives will be met taking into account 
the predicted thermal and thermomechanical 
response of the host rock, and (sic) surrounding 
strata, [and] groundwater system."

The performance objectives referenced in 10 CFR 
60.133(i) are 10 CFR 60.111, 60.112, and 60.113 (NRC, 
1990). A related regulatory requirement that provides an 
additional basis for the consideration of the effects of 
thermal loads is also found in 10 CFR 60.21(c)(1)(i)(F).  
The text of these and other applicable regulations are 
provided in Appendix B of this document. For the texts of 
other applicable 10 CFR Part 60 requirements, refer to 
Code of Federal Regulations, Title 10, "Energy." 

Information contained in NUREG-1373 (Gupta and 
Buckley, 1989) and NUREG-1439 (Gupta, et al., 1991) is 
also relative to this STP.
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3.0 STAFF TECHNICAL POSITIONS

It is the NRC staff's position that DOE should develop 
and use a defensible methodology to demonstrate the 
acceptability of a GROA underground facility design.  
The staff anticipates that this methodology will include 
evaluation and development of "appropriate" coupled 
models to account for the T-M-H-C processes that are 
induced by repository-generated thermal load. With re
spect to 10 CFR 60.133(i), the GROA underground facil
ity design: (1) should satisfy design goals/criteria initially 
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
nomena consistent with the principle stated earlier in 
Section 1.0. The technical position describes an approach 
that provides a means to evaluate, through predictive 
modeling, 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 defensible 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 No. 1--Preliminary Evaluation to Determine Sensitiv
ity of the Performance Objectives to Thermal 
Loading 

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

If the underground facility design for the GROA cannot 
be established to be independent of thermal 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/criteria in Step 
No. 4, and since reliable models already exist, Step Nos. 3 
and 5 are omitted.  

Step No. 3-Examination of the Thermally-Induced Phe
nomena 

If reliable models do not exist, examine the thermally
induced phenomena in the host rock, surrounding strata, 
and groundwater 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 GoalslCriteria 

Develop initial 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 

Develop predictive models for detailed analyses. Several 
iterations may be necessary between Step Nos. 5 and 2 (in 
Figure 1) before a satisfactory set of predictive models can 
be developed.  

Step No. 6-Application of Predictive Models to the Un

derground Facility Design 

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

Step No. 7-Iterative Predictions to Check if Design 
Goals/Criteria are Met 

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-Incorporation of Predicted Results in Pre
and Postclosure Performance Assessment 
Models 

Incorporate the predicted results in performance assess
ment models, to evaluate compliance with the individual
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3.0 Staff Technical Positions

performance objectives of 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 beginning with Step 
Nos. 2, 3, or 4. If, after numerous design iterations, 
noncompliance with 10 CFR Part 60 performance 
objectives persists, examination of other criteria not 
related to the GROA underground facility design 
should be considered (Step No. 8B).  

Step No. 9-Acceptability of Underground Facility Design 

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

3.2 Development of Detailed Predictive 
Models 

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 behavior.  

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 
in a manner that is not likely to underestimate the 
unfavorable aspects or overestimate the favorable 
aspects of repository performance; and 

(b) present such plans for in-situ and laboratory moni
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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3.0 Staff Technical Positions

STEP #1A 

)NSIDER UNDERGROUN 
FACILITY DESIGN TO 
BE INDEPENDENT OF 
THERMAL LOADING

APPLICATIOF 
PREDICTIVE Mi 
TO UNDERGR4 

FACILITY DE•

STEP #1 QUESTIONNO. 1: 

SIs there sufficient understanding and/or experience to make a finding 

N 7> that a 10 CFR Part 60 performance 
"objective is insensitive to thermal loading? 

QUESTION NO. 2: 
Do reliable predictive models exist to 
quantify the sensitivity of 10 CFR Part 60 

STEP #2 performance objectives to thermal loading? 

STEP #3 

N OF 
DUNCED 
NIA 

STEP #5 
DEVELOPMENT OF 

PPREDICTIVE 

MODEL(S) 

STEP #6 

N OFN.  
ODELS 
OUND I 

LS/STEP 
#7 

S 

STEP 
#8 

• '• QUESTION NO. S.  

Is non-compliance with 10 CFR Part 60 

S performance objectives an underground 
STEP #g facility design-related problem?

Figure 1. The Logic Flow of an Acceptable Methodology for Demonstrating Compliance 
with 10 CFR 60.133(i).
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4.0 DISCUSSION

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

The following discussions parallel the list of staff techni
cal positions given in Section 3.0.  

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

There are five decision points in the example approach 
shown in Figure 1 (see Step Nos. 1, 2, 7, 8, and 8A). The 
first two steps in the example approach are programmatic 
decision points. In Step No. 1, a decision will be made if 
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 set by the design goals/criteria for the underground 
facility; those, in turn, are derived by considering the 
performance objectives in 10 CFR 60.111, 60.112, and 
60.113. If the predicted response fails to meet the design 
goals/criteria for the underground facility for the GROA, 
the design should be changed, with subsequent 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 all the underground facility design 
goals/criteria for the GROA have been satisfied. 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 
objectives, or has a potential for adversely affecting the 
performance objectives, a reassessment associated with 
each step (or at least some of the steps) in the methodol
ogy should be conducted, before new responses are pre
dicted and incorporated into the performance assessment 
models for reevaluation. Several iterations may be re
quired before it can be determined that the underground 
facility design for the GROA complies with 10 CFR 
60.133(i). (It should be noted that this approach does not

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

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

The following discussions are a further amplification of 
Step Nos. 1 through 9, presented in Section 3.1.  

Step No. 1 -Preliminary Evaluation to Determine Sensitiv
ity of the Performance 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 
characteristics; 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(i) would con
sist of an evaluation to determine the sensitivity of the 
performance objectives (taking one at a time) to the ther
mal loading to be considered in the underground facility 
design for the GROA. This is Step No. 1 in Figure 1. If it is 
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. 1A. The design in this case is shown to be independ
ent of the thermal loading.  

Step No. 2-Determination of the Existence of Predictive 
Models to Quantify the Effects of Thermal 
Loading 

If it is determined from Step No. 1 that the performance 
objective(s) is (are) 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 is no need to 
develop new models. Instead, the existing models can be
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4.0 Discussion

used to carry out the design analyses. Subsequently, Step 
Nos. 3 and 5 in Figure 1 may lbe skipped, and the process 
continued with the development of design goals/criteria 
(Step No. 4). If reliable predictive models do not exist, the 
process continues to Step No. 3.  

Step No. 3-Examination of the Thermally-Induced Phe
nomena 

It is likely that repository-induced thermal loading of the 
host rock, surrounding strata, and groundwater system 
may be one of the most important underground facility 
design parameters for the GROA (DOE, 1988, p.  
8.3.2.2-70). The level of response may, vary among differ
ent geologic materials and in different locations, in the 
geologic repository, for the GROA, at different times, 
which could have an effect on the design of the under
ground facility. Therefore, to ensure that the design of 
the underground facility for the GROA complies with the 
design criterion stated in 10 CFR 60.133(i), it will be 
necessary to understand the transfer of heat and the asso
ciated phenomena such as the thermally-induced me
chanical, chemical, and hydrologic response of the host 
rock, surrounding strata, and groundwater system. This 
understanding would include an assessment of the level 
of T-M-H-C coupling that may be necessary to reason
ably characterize the phenomena and predict the re
sponses.  

Predictive capabilities of thermally-induced phenomena 
would require characterization of the heat-transfer prop
erties of the host rock, surrounding strata, and ground
water system. Essential information to obtain in this area 
would be the host rock basic thermal properties, such as 
thermal conductivity, density, and heat capacity. In addi
tion, information about the host rock mineralogy, poros
ity, degree of saturation, and permeability would con
tribute to the understanding of the heat-transfer 
environment and heat-induced flow of liquids and gases.  
Information that would support such characterization of 
the heat-transfer properties would initially come from 
site characterization activities and subsequently from per
formance confirmation testing.  

Field and laboratory experiments would be necessary to 
provide evidence of the dominant modes of heat transfer 
that can be expected, including the degree to which these 
modes of heat transfer are affected by coupled T-M-H-C 
processes. The dominant modes of heat transfer may be 
functions of geometric scale and time. For instance, radi
ant heat transfer may only be of importance in openings 
around waste containers, disposal rooms, and access drifts 
that are not backfilled, whereas heat transfer associated 
with the vaporization of pore water and transfer of the 
vapor phase (i.e., convection/diffusion) may have to be 
considered on larger scales, perhaps tens to hundreds of 
meters from the underground facility, depending on the

presence of water and the amount of waste to be stored 
per unit area (i.e., the thermal load). In addition, the 
identification and analyses of natural analogues could 
lend support to repository-related field and laboratory 
experiments.  

Step No. 3 results from the need to bring about an under
standing of the occurrence of heat transfer and thermally
induced effects in the host rock, surrounding strata, and 
groundwater system, as the basis for developing or quali
fying adequate predictive models of thermally-induced 
responses.  

Step No. 4--Development of Design Goals/Criteria 

Although the host rock, surrounding strata, and ground
water system are expected to respond to the transfer of 
heat, the level of such response, which is acceptable from 
the standpoint of the repository performance objectives, 
needs to be established. GROA underground facility de
sign goals/criteria derived from T-M-H-C response lim
its correlated to the repository performance objectives 
are expected to be essential in the development of the 
underground facility design. The purpose of developing 
design goals/criteria that are derived by considering the 
10 CFR Part 60 performance objectives is to contribute to 
the assurance that the design of the underground facility 
has the likelihood of meeting these performance objec
tives. The design goals/criteria are to be developed on the 
basis of the understanding of the thermally-induced phe
nomena in the host rock, surrounding strata, and ground
water system, and the expected consequences to the 
waste isolation capability of a site associated with the 
presence of an underground facility, including the ther
mal load. Thus, an approach to developing performance
based design goals/criteria would be: 

(a) identify processes and events that could result from 
thermally-induced phenomena (e.g., rock fractur
ing, groundwater flow, or mineral dissolution and 
precipitation) that could be of consequence to the 
performance of the repository (as defined by 10 CFR 
Part 60 general and specific design criteria and by 
preclosure and postclosure performance objec
tives); 

(b) determine quantitatively and/or qualitatively in 
what way and to what extent these processes and 
events affect (or potentially affect) the performance 
of the repository; and 

(c) determine the degree to which the processes and 
events are acceptable, to limit any adverse responses 
that may be of significance in meeting the perform
ance objectives.  

To establish response limits expressed by the design 
goals/criteria, it is likely that "simplified" predictive
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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 criteria are expected to be developed based 
on the available information and understanding about the 
host rock, surrounding strata, and groundwater system.  
New understanding about potential 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 is 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
ria.  

Step No. 5--Development of 'Appropriate" Predictive 
Models 

The discussion for Step No. 5 in Figure 1 is contained in 
Section 4.2, "Development of Predictive Models." 

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

The design goals/criteria that may relate response limits 
(such as maximum rock temperature, displacements, 
stresses, flow rates, and mineral dissolution and precipita
tion rates) to the performance objectives serve as the 
initial gauge by which the underground 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 particular underground facil
ity design must be available and compared to the design 
goals/criteria. 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 likelihood of meet
ing and/or not adversely affecting 10 CFR Part 60 
preclosure and postclosure performance objectives.

Step No. 7-Iterative Predictions to Check if Design 
Goals/Criteria Arc Met 

Step No. 7 is a decision point to determine whether the 
design goals/criteria for the GROA underground facility 
have been met. If the design goals/criteria have not been 
met, 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-Incorporation of Predicted Results in Perform
ance Assessment Models 

Although it may be possible to show that the underground 
facility design meets individual design goals/criteria, the 
final evaluation of the underground facility design must 
be a test of the effect of the design on the performance, as 
measured against the objectives 10 CFR 60.111, 60.112, 
and 60.113. It is expected that models for the evaluation 
of performance objectives will be 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 assessment 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 necessary to 
return to Step No. 2 or 3, from Step No. 8 (see Figure 1).  

It is conceivable that a noncompliance determination is 
not necessarily related to a deficiency in the GROA un
derground facility design (Step No. 8A). This would be 
evident if repeated examinations of the design process 
(e.g., Step Nos. 2 or 3 through 7 in Figure 1) fail to yield a 
satisfactory evaluation by the performance assessment 
model (Step No. 8). In 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. 8B); however, discussions of such 
analyses are beyond the scope of this STP.  

Step No. 9-Acceptability of Underground Facility Design 

This is the final step in the design of the GROA under
ground facility. It is only reached when the design goals/ 
criteria as well as the performance objectives have been 
satisfied. As indicated in Step No. 8, several iterations 
may be required before it can be concluded that 10 CFR 
60.133(i) requirements have been complied with.
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4.2 Development of Detailed Predictive 
Models 

The thermal load expected to result from the emplace
ment of spent nuclear fuel and HLW will affect 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 isolation period. Predic
tions of the heat transfer and thermally-induced mechani
cal, hydrologic, 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 would provide a perspective on 
the transient rock temperatures and associated rock 
stresses and deformations, groundwater flow (i.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 to 
the impact of coupling on the overall performance of the 
geologic repository.  

Because of the transient nature of the heat transfer asso
ciated with the disposal of nuclear waste, the thermally
induced mechanical, hydrologic, and chemical response 
levels will also change with time. Details that may be 
important to the prediction of the response early in the 
history of the repository and that may occur relatively 
close to individual waste containers (for example the oc
currence of pore water boiling), may not necessarily occur 
later in the history of the repository and much farther 
from the vicinity of the waste containers. Thus, predictive 
models capable of analyzing canister-scale, room-scale, 
repository-scale, and regional-scale problems will be 
needed to ensure that an appropriate level of detail will 
be included in 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 characterization 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 is often 
more difficult to verify, validate, and use. The staff also 
recognizes, on the other hand, that oversimplification in 
modeling 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 
modeled. Such a balance can reduce the model uncer
tainty to a degree. Nevertheless, there remains residual

model uncertainty that results from the simplification and 
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 
established between the response measures and the per
formance measures. For the heat-transfer model, this 
response measure would be the transient temperatures 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 directional 
flow vectors. For the chemical model, this measure would 
be the activities of components in the aqueous phase, the 
composition and concentration of mineral components, 
the fugacity of gaseous components, and the porosity and 
intrinsic permeability of the geologic material.  

The reliability of model predictions is affected to a great 
extent by the reliability of the information upon which the 
predictions are derived. Input data to the predictive mod
els 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 derived by appropriate tests of a 
sufficient number and duration, which allow for reliable 
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 Subpart G to 10 
CFR Part 60).  

Determination of the heat transfer and thermally
induced mechanical, 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
lished with respect to the predicted results. This includes 
assumptions upon which the models rely, which tend to 
idealize a problem into manageable proportions. As
sumptions and uncertainties could be related to geomet
ric aspects of a problem such as two-dimensional versus 
three-dimensional analysis, simplified representation of 
the geologic stratigraphy and/or topography, orientation 
and frequency of rock joints, initial conditions, environ
mental conditions resulting from a range of anticipated 
processes and events, and to idealizations in constitutive 
relationships of phenomena. From the standpoint of 
model reliability, it is essential that assessments be made 
of the effects of uncertainties associated with model as
sumptions on the predicted results. Thus, an evaluation
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of the uncertainties must be provided with respect to the 
predicted results and be included in the evaluation of 
performance as it may relate to the design of the GROA 
underground facility. The effects of uncertainties related 
to material properties could be assessed by using the 
range or statistical distribution of the properties. Exami
nation of the change in response with respect to a vari
ation (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: 

" indicate whether significant additional accuracy in 
the prediction is attainable, given the current pa
rameter ranges and sensitivities; 

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

" provide useful guidance aimed at the development 
of an underground facility design, that accommo
dates certain param~ter ranges.  

The effects of assumptions 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 physical ex
periments. The results of these activities provide confi
dence in the reliability of a model, which would need to be 
expressed in qualitative and quantitative terms. It is an
ticipated that a statistical approach will be needed to 
provide a systematic evaluation of the response uncer
tainties. The NRC staff expects that DOE will use statisti
cal methods that are consistent with the quality and quan
tity of data available in its approach to dealing with data 
uncertainties.  

The licensing process requires. that DOE demonstrate 
that the regulations embodied within 10 CFR Part 60 
have been met. However, as stated in 10 CFR 
60.101(a)(2), ". . . it is not expected that complete assur
ance that they will be met can be presented. A reasonable 
assurance, on the basis of the record before the Commis
sion, that the objectives and criteria will be met is the 
general standard that is required." The Commission 
must, therefore, make a finding that the issuance of a 
license will not constitute an unreasonable risk to the 
health and safety of the public. Further, this finding must 
be made on the basis of information presented in the 
license application. Section 10 CFR 60.24 of the rule 
requires that the application be as complete as possible at 
the time of docketing and, further, that DOE update its 
application as additional information becomes available.  
To the extent that the information in the application may 
be incomplete, it must nevertheless be sufficient (taking 
into account plans for performance confirmation) to sup
port the findings stated above.

Finally, all predictive models and their numerical repre
sentations (i.e., 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 and field experiments are 
expected to test the reliability of the models. Both model 
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 to 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. It is also 
reasonable to expect that a more rigorous model valida
tion could be achieved for predictions of T-H-M-C re
sponse in the close vicinity of the underground facility, 
including the individual waste containers, than for predic
tions of responses at greater distances from the under
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 verification 
are complex issues that deserve a more extensive discus
sion than can be provided in this STP.) 

4.3 Alternative Predictive Models 
In demonstrating compliance with design criteria of 10 
CFR 60.133(i), it is expected that a mechanistic under
standing of coupled behavior 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, particularly 
before an application is submitted to construct a geologic 
repository. Therefore, in the design of the underground 
facility, DOE may need to develop and use models that 
express coupling between processes based on less than a 
thorough mechanistic understanding of T-M-H-C behav
ior. Note that analysis using such empirical models must 
provide for an evaluation of the effects of the assumptions 
of coupling on the predicted results and the conservatism 
of the empirical models used.  

The lack of a thorough mechanistic understanding may 
lead to the 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 
limited mechanistic understanding of coupled processes,
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and/or that do not directly account for coupling between 
two 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 preclude 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

the favorable aspects of geologic repository performance, 
in the context of analysis and design.  

The staff also expects that, as a part of its performance 
confirmation program (10 CFR 60.140-143), 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 model refinement, if needed, as discussed in 
Section 1.2.
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APPENDIX A 

GLOSSARY

As used in this guidance: 

"Coupled Model" means a model that takes into account 
the effect at least one process has on the initiation and 
propagation of another. Figure Al(a and b) show exam
ples of Thermal, Mechanical, Hydrological, Chemical 
(T-M-H-C) coupled models.  

"Geologic Repository"* means a system that is intended 
to be used for, or may be used for, the disposal of radioac
tive wastes in excavated geologic media. A geologic re
pository includes: 

(1) The geologic repository operations area; and 

(2) the portion of the geologic setting that provides iso
lation of the radioactive waste.  

"Geologic Repository Operations Area"* means a high
level radioactive waste facility that is part of a geologic 
repository, including both surface and subsurface areas, 
where waste handling activities are conducted.  

"Geologic Setting"* means the geologic, hydrologic, and 
geochemical systems of the region in which a geologic 
repository operations area is or may be located.  

"Host Rock"* is the geologic medium in which the waste 
is emplaced.  

*Code of Federal Regulations, Title 10, "Energy."

"Retrieval"* means the act of intentionally removing 
radioactive waste from the underground location at which 
the waste had been previously emplaced for disposal.  

"Underground Facility"* means the underground struc
ture, including openings and backfill materials, but ex
cluding shafts, boreholes, and their seals.  

"Validation" means the assurance that a model as embod
ied in a computer code is a correct representation of the 
process or system for which it is intended (Silling, 1983, 
p. 3).  

"Verification" is the assurance that a computer code cor
rectly performs the operations specified in a numerical 
model (Silling, 1983, p. 3).  

For definitions of other relevant terms, see 10 CFR 60.2.  
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June 1983.
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(a) (b) 

Figure Al. Examples of Coupled Models. Figure Al(a) is an example of a coupled model in which each of the T, M, H, 
and C processes has an effect on the initiation and propagation of any or all of the other processes. Likewise, Figure 
Al(b) is an example of a coupled model similar to that shown in Figure Al(a), with the exception that the coupling 
between the mechanical (M) processes and the chemical (C) processes is absent, and the mechanical and hydrologic (H) 
processes do not express an effect on the initiation and propagation of the thermal (T) and mechanical (M) processes, 
respectively.
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APPENDIX B 

APPLICABLE 10 CFR PART 60 REGULATIONS

§60.21(c)(1)(i)(F) Content of application.

[(c) 

(1)

The Safety Analysis Report shall include: 

A description and assessment of the site at which the 
proposed geologic repository operations area is to be 
located with appropriate attention to those features 
of the site that might affect geologic repository op
erations area design and performance. The descrip
tion of the site shall identify the location of the 
geologic repository operations area with respect to 
the boundary of the accessible environment.

(i) The description of the site shall also include the 
following information regarding subsurface 
conditions. This description shall, in all cases, 
include such information with respect to the 
controlled area. In addition, where subsurface 
conditions outside the controlled area may af
fect isolation within the controlled area, the 
description shall include such information with 
respect to subsurface conditions outside the 
controlled area to the extent such information 
is relevant and material. The detailed informa
tion referred to in this paragraph shall include: 

(F) The anticipated response of the geomechani
cal, hydrogeologic, and geochemical systems to 
the maximum design thermal loading, given the 
pattern of fractures and other discontinuities 
and the heat transfer properties of the rock 
mass and groundwater.  

§60.111 Performance of the geologic 
repository operations area through 
permanent closure.  

(a) Protection against radiation exposures and releases of 
radioactive material. The geologic repository opera
tions area shall be designed so that until permanent 
closure has been completed, radiation exposures 
and radiation levels, and releases of radioactive ma
terials to unrestricted areas, will at all times be main
tained within the limits specified in Part 20 of this 
chapter and such generally applicable environ
mental standards for radioactivity as may have been 
established by the Environmental Protection 
Agency.  

(b) Retrievability of waste. (1) The geologic repository 
operations area shall be designed to preserve the

option of waste retrieval throughout the period dur
ing which wastes are being emplaced and, thereaf
ter, until the completion of a performance confirma
tion program and Commission review of the 
information obtained from such a program. To sat
isfy this objective, the geologic repository operations 
area shall be designed so that any or all of the em
placed waste could be retrieved on a reasonable 
schedule starting at any time up to 50 years after 
waste emplacement operations are initiated, unless 
a different time period is approved or specified by 
the Commission. This different time period may be 
established on a case-by-case basis consistent with 
the emplacement schedule and the planned per
formance confirmation program.  

(2) This requirement shall not preclude decisions by the 
Commission to allow backfilling part or all of, or 
permanent closure of, the geologic repository opera
tions area before the end of the period of design for 
retrievability.  

(3) For purposes of this paragraph, a reasonable sched
ule for retrieval is one that would permit retrieval in 
about the same time as that devoted to construction 
of the geologic repository operations area and the 
emplacement of wastes.  

§60.112 Overall system performance objective 
for the geologic repository after 
permanent closure.  

The geologic setting shall be selected and the engineered 
barrier system and the shafts, boreholes and their seals 
shall be designed to assure that releases of radioactive 
materials to the accessible environment following perma
nent closure conform to such generally applicable envi
ronmental standards for radioactivity as may have been 
established by the Environmental Protection Agency with 
respect to both anticipated processes and events and un
anticipated processes and events.  

§60.113 Performance of particular barriers 
after permanent closure.  

(a) General provisions-(1) Engineered barrier system.  
(i) The engineered barrier system shall be designed 
so that assuming anticipated processes and events: 
(A) Containment of HLW will be substantially com
plete during the period when radiation and thermal 
conditions in the engineered barrier system are
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dominated by fission product decay; and (B) any 
release of radionuclides from the engineered barrier 
system shall be a gradual process which results in 
small fractional releases to the geologic setting over 
long times. For disposal in the saturated zone, both 
the partial and complete filling with ground water of 
available void spaces in the underground facility 
shall be appropriately considered and analyzed 
among the anticipated processes and events in de
signing the engineered barrier system.  

(ii) In satisfying the preceding requirement, the 
engineered barrier system shall be designed, 
assuming anticipated processes and events, so 
that: 

(A) Containment of HLW within the waste pack
ages will be substantially complete for a period 
to be determined by the Commission taking 
into account the factors specified in §60.113(b) 
provided, that such period shall be not less than 
300 years nor more than 1,000 years after per
manent closure of the geologic repository; and 

(B) The release rate of any radionuclide from the 
engineered barrier system following the con
tainment period shall not exceed one part in 
100,000 per year of the inventory of that radi
onuclide calculated to be present at 1,000 years 
following permanent closure, or such other 
fraction of the inventory as may be approved or 
specified by the Commission; provided, that 
this requirement does not apply to any radionu
clide which is released at a rate less than 
0.1 percent of the calculated total release rate 
limit. The calculated total release rate limit 
shall be taken tobe one part in 100,000 peryear 
of the inventory of radioactive waste, originally 
emplaced in the underground facility, that re
mains after 1,000 years of radioactive decay.  

(2) Geologic setting. The geologic repository shall be lo
cated so that pre-waste-emplacement ground water 
travel time along the fastest path of likely radionu
clide travel from the disturbed zone to the accessible 
environment shall be at least 1,000 years or such 
other travel time as may be approved or specified by 
the Commission.  

(b) On a case-by-case basis, the Commission may ap
prove or specify some other radionuclide release 
rate, designed containment period or pre-waste em
placement groundwater travel time, provided that 
the overall system performance objective, as it re
lates to anticipated processes and events, is satisfied.  
Among the factors that the Commission may take 
into account are:

(1) Any generally applicable environmental standard 
for radioactivity established by the Environmental 
Protection Agency; 

(2) The age and nature of the waste, and the design of 
the underground facility, particularly as these fac
tors bear upon the time during which the thermal 
pulse is dominated by the decay heat from the fission 
products; 

(3) The geochemical characteristics of the host rock, 
surrounding strata and ground water; and 

(4) Particular sources of uncertainty in predicting the 
performance of the geologic repository.  

(c) Additional requirements may be found to be neces
sary to satisfy the overall system performance objec
tive as it relates to unanticipated processes and 
events.  

§60.130 Scope of design criteria for the 
geologic repository operations area.  

Sections 60.131 through 60.134 specify minimum criteria 
for the design of the geologic repository operations area.  
These design criteria are not intended to be exhaustive, 
however. Omissions in §§60.131 through 60.134 do not 
relieve DOE from any obligations to provide such safety 
features in a specific facility needed to achieve the per
formance objectives. All design bases must be consistent 
with the results of site characterization activities.  

§60.131 General design criteria for the 
geologic repository operations area.  

(a) Radiologicalprotection. The geologic repository op
erations area shall be designed to maintain radiation 
doses, levels, and concentrations of radioactive ma
terial in air in restricted areas within the limits speci
fied in Part 20 of this chapter. Design shall include: 

(1) Means to limit concentrations of radioactive mate
rial in air; 

(2) Means to limit the time required to perform work in 
the vicinity of radioactive materials, including, as 
appropriate, designing equipment for ease of repair 
and replacement and providing adequate space for 
ease of operation; 

(3) Suitable shielding; 

(4) Means to monitor and control the dispersal of radio
active contamination; 

(5) Means to control access to high radiation areas or 
airborne radioactivity areas; and
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(6) A radiation alarm system to warn of significant in
creases in radiation levels, concentrations of radio
active material in air, and of increased radioactivity 
released in effluents. The alarm system shall be de
signed with provisions for calibration and for testing 
its operability.  

(b) Structures, systems and components important to 
safety--(1) Protection against natural phenomena and 
environmental conditions. The structures, systems, 
and components important to safety shall be 
designed so that natural phenomena and environ
mental conditions anticipated at the geologic reposi
tory operations area will not interfere with necessary 
safety functions.  

(2) Protection against dynamic effects of equipment failure 
and similar events. The structures, systems, and com
ponents important to safety shall be designed to 
withstand dynamic effect such as missile impacts, 
that could result from equipment failure, and similar 
events and conditions that could lead to loss of their 
safety functions.  

(3) Protection against fires and explosions. (i) The struc
tures, systems and components important to safety 
shall be designed to perform their safety functions 
during and after credible fires or explosions in the 
geologic repository operations area.  

(ii) To the extent practicable, the geologic reposi
tory operations area shall be designed to incor
porate the use of noncombustible and heat re
sistant materials.  

(iii) The geologic repository operations area shall 
be designed to include explosion and fire detec
tion alarm systems and appropriate suppres
sion systems with sufficient capacity and capa
bility to reduce the adverse effects of fires and 
explosions on structures, systems, and compo
nents important to safety.  

(iv) The geologic repository operations area shall 
be designed to include means to protect sys
tems, structures, and components important to 
safety against the adverse effects of either the 
operation or failure of the fire suppression sys
tems.  

(4) Emergency capability. (i) The structures, systems, and 
components important to safety shall be designed to 
maintain control of radioactive waste and radioac
tive effluents, and permit prompt termination of 
operations and evacuation of personnel during an 
emergency.

(ii) The geologic repository operations area shall 
be designed to include onsite facilities and serv
ices that ensure a safe and timely response to 
emergency conditions and that facilitate the 
use of available offsite services (such as fire, 
police, medical and ambulance service) that 
may aid in recovery from emergencies.  

(5) Utility services. (i) Each utility service system that is 
important to safety shall be designed so that essen
tial safety functions can be performed under both 
normal and accident conditions.  

(ii) The utility services important to safety shall 
include redundant systems to the extent neces
sary to maintain, with adequate capacity, the 
ability to perform their safety functions.  

(Wii) Provisions shall be made so that, if there is a 
loss of the primary electric power source or 
circuit, reliable and timely emergency power 
can be provided to instruments, utility service 
systems, and operating systems, including 
alarm systems, important to safety.  

(6) Inspection, testing, and maintenance. The structures, 
systems, and components important to safety shall 
be designed to permit periodic inspection, testing, 
and maintenance, as necessary, to ensure their con
tinued functioning and readiness.  

(7) Criticality control. All systems for processing, trans
porting, handling, storage, retrieval, emplacement, 
and isolation of radioactive waste shall be designed 
to ensure that a nuclear criticality accident is not 
possible unless at least two unlikely, independent, 
and concurrent or sequential changes have occurred 
in the conditions essential to nuclear criticality 
safety. Each system shall be designed for criticality 
safety under normal and accident conditions. The 
calculated effective multiplication factor (kfr) must 
be sufficiently below unity to show at least a 5% 
margin, after allowance for the bias in the method of 
calculation and the uncertainty in the experiments 
used to validate the method of calculation.  

(8) Instrumentation and control systems. The design shall 
include provisions for instrumentation and control 
systems to monitor and control the behavior of sys
tems important to safety over anticipated ranges for 
normal operation and for accident conditions.  

(9) Compliance with mining regulations. To the extent 
that DOE is not subject to the Federal Mine Safety 
and Health Act of 1977, as to the construction and 
operation of the geologic repository operations area, 
the design of the geologic repository operations area 
shall nevertheless include such provisions for 
worker protection as may be necessary to provide
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reasonable assurance that all structures, systems, 
and components important to safety can perform 
their intended functions. Any deviation from rele
vant design requirements in 30 CFR, Chapter I, 
Subchapters D, E, and N will give rise to a rebuttal 
presumption that this requirement has not been 
met.  

(10) Shaft conveyances used in radioactive waste handling.  
(i) Hoists important to safety shall be designed to 
preclude cage free fall.  

(ii) Hoists important to safety shall be designed 
with a reliable cage location system.  

(iii) Loading and unloading systems for hoists im
portant to safety shall be designed with a reli
able system of interlocks that will fail safety 
upon malfunction.  

(iv) Hoists important to safety shall be designed to 
include two independent indicators to indicate 
when waste packages are in place and ready for 
transfer.  

§60.133 Additional design criteria for the 
underground facility.  

(a) General criteria for the underground facility. (1) The 
orientation, geometry, layout, and depth of the un
derground facility, and the design of any engineered 
barriers that are part of the underground facility 
shall contribute to the containment and isolation of 
radionuclides.  

(2) The underground facility shall be designed so that 
the effects of credible disruptive events during the 
period of operations, such as flooding, fires and ex
plosions, will not spread through the facility.  

(b) Flexibility of design. The underground facility shall 
be designed with sufficient flexibility to allow adjust
ments where necessary to accommodate specific site 
conditions identified through in situ monitoring, 
testing or excavation.

(c) Retrieval of waste. The underground facility shall be 
designed to permit retrieval of waste in accordance 
with the performance objectives of §60.111.  

(d) Control of water and gas. The design of the under
ground facility shall provide for control of water or 
gas intrusion.  

(e) Underground openings. (1) Openings in the under
ground facility shall be designed so that operations 
can be carried out safely and the retrievability option 
maintained.  

(2) Openings in the underground facility shall be de
signed to reduce the potential for deleterious rock 
movement or fracturing of overlying or surrounding 
rock.  

(f) Rock excavation. The design of the underground fa
cility shall incorporate excavation methods that will 
limit the potential for creating a preferential path
way for groundwater to contact the waste packages 
or radionuclide migration to the accessible environ
ment.  

(g) Underground facility ventilation. The ventilation sys
tem shall be designed to: 

(1) Control the transport of radioactive particulates and 
gases within and releases from the underground fa
cility in accordance with the performance objectives 
of §60.111(a).  

(2) Assure continued function during normal opera
tions and under accident conditions; and 

(3) Separate the ventilation of excavation and waste 
emplacement areas.  

(h) Engineered barriers. Engineered barriers shall be de
signed to assist the geologic setting in meeting the 
performance objectives for the period following per
manent closure.  

(i) Thermal loads. The underground facility shall be de
signed so that the performance objectives will be 
met taking into account the predicted thermal and 
thermomechanical response of the host rock, and 
(sic) surrounding strata, [and] groundwater system.

NUREG-1466



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 C 1(a)). Such a 
model would be based on a detailed mechanistic under
standing of the coupled T-M-H-C processes. Figure 
Cl(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 approximate the coupled models 
shown in Figure Cl. The example analyses depicted in 
Figure C2 would initially involve a set of predictions of 
heat transfer, thermally-induced mechanical, hydrologic, 
and chemical responses, with subsequent changes to the 
thermal properties consistent with the predictions of me
chanical, hydrologic, and chemical responses (e.g., 
changes in thermal properties because of dissolution 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 until 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 example. The

responsibility to determine the most appropriate se
quence of analysis rests with the applicant. The process 
depicted in Figure C2 is based on the need to not only 
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 
application, 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 loading. 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 
embarking on any detailed analyses. For certain cases, it 
may be 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.
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NO 
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NO

ASSEMBLE DATA FROM SENSITIVITY/ UNCERTAINTY ANALYSIS 

COMPARE PREDICTED RESPONSE TO 
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Figure C2. Example of an Iterative Process for the Analysis of Thermally-Induced Phenomena.
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APPENDIX D 

DISPOSITION OF PUBLIC COMMENTS

Note: Throughout this comment response package, 
"STPi" refers to 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 past ten years, the U.S. Nuclear Regula
tory Commission (NRC) staff has urged the U.S.  
Department of Energy (DOE) to assess the coupled 
thermal (1), 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, 1988c, 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 II 
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 computer 
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" 
model 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 STI 
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 
one-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 
so, 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, especially in the case where the 
available information will 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 stage of the program.
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Response 

Regulatory requirement 10 CFR 60.133(i) is one of sev
eral criteria to be considered in the design of the under
ground facility. It requires that the underground facility 
for the geologic repository operations area (GROA) be 
designed so that the performance objectives will be met, 
taking into account the predicted thermal and thermom
echanical response of the host rock, surrounding strata, 
and groundwater system. This regulation specifically re
fers to the groundwater in the context of thermal loads 
and the design of the underground facility. The effect of 
temperature on the groundwater must, therefore, be con
sidered. Because the hydrology/radionuclide-transport is 
"tied" strongly to the in-situ geochemistry, it becomes 
necessary to include chemical effects in the evaluation of 
the thermal load, to the extent that they have impacts on 
the repository performance. Therefore, the staff believes 
that the compliance evaluation of 10 CFR 60.133(i) 
should include an investigation of thermally-induced 
M-H-C effects. This STP provides an acceptable meth
odology to demonstrate compliance with 10 CFR 
60.133(i).  

The governing principle that serves as the foundation for 
the STP is that to demonstrate compliance with 10 CFR 
60.133(i), DOE needs to consider thermal coupling of 
processes in a manner that is not likely to underestimate 
the unfavorable aspects of repository performance, or 
overestimate the favorable aspects, in the context of 
design and analyses.  

DOE's general comment states that the guidance in the 
STP is too demanding, and therefore, the Department 
does not think that NRC's expectations will be fulfilled.  
In this regard, the staff does not expect DOE to develop 
"fully coupled" models and, as noted below, the final 
version of the STP has been modified in a number of 
places, to clarify the staffs expectations regarding model 
development. The staff wishes to emphasize that the 
technical positions expressed in Sections 3.1,3.2, and 3.3, 
when considered collectively, provide guidance and a real
istic approach for dealing with the complexities of cou
pled processes, in light of the principle stated above.  
Moreover, the text of the STP shows ample recognition of 
the difficulties involved in developing defensible predic
tive models, and has provided alternative approaches (see 
Technical Position 3.3) for dealing with the long time 
periods that must be considered. This STP also empha
sizes the progressive development of predictive models.  
As more information is gathered, and mechanistic under
standingadvanced, the capability of the predictive models 
is expected to evolve progressively at different stages of 
the underground facility design, construction, and opera
tions. The staff believes that such an approach can be 
achievable, but only if DOE makes an early commitment 
to its implementation.

The staff also does not agree with the assertion that "Sim
plified models would work as well, if not better.. . [than] 
... 'fully coupled"' models, as mentioned in DOE's 
"General Comments." However, as noted above, 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 reflect its position that if DOE substantiates that 
its use of such models is consistent with the principle 
stated in Section 1.0 ("Introduction") and repeated 
above, the staff has no objection to the use of such models 
in demonstrating compliance with 10 CFR 60.133(i).  

In a related matter, DOE notes that the definition of 
"fully-coupled" models in this STP is "unconventional" 
and "ambiguous," and suggests that this term be defined 
in more detail. The staff agrees with this comment and has 
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 (i.e., T, 
M, H, or C) has an effect on the initiation and propagation 
of any or all of the other processes.  

DOE asserts that this STP voids NRC's justification for 
requiring the "disturbed zone." The staff points out that 
the boundary of the "disturbed zone" (see 10 CFR 60.2) is 
used to facilitate the calculation of the pre-emplacement 
groundwater travel time (10 CFR 60.113(a)(2)). The dis
turbed zone boundary will need to be established, during 
the site characterization phase, on the basis of an under
standing of physical and chemical changes within the rock 
surrounding the waste emplacement area, as a result of 
underground facility construction and heat (thermal load) 
generated by emplaced radioactive waste. It should be 
noted that the "disturbed zone" concept is only associated 
with one of the six performance objectives; other per
formance objectives must also be complied with. Compli
ance with these other performance objectives would also 
need an understanding of the thermally induced re
sponses and their associated uncertainties. Therefore, the 
staff believes that the "disturbed zone" concept does not 
relieve DOE from considering the effects of thermal im
pacts and associated uncertainties on repository perform
ance. (For a related discussion on this issue, DOE is 
referred to the staff's response to DOE Specific Com
ment No. 2.) 

The DOE general comment implies that, because the 
waste packages are to be designed for a containment life 
of 300 to 1000 years, at the end of which time the thermal 
loads would have subsided, there is no need to understand 
the near-field environment of the waste packages.
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However, the staff believes that the understanding of the 
near-field T-M-H-C environment would contribute to 
the design of the engineered barrier 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 to 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 under which T-H-C 
effects can result in changes to a repository host rock 
environment (Lin and Daily, 1989). The staff's intent is 
that a logical approach be used to predict the M-H-C 
response of the system, to the maximum design thermal 
loading. The "level of coupling" that needs to be consid
ered should be determined from an established technical 
basis. It is not the intent of the staff to require DOE to 
develop a highly complex numerical code from the 
T-M-H-C coupled model. The staff believes that, al
though "simplified" models are necessary 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(i). NUREGICR-5428 
(Brandshaug, 1989), referenced by DOE in its general 
comment, is 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 
important 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" (i.e., 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 DOE's comment concerning a lack of regula
tory basis for this STP, the staff does not agree with the 
Department's comment. As stated earlier in the staff's 
response, regulatory requirement 10 CFR 60.133(i) is one 
of several criteria 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-

fore, be considered. Because the hydrology/radionuclide 
transport is "tied" strongly to the in-situ geochemistry, it 
becomes necessary to include chemical effects in the 
evaluation of the thermal load, to the extent that it has an 
impact on the repository performance. Therefore, the 
staff believes that the compliance evaluation of 10 CFR 
60.133(i) should include an investigation of thermally-in
duced M-H-C effects.  

The requirement in 10 CFR 60.133(i) 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)(i)(F), the content of the license application is 
specified to include, "The anticipated response of the 
geomechanical, hydrogeologic, and geochemical systems 
to the maximum design thermal loading, given the pattern 
of fractures and other discontinuities 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 to 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(i) 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 compliance 
demonstration. The methods that may be used for 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. Regarding 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 design and analyses.  
Subsequently, the underlying assumptions used in the 
projected performances should be confirmed, during the 
period of performance confirmation, by appropriate con
tinued testing and/or model refinements.
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Specific Comments 

1. Page iii, "Abstract" 

The 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 "require" but may recom
mend or suggest a particular approach.  

Response 

With regard to the first portion of DOE's specific com
ment, the staff agrees that 10 CFR 60.133(i) 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 clarify 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(i) would need 
to be based on an understanding of thermally-induced 
M-H-C effects on geologic repository design and/or per
formance. Moreover, as noted in the final version of the 
STP, the staff further believes that such understanding 
would need to 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 dismissed.  

At the present time, in the repository program, with lim
ited site-specific information, it is not clear what level of 
coupling (if any) will be adequate in expressing the antici
pated 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(i) should not dismiss the need 
to take account of coupled processes, before such a need 
has been investigated. As a result, therefore, the staff 
considers it 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."

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 would 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 to 10 CFR 60.2, 
thermal loads that "may have a significant effect on 
the performance of the geologic repository" are con
fined to 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 area close to the em
placed wastes because that area is physically and 
chemically disturbed by the heat generated by those 
wastes." (NRC, 1981; 46 FR 35281) 

Likewise, NRC requires containment for at least 300 
to 1,000 years because during this time, decay heat 
would drop three orders of magnitude. (Ibid.) 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 predicting release rates are very 
great. Even if we did understand the mecha
nisms completely, the data scatter increases 
with temperature so that test programs to 
gather the data to narrow the uncertainties to 
reasonable bounds are very cumbersome." 
(NRC, 1983, p. 472) 

This STP burdens DOE with the types of assess
ments that NRC sought to avoid. The STP would 
have DOE assess the "fully coupled" thermal, hy
drological, mechanical, and chemical processes, plus 
all uncertainties. But NRC sought to avoid these 
assessments by confining these processes to a
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disturbed zone and by requiring that the waste be 
contained until the processes have attenuated. If 
DOE must provide the information that this STP 
requests, there is no longer any justification for 10 
CFR Part 60 to require a disturbed zone or a con
tainment period.  

It is also worthwhile to note that other uncertainties 
in the overall systems, such as the model and pa
rameter uncertainties 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 to the rock within the disturbed zone nor does 
it apply during the containment period. The dis
turbed zone includes "that portion of the controlled 
area the physical or chemical properties of which 
have changed as a result of... heat generated by the 
emplaced radioactive wastes such that the resultant 
change of properties may have a significant effect on 
the performance of the geologic repository" (10 
CFR 60.2). The containment 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 associated with those 
processes in dealing with the GROA underground facility 
design. It is stated that the "disturbed zone" concept (10 
CFR 60.2) and the "containment period" requirement (10 
CFR 60.113(a)(1)(ii)(A)) were introduced by NRC to re
lieve DOE from such understanding.  

The boundary of the "disturbed zone" is used to facilitate 
the calculation of the pre-emplacement groundwater 
travel time (10 CFR 60.113(a)(2)). The disturbed zone 
boundary is established during the site characterization 
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 zone 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-

ciated with one of the six performance objectives, 10 CFR 
60.133(i) deals with all six performance objectives. The 
design of the waste package that deals with two other 
subsystem performance objectives (e.g., 60.113(a)(1)(ii) 
(A-B)) and contributes to the overall performance of the 
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 
to 10 CFR 60.135(a).  

In view of the aforementioned discussion, the staff dis
agrees with DOE's interpretation that the "disturbed 
zone" concept relieves DOE from considering thermal 
impacts on repository performance in the pre- and post
closure periods, as specified in 10 CFR 60.133(i). The 
staff 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 staff further believes that the understanding of the 
near-field T-M-H-C environment would contribute to 
the design of the EBS, in particular, the thermal loads 
aspect of the underground facility design. The capacity of 
a canister to contain waste depends on, among other 
things, the local environment of the canister. Under dif
ferent environments, the rate, mechanisms, and proc
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 to 
say that an understanding of the thermally induced phe
nomena is not necessary. It is the staff's contention that 
DOE first will have to demonstrate that the uncertainties 
associated with thermal load consideration is indeed less 
important and, second, to 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 staff con
siders that it is appropriate and necessary to 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 gradients as 
well as 'fully coupled' T-M-H-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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load is sufficient to proceed with an advanced design of 
the GROA underground facility, in advance of extensive 
site characterization, and well before a reference thermal 
load has been established and its effects have been evalu
ated. Based on the staff's review of DOE's program to 
date, the staff can find no basis on which to concur in the 
Department's observation.  

3. Page 3, Section 1.1, "Background" 

In line 5 and elsewhere the STP references heat-in
duced effects on groundwater flow. The STP should 
also acknowledge the possibility for steam genera
tion and water-vapor transport. Otherwise, the term "groundwater" could be interpreted narrowly to 
mean only liquid-phase transport.  

Response 

The staff agrees with this recommendation. It is conceiv
able that the level of the thermal load will be sufficiently 
high to induce rock temperatures that result in boiling of 
porewater. Accordingly, the meaning of the term "flow" 
in the STP has been expanded to include both liquid- and 
vapor-phase transport.  

4. Pages 3 and 4, Section 1.1, "Background" 

The STP states that for "repository-generated ther
mal regimes that are beyond the range of current 
engineering experiences," the use of existing models 
as a first step in establishing an expected range of 
effects of thermal loads is "not satisfactory" unless 
there is "a programmatic need for evaluation of such 
thermal loads." 

This STP should not discourage the use of estab
lished models in preliminary programmatic evalu
ations of thermal loadings. Some established models 
would be useful in sensitivity and tradeoff studies.  

Also, the above passage contradicts statements 
made on page four that state that an initial under
standing of thermally indhced phenomena is ex
pected to be gained from the use of models that are 
reasonably available. The guidance stated above is 
hardly new, and does not contribute to a demonstra
tion of compliance. There is a need to demonstrate 
what the thermal 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 SCP section 8.3.1.15.) 

Response 

The STP does not discourage the use of existing models as 
long as they are reliable (refer to Step No. 2 in Technical

Position 3.1). Some "established" models may be reli
able, and therefore, could be useful in sensitivity and 
tradeoff studies. The staff notes that DOE finds an appar
ent contradiction in the STP text between Sections 1.1 
and 1.2. However, in an effort to avoid the potential for 
misunderstanding in the future, the third, fourth, and 
fifth paragraphs of Section 1.1 have been combined and 
revised as follows: 

"The impact of thermal loads on repository perform
ance can be a very complex technical issue, depend
ing on many factors, including the magnitude of the 
thermal loads themselves. For those repository-gen
erated thermal regimes that are within the range of 
engineering experiences, the use of existing predic
tive models to evaluate the possible effects of ther
mal loads on repository performance may be a rea
sonable approach to 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 
experiences pose significantly more complex prob
lems. Such thermal regimes, acting over the long 
time frame of repository performance, may produce 
effects that involve prediction considerations that 
are well beyond current engineering practice. For 
such situations, the use of an existing model, to pre
dict the likely repository effects of such loads, may 
not be satisfactory. For those situations where DOE 
makes programmatic decisions that produce reposi
tory-generated thermal regimes well beyond those 
for which engineering experience is available, it is 
expected that DOE will investigate and evaluate the 
effects of coupled processes in the predictions of the 
underground facility performance." 

5. Page 3, Section 1.1, "Background" 

In the second paragraph, the authors of the STP 
appear to believe that DOE will make a decision that 
results in an extraordinarily high repository-gener
ated thermal regime. This may be a reflection of 
NRC using available but outdated information on 
repository conceptual design in the Conceptual De
sign Report or in the Site Characterization Plan 
(SCP), Chapters 6 and/or 7. Currently, there is no 
reference waste package design or heat load. DOE is 
currently reviewing EBS concepts. Even if this as
sumption was true and DOE developed "state-of
the-art" models, how would NRC independently 
evaluate the unproven methodology? 

Response 

The recommended approach adopted in the STP is ge
neric in nature. It was not formulated using information 
on the repository conceptual design contained in DOE's 
Conceptual Design Report (MacDougall et al., 1987) nor
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in SCP Chapters 6 and 7 (DOE, 1988a and 1988b). The 
recommended approach requires a determination of 
whether there is a sufficient scientific understanding and/ 
or engineering experience to conclude that the perform
ance objectives are insensitive to the effects of thermal 
loading. To make such a determination, it is self-evident 
that parameters such as waste package design and ther
mal load will need to be considered.  

In response to DOE's question regarding how NRC 
would develop an independent review capability, it 
should be noted that NRC has an ongoing research activ
ity to investigate and examine thermally induced phenom
ena, including T-M-H-C coupled effects, and also, NRC 
is actively participating in an international joint effort on 
developing coupled predictive models, referred to as 
DECOVALEX (an acronym for "International Coopera
tive Project for the DEvelopment of COupled models and 
their VALidation Against EXperiments in Nuclear Waste 
Isolation"). These activities are part of NRC's plans to 
develop an independent capability for the purpose of 
determining compliance with 10 CFR 60.133(i).  

6. Page 4, Section 1.1, "Background" 

The second sentence states, "If, at any time, reliable 
information is gathered to convincingly demonstrate 
that further development of predictive models and 
codes would be unwarranted, nothing in this STP 
should be interpreted to suggest that the staff would 
expect that additional unnecessary steps would, nev
ertheless, be performed." 

This statement gives DOE flexibility, but it is incon
sistent with the rest of the STP. Overall, the STP 
implies that "fully coupled" models and an under
standing of "fully coupled" processes are required.  
For example, the STP recommends a methodology 
which "is based on an expected understanding of the 
'fully coupled' effects of thermally induced phenom
ena" (Section 3.0). Apparently, the staff believes 
that only "fully coupled" models can produce reli
able information. We believe that reliable informa
tion can be obtained from simplified uncoupled or 
partially coupled models and codes.  

Response 

The staff does not agree with the conclusion reached by 
DOE in its specific comment that the statement, "If, at 
any time, reliable information is gathered to convincingly 
demonstrate that further development of predictive mod
els.. ." is generally inconsistent with the staff's overall 
technical position expressed in this document. The staff 
believes that the technical positions described in Sections 
3.1, 3.2, and 3.3, when considered collectively, provide 
guidance and alternative approaches to demonstrating

compliance with 10 CFR 60.133(i). If DOE can demon
strate that the use of "simplified" models is consistent 
with the principle stated in Section 1.0 of the final version 
of the STP, then the staff has no objection to the use of 
such models. (This position is described in detail in Step 
No. 2 of Sections 3.1 and 4.1, respectively, of the STP.) 

7. Page 4, Section 1.2, "The Use of Models in 
Thermal-Response Predictions" 

The third sentence of the first paragraph states, 
"The NRC staff finds that predictive models based 
on approximations of coupled formulations of 
T-M-H-C responses may have to be used for dem
onstrating compliance with 10 CFR 60.133(i) at the 
construction authorization stage of the repository 
licensing process." The staff expects "fully coupled" 
models by the time of application for the license to 
receive, possess, and emplace waste .... " 

If NRC finds, with reasonable assurance, that the 
models are sufficient at the time of construction, 
there is no reason to develop "fully coupled" models 
at the time of licensing. Up until the repository is 
closed, we will continue improving our models and 
our understanding of coupled responses. But it is 
premature for the staff to expect that the processes 
will ever be fully understood and that these models 
will be fully coupled.  

Response 
The staff disagrees with DOE's specific comment, that 
the STP conveys an expectation of DOE to develop 
coupled T-M-H-C models ".. . by the time of applica
tion for the license to receive, possess, and emplace 
waste .... ." Rather, Section 1.2 of the STP expresses an 
expectation of progressively better understanding the 
M-H-C responses associated with the repository thermal 
load, and that this understanding be reflected through the 
development of new predictive models. This expectation 
seems to be consistent with the idea expressed in the 
second sentence of the second paragraph of DOE's spe
cific comment. It is certainly conceivable that "This could 
result in more comprehensive models (e.g.,fully coupled 
models) by the time of application for license to receive, 
possess, ..., and, subsequently, an application for license 
amendment for permanent closure." 

Furthermore, the staff would like to clarify the points 
raised in the second paragraph in DOE's specific com
ment. At the time of issuance of license for construction, 
the judgment of reasonable assurance may very well rely 
on projections of performance, together with a proposed 
performance confirmation program required under 10 
CFR 60.137. Then, as the repository program moves 
along, further information will be obtained through con
firmation of the understanding of the site and the ability
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to predict thermal and thermomechanical responses of 
the host rock, surrounding strata, and groundwater sys
tem. It is entirely possible that there is no need to further 
develop predictive models after the construction authori
zation stage, so long as DOE can demonstrate in the 
License Application that there is no such need. Other
wise, DOE may be required to provide in its License 
Application "... . a detailed description of the programs 
designed to resolve safety questions.. . " as stated in 10 
CFR 60.21(c)(ii)(F)(14) and explained in Section 1.2 of 
the STP. Whether or not a construction authorization will 
be granted depends on the nature of the unresolved 
safety questions. As part of the performance confirma
tion program (see Subpart F of 10 CFR Part 60), the staff 
expects model development/refinement to continue as 
needed. The need for development/ refinement of mod
els should be viewed in the context of confirming the 
projected performance used in arriving at reasonable as
surance at the time of construction authorization.  

8. Page 7, Section 3.0, Staff Technical Positions 

The fourth sentence states that the staff's approach 
for demonstrating compliance with 10 CFR 
60.133(i) "is based on an expected understanding of 
the fully coupled effects of thermally induced phe
nomena." 

The protection of public health and safety and com
pliance with 10 CFR Part 60 do not necessarily de
pend on understanding the fully coupled effects of 
thermally induced phenomena. The restricted spa
tial and relatively short temporal extent over which 
the coupled effects are significant, combined with 
other precautions mandated by the regulations (i.e., 
the disturbed zone and a containment period), re
move the necessity to fully understand coupled ef
fects. From our reading of the regulations, we con
clude that a safety analysis need only demonstrate 
that thermal loads will not adversely affect the de
sign of the underground facility, and that the design 
will not preclude compliance with the performance 
objectives.  

Response 

The staff response to this specific comment has already 
been addressed in its responses to DOE's "General Com
ments" and Specific Comment No. 7. Although a com
plete understanding of coupled processes may never be 
fully realized, the staff maintains that understanding of 
the T-M-H-C processes should be pursued, consistent 
with the principle stated in Section 1.0 ("Introduction") of 
the STP. Thus, the "disturbed zone" concept (10 CFR 
60.2) and the "containment period" requirement (10 CFR 
60.113(a)(1)(ii)(A)), the staff believes, does not relieve 
DOE from pursuing an understanding of T-M-H-C

processes in the context of the overall repository. Section 
60.133(i) is specific in the requirement that "... the un
derground facility shall be designed so that the perform
ance objectives will be met .... ." The staff interprets the 
requirement to imply that an evaluation of the design 
process for the GROA should lead to the conclusion that 
the underground facility design meets the pertinent req
uirements. Thus, in practice, the staff believes that the 
design goals/criteria for the GROA underground facility, 
with due consideration to the effects of thermally induced 
loads, need to be correlated to the pertinent 10 CFR Part 
60 performance objectives in order to ensure that the 
design will meet these objectives. On the contrary, if the 
requirement were as DOE suggests, the design process 
may not take into consideration the performance objec
tives, and consequently may face the risk of not meeting 
the 10 CFR Part 60 performance objectives.  

9. Pages 8 to 10, Section 3.1, "Example of an Accept.  
able Approach for Demonstrating Compliance 
with 10 CFR 60.133(i)" 

This section suggests a step-wise approach for devel
oping a fully coupled model which, according to the 
STP, is needed to demonstrate compliance with req
uirements for the underground facility at 10 CFR 
60.133(i).  

Before requesting a fully coupled model, this STP 
should establish that the model is needed to design 
an underground facility. The recommended ap
proach does not establish the need for a fully cou
pled model nor does it explain the degree of cou
pling that the NRC desires (see our "General 
Comments" and comments on the definition of 
"fully coupled models"). The need for a fully cou
pled model cannot be simply presumed by the 
authors.  

NRC should at least admit that a "fully coupled" 
model is not necessary to resolve all design prob
lems. We recommend that the approach presented 
in this section expand upon the more sensible ap
proach described in Appendix C, paragraph 4.  

Response 

The intent of Technical Position 3.1 is not to develop a 
fully coupled model, but to describe an example approach 
for meeting the requirements of 10 CFR 60.133(i). Ele
ments of the example approach include gaining under
standing of the T-M-H-C processes associated with a 
repository-induced thermal load, and the conversion of 
this understanding into predictive models. The "expecta
tion" of the staff regarding the need for "fully coupled" 
T-M-H-C models has already been addressed in the staff 
response to DOE's "General Comments" and Specific 
Comments Nos. 1, 6, and 7 and, therefore, will not be 
repeated here.
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The need for, and desired level of coupling, depend on 
what is learned through the examination of thermally-in
duced phenomena, as indicated in Step No. 3 of Figure 1.  
Certain levels of coupled processes may turn out not to be 
important and therefore may be excluded from the pre
dictive models. At the present stage, with limited knowl
edge on the site information and coupled processes, it is 
not clear what level of coupling will be adequate. It is 
expected that DOE will assume the responsibility to ad
vance the state-of-the-art, as appropriate, in its pursuit to 
understand the importance of T-M-H-C coupled proc
esses.  

Finally, the approach described in Appendix C of this STP 
is intended as an example of a model that could be devel
oped through iterations between Step Nos. 2 and 5 of 
Figure 1 (i.e., gain an understanding, and convert this 
understanding into a predictive T-M-H-C model). It is 
not intended to replace the overall concept of the accept
able methodology for demonstrating compliance with 10 
CFR 60.133(i). Rather, if DOE can show that this ap
proach satisfies the principle stated in Section 1.0 ("Intro
duction") of the STP, it would be acceptable to the staff.  

10. Page 8, Section 3.1, "Example of an Acceptable 
Approach for Demonstrating Compliance with 10 
CFR 60.133(i)" 

The proposed approach suggests eight steps that 
"can be used to demonstrate the acceptability of the 
underground facility design." 

Steps two and four should be reversed. Step two 
would use existing models to show compliance with 
10 CFR 60.133(i), and step four would develop de
sign goals/criteria for the underground facility. Even 
if the existing models were adequate, they cannot be 
used to show compliance until after design goals and 
criteria are developed. Later, the STP says the same, 
"The purpose of developing design goals/criteria...  
is... to contribute to the assurance that the design 
of the underground facility has the likelihood of 
meeting these performance objectives" (pages 
14-15).  

Response 

This comment is noted. However, the staff believes that 
the Department's recommendation would lead to an in
ternal inconsistency that violates the overall logic detailed 
in Technical Position 3.1 and depicted in Figure 1. The 
staff's reasoning behind this position is that if there is an 
affirmative response to the question asked in Step No. 2, 
then the need to perform the analyses described in Step 
Nos. 3 and 5 would be obviated because existing models 
would already have these capabilities.

However, DOE's recommendation has caused the staff to 
re-evaluate the logic depicted in Figure 1 and in an at
tempt to clarify this logic, the staff has modified the figure 
in the final version of the STP in two ways. First, Step No.  
2A ("Use existing models to show compliance with 10 
CFR 60.133(i)") in the draft version of the STP was de
leted because there is no activity associated with this step 
perse. Second, the logic flow from Step No. 5 to Step No. 3 
in the draft version of the STP has been changed to now 
indicate an iteration between Step Nos. 5 and 2. The 
change was made so that the approach includes an explicit 
check of the adequacy of any predictive models developed 
with existing technology.  

11. Page 8, Section 3.1, "Example of an Acceptable 
Approach for Demonstrating Compliance with 10 
CFR 60.133(i)" 

Step No. 3 needs to be clarified since it is not appar
ent if "defensible models" used in Step No. 3 are in 
fact those "existing models" that will show compli
ance with 10 CFR 60.133(i), as illustrated in Step 
No. 2A, Figure 1.  

Response 

The staff notes the concern raised by this comment and 
has changed the term "defensible methods" to reliable 
models" in order to be consistent with the discussion 
contained in Step No. 2 of Technical Position 3.1.  

12. Page 9, Section 3.1, "Example of an Acceptable 
Approach for Demonstrating Compliance with 10 
CFR 60.133(i)" 

In Step No. 8, the incorporation of predicted results 
in the pre- and post-closure performance assess
ment models appears to contradict other NRC guid
ance. NRC has consistently advised DOE to perform 
preliminary and iterative performance assessments 
using available models. DOE might be able to per
form preliminary performance assessments using 
the models examined in Step No. 2 or developed in 
Step No. 5. The NRC's performance assessment 
staff might think DOE remiss were it not to use 
these available models. NRC should consider revis
ing the STP in consultation with its performance 
assessment staff. DOE would appreciate a clarifica
tion of guidance on this point as it may apply to other 
modeling and performance assessment effects.  

Response 

The staff does not believe that incorporating the pre
dicted results from the approach outlined in this STP in 
the performance assessment model(s) contradicts other 
NRC guidance. The approach described in Technical Po
sition 3.1 and illustrated in Figure 1 clearly suggests that
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the entire process is iterative (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 adequacy of the input data (in this case the 
results from the predictive T-M-H-C model(s)) are of 
primary concern. Without a reliable data set, there is no 
reason to believe that the results generated from the 
performance assessment models will be reliable. The pre
dictive models developed through the systematic ap
proach outlined in this STP will provide a portion of the 
input data needed for the performance assessment mod
els. In the context of NRC's iterative performance assess
ment efforts (see Codell et al., 1992), the staff positions 
advocated in this STP 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 behav
ior." 

As commented earlier, NRC has not clearly ex
plained what constitutes a fully coupled model, what 
these models will accomplish in terms of meeting 
NRC regulations, or what advantage these models 
have over simple uncoupled models. In short, NRC 
has not provided any compelling reason to develop 
"fully coupled" models.  

Also, this type of "fully coupled" mechanistic model 
may be impossible to 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 assessment staff should be con
sidered in revising the STP, concerning the listing of 
scenarios and use or formulation of strategies on 
how DOE could make a demonstration with reason
able.assurance.  

Response 

As regards the first portion of this comment, the STP has 
been revised to 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 staff's response to DOE's "General Com
ments.") 

As regards the second portion of this comment, as previ
ously stated in the staff response to DOE Specific Com
ment Nos. 1 and 9, the need for and desired level of

coupling depends on the understanding developed 
through the examination of thermally-induced processes, 
as indicated in Step No. 3 of Figure 1. Such a need cannot 
be simply dismissed without some assessment of the im
portance of T-M-H-C coupling in evaluating the per
formance of the repository. Therefore, at this point, 
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
ing of the in-situ site conditions, including coupled 
T-M-H-C processes, to determine what level of coupling 
(if 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 to 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 
validate 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 ef
fects of coupling on repository performance.  

14. Page 10, Section 3.3, "Alternative Predictive Mod
els" 

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

Response 

The staff agrees that there has been considerable diffi
culty in interpreting the phrase "synergistic effects of 
T-M-H-C interactions." In the draft version of the STP, 
the staff had used several terms to describe coupled ef
fects (e.g., synergistic 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 
("Glossary"). DOE is directed to the staff's response to 
the Department's "General Comments," where the staff 
specifically described the revisions made to the final ver
sion of the STP, to clarify the meaning and intent of these 
terms.  

15. Page 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.

NUREG-1466 D-10



Appendix D

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) 

Two of the six performance objectives, a repository's 
overall performance (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 staff disagrees with the recommendation made by 
DOE in its comment. Section 60.133(i) is specific in the 
requirement that "The underground facility shall be 
designed so that the performance objectives will be 
met.. . ." (Emphasis added) The staff 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 staff believes that the design goals/criteria 
for the GROA underground facility, with due considera
tion to the effects of thermally induced loads, need to be 
correlated to the pertinent 10 CFR Part 60 performance 
objectives in order to ensure that the design will meet 
these objectives. The staff views the terms "preclude 
compliance" or "satisfy," as alternatively recommended 
by the Department in this comment, to change the intent 
of the current language of the rule.  

As regards DOE's reference to "natural barriers" and 10 
CFR Part 60 performance objectives, it should be noted 
that the staff agrees that natural barriers cannot be de
signed, and the staff believes that there is nothing in the 
STP to suggest 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

the GROA design process, consideration must be given to 
which design parameters for the underground facility 
have the potential to adversely affect the ability of the site 
to meet the performance objectives.  

17. Page 11, Section 4.1, "Example of an Acceptable 
Approach for Demonstrating Compliance with 10 
CFR 60.133(i)" 

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 early 
"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" models.  

Response 

The staff recognizes the need to make preliminary pro
grammatic 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 to 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 
DOE Specific Comment No. 4.) 

18. Page 11, Section 4.1, "Example of an Acceptable 
Approach for Demonstrating Compliance with 10 
CFR 60.133(i)" 

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 11, Section 4.1, "Example of an Acceptable 
Approach for Demonstrating Compliance with 10 
CFR 60.133(i)" 

That performance assessment takes place, as stated 
in the STP, only after all design goals/criteria 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 too late, 
particularly if goals and criteria can be met, but 
performance objectives may not be met. The STP 
should be clarified on this point.
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Response 

Regarding the first portion of DOE's specific comment, 
the example approach described in Technical Position 3.1 
and illustrated Figure 1 clearly suggests that the entire 
process is iterative (see loop-back from Step No. 8 to Step 
No. 2 in Figure 1). The text to which DOE refers in 
Section 4.1 ("Discussion") speaks of the sequence of the 
logic process within one iteration. The staff disagrees with 
the DOE contention that the approach is inconsistent 
with previous advice given to DOE by NRC.  

Regarding the second portion of DOE's specific com
ment, DOE is directed to the text in Step No. 4 of Section 
4.1, which expresses that"... design goals/criteria ... cor
related to the repository performance objectives are ex
pected to be essential in the development of the under
ground facility design." An approach to developing the 
performance-based design goals/criteria is suggested by 
Steps (a) through (c) in Section 4.1. Although not explic
itly stated, Step (c) in this approach may very well include 
an evaluation of the design goals/criteria by a perform
ance assessment model(s). The specific procedures by 
which this is accomplished are left up to DOE.  

However, in consideration of DOE's overall comment, 
the first sentence of Paragraph 3 of Section 4.1 has been 
changed to avoid further confusion on this issue. This 
sentence now reads as follows: 

"For each iteration cycle, the fourth evaluation 
point, performance assessment evaluation (Step No.  
8 of Figure 1), takes place only after all of the 
GROA underground facility design goals/criteria 
have been satisfied." 

20. Page 12, Section 4.1, "Example of an Acceptable 
Approach for Demonstrating Compliance with 10 
CFR 60.133(i)" 

The second paragraph states, "As illustrated in Fig
ure No. 1, the process may be terminated at different 
decision points, depending on the state of the knowl
edge and complexity of the information needs." 

Other than the first step, Figure I does not indicate 
decision points at which the process may be ternhi
nated. Either add these decision points or do not say 
that they are present.  

Response 

The staff agrees that the flow logic shown in Figure 1 for 
Technical Position 3.1 does not indicate any decision 
points for termination of the process other than the first 
step. Consequently, the 5th paragraph of Section 4.1

("Discussion") has been deleted from the final version of 
the STP.  

21. Page 13, Section 4.1, "Example of an Acceptable 
Approach for Demonstrating Compliance with 10 
CFR 60.133(i)" 

At Step No. 3, the first paragraph, last sentence 
states, 'This understanding would include an assess
ment of the level of phenomenological coupling that 
may be necessary to reasonably characterize the 
phenomena and predict the responses." 

NRC should define "phenomenological coupling" 
and specify the degree of coupling desired. For ex
ample, does the staff want only direct couplings or 
both direct and crossed couplings? As commented 
earlier, the staff has not established a need for such a 
detailed assessment particularly when the total 
number of direct and crossed couplings are so nu
merous. If the staff can justify an assessment of 
phenomenological coupling, the assessment should 
be limited to direct couplings.  

Response 

The staff notes the concerns raised with the use of the 
term "phenomenological." Accordingly, this term has 
been deleted from the STP and the sentence in question 
has been modified to read as follows: 

"This understanding would include an assessment of 
the level of coupling that may be necessary between 
processes to reasonably predict the responses." 

Also, a definition of "coupled behavior" is now provided 
in the STP, as well as in the "Glossary." (For a description 
of what is meant by "coupled behavior," see the staff's 
response to DOE's "General Comments.") 

22. Page 16, Section 4.1, "Example of an Acceptable 
Approach for Demonstrating Compliance with 10 
CFR 60.133(i)" 

At Step No. 6, the STP cites NUREG/CR-5428 
(Brandshaug, 1989) as an example of "heat-transfer 
predictions." This citation conflicts with previous 
text where the STP expects an understanding of 
"fully coupled effects of thermally induced phenom
ena" (page seven). Brandshaug's model only repre
sents the one-way T-M coupling. We recommend 
that NRC reconcile the conflict by acknowledging 
that valuable insight can be gained by using "simpli
fied" models.  

Response 

The reference in the STP to NUREG/CR-5428 is strictly 
intended as a description of a three-dimensional analysis
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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 "General Comments," nor does it 
consider the combined effects of heat and water, which 
may be important to the EBS design. The sole purpose of 
the use of this reference in the STP is to provide a 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 model 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(i)" 

At Step No. 9, 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(i) requirements have been complied 
with." 

This step falsely implies that compliance with the 
performance objectives (10 CFR 60.111, 60.112, and 
60.113) is 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 must 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
gested by DOE's specific comment, would not accomplish 
the intent of the regulations. The methodology 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 to avoid this.

Accordingly, for the reasons noted above, the staff does 
not agree with the interpretation of 10 CFR 60.133(i) 
made by the Department in this comment.  

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 the 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 uncertainties 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 "appropriate 
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 et al., 
1990). The knowledge of the T-M-H-C processes and 
site characteristics 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 staff also recognizes, on the other hand, 
that oversimplification in modeling may obscure the 
understanding of those processes that might have 
significant impact on design goals/criteria and/or 
performance."
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Please delete this statement. Overly complex mod
els, even more so than simple models, may obscure 
(through the influence of competing effects) an un
derstanding of one of the coupled 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 is noted: 

"To include great complexity in the characterization 
of material behavior, for example, does not neces
sarily provide more 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 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 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 a chemical model without also 
employing the range of grain sizes would prove diffi
cult, since 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 modeling. Thus, the staff does not believe that 
the STP warrants modification, as suggested by this spe
cific comment.

27. Page 21, Section 4.2, "Development of Detailed 
Predictive Models" 

The first sentence in the last paragraph states, "Fi
nally 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 
model validation and code verification should be 
deleted. All model validation issues, whether the 
model is coupled or uncoupled, 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 modified the final version 
of the STP to reflect the distinction between the terms 
"verification" and "validation." 

28. Page 25, Figure 1 

The logic flow after Step No. 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(i).  

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 is 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. 7A 
will result if there is noncompliance with the design goals/ 
criteria evaluated in Step No. 7. For example, if a goal/cri
terion exists for a maximum borehole wall temperature, 
and this criterion is exceeded as a result of either a very 
high initial power output 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.  
7A, the iterative process returns to Step No. 6.
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29. Page 26, Appendix A, "Glossary" 

Appendix A defines "fully coupled" model as "a 
model that incorporates in its formulation the inter
dependency of the four phenomena (thermal, me
chanical, hydrological, chemical)." (Emphasis 
added) 

The interdependency of the phenomena can be in
corporated in the formulation at many different lev
els. Individual codes representing each phenome
non can be incorporated under a system code in 
which the output of one code provides the input to 
the other code(s), in an iterative manner until the 
problem is solved. Alternatively, a model can be 
constructed with all equations formulated with the 
interdependencies built in and solved simultane
ously. Whether such a detailed formulation is possi
ble with the current scientific understanding of the 
phenomena and their interdependency, or whether 
the equations can be solved considering the non
linearities in the equations, is beside the issue. What 
is really meant by the definition is not at all clear.  

Most natural phenomena occur through many com
peting interactive processes. Any change in one 
process, be it thermal, mechanical, hydrological, or 
chemical, influences the other processes, which, in 
turn, affect the original process, by either enhancing 
it or counteracting it. The degree of interaction 
among the processes, i.e., degree of coupling, can be 
strong or weak. From a thermodynamic point of 
view, the coupling can also be classified as primary or 
secondary, depending on the flux and the gradient 
relationship. The secondary couplings are generally 
weak. Under certain conditions, however, they could 
be several orders-of-magnitude higher than the ef
fects from primary coupling. For example, the Soret 
effect (mass flux due to thermal gradient) in a clay 
backfill could easily exceed any water influx due to 
hydraulic gradient (Jamet et al., 1990). This is why for 
some processes the secondary effects cannot be ig
nored and a "fully coupled" model that includes 
weak couplings may be needed.  

The secondary effects, sometimes called Onsager's 
coupled processes (Carnahan, 1987), are very com
plicated, as shown below [see Table Dl] with a few 
examples of such couplings in a fluid medium (de 
Marsily, 1986).  

A "fully coupled" model generally means a model 
that includes both the primary and secondary cou
plings. There are debates in the scientific commu
nity about whether such models are needed or even 
technically feasible within practical limits of current 
state of knowledge, and whether a numerical code 
implementing a "fully coupled" model can be run

efficiently on currently available computer hard
ware.  

In addition, even if we ignore the secondary effects, 
11 distinct combinations of processes can be consid
ered by combining the T, M, H and C processes.  
There can be six two-process, four three-process, 
and one four-process combinations (Tsang, 1987).  
Any of these combinations could be modeled fully 
uncoupled, sequentially coupled, one-way coupled 
or two-way (feedback) coupled. In other words, they 
can be fully coupled with only two, three, or with all 
four processes, as they are needed. A "fully coupled" 
model does not necessarily have to include all four 
processes, unless the need for such a "fully coupled" 
model is established.  

It also appears that this STP uses the word "model" 
to represent both the conceptual model and numeri
cal codes. In this sense, it is not clear whether the 
term "fully coupled model" is also intended to mean 
fully coupled codes, whose meaning could be contro
versial.  

The definition of "fully coupled" model is unconven
tional and ambiguous. It needs to be defined with 
more details. Also, NRC staff should demonstrate 
the feasibility of its STP by giving an example of a 
"fully coupled" model. Aside from this debate of 
technical feasibility, it is not clear in this STP (text 
and the definition in Appendix A) what degree of 
coupling NRC expects when it requests a "fully cou
pled" model.  

Response 

The staff notes the difficulty in interpreting the meaning 
of the phrase "fully coupled," as it appears in the "Glos
sary" of the draft version of the STP. In this regard, DOE 
is directed to the fourth paragraph of the staff's response 
to DOE's "General Comments," where the staff de
scribes the revisions that have been made to the final 
version of the STP, to clarify what is meant by the staff's 
use of this and other terms.  

The NRC staff also recognizes the difficulties and com
plexities associated with the characterization of coupled 
processes. Despite these difficulties, the staff recognizes 
that the importance of coupled processes should be ex
plored, so that their effects, if necessary, could be: (1) 
included in a model(s) for use to predict the M-H-C 
responses associated with a thermal load, and the effects 
on the performance of the repository; and/or (2) included 
as an uncertainty in the results of models that may not 
directly account for the effects of such coupling. As 
DOE's specific comment points out, "... for some 
processes" [even] the secondary effects cannot be ignored
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Table D1. A Few Examples of Possible Couplings in a Fluid Medium (from de Marsily, 1986) 

Temperature Potential Gradient Electric 
Flux \ Force Gradient (Pressure \ Concentration) Field 

HEAT Fourier's Law Thermal osmosis \ Dufour effect Electrothermal effect 

MASS Soret effect Reverse osmosis \ Fick's Law Electrophoresis 

CURRENT Seebeck effect Electrochemical effects Ohms's Law 

PERCOLATION Thermoosmosis Darcy's Law \ Chemical osmosis Electroosmosis

and a 'fully coupled' model that includes weak coupling 
may be needed." The staff recognizes that the characteri
zation of coupled processes and the evaluation of their 
importance to the prediction of the T-M-H-C responses 
in the context of the repository may not be fully accom
plished by the time of issuing the license to close the 
repository. However, an assessment of the importance of 
the coupled effects will contribute to the "reasonable 
assurance finding" that the repository will perform as 
intended.  

Finally, the term "model," as used in the STP, does not 
refer to a numerical code.  

State of Nevada Comments 

General Comments 

The STP is a generic, non-technical document 
which, based on a flow diagram, discusses and rec
ommends an iterative procedure for demonstrating 
compliance of the underground repository facility 
with the requirements pertaining to thermal loads as 
they appear in applicable portions of 10 CFR Part 60 
regulations. There is no indication of when this itera
tive process should be initiated, since there is little 
reference to the process of site characterization or of 
what kinds and levels of data are expected to be 
derived from site characterization for use in the pro
cedure developed in this STh. This is of more than 
passing importance since, the DOE is planning that 
the Exploratory Shaft (now "Studies") Facility (ESF) 
be incorporated into the underground repository 
facility and it is already in the design process without 
benefit of the considerations outlined in the STP.  

The DOE's assumption appears to be that thermal 
loading can be back-fit to any repository design, 
which is an approach opposite to that advanced in 
the STP. This is important in the context of this STP 
since implicit in the DOE assumption is the notion 
that thermal loading is a design feature of an under
ground repository facility, rather than a potential

adverse impact that has waste isolation implications, 
as appears to be the case in the STP. If it is to be 
treated as a design feature, then the NRC, in its STP, 
should be concerned also with the design basis of the 
selected magnitude and rate of thermal loading and 
should require that the selection be supported by a 
thorough evaluation of alternative loads and their 
consequences for waste isolation performance.  
These incompatible views of the role of thermal 
loading in a repository must be reconciled before 
further development of a thermal load STP is under
taken.  

The STP is based on the premise that performance 
assessment models for the evaluation of compliance 
with the performance objectives of 10 CFR Part 60 
will exist at the time of license application. The 
suggested iterative process involves the use of 
increasingly advanced models, which are re
ferred to as fully, partially, or one-way coupled ther
mal-mechanical-hydrological-chemical (T-M-H-C) 
models. These are inadequately defined in the STP 
in regard to their underlying assumptions and the 
kinds and levels of information needed for their 
acceptable application. This leads to what appears to 
be an endorsement of the use of expert judgment 
when either the data base is insufficient or the itera
tive process fails to resolve an issue.  

In general, the STP lacks sufficient technical speci
ficity to determine whether the suggested methodol
ogy is feasible for implementation, but more impor
tant, the suggested methodology is not compatible 
with the ongoing implementation of the DOE site 
characterization program, and therefore likely will 
be of little use as guidance to DOE.  

Response 
In the first portion of its general comment, the State of 
Nevada notes that "The STP is a generic non-technical 
document which, based upon a flow diagram, discusses 
and recommends an iterative procedure for demonstrat
ing compliance. . ." and raises questions as to when such 
an iterative procedure should be initiated. The staff
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agrees with the State of Nevada that this STP is generic in 
nature because it is intended to be applicable to any site 
or design. However, the staff disagrees with the State that 
the STP is 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 60.133(i) and thereby minimize the potential for 
significant future problems, so that they can be avoided." 
Therefore, given the progressive nature of the approach, 
it is apparent that DOE's iterative design process should 
start as early as possible. The STP emphasizes that this is 
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 staff 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 staff 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 already 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 submittal 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 
note that it has already provided guidance to DOE on the 
design process for the ESF (see Gupta et al., 1991) and in 
doing so, has identified 10 CFR 60.133(i) as one of the 
applicable technical criteria thatt needs to be considered 
(opt. cit., p. C-4). Although the design of the ESF is cur
rently underway, the staff expects the final 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 comment suggests that 
DOE's approach in dealing with thermal loading is in
compatible with the approach advanced in the STP, and 
therefore recommends that no further development on 
this STP be made until the two approaches have been 
reconciled. In this regard, the State of Nevada is referred

to Section 1.3 of this STP, where the role of STPs is 
discussed, including the fact that STPs are not substitutes 
for regulations, and compliance 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(c)(ii)(D), 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 
considerable 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 has 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 (i.e., 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 
it is 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 issue 
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 scientific laws or to the availability of ex
tensive data on precisely the quantities of inter
est .... Expert judgments are sometimes inappro
priately used to avoid gathering additional 
management or scientific information." 

The staff agrees with Bonano et al., and has stated that 
expert judgment should not be used as a substitute for 
investigations needed to support a complete and high
quality license application. This is particularly true for 
reasonably available or obtainable data and/or analyses.  
Finally, in its "General Comments," the State of Nevada 
questions the feasibility of the proposed methodology in 
this STP on the grounds that the STP lacks sufficient 
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 believe that the proposed methodology in 
this STP is not feasible, because the STP is based on a 
logical, comprehensive, and systematic approach. The 
staff points out that the intent of this STP is 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. In the 
staff's view, the guidance in this STP is not incompatible 
with the ongoing DOE program, as known to the staff 
through its pre-licensing consultations. Therefore, the 
staff believes that useful and timely guidance is being 
provided in this STP, for DOE to develop its ability to 
demonstrate compliance with 10 CFR 60.133(i).

2. Page 2, Paragraph 1 

The STP states: "The staff expects that, through the 
pursuit of appropriate technical programs, DOE 
would develop information that would enhance con
siderably the approach in this document." 

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 it is reissued as information and guidance.  

Response 

Since STPs are not substitutes for regulations, and com
pliance with them is not required, DOE may or may not 
choose to follow the example approach recommended in 
this STP. However, if DOE chooses to follow the recom
mended methodology, the staff believes, at the present 
time, that this methodology will lead to an adequate dem
onstration of compliance with 10 CFR 60.133(i). Like
wise, a different methodology chosen and implemented 
by DOE may also lead to a demonstration of compliance 
that too 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 suggested methodology if and when new 
information warrants such enhancement.

Specific Comments 3. Page 2, Paragraph 2

1. Page 1, paragraph 1 

It is emphasized in the STP that the DOE is ex
pected to demonstrate a comprehensive, systematic 
and logical understanding of T-M-H-C [responses] 
of the underground facility. This should be elabo
rated. It is not clear how such a demonstration is 
expected 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 details 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 (i.e., theoreti
cal) model, based on site-specific data.

The STP states: "In this STP, the NRC staff assumes 
that performance assessment models will exist for 
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 
DOE 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 approaches as those used in Performance Assess
ment Calculational Exercises (PACE), and the respective 
NRC/DOE Performance Assessment activities.  

4. Page 2, Paragraph 2 

The STP states: "However, elaboration on the spe
cifics of performance assessments, with respect to
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the individual 10 CFR Part 60 performance objec
tives, is outside the scope of this STP." 

Some elaboration would be helpful in this STP in 
order to expose at least some of what the staff be
lieves is appropriate for data collection and analysis 
during site characterization. This could result in a 
beneficial reduction in uncertainty in the thermal 
loading assessment in a license application, since the 
STP appears to expect that uncertainties will be 
relatively large at the time of license application, 
and will reduce significantly during construction and 
operation.  

Response 

The staff agrees with this specific comment that elabora
tion on the different aspects of performance assessments 
would be helpful in identifying appropriate data collec
tion; however, the staff maintains that doing so is beyond 
the scope of this STP.  

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 the License Applica
tion. It is further noted that DOE's submittal of data and 
analyses are subject to continued NRC review.  

5. Page 4, Paragraph 1 

The STP states: "The guidance in the STP focuses 
on the prediction of repository-generated thermal 
regimes beyond the range of current engineering 
experience." 

"Current engineering experience" should be elabo
rated in this section in order to better understand 
the focus of this STP. Is there "current engineering 
experience" that the staff believes is relevant under 
the range of thermal load scenarios that the DOE is 
likely to consider, given the repository development 
and operation schedule it is attempting to meet? 

Response 

The staff believes that current hard-rock mining experi
ence, at very deep levels (e.g., 10,000 feet), where the 
geothermal gradient results in a very warm environment, 
would be relevant to the operational period of the reposi
tory. The staff believes that this experience could be use
ful in DOE's efforts to demonstrate that its design com
plies with the pre-closure performance objectives (e.g., 10 
CFR 60.111). In addition, as natural analogs, conditions 
associated with geothermal regions could be used in guid
ing post-closure performance evaluations (e.g., 10 CFR 
60.112 and 60.113).

6. Page 5, Paragraph 2 

The STP states: "If there is an unresolved safety 
question relating to model validation, this could be 
described in the application and need not stand in 
the way of issuance of a construction authorization 
(so long as there is reasonable assurance of safety)." 

The word "could" should be replaced by "should." If 
there is an unresolved safety question relating to 
model validation, the standard of reasonable assur
ance will be diminished unnecessarily to some extent 
if the issues involved in the lack of resolution are not 
described.  

Response 

The staff agrees with the recommended change suggested 
by the State of Nevada's specific comment. The third 
sentence of the last paragraph in Section 1.2 has been 
revised to read as follows: 

"If there is an unresolved safety question relating to 
model validation, this should be described in the 
application. The existence of such a question may, of 
course, reduce the Commission's confidence that 
the standards for issuance of a construction authori
zation have been satisfied. Depending on the signifi
cance of the unresolved safety question and the 
prospects for resolving it favorably, there may be 
reasonable assurance that applicable requirements 
have been met and, on that basis, a construction 
authorization might be issued." 

Moreover, the staff also points out the prerogative of the 
Commission to place "conditions" on the construction 
authorization, in accordance with 10 CFR 60.32. More 
specifically, 10 CFR 60.32(bX4) identifies "programs be
ing conducted to resolve safety questions" as a particular 
basis for placing certain "conditions" on a potential licen
see.  

7. Page 8, paragraph 2 

Step No. 1 calls for a preliminary evaluation of the 
sensitivity of the performance objectives to thermal 
loading. The STP should outline the type and level 
of data and the maturity of facility design necessary 
to make this evaluation since the Step No. I determi
nation, according to the STP approach, may never be 
revisited.  

Response 

The staff believes that a preliminary, conceptual under
standing of the GROA underground facility design is 
sufficient when considering Step No. 1 in the recom
mended approach. The staff believes that it is DOE's, not
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NRC's, responsibility to justify the type and the level of 
the data used in the evaluation of each step, 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 effect 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

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 examination, the staff believes that DOE should col
lect sufficient data that could lead to a reasoned conclu
sion that the regulatory requirements have been com
plied with.  

10. Page 8, Paragraph 5 

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

In such development, the STP should 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 
variation 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 thermal 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
tionsfor 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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methodology is specifically, to demonstrate compliance 
with 10 CFR 60.133(i) (i.e., the GROA underground fa
cility design in the context 6f the thermal load).  

Thermal load considerations will also need to be included 
in the waste package design, borehole, shaft, and seals 
design and the geologic setting concerns; however, these 
design concerns are outside the scope of this STP.  

12. Page 10, Paragraph 3 

The STP states: "Develop models that approximate 
fully coupled behavior in a manner that is not likely 
to adversely affect the performance objectives ......  
This could be stated more clearly. Performance ob
jectives are not affected by behavior.  

The STP should [also] provide some guidance on the 
intended bounds of such an approximation, and the 
type and level of data necessary to make and demon
strate such an approximation.  

Response 

The staff agrees with the first portion of the State of 
Nevada's specific comment that models cannot affect per
formance objectives. Therefore, Section (a) of Technical 
Position 3.3 has been modified to read as follows: 

"(a) DeveIop models that approximate coupled be
havior in a manner that is not likely to underestimate 
the unfavorable or overestimate the favorable as
pects of repository performance." 

As regards the second portion of the State of Nevada's 
specific comment, the staff believes that the issue of pro
viding guidance on the type and level of data necessary to 
demonstrate compliance with 10 CFR Part 60.133(i) has 
been adequately covered in Section (b) of Technical Posi
tion 3.3, and the "Discussion," in Section 4.3 of the STP.  

13. Page 17, Paragraph 2 

The STP states: "If unacceptable results are encoun
tered, it may become necessary to return to Step No.  
3, from Step No. 8 (see Figure 1)." 

If there is continued noncompliance, then disqualifi
cation of the site should be considered also.  

Response 

The staff notes the State of Nevada's comment regarding 
continued noncompliance of a design and the recommen
dation for the subsequent disqualification of the site.  
However, this STP is concerned specifically with the dem
onstration of compliance with 10 CFR 60.133(i), and not

with the overall question concerning the determination of 
site qualification. The steps that are part of the example 
approach described in this STP cannot, and are not de
signed to, lead to a determination whether or not the site 
would qualify for licensing.  

If, after numerous iterations, an underground facility de
sign for the GROA is not found to be acceptable, accord
ing to the derived design goals/criteria, the recommenda
tion in the STP is to look at components of the "disposal 
system" other than those of the underground facility (e.g., 
Step Nos. 8A and 8B). Whether a site qualifies for licens
ing is an issue that should be determined from a demon
stration of the site's ability to meet all pertinent 10 CFR 
Part 60 regulatory requirements.  

14. Page 17, Paragraph 3 

The STP states: "In this case, a decision would be 
made to look for problems related to waste package 
design, borehole, and shaft seals design, and/or geo
logic setting concerns (Step No. 8B); however, dis
cussions of such analyses are beyond the scope of 
this STP." 

See Comment No. 11 above.  

Response 

See staff response to State of Nevada Specific Comment 
No. 11.  

15. Page 19, Paragraph 1 

The STP states: "The analyst should choose a model 
that strikes a balance between unworkable detail 
and oversimplification of the processes that are be
ing modeled. Such a balance can reduce the model 
uncertainty to a degree. Nevertheless, there remains 
residual model uncertainty that results from the sim
plification and lack of knowledge of the phenome
non being modeled." 

This statement alone does not provide useful infor
mation or guidance. It suggests that the analyst is 
encouraged to use his expert judgment as to what 
represents the proper balance, but it does not spe
cifically require that there be a demonstration of the 
extent to which a lack of knowledge contributes to 
the balance.  

Response 

The statement referenced by the State of Nevada's spe
cific comment is meant to demonstrate the staff's recogni
tion of the complexity of the T-M-H-C coupled problem, 
and to recommend a reasonable and balanced approach 
to understanding this behavior. The statement of concern
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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 by 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, or chemi
cal) are analyzed in Figure C1 is shown only as an 
example. The responsibility to determine the most 
appropriate sequence of analyses rests with the li
censee." 

The STP should require that alternative orders of 
consideration be evaluated 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 to license 
application. Surely this is not intended by the staff.

Brandshaug, T., "Variation of Heat Loading for a Reposi
tory at Yucca Mountain," Nuclear Regulatory Commis
sion/ITASCA Consulting Group, NUREG/CR- 5428, 
September 1989.  

Carnahan, C.L., "Effects of Coupled Thermal, Hydro
logical and Chemical Processes on Nuclide Transport," 
Proceedings GEOVAL 1987, Swedish Nuclear Power Insp
ectorate, Stockholm, Sweden, April 7-9, 1987, 
Vol. 1, pp. 493-506.  

Code of Federal Regulations, "Disposal of High-Level Ra
dioactive Wastes in Geologic Repositories," Part 60, 
Chapter I, Title 10, "Energy." 

Codell, R., et al., "Initial Demonstration of NRC's Capa
bility to Conduct a Performance Assessment for a High
Level Waste Repository," Nuclear Regulatory Commis
sion, Office of Nuclear Material Safety and 
Safeguards/Office of Nuclear Regulatory Research, 
NUREG-1327, May 1992.  

Dennis, A.W., ed., "Exploratory Studies Facility Alterna
tives Study: Final Report," Sandia National Laboratories, 
SAND91-0025, 2 Vols., September 1991. [Prepared for 
the U.S. Department of Energy/Yucca Mountain Site 
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de Marsily, G., Quantitative Iydrology-GroundwaterHy
Response drology for Engineers, San Diego, Academic Press, 1986.

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" 
throughout.  

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.  

References 

Bonano, E.J., et al., "Elicitation and Use of Expert Judg
ment in Performance Assessment for High-Level Waste 
Radioactive Waste Repositories," Nuclear Regulatory 
Commission/Sandia National Laboratories, NUREG/ 
CR-5411, May 1990.

Gupta, D., Peshel, J. and Bunting, J., "Staff Technical 
Position on Regulatory Considerations in the Design and 
Construction of the Exploratory Shaft Facility," Nuclear 
Regulatory Commission, NUREG-1439, July 1991.  

Kelkar, S. and Zyvoloski, G.A., "An Efficient, Three Di
mensional, Fully Coupled Hydro-Thermo-Mechanical 
Simulator: FEHMS," Los Alamos National Laboratory, 
LA-UR-90-3750, 1990.  

Jamet, P., Fargue, D., and de Marsily, G., 1990, "Coupled 
Processes in the Near-Field," Near Field Performance As
sessment Workshop, Madrid, Spain, October 15-17, 1990.  

Lin, W. and Daily, W.D., "Laboratory Study of Fracture 
Healing in Topopah Spring Tuff-Implications for Near 
Field Hydrology," Proceedings Nuclear Waste Isolation in 
the Unsaturated Zone-Focus '89, American Nuclear Soci
ety, Las Vegas, Nevada, September 17-21, 1989, 
pp. 443-449.  

MacDougall, H.R., Scully, L.W., and Tillerson, J.R.  
(compilers), "Site Characterization Plan Conceptual De
sign Report," Sandia National Laboratories, Sandia Re
port SAND84-2641, September 1987.  

Noorishad, J. and Tsang, C.F., "Recent Enhancement of 
the Coupled Hydro-Mechanical Code: ROCMASII,"

NUREG-1466 D-22



Appendix D

Swedish Nuclear Power Inspectorate, Stockholm, Tech
nical Report 89:4, 1989.  

Nuclear Regulatory Commission, "Disposal of High
Level Radioactive Wastes in Geologic Repositories; Pro
posed Rule," Federal Register, Vol. 46, No. 130, July 8, 
1981, pp. 35280-35296.  

Nuclear Regulatory Commission, "Staff Analysis of Pub
lic Comments on Proposed Rule 10 CFR Part 60, 'Dis
posal of High-Level Radioactive Wastes in Geologic Re
positories,"' Office of Nuclear Regulatory Research, 
NUREG-0804, December 1983.  

Nuclear Regulatory Commission, "Draft Regulatory 
Guide; Issuance; Availability," Federal Register, Vol. 55, 
No. 224, November 20, 1990, p. 48307.  

Nuclear Regulatory Commission, "Availability of Draft 
Staff Technical Position on Geologic Repository Opera
tions Area Underground Facility Design-Thermal 
Loads; Notice of Availability," Federal Register, Vol. 56, 
No. 140, July 22, 1991, p. 33478.  

Ohnishi, Y., Nishigaki, M., and Akiyama, S., "Three 
Dimensional Coupled Thermo-Hydraulic-Mechanical 
Analysis Code with PCG Method," Proceedings GEOVAL

1990, Swedish Nuclear Power Inspectorate/OECD Nu
clear Energy Agency, Stockholm, Sweden, May 14-17, 
1990, pp. 559-567.  

Tsang, C.F., ed., Coupled Processes Associated with Nu
clear Waste Repositories, New York, Academic Press, 
1987.  

U.S. Department of Energy, "Chapter 6, Conceptual De
sign of a Repository," in "Site Characterization Plan, 
Yucca Mountain Site, Nevada Research and Develop
ment Area, Nevada," Office of Civilian Radioactive 
Waste Management, Report DOE/RW-0199, Vol. III, 
Part A, December 1988a.  

U.S. Department of Energy, "Chapter 7, Waste Pack
age," in "Site Characterization Plan, Yucca Mountain 
Site, Nevada Research and Development Area, Nevada," 
Office of Civilian Radioactive Waste Management, Re
port DOE/RW-0199, Vol. III, Part A, December 1988b.  

U. S. Department of Energy, "Chapter 8, Section 8.3.2, 
Repository Program," in "Site Characterization Plan, 
Yucca Mountain Site, Nevada Research and Develop
ment Area, Nevada," Office of Civilian Radioactive 
Waste Management, Report DOE/RW-0199, Vol., VI, 
Part B, December 1988c.

NUREG-1466D-23



Appendix E

APPENDIX E 

DISPOSITION OF ACNW COMMENT

Note: The Advisory Committee 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 empirically
derived models in the assessment process.  

Response 

The staff agrees with the recommendation made by the 
ACNW in its comment and has modified the final version 
of the STP, as suggested. Section 4.3 ("Alternative Pre
dictive Models") in the "Discussion" section has been 
modified as follows: 

"In demonstrating compliance with design criteria of 10 
CFR 60.133(i), it is expected that a mechanistic under
standing of coupled behavior 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, particularly 
before an application is submitted to construct a geologic 
repository. Therefore, in the design of the underground 
facility, DOE may need to develop and use models that 
express coupling between processes based on less than a 
thorough mechanistic understanding of T-M-H-C behav
ior. Note that analysis using such empirical models must 
provide for an evaluation of the effects of the assumptions 

* The staff also responded to minor and editorial comments on the STP 

made by the ACNW, as noted in the Transcript for the 45th Meeting of 
the ACNW-July 29-30, 1992.

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

The lack of a thorough mechanistic understanding may 
lead to the use of models that do not directly account for 
coupling between two or more of the T-H-M-C processes 
ilivolved. Appendix C gives an example of an iterative 
piocess for the analysis of thermally-induced phenomena 
using such "approximate" models.  

In 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 
two 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 preclude 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 
the favorable aspects of geologic repository performance, 
in the context of analysis and design.  

The staff also expects that, as a part of its performance 
confirmation program (10 CFR 60.140-143), 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 model refinement, if needed, as discussed in 
Section 1.2." 

Moreover, the first paragraph of Section 1.0 ("Introduc
tion") has also been modified to address this recommen
dation.
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