NUREG/CR-3218
813-1166

Evaluation of Engineering Aspects
of Backfill Placement for

High Level Nuclear Waste (HLW)
Deep Geologic Repositories

Final Report (Task 5)
June 1981 - February 1983

Prepared by W. Roberds, J. Kleppe, L. Gonano

Golder Associates

Prepared for
U.S. Nuclear Regulatory
Commission




L

NOTICE SR T

This report was prepared as an account of work sponsored by an agency of the United States

Umited States Government nor any agency thereof, or any of thew
re

Government N=ither the
|

employees. makes any warranty, expressed or implied, Of assumes any lega! liability of

third party's use. or the results of such use, of any information, apparatus

5

sponsibility for any
{isclosed this report. of represents that its use by such third party would

Product Or process

t infr nge pr vately owned nights

this report are not necessarily those

atory Commission

eference Materials ted in NRC Publications

yn ong of the tollowing sources

Nuciear Hegulatory Lommission

vice. Springtie VA 22161

najority focuments cited in NRC publications

fee fram the NRC Public Docu
memoranda NRC Office of Inspection
otices spection and investigation notices

rrespondence Commussion papers and agplicant and

eries are available for purchase from the NRC/GPO Sales
w reports, NRC sponsored conference proceedings, and
e are Regulaiory Guides, NRC regulations in the Code of

NIMISSOn 1 ssuances

Tect cal Information Service include NUREG series
v other federal agencies and reports orepared by the Atomic

to the Nuclear H,.q‘m,y," vy LOmmissior

special technica iranes incliude all open srature \tems
{ transactions Federa/ Register notices, federal and

ally be obtained from these libraries

rewn reports and transiations, and non NRC conference

the organization sponsoring the nubhcation cited

I writter Suest

luclear Regulatory Con

15 used 3 sulstantive manner the NR( reguiatory process
1920 Norfolk Avenue Bethesda Maryland and cre svailable

odes and standards are usually copyrighted and may be
aton o f they are American National Standards, from the

1430 Broadway. New York NY 10018




NUREG/CR-3218
8131166

Evaluation of Engineering Aspects
of Backfill Placement for

High Level Nuclear Waste (HLW)
Deep Geologic Repositories

Final Report (Task 5)
June 1981 - February 1983

Prepared for

Division of Waste Management

Office of Nuclear Material Safety and Safeguards
U.S. Nuclear Regulatory Commission
Washington, D.C. 20666

NRC FIN B6983



















LHYHO MOT4 ALIAILDY - S MSVL

interaction with NE

of Engineered Barrier

Backfi1]l includes material placed around the waste ) ge the mined
openings and in tunnels, but not including shafts or boreholes

Backfil] procedures include preparing, placing, compacting and testing

Backfill schemes incl ki1 materials/additive

procedures including equipment ), and backf ng




e ———————

BACKFILL DESIGN BASIS: COMPREHENSIVE SET Table ES .1
OF WEIGHTED BACKFILL DESIGN OBJECTIVES ) ot 4




BACKFILL DESIGN BASIS: COMPREHENSIVE SET
OF WEIGHTED BACKFILL DESIGN OBJECTIVES

Table ES .1

2 of 4




BACKFILL DESIGN BASIS: COMPREHENSIVE SET Table ES.1
OF WEIGHTED BACKFILL DESIGN OBJECTIVES 3 of 4




BACKFILL DESIGN BASIS: COMPREHENSIVE SET OF Table ES 1
WEIGHTED BACKFILL DESIGN OBJECTIVES 4 of 4










SUMMARY OF ALTERNATIVE BACKFILL
MATERIALS/ADDITIVES

Table ES .2







SUMMARY OF ALTERNATIVE PROCEDURES FOR

SELECTED COMBINATIONS OF BACKFILL

MATERIALS/ADDITIVES - HARD ROCK

Table ES .3

Waste Emplacement
Hole Backfill Material/
Additive

——

3. Muck | Jo.

r—— —-

Room Backfill Material/Additive

—

Muck ®ixed
with bentonite

5. Bentonite | 7.

Clinoptilolite/
Zeolite

3.

b

TS

5.

o

(. —

3B. Muc

7. Clinoptilolite/Zeolite \
p— - P— ———— e

Muck

k mixed with bentonite

Bentonite

v ——

ISR S

e m—

) S

[T SIS

—————

e

e

Combination
of Backfill
Materials/
Additives

Waste Emplacement
Hole Bacefill
Material /Additive

3B

iB

Room Backfill
Material /Acditive

3B

3B |5

iB

Waste

tanp lacemnent
Hole Backfill
Procedures

Preformed Backfill
Shapes

—

p—

Mechanical Placement
of Dry Backfill

Pneumat ic Placement
of Dry Backfill

Room
Backfill
Procedures

Mechanical Placement
of Loose Dry or Moist
Backfill/No Compaction

Mechanical Placement
of Loose, Dry or Moist
Backfill/Compaction
in Lifts

—

Mechanical Placenent
ot Prefomed
Backfill Shapes/

No Compaction

Pneumatic Placement
of Loose, Dry or Moist
Backtill/No Compaction

e viable alternative combiralLion of naterials/adaditives and procedures for
waste emplacement ‘ole and room backfi’l

xvii




[ e———— ——

SUMMARY OF ALTERNATIVE PROCEDURES FOR o " ]

SELECTED COMBINATIONS OF BACKFILL Table ES. 4
MATERIALS/ADDITIVES - SALT




SUMMARY OF TESTING/MONITORING METHODS
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for any given backfill scheme. The extent and schedule of testina/monitoring,

e.q., prior or subsequent to LA, will depend on the level of confidence in
satisfactory repository system performance required for licensing purposes
(especially at LA) and on the reliance placed on backfill in achieving this
performance, neither of which have yet been clearly estabiished.
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¢ Comparatively evaluate the identified feasible alternative backfill
schemes with respect to the design basis.

Indeed, it is felt that the identification of backfill design objec-
tives, which are explicitly derived from and thus related Lo the
repository system performance objectives, is an important development in
the definition of the role of backfill as an integral component of the
repository system. The subsequent weighting of these backfill design
objectives gives additional focus as to their relative significance
within the repository system., The development of an evaluation
methodology using these weighted backfill design objectives provides a
useful tool in the comparative evaluation of alternative backfill
schemes. However, it must be emphasized that performance assessment of
the repository system, including backfill as an integral component, on a
site specific basis will be necessary for a rigorous evaluation of any
backfill design. Indeed, such performance assessments, in the form of
sensitivity studies and including consideration of the natural variabil-
ity of site conditions, would refine the weighting estimates and thus
guide backfill design.

It is Golder Associates' opinion that the NRC should utilize the Task 5
results in their review of backfill aspects contained within an SCR or
LA, as follows:

- Backfill design basis - Are the applicant's design objectives
consistent with the generic backfiil design basis, especially the
most significant backfill design objectives, deve o~ed here; i.e.,
does the applicant correctly perceive backfiitl's role in the
repository system? If the applicant's design basis is significantly
different, to what extent will that affect the probability of
satisfactory repository system performance? This impact can be
roughly assessed through the hierarchy of performance objectives
developed here. 0Noes the applicant's design basis take into proper
account the natural variability in site conditions?

o Backfill materials/additives - Are the applicant's proposed backfill
materials/additives consistent with his and the generic Task 5
design basis; i.e., can the materials/additives reasonably achieve
the design basis? This can be assessed by consulting the dis-
cussions presented here on alternative backfill materials/additives,
their range in properties, and the evaluation of each with respect
to achieving the generic Task 5 design basis.

W Procedures - Are the applicant's proposed backfill procedures
feasibTe and appropriate for the proposed materials/additives in
achieving the design basis? This can be answered by consulting the
discussions presented here on the feasibility of alternative back-
fill procedures (including equipment) for each material/additive in
hard rock or salt. Also, is the applicant‘s QA/QC program regarding
procedures sufficient to adequately ensure proper implementation of
design?

XX



e Testing - Is the applicant's test program sufficient to verify that
the backfill design has been correctly implemented? This can be
partially determined by consulting the discussions presented here on
the tests which are available for assessing the various significant
in-place characteristics of backfill and thus verifyin? design.
However, sufficiency regarding the extent and schedule of testing
will depend on presently undef ined licensing requirements and the
role of backfill.

Although the backfill design basis for this study has been explicitly
developed, it should be further refined for future application. Also,
as performance assessment of the repository system, including backfill,
will ultimately be necessary to assess the site-specific suitability of
any backfill design, this methodology should be further developed and
applied in this refinement.
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INTRODUCTION
1.1 INTRODUCTION

This report presents the results of Task 5, "Evaluation of Engineering
Aspects of Backfill Placement for High Level Nuclear Waste (HLW) Deep
Geologic Repositories,” of U.S. Nuclear Regulatory Commission (NRC)
Contract NRC-02-81-037, "Technical Assistance for Repository Design."

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

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

o To ascertain that the DOE site characterization procram will pro-
vide, as far as possible, all the information necessary to permit a
review to be conducted by NRC of a 'icense Application (LA).

The design of backfill, as an integral component of the repository
system, and the subsequent implementation and verification of that
design, will have to be evaluated during this review process. The
objective of Task 5 is to qualitatively assess available backfill
technology, especially related to construction and testing, with regard
to potential application for HLW deep geologic repositories.

The results of Task 5 include:

¢ The definition of justifiable weighted backfill design objectives
(based on generic site conditions) to serve as a reasonable
comprehensive design basis for this study

o The identification of a representative set of available alternative
backfill schemes

o The development of a methodology to comparatively evaluate the
extent to which the backfill design basis might be achieved by any
alternative backfill scheme

e The preliminary subjective evaluation of the identified alternative
backfill schemes with respect to achieving the generic design basis
using the developed methodology

¢ The identification and discussion of appropriate procedures for
selected backfill materials/additives in hard rock and in salt

¢ The identification and discussion of test programs which will suffi-
ciently verify backfill design implementation



® The recommendation of NRC's utilization of Task 5 results and of
potentially effective future work.

[t must be emphasized that the development of weighted backfill design
objectives and, to a lesser degree, the preliminary evaluation of
alternative backfill schemes are based on preconceived repository design
concepts and performance assessment methodology, as well as on generic
site conditions. Should any of these premises change, the results and
subsequent conclusions of this study may require revision. These
premises have been defined, as much as possible, and the derivations
based on these premises clearly exposed.

1.2 PERSPECTIVE

Deep geologic repositories for permanent disposal of high level nuclear
waste (HLW) must achieve certain performance objectives related to
public safety. These repository system performance objectives can be
summar ized as:

e Reasonably minimizing hazards jeopardizing the safety of the public
and personnel during repository construction and operation

e Reasonably minimizing radionuclide transmission to the accessible
environment and thus minimizing hazards jeopardizing public safety
after decommissioning.

Other performance objectives can be considered as subordinate to these
two summary performance objectives. Performance criteria, e.g., NRC's
draft 10-CFR-60 or EPA's draft 40-CFR-191, define and, where possible,
quant ify these objectives.

The performance objectives can be achieved through appropriate:

e Site screening and selection
e Repository design, construction and operation.

That is, a suitable site with a reasonably high probability of achieving
the performance objectives must first be selected. The repository must
then be designed for that site so as to achieve the performance
objectives. The repository must subsequently be constructed and
operated in accordance with the design. As a part of repository
construction/operation, verification will be required that the
repository has been constructed and operated in accordance with the
design, and that the performance objectives either have been or can
reasonably be expected to be achieved.

When utilized to contribute to achieving the performance objectives, the
design/construction of engineered repository barriers, including
backfill, must be consicered as an integral aspect of repository
design/construct ion/operation. Hence, backfill should be designed, in
terms of schedule, configuration and in-place characteristics, to



reasonably contribute towards achieving the performance objectives.. The
in-place characteristics of backfill, which will affect repository
performance, will be a function primarily of:

® The backfill materials/additives selected

e The procedures used in preparing, placing, and compacting the back-
fill

e The environmental conditions under which the backfill is placgd.and
must subsequently function (i.e., media/site specific conditions
during and after the backfilling phase of repository development) .

The above three aspects are closely related and thus cannot be evaluated
independently. For a given repository design/schedule at a site, there
will be a set of conditions which are expected to occur at the time of
placement and beyond. There should then be one backfill scheme which is
optimum with respect to helping achieve the performance objectives under
these expected conditions, although any number of these schemes may be
acceptable. For the purposes of this study, a backfill scheme is
defined as a compatible combination of: materials and additives;
procedures for preparation, placement, and compaction; and schedule of
placement. In addition, a test program will be necessary to assess and
verify that the backfill design has been properly implemented.

1.3 SCOPE

This study is limited to the backfill component of the engineered
barrier system, specifically to backfill placed around the waste package
and in the mined openings and tunnels. The waste package considered is
limited to that for spent fuel waste. Backfill or buffers located
within the waste package, as well as backfill or seals of shafts and
boreholes, are outside the scope of this study.

This study is further limited to the construction aspects of this back-
fill and also testing the backfill to verify that it has been construc-
ted according to design. The design and associated performance assess-
ment of backfill are covered in a complementary NRC contract (NRC-02-
81-027) entitled "Performance of Engineered Barriers in a Geologic
Repository." However, the pertinent results of this other study, in
the form of appropriate backfill designs, have not been available for
this study. Therefore, in concert with the Engineered Barriers
contract, a backfill design basis has first been developed for this
study prior to studying construction and testing procedures.

Althcugh quantitative performance assessments and costs have not been

considered, the means by which they can be incorporated in establishing
the backfill design basic are discussed,




1.4 APPROACH

A reasonable comprehensive design basis for backfill is first needed in
order to evaluate the construction/testing aspects. Presently, there is
no clearly accepted design basis for backfill. For example, based on
preliminary results from the Engineered Barriers contract, the typical
assumption that backfill should have a very low permeability needs to be
more carefully investigated. Hence, a backfill design basis must be
defined which is logically and explicitly derived. The definition of
this backfill design basis may well be the most valuable result of this
study.

Because the repository system, including both geologic and engineered
components, is very complex, a relatively rigorous approach in defining
a design basis for backfill is warranted. This approach involves an
explicit description of the steps in backfill design so that each step
can be followed and interim evaluations and results can be revised, as
appropriate, as premises change.

This approach consists of first identifying specific and detailed
subobjectives to the two summary repository system performance
objectives. Backfill design objectives, through which the repository
system performance subobjectives related to backfill can be achieved,
can then be identified and their relative significance assessed.
Design of the backfill consists of optimizing with respect to these
backfill design objectives. Construction and testing of the backfill
can then simply focus on meeting this design. The evaluation of
backfill construction and testing techniques, which is the subject of
this study, can thus be made by assessing how well the backfill design
has been met.

Using this approach in the performance of Task 5, the following activi-
ties have been completed (see Figure 1.1):

Establish Study Premises

The premises which underlie this study regarding the evaluation of

backfill, as an integral part of the repository system, have been
identified (see Section 2.0). These premises include assumed

repository design concepts, performance assessment methodology, and
media/site specific conditions.

Identify Backfill Design Basis

Specific and detailed design objectives have been identified (see
Appendix A) and summarized (see Section 3.3) for backfill material
placed around the waste package and in mined openings. These have
peen derived by identifying a hierarchy of subobjectives to the two
summary repository system performance objectives. Hence, the
relationship between each identified backfill design objective and
the summary performance objectives is explicit and iogical.
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The relative significance, or weights, of each identified backfill
design objective, with respect to achieving the repository system
performance objectives, have been subjectively evaluated (see
Appendix B) and summarized (see Section 3.4). These weights have
been derived by subjectively assessing the relative weights within
subsets of the hierarchy of subobjectives, and then compounding down
through the hierarchy. Hence, a priority can be established among
the backfill design objectives. Many of these backfill design
objectives may prove to be relatively insignificant,

The set of weighted backfill design objectives constitutes the
design basis required for this study. However, the development and
subsequent weighting of the hierarchy of subobjectives to the two
summary repository system performance objectives are a function of
the assumed repository design concepts, performance assessment
methodology, and site conditions. Due to the subjective nature of
the weighting assessments and due to the assumption of generic site
conditions, this design basis is generic and very approximate, but
sufficient for the purposes of this study.

Develop Evaluation Methodology

The methodology by which backfill schemes can be comparatively
evaluated with respect to achieving the identified weighted backfill
design objectives (i.e., the design basis) has been developed (see
Section 4.0). This methodology consists of subjectively evaluating
the percentage of each backfill design objective which can be
expected to be achieved by a given backfill scheme, and ther multi-
plying that percentage by the objective's relative weight (i.e.,
significance). By summing these products for all significant back-
fill design objectives, a backfill scheme's relative effectiveness
or contribution in achieving the repository system performance
objectives can be roughly assessed. Although useful for comparing
and ranking alternative schemes, this methodology does not address
the acceptability of any (even the best) alternative.

Identify DOE-Proposed Backfill Schemes

The backfill materials/additives, associated procedures, and
schedules currently being considered by DOE for each prospective
media/site have been identified (see Appendix C) and summarized (see
Section 5.2), based on available information and in concert with the
Engineered Barriers contract.

Identify Industry-Typical Backfill Schemes

The backfill materials/additives and associated procedures typically
used in industry (e.g., mining and surface civil engineering) have
been identified (see Section 5.3). Although the backfill design
objectives and the conditions for industry are typically different
from those for repositories, established procedures offer viable
potential alternatives.



Summarize Alternative Backfil) Schemes

Based on the identified DOE-proposed and industry-typical backfill
schemes, and in conjunction with the Engineered Barriers contract,
the alternative backfill schemes to be considered in this study have
been summarized (see Secticn 5.5). The ranges in properties of each
backfill material/additive nave been identified, where possible,
based on available literature (see Appendix D).

Preliminary Evaluation of Alternative Backfill Schemes

Fach of the identified alternative backfill schemes have been
preliminarily evaluated, with regard to satisfying the generic
backfill design basis (see Appendix E). This preliminary evaluation
has utilized the subjective evaluation methodology established in a
previous activity, and has been summarized (see Section 6.2).

Select Backfill Materials/Additives for Further Study

Based on the results of the preliminary evaluation of alternative
backfill schemes, the backfill materials/additives with the highest
potential for achieving the generic backfill design basis, and
thereby the repository system performance objectives, have been
selected for further evaluation (see Section 6.2). Further study
has been limited to these backfill materials/additives.

Identify and Discuss Media/Site Specific Alternative Procedures for
Each Selected Backfill Material/Additive

Alternative procedures for each selected backfill material/additive
have been summarized and discussed (see Section 6.3) for hard rock
and salt, based on the previously identified DOE-proposed and
industry-typical procedures. This has included identification of
specific equipment which can be utilized.

The backfill schemes, consisting of materials/additives and
procedures, which have been perceived to best achieve the design
basis (i.e., identified weighted backfill design objectives), and
thus would also be optimum with respect to achieving the repository
system performance objectives, have been identified for hard rock
and salt (see Section 6.3).

Identify and Discuss Test Programs for Sufficiently Verifying
Implementation of Design

Tests which are presently available to verify that a given backfill
design has been correctly implemented have been identified and
appropr iate ones then selected (see Section 6.4).

Recommend Utilization of Task 5 Results by the NRC

The appropriate utilization of Task 5 results by the NFCZ, specific-
ally in SCR or license application reviews, has been determined and



recommended (see Section 7.2). Clearly, the generic backfill design
basis developed here, and the discussions of construction procedures
and testing for implementing and verifying the design, should be
considered by the NRC in their review process.

Additional effective work in this area has alsu been recommended
(see Section 7.3).



- & STUDY PREMISES
2.1 INTRODUCTION

The basic premises which are perceived to have a significant influence
on the results of this study are:

® Repository design concepts
o Performance assessment methodology
® Media/site specific conditions.

[f these premises change, the results and conclusions of this study may
require revision. Hence, these premises must be defined and constantly
checked fcr appropriateness. An attempt has been made herein to point
out where these premises have been incorporated, and furthermore to
point out how and where changes in these premises could arise.
Otherwise, changes in these premises have not been considered.

2.2 REPOSTTORY DESIGN CONCEPTS

Repository design concepts have been synthesized for this study from a
number of commonly proposed preconceptual designs. These design
concepts, both on the repository and room scales, include schematic
layouts and schedules (see Figures 2.1 to 2.3). Within these design

concepts, backfill (if used) is one integral component of the repository
system.

It has been assumed that the waste package will be placed in a vertical
hole in the floor of a deep underground room (see Figure 2.2a) or in a
horizontal hole in the wall (see Figure 2.2b). Backfill might then be
placed around the waste package and within the room. It has been
further assumed that room cross sections will be identical.

It has been assumed that the sequence of activities which occurs at each
room cross-section will be essentially the same (see Figure 2.3).
However, these activities will occur at different times for different
cross-sections, and the time between activities will also vary for each
cross-section. Some of the activities will overlap, and some may occur
essentially simultaneously (e.g., hole excavated, waste emplaced, and
hole backfilled can occur either in one operation or in three widely
separated operations). Assuming that backfili will be utilized, back-
filling of the room/tunnel would occur some time after backfilling
around the waste package; both backfilling operations would occur during
the retrieval period after waste emplacement and before decommissioning.
The timing of backfilling will affect the duration of ventilation and
dewatering, which in turn will affect when the mine/backfill becomes
resaturated and when post-resaturation gradients from the waste package
to the accessible environment will be established.



REPOSITORY DESIGN CONCEPTS -

REPOSITORY SCALE Figure 2.1
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REPOSITORY DESIGN CONCEPTS ; i g
RELEVANT TO BACKFILL - ROOM GEOMETRY igure 2.
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b) HORIZONTAL EMPLACEMENT (schematic cross-section)
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REPOSITORY DESIGN

BACKFILL - ROOM DEVELOPMENT SCHEDULE
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2.3 PERFORMANCE ASSESSMENT METHODOLOGY

As backfill (if used to influence repository system performance) will be
an integral component of the repository system, rational optimization of
backfill design must necessarily be based on a repository system per-
formance assessment methodology. This methodology should reflect the
significant features of repository system performance, i.e., waste/rock/
packfill interaction. Using coupled thermal, mechanical, hydrologic,
and geochemical response functions/models with appropriate input (see
Figure 2.4), the pertinent aspects of performance for a modeled site/
repository design can be predicted (see Table 2.1). There is a wide
variety of models available for predicting the various aspects of
repository performance (e.g., see SAI, 1979). Each of these models
involves different assumptions and simplifications, and thus results in
different levels of uncertainties.

The predicted performance can be evaluated with respect to established
performance criteria (e.g., NRC's draft 10-CFR-60 and EPA's draft
40-CFR-191) in order to assess site suitability and adequacy of
repository design. However, there will be significant uncertainty in
these predictions, especially in the complex environment of a repository
system and over the very long time frame of interest, due not only to
the models themselves but also to the input. Hence, these uncertainties
and the associated level of risk also need to be assessed and
evaluated.

2.4 MEDIA/SITE SPECIFIC CONDITIONS
2.4.1 Introduction

The DOE site screening/selection process is presently focused on five
media (see Table 2.2): basalt, tuff, domal salt, bedded salt, and
granite. For the purposes of this study, domal salt and bedded salt are
considered as one medium.

The conditions which are considered to be significant with respect to
backfill at each media/site are a function primarily of the following:

@ Media/site characteristics
e Repository design and development schedule.

The repository design and development schedule have been assumed to be
identical for all media/sites (Section 2.2). The significant charac-
teristics of each media/site have been previously identified in numerous
reports, and are sufficiently summarized for each media in the Task 2
report (Golder Associates, 1982c). These conditions have been
resummarized in the following sections for each of the media/sites under
consideration, with primary emphasis on the repository horizon (see
Table 2.3). Although deemed sufficient for the purposes of this study,
this assessment of media/site specific conditions should only be
considered as a qualitative indication of the conditions which are
likely to be encountered.
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REPOSITORY PERFORMANCE
ASSESSMENT METHODOLOGY

Figure 2.4
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PERTINENT ASPECTS OF REPOSITCRY Toble 2.9
PERFORMANCE aoie &.

Thermal Response

Predict mine temperatures orior to backfil’ing and waste package
temperatures as input to mechanical, hydrciogic, geochemical
response models (i.e.: mechanical, hydroiogic, and geochemical
respoise characteristicy are functions of temperatiure; changes in
temperoture ~ill cause echanical and possioly geachemical
(alteration) responses: ncat flux may cause hyaroiogic response).

Mechanical Response

Predict deturmations and stability of openings and stress on waste
package, as well as input *o hydrological, geochemical response
models (i.e.: hydrologic response characteristics will be a
function of stress and especially fracture/joint aperture; geo-
chemical as well as thermz)] response characteristics may also be a
function of stress).

Hydrologic Response

Predict mine inflows pr or to backfiii, mine/backfill resaturation
tine, snd flow through repository after resaturation, as well as
iaput lv geochemica! response model (i.e.: hydraulic flux will
cause geochemical response and possibly thermal response; mechani-
cal and geochemical (an< possibly thermel) response character-
istics will be functiors of pore pressure).

Geochemical Response

Predict the extent of geochemical alteration (of rock mass and
backfill) and corrosion/leaching of waste package, as well as the
rate of radionuclide Lransport after emplacement (i.e.: thermal,
mecnanicai, and nydrologic response characteristics will be
functions of alteration/solution and pore fluid composition, and
pussibly radiation dose),

Note: Refer to Figure 2.4 - Repository Performance Assessment
Methodology.




PRESENT STATUS OF DOE SITE SCREENING/
SELECTION PROCESS

Table 2.2
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CHARACTERISTICS

T BAsaLT

GEOLOGIC SETTING
Stratigraphic/structural

Pore fluid composition: type

total dissolved solids

(mg/1)
pH
Tectonic

In situ stress field:
(at repository horizon) 4 pmax

o hmn

In situ hydraulic field:

(at repository horizon) gradient

pressure head (m)

direction

In situ temperature field
(at repository horizon)
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Low seismicity, some
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| 22
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6
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e
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(generic)
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(generic)
(generic)
(generic)
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2.4.2 Basalt

The site in basalt at the Hanford Reservation in Washington exhibits
several significant features, including:

e Relatively complex geology (flow structures)

¢ Potential for tectonic activity

® High horizontal in situ stresses

e High in situ temperatures

® Proximity to a major water resource

o Highly fractured rock mass, especially vertical cooling joints; the
intact rock is relatively strong, brittle, abrasive, impermeable,
and thermally conductive, but the fractures dominate rock mass
strength, stiffness, hydraulic conductivity, effective porosity and
adsorption/retardation (similar to granite, see Section 2.4.5).

2.4.3 Tuff

The site in tuff at Yucca Mountain at the Nevada Test Site exhibits
several significant features, including:

e Relatively complex geology (flow structures)

e Potential for tectonic activity

o Deep water table

o Very porous, fractured rock mass; the rock mass is relatively weak
and may have high hydraulic conductivity, although it may be highly
adsorptive

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

2.4.4 Salt

The potential sites in domal salt along the Gulf Coast exhibit several
sionificant features, including:

Relatively complex geology (folding)

Possibly ongoing diapirism (dome building).

Sites in bedded salt are expected to exhibit several significant
features, including:
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e Pos-ible existence of continuous, porous interbeds.

The rock mass characteristics at the repository horizon are expected to
be very similar for sites in both domal salt and bedded salt, and can be
summarized as:

e Relatively weak and plastic rock mass, which exhibits creep and
self-healing/fusing (minimal fracturing); mecharical characteristics
degrade rapidly with increasing temperature

e Relatively impermeable rock mass, but the rock is soluble and the
pore fluid is corrosive.

2.4.5 Granite

Sites in granite are expected to exhibit several significant features,
including:

® Rock mass with widely spaced joints; the intact rock is relatively
strong, brittle, abrasive, impermeable, and thermally conductive,
but the fractures dominate rock mass strength, stiffness, hydraulic
conductivity, effective porosity and adsorption/retardation (similar
to basalt, see Section 2.4.2).
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Long-term waste containment and isolat obj¢ ive (post-
decommissioning, from about 100 to 10,000 years) of minimizing
radionuclide flux (rate/unit area) to the accessible environment and
thus minimizing hazards jeopardizing public safety after decommis-
sioning

This objective dictates maintaining a waste retrieval
apability for a specified period after waste emplacement and prior
to decommissioning, thereby providing the opportunity for verifying
a sufficiently high prihah'?:fj of satisfactory long-term
performance d also providing a contingency plan for demonstrated

ncn-verificat
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hese repository ' performance objectives ca ost-efficiently

achieved by optimiz anong the
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assessment methodology (Sect 2.0). (Hereafter, the various aspects

related to site screening/selection and repository design/construction
)peration will be referred to as simply repository variables.)

——

However, the repository system will be very complex. In fact, it is not

_—— 1 - 1 > o - a
presently ciear, nor is there technical concurrence, on how and to what

1

extent each of the repository variables will affect performance and thus
-ontribute to achieving the repository system performance objectives.
The large number of repository variables generally makes thorough System
performance sensitivity studies intractable and, even if trawtgn‘g‘
various components should not be considered independently, but as an

ntegral part of the repository system. Due to this complexi

systematic approach will be required for repository optimization

gure 3.1). This approach would consist of the following four

I[dentifying a hierarchy of performance subobjectives
SHLITYINGg ¢ : )

each ry system per

s 5, Dy subdividing
system performance objective into a reasonable
comprehensive s¢ of contributors (cr performance subobjectives) and
then in tur further reducing each of these subobjectives as
appropriate, and 50 on. This process could be taken down through
many levels, until an objective related solely to the aspects of
either site screening/selection or repository design/construction/
peration has been explicitly related to the repository system
performance objectives. This hierarchy of performance subobjec-
tives, and the resulting comprehensive set of repository variable

cbjectives, would be based on preconceived repository design

ncepts and performance assessment methodology (Section 2). The
development of this hierarchy is further discussed in Appendix A,




REPOSITORY OPTIMIZATION METHODOLOGY
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2) Weighting the performance subobjectives, and thus the repository
~ariable objectives, with respect to achieving the repository system
performance objectives. This would be based on first assessing the
potential contribution of each subordinate subobjective in a
comnrehensive set to achieving its sovereign subobjective, relative
to the other members in “e set. This weighting would be based on
the perceived relationship (or sensitivity) between the two and the
possible range in achieving the subordinate subobjective. These
contributions would then be compounded down through the hierarchy to
obtain the potentia! contribution, or weight, of each subobjective
with respect to achieving the repository system performance
objectives, relative to all other subobjectives. These weights
would be based on preconceived repository design concepts and
performance assessment methodology, as well as on any already
satisfied objectives (e.q., media/site specific conditions) (Section
2). The development of these weights is further discussed in
Appendix B8,

Estimating the costs associated with each repository variable
objective. However, costing is outside the scope of this report.

Optimizing among the competing repository variable objectives, in
terms of cost and contribution to achieving the repository system
performance objectives. Similarly, alternative media/sites and/or
repos itory design/construction/operation schemes could be compara-
tively evaluated with respect to how well they would achieve these
objectives. However, costing and consideration of repository
variables other than backfill is outside the scope of this report.

[t should be stressed that the above approach, which will subsequently
be used to establish a design basis for backfill in the context of a
repository system, involves subjective assessments regarding the
significance (or sensitivity) of each subobjective. The results should
thus be considered as qualitative only. However, the approach is
logical and forces explicit consideration of all relevant factors.

Using the above approach, a hierarchy of performance subobjectives which
contribute to the achievement of the repository system performance
objectives has been identified through several layers of detail, and the
weights or relative significance of each subjectively assessed (see
Figure 3.2).

Although the hierarchy of performance subobjectives can be structured in
various ways, it is believed that each internal set identified is rela-
tively comprehensive and still tractable. Clearly, the relative weight
of each performance subobjective with respect to achieving its immediate
sovereign subobjective could be explicitly determined by sensitivity
analyses. However, it is felt that the subjectively assessed weights
are reasonable, although some will vary between media/sites, especially
for more detailed subobjectives. The weights for less detailed
subobjectives will tend to be more generic in nature and thus be
media/site independent. Also, those weights assessed for less detailed
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subobjectives, which are generally harder to assess, will have a
significant influence on the compounded weights of the more detailed
subobjertives,

A comprehensive set of repository variable objectives for achieving the
repository system performance objectives could be obtained if the
hierarchy of performance subobjectives were completely developed. The
relative weight of each objective of this comprehensive set with respect
to achieving the repository system performance objectives could then be
determined based on any level of prior information. This would then
provide guidelines, which are clearly and explicitly justified, for
optimization among the remaining repository variables. This would also
provide an overview for repository development, focusing on those
repository variables which will be most important. Areas of technica)
disagreement regarding repository variable objectives and/or their
weights could be identified using this framework and resolved, e.g., by
adding/deieting/modifying specific performance csubobjectives and by
doing sensitivity analyses and subsequently modifying the assessed
weights. Similarly, updating the weights, as more information becomes
available or as decisions are made, could easily be done. For example,
the weights of repository design/construction/operation objectives will
typically change once a site has been selected and the site conditions
determined.

Although feasible and even crucial for establishing and justifying
regulatory criteria and guidelines, as well as for decision analyses
related to actual design, the complete development of a comprehensive
set of weighted repository variable objectives is outside the scope of
this report, as is the consideration of costs. This study has heenr
limited to the consideration of backfill, which will be only one
component of repository design/construction/operation. Also, it is
assumed that backfill design will be site-specific so that site
screening/selection objectives will have already been achieved to some
degree; generic site conditions relevant to backfill have thus been
assumed, as appropriate,

3.3 IDENTIFICATION OF BACKFILL DESIGN OBJECTIVES

In the absence of accepted backfill designs, or even accepted backfill
design objectives, for this study, it has been necessary to first
generate a justifiable backfill design basis. The methodology for
repository optimization (Section 3.2) has thus been applied, focusing on
the backfill component of the repository system.

A comprehensive set of backfill design objectives (see Table 3.1) has
been explicitly derived by further selective development of the
hierarchy of repository performance subobjectives (Figure 3.2); only
those performance subobjectives perceived to be significantly related to
backfill have been focused on in this development (see Appendix A). In
this way, the relationship of each backfill design objective to the
repository system performance objectives has been clearly defined within
the context of backfill as an integral part of the repository system.
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SUMMARY OF BACKFILL DESIGN OBJECTIVES

Table 3.1
1 0f 4

PERIOD OF CONCERN

wositsid
-2)
-1) Post
BACKFILL DESIGN OBJECTIVES During Decommissioning -3)
Retrieval To Post
Scale | Code Objective Period Resaturation Resatyration
bsrla | [Minimize] time to olacement of backfill @
(room scale)
bsrid [[Delay and minimize] backfilling of °
tunnels along possible egress routes
2 Ibsrola | [Maximize] time to placement of backfill K
3 {room scale)
- v
3| § |bsroldb | [Maximize] time to placement of backfill ™
ol 2 (room scale), and ventilate
- -4
(]
v bsrolc | (Maximize] time to start resaturation ©
orocess {i.e., maximize time to place-
ment of bhackfill, room scale, while
dewatering)
o |Bshl [(Minimize] time to placement of backfill ®
g around waste package
a0
% 27 |hshol |[Maximize] time to placement of backfill °
3 around waste package,and ventilate
al
= & |hor] [Minimize] volume of backfill {room «
23 scale) (if placed during retrieval
* o period)
bpl {Maximize] use of safe/reliable eauip- «
@ ment for backfilling
-
A |bp2 (Maximize] monitoring of potentially .
wl e hazardous underground conditions as
gl = backfilling occurs
2| =
=y 3
Sl & bo3 [Maximize] quick and efficient L]
g = mitigation of detected underground
2 hazards as backfilling occu-s
=
v bpd (Minimnize] personnel requirements .
- for backfilling (i.e., maximize
i mechanization and remote operations)
=]
*  |bps [Minimize] tota) effort required for .
backfilling (e.q., no backfilling)

(SEE KEY AT END OF TABLE)




SUMMARY OF BACKFILL DESIGN OBJECTIVES el

PERIOD GF CONCERN

-2)
-1) Post
BACKFILL DESIGN OBJECTIVES During Decommissioning -3)
Retrieval To Post
Objective Period Resaturation Resatuyration

[Minimize] integrity (compaction) of .
backfill (room scale) (if placed,
during retrieval period)

[Maximize] support pressure (or struc-
tura) support) provided by backfill
(room scale)

[Maximize] increase in support pressure
(or structural support) provided by
backfill (room scale)

(Minimize] decrease in support pressure
{or structural support) provided by
backfill (room scale)

bmro2a| (Minimize] support pressure (or struc-
tural support) provided by backfill
(room scale)

[Maximize] decrease in support pressure
{or structural support) provided by
backfill (room scale)

MECHANICAL CHARACTERISTICS

[Minimize] stress transfer through
backfill around waste package

[Minimtze] swelling pressure of back-
fill around waste package

[Minimize) increase in swelling
oressure of backfill around waste
package

Waste Package
Scale

[Maximize] insulation of waste package
from rock mass around underground
opening (room scale)

[Minimize] insulation of waste package
from rock mass around underground
opening (room scale)

Room Scale

uthl | [Maximize] insulation of waste package
from rock mass around emplacement hole

THERMAL CHARACTERISTICS

Waste
Package
Scale

bthol | [(Minimize] insulation of waste package
from rock mass around emplacement hole

(SEE KEY AT END OF TABLE)




SUMMARY OF BACKFILL DESIGN OBJECTIVES

Table 3.1

3 of 4

PERIND OF CONCERN

BACKFILL DESIGN DRJECTIVES

Scale Code

Nbhjective

«1)
During
Retrieval
Period

-2)

Post

Necommissioning -3)
To Post

Resaturation Resaturation

bhria

bhrlb

Room Scale

hhr?

[Minimize] hydraulic conductivity (and
effective porosity) of backfill and
interface (room scale)

[Maximize] decrease in hydraulic con-
ductivity (and effective porosity) of
rock mass [room scale) (i.e., sealing/
filling of discontinuities) by backfil)

[(Maximize] porosity of backfill (room
scale)

bhl

HYDROLOGIC CHARACTERISTICS

Scale

Room
and
Waste
Packaye

(Maximize] distance from waste package
throuah repository along flow path due
to backfill

bgrl

bgr2

Rrom Scale

(Maximize | protection of exposed rock
surface underground (room scale) by
backfill

[Maximize | thickness/adsorption of
backfill (room scale)

bghl

Waste

Package
Scale

bgh?2

(Maximize] mitigation of corrosive
rogngwater by backfi)] (waste packa
gufcr -

(Maximize] thickness/adsorption of
backfill around waste package

bgl

CHARACTERISTICS

bg2

GEOCHEMICAL

bq3

bgd

Room and Waste Vackage Scale

[(Maximize] length of flow path from
| waste package through backfill
‘ adsorbing material

[ [Maximize] cross-sectional area of
flow path from waste packa through

backfill adsorbing matoria?.('.k..

maximize valume of backfill)

[Maximize] surface area per unit volume
of backfill adsorbing material along
flow path from waste package

[Maximize] adsorption potential of
backfill along flow path from waste
package to accessible environment

(SEE KEY AT END OF TABLE)
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SUMMARY OF BACKFILL DESIGN OBJECTIVES Table 3.1
4 0f 4
KEY FOR CODE:
Timilarity
q Jhrect \:P"" 1te to with
of [dent ¥ oy Taant1€igr ldentifier
nCern Scale %o o NO e T¢
F-w,' 1
scale
[s.sth?’“‘t hewaste 1] [erae during ret ]
PPrIs RaUTS | pachage blank 2| |assimilar . Poriod
Jm-mevm'v‘ﬁol _‘ seale 3 b~ = ’1.‘” ]
b | t-thermal Blank- - 0~0ppos i te : " ! c- < ('- P }
h-hydrolagic 1 room and phiective 3 a5t - at v
LQ» jeachemical witte | } =pou resa )
i nackaqge
L scale

For example:

b S r 1 a

Note:

These backfill design objectives have been explicitly derived from the

repository system performance objectives (Figure 3.2) (see Appendix A).
This development has been based on preconceived repository design
concepts (specifically vertical waste emplacement) and performarce

assessment methodology (Section 2).

Backfill design objectives

may be slightly different for horizontal waste emplacement

(see Section 6.5).
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summar ized (see Table 3.2). In this way, the significance of each
backfill design objective with respect to achieving the repository
system performance objectives has been clearly established within the
context of backfill as an integral part of the repository system. This
development has been based on preconceived repository design concepts
(specifically vertical waste emplacement), performance assessment
methodology, and generic site conditions (Section 2). Should these
premises change, the weights may chinge. For example, the relative
weights for backfill design objec ives assuming horizontal waste
emplacement may be slightly different (see Section 6.5), as may be the
weights for different specific media/sites.

The relative weights have been subjectively assessed for generic site
conditions, and thus should be considered as only indicators of relative
significance. Although outside the scope of this report, the sensitiv-
ity in these resultant weights to the possible range in subjective
assessments should be evaluated. This could be done, for example, by
assessing a probability distribution for the relative weight of each
subobjective in the hierarchy with respect tu its immediate sovereign
subobjective and the correlation between values of each member in the
set, A probability distribution could then be derived for the relative
weight of each backfill design objective by compounding down through the
hierarchy. This analysis would be facilitated by computerizing the
compounding portion of the analysis. Also, updating and/or other
modifications (such as media/site specific evaluations) could be more
easily accomplished if the compounding portion of the analysis were
computerized.

The set of weighted backfill design objectives (Table 3.2) should form
the basis for backfill design, and the subsequent evaluations of that
design and its implementation/verification with regard to optimization
in achieving the repository system performance objectives. Hence, in
this study, alternative backfill schemes will be evaluated solely with
respect to these weighted backfill design objectives (see Section 4).
However, although deemed sufficient for the purposes of this study
(i.e., for comparative evaluations of alternative backfill schemes),
this generic design basis would have to be refined on a site-specific
basis by quantitative performance assessment prior to any use (which has
not been intended here) in guiding backfill design. The natural
variability of site conditions, as they pertain to backfil!l, must be
assessed and considered in such a refinement.

It is interesting to note that the total potential contribution of
backfill to achieving the repository system performance objectives,
which is determined by summing the weights of all the backfill design
objectives (Table 3.2), has been roughly assessed to be about 16 percent
for generic site conditions. If the hierarchy of subobjectives were
completely developed, the total potential contribution of other aspects
of repository design/construction/operation, as well as site
screening/selection, could be determined and compared. This would
provide a focus on which repository variables will be most important and
thus warrant the most emphasis in design, implementation, and
verification,
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SUMMARY OF WEIGHTED BACKFILL DESIGN Table 3.2
OBJECTIVES 1ol 8

Code
bgd-3

bsrolc-1

bhrla-3

bhl-3

bgl-3

bg2-3

bp2-1

bp3-1

bhrla-2

bg3-2

bpl-1
bghl-3

bsrla-]

(Listed in approximate decreasing order of significance)

Objective (see Table 3.1) Relative
Height'

[Maximize] adsorption potential of backfill along flow
path from wasie pacKage to accessible environment (post
resaturation) A

[Maximize] time to start resaturation process (1.e.,
maximize time to placement of backfill, room scale,
while dewatering) (during retrieval period) A

[Minimize] hydraulic conductivity (and effective
porosity) of backfill and interface (room scale) (post
resaturation) A

[Maximize] cdistance from waste package througn
repository along flow path due to backfill (post
resaturation) A

[Maximize] length of flow path from waste package
through backfill adsorbing material (post resaturation) B8

[Maximize] cross-sectional area of flow path from waste
package through backfill adsorbing material (i.e.,
maximize volume of backfill) (post resaturation) B

[Maximize] monitoring of potentially hazardous
underground conditions as backfilling occurs (during
retrieval period) B

[Maximize] quick and efficient mitigation of detected
underground hazards as backfilling occurs (during
retrieval period) 8

[Minimize] hydraulic conductivity (and effective
porosity) of backfill and interface (room scale) (post
decommissioning to resaturation) B

[Maximize] surface area per unit volume of backfill
adsorbing material along flow path from waste package
(post resaturation) B

[Maximize] use of safe/reliable equipment for
backfilling (during retrieval period) B

[Maximize] mitigation of corrosive groundwater by
backfill (waste package scale) (post resaturation) B

[Minimize] time to placement of backfill (room scale)
(during retrieval period) B
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SUMMARY OF WEIGHTED BACKFILL DESIGN Table 3.2

OBJECTIVES 20068

(Listed in approximate decreasing order of significance)

Code Objective (see Table 3.1) Relat ive
Weight?

bhr2-1 [Maximize] porosity of backfill (room scale) (during
retrieval period)

bhr2-2 [Maximize] porosity of backfill (room scale) (post
decommissioning to resaturation)

bmr2a-1 [Maximize] support pressure (or structural support) pro-
vided by backfill (room scale) (during retrieval period)

bpd-1 [Minimize] personrel requirements for backfilling (1.e.,
maximize mechanization and remote operations) (during
retrieval period)

bhrib-3 [Maximize] decrease in hyraulic conductivity (and effec-
tive porosity) of rock mass (room scale) (1.e., sealing/
f11ling of discontinuities) by backfill (post resaturation)

bmhl-3 [Minimize] stress transfer through backfill around waste
package (post resaturation)

bthol-3 [Minimize] insulation of waste package from rock mass
around emplacement hole (post resaturation)

bghl-1 Fnaxtmize] mitigation of corrosive groundwater by backfill
waste package scale) (during retrieval period)

bgr2-1 [Maximize] thickness/adsorption of backfill (room scale)
(during retrieval period)

bghl-2 ;Naximtze] mitigation of corrosive groundwater by backfill
waste package scale) (post decommissioning to
resaturatlong

bp5-1 [Minimize] total effort required for backfilling (e.qg.,
no backfilling) (during retrieval period)

bgh2-1 [Maximize] thickness/adsorption of backfill around waste
package (during retrieval period)

bmhl-1 [Minimize] stress transfer tnrou?h backfill around waste
package (during retrieval period

bprl-1 [Minimize] volume of backfill (room scale) (1f placed,
during retrieval period)

bmh2b-3 [Minimize] increase in swelling pressure of backfill
around waste package (post resaturation)

bshol-1 [Maximize] time to placement of backfill around waste
package, and ventilate (during retrieval period)
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SUMMARY OF WEIGHTED BACKFILL DESIGN
OBJECTIVES

isted 1n approximate decreasing order yf l“,.ln"v ANcCe

1

u,yr,,,, tive (see Table . Relatve
Weight+

Minimize]l time to placement of backfill around waste
package (during retr 1eval period)

Minimize] stress transfer through backfill around waste

package (post decommissioning to resaturation)

Minimize ] sulat 1 f waste package from
around emp! ement hole (post decommissioning T
resaturat v

ement

backfil]l around waste

cement of backfill,k and vent 1late
retr ,.',‘ {)‘"'(:-v'j‘
(compacton f backfil)
Ing retr ieval period)
of waste package from rock mass
(during retrieval period)

backfilling of tunnels along

s (room scale)(during retrieva

support pressure (¢ uctural support
' §

backfir1l (room ( {dur Ing retrieval

(Maximize] insuiation of waste package from rock mass
around underground opening (room scale) (during
retrieval period)

:M'u"vv'].:‘j increase in swel'ing pressure of ba kfill
around waste package (post decommissioning to
resaturation)




SUMMARY OF WEIGHTED BACKFILL DESIGN Table 3.2
OBJECTIVES 408

(Listed in approximate decreasing order of significance)

Code Objective (see Table 3.1) Relative

Weight*
bmr2c-3 [Minimize] decrease in support pressure (or structural

support) provided by backfill (room scale) (post
resaturation)

btrol-1 [Minimize] insulation of waste packa?e from rock mass
around underground opening (room scale) (during
retrieval period)

[Minimize] hydraulic conductivity (and effective
porosity) of backfill and interface (room scale) (during
retrieval period)

[Minimize] decrease in support pressure (or structural
supgurt) provided by backfill (room scale) (post
decommissioning to resaturation)

[Maximize] increase in support pressure (or structural
support) provided by backfill (room scale) (post
resaturation)

[Maximize] insulation of waste package from rock mass
around emplacement hole (post resaturation)

[Maximize] insulation of waste package from rock mass
around emplacement hole (during retrieval period)

[Maximize] increase in support pressure (or structural
support) provided by backfill (room scale) (post
decommissioning to resaturation)

[Maximize] insulation of waste package from rock mass
around emplacement hole (post decommissioning to
resaturation)

[Maximize] insulation of waste packa?e)from rock mass
e

around underground opening (room sca (post

decommissioning to resaturation)

[Maximize] insuiation of waste package from rock mass
around underground opening (room scale) (post
resaturation

bgrl-1 [Maximize] protection of exposed rock surface
underground by backfill (room scale) (during retrieval

period)

bmro2c-2 [Maximize] decrease in support pressure (or structural
support) provided by backfill (room scale) (post
deconmissioning to resaturation)
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SUMMARY OF WEIGHTED BACKFILL DESIGN
OBJECTIVES 8 of 8

(Listed in approximate decreasing order of significance)

. Relative
Code Objective (see Table 3.1) Weight*

bgrl-3 [Maximize] protection of exposed rock surface
underground by backfill (room scale) (post
resaturation) 3

bgrl-2 [Maximize] protection of exposed rock surface
underground by backfill (room scale) (post

decommissioning to resaturation) €

bmro2c-3 [Maximize] decrease in support pressure (or structural E
support) provided by backfill (room scale) (post
resaturation)

btrol-2 [Minimize] insulation of waste package from rock mass
around underground opening (room scale) (post
deconmissioning to resaturation) E

btrol-3 [Minimize] insulation of waste package from rock mass
around underground opening (room scale) (post
resaturation? E

*The relative weight of each backfill design objective has been expli-
citly assessed with respect to its perceived contribution, relative to
all other repository variables, to achieving the repository system per-
formance objectives (see Appendix B). This assessment has been based on
preconceived repository design concepts (specifically vertical waste
emplacement), performance assessment methodology, and generic site
conditions (Section 2); should these premises change, the weights may
change. For example,the relative weights for backfill design objectives
assuming horizontal waste emplacement may be slightly different (see
Section 6.5), as may be the weights for different specific media/sites.
Also, this assessment entails significant subjectivity, so that these
weights should be considered only as approximate indicators of relative
significance. Although deemed sufficient for the purposes of this

study (i.e., a design basis for comparative evaluations of alternative
backfill schemes), this generic design basis would have to be refined on
a site-specific basis by quantitative performance assessment prior to

any use (which has not been intended here) in guiding or rigorously
evaluating backfill design.

The key used to denote the relative weights is:

102 < Relative Weight (most significant)
10-3 7 Relative Weight < 10-2
10-4 T Relative Weight < 10-3
10-5 7 Relative Weight < 10-4

~ Relative Weight < 10-5

mMoOOE >

(least significant)




4. BACKFILL EVALUATION METHODOLOGY

Alternative backfill schemes (i.e., materials/additives, procedures, and
schedule) must be comparatively evaluated in order to focus on those
which will be optimum with respect to achieving the repository system
performance objectives. A simple methodology for evaluating each
backfill scheme with respect to achieving the generic backfill design
basis (Section 3.0), and thereby the repository system performance
objectives, is sufficient for these purposes; explicit overall system
performance assessment, although necessary to predict actual performance
and assess the adequacy of any scheme, is not required for such
comparative evaluations and, in any case, is outside the scope of this
study. This methodology essentially consists of subjectively assessing
each backfill scheme's perceived relative contribution to achieving the
repository system performance objectives by:

1) Subjectively evaluating the percentage of each significant backfill
design objective perceived to be achieved by that scheme's expected
performance, based on experience.

2) Multiplying the backfill scheme's assessed percentage of achieving
each backfill design objective by that objective's previously
determined relative weight (or significance) with respect to
achieving the repository system performance objectives.

3) Summing the products of achievement percentage and relative weight
for all backfill design objectives.

The estimated cost of each backfill scheme could then be compared to its
relative contribution to achieving the repository system performance
objectives, and an indication of each backfill scheme's cost-effective-
ness thus derived. However, estimates of backfill costs are outside the
scope of this study, and thus have not been considered further.

The evaluation methodology has been quantified, and consists of the
following sequence of activities and definitions (see Table 4.1):

¢ Subjective assessment, for each backfill scheme (j), of the
percentage (Pji) of each significant backfill design objective (i)
perceived to be achieved by that scheme's expected performance,
rated from Pji = 0.0 (no potential for achievement of objective) to
Pji = 1.0 (“guaranteed" total achievement of objective).

® Determination of the perceived contribution (Qji) each backfill
scheme (j) would make through achieving each backfill design
objective (i) by multiplying the scheme's achievement percentage
(Pji) for that objective times that objective's previously
established relative weight (Wi) with respect to achieving the
repository system performance objectives, i.e.:

Qji = (Pji) (wi)




COMPARATIVE EVALUATION METHODOLOGY:

DEFINITION OF COMPONENTS Table 4.1
Parameter Definition
i Specific backfill design objective (see Table 3.1)
Wi Assessed relative weight of specific backfill design
objective (i) (see Table 3.2)
J Specific backfill scheme
Cj Estimated cost of specific backfill scheme (j)
Pji Percentage of specific backfill design objective (i) which

is perceived to oe achieved by expected performance of
specific backfill scheme (j)

Qji=(Pji)(wWi) Perceived contribution of specific backfill scheme (j)
through achieving specific backfill design objective (1)

Qi=Z(Qji) Perceived contribution of specific backfill scheme (j)
| to achieving the repository system performance
objectives

Ej=Qj/[Z(wi)] Perceived effectiveness of specific backfill scheme (j)
i to achieving the backfill desigh basis

Si=(Ej)/(CJ) Perceived cost-effectiveness (i.e., benefit to cost
ratio) of specific backfill scheme (j) in achieving the
backfill design basis

Ti=(Qj)/(Cj) Perceived cost-effectiveness (i.e., benefit to cost
ratio) of specific backfill scheme (j) in achieving the
repository system performance objectives.

Note: For comparison of alternative backfill schemes on solely a techni-
cal basis, ) or E-values would be compared, and on both a technical
and cost basis, S or T-values would be compared. For comparison of
alternative backfill schemes with other repository variables on
solely a technical basis, Q-values would be compared, and on both a
technical and cost basis, T-values would be compared. It should be
remembered, however, that there is inherent uncertainty in these
values due to the uncertainty in the subjective assessments of Wi,
Cj, and Pji. Costs are outside of the scope of this study.
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e Determination of the perceived contribution (Qj) each backfill
scheme (j) would make to achieving the repository system performance
objectives by summing that scheme's perceived contributions (Qji)
through achieving each backfill design objective (i), i.e.:

Qj = 0y

The Q-value would thus give an indication of the backfill scheme's
expected contribution to achieving the repository system performance
objectives. A backfill scheme's contribution could be compared to
the contributions of other backfill schemes in order to rank them
approximately on a technical basis; e.g., Q1>Q2 would indicate that
Backfill Scheme 1 would have a generally higher probability of
achieving the repository system performance objectives than Scheme
2. In fact, a backfill scheme's contribution could be comparei «ith
the analogous contribution of any other repository design com ..ent
in order to assess that scheme's relative contribution as part of
the system; e.g., a very low value of Q1 would indicate that
Backfill Scheme 1 would contribute very little to achieving the
repository system performance objectives and that a desi%n component
with a significantly higher analogous Q-value would be more
effective. Although valuable for repository optimization, the
assessment of design components other than backfill is outside the
scope of this study and has not been considered further.

e Determination of "effectiveness" (Ej), similar to Qj, for each
backfill scheme (j) by dividing the scheme's contribution (Qj) by
the maximum possible contribution of backfill (ZWi):

Ej = Qj/[Z(wi)] where Z(Wi) = 0.16 for generic site conditions
. X (see Section 3.4)

The E-value would thus give an indication of each backfill scheme's
effectiveness in achieving the backfill design basis. Again, a
backfill scheme's effectiveness could be compared to the effective-
ness of other backfill schemes in order to rank them on a technical
basis; e.g., E1 > E2 would indicate that Backfill Scheme 1 would
have a generally higher probability of achieving the backfill design
basis than Scheme 2. Clearly, there is a linear relationship
between the Q- and E-values for backfill, and either could be used

for comparative studies, although the E-values might be easier to
visualize.

The evaluation methodology could easily be expanded to incorporate cost
considerations, which are presently outside the scope of this study, as
follows:

e Estimation of cost (Cj) of each backfill scheme (j), which would

inherently take into consideration feasibility and availability of
material,
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e Determination of "cost-effectiveness" (Sj) for each backfill scheme
gj))by dividing the scheme's effectiveness by its estimated cost
Al

53 = (E§)/(C)) = [Qi/Z (Wi)]/(Ch)

The S-value would thus give an indication of each backfill scheme's
cost-effectiveness in achieving the backfill design basis, i.e., a
benef it-to-cost ratio. A backfill scheme's cost-effectiveness could
then be compared to the cost-effectiveness of other backfill schemes
in order to rank them on a cost, as well as technical, basis: e.qg.,
S1 > S2 would indicate that Backfill Scheme 1 would generally be
more cost-effective than Scheme 2 in achieving the backfill design
basis. However, the S-value would provide only an indication of
cost-effectiveness and would not indicate acceptability; i.e., a
minimum acceptable value of Ej might exist, so that Sj would only
become important for schemes with Ej higher than that minimum.

Similar to the S-value, the backfill scheme's contribution (Qj) to
achieving the repository system performance objectives could be
divided by the scheme's estimated cost (Cj). The resulting value
(Tj) would clearly be proportional to the S-value. The T-value
would give an indication of each backfill scheme's cost-effective-
ness in achieving the repository system performance objectives,
i.e., a benefit-to-cost ratio. Such a backfill scheme's T-value
could be compared with the analogous T-value of any other repository
design component in order to assess that scheme's relative cost-
effectiveness as part of the system; e.g., a value of Tl which is
low compared to the analogous T-value of another design component
would suggest that Backfill Scheme 1 would not be as cost-
effective. Although clearly valuable for repository optimization,
the assessment of design components other than backfill, as well as
costs, is outside the scope of this study and has not been
considered further,

The methodology developed herein would thus provide an explicit
evaluation of alternative backfill schemes, with respect to the backfill

design basis and hence the repository system performance objectives.
The evaluation procedure would be clearly exposed so that areas of
technical disagreement in the evaluation of any backfill scheme could be
identified and resolved, e.g., by modtfying the assessed potentials for
achieving any backfill design objective. The effectiveness in achieving
the backfill design basis (E-value) could be compared for the various
alternative backfill schemes; the backfill scheme with the highest
E-value would generally be the best on a technical basis (without
considering cost). The contribution to achieving the repository system
performance objectives (Q-value) could similarly be compared for the
various alternative backfill schemes and also with the analogous Q-value
[if available) of other repository design components; the backfill
scheme or repository component with the highest Q-value would generally
be the best on a technical basis (without considering cost).
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However, it should be remembered that there will be significant inherent
uncertainty in the determination of the E- or Q-values. This uncer-
tainty w"‘ be due to the subjective evaluations involved, and will be a
function of the uncertainty inherent in the assessment of:

e The relative weights of the backfill design objectives (Section
3.4)

e A scheme's perceived potential in achieving each backfill design
objective,

It is felt that neglecting the inherent uncertainties in subjective
assessment will probably not have a major effect on the results of the
comparative evaluations of alternative backfill schemes. However, due
to this uncertainty, the E- or Q-values should be considered as only
rough indicators of relative merit, which although suitable for the
purposes of this study, may be insufficient for other purposes, e.9.,
design. These uncertainties should he assessed at some point and
subsequently incorporated in the evaluation methodolngy, in order to
support the results of this study and provide a more useful evaluation
tool for the NRC in their design review process. These uncertainties
could be incorporated by assessin? probability distributions for both
the relative weights of each backfill dosign objective (Section 3.4) and
the potential in achieving each backfill design objective, with
correlations between objectives, These distributions could then be
combined to achieve probability distributions for each Qji, and thereby
Qj and Ej. Probability distributions could also be established for each
Cj, and thereby Sj and Tj. This analysis would be facilitated by
computcrizing the computational portion of the methodology to allow for
ease in modifications.

Although this subjective evaluation mtho&olo?y is deemed sufficient for
the purposes of this study (i.e., comparatively evaluating alternative
backfill schemes), quantitative performance assessment (which is outside
the scope of this study) would also be sufficient for this purpose and,
in any case, will be required to evaluate the adequacy of any design,
However, for comparatively evaluating many alternatives, quantitative
performance assessments of each may not be feasible, so that the
approach taken here is appropriate.
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5.1 INTRODUCTION

ALTERNATIVE GACKFILL SCHEMES

The overali purpose of Task 5 is to provide the U5, Nuc ear Regulatory
Commission (N?.) w th sufficien® iniurmaticn reqarding backfill con-
struction and te-'ing wilh ¢hich .0 review site Characterization Reports
and License Applirations. This technicz! assistance has been in the
form of identifying and discus-ing alternative backfill materials/
additives and related procedures of construction and testing, witn
respect to satisfying a viven backfi'l design basis.

A generic vackfil' dJesign basis (Section 3) and : subjective evaluation
methodology (Sectiun 4), whichi are sufficieat for ‘he purposes of this
study, have been developed. In this section, a <et of alternative
backfill schemes is identified. These identified altornetive backfill
schemes will subsequently be eyz'uated (see Section 5)  The backfill
materials/additives perceived to have the highest potential for
achieving the backfill design basis will be selected as a result of
preliminary evaluations, and approvriate orocedures for these selected
materials/additives, as well as test programs, will be discussed (see
Section 6).

For this study, backfill has been limited by definition tu material
placed in waste emplacement holes and underground excavations (rooms,
corridors, etc.), which do not include shafts or boreho'es or material
placed as bulkheads or plugs. Backfiil in these waste empiacement holes
has been further limited to material plr:ced prior tc or after waste
emplacement and doos not include backfi'; buffer material as part of the
waste package,

A backfill scheme (as used in this report) is comprised of the following
compunents;

o Backfill materials/additives
¢ Proceduras and equipment used to construct the backfill
o Backfilling schadule,

Backfill scheves have been 1dantiried in terms of these components, with
additional attention jiven L., the objectives of the backfill and the
expected environmertal conditions to which the backfill will be
subjected., Testing for design verification has also been identified.

A collection of alternative backfill schemes have been identified and
summar fzed (see Section 5.5,. Three sources have been used in identify-
‘ng these schemes:

o .S, Department of Energy (DOE) proposed backfill schemes (see
Section 5.2)

o Industry-typical backfill schomes (see Section 5.3)







SUMMARY OF REFERENCED DOE DESIGN
PUBLICATIONS RELATED TO BACKFILL

Table 5.1

Study

1)
2)
3)
4)
5)
6)
7)

8)

9)

10)
")
12)
13)

Parsons et al
BWIP

Kaiser et al

Kaiser et al

Westinghouse

Parsons et al
Stearns-Roger
Stearns-Roger
Stearns-Roger

Woodward-Clyde

Kaiser
Kaiser

Bechtel
Westinghouse
Parsons et al
DOE/NNWSI
Langkopf

Reference(s)

(1978¢)
(1980)
(1980)
(1982)
(1981a)
(1978a)
(1978)
{1979a)
1979b)
1978)

(1978a)
(1978b)

(1979)
(1981b)
(1978b)
(1981)
(1981)

Applicable Media

Basalt
Basalt
Basalt
Basalt
Basalt
Salt

Domal salt

Bedded salt

Domal salt
Salt
Granite
Tuff

Tuff

Note: The aspects of each of the studies (1) through (11) related to
backfill have been summarized individually in Appendix C. In

addition to these design studies, two non-design reports (12) and

(13) provide an indication of the backfill materials presently

being considered for tuff.
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STATED
REFERENCE STATED ANTICIPATED
NO. LOCATION MATERIAL PLACEMENT OBJECTIVE CONDLTIONS COMMENTS
(1)
Par.ons et al Room Crushed Basalt Front-end loader flot specified Relatively impermeable ~ Preconceotuya!
(1976c) will place to batalt with flows into Besign Report
%o repository | within § ft. of repository af 65 gpm Jackfiil will be
Incation ceiling. Increased temperatures placed after
Increased rock stress, retrievabiltty
(see Appendix [, period (5 years
Section C. 1) Prmss st e - — (—— — — — t—— —— i —— —— — T—— ——— ——— —— — o> o_— — - oy after first waste
pla o-nwn'\
| - 25 year
Waite None NA NA As above retrievabilinty
1 Emplacement also considered
Hole
()
BWIP [198N0) Waste Grout around Pymp grout into Not specified Groundwater expected Proconceptual
Site 15 3t Emplacement steel cylinders place - High tewperatures Desian Report
Hanford, WA Hole Stresses in rock will Morizontal
be below acceptable nolss wsed ¢
(see Appendix C, Timits SLOre waste
Section (.2) [ = = = e i e e e e e e e e ] Blacesent rooms
Boom Lower 2/3 uf room Lower 2/3 - Low permeability As abovs will be backfilled
crushed hasalt, mechanical place- and stable with after operational

upper 171 of room

concret roys miviures .

Note fxpans ive
clay was beino
considered .

swnt K compaction,

woper |/1
preumatic
mnent |

place

Ly

lon-exchange capab:
ity equal to that
basalt

Passive support for
rock mass

e defarmahle to
accomodate moderate

Wiraam

of

N

perwod (ome to two
years).
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STATED
ROFERENCE STATED ANTICIPATED
NO. LOCATION MATERIAL PLACEMENT OBJECTIVE COND1YIONS COMMENTS
(3)
Kaiser et al Within waste Bentonite comtaired Not specified Perform as engineered - High temperatyres
(1980) package by aluminum sleeve barrier - Corrosion implyine
Site at presence of ground-
Hanford, WA water .
o — — — — — — — — — — — — — — — — — — — — — — — — — —
(see Appendix C, Between waste  Bentonite around Not specified As above As above
Section C.3) package and waste package,
emp | acement zircon sand on top
hole wallis
P — — — ——— ——————————————————— — —
Room 50% crushed basalt Not specified Provide permanent As above plus Backfill in roow will
407 bentonite powder support and act as - rock displacements begin after retriev-
10% bentonite pellets a chemical and abrlity period (7%
physical barrier years after waste
against radionuclide emplacement ).
migration,
(4)
Kaiser et al Within waste Bentonite within Not specified Isolation of radio- - High temperatyres
(1982) package aluminum sleeve nucl ides via low - S'ow movements of
Site at permeability an groundwater in basalt,
Hanford, WA ton-exchange
A e il Saaiane: Simsie ey
(see Appendix C, Between waste Bntonite around Not specified As above As above
Section C.4) package and vaste package; top
emplacement portion of annulus
hole wal's filled with zircon

sand .
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STATED - 1 j

REFERENCE STATED ANTICIPATED '
NO. LOCATION MATERIAL PLACEMENT OBJECTIVE CONDITIONS | COMMENTS
!
(4)
{Zont'd) Room 50u crushed basalt - Trucks and bull- As sbowe A5 above - Travelling shield
507 bentonite (40 dozers for back- | equipment 1< not
powder- 1U. pe)lets) i1l to 10 ftr, ! currently used
n height i - Room 15 pre-cooled
I - Trucks and low | o 27°¢
; profile equipment ] - Room 5 beackfilleg
I far dacafill to - after retrievadilty
14 ft. in height { period (25 years
- Travelling shiela | after waste
Apparatus with ! enplacement )
automatc feed w0 !
complete back- l
f1lling of room . i
| —_— —_t — —
| (5%
I g aest inghouse Waste Pre-formed bentonite Bontomite. lowered - Control groundwater Presence of water - Rlso givesalternative
| {1981} {mplacement shapes w-th (rushed it hole prior to Radiation shielding High temperatures of self-shieldea
Nao repasitory Hole basalt at botrowm of canister Radration above designs of waste
! Tacation nole and around Casalt: poured waste package n packages placed on
| bentonite oulside tnta hale room tunnel floor
(see Appendix C, edges - Waste emplacement nole
Section C.5) ? backfill is placed at

| time of waste emplacement

Backfilling of room 1%

scheduled as soon as

| reasonably possible

i after the last

i enplacement wade and
before the bentonite

| absords significent

| quantities of water

S, LY
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5.2.2.1 Backfill Material/Additive Types - Basalt

Materials which have been proposed for backfill around the waste package
include crushed basalt, a type of grout, bentonite topped by zircon sand
or pre-formed bentonite rings surrounded by crushed basalt on the
outside surfaces.

Materials which have been proposed for the room backfill include crushed
basalt, crushed basalt topped by a “concratious" mixture, and a mixture
of crushed basalt and bentonite.

In the case of bentonite topped by zircon sand, the consistency of the
bentonite has not been specified, i.e., it is uncertain if bentonite
would be wet or dry, pellets or powder. The mixture of crushed basalt
and bentonite would be prepared at 10 to 15 percent moisture content and
would include 50 percent crushed basalt plus 40 percent bentonite powder
and 10 percent bentonite pellets. The crushed basalt has frequently
been specified as being sized with gradations varying from less than
3-inch to silt size particles. The source of crushed basalt would be
from the excavation of underground openings. This muck might be
processed, crushed and screened prior to use in backfill. In some
cases, the basalt would be used as excavated. Sources for the
bentonite, zircon sand and grout have not been specified.

5.2.2.2 Backfilling Procedures - Basalt

Preparation of the backfill material/additive would vary with the
material being specified and with the location for the backfill (i.e.,

waste emplacement hole or room). Typical preparation activities would
include:

¢ For crushed basalt, the excavated basalt might have to be crushed
and/or screened to achieve the desired gradation. The requirement

of crushing and screening would partiaily depend on the excavation
method used.

® Mixing the various percentages of basalt, grout and/or bentonite
could be conducted either underground or at the ground surface,
depending on mining activities and underground space.

e Stcrage of mixtures may be required. Re-mixing of backfill may be
required immediately prior to placement.

e In the case of the pre-formed bentonite shapes, the pressing and the
forming of the shapes would be conducted at the surface prior to
placement. The bentonite would also have to be stored in acceptable

atmospheric conditions so that excessive moisture would not be
absorbed.

® Storage of raw backfill materials (e.g., crushed basalt) would

probably be required, depending on the sequence of mining and
backfilling.
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Storage and traasportation of materials at processing and mixing
locations would require a variety of equipment and methods (depending on

logistics), such as shuttle cars, skips, hoists, conveyor belts, surge
bins, batch plants, mixers, and rail haulage system.

The various proposed placement procedures for backfilling include:

e For backfilling the waste emplacement hele
- Grouting of steel cylinders (into horizontal boreholes) (2- BWIP,
1980)

- Mechanized placement of pre-formed bentonite shapes into a waste
emplacement hole after a level pad has been prepared with crushed
basalt. The backfill would be placed prior to waste package
emplacement. The outside annulus of the bentonite shapes would
then be filled with crushed basalt (5- Westinghoise, 198la).

e For backfilling the room
- Trucks and unspecified transport equipment would deliver backfill
to rooms to within 5 feet of the ceiling using a front-end
loader. Backfill would commence after the retrievability period
(5 years in this case) (1- Parsons et al, 1978c).

- Placement of crushed basalt by trucks and dozers would occur in
the lower two-thirds of room. Mechanical compaction would be
performed. The upper one-third of the room would be backfilled by
pneumat ic placement of a concretious mixture. Backfilling would
utilize conventional equipment and commence after the operational
period of waste emplacement (one to two years) (2z- BWIP, 1980).

- Placement of 50% crushed basalt, 40% bentonite powder, and 10%
bentonite pellets would occur in three stages after the room has
been pre-cooled to 27°C. The backfill would be hauled ard dumped
into the room by normal equipment and spread by a bulldozer in
8-inch lifts. Compaction would be performed using normal size
equipment until backfill has reached a 10 foot height (Stage 1).
The next 4 feet would be placed and compacted similarly, but
utilizing low profile equipment (Stage 2). The final stage of
placement would be performed using a travelirg shield which
compresses the backfill against a fill fence (bulkhead). The
backfill would enter into the space through a hole in the top of
the traveling shield. Backfill would commence after the
retrievability period (25 years in this case) (4- Kaiser et al,
1982).

The few details available on specific test programs to establish the
in-place performance of the backfill (waste emplacement hole or room)
include:

e The establishment of a testing program to demonstrate the ability of
the backfill to provide structural support and inhibit groundwater
migration (2- BWIP, 1980)




® An experimental panel to examine design alternatives, as well as

?ackgill procedures (3- Kaiser et al, 1980 and 4- Kaiser et al,
982

# The need for mock fabrication and emplacement tests for the
preformed bentonite backfill, and the need for definitive material
properties (5- Westinghouse, 1981a).

5.2.2.3 Expected Environmental Conditions - Basalt

Environmental conditions existing at the site will have a consideravle
influence on the construction and performance of the backfill. These
conditions will be a function of the site characteristics and repository
design (Section 2).

The expected conditions for a repository in basalt have been discussed

in various levels of detail in the design reports, and can be summarized
as:

® During backfilling of waste emplacement hole
- Presence of water - amounts may depend on the degree of disturb-
ance during excavation

- Possible increased temperatures - this may depend on the age of
waste and the degree of shielding in the waste package, and the
time elapsed since placement

- Possible radiation - this will depend on the degree of shielding
in the waste package

- Increased stresses in basalt around openings.

¢ During backfilling of room

- Presence of water - amount of water may be additionally affected
by therma! gradients

- Elevated temperatures - if backfilling of the room commences
after a delay for retrievability purposes, temperatures in the
surrounding rock will likely increase due to temperatures in the
waste package. The degree of increase will depend partially on
the waste package and waste emplacement hole backfill design

- Possible radiation - levels of radiation at this stage will
likely be less than at waste emplacement hole backfilling, based

on increased shielding by waste emplacement hole backfill and the
shield plug

- Increased stresses in basalt around openings.
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STATED
REF STATED ANTICIPATED
NO. LOCAT [ON MATERIAL PLACEMENT OBJECTIVE CONDITIONS COMMENTS
(6) Waste Excavated salt Kot specified To ensure that sleeve - No water inflow into
Parsons et al emplacement around sleeve and canister remain repository provided
(1978a) hole with plumb during placement no major disturbance
No repository sleeve process and of salt
location (retrievability retrievability period. - Increased temperature
period) - Increased rock stress.
(see Appendix C, Waste NA NA
Section C.6) emplacement
hole without
sleeve (after
retrievability
period)
Room Excavated salt Conveyors place lot specified Hot snecified Backfilling of room
salt to within will begin after
2 ft. of ceiling retrievability period
(first 5 years of
operation).
25 year retrievability
also considereu.
(7) Waste Suggest bentonite Not specified To prevent corrosion -High temperatures Suggest 250" deep
Stearns-Roger emplacemert between hole wall and ~5alt brine waste emplacement
(1978) hole canister; salt on top holes
Stearns-Roger portion of hole
(1979a) o S o — o — — —— ——— —— — ——— — —— —— — — oo
Stearns-Roger Room Excavated salt Centrifugal Not specified As above Backfilling of rouws
(1979) thrower will begin afte:
Woodward-C1yde first 5 years of
(1978) operation.
Domal Salt
No repository
location
(see Appendix C,
Section C.7)
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BRIEF SUMMARY OF BACKFILL SCHEMES

PROPOSED BY DOE - SALT

Table 5.3
2 of 3
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STATED
REFERENCE STATED ANTICIPATED
X LOCATION MATERIAL PLACHENT OBJECTIVE CONDITIONS COMMENTS
(9) Wwom As above Centrifugel To avoid permanent As above Backf111 of roow will
(Cont'd) thrower ac end support during beqgin after retriev-
ef corveyor belt retrievability ability {5 years after
period first waste emplacevent),

(10)
westi e Waste Crushed sa't Mechanicaily Radiation - Migh temperatures Vertical waste
(1981 emplacement (no gradation oouwred into shielding; - Salt creep (closure of emplacement hole
No repository hole (on top given) waste level hole waste emplacement holes, | summarized. Self-
location of package emp | scoment bottom . tunnel ) shielded designs also

and at base hole - Small quantities of given in report.
(see Appendix C, of hole) groundwater /brine
Section C.10) - Radiation in room above

waste package.
——-———-——————._——-————_—_———_————_—.—_.——q
Room As above Not specified Not specified As above Backfilling of room

will begin 6 months
to | year ifter waste
package emplacement
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Creep displacements will likely be larger

- Radiation levels may be less if borehcle plugs and sufficient
waste emplacement hole backfill have been used.

5.2.4 Proposed Backfill Schemes in Granite

Only one publication, dated April 1978, related to backfilling in
granite has been identified and briefly summarized (see Table 5.4 and
Appendix C).

5.2.4.1 Backfill Material/Additive Types - Granite

No details for waste emplacement hole backfill have heen given. Sleeves
would be used to enhance retrievability during the first 5 years, and
presumably no backfill would be placed around the waste package after
that time.

Crushed granite has been proposed for room backfill, although no grada-
tion has been specified.

5.2.4.2 Backfilling Procedures - Granite

Preparation of crushed granite would include transportation of the
material and crushing of the granite. It has been proposed that these
activities occur underground. Equipment required would include trucks,
rail cars, conveyor belts, storage bins and a crusher.

The crushed granite would be placed within 5 feet of the room ceiling
using a front-end loader. The schedule for backfilling of the rooms in
the case of spent fuel would be after the 5 year retrievability period.
No testing or monitoring program has been ment ioned

5.2.4.3 Expected Environmental Conditions - Granite

Environmental conditions existing at the site will have a considerable
influence on the construction and performance of the backfill. These
conditions will be a function of the site characteristics and repository
design (Section 2), The expected conditions for a repository in
granite, as mentioned in the design document, can be summarized as:

® Increased temperatures
® Increased rock stresses
® Minimal water flow into the repository.

5.2.5 Proposed Backfill Schemes in Tuff

No published design studies for a waste repository in tuff are currently
available. However, an indication of materials being considered as
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backfill has been obtained from two non-design reports, dated June and
December 1981, which have been briefly summarized (see Table 5.5).

Backfill associated with the waste package has been assumed to be 70 to
90% crushed tuff with 10 to 30% smectite clay (12- DOE/NNWSI, 1981).
However, it is not clear it this backfill would be within the waste
package or around it, Backfill in the room itself has been assumed to
be crushed tuff (13- Langkopf, 1981).

Procedures have not been detailed, and expected environmental conditions
have not been specifically discussed. The occurrence of elevated
temperatures has been mentioned, with saturated conditions in the room
considered as a possibility after backfilling of the room.

5.3 [INDUSTRY - TYPICAL BACKFILL SCHEMES

5.3.1 Introduction

Backfill is commonly used ir a routine manner in mining and civil
engineering projects. Design procedures for these backfilling opera-
tions are generally empirical but nevertheless satisfactory and adequate
for the particular applications and objectives. Such backfill opera-
tions involve the filling of large voids, caverns, pits or openings and
would thus be most applicable to the backfilling of waste emplacement
rooms. This section reviews the construction and operation aspects of
industry-typical backfills. A considerable potential cross-application
of a well-developed technology to repository backfilling is evident.

5.3.2 Backfill Schemes Used in Mining

Backfilling is utilized in underground mining primarily for the purpose
of wall and roof support of mined areas. Other uses of backfiliing are
to provide a working platform for miners and equipment when working up a
stope and for disposal of mine/mill waste.

Three methods are currently used for placing backfill:

1) mechanical - dumped from truck or conveyor belts
2) pneumatic - by compressed air
3) hydraulic - placed as a water-saturated slurry.

Site conditions, the availability of materials and the purpose of the
backfill generally determine which method is used. |If the primary
purpose is structural support of walls and/or roofs in a mine, special
procedures are required with all three methods to maximize the as-placed
density and stiifness of the backfill., Maximum densities are achieved by
using selected backfill materials, compaction procedures and/or the
incorporation of additives such as cement or fly ash in the backfill.
With proper placement, a high modulus backfill can be developed to
significantly reduce the instability of mine openings and to permit
otherwise unacceptable mining methods to be applied.
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STATED
REFERENCE STATED ANTICIPATED
NO. LOCATION MATERIAL PLACEMENT OBJECTIVE CONDITIONS COMMENTS
} e —— —— -
DOE /N waste 7 te 950 ot aent woned Hot meent roned High te ratures -Recomendat ions on
19511} el ac puent crushed tuff canister loading are
hale and 10 to 3 to be wade based on
smectite clay percetved wmportance
Gf waste package
-Temperatures within
wiste package are n
excess of stability
Twnits for the clay
unless reduced canister
loading 15 achieved
Langkopf 1981) Roam Crushed tuff Not ment toned Not mentioned except

= High temperatures
- Saturated conditions
possible .

that crushed tuff was
modeled as having
same properties as
in-place tuft

Low thermal cond-
uCtivity backfili
for waste package
wds mentloned as
being considered

b
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In surface mining, backfilling is often used for waste disposal or
engineering purposves, e.q., haul roads and ramps. When used for waste
disposal, little control of material content or method of placement is
exercised with the exception of slope stability concerns. When used for
engineering purposes, it is typically subject to strict quality control
and emplacement treatment, similar to surface civil engineering (see
Section 5.3.3). The remainder of this section will be concerned with
backfilling in underground mines,

§.3.2.1 Mechanical Placement of Backfill

Mechanically placed backfill normally consists of waste rock derived
from underground mining. In scme cases, however, the necessity to
attair certain properties for the in-place fill requires that Lhe waste
rock be derived from a specially developed quarry. Such backfill
material is usually blocky and angular, with a wide range of gradations.
Generally, waste rock is unsuitable for structural backfill, as-both the
large size of the rock and the placement methods often result in
portions of the opening not being completely filled. Occassionally,
crushed and sized material from the surface is placed mechanically.
Grouting or gravity percolation of voids with a cemented slurry is
somet imes used to provide more rigid support and to render the fill less
permeable.

The placement of backfill by mechanical methods in mining applications
is ordinarily accomplished by transporting the material by trucks,
bulldozers or conveyor belts to tne area to be backfilled and dropping
or dumping the material into the opening. Compaction of the backfill is
achieved by the impact of the falling material. Further compactive
effort is sometimes applied by construction equipment, if warranted,.

Waste rock fill can be placed from the surface through a fill pass
(i.e., a shaft created for gravity feeding the rock fill, usually by a
choked draw, to the required stope) (Kerr, 1978). This is a common
practice with ccarse-grained waste disposal.

For the transport ano placement of fill, some specialized equipment not
otherwise employed in the operation of the mine is often required,
especially 1f a iarge scale filling program is in operation. This
equipment includes surface dump trucks, raise borers for constructing
fill passes, horizontal belt conveyor, centrifugal throwers, load-haul
dump trucks or compaction machines.

5.3.2.2 Pneumatic Placement of Backfill

Material for pneumatic placement of backfill has specific gradation
requirements, Equipment capable of handling particles up to 1 1/2
inches is common, although special equipment may be available for up to
3 inch maximum particle size. The minimum size of material is less
critical, but high percentages of the fine-grained material often create
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Hydraulic backfills are typically loose, as deposited, and thus the
modulus of the backfill is relatively low, Compaction of hydraulic
backfill is seldom performed. If the backfill is subject to
densification by vibrations, gaps may occur in the top of the opening.

Additives that are used in hydraulic backfilling include:

o Cement grout, fly ash, or slags to bind particles together and fill
voids

o Flocculants to improve settling of the fine-grained materials at the
decant location

e Dispersants to reduce flocculated structure in backfilled areas.

A frequent source of hydraulic backfill material is mill tailings, which
primarily consist of sand- and silt-sized particles., The advantage of
tailings is their availability, their pre-existence in slurry form, the
need to dispose of the tailings, and suitable grain size distribution,
Other material sources are sometimes used, but these require crushing
and screening prior to slurry preparation.

Assuming a suitable slurry is available, hydraulic backfilling 1is
accomplished by the following typical method. Fill fences or bulkheads
are constructed across any openings in the stope. The fill fences serve
to contain the backfill within the stope to be filled and provide
drainage for the slurry water. The slurry is fed to the stope from the
surface through pipes along existing shafts, tunnels or drillholes, as
necessary. It is usually freely discharged into the stope from the top.
The additives are added to the slurry, as required, either at the
surface or underground, prior to discharging the slurry into the stope.
[f compaction is employed, the stope may be filled in lifts. The stope
is filled to the desired level and the slurry water 1s decanted through
the fill fences and pumped out of the mine, The slurry is transported
by gravity, thereby avoiding the need for pumps. In some cases, the
tailings slurry is cycloned to remove some of the fines and reduce
siltation of the decant water pumps. In situations where mining is to be
done sbove the backfill, a working surface is created by placing the
last six inches as a layer of cemented slurry backfill.

Tv~ types of compaction techniques are available: vibratory compaction
and electro-osmosis. Vibratory compaction is accomplished by vibrating
the backfill after it has been placed. The vibration causes densifica-
tion of the loose structure »f the material, Electro-osmosis uses
negatively charged cathodes piaced near drains to encourage the flow of
water towards the discharge points, which promotes dewatering in low
permeability backfills. The loss of water causes consolidation
(densification) of the backfill, Various configuraticns of electrodes
and current application are used, according to specific site conditions,
to obtain the best results,
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Exclusive of surface equipment to produce the slurry, the necessary
equipment for hydraulic backfill is relatively simple. Transporting the
slurry from the surface down to the stope requires only pipes, fittings
and valves which are simple to assemble and dissassemble (for set up at
another backfill site). Abrasion is not as critical as in pneumatic
backfilling, so no special requirements are needed for the pipe. In
some situations, the backfill is simply poured down drill holes which
exit into the stope. The fill fences are typically constructed with
t imbers and are rock bolted or otherwise braced to support the load from
the backfill. They are backed (on the backfilled side) with burlap, or
an acceptable geotextile, which allow flow of water through spaces
between the timbers but retain the backfill. Decant sumps collect the
water, which is then pumped out of the mine.

Concrete vibrators are sometimes used to vibrate the backfill when
placed in lifts, but an immersion type vibrator can be used while
backfilling is taking place and has the added capability of being
operated remotely, thereby reducing risk to mine personnel. The
electro-osmosis process requires a high voltage D.C. power source (on
the order of 225 volts), connecting cables and electrodes (preferably
made of lead but iron is acceptable). The electrodes need to be placed
prior to backfilling in order to locate them properly.

In spite of the scemingly simple equipment necessary for hydraulic
backfilling, very complex systems are used for the most successful
utilization of the method. These systems involve remote sensing
instrumentation, slurry-density monitoring systems, rate and volume
control systems, sophisticated batching plants, and safe and detailed
construction of fill fences.

5.3.2.4 Mybrid Backfill Schemes

In any one of the aforementioned schemes, diverse techniques are
associated with the transportation, placement and compaction of
backfill. It is conceivable that a hydrid nackfill scheme could be
devised that would utilize techniques from several backfill schemes.
For example, if mill tailings are the backfill material, the tailings
could be transported to the opening in a slurry, as in aydraulic
backfill, but might be dewatered underground and placed pneumatically.
Possible hybrid backfill schemes will subsequently be considered in the
preliminary evaluation of the select set of alternative schemes for
further study.

5.3.2.5 Discussion
So as to place these three types of mine backfill methods into
perspective as potential backfilling techniques for waste emplacement

rooms, it is instructive to review the relevant characteristics of these
methods, and in particular, their advantages and disadvantages.
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For

For mechanical placement of backfill:

Advantages include

Equipment already on hand to remove muck can be ugilized to place
backfill, thus minimizing the purchase of new equipment

Larger rock particles can be used to increase the'bulk of the
material, thereby reducing cost, and also to improve the
stiffness of the fill.

Disadvantages include

the backfill hauling equipment may interfere with other
operations

As openings are backfilled, they must be entered by miners, which
requires keeping the area ventilated during operations

Entry into openings by miners during backfilling of openings
exposes them to the possibly unsupported roof and walls

Conveyors and passes are difficult to set up and remove, making
the transport system inflexible

Depending on exact method of mechanical placement, it may be
difficult to achieve a homogeneous backfill

Mechanical placement methods need access room, making complete
backfilling against the roof difficult.

pneumatic placement of backfill:

Advantages include

A wide range of material particle sizes from 1 1/2 inches to
silt-size can be handled

Significant quantities of water are not introduced underground

The system is capable of completely filling the opening up to the
roof .

isadvantages include
Dust is produced durirg backfill operations

Operating costs for the compressor, stower and hydraulic systems
are high

Dry backfill is very abrasive and results in considerable wear
of equipment

Depending on material, the backfill may experience settlement
upon wetting
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- Adequate density and stiffness of the backfill may be difficult
to achieve,

For hydraulic placement of backfill:

e Advantages include
- Energy requirements are low, as slurry can be delivered through a
gravity piping system
- There is minimal interference with other operations underground

- Material can flow into inaccessible areas, including cracks that
might not otherwise be backfilled.

e Disadvantages include

- Dewatering is required, as water used in the slurry must be
decanted and removed from underground

- Unless compacted or treated with additives, the density is
generally lower than that obtained by other methods

- Potential for serious accidents exists should fill fences fail
before backfill is dewatered

- Continued drainage is required to provide safety against
liquefaction

- It is difficult to maintain dry conditions in other areas
underground

- Complete filling to the roof of the opening is difficult to
achieve

- Large post-filling settlement prevents reliable estimation of

roof support,

5.3.3 Backfill Schemes Used in Surface Civil Engines 'ng

Backfiil used in civil engineering projects can be categorized under two
basic headings: structural and hydrologic. Structural backfills are
used to provide support/bearing and hydrologic backfills are used to
either promote or retard the flow of water. [In some instances, a
backfill may be designed to serve both purposes.

5.3.3.1 Structural Backfill

Properties required of structural backfill include a high resistance to
deformat ion under load (high modulus) and sufficient strength to prevent
shear failures (bearing capacity and slope stability). These
requirements place certain constraints on the types of material used and



the techniques used to place and compact them, Selection of a material
type also depends on availability of materials, environmental concerns
(rainfall, drainage, etc.), and other uses of the fill beyond structural
needs.

Generally, the mechanical properties of backfill are a function of the
type of material (grain size distribution, shape of particles, and
moisture content) and density (achieved by compaction). Coarse-grained
soils generally offer a higher modulus and strength than fine-grained
soile {silt and clay). Also, loose fills generally underqo greater
displacement under load and exhibit a lower strength than dense soils.
The behavior of coarse- and fine-grained soils at failure differs. For
example, considering the case of shallow foundation bearing capac ity,
failure in clean, coarse-grained soils is likely to be manifested as
gradually increasing settlements whereas a failure in soils containing 4
significant portion of fine-grained material is likely to be manifested
as a sudden shear displacement., Thus, the potential significance of the
failure characteristics of the backfill to the performance of the
structure under the anticipated loading conditions should be considered
in the selection of a backfill material.

Soil used for structural backfill is usually compacted in order to
densify the soil and achieve adequate behavior. In cohesionless soils,
the ease of compaction is relatively insensitive to the moisture
content, However, the compactibility and behavior of fine-grained
s0ils, or soils with a significant percentage of fine-grained material,
depends greatly on the compaction water content, In general terms, the
strength is maximized near the optimum water content, 1.e., that water
content which produces maximum density; however, the modulus decreases
with increasing water content. Volume change during saturation or the
introduction of water to the soils is greater for water contents on the
dry side of optimum water content,

Procedures for compaction vary with the gradation of the material.
Specifications for compaction generally require that maximum densities
be determined by laboratory tests. Moisture contents related to the
maximum density are also determined, if appropriate. Standard
procedures for these determinations exist (e.g., AST™ Annual! Book of
Standards, Part 19, Soil and Rock, Building Stones). The backfill is
frequently tested for as-compacted density in the field and compared
with the specified density and water content.

Material is most commonly compacted in lifts, the thickness of which is
controlled py the maximum particle size, the type of structure to be
founded on the backfill, and the degree of compaction sought,

In general, clean, coarse-grained materials can be compacted with heavy
smooth-drum rollers (often with vibratory effort), rubber-tired rollers
(primarily on sand) and construction traffic (such as bulldozers, haul
trucks). Soils with a high percentage of fine-grained material
generally require sheepsfoot rollers, although smooth-drum or
rubber-tired rollers can also be satisfactory.



Smooth-drum rollers provide compactive effort through the weight of the
drum and associated equipment, Vibrating rollers, weighing from 5 to 15
tons and vibrating at approximately 1500 cycles per minute, are often
utilized with cohesionless material. In tight areas where large
vibrating rollers cannot operate, hand-operated, self-propelled
vibratory compactors can be used. The depth to which compaction takes
place depends on the weight of the roller, frequency of vibration,
number of passes, type of material, and depth of each lift,

In cohesive material, compaction in layers by heavy rollers is most
often used without vibration, as vibration is less effective; even so,
vibration is sometimes utilized. The types of rollers most frequently
used are rubber-tired and sheepsfoot rollers. Rubber-tired rollers
range from 25,000 pounds to over 100 tons in weight. The weight can be
varied by adding or removing ballast from the boxes, and the load
transmitted to the backfill can be varied by changing the weight and
inflating or deflating the rubber tires. The compacting action is a
combination of tire load and the kneading action between the tires.

The sheepsfoot roller is a drum to which numerous projections or feet
are attached. These feet serve to transmit the weight of the drum
through a small surface area to the backfill, thus increasing the
applied surface pressure. The weight of the drum can be varied b’
filling or emptying the drum with sand or water. The action of the feet
tend to impart a kneading action on the soil. The sheepsfoot roller is
especially effective in bonding compaction layers together,

5.3.3.2 Hydrologic Backfill

Material requirements for hydrologic backfill depend on whether the
purpose is to promote or retard the flow of water. [f drainage is
desired, pervious material is used and specific grain size requirements
must be met., In general, the material needs to be sand sized or larger
to have sufficiently high permeability. Alternatively, for retarding
the flow of water, impervious mater .al with a high content of
f ine-grained material is used,

For impervious backfills, both non-swelling and swelling clays
(bentonite) are often used, since they have low permeability. The
swelling potential of bentonite can be very beneficial since, if the
swelling is confined, even lower permeabilities develop. One problem
that can occur, however, is that if the clay dries, desiccation cracks
can develop and the permeability is increased, often severely,
especially if coarse-grained material falls in the cracks. Silts are
somet imes used as impervious materials, as in dams, but generally they
are more permeable and erodible than clays. It should be noted that
concrete and some bituminous materials may also be used as impervious
material,

Mineralogical considerations may be important in the selection of
backfil! materials, since some materials may alter or weather when in
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contact with water. A common product of alteration is clay, which would
reduce the permeability of a drainage backfill, Additionally, some
clays which are dispersive erode easily when in contact with flowing
water. Other materials degrade with time, e.g., clay shales.

Where flow occurs through a fill, graded filters ére necessary to
prevent erosion and piping. Filters can be designed using grain size
relationships to prevent loss of material from specified layers.

Procedures for placing and compacting (if required) backfill for
hydrologic purposes are typically the same as for structural backfill
(Section 5.3.3.1).

An alternative method of providing an impervious cutoff for water flow
is the slurry trench, which is excavated to a suitable depth or stratum
to effect a barrier to migration of water. A clay slurry is utilized to
keep the trench open. The clay slurry is eventually displaced partially
by backfill (often coarse-grained), but slurry infiltrates the walls of
the trench and the voids of the backfill rendering the trench relatively
impermeable. However, the method of trenching limits the application of
this method.

5.3.3.3 Summary

Backfill materials, related compaction procedures, and their suitability
for use as structural and hydrologic backfill have been summarized (see
Table 5.6) to serve as a general guideline for backfills utilized in
civil engineering projects.

In addition to soils, concrete can be, and often is, used for structural
and/or hydrologic backfill., Concrete is typically placed using
mechanical or pumping techniques, and compacted using mechanical or
vibratory techniques. When compacted by rollers, the concrete is termed
“roll-crete" and has improved mechanical properties (i.e., higher
strength and modulus). Rolli-crete has been used for a variety of
purposes, such as dams (e.g., Willow Creek Dam is a roll-crete dam being
constructed by the Army Crops of Engineers in Heppner, Oregon).

5.4 "ENGINEERED BARRIERS CONTRACT" BACKFILL MATERIALS/ADDITIVES

Golder Associates is currently working on a complementary NRC project
(NRC-02-81-027) entitied "Performance of Engineered Barriers in a
Geologic Repository”. This study has progressed to a point where a
preliminary selection of six engineered barrier system concepts has been
made from a comprehensive group of possible designs, including back-
fills, metal hole liners, grouted fracture zones, bulkheads, etc. The
preliminary selection has been made by considering both the cost and
performance (in terms of reducing radionuclide release) in a screening
analysis., The preliminary selection has demonstrated that the greatest
benefit can be realized from the proper choice of backfill materials
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themselves. The2 selected concepts represent a range of possible
materials and additives and are not necessarily the optimum desiecns, but
rather they exemplify the range of credible design possibilities. The
concepts available to datc are presented here as background information
on potential backfill desigrs and serve as a basis for revieuin? the
available backfil! concepts without the benefit of a detailed knowledge
of their respective performance characteristics.

The six selected backfill concepts (see Table 5.7) have been identified
in terms of tneir primary objectives, namely, providing attenuation of
water flow (W) or attenuation of radionuclide migration (RN) by
backfilling the wast2 emplacement hole or room, An additional concept,
a concrete floor slab extending into the fracture-affected rock zone,
may provide a further barrier to water flow and has been considered.

Within the present Engineered Barriers study, relevant properties have
been assigned to the backfill materials for use in performance
assessment; however, tne procedures required to achieve these
properties have not been addressed in that study.

5.5 SUMMARY OF ALTERNAT:VE BACKFILL SCHEMES
5.5.1 Introduction

Backfill schemes proposed by DOE, schemes typicallv utilized in industry
and other concepts beirc studied under Golder \ssociates' complementary
“Engineered Barriers" NKC contract hive been identified (Sections 5.2,
5.3, and 5.4, respectively). Tmis ection collectively appraises and
presents in summary form a concise set of alternative backfill schemes
representative of the wide range of practice reviewed. This set forms
the basis for subsequent 2vcluations in terms of functional and con-
struct fonal characteristics and their suitability to repository backfill
applicat ion, The exgrcted in-place properties of each alternative
backfill scheme have been .n/estigated and cummarized (seec Appendix D).
However, due to the large nurber of potential sariables, there is
significant uncertainty in this assessment, These value: are useful as
indications of magnitude and also for cumparing between alternative
schemes, but ae rot sufficient (nor have they been intended to be) for
design. Much work, which is outside the scope of this study, remains to
be done in determining in-place backfill properties under repository
conditions,

For discussion purposes, the set of schemes have been categorized in
terms of iocaiion [w.ste emplacement hole or room) and then primary
backfilling objective: (i.2., providing siructural support, water flow
attenuation or radionuclide attenuation). In this discussion, vertical
waste emplacement nd generic site conditions have been assumed;
variations for horizontal waste emplacement and media/site specific
conditions will pe discussed later (see Sections 6.5 and 6.3, respect-
ively). Also, while a large number of detailed backfill design
objectives have been identified (Section %,, the alternative backfill
schemes will be discussed in this section in terms of the three primary
objectives. The three types of backfill, with respect to the primary
objectives, can be defined as fo'low.:
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BACKFILL
CONCEPT
NO.

PRIMARY OBJECTIVELS) FOR BACKFILL CONC

EPT®

ALTERNATIVE MATERIALS FOR PRIMARY OBJECTIVES

Waste tmplacement
Hole Hackfil

Room Backfiil

Waste Emplacement Hole
Backfill Materials

Room Backfil]l Materials

1
2

-

No objective

-~

RN

No objective
as barrier

No objective
as barrier

50% Bentonite/50% Basalt

Bentonite
Bentonite
Concrete

Bentonite )with concrete
Bentonite )floor slab
Concrete )

Bentonite

10% Bentonite/90% Quartz
Concrete

50% Bentonite/50% Basalt

Clinoptilolite
Synthetic leolite
I11ite Clay

No Backfill

50% Bentonite/50% Basalt

Clinoptilolite
I1lite clay
ITiite clay

Citnoptilolite
Ilhite clay
[Nlite clay

Excavated Host Rock
(Run of Mine)

Excavated Host Rock
(Run of Mine)

Clinoptilolite
ITlite clay

RN = Primary objective 1s attenuetion of radionuclide migration

* LEGEND

W = Prima y objective 1s attenuation of water flow

(From ongoing work being performed by Golder Associates for the U.S. Nuclear Regulatory
Commission under Contract No. NRC-02-81-027.)
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e Structural backfill limits displacements of the waste emplacement
hole or rocn, or controls failure of the opening, i.e., prevents the
development of unstable collapse mechanisms.

e MWater flow attenuatiun backfill retards the seepage of water
Through the waste eup’acement hole or room.

® Radionuclicde transoort attenuation backfill suppresses the trans-

port of radionuclides wholly or partly by adsorption of radionu-
¢ lides.

5.5.2 Waste Emplacement Hole Backfill

The materials, procedures and schedules for waste emplacement hole
backfills have been summarized (see Table 5.8) and discussed, by primary
backfill object ive, in the following subs2ctions.

5.5.2.1 No Backfill

The case of no backfill in the annulus between the emplacemant hole and
waste package may be desirable during the retrievability period when the
need for removal of the waste package is regarded as a distinct possi-
bility. No backfi!l may also be desirable if the engineered barrier and
waste package scheme will not require the presence of backfill in terms
of structural support, water flow or radicnuclide transport attenuation,
or other parame.ers. For example, no backfill after retrievability,
allowing the i-place salt to creep towards the was'e package, has been
proposed for i salt repository (Parsons et al, 1978). Advintages of no
backfill plared around the wasie package 7 lude minimization of both
waste packaje temperature (due to lauk of insulation) and stress
transferred from the host rock to the waste package.

5.5.2.2 tructural Backfiil

Structur | backfill in the annulus detween the emplacement hole and
waste pic-kage would serve fte limit closure and stabilize the hole walls,
and Lrrreby maintain the integrity of the rock with respect to
contaiment/isolation and facilitete subsequent removal of the waste
packaje during retrievability (if required).

Matsrials with a r2litively high modulus deemed suitable for structural
backfill include:

8 Crushed or ex.dvated rock
e Sand-cement grout or concrete,

Placzment procedires for (rushed or excivated rock would decend on the
size of ‘he annulus and he particle size of the backfill., Crushiny may
be required .f the rock particles are *too large to be placed in the
annulus. One method of placing the crusted or excavated rock backfill
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MATERIAL /ADDITIVE

PROCEDURE S

L. NO BACKFiLL

2. STRUCTURAL BACKEILL

{a) Crushed or excavated
rock

i T —

(b} Sand-Cement grout or
wongrete

Placewent
= poured around waste package after package
w1 3 pment

wibigr v naey Do veuutresd L lovel butt ' I

“ompaction
vibration may be necessary

Placeamnt
= pumped o anuius SUrrousding waste packaye

Compaction:
= depending on consistency of grout o concrete,
vibration of sixture rdy Le necessary

After waste package emplacement

————— — — — — — —— -

Ater waste pachage enplacenent

3. WATER FLUW ATTENUATION BACKFILL

(a) Pre-forwed bentonite shapes
(sand or crushed rock may be
used to complete backfill
above the waste package
and/or to level bottom of
waste emplacement hole)

P — — — — — — — — — —

(L) Bentontte or bentonite/crushed
rock wiztures (amount of Crushed
ruck will depend on hydraulic
conducLivity required)

(send or crushed rock wmay be
used to complete backfill
shove the waste packaye
and/or te level bottom of
waste ewplacement hole)

Placement :

= ¢rushed rock 15 poursd 1n holc tu level bottos

= pre-formed bentonite shapes are lowered into
hole.

Compact ion
= Compaction at Lwe of Dackfill placerent 1n hole 1y
not required.

P e av v c— — o— — —— —— —— — o— —

Placenent

= Crushed rocs 15 poured in hole to level bottom of
the hole

- bentonite or wixture s poured around wasle
package 1n relatively dry state

Prior to waste pachage emplacement

Aftor waste package ewplacewent
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SUMMARY OF ALTERNATIVE BACKFILL SCHEMES

FOR WASTE EMPLACEMENT HOLES

Table 5.8
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would be to pour the crushed rock around the waste package. Adequate
compaction may be achieved by vibration, The backfill placement would
occur after the waste package has been placed; however, some backfill
may be needed prior to package placement to level the bottom of the hole
and/or provide the specified depth of emplacement.

Sand-cement grout or concrete would be pumped into place around the
waste package and thus must occur after placement of the waste package.
Vibration of the grout or concrete may or may not be necessary,
depending on its consistency.

5.5.2.3 Water Flow Attenuation Backfill

Water flow attenuation backfill in the annulus between the emplacement
hole and waste package would serve to limit water migration in the area
of the waste emplacement hole, primarily to reduce transport of releised
radionuclides, but also to reduce corrosion of the waste package.

Materials with a low value of hydraulic conductivity deemed suitable for
water flow attenuation backfill include:

e Pre-formed bentonite shapes
® Bentonite with or without crushed rock
e Sand-cement grout or concrete.

The placement procedure envisaged for the pre-former b .nt nite shapes
would be as follows, After the waste emplacement hole has been
dewatered, a small amount of crushed rock would be placed in the bottom
of the hole to provide a level, raised bearingsurface. The bentonite
shapes would then be placed in the hole to form a base pad and annulus
for the placement of the waste package. After placement of the waste
package, sand or crushed rock may be poured above and around rthe outside
edges of the bentonite to complete the backfill in the waste emplacement
hole.

The placement of bentonite, with or without crushed rock, would take
place after the waste package has been positioned. The bentonite in
this mixture would be either pellets, powder or a combination of the
two. The mixture of bentonite (pellets and/or powder) and crushed rock
should be relatively dry so that it could be poured into place around
the waste package. The waste emplacement hole should be dewatered prior
to backfill placement. A small amount of crushed rock may be necessary
to level the bottom of the hole prior to waste package placement. An
additional amount of sand or crushed rock may be placed over the
bentonite to complete the waste emplacement hole backfill.

Mechanical or vibratory compaction of the bentonite mixture in the hole
would be difficult. However, the top of the waste emplacement hole
should be completed in such a manner that the bentonite would be
constrained when expansion takes place in the presence of water.
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The placement of sand-cement grout or concrete would be identical to the

procedure outlined for structural backfill in waste emplacement holes,
with the exception that a second stage of grout may be necessary to fill
temperature-induced shrinkage cracks. Open cracks would be more
critical for water flow attenuation backfill than for structural
backfill,

5.5.2.4 Radionuclide Transport Attenuation Backfill

Radionuclide transport attenuation backfill in the annulus between the
emplacement hole and waste package would serve to retard the transport
of radionuclides by adsorption of the radionuclides by the backfill.

Materials with adequate adsorption capability deemed suitable for
radionuclide transport attenuation backfill include:

o Illite clay
e Clinoptilolite
e Zeolite (synthetic).

Placement procedures would be essentially identical for each material.
The bottom of the waste emplacement hole may be leveled with crushed
rock or the backfill itself. The annular backfill would be poured into
place after the waste package has been positioned. The backfill should
be relatively dry when placed. Mechanical compaction of the backfill
would be difficult. Vibratory compaction may work well in clinoptilo-
lite and zeolite, but have only limited success in illite.

5.5.3 Room Backfill

The materials, procedures and schedules for room backfills have been
summarized (see Table 5.9) and discussed, by primary backfill objective,
in the following subsections.

5.5.3.1 No Backfill

No backfill in the room may be justified if remining for retrievability
would be considered to be difficult or expensive and if the structural
support provided during excavation would be sufficient to support the
room throughout the life of the repository. It would also be necessary
that backfill in the room not be needed for water flow atienuation
and/or radionuclide transport attenuation.

5.5.3.2 Structural Backfill

Structural backfill in the room would serve to limit deformation and
control failure during the retrievability periods and/or during the
remaining life of the repository.
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SUMMARY OF ALTERNATIVE BACKFILL

SCHEMES FOR ROOMS

Table 5.9
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Materials with a relatively high modulus deemed suitable as structural
backfill in rooms include:

® Excavated or crushed rock

o Concrete

e Sand-cement grout (only proposed to fill voids in placed rock back-
fill or between the top surface of backfill and the room ceiling).

Procedures to place and compact (if necessary) the backfill would vary
with the material. The procedures would also be affected by the design
criteria of the backfill., For example, if littie or no roof displace-
ments are desired, the backfill should be relatively stiff and
completely fill the room. |[f higher strains can be tolerated, the
backfill may be more deformable, although a placement procedure that
completely fills the room would be preferred. These procedures can be
summarized as:

. If little or no roof strain is desired:

Mechanical placement and compaction, with backfill completely
filling room.

e If some roof strain can be tolerated:
- Mechanical placement; compaction can be performed, if desired.

- Hydraulic placement; vibratory compaction can be performed, if
desired, However, large quantities of water may be introduced
into the repository, which could be detrimental to repository
operations.

- Pneumatic placement, Operations of placement would no longer be
continuous if compaction is performed. Only relatively dry
backfills should be used with this procedure.

ine backfill placement schedule would be partly influenced by the
difficulty of remining for retrieval. That is, backfill may have to be
removed for retrieval of waste packages if the backfill has already been
placed. If it is especially difficult to remove or remine, the backfill
should not be placed until after the retrievability period unless the
openings will not stay open without it during the entire period.

Hence, crushed or excavated rock (without grout) may be placed prior to
or after the retrievability period, depending on the difficulty of
remining. Grout should only be injected or concrete backfill be placed
after the retrievability period.

5.5.3.3 Water Flow Attenuation Backfill

Materials with a low value of hydraulic conductivity deemed suitable for
water flow attenuation backfill in rooms include:
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e Pre-formed bentonite blocks
o Compacted (in-place) bentonite, with or without crushed rock
o Concrete.

Placement procedures for the pre-formed bentonite blocks have only been
considered subsequent to the manufacture and storage of the blocks. The
criteria governing the use of preformed bentonite blocks would be that
water entering the room not flow freely through the voids in the blocks
and that such water be initially imbibed by the bentonite until all
placement voids have been filled by the expanding clay. Thus, the
blocks should be of various sizes such that, when placed, the room would
be nearly filled. Structural bulkheads at openings breaching the room
would be required, as the bentonite would be expected to expand
considerably in the presence of water.

Procedures for placement and compaction of the bentonite, with or
without crushed rock, should also intend to completely Fill the room.
Acceptable placement systems would include ccnventional and low-profile
mining and construction equipment, conveyor belt systems and the
traveling shield apparatus, In each case, the material would be placed
and compacted in layers {either horizontal or inclined). The compaction
procedures should consider the optimum moisture content of the backfill,
Convent iona) compaction equipment would include sheepsfoot, rubber-tired
or drum rollers, as we'l as power tampers (portable or equipment
mounted) .

Crushed rock could be added to the bentonite, as desired. However,
crushed rock would change the backfill compaction and behavioral
properties. 0Of most importance, the hydraulic conductivity of the
backfill would usually increase with major additions of crushed rock.

Procedures for placement and compaction of concrete would include
mechanical placement or pumping techniques, with mechanical or vibratory
compaction techniques. Concrete could be compacted using rollers, which
is then often referred to as "roll-crete”. The concrete must completely
fill the room to act as a water barrier. It may be necessary to grout
shrinkage cracks that may occur in the concrete due to the increased
temperatures in the room. The use of expansion grouts or low-heat
concretes may significantly reduce the post-construction development of
potential leakage paths.

5.5.3.4 Radionuclide Transport Attenuation Backfill

Materials with adequate adsorptive capability deemed suitable for
radionuclide transport attenuation backfill in the room include:

e Illite clay
e Clinoptilolite
e Zeolite (synthetic).

The final selection of materials would depend on the radionuclides to be
attenuated and whether or not the relative hydraulic conductivity of the




room backfill significantly affects engineered barrier performance,
since illite would probably be less permeable than clincptilolite or
zeolite,

Placement procedures would vary for the materials chosen, but
mechanical, pneumatic and hydraulic placement procedures may be used for
all three materials with the exclusion of hydraulic placement of the
illite clay. Since the radionuclides would be expected to be
transported by water flowing in voids, placement procedures should
enable the room to be filled completely.

The use of hydraulic placement for clinoptilolite and zeolite may
introduce unacceptably large quantities of water into the repository.
Pneumat ic placement procedures may be used on all three materials, but
the illite must be relatively dry to be placed by this procedure,.
Possible mechanical placement procedures would include conventional and
low profile equipment, conveyor systems, the travelling shield
apparatus, centrifugal thrower and the fill pass method. However, the
illite clay must be relatively dry in order to use the centrifugal
thrower or the fill pass methods.

Compaction procedures would vary with the placement technique.
Compaction would not likely be performed in conjunction with the
centrifugal thrower, fill pass, pneumatic or hydraulic placement
methods. If compaction is desired, the placement would most likely
occur in lifts requiring interruptions to the above placement methods.
The centrifugal thrower, fill pass, and pneumatic placement methods
would then most Tikely utilize mechanical compaction procedures, whereas
hydraulic placement would utilize vibratory compaction. Compaction of
material placed by dozers or loaders would itilize mechanical compaction
equipment (rollers or tampers).

Schedule of placement for all three of these materials may be prior to
or after the retrievability period.




6. EVALUATION OF ALTERNATIVE BACKFILL SCHEMES
6.1 [INTRODUCTION

Alternative backfill schemes, consisting of materials and additives (if
any) and associated construction procedures, have been identified
(Section 5), based on DOE-proposed backfill designs, industry (both
mining and civil engineering) typical backfill schemes, and backfill
concepts identified under Gnlder Associates' complementary ”Engmeer_'ed
Barriers" NRC contract. In the following sections, these alternative
backfill schemes will be summarized and subjectively evaluated in order
to select several of the best backfill material/additive combinations,
for which appropriate construction and testing procedures will then be
identified and summarized. This will be accomplished by:

¢ Summarizing and then subjectively evaluating (in Section 6.2 and
Appendix E), in a preliminary fashion, each of the alternatiye
backfill schemes with respect to their perceived effectiveness in
achieving the generic backfill design basis (Section 3) using a
specific subjective evaluation methodology (Section 4).

e Identifying (in Section 6.3) the appropriate construction procedures
for those combinations of waste emplacement hole and room backfill
materials/additives which apparently are most effective in achieving
the generic design basis, based on the preliminary evaluation.

e Identifying (in Section 6.4) the test procedures which are approp-
riate for assessing backfill, as constructed, and verifying that the
design has been adequately implemented.

e Identifying (in Section 6.5) additional design and construction
considerations for horizontal waste emplacement .

6.2 PRELIMINARY EVALUATION OF ALTERNATIVE BACKFILL SCHEMES

6.2.1 Alternative Backfill Schemes

A list of viable backfill materials includes none, concrete, muck, sand,
bentonite, illite, and clinoptilolite/zeolite (synthetic). A list of
potential backfill additives includes none, sand-cement grout,
bentonite, illite, and clinoptilolite/zeolite (synthetic). The general
viability of each potential combination of backfill material and
additive, with respect to backfilling the waste emplacement hole or the
room, has been assessed (see Table 6.1), based on previous discussions
(Section 5) and judgement. The 12 most viable combinations have been
identified and summarized with respect to their primary objectives (see
Table 6.2); this study will subsequently be limited to consideration of
these backfill materials/additives, which are perceived to be most
viable., The rneral viability of each potential combination of the 12
selected backfill materials/additives in the waste emplacement hole and
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Table 6.1

VIABILITY OF POSSIBLE COMBINATIONS OF

BACKFILL MATERIALS AND ADDITIVES
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SUMMARY OF ALTERNATIVE BACKFILL —
MATERIALS AND ADDITIVES able 6.2




the room (a total of 144 combinations) has been assessed (see Table
6.3), again based on previous discussions (Section 5) and judgement.
The 60 most viable combinations have been identified and summarized (see
Table 6.4); this study will subsequently be limited to consideraticn of
these combinations of waste emplacement hole and room backfill
materials/additives, which are perceived to be most viable. It is felt
that these combinations offer a sufficiently large number and wide range
of viable alternatives for further study.

6.2.2 Results of the Preliminary Evaluation

The 60 most viable combinations of waste emplacement hole and room back-
fill materials/additives (Tabie 6.4) have been subjectively evaluated,
in a preliminary fashion, with respect to each one's perceived
effect iveness in achieving the generic backfil! design basis developed
and used in this study (Section 3) (see Appendix E). This preliminary
evaluat ion of apparent effectiveness has utilized a subjective but
explicit evaluation methodology (Section 4), which essentially consists
of:

@ Subjectively assessing the contribution each alternative backfill
scheme is perceived to have (relative to the other alternatives)
through its expected performance in achieving each weighted backfill
design objective, ranging from 0 (no contribution) to 1 (complete
achievement).

@ Multiplying the backfill scheme's perceived contributioun towards
achieving each backfill design objective by that objective's
relative weight, and then summing the products for all objectives to
determine the relative contribution of each backfill scheme towards
achieving the backfill design basis and thereby the repository
system performance objectives.

The results of this preliminary evaluation of the 60 most viable combi-
nations of waste emplacement hole and room backfill materials/additives
(Appendix E) have been summarized (see Table 6.5) in terms of the appar-
ent ef fect iveness of each alternative,

As previously noted, there is significant uncertainty in these results
due to the subjectivity in the assessments of toth the relative weight
of each backfill design objective (Section 3 and Appendix B) and the
perceived relative contribution to achieving each obhjective by any
backfill scheme (Appendix E). In addition to being subjective, both
assessments have been made based on preconceived repository design
concepts (specifically vertical waste emplacement), performance
assessment methodology, and generic site conditions; should these
premises change, the assessments may change. For example, the assess-
ments may change slightly for horizontal waste emplacement (see Section
6.5) or for different specific site conditions. However, for the pur-
pose of this study (i.e., a preliminary evaluation of alternatives for
comparison and subsequent selection of several top ranking ones for




VIABILITY OF POSSIBLE COMBINATIONS OF

ROOM BACKFILL MATERIALS/ADDITIVES
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Table 6.4
10f3

B |

SUMMARY OF ALTERNATIVE BACKFILL SCHEMES
CODE
ji
53 3
is 2 COMBINATION (see Table 6.3)
1:1 no backfill around waste : no room backfill
pack age
1:3 no backfill around waste : room backfilled with muck
package
ETEERCUL YT T Lo et it ks et A LSS A
2:1 concrete around waste package : no room backfill
2:2 concrete around waste package : room backfilled with concrete
2:2A concrete around waste package : room backfilled with concrete
& grouted
2:3 concrete around waste packaae : room backfilled with muck
2:3A concrete around waste package : room backfilled with muck &
grouted
2:38 concrete around waste package : room backfilled with muck
mixed w/bentonite
2A:2 concrete around waste package : room backfilled with concrete
& grouted
2A:2A concrete around waste package : room backfilled with concrete
& grouted & grouted
2A:3 concrete around waste package : room backfilled with muck
& grouted
2A:3A concrete around waste package : room backfilled with muck &
& grouted grouted
2A:38B concrete around waste package : room backfilled with muck
& grouted mixed w/bentonite
2A:5 concrete around waste package : room backfilled with
& grouted bentonite
3:d muck around waste package : no room backfill
3:3 muck around waste package : room backfilled with muck
3A:1 muck around waste package & : no room backfill
grouted
3A:3 muck around waste package & : room backfilled with muck
grouted
3A:3A muck around waste package & : room backfilled with muck &
qrouted grouted
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SUMMARY

OF ALTERNATIVE BACKFILL SCHEMES

Table 6.4
303

CODE
jd
£33
22
i 3 COMBINATION (see Table 6.3)
5:38 bentonite around waste package : room backfilled with muck
mixed w/bentonite
59 bentonite around waste package : room backfilled with
bentonite . ‘
5:6 bentonite around waste package : room backfilled with illite |
L——-----T-—--»-“ —_— — S EIO——
6:1 illite around waste package : no room backfill ‘
6:2 iliite around waste package : room backfilled with concrete
6:2A illite around waste package : room backfilled with concrete |
& grouted
6:3 illite around waste package : room backfilled with muck ‘
6:3A illite around waste package : room backfilled with muck &
grouted |
6:38 illite around waste package . voom backfilled with muck |
mixed w/bentonite |
6:5 illite around waste package : room backfilled with ‘
bentonite ,
6:6 illite around waste package : room backfilled with illite |
- -
7:1 clinoptilolite/zeolite around : no room backfill
waste package
7:2 clinoptilolite/zeolite around : room backfilled with concrete
waste package
7:2R clinoptilolite/zeolite around : room backfilled with concrete
waste package & grouted
7:3 clinoptilolite/zeolite around : room backfilled with muck
waste package
7:3A clinoptilolite/zeolite around : room backfilled with muck &
waste package grouted
7:38 clinoptilolite/zeolite around : room backfilled with muck
waste package mixed w/ bentonite
7:5 clinoptilolite/zeolite around : room backfilled with
waste package bentonite
7:6 clinoptilolite/zeolite around : room backfilled with illite
waste package
7:7 clinoptilolite/zeolite around : room backfilled with
waste package clinoptilolite/zeolite
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APPARENT EFFECTIVENESS OF ALTERNATIVE
BACKFILL SCHEMES

Table 6.5

RONM BACKFILL MATFRIAL/ADDITIVE (See Table 6.2)
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NOTE: The apparent effectiveness of each combination of waste emplacement hole

and room backfill materials/additives is based on a preliminary evaluation
(see Appendix E) using the subjective evaluation methodoloay developed

in this study (Section 4), and should be considered only as an approximate
indicator of the extent to which the generic backfill design basis used

in this study (Section 3) might be achieved by that combination. The
apparent effectiveness can range from 0, (no effectiveness at all)to 1.
(total effectiveness or complete achievement of the backfill design basis).
The key used to denote the apparent effectiveness is:

a .6 < Apparent Effectiveness

b o " " <.b
C N " y <. 5
d .35 " " <.4
e '25 " " <.3
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further study), it is felt that this approach is sufficient. In
addition, due to the large number of detailed objectives used in the
design basis, the results of the evaluation may be relatively
insensitive to uncertainties (or even errors) in the assessment of
specific objectives. Also, the approach has the distinct advantage of
being explicit and exposed, so that areas of disagreement can be
identified and hopefully resolved.

It is evident from the results of this preliminary evaluation (Table
6.5) that the radionuclide transport attenuation type backfills (i.e.,
illite, clinoptilolite or zeolite) might be most effective in achieving
the generic backfill design basis used in this study, while no backfill
might be least effective, Indeed, it is evident that for any type of
room backfill, the radionuclide transport attenuation type backfills
might be most effective around the waste package, with the water flow
attenuation type backfills (i.e., bentonite, muck/sand mixed with
hentonite, or concrete/muck/sand with sand-cement grout) being next 7ost
effective, Similarly, it is apparent that, for any type of backfil)
around the waste package, tne radionuclide transport attenuation type
backfills might also be most effective as room backfill, with the water
flow attenuation type backfills again being next most effective, These
evaluations, however, have been subjective and in any case relate to a
gener ic design basis; both the design basis and the subsequent
evaluations have been based on defined premises and perceptions, and not
on quantitative performance modeling. Also, this is a comparative
evaluation only, which can be used to suggest the best material/additive
combination for the given generic design basis, but it does not address
the acceptability of any (even the best) combination. Site-specific
quant itative performance assessment, which is outside the scope of this
study, would be necessary to address the acceptability of any scheme
and, 'n addition, the results of such assessments might change the
design basis and comparative evaluations.

Based on the results of the preliminary evaluation of alternative
backfil]l schemes, the backfill materials/additives with the highest
apparent effectiveness (i,e,, zeolite/clinoptilolite, bentonite, and
muck mixed with bentonite) have been selected for firther study; muck
with no additives has also been included for further study even though
its apparent effectiveness with respect to achieving the generic design
basis is not very high, because it has often been proposed by DOE
espec ‘ally in sait., These selected material/additives (see Table 6.6)
are <imilar to some of the other backfill materials/additives not
selected, For example, illite would be expected to utilize placement
procedures similar to bentonite, sand wuuld be expected to utilize
placement procedures and exhibit performance similar to muck, and sand
mixed with bentonite would be expected to utilize placement procedures
and exhibit performance similar to muck mixed with bentonite, The
alternative of no backfill has undertandably not been further considered
in this study of appropriate construction procedures and testing
methods.




APPARENT EFFECTIVENESS OF SELECTED
ALTERNATIVE BACKFILL SCHEMES

Table 6.6

IVE (See Tahle 6.2)

. 3 T
Ann{

A

WASTF EMDLACE™MEMT HOLE BACKFILL MATERIA|

RNOM BACKFILL MATERIAL/ADDITIVE (See Table 6.2)

7. Clinoptilolite/
Zeolite (synthetic)

38 Muck
3 Muck Mixed with | 5 Bentonite
8entonite
3 Muck d
3B Muck
Mixed with d C
Bentonite
5 Bentonite d C <
7 Clinonti-
lolite/ C b b a
leolite
(synthetic)
NOTE - This summary of the apparent effectiveness of selected backfill

schemes is based on a preliminary objective evaluation of how
well the generic backfill design basis might be achieved by
The apparent effectiveness, which is
very approximate, can range from 0. (no effectiveness at all)
to 1. (total effectiveness or complete achievement of the

each (see Table 6.5).

backfill design basis).
effectiveness is:

an o

s o,

A A A

Apparent Effectiveness
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6.3 SUMMARY OF ALTERNATIVE CONSTRUCTION PROCEDURES FOR SELECTED
BACKFILL MATERIALS/ADDITIVES

6.3.1 Introduction

Backfilling construction procedures associated with the various
DOE-proposed or industry typical backfill schemes have been previously
identified (Sections 5.2 and 5.3, respectively), and then summarized
(Section 5.5). In this section, alternative procedures are identified
and discussed for four selected backfil)l materials/additives, i.e.,
clinoptilolite/zeolite, bentonite, bentonite mixed with muck (excavated
host rock) and muck with no additives. These procedures, chosen from
those previously discussed (Section 5.5, Tables 5.8 and 5.9), include
backfill placement and conpaction, as well as preparation.

In this discussion of alternative procedures for selected backfill
materiais/additives, the following activities have been undertaken and
are discussed in the following subsections:

e Identifying (in Section 6.3.2) a list of procedures (i.e., for
placement and compaction) appropriate for waste emplacement hole and
room backfill, from among all those procedures previously
ident ified.

o Identifying (in Section 6.3.3) schemes (i.e., materials/additives
and procedures) appropriate for waste emplacement hole and room
backfill in various geologic media.

@ Discussing (in Section 6.3.4) details (including possible equipment)
of appropriate alternative backfill schemes, including preparation
of selected backfill materials/additives (in Sections 6.3.4.2),
placement/ compaction of selected types of room backfill (in Section
6.3.4.3), and placement/compaction of selected types of waste
emplacement hole backfill (in Section 6.3.4.4).

6.3.2 Appropriate Alternative Procedures

The identification of appropriate alternative procedures for back-
filling, from among those procedures previously identified (Section 5),
has taken into consideration the following assumptions:

e It will be required to completely fill the room with backfill for
structural, radionuclide transport attenuation, or water flow
attenuation objectives (unless the swelling notential of the dry
backfill upon wetting will cause filling of g¢,s).

o Expected environmental conditions (e.g., elevated temperatures,
radiation) will be allowed for in equipment design and will not
affect procedures or scheduling., DNewatering and ventilation
activities will continue during backfilling operations.




@ The emplacement holes will be backfilled prior to, during, or
shortly after vaste package placement and the rooms will be
backfilled during or at the end of the retrievability period.
Therefore, schedule of backfilling is not a consideration.

From among the previously identified available procedures, the following
have been identified as being appropriate (taking into account the above
assumptions):

e Waste Emplacement Hole Backfill Procedures

Mechanical placement (lowering into storage hole) of preformed
backfill shapes with compaction performed only during maanac-
turing; placement equipment would include hoists, loaders, lifts,
etc.

Mechanical placement (pouring) of dry/moist backfill below,
around and on top of waste package with no compaction; placement
equipment are unspecified.

Pneumat ic placement of dry/moist backfill below, around, and on
top of waste package with no compaction; placement equipment
would include specialized pneumatic backfill systems.

® Room Backfill Procedures

Mechanical placement of loose, dry/moist backfill with no compac-
tion; placement equipment would include some combination of
trucks, dozers, loaders, and conveyor systems.

Mechanical placement of loose, dry/moist backfill with compaction
in 1ifts (horizontal or inclined); placement/compaction equipment
would include some combination of trucks, dozers, loaders, con-
veyor systems, traveling shield, rollers, special tamping and
pressing equipment.

Mechanical placement of 6re-formed backfill shapes with compac-
tion performed only during manufacturing of shapes; placement
equipment would include lifts and loaders.

Pneumat ic placement of dry/moist backfill with no compaction;

placement equipment would include specialized pneumatic backfill
systems .

The other previously identified available procedures have not been con-
sidered to be appropriate for the following reasons:

® Waste Emplacement Hole Backfill Procedural Considerations

Compact ion (tamping, pressing, or vibratory) would probably be of
limited effectiveness and has been disregarded. Unless it is

deduced from laboratory testing that the density of the backfill
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is critical to desired performance, it is perceived that
compaction would be time-consuming and difficul®t Special
compaction equipment would need to be designed to fit around the
waste package (e.g., annular tamping weights or vibrators).
Also, compaction activities could be detrimental to package
integrity.

- The option of no backfill has been disregarded.

® Room Backfill Procedural Considerations

- Hydraulic placement has been disregarded due to the undesirabil-
ity of introducing large quantities of water into the reposi-
tory.

- The "Fill Pass" method has been disregarded due to the undesira-
bility of creating additional openings within the repository that
would eventually require sealing.

- Compaction cannot be efficiently utilized with a centrifuga!l
thrower or pneumatic placement.

- Special tamping and pressing equipment would be necessary to
compact backfill placed near and at the room ceiling, unless
pneumatic backfilling can be effectively utilized (at the
ceiling).

- The centrifugal thrower has been disregarded, as it appears that
it would be difficult to completely fill the room with backfill
using this method.

- The option of no backfill has been disregarded.

6.3.3 Appropriate Media Specific Alternative Backfill Schemes

Those backfill procedures which have been considered to be generally
appropriate (Section 6.3.2) have been considered for construction of
each selected combination of backfill materials/additives around the
waste package and in the room in various geologic media. For this
purpose, it has been perceived that basalt, tuff, and granite will be
sufficiently similar with respect to backfilling objectives and
conditions that they can be considered together as simply "hard rock."
Appropriate backfill schemes (1.e., backfill materials/additives in the
waste emplacement hole and in the room, and associated procedures) for
hard rock and for salt nave thus been identified, and summarized (see
Tables 6.7 and 6.8). Other combinations of backfill materials/additives
around the waste package or in the room and other procedures have not
been considered to be appropriate for the following reasons:

o Water flow attenuation type backfills (i,e., bentonite or muck mixed
with bentonite) will generally be inappropriate for backfilling of
repositories in salt,
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APPROPRIATE BACKFILL SCHEMES~- HARD ROCK Table 6.7
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APPROPRIATE BACKFILL SCHEMES- SALT

Table 6.8
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® viable alternative combtnations of materiale ’additives and procedures for
waste emplacement hole and room backfill
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® Pneumatic placement of bentonite or muck mixed with bentonite has
been considered to be inappropriate due to potential dust creation
and/or low backfill densities. Water added to circumvent the dust
problem might make the material too cohesive to transport by
pneumat ic procedures., It would be difficult to monitor pneumatic
placement sufficiently to ensure that the design has been achieved.

o Clinoptilolite/zeolite and muck would not be manufactured into
pre-formed shapes.

The resulting matrices (Tables 6.7 and 6.8) contain ten appropriate
combinations of waste emplacement hole and room backfill
materials/additives in hard rock and three in salt. Six generally
appropriate combinations of placement/compaction procedures for
backfilling waste emplacement holes and rooms have been identified for
each appropriate backfill material/additive combination. Thus, 3 total
of 60 alternative backfill schemes, which have been considered as
generally appropriate for backfilling repositories in hard rock, and a
total of 18 in salt have been identified.

This identification of appropriate alternative backfill schemes has been
based on the pre-selection of certain backfill materials/additives and
certain procedures, as well as on additional considerations which have
prec luded some combinations of these for certain media. Backfill
design, i.e.,, selection of materials/additives and appropriate
procedures, will require further definition of design objectives and,
hence, desired in-place backfill characteristics (under repository
conditions), as well as further evaluation of materials/additives and
procedures with respect to achieving these objectives,

6.3.4 Details of Appropriate Construction Procedures and Equipment

6.3.4.1 Introduction

Representat ive preparation procedures, selected placement/compaction
procedures and related equipment for the construction of room and waste
omplacement hole backfill have been identified and summarized with
respect to each material/additive. [t should be recognized that the
final selection of backfilling procedures, comprised of preparation,
placement and compaction activities, should optimize each activity with
respect to providing a system that is compatible in time, common
equipment use and capacity, as well as performance.

6.3.4.2 Preparation of Backfill

Preparation of backfill will be comprised of the following seq ntial
activities:

® Receipt at the surface of the repository site (including exca tion
and transportation of muck to the surface, if necessary)
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useful for operations and may complement or replace surface storage
depending upon the relative timing of surface preparation to
backfill placement, and the availability of underground space.

Transportation from the surface to the repository level-

The transport of mixed backfi11 should be carefully performed using
hoists and skips. The friction hoist system, using two skips on one
hoist, can often be automated and might be particularly useful.
However, the hoist and skip system in general would be more
sxpensive than the alternalive means of dumping backfill down pipes,
boreholes or chutes in or around the shaft, a component referred to
as a "slick" pipe. Transportation by a "slick" pipe will probably
lead to segregation of materials, particularly if a wide range of
particle sizes will be utilized, and thus remixing would be
necessary.

Underground preparation, including mixing and addition of water
and/or other backfill components-

Underground mixing (often remixing) of backfill would be desirable
from the standpoint that the backfill gradation can be better
controlled just prior to placement. Resizing (i.e., grading/no
crushing) of a singular component of the backfill might be required
if significant segregation has occurred during transport, so that
the proper gradation can be achieved. Given the partial duplication
of mixing, it may be desirabie for some backfills to be mixed
together underground solely. Mixing equipment may be of Lhe belt
type, particularly if components are fed onto the belt. DOrum-type
mixers may also be utilized. [t will be desirable to add water to
the backfill underground in order to facilitate transport and
maintain the water content during placement. High water contents
are not envisioned with these materials, but given the quantities of
material to be placed, a significant amount of water may be
required.

Loading and transportation to area to be backfilled-

Coading into haul/dump vehicles may be accomplished in a number of
ways, but will be somewhat dependent on the vehicle. In the case of
belly/side/end-dump trucks or rail cars, a system of surge/storage
bins cén be used to load the backfill. Some systems of transport,
such as conveyors, could load directly after the mixing belt. A
system of low-profile articulated front-end loaders appears to be
highly practical for mechanical placement. These loaders could be
loaded from a bin, but could also load themselves from a drawpoint,
which is an opening excavated above the room in which the vehicles
will be loaded. The backfill material would be stored in the above
opening and would fall to the room below via the drawpoint as
material is self-loaded into the front-end loaders from a small
storage pile of backfill,

More realistically, the entire load-haul-dump scheme may be a
comb:nation of the above, e.g., utilizing conveyors to a surge bin
(or draw point), trucks or rail cars to the room being backfilled,
and front-end loaders to the working face of backfill.
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require a manufacturing plant. Development of special pressing
procedures may be required for large shapes or due to the possible
addition of muck.

Storage-

orage of pressed blocks at the surface should be controlled to
prevent degradation of the backfill shapes from excess moisture,
handling, etc.

Transportation from the surface to the repository level-
Transport of pressed blocks should be via hoist and skip systems.

Underground preparation-

No underground mixing or addition of water/components will be
necessary, but some storage may be needed. As at the surface,
storage should not allow degradation of the backfill shapes.

Loading and transportation to area to be backfilled-

[oading and transport of backfill shapes could utilize fork-lifts,
front-end loaders, or winch systems for loading and a combination of
conveyors, rail cars, trucks, or front-end loaders for transport to
the backfill area.

6.3.4.3 Piacement/Compaction of Room Backfill

Appropriate procedures for placing room backfill can be divided into
mechanical and pneumatic placement, and will pe specific for the various
backfill materials/additives. Equipment and procedure’s considered
appropriate for placement of backfill in the room and associated
compaction(if required) for selected backfill materials/additives have
been identified, and their relative advantages and disadvantages
summar ized (see Table 6.9):

Muck -

It is perceived that the most feasible means to place muck in the
room would be via mechanical or pneumatic placement. The backfill,
if placed mechanically, may or may not require compaction (depending
on desired properties). If placed pneumatically, compaction would
not be feasible, but various degrees of density could be attained by
varying material characteristics and placement techniques.

Mechanical placement would include either:
= dumping/placing by load/haul vehicles and spreading by dozers
- dumping by conveyor belt systems and spreading by dozers.

Dozers would most likely be low profile front-end loaders with a
dozer attachment. The conveyor belt systems could be on the floor

or ceiling, but would have to be portable if the backfill is dumped
in the room and near the working face.
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Mechanical placement of loose,
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Load-haul-dump-place would he 3 relat wely
efficrent procedure; however, equipment (with
excepton of conveynrs, f ysed) must avord
completed emplacement holes

Relatively small amounts of water would be
required to facilitate compaction and dust
control,

Procedure would have little constraint, e.q.,
steeper backfill face to roof could be maintained
by dozer since no compaction specified.

Uniform, dense backfill can he achieved.
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Dperators must be protected from
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1ng on method of transport and
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Conveyor systems are relatively
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uppermost layer of backfill,
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k. ME THOD

ADVANTAGES

Mechanical placement of pre-formed
shapes

Pneumatic placement of loose dry or
moist backfill

With various st1zes of backfill shapes,

placement can be made next to roof using a

stackng operaton

Nust might be insignificant .

Backfilling would be continuous

Wide range of particle sizes could be used

tni1form, dense backfill can be achieved

The room can be completely filled.

o __DISADVANTAGES

—

o Operators must he protected from
eny rronment

e Operation may he less efficrent
and slower than others due to
required transporting and
stacking of specrfic shages

o Room would not he entirely
filled, Tvmiting this method to
swelling backfrlls,

o DNepending on percentage of fine-
graned material and type of
materi1al, placement may be
sensitrve to morsture content

e Method may be expensive, 1in
terms of energy and wear of
equipment

® Success of method depends on
type of materiral and operator
technique and experience

o DNust may be a problem

o Interface between crown and
backfill will probably not
be tight, unless swelling
materials or grouts are used

e 0AR/QC will be difficult to
monitor.
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The muck backfill material would be loose, probably well-graded (a
wide-selection of particle sizes from cobble to sand size) and dry.
A small percentage of moisture may be added to control dust and
facilitate compaction.

Mechanical compaction of muck backfill would include:
Toaa/haul/dump vehicle traffic and dozer traffic

low-profile compactors (rollers of various types, sheepsfoot,
smooth drum or rubber-tired)

boom-type plate compactors (static and/or vibratory)

special traveling shield.

L}

Compaction via traffic would only be adequate assuming proper
coverage of the backfill 1ift, The same concern would exist for
compactors; however, the compactors would be self-propelled or towed
explicitly for compaction and would attempt to cover the room width
and not rely on haul routes. A major concern for both procedures
would be that no compaction would be achieved for the uppermost
1ifts against the ceiling. A boom-type plate compactor would be
able to compact the forward face utilizing static force and/or
vibration, A traveling shield might be applicable as well. This
piece of equipment, which would need to be specially developed,
would feed material through the movable shield via an auger or belt,
and then compress the material against a fill fence or previously-
placed backfill, The traveling shield would probably only be used
for the uppermost layer. The exact height of this remaining (i.=.,
uncompacted) layer will be dependent upon the spe i€ic low prot.le
equipment utilized, but considering practically sized equipment
(e.q., front-end loaders ranging in bucket size from 1 to 17 cubic
yards) the remaining layer could be as great as 7 to 8 cet. In any
case, adequate compaction against the crown of an underground
opening will be difficult to ensure. lypically, even with careful
procedures, the interface between the crown and backfill will not be
tight,

Pneumatic placement of muck backfill would utilize specialized
pneumat ic backfill equipment. The equipment would require a feeder,
stower, blower, drive unit and associated pipe and nozzle. The
equipment is commercially available.

It appears that the success of pneumatic placement would be
dependent upon system design (i.e., power, exit velocity, etc.),
type of material and technique. Thus, prototype testing may be a
suitable option, especially to evaluite the density near the crown
and the interface between the crown and backfill. In any case, it
will be difficult to ensure that pneumatically placed backfill has
been constructed, and thus will perform, according to design.

The material for this placement would usually be dry (with only

enough moisture to control dust), generally less than 3 inches in
particle size, and with a minimum of fine-grained particles.
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Bentonite backfill of pellets and powder would be most likely placed
by mechanical means, incTuding a system of load/haul/dump vehicles
in combination with dozers, roller compactors, boom-type compactors
or a traveling shield. The procedure would be similar to that of
mechanical placement of muck, with the exception that if compaction
is necessary, it would require strict addition and control of
moisture content. The moisture content, added during the
preparation stage at the repository level, would need to match the
optimum moisture content for the desired properties and yet provide
a workable surface for construction. It should be noted that
vibratory compaction is unlikely to be effective 7V r this material
and that certain types of rollers (e.g., sheepsfoot) may be more
effective than other rollers (e.q., smooth-drum). A tight interface
between the crown and backfill could be achieved, due to the
swelling charactecistics »f the bentonite.

Pre-formed backfill shapes would arrive at the backfill area in
Toad/haul/dump vehicTes and would likely be placed by fork-1ift type
vehicles, front-end loader type vehicles (with optional grabbing
boom) or specially developed equipment. The pre-formed shapes would
be stacked to fill the room as completely as possible (which may
require various-sized shapes). Gaps between blocks might be filled
with loose bentonite powder. No compaction, other than contained
swelling of bentonite upon wetting, would be required.

e Clinoptilolite/Zeolite (synthetic)-

At the time of this report, the exact gradation and consistency of
zeolite (synthetic) or clinootilaolite is uncertain; however, it has
been assumed that the material would be granular. Thus, the
procedures for placing and compacting clinoptilolite/zeolite would
be identical to those for muck.

6.3.4.4 Placement/Compaction of Waste Emplacement Hole Backfill

Appropriate procedures for placing backfill in the vertical waste
emplacement hole are limited to:

(1) Mechanical placement of pre-formed backfill shapes
§2 Mechanical placement of dry backfill
3) Pneumatic placement of dry backfill.

Compaction of loose, dry backfill after placement (excluding pre-formed
shapes) has not been considered, as no existing procedure is readily
adaptable to such compaction nor has density of the backfill in the
waste emplacement hole been shown to be important. Some consideration
has been given to special equipment, such as an annular ring through
which the backfill would be placed and also through which a vibratory
and/or static force could be applied. Such a device would complicate
completion of emplacement, pernaps unnecessarily. For these reasons,
compaction of backfill in the emplacement hole has not been considered
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to be appropriate, and it has been assumed that other techniques can
suitably fill the hole with backfill in the space provided.

Equipment and procedures considered appropriate for placement of
backfill in the waste emplacement hole have been identified, and their
relative advantages and disadvantages summarized (see Table 6.10):

Muck -

Placement of muck would utilize mechanical or pneumatic placement of
dry backfill.

Mechanical placement would utilize either:

- Waste package transporter modified to pour the backfill material
around the waste package after the package has been positioned.
The transporter could have a portable storage bin and placement
guide that would fit into the emplacement hole, center the waste
package and guide the falling backfill around the waste package.
Some placement of backfill may be required prior to waste package
emplacement to level the hole bottom,

- Small front-end loaders to pour the backfill in conjunction with
a placement guide (similar to above).

Pneumatic placement would utilize equipment identical to that
described for pneumatic backfilling of rooms. Differences might
exist in the size of equipment (large capacity and force would not
be necessary) and in maximum size of particles used. Initial
pouring of backfill into the hole bottom might be necessary to
provide a level surface for the package. A centering guide would be
necessary to position the waste package during pneumatic placement.

Muck mixed with bentonite-

As in room backfilling, it is perceived that a mixture of muck and
bentonite would be placed depending on the relative percentages of
each material. A high percentage of muck would suggest using those
procedures applicable to muck by itself, and would also require dust
control and probably preclude the successful manufacture and storage
of pre-formed shapes. Conversely, a high percentage of bentonite
would suggest using those procedures applicable to bentonite by
itself,

Bentonite-

Placement of bentonite would likely include mechanical placement of
dry bentonite {in pellets or powder) or mechanical placement of
pre-formed backfill shapes. Pneumatic backfilling has been excluded’
due to excessive dust creation and the inability to achieve a mure
compact placement of the bentonite,
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Mechanical placement of loose dry bentonite (pellets or powder)
would be similar to the procedure for mechanical pTacement of dry
muck, i.e., various means of pouring the backfill into the hole.

Mechanical placement of pre-formed shapes would require the use of a
modified fork-1ift, front-end Toader or modified waste package
transporter with which to lower the shapes into the hole. Some
means (as describ.d in mechanical placement of loose, dry backfill
in the hole) may he required to place miscellaneous backfill to
level the bottom ot the hole and/or fill around the shapes. The
pre-formed shapes weuld be placed in position prior to waste package
emplacement .

o C(Clinoptilolite/Zeolite (synthetic)-

As in room backfilling, it is perceived that placement of zeolite or
clinoptilolite would utilize procedures essentially identical to
those for muck.

6.4 VERIFICATION OF BACKFILL DESIGN
6.4.1 Introduction

Verification will be required that the backfill design has been properly
implemented, i.e., that it has been constructed and will thus perform as
expected and achieve the intended backfill design objectives. This
verification can be provided by:

® Monitoring backfill construction (i.e., preparation, placement, and
compaction, if any)

o Determining the in-place characteristics of backfill (as construc-
ted), for use in predictive numerical performance models

® Measuring and extrapolating the results of backfill simulation
tests

® Monitoring actual backfill performance.

Althqugh all of these approaches may be necessary to adequately verify
the implementation of a specific backfill scheme, the primary emphasis
must be on the verification of in-place backfill characteristics, as

monitoring of either simulated or actual backfill performance will not
be timely.

6.4.2 Significant Backfill Characteristics

Those in-place characteristics of backfill (as constructed) which are
significant, and thus must be assessed to verify design, will be a
function of the backfill design objectives which the specific backfill
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® In situ testing
“ In situ performance monitoring.

Laboratory testing will be required to establish correlations between
the backfill performance characteristics under a specific set of
cenditions and the backfill physical characteristics. These laboratory
tests may be a part of a research program to assess backfill performance
Characteristics under expected repository conditions, as required for
design purposes; however, the tests must relate to values of physical
characteristics which can be rapidly and easily monitored during
consruction of the backfill. It may be necessary to also assess the
change in backfill properties from the time of construction to those at
future conditions.

Construction monitoring (i.e., inspection of preparation, placement, and
compaction) will be required to assess the quality of construction as
backfilling progresses. Tests should be a minimum in type, be rapidly
and easily performed, ana yield sufficient information to assess the
in-place physical characteristics (and thereby performance) of the
backfill, as constructed. Tie properties measured and their critical
values will be defined duriig laboratory testing.

In situ testing will be required to further assess the quality of
construction and compare measured values of backfill characteristics
(in-place) to those measured in laboratory tests and those used in
predictive repository modeling. In addition, Taboratory tests will
generally be limited in scale, as well as regarding physical
Characteristics; thus, in situ testing will generally be needed to
provide properties for more representative conditions. While
construction monitoring will be essentially continuous, relatively few
in situ tests will be performed, primarily to directly verify that the
desired backfill performance characteristics have been achieved.

In situ performance monitoring will be required to assess and verify
backf11T performance with actual longer-term conditions, assuming that
in situ tests will be completed in a relatively short time period. The
period of monitoring will be dependent on the time available between
backfilling and decommissioning.

General testing/monitoring methods which are available for assessing the
significant backfill characteristics have been identified (see Table
6.11). However, it should be recognized that not all of the identified
testing or monitoring methods will be necessary for a specific backfill
scheme. In fact, the selection of tests and monitoring to be performed
should be made on an individual basis. Tests and monitoring should not
be performed unless the results will be compared to expected performance
Characteristics, specified physical characteristics, or modeled
behavior. Hence, only those characteristics which are significant to
the given design should be focused on. The extent and schedule of
testing/monitoring, e.q., prior or subsequent to LA, will depend on the
level of confidence in satisfactory repository system performance
required for licensing purposes (especially at LA) and on the reliance




APPROPRIATE TESTING/MONITORING METHODS FOR
ASSESSING SIGNIFICANT BACKFILL CHARACTERISTICS  'able 6.11

SIGNIFICANT BACKFILL | LABORATORY | CONSTRUCTION IN SITU IN SITU PERFORMANCE
CHARACTERISTICS TESTS MONITORING TESTS MONITORING
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®00000

® primar{ testing/monitoring method
O possible secondary testing/monitoring method

NOTE: Performance characteristics are primarily a function of specific physical
characteristics. Appropriate testing/monitoring methods will depend on the
significance of each characteristic, which in turn will depend on backfill
design. It is unlikely that all of these identified methods will be
necessary for any given backfill scheme. The extent and schedule of testing/
monitoring, e.g., prior or subsequent to LA, will depend on the level of
confidence in satisfactory repository system performance required for
licensing purposes (especially at LA{ and on the reliance placed on backfill
in achieving this performance, neither of which have yet been clearly established.
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placed on backfill in achieving this performance, neither of which have
yet been clearly established.

Specific testing and monitoring have been identified in the following
section., Standard test methods for specified tests have been menticned,
where possible. The methodology and some of the test procedures are
similar to those described in the Task 2 report, "In Situ Test Programs
Related to Design and Construction of High-Level Nuclear Waste (HLW)
Deep Geologic Repositories" (Golder Associates, 1982c).

6.4.4 ldentification of Specific Testing and Monitoring Methods

6.4.4.1 Laboratory Testing

Laboratory tests for defining measurable physical characteristics assume
that the environmental conditions will be known and can be adequately
represented in laboratory tests. Further, it is often assumed for
simplicity in construction monitoring that the desired performance
properties can be adeguately correlated with the following measurable
physical characteristics:

® Mineralogy/additive content

o Backfill gradation and particle shape
® As-placed dry density

® As-placed moisture content,

Specific laboratory tests which can be utilized in the assessment of
significant backfill characteristics include:

® Mechanical Characteristics

- Strength/Deformation Tests - establish relationship of
deformation properties (e.qg., modulus of deformation) and shear
strength with type and gradation of backfill, density/porosity,
moisture content/degree of saturation, temperature, confining
stress, time, drainage conditions, etc.

The exact test details depend greatly on the backfill material
chosen and conditions required for the tests. A vast number of
laboratory tests for backfill materials are available and vary
greatly in complexity. Typical tests include unconfined
compression, triaxial compression, direct shear, simple shear,
torsional shear, and true triaxial (cubical) tests.

Recognized methods exist for these tests but vary somewhat
depending on conditions and available laboratory equipment.
Standardized test methods include:

Unconfined Compressive Strength of Cohesive Soil,
ASTM D2166-66 (1979)

Triaxial Test, ASTM D2850-70 (undrained only)

Direct Shear, ASTM D3080-72 (1979).







- Relative Density Tests (for soils relatively free [less than 12%]
of fine-grained backfill [less than #200 sieve]), e.g., ASTM
D2049-69

- Classification and Index Testing (as necessary), e.g.,
ParticTe Size AnalTysis of Backfill
Chemical Analysis of Pore Water.

It should be noted that conflicting optimums will often exist between
the sets of properties, that is, dual desirable characteristics (such as
modulus of deformation and hydraulic conductivity) may require
optimization of a property (such as moisture content) -t different
values. In these cases, a single characteristic must be optimized or
compromises must be selected for design. In addition, coupled behavior
between backfill characteristics occurs. Laboratory tests should be
able to assess the backfill performance characteristics for specific
sets of physical characteristics given the range of expected or existing
environmental conditions.

6.4.4.2 Construction Monitoring

It is assumed that the significant backfill performance characteristics
are primarily a function of backfill gradation and additive content, and
in-place dry density and moisture content. Hence, assessment and
control of these physical characteristics, as well as homogeneity/
variability, must be emphasized during construction monitoring.
Inherent in this assumption is that methods will be available to perform

:5ts at the backfill site and that a small laboratory will be available
at the repository level. Special tests may need to be derived depending
on selected backfill, procedures or conditions. Tests that could be
utilized include:

e (Classification of Emplaced Backfill, e.q.,
- ASTM D2488-69 (1975) (Visual Method)
- ASTM D422-63 (1972)
- ASTM D1140-54 (1971)
- ASTM D2487-69 (1975)
- Special procedures for rock fill

e Determination of Moisture Content, e.q.,
- ASTM D2216-80

e Determination of Dry Density, e.q.,
- ASTM D1556-64 (1974)
- ASTM D2167-66 (1977)
- ASTM 02937-71 (1976)
- ASTM D2922-78
- Special procedures for rock fill

e Other tests as required to verify specifications for backfills or
measure other correlative properties.
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6.4.4.3 In Situ Testing

The in situ tests required for this stage are not necessarily standard
or currently utilized. These tests represent existing concepts or
methods that may be readily modified for application to backfill in a
repository. In situ testing for site characterization was the topic of
Task 2 of this project (Golder, 1982c); this Task 2 study has been used
extensively in the identification of appropriate in situ tests for
verifying backfill design.

It has been assumed that in situ tests will be performed shortly after
placement/compact ion during tne retrievability period. In addition to
the specific test methods identified, large scale samples of constructed
(in-place) backfill can be obtained and tested in the laboratory. Other
suggested test concepts or methods that could be suitably modified for
repository backfill applications include:

® Mechanical Characteristics
- Deformation testing of room backfill on exposed surfaces, in

boreholes or small test openings. Existing test procedures that
may be applicable include:

Various jacking tests

Plate load tests (similar to jacking tests)
Borehole jack test

Pressuremeter tests.

Other, less advantageous tests include:

Seismic velocity testing, where values of modulus calculated
are representative only at very low values of strain

Cone penetration testing, where correlations of cone capacity
with modulus of deformation are required, as modulus of
deformation is not directly measured.

Special test procedures may be necessary to account for deforma-
tion of the nearby host rock during any test and also for coupled
behavior.

- Strength testing of room backfill on exposed surfaces or in
boreholes. Existing test procedures that may be applicable
include:

Plate load tests
In situ direct shear tests
. Pressuremeter tests.

Other less advantageous tests include:
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Cone penetration testing, where correlations of cone capacitly
with shear strength are required as strength is not directly
measured

Borehole shear tests, where the test measures only a small
volume of soil

Screw plate test, where correlations are required to determine
shear strength,.

Special test procedures may be necessary to account for the
presence of the host rock and for coupled behavior.

e Thermal Characteristics

- Heater tests in blocks or boreholes in rcom backfill to verify
thermal conductivity and/or other thermal properties. Special
procedures may be necessary to account for boundary conditions
(e.g., contact of host rock and yeometry of test instrumentation)
and coupled behavior.

® Hydrologic Characteristics

- Borehole permeability tests in room backfill to verify hydraulic
conductivity and/or other hydrologic properties. Special
procedures may be necessary to include problems associated with
backfill configuration/contact with host rock, saturation of
backfill and swelling of bentonite (if used), vertical and
horizontal components of permeability and coupled behavior.

® Geochemical Characteristics

- Radionuclide/tracer tests to verify adsorption of specific
radionuclides by backfill materials for actual repository

geometry/conditions. Special test procedures need to be
developed

Backfill objectives/designs that require a tight interface betwcen the
backfill and the roof of the opening present special problems in
testing. A test location near the roof may require that the orientation
of the test be changed (e.g., from vertical to horizontal). Such a
modification may cause significant changes in boundary conditions and
may require different analysis techniques or modifications to test
equipment /procedures. Placemert and compaction of backfill against the
roof is more difficult than elsewhere, and hence testing at the roof
should be emphasized.

It may be desirable to delay testing until environmental conditions

equilibrate or reach a peak (e.g., temperatures in the rock are expected

to reach their peak between about 5 and 50 years, dependin? on location,
1

media, thermal loading, etc.); this may not be logistically possible,
however .
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- none

- static mechanical compaction
- dynamic mecharical compaction
- vyibratory compdact ion

- electro-osme:is

- drainage Or consolidation.

Evaluation of clternative backfill schemes, with respect to achiev-
ing the gener (¢ backfill design basis. Etach of the viable combina-
tions of waste emplacemen® hole and room backfill materials/
additives has been preliminarily evaluated, as summarized in Table
6.5, using the subjective bu' explicit evaluation methodology. Based
on this preliminary eve'uat on, the four materials/additives
selected for further stu';, include:

- muck

- muck mixed with bentonite

- bentonite

- clinoptilolite/zeoliie (synthetic).

Appropriate dlternative combinations of procedures have been
discussed ard identified, as summarize” in Tables 6.7 and €.8, for
the use of the seiected materials/addi . ives in hard rock or salt.
The procedures and egiipment include only those combinations deemed

to be feasible and practical for achieving the generic backfill
design basis,

Verification of expectad backfill behavior is anticipated to occur
in four stage,:

- laboratory testing

- construction mvnitoring

- in situ testing

- in situ performance monitorirng.

Appropriate testing/monitoring nethods for each stage have been
discussed and ilentified, as summarized in Table 6.1,

Additional design/construction considerations for horizontal waste
emplacement have also been discussed, as given in Section 6.5.

7.2 CONCLUSIONS AND RECOMMENDATIONS

Golder Associates believes that a logical and explicit approach has been
utilized in this Task 5 study to:

Develop a generic desian basis for backfill sutficient for the pur-
poses of this study

Identify and discuss dit-rnative backfill sihemes

Comparatively evaluate the identified feasib'e aliernat > backfill
schemes with respect to tne design basis.
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Similarly, due to the potentially significant uncertainty inherent
in the subjective assessment of how well a backfill scheme achieves
each backfill design objective, uncertainties in this percentage
should alsc be assessed and incorporated in the comparative
evaluation of each backfill scheme.

Costs, although typically outside of NRC's jurisdiction, should be
estimated for alternative backfill schemes and subsequently
incorporated in the evaluation procedure, as previously discussed
herein.

The generic backfill design basis used in this study, and the
subsequent Comparative evaluations of alternative backfill schemes
with respect to achieving this design basis, should be refined for
site-specific conditions and designs. Similarly, the complete set
of weighted objectives for repository design/construction/operation,
if developed, should be refined on a site-specific basis for
optimization of design. In either case, the natural variability of
the site must be considered and ameliorating design contingencies
incorporated.

At some point, performance of the repository system, possibly
including a chosen backfill sgheme as an integral component, must be
predicted for a given site and evaluated with respect to established
system performance criteria. The pertinent aspects of backfill in
this site-specific quantitative performance assessment should be
identified, and the uncertainties assessed, in order to farilitate
the review of this performdnce prediction. Such guantitative
rerformance assessments could also be used to sufficiently refine
the backfill design basis for given site conditions in order to use
it to guide backfill design at any site.

Additional research should be conducted regarding the in-place

properties of backfill under repository conditions, e.g., retarda-
tion of specific radionuclides.
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GLOSSARY

Backfill - an integral engineered component of the repository system,
specifically one part of the engineered barrier system. As used
in this study, backfill includes material placed around the
waste package, in the mined openings and in tunnels, but not
including bulkheads, grouting, or material placed in shafts or
boreholes.

Backfill Design Basis - a comprehensive set of weighted backfill design
objectives. By optimizing backfill schemes with respect to this
design basis, optimization with respect to the repository system
performance objectives is achieved. Hence, the backfill design
basis could be used to guide backfill design or to comparatively
evaluate alternative backfill schemes.

Backfill Design Objectives - objectives for backfill performance which
have been explicitly derived from, and thus are directly related
to, the repository system performance objectives. By optimizing
backfill schemes with respect to these backfill design objec-
tives (i.e., the design basis), optimization with respect to the
repository system performance objectives is achieved. Hence,
these backfill design objectives should form the basis for
backfill design/implementation/verification, as well as for
comparative evaluations of alternatives.

Backfill Procedures - procedures for constructing backfill, i.e.,
implementing backfill design. These procedures inc lude
preparation, placement, and compaction, if any, of backfill.

Backfill Scheme - an appropriate combination of materials/additives,
procedures, and schedule.

Primary Backfill Objectives -

e Structural: to limit displacements of the waste emplacement
hole or room or to control failure of the opening, i.e.,
prevent the development of unstable collapse mechanisms.

e MWater flow attenuation: to retard the seepage of water
through the waste emplacement hole or room.

. Radionuclide transport attenuation: to suppress the
transport of radionuclides wholly or partly by adsorption of
radionuclides.

Repository Performance Subobjectives - objectives for repository system
performance which are subordinate to the two summary repository
system performance objectives. These repository performance
subobject ives have been explicitly derived from, and thus are
directly related to, the two summary repository system
performance objectives,
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Repository $ystem - the integration of all geologic/hydrologic and
engineered components which contribute to achieving the
repository system performance objectives.

Repository System Performance Objectives - the objectives related to
public safety which must be achieved by the performance of deep
geologic repositories for permanent disposal of high level
nuclear waste (HLW). These performance objectives can be
summarized as:

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

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

Other performance objectives can be considered as subordinate to
these two summary performance objectives.

Repository Variab!ss - those aspects of the repository system related to
either site screening/selection or repository design/construc-
tion/operation, by which the repository system performarce
objectives are achieved.

Repository Variable Objectives - objectives for repository variables
which have been derived from, and thus are directly related to,
the repository system performance objectives. By optimizing
repository variables with respect to these repository variable
objectives, optimizaticn with respect to the repository system
performance objectives is achieved. Hence, these repository
variable objectives should form the basis for site screening/
selection and repository design/construction/operation, as well
as for comparative evaluations of alternatives.

Sovereign (Sub)Objective - a (sub)objective whose achievement is contri-
buted to by some other (sub)objective, which is termed iLhe
subordinate (sub)objective.

Subordinate (Sub)Objective - a (sub)objective which contributes to

achieving some other (sub)objective, which is termed the
sovereign (sub)objective.
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In turn, it might be determined that generally:
a =g(l, m n)

where, e.9.:
1 total initial radionculide content

o

m = opportunity to detect and mitigate waste packages which will
not perform satisfactorily
n = corrosion/leaching of waste packages.

1f, as discussed above, the objective were to now minimize "a" as
much as is reasonably possible (in order to minimize "x"), the form
of the function "g" might, for example, dictate a comprehensive set
of subobjectives consisting of decreasing each of "1" and "n" and
increasing "m". These three subobjectives could thus replace the
objective of decreasing "a", so that in order to minimize "x" as
much as is reasonably possible, “1" and “n" would be decreased and
“b*, "c", "d", and "m" would be increased; i.e.:

x = f(g(1, m, n}, b, ¢, d)

Similarly, functions for "b", "c", and "d" might be determined.
Then in turn, functions for "1", "m", and “n", as well as for "b",
“e", and “d", might be determined, and subobjectives dictated by
their form, and so on. In this way, the manner in which each of
the repository variables contributes to achieving the repository
system performance objectives can be established.

lsing the above approach, a hierarchy of performance subobjectives has
heen developed through several levels of detail (see Figure A.2), based
on assumed repository design concepts and performance assessment
methodology (see Section 2 - Main Text); should these premises change,
this hierarchy may change, especially at the more detailed level.

The performance subobjectives at the most detailed level in the
ident ified hierarchy (Figure A.2) can be further broken down eventually
to objectives related solely to either site screening/selection or
repository design/construction/operation. As the corplete development
of this hierarchy of performance subobjectives is outside the scope of
this study, only those performance subobjectives which are perceived to
be significantly related to backfill have been further investigated.

In this Appendix A, the following performance subobjectives (Figure A.2)
have thus been further broken down:

1.3.2 (see Figure A.3)
1.3.3 (see Figure A.4)
1.3.4 (see Figure A.5)
1.4.1 (see Figure A.6)
1.4.2 (see Figure A.7)
1.4.3 (see Figure A.8)
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4 (see Figure A.9)

2 (see Figure A.10)

.3 (see Figure A.11)
.2.1 (see Figure A.12)

2 (see Figure A.13)

1 (see Figure A.14)

2 (see Figure A.15).

1.4
2.1
2.1
2.2
2.2
2.3
2.3

In the breakdown of these performance subobjectives, a subordinate
performance subobjective may be reached which is common to many. Rather
than repeating the further breakdown of these common performance

subobjectives, the breakdown has been referenced and i1lustrated once
(see Figures A.16 to A.70). Hence, in each case, the performance
subobject ives have been broken down to common performance subobject ives

(which are referenced and further broken down elsewhere) or subobjec-
tives unrelated to backfill (which are not further investigated) or
backfill design objectives (which are culmination points). If all
performance subobjectives had been broken down completely, then compre-
hensive sets of objectives related solely to either site screening/
selection or repository design/ construction/operation (i.e., the
repository variables) would have been identified; backfill design
objectives simply constitute a suhset of the repository design/
construction/operation objectives. A code has been used to identify
each common performance subobjective, which indicates the scale of
concern (room scale or waste package scale) and the time period of
concern (during the retrieval period, post decommissioning to
resaturation, or post resaturation). A similar code has been uced to
identify each backfill design objective. This code indicates the
subject of concern (schedule, procedures, mechanical characteristics,
thermal characteristics, hydrologic characteristics, or geochemical
Characteristics), the scale of concern (room scale, waste package scale,
or both), and the period of concern (during retrieval period, post
decommissioning to resaturation, or post resaturation).

An annotated hierarchy of repository performance subobjectives and
backfill design objectives to the two summary repository system summary
performance objectives has been developed (see Table A.1). Hence, each
occurrence of a backfill design objective has been explicitly derived
from, and thus can be related to, the two summary repository system
performance objectives, However, the breakdown of the referenced common
performance subobjective down to backfill design objectives has simply

been summarized, as this breakdown somet imes proceeds through numerous
levels and in some cases loops.

The backfill design objectives have subsequently been summarized with
respect to the three areas of concern (i.e., subject, scale, and
period), and the specific sovereign performance subobjective(s) (Figures

A.3 to A.70) for each has been indicated (see Table A.2) for reference
purposes.

It shoulq be noted that the complete hierarchy of performance
subobjectives, culminating in backfill design objectives, is relatively

A-3



complex (Figures A.2 to A.70). In fact, not only are specific common
performance subobjectives referenced at various levels in this
hierarchy, but in some cases a loop is formed, e.g., x is subordinate to
y which may eventually be subordinate to x again. Also, it is apparent
that specific backfill design objectives are subordinate to different
performance subobjectives, i.e., for different reasons (Tables A.1 and
A.2). It is 3also apparent that some backfill design objectives are
contradictory, i.e., maximize increase (or minimize decrease) for one
reason and maximize decrease (or minimize increase) for another reason.
As suggested, some backfill design objectives might be considered as
active (e.g., maximizing generally connotes active involvement ), whereas
others might be considered as passive (e.g., minimizing generally
connotes passive involvement).

It must be emphasized that the hierarchy of performance subobjectives,
culminating in backfill design objectives, has been developed based on
assumed repository design concepts and performance assessment
methodology (see Section 2.0 - Main Text). Should these assumptions
change, this hierarchy may change, especially at the more detailed
level. Hence, the identified backfill design objectives should be
considered valid only for the given repcsitory design concepts and
performance assessment methodology. Areas of technical disagreement
regarding backfill design objectives can be identified using this
framework and resolved, e.g., by adding, deleting, or modifying specific
performance subobjectives.

Hence, a comprehensive set of backfill design objectives has been
identified (Table A.2). The relationship of each backfill design
objective to the two summary repository system performance objectives
has been clearly established within the context of backfill as an
integral component of the repository system (Table A.1). These backfill
design objectives will form the basis for backfill design, and for the
avaluation of the implementation and verification of that design, as
will be used in this study. The significance of each tackfill design
objective, with respect to achieving the repository system performance
nbjectives, is discussed in Appendix B.
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DEVELOPMENT OF A HIERARCHY OF
PERFORMANCE SUBOBJECTIVES (EXAMPLE)
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Figure A.1
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DEVELOPMENT OF REPOSITORY PERFORMANCE

SUBOBJECTIVES AND BACKFILL

OBJECTIVES TO PERFORMANCE SUBOBJECTIVE 1.3.2

DESIGN

Figure A.3

(Refer to Figure A.2)

1.3.2)

- fire

operation)

[Maximize] prevention of
underground hazards of:

- equipment malfunction
(during construction/

[Maximize] prevention of underground
hazards of:

- fire

- equipment malfunction

(initial excavation through waste
emplacemeni )

[Maximize] prevention of
underground hazards of:
- fire

- equipment malfunction
(during retrieval period)

verestIetetseng

[Maximize] use of safe/ |[Maximize] use of safe/
reliable equipment for reliable equipment for
backfilling (during re- |all other activities
trieval period) (during retrieval period)

[Backfill design objec-
tive bpl-1]

Note: Refer to Figure A.2 for definit
subobjectives related to backfi

been referenced and futher broken down elsewhere.

objectives unrelated to backfi!l
markedewwwas.

fons and assumptions. Only those performance
11 have been investigated, some of which have

hose performance sub-

1 have not been further investigated, anc are
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(Refer to Figure A.2)

1.3.3)

[(Maximize] stability of
ynderground opening
(i.e., minimize rock
falls or coilapse, on
room scale) {during
Construction/operation)

ILL

auvd
CHITRRIKEAY

[Maximize] stability of underground |(Minimize] decrease in stability of
opening (i.e., minimize rock falls underground opening
or collapse, on room scale) (initial |(during retrieval period)

excavation through waste emplacement)

{room scale)

[Maximize] increase in stability
of underground opening (room
scale) (during retrieval period)

[Minimize] decrease in
ratio of rock mass
strength to shear stress
around underground open-
ing (room scale) (during
retrieval period)

[Minimize] increase in
number and size of kine-
matically possible rock
blocks in roof/sides of
underground opening
{room scale) (during
retrieval period)

[Maximize] mitigation of
previously undetected
kinematically possible
rock blocks (room scale)
(during retrieval period)

| ing (room scale) (during

[Maximize] increase in
ratio of rock mass
strength to shear stress
around underground open-

retrieva. period)
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DEVELOPMENT OF REPOSITORY PERFORMANCE
SUBOBJECTIVES AND BACKFILL DESIGN Figure A.4
OBJECTIVES TO PERFCRMANCE SUBOBJECTIVE
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behavior) of ture) acting design package {Quring {during
waste package | on waste objective] (during retrieval retrieval
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period) retrieval (during package {during (during
period) retrieval {during retrieval recrieval
riod) retrieval period) period)
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BH1 LH1 Note: Refer to Figure A.2 for definitions and assumptions. Only those performance

subobjectives related to backfill have been investigated, some of which have
been referenced and further broken down elsewhere. Those performance sub-
objectives unrelated to backfill have not been further investigated, and are
marked oo v
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1( DEVELOPMENT OF REPOSITORY PERFORMANCE i
| SUBOBJECTIVES AND BACKFILL DESIGN Figure A. 6
iL OBJECTIVES TO PERFORMANCE SUBOBJECTIVE 1.4.1
|
! |
\Refer to Figure A.2)
1.4.1)
(Maximize] early detec
tion (i.e., warning) of
underground hazards of
- sudden water inflows
- gas
« fire
- radiation exposure
- equipment malfunction
(including hoisting,
transportation,blasting,
ventilation/cooling,etc.)
(during construction/
operation)
(Maximize] early detection (i.e., (Maximize] early detection (i.e.,
warning) of underground hazards of warning) of underground hazards of
sudden water inflows = Sudden water inflows
~ gas - gas
- fire -« fire
- radiation exposure - radiation exposure
- equipment malfunction - equipment malfunctic
(including hoisting, transportation, (including hoisting, .ransportation,
blasting, ventilation/cooling, etc.) blasting, ventilation/cooling, etc.)
(initial excavation through waste (during retrieval period)
emplacement) .
Y
[Maximize] monitoring of (Maximize] monitoring of
potentially hazardous potentialiy hazardous
underground conditions as underground conditions
backfilling occurs (during| with other activities
retrieval period) (during retrieval period)
[Backfill design objectivel
DDJ-l]
Note: Refer to Figure A.2 for definitions and assumptions. Only those performance
subobjectives related to backfill have been investigated, some of which have
| been referenced and further broken down elsewhere Those performance sub-
’ objectives unrelated to backfill have not been further investigated, and are
| nrked wrms
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DEVELOPMENT OF REPOSITORY PERFORMANCE
SUBOBJECTIVES AND BACKFILL DESIGN

’ Figure A.7
OBJECTIVES TO PERFORMANCE SUBOBJECTIVE 1.4.2

(Refer to Figure A.2)

1.4.2)

[Maximize] quick and
efficient mitigation of
detected underground
hazards (during con-
struction/operation)

waste emplacement)

[Maximize] quick and efficient miti-
gation of detected underground
hazards (initial excavation through

[Maximize] quick an¢ efficient miti-
gation of detected underground
hazards (during retrieval period)

[Maximize] quick and
efficient mitigation of
detected underground
hazards as backfilling
occurs (during retrieval
riod)
Backfill design objec-
) tive bp3-1)

[Maximize) quick and
efficient mitigation of
detected underground
hazards with other ac-
tivities (during
retrieval period)

AL S -

Note: Refer to Figure A.2 for definitions and assumptions. Only those performance
subobjectives related to backfill have been investigated, some of which have

been referenced and further broken down elsewhere,

Those performance sub-

objectives unrelated to backfill have not been further investigated, and are

marked wow..
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[Repository

design

objective]

[Delay and [(Minimize]
minimize) all aother
backfilling tunnel block-
of tunnels age along
along pos- possible
sible egress egress routes
routes (during
(during retrieval
retrieval period)
period)

[Backfill

design

objective
bsrid-1]

Only those performance

subobjectives related to backfill have been investigated, scme of which have
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DEVELOPMENT OF | ©POSITORY PERFORMANCE
SUBOBJECTIVES AND BACKFILL DESIGN
OBJECTIVES TO PERFORMANCE SUBOBJECTIVE 2.3.1

Figure A.14

i

(Refer to Figure A.2)

2.3:.3)

[Maximize] total surface
area of adsorbing
materia) along flow path
from waste package to
accessible envircnment
(post-resaturaticn and
relesse)

e

[Maximize] surface area of backfill
adsorbing matarial along flow path
from waste package to accessible

environment (post-resaturation and

[Maximize] surface area of host rock
adsorbing material along flow path
from waste package to accessible
environment (post-resaturation and

release)

release)

——ig

ares of flow path from
waste pachage through
backfil]l adsorbing
materral (1.e., maximize
volume of backfill)
(post-resaturation and

[Maximize] cross-sect\onallllo-|ntze] length of flow

path from waste package
through backfill aasorb-
ing material (post-
resaturation and release)
(Backfi1] design objec-
tive bgl-3)

[Maximize) surface area
per unit volume of back-
fill adsorbing material
along *low path from
waste package (post-
resaturation and
release)

release) [Backfill design
(Backfil)l design objec- objective bgl-3)
tive bg2-1)
Note: Refer to Figure A.2 for definitions and assumptions. Only those performance

subobjectives related to backfill have been tnvc!tigalﬁd. some of which have

been referenced and further broken down elsewhere.

hose performance sub-

objectives unrelated to backfill have not been further investigated, and are

markedo s
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DEVELOPMENT OF REPOSITORY PERFORMANCE
SUBOBJECTIVES AND BACKFILL DESIGN
OBJECTIVES TO PERFORMANCE SUBOBJECTIVE 2.3.2

Figure A.15

(Refer to Figure A.2)

2.3.2)

[Maximize] adsorption
potential of material
along flow path from
waste package to acces-
sible environment (post-
resaturation and release)

[Maximize] adsorption potential of
backfill along flow path from
waste package to accessible
environment (post-resaturation and
release)

[Backfil)l design objective bgd-3)

Note: Refer to Figure A.2 for definitions and assumptions.

[Maximize] adsorption potential of
host rock along flow path from
waste package to accessible en-
vironment (post-resaturation and

release)

Only those performance

subobjectives related to backfill have been investigated, some of which have

been referenced and further broken down elsewhere.

Those performance sub-

objectives unrelated to backfill have not been further investigated, and are

markedeos..
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Figure A.16
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DEVELOPMENT OF REPOSITORY PERFORMANCE
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE AR
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Refer to Figure A.2 for definitions and assumptions

Only those performance subobjectives related to back-

fi1]l have been investigated, some of which hive beer
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performance subobjectives unrelated to backfill have
not been further investigated, and are mirked mwmwmw
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y[DEVELOI'-’MENT OF REPOSITORY PERFORMANCE
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE AR?2

Figure A.17

ARZ
(Minimize]
increase n Note: Refer to Figure A.2 for definitions
shear stress and assumptions. Only 1 2se perfor-
in rock mass mance subobjectives related to back-
around fi11 have been investigated, some
underground of which have been referenced and
opening further broken down elsewhere.
(room scale) Those performance subobjectives
(post unrelated to backfill have not
decommis- been further investigated, and
sioning to are marked amwmwmw -
resaturation)
[Minimize) [Minimize) [Minimize] [Minimize) [Maximize)
increase in increase in decrease in other increase in
in situ thermal support increase in support
stress stress in pressure shear stress pressure
(post rock mass (room scale) in rock mass (room scale)
decommis- around (post around (post
sioning to underground decommis~ underground decommis-
resaturation) | opening sioning to opening sioning to
[Site (room scale) |resaturation) | (room scale) resaturation)
selection (post (post
objective] decommis- decommis -
sioning to sioning to
resaturation) resaturation)
[Minimize] [Minimize) [Minimize] [Minimize] [Maximize) [Maximize)
temperature thermo- decrease in decrease 1in increase in other
increase in mechanical support suppert support increase in
rock mass response pressure pressure pressure support
around of rock mass provided by provided by provided by pressure
underground around initial backfill backfill (room scale)
opening underground support (room scale) {room scale) {post
(room s~ +le) opening (room sci'e) (post (post decommis-
(post (room scale) | (post decommis- decommis- sioning to
decommis- (post decommis- sioning to sioning to resaturation)
sioning to decommis- sioning to resaturation) resatyration)
resaturition) | sioning to resaturation) | [Backfil) (Backfill
resaturation) design design
[Site objective objective
selection bmr2c-2] bmr2b-2]
objective)
R S
KR2
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DEVELOPMENT OF REPOSITORY PERFORMANCE Figure A.18
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE AR3
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post
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[M mize Minimize Minimize (M mize [ Ma x ze )
temperature thern APCrease r jecrease ir increass r
ncrease 1 mechanica support Jpport support
rock ma response of pressure pressure pressure
around rock mass provided by provided by provided Dy pressu
ynderground around initial backfill backfill room scale
opening underground support room scale roon scale (post
(room scale pening room scale {post post resaturatior
. (post ' scale) |post resaturatior resaturation
resaturatior post resaturation [Backfil) [Backfill
design
tive objective
bmr2b-3]
j |
Note: Refer to Figure A.2 for definitions and assumption
RKJ Only those performance subobjectives related to back-
fi1] have been investigated, some of which have beer
referenced and further broken down elsewhere Those
performance subobjectives unrelated to backfill have
not been futher investigated, and are marked fmwawe
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SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
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DEVELOPMENT OF REPOSITORY PERFCRMANCE Figure A.20
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE AOR?2
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| DEVELOPMENT OF REPOSITORY PERFORMANCE
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE AOR3

Figure A.21

[Maximize] [Maximize]
temperature thermo-
increase n mechani
rock mass response of
around rock ma
underground around
opening underground
(room scale) opening
(post {room scale
resaturatior {post
resaturatior

T S T

to 2 for definitions and assumptions

those performance subobjectives related to back-
fill have been investigated, some of which have been
referenced and further broken down elsewhere Those
performance subobjectives unrelated tc backfill have
not been further investigated, and are marked mwmwmw




DEVELOPMENT OF REPOSITORY PERFORMANCE
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE AH1

Figure A.22 |
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other
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stress in
rock mass
around
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(during
retrieval

D : |
per

[Minimize] | [Minimize]
temperatyre thermo-
increase in mechanical
rock mass response of
around rock mass
emplacement around

hole emplacement
{during hole
retrieval during
period) retrieval
period
Site
selection
objective] ot Refer to Figure A.2 for definitions
and assumptions. Only those perfor-
mance subobjectives related to back-
fill have been investigated, some

of which have been referenced and
further broken down elsewhere

Those performance subobjectives
unrelated to backfill have not

been further investigated, and

are marked awmwmwmy
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EVELOPMENT OF REPOSITORY PERFORMANCE Figure A.23
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
REFERENCED COMMON PERFORMANCZ SUBOBJECTIVE AH2 |
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DEVELOPMENT OF REPOSITORY PERFORMANCE Figure A.24

SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
REFERENCED COMMON PERFORMANCE SUBCBJECTIVE AH3

AH3

[(Minimize]

increase in

stress in

rock mass

around

emplacement

hole

(post

resaturation)
[Minimize) [Minimize] [Minimize]
increase in increase in other
in situ thermal increase in
stresses stress In stress in
(post rock mass rock mass
resaturation) | around around
[Site emplacement emplacement
selection hole hole
objective) (post (post !

resaturation) | resaturation)

TR

[(Minimize] [Minimize]
temperature thermo-
increase n mechanical
rock mass response of
around rock mass
emplacement around
hole emplacement
(post hole
resaturatinn) | (post

resaturation)

[Site

selection

objective]

KH3

Note:

Refer to Figure A.2 for definitions and assumptions.

Only those performance subobjectives related to back-
fi1l have been investigated, some of which have been

referenced and further broken down elsewhere.

Those

performance subobjectives unrelated to backfill have
not been further investigated, and are markedymwmwm
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DEVELOPMENT OF REPOSITORY PERFORMANCE
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE BR1
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Figure A.25 |

(Maximize)
1":7‘96)'1 n
support
pressure
room scale)
guring
retrieval

period)

[Maximize
support
pr ure
provided by
backfill
(room scale)
(during
retrieva)
period)
[Backfil)
design
objective
bmr2a-1]

S— % % % ¥ TX)

[Maximize]
other
increase in
support
pressure
(room scale)
(during
retrieval
period)

Refer to Figure A.2 for definitions and assumptions
Only those performance subobjectives related to back-
fill have been investigated, some of which have been

referenced and further broken down elsewhere
perfoinance subobjectives unrelated to backfil

Those
have

not been further investigated, and are markedmwmwmw

A

A-29




DEVELOPMENT OF REPOSITORY PERFORMANCE Figure A.26 ‘

SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
REFERENCELC COMMON PERFORMANCE SUBOBJECTIVE BR2

BRZ
[Minimize)
decrease 1in
Combress Y€ | Note: Refer to Figure A.2 for definitions
rock mass and assumptions Cnly those perfor-
aveand mance subobjectyves rg!ated to back-
underground fill have been investigated, some
opening of which have been referenced and
(room scale) further broken down e!seuhefe.
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REFERENCED COMMON PERFORMANCE SUBOBJECTIVE BR3
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' SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
| REFERENCED COMMON PERFORMANCE SUBOBJECTIVE

Figure A.28
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=3 DEVELOPMENT OF REPOSITORY PERFORMANCE Figue A.31
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
{::‘:;7;:{ REFERENCED COMMON PERFORMANCE SUBOBJECTIVE CR1
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DEVELOPMENT OF REPOSITORY PERFORMANGE
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE CR3

Figure A.33
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DEVELOPMENT OF REPOSITORY PERFORMANCE Figure A.34
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE DR1
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| DEVELOPMENT OF REPOSITORY PERFORMANCE
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
| REFERENCED COMMON PERFORMANCE SUBOBJECTIVE DR2
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" Figure A.35
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DEVELOPMENT OF REPOSITORY PERFORMANCE Fogure A 36
' SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
REFERENCEC COMMON PERFORMANCE SUBOBJECTIVE DR3
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DEVELOPMENT OF REPOSITORY PERFORMANCE  Figwe A.37
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
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DEVELOPMENT OF REPOS.TORY PERFORMANCE Figure A JBi
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO :
[REFERENCED COMMON PERFOFMANCE SUBOBJECTIVE ER2

!

wasle paciage
(post
Je omgr
foning ©
Also Available On

Aperture Card

[Maximize
ntegrity of
tunne) | iner

f any
{post
secom TI
apen ing stoning t

( om scale - saturation “"'a""‘l'm

ning t
resaturation

;-m-.x") (Minimize) {Minimize
init el inCrease ir Increase

hydrau! b Rydrauli hydrav

3r ' o " ons and assumptions
onductivity onductivity Conductivity 4 < nduct ivity ‘ . \ ] tives related 10 Dach
of rock mass of rock mass of rock mass . ’ . of rock mess + . X S
[Site (room scale) (room scale og cale) - (room scale . . down ¢lsewhere Those
selection (from initia {during 4 ) pos b unrelated to backiil) ha
objective) excaval retrieval ¢ et ieva not Deen further investigated, and are marked e
throggh period ) of disc pe
waste
enp lacement




Figure A.39

r——————————————

| DEVELOPMENT OF REPOSITORY PERFORMANCE
| SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
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DEVELOPMENT OF REPOSITORY PERFORMANCE Figure A.40
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
REFERENCED COMMON PERFORMANCE SUBCBJECTIVE FR2
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' DEVELOPMENT OF REPOSITORY PERFORMANCE
| SUBOBJECTIVES ANL BACKFILL DESIGN OBJECTIVES TO
| REFERENCED COMMON PERFORMANCE SUBOBJECTIVE FR3

" Figure A.41
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DEVELOPMENT OF REPOSITORY PERFORMANCE
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE GH1

Figure A.42
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Refer to Figure A.2 for definitions and assumptions
Only those performance subobjectives related to back-
fill have been investigated, some of which have beer
referenced and further broken down elsewhere Those
performance subobjectives unrelated to backfill have

not been further investigated, and are miriedawmwmw
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Refer to Figure A.2 for definitions and assumptions
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SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
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DEVELOPMENT OF REPOSITORY PERFORMANCE
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO

REFERENCED COMMON PERFORMANCE SUBOBJECTIVE

. Figure A .47

JR3

an*

and assumptions.

[Minimize)

additional

alteration/

solution of Note:

rock mass (or

intact rock)

around

underground

opening

(room scale)

(post

resaturation)
[Minimize) [Minimize)
alteration/ exposure to
sclubility conditions
suscepti- which promote
bility of alteration/
rock mass solution of
(post rock mass
resaturation) | around
[Site und: . ground
selection opening
objective] (room scale)

(post
resaturation)

Refer to Figure A.2 for definitions
Only those perfor-
mance subobjectives related to back-
f£i11] have been investigated, some
of which have been referenced and
further broken down elsewhere.
Those performance subobjectives
unrelated to backfill have not

been further investigated, and
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Refer to Figure A.2 for definitions and assumptions
Only those performance subobjectives related to back-
fi11 have been investigated, some of which have been
referenced and further broken down elsewhere. Those
performance subobjectives unrelated to backfill have
not been further investigated, and are marked mwmwmwm.
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| DEVELOPMENT OF REPOSITORY PERFORMANCE Figure A.49
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE KR2
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DEVELOPMENT OF REPOSITORY PERFORMANCE
| SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIV" KR3
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Refer to Figure A.2 for definitiuns
and assumptions. On'y those perfor-
mance subobjectives related to back-
fill have been investigated, some

of which have been referenced and
further broken down elsewhere

Those performance subobjectives
unrelated to backfill have not

been further investigated, and

are marked amwmwm
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Refer to Figure A for definitions and assumptions

Only those performance subobjectiv+s related to back
fi11 have been investigated, some of which have been
referenced and further broken dow: elsewhere Those
performance subobjectives unrelated to backfill have
not been further
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DEVELOPMENT OF REPOSITORY PERFORMANCE Figure A.51
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
REFERENCED COMMCON PERFORMANCE SUBOBJECTIVE KOR1
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SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO

REFERENCED COMMON PERFORMANCE SUBOBJECTIVE KOR2
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SUBOB3JECTIVES AND BACKFILL DESIGN OBJECTIVES TO

REFERENCED COMMON PERFORMANCE SUBOBJECTIVE KORS3
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Refer to Figure A.2 for definitions and assumptions

Only those performance subobjectives related to back-
f11]1 have been investigated, some of which have been
referenced and further broken down elsewhere. Those
performance subobjectives unrelated to backfill have
not been further investigated, and are markedymwmwm
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SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE KH1
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Figure A.55
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SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO

REFERENCED COMMON PERFORMANCE SUBOBJECTIVE
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Figure A.57

/b_

LH]

4

[Minimize)
waste package
temperature
{during
retrieval
period)

i

[Maximize)
heat
transfer
from waste
package
(during
retrieval
period)

[H‘rvmwze]
pOwer per
package
(during
retrieval
period)
[Repository
design
objective]

[Maximize)
separation
of waste
packages
Idu"';
retrieval
period
(Repository
design
objective)

[H'"!*vzej
insulation
of waste
package from
rock mass
around

emp lacement
hole
(during
retrieva)l
DC"?C?
{Backfin
design
objective

lﬁ 01-1]

(Maximize)
removal of
heat from
underground
(during
retrieval
period)

[Maximize)
dissipation
of heat
through

rock mass
around
emplacement
hole
(dur'ﬁ:
retrieval
period)

[(Maximize)
time to
placement of
backfill
around waste
package, and
ventilate
(during
retrieval
period)
(Backfil)
design
objective
bshol-1)

[Maximize)
rate of
ventilation/
cooling of
underground
opening
(during
retrieval
period)

Note

Refer to Figure A.2 for definitions
and assumptions. Only those perfor-
mance subobjectives related to back-
fill have been investigated, some
0f which have been referenced and
further broken down elsewhere

Those performance subobjectives
unrelated to backfill have not

been further investigated, and

are marked vuomy




e e e

— ]

L
¥ W




B i . s T R EEEEE——=——

.
-

DEVELOPMENT OF REPOSITORY PERFORMANCE Figure A.58
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SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE

Figure A.59
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DEVELOPMENT OF REPOSITORY PERFORMANCE Figure A.60
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
REFERENCED COMMON PERFORMANCE SUBOBJECIVIVE MH1
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DEVELOPMENT OF REPOSITORY PERFORMANCE
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO

Figure A.63

REFERENCED COMMON PERFORMANCE SUBOBJECTIVE MOH1

Note:

Refer to Figure A.2 for definitions and assumptions.

Only those performance subobjectives related to back-
fi11 have been investigated, some of which have been

referenced and further broken down elsewhere.

Those

performance subobjectives unrelated to backfil) have

not been further investigated, and ere mirked mwmew.
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DEVELOPMENT OF REPOSITORY PERFORMANCE
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE MOH2

Figure A.64
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stress ievel
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around
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temperatyre
in rock mass
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emplacement
hole
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[Maximize]
creep
potential

in host rock
(Site
selection
objective)

Note Refer to Figure A.2 for definitions
and assumptions.
mance subobjectives related to back-
fill have been investigated, some
of which have been referenced and
further broken down elsewhere.
Those performance subobjectives
unrelated to backfil] have not
been further investigated, and
are marked e

[Maximize) [Maximize) [Maximize) [Maximize) [Maximize)
increase in initial temperature temperature temperature
stress in tesperature increase in fncrease in increase in
rock mass in rock mass rock mass rock mass rock mass
around [Site around around around
emplacement selection emplacement emplacement emplacement
hole objective) hole hole hole
(post (from initial | (during (post
decommis - excavation retrieval decommis -
sfoning to through period) sfoning to
resaturation) waste resaturation)
emplacement )

U
CArp -

Only those perfor-
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DEVELOPMENT OF REPOSITORY PERFORMANCE Figure A 66
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE NR2
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around stress in ductility of
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opening around around
room scale) | underground underground
post opening opening
decommis- (post (room scale)
stoning to decommis- (post
resaturation) | stoning to decommis-

resaturation) | sioning to
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o -

AaEE

KOR2 AOR2

Note: Refer to Figure A 2 for definitions and assumptions.
Only those performance subobjectives related to back-
f111 have been investigated, some of which have been
referenced and further broken down elsewhere. Those
performance subobjectives unrelated to backfill have
not been further investigated, and are marked e,
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DEVELOPMENT OF REPOSITORY PERFORMANCE

SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE NR1

Figure A.65

Note:
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(during opening opening
retrieval (room scale) | (room scale)
period) {during (during
retrieval retrieval
period) period)
‘ — ‘ k-—-d
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Refer to Figure A.2 for definitions and assumptions,
Only those performance subobjectives related to back-
f111 have been investigated, some of which have been
referenced and further broken down elsewhere. Those
per formance Mi«um unrelated to backfill have
not been further
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DEVELOPMENT OF REPOSITORY PERFORMARMTE
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO

Figure A.68

REFERENCED COMMON PERFORMANCE SUBOBJECTIVE NOR1

Note:
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BR1

A-72

Refer to Figure A.2 for definitions and assumptions.
Only those performance subobjectives related to back-
f111 have been investigated, some of which have been
referenced and further broken down elsewhere,
performance subobjectives unrelated to backfi)l have

not been further investigated, and are marked meew.




DEVELOPMENT OF REPOSITORY PERFORMANCE Figure A 67
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE NR3
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Note: Refer to Figure A.2 for definitions and assur  ons.
OM{ those performance subobjectives relatec .0 back-
fi11 have been investigated, some of which have been

referenced and further broken down elscwhere, Those

performance subobjectives unrelated to backfill have
not been further investigated, and are marked enenws.
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{ DEVELOPMENT OF REPOSITORY PERFORMANCE Figure A. 70
SUBOSJECTIVES AND BACKFILL DESIGN OBJECTIVES TO

’LREFERENCED COMMON PERFORMANCE SUBOBJECTIVE NOR3
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BR3

Note: Refer to Figure A.2 for definitions and assumptions.
Only those performance subobjectives related to back-
f111 have been investigated, some of which have been

| referenced and further broken down elsewhere. Those

performance subobjectives unrelated to backfill have
not been further investigated, and are marked amww.
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SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE NOR2
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2. (cont.)

2.1 (cont.)

2.1.2 (cont,)

1.3.3 (cont.)

JR1 (cont.)
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2. (cont.)

2.1 (cont.)

2.1.2 (cont ., )
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2. (comt. )} 2.4 2.4.1
2.4.2

NOTE: These performance subobjectives and backfill desion objectives have been eplicitly derived from the
two sumary repository system performance objectives (see Figures A2 to A.70). This development
has been based om preconceived repository design comcepts (specifically vertical emplacement) and
performance assessment methodology (see Sectiom 2 - Maim Test), should these premises change,
this hierarchy may change. The breakduwn of refevenced common performance subob)ectives down
to backfill design objectives (Figures A_16 to A.70) has simply been summarized, as this breakdown
sometisy proceeds through mumerous levels and, in some cases, loops.
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SUMMARY OF BACKFILL DESIGN OBJECTIVES
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APPENDIX B - WEIGHTING OF BACKFILL DESIGN OBJECTIVES

In the absence of accepted backfill designs, or even objectives, it has
been necessary to generate a reasonable comprehensive backfill design
basis for the purpose of this study. However, backfill (if used) will
be an integral component of a very complex repository system. Oue to
this complexity, a systematic and trackable, albeit simple, approach has
been adopted to generate this backfill design basis. This approach (see
Section 3 - Main Text) consists of assessing the relative weights for
the comprehensive set of backfill design objectives previously
identified (see Appendix A). This can be accomplished by first
assessing the relative weight of each performance subobjective in a
comprehensive (and yet tractable) set with respect to achieving its
immediate sovereign subobjective, and then compounding the relative
weights of subjectives through the hierarchy of repository performance
subobjectives.

This assessment can be based on each subobjective's perceived potential
contribution to achieving its immediate sovereign subobjective, relative
to the other subordinate subobjectives in the comprehensive set. This
potential contribution will in turn be based on both the relationship,
or sensitivity, of the sovereign subobjective to that subordinate
subobjective, as evidenced in the performance assessment methodology,
and the possible range in achieving the subordinate subobjective. As
some of the subordinate subobjectives are achieved to a certain degree
with time, e.g., by site selection or repository design, the weights of
the remaining subobjectives in the comprehensive set must be adjusted.
Hence, only the remaining subobjectives (i.e., variables) would
subseguently be considered.

The relative weight of any subobjective in the hierarchy with respect to
achieving the repository system performance objectives can subsequently
be assessed by simply multiplying the relative weight of that subobjec-
tive with respect to achieving its sovereign subobjective by the rela-
tive weight of that sovereign subobjective with respect to achieving its
sovereign subobjective, and so on up the hierarchy. For a comprehensive
set of subobjectives to the repository system performance objectives,
the relative weights of these subobjectives (with respect to achieving
the repository system performance objectives) must sum to one. For any
subobjective which occurs in more than one place (i.e., for different
reasons), its effective relative weight with respect to achieving the
repository system performance objectives will equal the summation of its
relative weight for each occurrence. These weights will be based on
preconceived repository design concepts and performance assessment
methodology, as well as on any already satisfied objectives (e.g.,
media/site specific conditions) (see Section 2 - Main Text).

For example (ref. Figure A.1):

The effects of potential changes in “1", "m", and “"n" on "a" might
be assessed, with changes in “n" potentially contributing most to

B-1






In this Appendix B, the performance subobjectives and backfill design
objectives which are subordinate to the following pe: formance subobjec-
tives (Figure B.3) have been weighted, both with respect to achieving
their immediate sovereign subobjective and subsequently with respect to
achieving the repository system per“ormance objectives:

1.3.2 (see Figure B.4)
1.3.3 (see Figure 8.5)
1.3.4 (see Figure B.6)
1.4.1 (see Figure B.7)
1.4.2 (see Figure 8.8)
1.4.3 (see Figure B.9)
1.4.4 (see Figure B8.10)
2.1.2 (see Figure B.11)
2.1.3 (see Figure B,12)
2.2.1 (see Figure B.13)
2.2.2 (see Figure B.14)
2.3.1 (see Figure B.15)
2.3.2 (see Figure B,1b).

The performance subobjectives and backfill design objectives which are
subordinate to referenced common performance subobjectives have also
been weighted, both with respect to achieving their immediate sovereign
subobjective and subsequently with respect to achieving the referenced
subobjective (see Figures 8.17 to B.71).

Using the assessed weights of each of the referenced common performance
subobjectives and backfill design objectives with respect to achieving
their sovereign subobjectives (Figures B.4 to B.71), the weights of
performance subobjectives and backfill design objectives within the
annotated hierarchy with respect to achieving the two summary repository
system performance objectives (ref. Table A.1) have been determined (see
Table B.1). These weights have been determined by simply compounding
down through the hierarchy. Where a loop has formed in the hierarchy,
enough iterations have been taken through the loop to achieve an
accuracy of at least 10-8,

Hence, the weight of each occurrence of a backfill design objective with
respect to achieving the repository system performance objectives has
been explicitly assessed in & trackable manner (Table B.1). The
cumulative weight of each backfill design objective with respect to
achieving the repository system performance objectives has been
subsequently determined by summing the weights of each occurrence of
that objective throughout the annotated hierarchy. These relative
weights of backfill design objectives have been summarized, categorized
by area of concern of the objective (see Table B.2) and prioritized by
relative weight of the objective (see Table B.3).

It must be emphasized that the relative weights of performance subobjec-
tives, culminating in weights of backfill design objectives, have been
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subjectively assessed based on assumed repository design concepts
(specifically vertical waste emplacement), performance assessment
methodology, and generic site conditions (see Section 2 - Main Text).
These weights will change as these premises change, which will
necessarily occur with time as specific subobjectives are achieved and
are no longer variable, e.g., once a site has been selected those
subobjectives related to site selection are partially achieved and
become premises for the others. Hence, the weights of the identified
backfill design objectives should be considered valid only for the given
repository design concepts, performance assessment methodology, and site
conditions.

Areas of technical disagreement regarding the significance, or weights,
of backfill design objectives can be identified and resolved, e.g., by
doing sensitivity analyses and subsequently modifying the assessed
weights., Similarly, updating the weights, as more information becomes
available or as decisions regarding repository variables are made, can
easily be done.

In addition, due to the subjective nature of the weight assessments,
these weights entail significant inherent uncertainty. This uncertainty
can be reduced, for example, by doing sensitivity analyses. However, in
the meantime, these weights (Tables B.2 and B.3) should be cons idered as
only qualitative indicators of the relative significance of each back-
fill design objective with respect to achieving the repository system
performance objectives for generic site conditions.

Hence, the weights of a comprehensive set of backfill design object ives,
with respect to achieving the repository system performance objectives,
have been subjectively but explicitly assessed (Tables B.2 and B.3).
These weights have been explicitly determined within the context of
backfill as an integral component of the repository system (Table B.1).
This comprehensive set of weighted backfill design objectives consti-
tutes the generic backfill design basis which will be used in this study
to comparatively evaluate alternative backfill schemes with respect to
the implementation and verification of design. Although sufficient for
this purpose, this backfill design basis would have to be refined and
verified on a site-specific basis by quantitative performance assessment
for design purposes.
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WEIGHTING OF SUBORDINATE PERFORMANCE
| SUBOBJECTIVES WITH RESPECT TO THEIR
| SOVEREIGN SUBOBJECTIVE (EXAMPLE)

D —————————————————————————— — S—

For example:

a=g(l,myn)

N - - - .y

Jbjective 1S to minimize a . .
e e e ' , base case
and thus to minimize both '

\ [ —n.’] m n_)

] and n and to maximize m ' %= GllosMgsNo )
as much as is reasonably

»
M <
poOsS

(objective)

possible

range in am

Relative weight of
subobjective with
respect to achieving

sovereign subobjective

AHa

(objective)

——

Relationship of a with respect to potential
changes in 1,m, and n can be established
subjectively or actually quantified (outside
the scope of this study).

Once the potential contribution has been estab-
lished, the relative weight of each subobjective
with respect to achieving its sovereign subobjective
can be subjectively assessed as a fraction of 1.0.
This relative weight should be considered as

only a rough indicator of relative significance.




WEIGHTING OF Lo ik g
PERFORMANCE SUBOBJECTIVES (EXAMPLE) Figure B.2

F . Seassitedy
|

— weight of objective (X) with
respect to achieving repository
system performance objectives

subjectively assessed)

ety Y S WY

i g g
._‘__‘T_L;_A‘__L_té;‘l_g"‘,_;-" 11 (1)L

weight of subobjective (a) with
respect to achieving repository
System performance objectives
2)x[.7] = [.14]
weight of subobjective (a) with
respect to achieving i1ts 1mmediate
sovereign subobjective (X) (sub-
Jectively assessed)

Soverei1 g
performance
Subob jective

comprenens tve
but trectadle set ¢y
of performance o 8 . . E
subobjective | LRI Ze A¢ 126 (Minimize]
to sovereign n

oevioratnes ' (.3)To42)| (.6)" [.os4
subob jective

—— weight of subobjective (m) with

respect to achieving repository

xof(9(1 .m0) Buc.8 \ 713(&9 aevforqan‘e objectives

AR RA L A ‘11114]‘\3:4]

weight of subobjective (m) with
respect to achieving i1ts immediate
sovereign subobjective (a) (sub-
jectively assessed, e.g., see
Figure B-1)

Weights of a comprehensive set of subobjectives with respect to any sovereign subobjective
sur to 1.0 The relative weight of each subobjective to achieving the repository system per
formance objectives so derived 1s based on preconceived repository design concepts, site con
ditions, and performance assessment methodology; should these premises change, the weights may
change Also, the weights entail significant subjectivity in their assessment, and should thus
be considered only as approximate indicators of relative significance
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WEIGHTS OF REPOSITORY PERFORMANCE

SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES

Figure B .4

WITH RESPECT TO PERFORMANCE SUBOBJECTIVE 1.3.2

(Refer to Figure B.3)

1.3.2)

< fire

operation)

[Maximize] prevention of

- equipment malfunction
(during construction/

hazards of:

[.024*

8

-

Note:

(ref. Figure A.3)

(Maximize) prevention of underground
hazards of:

- fire

- equipment malfunction

(1nitial excavation through waste
emplacemen: )

[Maximize] prevention of
underground hazards of:
- fire

- equipmert malfunction
(during retrieval period)

(.3):[.0072)]

[Maximize] use of safe/
reliable equipment for
backfilling (during re-
trieval period)
[Backfill design objec-
tive bpl-1]

Refer to Figure B.3 for definitions and assumptions.

(.5):[.0036) (.5):[.0036)

Only those performance

[Maximize] use of safe/
reliable equipment for
all other activities
(during retrieval period)

subobjectives related to backfill have been investigated, some of which have

been referenced and further broken down eleswhere.

Those performance sub-

objectives unrelated to backfill have not been further investigated, and are

marked v

The re'ative weight of each subobjective to achieving the repository system
performance objective is based on preconceived repository design concepts,
generic site conditions, and performance assessment methodology (see Section
2 of Main Text); should these premises change, the weights may change. Also,
the weights entail significant subjectivity in their assessment, and should
thus be considered only as approximate indicators of relative significance.
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WEIGHTS OF REPOSITORY PERFORMANCE
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES oy .7
WITH RESPECT TO PERFORMANCE SUBOBJECTIVE 1.4.1

Note:

(Refer to Figure B.3)

1.4.1)

[Maximize] early detec-
tion (i.e., warning) of
underground hazards of:
~ sudden water inflows

- (ns

- fire

- radiation exposure

- equipment malfunction
(including hoisting,
transportation,blasting,
ventilation/cooling,etc.)
(during construction/

(ref. Figure A.6)

operation)
[.018]

[Maximize] early detection (i.e., [Maximize] early detection (i.e.,
warning) of underground hazards of: warning) of underground hazards of:
- sudden water inflows - Sudden water inflows
- gas - gas
- fire - fire
- radiation exposure - radiation exposure
- equipment malfunction - equipment malfunction
(including hoisting, transportation, | (including hoisting, transportation,
bustin?. ventilation/cooling, etc.) | blasting, ventilation/cooling, etc.)
(initial excavation through waste (during retrieval period)
Spiacamsnt) (.6):[.0108] (.4):[.0072]

R e

(Maximize] monitoring of | [Maximize) monitoring of
potentially hazardous potentially hazardous
underground conditions as | underground conditions
backfilling occurs (during] with other activities
retrieval period) (during retrieval period)
[l;ck)ﬂll design objectiv

bp2-1

(.6):[.00432) (.4):[.00288]

Refer to Figure B.3 for definitions and assumptions. Only those performance subobjectives related to
backfii]l have been investigated, some of which have been referenced and further broken down elsewhere .
Those performance subotjectives unrelated to backfill have not been further investigated, and are
marked vowas.

The relative weight of each subobjective to achieving the repository system performance objective is
based on preconceived repesitory design concepts, generic site conditions, and performance assessment
methodology (see Section 2 of Main Text); should these premises change, the weights may change. Also,
the weights entail significant subjectivity in their assessment, and should thus be considered only as
approximate indicators of relative significance.
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WEIGHTS OF REPOSITORY PERFORMANCE
SUBOBJECTIVES AND BACKFILL DESIGN OBJE

CTIVES  Figure B.8

WITH RESPECT TO PERFORMANCE SUBOBJECTIVE 1.4.2

(Refer to Figure B.3)

1.4.2)

(Maximize] quick and
efficient mitigation of
detected underground
hazards (during con-
struction/operation)

[.018]

(ref. Figure A.7)

i

[Maximize] quick and eff

[Maximize] quick and efficient miti-
gation of detected underground
hazards (initial excavation through
waste emplacement)

gation of detected underground
hazards (during retrieval period)

icient miti-

:[.0072]

[Maximize] quick and
efficient mitigation of
detected underground
hazards as backfilling
occurs (during retrieval
period)

[Backfill design objec-
tive bp3-1]

(.6):[.00432)

[Maximize] quick and
efficient mitioation of
detected underground
hazards with other ac-
tivities (during
retrieval period)

(.4):[.00288]

Refer to Figure B.3 for definitions and assumptions. Only those
backfill have been investigated,
Those performance subobjectives u

marked vosa.

Note:

performance subobjectives related to

some of which have been referenced and rurther broken down elsewhere .
nrelated to backfill have not been further investigated, and are

The relative weight of each subobjective to achieving the repository system performance objective is

based on preconceived repository design concepts, ge

methodology (see Section 2 of Main Text); should these premises change,

the weights entail significant subjectivity in their assessment,
approximate indicators of relative significance.

neric site conditions,

and performance assessment
the weights may change. Also,
and should thus be considered only as
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(Refer to Figured.3)
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and assumptions Only those perfor-
sance subobjectives related to back
111 have been ‘nvestigated, some of
which have been referenced and fur
ther broken gown elsewhere  Those
performence subobiectives unrelates
to back? 1] have not been further
Trvestigated, and are Maried RSy

The relative weight of sach sub-
obiective 1o achisving the repository
system performence obiective 15 based
on preconceived repolitory design ‘od)
concepts, generic site congitions, r:'.“""
and performance assessment method-
.h’f (see Section 2 of Main Text),
should these premises change, the
weights may Change
entat] significant subjectivity in
their 4 sessment, and showld thus be
considered only 23 #ppTOs imate in-
dicators of relative significance

underground personne
egress time (1f or
once underground hazerds are de-
tectad (initial .’UQON- through
t

(.7):[.0042)

1 [Minimize)

once underground

personne
egress time (17 egress 15 required)
hazares are ge-
tected (during retrieval period)

(.3):[.0018)

)]

[Mintmize] length of
route from operation/con-
Struction ares to sheft
egresy (during retrieval
periog’

(Maximize) velocity and
capacity of under
transportation in tusnels
e shafts (during re-
trieva! period)

1.6)

(.6):[.00108) {.4):[.00072)
[Winimize) [wimimize)
tunne!

ares served

by each shaft | slockage
egress (1. e, | along egress
optimtze route (during

tioms ) period)

retrieval

[ .00Geag]] [ 4) [ oooa3?

Also, the weights

paw) aumpady
0O Jqepeay oy

(Gelay ang [®inimize)
wininize) a1l other
bachfilling tunne! Block-
of tumnels age along
along pos- possinle
$ible egres gress routes
routes (Guring
(during retrieve)
retrieval period)

objective
darin-1]

(.7):[.000%02¢
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(Refer to Figure 8.3)

144
(l:lé'-) tota) person-
(.Ou' cons truction/ (ref Figure A.9)
operation)
- '
[.018)
[Wintmize] tota) personme! time [(Wintmize) tota) persomnel time
underground (initial excavation underground (during retrieval period)

throug) waste smplacement )

(.7):[.0126)] (.3):[.0054]

[wintmize] tote! person- | [Minimize] tota! person-
nel time underground for | ne) time underground for
backfilling (during other activities (during
retrieva) period) retrieval period)
(.6): [.00324) {.4):[.00216
[®inimize) [Wenimize) [®inimize) [®inimize] [Wintwize)
personne] re- | tota! effort time to personne | total effort
Quirements required placement of | requirements | required for
for back- for dack- backfil)ing for other other ac-
filling (1.0, mh1 (e g .| (room scale) | sctivities tivities
marinize no back- (precluding (fe, macic | lguring
mechanization | £11)ing) other ac- wize mech- retrieval
g remote (during tivities) anization period)
operations) retrieval (during g remote
(during ‘od) retrieva) operations)
retrieval f:cnﬂu tod) (Gwring
tod) design ﬂvxgnn retrieval
ﬁ:‘.nn tive design period)
des g 1 objective
:tmu ssrie-1])
1]
(.7):T.002268)] (.3).[.000972]] (.2):[ .conaxz]] (.8):[.00106)] (. 0) [ oooses)

Note  Refer to Figure B.3 for definitions and assumptions Only those performance swbobjectives related o
Backfil) have been investigated, some of which have been referenced and further broken down ¢)sewhere
Those performance subobjectives unrelated 1o Backfil] have not Dren further investigated, 203 are

FONVWHOIHId AHOLISOdIY 40 SIHDIIM

L 3AILO3Ir80ENS IONYAHOIHIA OL 1034S3IH HLIM
S3AILO3Ir80 NOISIA TNANIVE ONY S3IAILD3IFr808N °

= il rwos
b The relative weight of sech subobjective to achieving the repository system performance obiective is

based on preconceived repos itory design concepls, geseric site conditions, and performance assessment

methodol gy (see Section 2 of Mein Text), should these premises change, the weights may change Also,

the weights entai]l significant subjectivity in their sssessment, and shou'd thus be comsidered only as

approaimete ingicators of relative significance
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WEIGHTS OF REPOSITORY PERFORMANCE
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES

Figure B. 15
WITH RESPECT TO PERFORMANCE SUBOBJECTIVE 2.3.1

(Refer to Figure B8.3)

2.3.1) (ref. Figure A.14)

[Maximize] total surface
area of adsorbi

material along flow path
from waste package to
accessible environment
(post-resatuyration and
release)

[.063]

[Maximize] surface area of host rock
adsorbing material along flow path
from waste package to accessible
environment (post-resaturation and
release)

[Maximize] surface area of backfill
adsorbing material along flow path
from waste package to accessible
environment (post-resaturation and
release)

(.3):[.0189] (.7):[.0441)]

{Maximize] cross-sectiona
area of flow path from
ste package through
backfill adsorbing
material (i.e., maximize
volume of backfill)

J[hnniu} length of flow
path from waste package
through backfill adsorb-
ing material (post-
resaturation and release)
(Backfill design objec-

[Maximize] surface a-ea
per unit volume of back-
fi11 adsorbing material
along flow path from
waste package (post-
resaturation and

(post-resaturation and tive bgl-3] release)
release) [Backfill design
Ef‘",',; ; llfcsiqn objec- objective bgl-1)
ve »
(.4):[.00756) (.4): [.00756] (.2):[.00378]

Note: Refer to Figure 6.3 for definition: and assumptions. Only those performance subobjectives related to
backfill have been investigated, some of which have been referenced and further broken down elsewhere .
Those performance subobjectives unrelated to backfill have not been further investigated, and are
markedrosa

The relative weight of each subobjective to achieving the repository system performance objective is
based on preconceived repository design concepts, generic site conditions, and performance assessment
methodology (see Section 2 of Main Text), should these premises change, the weights may change. Also,
the weights entail significant subjectivity in their assessment, and should thus be considered only as
approximate indicators of relative significance.
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WEIGHTS OF REPOSITORY PERFORMANCE
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES Figure B.16
WITH RESPECT TO PERFORMANCE SUBOBJECTIVE 2.3.2

(Refer to "iqure B.3)

2.2.2) (ref. Figure A.15)

[Maximize) adsorption
potential of material
along flow path from
waste package to acces-
sible environment (post-
resaturation and release)

[.147)

—-

[Maximize] adsorption potential of
backfill along flow path from
waste package to accessible
environment (post-resaturation and
release)

[Backfill design objective bgd-3)

(.3):[.0441)]

Note

[Maximize] adsorption potential of
host rock along flow path from
waste package to accessible en-
vironment (post-resaturation and
release)

(.7):[.1029

Refer to Figure B.3 for definitions and assumptions. Only those performance

subobjectives related to backfill nhave been investigated, some of which have
been referenced and further broken down eleswhere. Those performance sub-
objectives ynrelated to backfil] have not been further investigated, and are
marked paLa

The relative weight of each subobjective to achieving the repository system
performance objective 1s based on preconceived repository design concepts,
generic site conditions, and performance assessment methodology (see Section
2 of Main Text!; should these premises change, the weights may change. Also,
the weights entail significant subjectivity in their assessment, and should
thus be considered nnly as approximate indicators of relative significance,
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WEIGHTS OF REPOSITORY PERFORMANCE SUBOBJECTIVES Figure B
AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE AR1

~
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'WEIGHTS OF REPOSITORY PERFORMANCE SUBOBJECTIVES Figwe B.18

AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE AR2

Note:

AR2
i (ref. Figure A.17)
Refer to Figure B.1 for definitions The relative weight of each sub-
and assumptions. Only those perfor- " objective to achieving the repository
mance subobjectives related to back- £ inimize] system performance objective is based
fi1l have been investigated, some :"““ in on preconceived repository design
of which have been referenced and Shear stress concepts, generic site conditions,
further broken down elsewhere " rock mess and performance assessment method-
Those performance subobjectives around alogy (see Section 2 of Matn Text)
unrelated to backfil) have not underground should these premises change, the
been further investigated, and ening . weights may change. Also, the weights
are marked awmem - z"m: scale) ental! significant subjectivity in
s their assessment, and should thus be
sioning to considered only as approsimate in-
resaturetion) dicators of relative significance
[Minimize) [Minimize) [Minimize) [(Minimize) [Maximize)
increase n tncrease in decrease in other Increase n
in situ thermg ) support increase 'n Support
stress stress n pressure shear stress pressure
(post rock mass (room scale) in rock mass (room scale)
decommis - around (post around (post
stoning to underground decommis- underground decommi g -
resaturation) | opening stoning to opening sioning to
[Site (room scale) |resaturation) | (room scale) resaturation)
selection (post (post
objective] decommis - decommis -
sioning to sioning to
resaturation) resaturation)
{.1) (.4) (.2) (.2) (.1)
ﬂ
[(Minimize) [Minimize) [(Minimize) [(Minimize) (Maximize) [(Maximize)
temperature thermg - decrease 'n decrease in increase in other
increase in mechanical support support support increase in
rock mass response pressure presiure pressure support
around of rock mass | provided by provided by provided by pressure
underground around initial backfi1) backfill room scale)
opening underground support room scale) room scale) post
room scale) opening room scale) post post decommis -
post room scale) post decommis - decommis - stoning to
decommis- post decomnis - sioning to sioning to resaturation)
stoning to decommis - stoning to resaturation) resaturation)
resaturation) | stoning to resaturation) | [Backfil [Backfin
resaturation) design design
[Site objective objective
selection bmrc-2] bmr2b-2)
objective]
(.5):[.20]} (.5):[.20 .5):1.10 (.8):[.10]) (.8):{.08]' ‘.2):'.02'

KR2
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Note:

Refer to Figure 8.1 for definitions

| and assumptions

,‘ mance subobjectives related to back-
Fi11 have been investigated, some

of which have been referenced and

further broken down elsewhere

hose performance subobjectives

inrelated to backfil] have not

Only

AR3

those perfor-

been further investigated, and
TR TAr ] s

[Minimize)

increase \n
shear stress
In rOck mass

around

underground

on

15
no

Yy

WEIGHTS OF REPOSITORY PERFORMANCE SUBOBJECTIVES
AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE AR3

Figure 8 10]

(ref. Figure A, 18)

The relative weight
ctive to achieving the repository
syitenm performance oblective 1§ based
preconceived reposttory
1te conditions,
and performance assessment method
f Main

premises Change,

oancepts &

jy (See

Jid these

opening
{room scale;
(post

resaturation)

weights ma
entatl

thelr asse

stgnificant

yaner i
ection 2
¢ Change

timent,

of sach

Also,
sublectivity In
and should thus be

LN

design

Text
the
the weights

considered only A% approstmate 'n

dicators of relative sigatficance
!
[Minimize) [(Minimige) [Minimize ) [(Minimize) (Maximige)
increase \n InCrease in decrease in other Ingrease \n
in ity therma! support incresse in support
stress stress in pressure shear stress | pressure
(post rock mass {room scale) in rock mass (room scale)
resaturation) | around (post around (post
(Site underground resaturation) | undergroynd resaturation)
selection open ing opening
l objective) (room scale) ro0n scale)
(post (post
resaturation) resatucation)
. (.4) $s (.2
|
( T
[(Minimize) [Minimize) [Minimize] (Minimige ) [Maximize] (Maximize)
| temperatire thermo - decrease In decrease in increase 'n other
| InCrease in mechanica) support SUppn: ¢ support Increase in
| rOCk Mass response of pressure presurs pressure support
| around rochk mass provided by provideo by provided by pressure
| under ground around inttial back i) backfill room tcale)
open ing undergroynd support (re - scale) room scale) post
(room scale) | opening (room scale) | (pe post resaturation)
(post (r20m scale) {post rey  ration) resaturation)
resaturation) | (post resaturation) | (Ba. 711} [Backfi1)
resaturation) design design
[$1te objectiv objective
selection bmrc-1) bmr2n-1)
objective)
(.8):[.200 L.5); (.8):[.10] (.8); [.08]




WEIGHTS OF REPOSITORY PERFORMANCE GUIO!JECTIVES Figure B .20
AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVF AUR1

AOR]
! (ref. Figure A.19)
(Maximize)
Increase \n
Note: Refer to Figure B.] for definitions compressive The relative weight of sach sub-
and assumptions. Only those perfor- effective Biective Lo achieving the repository
mance subobjectives related to Dack- stress in system performance ohjective 15 base
111 have been investigated, some rock mass n preconceived regository design
of which have been referenced and around NCepts, qeneric site conditions,
further broken down @!sewhere underground And performgnce gssessment method
| Those performance subobiectives opening s1ogy (see Section ¢ Main Taxt
! unrelated to back?11] have not (room scale) Aould these premises change, the
been further Investigated, and (during weights may change. Alsa, the weight
AT AT ] - retrieva) entatl stgnificant subjectivity i»
period) their assessment, and should thys be
I condidered only as approsimate in
| dicators of relative stonificam
|
]
T T
[Max imize) (Maninize] [Maximize) (Maximize)
| Increase in Increass in decrease in other
' in sity therma support increase in
| stress stress in pressure compressive
! (during rock mass (room scale) effective
retrieval around (dur ing stress in
?Qrmd) unhderground retrieve! rock mass
LSite opening period) around
selection (room scale) under ground
! ohiwctive) (during open iny
\ retrieval {room scale)
period) (during
! retrigval
period)
£ (,3) {

-
[Maximize —T{lunmu} [Maximize) [Minimize) (Maximize)
temperature thermo - decrease in support time to
Increase in mechanical support pressure placement
rock mess response pressure provided by of backfil]
around of rock mass provided by backfil) room scale)
unde rground around inttfal (room scale) during
opening underground support {during retrigval
(room scale) opening (room scale) retrieval riod)
(during room scale) | (during riod) Backf i 1)
retrieval during retrieval Backfi)) des ign
period) retrioval period) design objective
rmﬂ object ve bsroli-l]
Site bmrode-l)
selection
object ive)
(.6):[.18) (.3):[L12) ) (.2):[.08])

KOR]
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!-;IECGHTC OF REPOSITORY PERFORMANCE SUBOBJECTIVES Figwe B.21
AND BACKFiLL DESIGN OBJECTIVES WITH RESPECT TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE AOR2

AOR2

| NOte Refer to Figure B.1 for definitions
| and assumptions Only those perfor-
l mance subobiectives related to back-
111 nave heen investigated, some of
which have heen referenced and fur-
ther bhroken down ¢)sewhere Those
performance subobjectives unrelated
to backfill have not been further
fnvestigated, and are rarked g

[Max imize) (ref, Figure A,20)

increase in
ompressive
ffective
stress in

The ralative weight of each sub-
Wwilective to achieving the repository
system performance objective 15 based
on preconceived repository design

‘ concepts, generic site conditions, {post
and performance assessment method commissioningy
! ilogy (see Section 2 of Main Text);
! should these premises change, the esaturation)
| weights may change Also. the weights

entat] significant subjectivity in

their assessment, and shoyld thus be
considered only 45 approximate in-
dicators of relative
sigrifcance

‘ .
{ Maximize) [Maximize) [Maximize) [Maximize)
ncrease in decrease in other
| therma) support increase in
‘ stress in pressure compres s ive
rock mass {room scale) ffective
| ecommissionin stress in
to ock mass
| esaturation)
| nderground
’ ing
| (room scale)
| ommissioning
| esaturation)

[Max imize]
decrease n

rFock mass ressure

round vided by

derground ckfill
pening (room scale)
(room scale)

(

post omﬂnonm‘
Fuﬂ\suom

0

esaturation)
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WEIGHTS OF REPOSITCRY PERFORMANCE SUBOBJECTIVES Figure B.22
AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO
REFERENCED COMMON PZRFORMANCE SUBOBJECTIVE AOR3

Note:

Refer to Figure .3 for definitioas
and assumptions. Unly those perfor-

mance subobjectives rzlated to back- AOR3
fill have been investigated, some of
which have been referenced and fur-
ther broken down ¢ iSewhere. Those
performance subobjectives unrelated
to backfill have not been further
investigated, and are marked ywNY [Maximize]
increase in
The relative weignt of each sub- compressive
cbjective to ac";84‘nq the repasitory effective
system performance objective 1S based stress n
on preconceived rapository design rock mass
concepts, generic site conditions, around
and performance assessmer - method- underground
oclogy (see Section 2 of ".ain Text); opening
should these premises -*ince, the (room scale)
weights may changa Als., the weights | (post
entail significant subjectivity in resaturation)
their assessment, and should thus be
considered only as approximate in-
dicators of relative
significarce
[Maximize) [Maximize) [Maximize) [Maximize]
increase in increase in | decrease in other :
in sity thavasl support increase in
strass stress in pressure o i b
[post rock mass (room scale) |effective
resaturation) § argund (post stress in
[Site underground | resaturation) | "OCk mass
selection opening around
objective] (room scale) underground
(post opening
resaturation) E;ggt scale)
resaturation
(.1 (.3) (.4) °%
[Maximize] (Maximize) [Maximize] [Maximize]
temperature thermo- decrease in decrease in
increase in mechanical suoport support
rock mass response of pressure pressure
around rock mass provided by provided by
underground around inftial backfill
?VC" ng underground support (room scale)
!ruom scale) opening (room scale) (post
(post (room scale) | (post resaturation)
resaturation) | (post resaturation) | [Backfil)
resaturation) design
[Site objective
selection bmro2c-3)
objective]
(.5):[.153} (.5 ;T.ISI (.5):[.20]}] (.5):[.20]

(ref. Figure A.21)
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WEIGHTS OF REPOSITORY PERFORMANCE SUBOBJECTIVES
AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE AH1

Figure B.23

KH1

B-27

AH1

[Minimize]

increase in

stress in (ref. Figure A,22)

rock mass 1

around

emplacement

hole

(during

retrieval

period)
[Minimize] [Minimize] [Minimize]
increase in increase in other
in sity thermal increase in
stress stress in stress in
(during rock mass rock mass
retrieval around around
Feriod) emplacement emplacement
Site hole hole
selection (during (during
objective] retrieval retrieval

eriod riod
B hantieull % 5 kgl % |

Note: Refer to Figure 8.3 for definitions
and assumptions. Only those perfor-
mance subobjectives related to back-

[Minimize] [Minimize] fi1l have been investigated, some of
temperature thermo- which have been referenced and fur-
increase in mechanical ther broken down elsewhere. Those
rock mass response of performance subobjectives unrelated
around rock mass to backfill have not been further
emplacement around investigated, and are marked awNY .
hole emplacement
(during hole The relative weight of each cub-
retrieval (during objective to achieving the repository
period) retrieval system performance objective is based
riod) on preconceived repository design
Site concepts, generic site conditions,
selection and performance assessment method-
objective) ology {see Section 2 of Main Text);
(.6):[.36]] (. 4) r 24) should these premises change, the
weights may change. Also, the weights

entail significant subjectivity in
their assessment, and should thus be
considered only as approximate in-
dicators of relative significance.




WEIGHTS OF PEPOSITORY PERFORMANCE SUBOBJECTIVES Figure B.24
AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE AH2

KH2

B-28

AH2

[Minimize)

ncr N

:tie::sfnm (ref. Figure A.23)

rock mass

around

lemplacement

hole

(post

commissioning|

to

resaturation)
[Minimize] [Minimize] [(Minimize]
increase in increase in other
in situ thermal increase in
stress stress in rock | stress in rock
(post mass around mass around
decomnis- emplacement emplacement
sioning to hole hole
resaturation) | (post (post
[Site selec- | decommis- decommis-
tionobjective] s1oning to sioning to

reuturatzon) resaturation)

" .6) .

Note: Refer to Figure B.3 for definitions
E::;:::::L E:::::j"] and assumptions. Only those perfor-
increase in mechanical mance subobjectives related to back-
rock mass response of fi11 have been investigated, some of
around rock mass which have been referenced and fur-
emplacement M d ther broken down elsewhere. Those
hole W acement performance subobjectives unrelated
(post hole to backfill have not been further
decomnts- (post investigated, and are marked \WWY.
sfoning to S~
ressturation) 15 O0In8 to The relative weight of each sub-
{tuturat'on) objective to achieving the repository
Site system performance objective is based
:g':‘é",‘:" on preconceived repository design
( 5)[ 30] concepts, generic site conditions,
el and performance assessment method-

ology (see Section 2 of Main Text);
should these premises change, the
weights may change. Also, the weights
entail significant subjectivity in
their assessment, and should thus be
considered only as approximate in-
dicators of relative significance.




WEIGHTS OF REPOSITORY PERFORMANCE SUBOBJECTIVES Figure B.25
AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO
REFERENCED COMMON PERFORMA.NCE SUBOBJECTIVE AH3

KH3

B-29

AH3
[Minimize]
increase in . 9
e fo (ref. Figure A.24)
rock mass
around
emplacement
hole
(post
resaturation)
[Minimize) [Minimize) [Minimize]
increase in increase in other
in sity thermal increase in
stresses stress in stress in
(post rock mass rock mass
resaturation) | around around
[Site emplacement emplacement
selection hole hole
objective] (post (post
resaturation resaturation)
(.1) (.6
[Minimize] [Minimize] Note: Refer to Figure B.3 for definitions
temperature thermo- and assumptions. Only those perfor-
increase in mechanical mance subobjectives related to back-
rock mass response of fill have been investigated, some of
around rock mass which have been referenced and fur-
emplacement around ther broken down elsewhere. Those
hole emplacement performance subobjectives unrelated
{post hole to backfill have not been further
resaturation) | (post investigated, and are marked smwy.
resaturation)
[Site The relative weight of each sub-
selection objective to achieving the repository
objective] system performance objective is based
(- 5) 1[- 30] -3 ¥ 30] on preconceived repository design
concepts, generic site conditions,

and performance assessment method-
ology (see Section 2 of Main Text);
should these premises change, the
weights may change. Also, the weights
entail significant subjectivity in
their assessment, and should thus be
considered only as approximate in-
dicators of relative significance.




WEIGHTS OF REPOSITORY PERFORMANCE SUBOBJECTIVES Figure B.26

' AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO

REFERENCED COMMON PERFORMANCE SUBOBJECTIVE BR1

x
!
|

|
i
|
l
l
|

Note

Refer to Figure B.3 for definitions

(ref. Figure A.25)

and assumptions. Oaly those pe:for- BR1
mance subobjectives related to back-
fi11 have been investigated, some of
which have been referenced and fur- *
ther broken down elsewhere. Those
performance subobjectives unrelxted
to backfill have not been further [Minimize)
investigated, and are marked aNNY. decrease in
The relative weight of each sub- gg:::tsi;ve
objective tc achieving the repository rock mass
system performance abjective i§ based around
on preconceived repository design underground
concepts, generic site conditions, opening
and performance assessment method- (room scale)
ology (see Section 2 of Main Text); (during
should these premises change, the retrieval
weights may change. Also, the weights period)
entail significant subjectivity in
their assessment, and should thus be
considered only as approximate in-
dicators of relative
significance
[Minimize] {Minimize] [Maximize]
decrease in other increase in
support decrease in support
pressure compressi‘e pressure
(room scale) stress in (room scale)
(during rock mass (during
retrieval around retrieval
period) underground period)
opening
(durin
retrieval
riod
BT (.3)
[Minimize) [(Maximize) P_h’mmue] [Maximize]
decrease in support p{rgeggnt support
support pressure of backfill pressure
pressure prov;df? by (during prov;d:d by
vt ™ | Yoring | retriew: B i)
period) x
?:pport retfieval (Back®il (duryng
uring riod) design retrieval
retr\eval Backfill object ive pericd)
period) design bsrla-1] [Backfil)
objective dgjian‘
bmr2a-1] gmr;at;"
(.5):[.15]) (.3):[.09]] (.2):[.06] (.8):[.24]

B-30

[Maximize)
other
increase in
support
pressure
(room scale)
{during
retrieval
period)

(.2):[.06]




WEIGHTS OF REPOSITORY PERFORMANCE SUBOBJECTIVES Figure B.27

AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE BR2

Note: Refer to Figure B.3 for definitions 8R2
and assumptions. Only those perfor-
mance subobjectives related to back-
fill have been investigated, some of
which have been referenced and fur- y
ther broken down elsewhere. Those [Mirimize) (ref. Figure A.26)
performance subobjectives unrelated deérease s
to backfill have not been further compressive
investigated, and are marked aNAY stress in
The relative weight of each sub- ::(c,:ndmss
objective to achieving the repository underground
system performance objective is based opening
on preconceived repository design (room scale)
concepts, generic site conditions, (post
and performance assessment method- decommis-
ology (see Section 2 of Main Text); sioning to
should these premises change, the resaturation)
weights may change. Also, the weights
entail significant subjectivity in
their assessment, and should thus be
considered only as approximate in-
dicators of relative
significance.
[Minimize) [Minimize] [Maximize)
decrease in other increase in
support decrease in support
ressure compressive pressure
(post stress in (room scale)
Mecomissvom’ngrocu mass (post
to ' around decouuissvomnq
resaturation) lunderqround to
open .ng resaturation)
(post
decomissioningi
to
resaturation)
(.4) (.4) (.2)
(Minimize] [Minimize)
decrease in crease in [Maxinize) [Maximize]
support support increase in ther
pressure ressure support increase in
provided by rovided by pressure support
initial ckfill
Support S
(post cmmissioning
decommissioni ;
to resaturation)
resaturation)
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WEIGHTS OF REPOSITORY PERFORMANCE SUBOBJECTIVES Figwe B 28 |

AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO
_ REFERENCED COMMON PERFORMANCE SUBOBJECTIVE BR3

(Maxim re) [Maximize)
increase °r yther
support increase 1
pressure support
provided by pressure
backfill (room scale
{(room scale) {post

post
resaturation
[Backfill
desigr

resatuyration

oblective
1
bmr?2b-13]




WEIGHTS OF REPOSITORY PERFORMANCE SUBOBJECTIVES Figwe B.29
AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE BH1

BH1
(Mintmize] (ref. Figure A.28)
stress acting 4 .y ',/
on waste pack-] ‘'
age (during ' !
retrieval
period)

Note: Refer to Figure B.3 for definitions
and assumptions. Only those perfor-
mance subobjectives related to back-
f111 have been investigated, some of
which have been referenced and fur-
ther broken down elsewhere. Those
performance subobjectives unrelated
to backfill have not been further
investigated, and are marked sNNY

[(Minimize) (Minimize) [Minimize)
emplacement stress trans- | swelling The relative weight of each sub-
hole closire fer through pressure of objective to achieving the repository
(during backfill backfil! system performance objective is based
retrieval around waste | around waste on preconceived repository design
period) package (dur- | package (dur- concepts, generic site conditions,
ing retrieval | ing retrieval and performance assessment method-
riod) riod) ology (see Section 2 of Main Text),
Backfil Backfill should these premises change, the
design design weights may change. Also, the weights
objective objective entai) significant subjectivity in
bmh1-1] bmh2a-1) thefr assessment, and should thus be
(.4) (.4) (.2) considered only as approximate in-
dicators of relative significance.
[Minimize) [Minimize) [(Minimize)
time depen- therma! de- other em-
dent deform- formation pracement
ation around hole closure
around emplacement | (during
emplacement hole (during | retrieval
hole (during | retrieval period)
retrieval period)
pericd)
(.4):[.16]] (.4):[.16)

MH1

[(Minimize) [Minimize)

temperature thermal

increase in expansion

rock mass potential in

around host rock

lacement [Site

hole (during | selection

retrieval objective)
(.4):[.064

KH1
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Note:

Refer to Figure B.3 for definitions

and assumptions. Only those perfor-
mance subobjectives related to back-
111 have been investigated, some of
which have been referenced and fur-

ther broken down elsewhere. Those BH2
performance subobjectives unrelated
to backfill have not been further
investigated, and are marked a Ny j
The relative weight of each sub-
objective to achieving the repository [Minimize]
system performance objective is based increase in
on preconceived repository design stress
concepts, generic site conditions, actino on
and performance assessment method- waste
o‘m (m Section 2 of Main Text); package
should these premises change, the (post
weights may change. Also, the weights decommis-
entail significant subjectivity in sioning to
their assessment, and stould thus be resaturation)
considered only as approximate in-
dicators of relative significance.
[Minimize] T [Minimize] [Minimize]
additional stress increase in
emplacement transfer swe  ling
hole through pressure of
closure backfiil backfill
(post around waste around waste
deconmis- package package
sioning to (post (post
resaturation) | decommis- decommis -
sioning to sioning to
resaturation) | resaturation)
[Backfill [Backfill
design design
objec;ive objectiie
bmh]- bmh2b-2
(.4) (.4) (.2

(ref. Figure A.29)
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hole
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MH2
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additiona’
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hole

closure

(post
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temperature
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Note: Refer to Figure B 3 for definitions
ond assumptions  Only those perfor-
Mance subobjectives related to back-
1111 have been investigated, some of
which have been referenced and fur-
ther broken dows ¢lsewhere. Those
performance subobjectives unrelated
10 backfil) have not been further
Investigated, and are marked sNpY B3
The relative weight of each sub-
objective to achieving the repository -
system performance objective s based =
on preconceived repository design -
concepts, generic site conditions, [Wintmize) v
and performence assessment method- Incresse in -
ology (see Section 7 of Main Tert); Stress sctd
should these premises change, the e T
weights may change. Also, the weighty
entat] significant subjectivity ia (post
their assessment, and should thus be resaturetion)
considered only as approsimete in-
dicators of relative signtficance
[Winimize) [Minimize) [(®inimize)
asditional stress Increase in
Tacement transfer soeling
hole through pressure of
closure bachf il backfill
(post eround waste | around waste
resaturation) | packege package
(post (post
resaturation) | resaturation)
[Bachr 1) (Bacatin
design Gesign
objective objective
1) b ln-3)
(.4) (.4) (.2)
[®inimize) [Imt-iu? [Minimize)
additions! asditions other
time depend- | therma) de- 4301t 1ona)
ent deform- formstion oyl acenent
ation around hole
*round lecement closure
gl acement hole (post
hole (post Tesaturation)
(post resaturation)
resaturation)
(.4):[.16) (.4):[.16)] (.2):[.08
L]
[winimize) [Winimize)
temperatore therma !
Incresse in expans ion
fOCk mass potent !
arouns " host rock
g lacenent [Site
hole selection
objective)
Ki3

(ref. Figure A 30)
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WEIGHTS OF REPOSITORY PERFORMANCE SUBOBJECTIVES

r AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO Figwe B 32
‘:;"‘;T;::‘l REFERENCED COMMCON PERFORMANCE SUBOBJECTIVE CR1
fracturing
" orock mens
around
Refer to Figure 5.1 for definitions underground
and assumptions. Only those pertfor- open ing
mance subdbjectives related 10 Dech- room scale)
111 nave beer investigated, some of auring
whiCh have Deen referenced and fur- retrieval
ther broken down elsewhers. Those period)
performance subodjectives unrelsted
to backfill have not been further
Investigated, and sre marked yRNY
The relative weight of each sub-
abjective to achieving the repository
system performance :J;.uvu 15 based (minimize] [Max1m1ze]
on preconceived repository design decrease in plasticity
CORCepts, generic site comditions, ratio of ductility of (ref. Figure A 31) Also Available «
ond performance assessment method- ntact :“' roch mavs A n
ology (see Section 2 of Main Text), strengt oround perture Card
hould these premises change. the to sheer strass underground
weights may change Also, the weights in rock eess ing
tatl sigmificant subjectivity in arounc room scele)
their assessment, and should thus be wndurground Guring
considered only &% epp-oximate i1n- opaning Tetrieval
aicetors of relative significance (room scale) | 'period)
(during =
relrieve -
verioa) ( g (.2 A TI ey
o
[Maximize] [Winimize) [Minimize] [Maxtmize) [Minimize] [Maximize)
Sec ease 10 increase in decrease in nitiel decrease in increase in
shear stress | shesr stress tntact rock plasticity/ plasticity/ plasticity/
n rock mass n rock mass strength ductility of ductility of ductility of
around around arou d intact rock 1tact rock ntact rock
under ground wnder jround under ground aroung around aroend
opening opening ng unde rground unde ground
(room scele) room scale) room scale) | opening apening open ing
[during during ng room scale) | (roow scale) | [room scale)
'ﬂ"orl retrieval retrieval Site (from ‘n- ‘
period pericd) period) selection inity nity,
-""" Hlm 04{'“
retr ] o 1
peri ber
3):[.2a) (.2):[.16)} (.5):[.40) LG)qu (.2):[.084)] (.2):[.04)
[ ‘\\\\\\\:h
[mnimize (Winte 2e] [Winmize) [Winimize] [Maximize)] [Winimie] (®intmize) [Mimimize) fMaximize] [Maximize )
additions alteration/ temperature | decresse in increase in Suration of decrease in decrease in nerrase in increase in
dasage (e ., solution of increase in compress)ve Compress fve retrieval plasticiny/ plasticity/ plasticity/ plasticity/
®icro- Intact rock rock mess stress in effective rﬂm Ouctility of Jauctility of | Suctility of | Guctility of
craching) #roung around rock mess stress in Repos i tary intact rock intact rock Intact rock iatact rock
o Intact around rock mass design eround around around around
Poch Soniag apening underground | eround sbjective’ underground | undergrouns | undergrouns ouns
around (room scale) ,n- scale) | opening apening aper 1ng upening open ing
(during dur (room scale) | opening (room scale) | (room scale) | (room scale) | (room scale)
retrieval retrieval {during {rooe scale) (from invtse) | (during (trom initial | (during
(room scale) period) period) retrieval (Guring excavation retrieval escavation retrievel
during period) retrievel period) e ag” perioa)
w‘\“orl peri0d) =':z-l) =§=¢-n' )
(.1):[.08) (.2):[.o8Y (.3):[.12) (.n:[.oc]j(.n;(m]m {.B): .2):[.008) (.5): [.02)
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cazl WEIGHTS OF REPOSITORY PERFORMANCE SUBOBJECTIVES
AND BACKFILL DESIGN OBJECTIVES WITH RESPECT 1O Figwe B8.33
i::nmn REFERENCED COMMON PERFORMANCE SUBOBJECTIVE CR2
Mione
'uﬂ.rm'
i rock mass
T ound
opening
Wote:  Refer to Figurs 8.3 for definitions (room scale)
g assemptions.  Only those perfor- (pust
"ance subobjectives related to back- decommi s -
111 have Deer investigated, some of sioning to
which have been referenced and fur- resaturetion)
:-- uu:m ‘ 'lﬂﬁ
. ves unre
to dackfil] have not been further Also Available On
investigated. and are merked saNY Aperture Card
The relative weight of each sub-
Bject ive to achiewing the repository oo B £m::f:,’,
System performence oblective 's Desed ratio of ductility of
on preconcelved repotitory design tetect rech rock mess (ref. Figure A.32)
CONTERLS, generic vite conditioms, Strength sround
o3 periormence assessment sethod- Lo sheer stress
ology (vee Section 2 of Matn Test), in rock wass | opening
Should these prewisgs Change, the oround (room scale)
weights ey change Also, the weignts nder gr sund (post
entat] sige et subjectisity in opentng decomms-
thelr assessment, and shou'd thus be (room scale) | stoning to
considered only 83 approsimate in- (Dot resaturation)
@icators of relative significance. decommis
Slentay b0
(.B* {.2)
&
L/ 'T' <4
[Maximize] [Winimize) [Winimize] [Maximize) [ imize) (Maxtmize ) ‘mw :
dacrease in incresse in decrease in witiel decrease in increase in
Shear itress shear stress | intact rock plesticityy plasticity, plasticity/ c‘m
in reck sass in rock sess strength ductiliny of Suctility of | ductility of s
aroung aroung #round intact rock ntact rock intact reck
wnder grouns undergre na | eround aroung around
open ing open \ng apen ing wnder ground underground
room scale) 2-— scale) room scale) | opening apen 1 ng open ing
post post (room scale) room scele) roos scale)
o .- [Site foom tnitial | (from initial
stoning to stoning to stoning to selection excavation to | excavalion to
ad ressturation) | reseturation) | resaturation) | oejective) resaturation) | resateretion)
(.2): L16]] (.3):[.24}] (.5): [.40] (.GH.IZI (.2): [.04]} (.2):[.04]
[**1
win )] [ ] - e intze " winie inim [Mas 1o ze ) [Max imize ) [ twize)
l"ﬂ.-f alteration/ E-.ﬁ-]v L:::L (:s.m L ‘-:::‘:Z- Lm:.}. l."“‘:L increase in Incresse 'n incresse in
damage (e.g., | selution of ncreate n Compress ive Compressive plasticity/ pleasticity/ plesticity/ plasticity/ Dluljﬂlvl plasticity/
"icro- intact rock rock mass stress n effective ductility of Guctility of Jauctility of | dwctility of | ductiiity of | ductiliny of
cracking} eround o ounc rock mass stress in intact rock | tntect rock | ntect rock | intect rock | intact rock | tetact rock
te intact unde ground underground | sround rock sess a7oung around round 4roung around sround
rock around | opening open ing underground | sroune under ground underground wnderground under 3 ound underground
under Ground (room scale) ’v— scele) | opening wnaer Jrouns open ing pening open ing open ing open ing opes ing
oper itg (during during (room scale) | apening (room scale) | (room scale) | (room scale) | (room scale) | (roos scale) | (room scale)
(roum scale) | retrieval v rieve) [ dur ing (roem scale) (from initiel | (during {post (from tmitial | (during (post
(during perics) perioa) retrieval (Gur 1ng eriavation retrleval Secomm s - ercevation retrieval G o -
retriwval D100 retrieval t ser10d) stoning to e per iod) stoning to
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Refer to Figure B.3 for definitions
and assumptions

Only those perfor-

mance subobjectives related to back-
fi11 have been investigated, some of

which have been referenced and fur-
ther broken down elsewhere. Those
performance subobjectives unrelated
to backfill have not been further
investigated, and are marked sNNY

[Minimize
additiona

fracturin
in rock

decommis -
sioning to
resaturati

The relative weight of each sub- [Minimize)
objective to achieving the repository decrease in
system performance objective is based ratio of
on preconceived repository design intact rock
concepts, generic site conditions, strength
and performance assessment method- to shear stress
ology (see Section 2 of Main Text); in rock mass
should these premisgs change, the around
weights may change. Also, the weights underground
entail significant subjectivity in opening
their assessment, and should thus be (room scale)
considered only as approximate in- (post
dicators of relative significance. decommis-
stoning to
resaturation)
(.8)
e
[(Maximize) [Minimize) [Minimize
decrease in increase in decrease in
shear stress shear stress | intact rock
in rock mass in rock mass | strength
around around around
underground underground unde rground
opening opening opening
(room scale) room scale) room scale)
(post post post
decommis - decommis - decommis-
stoning to stoning to stoning to
resaturation) | resaturation) | resaturation)
(.2':'.16' (.3):[.24]} (.5): [.40)
ARz ¥
—y ‘*
[Minimize) (Minimize) T{mmm) (Minimize) %hnm"
additional alteration/ temperatyre decrease in ncrease in
damage (e.g., | solution of increase in compressive compress ive
micro- intact rock rock mass stress in effective
cracking) around around rock mass stress in
to intact underground underground around rock mass
rock around ing opening underground | around
underground room scale) irm scale) ing under ground
opening during during room scale) | opening
room scale) | retrieval retrieval during room scale)
during period) period) retrieval iwou
retrieval
period)
(.1):[.0a0 (.3): (.4):[.16
—
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WEIGHTS OF REPOSITORY PERFORMANCE SUBOBJECTIVES
AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO  Figwe B.33
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE CR2
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WEIGHTS OF REPOSITORY PERFORMANCE SUBOBJECTIVES
RESPECY TO Figuwe B 34
SUBOBJECTIVE CR3

AND BACKFILL DESIGN OBJECTIVES WiTh
REFERENCED COMMON PERFORMANCE
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WEIGHTS OF REPOSITORY PERFORMANCE SUBOBJECTIVES Figure B.35

AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO

REFERENCED COMMON PERFORMANCE SUBOBJECTIVE DR1

Note

Refer to Figure B.3 for definitions
and assumptions Only those perfor-
mance Subobjectives related to back-
fill have been investigated, some of

which have been referenced and fur-
ther broken down &lsewhere Those
performance subobiectives unrelated

to backfill have not been furts
tnvestigated, and are marked 4 QWY

The relative weight of each sub-
ebjective to achieving the repository
system performance objective is based
on preconceived repository destgn
concepts, generic site conditions,
and performance assessment method-
oloyy (see Lection 2 of Main Text),
should these premises change, the
weights may change. Alsp, the weights
entat] significant subjectivity inm

DRI

!

[Minimize)
additional
loosening

of rock mass
{or addi-
tional
damage (e.q.,
micro-
cracking) to
intact rock)
around

(ref. Figure

their assessment, and should thus be underground
considered only as approximate in- opening
dicators of relative significance. {room scale)
[duv"ﬂg
retrieva)
period)
\B
[Maximize] (Minimize) (Maximize) (Minimize)
structural time to decrease in dynamic
support placement other loading of
provided by of backfill structural rock mass
backfil (during support (uring
{during retrieval (e.9., roof retrieva)
retrieval riod) boltss period)
riod) Backfill (during
f:aknf\lv design retrieval
design objective period)
objective bsria-l)
borZa-1]
(.2) (.2)

A.24)
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WEIGHTS OF REPOSITORY PERFORMANCE SUBOBJECTIVES Figure B.36
AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE DR2

Note: Refer to Figure B.3 for definitiuns DR?

and assumptions. Only those perfor-

mance subobjectives related to back

fi11 have been investigated, some of

which have been referenced and fur-

ther broken down elsewhere. Those

performance subobjectives unrelated [Minimize]

to backfil] have not been further additional ’

investigated, and are marked sWNY . loosening (ref. Figure A.35)

of rock mass

The relative weight of each sub- {or 2ddi-

objective to achieving the repository tional

system performance objective is based damage (e.g.,

on preconceived repository design micro-

concepts, generic site conditions, cracking)

and performance assessment method- to intact

nlogy (see Section 2 of Main Text); rock) around

should these premises change, the underground

weights may change. Also, the weights opening

entail significant subjectivity in (room scale)

their assessment, and should thus be (post

considered only as approximate in- decommi s~

dicators of relative significance. sioniig to

resaturation)

(Minimize] [Maximize] Minimize)
decrease in decrease in /namic
structural other loading of
support structural rock mass
provided by support (post
backfill (e.g., roof decommis-

' post bolts) sfoning to
decommis- (post resaturation)
sioning to decommis -
resaturation) | sioning to
(Backfill resaturation)
design
objective
b r2e-2)

(.4) .5 (.1)
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WEIGHTS OF REPOSITORY PERFORMANCE SUBOBJECTIVES Figure B.37

AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE DR3

Note:

Refer to Figure B.3 for definitions
and assumptions. Only those perfor-
mance subobjectives related to back-
fill have been investigated, some of
which have been referenced and fur-
ther broken down elsewhere. Those
performance subobjectives unrelated
to backfill have not been further
investigated, and are marked sMNY.

The relative weight of each sub-
objective to achieving the repository
system performance objective is based
on preconceived repository design
concepts, generic site conditions,
and performance assessment method-
ology (see Section 2 of Main Text);
should these premises change, the
weights may change. Also, the weights
entail significant subjectivity in
their assessment, and should thus be

DR3

J

[Minimize)
additional
loosening

of rock mass
(or addi-
tional
damage (e.g.,
micro-
cracking) to
intact rock)
around
underground
opening
(room scale)
(post

(ref. Figure A.36)

considered only as approximate in- resaturation)
dicators of relative significance.
re
[Minimize) [Maximize) [Minimize)
decrease in decrease in dynamic
structural other loading of
support structural rock mass
provided by support (post
packfill (e.g., roof | resaturation)
(post bolts)
resaturation) | (post
[Backfill resaturation)
design
objective
bmr2c-3]
(.5) (.4) (.1
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WEIGHTS OF REPOSITORY PERFORMANCE

SUBOBJECTIVES AND BACKFILL DESIGN

OBJECTIVES WITH RESPECT TO REFERENCED
COMMON PERFORMANCE SUBOBJECTIVE ER1

Figure B.38
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waste resaturation) | inuities)
emplacement) (from initi
excavation
L4):0.10 1) :L.0250(.1):[.025)(.1):[.025]

FR1 ‘

FR2 ;
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WEIGHTS OF REPOSITORY PERFORMANCE
SUBOBJECTIVES AND BACKFILL DESIGN
OBJECTIVES WITH RESPECT TO REFERENCED
COMMON PERFORMANCE SUBOBJECTIVE ER2

Figwe B .30

[(Minimize)
rate of flow
into
underground
opening
{room scale)
(post
decommis -
sioning to
resaturation)
[Minimize) [Minimize)
hydraul ic excavated
gradient volume of

«1 from in sity underground
to opening
underground (room scale)
opening (post
(room scale) | decommis-
(post sioning to

) | decommis- resaturation)
§é0n|nq

saturation)
) .3 (.2

[Maximize)
integrity of
tunne! 1iner
(1f any)
(post
decommis-
stoning to
resaturation)

[Maximize] [(Maximize]
Jecrease in decrease in
hydraul ic hydraul ic
conductivity conductivity
of rock mass | of rock mass
(room scale) (room scale)
(during (post
retrieval decommis -
period) sioning to
resaturation)
J1):[.025)) (.1): [.025

Also \\nilnfﬂa-(ln
Pertur, Card

(ref. Figure A.38)

Note

Refer to Figure B.3 for definitions
and assumptions. Only those perfor-
mance subobjectives related to back-
fill have been investigated, some of
which have been referenced and fur-
ther broken down elsewhere. Those
performance subohjectives unrelated
to backfill have not been further
investigated, and are marked yRNY .

The relative weight of each sub-
objective to achieving the repository
system performance objective is based
on preconceived repository design
concepts, generic site conditions,
and performance assessment method-
ology (see Section 2 of Main Text);
should these premises change, the
welights may change. Also, the weights
entail significant subjectivity in
their assessment, and should thus be
considered only as approximate in-
dicators of relative significance.
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WEIGHTS OF REPOSITORY PERFORMANCE SUBOBJECTIVES Figure B.40
AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE FR1

Note:

Refer to Figure B.3 for definitions
and assumptions. Only those perfor-
mance subobjectives related to back-
f111 have been investigated, some of

(ref. Figure A.39)

which have been referenced and fur- FR]
ther broken down elsewhere. Those
performance subobjectives unrelated
to backfill have not been fyrther ‘
investigated, and are marked s NNY.
[Minimize)
The relative weight of each sub- increase in
objective to achieving the repository hydraul ic
system performance objective is based conductivity
on preconceived repository design of rock mass
concepts, generic site conditions, (room scale)
and performance assessment method- (during
ology (see Section 2 of Main Text); retrieva)
should these premises change, the period)
weights may change. Also, the weights
entail significant subjectivity in
their assessment, and should thus be
considered only as approximate in-
dicators of relative
significance.
[Minimize) (Minimize) [H"ﬂ-iue
additiona) additional additiona
fracturing opening of washing out
around discontinyi- of filled
underground ties in rock | discontinui-
opening mass ties
(room scale) (room scale) room scale)
(during (during during
retrieval retrieval retrieval
period) period) period)
(.4) (.2) (.4)
CR1 ‘
[Minimize) [Minimize) (Minimize (Minimize)
decrease in other rate of flow | other
compressive additional into additional
stress in opening of underground washing out
rock mass discontinui- | opening of filled
around ties in rock | (room scale) | discontinui-
underground | mass (during ties
opening (room scale) | retrieval (room scale)
room scale) | (during period) (during
during retrieval retrieval
retrieval period) period)
period)
(.6):[.12]] (.4):[.08]} (.8):[.32)] (.2):[.08)

BR1
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' WEIGHTS OF REPOSITORY PERFORMANCE SUBOBJECTIVES Figure B 41
AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO

REFERENCED COMMON PERFORMANCE SUBOBJECTIV

Note

Refer to Figure B 3 for definitions
4nd assumat rang nly those perfor
nance subobjiectives rolated Lo bach

117 have been investigated, some of
which have heen referenced and fur
ther braken down o) sewhers
nerformance subobjectives unrelated
E0 backfil] have not been further
Investigated, and are marked QN

. :
hose

The relative welant of each $ub

sblective to achlieving the repository

system performance ohiective 11 Based
mn preconcetved repodt tary i 1gn
oncepts, genert L1 te L AL r

and perfOrmance 115040mBnt oo th

! .y S oCction | f N Test

should these premises
wWeights may change Riso, the wetahts
entat) significant subiecs ity in
thetir assesament, and should thus be

tonsidersd only &8 Aporosvate n /

1cators of relative -
rantficands /

Range, the

D R ——

FRZ

&

[Minimize)
increase 'n
hydraulic
ronductivity
of rock mass
(room scale)
{post
decommi s -
stoning to
resaturation)

2,

E FR2

(ref, Figure A.40)

BRZ

(™inimize) [(Minimize) [l’mmu')

834t tana | additiona) #9411t tong

fracturing apening of washing out

around #iscont ing)- of filled

uhde r ground ties in giscontingi.

opening rock mass thies

(room scale) [post (room scale)

post decomni sy \post

oz ommt e . stoning to deconmis -

stoning to resaturation’ stoning to

resaturation) resaturation)
(.4 {,¢ {.4

§ H'J

1"'/'

K O
[(Minimize) (Minimize) [Minimize [Minimize!
decrease in other rate of flow other
COMpressive aduitions! inte additional
stress in opening of underground washing out
rock mass discontingt- open ing af fillea
around ties in (room scale) drseont gt -
undergrognd roch mass {post ties
opening (room scale) decommis - (room scale)
(room scale) | (post stoning to (post
(post decommi g . Fesaturation) | decommis-
decommis. stoning to stoning te
sfoning to resaturation) resaturation)

: (081:['3?] >2 : -Oa
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WEIGHTS OF REPOSITORY PERFORMANCE SUBOBJECTIVES Figwe B.42
AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO
'REFERENCED COMMON PERFORMANCE SUBOBJECTIVE FR3

e ——— SRAAER AR SRR R LA EERE——

Note Refar to Vigure B 1 for definttions
and assumptians finly those porfor
mance subobjiectives related to back
fil) have been inyestigated, some of

Which have heen referen od and fyr FR3
ther Braken down ¢l sewhere Those

performance subob e tives gnrelated

to bachfil) have not Boen Turther

Investigated, and are marsed QNN

The relative weiahl of sach sub [Minimize )
obiective 10 Achisving the repositary Incresse 'n
system porformance :xh:wnw 14 baded hydrayl i (r"' “q“r' “”
G preconce lved repository A48 gn comductivity
CORCEDLS, GONeTic 41te conditian:, of rock mess
and performance assesiment sethod (room scale)
ology (tee Section 7 of Main Test ), [ post

should these premises change, the resaturation)
wolghts may change. Also, the weight

entai) significant subiectivity (n

their asspsament, and shauld thus he
cons idered only 4% approstidte In
dicators of relative

Signif e am
(Minimige) (l\moln‘ [mmmu}
additional add i L ione add it i one
fracturing opening of washing out
around arscont ingl- ol Hl’u
underground Lies 'h drsiontingt .
apen ing raER M tiey
{room scale) (room scale) (room scale)
(post { post (post
resaturation) | resaturation) | resatudation)

(.4 (.4)

[Mimimige) [Minimige )
decrease in ather
LOMprELY i ve a0t igne !
stress in apening of
rock masy dsconting! -
araund ties In
unider ground FOch mass
apen ing froom scale)
(room scale) | (post

(post fesatyration)
ressturation)

(.7):1.28)
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WEIGHTS OF REPOSITON Y PERFORMANCE SUBOBJECTIVES Figwe B.43

AND BACKFILL DESIGN CBJECTIVIS WITH RESPECT TO
_REFERENCED COMMON PEAFORMANCE SUBOBJECTIVE GH1

M

(Wnimize] . rron ve on-

VIrAMent & Suns wette (ref. Figure A.42)
mtzo (#uring retriova)
period)
e —
: ”~
"Winimige) [Winim oo [Winimige) ICIERCIFTY|
OFFosivaness Jwiste pach. oo F owte package | & cess acte
f g €0 tact with temperatyry 8y on
Lwer ing (corronive) (vr g waite package
retriove) fluig retr s (during
pering) (during pering) retrieval
retrisval period)
| pericd)

s

o

b at

Tonse performance subobioetives unrelated to Baek? 1| Rave not

r—— 1«—
(Minim ae) LT ™ (Winimige ) [Man i ge ! (‘.omu‘ (Iunmn}
e increase in 1Aerease in itigation of | mine/backfiil | other waste
COralwmnest | gorrosiveness | corrosive was VPO tve resaturation | package
ol 4 oo At ground. L . e Nea L time Contact with
water water e o | ry Backfin (post waste COrrosive)
(5100 P nitial | omeate package | auring oep | acement Tute
! et tan wrcavation (during retrinve) to (dur ing
biective| thraugh L LY wiod) resaturation) | retrieval
wiite period) L w1t poriod)
o 4ct et ) g
ohjet Tvs
4):[,18
2.2.)
ke Befer ‘o Plgues B, far detinitions and avsumptions. Only thase perfornsnce Subob jec L ives related to

Rave b investigated, same of which have Leen referenced and further brobken dewn o)sewtere |

Tk rees
fhe relative woiyht of sach subobisctive 16 schioying the FRoes Cary dystem perfo mance objective 1y

Baned on procanceived copos i tor s deyign ¢ oneepty,
olhods oy [vee Sectige [ of Meia Test), sheuld ¢

ven further investigated, and are

o nite conditions, amd per & Avipnament
premises change, the waights may change  Alus,

WS el St eant scadettivity n Ehetr snsetument, and should thus be cons idoved anly as
appras s e indicaters af reldbive Cigatfleame,
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WEIGHTS OF REPOSITORY PERFORMANCE SUBOBJECTIVES Figure B.44
AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE GH2

GM2

—

[Minimize] increase in
corrosive en- (ref. Figure A.43)
vironment around waste

Dackage (post-decommis-
stoning to resaturation)

[(Minsmize ) [Minimize) T[an!l‘”] (Minimize)

Increase in while package | ‘ncrease in Increase in

corrosiveness | contact with | waste package | stress act-

of flyig (corrosive) temperature ing on

(post flutd (post waste package

decommi - (post decommi s (post

stoning to decommi - sloning to decommisy -

resaturation) | sloning to resaturation) | stoning to
resaturation) resaturation)

(.2 (.2 (.4 (.2

-

r T
(Minimige) [Maximize) (hnnuol [MWinimize)
ncrease 'n mitigation of | mine/bezkfill | other waste
CoOrrosivenass | corrosive resaturation ackage
of ground. zmm time contact with
water around ¥ backfil) (post waste (corrosive)
waste package | (post gl acement fluld
(pust decommiy. to (post
decommiy - stoning to resaturation) | decomeis-
sianing te resaturation) stoning to
resaturation) | [Bacefil) resaturation)
des ign
lNOt!iu

2.2.1

Moo Hefer to Figurs 6.0 for definitions and assumptions, Only those performance subobjoctives related to
Back i1l have been Tnvestigated, some of which have been referenced and further broken down ¢)sewhere .
Those performance subobiectives unvelated to backfi1] have not been further investigated, and are

kel rooe

The relative weight of sach subobjective to achieving the repository system performence objective 14
hased on preconceived repository design comcepts, fo site conditions, and performance assessment
wethodalogy (see Section 7 of Main Text), shou'd promises change, the welghts may chanye. Also,

fhee we ghis entatl significant subjectivity in thelr assessment, and should thus be considered only as
approx sate indicators of relative significance.




WEIGHTS OF REPOSITORY PERFORMANCE SUBOBJECTIVES Figure B.45
AND BACKFILL DESIGN OBJECTIVEE WITH RESPECT TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE GH3

GH3 y
[Minimize] increase in
corrosive en-

vironment around waste
package (post-resatura-

(ref. Figure A.44)

tion)
[Minimize) [Minimize] [Minimize] [Minimize)
increase in waste package | increase in increase in
corrosiveness § contact with waste package | stress act-
of fluid (corrosive) temperature ing on
(post fluid (post waste package
resaturation) | (pust resaturation) | (post
res-turation) resaturation)
(.2) (.2) (.4)1 (.2)
‘LH3 ‘ BH3
[Minimize) [Maximize]
increase in mitigation of
corrosiveness | corrosive
of ground- groundwater
water around | by backfil!
waste package | (po-t
{post rese L ation)
resaturation) | [Backfil!
design
objective
bghl-3
(.2):[.04] (8)[161

Note: Refer to Figure B.3 for definitions and assumptions. Only those performance subobjectives related to
backfill have been investigated, some of which have been referenced and further broken down elsewhere .
Those performance subobjectives unrelated to backfill have not been further investigated, and are
marked vosa.

The relative weight of each subobjective to achieving the repository system performance objective is
based on preconceived repository design concepts, generic site conditions, and performance assessment
methodology (see Section 2 of Main Text), should these premises change, the weights may change. Also,
the weights entail significant subjectivity in their assessment, and should thus be considered only as
approximate indicators of relative significance
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WEIGHTS OF REPOSITORY PERFORMANCE SUBOBJECTIVES
AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO Figwe B.46
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE JR1

T
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CArRp
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: (Maximize
rote tion time to protect
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ck surface of
derground room scale) underground
fro