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NOTICE

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, or any of their
employees, makes any warranty, expressed or implied, or assumes any legal liability of re-
sponsibility for any ' third party's use, or the results of such use, of any information, apparatus,
product or process disclosed in this report, or represents that its use by such third party would
not infringe privately owned rights.

The views expressed in this report are not necessarily those of
the U.S. Nuclear Regulatory Comission.

NOTICE

Availability of Reference Materials Cited in NRC Publications

Most docurnents cited in NRC publications will be available from one of the following sources:

1. The %C Public Document Room,1717 H Street, N.W.
Wan .iriton, DC 20555

2. Thr NRO/GPO Sales Program, U.S. Nuclear Regulatory Commission,
Wa hington, DC 20555

3. The National Technical Information Service, Springfield, VA 22161

Although the listing that follows represents the majority of documents cited in NRC publications,
it is not intended to be exhaustive.

Referenced documents available for inspection and copying for a fee from the NRC Public Docu-
ment Room include N RC correspondence and internal N RC memoranda; NRC Office of Inspection
and Enforcement bulletins, circulars, information notices, inspection and investigation notices;
Licensee Event Reports; vendor reports and correspondence; Commission papers; and applicant and
licensee docurrents and corret,sondence.

The following documents in the NUREG series are available for purchase from the NRC/GPO Sales
Program: formal NRC staff and contractor reports, NRC sponsored conference proceedings, and
NRC booklets and brochures. Also available are Regulatory Guides. NRC regulations in the Code of
Federal Regulations, and Nuclear Regulatory Commission issuances.

Documents available from the National Technical information Service include NUREG series
reports and technical reports prepared by other federal agencies and reports prepared by the Atomic
Energy Commission, forerunner agency to the Nuclear Regulatory Commission.

Documents available from public and special technical hbraries include all open literature items,
such as books, joumal and periodical articles, and transactions. Federal Register notices, federal and
state legislation, and congressional reports can usually be obtained from these libraries.

Documents such as theses, dissertations, foreign reports and translations, and non N RC conference
proceedings are available for purchase from the organisation sponsoring the publication cited.

Single copies of NRC draf t reports are available free, to the extent of supply, upon written request
to the Division of Technical Information and Document Control U S. Nuclear Regulatory Com-
mission, Washington, DC 20555.

Copics of industry codes and standards used in a substantive manner in the NRC regulatory process
are maintained at the NRC Library,7920 Norfolk Avenue, Bett esda, Maryland, and cre available
there for reference use by the public. Codes and standards are usually copyrighted and may be
purchased from the originating organisation or, if they are American National Standards, from the
American National Standards Institute,1430 Broadway, New York, NY 10018.
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ABSTRACT

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

This report includes the identification and subjective evaluation of
alternative schemes for backfilling around waste packages and within
emplacement rooms. The aspects of backfilling specifically considered
in this study include construction (i.e., preparat ion of material and
additives, if any, and subsequent placement and compaction, if any) and
testing; costs have not been considered. However, because construct ion
ard testing are simply implementation and verification of design, a
design basis for backfill is required. in the absence of an accepted
backfill design basis, a generic basis has been developed for this study
by first identifying qualitative performance objectives for backfill and
then weighting each with respect to its potential influence on achieving
the repository system performance objectives of public safety in short-
term construction / operation and long-term waste containment / isolation.
in this assessment, backfill is considered to be an integral component
of the repository system. However, as quantitative performance assess-
ment is beyond the scope of this study, the identification and weighting
of objectives has been based on defined premises and perceptions regard-
ing repository design concepts, performance assessment methodology, and
media / site conditions, hence resulting in a qualitative design basis.
Although deemed sufficient for the purposes of this study (i.e. , for
comparative evaluations of alternative backf t!) schemes), the design
basis must 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.

Alternative backfill materials and additives, as the principal contribu-
tors to achieving the design basis, have been identified and evaluated
with respect to the perceived extent to which each combination can be
expected to achieve the backfill design basis. Based on this subjective
evaluation, several distinctly different combinations of materials and
additives which are perceived to have the highest potential for
achieving the backfill design basis have been selected for further
study. These combinations include zeolite /clinoptilolite, bentonite,
muck, and muck mixed with bentonite. Feasible alternative construction

and testing procedures for each selected combination have been
discussed. To the extent possible, recommendations have been made

| regarding appropriate backfill schemes for hard rock (1.e., basalt at
Hanford, Washington, tuff at Nevada Test Site, and generic granite) and
salt (i.e., domal salt on the Gulf Coast and generic bedded salt).
Additlonal recommendations have been made regarding the util12ation of
Task 5 results by NRC and also regarding potentially ef fective future
work.
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EXECUTIVE SUMMARY,

ES.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 f acility and final
geologic' repository, as presented in U.S. Department of Energy (00E)
Site Characterization Reports (SCR)

e To ascertain that the DOE site characterization program will pro-
to ermit a

vide, as far as possible, all the information necessary(LA).review to be conducted by NRC of a License Application

This report includes the identificatton and subjective eyaluation of
alternative schemes for backfilling around waste packages and within
emplacement rooms, where a scheme essentially consists cf:

e Material and possible additives used for backfill

e Procedures used in preparing, placing and possibly compacting the
backf tll

e Schedule of backfill construction.

Also, tests verifying that the backfill design basis has been reasonably
achieved by specific backfill schemes have been identified.

However, the identification of alternatives has been restricted to those
presently available, and the evaluation of alternatives has not been
based on either quantitative performance assessments or cost esTiliiates,
as both are outside the scope of this report. Hence, the evaluation
must be considered to be subjective rather than objective.

To the extent possible, recommendations have t.een made regarding
appropriate backfill schemes for:

e Hard rock, including
basalt at Hanford, Washington-

tuf f at Yucca Mountain Nevada Test Site-

granite at an unspecified site-

v.
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e Salt, including
domal salt at specific Gulf Coast sites-

bedded salt at an unspecified site.-

ES.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 perf ormance object ives can be
simply summarized as:

e Reasonably minimizing hazards jeopardizing the safety of the public
and personnel during repository construct ion and operat ion (i .e. ,
short term)

e Reasonably minimizing radionuclide transmission to the accessible
environment and thus minimizing hazards jeopardizing public safety
after decommissioning (i.e., long term).

Once a suitable site has been selected, the repository must be designed
f or that site so as to achieve the perf ormance object ives. The
repository must subsequently be constructed and operated in accordance
with that design. Verification will then be required that the design
has been implemented and that the performance objectives have been or
will be achieved.

When backfill is utilized to influence repository system performance, it
must be considered as an integral component of the repository system.
Thus, backfill must be designed to maximize its contribution towards
achieving the performance objectives, and subsequently constructed and
tested with reference to that design. This design will essentially
consist of desired in-place characteristics of backfill, which will be
primarily a function of the materials / additives and construction
procedures used. Hence, once the design basis has been established,
appropriate materials / additives and construction procedures can be
selected to meet this design and appropriate tests specified to verify
that the design has been met.

However, there is presently no clearly accepted design basis for
b ack f i l l . In fact, the role of the backfill component in the repository
system, and moreover its ef fect on system performance, has not in Golder
Associates' opinion previously been established explicitly, it is
Golder Associates' opinion that a design basis for backfill must be
logically and explicitly derived in order to be defensible, and
furthermore that this derivation must be based on backfill's potential
contribution to achieving the repository system performance objectives.

vi
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ES.3 APPROACH

ES.3.1 Introduction

Based on the above perspective (Section ES.2), the following sequential
activities have been completed under Task 5 (see Figure ES.1), and
summarized in the following subsections:

Development of a design basis for backfill (in Section ES.3.2)e
Development of a methodology to comparatively evaluate alternativee
backfill schemes (in Section ES.3.3)

e Identification of alternative backfill schemes (in Section ES.3.4)
Preliminary evaluation of alternative backfill materials / additivese

(inSectionES.3.5)
e Evaluation of selected alternative backfill schemes (in Section

ES.3.6).

Based on the results of these activities, Golder Associates has made
recommendations regarding backfilling. Recommendations have also been
made regarding NRC's use cf these Task 5 results in their review process
and regarding potentially ef fective future work.

ES.3.2 Development of a Design Basis for Backfill

in the absence of an accepted design basis for backfill, a reasonable
comprehensive design basis sufficient for the purposes of this study had
to be developed. This generic design basis :onsists of subjectively
weighted uackfill design objectives (see Table ES.1), which have been
explicitly derived from the repository system performance objectives of
safety in short-term Construction / operation and long-term waste
containment / isolation. This explicit derivation has consisted of:

e Identifying all the significant contributors (not only backfill) to
each repository system performance objective. This has been accomp-
lished by first identifying a reasonable comprehensive set of
contributors to each of the two repository system performance
objectives, and then identifying a more detailed set of contributors
to each of the higher order contributors, and so on until backfill
design objectives have been identified. The manner in which each
aspect of backfill contributes to achieving the repository system
performance objectives, and thus backfill's role in the repository
system, has been established through this hierarchy

e Weighting each of the significant contributors, relative to each
other, with respect to achieving the repository system performance
objectives. This has been accomplished by first weighting each of
the (subordinate) contributors in a comprehensive set with respect
to its potential contribution (relative to the other members in the
set) to achieving the parent. This weighting has been based on the
perceived sensitivity of the parent to the subordinate and the
possible range in the subordinate, assuming generic site conditions.

vii
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BACKFILL DESIGN B ASIS: COMPREHENSIVE SET Table ES .1
OF WEIGHTED BACKFILL DESIGN OBJECTIVES i o, 4

-

-

'

-
RELATIVE WEIGHT 0F BACKFILL DESIGN
OBJECTIVES WITH RESPECT TO ACHIEVING

p
REPOSITORY SYSTEM FERFORMANCE OBJECTIVES e

PERIOD OF CONCERN _

'e
-2)

-1) Post
'

_

BACKFILL DESIGN OBJECTIVES Durino Decomissioning -3)
Retrieval To Post

Scale Code Objective Period Resaturation Resaturation _-

4inimize time to olacement of backfill B ^

([roczn scal]) '

bsrla
e

bsrlb [['elav and minimize] backfilling of g
tunnels along possible egress routes

5--
3 bsrola [Maximizej time to placement of backfill g
3 (room scale) -

+

$ $ bsrolb [ Minimize] time to placement of backfill g
y e (room scale), and ventilate Q

bsrolc [*aximize] time to start resaturation -

-

process (i.e. maximite time to place- A
ment of backfill, room scale, while

--

dewatering)

bsh! [ Minimize] time to placement of backfill g _

og3 around waste package t,,

ea m

SjM hshol [ Maximize] time to placement of backfill g
around waste package,and ventilate

e3 bor! [ Minimize] volume of backfill (room
83 scale) (if placed during retrieval C
"e period)

bol (Maximize]useofsafe/reliableeculp- g
-

y ment for backfilling - - _
-

m

M bp2 [ Maximize] monitorinq of potentially B
hazardous underground conditions asC e

g ,E backfilling occurs ,

vw

8 2 bo3 [ Maximize] quick and efficient
---

mitigation of detected underground 0 -

E o

} hazards as backfilling occurs
-

a
e bp4 [ Minimize] personnel requirements
5 for backfilling (i.e.. maximize B

mechanization and remote operations)

" bp5 [ Minimize] total ef fort required for C
backfilling (e.g., no backfilling) _l

(SEE KEY AT END OF TABLE)
_

K

T

~q

ix .

_
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BACKFILL DESIGN BASIS: COMPREHENSIVE SET Table ES .1
OF WElGHTED BACKFILL DESIGN OBJECTIVES 2 or 4

RELATIVE WE!GHT OF BACKFILL DESIGN
OBJECTIVES WITH RESPECT TO ACHIEV!NG
REPOSITORY SYSTEM PERFORMANCE OBJECTIVES.

PERIOD OF CONCERN

-2)
- -1) Post

BACKFILL DESIGN OBJECTIVES During Decommissioning -3)
Retrieval To PostScale Code Objective Period Resaturation Resaturation

bmrl [Minimizel integrity (compaction) of
backffll (room scale) (if placed C
during retrieval period)

bmr2a [ Maximize)supportpressure(orstruc-
tural support) provided by backfill B

,

(room scale)

bmr2b [ Maximize] increase in support pressure
{ (or structural support) provided by D Dw

y y backffll (room scale)

h h bmr2c (Minimizel decrease in support pressure
W = (or structural support) provided by D Dy backfill (room scale)
E
$ bmro2a [ Minimize} support pressure (or struc-

tural support) provided by backfill Ca

$ (room scale)
Ey bmro2c [ Maximize] decrease in support pressure
3 (or structural support) provided by E EE backfill (room scale)

bmh1 [ Minimize] stress transfer through
g backft11 around waste package O O O
,

}e bmh2a (Minimize] swelling pressure of back. gfill around waste packageae
em
U bmh2b [ Minimize)increaseinswelling
3 oressure of backfill around waste C C

package

btrl [ Maximize] insulation of waste packagey * from rock mass around underground C D D,

*g ooening (room scale)
m

E 8 btrol (Minimize] insulation of waste packagey e from rock mass around underground D E Eg opening (room scale)
r
"

bth! [ Maximize] insulation of waste package{ * g,* from rock mass araund emplacement hole D D D
a r .

$ 5j$ bthol (Minimize] insulation of waste package g g gfrom rock mass around emplacement hole

(SEE KEY AT END OF TABLE)

x
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BACKFILL DESIGN BASIS: COMPREHENSIVE SET Table ES.1
OF WEIGHTED BACKFILL DESIGN ODJECTIVES a .: 4

RELATIVE WEIGHT OF BACKFILL DESIGN
OBJECTIVES WITH RESPECT TO ACHIEVING
REPOSITORY SYSTEM PERFORMANCE OBJECTIVES

PERIOD OF CONCERN

-2)
-1) Post
Durtnq Decommissioning -3)

BACKFILL DESIGN ORJECTIVES Retrieval To Post

Scale Code Objective Period Resaturation Resaturation

bhrla [ Minimize] hydraulic conductivity (and
g effective porosity) of backfill and D B A

interface (room scale);
$ 3

3 bhrlb [ Maximize] decrease in hydraulic con-m

O ductivity (and effective porosity) of B*

g 8 rock mass (room scale) (i.e., sealing /
g 8 filling of discontinuities) by backfill
v

S bhr2 [ Maximize] porosity of backfill (room g g
g scale)

y3h3 bhl [ Maximize] distance from waste packagee

"g;t3 through repository along flow path due A8E
32e to backfill

bgel [ Maximize] protection of exposed rock
% surface underground (room scale) by D E E
a,

M backfill

! bgr2 [ Maximize] thickness / adsorption of g
backfill (room scale)"

bght [ Maximize] mitiqation of corrosive g g g.
C 3g3 groandwater by backfill (waste package

scale); *=*

C SjM bqh2 [Maximizel thickness / adsorption of g
" backfill around waste package
u
5 bgl [Maximizel length of flow path from
E 2 waste package through backfill B

[ } adsorbing material
<
M $ bg2 [ Maximize] cross-sectionalareaof
5 2 flow path from waste package chrough g
5 % backfill adsorbing material (i.e.,
y [ maximize volume of backfill)

.,

% bg3 [ Maximize] surface area per unit volume
of backfill adsorbing material along B*

} flaw path from waste package

5 bg4 [ Maximize) adsorption potential of
a backfill along flow path from waste A

package to accessible environment

(SEE KEY AT END OF TABLE)

xi
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BACKFILL DESIGN BASIS: COMPREHENSIVE SET OF Table ES .1
WEIGHTED BACKFILL DESIGN OBJECTIVES 4 on 4

KEY FOR CODE:

Similarity
Subject Opoosite to with
of Identifier Identi'ler Identifier
Concern Scale No. No. No. Time Period

~ ~

r-room

,s schedule . scale --

-blank
-

. .

h-waste . I 1-during retrievalp-procedure package blank
-

2 a-sin ilar period
b -

*~ ' " * scak
_ _

o-opposite
_ _

3
_,

c-
b

- - ?-post decomissioning -

t-thermal
- -

blank- to cesaturatian
,

h-hydrologic room and
,g-geochemical waste

_ objective. 3-post resaturation
~ ~

package
. . .

_ scale .

For example:

b s r 1 a 1-

KEY FOR RELATIVE WEIGHT:

A 10-2 5 Relative Weight (most significant)

B 10-3 < Relative Weight < 10-2

C 10-4 5 Relative Weight < 10-3

0 10-5 c Relative Weight < 10-4

E Relative Weight < 10-5 (least significant)

NOTE: The weights of these backfill design objectives with respect to their
contribution to achieving the repository system performance objectives
have been explicitly derived. This development has been based on
preconceived repository design concepts (specifically vertical waste
emplacement), performance assessment methodology, and generic site
conditions; should these premise change, the weights may change. For
example, backfill design objectives and their weights may be slightly
different for horizontal waste emplacement; these potential differences
are discussed elsewhere. Also, the weights entail significant
subjectivity in their assessment, and should thus be considered only
as approximate indicators of relative significance.

Although deemed sufficent 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 backfill design.

xii



These subjectively assessed weights have then been compounded down
through the hierarchy (by simple multiplication) to determine the
weight of any contributor with respect to its potential contribution
(relative to all other contributors) to achieving the repository
system performance objectives. By this weighting, the significance
of each backfill design objective with respect to achieving the
repository system performance objectives has been established for
generic site conditions; this significance of backfill design
objectives is not onif relative to each other, but also relative to
all other components of the repository system. The weight of the
set of backfill design objectives with respect to achieving the
repository system performance objectives, relative to all other
repository components, has been determined to be about 0.16 for a
generic site.

The weighted backfill design objectives (Table ES.1) have been categor-
ized in terms of the subject of concern (i.e., schedule, procedures,
mechanical characteristics, thermal characteristics, hydrologic
characteristics, or geochemical characteristics), the scale of concern
(i.e., room scale, waste package scale, or both), and the period of
concern (i.e., during the retrieval period, post-decommissioning to
resaturation, or post-rcsaturation). Many of the most important
detailed backfill design objectives can be summarized as relating to the
primary objectives of providing structural support, water flow
attenuation, or radionuclide transport attenuation.

The identification and subsequent weighting of thdse backfill design
objectives have been based on certain premises and perceptions,
especially regarding assumed repository design concepts, performance
assessment methodology, and media / site specific conditions (where
applicable); should these premises change, the objectives and especially
the weights might change. However, these premises have been defined, as
much as possible, and the derivations based on these premises have been
clearly exposed for discussion. Also, due to the subjective nature of
the assessments, there is significant uncertainty inherent in the
weights. Hence, although deemed suf ficient 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 backfill,
must be assessed and considered in such a refinement.

ES.3.3 Development of a Methodology to Comparatively Evaluate
Alternative Backfill Schemes

A methodology for comparatively evaluating alternative backfill schemes
with respect to meeting the design basis has been developed. This
methodology consists of subjectively evaluating the percentage of each
detailed design backfill design objective which might reasonably be

xiii
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achieved by a backfill scheme's expected performance. This percentage
; can then be multiplied by that objective's previously assessed weight.
| An indication of how well the design basis might be achieved, and

thereby an indication of the relative contribution to achieving the
repository system performance objectives, can then be obtained for any
backfill scheme by summing the products for all the backfill design
objectives.

This methodology is useful for comparatively evaluating alternative
backfill schemes, as required in this study, but does not address the=

adequacy of any scheme. In other words, although it allows for a
; ranking of schemes, it does not determine whether any scheme is satis-

factory. This determination of any scheme's acceptability must be made
by site-specific quantitative system performance assessment, with
reference to system performance criteria; however, this determination is
outside the scope of this study.

ES.3.4 Identification of Alternative Backfill Schemes

A representative set of alternative backfill schemes has been identified,-

i, from schemes previously proposed by DOE, schemes typically used in the
civil and mining industries, and schemes identified under the comple-

- mentary " Engineered Barriers" NRC contract (NRC-02-81-027) . The
- combinations of backfill materials and additives which are perceived to

be most viable for either room or waste emplacement hole backfill have
' been identified and their primary objective (s) defined (see Table ES.2).

The ranges of properties of these backfill materials / additives have been
!, identified, where possible, based on available literature. The
.: principal alternative placement procedures which have been identified

include mechanical, pneumatic or hydraulic methods. The principal
alternative compaction procedures which have been identified include
mechanical (static or dynamic), vibratory, electro-osmosis, drainage or
consolidation methods. Appropriateness of various placement and
compaction procedures depends on the type of material / additive and the
desired in-place characteristics of the backfill.

''

ES.3.5 _ Preliminary Evaluation of Alternative Backfill
Materials / Additivess

The 60 most viable combinations of waste emplacement hole and room
- - backfill materials / additives have been identified and preliminarily

'
evaluated with respect to achieving the generic design basis (Section
ES.3.2) using the subjective evaluation methodology (Sect ion ES.3.3).
It is apparent from the results cf this preliminary evaluation that, for
any type of room backfill, the radionuclide attenuation type backfills
(i.e., Illite, clinoptilollte, or zeolite) might be most effective
around the waste package, with bentonite next most effective. Similar-
ly, it is apparent that, for any type of backfill around the waste
package, the radionuclide attenuation type backfills might also be most

-

effective as room backfill, with bentonite and muck (l.e., excavated
-

.

.

,

.
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SUMMARY OF ALTERNATIVE BACKFILL Table ES .2MATERIALS / ADDITIVES

Primary Objectives

Radionuclide
Structural Water Flow Transport

Material / Additive Support Attenuation Attenuation

None

Concrete e o

Concrete with sar'd-cement grout. e e

Muck e

Muck with sand-cement grout e e

Muck mixed with bentonitt e o j

Sand e

Sand with sand-cement grout e e

Sand mixed with bentonite - e e

Bentonite e'

1111te o e

Clinoptilolite e

Zeolite (synthetic) e

(Room Scale or Waste Package Scale) '

e Principal objective of bickfill material / additive
.

o Secondary objective of backfill traterial/ additive

;

i

** . NY'
;

' \
5

%
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host rock) mixed with bentonite next most effective. These evaluations,
however, have been subjective and in any case relate to a generic 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 f or
tne given generic design basis, but it does not address the
acceptability of any (even the best) combination. Site-specific
quantitative performance assessment would be necessary to address
acceptability of any scheme and, in addition, the results of such
assessments might change the design basis and comparative evaluations.

Based on the results of the preliminary evaluation of alternative
backfill schemes, the backfill materials / additives with the highest
apparent ef fectiveness have been selected for further study. These are
Zeolite /clinoptilollte, bentonite, and muck mixed with bentonite. Muck
has also been included for further study, as it is strongly being
considered by the DOE.

E S. 3.6 Evaluation of Selected Alternative Backfill Schemes

Feasible procedures for each selected backfill material / additive have
been identified, and appropriate equipment also identified for each
procedure. The backfill schemes, consisting of materials / additives and
appropriate procedures, which are perceived to best achieve the generic
design basis, and thereby the repository system performance objectives,
have been identified for hard rock and salt (see Tables ES.3 and ES.4,
respectively).

Tests which are presently available to verify that the backfill design
has been correctly implemented have been identified and appropriate ones
then selected (see Table ES.5). Clearly, the tests which should be
performed will depend to a large extent on the specific backfill design.
This identification of available tests has relied on the results of Task
2 of this project, entitled, "In Situ Test Programs Related to Design
and Construction of High Level Nuclear Waste (HLW) Deep Geologic
Repositories," (NUREG/CR-3065, November 1982). The extent and schedule
of testing, i.e., prior or subsequent to LA, will depend on the level of
confidence in satisf actory repository system perf ormance required for
Ilcensing purposes at LA and on the reliance placed on backfill in
achieving this performance, neither of which have been clearly
established.

ES.4 SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

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

e Develop a generic design basis for backfill suf ficient for the
purposes of this study

e Identify and discuss alternative backfill schemes

xvi
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SUMMARY OF ALTERNATIVE PROCEDURES FOR
SELECTED COMBINATIONS OF BACKFILL Table ES .3
MATERIALS / ADDITIVES - HARD ROCK

Room Backfill Nterial/ AdditiveWaste Emplacement
Hole Backfill Nterial/
Additive 3. Muc k 3o. Muck mined 5. Bentonite 1. Clinoptitolite/

with b ntonite Zeolite

93. Mak

38. Muck mixed with bentonite 9 9

5. Bentonite e S G

7. Clinopt i tolite / Zeolite 9 9 9 O

Combination Waste Emplacement 3 3 3 3 3B 3B 3B JB *) 5 5 5 7 7 7 7

of Cackfill Hole Backfill

Ntcrials/ Nterial/ Additive
Additives

Room Backfill 3 3B 5 7 3 3B 5 7 3 3B 5 7 3 3B 5 7

Nterial/Aaditive

Waste Preformed Backfill g g g' g g
Emplacerent Shapes
llole Backfill Mechanical Placement
Procedures of Dry Backfill

Pneumatic Placement
8 9 8 G S

of Dry Backfill

Mechanical Placement
of loose Dry or Moist 9 9 9 9 9 9 4 9 9 9

Backfill /No Compaction

Room Mechanical Placement
Back f ill of loose. Dry or Moist g g g
Procedures Backfill / Compaction

in Lifts
_

Hechanical Placev nt
of Pre fomed O O O O O
Backfill Shapes /
No Compaction

Pneumatic Placement
of Loose. Dry or Moist S 9 @ =~ 9 9

Backtill/f;o Compsction |

e viable alternative combination of materials / additives and procedures for
waste emplacement '.! ole and room backfill

|xvii



,
- - - - - - - -

1

SUMMARY OF ALTERNATIVE PROCEDURES FOR
SELECTED COMBINATIONS OF BACKFILL Table ES. 4
MATERIALS / ADDITIVES - SALT

Waste Emplacement Room Backfill Material / Additive
Hole Backfill Material /
Additive 3. Muck 38. Muck mixed 5. Bentonite 7. Clinoptilolite/

with bentontre Zeolite

3. Muc k 9

35. Muck mixed with bentonite

5. Bentonite

7. Clinopt itolit e /Zeolit e G S

,

I Combination Waste Emplacement 3 3 3 3 38 3B 3B JB $ 5 5 5 7 7 7 7
of Eackfill Hele Backfill
Nterials/ Nterial/ Additive
Additives

Room Backfill 3 3B 5 7 3 3B 5 7 3 3B 5 7 3 3B 5 7
N terial/ Additive

Waste Preformed Backfill
Emplacenent Sha pes
llote Backfill Mechanical Placement
Procedures of Dry Backfill O O O

Pneumatic Piacencnt
of Dry Backfill O 9 O

Mechanical Placement
of Loose Dry or Motst S S 9Backfill /No Compaction a

Room Mechanical Placement '

Backf111 of Louse. Dry or Moist
Proc edures Backfill / Compaction O O

in Lifts

Mechanical Placement
of Prefomed
Backfill Shapes /
No Compaction

Pneumatic Placement
of Loose. Dry or Moist 9 9 9
Backfill /No Compaction

e viable alternative combinations of materials / additives and procedures for
waste emplacement hole and room backfill

.
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SUMMARY OF TESTING / MONITORING METHODS Table ES. 5
AVAILABLE TO VERIFY BACKFILL DESIGN

SIGNIFICANT BACKFILL LABORATORY CONSTRUCTION IN SITU IN SITU PERFORM N E

CHAR ACTERISTICS TESTS MONITORING TESTS MONIT02]N3

Waste Waste Weste

Emplacement Emplacement Empla:ement

Hole Room Hole Room Hole Room

PERFOR*ANCE:

(WECMANICAL)
Strength 9 e
Deformation e O
Creep e O

e O OConsolidation /
Swelling

( THERS.AL )
Thermal Conductivity e e O O
Heat Capacity e e
Thermal Expansion e e

(HYDROLOGIC)
Hydraalic Conductivity e e
Effective Porosity e e i

Specific Storage e O I

(GEOCHEMICAL)
Radionuclide e e O O

Retardation / Adsorption i

Alteration /Solability , o
Potential

|
*

PHY$1 CAL:
Homogeneit y O e O
Material Type S 0 0 0
Gradation e e e O
Particle Shape e o e O

|Moisture Content e e e O
Density e O e e

e primary testirig/ monitoring method
O possible secondary testing / monitoring method

NOTE: Perfomance characteristics are primarily a function of specific physical
j

characteristics. Appropriate testing / monitoring methods will depend on tre
significance of each characteristic, which in turn will depend on backfillt

desi gn. 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 perfomance required for licensing purposes
(especially at LA) and on the reliance placed on backfill in achieving this
perfomance, neither of which have yet been clearly established.

XiX



Comparatively evaluate the identified feasible alternative backfille

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 to 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 objectivese

consistent with the generic backfill design basis, especially the
most significant backfill design objectives, deve'oned here; i.e.,
does the applicant correctly perceive backfill's role in the
repository system? If the applicant's design basis is significantly
different, to what extent will that affect the probability of
satisf actory repository system performance? This impact can be
roughly assessed through the hierarchy of performance objectives
developed here. Does the applicant's design basis take into proper
account the natural variability in site conditions?

e 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.

e Procedures - Are the applicant's proposed backfill procedures -
feasible 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



Testing - Is the applicant's test program sufficient to verify thate
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 verifying design.
However, sufficiency regarding the extent and schedule of testing

.will depend on presently undefined 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 cr:finement,

i

|

l

|
|

!
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1. 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 f acility and final
geologic repository, as presented in U.S. Department of Energy (DOE)
Site Characterization Reports (SCR)

e To ascertain that the DOE site characterization program will pro-

vide, as far as possible, all the information necessary(LA).
to permit a

review to be conducted by NRC of a 8.icense Application

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:

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

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

e The development of a methodology to comparatively evaluata 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

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

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



e Th2 recommendation of NRC's utilization of Task 5 results and of
potentially effective future work.

It 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
summarized as:

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

Reasonably minimizing radionuclide transmission to the accessiblee
environment and thus minimizing hazards jeopardizing public safety
af ter deconsnissioning.

Other perfonnance objectives can be considered as subordinate to these
two summary performance objectives. Performance criteria, e.g. , NRC's
draf t 10-CFR-60 or EPA's draf t 40-CFR-191, define and, where possible,
quantify 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
dcsign/ construction of engineered repository barriers, including
backfill, must be considered as an integral aspect of repository
design / construction / operation. Hence, backfill should be designed, in
terms of schedule, configuration and in-place characteristics, to

2



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

e 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 placed and
must subsequently function (i.e., media / site specific conditions
during and af ter 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 shaf ts 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.

Although quantitative performance assessments and costs have- not been
considered, the means by which they can be incorporated in establishing
the backfill design basis are discussed.

3
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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):

e 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.

e 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
been 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 logical.

4.
.
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EBC - interaction with NRC Contract (NRC-02-B1-027) entitled " Performance
of Engineered Barriers in a Geologic Repository" r1

c'Backfill inclus*es material placed around the waste package, in the mined c
openings and in tunnelse but not including shafts or boreholes. $
Backfill procedurws include preparing, placing, compacting and testing. ,^

.4
Backfill schemes include backfill materials / additives (including source)e backfill
procedures (including equipment), and backfilling schedule.
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The relative significance, or weights, of each identified backfill
design objective, with respect to achieving the repository sy(stemperformance 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,

e Develop Evaluation Methodology
i
. 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 then multi-i

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 ef fectiveness
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,

e 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.

e 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 of fer _ viable
potential alternatives.

6



e Summarize Alternative Backfill 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 have been identified, where possible,
based on available literature (see Appendix D).

e Preliminary Evaluation of Alternative Backfill Schemes

Each 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).

e 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.

e 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).

e 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
appropriate ones then selected (see Section 6.4).

e Recommend Utilization of Task 5 Results by the NRC

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

.
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. 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 also been recommended
(seeSection7.3).

8
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2. STUDY PREMISES

2.1 INTRODUCTION

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

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

If 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 REPOSITORY 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.

hole in the floor of a deep underground room (see Figure,d in a vertical
It has been assumed that the waste package will be place

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 dif ferent
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 backfill will be utilized, back-
filling of the room / tunnel would occur some time af ter 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.

9



REPOSITORY DESIGN CONCEPTS -
REPOSITORY SCALE Figure 2.1
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REPOSITORY DESIGN CONCEPTS

'

RELEVANT TO BACKFILL- ROOM GEOMETRY Figure 2.2
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a) VERTICAL EMPLACEMENT (schematic cross-section)
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b) HORIZONTAL EMPLACEMENT (schematic cross-section)

11

_ _ _ - - _ __ -. __- - ______ - _



_-

;

REPOSITORY DESIGN CONCEPTS RELEVANT TO
BACKFILL - ROOM DEVELOPMENT SCHEDULE Figure 2.3
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cross section: time
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Note: This schedule is consistent with the repository development
schedule (see Figure 2.lb)
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2.3 ~ PERFORMANCE ' ASSESSMENT ETH000 LOGY
'

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 /
Dackfill ' 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 draf t 10-CFR-60 and EPA's draf t
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:

e 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.

13
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REPOSITORY PERFORMANCE
ASSESSMENT METHODOLOGY

Figure 2.4
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PERTINENT ASPECTS OF REPOSITORY
PERFORMANCE Table 2.1

,

Thermal Response

Predict mine temperatures prior to backfilling and waste package
temperatures as input to mechanical, hydrclogic, geochemical
response nodels (i.e.: mechanical, hydrologic, and geochemical
response characteristics are functions of temperatere; changes in
tenperature . vill cause wchanical and possioly geochemical
(alteration) responses;'ncat flux may cause hydrologic response).

Mechanical Respong

Predict deformations and stability of openings and stress on waste
package, as well as input to hydrologic 41, geochemical response
models (i.e.: hydrologic response characteristics will be a
function of stress and especially fracture / joint aperture; geo-
chemical as well as thermal response characteristics may also be a

_

function of stress).
Hydrologic Response

Predict mine inflows prior to backfill, mine/ backfill resaturation
time, and ficw through repository af ter resaturation, as well as
input tu geochemical response nodel (i.e.: hydraulic flux will
cause geochemical response and passibly thermal response; mechani-
cal and geochemical (and possibly thermal response character-
istics will be functions of pore pressure .

Geochemical Response

Predict the extent of geochemical alteration (of rock mass and

backfill)andcorrosion/leachingofwastepackage(ie:as well as the
rate of radionuclide transport after emplacement thermal,..

mechanical, and nydrologic response characteristics will be
functions of alteration / solution and pore fluid composition, and
possibly radiation dose).

Note: Refer to Figure 2.4 - Repository Performance Assessment
Methodology,
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PRESENT STATUS OF DOE SITE SCREENING / Table 2.2
j SELECTION PROCESS

* Basalt at Hanford Reservation, Washington

Basalt Waste Isolation Project (BWIP), DOE prime contractor'- Rockwell:
The prospective repository horizon is in basalt flow (presumably
the Umtanum, which is about 80 feet thick and 3800 feet deep) in Cold
Creek Syncline at Hanford Reservation, Washington; SCR submittal is
expected in late 1982, exploratory shaft is expected to be initiated

i in early 1983.

Tuff at Yucca Mountain, Nevada Test Site, Nevada*

Nevada Nuclear Waste Storage Investigations (NNWSI), DOE prime
contractor - Sandia (to be changed):
The prospective repository horizon is in tuff (oossibly the Bullfrog
formation, which is about 400 feet thick and 2100 feet deep, but
3 other formations are being studied to similar levels) under Yucca
Mountain at Nevada Test Site (NTS), Nevada; SCR submittal is
expected in mid 1983, exploratory shaft is expected to be initiated
in 1983.

* Donal Salt at Richton or Cypress Creek, liississippi, or Vacherie, Louisiana
Gulf Coast Domal Salt Investigation, DOE prime contractor - ONWi**
A choice between Vacherie Dome in Louisiana, Richton Dome and
Cypress Creek Dome in Mississippi is expected to be made in 1983; a
subsequent choice between the selected dome and the selected salt
basin is expected to be made in 1983 for explo,ratory shaft
initiation.

* Bedded Salt at unspecified site (generic)
Bedded Salt investigation, DOE prime contractor - ONWi*:

A choice between the Paradox Basin in Southeastern Utah and the
Permian Basin in Northwest Texas is expected to be made in 1983;
a subsequent choice between the selected basin and the selected
salt dome is expected to be made in 1983 for exploratory shaft
initiation.

* Granite at unspecified site (generic)
Granite Investigation, DOE prime contractor - ONWI*(to be chanqed):

The investigation and site selection process for a suitable site
in granite is expected to begin throughout the eastern portion of
the U.S. in 1982; SCR submittals for as many as three selected sites
are expected in about 1986.

* ONWI - Office of Nuclear Waste Isolation is managed for DOE by
Battelle-Columbus

Note: This perceived status is as of November 1982, and is subject to
update and revision.
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MEDIA / SITES (ref. Table 2.2) yE
CHARACTERISTICS BASALT TUFF SALT GRANITE 2E

>>
O2GEOLOGIC SETTING Generic- Generic: -4 <

Stratigraphic / structural flow structure: Flow structure: Salt dome (with Massive M
OUmtanum flow (24m Bullfrog member (60m foldino); bedded salt (1000m deep) 3mthick and 1000n deep) thick and 1000m deep) (with norous inter- @

oeus) (650m deep) -l E
bPore fluid composition: type Soditsn chloride Sodium potassium Saturated brine (generic) g -Qbicarbonate bicarbonate

total dissolved solids 850 180 (generic) (generic) >
(mg/I) gpH 9.7 9.7 (generic) (generic) -

-4
mTectonic Low seismicity, some Low seismicity (also Diapi rism (generic)

possibly capable faults nuclear weapons &)
testing effects) T

m
in situ stress field: (MPa) 28 22 16 26 O

Q (at repository horizon) yyahmax (MPa) 56 33 16 (generic) y
a bin (MPa) 28 11 16 (generic)

In sito hydraulic field: pressure head (m) 1050 300 (generic) (generic)
(at repository horizon) gradient 2 x 10-2 1 x 10-2 (generic) (generic)

direction upward downward (generic) (generic)

In situ temperature field (C') 46 35 50 46
(at repository horizon)

RESF1)NSE

MECHANICAL (repository horiuk %eass) Generic: Generic:

Strength - ' 41 38 plastic behavior 40
i (Pf a) 22 3 at low stresses 0.5

Deformation E (GPa) 7.6 6 6 35
is 0.25 0.20 0.35 0.18 .4

Creep / fusing Insignificant May be significant Very significant insignificant 1O

t to

G
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K0! A/ SITES (ref. Table 2.2) >>
O2

CHARACTERISTICS BASALT TUFF SALT GRANITE -4 -<
QRESPONSE

g7THERMAL (repository horizon rock mass) Generic: Generic:

Themal conductivity (J/m sec 'C) 1.4 1.2 4.8 2.6 -

Heat Capacity (J/kg 'C) 8a0 1500 920 1000 O
Linear thermal expansion (*C-1) 6.9 x 10-6 10 x 10-6 40 x 10-6 2.5 x 10-6 (/) g_

)
%

(/)

HYDROLOGIC (repository horizon rock mass) Generic: Generic: M
m

Hydraulic conductivity: vertical (cm/sec) 10-7 10-5 10-12 to-7
horizontal (cm/sec) 10-9 10-6 10-12 10-7

Effective porosity 10-5 .02 10-3 10-5 Q
. Specific storage (cm-1) 10-10 5 x 10-8 10-9 10-9 hg

GEOCHEMICAL (repository horizon rock mass) Generic: Generic:

Dispersivity: longitudinal (m) 130 60 10 60

transverse (m) 80 30 3 30
)

Adsorption /reta rdation* Moderate Good Poor Moderate

Alteration / solubility Insignificant Significant potential Very soluble Insignificant

for alteration

* Adsorption / retardation coefficients for the repository horizon rock mass will vary for each radionuclide considered, and thus only a qualitative
description is used here to indicate the average condition.

NOTE: The value of characteristics presented here represent "best guess" estimates for the repository horizon, based on readily available "dinfomation, and do not indicate the varying level of uncertainty associated with each (ref. Task 2 report, Golder Associates,1982c). *#These values are considered suf ficient for the purposes of this Task 5 study, but should not be used as other than qualitative indicators of ,,

characteristic values likely to be encountered. These estimates may change significantly as actual site investigation and .E
#

characterization proceeds.
.
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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)

e Potential for tectonic activity

e High horizontal in situ stresses

e High in situ temperatures

e Proximity to a major water resource

Highly fractured rock mass, especially vertical cooling joints; thee

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:

Relatively complex geology (flow structures)e

e Potential for tectonic activity

e Deep water table

Very porous, fractured rock mass; the rock mass is relatively weake

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

Susceptibility of rock to alteration, especially with elevatede

temperatures.

2.4.4 Salt

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

Relatively complex geology (folding)e

Possibly ongoing diapirism (dome building).e

Sites in bedded salt are expected to exhibit several'significant
features, including:

19
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Posc ible existence of continuous, porous interbeds.e

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); mechanical 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:

e 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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3. BACKFILL DESIGN BASIS

3.1 INTRODUCTION

A reasonable comprehensive design basis for backfill must be estatilished
in order to evaluate backfill's construction / testing aspects, i.e., the
implementation and verification of design. Prior to this study, there
was no clearly accepted design basis for backfill, nor in Golder
Associates' opinion had the role of backfill within the repository
system been explicitly and logically derived.

Design objectives for backfill have been defined, and their relative
significance for generic site conditions roughly assessed, in this
section. This comprehensive set of generic backfill design objectives
provides a sufficient basis for subsequent comparative evaluations of
backfill construction and testing techniques. However, this set of
generic backfill design objectives alone should not be considered
sufficient for final backfill design, which in any case is outside the
scope of this study. With further development, this set could be used
for backfill design guidelines, but final backfill design will also
require site-specific quantitative performance assessment.

Backfill (if used) will be one of a number of integrated geologic and
engineered components which comprise the repository system. Hence,
backfill design objectives must be developed in the context of the
backfill component's perceived role in the repository system.
Performance objectives for the repository system have thus been first
identified, and the methodology for optimizing the various components of
the repository system with respect to these performance objectives then
discussed (see Section 3.2). Subsequently, those aspects of performance
which are perceived to be affected by backfill have been focused on, and
backfill design objectives which contribute to achieving the repository
system performance objectives derived (see Section - 3.3). Finally, the
relative significance of each identified backfill design objective, with
respect to its potential contribution towards. achieving the repository
system performance objectives for generic site conditions, has been
assessed sufficiently for the purposes of this study (see Section 3.4).

3.2 REPOSITORY PERFORMANCE OBJECTIVES

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

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

:,
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e 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 accessible environment and
thus minimizing hazards jeopardizing public safety af ter decommis-
sioning. This objective dictates maintaining a waste retrieval
capability for a specified period af ter waste emplacement and prior
to decommissioning, thereby providing the opportunity for verifying
a sufficiently high probability of satisfactory long-term
performance and also providing a contingency plan for demonstrated
non-verification.

These repository system performance objectives can be cost-ef ficiently
achieved by optimizing among the aspects related to:

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

The process of optimization, with respect to the repository system
performance objectives, among all of the various aspects related to site
screening / selection and repository design / construction / operation will be
based on preconceived repository design concepts and performance
assessment methodology (Section 2.0). (Hereaf ter, the various aspects
related to site screening / selection and repository design / construction /
operation will be referred to as simply repository variables.)

However, the repository system will be very complex. In fact, it is not
presently clear, nor is there technical concurrence, on how and to what
extent each of the repository variables will affect performance and thus
contribute to achieving the repository system performance objectives.
The large number of repository variables generally makes thorough system
performance sensitivity studies intractable and, even if tractable,
various components should not be considered independently, but as an
integral part of the repository system. Due to this complexity, a
systematic approach will be required for repository optimization (see
Figure 3.1). This approach would consist of the following four major
steps:

1) Identifying a hierarchy of performance subobjectives, by subdividing
each repository system performance objective into a reasonable
comprehensive set of contributors (or performance subobjectives) and
then in turn further reducing each of these subobjectives as
appropriate, and so 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 /
operation has been explicitly related to the repository system
performance objectives. This hierarchy of performance subobjec--
tives, and the resulting comprehensive set of repository variable
objectives, would be based on preconceived re
concepts and performance assessment methodology (pository ) designSection 2 . The
development of this hierarchy is further discussed in Appendix A.

,
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2) Weighting the performance subobjectives, and thus the repository
Jariable 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
comorehensive set to achieving its sovereign subobjective, relative
to the other members in 5e 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 potential 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.g., media / site specific conditions) (Section
2). The development of these weights is further discussed in
Appendix B.

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

4) 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
repository 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,

it 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

24

.



g

! e'

*e ,

6

'
,

DOCUMENT
I

{

|' PAG.E
'

* e ~
)

.

.

l PULLED
.

~

|
*-

.
,

!

! ANO" ws~nn
|

.

.

l
.

,

NO. OF PAGES .-

.

REASON'

f D PA3! ILLEGS1
,

CF
D mD COPt FnED A1. OR

| own_
3_ J._-

D DEmn COP (REOJE5TED ON _~

.

I

s4nacemaDat mR (g.
$ -

O
.

own_,

37
.

D FEWD ON Mm0RE CMD NO
,

)

.

6

*

__ ___________._ _ _____ _____. _ __._._ _ _ _~ ~ ~ I_~ ~_'"~~~**_'i _'.-. __..



s

subobjectives, which are generally harder to assess, will have a
significant influence on the compounded weights of the more detailed
subobjectives.

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 technical
disagreement regarding repository variable objectives and/or their
weights could be identified using this framework and resolved, e.g., by
adding / deleting / modifying specific performance subobjectives 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 been
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
genefate 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) hasi

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 of 4

i

PERIOD OF CONCERN

-2)
-1) Post

BACKFILL DESIGN OBJECTIVES During Deconnissioning -3)
Retrieval To PostScale Code Objective Period Resa tura tion Resa tura tion

bsrla [ Minimize] time to placement of backfill e
(room scale)

bsrlb [ Delay and minimize] backfilling of a
tunnels along possible egress routes

* bsrola [ Maximize] time to placement of backfill e
3 (room scale)
"w

d $ bsrolb [Miximize] time to placement of backfill e
S & (room scale), and ventilate
x

bsrolc [ Maximize] time to start resaturation e
process (i.e., maximize time to place-
ment of backfill, room scale, while
dewatering)

bsh! [ Minimize] time to placement of backfill e
[c- e around waste package=

# .
3U hshol (Maximize] time to placement of backfill" e

around waste package,and ventilate

s* bor! [ Minimize] volume of backfill (room e8,
* *3 scale) (if placed during retrieval

period)

bpl [ Maximize] use of safe / reliable eoulp- e
ment for backfillinge

bp2 [ Maximize] monitoring of potentially e0 e hazardous underground conditions as
g j backfilling occurs

$ bo3 [ Maximize] quick and efficient eE o mitigation of detected underground
j hazards es backfilling occurs
a
e bp4 [ Minimize) personnel requirements e% for backfilling (i.e., maximize

mechanization and remote operations)
"

bp5 [Minimizel total effort required for .e
backfflling (e.g., no backfilling)

(SEE KEY AT END OF TABLE)

s
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Table 3.1SUMMARY OF BACKFILL DESIGN OBJECTIVES
8 of 4

PERIOD OF CONCERN

-2) *

-1) Post
BACKFILL DESIGN OBJECTIVES During Decomissioning -3)

Retrieval To Post
Scale Code Objective Period Resaturation Resaturation

bmr1 (Minimize] integrity (compaction)of e
backfill (room scale) (if placed,
during retrieval period)

bmr2a (Maximize} support pressure (or struc- e
tural support) provided by backffll
(room scale)

bmr2b (Maximize]increaseinsupportpressure o e
,

, ; (or structural support) provided by
M y backfill (room scale)
U
g | bmr2c [ Minimize}decreaseinsupportpressure e e

(or structural support) provided byg a
y backfill (room scale)
a

h bmro2a (Minimize)supportpressure(orstruc- e
tural support) provided by backffl1a

5 (room scale)

h bmro2c [ Maximize]decreaseinsupportpressure e e
S (or structural support) provided by
E backffll (room scale)

bmh1 (Minimizel stress transfer through e e e
g backfill around waste package
,

t* bmh2a (Minimize] swelling pressure of back- e
E} fill around waste package
em
U bmh2b [Minimizelincreaseinswelling e e
S oressure of backfill around waste

package ,

btri (Maximize] insulation of waste package e e e ,,
g ,e from rock mass around underground

3 opening (room scale)*

- w
"

g btrol (Minimize)insulationofwastepackage e e e
y e from rock mass around underground
g opening (room scale)
z

$ bthi (Maximize) insulation of waste package o e e,
g age from rock mass around emplacement hole
a # .

$ 5jM bthol (Minimize) insulation of waste package e e e
from rock mass around emplacement hole

(SEE KEY AT END OF TABLE)
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SUMMARY OF BACKFILL DESIGN OBJECTIVES Table 3.1
3 of 4

PERIOD OF CONCERN

-2)
1) Post

BACKFILL DESIGN ORJECilVES During Decommissioning -3)
Retrieval To PostScale Code Objective Period Resa tura tion Resaturation

bhria (Minimite] hydraulic conductivity (and e e e
0 effective porosity) of backfill and
p interface (room scale)
$ A
g 3 bhrlb (Maximize] decrease in hydraulic con- e*
O ductivity (and effective porosity) of
g 8 rock mass (room scale) (i.e., sealing /
1 S filling of discontinuities) by backfill
u
u bhr2 (Maximf re} porosity of backf t11 (room e e ,

8 scale)

"k y * k e
bh1 (Maximize] distance from waste package e

E g;e3 through repository along flow path due
22e to backft11

. bgel (Maximize]protectionofexposedrock e e e% surface underground (room scale) by
M backffll

k bgr2 (Maximite } thickness / adsorption of e"
backfill (room scale)

bght (Maximite] mitigation of corrosive e e e,
O *g* groundwater by backfill (weste package
C ;t3 Scale)
C zge bgh2 (Maximize} thickness / adsorption of e"

backfill around waste package
v
5 bgl (Maximirel length of flow path from e1 2 waste package through backffll" * adsorbing materialv

b 8 bg2 (Maximize]crosssectionalareaof-

5 e*
flow path from waste package through

5 4 backfill adsorbing material (i.e.,
y [ maximite volume of backfill)

k bg3 (Maximizelsurfaceareaperunitvolume e*
of backfill adsorbing material along

{ flow path from waste package

{ bg4 (Maximize)adsorptionpotentialof 4backfill along flow path from wastem

package to accessible environment

($EE KEY AT E O 0F TABLC)
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SUMMARY OF BACKFILL DESIGN OBJECTIVES Table 3.1
4 of 4

KEY FOR CODE:

$1milarity

(Jblect Spoostte to with
of

. !1t9tt'fer Identi'ter identifier
Concern Scale No. No. No. *i e period

~ ~

r-room
scale ..

.blarb
.

"l-during retrieval
'

.5 schedule h. waste
. blank

.

2 a.swilar
I

p procedure package period
' '*

*('b'- ~~

%
~ ~

0-orposite
" ~ ''

c
~~~

er r tih. hydrologic room and
,9-geochemical waste

, objective, 3 post re6aturation. .

- -

package
. J ,

, Scale ,

For example:

b s r 1 a 1-

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 performance
assessment methodology (Section 2). Backfill design objectives
may be slightly different for horizontal waste emplacement
(seeSection6.5).
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This development has been based on preconceived repository design
concepts (specifically vertical waste emplacement) and performance
assessment methodology (Section 2). Backfill design objectives may be
slightly different for horizontal waste emplacement (see Section 6.5).

The backfill design objectives (Table 3.1) have been categorized in
terms of the subject of concern (i.e., schedule, procedures, mechanical
characteristics, thermal characteristics, hydrologic characteristics, or
geochemical characteristics), *the scale of concern (i.e. , room scale,
waste package scale, or both), and the period of concern (i.e., during
the retrieval period, post-decommissioning to resaturation, or

| post-resaturation). Many of the more significant backfill design
objectives can be summarized as relating to the primary objectives of
providing structural support, water flow attenuation, or radionuclide
transport attenuation.

|
It should be noted that some backfill design objectives are contradict-

|
ory, e.g., inaximize versus minimize time to placement of backfill,

' because for different reasons each has an advantage. In addition, some

backfill design objectives will subsequently prove to be relatively
insignificant. The significant backfill design objectives should form
the basis for backfill design, and the subsequent evaluation of that
design and its implementation with regard to achieving the repository
system performance objectives. Hence, in this study, alternative
backfill schemes will be evaluated solely with respect to achieving
these significant backfill design objectives.

3.4 WEIGHTING 0F BACKFILL DESIGN OBJECTIVES

Each of the identified backfill design objectives (Table 3.1) has a
different significance or relative " weight" in contributing to the
achievement of the repository system performance objectives. These
relative weights must be assessed in order to identify those backfill
design objectives which are most significant, and to then either:

e Optimize among the competing significant backfill design objectives
for design purposes

e Evaluate a given scheme with respect to the significant backfill
design objectives for comparison with other alternatives.

However, it is not within the scope of this study, nor has it been
intended, to develop a backfill design basis sufficient for the purposes
of design; rather, a reasonable comprehensive design basis sufficient
only for comparative evaluations of alternative backfill schemes is
required.

The weights of the previnusly identifled backfill design objectives,
with respect to achieving the repository system performance objectives,
have been subjectively but explicitly derived (see Appendix B) and
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summarized (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 ch ange. 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.

The relative weights have been subjectively assessed for generic site
conditions, and thus should be considered as only indicators of relative
s ignificance. 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 we,ight of each
subobjective in the hierarchy with respect to 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 backfill, 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 i of a

'

(Listed in approximate decreasing order of significance)

Code Objective (see Table 3.1) Relative
Weight *

bg4-3 [ Maximize] adsorption potential of backfill along flow
path from waste package to accessible environment (post
resaturation) A

bsrolc-1 [ Maximize] time to start resaturation process (i.e.,
maximize time to pla' cement of backfill, room scale,
while dewatering) (during retrieval period) A

bhrla-3 [ Minimize] hydraulic conductivity (and effective
porosity) of backfill and interface (room scale) (post,

resaturation) A

bhl-3 [ Maximize] distance from waste package througn
repository along flow path due to backfill (post
resaturation) A

bgl-3 [ Maximize] length of flow path from wasta! package
through backfill adsorbing material (post resaturation) B

' bg2-3 [ Maximize] cross-sectional area of flow path from waste
package through' backfill adsorbing material (i.e.,
maximize volume of backfill) (post resaturation) B

bp2-1 [ Maximize] monitoring of potentially hazardous
underground conditions as backfilling occurs (during
retrieval period) B

,

bp3-1 [ Maximize] quick and efficient mitigation of detected
underground hazards as backfilling occurs (during
retrieval period) B

bhrla-2 [ Minimize] hydraulic conductivity (and effective
porosity) of backfill and interface (room scale) (post
decommissioning to resaturation) B

bg3-3 [ Maximize] surface area per unit volume of backfill
adsorbing material along flow path from waste' package
(post resaturation) B

bpl-1 [ Maximize] use of safe / reliable equipment for
backfilling (during retrieval period) B

bgh1-3 [ Maximize] mitigation of corrosive groundwater by
backfill (waste package scale) (post resaturation) B

bsrla-1 [ 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 a of a

(Listed in approximate decreasing order of significance)

Code Objective (see Table 3.1) Relat ive
Weicht*

bhr2-1 [ Maximize] porosity of backfill (room scale) (during
retrieval period) 8

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

bmr2a-1 [ Maximize] support pressure (or structural support) pro-
vided by backfill (room scale) (during retrieval period) 8

bp4-1 [ Minimize] personeel requirements for backfilling (i.e.,
maximize mechanization and remote operations) (during
retrieval period) B

bhrlb-3 [ Maximize] decrease in hyraulic conductivity (and effec-

tive porosity) of rock mass (room scale)(p(os.e., sealing /
i

filling of discontinuities) by backfill t resaturation) B

bmbl-3 [ Minimize] stress transfer through backfill.around waste
package (post resaturation) 8

bthol-3 [ Minimize] insulation of waste package from rock mass
around emplacement hole (post resaturation) 8

bgh1-1 [ Maximize]mitigationofcorrosivegroundwaterbybackfill
(waste package scale) (during retrieval period) B

bgr2-1 [ Maximize] thickness /adsorptionofbackfill(roomscale)
(during retrieval period) B

bgh1-2 [ Maximize] mitigation of corrosive groundwater by backfill
(waste package scale) (post decommissioning to
resaturation) B

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

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

bmbl-1 [ Minimize] stress transfer through backfill around waste
package (during retrieval period) C

bpel-1 [ Minimize] volume of backfill (room scale) (if placed,
during retrieval period) C

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

bshol-1 [ Maximize] time to placement of backfill around waste
package, and ventilate (during retrieval period) C
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SUMMARY OF WEIGHTED BACKFILL DESIGN Table 3.2
OBJECTIVES et s

(Listed in approximate decreasing order of significance)

Code Objective (see Table 3.1) Relative
Weight *

bshl-1 [ Minimize] time to placement of backfill around waste
package (during retrieval period) C

bmhl-2 [ Minimize] stress transfer through backfill around waste
package (post decommissioning to resaturation) C

bthol-2 [ Minimize] insulation of waste package from rock mass
around emplacement hole (post decommissioning to
resaturation) C

bsrola-1 [ Maximize] time to placement of backfill (room scale)
(during retrieval period) C

bmh2a-1 [ Minimize] swelling pressure of backfill around waste
package (during retrieval period) C

bsrolb-1 [ Maximize] time to placement of backfill,and ventilate
(room scale) (during retrieval period) C

bmrl-1 [ Minimize] integrity (compaction) of bachfill (room
scale) (if placed, during retrieval period) C

bthol-1 [ Minimize] insulation of waste package from rock mass
around emplacement hole (during retrteval period) C

bsrlb-1 [ Delay and minimize] backfilling of tunnels along
possible egress routes (room scale)(during retrieval
period) C

bmro2a-1 [ Minimize] support pressure (or structural support)
provided by backfill (room scale) (during retrieval
period) C

btrl-1 [ Maximize] insulation of waste package from rock mass
around underground opening (room scale) (during
retrieval period) C

bmh2b-2 [ Minimize] increase in swelling pressure of backfill
around waste package (post decommissioning to
resaturation) C
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SUMMARY OF WEIGHTED BACKFILL DESIGN Table 3.2
OBJECTIVES 4 of a

(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) D

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

bhrla-1 [ Minimize] hydraulic conductivity (and effective
porosity) of backfill and interface (room scale) (during
retrieval period) D

bmr2c-2 [ Minimize] decrease in support pressure (or structural
supprt) provided by backfill (room scale) (post
decomissioning to resaturation) D

bmr2b-3 [ Maximize] increase in support pressure (or structur al
support) provided by backfill (room scale) (post
resaturation) D

bthl-3 [ Maximize] insulation of waste package from rock mass
around emplacement hole (post resaturation) D

bthl-1 [ Maximize] insulation of waste package from rock mass
around emplacement hole (during retrieval period) D

bmr2b-2 [ Maximize) increase in support pressure (or structural
support) provided by backfill (room scale) (post
decomissioning to resaturation) D

bthl-2 [ Maximize] insulation of waste package from rock mass
around emplacement hole (post decomissioning to
resaturation) D

btrl-2 [ Maximize] insulation of waste package from rock mass
around underground opening (room scale) (post
decomissioning to resaturation) D

btrl-3 [ Maximize]insulationofwastepackagefromrockmass
aroundunderroundopening(roomscale)(post
resaturation D

bgel-1 [ Maximize]protectionofexposedrocksurface
underground by backfill (room scale) (during retrieval
period) D

bmro2c-2 [ Maximize] decrease in support pressure (or structural
support) provided by backfill (room scale) (post
decomissioning to resaturation) E
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SUMMARY OF WEIGHTED BACKFILL DESIGN Table 3.2
OBJECTIVES s of a

(Listed in approximate decreasing order of significance)

Code Objective (see Table 3.1) Relative
_ eight*W

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

'

bgel-2 [ Maximize] protection of exposed rock surface
underground by backfill (room scale) (post
decomissioning to resaturation) E

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
decomissioning 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-
fonnance 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
cha nge. For example,the relative weights for backfill design objectives
assuming horizontal waste emplacement may be slightly dif ferent (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:
A 10-2 < Relative Weight (most significant)
B 10-3 -( Relative Weight < 10-2
C 10-4 I Relative Weight < 10-3
0 10-5 7 Relative Weight < 10-4
E ~ Relative Weight < 10-5 (least significant)
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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-ef fective-
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):

e 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),

e 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)
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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 (1) which
is perceived to oe achieved b
specific backfill scheme (j) y expected performance of

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

Qj=I(Qj i) Perceived contribution of specific backfill scheme (j)
I to achieving the repository system performance

objectives

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

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

Tj=(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, Q 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, 0-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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o Deternination 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={QJi
,

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., Ql>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 compare 1 with
the analogous contribution of any other repository design com;.c..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 design 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
themaximumpossiblecontributionofbackfill({Wi):

Ej=Qj/[{(WI)] where I(Wi) = 0.16 for generic site conditions
' (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 ef fective-
ness of other backfill schemes in order to rank them on a technical
basis; e.g., El > 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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O Determination of " cost-effectiv: ness" (Sj) for each backfill scheme
(j) by dividing the scheme's ef fectiveness by its estimated cost
(Cj):

Sj=(Ej)/(Cj)=[Qj/{(Wi)]/(Cj)
The S-value would thus give an indication of each backfill scheme's
cost-effectiveness in achieving the backfill design basis, i.e., a

benefit-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.g. ,
51 > S2 would indicate that Backfill Scheme I 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-ef fective-
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 T1 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 modifying 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 sh:uld be remembered that there till be significant inherent
uncertainty in the determination of the E- or Q-values. This uncer-
tainty will be due to the subjective evaluations involved, and will be a
function of the uncertainty inherent in the assessment of:

The relative weights of the backfill design objectives (Sectione

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.g.,

design. These uncertainties should he assessed at some point and
subsequently incorporated in the evaluation methodology, 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 assessing probability distributions for both
the relative weights of each backfill design 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
computerizing the computational portion of the methodology to allow for
ease in modifications.

Although this subjective evaluation methodology 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. , ALTERNATIVE EACKFItL SCHEMES

5.1. INTR 000CT!0N -

The overali purpose of Task 5 is to provide the U.S. Nuc' ear Regulatory
Conunission (NRC) w"th sufficien* information regarding backfill con-
struction and testing alth which to review .iite Characterization Reports
and License Applications. This technical assistance has been in the
form of identifying and discussing alternative backfill materials /
additives and related procedures of construction and testing, with
respect to satisfying a given backfill . design basis.

A generic oackfill'desi
methodology (Scction 4)gn basis (Section 3) and- 3 subjective evaluation, which are sufficient for the purposes of this
study,have'been developed. .in this section, a set of alternative
backfill schemes is identifici. These identified alternetive backfill
schemes will subsequently be maluated (see Section 5); The backfill
materials / additives perceived to have the highest potenttal for
achieving the backfill design basis will be selected as a result of
preliminary evaluations, and appropriate orocedures for these selected
materials / additives, as wall as test programs, will be discussed (see
Section 6).

For this study, backfill has been limited by definition to material
placed in waste emplacement holes and underground excavations (r coms,
corridors, etc.), which do not include shaf ts or boreho'es or material
placed es bulkheads or plugs. Backfill in these waste emplacement holes
has been further limited to material pl.*ced prior to or af ter waste
emplacement and does not include backfili! buffer material as part of the
waste package.

'

A backfill sc'ieme (as used in this report) is comprised of the following
con.ponents;

e Backfill materials /addittyes

e Procedures and equipment used to construct the backfill
e Backfilling sc W dule.

Backfill sche ss have been idu.tified in terms of these components, with
additional attention ]lven ta the objectives of the backfill and the
expected environmental conditions to which the backfill will be
subjected. festing for design verification has also been identified.

A collection of alternative backfill schemes have been identified and
summarized (see Section 5.5). Three sources have been used in identify-
ing these schemes:

e U.S. Department of Energy (00E) proposed backfill schemes (see
Section 5.2) ,

e Industry-typicalbackfillschemes(seeSection5.3)

s
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e Backfill schemes identified by Golder Associates under an ongoing
project with the NRC entitled " Performance of Engineered Barriers in
a Geologic Repository," Contract No. NRC-02-81-027 (see Section
5.4).

All backfill schemes identified in DOE design publications have been
included as alternative backfill schemes even though some may have been
(or will be) superceded. All routinely used industry-typical backfill
schemes have been included in the study. The work on the " Engineered
Barriers Contract" is currently limited to a set of six alternative
backfill materials / additives.

5.2 DEPARTMENT OF ENERGY (00E) PROPOSED BACKFILL SCHEMES

5.2.1 Introduction

Backfill schemes classified as DOE-proposed backfill schemes are those
schemes specified in repository design publications authored by DOE
contractors. The design publications have been primarily identified
utilizing a literature data base developed by SA! (1981). All backfill
schemes specified in these design publications have been included in
this study. A total of 11 design studies (see Table 5.1, Study Nos.
1-11) have been individually summarized (see Appendix C).

These design publications vary from preconceptual to conceptual in
nature; no final designs are currently available, in addl*lon, of the
four specified geologic media (basalt, salt, granite, and tuf f), no
design studies are currently available for repositories sited in tuf f
and only one is available for repositories sited in granite; however,
two non-design reports (Table 5.1, Study Nos.12 and 13) have been
identified which provide an indication of the backfill materials
presently being considered for tuff. It is evident that certain factors
upon which the designs depend have been modified throughout the years,
e.g., requirements for retrievability. Thus, some of the backfill
schemes have been superceded.

The set of DOE-proposed backfill schemes have been categorized in terms
of geologic media. The schemes have been described in terms of loca-
tion, backfill materials / additives, source of material, preparation,
storage and placement procedures, testing to assess backfill character-
istics, and expected environmental conditions during and af ter back-
filling. Brief summaries have been provided for each medium; each study
referred to in the following sections has been numbered for easy
reference (Table 5.1).

5.2.2 Proposed Backfill Schemes in Basalt

Five design studies, dated from April 1978 to March 1982, related to
backfilling in basalt have been identified and briefly summarized (see
Table 5.2,and Appendix C).
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SUMMARY OF REFERENCED DOE DESIGN Table 5.1PUBLICATIONS RELATED TO BACKFILL

Study
No. Reference (s) Applicable Media

1) Parsons et al (1978c) Basalt

2) BWIP (1980) Basalt

3) Kaiser et al (1980) Basalt

4) Kaiser et al (1982) Basalt

5) Westinghouse (1981a) Basalt

6) Parsons et al (1978a) Salt

7) Stearns-Roger (1978) Domal salt
Stearns-Roger (1979a)
Stearns-Roger (1979b)
Woodward-Clyde (1978)

8) Kaiser (1978a) Bedded salt
Kaiser (1978b)

9) Bechtel (1979) Domal salt

10) Westinghouse (1981b) Salt

11) Parsons et al (1978b) Granite

12) 00E/NNWSI (1981) Tuff

13) Langkopf (1981) 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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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 "concretious" 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 crushede

and/or screened to achieve the desired gradation. The requirement
of crushing and screening would partially depend on the excavation
method used.

Mixing the various percentages of basalt, grout and/or bentonitee

could be conducted either underground or ' at the ground surf ace,
depending on mining activitles and underground space.

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

In the case of the pre-formed bentonite shapes, the pressing and thee

forming of the shapes would be conducted at the surf ace 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) woulde

probably be required, depending on the sequence of mining and
backfilling.
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Storage and transportation of materials 6t 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 hole
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- Westinghotse,1981a).

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 af ter 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
pneumatic placement of a concretious mixture. Backfilling would
utilize conventional equipment and commence af ter the operational
period of waste emplacement (one to two years) (2- BWIP, 1980).

Placement of 50% crushed basalt, 40% bentonite powder, and 10%-

bentonite pellets would occur in three stages af ter .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 traveling 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:

The establishment of a testing program to demonstrate the ability ofe
the backfill to provide structural support.and inhibit groundwater
migration (2- BWIP, 1980)
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e An experimental panel to examine design alternatives, as well as
backfill procedures (3- Kaiser et al,1980 and 4- Kaiser et al,
1982)

e The need for mock f abrication 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 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 basalt have been discussed
in various levels of detail in the design reports, and can be summarized
as:

e 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.

e During backfilling of room
- Presence of water - amount of water may be additionally af fected

by thermal gradients

Elevated temperatures - if backfilling of the room commences-

af ter 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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5.2.3 Proposed Backfill Schemes in Salt

Five design stuales, dated from April 1978 to November 1981, related to
backfilling in salt have been identified and briefly summarized (see
Table 5.3 and Appendix C). For the purposes of this section, bedded and
domal salt have been combined into one category.

5.2.3.1 Backfill Material / Additive Types - Salt

Materials which have bean proposed for waste emplacement hole backfill
materials / additives include excavated or crushed salt, crushed salt
around a steel sleeve, and bentonite topped by crushed salt. In the

case of crushed salt around the steel sleeve, the sleeve would be
provided only to enhance retrievability. Bentonite / montmorillonite has
also been suggested as a possible backfill for the waste emplacement
hole (7- Stearns-Roger,1978, etc.).

Excavated or crushed salt has been proposed for room backfill in all
The source of the excavated or crushed salt would be fromCases.

excavation of underground openings. Gradations of salt, either as

excavated or required, have not been given, and thus it is not clear
when or how much crushing would be necessary.

5.2.3.2 Backfilling Procedures - Salt

The preparation of the salt backfill would involve crushing, but no
details or gradations have been given. Transportation of the excavated
salt to surf ace or underground storage and/or processing stations would
be required and would of ten utilize conventional tonstruction equipment
(trucks, front-end loaders, etc., with crushers, conveyor belts, surge
bins, skip and hoist systems, and shuttle cars).

| In backfilling of the waste emplacement hole, it has been proposed that
crushed salt be initially poured into the hole to level the bottom for'

receipt of the waste package. The next stage would be the placement of
a steel sleeve and/or tne waste package into the hole. The sleeve might
be suspended from tne top of the hole and no backfill placed around the
sleeve (8- Kaiser, 19783 and 1978b). Alternatively, backfill could be
placed around the sleeve (9- Bechtel,1979). The salt backfill around
the sleeve would be poured into place and vibrated. The sleeve might no
longer be required af ter the initial retrievability period and the
placement of the waste package would then require salt to be placed
around the waste package (8- Kaiser,1978a and 1978b) . Salt might be

placed only on top of the waste package during the post-retrieval period
(9- Bechtel, 1979 and 10- Westinghouse, 1981b).

Placement of salt into the waste emplacement hole would generally
utilize the same equipment as used to place the sleeve or waste package,
and would require a salt storage bin and a method to place and perhaps,
as suggested in one case, vibrate the salt. No detcils of the bentonite
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backfill placement around the waste package have been given. The
schedule for backfill placement in the waste emplacement hole would
generally be immediately af ter sleeve or waste package placement.

Three different methods have been proposed to place the excavated salt
in rooms. One method would utilize a conveyor suspended from the
ceiling to place the salt to within 2 feet of the ceiling. A second
method would utilize trucks and bulldozers to fill the room halfway in
height. The remaining part of the room would be filled utilizing
low-profile teletrams fitted with bulldozer blades. The third option

would transport salt on a conveyor to a centrifugal thrower, which would
then project the salt into the room.

Regarding proposed backfilling schedules, in every case (except one)
room backfilling would commence af ter the retrievability period (either
5 or 25 years). Alternatively, backfilling would commence six months to
one year after waste emplacement (10- Westinghouse, 1981b).

No details regarding anticipated performance testing of the backfi~ll
(waste emplacement hole or room) have been given. However, instrumen-
tation has been proposed to monitor repository performance, which
includes room closure and creep, radiation levels, and salt temperature
levels (8- Kaiser,1978a and 1978b, and 9- Bechtel,1979).

5.2.3.3 Expected Environmental Conditions - Salt

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 salt, as mentioned in the
design publications, can be summarized as:

During backfilling of waste emplacement holee
- Presence of water - water as well as brine is expected in small

quantities in the salt. Thermal gradients will af f ec t
water / brine migration

Possible increased temperatures - the magnitude of increase may-

depend on the age of waste and the degree of shielding of the
waste package

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

- Closure (creep) of waste emplacement hole and room,

During backfilling of room (in addition to the above conditions)e
- Temperatures will likely be even greater
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- Creep displacements will likely be larger

Radiation levels may be less if borehole 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 been given. Sleeves
would be used to enhance retrievability during the first 5 years, and
presumably no backfill would be placed around the waste package af ter
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 cr, usher.

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 af ter the 5 year retrievability period.
No testing or monitoring progran has been mentioned.

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 backfii1. 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:

e Increased temperatures
e Increased rock stresses
e 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 1

90% crushed tuff with 10 to 30% smectite clay (12- 00E/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 af ter 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 satisf actory 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 backfilling 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 stiffness 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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In surf ace mining, backfilling is of ten used for waste disposal or
engineering purposes, e.g., haul roads aad 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 surf ace civil engineering (see
Section 5.3.3). The remainder of this section will be concerned with
backfilling in underground mines.

5.3.2.1 Mechanical Placement of Backfill

Mechanically placed backfill normally consists of waste rock derived
from underground mining. In some cases, however, the necessity to
attain certain properties for the in-place fill requires that the 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 of ten result in
portions of the opening not being completely filled. Occassionally,
crushed and sized material from the surf ace is placed mechanically.
Grouting or gravity percolation of voids with a cemented slurry is
sometimes 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 the area to be backfilled and dropping
or dumping the material into the opening. Compaction of the backfill is
achieved by the impact of the f alling material. Further compactive
effort is sometimes applied by construction equipment, if warranted.

Waste rock fill can be placed from the surf ace through a fill. pass
(i.e., a shaf t 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 if a large scale filling program is in operation. This
equipment includes surf ace' 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 of ten create
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dust problems. Oust can be minimized by misting water into the system
~ just prior to discharge. Mineralogical content is unimportant except
for abrasion considerations for equipment. Additives that require

moisture are not f avored since low moisture content is critical to
transport by pneumatic methods.

Sources of backfill are usually mine waste rock. However, other
materials have been used. For example, one mine has successfully used
desert sand, available at the site, for pneumatic backfill (Soderberg
and Corson, 1976).

Pneumatic placement of backfill is accomplished by placing the backfill
material with compressed air. The procedure requires that the properly
sized material be within a certain desired water content (5-8%). The
material is loaded into a feed hopper and blown into place through an
injection nozzle. An operator directs the placement of material by
aiming the nozzle and filling the openings. The density of the material
is determined solely by the placement of the material, as no compaction
is generally performed.

The equipment needed for pneumatic placement of backfill consists of a
blower unit, stower, drive unit and ancillary equipment. The blower is
an air compressor, with sufficient capacity to propel the material. The
stower is a rotary valve airlock which feeds backfill material into the
high pressure pipeline. The drive unit supplies mechanical power to the
blower and hydraulic power to the stower and nozzle directing equipment.
Ancillary equipment consists of abrasion-resistant pipe, couplings and
elbows to reach the placement site from the stower, the nozzle to direct
the stream of backfill, and hydraulic controls for the nozzle. A

tapered discharge is generally used to better direct placement of the
b ackf ill . Abrasion-resistant pipe is necessary for longer useful life,
although it is more expensive. Design and specifications for all
equipment are influenced by site specific criteria, such as maximum
particle size, abrasion characteristics and required filling rate.

5.3.2.3 Hydraulic Placement of Backfill

Particle size distribution, slurry water content, and discharge distance
are the main parameters for selection of materials in the hydraulic
placement of backf ill . The material is placed as a slurry, so that
transportation of material is usually via pipe or with gravity feed.
The pipe diameter controls the maximum particle size that can be used.

Very small particles may drain of f with the decant water, while very
large particles may settle in the piping system (depending on flow
velocities). The slurry water content desired affects the types of
materials able to be transported. The size of the opening or discharge
distance affects segregation of the material. The coarsest materials
sediment first, leaving fine-grained materials in suspension. A

considerable variation in fill properties across the room and with
elevation results. The segregation-related structure in the fill-
markedly influences its hydrologic and mechanical behavior.
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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

e 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
tallings 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 preparatlon.

Assuming a suitable slurry is available, hydraulic backfilling is
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
surf ace through pipes along existing shaf ts, 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
surf ace or underground, prior to discharging the slurry into the stope.
If compaction is employed, the stope may be filled in lif ts. The stope
is filled to the desired level and the slurry water is 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 above the backfill, a working surf ace is created by placing the
last six inches as a layer of cemented slurry backfill.

To 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 of the material. Electro-osmosis uses
negatively charged cathodes pYaced 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 configurations of electrodes
and current application are used, according to specific site conditions,
to obtain the best results.
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Exclusive of surf ace 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
timbers 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 lif ts, 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 seemingly 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 liybrid Backfill Schemes .

In any one of the aforementioned schemes, diverse techniques are
associated with the transportation, placement and compaction of
b ack fil l . It is conceivable that a hydrid backfill scheme could be
devised that would utilize techniques from several backfill schemes.
For example, if mill tallings are the backfill material, the tailings
could be transported to the opening in a slurry, as in hydraulic
backfill, but might be dewatered undergrour.d 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 mechanical placement of backfill:

e Advantages include
Equipment already on hand to remove muck can be utilized 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.

e 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.

For pneumatic placement of backfill:

e 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.

e Pisadvantages 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 backfi11 may be dif ficult
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. I

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 fall
before backfill is dewatered

- Continued drainage is required to provide safety against
1iguefaction

- It is dif ficult to maintain dry conditions in other areas
underground

- Complete filling to the roof of the opening is difficult to
ach ieve

- Large post-filling settlement prevents reliable estimation of
roof support.

5.3.3 Backfill Schemes Used in Surface Civil Enginer 'ng

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

Generally, the mechanical properties of backfill are a funct ion of the
type of material (grain size distribut ion, shape of particles, and
moisture content) and density (achieved by compaction). Coarse-grained
soils generally of fer a higher modulus and strength than fine-grained
soils (silt and clay). Also, loose fills generally undergo 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 foundat ion bear ing capac ity,
f ailure in clean, coarse-grained soils is likely to be manifested as
gradually increasing settlements whereas a failure in soils containing a
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 soi1 and achieve adequate behavior. In cohesioniess soils,

the ease of compaction is relatively insens it iv e to the moisture
content. However, the compactibility and behavior of fine-grained
soils, 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, i.e., that water
content which produces maximum density; however, the modulus decreases
with increasing water content. Volume change during saturat ion 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 densitles
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. , ASTM 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 lif ts, the thickness of which _ is
controlled by 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 (of ten with vibratory ef fort), rubber-tired rollers

-(primarily on sand) and construct ion traf fic (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 satisf actory. *
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Smooth-drum rollers provide.compactive effort through the weight of the
_ drum and associated equipment. Vibrating rollers, weighing from 5 to 154

tons-and vibrating at approximately 1500 cycles per minute, are of ten
,

utilized with cohesionless~ material. In tight areas where large!
i

I 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 lif t.

In cohesive material, compaction in layers by heavy rollers is most
of ten used without vibration, as vibration is less ef fective; 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..

1

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 surf ace area to the backfill, thus increasing the ;

applied surface pressure. The weight of the drum can be varied b;
i filling or emptying the drum with sand or water. The action of the feet
j tend to impart a kneading action on the soil. The sheepsfoot roller is
: especially ef fective in bonding compaction layers' together.

,

4

.

f 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. If drainage is
- desired, pervious material is used and specific grain size requirements
i must be met. in general, the material needs to be sand sized or larger
i to have sufficiently high permeability. Alternatively, for retarding
| the flow of water, impervious mater.al with a high content of

fine-grained material is used.
~

For impervious backfills, both non-swelling and swelling clays
(bentonite) are of ten used, since they have low permeability. The
swelling potential of bentonite can be very beneficial since, if the

j swelling is confined, even Inwer permeabilities develop. 0ne problem
{ that can occur, however, is that if the clay dries, desiccation cracks -

'

-can develop and the permeability -is increased,goften severely,.
especially if coarse-grained material f alls in the cracks. Silts are;

.
sometimes used as impervious materials, as in dams, but generally they .

'
4 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. ~1

backfill materials, since some materials may alter or- weather when in
,

l

<

'
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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 are 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 cutof f 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 (of ten 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 of ten 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). Roll-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 MATERI ALS/ ADDITIVES

Golder Associates is currently working on a complementary NRC project
(NRC-02-81-027) entitled " 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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'

'o o- :
Im tGravel 75 m to Smooth drum or High modulus Good for drainage Very high )4.75 m vibrating roller applications gO

g _2 *

> iGravel & 75 m to Smooth drum or High modulus Good for drainage HighSand .078 mm vibrating roller - applications p
Sand 4.75 asa to ' Smooth drum or High to moderate Good for drainage High N.074 m vibrating reller modulus, applications 2,
Sand & GD D
Silt '

4.75 m to Smooth-drum. rubber-tired Moderate modulus Possibly acceptable Moderate.005 m or vibrating roller for drainage q=2applications Qm
Ce mSilt .074 m to ' Smnoth-drum, rubber-tired Moderate to low Possibly acceptable Moderate to low Ey. .005 m or sheepsfwt roller modulus for t wervious "N

fill g
OSand 4.75 m to Smooth-drum, rubber-tired Moderate to low Possibly acceptable Moderate to low5 tit & e.005 m or sheepsfont roller modulus. for tmperviousClay

fill

Silt & .074 m to Smooth-drum, rubber-tired Low modulus, possible Possibly acceptable lowClay <.005 m . or theepsfoot roller swelling or consolisation for impervious
problems depending on fill
environment

Clay e .005 m Smooth-drum, rubber-tired As above Good impervious very lowor sheer foot roller till
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themselves. The selected concepts represent a range of possible
materials and additives and are not necessarily the optimum designs, but
rather they exemplify the' range of credible design possibilities. The
concepts available to date are presented here as background information
on potential backfill designs and serve as a basis for reviewing the
available backfill 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 waste emplacement hole or room. An additional concept,
a concrete floor slab extending into the fracture-af f ected 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 ALTERNATIVE BACKFILL SCHEMES

5.5.1 Introduction |
*

, ,

Backfill schemes proposed by DOE, schemes typically 'utiliz'ed in industry
and other concepts being 4tudied under Golder Associates' complementary
" Engineered Barriers" NRC contract have. been identified (Sections 5.2,
5.3, and 5.4, respectively). This 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 aveluat ions in terms of functional and con-
structional characteristics and their suitability to repository backfill
appl ic a t ion . The-egicted in-place properties of each alternative
backfill scheme have been investigated andqummarized (see Appendix D).
However, due to the large number of potential variables, there is
significant uncertainty ir, this assessment. These valut,; are useful as
indications of, magnitude and -also for comparing between alternative
schemes, but are r.ot sufficient (nor have'they been intended to be) for
design. Much work, which is outside sthe scope,0f this study, remains to
ba done in determining ip-place backfill properties under repository
conditions. '

, For discussion purposes, the set of schemes have been categorized in
terms of location (wnste emplacement hole or rocin)' and then primary

_

' backfilling objective:; (i.e., providing structural support, water flow
attenuation or radionuclide attenuation). In this discussion, vertical
waste emplacement ar.d generic site condi.tions have been assumed;.

s ,

(variations for horizontal waste emplacement ^ and riedia/ site specific
conditions will be discussed later (see Sections 6.5 and 6.3, respect-
ively). Also, wh ile a large number,0f de t a l, led back f ill des ign

. objectives have 'been identified (Section 3), 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 follown i

.

ar
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PRIMARY OSJECTIVE(S) FOR BActFILL CONCEPT * ALTER?.ATIVE MATERIALS FOR PRIMARY OBJECTIVES ADACKFILL IgCONCEPT Waste Emplacement Waste Emplacement Hole M mNO. Hole P.ack fill Room Backfill Backfill Materials Room Backfill Materials O
1 W W 50% Bentonite /50% Basalt 50% Bentonite /50% Basalt O

2 >y
g

2 W RN Bentonite Clinoptilolite q3Bentonite Illite clay -DConcrete Illite clay <~
mm

3 W RN Bentonite )with concrete Clinoptilolite CO m
Bentonite ) floor slab Illite clay CO
Concrete ) Illite clay g

4 W No objectise Rentonite O
as barrier 10% Bentonite /90% Quart 2 Excavated Host Rock z

Concrete (Run of Mine) d
y 50% Bentonite /50% Basalt 3. >

5 RN No objective Clinoptflolite O
as barrier Synthetic Zeolite Excavated Host Rock d

1111te Clay (Run of Mine)
*

ID
6 No objective RN No Backfill Clinoptilolite >

Illite clay O
X
3
r

*LfGENO I

W = Prima y objective is attenuation of water flow

RN = Primary objective is attenuation of radionuclide migration

H
m(From ongoing work being performed by Golder Associates for the U.S. Nuclear Regulatory CTCosnission under Contract No. NRC-02-81-027.) -
g
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e Structural backfill limits displacements of the waste emplacement
hole or roc:1, or controls f ailure of the opening, i.e., prevents the

development of unstable collapse mechanisms.

e Water flow attenuation backfill retards the seepage of water

.through the waste euplacement hole or room.

e Radionuclide transoort attenuation backfill suppresses the trans-
port of radionuclides wholly or partly by adsorption of radionu-
c lides.

5.5.2 Waste Emplacement Hole Backfill

The materials, procedure's and schedules for waste emplacement hole
backfills have been summarized (see Table 5.8) and discussed, by primary
backfill object Ive, in the following subsections.

,

5.5.2.1 No Backfill

The case of no backfill in the annulus between the emplacement hole and
waste pa'ckage may be desirable during the retrievability period when the
need for removal of. the waste package .is regarded as a distinct possi-
bility. No backfill 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 radionuclide transport attenuation,
or other parameters. For example, no. backfill af ter retrievability,
allowing the ia-place salt to creep towards the waste package, has been
proposed for i salt repository (Parsons' et al.1978). Advantages of no#

backfill placed around the waste package i'1? ude minimization of both.l
waste pack 3Je temperature (due tt> < lack 'of insulation) and stresse
transferred from the host ~ rock to the,wiste package.

1

5.5.2.2 ,tructural Backfil1
-

IStructur .1 backf 111/in' the annulusibetween the empIacement hole and
waste pu kage wouTd' serve go linit closure and stabilize the hole walls,

~

and thf.reby maintain thf !Inte9rity' Of the rock with respect tos

contaiSment/ isolation Md facilitate subsequent removal of the waste
packa'je during retrievability (if. required).

Mat, trials with 'a ra,1Iridely high modulus deemed suitable for;3tructural
backfill include:" ,

Crushed oriexqevated rock ['

e
e Sand-cement' grout or. concrete. ! j f

t ?
,

, , -

Placement pryc'ed. ares' for . crush'ed or excavatea rock would depend ~ on . the
f site pf the annulus and De particle size of theEtiackfill. 'Crushir.9 may
~ be requifed. (f' the rock particles are too large toibe placedf in the
annulus. One method of pMcIng ;the austed ordexcavated rock backfill

' '
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EIM>MATERIAL /AD0!TivE PROCEDURES SCHEDULE 3
M -<-41. NO BACKFILL NA NA

mO2, STRUCIURAL BACO !LL
g "T)
E>(a) Crushed or excavated Placewent: Af ter waste package emplacement "O Frock - poured around waste package after package

cuplacenant py
une s o( b ey tw n ewuir ed to Irvel imitt *a of hvit. pg

CompaCtton: m2- vibration may be necessary. gy
(b) Sand-cement grout ur I'l et evvet t : Af ter maste .sackagJ ewlacenent M

tontrete - puniped into ariemulus surrou.idine) waste package .
2 4

Compac tion: E
- depending on consistency of grout ce concrete,

vibration of miatwe rey be necessary. yE
M Oy

3. .iATER FLOW ATitNUAilom BACsFitt F Om 7M m(a) Pre-foned bentonite shapes Placenent: Prior to waste pacLage eniplacement(sand or crushed rock may be - crushed rock is pourad in hole tu level bottom I"
used to complete backftll - pre-f ormed bentonite shapes are lowtred into Iabove the waste package hcle.
and/or to level bottom of @waste emplacement hole) Ccmpac tion: O- coepection at time of *aack fill plateient en hole is

not required. y
M(b) Bentonite or bentonite / crushed Placenent: Af ter waste package emplacement Ero(L m,tatures (amount of (rushed - crushed roth is poured in hole to level bottom of

rock will depend on hydraulic the hole. g
conductivity required) - bentantte or mtature is poured around waste @(seeid or cru Ged rock may be package in relatively dry state.
used to complete backfill
above the waste package
and/or tu level bottom of
waste emplacement hole)
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would be to pour the crus:1ed roch around the waste package. Mequate
compaction may be achieved by vibration. The backfill placement would
occur af ter the waste package has been placed; however, some backfi11
may be needed prior to package placement to level the bottom of the hole4

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 af ter 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:

'

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

,

The placement procedure envisaged for the pre-former bant 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 bearing isurf ace. 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 the outside
edges of the bentonite to complete the backfill 'in the waste emplacement
hole.

The placement of bentonite, with or w'ithout crushed rock, would take
place af ter 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 backffil' 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 topiof 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:

e Illite clay

e Clinoptitolite

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 af ter 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 suf ficient 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 attenuation
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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Materials with a relatively high modulus deemed suitable as structural
backfill in rooms include:

e Excavated or crushed rock
e Concrete
e Sand-cement grout (only proposed to fill voids in placed rock back-

fill or between the top surf ace 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 little or no roof displace-
ments are desired, the backfill should be relatively stif f and
completely fill the room. If 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:

e 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 dett-imental 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 af ter 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
af ter 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
e Compacted (in-place) bentonite, with or without crushed rock
e 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 conventional 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.
Conventional compaction equipment would include sheepsfoot, rubber-tired
or drum rollers, as well as power tampers (portable or equipment
mounted).

4

Crushed rock could be added to the bentonite, as desired. However,

crushed rock would change the backfill compaction and behavioral-
]

properties. Of most importance, the hydraulic conductivity of the
backfill would usually increase with major additions of crushed rock.!

I 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

84
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room backfill significantly affects engineered barrier performance,
since lilite would probably be less permeable than clineptilolite 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 clinopti101ite and zeolite may
introduce unacceptably large quantities of water into the repository.
Pneumatic placement procedures may be used on alI theee 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 compact ion is desired, the placement would most likely
occur in lif ts requiring interruptions to the above placement methods.
The centrifugal thrower, fill pass, and pneumatic placement methods
would then most likely utilize mechanical compaction procedures, whereas
hydraulic placement would utilize vibratory compaction. Compaction of
material placed by dozers or loaders would utilize mechanical compaction
equipment (rollers or tampers).

Schedule of placement for all three of these materials may be prior to
or af ter the retrievability period.
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6. EVALUATION OF ALTERNATIVE BACKFILL SCHEMES

6.1 INTRODUCTION

Alternative backf ell schemes, consisting of materials and additives (if
any) and associated construction procedures, have been iden t i f ied
(Section 5), based on DOE-proposed backfill designs, industry (both
mining and civil engineering) typical backfill schemes, and backfill
concepts identified under Golder Associates' complementary " Engineered
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:

e Summarizing and then subjectively evaluating (in Section 6.2 and
Appendix E), in a preliminary fashion, each of the alternative
backfill schemes with respect to their perceived ef fectiveness 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.

Identifying (in Section 6.4) the test procedures which are approp-e

riate for assessing backfill, as constructed, and verifying that the
design has been adequately implemented.

Identifying (in Section 6.5) additional design and constructione

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,1111te, and clinoptilollte/ zeolite (synthetic). A list of
potential backfill addit ives includes none, sand-cement grout,
bentonite, Illite,andclinoptilollte/ 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 general viability of each potential combination of the 12
selected backfill materials / additives in the waste emplacement hole and
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SUMMARY OF ALTERNATIVE BACKFILL
MATERIALS AND ADDITIVES Table 6.2

Code

;; g Primary Objectives
cp _

.f 'E; Structural Water Flow Radionuclide*

f2 Material / Additive (see Table 6.1) Support Attenuat ion ransp t
,

1 None

2 Concrete x o

2A Concrete with sand-cement grout x x

3 Muck x

3A Muck with sand-cement grout x x

38 Mack mixed with bentonite x x

4 Sand x

4A Sand with sand-cement grout x x

4B Sand mixed with bentonite x x

5 Bentonite x

6 lilite o x

7 Clinoptilolite/ Zeolite (synthetic) *

(Room Scale nr Waste Packaqa Scale)
x = Principal objective of backfill material / additive
o = Secondary objective of backfill material / additive
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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 consideration 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 Evaluationt

:

The 60 most viable combinations of waste emplacement hole and room back-
fill materials / additives (Table 6.4) have been subjectively evaluated,
in a preliminary fashion, with respect to each one's perceived
effectiveness in achieving the generic backfill design basis developed
and used in this study (Section 3) (see Appendix E). This preliminary

evaluation of apparent ef fectiveness has utilized a subjective but
explicit evaluation methodology (Section 4), which essentially consists
of:

Subjectively assessing the contribution each alternative backfi1Ie
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 (completeI

achievement).j

Multiplying the backfill scheme's percelVed contribution towardse-

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

,

| achleving the backfilI 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 fectiveness of each alternative.>

As previously noted, there is significant uncertainty in these results
due to the subjectivity in the assessments of l'oth the relative weight
of each backfill design objective (Section 3 and Appendix B) and the,

perceived relative contribution to achieving each objective 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), perf ormance
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

;

,
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VIABILITY OF POSSIBLE COMBINATIONS OF
WASTE EMPLACEMENT HOLE AND Table 6.3
ROOM BACKFILL MATERIALS / ADDITIVES

g ROOM BACKFILL MATERIAL / ADDITIVE (See Table 6.2)

1 2 2A 3 3A 3B 4 4 t- 48 5 6 7
2
*

1 9 O O e O O O O O O O O,

8
c 2 e e e e e e O O O O O O

E 2A O e e G O e O O O e O O
C
Q3 O O O O O O O O O O O O
3
5 3A e O O e e O O O O O O O5
E 3B e O O O 9 6 O O O O O O

h4 e O O O O O e O O O O O
5
e 4A e O O e G O O e O O O O
"i
e 48 e O O e e e O O O O O O
t:

@ 5 e e e 9 e e O O O e e O
"i
26 9 e e G G G O O O e e O
5
w 7 9 9 e e e e O O O e G GG
n

Key: $ More viable combination

O Less viable combination
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Table 6.4SUMMARY OF ALTERNATIVE BACKFILL SCHEMES 1 of 3

CODE

II
: :

fk ksa
zu :
fE E
3$ j COMBINATION (see Table 6.3)

1:1 no backfill around waste : no room backfill
package

1:3 no backfill around waste : room backfilled with muck
package

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 package : room backfilled with muck
2:3A concrete around waste package : room backfilled with muck &

grouted
2:3B 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:3B concrete around waste package : room backfilled with muck
& grouted mixed w/ bentonite

2A:5 concrete around waste package : room backfilled with
& grouted bentonite

3:1 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 &
grouted grouted
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SUMMARY OF ALTERN ATIVE BACKFILL SCHEMES Table 6.4
2 of 3

CODE

: :
3s

~3 3|= =
N5 $
?!!
jj j COMBINATION (see Table 6.3)

38:1 muck mixed w/ bentonite around : no room backfill
waste package

3B:3 muck mixed w/ bentonite around : room backfilled with muck
waste package

3B:3A muck mixed w/ bentonite around : room backfilled with muck &
waste package grouted

3B:38 muck mixed w/ bentonite around : room backfilled with muck
waste package mixed w/ bentonite

4:1 sand around waste package : no room backfill
4:3 sand around waste package : room backfilled with muck
4:4 sand around waste package : room backfilled with sand

4A:1 sand around waste package & : no room backfill
grouted

4A:3 sand around waste package & : room backfilled with muck
grouted

4A:3A sand around waste package & : room backfilled with muck
grouted & grouted

4A:4A sand around waste package & : room backfilled with sand &
grouted grouted

4B:1 sand mixed w/ bentonite around : no room backfill
waste package

48:3 sand mixed w/ bentonite around : room backfilled with muck
waste package

48:3A sand mixed w/ bentonite around : room backfilled with muck &
waste package grouted

4B:38 sand mixed w/ bentonite around : room backfilled with muck
I waste package mixed w/ bentonite

48:48 sand mixed w/ bentonite around : room backfilled with sand
waste pacakge mixed w/ bentonite

5:1 bentonite around waste package : no room backfill
5:2 bentenite around waste package : room backfilled with concrete
5 2A bentonite around waste package : room backfilled with concrete

& grouted
5:3 bentonite around waste package : room backfilled with muck
5:3A bentonite around waste package : room backfilled with muck &

grouted
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SUMMARY OF ALTERNATIVE BACKFILL SCHEMES Table 6.4
3 of 3

CODE

t :
5E

|kk3l }
li is' "
D} COMBINATION (see Table 6.3)

5:3B bentonite around waste package : room backfilled with muck
mixed w/ bentonite

5:5 bentonite around waste package : room backfilled with
bentonite

5:6 bentonite around waste package : room backfilled with illite

6:1 tilite around waste package : no room backfill
6:2 illite 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 : room 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

7:2A 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 Table 6.5
BACKFILL SCHEMES

g ROOM BACKFILL MATERIAL / ADDITIVE (See Table 6.2)

J l
1 2 2A 3 3A 3B 4 4: 4B 5 6 7o

'E
*

1 e d,

Yu

$ i d d c d c c

$ 2A d c d c c c
t~
8 3 d d

3
5 3A d d c
5
e
f 3B d d c c
a

y4 d d d

5
5 4A d d c c

b
e 48 d d c c c

$
p 5 d d c d c c c 5

U
$6 d c b c c b b b

5
7 c c b c b b b a a

N
2

fl0TE: 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 methodology 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 O. (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 5 Apparent Effectiveness
b .55 <.6" "

c .45 <.5" "

d .35 <.4" "

e .25 <.3" "
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further_ study), it is felt that this approach is suf ficient. 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 backf111 design basis used in this study, while no backfii1
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 nst
effective. Similarly, it is apparent that, for any type of backfill
around the waste package, the 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
generic 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
combinatinn for the given generic design basis, but it does not address
the acceptability of any (even the best) combination. Site-specific
quantitative performance assessment, which is outside the scope of this
study, would be necessary to address the acceptability of any scheme
and, in addition, the results of such assessments might change the
design basis and comparative evaluations.

,

Based on the results of the preliminary evaluation of alternative
backfill schemes, the backfill materials / additives with the highest
apparent ef fectiveness (i.e., zeolite /c1inopti101ite, bentonite, and
muck mixed with bentonite) have been selected for further 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 of ten been proposed by DOE.
especially in salt. These selected material / additives (see Table 6.6)
are similar 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.
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APPARENT EFFECTIVENESS OF SELECTED Table 6.6ALTERNATIVE BACKFILL SCHEMES

ROOM BACKFILL MATERIAL / ADDITIVE (See Table 6.2)
_

9 33. Muck
*

3. Muck Mixed with 5. Bentonite
7. Clino tilo11te/ )$ Bentonite Zeolite (synthetic

0
$
$ 3 Muck d

W
D
E
S'

.

# 38. Muck
E Mixeil with d c
d Bentonite
r

d
C
u
N
cc

5. Bentonite d c cw

$
r

e
,-

b}
$ 7.Clinooti-
n, lolite/ c b b a

Zeolite"

W (synthetic)
G
x

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
each (see Table 6.5). The apparent effectiveness, which is
very approximate, 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 5 Aoparent Effectiveness
b .5 5 < ,6

" "

c .4 5 " "
<.5

d .3 5 " "
<.4
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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 backfill 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 co.npaction, as well as preparation.

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

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

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

Discussing (in Section 6.3.4) details (including possible equipment)e
of appropriate alternative backfill schemes, including preparation
of selected backfill materials / additives (in Sect ions 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).

Expected environmental conditions (e.g., elevated temperatures .o
radiation) will be allowed for in equipment design and will not
af fect procedures or scheduling. - Dewater ing and vent ilat ion
activities will continue during backfilling operations.
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0 The cmplacement holes will be backfilled prior to, during, or
shortly af ter v:aste 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 Pr_o_cedures

Mechanical placement (lowering into storage hole) of preformed-

backfill shapes with compaction performed only during manuf ac-
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.

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

e 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 lif ts (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 pre-formed backfill shapes with compac--

tion performed only during manuf acturing of shapes; placement
equipment would include lifts and loaders.

- Pneumatic placement of dry / moist backfill with no compaction;
placement equipment would include specialized pneumatic backfili
systems.

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

e Waste Emplacement Hole Backfill Procedural Considerations

Compaction (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 dif ficult , 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.-

e 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.

I Compaction cannot be ef ficiently utilized with a centrifugal-

| thrower or pneumatic placement.
!

[ - Special tamping and pressing equipment would be necessary to
! compact backfill placed near and -at the room ceiling, unless
I pneumatic backfilling can be ef fect ively ut ilized (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 bee'n 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 (i.e., backfill materials / additives in the
waste emplacement hole and in the room, and associated procedures) for
hard rock and for salt have 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:

e 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

W.s h t e Emplacement Poom Bac k f ill Mater ial/ Addit ive
Hole Bac kf ill Nte r ial/

~ ~ ~ ~ - - ~

AJditive 3. Min k 38. Muc k mised 5. Dentonite 7. Clinoptitolite/

with bentunite Zeolite

3. Nck 8

38. Muc k mixed wit h twnt onite 9 9

5. Bentonite e e e

7. Clinoptitolite/ Zeolite 9 9 9 9

Combination Waste Emplacement 3 3 3 3 JB JB JB JB > 5 5 5 ? ? ? ?

of Laskfill Hole Baskfill
Nter tals/ N terial/Additiver
AJditIves

Room Backfill 3 3B 5 7 3 3B 5 7 3 35 5 ? 3 3B 5 7

Ntirial/ Additive

Waste P re t orised Bac k f i ll g g g g g
so,p l a. erwn t Shires
Hole Backfill Mec hanical Plac ement
Pr oc edur e s nf Dry Backfill

Pneumat 1c Pl.as ement
of Dry Basktill 8 9 9 9 9

Mechanic al Placement
of le me Dry or Motst G e S e e e e e e 3
hatkfi11/No Compaction

Room Mechanical Placement
Bu kfill of Loose. Dry or Holst

O 8 8 8 8 8 8 8 8 8
Procedures backfill / Compaction

in Lifts

Nethanical Placement
of Prefo nes

8 8 8 8 8Bac k f 111 Sha pen /
No Compic t ion

Pneuma t ic Placement
of 1.oose. Dry or N ist G G e e e
Bath f il1/Mo Compac t ion

e viable alternative combination of na;erials/ additives and procedures for
waste er: placement : ole and room backfill
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APPROPRIATE BACKFILL SCHEMES- SALT Table 6.8

,

N

Wast e I.nplacement Room Backf 411 Nterial/ Additive
Hole Backfill Nterial/
Aldttive 3. Muck 38. Mue. k mised S. Sentonite 7 Clinoptitolite/

with t,entonite Zeolite

3. Muc k 9
.

,38. Ntb mined with bentonite

S. Bentonite |
' ,

7 Clinopt i t oli t e /Zeoli t e 9 9

s

Combin.stion Waste I) placement 3 I
3 3 JB 38 J8 JB S S S S i 7 i i

of f.achfall Hale Backfill
MaterAals/ N terial/AdJitive
AJJitiver

Room sackiill 3 33 5 7 3 38 5 7 3 3a S 7 3 38 5 7

N t e r ial /AJJ i t ive

Waste Preformed Bachfall
l'n p l a r e ne n t Shares
Hole Backfill Mechanical Placement

O OProcedures of Dry lackfill

Pneumatte Plateme u
of Dry Bac kfill O O O

Mechanical Placesent
of Loose Dry 'or Muist 9 9 9
Bac kf1]I/No Compac t ion

Room Mec hanical Placement
Backfill ol loose. Dry or Motst

OProc edures Backfill / compaction ', 9 8
in LJfts

Mechanical Placetent '

of Prefo meo
,

Ba-kfill $hapes/ , ;

Nu Compaction

b e..matic Placement,
of Luise. Dry or Meldt 9 9 9*

Backfill /flo Compact 404

8:
( .

.

e viable alternative combinations of inatorialgfadditives and procedures for
waste emplacement ho,le and room backfill, ;
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e 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
pneumatic ~ procedures. It would be difficult to monitor pneumatic
placement sufficiently to ensure that the design has been achieved.

Clinopt1101ite/ zeolite and muck would not be manuf actured intoe
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, a 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
precluded some combinations of these for certain media. Backfill
design, i.e., selection of materials / addit ives 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

Representative preparation procedures, selected placement / compaction
procedures and related equipment for the construction of room and waste
emplacement hole backfill have been identified and summarized with
respect to each material / additive. It 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 seg ntial
activities:

e Receipt at the surf ace of the repository site (including excat tion
and transportation of muck to the surf ace, if necessary)
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e Inittal sizing p mixing

e Transportation from the surface to 14e repository level

e Underground prepa~ ration, includina mixing and addition of water
and/or components (if necessary)

e Loading and transportation to crea to be backfilled.

The type of backfill will determine to some degree what steps will be
required and where the preparation will be performed. In terms of
preparation, the four selected backfill materials / additives have been
categorized into three groups:

(1) Loose muck (with or without bentonite) or zeolite /clinoptilollte
(2) Loose bentonite (pellets and/or powder)
(3) Pre-formed backfill shapes of bentonite (with or without muck).

Preparation of each of the above three groups of backfi11 materials /
additives will be different, as discusseo separately for each below. In
general, the procedures for each type of backfill material / additive will
be relatively unaffected by whether the backfill is f ar the waste
emplacement hole or the room.

Preparation procedures for (1) loose muck (with or without bentonite) or
zeolite /clinoptilolite will be the most f'lexible:

e Receipt at the surface of the repository site (including excavation
and transportation of muck to the surTa~c'e)-
Af ter underground excavation, muck to be used for backfill can
either be stored underground or transported to the surface,
depending on schedule, the next preparation step, and additives, if
any, if there will be no immediate need for the muck, it would be
stored at the surf ace; muck should only be retained underground if
underground preparation of the backfill is possible and/or imminent
after excavation. Receipt of materials such as zeolite obviously
occurs at the surface facilities,

e Initial sizing and mixing-
This step will include crushing and grading of muck to the specified
size or the grading of zeolite /clinoptilolite. Various feeder /
breakers and/or mills might be used for crushing. Mixing of muck
and bentonite could be accomplished on the surf ace, provided the
material is transported carefully to the repository horizon using
hoists and skies or remixed at the repository level. The miting may
be performed using belt mixers prior to transport to the repository.

e Storage- .

If storage at the surf ace will be necessary, it will be desirable
for starage to precede mixing and sizing, and that the backfill be
protected from excessive moisture. Underground storage may be
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useful for operations and may complement or replace surf ace storage
depending upon the relative timing of surf ace preparation to
backfill placement, and the availability of underground space.

Transportation from the surface to the repository level-e
The transport of mixed backfill should be caref ully performed using
hoists and skips. The friction hoist system, using two skips on one
hoist, can of ten be automated and might be particularly useful.
However, the hoist and skip system in general would be more
axpensive than the alternative means of dumping backfill down pipes,
boreholes or chutes in or around the shaf t, 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 watere
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 desirable for some backfills to be mixed
together underground solely. Mixing equipment may be of the belt
type, particularly if components are fed onto the belt. Drvn-type

mixers may also be utilized. It 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. .

e Loading and transportation to area to be backfilled-
Loading 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 can be used to load the backfill. Some systems of transport,
such as conveyors, could load directly af ter 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
combination 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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Preparation of (2) bentonite (pellets and/or powder) will have relative-
ly few options:

e Receipt at the surface of the repository site-
The bentonite may be received raw (i.e., requiring further refining)
or directly in the form of pellets or powder. Pressing of pellets
at the site may be a viable option, given the large amounts of
backfill necessary.

e Initial sizing and mixing-
It is not anticipated that crushing or sizing will be necessary,
except that related to refining. Mixing will be necessary if both
pellets and powder are used. Mixing of powder will create ,

significant dust.

e Storage-
Storage of backfill at the surface should be carefully controlled to
minimize adsorption of moisture from humid air or surface water..

e Transportation from the surface to the repository level-
Transport of the bentonite to the repository will most likely be via
skips and hoists in view of the dust which would be created by
free-falling backfill.

e Underground preparation, including mixing and addition of water-
Some remixing of the backfill may be required if both pellets and
powder are used. Water may be added to the backfill to help control
dust and/or f acilitate compaction. It should be noted that
bentonite (particularly powder) is very sensitive to moisture and
of ten becomes difficult to handle or compact with the addition of
excessive moisture. Handling and compaction of material should be
dependent on exact moisture content and may require prototype test
methods,

e Loading and transportation to area to be backfilled-
Loading will most likely be from storage 75iirge bins or conveyors, as
the storage of bentonite backfill needs to be more controlled than
would be possible from draw-point sources. Transport could be by '

any combination of conveyors, rail cars, trucks or front-end
loaders.

Preparation of (3) pre-formed backfill shapes of bentonite (with or
without muck) would be relatively inflexible:

e Receipt at the surface of the repository site-
Bentorite, raw or refined, will- be received / refined (as for pellets
and/or powder); muck (if used) wi.ll be excavated, transported to the
surf ace, and processed (as for loose muck mixed with bentonite).

e Initial sizing and mixing-
The bentonite and muck (if used) will be sized, mixed and then
pressed into appropriate shapes. These activities will utilize
techniques similar to those for the pressing of- pellets and would
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require a manuf acturing plant. Gevelopment of special pressing
procedures may be required for large shapes or due to the possible
addition of muck.

e Storage-
Storage of pressed blocks at the surf ace should be controlled to
prevent degradation of the backfill shapes from excess moisture,
handling, etc.

e Transportation from the surface to the repository level-
Transport of pressed blocks should he via hoist and skip systems,

o 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.

e Loading and transportation to area to be backfilled-
Loading and transport of backfill shapes could utilize fork-lif ts,
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 Placement / Compaction of Room Backfill

Appropriate procedures for placing room backfill can be divided into
mechanical and pneumatic placement, and will be 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
summarized (see Table 6.9):

e 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 f.loor.
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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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
f acilitate compaction.

Mechanical compaction of muck backfill would include:
- loao/ 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.

Compaction via traf fic would only be adequate assuming proper
coverage of the backfill lift. 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
lifts 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 .e. ,
uncompacted) layer will be dependent upon the spe i'ir low profile
equipment utilized, but considering practically sized equipment
(e.g., front-end loaders ranging in bucket size from 1 to 17 cubic
yards) the remaining layer could be as great as 7 to 8 ; Jet. In any
case, adequate compaction against the crown of an underground
opening will be difficult to ensure. lypically, even with careful
procedures, the interf ace between the crown and backfill will not be
t ight.

Pneumatic placement of muck backfill would utilize specialized
pneumatic 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 evaluate 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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A combinction of mechanical and pneumatic placement might also be
used. A hybrid scheme of mechanical and pneumatic placement might
be desirable from the standpoint of high quality fill with
efficient, existing techniques. Such a scheme, similar to ones
currently used in some mines, would specify mechanical placement and
compaction of the backfill to a point where low-profile compaction
equipment or construction equipment could no longer travel on top of
the placement lift due to the lack of headroom. The remainder of
the opening would then be backfilled using pneumatic placement.
Drawbacks to this scheme include mixing two techniques, perhaps
causing some interference in operation. Also, the length of opening
for pneumatic placement (along the room axis) must be small so that
backfill would not have to be projected over long distances, as
density achieved in pneumatic backfill is related somewhat to impact
velocity of the particles. Again, the interf ace between the crown
and backfill will probably not be tight, nor will it be easy to
ensure that pneumatically-placed backfill has been constructed
according to design.

e Muck mixed with bentonite-

It is perceived that the characteristics of a mixture of nuck and
bentonite, pertinent to placement and compaction, will be a function
of the relative percentages of each. That is, for a large
percentage of bentonite, the mixture would have many of the same
characteristics as bentonite alone, and thus the placement and
compaction procedures would be essentially identical to those
feasible for bentonite alone. Conversely, for a large percentage of
muck, the mixture would have many of the characteristics of muck
dlone, and thus the placement and compaction procedures would be
essentially identical to those feasible for muck alone. For
example, for a large percentage of muck in the mixture:

- Pre-formed shapes would not be easily manufactured and would not
be expected to retain shape during storage.

- The mixture would show little dependence on water content, but
would require optimization of other parameters during
placement / compaction.

- Some dust control would be required, due to the bentonite.

A tight interf ace between the crown and backfill could be-

achieved, due to the swelling characteristics of the bentonite.

e Bentonite-

It is perceived that bentonite backfill for the room would be in one
of the following forms:

- pellets, with or without powder
pre-fprmed shapes.-
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Bentonite backfill of pellets and powder would be most likely placed
by mechanical means, including 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 i,r this material
and that certain types of rollers (e.g., sheepsfoot) may be more
effective than other rollers (e.g., smooth-drum). A tight interface
between the crown and backfill could be achieved, due to the
swelling characteristics of the bentonite.

Pre-formed backfill shapes would arrive at the backfill area in
load / haul / dump vehicles and would likely be placed by fork-lif t 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 Clinoptilollte/ Zeolite (synthetic)-

At the time of this report, the exact gradation and consistency of
zeolite (synthetic) or clinootilolite 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 tonsidered, 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, perhaps 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):

e 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 af ter 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.

e 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,

o 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 more
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 placement 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-lift, front-end loader or modifi'ed-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 of the hole and/or fill around the shapes. The
pre-formed shapes wtuld be placed in position prior to waste package
emplacement.

e 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:

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

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

e Measuring and extrapolating the results of backfill simulation
tests

e Monitoring actual backfill performance.

Although 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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scheme attempts to achieve. Based on the generic backfill design basis
used in this study (Section 3), those backfill performance
characteristics which are perceived to be most important have been
identified, and include:

e Mechanical characteristics (i .e. , strength, deformation, creep,
consolidation / swelling), especially with respect to structural
support (room scale) and transfer of stresses from the rock mass to
the waste package

e Thermal characteristics (i.e., thermal conductivity, heat capacity,
thermal expansion), especially with respect to thermal insulation /
heat transfer between the waste package and host rock

Hydrologic characteristics (i.e., hydraulic conductivity, ef fectivee
porosity, specific storage), especially with respect to water flow
attenuation

Geochemical characteristics (i.e. , radionuclide dispers iv ity/e
retardation / adsorption, alteration / solubility potential), especially
with respect to radionuclide transport attenuation and mitigation of
corrosive groundwater.

The significance of each of the abnve characteristics will depend on the
specific backfill design; it is not likely that each of the above
characteristics will be significant for every backfill scheme. More
realistically, the degree to which the expected value of the character-
istic is to be optimized may determine if verification will be
necessary; verification will be irrelevant if no attempt to achieve
certain specific values of a characteristic will be made. However, most
(if not all) of these performance characteristics will need to be
assessed in any case for repository system performance assessment
(Section 2.3).

Backfill performance characteristics will be primarily a function of the
physical characteristics of the in-place backfill, i .e. . . mater i al
type (s), gradation, particle shape, density, moisture content, etc.
Hence, the correlaton between the performance and physical characteris-
tits will need to be established, so that the performance characteris--
tics can be verified by controlling and assessing the pertinent in-place
physical characteristics. Homogeneity / variability of the in-place
backfill will thus also be a significant consideration, as will be the
natural variability of the site.

6.4.3 Verification of Backfill Characteristics

Four stages of testing / monitoring will most.likely be necessary for
adequate verification of backfill performance characteristics, i.e.:

e Laboratory testing
e . Construction monitoring
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e 'In situ testing
e In situ performance monitoring.

Laboratory testing will be required to establish correlations between
the backfill performance characteristics under a specific set of
conditions 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
cons'.ruction 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, and 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 duriag 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, laboratory 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
backfill 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
5 the given design should be focused on. -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
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APPROPRIATE TESTING / MONITORING METHODS FOR Table 6.11ASSESSING SIGNIFICANT BACKFILL CHARACTERISTICS

1

$1GNIFICANT BACKFILL LABORATORY CONSTRUCTION IN SITU IN SITU PERFORMANCE

CHARACTERISTICS TESTS MONITORING TESTS MONITORING

Waste Waste Waste
Emplacement Emplacement Emplacement

Hole Room Hole Room Hole Room

PERFORMANCE:

(MECHANICAL)
Strength e e
Deformation e e
Creep e O
Consolidation / , o o

Swelling

(THERMAL)
Thermal Conductivity e e O O
Heat Capacity e e
Thermal Expansion e e

(HYDROLOGIC)
Hydraulic Lonductivity e e
Effective Porosity e e
Specific Storage e O

(GEOCHEMICAL)
Radionuclide e e O O

Retardation / Adsorption
Alteration / Solubility G O

Potential

PHYSICAL:
Homogeneity O e O
Material Type e e e O
Gradation e e e O
Particle Shape e e e O
Moisture Content e e e O
Density / Porosity e O e e

method
primary testing / monitoring / monitoring methode
possible secondary testingO

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.

i
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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 mentioned,
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 Identification 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 of ten assumed for
simplicity in construction monitoring that the desired performance
properties can be adequately correlated with the following measurable
physical characteristics:

e Mineralogy / additive content
e Backfill gradation and particle shape
e As-placed dry density
e As-placed moisture content.

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

e Mechanical Characteristics

- Strength / Deformation Tests - establish relationship of
deformation properties (e.g., 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 tne 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)..

119

^
- _- - _ . __-_ ___ _ -_



~

- Volume Change Tests - establish relationship between settlement /
shrinkage / swelling of backfill with type and gradation of

rees of saturation / moisture
backfill, initial and changing deg/ porosity, loading, etc.content, temperature, time, density

No standard tests exist, but one-dimensional consolidation tests
(ASTM D2435-70) could be modified for fine-grained backfills.

e Thermal Characteristics

Thermal Conductivity Tests - establish relationship between-

thermal conductivity (and/or other necessary thermal properties)
with type and gradation of backfill, density / porosity, moisture
content / degree of saturation, temperature, temperature gradient,
confining stress, time, groundwater chemistry and flow, etc.

e Hydrologic Characteristics

- Hydraulic Conductivity Tests - establish relationship between
hydraulic conductivity and type and gradation of backfill,
including adsorbed cations in backfill (if applicable), density /
porosity, moisture content, temperature, conf ining stress,
groundwater chemistry, hydraulic gradient, flow direction (if
applicable).

A standardized hydraulic conductivity test, ASTM D2434-6E (1974),
exists for granular soils only. Procedures for testing fine-

grained soils are numerous and not standardized, and depend
greatly on conditions under which the test is to be performed.

e Geochemical Characteristics

- Column / Tracer Tests - establish relationship between adsorption
and temperature, gradation and type of backfill, density / porosity
of backfill, moisture content, groundwater chemistry, time,
radionuclide type, etc.

- Column / Water Chemistry Tests - establish relationship between Eh,
pH, and parameters that would indicate adverse corrosive
conditions for the waste package metals, as well as temperature,
density / porosity of backfill, moisture content, time, and
gradation and type of backfi11.

o Physical Characteristics

Moisture-Density Tests (for soils containing significant-

percentage [12% or morej of fine-grained backfill [less than #200
sieve size]), e.g.,

ASTM D698-78.

ASTM D1557-78.

120

___ -



___

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.,
Particle Size Analysis of Backfill.

Chemical Analysis of Pore Water..

It should be noted that conflicting optimums wil1 of ten 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 co'nditions.

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
i2sts 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:

Classification of Emplaced Backfill, e.g.,o

- ASTM D2488-69 (1975) (Visual Method)
- ASTM 0422-63 (1972)
- ASTM D1140-54 (1971)
- ASTM D2487-69 (1975)

Special procedures for rock fill-

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

e Determination of Dry Density, e.g.,
- ASTM D1556-64 (1974)
- ASTM D2167-66 (1977)
- ASTM D2937-71-(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 af ter
placement / compaction during tne retrievability period. In addition to
the specific test methods identified, large scale sarnples of constructed
(in-place) backfill can be obtained and tested in the laboratory. Other
suggested test concepts or nethods that could be suitably modified for
repository backfill applications include:

e Mechanical Characteristics

Deformation testing of room backfill on exposed surf aces, 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 les.s advantageous tests include:

,
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Cone penetration testing, where correlations of cone capacity ).

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,

o Thermal Characteristics

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

o Hydrologic Characteristics

- Borehole permeability tests in room backfill to verify hydraulic
conductivity and/or other hydrologic propert ies. 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,

o 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 interf ace between 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. Placement 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, depending on location,
media, thermal loading, etc.); this may not be logistically possible, .
howev.er.
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6.4.4.4 In Situ Performance Moni+ 3 ring

dPerformance monitoring will begin shortly af ter backfill placement and =-

is intended to provide data on backfill performance where in situ tests -~
~ -

are inadequate or easily augmented. As in testing, monitoring should f
only be performed for that behavior determined to be significant by the h-In addition, long-term design objectives have not
design objectives.in the monitoring (e.g., the time to resaturation, d
been included -r
assuming that such an ev# occurs af ter decommissioning). y
Suggestions for in situ performance monitoring, in excess of monitoring ^

required to detect hazardcus conditions during normal repository
_-

-

_

operations, include: 7
--

Mechanical Characteristics / Performance- -

e

Instrumentation should be placed in the room backfill to detect ~

thevolume changes between the roof and sides of the room and --

b ack f il l . Gaps could be created as a result of backfill shrinkageor upon wetting). ,

or backfill settlement (due to self-weight
if bentonite is utilized. SuchSwelling of backfill may occur

volume change would likely occur in the short-term and may affect
-

the ability of the backfill to satisfy its design objectives,
E

in conjunction with this instrumentation, it may also be desirablethe _O__to measure strains in the room backfill due to closure of
opening and to measure stresses or strains in the waste emplacement

-

,

hole backfill to determine the stresses acting on the waste '_

p ackage .

Thermal Characteristics-e

dThe dif ficulty of measuring thermal properties of emplacement hole -

backfill suggests the use of an actual waste package in prototype
e

testing. Instrumentation placed i.n a few emplacement holes to ;

monitor temperature at the waste package and at the outer surf ace of -

the backfill could provide such data. The duration of the testing
would be dependent upon the build-up of temperatures through the 4

waste package. it may also be desireable to monitor temperatures in
-

,

the room backfill to assess thermal response.
-

Hydrologic and Geochemical Characteristics-e i
~-

Instrumentation should be placed above storage holes and in several
locations in the room to detect moisture content / pore pressures and
the transport of radionuclides, r

%

-i-
6.5 DESIGN CONSIDERATIONS FOR HORIZONTAL WASTE EMPLACEMENT

The backfill schemes presented in this report have been based on
-

inrepository design concepts in which waste packages are placed ,

_
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vertical emplacement holes (Section 2). Recently, consideration has
been given to the use of horizontal waste emplacement (particularly in
basalt, Section 2). Horizontal emplacement holes would span between
rooms, with multiple packages placed in each hole. Backfill to be _

placed (pneumatically) in the holes might consist of 75% muck and 25%
bentonite, and be deferred in time of placement. Also, the size of the

,

room would change from 20 feet high by 15 feet wide to 10 feet high by a

20 feet wide.
,

This different design concept has several implications with respect to -

structural behavior, engineered barrier performance and construction ,

activities: q

e Structural Behavior- -

In general, the stability of the room would be improved by this
change of shape where horizontal stresses are high, as stress j
conditions would tend to be more uniform around the opening with a =

reduction of tensile stress expected near the springline and _

minimization of compressive stress effects expected at the crown and
''

floor. However, the larger roof span and curvature would create -

greater opportunities for slab, block, or wedge f ailure, due to a 'i
more exposed geologic structure.

_

A larger width-to-height aspect of the room would lessen the support i

efficiency of the backfill; however, backfill would be most
ef ficient in preventing total opening collapse or in the reduction -

of stress, and would not generally provide rigid support. -

The stress condition in the pillars would generally be expected to i

be more desirable due to the possible reduced volume of excavation.

The stability of the horizontal waste emplacement hole would be of [
greater concern, especially due to gravity rock failures controlled ,'by the geologic structure. Such failures would depend on ground
conditions and opening dimensions / orientation, and might impact -i

retrievability.
-

e Engineered Barrier Performance

Potential flow paths to or within engineered barriers might be
longer with horizontal waste emplacement, depending on the site
conditions and specific repository design. In fact, the role of -

room backfill in the integrated system of repository components
would be revised, especially for predominantly vertical I.jdraulic

.

.

gradients; in such a case, flow paths from the waste package would -

most likely bypass the room.

Heat loading and therefore differential thermal effects on -

i
' rock / backfill interaction would tend to be more unif orm with
I horizontal waste emplacement and might create less severe I

heat-related stress problems.

=

1
-

125

_

um

-

I M ME



--
-

However, the conditions acting on individual waste packages might be
more severe with horizontal emplacement. For example, due to the
close proximity of adjacent waste packages, the waste package
temperatures might be increased. This, in conjunction with possible
stress concentrations in the waste package caused by the support
rack, might result in an increased degradation rate of the waste
package,

e Construction Activities-

A lower roof height may present more restrictions on the use of
equipment for backfill placement and removal (if necessary).
Otherwise, however, there would be little, if any, impact on room
backfilling procedures.

It would be dif ficult to complete and fully compact backfil1ing
around the waste package. In f act, pneumatic backfill appears to be
the sole backfilling option and might require more than one backfill
pipe to fill the annular space. Even with such an arrangement, the
backfill would likely be of low density, especially at the top of
the hole; the interface between the crown and backfill would
probably not be tight unless swelling materials (e.g., bentonite) or
grouts were used. it also appears that the backfill pipe must be
withdrawn as the fill progresses. It will be difficult to ensure
that the fill has been placed as intended, due to remoteness. If

compaction is attempted, which is not likely, it wilI be simiIarly
difficult to ensure that this is adequately and uniformly
accomplished.

For pneumatic placement, the maximum size of backfill aggregate
would be restricted to a fraction of the backfilling pipe diameter.
In addition, a large amount of dust might be created. Control of
dust could be accommodated at the open end of the waste emplacement
hole, as the other end of the hole would have to act as a fill
fence.

The openings (room and waste eaplacement hole) would be amenable to
mechanized excavation, thereby minimizing rock damage.

Drainage of the waste emplacement hole (prior to backfilling) could
be more effectively carried out and with less direct impact on the
containment aspects of the rock mass.

The completed horizontal waste enplacement hole would probably cause
less interference with construction and backfilling equipment than
one in the floor.
Retrieval of the waste package (if required) could theoretically be
performed utilizing a push or pull motion from either end. However,
retrieval may be rendered very difficult under any of the following
conditions:

I
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- If the hole has been backfilled
I If loose rock should fall from the roof of the hole to partially-

| block the passaga '

! If the in-hole waste package transport mechanism should-

malfunction.

These difficultles in retrieval would be compounded due to the potenttal
distance from the room into the rock at which the problems might occur.

1
I

|
|

l |

|
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7. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

7.1 SUMMARY

This report presents the results of Task 5, regarding the construction
and testing aspects of backfill, both around waste packages and within
rooms. These results include:

e Establishment of study premises; i.e., repository design concepts,

performance assessment methodology, and media / site specific
conditons for basalt at Hanford, tuff at NTS, domal salt on the Gulf
Coast, and generic bedded salt and granite. The subsequent results
and conclusions of the Task b study may require revision should any
of these premises, as given in Section 2, change.

e Identification of backfill design objectives, which have been
derived from, and thus can be explicitly related to, the repository
system performance objectives of safety in short-term construction /
operation and long-term waste containment / isolation. These backfill
design objectives, as given in Table 3.1, have been categorized in
terms of the subject of concern (schedule, procedures, mechanical
characteristics, thermal characteristics, hydrologic characteris-
tics, 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). These backfijl design objectives could form the
basis for either backfill design optimization (which has not been
intended here) or comparative evaluations of alternative backfill
schemes.

e Assessment of the relative significance, or weights, of each
identitied backfill design objective with respect to its potential
contribution to achieving the repository system performance
objectives. Essentially, these weights, as given in Table 3.2,
represent the perceived sensitivity of the repository system
performance objectives to the backfill design objectives for generic
site conditions. These weights have been subjectively assessed, and
thus have significant inherent uncertainty. Hence, these weights
should be considered only as rough indicators of relative
significance, which is sufficient for the purposes of this study.
These weighted backfill design objectives could be used as
preliminary guidelines for backfill design optimization (which has
not been intended here) or as a generic basis for comparative
evaluations of alternative backfill schemes.

e Development of an explicit evaluation methodology by which alterna-
tive backfill schemes can be subjectively evaluated and then com-
pared. This evaluation methodology, as given in Section 4,
essentially results in the assessment of the extent to which the
generic backfill design basis, and thereby the repository system
performance objectives, would be achieved by any backfill scheme's
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expected oerformance. This methodology consists of subjectively
evaluating the percentage of each significant backfill design
objective which is achieved by a backfill scheme's expected perform-
ance, and then multiplying that percentage by that objective's
previously assessed relative weight. A numerical score can then be
obtained for each alternative backfill scheme by summing the
products for all the significant backfill design objectives. The
higher the score, the more likely it is that the generic backfill
design basis, and thereby the repository system perf ormance
objectives, will be achieved. On this basis, the best schemes,
i.e., those with the highest scores, can be identified and selected.
Although sufficient for the purposes of this study, significant
uncertainty persists due to the subjective nature of the
assessments.

Identification of a representative set of alternative backfille
schemes, which consist of combinations of materials /additivcs and
associated construction procedures (i .e. , preparation, placement,
and compaction, if any) for backfilling around the waste package and
within rooms. These alternative backfill schemes, as summarized in
Tables 5.8 and 5.9, have been identified from schemes:

- previously proposed by the Department of Energy for
repositories

- typically used in mining and surface civil engineering
- previously identified under the " Engineered Barriers" contract.

Alternative backfill materials / additives have been found to be
primarily a function of the primary objectives for backfilI, i.e.,

providing structural support, water flow attenuation, radionuclide
transport attenuation. These materials / additives include:

- none
- concrete, alone or with sand-cement grout
- muck, alone or with sand-cement grout or mixed with bentonite
- sand, alone or with sand-cement grout or mixed with bentonite
- bentonite
- illite
- clinoptilolite

zeolite (synthetic).-

Alternative placement procedures will essentially be related to the
types of materials / additives used, as well as the primary backfill
objectives, and include:

- mechanical placement procedures
- pneumatic placement procedures
- hydraulic placement procedures.

Alternative compaction procedures will essentially be related to the
types of materials / additives and placement procedures used, as well
as the primary backfill objectives, and include:
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' static mechanical compaction-

- dynamic mechanical compaction 1

vibratorycompaction\-
, ,,

'

electro-osmo:is-

- drainage'or. consolidation.s

e Evaluation' of citernative backfill schemes, with respect to achiev-
ing the generic backfill design basis. Each of the viable combina-
tions of waste emplacement hole and room backfi11 materials /
additives has been preliminarily evaluated, as summarized in Table
6.5, using the subjective btd. explicit evaluation methodology. Based
on this preliminary evdluat ion, the four materials / additives
selected for further sttAy inc'lude:

,

'
'- tauck

- muck mixed with bentonite ' ' '
,

- bentonite- '

,clinoptilolite/ zeolite (synthetic).
. ,

'

Appropriate' alternative combination's of procedures have been
discussed. ard identified, as suminarized in Tables 6.7 and 6.8, for
the use of the selected materials /additises in hard rock or salt.
The procedures and equipment include only those combinations deemed
to be feasible and practical for achieving the generic backfill

' design basis.
,

Verification of expected backfill behavior is anticipated to occur
infourstagcg:
- laboratory testing x
- construction cenitoring
' in situ testing

- in situ performance monitoring.

Appropriate testing / monitoring r.'sathods for_each stage have been
discussed and identified, as summarized in Table 6.11.

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

>

7.2 CONCLdSIONSANDRECOMMENDATIONS g

Golder Associates believes that a logical and explicit approach has been
utilized in this Task 5 'sy,udy to.

Develop a generic design basis for backfill suf ficient for the pur-e

posesofthisstudy'',liternativebackfiilsthemes' .Identify and discusse
e Comparatively evaluate the identified _ feasible alternat.iyp backfill

schemes with respect to tne ' design basis. - ~
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Indeed, it is felt that the identification of a comprehensive set of 1
Nbackfill design objectives, which are explicitly derived from and thus

related to the repository system performance objectives, is an important _g

development in the definition of the role of backfill as an integral -

-

component of the repository system. The subsequent weighting of these abackfill design objectives gives additional focus as to their perceived
relative significance within the repository system. The development of g
an explicit 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 ;

quantitative performance assessment of the repository system, including 1 -
3

backfill as an integral component, on a site-specific basis will be
-necessary for a rigorous evaluation of any backfill design. Indeed,
--esuch performance assessments, in the form of sensitivity studies and

including consideration of the natural variability of site conditions, _

would refine the weighting estimates and thus guide backfill design. _

e
It is Golder Associates' opinion that the NRC should utilize the Task 5 f
results in their review of backfill aspects contained within an SCR or .

LA, as follows:

Backfill design basis - Are the applicant's design objectivese
consistent with the generic backfill design basis, especially the
most significant backfill design cbjectives, developed here; i.e.,

,

does the applicant correctly perceive backfill's role in the j
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 -

develcped here. Does the applicant's design basis take into proper =

account the natural variability in site conditions?
c

Backfill materials / additives - Are the applicant's proposed bcckfille
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 discus- '

sions 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. ,

Procedures - Are the applicant's proposed backfill procedures g
o

feasible and appropriate for the proposed materials / additives in
iachieving the design basis? This can be answered by consulting the

discussions presented here on the feasibility of alternative
~

backfill 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 ensur e proper

-

implementation of design?
-

Testing - Is the applicant's test program sufficient to verify thate
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

.
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in-place characteristics of backfill and thus vebifying design.
However, suf ficiency regirding the extent and schedule of testing
will depend on presently #urdefined licensing requirements and the
site-specifi~c role of backfill'.

i

7.3 RECOMMENDATIONSFORfbRTHERWORKfe'

The results of Task 5 suggest that addit.ional work, which is presently
outside the sccpe of this' study, would be very ef fective in both
focusing on the#1mportant aspects of repositcry dt.veicoment and in
developing useful evaluation tpols. G31 der Associates thus recommends
that the following items be consideged for further work:

The hierarchy of repository pdformance subobjectives bould bee
further developed, culminating in a comprehensive set of cbjectives
for site screening / selection nd repository design / construction /

.

operation, and not just 'b6ckfill design objectives. These
: repository variable objectives would thus be derived from and

explicitly related to the summary repository performance objectives.
~

Hence, the manner in wnich each component :.f the repository system
contributes to system performance would be clearly established and,
very importantly, easily demonstrated. Also, the purpose of various
criteria could be demonstr atec and justified, and guidelines for
achieving these criteria e'stablished using this framework.

Once the hierarchy of rep'ository perfbrmance subobjectives has beene
fully developed, and thus the conplete set of repository variable
objectives identified, the: relative significance (or weights) of
these repository variabie objectives with respect to achieving the

| su:nmary repository performance objectives should be assessed, as for
the set of backfill design objectives. Hence, the extent to, which
each component of the rirository system potentially contributes to
system performance woul C be approximately determined using "signifi-
cant element" sensitiviti analyses rather than typically intractable
overall systemianalyses. This would allow for focusing on those
repository variables which" have the largest potential impact on
achieving theisurr. mary repository performance objectives. Defensible
decisions regarding these significant repository variables,
incl 0 ding consideration of' all the potential ramifications, could
thus be made,

e Due to the potentially significant uncertainty-inherent in the
' subjective 1 assessment of weights, uncertai,nties in these weights

should be assessed. This would help to clarify the relative
significance of each repository varihble objective. If the
hierarchy of repository performance subobjectives was not further
developed and the complete set of repository variable objectives
identified, then uncertairities should at least be incorporated in
thefweight assessment of backfill design objectives.

, ,
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o 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 also be assessed and incorporated in the comparative
evaluation of each backfill scheme,

Costs, although typically outside of NRC's jurisdiction, should beo
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 thee
subsequent Comparative evaluatlons 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 eilher case, the natural variability of
the site must be considered and ameliorating design contingencies
incorporated.

e At some point, performance of the repository system, po s s ib l y
including a chosen backfill sc. heme 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 quantitati,ve performance assessment should be
identified, and the uncertainties assessed, in order to f acilitate
the review of this performdnce prediction. Such quantitative
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.

e 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 shaf ts 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 include
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 f ailure of the opening, i.e.,

prevent the development of unstable collapse mechanisms.

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

e 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
systen performance objectives. These repository performance
subobjectives have been explicitly derived from,- and thus are
directly related to, the two summary repository system
performance objectives.

,
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Repository System - 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 possibly
retrieval and decommissioning activities),

e Long-term waste containment and isolation objective (post-
, decommissioning, from about 100 to 10,000's years) of
1 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 satisf actory
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 Variables - those aspects of the repository system related to
either site screening / selection or repository design /construc-
tion / operation, by which the repository system performance
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, optimization 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)0bjective - a (sub) objective whose achievement is contri-
buted to by some other (sub) objective, which is termed the
subordinate (sub) objective.

Subordinate (Sub)0bjective - a (sub) objective which_ contributes to
achieving some other (sub) objective, 'which is termed the
sovereign (sub) objective.

.
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Weight - the significance of. an (sub) objective, relative to the other
f (sub) objectives in a comprehensive set, with respect to its

potential contribution to achieving a sovereign (sub) objective.
This weight represents the sensitivity of the sovereign
(sub) objective to the subordinate (sub) objective and the

| potential range in that subordinate (sub) objective.

I
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APPENDIX A - DEVELOPMENT OF BACKFILL DESIGN OBJECTIVES

In the absence of accepted backfill designs, or even objectives, it nas
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. Due to
this complexity, a systematic and trackable approach has been adopted to
generate this backfill design basis. This approach (see Section 3 -
Main Text) consists of identifying a hierarchy of comprehensive sets of
performance subobjectives which contribute to achieving the repository
system performance objectives related to short-term construction /
operation and long-term waste containment / isolation. This hierarchy can
be developed by subdividing the two sunmary performance objectives into
a comprehensive but tractable set of performance subobjectives and then
in turn further reducing thest subobjectives as appropriate, and so on.
This process can be taken down through many levels, until an objective
related solely to the aspects of either site screening / selection or
repository design / construction / operation (i.e., repository variables)
has been explicitly related to the two summary performance objectives.
This hierarchy of repository performance subobject ives, and the
resulting comprehensive set of repository variable objectives, would be
based on preconceived repository design concepts and performance
assessment methodology (see Section 2.0 - Main Text).

For example (see Figure A.1):

The parameter used as a measure of one of the repository system
performance objectives might be "x". From the repository design
concepts and performance assessment methodology, it might be

,

determined that generally: |

x = f(a, b, c, d)

1

where, e.g.: |

x = the radionuclide flux to the accessible environment
a = radionuclide release rate from the waste packages
b = radionuclide transport time from waste packages to accessible

environment
C = adsorption of radionuclides prior to reaching accessible

environment
d = distance to accessible environment.

If the objective were to minimize "x" as much as is reasonably
possible, the form of the function "f" might, for example, dictate
a comprehensive set of subobjectives consisting of decreasing "a"
and increasing each of "b", "c", and "d". (The relationship of "x"
to "a", "b", "c", and "d", in conjunction with the cost and
limitations in achieving each subobjective, will dictate how the
objective should be achleved by optimizing among the competing
subobjectives. This is discussed in Appendix B.)
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In turn, it might be determined that generally:

a = g(1, m, n)

where, e.g.:
1 = total initial radionculide content
m = opportunity to detect and mitigate waste packages which will

not perform satisfactorily
n = corrosion / leaching of waste packages.

If, 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; 1.e. :

x = f(g(1, m, n), b, c, 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",

"c", 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.

Using the above approach, a hierarchy of performance subobjectives has
been 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
identified 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 cortplete 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(seeFigureA.7)
1.4.3 (see Figure A.8)

:
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l.4.4 (see Figure A.9)
2.1.2 (see Figure A.10)
2.1.3 (see Figure .A.11)
2.2.1 (see Figure A.12)
2.2.2 (see Figure A.13)
2.3.1(seeFigureA.14)
2.3.2 (see Figure A.15).

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 illustrated once
(see Figures A.16 to A.70). Hence, in each case, the performance
subobjectives have been broken down to common performance subobjectIves
(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 subset 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 used 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 sunnary 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 sunnarized, as this breakdown sometimes 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 referencepurposes.

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

A-3
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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 also 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 repository 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
evaluation of the implementation and verification of that design, as
will be used in this study. The significance of each Lackfill design
objective, with respect to achieving the repository system performance'

objectives, is discussed in Appendix B.

t
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s

DEVELOPMENT OF A HIERARCHY OF
PERFORMANCE SUBOBJECTIVES (EXAMPLE) Figure A.1

Repository System
Performance Objectives

/ \
X is used as a measure
of one of the repository [ Minimize]
system performance X

objectives - minimize X
as much as is reasonably
possible is a performance
subobjective

Repository System
Performance Objectives

/ \
X=f(a,b.c,d) peNo - [ Minimize]"

nce
subobjective X

comprehensive
,

but tractable set , , , w
of perforance [ Minimize] [ Maximize] [ Maximize] [ Maximize]subobjectives

a b C dto sovereign
performance
subobjective

Repository System
Performance Objectives

/ \.

.

[ Minimize]
X

-

[ Minimize] [ Maximize] [ Maximize] [ Maximize]
sovereign :

performance
a b C dsubobjective

a=g(1,m,m) pg,henjgsetc,
.

of performance i ' %
subobjectives [ Minimize] [ Maximize] (Minimize]to sovereign

1 m nperformance
subobjective -

e

e et cetera
x=f(g(1,m.n),b,c ,d )

.

A-5

's. ,

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ - - _ _ _ - _ -



.

s

|
|
|

DEVELOPMENT OF REPOSITORY PERFORMANCE
SUBOBJECTIVES AND BACKFILL DESIGN Figure A.3
OBJECTIVES TO PERFORMANCE SUBOBJECTIVE 1.3.2

|
|

(Refer to Figure A.2)
.

1.3.2)
[Maximire] prevention of
underground hazards of:
- fire
- equipment malfunction
(during construction /
operation)

(Maximire] prevention of underground (Maximire]preventionof
hazards of: underground hazards of:
- fire - fire
- equipment malfunction - equipment malfunction

(initia1 excavation through waste (during retrieval period)
emplacement)

,

- - - - - - - - - - - - - - - - - -

(Maximire) use of safe / (Maximire) use of safe /
reliable equipment for reliable equipment for
backfilling (during re- all other activities
trieval period) (during retrieval period)
(Backfill design objec-
tivebpl-1)

. ------------

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 futher broken down elsewhere. Those performance sub-
objectives unrelated to backfill have not been further investigated. and are
markedaa n .
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(Refer to Figure A.2)
.OM
> |= 41.3.3)

[ Maximize] stability of yqm
underground opening
(i.e., minimize rock
falls or collapse, on

.

toom scale) (during
construction / operation)

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

---------------- .

>
>r
== C

[ Minimize] decrease in [ Minimize] increase in [ Maximize] mitigation of [Maximizel increase in
Oratio of rock mass number and size of kine- previously undetected ratio of rock mass 2

strength to shear stress ma tica11 y possible rock kinematically possible strength to shear stress C$around underground open- blocks in roof / sides of rock blocks (room scale) around underground open- 40ing (room scale) (during underground opening (during retrieval period) ing (room scale) (during LQretrieval period) (room scale) (during retrieval period) ;=
retrieval petiod)
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/

[ Minimize} [ Minimize] [ Minimize] [ Minimize] [ Maximize] (Minimize] [ Maximize] [Ma ximize) [ Maximize]
increase in decrease in increase in additional structural time to other decrease in increase in

a shear stress rock mass dimeesions f racturing support placement structural shear stress rock mes
in rock mass strength of und?r- in rock mass provided by of backfill support in rock mass strength OmO

I around around under- ground open- around under- backfill (room scale) (e.g., roof around under- around under- Q CmU
m O m<
L! underground ground open- ing (room ground open- (room scale) (during bolts) (room ground open- ground open-

cpening ing (room scale) ing (room (during retrieval scale) ing (room ing (room
Q

(room scale) scale) (during scale) retrieval period) (during scale) scale) O ' F-
(during (during retrieval (during period) [ Backfill retrieval (during (during H OU
retrieval retrieval period) retrieval [ Backfill design period) retrieval retrieval T
period) period) [ Repository period) design objective period) period) <O g

design objective bsrla-1] Ndg
objective] bmr2a-1] O<7

d M H
Om
T>Om
mZa------, < - - - - - - - -n-- ~

[ CR1

AR1 O>O3 OmC>7-HI m

[ Minimize] [ Minimize] [ Minimize] [ Minimize] [ Minimize] [ Minimize] [ Minimize] [ Maximize] [ Maximize) 2 r*
additional additional additional temperature decrease in increase in duration of cohesion of increase in O --r
fracturing loosening alteration / increase in compressive dimensions retrieval rock mass compressive A <

Oin rock mass of rock mass soluiion of rock mass stress in of under- period around under- effective g Tmgaround under- around under- rock mass around under- roc k mass ground open- [ Repository ground open- stress in g
ground open. ground open- around under- ground open- around under- ing (room design ing (room rock mass mDg]qing (room 'ng (room ground open- ing (room ground open- scale) cbjective] scale) around under- O
scale) scale) ing (room scale) ing (room (during (during ground open- mzO(during (durir g scale) (during scale) retrieval retrieval ing (room

I retrieval re '.rieval (during retrieval (during period) Period) scale) ' 2,

A 5@ period) period) retrieval period) retrieval [ Repository (during
period) period) design retrieval O >i

k objective] period) H Z

P3 < O
m m

CJt jo '

ap .

------- ------- ----- . ap
o a

i f U U l 'o i f y| Note: T

CR1 DR1 JR1 KR1 BR1 Refer to Figure A. for definitions and assumptions. A0R1 fM
M Only those performance subobjectives related to back

Ofill have been investigated, some of which have been
g referenced and further broken down elsewhere. Those >O perfomance subobjectives unreiated to backfiii have -

not been further investigated, and are marked esas,
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/ / /

[Mani:122) [ Mini;iz [Miniaiz2] [Maniaiz2] [ Maxi;iz2] [Marixiz2]
breaching br:achi g duration of shielding of shi21 ding of shi:1 ding of
resistance (14.. condit ons retriaval waste package wast 2 package waste package Omostrength / (i.e. stress period by tackfill by backfill by other gCg
tenerature and tempera- [ Repository around waste (room scale) means c CD 4behavior) of ture) acting design package (durin9 (during mommaste package on waste objective} (during retrieval retrieval gmp[ Repository package retrieval period) period)
design (during period) qCO_mebjective] ' retrieval T<Operiod) myE

g<mZ
Hmq
O M
7>O' m

~ m2------g ny------- -------

m A
EO>T'

O
OMC 74m _

x
y
z-O'

[ Minimize) [ Minimize] [ Minimize] [hminize) [liiniaize) i(Maximiat} g Fystres; acting temperature time to place- tr ckness/ time to L thickness / Igg
nn waste pack- of waste ment of back- adsorption placement'. adsorption
age (duatng package fill aesund of backfill of backfill of backfill C/) g T-

p/ retrievcl (during ;~ste packa;e around waste (room scale) ,(room scale)
m$mC

* , period) retrieval (dur ing' package (during (dtering 3
period) retrieval (during retrieval retrieval O o ri' perioJ) retrieval period) period) mzO[Bac. fill period) [ Backfill [ Backfill g xdesign [ Backfill design design m gobjective design objective obiective g >@ bshi-)] objective bsrla-1] bg-?-1]

'

bgh2-1] q ZA _

& . <- Oo> 1.r" 9 ] m m
e 6g, -

bM -

u CE8 ' b=

~ m >-.O DC l I fo ::= y .

.y
g M BH1 LH1 Note: Refer to Figure A.2 for definitions and assumptions. Only thase performance c- 1

, subobjectives related to backfill have been investigated, some of which have
O'N. been referenced and further broken down elsewhere. Those performance sub-

e . objectives unrelated to backfill have not been further investigated, and are >1 ! marked a s s s. *

O' *

4
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DEVELOPMENT OF REPOSITORY PERFORMANCE
SUBOBJECTIVES AND B ACKFILL DESIGN Figure A. 6
OBJECTIVES TO PERFORMANCE SUBOBJECTIVE 1.4.1

(Refer to Figure A.2)

1.4.1)
(Maximire) early detec-
tion (i.e. warning) of
underground hazards of:
- sudden water inflows
- gas
- fire
- radiation exposure
- equipment malfunction
(includinghoisting,
transportation. blasting.
ventilation / cooling.etc.)
(during construction /
operation)

(Maximire)earlydetection(i.e.. (Maximire) early detection (i.e..
warning) of underground hazards of: warning) of underground hazards of:
- sudden water inflows - sudden wtter inflows- gas - gas
- fire - fire
- radiation exposure - radiation exposure
- equipment malfunction - equipment malfunctir'
(includinghoisting. transportation. (including hoisting. transpor tation,
blasting, ventilation / cooling. etc.) blasting, ventilation / cooling, etc.)(initial excavation through waste (during retrieval period)

-- ----------,

(Maximirel monitoring of (Maximirel monitoring of
potentially harardous potentially hazardous
underground conditions as underground conditions
backfilling occurs (during with other activitiesretrieval period) (during retrieval period)
(Backfill design objective
bp2-Il

------------

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
mark ed esas.
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DEVELOPMENT OF REPOSITORY PERFORMANCE
SUBOBJECTIVES AND BACKFILL DESIGN Figure A.7
OBJECTIVES TO PERFORMANCE SUBOBJECTIVE 1.4.2

1

(Refer to Figure A.2 ) i

1.4.2)
[ N ximize] Quick and Iefficient mitigation of I

detected underground
hazards (during con-
s truction/ opera tion)

|

[Maximire] quick and efficient miti- [Maximire] quick and efficient miti-
gation of detected underground gation of detected underground
hazards (initial excavation through hazards (during retrieval period)
waste emplacement)

------------------

't

,
'* .;ei s,

*i.
[ Maximize) quick and [Nximire)quickand'

t efficient mitigation of efficient mitigation of
detected underground detected underground
harards as backfilling hazards with other ac-
occurs (during retrieval tivities (during
priod) retrieval period)
LBackfill design objec-

i tive bp3-1]

-----------n

hote: Refer to Figure A.? for definitions and assumptions. Only those performance
subobjectives related to backftil have been investigated, some of which have
been referenced and further broken down elsewhere. Those perforinance sub-
objectives unrelated to backfill have not been further investigated, and are
marked a s sa.
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, ------------

(Minimize) [ Minimize]
area served tunnel
by each shaft blockage O f/) Oegress (i.e., along egress mCmoptimize route (during eQ 4shaft loca- retrieval momtions) period) gmp
(during c
retrieval qO_m 7period) <O
[ Repository my5
design g<mcbjective] z

-4 Ay
O G
m>Om
m2
3g3------>

7

O >D
C

O3 Ou
K x -)
>m HzO

[Delayand (Minimize) O I3I<minimize) all other m
backfilling tunnel block- g 7of tunnels age along (/) malong pos- possible C mgsible egress egress routes CD 2
routes (during QQT
(during retrieval mzOg retrieval period) c_ m> period) m g

y7 [ Backfill O yON c0 design yCO >%Q Q> objective -

4 %yM gg bsrlb-1] <
C I C d ..s 2y ,

- h
"
(ND .td,b 9h |^- .----

'2-O g
to :::

O 7
C Note: Refer to Figure A.2 for definitions and assumotions. Only those performance csubobjectives related to backfill have been investigated, scoe of which have C
N been referenced and further broken down elsewhere. Those performance sub- g'

objectives unrelated to backfill have not been further investigated, and are
eQ marked s s sa.
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DEVELOPMENT OF REPOSITORY PERFORMANCE
SUBOBJECTIVES AND B ACKFILL DESIGN Figure A.14
OBJECTIVES TO PERFORMANCE SUBOBJECTIVE 2.3.1 ;

(Refer to Figure A.2)

2.3.1)
(maistre] total surface
area of adsorbing
material along flow path
from waste package to
accessible envire w nt
(post-resaturation a%1
release)

(Naimire] surface area of backfill (Maximirel surface area of host rock
adsorbing u terial along flow path adsorbing material along flow path
from waste package to accessible from waste package to accessible
environment (post resaturation and environment (post-resaturation and
release) release)

,,,,,,,,,,,,,,,,,,

-

(Maximirel cross sectional (Maximire] length of flow [K2ximite) surface area
' area of flow path from path from waste pac 6 age per unit volume of back.

I waste package through through backft11 adsorb- fill adsorbing material
backfill adsorbing ing material (post- along flow path from
material (i.e.. maximize resaturation and release) waste package (post-
volume of backfill) (Backfilldesignobjec- resaturation and
(post resaturation and tivebgl3) release)
release) (Backft11 design

I j (Backfill design objec- objectivebg3-3}
l tive bg2-3]

,

.

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
M rkedes sa.

1
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DEVELOPMENT OF REPOSITORY PERFORMANCE
SUBOBJECTIVES AND BACKFILL DESIGN Figure A.15
OBJECTIVES TO PERFORMANCE SUBOBJECTIVE 2.3.2

(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 [ Maximize) adsorption potential of
backfill along flow path from host rock along flow path from
waste package to accessible waste package to accessible en-
environment (post-resaturation and vironment (post-resaturation and
release) release)
[Backfilldesignobjectivebg4-3]

-----------------,

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
markedes s..
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DEVELOPMENT OF REPOSITORY PERFORMANCE Figuro A.16 v'
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO

-

s

REFERENCED COMMON PERFORMANCE SUBOBJECTIVE AR1 sf. ..
%.
4

AR1 . ,* .
;.

.. 2

.f, ,
?

[ Minimize] . 't -

increase in .; , f ',
shear stress - -;i

. , ' ' *
'

in rock mass - .

N -:around ''"underground
opening tw

(roomscale) &[~
(during . .;

* ''retrieval
period) y ' ,q,

. .

:c . 4
.: :.

.

i 47

|
.

m
'

[ Minimize] [ Minimize] [ Minimize] (Minimize] [ Maximi'e]
increase in increase in decrease in other increas in

in situ thermal support increase in support

stress stress in pressure shear stress pressure
(during rock mass (room scale) in rock mass (room scale)
retrieval around (during around (during
period) underground retrieval underground retrieval
[ Site opening period) opening period)
selection (room scale) (roomscale)
objective] (during (during

retrieval retrieval
period) period)

(Minimize] [ Minimize] [ Minimize] [ttaximize) [ Minimize] [ Maximize] [ Maximize]
temperature thermo- decrease in support time to support other
incresse in mechanical support pressure placement pressure increase in
rock mass response of pressure provided by of backfill provided by support

around rock mass provided by backfill (roomscale) backfill vessure
underground around initial (room scale) (during (room scale) room scale)

~~

opening underground support (during retrieval (during (during

(room scale) opening (room scale) retrieval period) retrieval retrieval
(during (roomscale) (during period) [ Backfill period) period)
retrieval (during retrieval LBackfill design LBackfill
period) retrieval period) design objective design

period) objective bsrla.1] objective
(Site bmr2a-1] bmr2a-1]
selection
objective]

Note: Refer to Figure A.2 for definitions and assumptions.
q Only those performance subobjectives related to back-

fill have been investigated, some of which hsve been
KR1 referenced and further broken down elsewhere. Those

perfomance subobjectives unrelated to backfill have
not been further investigated, and are markeda-=

A-20
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DEVELOPMENT OF REPOSITORY PERFORMANCE Figure A.17
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE AR2

AR2

U

[ Minimize]
increase in Note: Refer to Figure A.2 for definitions
shear stress and assumptions. Only i ase perfor-
in rock mass mance subobjectives related to back-
around fill have been investigated, some
underground of which have been referenced and
openin9 further broken down elsewhere.
(room scale) Those perform nce subobjectives
(post unrelated to backfill have not
decomi s- been further investigated, andsioning to are mark ed n===== .

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)
decomis. around (post around (post
sioning to underground decomi s- underground decomis-
resaturation) opening sioning to opening sioning to

[ Site (roomscale) resaturation) (roomscale) resaturation)
selection (post (post
objective] decommis- decomis-

sioning to sioning to
resaturation) resaturation)

tummmm. --w--,

[ Minimize] [ Minimize] [ Minimize] [ Minimize] [ Maximize] [ Maximize]temperature thermo- decrease in decrease in 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 (roomscale)
opening underground support {roomscale) (room scale) (post
(roomtrile) opening (room scale) tpost (post decomis-
(post (roomscale) (post decomis- decomis- sioning to

,

i

decomi s- (post decomi s- sioning to sioning to resaturation)sioning to decomi s- $1oning to resaturation) resaturation)
resaturation) sioning to resaturation) [ Backfill [ Backfill

resaturation) design design
[ Site objective objective
selection bmr2c-2] bmr2b-2]objective]

mummmm,mammmmi mmm--- .

KR2

A-21
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DEVELOPMENT OF REPOSITORY PERFORMANCE Figure A.18

SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE AR3

AR3

U
:

[ Minimize)
increase in
shear stress
in rock mass
a round
underground
opening
(room scale)
(post
resaturation)

[ Minimize] [ Minimize] [ Minimize] [Minfmize) [ Maximize)
increase in increase in decrease in other increase in
in situ thermal support increase in sup, ort

stress stress in pressure shear stres5 pressure
(post rock mass (room scale) in rock mass (room scale)
resaturation) around (post around (post

[ Site underground resaturation) underground resaturation)
selection opening opening
objective] (roemscale) (room scale)

*

(post (post
resaturatlon) resaturation)

>

<m mmuu
m ....

[ Minimize] [ Minimize) [ Minimize) [ Minimize) [ Maximize) [ Maximize]
temperature thermo- decrease in decrease in increase in other
increase in mechanical support support support increase in
rock mass response of pressure pressure pressure support

around rock mass provided by provided by provided by pressure

underground a round initial backfill backfill (room scale)
opening underground support (room scale) (room scale) (post

(room scale) opening (room scale) (post (post resaturation)
(post {roomscale) (post resaturation) resaturation)
resaturation) (post resaturation) [ Backfill [ Backfill

resaturation) design design

[ Site objective objective
selecticn bmr2c-3] bmr2b-3]
objective)

<- . 3- - - - - - - - - - - .

Note: Refer to Figure A.2 for definitions and assumptions.
KR3 only those perfomance 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 futher investigated, and are marked ammm.

A-22 -

_



. .

DEVELOPMENT OF REPOSITORY PERFORMANCE Figure A.19
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE AOR1

AOR1

!I

[ Maximize)
increase in
compressive
effective
stress in
rock mass
around Note: Refer to Figure A.2 for definitions
underground and assumptions. Only those perfor-
opening mance subobjectives related to bach
(roomscal!) fill have been investigated, some
(during of which have been referenced and
retrieval further broken down elsewhere.
period) Those performance sutobjectives

unrelated to backfill have not
been further investigated, and

' are marked m m .

[ Maximize) [ Maximize] [ Maximize) [ Maximize)
increase in increase in decrease in other
in situ thermal support increase in
stress stress in pressure compressive
(during rock mass (room scale) effective
retrieval around (during stress in
period) underground retrieval rock mass
[ Site opening period) around
selection (room scale) underground
objective] (during opening

retrieval (room scale)
period) (during

retrieval
period)

====== mmmm--

[ Maximize] [hanimize) [ Maximize) [ Minimize] [ Maximize]
temperature thermo- decrease in support time to
increase in mechanical support pressure placement
rock mass response pressure provided by of backfill
around of rock mass provided by backfill (room scale)
underground around initial (roomscale) (during
opening underground support (during retrieval
(room scale) opening (roomscale) retrieval period)
(during (room scale) (during period) [ Backfill -

retrieval (during retrieval (Backfill design
period) retrieval period) design objective

oeriod) objective bsrolb-1]
[ Site bmro2a-1]
selection
objective]

<m====m------

KOR1

A-23
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DEVELOPMENT OF REPOSITORY PERFORMANCE Figure A.20
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE AOR2

AOR2

'I

[ Maximize)
increase in
compressive
effective
stress in
roc mass Note: Refer to Figure A.2 for definitionsaround and assu ptions. Only those perf or-
underground mance subobjectives related to back-opening fill have been investigated, some
(room scale) of which have been referenced and

further broken down elsewhere.issioning Those performance subobjectives
t unrelated to backfill have notresaturation) been further investigated, and

are marked = = = =.

[ Maximize) [Maximizel [ Maximize) [ Maximize]
increase in increase in decrease in other
in situ thermal support increase in

,

stress stress in pressure compressive
(post rock mass (room scale) effective
decomissionirg around (post Stress in
to underground decomissioning rock mass
resaturation) opening to around
[ Site (post resaturation) underground
selection decomissioning opening
objective] to (room scale)

resaturation) (post
decomissioning
to

resaturation)

k

,

[ Maximize) [ Maximize] [ Maximize] [ Maximize)
temperature thermo- decrease in decrease in
increase in mechanical support support

rock mass response of pressure pressure
around rock mass provided by provided by
underground around initial backfill
opening underground support (room scale)
(room scale) opning (room scale) (post
(post (post (post decomissioning
decomissioning decomissioning decomissioning to
to to to resaturation)
resaturation) resaturation) resaturation) [ Backfill

(Site design
selection objective
objective] dmro2c-2]

lf
KOR2

A-24
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DEVELOPMENT OF REPOSITORY PERFORMANCE Figure A.21
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE AOR3

A0R3

I f

[ Maximize)
increase in
compressive
effective
stress in
rock mass
around
underground
opening
(roomscale)
(post
resa tura tion)

\

[ Maximize] [ Maximize) [ Maximize) (Maximize]
increase in increase in decrease in other
in situ thermal support increase in
stress stress in pressure compressive
(post rock mass (room scale) effective
resaturation) around (post stress in
[ Site underground resaturation) rock mass
selection opening around
objective] (room scale) underground

(post opening
resaturation) (room scale)

(post
resaturation)

(Maximize] [ Maximize] [ Maximize] (Maximize]
temperature thermo- decrease in decrease in
increase in mechanical support support
rock mass response of pressure pressure

! around rock mass provided by provided by
underground around initial backfill
opening underground support (room scale)
(room scale) opening (room scale) (post
(post (roomscale) (post resaturation)
resaturation) (post resaturation) [ Backfill

resaturation) design
[ Sit? objective
selection bmro2c-3]objective]

m=====<m mm ---,

Note: Refer to Figure A.2 for definitions and assumptions.
If Only those perforinance subobjectives related to back-

I KOR3
fill have been investigated, s me f which have been
referenced and further breken down elsewhere. Those
performance subobjectives unrelated to backfill have
not been further investigated, and are marked ====.
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DEVELOPMENT OF REPOSITORY PERFORM ANCE Figuro A.22
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE AH1

AH1

4

[Minimiz?]
increase in
stress in
rock mass
around
emplacement
hole
(during
retrieval
period)

[ Minimize) [ Minimize] [ Minimize]
increase in increase in other
in situ thermal increase in
stress stress in stress in
(during rock mass rock mass
retrieval around around
period) emplacement emplacement
[ Site hole hole
selection (during (during
objective] retrieval retrieval

period) period)

ammmmmi .mmm===

[ Minimize] [ Minimize]
temperature 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] Note: Refer to Figure A.2 for definition?

and assumptions. Only those perfor-===---i

mance subobjectives related to back-
fill have been investigated, some

N of which have been referenced and
further broken down elsewhere.

KH1 Those performance subobjectives
unrelated to backfill have not
been further investigated, and
are marked a m m mi.
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DEVELOPMENT OF REPOSITORY PERFORMANCE Figure A.23
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE AH2

AH2

I I

[ Minimize)
increase in
stress in
rock mass
around
emplacement
hole
(post
decomissioning
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
decomis. emplacement emplacement
sioning to hole hole
resaturation) (post (post
(Site selec. decomis- decomis-
tion objective] sioning to sioning to

resaturation) resaturatigni,

/
[ Minimize] [ Minimize]
temperature thermo-
increase in mechanical
rock mass response of
a round rock mass
emplacement a round

tatementhole emjehg
(Post gpo
decomis- decomis-sioning to sioni99 toresaturation) resa turation) Note: Refer to Figure A.2 for definitions

[ Site and assumptions. Only those perfor-
selection mance subobjectives related to back-

" gectivel - " fill have been investigated, soieo
""

of which have been referenced and
further broken down elsewhere.

] f Those performance subobjectives
unrelated to backfill have not

KH2 been further investigated, and
are marked = = = = ==.

A-27
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DEVELOPMENT OF REPOSITORY PERFORMANCE ' Figure A.24
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE AH3

AH3

I f

[ 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)

-===-- m-m-==

[ Minimize] [ Minimize]
temperature thermo-
increase in mechanical
rock mass response of
around rock mass .

emplacement around
hole emplacement
(post hole
resaturation) (post

resaturation)
[ Site
selection
objective]

.------

II

KH3

Note: Refer to Figure A.2 for definitions and assur;tions.
Only 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 to backfill have
not been further investigated, and are marked 6mmm

A-28

:



- , - . . ... . . . - - -. . . . . .

. . . - . . . .. . .. . . . . .

DEVELOPMENT OF REPOSITORY PERFORMANCE Figuro A.25
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE BR1

BR1

i f

[ Minimize]
'

decrease in
compressive
stress in
rock mass
a round
underground
opening
(room scale)
(during
retrieval
period)

[ Minimize] [ Minimize] [ Maximize]
decrease in other increase in
support decrease in support
pressure compressive pressure

(roomscale) stress in (room scale)
(during rock mass (during
retrieval around retrieval
period) underground period)

opening
(during
retrieval
period)

<------

[ Minimize] [ Maximize] { Minimize] [ Maximize] [ Maximize]
decrease in support ph,Nnt support other
support pressure of backfill pre *,sure increase in
pressure provided by

(durin9
provided by support

provided by backfill backfill pressurer al
initial (during (roomscale) (room scale)

fBackfill (during (duringsupport retrieval
(during period) retrieval retrieval

desi9a eriod) period)retrieval [Backft11
'

*period) 2esign Backfill
13r designobjective

bmr2a 1] objective

bmr2a-1]

Note: Refer to Figure A.2 for definitions and assumptions.
Only those perfomance subobjectives related to back-
fill have been investigated, some of which have been
referenced and further broken down elsewhere. Tr.ose
perfomance subobjectives unrelated to backfill have
not been further investigated, and are markedammu.
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DEVELOPMENT OF REPOSITORY PERFORMANCE Figura A.26
CUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES.TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE BR2

BR2

I I

[ Minimize)
decrease in
'0*P''55I'' Note: Refer to Figure A.2 for definitionsstress in and assumptions. Only those perfor-roc mass mance subobjectives related to back-around fill have been investigated, someunderground

of which have been referenced andOP'"I"9
(roomscale) further broken down elsewhere.
IP051

Those performance subobjectives
unrelated to backfill have notdeconmissioning been further investigated, and
am mad ed ==== .esaturation)

N
[ Minimize] (Minimize] (Maximize]
decrease in other increase in
support decrease in support
pressure compressive pressure
(post stress in (roomscale)
decomissioning rock mass (post
to around decommissioning
resaturation) underground to

opening resaturation)
(post
decomissioning
to
resaturation)

mmmmm-

(Minimite) [ Minimize)
decrease in decrease in [ Maximize) [ Maximize)
Support support increase in other
pressure pnssure support increase in
provided by provided by pressure support

initial backfill provided by pressure
support (post backfill (room 5: ale)
(post decomissioning (roomscale) (post

to (post decomissioningdecomissioning
resaturation) decommissioning toto

resaturation) [ Backfill to resaturation)
design resaturation)
objective [ Backfill
bmr2c 2] design

objective
Umrib-2)

- - - - - .m----.
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DEVELOPMENT OF REPOSITORY PERFORMANCE Figure A.27
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE BR3

BR3

U

[ Minimize]
decrease in
compressive
stress in
rock mass
around
underground
opening
(room scale)
(post
resaturation)

1

[ Minimize) [ Minimize) [ Maximize]
decrease in other decrease increace in
support in compressive support
pressure stress in pressure
(post rock mass (roomscale)
resaturation) around under- (post

ground resaturation)
opening
(post
resaturation)

======

[ Minimize] [ Minimize] [ Maximize] [ Maximize]
decrease in decrease in increase in other
support support support increase in
pressure pressure pressure support
provided by provided by provided by pressure
initial backfill backfill (room scale)
Support (post room scale) (post
(post resaturation) post resaturation)
resaturation) [ Backfill resaturation)

design (Backfill
objective design
bmr2c.3] objective

bmr2b-3]

====== .-----

Note: Refer to Figure A.2 for definitions and a*sumptions.
Only those performance subobjectives related to back-
fill have been investigated, some of which have been
referenced and further broken down elsewhere. Those
perfomance subobjectives unrelated to backfill have
not been further investigated, and are marked umm.
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DEVELOPMENT OF REPOSITORY PERFORMANCE Figure A.28
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE BH1

BH1

U

[ Minimize]
stress acting
on waste pack-
age (during
retrieval
period)

[ Minimize) [ Minimize] [ Minimize]
emplacement stress trans- swelling
hole closure fer through pressure of
(during backfill backfill
retrieval around waste around waste
perica) package (dur- package (dur-

ing retrieval ing retrieval
period) period)
[ Backfill [ Backfill
design design
objective objective

bmhl-1] bmh2a-1]

[ Minimize] [ Minimize) [ Minimize]
time depen- thermal de- other em-
dent deform- formation placement
ation around hole closure
around emplacement (during
emplacement hole (during retrieval
hole (during retrieval period)
retrieval period)
period)

======

N

MH1

[ Minimize] [ Minimize]
Note: Refer to Figure A.2 for definitions temperature thermal

increase in expansionand assumptions. Only those perfor- r ek mss potential inmance subobjectives related to back-
around host rockfill have been investigated. Some

of which have been referenced and emplacement [ Site
further broken down elsewhere. hole (during selection

retrieval objective]Those performance subobjectives
unrelated to backfill have not period)
been further investigated, and ======
are e rked u m m.

KH1
A-32
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#| DEVELOPMENT OF REPOSITORY PERFORMANCE Figure A.31
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TOtain.in)

f r.si t ion.i REFERENCED COMMON PERFORMANCE SUBOBJECTIVE CR1.a
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O2-| DEVELOPMENT OF REPOSITORY PERFORM ANCE Fiese A.32 -
SUBOBJECTIVES AND BACKFILL DESIGN 03JECTIVES TO
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[ Minimize]
additional
fracturing
in rock mass
around
underground

I opening
(roomscale)
(post
resaturation)

[ Minimize] [ Maximize]
decrease in plasticity /
ratio of ductility of
intact rock rock mass
strength around
to stress underground
in rock mass opening
around (room scale)
underground (post
opening resaturation)
(roomscale)
(post
resaturation)

[ Maximize] [ Minimize] [ Minimize] [ Maximize] [ Minimize]decrease in increase in decrease in initial decrease in
shear stress shear stress intact rock plasticity / plasticity / !
in rock mass in rock mass strength ductility of ductility of <

around around around intact rock intact rock
underground underground underground around around
opening opening opening underground underground i

(roomscale) (room scale) (room scale) opening opening 1(post (post (post room scale) (roomscale) (
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selection excavation i

objective] to post t
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. _ _
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micro. intact rock rock mass stress in effective ductility ofcracking) around around rock mass stress in intact rock
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DEVELOPMENT OF REPOSITORY PERFORMANCE Figure A.33
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE CR3

|

i

!

<th*~

,TI ~%

NPERTURECAyn

N.
2]ximize)
Icrease in Note: Refer to Figure A.2 for definitions and assumptions.
lasticity/ Only those performance subobjectives related to back-
uctility of fill have been investigated, some of which have beenntact rock referenced and further broken down elsewhere. ThoseFound performance subobjectives unrelated to backfill havendzrground not been further investigated, and are marked.===,.pining
room scale)
from initial
scavation
a post

esaturation)

_

Mint 2122] [ Minimize) [ Minimize] [ Maximize] [ Maximize] [ Maximize] [ Maximize)
Jcriase in decrease in decrease in increase in increase in increase in increase in
lasticity/ plasticity / plasticity / plasticity / plasticity / plasticity / plasticity /
uctility of ductility of ductility of ductility of ductility of ductility of cuttility of
ntact rock intact rock intact rock intact rock intact rock intact rock intact rock
rcund around around around around around around
nd;rground underground underground underground underground underground underground
pening opening opening opening opening opening opening
room scale) (roomscale) (room scale) (roomscale) (roomscale) (room scale) (roomscale)
during (post (post (frominitial (during (post (post
Ptri; val decomis- resaturation) excavation retrieval decomis- resaturation)
rritd) sioning to through period) sioning to

resaturation) waste resaturation)
emplacement)

= = - - - - ,
__ ,_

U NR1 I NR2I NR3 UOR10 NOR2 I NOR3
|
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| DEVELOPMENT OF REPOSITORY PERFORMANCE Figure A.34
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO,

i REFERENCED COMMON PERFORMANCE SUBOBJECTIVE DR1
I
l I

I,

i

DR1

I t

(Minimize)
additional
loosening
of rock mass
(or addt-
tional
damage (e.g.,
micro-
cracking) to
intact rock)
around
underground
opening
(roomscale)
(during
retrieval
period)

-

[ Maximize] (Minimize] [ Maximize] (Minimize]structural time to decrease in dynamic
support placement other loading of
provided by of backfill structural rock massbackfill (during support (during
(during retrieval (e.g., roof retrievalretrieval period) bolts) period)
period) LBackfill (during
[ Backfill design retrieval
design objective period)
objective bsrla-1]
bmr2a-1]

= = = = = = , ===---

|
,

Note: 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. Those
perfomance subobjectives unrelated to backfill havei

' not been further investigated, and are marked.m==.

|

|
! A-38
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DEVELOPMENT OF REPOSITORY PERFORMANCE Figure A.35
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE DR2

DR2

lI

[ Minimize]
additional
loosening
of rock mass
(or addi-
tional
damage (e.g.,
micro-
cracking)
to intact
rock) around
underground ,

opening
(roomscale)
(post
decomis-
sioning to
resaturation)

.

[ Minimize] [ Maximize) [ Minimize]
decrease in decrease.in dynamic

~.

structurai other loading of
support structural rock mass
provided by support (post
backfill (e.g., roof decomi s-
(post bolts) sioning to
decomis- (post resaturation)
sioning to decommis-
resaturation) sioning to
(Backfill resaturation)
design
objective
bmr2c-2]

|
------ - - - - - _ .

Note: 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. Those
performance subobjectives p related to backfill have
not been futher investigated, and are marked umme.

A-39
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DEVELOPMENT OF REPOSITORY PERFORMANCE Figure A.36
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO

g REFERENCED COMMON PERFORMANCE SUBOBJECTIVE DR3

DR3

II
I

[ Minimize]
additional
loosening
of rock mass
(or addi-
tional
damage (e.g.,
micro-
cracking) to
intact rock)
around
underground
opening
(room scale)
(post
resaturation)

o

[ Minimize] [ Maximize] [ Minimize]decrease in decrease in dynamic
structural other loading of
support structural rock mass
provided by support (post
backfill (e.g., roof resaturation)(post bolts)
resa tura tion) (post
[ Backfill ressturation)design
objective
bmr2c-3]

mummmwmmm===

Note: 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. Those
performance subobjectives unrelated to backfill have
not been further investigated, and are marked mumm.

A-40
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1 DEVELOPMENT OF REPOSITORY PERFORMANCE Figure A.37"I
T SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO

REFERENCED COMMON PERFORMANCE SUBOBJECTIVE ER1,,

rete of flew
inte
underground
esening

(resa unie)
(during
retrieval
puta)

[matos a) [naista) [maletn} Instein)
arettaa of hyareuiis hyar.uisc euevetea

Aja* Availabie Onretr wai canauc.tvit, utent . ohne of
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nntiery tree une to to opuhg

meste =este panege unerground rene scale)
etju ttw) (suring opening auring

retruvet room scale) retrieval
awas) aurag owned)

retetent [neputtery
pwtes) eeste

stJut sw)
_ _ _ _ _ , -_____

y -s

' APERTURE[ntatetae) [nhista) [ntateta) [nna tet n) [n6mietn] (mtatnin) (QDhysraults hydraulic time to lategrity auration of in site head
conductivity conductivity placement of tunnel eeuetering [5tte=

of rock most of bactf tl1 of butflit liner (tf leurtag selection
i'

$ ,, j e g f,
arouae one interf ace room scale) any) retrieval eb.tective)
underground roce scale) during (suring pertes),,

opentne during retrieval retrieval,g, . .

trece scale) retrieval ted) pertes),If gr (suring
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ri sun. .

\nerient .s ,f tiii
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ohrie i)
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.

[natein) [matain) [ninista) [m.inta) [nntain)
in s t i.i increew on incrnw w ecruw a earnw in
hydraulic hydraullC hydraults hydraul ts hydraulle
conduc tivity conductivity conductivity conductivity conductivity
of rect mass of rock eens of rect asss of rock mass of rett asss
[ site (rece usiel room uale) room scate) reos scate) bote: Refer to Figure A.2 fw hfinitions and assumptlen,
unutson (from atttet eurus i .e. , sni- wing Oni thne pwforumece subotjutivn relates to but-
e63ective) escovstlen retrieval ing/f tli reteteval fil have been tovestigated, some of unsch have been

threven peries) of diuo.ke
weste tauttin)-

perted) refereaced aad furthw treten mun einuhere. Nw
performance subobjattes unrelated te sectf tli han

emplacement) (frem intt14] Ret been further investigated, and are markedomgan.
encension
through
unste
ene1uemt1

FR1
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ER2 h DEVELOPMENT OF REPOSITORY PERFORMANCE Fists A.32
SUBOBJECTIVES AND B ACKFILL DESIGN OBJECTIVES TO

Imawin) REFERENCED COMMON PERF0FIMANCE SUBOBJECTIVE ER2
r.te of flow
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undergro.nd
opening ,
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DEVELOPMENT OF REPOSITORY PERFORMANCE Figure A.39
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE FR1

FR1

F

[ Minimize)
increase in
hydraulic
conductivity
of rock mass
(room scale)
(during
retrieval
period)

[ Minimize] [ Minimize] [ Minimize]
additional additional additional
fracturing opening of washing out
around discontinui- of filled
underground ties in rcck discontinui-
opening mass ties
(room scale) (room scale) (roomscale)(during (during (during
retrieval retrieval retrieval
period) period) period)

CRI

[ Minimize] [ Minimize] (Minimize] [ Minimize]
decrease in other rate of flow other
compressive additional into additional
stress in opening of underground washing out
rock mass discontinut- opening of filled
around ties in rock (roomscale) discontinui-
underground mass (during ties
opening (roomscale) retrieval (roomscale)
(roomscale) (during period) (during
(during retrieval retrieval
retrieval period) period)
period)

======< m= = =====

lI lf
BR1 ERI

Note: 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. Those
perfomance subobjectives unrelated to backfill have
not been further investigated, and are markedan==.

A-43
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DEVELOPMENT OF REPOSITORY PERFORMANCE Figure A.40 __

SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
-

REFERENCED COMMON PERFORMANCE SUBOBJECTIVE FR2

FR2

U

[ Minimize]
increase in
hydraulic
conductivity
of rock mass
(room scale) .

(post
decomis. -

sioning to

resaturation)

M
G
-l

[ Minimize] [ Minimize] [ Minimize) "
additional additional additional _

fracturing opening of washing out 7__
=-

around discontinui- of filled -

underground ties in discontinui- M
opening rock mass ties w
{roomscale) (post (room scale) T

E
(post decomis- (post
decomis- sioning to decomis- h

Msioning to resaturation) sioning to

resaturation) resaturation) E
F

M

U
-

CR2 ,_
-

-

-

[ Minimize] [ Minimize] [Miniiize] [ Minimize] h
ydecrease in other rate of flow other _-compressive additional into additional ,

stress in opening of underground washing out ,

rock mass discontinui- opening of filled (, '
i around ties in (roomscale) discontinut- ,-

underground rock mass (post ties -

opening (room scale) decomis- (roomscale)
'

-

(room scale) (post sioning to (post w
(post decomis- resaturation) decomis- u--
decomis- sioning to sioning to s

sioning to resaturation) resaturation) P--
resaturation) -

ymumm-- ======

E
1-

1f 1r
-

BR2 ER2 I
Note: Refer to Figure A.2 for definitions and assumptions. &

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

referenced and further broken down elsewhere. Those i
perfomance subobjectives unrelated to backfill have -

*not been further investigated, and are marked s-m.
A-44 __
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DEVELOPMENT OF REPOSITORY PERFORMANCE Figure A.41
SUBOBJECTIVES ANL BACKFILL DESIGN OBJECTIVES TO J

REFERENCED COMMON PERFORMANCE SUBOBJECTIVE FR3 -

=

-

-

FR3 s
x

l f
"

f
[ Minimize] "

increase in
hydraulic _--
conductivity
of rock mass
(room scale) =-

(post
resaturation)

-

_:.

t

_

[ Minimize] [ Minimize] [ Minimize]
additional additional additional
fracturing opening of washing out 3around discontinui- of filled 'lunderground ties in discontinui- --

opening rock mass ties
(room scale) (roomscale) (room scale) -

(post (post (post '

resa turation) resaturation) resaturation) "

9

sammmmm
c

N
CR

[ Minimize] [ Minimize]
decrease in other

_

compressive additional _

stress in opening of -

rock mass disco:.tinui-
around ties in
underground rock mass -'

opening (room scale)
(room scale) (post =
(post resaturation)
resaturation)

======

U

BR3
e-

Note: Refer to Figure A.2 'or 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. Those
'performance subobjectives unrelated to backfill have

not been further investigated, and are marked ====.
=

A-45
..



r~

DEVELOPMENT OF REPOSITORY PERFORMANCE Figure A.42
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE GH1

GH1

9

[ Minimize] corrosive en-
vironment around waste
package (during retrieval
period)

(Minimize] [ Minimize] [ Minimize) [ Minimize)
corrosiveness waste package waste package stress act-
of fluid contact with temperature ing on
(during (corrosive) (during waste package
retrieval fluid retrieval (during
period) (during period) retrieval

rcirieval period)
period)

tLH1
F BH1

[ Minimize] [ Minimize] [ Minimize] [ Maximize] [ Maximize) [ Minimize]
initial increase in increase in mitigation of mine/ backfill other waste
corrosiveness corrosiveness corrosiveness corrosive resaturation package
of ground- of ground- of ground- groundwater time contact with
water water water around by backfill (post waste (corrosive)
[ Site (from initial waste package (during emplacement fluid
selection excavation (during retrieval to (during
objective) through retrieval period) resaturation) retrieval

waste period) [ Backfill period)
emplacement) design

objective
bght-1]

i----- m-----, m-----. -----.

F
2.2.1

Note: Refer to Figure A.2 for definitions and assumptions.
Only those performance subobjectives related to back.
fill have been investigated, some of which have teen
referenced and further broken down elsewhere. Those

- performance subobjectives unrelated to backfill have
( not been further investigated, and are markedammm.
i

.
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DEVELOPMENT OF REPOSITORY PERFORMANCE Figure A.43
i SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
( REFERENCED COMMON PERFORMANCE SUBOBJECTIVE GH2

GH2

U

[ Minimize)increasein
corrosive en-
vironment around waste

f package (post-decomis-
sioning to resaturation)

[ Minimize] [ Minimize] [ Minimize] [ Minimize)
increase in waste package increase in increase in
corrosiveness contact =ith waste package stress act-
of f'uid (corrosive) temperature ing on
(post fluid (post waste package
decomi s- (post decomis- (post
sioning to decomis- sioning to decomis-
resaturation) sioning to resaturation) sioning to

resaturation) resaturation)

k LH2
N BH2

[ Minimize] [ Maximize) [ Maximize) [ Minimize)
increase in mitigation of mine/ backfill other waste
corrosiveness corrosive resaturation package
of ground- groundwater time contact with
water around by backfill (post waste (corrosive)
waste package (post emplacement fluid
(post decomis- to (post
decomis- sioning to resaturation) decomis-
sioning to resaturation) sioning to
resatur.cion) (Backfill resatura tion)

design
objective
bghl-2]

U

2.2.1
Note: 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. Those
performance subobjectives unrelated to backfill have
not been further investigated, and are markedm===.

A-47
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DEVELOPMENT OF REPOSITORY PERFORMANCE Figure A.44
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE GH3

GH3

I f

[ Minimize] increase in
corrosive en-
vironment around waste
package (post-resatura-
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) (post resaturation) (post

resaturation) resaturation)
I

kMMMMM1

U LH3 UBH3

[ Minimize] [ Maximize)
increase in mitigation of
corrosiveness corrosive
of ground- groundwater
water around by backfill
waste package (post
(post resaturation)
resaturation) [ Backfill

design
objective
bghl-3]

mMMMmM,

Note: Refer to Figure A.2 for definitions and assumptions.
Only those perfomance 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 u m ==.
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DEVELOPMENT CF REPOSITORY PERFCRMANCE Flowo A.45
,)al p SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO

REFERENCED COMMON PERFORMANCE SU8 OBJECTIVE JR1
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1 DEVELOPMENT OF REPOSITORY PERFORMANCE Figure A.46#2
1 SU8 OBJECTIVES AND B ACKFILL DESIGN OBJECTIVES TO

REFERENCED COMMON PERFORMANCE SUBOBJECTIVE JR2,
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DEVELOPMENT OF REPOSITORY PERFORMANCE Figurs A.47.

SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE JR3

JR3h

(Minimize]
additional
alteration /
solution of Note: Refer to Figure A.2 for definitions
rock mass (or and assumptions. Only those perfor-
intact rock) mance subobjectives related to back-
a round fill have been investigated, some

of which have been referenced andunderground
further broken down elsewhere.opening

(room scale) Those performance subobjectives
(post unrelated to backfill have not
resaturation) been further investigated, and

are Nrked uw.

(Minimize) (Minimize]
a,lteration/ exposure to
solubility conditions
suscepti- which promote
blitty of alteration /
rock mass solution of
(post rock mass
resaturation) around
(Site underground

i ! selection opening*

'' objective] (roomscale)-

(post>*
'

resatu-ation)

(Minim 12e) (Minimize) (Maximite)
temperature other protection
in rock mass conditions of exposed
around which promote rock surface \
underground alteration / underground \
opening solution of (roomscale)
(room scale) rock mass (post
(post (post resaturation)
resaturation) resaturation)

-m m--

(Minimize] (Minimite) (Minimize) (Minimize) [ Minimize) (Maximize) (Maximize)in situ te merature temperatur? temperature temperature protection protection
temperature increase in increase in increase in increase in of exposed of exposed
($1te rock mass rock mass rock mass rock mass rock sterface rock surface
select {on a round around around around underground underground
objective) underground underground underground underground (room scale) (room scale)opening opening opening opening by backfill by liner /

(roomscale) (roomscale) (roomscale) (room scale) (post seal /(from initial (during (post (post resaturation) Support
excava tion retrieval decomis* resaturation) (84Ckft11 (e.g., shot-
through period) sioning to design crete)waste resaturation) objective (post

l emplacement) bgrl-3) resaturation)
3

KR1 KR2 KR3
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[ Minimize]
heat
transfer
to rock mass
around
underground
opening
(room scale)
(during
retrieval
period)

[ Minimize) [ Maximize]
heat output sepa ration
per waste of waste
package packages
(during (during
retrieval retrieval
period) period)
(Repository [ Repository
design design
objective] objective]

summmmusammmm

Note: 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. Those
performance subobjectives unrelated to backfill have
not been further investigated, and are marked ====.
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l DEVELOPMENT OF REPOSITORY PERFORMANCE Figure A.48y
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO

taire] REFERENCED COMMON PERFORMANCE SUBOBJECTIVE KR1
:rature
eas1r in

mass
nd
rground
Jng

mscale)
Jng
1: val
od)

[ Maximize] Also Available Ora
A erture CardPsipa tion

in rock mass
around
underground
opening
(roomscale)
(e.g.,high
thermal
conductivity)
(during
ra'rteval
period)
(Site
selection 3,5- y := ,2 D-:objective]

hPERTURE_- ===='

c. , CARD

[Nximize) (Nximize]
insulation of removal of
waste package heat from
from rock underground
mass around (during
underground retrieval
opening period)
(roomsc e)
(during
rstrieval
pIriod)
[ Backfill
design
cbj;ctive

btrl-1]
m.

[Naimize) ['ta ximize]
time to rate of
placement ventilation /
of backfill, cooling of

and ventilate underground
(during opening
retrieval (during
period) retrieval
[ Backfill period)
design
objective

bsrolb-1]
,_____
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DEVELOPMENT OF REPOSITORY PERFORMANCE Figure A.49
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE KR2

KR2 y

[ Minimize]
Note: Refer to Figure A.2 for definitions

a

rock mass and assumptions. Only those perfor-
around mance subobjectives related to back-
underground fill have been investigated, some

of which have been referenced andopening
(room scale) further broken down elsewhere.
(post Those perform nce subobjectives

unrelated to backfill have notdecomis.
sioning to been further investigated, and

a re ma rk ed ===== .resaturation)

[Minimire] [ Maximize]
heat heat
transfer to dissipation

rock mass in rock mass
around around
underground underground =

opening opening
(room scale) (roomscale)
(post (e.g.,high
decomis- thermal
sioning to conductivity)
resaturation) (post

decomis-
sioning to

resaturation)
(Site
selection
objective]

=====-

(Minimize) (Maximite] [Maximire]
heat output separation of insulation
per waste waste packages of waste

, package (post package
I (post decomis- from rock'

decomis- sioning to mass around
sioning to resaturation) underground
resaturation) [ Repository opening
(Repository design (room scale)
design objective) (post
objective) decomis-

sioning to
resaturation)
[ Backfill
design
objective

btrl-2)
.mmmm==.mmm===
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DEVELOPMENT OF REPOSITORY PERFORMANCE Figure A.50
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE KR3

KR3

U

[ Minimize]
temperature Note: Refer to Figure A.2 for definitiensincrease in and assumptions. Only those perfor-
rock mass mance subobjectives related to back-
around fill have been investigated, some
underground of which have been referenced and
0988i"9 further broken down elsewhere.
(roomscale) Those performance subobjectives(post unrelated to backfill have not
resaturation) been further investigated, and

are marked ====.

\

[ Minimize] [ Maximize]
heat heat
transfer dissipation
to rock in rock mass
mass around around
underground underground
opening opening
(roomscale) (rocm scale)
(post (e.g.,high

resateration) thermal
conductivity)
(post
resaturation)
[ Site
selection
objective]

[Minimire] [ Maximize] [ Maximize]
heat output separation of insulation
per waste waste packages of waste
package (post pa:kage from
(post resaturation) rock mass
resaturation) [ Repository arnund
(Repository design underground
design objective] opening
objective] (roon scale)

(post
resaturation)
[ Backfill
design
objective

btrl-3]
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[ Maximize
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increase
rock mass
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undergrou
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(room sca
(during
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opening u
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(
r'
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[ Maximize) [ Minimize) [P
heat output separation of ir
per waste waste packages w<

package (during fi

(during retrieval ou

retrieval period) ur
period) [ Repository o;
[ Repository design (v
design objective] (<
objective] rt
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Note: Refer to Figure A.2 for definitions and assumptions.
Only those performance subonjectivss related to back.
fill haie been investigated, some of which have been
referenced and further broken dom, elsewhere. Those
performance subobjectives unrelated to backfill have
not been further investigated, and are marked. mum.
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DEVELOPMENT OF REPOSITORY PERFORMANCE Figure A.51
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO

'

) REFERENCED COMMON PERFORMANCE SUBOBJECTIVE KOR1
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%1-1]

|
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| [ Minimize) [ Minimize}
time to rate of
plactment ventilation /
of backfill cooling of
(during underground i
r2trieval opening
period) (during '

tBackfill retrieval
design period)

;
objIctive
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DEVELOPMENT OF REPOSITORY PERFORMANCE Figure A.52
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE KOR2

P

KOR2

I f

[Nximize]
temperature

increase in I
rock mass
around

""
Note: Refer to Figure A.2 for definitions

(roomscale) and assumptions. Only those perfor.
(post mance subobjectives related to back-
decomis- fill have been investigated, some
sioning to of which have been referenced and
resaturation) further broken down elsewhere.

Those performance subobjectives
unrelated to backfill have not
been further investigated, and
are marked n = = = ==.

[Nximize] [ Minimize]
heat heat
transfer to dissipation
rock mass in rock mass
around a round
undergrouno underground
opening opening
(roomscale) (roomscale)(post (e.g.,high
decomis. thermal
sioning to conductivity)
resaturation) (post

decomis-
sioning to
resaturation)
[ Site
selection
objective]

mum m

[Nximire] [ Minimize] [Minimite}heat output separation insulation
per waste of waste of waste
package packages package from
(post (post rock mass
decomis- decomis. around
sioning to sioning to underground
resaturation) resaturation) opening
[ Repository [ Repository (roomscale)

1

design design (post
ot jective3 objective] decommis.

stoning to
resatura tion)
(Backfill
design
objective

birol.2]
- - - - - - - -==mm=
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DEVELOPMENT OF REPOSITORY PERFORMANCE Figure A.53
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE KOR3 r

KOR3

I I
: |

[ Maximize]

eae(n
"

hote: Refer to Figure A.2 for definitions
rock mass and assumptions. Only those perfor-
around mance subobjectives related to back-
underground fill hve been inve!tigated some

of which have been referenced andopening
(room scale) further broken down elsewhere.
(post Those performance subobjectives

resaturation) unrelated to backfill have not
been further investigated, and
are marked m us.

(Maximire] (Minimize]
heat transfer heat
to rock mass dissipation
around in rock mass
underground around
opening underground
(room scale) opening

'

(post (roomscale),

t, resaturation) (e.g. high
thermal
conductivity)( ,

(post
resaturation)
(Site
selection
objective]

[Maximite] (Minimize] (Minimire]
heat output separation insulation
per waste of waste of waste
package packages package from
(post (post rock mass
resaturation) resaturation) around
(Repository (Repository underground i
design design opening
objective] objective] (roomscale)

(post
resaturation)
(Backfill
design
objective

brtol.3]
I< - - - - - -.-----
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(Minimize]
heat
transfer t
rock mass
around
emplacemen
hole
(during
retrieval
period)

(Minimize] (Maximize]
heat output separation
per waste of waste
package packages
(during (durir.g
retrieval retrieval
period) period)
(Repository (Repositor
design design
objective] objective]

mm=====6mmmm,

(Maximize]
time to
placement
of backfil
around was
package,ani
ventilate
(during
''t 1

Note: Refer to Figure A.2 for definitions and assumptions.
Only those performance subobjectives related to back- hackfill

r

fill have been investigated, some of which have been desi n9
referenced and further broken down elsewhere. Those 1 e

i performance subobjectives unrelated to backfill have ,

d not been further investigated, and are markedammm.
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| DEVELOPMENT OF REPOSITORY PERFORMANCE Figure A.5 4
LHl u SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO

REFERENCED COMMON PERFORMANCE SUBOBJECTIVE KH1
inisi2e]
nperature

Lrcase in
tk mass
hund
placement
le
bring
trieval
tod)

(Maximize]
} h:at

3 dissipation

in rock mass
AISO dvajja})le Onaround

i
f,N'.'."high

"* Aperture Card
(e.g
thtrmal
conductivity)
(during
retrieval
period)
[Sita
selection
objIctive]

I <mmmmmu
W' y u|:3

TAPERTURE
[ Maximize] .{ Maximize]
insulation removal of CARD'

iof waste heat from y
package underground,

' from rock (during
mass around retrieval
Emplacement period)
hole
(during

;
' retrieval
[

period)
; [ Backfill

d; sign
objective
bthl-1]

m-

| [Maximire]
| rate of

ventilation /
cooling of

a und;rground
opening |
(during
r;trieval

period)

,

s
y_mmmm._
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DEVELOPMENT OF REPOSITORY PERFORMANCE Figure A.55
SUBOBJECTIVES AND GACKFILL DESIGN OBJECTIVES TO

i REFERENCED COMMON PERFORMANCE SUBOBJECTIVE KH2

KH2

4
m

"I*II'
Note: Refer to Figure A.2 for definitions

, ' , " and assumptions. Only tho;e perfor-
* " U ***' mance subobjectives related to back-

around fill have been investigated, some
of which have been referenced and5 acem nt

_ hole further broken down elsewhere.

,
(post Those performance subobjectives

unrelated to backfill have not
'{n been further investigated, and

g resaturation) are marked = = = =.
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_ (Minimize] [ Maximize]
I heat heat

[ transfer to dissipation

rock mass in rock mass=
- around around
- emplacement emplacement

hole hole=

i (post (e.g. high
decomis- thermal
sioning to conductivity)
resaturation) (post

.- decomis-
_ sioning to
_ resaturation)
; [ Site

selectiono
- objective]
"

- - - - - - .
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F [ Minimize) (Maximize] (Maximize]
k heat output separation insulation

per waste of waste of waste
E package packages package
t (post (post from rock
" decomis- decomis- mass around
- $1oning to sioning to emplacement
B resaturation) resaturation) hole

(Repository (Repository (post
K design design decomis-

objective] objective] sioning to,

resaturation)
(Backfill-

_ design
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DEVELOPMENT OF REPOSITORY PERFORMANCE Figure A.56
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE KH3

VH3

||

N

[ Minimize]
temperature Note: Refer to Figure A.2 for definitions I
increase ir, and assumptions. Only those perfor-
rock mass mance subobjectives related to back-
around fill have been investigated. some |
emplacement of which have been referenced and

|hole further broken down elsewhere,
,

(post Those performance subobjectives 2,

: resaturation) unrelated to backfill have not !

I been further investigated, and |
are marked ammmw.

}

!

1

I

(Minimize] [Maximire) f
,

heat heat Ii

transfer dissipa tion j
to rock rass in rock mass ,

around around !

i emplacement emplacement
I hole hole
i (post (e.g.,high

rcsaturation) thermal
' conductivity)

(post
resaturation)

! (Site !
selection |

objective)
------ ,

i

! i

t

(Minimire] (Maximize] (Maximize] [
heat output separation insulation '

pee waste of waste of waste
packane packages package from
(post (post rock mass
resaturation) resaturation) around
(Repository (Repository emplacement
design design hole
objective) objective) (post

resaturation)
(Backfill
design
objective

bthl-3)

am--- - ------
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DEVELOPMENT OF REPOSITORY PERFORMANCE Figure A.57
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE LH1

LH1

lI

[ Minimize]
waste package
temperature
(during
retrieval
period)

[ Maximize] [ Minimize) [ Maximize]
heat power per separation
transfer package of waste
from waste (during packages
package retrieval (during
(during period) retrieval
retrieval (Repository period)
period) design [ Repository

objective] design
objective]

--mmm- =====
$

~ 1

* !., '8

[ Minimize) (Maximize) [ Maximize)
'i insulation removal of dissipation,

of waste heat from of heat
package from underground through
rock mass (during rock mass
around retrieval around
emplacement period) emplacement
hole hole
(during (during
retrieval retrieval
period) period)
[ Backfill

i design
| objective
...iol-1]

======

[ Maximize] [ Maximize]
time to rate of
placement of ventilation /
backfill cooling of hote:
around waste underground
package,and opening Refer to Figure A.2 for definitions
ventilate (during and assumptions. Only those perfor.
(during retrieval mance subobjectives related to back-
retrieval period) fill have been investigated. some
period) of which have been referenced and
[ Backfill further broken down elsewhere.
design Those performance subobjectives
objective unrelated to backfill have not
bshol1] been further investigated, and

are marked.w as.
------
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DEVELOPMENT OF REPOSITORY PERFORMANCE Figure A.5802 y
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO

7,;,,,) REFERENCED COMMON PERFORMANCE SUBOBJECTIVE LH27eas] in
h p ckage
jGra tur2
3t
)tura tion)

timize] [ Maximize))r per sepa ra tion
)a91 of waste
3t packages
Dmi s- [Repositcry

'{|50 f ggjj ]de Oping to design

A '0IIUfc Capg
)turation) objective] I u

-=====

\
[Ma ximire] [ Minimize]
d; crease in initial
power per power per
pac ka ge package
(during [ Repository 3

,t,9* OM'ratri: val design .

period) objective] -

g%ht

CARD
))

t

.
I
i

bl:12e] [Maximire]
) to rate of
ement ventilation /
)]ckfill cooling of
Gd waste underground
, age,and opening
flata (during

.ing retrieval
' sval period)i
9)
Dfill

Gn
3tiv;
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Note: Refer to Figure A.2 for definitions and assurnptions.
Only those performance subobjectives related to back-
fill have been ir.vestigated, some of which have been
referenced and further broken down elsewhere. Those
performance subobjectives unrelated to backfill haveammmmm

not been further investigated, and are markedammin. ,
J
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DEVELOPMENT OF REPOSITORY PERFORMANCE Figuro A.59
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE LH3

LH3

U

Note: Refer to Figure A.2 for definitions
(Minimize] and assumptions. Only those perfor-increase in mance subobjectives related to back-waste package fill have been investigated, sometemperature of which have been referenced and(post further broken down elsewhere,
resaturation) Those performance subobjectives

unrelated to backfill have not
been further investigated, and
are marked n a m e.

(Maximize] (Minim 12e] (Maximize]
heat power per separation
transfer package of waste
from waste (post packages
package resaturation) [ Repository
s' post design
resaturation) objective]

mmmmmmi

(Maxim 12ej [ Minimize] (Maximire] (Minimie)t
dissipa tion insulation decrease in initial power
of heat of waste power per per package
through package from package (Repository
rock mass rock mass (from waste design
around a round emplacement objective]
emplacement emplacement to
hole hole resa tura tion)(post (post
resaturation) resaturation)
(Site (Backfill
selection design
objective] objective

bthol-3]

(Maximize) (Maximire] (Maximire]
duration of time to rate of
retrieval placement ventilation /
period of backfill cooling of
LRepository a round underground
design waste package, opening
objective) and (during

ventilate retrieval
(during period)
retrieval
period)
LBackfill

! design
I objective
i bshol.1]

i

;i

m ==== m-----
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DEVELOPMENT OF REPOSITORY PERFORMANCE Figure A.60
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
REFERENCED COMMON PERFORMANCE SUBOBJEC flVE MH1

MH1

I f

[ Minimize]
time
dependent
deformation
around
emplacement
hole
(during
retrieval
period)

[ Maximize] [ Minimize) (Minimize] (Minimize] [ Minimize]
time retrieval stress level temperature creep
dependen t period in rock mass in rock mass potential

deformation duration around around in host rock
around [ Repository emplacement emplacement [ Site
emplacemnt design hole hole selection

,

hole objective] (during (during objective]
(frominitial retrieval retrieval
excavation period) period)
throug%
waste
emplacement)

mummmmu ymmmmmu ta mmmmu

(Minimite] (Minimize] [Minimire] (Minimize] (Minim 12e] (Minimize]
initial increase in increase in initial temperature temperature

in situ stress in stress in temperature increase in increase in
stress in rock mass rock mass in rock mass rock mass rock mass
rock mass around around (Site around a round
[ Site emplacement emplacement selection emplacement emplacement
selection hole hole objective] hole hole
objective] (from initial (during (from initial (during

excavation retrieval excavation retrieval
through period) through period)
waste waste
emplacement) emplacement)

,

ummmmmuumm==== < = = = = = =t======

N N

AH1 KH1
l

Note: Refer to Figure A.2 for definitions and assumptions.
Only those performance subobjectives related to back-,

I f111 have been investigated, some of "hich have been
I referenced and further broken down elsewhere. Those
| performance subobjectives unrelated to ba-kfill have *
| not been further investigated, and are marked.m==.
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DEVELOPMENT OF CEPOSITC&Y PEEFC;MANCE Flows A.61
SU OBJECTIVES AND SACKFILL DESIGN OBJECTIVES TO
REFERENCED COMMON PERFORMANCE SUSOBJECTIVE MH2
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DEVELOPMENT OF REPOSITORY PERFORMANCE Figwe A.62
SU!COJECTIVES AND B ACKFILL DESIGN OBJECTIVES TO
REFERENCED COMMON PERFORMANCE SUSOdJECTIVE MH3

MH3
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DEVELOPMENT OF REPOSITORY PERFORMANCE Figure A.63
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE MOH1

P

MOH1

I f

(Maximize) I

time
dependent
deformation
around
emplacement

, hole
* *

(during,,

retrieval
period)

,

(Minimize] (Maximize] (Maximize] (Maximize] (Meximize]time retrieval stress level tempera ture creep
dependent period in rock mass in rock mass potential
deforne t ton duration around around in host rock
around (Repository emplacement emplacement (Siteemplacement design hole hole selection
hole objective] (during (during objective]
(from initial retrieval retrieval
excavation period) period)
through
waste
emplacement)

------ - - - - - , m.m --

(Maximize) (Maximize) (Maximize] (Maximize] (Maximize) (Maximize]
initial increase in increase in initial temperature temperature
in situ stress in stress in temperature increase in increase in
stress in rock mass rock mass in rock mass rock mass rock mass
rock mass around around (Site around around' (Site emplacement emplacement selection emplacement emplacement
selection hole hole objective] hole holeobjective] (from initial (during (from initial (during

i excavation retrieval excavation retrieval'
through period) through period)
waste waste
emplacement) emplacement)

---mm -----<----- ----------- . - - - - - .

Note: Refer to Figure A.2 for definitions and assumptions.
Only those perfor1 nance subobjectives related to back-
fill have been investigated. Some of which have been
referenced and further broken down elsewhere. Those
perforinance subobjectives unrelated to backfill have
not been further investigated, and are markedumme.
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(Minimite}
time
dependent
deformation
around
emplacement
hole
(from initial
excavation to
decorsnis-
sioning)

(Minimire] (Minimize) (Maximite) (Mexim12e] (Maximize}
time dependent additional initial increase in increase in
deformation time dependent in situ stress in stress in
around em- de forma tion stress in rock mass rock mass
placement hole around em. rock mass around around
(from initial placement hole ($1te emplacement emplacement
excavation (during re- selection hole hole
through waste trieval period; objective] (frominitial (during
emplacement) enCavation retrieval

through period)
waste
erclacement)
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DEVELOPMENT OF REPOSITORY PERFORMANCE Figure A.64 !
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE MOH2

M0H2 y

(m imize) TI
h[g'I3URE

additional
tim

(fpEUdependent n
deformation
around
cmplacement
hole
(post
d;comi s-

sioning to

resaturation)

(Naimiz2] (Manimire) (Maximize)
stress level terpera ture creep Note: Refer to Figure A.2 for definitions
in rock m st 19 rock a ss po tefitial and assumptions. Only those perfor-
around around in host rock mance subobjectives related to back-
emplacement emplacenent (Site fill have been investigated, some
h;le hole selection of which have been referenced and
(post (post objective) further broken dem elsewhere,
decomis- decomi s. Those performance subobjectives
sioning to sioning to unrelated to backfill have not
r: saturation) resaturation) been further investigated, and

a re ma rk ed ====.
------

(Maninite) (Maximire) (Maximize) (Maximize) (Maximire)
incr:ase in initial temperature temperature temperature
stress in tercera ture increase in increase in increase in
r!Ck mass in rock mass rock mass rock mass rock mlst
ar;und ($lte around around around
emplac ment selection emplacement emplacement emplacem nt
hol2 objective) hole hole hole
(post (from initial (during (post
decomis- escavation retrieval decomis-
sioning to through period) stoning to
resaturation) waste resaturation)

emplacement)

l
p - mm m m m m m m = = = ===== --- --- m = = = = = =
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DEVELOPMENT OF REPOSITORY PERFORMANCE Figure A.66
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE NR2

|

NR2

U

(Maximize]
increase in
plasticity /
ductility of
intact rock
around
underground
opening
(room scale)
(post
decomis.
Sioning to
resaturation)

(Manimtre] (Mantette] (Manistre]
temperature increase in other
increase in compressive increase in
rock mass effective plasticity /
around stress in ductility of
underground rock mass intact rock
opening around around
(roomscale) underground underground
(post opening opening
decomis. (post (roomscale)
$1oning to decomis- (post

resaturation) sioning to der omis-
relaturation) sioning to

resaturation)
------

N U

KOR2 AOR2

Note: 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. Those
perfomance subobjectives unrelated to backf tll have

,

| not been further investigated. and are marked.mem.
!
|
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DEVELGPMENT CF REPGSITORY PERFORMANCE Figuro A.65
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE NR1

NRI

I f

(Maxim 12e)
increase in
plasticity /
ductility of
intact rock
around
underground
opening
(roomscale)
(during
retrieval
period)

4

(Manistre] (Maximire) (Manimize]
tegerature increase in other
increase in compressive increase in
rock mass effective plasticity /
around stress in ductility of
underground rock aess intact rock
opening around around
(roomscale) underground underground
(during opening opening
retrieval (roomscale) (roomscale)period) (during (during

retrieval retrieval
period) period)

------

N N

KORI A0R1
.

Note: Refer to Figure A.2 for definitic.is and assumptions.
Only 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 to backft11 have
not been further investigated. and are marked ammm.

|
!
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DEVELGPMENT OF REPOSITORY PERFORMAMOE Figuro A.68
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE NOR1

|

|

.

NOR1

U

(Minimire) |
decrease in
plasticity / ,

ductility of
intact rock
around
underground
opening
(room scale)
(during
retrieval
period)

(Minimite) (Minimite)
decrease in other
compressive decrease in
effective plasticity /
stress in ductility of

rock mass intact rock
around around
underground underground
opening opening
(room scale) (room scale)
(during (during
retrieval retrieval
period) period)

------

N

BR1

Note: 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. Those
performance subobjectives unrelated to backfill have
not been further investigated, and are marked ====.
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DEVELOPMENT CF REPOSITCRY PERFORMANCE Figura A.67
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE NR3

I

NR3

I f

(Maximize]
increase in
plasticity /
ductility of
intact rock
around
underground
opening
(roomscale)
(post
resaturation)

\

(Maxim 12e) (Maximize) (Nximire]
tempera ture increase in other
increase in compressive increase in
rock mass effective plasticity /
around stress in ductility of
underground rock mass intact rock
opening around around
(roomscale) underground underground
(post opeiiing opening
resaturation) (roomscale) (roomscale)

(post (post
resaturation) relaturation)

mmmm--,

N II

KOR3 A0R3

Note: Refer to Figure A,2 for definitions and assue 'ons.
Only those performance subobjectives related o 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 ===,.
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DEVELOPMENT OF REPOSITORY PERFORMANCE Figuro A. 70
SUBO'JJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE NOR3

NOR3

I f

[Minimite)
decrease in
plasticity /
ductility
of intact
rock
around
underground
opening
(roomscale)
(post
resaturation)

(Minimite} (Minimite)
decrease in other
compressive decrease in
effective plasticity /
Stress in ductility

rock mass of intact
around rock
underground around
opening underground
(roomscale) opening
(post (room scale)
resaturation) (post

resaturation)
.

|

l y

BR3

Note: 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. Those
performance subobjectives unrelated to backfill have
not been further investigated. and are markedamme.
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DEVELOPMENT OF REPOSITORY PERFORMANCE Figure A.69 -

SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE NOR2

_

NOR2 _

If ..

s

(Minimitel
~

decrease in
plasticity /
ductility of

intact rock
around ''

underground
opening
(roomscale)
(post
decoat-15-

-

Stoning to

resatu ation)r

(Minim 12e) (Minir.ile) .

decrease in otrer
~

comnressive decrease in
effictive pla sti:.ity/ -

stress in ductility of

rock mass intact rock
around around
underground underground
opening opening
(roamscale) (roomscale)
(pos*, (post
dec om's- decomis-
sion'ng to sioning to
resaturation) resaturation)

mmmmm-

|

BR2

Note: pefer to Figure A.2 for definitions and assumptions.
Only those performnce 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 mumm.
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? perfomance assessment methodology (see Section 2 - Main Text); stould these prersises change. *03
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SUMMARY OF BACKFILL DESIGN OBJECTIVES Table A.2
1 of 4
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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. Due 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
subsequently 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
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the cbjective of minimizing "a" (see Figure B.1) . By comparing
these perceived potential contributions, the relative weight of each
subobjective with respect to achieving its immediate sovereign
subobjective can be roughly assessed; e.g., the relative weights of
achieving the objectives of decreasing "1" and "n" and increasing

"m", with respect to achieving their sovereign objective of minimiz-
ing "a", might be subjectively assessed to be about (0.1), (0.6),
and (0.3), respectively. Even though the relationship between each
subobjective and its sovereign subobjective will not typically be
linear nor always monotonic, such an assessment will give an
indication of the relative significance of each subobjectIve and is
deemed sufficient for the purposes of this study.

ht of each subobjective in the hierarchy of reposi-
The relative weig'e subobjectives with respect to achieving itstory performanc
immediate sovereign subobjective can be assessed in this manner.

The weights of each subobjective with respect to achieving the
repository system performance objectives can then be found by
multiplication; e.g., the relative weights of achieving the
subobjectives of decreasing "1" and "n" and increasing "m", with

respect to achieving the repository system performance objectives,
would be (0.014), (0.042), and (0.084), respectively (see Figure
B.2).

Using the above approach, the relative weights of less detailed perfor-
mance subobjectives have been subjectively assessed, both with respect
to achieving their sovereign subobjective and subsequently with respect
to achieving the repository system performance objet,tives (see Figure
B.3). These weights have been based on assumed repository design
concepts, performance assessment methodology and generic site conditions
(see Section 2 - Main Text); should these premises change, these weights
may change, especially at the more detailed level. Similarly, as

specitit subobjectives are achieved to some degree and are no longer
variable, the weights of the remaining subobjectives must be modified.
Hence, these assessed weights will change with time as repository
development proceeds through site screening / selection and repository
des ign/ construct ion /operatlon.

The performance subobjectives at the most detailed level in the hier-
archy have been further broken down until backfill design objectives cr
common performance subobjectives have been identified; similarly, the
referenced common performance subobjectives have also been further
broken down (see Appendix A). However, in both cases only those
performance subobjectives which are perceived to be significantly
related to backfill have been pursued. If all performance subobjectives
had been broken down completely and weighted, then comprehensive sets of
weighted objectives related solely to either site screening / selection or
repository design / construction / operation (i.e., the repository
variables) would have been identified; weighted backfill design
objectives constitute a subset of the weighted repository
design / construction / operation objectives.

B-2
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In this Appendix B, the performance subobjectives and backfill design
objectives which are subordinate to the following performance 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 B.5)
1.3.4 (see Figure 8.6).

1.4.1 (see Figure B.7)
;

1.4.2 (see Figure B.8)
1.4.3 (see Figure B.9)
1.4.4(seeFigure8.10)
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 8.14) )2.3.1 (see Figure B.15)
2.3.2 (see Figure B.16).

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 B.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 8.1). 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 a trackable manner (Table 8.1). 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

B-3
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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 considered 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 objectives,
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 Figure B.1

l SOVEREIGN SUBOBJECTIVE (EXAMPLE)

(ref. Figure A.1)

For example:
a = g(1,m.n)

Objective is to minimize a,
b

( a.ase case = g(1.,m ,n.)and thus to minimize both
,

1 and n and to maximize m. I o

as much as is reasonably possible.

\ /j#
_

(objective) 61, an \,/ (objective) om
_

_ -

h| possible.

- range in al

N possible
range in om

N

/
possible
range in an * Relative weight of"/ subobjective with

respect to achieving-

j sovereign subobjective.
U

@ $
_

I f

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.
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WEIGHTING OF
PERFORMANCE SUBOBJECTIVES (EX AMPLE) Figure B.2

(ref. Figure A.1)
-

.

Repository System
~

Perfonnance Objectives

/ \
X is used as a measure [ Minimize] weight of objective (X) with
of one of the repository X

'

respect to achieving repository
system performance ( 7):[.7] , system performance objectives
objectives minimize X (subjectively assessed)
as much as is reasonably
possible is a performance
subobjective

Repository System
Performance Objectives

/ \
so,ereign [ Minimize)X=f(a,b.c,d) performance

(.7)r[.73s4otjec t t .e :

compeenens i.e
,

but tractaMe set , i i w
of performance [ Minimize] [ Maximize] [ Maximize) [ Maximize]

( . 2 ):'[.14] ( .4):D[.28) (.3)f[.21] (.lli[.073
'

o gn
performance
**'l'''''' weight of subobjective (a) with

respect to achieving repository
system performance objectives:

Repository System (.2)x[.7) = [.14]
Performance Objectives weight of subobjective (a) with

respect to achieving its immediate/ N sovereign subobjective (X) (sub-
[ Minimize] jectively assessed)

(.7) [. 73

[ Minimize) [ Maximize) [ Maximize) (Maximize], , , , , , , , ,

S'$5 5, (.2) [.143 (.4):k.28) ( .3) I.21] ( .1)! [.07]
a=g(1,s.m) y7t,yj set

.

$ es' [ Mini'mize] [ Maximize] [ Min'inize]
*, rNT ( .1 ):![. 0141 f.3)IO42) (.6)"[.084]

\ weight of subobjective (m) withe

e et cetera respect to achieving repository
system performance objectives:x=f(g(1,s.n),b,c.d) e (.1)x[.14] = [.014]

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

Note: Weights of a comprehensive set of subobjectives with respect to any sovereign subobjective must
sum to 1.0. The relative weight of each subobjective to achieving the repository system per-
formance objectives so derived is based on preconceived repository design concepts, site con-
ditions, and performance assessment methodology; should these premises change, the weights may
change. Also, the weights entall significant subjectivity in their assessment, and should thus
be considered only as approximate indicators of relative significance.
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WElGHTS 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)
[ Maximize] prevention of

."M ''"" '' 'd * ''' (ref. Figure A.3)
- equipment malfunction
(during construction /
operation)

[.024]

O
[ Maximize] prevention of underground (Maximize)preventionof
hazards of: underground hazards of:
- fire - fire
- equipment malfunction - equipment malfunction
(initial excavation through waste (during retrieval period)
emplacement)

( . 7 ):[ . 01,68,] (.3):[.0072],

\
(Maximize] use of safe / [Naimize) use of safe /s reliable equipment for reliable equipment for
backfilling (during re- all other activities
trieval period) (during retrieval period)
(Backfill design objec-
tivebpl-1]

(.5):[.0036] (,,,,,.5)-[.0036]
, ,,

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 eleswhere. Those performance sub-
objectives unrelated to backfill have not been further investigated, and are
marked vs sa.

I 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.

| B-8
1

_ _ _. -



' este Refer te If re $ I for eef t29tlens
essenettees. Onip enese perfer.

.e.e.co sensa.ti.m re,istes u tun.vut un we i .nti etee. see of (Refer to Figure B.3)

.aica =,e we. re wmee one vs.e

tan ne taneperver em m eiwere.
te tocariin have .3nts.n. preietweare wom f.wneiein] stell ket N ure A.4) >ve theres bee r

ene,r.ece essai.e,ty e,in.ntiested, e.e ce earnes sun.e. pr
(i .e.. main ese 'T *

enjective to .u.ntevi.f eeca see.The rel.tt e wept o, the repositwy
Fails o
constr r ceilees..,en E.* >*reso u ie) (eerte

ctsen/specensen) $Ee.ntes pe.rfer
sy .co enjutive to tes.e

g

co ce, pts. ,e m ro.ine.,stateas.
pm sei mop ar .'oric site co Sg

eie ,er,er. .. ann-i -t se.(se, i-no. e cie te.tn g.e

,,

es*,.le t.hese praettes cu.se. the .atssne .ts 1
or che.co. aise, tee et

(*0361 ie.t.li sepettc

co.sideeH e.e.e.t s.tjectietty t.ip es .e the.le th.s be
;

'

taete essesse t. en
opeesunste te.

sivitu..of reiettre
etc ters

co.

(me.nt.*te) st.etitty of esrFe g [.t.4et s.] ,es ,, (4B8.*t,e) htmse l

(wi. meie,eitroen sc.ie) seer,e e ese.e.se se stegijnty ofof.oneerve.no eseni.e, st.tiittyese ,*fm.(e e., .in.iet se.it) (i.telt.omu pine.u.t>
i rue t, tru ie) (wi., meie.i ,ose-ies)e. r a i ier cei )we ,.ene.etie e

( . 7):[ .0252) (.2):[.00n] (. t ): [.0036]

:

(.....,ei.e. eens. i. t . min.e) s=ta e si.e.(=. ne,l s.itionia e' t=. ini t=mse toms t mua
m.e e r we. tu . nnm mi. o m. een
strength te sh esticeliy possille each bs istteell po

ve, e
me, eer stress

ais te.resvicen, ev == n.,i=n Ire ==ssible
stre.gte to sh

u, e .nser, eer stregs.w we ni unie) ca ce m
e-vre (seri n r+ wi seeiseita tre== u.i i (was

(reen sc e m.t.
(res= u ie) (wi.,

it) (e rt., retrievei pertes)retriev.1 peries)
retrtevel pertee)

(.6):[.00432) (.2):[.00144) (.2):f.00144) ( t.):[ .0036]

!.. . in]
(sis mue1.

( >**ue)
.anicae,l [mes+.tn.l (.i. eue)(ammin ne ,smtn] [ mesi.ml. [an.aimise]

(m
ne,ne t.t=, eu rose ..r se

um.ori
w use a e- mse .. ese a

_a w s
e

u.ma m .een e -non e,i-e.e.,t u.m. sie er-wi. os p
sn .. r.,s e. ens,s.e, u.m.ss

a

,n . -e E m
te r . o are

im.un in.a o
ss pron.e .,

v,e
e-. r. . . s eri.

e e,e -.
.u,s.ei n.ie) i) ( ... ree,m

c..o -
e.r. s

m,..me e
s -

unsI (- v..e
or.

v.e,
er. zooi (m. (. ..-- ( soe..v r.e

e . e -
(ree e 3 <m zu ie..i.

% ( w ..

(" .ie.ei m, i. u i.re
ie (i , ires. t

lu. u.ie) u. i e.), u.ie..).
( mr. .ei ( )) - -ees ., u.ie),(w mmai (wt mr.e..i (w , m) .e.. i ( .. . in

recieval rete to.1 perted) retr ***al (tutteil erste perteel retetent metent #O
sorteel eesty enjec tive perieel peries) yO( seve.s t tery

pertes) peries)
deo . enjuttee ter!..l) <M
etJM tivel harte 1) m3

mm
O"a > O

N

(.5) [.00714) (.l) [.00216) ,;4M 00W4 } (.4):(.000864) ( . ll: [ 000:4.) (.l b [.0001..? , f;8{00nl2{ (.7) [.00072), (.4) .[ .00284 } 05( 9

[ CRI 2mO
m>3

ARI O O -<
3X
E2m

e.rene ei, .i .. ,,ei, r. . uti p3.t ,e.t.enel e.s u.,.n.,. l.i.t. u.el t . oei [. . oei t . teti,...e t.t.t. o t... n m. .n.e e em .creese te e-re e .- e re.se ,ao., ruse.r.e d'e.sse ,e nOO*r lesse .. eiteration/
oro.t es.os Mm3sions mtetew 1tc t

casoress.ive
m coweessive

.t.euer m, ae nee ef f ec tivesei. tion of esta ests
of rua e. sos ore.nene. [seeesttery

esca me stens t fu seche

.re ae e.se.r<co.no ener.
ve.w m.er.rett.esss m, no o ee.ere.no . e erg.no neer. rest esos p

m. (ree run .s te C4. C4 E
. ste,s

.

us. e om.r.v.e.e we..r.e,.o ese ere.as uner. (ree mop
.re.ae ses . 6 . (ream

t.re.ae seen.
scene) enjutt.e] scene) are,e .n r. c3>i ( es== me treen g 2gs., (ree s , (ream ( w w, ( &*,

u.ie.), weie.),ueie) ra,pe ene. p o
(e rs retrieval retrieweit eor ia,

sc. ie.), u.te.),( e.r t a (,see
eOm(wt reer tewel (dure pertee) puhe)retrieul retrieval

u.ie.),peries) pertee) metevel perteel retriev.1 teesository (wt
perted) perteel muy mrtewi m.e-

esauttw] pertee) nm
, 30

a,o 'r.' <dm<,

(.2):[ . 000s N ] (.2b [.000e N 1 (.1):[.000714) (. l b( .000218] ( 1b[.0002181 , .2)j f_000 17j LP) [ enWf .S b I.00230s; mf.ll f 0002 4} (ig

f.D
i y ll If If If Ily .,)

{*cat ORI Jan Kat BRI g "! Aone
*o *n

W 3d *
eq w c" *

=
b

f 1,

a

l
I



l

|
|

, 1

i . . ' . 1new: eet, t. f 9,,e sa f, eef atti. : '

ese essessettoes. Only these perfer.
me=e s.neejustwo relates to nut. ggeyer to N gure B.3) ,

e , . ,fill have tees tavestigated. See of ].which have boog referencee and fr.
ther tretee sena elsewhere Ytete 8.3.4)

, perfer==e adesatt.n .reintes [ateein) emien. cites' to techfill have met been f#ther relects uneergramme
sometestes. eas are earnee sunsis. (surtes eenetristion/ (ref. Figure A.5)

operation)
the rotate,e seignt of mn s.b-
ajatta te unicig ene reposttw,
sintes prtereence ensatin to tu e
04 preconcetwee tepesttory delige
cmeets, paerte sta coacttees
see perferesace essettaeet esteed

elegy (suw premiin cheap. taesection 2 et meta feath
sae.id tn f.036]seights any thenge. Alle. the wt sajati n, eightsniein steifi

emi-ee .iae.ce.t. e.ae sne,ie tan ne
se

tact aisn .i n ppre.tenie to.

.c,cners.of refette,ifit =e.

$

[meein) .co cii. rei.e.e [amein) =c cn= nie e
madergrome (tarmen imite espinessail unmegre.e (etg nteseni swtes)

,

(.7):(0752) (.3): [.0108]

[stelmise) nemntee (=netalemite mee,sateidig of'
of seste mum (wtag
(eurt fetrtewel rTtriegel pertee)
port

(.5):[.0054) (.5):[.0054]

taisten) (statoi (namtm] (nesmin) (ae.tein) (me.w.e)co.ocu.se)e.rn. ten of
inienc.e of inisieme of wiein.g ofatag

wm.iitmene .
tre g

mtim enet i ente mu, unu mu,. enu p.u, gWg,
strength / (s.o.. stress per tes by hectf tll by hectfill by etter M$m-
teaseretpe one teeeere. (eeeet tlery aroune meste (rese wele) seems -
temester) of tere) attag hity pectage (wteg (e rt., 2Oomeste podege en meste enjective) (wtag retrieval retrie.e1 3 (D I(nese sectep retrieval pertee) peries)m e,s t tery a, Lyjs(utg peries) mmaetJective) retrievel g

08 O

f) "?e e-l mqm
"! 1 -e osertee)

iss-

5 ="1 "" O m3
'4|) 5

ol m
4 mt

to # O*O(.e) l.007181 -------(.7):(.001001(.3):(.00162] (,4)-(.00216)
-------

f.e): (.00216) Ig(.3):(.001471
---- --

h-
S g _p
fTl -4
3W0
st > :D
OO<
3x
Em9- ffl

(utetetae) [etatetae) (mmtetse) (mentatae) (nieteiae) [elsa tetse) h3o stress acting toeperature ttee to place- tAttamess/ ttee to tascheess/ 9
en meste post. of seste seat of back. edseret ten pIwesent sessept ten OOOoge (evetag pectose fill ereune of sectet11 et sectttit mm3of s.ectf tl1retrieval (eurtag meste sectage are e meste trees scale) (rees scale) gp gp gper tes) retrieval (surme pedage (during (curtat C>pertee) retrient (durlag retete el retrieval CWg perteel retrieval' tes) pertee) Z I

[Bec certee) Bac (Bac O Oh mii,tf tlt [satttii nii,tf tli me,tf t), eOm3 enjectise aesty objective
etm.a t ee 8- W> Dshl-1] jec ttee torte-l] tort n] A

11 >- en,na.i]
6

n Om
3., $m- 20> < -e
s 7. MkD
2=b

(.7) (.001$12) (. 3) -(.0006es) (.4).(.000ses) (.6):[.000,72) (.5):(.001002 (.5)-(.001087 .e fft3 m b#
k. *c.

2
i .,in If 1Pq

a
8

841 LM1

* .=
e.



l

WElGHTS OF REPOSITORY PERFORMANCE |
SUBOBJECTIVES AND B ACKFILL DESIGN OBJECTIVES Figure B .7
WITH RESPECT TO PERFORMANCE SUBOBJECTIVE 1.4.1

)

(Refer to Figure B.3)

1.4.1)
[ Maximize) early detec-
tion (i.e., warning) of (ref. Figure A.6)underground hazards of:
- sudden water inf1cws
- gas
- fire
- radiation exposure
- equipment malfunction
(including hoisting.
transportation. blasting,
ventilation / cooling.etc.)
(during construction /
operation)

[.018]

[ Maximize] early detection (i.e.. [Maximizel 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 esposure
- equipment malfunction - equipment malfunction
(including hoisting, transportation. (including hoisting, transportation,
blasting, ventilation / cooling,etc.) blasting, ventilation / cooling, etc.)
(initial excavation through waste (during retrieval period)

__,,I.gf010,,81 (.4):[.0072], ,

[ 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)
[ Backfill design objective
bp2-1]

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

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
markedrs sa.

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 entall 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 . 8
WITH RESPECT TO PERFORMANCE SUBOBJECTIVE 1.4.2

(Refer to Figure B.3)

1.4.2)
[ Maximize) quick and
efficient mitigation of (ref. Figure A.7)
detected underground
hazards (during con-
struction/ operation)

[.018]

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

__________1_6)j[,.0108] (.4):[.0072], , , , ,

,

.

[ Maximize] qtick and [ Maximize}quickand
efficient mitigation of efficient mitigition of
detected underground detected underground
hazards as backfilling hazards with other ac-
occurs (during retrieval tivities (during
period) retrieval period)
[ Backfill design objec-
tive bp3-1]

(.6):[.00432] (,,.4g[.002,88]
,,

Note: Refer to Figure 8.3 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
markedessa.

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 entall significant subjectivity in their assessment, and should thus be considered only as
approximate indicators of relative significance.
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(Refer to Figure 8.3)

3.4.4)
[maien) totei wum.

_ wi time .neergre.as
. . (e rtag constructtw/ (ref. Figure A.9)
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*. .a
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[.018]
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WElEHTS CF REPOSITORY PERFORMANCE
SUBOBJECTIVES AND BACKFILL DESIGN OBJECTIVES Figure B.15
WITH RESPECT TO PERFORMANCE SUBOBJECTIVE 2.3.1

(Refer to Figure B.3)

2.3.1) (ref. Figure A.14)
(Maximize] total surface
area of adsorbing
material along flow path
from waste package to
accessible environment
(post-resaturation and
release)

[.063]

[ Maximize]surfaceareaofbackfill (Maximize] surface area of host rock
'

adsorbing material along flow path adsorbing material along flow path
from waste package to accessible from waste package to accessible
environment (post-resaturation and environment (post-resaturation and
release) release)

( . 3): [.0189] (.7):h0441]_ , , _ , , _ ,,

(Maximize] cross-sectional (Maxinize] length of flow (Maximize] surface e.-aaarea of flow path from path from waste package per unit volume of back-
waste package through through backfill adsorb- fill adsorbing material
backfill adsorbing ing material (post- along flow path from
material (i.e.. maximize resaturation and release) waste package (post-
volume of backf111) (Backfilldesignobjec- resaturation and(post-resaturation and tive bgl-3] release)
release) (Backfilldesign
(Backfilldesignobjec- objectivebg33]
tive bg2-3}

(.4):[.007ss] ( .4 ): [.00756] (.2):[.00378]

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
markedrs sa.

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 entall significant subjectivity in their assessment, and should thus be considered only as
approximate indicators of relative significance.

B-19 -
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WECHTS OF REPOSITCRY PERFCRMANCE
SUBOBJECTIVES AND B ACKFILL DESIGN OBJECTIVES Figure B.16
WITH RESPECT TO PERFORMANCE SUBOBJECTIVE 2.3.2

(Refer to hgure B.3)

(ref. Figure A.!S)
2.3.2)
(Maximire] adsorption
potential of material
along flow path from
waste package to acces-
sible environment (post-
resaturation and release)

[.147]

[Maximirel adsorption potential of (Meximirel adsorption potential of
backftll along flow path from host rock along flow path from
waste package to accessible waste package to accessible en-
environment (postresaturationand vironment (post resaturation and
release) release)
[Backfilldesignobjectivebg4-3]

(.3):[.0441) (.7):[.1029]

Note: Refer to Figure B.3 for definitions and assumptions. Only those pe d ormance
subotjectives 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 rs sa.

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 entall significant subjectivity in their assessment and should
thus be considered only as approximate indicators of relative significance.
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WEICHTS OF REPOSITORY PERFORMANCE SUCOZJECTIVES Figuo B.17
AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE AR1

ARI (ref. Figure A.16)

I f

Note: Refer to Figure B.3 for definitions The relative weight of each sub-
and assumptions. Only those perfor- objective to achieving the repository
mance subobjectives related to back, (Minimize] system performance objective is based
fill have been in estigated. some 1"CF'85' 1" on preconceived repository design
of which have been reft enced and shear stress concepts, generic site conditions,
further broken down elsewhere. in rock mass and performance assessment metho;
Those performance subobjectives a round ology (see Section 2 of Main Tent);
unrelated to backfill have not underground should these premises change. the
been further investigated, and opening weights may change. Also, the weights
are marked = = m w . (room scale) entail significant subjectivity in(during their assessment, and should thus beretrieval considered only as approsimate in-period)

dicators of relative significance.

(Minimire] (Minimire] (Minimire] (Minimize] (Maximire]
increase in increase in decrease in other increase in
in situ thermal support increase in support

stress stress in pressure shear stress pressure
(during rock mass (room scale) in rock mass (roomscale)
retrieval around (during around (during
period) underground retrieval underground retrieval
[ Site opening period) opening pectod)
selection (roomscale) (room scale)
objective] (during (during

retrieval retrieval
period) period)

(.O (.3) (.2) (.2) (.2)

(Minimize) (Mintr12e] (Minimize] [Hamimize) (Minimize) (Maximize] (Maximile]
temperature thermo- decrease in support time to support other
increase in mechanical support pressure placement pressure increase in
rock mass response of pressure provided by of backfill provided by support
around rock mass provided by backfill (room scale) backfill pressure
underground around initial (roomscale) (during (roomscale) (room scale)
opening underg oun1 support (during retrieval (during (during
(roomscale) opening (room scale) retrieval period) retrieval retrieval
(during (roomscale) (during period) (Backfill period) period)
retrieval (during retrieval [ Backfill design LBackfill
period) retrieval period) design objective design

period) objective bsrla1] objective

(Site bmr2a-1] bar2a-1]
selection
objective]

( .6): [.18] (.4):[.12] (.5):[.10] (.3):[.06] ( .2): [.04] (.8):[.16] (.2):[.04]

U

KR1
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|WECHTS OF REPOSITORY PERFCRMANCE SUBOBJECTIVES Figure B.18
AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE AR2

AR2
(ref. Figure A.17)

Note: Refer to Fi ure 8.3 for definitions The relative weight of each sub-
and assumpt ons. Only those perfor.
mance subobjectives related to back. [MI"I*II'l objective to achieving the repository

system performance objective is bised
fill have been investigated. some increase in
of which have been referenced and shear stress on preconceived repository design

further broken down elsewhere. I" 'OCk *855 concepts, generic site conditions.
and performance assessment method-

Those performance subobjectives ''0""d ology (see Section 2 of Main Tent);
unrelated to backfill have not underground should these premises change. the
been further investigated, and OP'"i"9
are marked ====. '00* SC*I') weights may change. Alto the weights

entail significant subjer.tivity inpost
their assessment and should thus bedecomis. considered only as appro 1 mate in.

,,) dicators of relative significance.

(Minimite) (Minimite) (Mtntmize) (Minimire) (Maximise)
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)
deccmis. around (post around (post
sioning to underground decomis. underground decomis.
resaturation) opening sioning to opening sioning to

(Site (room scale) resaturation) (room scale) resaturation)
selection (post , (post
objective] decomis. decomis.

Sioning to sioning to
resaturation) resaturation)

(.1) (.4) (.2) (.2) (.1)

(Minimite) (Minimite] (Minimite) (Minimire) (Maalmize) (Maximire]
tempera ture thermo. decrease in decrease in increase in other
increase in mechanical support support 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 (roomscale) (roomscale) post
roomscale) opening (roomscale) (post (post decomis.
post room scale) (post decomis. decomis. sioning to

decomis. post decomis. Stoning to sioning to resaturation)
sioning to decomis. Sioning to relaturation) resaturation)
relaturation) sioning to relaturation) (Backfill (Backfill

relaturation) design design
($1te objective objective
selection bmr2c.2) bmr2b.2)objective)

(.5):[.20] hs):[.201 (.s):[.101 (.5):[.10] (.8):[.08] (.2):t.021

y

KR2
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WElGHTS OF REPOSITORY PERFORMANCE SUBOBJECTIVES Figure 8.79
AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE AR3

AR3 (ref, figure A.18)

%te: Refer to Figure B,3 for definitions The relative wellht of each sub-
and assu ptions. Only those perfor. objective to achieving the repositorym

mance subobjectives related to b4Ch. (HI0I*II') system performance objective is based
fill have been investigated, some increase in on preconceived repository design
of which have been referenced and shear stress concepts, generic site conditions,
further broken down elsewhere. I" 'OCh NIS W perform nce assessment method.
Those performance subobjectives around ology (see Section 2 of Main Teit),
unrelated to backfill have not underground should these premises chanje. the
been further investigated, and OP'"I"9 wei Pts may change. Also, the weights
are marked . . . . ... (room scale) entall significant subjectivity in

IPOSI their assessment. and should thus beresaturation) con idered only 45 apf roniNte in-

dicators of relative s1961f1(ante.

(Minimize) (Minimtre) (Minimize) (Minim 12e) (Manimize]
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)
resaturation) around (post around (post *
($1te underground resaturation) underground resaturation)
selection opening opening
objective] (roomscale) (room scale)

(post (post
resaturation) resatuation)

(.11 (.4) (.2) (.2) (.1)

\

(Minimire] (Ministre] (Minimite) (Minimtie] Manimire) (Mastmige]
temerature thermo. decrease in decrease in ncrease in other
increase in mechanical support sup W t support increase in
rock mass response of pressure pres hrw pressure support
arounj rock mass provided by provideo ey provided by pressure
underground a round initial bach *tli backfill (roomscale)
opening underground Support rF ' scale) roomscale) (post
room scale) opening room scale) pc post resaturatton)
post Mom scale) post res aration) resaturation)

resaturation) post resaturation) (Bas, fill (Backfill
resaturation) design design
(5tte objectiv.' objective
selection bmr2c.3) ber2b.)]
objective]

( . 5) :[ . 20) (.5):[.201 (.5L:L101 (.5):(.10] (.8):f.08] (.2 1 021
i

KR3
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WEl: HTS CF REPOSITORY PERFCRMANCE SUBOBJECTIVES Figuro B.20
AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVF AOR1

A0R1

4
(ref, figure A.19)

(N a tet re)
increase in

Note: Refer to Figare 8.3 for definitions compressive The relative weight of each sub-
and assumptions. Only those perfor- effective objective to achieving the repository
mance subobjectives related to bact- stress in system performance objective is based
fill have been investigated. Some rock mass on preconcetvet repository design
of which have been referenced and around concepts. generic site conditions,

further broken down elsewntre. underground and perf ormance asseswent method-
Those performance subobjectives opening ology (see Section 2 of Nin Teat);
unrelated to bactftll have not (rom scale) should these premises chanje, the
been further investigated, and (during wetants may change. Also, the weights
are marked a m m m a'. retrieval entall s'gnificant subjectivity 19

period) their assessment, and should tn s beu
considered only as appron1Nte in-
dicators of relative signif f cance.

(Natatre) (Mastei e) (Naimite) (Maaimite)t

increase in increase in decrease in other'

in situ thermal support increase in
stress stress in pressure compressive
(during rock mass (roomscale) effective
retrieval around (during stress in
period) underground retrieval rock mass
($1te opening period) around
selection (room scale) underground
oSjective) (during opening

retrieval (room scale)
period) (during

retrieval
period)

(.1) (.3) (.4) _ _ _ _ _.2)(
. t

(Naistre) (Naimite) (Ma nistle) (Mintette) (Mas teite)
l temperature thermo- decrease in support tiee to
, increase in mechanical support pressure placement
'

rock mass response pressure provided by of backfill
around of rock mass provided by backfill (roomscale)
underground around initial (roomscale) (during
opening underground support (during retrieval
(roomscale) opening (roomscale) retrieval period)'

(during (roomscale) (during period) (Backftll
retrieval (during retrieval (Backf tll design
period) retrieval period) design objective

period) objective bsrolb1)
($tte bero2 1]
selection
objective)

(.6);(.18] (.4)*".12' (.5):[.20] ( . 3): [.12] ( .2 ): [.08]

l !

KORI
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WElGHTS OF REPOSITORY PERFORMANCE SUBOBJECTIVES Figura B.21
AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE AOR2

,

AOR2

Note: Refer to Figure B.3 for definitions
I Iand assumptions. Only those perfor-

mance subobjectives related to back-
fill have been investigated, sor e of
which have been referenced and fur. [Nximire) (ref. Figure A.20)
ther broken down elsewhere. Those increase in
perf ormance subobjectives unrelated compressive

to backfill have not teen f urther effective
stresinvestigated, and are rarked mai.

aroundThe relative weight of each sub,
objective to achieving the repository underground

system performance objective is based CP'"I"9
on preconceived repository design 00*SC8I')
concepts, generic site conditions. Post
enj performance assessPent method, #Co d ss kning

toology (see Section 2 of Main Test);
should these premises change, the resaturation)
weights may change. Also, tee weights
entati significant subjectivity in
their assessment, and should thus be
considered only 45 arproilmate in-

dicators of relative
signtfIcance.

.

[Manimite] [Naimize) (Naimire) (Maximize]
Increase in increase in decrease in other
in situ thermal support increase in
stress stress in pressure compressive
(post rock mass (room scale) effective
decomissioning around (post stress in
to underground decomissioninq rock mass
relaturation) opening to around
($1te (post relaturation) underground
selection decomissioning opening
objective) to (roomscale)

relaturation) (post

decomissioning
to
resaturation)

(.1) (.3) (.4) (.2)

(Naimite) (Naim12e] (Minimize) (Maximize)
temperature thermo. decrease in decrease in
increase in mechanical support support
rock mass response of pressure pressure
around rock mass provided by provided by
underground around initial backfill
)pening anderground support (room scale)
(roomscale) opening (room scale) (post
(post (post (post jecomrijssioning
decomissioning decomissioning decomissioning to
to to to resaturation)
resaturation) relaturation) resaturation) (Backfill

($1te design
selection objective

( . 5 ): [.15] 7*h[Js] (.5):[.20] 6*''''''I[ . 20](.5):_.
U

KOR2
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WEIGHTS OF REPOSITORY PERFORMANCE SUBOBJECTIVES Figure 8.22
AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE AOR3

Note: Refer to Figt.re B.3 for definttion
and assumptions. Only those perfor-

AORa,mance subobjectives related to back.
fill have been investigated, some of
which have been referenced as.d fur- ,

Ither broken down e.lsewhere. Those If
!performance subobjectives unrelated
1to backfill have not been further

investigated, and are marked k m . [ Maximize]
increase in (ref. Figure A.21)

The relative weight of each sub- compressive
objective to achieving the repository effective
system performance objective is based stress in
on preconceived repository design rock mass
concepts, generic site conditic'ts, around
and performance assessmer; method. underground
ology (see Section 2 of '.afn Text); opening
should these premises c ic;e, the {roomscale)r
weights may cha93e, Alk, the weights (post

entail significant subjectivity in resaturation)
their assessment, and should thus be

considered only as approximate in.
dicators cf relative
significance.

[Maximizel [ Maximize] [%ximize] [ Maximize]
otherincrease in increase in decrease in
increase inin situ thermal support
compressivestress stress in pressure

. (;cs t rock mass (roomscale) effective
resaturation) around (post stress in

[ Site underground resaturation) rock mass
a roundselection opening

objective] (room scale) underground

(post OD*"I"9
resaturation) (roomscale)

(post
resaturation)(.1) (.3) (.4) ( .j2

[ Maximize] [ Maximize) [ Maximize) [ Maximize]
temperature thermo- decrease in decrease in
increase in mechanical support support
rock mass response of pressure pressure
around rock mass provided by provided by
t,n derground around initial backfill

!
opering underground support (roomscale)(rt,om scale) opening (room scale) (post
(post (roomscale) (post resaturation)
resaturation) (post resaturation) [ Backfill

resaturation) design
(Site objective
selection bmro2c-3]

| objective]

| (.s):f.15] (.5):f.15] (.5):[.20] (.5):[.20]

4

KOR3

.
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WEI'2 HTS OF REPOSITORY PERFORMANCE SUBOBJECTIVES Figuro B.23
AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE AH1

AH1

4

[ Minimize]
increase in
stress in (ref. Figure A.22)
rock mass
around
emplacement
hole
(during
retrieval
period)

[ Minimize] [ Minimize] [ Minimize]
increase in increase in other
in situ thermal increase in
stress stress in stress in
(during rock mass rock mass
retrieval around around
period) emplacement emplacement
[ Site hole hole
selection (during (during
objective] retrieval retrieval

period) period)
)

m----mi

Note: Refer to Figure B.3 for definitions
and assumptions. Only those perfor-
mance subobjectives related to back-

[ Minimize) [ Minimize] fill have been investigated, some of
temperature thenno- 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 6 m .
hole emplacement
(during hole The relative weight of each tub-
retrieval (during objective to achieving the repository
period) retrieval system performance objective is based

period) 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):[.24] should these premises change, the
weights may change. Also, the weights |g entail significant subjectivity in j

y their assessment, and should thus be
I

C "Sid'''d "'Y '' 'PP' *i*'t' '"- IKH1 dicators of relative significance. |

B-27
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WEIGHTS OF REPOSITORY PERFORMANCE SUBOBJECTIVES Figure B.24
AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE AH2

.

AH2

I f

[ Minimize]

N're#$n (ref. Figure A.23)
rock mass
around
emplacement
hole
(post
decomissioning
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
deconvals. emplacement englacement
sioning to hole hole
resaturation) (post (post
(Site selec. decomis- decomis-
tion objective] sioning to sioning to

resaturation) resaturation)
(.1) (.6) (.3)

|
Note: Refer to Figure B.3 for definitions

'

[ Minimize] [ Minimize) and assumptions. Only those perfor-temperature thermo,

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 t.nrelated

hole to backfill have not been further(pagg
decomis- investigated, and are marked k m .

gg,
si ning to The relative weight of each sub-a on) resaturation) objective to achieving the repository
[ Site system performance objective is based

$$[l ctjon)30]$ on preconceived repository design

.N :Y. conc'Pt5 9'n'ric Site condition 5'( . 5): [.30] and performance assessment method-
ology (see Section 2 of Main Text);

I I should these premises change, the
weights may change. Also, the weights

!
KH,. entail significant subjectivity in

,

.
their assessment, and should thus be
considered only as approximate in-
dicators of relative significance.
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WEICHTS OF REPOSITORY PERFORMANCE SUBOBJECTIVES Figura B.25
AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE AH3

AH3

II

[ Minimize]
increase in (ref. Figure A.24)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)
(.1) (.6) (.3)

[ Minimize] [ Minimize] Note: Refer to Figure B.3 for definitions
tempera ture 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 suboojectives unrelated
(post hole to backfill have not been further
resaturation) (post investigated, and are markedt m .

resaturation)
[ Site The relative weight of each sub-
selection objective to achieving the repository
objective] system performance objective is based

(.5):[.30] ( . 5): [. 30] on preconceived repository design
concepts, generic site conditions,
and performance assessment method-

q ology (see Section 2 of Main Text);
should these premises change, the

KH3 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.
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WEIGHTS OF REPOSITORY PERFORMANCE SUBOBJECTIVES Figura B.26

AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE BR1

Note: Refer to Figure B.3 for definitions |
'and assumptions. Only those perfor- BR1

mance subobjectives related to back-
fill have been investigated. some of
which have been refarenced and fur- (

II
'

ther broken down elsewhere. Those
performance subobjectives unrelated
to backfill have not been further [ Minimize)investigated. and are marked 6 m . decrease in

(ref. Figure A.25)5 ''
The relative weight of each sub.
objective to achieving the repository rock m ss
system performance objective is 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 compressite pressure
(room scale) stress in (room scale)
(during rock mass (during
retrieval around retrieval
period) underground period)

opening

rbal
"*'' d'

(.3) (.4) (.3)

[ Minimize] [ Maximize) { Minimize) [ Maximize) [ Maximize]
decrease in support p@,$nt support other

pressure increase insupport pressure of backfill provided by supportpressure provided by (durin9provided by backfill backfill pressureretrieval
initial (during (room scale) (roomscale)

h' jj
(during (duringsupport retrieval
retrieval retrieval(during eriod) '5I9" period) period)i retrieval Backfill
[ Backfill|

period) design r 1
objective d

O IV'
bmr2a-1] **'2'N! (.5):[.15] (.3):[.09] ( .2 ) : [.06] (.8):1 .24] (.2):[.06]

|

|
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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
and assumptions. Only those perfor-
mance subobjectives related to back-

qp
fill have been investigated, some of
which have been referenced and fur-
ther broken down elsewhere. Those (ref. Figure A.26)
performance subobjectives unrelated [ggg,9g

decrease into backfill have not been further
investigated, and are marked a u . [,3

C 5 '

The relative weight of each sub- aonobjective to achieving the repository
system performance objective is based underground

on preconceived repository design opening

concepts, generic site conditions' (roomscale)
and performance assessment method- (post

decomis-ology (see Section 2 of Main Text);
sioning toshould these premises change, the
resaturation)weights ciay 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 supportpressure compressive pressure
(post stress in {roomscale)decomissioning rock mass (post
to a round decomissioning
resaturation) underground to

open.ng resaturation)(post
decomissioning
to
resaturation)

(.4) (.4) (.2)

[ Minimize] [ Minimize)
decrease in decrease in [ Maxi.nizel [ Maximize)
Support support increase in other
pressure pressure support increase in
provided by provided by pressure support
initial backfill provided by pressure
sopport (post backfill roomscale)(post deccm issioning (room scale) post
decomissioning to (post decomissioning
to resaturation) decomissioning to
resaturation) [ Backfill to resaturation)design

resaturation)objective [ Backfill
bmr2c-2] design

objective
bmr2b-2]

(.5):[.20] (.5):[.20] (.8):[.16] (.2):[.04]
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WEIGHTS OF REPOSITORY PERFORMANCE SUBOBJECTIVES Figure B.28
AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE BR3

BR3

p (ref. Figure A.27)

(Minimize]
decrease in
compressive
stress in
rock mass Note: Refer to Figure B.3 for definitions
around and assumptions. Only those perfor-
underground mance subobjectives related to back-

fill have been investigated, some ofopening
(room scale) which have been referenced and fur-
(post ther broken down elsewhere. Those
resaturation) performance subobjectives unrelated

to backfill have not been further
investigated. and are marked mi .

The relative weight of each sub-
objective to achieving the reposite y
system performance objective is based
on preconceived repository design
concepts. generic site conditions,
and performance assessment method-

(Minimize) (Minimize] (Naimize] ology (see Section 2 of Main Text);
should these premises change, thedecrease in other decrease increase in weights may change. Also, the weights

support in compressive support entail significant subjectivity inpressure stress in pressure
(post rock mass ' room scale)

their assessment, and should thus be

resaturation) around urder- (post considered only as approximate in-
ground resaturation) dicators of relative significance.
opening
(post

(.4) resaturation2) (.2)(.

(Minimize) (Minimize] [Naim' re] (Maximize]
decrease in decrease in increase fn other
support support support increase in
pressure pressure pressure support
provided by provided by provided by pressure

initial backfill backfill (roomscale)
support (post {roomscale) (post
(post resaturation) Lpost resaturation)
resaturation) (Backfill resaturation)

design (Backfill
objective design

bmr2c-3] objective
bmr2b-3]

( . 5): [. 20] (.5):[.20] (.8):[.16] (.2):[.04]
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WElGHTS OF REPOSITORY PERFORMANCE SUBOBJECTIVES Figure B.29
AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE BH1

e

BH1

U

[Mintaizel (ref. Figure A.28)''

stress actingi . g ,1 e , ; g,

on waste pack- 8' *

49e(durIng 7 g
retrieval ,

period)
Note: Refer to Figure 8.3 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 markeds m .

(Minimize] (Minimize) (Minimire)
emplacement stress trans- swelling The relative weight of each sub-
hole closure fer through pressure of objective to achieving the repository
(during backfill backfill system performance objective is based
retrieval around waste around waste on preconceived repository design
pe riod) package (dur. package (dur. concepts. generic site conditions.

Ing retrieval ing retrieval and performance assessment method.
period) period) ology (see Section 2 of Main Text);
[ Backfill [ Backfill should these premises change, the
design design weights may change. Also, the weights
objective objective entati significant subjectivity in

(.4) bel-1) ( .4) be2a-1) ( . 2)
their assessment, and should thus be
considered only as approiimate in-
dicators of relative significance.

[Minimite) (Minimize) (Mintetze]
time depen- thermal de- other em-
dent deform- formation piacement
ation around hole closure
around emplacement (during
emplacement hole (during retrieval
hole (during retrieval period)
retrieval period)
peried)
(.4):[.16] (.4):[.16] 121:138]

y

MH1

(Minimite) (Ministre)
te g erature thermal
increase in expansion
rock mass potential in
around host rock
emplacement ($1te
hole (during selection

1 retrieval objective]

( . 6 )'d l:L .096](.4):[.064]'"'

U
KH1

0-33

.
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Note: Refer to Figure B.3 for definitions
and arsumptions. 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 BH2
performance subobjectives unrelated
to backfill have not been further
investigated, and are marked k m . j f

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. acting on
and performance assessment method- waste
ology (see Section 2 of Main Text); package
should these premises change, the (post
weights may change. Also, the weights deconunis-
entail significant subjectivity in sioning to
their assessment. and should thus be resaturation)
considered only as approximate in-
dicators of relative significance.

[ Minimize) (Minimize) [ Minimize]
additional stress increase in
emplacement transfer swelling
hole through pressure of
closure backfill backfill (ref. Fi9ure A*29)(post around waste around waste
deconsnis- package package
sioning to (post (post
resaturation) deconsni s- decommis-

sioning to sioning to
resaturation) resaturation)
[ Backfill [ Backfill
design design
objective objective

(.4)
'*""*I

(.4)
'*"*"~*I

( . 2 )
_ - - .
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1

[ Minimize) [ Minimize] [ Minimize]
additional additional other
time depend- thermal additional 2>k
ent deform- deformation emplacement m2m
a tion around hole TO-
around emplacement closure m O
emplacement hole (post 3WI
hole (post decomi s- MMH
(post 1ecomis- sioning to Z O Co
decomis- sioning to resaturation) OX
sioning to resaturation) mnO
resaturation) O g- T
( .4 ) : [.16] (.4):[.16] J.2)i0g OO]y

ro

mOg $ CoE
MH2 OOq

zZo
mO2

[ Minimize] [ Minimize] mm4
temperature thermal 3CTincrease in expansion nm
rock mass potential OO$around in host yHy
emplacement .ock I<Ohole [ Site
(post selection >m m
decomis- objective] 2*E

Osioning to 57 3 m .g >resaturation) ] Z
(.5):[.080] (.5J:1080] O ry Co j mt

O

,% g Ss c'= ==

m me=dHp D g Omc
.: m C0 CDs

KH2 of 8 .if '- T O
O k> $ "
k ? EG dem'

o M E~p <H O
m odm mg

ha m <
M pn 1 m
M ( N m
o 2!
o %
ca 8
9 m
t la

La$ O

M
.

%&-w~m .-*+r+r*+sgm VPa % GW=d >N "PM b 4 f*-
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and assumpttens. Geir these perfor-

es=e se,en)nttees reistes te note-flin he. tees twntsyted, same of
tesch have been refere=ed one f#*
ther breeen dama elseuhere. Inese
performente subetjettives enrelated

to ascef tli have not been fortaw
tavestigated, and are marked aggt. g
The retett.e might of nem s.6-

-r,e6Jactive te erhieving the reposttery
3system perferetace ettlettive is bened

,
en preconcetred repesttery destes **

Centepts. 90ee.rtC site tendttiens, !"_"",,,and perfor== nmmat =thee. *..elegy (see $9Clio4 I of note fest); . . '
should the 8t"88 "Has
Weights e se presises thenge, the

=-

N
-

F Change, Aise. the motghts " "e'e 7C gestati sigetfigent subjectivity te
their essesse II

contered e.emt and should thus be '" 8"8 "")1, as
esceters of reiett.appr=+este to.e sipificeae.

[sintaint (mitteta) (nietain)seettieaal stens tecenu ** (ref. Figure A.30)emoluesent temfer s.ei t ing
hele through misse of
tiesere bSC4 flu hukf tliI9eit greens unste around meste
eneteret ten) pecaep putep

(post (post
resaturetten) routdatten)
(necatin (sunf tti
sesign eenign
eDjettive 06)ective
1861 3) heet2s-3)

I.4) (.4) (.2)

(ni.iein) (ni.seini tui. in)eseiuensi easiticael other
stee seceae. seerest ee- eeditional 3>$eat eefore- formatten espine=at mZmet tee coune note Mo-around espleteewat cinere m o
esolue=at hele (post 35m>Zhele (post mutaatica) a
trent routeret ten) ZOM
resetsetten) m5O

0 9( .4):[ .16) (.4):f.16) (.2):[.081 o 3
OOm

11 Em1
m EeO-mOO~zZHO(usstein) (nietoin) 103temperatere theres t mW34 4t#Creese se essensten

rect mass potentiet mmT
eresas s. hest race Oome=eine=*: [sete 343heie seintton gQ9(post mjut'*1
msetsettea) >mOgg3
(.5):[.080)15)].08_0] Qgh

Z*1,O
1 C m

'

93
KM3 0mm

(D e c
s_1 5mmowt OOe

g. -5 d"A.
w b n m 5c? O

m*2k Wu9 Oe

%% 2= W <C
L Z mV C (k M a

t to n. c m
I tC ~

,

f.
l'

e
C
L3 =

M'*J *

I
LM
C



C8 A j WEl! HTS CF REP 3SITO%Y PERFCCMANCE CU 02JECTIVES
AND CACKFILL DESIGN OBJECTIVES WITH RESPECT TO Figure B.32
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Ca2) CEllHTS OF CEPISITO?,Y PECFORMANCE SUBOBJECTIVES
AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO Figure 8.33
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5 CR2

i
(Minim 12eli
additional,

fracturing!
in rock ma
around
undergroun
opening

Note: Refer to Figure B.3 for definitions (room scal
and assumptions. Only those perfor- (post
mance subobjectives related to back- decomis-
fill have been investigated, some of sioning to
which have been referenced and fur- resaturatii
ther broken down elsewhere. Those
performance subobjectives unrelated
to backfill have not been further
investigated, and are marked 6 m .

The relative weight of each sub-
(Minimize) (Mobjective to achieving the repository decrease in 21,

system performance objective is based
ratio of du4on preconceived repository design intact rock ro<concepts. generic site conditionse
strength ar<and performance assessment method-
te shear stress uniology (see Section 2 of Main Text); in rock mass opishould these premists' change. the
around (rtmef ghts may change. Also, the weights underground (pientall significant subjectivity in

their assessment, and should thus be opening de<

considered only as appron tmate in* (room scale) sid
(post re'

dicators of relative significance. decomis-
tioning in
resaturatten)

(.8)

(Manimize) (Minimite) (Minimite) (Md
decrease in increase in decrease in ini
shear stress shear stress intact rock pla
in rock mass in rock mass strength dut
aeound around around int
underground underground unde rground arr
opening opening opening une
room scale) room scale) room scale) opa
post post post (ro

decomis- decomis- decomi s. ($1stoning to sioning to sioning to nel
resaturation) relaturation) resaturation) obJ

( . 2 ): [.161 (.3):[.24] ( . 5 ): [.40] .( '
AR2h

(Minimize) (Minimize) (Minim 12e] (Ministre] (Manimire)additional alteration / temperature decrease in increase indamage (e.g., solution of increase in compressive compressivemicro- intact rock rock mass stress in effectivecracking) around around rock mass stress into intact underground underground around rock massrock around opening opening underground aroundunderground roomscale) roomscale) opening undergroundopening during during roomscale) opening
(room scale) retrieval retrieval during (room scale)(during period) period) retrieval (duringretrieval period) retrievalperiod) period)
(.1):[.04] (.3):[.12) (.4):[.16] (.1):[.04] (.1):[.04]
DR2 u JR24 KR2 0 BR2P AOR2 4
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WElGHTS OF REPOSITORY PERFORMANCE SUBOBJECTIVES o

AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO Figure B.33 g*
;

REFERENCED COMMON PERFORMANCE SUBOBJECTIVE CR2 ,"~*
.-
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APEllT d
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w1,e) (Mmimi,e (M.sioint) *

decreate n increa't in 'g
ity/ plasticity / plasticity / (d|{ _ . s

"

*ity of ductility of ductility of
* *

rock intact rock intact rock *
s

,

around around -

'ound underground underground ,

,

I opening opening . p '_
cale) room scale) room scale) ,G !

,

from initial from initial 3 ,

on escavation to encavation to /. '

-

ve) relaturation) relaturetton) 4,.

& ( . 2) : [.04] (.2):[.04] [t y
'

.,
. .: s ,.

'^

(Mintette) (Ministre) (Mintmtre) Maatstre) Mastatte (Mantatre)
-

decreate in decreate in decreate in vreate in ncreate n increate in i

plasticity / plasticity / plasticity / plasticity / plastictly/ plasticity /
ductility of ductility of ductility of ductility of ductility of ductility of *
intact rock intact rock intact rock Intact rock intact rock intact rock . . ,*

around around around around around around #

underground underground undergrc ed underground underground underground
opening opening opening opening opening opening

'

roomscale) roomscale) room scale) roomscale) roomscale) roomscale)
from initial during post from intilal during post

estavation retrieval dec onen t s. estavation retrieval deconsnit. - '

'hr pertol) stontng tothe ugh period) tioning to
|y ,49h relaturetton)relaturation)

"'' [c,meng)Q
c,m,ng-,
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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 DR1
which have been referenced and fur-
ther broken down elsewhere. Those
performance subobjectives unrelated I f

to backfill have not been further
investigated. and are marked m i.

The relative weight of each sub. additiona
objective to achieving the repository loosening
system performance objective is based of rock mass
on preconceived repository design (oraddi.
concepts. generic site conditions. 110"8I
and performance assessment method. damage (e.g. ,
ology (see 'ection 2 of Main Teut); micro.
should these premises change. the cracking) to
weights may change. Also, the weights intact rock)
entall significant subjectivity in around
their assessment, and should thus be underground
considered only as appennimate in, opening
dicators of relati e significance. (roomscale)v

(during
retrieval
period)

(Masimize (Minimite) (Maalmite] (Miniettel
structura time to decrease in dynamic
support placement other loading of
provided by of backfill structural rock mass
backfill (during support (turing
(during retrieval (e.g., roof retrieval
retrieval period) bolts) period)
period) [ Backfill (during
[tackfill design retrieval
design objective period)
objective bsrla.1]
bmr2a.1]

(.2) (.2) (.5) (.1)

d
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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 definitions DR2and assumptions. Only those perfor-
mance subobjectives related to back-
fill have been investigated, some of j j
which have been referenced and fur-
ther broken down elsewhere. Those
performance subobjectives unrelated (Minimire]
to backfill have not been farther additional
investigated, and are marked a u . loosening (ref. Figure A.35)

of rock mass
The relative weight of each sub- (or addi-
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
niogy (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. deconunis-
dicators of relative significance. sioning to

resaturation)

/

s

(Minimize] (Maximize) ; Minimize]
decrease in decrease in 'jnamic
structural other loading of
support structural rock mass
provided by support (post
backfill (e.g., roof deconsnis.
'.po s t bolts) sioning to

, deconunis- (post resaturation)
sioning to decomis-
resaturation) sioning to
(Backfill resaturation)
design
objective
tsr2c-2]

> (.4) (.5) (.1)

B-40

_



e

WElGHTS OF REPOSITORY PERFORMANCE SUBOBJECTIVES Figure B.37
AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE DR3

P

l

Note: Refer to Figure B.3 for definitions DR3
and assumptions. Only those perfor-
mance subobjectives related to back-
fill have been investigated, some of j f

which have been referenced and fur-
ther broken down elsewhere. Those
performance subobjectives unrelated (Minimite)
to backfill have not been further additional (ref. Figure A.36)
investigated, and are marked km . loosening

of rock mass
The relative weight of each sub- (or addi-
objective to achieving the repository tional
system performance objective is based damage (e.g.,
on preconceived repository design micro-
concepts, generic site conditions, cracking) to
and performance assessment method- intact rock)
ology (see Section 2 of Main Text); around
should these premises change, the underground
weights may change. Also, the weights opening
entail significant subjectivity in

{postroom scale)their assessment, and should thus be s
considered only as approximate in- resaturation)
dicators of relative significance,

t

.. '

.. s

..r.

(Minimize) (Meximite) (Minimize]decrease in decrease in dynamic
structural other loading of
support structural rock mass
provided by support (post
backfill (e.g., roof resaturation)(post bolts)
resaturation) (post
(Backfill resaturation)
design
objective
ber2c-3)

(.5) - - - - -(.4)- - - _ _.1)(
-

e

I

I
t
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1
-s

[ Minimize]
duration o
retrieval
period
[ Repositor
design
objective)

mumm

[ Minimize] (Minimize] (Minimize]
hydraulic hydraulic time to
conductivity conductivity placement
of rock mass of backfill of backfil
around and interface (room scal
underground (room scale) (during
opening (during retrieval,

(room scale) retrieval period)
(during period) [ Backfill
retrieval (Backfill design
period) design object- objective

ivebhrla-1] bsrla 1]

(.5):[.2] (.2):[.08] (.2):[.

[ Minimize] (Minimize] (Minimize] (Maximize]
initial increase in increase in decrease 1
hydraulic hydraulic hydraulic hydraulic
conductivity conductivity conductivity conductivi
of rock mass of rock mass of rock mass of rock m
(Site (room scale) (room scale) (r,im scal
selection (from initial (during (i.e.. sea
objective] excavation retrieval ing/fillir

through period) dnbh
waste (from init
emplacement) excavattor

2'stli"
emplacemes

(.5):[.11 32,j;[ .041, (.1):[.02] 1Q:1.,

| FR1 4
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<
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h WElGHTS OF REPOSITORY PERFORMANCE
ER1 4 SUBOBJECTIVES AND BACKFILL DESIGN Figure B.38,

OBJECTIVES WITH RESPECT TO REFERENCED
i $$'No, COMMON PERFORMANCE SUBOBJECTIVE ER1
T- Into
"

underground
g opening

(room scale)
(during

[ retrieval
- period)

c-

E
-'

[ Minimize) [ Minimize] [ Minimize] (ref. Figure A.37)
~

hydraulic hydraulic excavated
' conductivity gradient volume of
.

in depressur- from in situ underground
[ ' ized zone to to opening6

waste package underground (room scale)
- (during opening (during

im Available On- retrieval (room scale) retrieval
period) (during period) #jPerture Card

retrieval [ Repositorys

- P"' 'I N$1..I
_ .S (.4) (.3) 1.2)

-

--

s!)* :-,

I
(Maximize] [ Minimize) (Minimire]

{IrTUREintegrity duration of in situ head
of tunnel dewatering (Site

CAffb- 1 liner (if (during selection
:) any) retrieval objective]

(during period)
'_ retrieval
-

period)
.

=

-

(.6):[.1811_QQ;If4M41]d2])8

5 N
[ Maximize]
decrease in Note: Refer to Figure B.3 for definitions and assumptions. Only those performance
hydraulic subobjectives related to backfill have been investigated, some of which have

y conductivity been referenced and further broken down eleswhere. Those performance sub-
5 of rock mass objectives unrelated to backfill have not been further investigated, and are
) (roomscale) marked rssa.
- (during

retrieval The relative weight of each subobjective to achieving the repository system
period) performance objective is based on preconceived repository design concepts,

al 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.

)

{1)f.02]
<

B-42
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(Minimize]
hydraulic
conductiviG
in depressr
ized zone g,
waste packD
(post
decornis-
sioning to
resaturattoi

(.

(Plinimize] (Minimizel
hydraulic hydraulic
conductivity conductivit
of rock mass of backfill
around and interfai
underground (room scale
opening (post
(room scale) decorin t s-
(post sioning to
decocnis, resa tura tio'
sioning to (Backffll
resaturation) jQgg,,

bhrla.2'
(.5):[.25] (.4):" . 2:

N

(Minimize] (Minimire] (Minimire] (Minimire] (Maximite)
initial increase in increase in increase in decrease in
hydraulic hydraulic hydraulic hydraulic hydraulic
conductivity conductivity conductivity conductivity conductivity
of rock mass of rock mass of rock man of rock mass of rock mass
(Site (roomscale) (roomscale) (room scale) (roomscale)selection (from initial (during (post (i.e., seal-
objective] excavation retrieval decomis- ing/ filling

through period) tioning to of discont-
waste resaturation) inuitles)
emplacement) (frominitia

excavation

Osje'"e
enp acement

i1 4 { 101 (.1):1025} (.1):[.025] (.1):[.025] m( .1 ):[ .02'g = ----
I

FR1 U FR2 4
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WEIGHTS OF REPOSITORY PERFORMANCEER2 q
SUBOBJECTIVES AND BACKFILL DESIGN Figure B.39

(Minimi,e) OBJECTIVES WITH RESPECT TO REFERENCED
rate of flow COMMON PERFORMANCE SUBOBJECTIVE ER2into
und;rground
opening
(room scale)
(post
d:comis-
sioning to
r* saturation)

r

AlsoA,.ggy
[ Minimize} [ Minimize} djier|ggpp p4Pdhydraulic excavated
gradient volume ofr

from in situ underground'-

i ta opening (ref. Figure A.38 )
le undIrground (room scale)

cpening (post
(room scale) decomis-
(post sioning ts

) decomis- resaturation)
goning

i) resa turation)) (.2)
j{hp.tnpff

(.3.m===..-----_

,

ERT[jj ."
CAng

(Maximize}
integrity of
tenn21 liner,

(ifany)
9 (post

d;comis-
sioning to
r; saturation)

|}

Note: Refer to rigure B.3 for definitions
)] .(,}.} .[ 05].

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

(Maximize) (Maximire} nves gaW aM am maM e .decr:as? in decrease in
hydraulic hydraulic
conductivity conductivity The relative weight of each sub-

objective to achieving the repository
system performance objective is basedoo e sc

g on preconceived repository design
r rie al d is, concepts. generic site conditions,

and performance assessment method-period) "

4 at on) ology (see Section 2 of Main Text); ;

j 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. '

R (.1):[.025] ( .1): [.025] dicators of relative significance. ;
o

g 6mmm=== wmm mmme i
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WElGHTS OF REPOSITORY PERFORMANCE SUBOBJECTIVES Figure B.40
AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE FR1 r

hote: 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- FR1
ther broken down elsewhere. Those
performance subobjectives unrelated I
to backft11 have not been further 1 I

investigated, and are marked SW .
(Minimite)

The relative weight of each sub. Increase in
objective to achieving the repository hydraulic
system performance objective is based conductivity (ref. Figure A.39)
on preconceived repository design of rock m ss
concepts generic site conditions. (roomscale)
and performance assessment method. (during
ology (see Section 2 of Main Tent); retrieval
should these premises change. the period)
weights may change. Also. the weights
entall significant subjectivity in
their assessment, and should thus be
considered only as approximate in-
dicators of relative
significance.

(Minimite) (Minimite (Minimize
additiona)ladditional additiona

fracturing opening of washing out
around discontinui- of filled
underground ties in rock discontinui-
opening mass ties
(roomscale) (room scale) (roomscale)
(during (during (during
retrieval retrieval retrieval
period) period)

(.4) (.2) period) ( .4)

CRI

(Minimite] (Ministre) (Minimire) (Minimite)
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 (roomscale) retrieval (roomscale)
(roomscale) (during period) (during
(during retrieval retrieval
retrieval period) period)
period)

(.6):[.12] (.4):[.08] (.8):[.32] (.2):[.08]

U U

BR1 ERI
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WElGHTS OF REPOSITORY PERFORMANCE SUBOBJECTIVES Figure B.41
AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE FR2

Note: Refer to Figure 0.3 for definitions
and assumptions. Only those perfor.
marce subobjectives related to back-
fill have been investigated, to*e of FR2
which have teen referenced and fur-
ther broken down elsewhere. Tnote
performance subobjectives unrelated jf
tn backft11 have not been fu tnerr

invest 1 gated and are mar 6ed t w .

The relative weight of each Sub- increate in
cbjective to achtesteg the repository hydraulic (ref. Figure A.40)syste'n performance objective it base J conductivity
on preconceived rerository dett an of rock mast

fpostroom scale)concepts. generic site conditions,
and performance atlettment treth01,
0101/ (See Section 2 of Main Tent); I*

thould these premises change. the stoning to
weights may change. Also, the wetohts relaturation)
entall Significant subjectivitt in
their assetiment and thould thus be
coltidered only at appron tmate in-
dicators of relative
ti;ntftcance.

.

(Mintette) (Minimite) (Mintmite}
addtttonal additional additional
fracturing opening of wathing out
around discontinut. of filled
underground ties in discontinut.
opening rock mest ties
(roomscale) (post (roomScale)(post decomin a (pott
de c om t a = tioning to deconen t s.
Stoning to rela tura t ion) tioning to
relaturetton) rotaturation)

(.4). (.2) (.4)

CR2

(Minimite) (Minimite] (Minimite (Minimite)decreate in other rate of f ow other
comprettive additional into additionalstrent in opening of underground wathin out
rock mass discontinui. opening of fil) ledaround ties in (roomScale) discontinut.underground rock mais (post ties
opening (roomscale) decomis. (room Scale)(roomscale) (post stoning to (post(post decocnll* relaturation) decomit.decomis. tiontng to stoning tostoning to relaturation) relaturation)MtatradonL
( . 7 : [.141 -(.3}:(.06) (.8'4.32] (.2):^.08),--

4 y
BR2 ER2

B 45



._

,

WElGHTS OF REPOSITORY PERFORMANCE SUBOBJECTIVES Figure B.42
AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE FR3 !

Note: Refer to figure R.3 for definitions
and attumptions. Only those perfor.
mante tubobjec tives related to bac k a
fill have been investiqated, tree of

which have been referenced and fur. IN3
ther bro 6en down altenhere. Ihnte

Iperformance tubobjectivet unrelated
in hac6 fill have nnt l'een further I l !

investigated. and are marted t w . )
The relative welqht of each sub. (Ministre)
objective to achieving the reposttney increate in
sf ttem performanc e objective it batea hydraulic (ref, fjqure A.41)
on preconceived repo t tory deslan (ondw(ttvity

concepts. generic site conditions. of roch mest
and performance attestment methmt. (roomscale)
oloqr (see $c(tton 2 of MAln test)4 (PO%$
thould these premites chanJe. the reteturation)
wetyhti may ChAnle. Also, the metahts
entJll signift(ant tubjectivity in I

taetr aucument, and thoulJ the be
contiocred only at appens tmate in-
dicators of relative
signifttante,

(Minimite) (Minimile (Ministge
ad16 t t onal additiona adJtttone

'

fracturing opening of wathing out
around dittontinela of filled
underground tiet In diuontlnut.
opening roth Nu ties
(room u ale) { roupi uale) (room scale)
(post trott (post
regaturetton) rotateration) relatw/etton)

(.4) (.4) (.?)

4 y

] CR

(Mlatatie) (Ministle)
decreate in other

i tomprettive additional
ttrett in opening of'

roth matt dittentinut.
around tiet in
underground rect matt
opentog (roomtcale)
(room u ale) (pont
(post relateration)
rotaturation)i

(.7)1[.28) (.3I! .I?'

l I

HH3

1

H.46 1

1

I
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WElGHTS OF REPOSITORY PERFORMANCE SUBOBJECTIVES F6gure B.43
AND BACKFILL DESIGN 08JECTIVES WITH RESPECT TO
REFERENCED COMMON PEAFORMANCE SUBOBJECTIVE GH1

,

r,n l

h, _.,_

talateteel ccre oee en.
vernniwnt a ovaJ weite (ref. Figure A.42)
puhage (# tiering retrieval
Neted)

._ _ __ sp

(Mintette) (Minteiss (Mintatte) (Minimite].orrottvenest witte pach.4e eette package 6, vent act.
vf flutd to tatt with taveratweg in1 on(#4rtng (terrostve) (durvig wette padage
retrieval fluid retrieval (durtag
peritt) (during period) retrieval

retrieval period)
period)

( . .f ( (.3) (.2) (.1)
/_ N, N M jil

U OH1/
$ -

. -

**unin'te) (**ntmise) (Mintette (matette) (m t.tre (Mintetse)tit'al IM reate in increate n pitigatten 6f mine/batt til other wette
'

trerativenett corrostvenett terrot tvo wst ,verettve relaturation padageof t a rd. af grov d. e' gaownd - gron % 4ter time contatt witha

water we'er * iter aroud r/ bed fill (pott waste (corrollve)lbile fir'** initial matte pa d age (during emplacement fluidtelettton estavation (during retrievtl i to (duringobjettive) through retrieval
b 'rtod)ll relaturation) retrieval

wette perfid) ( t id f i period)
ow 'He %nt) de s tg e

colet',tve4

h1'.1 b 1'1II ) (.16] (.4) I.12l Mbd,

V

2.2.1
_t,t c e,re, en f t.ne ii.a ter d.tinitiont est attu ptioni, o,ily those perforninte ivix>nintives related to

butt'ei have t=an lavettigated. Stee of which have les refereMed and further broken down etteweers,
i,1tf perfuria. ext tulmbjHtivet unrelated to hedelli have not een further investigated, and are
marbedea s4.

The relative weight of pet,h tutschjettive to achieving the f *oott'orf tyttom perfe*mante ohjMitve it
b4ted on pre (ttnt elve<t pswittlof t Jetiqn cont epit, generte site conditionte and per formente atteggment
9P't hode lf 1. ( t oe Set t t 4P / of Main teet), thowtj these pressingt than19, the hJtqhti map thanqe. Also,t

the welin%ts entall llyntfitant tdjettivity in their attetsmeent, and thnvld thws be considered only at
appttialWe indicalof t of rel4Leve flytttf ttafge.
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V/ElGHTS OF REPOSITORY PERFORMANCE SUBOBJECTIVES Figure B.44
AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE GH2

GH2

I f

|

(Mintette) increate in
corrostve en- (ref. Figure A.43) .

vironment around waste |
package (post decomis. '

stoningtorelaturatton)

|

(Mintette) (Mintente) (Minimite) (Mintelle)
increate in wette package increate in increate in
corrostvenett contact with wette package Strett act.
of fluid (corrostve) temperature ing on
(post fluid (post watte package
decomin. (post deconcit t. (post
tioning to dec omi t. tioning to decomfl.
relaturatton) stoning to relaturetton) tioning to

relaturation) relaturation)

(.2) (.2) (.4) (.2)

LH2
U BH2

(Mlatette] (Mastelse) (Maalatte (Minimite)
increate in mitigation of mine/bstk 111 other waste
corrottvenest corrottve relaturation package
of ground. groundwater time contact with
water around by backftll (postwaste (corrosive)
waste package (pott emplacement fluid
(post decom65 to (post
dec omit. Stoning to reteturation) decomit.
lioning to reteturation) gioning to
reteturation) (Backftll relaturation)

detion
objective

y,lf:[.)61 (.4):[. cal .L1).L e 1_21(.2):f041 i I

0

2.2.1

Notes enfer to figure 0.3 for definitions and assumptions. Only those performance tubobjectiven related to
bedfill have 14en investigated. Some of which have been referenced and further broken down ettewhere.
those performance tubobjectivet unrelated to backf tll have not beeh further investigated and are
mar 6ed es sa,

the relative weight of each tubobjective to achieving the repetitory tyttem performance objective 15
hated on preconceived repolttory design con (epts, generic lite conditions, and performance atlettment
methodology (see Section 7 of Main feat)n thould these premises change, the weights may change. Alto,
the we'qhts entall significant tubjectivity in their annettment, and thould thut be contidored only at
appros.Ntv Indicators of relative significance.
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WElGHTS OF REPOSITORY PERFORMANCE SUBOBJECTIVES Figure B.45
AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE GH3
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[ Minimize] increase in
corrosive en-
vironment around waste (ref. Figure A.44)
package (post-resatura-
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) (PDst resaturation) (post

res*turation) resaturation)

(.2) (.2) (.4) (.2)

NLH3 BH3

x x
[ Minimize] [ Maximize]
increase in mitigation of
corrosiveness corrosive
of ground- grcundwater
water around by bachitM
waste package (po*,t
(post ress tri ation)
resaturation) [ Backfill

design
objective
D8"I''l(.2):[.04] ( .8):[ .16]

Note: Refer to Figure B.3 for definitions and assu:ptions. 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 es sa.

| The relative weight of each subobjective to achieving the repository system performance objective is
i based on preconceived repository design concepts, generic site conditions, and performance assessment
i 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 Floure B.46
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE JR1

,

TI m.m

A.PERTung?
.CMuy

Alm Available On
A terttare Cardf

Minimize)
aration of
etrieval
triod

'[ * '# (ref. Figure A.45)
bjective]

,

(.2)
- - - - - ,

Note: Refer to Figure B.3 for definitions and assumptions. Only those performance
subobjectives related to backfill have been investigated, some of which have

Maximize] been refererced and further broken down eleswhere. Those performance sub-
rotection objectives unrelated to backfill have not been furthea investigated. and are
' expo W inarked rssa.
Dck surfaces
nderground Tne velative weight of each subcbjective to achieving the reoository system
room scale) performance objective is based on p*econceived repository design concepts.
during generic site cor.ditions, and performance assessment methodology (see Section
etrieval 2 of hir. Text); s'iould these premises change. the weights may change. Also,
eriod) the weights entail significant subjectivity in their assessment, and should

t%s be considered only as approximate iridicaters of relative significance.

_.2.-) : [ . 08](.

*%

Maximize] (Minimize] (Maximize]
.rotection time to protection
f exposed placement of exposed
ock surface of backfill rock surface
nderground (room scale) underground
room scale) (during (room scale)
y backfill retrieval by liner /
during period) seal /
etrieval [ Backfill support

"eriod) design (e.g., shot-
Backfill objective crete)
esign bsrla -1] (during
bjective retrieval

4):[.032] (.2):[.016] L.4J:J).33p
grl-1] period
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WEIGHTS OF REPOSITORY PERFORMANCE SUBOBJECTIVES I

AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO Figure B.47
,

*REFERENCED COMMON PERFORMANCE SUBOBJECTIVE JR2

Also AvailaMe On
Aperture Card"

mize]
ure to
tions
promote (cef. Figure A.46)

ation/
i:n or

/mass

h$&fGRground

(dggscale)

mis-
ng to

(

Note: Refer to Figure B.3 for definitions and assumptions. Only those performance
subobjectives related to backfill have been investigated, some of wnich have

(Maximize] been referenced and further broken down ele 3where. Those performance sub-
protection objectives unrelated to backfill have not been further investigated, and are
cf Expostd markea rs sa.
rock surface
und:rground The relative weight of each subobjective to dchieving the repository system
(room scale) perfonnance objective is based on preconceived repository design ccncepts.
(post generic site condi; ions ar.d perf ormance assessment methodology (see Section
decomis. 2 of MMn Text); shouM t7;e prJaises c.hange. the weights may change. Also,
sioning to the weights entail sigaificant subjectivity in their assessment, and should
r2 saturation) thus be considered only as approx 1We indicators of relative significance.

) (.2):[.10]

(Maximize] [ Maximize]
protIction protection
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[ Backfill (post '

design decomis-
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WElGHTS OF REPOSITORY PERFORMANCE SUBOBJECTIVES Figura B.48
AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE JR3

JR31 t n

[ Minimize) (ref. Figure A.47)
additional

' "Note: Refer to Figure B.3 for definitions
ut of The relative weight of each sub-

and assumptions. Only those perfor- rock mass (or objective to achieving the repository
mance subebjectives related to back- intact rock) system performance objective is based
fill have been investigated, some of around on preconceived repository rfesign b
which have been referenced and fur- underground concepts, generic site conditions,
ther broken down elsewhere. Those opening and performance assessment method-
performance subobjectives unrelated (room scale) ology (see Section 2 of Main Text);
to backfill have not been further (post should these premises change, the
investigated, and are marked s m . 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.
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(.4):[. i

| '

[ Minimize) [ Minimize] [ Minimize] [ Minimize] [ Minimize] [ Maximize) [ Maximize)t

| in situ temperature temperature temperature tempera ture protection protection
| temperature increase in increase in increase in increasa in of exposed of exposed
| [ Site rock mass rock Eass rock mass rock mass rock surface rock surface
! selection a round around around around underground underground ,objective] underground underground underground underground (roomscale) (room scale)

opening opening opening opening by backfill by liner /
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(from initial (during (post (post resaturation) Support
excavation retrieval decommis- resaturation) [ Backfill (e.g., shot-
through period) sioning to design crete)
waste resaturation) objective (post
emplacement) bgrl-3]

resaturation)](.2)104] (.1):(02] ( . 2): [.04] (.2):[.04] (.3):[.06] (.6):[.06] (.4):L04 s:
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[ Minimize]
temperature
increase 17
rock mass
around
undergrouns
opening
(room scalc
(during
retrieval
period)

(Minimize] [Ma:
heat hea'
transfer dis'
to rock mass in
around aroi

underground und<
opening opei
(room scale) (ro<
(during (e.
retrieval the
period) con

(du
ret
per
[si
sei

(.6) _bj <
o

w

[ Minimize] [ Maximize] [Ma;
heat output separation ins,

per waste of waste wa s '
package packages fror
( duriar, (during mas'
retrieval retrieval undt
period) period) opei

[ Repository [ Repository (ro:
design design (dui
objective] objective] ret'

' per
(Ra<
dss
ot.j t
btr(.2):[.12] ( .1): [.06]

mammmu ,mmmun

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 eleswhere. Those performance sub-
objectives unrelated to backfill hav7 not been further investigated, and are
marked rs pa.

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 assessmerit methodology (see Section
2 of Main Text); should these premises chance, 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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'' tWElGHTS OF REPOSITORY PERFORMANCE SUBOBJECTIVES
AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO Figure B.49-

REFERENCED COMMON PERFORMANCE SUBOBJECTIVE KR1
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WEldHTS OF REPOSITORY PERFORMANCE SUBOBJECTIVESFiguro B.50
AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE KR2,

KR2 y
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(ref. Figure A.49)gg,,,,,,,)
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increase in Note: Refer to Figure E.3 for definitions
rock mass and assumptions. Only those perfor-
around mance subobjectives related to back-
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(post performance subobjectives unrelated
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The relative weight of each sub-
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system performance objective is based
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and performance assessment method-

3 -
ology (see Section 2 of Main Text);
should these premises change, the
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WEIGHTS OF REPOSITORY PERFORMANCE SUBOBJECTIVES Figure B.51
AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE KR3
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(ref. Figure A.50)
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resaturation) to backfill have not been further

investigated, and are marked s w .

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);

[ Minimize) [ Maximize] should these premises change, the
;
' . heat heat weights may change. Also, the weights

'g. transfer dissipation entail significant subjectivity in
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heat output separation
per waste waste pack
package (during
(during retrieval
retrieval period)
period) { Repositor
(Repository design
design objective]
objective]

(.2):[.12] (.1):[.
6m=====6mmmm

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 eleswhere. Those performance sub-
objectives unrelated to backfill have not been further investigated, and are
marked rssa.

The relative weight of e:ch 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 De considered only as approximate indicators of relative significance.
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WElGHTS OF REPOSITORY PERFORMANCE SUBOBJECTIVESN AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO Figure 8.52 '
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WEIGHTS OF REPOSITORY PERFORMANCE SUBOBJECTIVES Figure B.53
AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO

I REFERENCED COMMON PERFORMANCE SUBOBJECTIVE KOR2
KOR2

U
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WEIGHTS OF REPOSITORY PERFORMANCE SUBOBJECTIVES Figure B.54
AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE KOR3
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(ref. Figure A 53)
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WElGHTS OF REPOSITORY PERFORMANCE SUBOBJECTIVES
AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO Figure 8.55 -

REFERENCED COMMON PERFORMANCE SUBOBJECTIVE KH1-

|
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WElGHTS OF REPOSITORY PERFORMANCE SUBOBJECTIVES Figure B.56
AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE KH2 -

KH2

' ' (ref. Figure A.55)

(Minimize] Note: Refer to Figure B.3 for definitions I
tesperature
increase in and assumptions. Only those perfor-
rock mass mance subobjectives related to back-
around fill have been investigated, some of
emplacement which have been referenced and fur-
hole ther broken down elsewhere. Those
(post performance subobjectives unrelated
deconnis. to backfill have not been further
sioning to investigated, and are marked av .
resaturation) The relative weight of each sub-

objective to achieving tha 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

(Minimize] (Maximize)
weights may change. Also, the weights

heat heat entall significant subjectivity in
their assessment, and should thus betransfer to dissipation considered only as approximate in-

rock mass in rock mass
dicators of relative significance.

around around
emplacement emplacement
hole hole
(post (e.g.,high
decomis- thermal
sioning to conductivity)
resa turatir,n) (post

deconnis-
sioning to
resaturation)
(Site
selection
cbjective?

(.5) d.5)

(Minimize] [ Maximize] (Maximize]
heat output separation insulation
per waste of waste of waste
package packages package
(post (post from rock
deconnis- deconnis- mass around
sioning to sioning to emplacement
resaturation) resaturation) hole '

(Repository (Repository (post
design design deconnis- -

lobjective) objective] sioning to
resaturation)
(Backfill
design
objective

bthl-2]
(.4):[.20] ( .2): [.10] (.4):[.20]
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WEIGHTS OF REPOSITORY PERFORMANCE SUBOBJECTIVES Figure B.57 q

AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE KH3

KH3

U
(ref. Figure A.56)

[ Minimize]
temperature Note: Refer to Figure B.3 for definitions
increase in and assumptions. Only those perfor-
rock mass mance subobjectives related to back-
around fill have been investigated, some of
emplacement which have been referenced and fur-
hole ther broken down elsewhere. Those
(post performance subobjectives unrelated

. resaturation) to backfill have not been further
I investigated, and are marked M .

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);

[ Minimize] [ Maximize] should these premises change, the,

heat heat weights may change. Also, the weights
transfer dissipation entail significant subjectivity in
to rock mass in rock mass their assessment, and should thus be
around around considered only as approximate in-
emplacement emplacement dicators of relative significance.
hole hole1

'

(post (e.g.. high
resaturation) thermal

! conductivity)
! (post

resaturation)
[ Site
selection'

objective]
*

--

|

I
j [hinimize] [ Maximize] [ Maximize]
| heat output separation insulation

per waste of waste of waste
package packages package from
(post (post rock mass
resaturation) resaturation) a round
[ Repository [ Repository emplacement
design design hole
objective] objective] (post

'

resaturation)
[ Backfill
design
objective

bthl-3]
(.4):[.20] (.2):[.10] (.4):[.20]

B-61
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! WElGHTS OF REPOSITORY PERFORMANCE SUBOBJECTIVES Figure B.58
AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE LH1

LH1
Note: Refer to Figure B.3 for definitions The relative weight of each sub-

and assumptions. Only those perfor- objective to achieving the repository
7mance subobjectives related to back- system performance objective is based

fill have been investigated, some of on preconceived repository design
which have been referenced and fur' [ Minimize] concepts, generic site conditions,
ther broken down elsewhere. Those and performance assessment method-waste packageperformance subobjectives unrelated temperature ology (see Section 2 of Main Text);
to backfill have not been further (during should these premises change. the
investigated. and are marked av . 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.

[ Maximize] [ Minimize] [ Maximize]
heat power per separation
transfer package of waste (ref. Figure A.57)
from waste (during packages
package retrieval (during
(during period) retrieval
retrieval (Repository period)
period) design [ Repository

objective] design

(.4)_. 5) f.1)
*'

(

[ Minimize) [ Maximize] [ Maximize)
insulation removal of dissipation
of waste heat from of heat
package f rom underground through
rock mass (during rock mass
around retrieval around
emplacement period) emplacement
hole hole
(during (during
retrieval retrieval
period) period)
[ Backfill
design
objective

( .I): [.16] (.3):[.12] ( . 3): [.12]

[ Maximize) [ Maximize]
time to rate of
placement of ventilation / )backfill cooling of '

around waste underground
package,and opening
ventilate (during

i

(during retrieval I

retrieval period)
period)
[ Backfill
design
objective

b5hol-1]

( .6): [.072] (.4):[.048]
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LH2 y

[ Minimize)
increase in
waste packas
tempera ture
(post
resaturatioq

[ Maximize] [ Minimize]
heat power per
transfer package
from waste (post
package decommis-
(post sioning to
decomis- resaturatior
sioning to
resaturation)

(.5) ( .i

[ Maximize) [ Minimize] [Ma5
dissipation insulation deck
of heat of waste powq
through rock package pack
mass around from rock (duf
emplacement mass rett
hole around per'
(post emplacement
decomis- hole
sioning to (post
resaturation) decomis-
[ Site sioning to
selection resaturation)
objective] [ Backfill

design
objective

bthol-2]

(.6):[.30] ( .4): [. 20] (.zmmmmmm

| [ Maximize] [ Maximize]
duration of time to
retrieval placement
period of backfill

Note: Refer to Figure 8.3 for definitions and assumptions. Only those performance [ Repository around wasta
subobjectives related to backfill have been investigated, some of which have design package,and

i been referenced and further broken down eleswhere. Those performance sub- objective] ventilate'

objectives unrelated to backfill have not been further investigated, and are (during
markedps pa. retrieval

period)
The relative weight of each subobjective to achieving the repository system [ Backfill
performance objective is based on preconceived repository design concepts, design
generic site conditions, and performance assessment methodology (see Section objective
2 of Main Text); should these premises change. the weights may change. Also, bshol-1]the weights entail significant subjectivity in their assessment, and should
thus be considered only as approximate indicators of relative significance.

(.5):[.080] (.3):[.04qmmmm ,
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| WEIGHTS OF REPOSITORY PERFORMANCE SUBOBJECTIVES
' AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO Figure B.59

REFERENCED COMMON PERFORMANCE SUBOBJECTIVE LH2-

)

b

_

|

f [ Maximize)
I separation
I of waste

[$p*!$Iory (ref. Figure A.58) Also Available O'no

O d) obj ive]

') (.1)
_

-----

|

!imize) [ Minimize]
pase in initial
y pIr power per uw

' * ' *Oge package p
;ing [ Repository
jeval design MyERTUE.
ied) objec tive]

| CARD
!

-
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i

1

-) : [.16] ( .6 ) :[.24] i

N
[ Maximize]
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| cooling of ,
l undIrground
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WElGHTS OF REPOSITORY PERFORMANCE SUBOBJECTIVES Figure B.60
AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE LH3

P

LH3
iNote: Refer to Figure B.3 for definitions The relative weight of each sub- )and assumptions. Only those perfor- objective to achieving the repository

mance subobjectives related to back. 1 I system performance objective is based
fill have been investigated, some of on preconceived repository design
which have been referenced and fur- [ Minimize] concepts, generic site conditions,
ther broken down elsewhere. Those increase in and performance assessment method- Lperformance subobjectives unrelated waste package ology (see Section 2 of Main Text);
to backfill have not been further temperature should these premises change. the
investigated. and are marked L W . (post weights may change. Also, the weights

resaturation) entail significant subjectivity in
their assessment, and should thus be
considered only as approximate in-
dicators of relative significance.

[ Maximize] [ Minimize] [ Maximize)
heat power per separation (ref. Figure A.59)tr6nsfer package of waste
from waste (post packages
package resaturation) [ Repository
(post design
resaturation) objective]

(.5) (.4) (.1)

[ Maximize] [Minimizej [ Maximize) [ Minimize]
dissipation insulation decrease in initial power
of heat of waste power per per package
through package from package [Repesitory
rock mass rock (from waste designMpssaround ac m nt oWectMcementemplacement hole (post to
hole resa tura tion) resa tura tion)(post [ Backfill
resaturation) dest;n
[ Site objective
selection bthol-3]

f.*h:f30] (.4):[.20] (.5):[.20] ( . 5): r.20]m--mk d

[ Maximize] [ Maximize] [ Maximize]
duration of time to rate of
retrieval placement ventilation /period of backfill cooling of

i [ Repository around underground
design waste package, opening
objective] and (during

ventilate retrieval
(d; ring period)
retrieval
period)
[ Backfill
design
objective

MM). *1".W't.06] (.2): r.04]
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WElGHTS OF REPOSITORY PERFORMANCE SUBOBJECTIVES Figure B.61
AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE MH1

MH1 (ref. Figure A.60)

I f

Note: Refer to Figure B.3 for definitions The relative weight of each sub-
and assumptions. Only those perfor- objective to achieving the repository
mance subobjectives related to back- [ Minimize] system performance objective is based
ffil have been investigated. Some of time on preconceived repository design
which have been referenced and fur. dependent concepts. generic site conditions.
ther broken down elsewhere. Those deformation and performance assessment method-
performance subobjectives unrelated around ology (see Section 2 of Main Text);
to backfill have not been further emplacement should these premises change. the
investigated and are marked tui . hole weights may change. Also, the weights

(durin9 entail significant subjectivity in
retrieval their assessment, and should thus be
period) considered only as approximate in-

dicators of relative significance.

[ Maximize] [ Minimize] [ Minimize) (Minimize] [ Minimize]
time retrieval stress level tempera ture creep
dependent period in rock mass in rock mass potential
deformition duration around around in host rJck
around [ Repository emplacement emplacement (Site
enclacement design hole hole selection
hole objective] (during (during objective]
(from initial retrieval retrieval
excavation period) period)
through
waste
emplacement)

(.4) (.2) (.1) (.1) (.2) .

[ Minimize] [ Minimize] [ Minimize) [ Minimize) [ Minimize] [ Minimize]
initial increase in increase in initial temperature tempera ture
in situ stress in stress in temperature increase in increase in
stress in rock mass rock mass in rock mass rock mass rock mass
rock mass around around [ Site around around
[ Site emplacement emplacement selection emplacement emplacement

i selection hole hole objective] hole hole
objective] (from initial (during (from initial (during

excavation retrieval excavation retrieval
through period) through period)
waste waste
emplacement) emplacement)

(.3):f.03] (.5):f.os] (.2):[.02] (.3):f.03] (.2):f.02] ( . 5): [.0s]

U U

AH1 KH1
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/
Note: Refer to Figure B.3 for definitions and assumptions. Only those performance

subobjectives related to backfill have been investigated, some of which have [ Maximize
been referenced and further broken down eleswhere. Those performance sub- time
objectives unrelated to backfill have not baan further investigated, and are dependent

deformatfmarked rs pa.
around

The relative weight of each subobjective to achieving the repository System emplaceme

perfors.ance objective is based on preconceived repository design concepts, hole
generic site conditions, and performance assessment methodology (see Section (from int
2 of Main lext); should these premises charge, the weights may change. Also, excavatic
the weights entail significant subjectivity in their assessment, and should decomis-
thus be considered enly as .ppr*ximate indicators of relative significance. sioning)

[ Maximize] [ Maximize) [ Minimize) [ Minimize] [Minimi24
time dependent additional initial increase in increase
oeformation time cependent in situ stress in stress ir
around em- deformation stress in rock mass rock masi
placement hole around em. rock mass around around )
(from initial placement hole [ Site emplacement emplacemi

excavation (during re. selection hole hole
through trieval period) objective} (from initial (during
waste em. excavation retrieval
placement) through period)

waste

( . 3):[.18] ( .7 ):[.423 ( .2):[ .02] *(.5[05} ( . 2 )-[ e
*

- -

AH1U
DM0H1

l

I
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WElGHTS OF REPOSITORY PERFORMANCE SUBOBJECTIVES ,

AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO Figure B.62
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE MH2

MH21 r

[ Minimize]
additional

Also Ay,gg,gg gUtime
dependent

/1per(Ure Careldeformation
a round
emplacement
hole
(post
decomi s-
sioning to
resaturatiae)

(ref. Figure A.61 ) gT{ "@}
) [ Minimize] [ Minimize] [ Minimize] "g g

f
| stress level temperature creep
| in rock mass in rock mass potential
pn a round a round in host rock RD j) emplacement emplacement (Site
nt hole hole selection
1 (post (post objective]
tial decommis- decomi s-

to sioning to stoning to
resaturatfor) resaturation)

t.6) (.1) (.1) (.2)
. _ _ _ _ _ .

] [ Minimize] [ Minimize] [ Minimize] [ Minimize) [ Minimize]
fn incrQase in initial temperature temperature temperature

'ncrease in increase instress in temperature increase in i
i rock mass in rock mass rock mass rock mass rock mass
I around (Site around around around
)t emplacement selection emplacement emplacement emp'acewn:

| hole objective] hole hole hole
(post (from initial (during (post
decomis- excavation retrieval decomis-
sioning to through period) sioning tc

rQ5aturation) waste resaturation)

02] ( .1 ).[ .01] ( .2 Y.[ .02] ",h'[0h ( .3):[ .03] ( . 3):[ . 03]

AH2 KH1 KH2 U

|

0
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MH3

9

(Minimize]
additionalNote: Refer to Figure P.3 for definitions and assumptions. Only those performance timesubobjectives related to backfill have been investigated, some of which have

been referenced and further broken down eleswhere. Those performance sub-
dependent
def orma t ionobjectives unrelated to backfill have not been further investigated, and are around

marked rs pa. emplacement
holeThe relative weight of each subobjective to achieving the repository system (postperforrance objective is based on preconceived repository design concepts. resaturatiogeneric site conditions, and performance assessment method 31ogy (see Section

2 of Main Text); should these premises change, the weights may change. Also,
the weights entall significant subjectivity in their assessment, and should
thus be considered only as approximate indicators of relative significance.

(Maximire) (Minimize] (MC

time stress level tem
dependent in rock mass in
deformation a round aro
around emplacement emp

emplacement hole hol
hole (post (po

(from initial resaturation) res
excavation to
resaturation)

(.6) (.1)
x

F
,

(Maximize] (Ma xi'd ze (Maximite) (Minimize) (Minimirel (Minimire) (Minimire]
time additions addi tional initial increase in increase in increase ir
dependent time time in situ stress in stress in stress in
deformation dependent dependent stress in rock suss rack mass rock mass

around deformation deformation rock mass around around around

empiscement arouad around (Site eglacement emplacement emolacement

hole emplacement emplacement selection hole hole hole

(frominitial hole hole objective] (from initial (during (post

esca va t ion (during (post excavation retrieval decorsni s-

through retrieval decomis. through period) Stoning to

waste period) sioning to waste resaturatic
emplacement) resaturation) emplacement)

( . 3):[ .18) ( .4 ):[ .24] ( .3 ):[ .18] (.2):[.02) ( .4{[.04) ( 2):[.02] ( .1 ):[ .1

4 U y y

M0H1 M0H2 AH1 AH2
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WElGHTS OF REPOSITORY PERFORMANCE SUBOBJECTIVES
AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO Figure B.63 1

REFERENCED COMMON PERFORMANCE SUBOBJECTIVE MH3
_

*
|

|

(ref. Figure A.62)

5)

Alw Availalile On

{ eSper(ure Car I
| 1

ji2122] (Minimirel
grature creep )
s k mass potential

in host rock
acement (Sita '

),T[ * eg;gselection
)t objective) .?

)turation) hQ
CAno i

(.1) __ i.y
~~

'b-
_

~%_
_

(Minirtre] (Mintrige) (t'in it izel (Pinimite) (Minimire] (Mintnire)
increase in initial ten erate e temperatsre tegerature tempera ture
strsss in temperature k, crease in ir.*Ma 64 in increase in licrease ir
rock mass ir rock ma s rotk M5 rock mst rock mass rock m ss
around ($lte asoard around arNnd a ro 4nd
emplacement selection egl a c eme'.! eetlicement emplacreent empiacement
hole objettive) hele hcte hole hole
(post (fra inttnal (during (post (post i

rasaturation) ricantici retrbval decorent s- relaturation) !

[)
thettgh period) sioning to ,

) usy .
relaturatio u, ;

*
emp w ement) s

3] ( .1):[.01] ( . 2 ):[ . 02] (!!).[.011] '[.2):[.02] (.71:[.02), ( .3):[.03]

y 4 y U

AH3 KH1 Kh2 KH3
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WElGHTS OF REPOSITORY PERFORMANCE SUBOBJECTIVES Figuro B.64
AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE MOH1

P

M0H1

I f

(Maximize)
time B
dependent (ref,figureA.63)
deformation
around
eglacement
hole
(during
retrieval
period)

(Minimite) (Nuim12e) (Manimite] (Maximire) (Maximize)
time retrieval stress level tempera ture creep
dependent period in rock mass in rock mass potential
deformations duration around around in host rock
around (Repository emplacement emplacement ($tte
emplacement design hole hole selection
hole objective) (during (during objective)
(from initial retrieval retrieval
excavation pe riod) period)
through
waste
erplacement)

(.4) (.2) (.1) (.1) (.2)m m mmmmm- mmmmm=
/

s

(Maximite) (Maximi 2e) (Natrire) (Maximize) (Maximizc] (tlaximize)
initial licrease in increase in initial temperature te m erature
in situ stress in stress in temperature increase in increase in
stress in rA k mass rock mass in rock mass rock mass rock mast
rock mass a round arouna ($1te around around
($tte eglacement emplacement selection emlacement emplacanent
selection hole hole objective) hole hole
objective) (from initial (during (from initial (during

encavation retrieval excavation retrieval
through period) through period)
waste waste
emplacement) emplacement)

( . 3 ):[ .031 ( 5.):[ .05.m_(_. 2_): [ . _02 )( 3)d: .03' ( . 2 ):[ .02) ( . 5 ):[ .05).1- - - - - - - _ . .

Note: Refer to Figure B.3 for definitions and assumptions. Only those performance
I subobjectiven related to backfill have been investigated, some of which have

been referenced and further broken down eleswhere. Those performance sub-
objectives unrelated to backf tll have not been further investigated, and are
marked es sa.

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 premtses chanje the weights may change. Also,
the weights entail significant subjectivity in their assessment, and should
thus be considered only as approntmate indicators of relative significance,

i
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Note: Refer to Figure B.3 for definitions and assumptions. Only those performance
subobjectives related to backfill have been investigated, some of which have
oeen referenced and further broken down eleswhere. Those performance sub-
objectives unrelated to backfill have not been further investigated, and are
marked rsgs.

The relative weight of each subebjective 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.

[ Minimize] [ Maximi
time stress
dependent in roc 6
def orma tion around
around emplac
emplacement hole
hole (post
(from initial decom,

excavation to sionin
decomi s- resatu

sioning) ( .6 )
e

(Minimize) [ Minimize] [ Maximize) [ Maximize] [ Maximize) (Maximi
time deper e . additional initial increase in increase in increa

deformatioh time dependent in situ stress in stress in stress

around em- deformations stress in rock mass rock mass rock ma

placement hole around em- rock mass around around around

(from initial placement hole (Site emplacement emplacement emplac

excavation (during re- selection hole hole hole

through waste trieval period) objective] (frominitial (during (post
excavation retrieval decomiemplacement) through period) sionin
waste

' resatu
emplacement)

--. _6) :[ .36) _ ( .2):[ .02] (.5)l: .05] ( .2):[ .02] (.1)( .4):[ .24] (.
____

I

\

.. . . . . _



WEIGHTS OF REPOSITORY PERFORMANCE SUBOBJECTIVES
AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO Figure B.65 )>

REFERENCED COMMON PERFORMANCE SUBOBJECTIVE MOH2

M0H2 y

[Maximiza]
^dditional Also Availalile On.

i

) ndznt Apertttre Card
~~

I

deformation (ref. Figure A.64)
;round

emplactment
hole
{ post |

decomis- .

eioning to |

7esaturation) '

|

z2] [ Maximize] [ Maximize]
level temperature . creep
mass in rock mass l potential

e[inhostrock
around , ,

wnt emplacement Site ~ny.:u .- . ,
'

hole selection
(post objective] t

PERTUREs- dscomis-
to sioning to

ation) resaturation) CARD
(.1) (.1) ( . 2j

.

ta] [ Maximize] [ Maximize] [ Maximize] [ Maximize]
,e in initial temperature tempera ture temperature

9in ttmperature increase in increase in increase in i55 in rock mass rock mass rock mass rock mass i[ Site around around around inent selection emplacement emplacement emplacement
objective] hole hole hole

(from initial (during (post
2

s- excavation retrieval deconni s-
s.to through period) sioning to '

ition) waste resaturation)
emplacement) i

[.01] ( .2):[ .02] (.2)d: .02] ( .3):[.03] (.3):[.03] !- - - - - -
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WElG' HTS OF REPOSITORY PERFORMANCE SUBOBJECTIVES Figuro B.66
AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE NR1

P

NR1
b

I f

[ Maximize]
increase in
plasticity /
ductility of

Noun (ref. Figure A.65)ta rock

underground
opening
(roomscale)
(during
retrieval
period)

[ Maximize] [ Maximize] (Maximize]
tenpera ture increase in other
increase in compressive increase in
rock mass effective plasticity /
around stress in ductility of
underground rock mass intact rock
opening around around
(room scale) underground underground
(during opening opening
retrieval (roomscale) (room scale)period) (during (during

retrieval retrieval
j period) period)

| (.4) (.4) (.2)
!

f )I lf
KOR1 AOR1

Note: Refer to Figure 8.3 for definitions and assumptions. Only those performance
subobjectives related to backfill have been investigated. some of which have
been referenced and further broken down eleswhere. Those performance sub-
objectives unrelated to backfill have not been further investigated, and are ,
marked rs sa.

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, th? 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 Figuro B.67
AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE NR2

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-

NR2ther broken down elsewhere. Those
rerformance subobjectives unrelated
to backfill have not been further
investigated. and are marked 6 W . lI

The relative weight of each sub. [ Maximize]
cbjective to achieving the repository increase in
system performance objective is based plasticity /

cn preconceived repository design ductility of

concepts, generic Site conditions, intact rock (ref. Figure A.66)and performance assessment method. around
ology (see Section 2 of Main Text); underground
should these premises change. the opening
weights may change. Also, the weights (room scale)
entail significant subjectivity in (post
their assessment, and should thus be decomis-
considered only as approximate in- sioning to

dicators of relative significance. resaturation)

[ Maximize] [ Maximize) [ Maximize]
temperature increase in other
increase in compressive incresse in
rock mass effective plasticity /
around stress in ductility of
underground rock mass intact rock
opening around around
(room scale) underground underground
(post opening opening
decomis- (post (roomenle)
sioning to decomis- (na-
resaturation) sioning to rmis-

resaturation) sning to

(.5) (.3)L12j)resa tura tion

y V
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WElGHTS OF REPOSITORY PERFORMANCE SUBOOJECTIVES Figure B.68
AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE NR3

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 NR3
performance subobjectives unrelated ,

'to backfill have not been further
investigated, and are marked k m . I f

The relative weight of each sub- [Nximize]objective to achieving the repository increase in (ref. Figure A.67)
system performance objective is based plasticity /
on preconceived repository design ductility of
concepts, generic site conditions, intact rock
and performance assessment method- around
ology (see Section 2 of Main Text); underground
should these premises change, the opening
weights may change. Also, the weights (room scale)
entall significant subjectivity in (post
their assessment, and should th'Js be resaturation)
considered only as approximate in-
dicators of relative significance.

(Nximize] (Maximizel [Nximize)
tempera ture increase in other
increase in compressive increase in
rock mass effective plasticity /
around stress in ductility of
underground rock mass intact rock
opening around around

| (room scale) underground underground
(post opening opening,

resaturation) (roomscale) (roomscale)
| (post (post

resaturation) resaturation)
(.5) (.3) (.2)'

\

f lI
|

| KOR3 AOR3

.
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WElGHTS OF REPOSITORY PERFORMANCE SUBOBJECTIVES Figuro B.69
AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE NOR1

I

Note: Refer to Figure B.3 for oefinitions
and assumptions. Only those perfor-
mance subobjectives related to back-
fill have been investigated, sorne of
which have been referencad and fur-
ther broken down elsewhere. Those
performance subobjectives unrelated NOR1
to backfill have not been further
investigated, and are marked k m .

The relative weight of each sub-
objective to achieving the repository

[ Minimize]system performance objective is based decrease inon preconceived repository design
plastidty/

concepts, generic site conditions,
ductility ofand performance assessment method- intact rock (ref. Figure A.68)ology (see Section 2 of Main Text); aroundst.ould these premises change, the " ""weights may change. Also, the weights
o

entail significant subjectivity in
(room scale)their assessment, and should thus be (duringconsidered only as approximate in' retrieval

dicators of relative significance. period)

/

[ Minimize) [ Minimize]
decrease in other
compressive decrease in
effective plasticity /

stress in ductility of

rock mass intact rock
around around
underground underground
opening opening
(roomscale) (room scale)
(during (during
retrieval retrieval
period) period)

(.6) (.4)

y

BR1
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WEl2 HTS OF REPOSITORY PERFORMANCE SUBODJECTIVES Figura B. 70
AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE NOR7

Note: Refer to Figure B.3 for definiticns
and assumptions. Only those perfor-
mance subobjectives related to back-

NOR2fill have been investigated, some of
which have been referenced and fur-
ther broken down elsewhere. Those
performance subobjectives unrelated 1 I

to backffll have not been further
investigated, and are marked m i.

[ Minimize]
The relative weight of each sub- decrease in . g ure A.69)g
objective to achieving the repository plasticity /

system performance objective is based ductility of

on preconceived repository design intact rock

concepts, generic site conditions, around
and performance assessment method. underground
ology (see Section 2 of Main Text); opening
should these premises change, the room scale)
weights may change. Also, the weights post

decomis-entail significant subjectivity in
their assessment, and should thus be sioning to
considered only as approximate in. resaturation)
dicators of relative significance.

[ Minimize] [ Minimize]
decrease in other
compressive decrease in
effective plasticity /

stress in ductility of
rock mass intact rock
around around
underground underground
opening opening
(room scale) (room scale)
(post (post
decommis- decomis-
sioning to sioning to
resaturation) resaturation)

(.6) ( 4)

y

BR2
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WElGHTS CF REPOSITCRY PERFCRMANCE SUBODJECTIVES Figura O.71
AND BACKFILL DESIGN OBJECTIVES WITH RESPECT TO
REFERENCED COMMON PERFORMANCE SUBOBJECTIVE NOR3

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- NOR3
ther broken down elsewhere. Those
performance subobjectives unrelated
to backfill have not been further j f
investigated, and are marked s w .

The relative weight of each sub- (Minimize)
objective to achieving the repository decrease in
system performance objective is based plasticity /
on preconceived repository design ductility
concepts, generic site conditions, of intact
and performance assessment method- rock (ref. Figure A.70)
ology (see Section 2 of Main Text); around
should these premises change, the underground
weights may change. Also, the weights opening
entall significant subjectivity in (roomscale)
their assessment and should thus be (post
considered only as approximate in- resaturation)
dicators of relative significance.

(Minimize) (Minimizel
decrease in other
compressive decrease in
effective plasticity /

Stress in ductility

rock mass of intact
a round rock
underground around
opening underground
(roomscale) opening
(post (roomscale)
resaturation) (post

resaturation)
(.6) (.4)

t
BR3
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SUMMARY OF WEIGHTS OF BACKFILL Table 8.2DESIGN OBJECTIVES 1 et 4
;

I

RELATIVE WEIGHT OF BACKFILL DESIGN ,

OBJECTIVES WITH RESPECT TO ACHIEVING
REPOSITORY SY! TEM PERFORiANCE

(REFERENCE TABLE A.2) OBJECTIVES (see Table B.1)

PERIOD OF CONCERN

r

2)
1) Post i

BACKFILL DESIGN ORJECTIVES During Decomissioning 3)
Retrieval To Post

[iScale Code Objective Period Resaturation Resaturation

bsrla Minimize] time to placement of backfill 3.02 x 10*3
room scale)

bsrlb Delay and minimize] backfilling of 3.02 x 10-4
tunnels along possible egress routes r

3 bsrola (Maximize]tiretoplacementofbackfill 5.04 x 10 4
3 (room scale)
* ,w

g 8 bsrolb [M4ximize) time to placement of backfill 4.22 x 10-4
& (room scale), and ventilatey

bsroic (Maximirel time to start resaturation 1.72 x 10-2
process (i.e., maximize time to place.
ment of backffll, roort scale, while
dewatering)

bsh! (Minimiteltimetoplacementofbackfill 6.48 x 10-4
e {3 around waste package
e-,

5%# bshol (Maximite) time to placement of backfill 7.88 x 10*4"
around waste package, and ventilate

g3 bort (Minimite} volume of backfill (roos 8.40 x 10*4
o3 scale) (if placed during retrieval
"e oeriod)

bpl (Maximizel use of safe / reliable eauf p. 3.60 x 10-3
3 ment for backfilling

# bp2 (Maximirel monitoring of ootentially 4.32 x 10-3$ e hazardous underground conditions as
g j backffiling occurs
m u

8 2 bo) (Maximirel culck and efficient 4.32 x 10-3
E o mitigation of detected undergrounu i-

{ hatards as backfilling occurs
a
= bp4 (Minimirelpersonnelrequirements 2.27 x 10 3
% for backfilling (i.e. maximize -

mechanization and remote operations)

bp$ (Minimiteltotaleffortrequiredfor 9.72 x 10 4
backfilling (e.g., no backfilling)

(SEE KEY AT END OF TABLE)
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SUMMARY OF WElGHTS OF BACKFILL Table 8.2
DESIGN OBJECTIVES ., 4

RELATIVE WEIGHT OF BACKFILt. DESIGN
OBJECTIVES WITH RESPECT TO ACHIEVING
REPO$1 TORY SYSTEM PERFORMANCE

OBJECTIVES (see Table 5.1)
(REFERENCE TABLE A.2)

PERIOD OF CONCER4

-2)
-1) Post

BACKFILL DESIGN OBJECTIVES During Decomissioning 3)
RetrievaliTo Post

Scale Code Objective Period Regaturation Resaturation

bmel (Minimiselintegrity(compaction)of 3.36 a 10*4
backfill (room scale) (if placed
during retrieval period)

bmr2a (Maximite)Supportpressure(orstruc- 2.49 m 10*3
tural support) provided by backfill
(room scale)

bmr2b [Maximtre) increase in support pressure 4.84 a 10*5 6.97 a 10 5
,

e ; (or structural support) crovided by
y backfill (room scale)u

$ bmr2c (Minimize]decreaseinsupportpressure 6.99 m 10 5 9.61 a 10 5
W (or structural support) provided by
g backfill (room scale)

$ bmro2a (Minimitelsupportpressure(orstruc. 3.00 a 10*8s

tural support) provided by backfill

$. (room scale)
d

.$ bmrofe (Manimireldecreaseinsupportpressure 5.68 10 6 4,g; , 30 6
(or structural support) provided by* u

E backftI1 (room scale)

bmhl (Minimize]stresstransferthrough 8.84 a 10*4 5.38 a 10*8 1.61 a 10 3
* backfill around waste package

5* bmh2a (Minimtre] swelling pressure of back- 4.42 a 10*4
2% fill around waste package
*M
U bmh2b (Minimite]increaseinswelling 2.69 a 10*4 9.06 x 10*4
:I oressure of backfill around waste

package

btrl (Maximize] insulation of waste package 2.78 a 10*4 2.58 a 10*$ 1.60 m 10 5,
v * from rock mass around underground

.

g }
cpening (room scale)

$ 8 btrol (Minimliel insulation of waste package 8.58 a 10*5 2.49 m 10 6 3,gg , go 6
v $ from rock mass around underground

opening (room scatel

bth! (Maaimite) insulation of waste package 6.19 a 10*5 2.59 a 10*5 6 M8 a 10*5
"

f g from rock mass around emplacement hole

3 $[M bthol (Minimt:e} insulation of waste package 3.27 s 10*4 5.38 a 10*4 1.61 a 10*3
from rock mass around e* placement hole

(SEE KEY Af END OF TABLE)
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SUMMARY OF WEIGHTS OF SACKFILL Table B.2DESIGN OBJECTIVES,

a et 4

)

!
<

|. RELAflVE wtIGHT OF BACKFILL OtSIGN
j 08JLCTIVES WITH RL5PCCf TO ACHi[VING
j R[POSITORf $VSTEM PERFORMANC[

; (REFERENCE TAM t A.2) OBJtCflVES(seefable8.1)
1 P[RIOD OF CONC [RN

*2)
1) Post

BACKFILL DE5tGN nelJECTIVts Dur f r.g Decopinitstoning 3)1

i Retrieval to Post-

i Scale Code Objective Period Retaturation Resaturation
;

| bhrla IMintatte]hydraulicconductivity(and 8.51 x 10*5 4.23 a 10*3 1,61 a 10*2
C ef fective porollty) of backf tll and'

g interface (roomScale)
t c 3
i g y bhrlb (Mastelre]decreaseinhydrauliccon. 2.06 a 10*3
; M ductivity (ard ef fective porotity) of
l $ $ rock mass (ronm scale) (i.e. sealing /

{ g a7 filling of discontinulttet) by backfill
i u bhr2 (Ma stmitei corollty of backf tll (room 2.58 a 10*3 2.58 10 3
{ g scale)

,

"k 3 *j=k3
$ bhl (Masimfre) distance from wette package 1.61 a 10*I

g through repotltory along flow path due*
S d to backfill

e, bgri (Maatstre} protection of esposed rock 1.37 a 10*5 4.23 a 10 6 4.34 a 10 6*; turface i.ndergrcund (room scale) by
M backfill

j | bgr2 (Maststre] thletnett/adtarp'fon of 1.08 a 10*3
{ baevfill (room scale)'"

bght (Mastmite)mitigationofcorrottve 1.12 a 10*3 1.08 a 10*3 3.23 s 10*3.

| C 3kk groandwater by backfilt (weste
1 p *** package scale)
{ d Sjd bgm2 (Mastmf re) thicknett/sJtorntion of 9.72 a 10*4

S backf tll around witto paf. kale'

-
. . . . .

I b11 (Mastr.tu) length of flow path " rom 7.$6 a 10*3
! 3 waste package through backflitg
j j adsortnns .na tertal

$ bg2 (Mutwlte)crotttectionalareaof 7.56 s 10*3
1 5 2 flow path from wette paclage through
j g 4 backftll adsorbin eate*ial(i.e.,

y manimite volume o bac6i811)

i j bg3 (Mastelse) turface area ter unit volume 3.78 10*3; of Stekfill adsorbing material along
j { flow path from wette paclage

| bg4 (Menimiteladsorptionpotentialof 4.41 a 10*I
j # Dackfill along flow path from waste
; package to accetstble environment

.

(5tt kti Af IND Of f tht)
l
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SUMMARY OF WElGHTS OF BACKFILL Table B.2
DESIGN OBJECT:VES 4:4

KEY FOR CODE:

Similartte
%vt tec t ':cogtte to with
of lia tt'iar Identi'fer 1:entifi*r
Concern sole so N3. s3 '1 ** Pec hi

~. room
~

r

%Cale
-!=

= =,

,%.b(heiule h.u4%te
. blank

.

2 a.%imilar
b SPb j . jisr Inq re t r itav 41

p. procedure patnaa, p,, g n.g
_

IR * *P LI4nt(al
, ,

blank *
, ,

0.or;0%)t,
, ,

3 D* | 7.pogt dmtr+ U' hfIP1
%(alp

, . . m
t. thermal C. go ,gu t y a g g ,n.

h hyiroIO1ff r0 M 4hd Ctjr( t t vr 3,pggg gg.,aturat un
, g. geo( me-iu l ,,,,,

, , ,

.

. -

04 ". h # 1?
scale, .

For example:

b s r I a 1-

Note: The weights of these backfill design objectives with respect to their
relative contribution to achieving the repository system performance
objectives have been expitcitly derived (Table B.1); the relative
weights of all occurrences of each backfill design objective have
then been suu.ed to detennine the overall weight of that objective,
as given here. This development has been based on preconceived
repository design concepts (specifically vertical waste emplacement),
performance assessment methodology, and generic site conditions
(see Section 2 - Main Text); should these premises change, the
weights may change. Also, even though the relative weights have
been presented to three significant digits, their assessment entails
significant subjectivity, however, 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), these weights have not been derived rigorously enough for
actual design purposes. Hence, prior to any use in guiding backfill
design, which has not been intended here, the assessment of relative
weights must be refined on a site-specific basis by quantitative
performance assessment.
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PRIORITIZED SUMMARY OF WElGHTED BACKFILL Table B.3
DESIGN OBJECTIVES i .: s

(Listed in approximate decreasing order of significance)

Code Objective (see Table B.2) Relative
Weight *

bg4-3 [ Maximize) adsorption potential of backfill along flow
path from waste package to accessible environment (post
resaturation) 4.41x10-2

bsrolc-1 [ Maximize] time to start resaturation process (i.e.,
maximize time to placement of backfill, room scale,
while dewatering) (during retrieval period) 1.72x 10-2

bhrla-3 [ Minimize] hydraulic conductivity (and effective
porosity) of backfill and interface (room scale) (post
resaturation) 1.61x10-2

bhl-3 [ Maximize] distance from waste package through
repository along flow path due to backfill (post
resaturation) 1.61x10-2

[ Maximize) length of flow path from waste packagebgl-3
through backfill adsorbing material (post resaturation) 7.56x10-3

bg2-3 [ Maximize] cross-sectional area of flow path from waste
package through backfill adsorbing material (i.e.,
maximize volume of backfill) (post resaturation) 7.56x10-3

bp2-1 [ Maximize] monitoring of potentially hazardous
underground conditions as backfilling occurs (during
retrieval period) 4.32x10-3 -

bp3-1 [ Maximize] quick and efficient mitigation of detected
underground hazards as backfilling occurs (during
retrieval period) 4.32x10-3

bhrla-2 [ Minimize] hydraulic conductivity (and effective -
porosity) of backfill and interf ace (room scale) (post
deconmissioning to resaturation) 4.23x10-3

bg3-3 [ Maximize] surface area per unit volume of backfill
adsorbing material along flow path from waste package
(post resaturation) 3.78x10-3

bpl-1 [ Maximize] use of safe / reliable equipment for
backfilling (during retrieval period) 3.60x10 ,

bgh1-3 [ Maximize] mitigation of corrosive groundwater by) 3.23x10-3backfill (waste package scale) (post resaturation

bsrla-1 [ Minimize] time to placement of backfill (room scale)
(during retrieval period) 3.02x10-3

B-96
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PRIORITIZED SUMMARY OF WElGHTED BACKFILL Table B.3DESIGN OBJECTIVES 2 of s

(Listed in approximate decreasing order of significance)

Code Objective (see Table B.2) Relative-

Weight *
bhr2-1 [ Maximize] porosity of backfill (room scale) (during

retrieval period) 2.58x10-3

bhr2-2 [ Maximize] porosity of cackfill (room scale) (post
decommissioning to resaturation) 2.58x10-3

bmr2a-1 [ Maximize] support pressure (or structural support) pro-
vided by backfill (room scale) (during retrieval period) 2.49x10-3

bp4-1 [ Minimize] personnel requirements for backfilling (i.e.,
maximize mechanization and remote operations) (during
retrieval period) 2.27x10-3

bhrlb-3 [ Maximize] decrease in hydraulic conductivity (and
effective porosity) of rock mass (room scale) (i.e.,
sealing / filling of discontinuities) by backfill (post
resaturation) 2.06x10-3

bmbl-3 [ Minimize] stress transfer through backfill around waste
package (post resaturation) 1.61x10-3

bthol-3 [ Minimize] insulation of waste package from rock mass
around emplacement' hole (post resaturation) 1.61x10-3

bgh1-1 [ Maximize] mitigation of corrosive groundwater by back-
fill (waste package scale) (during retrieval period) 1.12x10-3

bgr2-1 [ Maximize] thickness / adsorption of backfill (room scale)
(during retrieval period) 1.08x10 ,

bghl-2 [ Maximize] mitigation of corrosive groundwater by back-
fill (waste package scale) (post decorrmissioning t
resaturation) 1.08x10-3

bp5-1 [ Minimize] total effort required for backfilling (e.g.,
no backfilling) (during retrieval period) 9.72x10-4

bgh2-1 [ Maximize] thickness / adsorption of backfill around waste
package (during retrieval period) 9.72x10-4

bmhl-1 [ Minimize] stress transfer through backfill around waste
package (during retrieval period) 8.84x10-4

bpr1-1 [ Minimize] volume of backfill (room scale) (if placed,-
during retrieval period) 8.40x10-4

bmh2b-3 [ Minimize] increase in swelli% cressure of backfill
around waste package (post retSuration) 8.06x10-4

B-97
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PRIORITIZED SUMMARY OF WElGHTED BACKFILL Table B.3
DESIGN OBJECTIVES s av s

(Listed in approximate decreasing order of significance)

Code Objective (see Table B.2) Relative
-

Weight *

bshol-1 [ Maximize] time to placement of backfill around waste
7.88x10-4paci: age, and ventilate (during retrieval period)

bshl-1 [ Minimize] time to placement of backfill around waste
6.48x10-4package (during retrieval period)

bmbl-2 [ Minimize] stress transfer through backfill around waste 5.38x10-4package (post decomissioning to resaturation)

bthol-2 [ Minimize] insulation of waste package from rock mass
around emplacement hole (post decomissioning to

5.38x10-4resaturation)

bsrola-1 [ Maximize] time to placement of backfill (room scale)
(during retrieval period) 5.04x10-4

bmh2a-1 [ Minimize] swelling pressure of backfill around waste
4.42x10-4package (during retrieval period)

bsrolb-1 [ Maximize] time to placement of backfill, and ventilate
(room scale) (during retrieval period) 4.22x10-4

bmrl-1 [ Minimize] integrity (compaction) of backfill (room
scale) (if placed, during retrieval period) 3.36x10-4

bthol-1 [ Minimize] insulation of waste package from rock mass
3.27x10-4around emplacement hole (during retrieval period)

bsrlb-1 [ Delay and minimize] backfilling of tunnels along
possible egress routes (room scale)(during retrieval

3.02x10-4period)

bmro2a-1 [ Minimize] support pressure (or structural support)
provided by backfill (room scale) (during retrieval

3.00x10-4period)

btrl-1 [ Maximize] insulation of waste package from rock mass
around underground opening (room scale) (during
retrieval period) 2.78x10-4

bmh2b-2 [ Minimize] increase in swelling pressure of backfill
around waste package (post decommissioning to

2.69x10-4resaturation)'

1
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PRIORITIZED SUMMARY OF WElGHTED BACKFILL Table B.3
DESIGN OBJECTIVES 4 or s

(Listed in approximate decreasing order of significance)

Code Objective (see Table B.2) Relative
__ eight*W

bmr2c-3 [ Minimize] decrease in support pressure (or structural
support) provided by backfill (room scale) (post
resaturation) 9.61x10-5

btrol-1 [ Minimize] insulation of waste package from rock mass
around underground opening (room scale) (during
retrieval period) 8.58x10-5

bhrla-1 [ Minimize] hydraulic conductivity (and effective
porosity) of backfill and interface (room scale) (during
retrieval period) 8.51x10-5

bmr2c-2 [ Minimize] decrease in support pressure (or structural
support) provided by backfill (room scale) (post
decomissioning to resaturation) 6.99x10-5

bmr2b-3 [ Maximize] increase in support pressure (or structural
support) provided by backfill (room scale) (post
resaturation) 6.97x10-5

bthl-3 [ Maximize] insulation of waste package from rock mass
around emplacement hole (post resaturation) 6.88x10-g

bthl-1 [ Maximize] insulation of waste package from rock mass
around emplacement hole (during retrieval period) 6.19x10-5

bmr2b-2 [ Maximize] increase in support pressure (or structural
support) provided by backfill (room scale) (post
decomissioning to resaturation) 4.84x10-5

bthl-2 [ Maximize] insulation of waste package from rock mass
around emplacement hole (post decommissioning to
resaturation) 2.59x10-5

! btrl-2 [ Maximize] insulation of waste package from rock mass
i around underground opening (room scale) (post

decomissioning to resaturation) 2.58x10-5

btrl-3 [ Maximize] insulation of waste package from rock mass
around underground opening (room scale) (post
resaturation) 1.60x10-5

bgrl-1 [ Maximize] protection of exposed rock surface
underground by backfill (room scale) (during
retrieval period) 1.37x10-5

bmro2c-2 [ Maximize] decrease in support pressure (or structural
support) provided by backfill (room scale) (post
decomissioning to resaturation) 5.68x10-6
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PRIORITIZED SUMMARY OF WEIGHTED BACKFILL Table B.3
DESIGN OBJECTIVES s or s

(Listed in approximate decreasing order of significance)

Code Objective (see Table B.2) Relative
Weight *

bgel-3 [ Maximize] protection of exposed rock surf ace
underground by backfill (room scale) (post
resaturation) 4.34x10-6

bgrl-2 [ Maximize] protection of exposed rock surface
underground by backfill (room scale) (post
decomissioning to resaturation) 4.23x10-6

bmro2c-3 [ Maximize] decrease in support pressure (or structural
support) provided by backfill (room scale) (post
resaturation) 4.17x10-6

btrol-2 [ Minimize] insulation of waste package from rock mass
around underground opening (room scale) (post
decommissioning to resaturation) 2.49x10-6

btrol-3 [ Minimize] insulation of waste package from rock mass
around underground opening (room scale) (post
resaturation) 1.55x10-6

*The relative weight of each backfill design objective has been explicitly
assessed with respect to its perceived contribution, relative to all other
repository variables, to achieving the repository system performance
objectives (Table B.1). This assessment has been based on preconceived
repository design concepts (specifically vertical waste emplacement),
performance assessment methodology, and generic site conditions (see
Section 2 - Main Text); should these premises change, the weights may
change. Also, even though the relative weights have been presented to three
significant digits, their 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), these weights have not been derived rigorously enough
for actual design purposes. Hence, prior to any use in guiding backfill
design, which has not been intended here, the assessment of relative weights ,

must be refined on a site-specific basis by quantitative performance assessment.

,
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APPENDIX C - SUMMARIES OF DOE-PROPOSED BACKFILL SCHEMES

C.0 INTRODUCTION

A number of design documents pertaining to backfill and authored by DOE
contractors have been identified, primarily utilizing a literature data
base developed by SAI (1981). These documents have been grouped into a
total of 11 studies (see Table C.1). Each of these studies has been
reviewed in order to establish a representative set of alternative
backfill schemes. Details of these schemes, which represent a basic
data source for the present study (see Section 5 - Main Text), have been
summarized in the following sections of this appendix. The description
of each scheme has been given in the following format:

1. Backfill Perspective
1.1 Media / Site
1.2 Backfill Objectives
1.3 Backfill Schedule
1.4 Expected Environmental Conditions at Backfilling

and Thereafter
1.5 Reference (s)

2. Backfill Material and Additive (s)
2.1 Backfill Material
2.2 Backfill Additive (s)

3. Backfill Procedures
3.1 Preparation of Backfill Material / Additive (s)
3.2 Placement and Compaction (if any) of Backfill

4. Backfill Characteristics
4.1 Anticipated Characteristics of Backfill (in place)
4.2 Tests to Assess Characteristics of Backfill (in place)

It must be pointed out that certain f actors and assumptions on which
these backfill designs have been based may have changed, or will change
in the future. Hence, these preconceptual or conceptual backfill
designs may change with time, sometimes significantly. However, they
serve to indicate what is presently being considered, or has been
considered, by the DOE for backfill.

C-1
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SUMMARY OF REFERENCED DOE DESIGN Table C.1PUBLICATIONS RELATED TO BACKFILL

Section in
Study No. Reference (s) Applicable Media Appendix

1) Parsons et al (1978c) Basalt C.1

2) BWIP (1980) Basalt C.2

3) Kaiser et al (1980) Basalt C.3

4) Kaiser et al (1982) Basalt C.4

5) Westinghouse (1981a) Basalt C.5

6) Parsons et al (1978a) Salt C.6

7) Stearns-Roger (1978) Domal Salt C.7
Stearns-Roger (1979a)
Stearns-Roger (1979b)
Woodward-Clyde (1978)

8) Kaiser (1978a) Bedded Salt C.8
Kaiser (1978b)

9) Bechtel (1979) Domal Salt C.9

10) Westinghouse (1981b) Salt C.10

11) Parsons et al (1978b) Granite C.11

|

|
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C.1 SUMMARY OF BACKFILL SCHEME NO. 1

C.l.1 BACKFILL PERSPECTIVE

C.1.1.1 Media / Site

The repository would be in basalt. No site has been specified.

C.1.1.2 Backfill Objectives

No objectives have been mentioned.

C.1.1.3 Backfill Schedule

Backfill would be placed after a retrievability period of 5 years. How-
ever, an option for 25-year retrievability has been discussed; backfill
for this alternative has only been considered at decommissioning.
Storage of waste packages would be either in holes or trenches. Spent
fuel waste for the 5-year retrievability case would be placed in holes
lined with steel sleeves and no backfill.

C.1.1.4 Expected Environmental Conditions at Backfilling and Thereafter

Relatively impermeable basalt (with flows into the repository of 265
gpm) and elevated temperatures and rock stress would be expected during
and after backfilling.

C.l.l.5 Reference (s)

This summary has been based on Parsons, Brinckerhoff, Quade and Douglas,
Inc. " Technical Support for GEIS: Radioactive Waste Isolation in Geolo-
gic Formations,14--Repository Preconceptual Design Studies: Basalt",
Y/0WI/TM-36/14, Office of Nuclear Waste Isolation, Oak Ridge, TN, April
1978c.

C.l.2 BACKFILL MATERIAL AND ADDITIVE (S)

C.1.2.1 Backfill Material

Crushed basalt, obtained from excavated material, would be used in the
room. A steel pipe sleeve would be used in the waste emplacement hole
with no backfill.

C.I.2.2 Backfill Additive (s)

No additives have been mentioned.
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C.1.3 BACKFILL PROCEDURES

C.1.3.1 Preparation of Backfill Material / Additive (s)

Preparation of backfill would include crushing of basalt underground.
The operation would utilize a crusher, rail cars, trucks, conveyor belts
and storage bins.

C.1.3.2 Placement and Compaction (if any) of Backfill

The backfill would be trucked to the backfill corridor servicing the
rooms, transported to rooms and placed using a front-end loader to
within five feet of the ceiling. The equipment used would include
trucks, front.-ena loader and unspecified equipment to transport material
through the backfill corridor to rooms. One corridor would be
designated solely for backfilling to avoid conflicts with other
operations.

Compaction has not been mentioned.

C.1.4 BACKFILL-CHARACTERISTICS

C.1.4.1 Anticipated Characteristics of Backfill (in place)

Anticipated in-place density of the backfill would be 124 lbs/cu.ft. No
other backfill characteristics have been mentioned.

C.I.4.2 Tests to Assess Characteristics of Backfill (in place)

Tests to assess backfill have not been mentioned.

!
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C.2 SUMMARY OF BACKFILL SCHEME N0. 2

C.2.1 BACKFILL PERSPECTIVE

C.2.1.1 Media / Site

The repository would be in basalt at Hanford, Washington.

C.2.1.2 Backfill Objectives

Room backfill should:

Possess low permeability to reduce groundwater inflow into theo
repository

e Be stable in terms of resistance to fluid flow
Possess ion exchange properties equal to that of the basalte

e Provide passive support for the rock mass
Be deformable (compared to basalt) to accommodate moderatee

strains.

Waste emplacement would be in' horizontal holes lined with grouted steel
cylinders.

C.2.1.3 Backfill Schedule

Placement rooms would be backfilled af ter the operational period (waste
emplacement), a one- to two-y' ear period. Reaming rooms would be
backfilled af ter five years; this would be a function of placement of
waste in panels serviced by the reaming room. Panel accesses would be
backfilled af ter the 25-year retrievability period following last . waste
placement in the panel.

C.2.1.4 Expected Environmental Conditions at Backfilling and Thereafter

High temperatures (i.e., 60 to 75*C) would be -expected within the room
at 2 years af ter waste emplacement. . Stresses in the rock would be
expected to be below acceptable limits; specified factors of safety vary-
with type of stress condition and operational sta'ge of the repository.
Confined aquifers would be expected to be present within the host rock
at the repository horizon.

C.2.1.5 Re'ference(s)

This summary has been based.on Basalt Waste Isolation Project Staf f, .
" Nuclear Waste Repository in Basalt, Project B-301,' Preconceptual Design
Report," RH0-BWI-CD-35, Rockwell Hanford Operations, Richland, WA,
February 1980.

.
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C.2.2 BACKFILL MATERIAL AND ADDITIVE (S)

C.2.2.1 Backfill Material

Around the waste package, grout (possibly cementatious and absorptive
materials) has been proposed. A source for this material has not been
mentioned. Filler material around the waste package might also be
utilized. Within the rooms, the lower two-thirds of the room would be
backfilled using previously excavated, crushed and sized basalt (sand-
and silt-size particles), while the upper one-third would be backfilled
with a concretious mixture.

C.2.2.2 Backfill Additive (s)

Expansive clay has been considered as a potential additive. Post-grout-
ing of room backfill has been specified.

C.2.3 BACKFILL PROCEDURES

C.2.3.1 Preparation of Backfill Material / Additive (s)

Grout for backfilling around the waste package would be mixed under-
ground. Room backfilling activities would include crushing and sizing
of basalt, and mixing of a concretious mixture and preparation of
aggregate, all of which would be carried out underground until
backfilling of panel accesses and shaf ts. Equipment has not been
mentioned.

C.2.3.2 Placement and Compaction (if any) of Backfill

Grout would be pumped around the sleeve in the waste emplacement hole.
Within the room, basalt would be mechanically placed and compacted,
whereas the concretious mixture would be pneumatically placed.
Equipment specified includes trucks, rail haulage system, mechanical
compactors, and dozers. Grouting of the panel access backfill af ter
placement of bulkheads has also been mentioned.

C.2.4 BACKFILL CHARACTERISTICS,

C.2.4.1 Anticipated Characteristics of Backfill (in place)

Characteristics, based on expected performance, would include:

e Low permeability in the long term
Ion-exchange characteristics, similar to in-place basalto

e Long-term durability
High strength, to provide passive support, but highere
deformability than in-place basalt.

C-6
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!

C.2.4.2 Tests to Assess Characteristics of Backfill (in place) >

';.

A testing program has been recommended to demonstrate the backfill's If

ability to support openings and inhibit groundwater migration. |

| Instrumentation would monitor air and water quality, temperature i

buildup, and rock microseismic activity.
4
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C.3 SUMMARY OF BACKFILL SCHEME NO. 3

C.3.1 BACKFILL PERSPECTIVE

C.3.1.1 Media / Site

The repository would be in basalt at Hanford, Washington.

C.3.1.2 Backfill Objectives

Room backfill should provide permanent support and act as a chemical and
physical barrier against radionuclide migration. Backfill around the
waste package should perform as an engineered barrier.

C.3.1.3 Backfill Schedule

The room would be backfilled af ter the retrieval period, i.e., 25 years
after any emplacement. This repository design has been based on 10-year
old fuel and a 20-year period of storage.

C.3.1.4 Expected Environmental Conditions at Backfilling and Thereafter

Elevated temperatures would be expected, with limits of:

e Spent fuel cladding: 300*C
e Basalt around waste packages: 500*C
e Bentonite: 300*C
e Host rock: 70*C to 150*C.

A potential for corrosion and a requirement for rock support have been
mentioned.

C.3.1.5 Reference (s)

This summary has been based on Kaiser Engineers / Parsons, Brinckerhoff,
Quade and Douglas, Inc., " Nuclear Waste Repository in Basalt, Project
B-301, Functional Design Criteria," RH0-BWI-CD-38 Rev. 3, Rockwell
Hanford Operations, Richland, WA, November 1980.

C.3.2 BACKFILL MATERIAL AND ADDITIVE (S)

C.3.2.1 Backfill Material

Within the waste package, bentonite has been specified. Around the
waste package, bentonite at the bottom of the hole and zircon sand at
th,e top of the hole have been specified. The room backfill has been
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specified to be 50% crushed basalt, 40% bentonite powder, and 10% ben-
-tonite pellets. The source of the basalt would be excavated material.

C.3.2.2 Backfill Additive (s)

No backfill additives, other than bentonite, have been mentioned.

C.3.3 BACKFILL PROCEDURES

C.3.3.1 Preparation of Backfill Material / Additive (s)

Preparation activities would include:

e Excavate, transport and size basalt at the surface
e Crush and mix backfill materials at the surface; room backfill

would have a water content of 10 to 15%
e Transport backfill using shaft skips and surge bins.

C.3.3.2 Placement and Compaction (if any) of Backfill

Placement methods and equipment used for backfilling of waste emplace-
ment holes and rooms have not been specified. Compaction methods and
equipment used have not been specified, except that the method of
placement / compaction of room backfill should achieve a high density.

C.3.4 BACKFILL CHARACTERISTICS

C.3.4.1 Anticipated Characteristics of Backfill (in place)

Anticipated backfill characteristics have not been specified, except
that room backfill should have a high density.

C 3.4.2 Tests to Assess Characteristics of Backfill (in place)

An experimental panel has been planned to examine alternate waste
storage configurations and backfilling procedures.
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C.4 SUMMARY OF BACKFILL SCHEME N0. 4

C.4.1 BACKFILL PERSPECTIVE

C.4.1.1 Media / Site

The repository would be in basalt at Hanford, Washington.

C 4.1.2 Backfill Objectives

The objective would be to isolate radionuclides by a multi-barrier
system of which backfill would be a part. Also included in the system
would be a storage position component around the waste package,
contained in an aluminum sleeve. The storage position component would
be basically bentonite, and has not been considered to be backfill. A

small amount of bentonite topped by sand would surround the storage
position component, and has been considered to be backfill.

C.4.1.3 Backfill Schedule

The waste emplacement hole would be backfilled af ter storage position
component emplacement. The room would be backfilled.after the
retrievability period, i.e., 25 years af ter waste emplacement.

C 4.1.4 Expected Environmental Conditions at Backfilling and Thereafter !
'

Elevated temperatures, (i.e., approximately 200*C) and slow movement of
groundwater in basalt would be expected during and af ter backfilling.

C.4.1.5 Reference (s)

This summary has been based on Kaiser Engineers / Parsons, Brinckerhof f,
Quade and Douglas, Inc., " Nuclear Waste Repository in Basalt, Project
B-301, Conceptual System Design Description," Draft, Vol. 1,
RH0-BWI-C-116, Rockwell Hanford Operations, Richland, WA, March 1982.

C.4.2 BACKFILL MATERIAL AND ADDITIVE (S)

C.4.2.1 Backfill Material

Crushed basalt would comprise 50 percent of the total room backfill.
Inconsistencies exist in the description of the basalt, and would be
either 2.5" particles or graded from -3" to +#200 mesh. The crushed
basalt would be from underground excavations.

C-II-
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C.4.2.2 Backfill Additive (s)

Bentonite (40% powder + 10% pellets = 50% of total backfill) would be
added to the room backfill. Bentonite and zircon sand would be added to
backfill around the waste package. Bentonite would be used in the
storage position component.

C.4.3 BACKFILL PROCEDURES

C.4.3.1 Preparation of Backfill Material / Additive (s)

Preparation activities' for waste emplacement hole and storage position
back- fill have not been mentioned. For room backfill, basalt would bei

crushed, bentonite added at the surface, and the backfill mix
transported down the basalt hoisting shaft to skips and eventually
transported to a surge bin. From there, mine cars would take backfill
to work places. Once in the panel, the backfill would be unloaded into
portable mixers for re-mixing and the addition of water. Material would
then be transported by battery-powered shuttle cars to the room being

j backfilled. Moisture content of backfill would be 10 to 15%.

Equipment used would include bentonite storage bins, crushers, material
i handling equipment (skips, hoists, conveyors, surge bins, batch plants),

battery operated shuttle cars, portable mixers, rail haulage system.
i

C.4.3.2 Placement and Compaction (if any) of Backfill

For room backfill, placement and compaction would be performed in three
stages after rooms have been precooled to 27'C:

e In Stage 1, the backfill would be hauled and dumped into the room
and spread by a dozer in 8-inch lifts. Compaction would be pee -
formed by large equipment. This stage would continue until the

_

backfill has reached 10 feet in height.[
t

! e Stage 2 would be identical to Stage 1, but low-profile equipment
; would be used up to 14 feet of backfill height.

e in Stage 3, the backfill material would be placed through a hole,

; in the top of a traveling shield. The shield would then compress
; the backfill once the space behind it is full. The traveling

| shield has not yet been developed, but would incorporate
hydraulic cylinders for jacking against room walls and a ram for
compacting the fill. Af ter compaction, the shield would retreat

i and the process repeated until the room has been closed. The
traveling shield would complete the backfill to a final room
height of 20 feet.

*

Inherent to room backfill would be the construction of a fill fence (or
j bulkhead) of aluminum on the backside (or confinement return side). The

.
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fence would be constructed as the backfill is brought up in elevation.

The equipment used for room backfilling would include normal and
low-profile size construction equipment (dozers, compactors) and a yet-
to-be-developed traveling shield.

C.4.4 BACKFILL CHARACTERISTICS

C.4.4.1 Anticipated Characteristics of Backfill (in place)

Storage position and room backfill would be expected to have low
permeability and high ion-exchange capabilities. No other backfill
characteristics have been mentioned.

C.4.4.2 Tests to Assess Characteristics of Backfill (in place)

An experimental panel has been planned with monitoring systems. No

other tests have been mentioned.
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C.5 SUMMARY OF BACKFILL SCHEME NO. 5

C.5.1 BACKFILL PERSPECTIVE

C.5.1.1 Media / Site

The repository would be in basalt. No site has been specified.

C.S.I.2 Backfill Objectives

Two concepts of waste storage have been presented: hole emplacement and
self-shielded emplacement in the tunnel floor. Backfill in the
self-shielded concept would be over the packages in the room, while
backfill in the hole scheme would be around the package in the hole.
However, this summary has been concerned with the hole waste placement
scheme only.

The primary objectives of the backfill would be to provide radiation
shielding for other operations in the area and to control groundwater in
the region of the waste package.

C.5.1.3 Backfill Schedule

Backfill would be placed around the waste package during emplacement.
Backfill would be placed in the room as soon as reasonably possible
af ter the last emplacement has been made and before the bentonite has
absorbed significant quantities of water.

C.5.1.4 Expected Environmental Conditions at Backfilling and Thereafter'

At backfilling of the waste emplacement hole, the following would be
expected:

Radiation of 590 (max.) mrem / hour at the tunnel floor (aftere
waste is emplaced)
Presence of both static and migratory water, the latter caused bye
the effects of waste emplacement

e Possible elevated temperatures.

At backfilling of the tunnel, the following would be expected:

Lower radiation (1.0 mrem / hour (max.) at the tunnel floor)e
e Presence of water
e Possible elevated temperatures.

After backfilling, the following would be expected:

o Presence of water
External pressures (from host rock and swelling bentonite)e

C-15
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e Elevated temperatures (peak temperature will occur approximately
10 years after waste emplacement, depending on location).

C.5.1.5 Reference (s)

This. summary has been based on Westinghouse Electric Corporation,
Advanced Energy Systems Division, " Engineered Waste Package Conceptual
Design Defense High Level Waste (Form 1), Commercial High Level Waste
(Form 1), and Spent Fuel (Form 2), Disposal in Basalt," AESD-TME-3113,
September 1981a.

C.S.2 BACKFILL MATERIAL AND ADDITIVE (S)

C.S.2.1 Backfill Material

For the waste emplacement hole, backfill would be pre-formed, compacted
sodium bentonite shapes. Crushed basalt would be required at the bottom
of the hole to level the placement area and would also be placed around
the outside annulus of the bentonite backfill. The source of the ben-
tonite has not been specified. Room backfill material has not been
specified.

C.S.2.2 Backfill Additive (s)

No backfill ' additives have been discussed.

C.S.3 BACKFILL PROCEDURES

C.5.3.1 Preparation of Backfill Material / Additive (s)

Preparation activities would consist of refining and pressing sodium
bentonite into various shapes, and then storing the bentonite blocks in
acceptable atmospheric conditions. Refining and pressing of bentonite
would probably occur on site. The storage of bentonite would occur un-
derground or in an atmospherically controlled surface storage facility.

C.S.3.2 Placement and Compaction (if any) of Backfill

Placement activities would include:

e Adding crushed basalt at the bottom of the hole to provide a
level surface and control the emplacement depth of-the waste

,

package'

o Placing the bentonite shapes (base and rings) in the hole
e Placing the top pad of bentonite after waste package installation
e Placing crushed basalt between the bentonite and hole wall af ter

the top pad has been placed or when the tunnel is backfilled

|
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e Backfilling the tunnel (6 months to 1 year) after waste package
emplacement.

Equipment used in the placement of the hole backfill would include:

e A vehicle capable of lifting bentonite shapes (semi-remote
operation would be needed for placemnt of the top pad)

e Some means of placing crushei basalt (no equipment has been
specified).

Compaction activities, other than pre-forming of bentonite shapes, have
not been specified.

C.5.4 BACKFILL CHARACTERISTICS

C.5.4.1 Anticipated Characteristics of Backfill (in place)

Waste emplacement hole backfill would be expected to exhibit the
following characteristics:

e Thermal Conductivity: Dry = 0.33 W/m*K
Wet = 0.75 W/m*K

e Hydraulic Conductivity: Maximum = 10-13 m/s
(Flow takes place via diffusion instead of convection)

e Density: Pre-compacted: 2.1 gm/cc
Smear: 1.75 gm/cc (expansion into backfilled
(after swelling) tunnel limited to a few

percent)
e Swelling presure: 2 MPa maximum. <

Bentonite would not be expected to swell until af ter the first 50 years,
as the bentonite temperature would be expected to be above the
groundwater boiling point. The temperature limit for bentonite is

to 10 years)y 250*C and would be exceeded slightly during early years (4
approximatel

if dry conditions exist. Bentonite might be a carrier of
chemical reagents.

The tunnel backfill would be expected to contain the swelling bentonite
within the waste emplacement hole.

C.5.4.2 Tests to Assess Characteristics of Backfill (in place)

No tests have been specified, but the need for fabrication tests and
mock emplacement tests, along with further tests to define properties of
bentonite shapes, has been recognized.
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C.6 SUMMARY OF BACKFILL SCHEME NO. 6

C.6.1 BACKFILL PERSPECTIVE

C.6.1.1 Media / Site

The repository would be in salt. No site has been specified.

C.6.1.2 Backfill Objectives

No backfill objectives have been mentioned.

C.6.1.3 Backfill Schedule

Room backfill would be placed af ter the retrievability period (5 years).
A 25-year retrievability period has also been considered. Backfill in

the waste emplacement hole would - be placed only during the
retrievability period.

C.6.1.4 Expected Environmental Conditions at Backfilling and Thereafter

The following conditions would be expected during and af ter backfilling:

e No water inflow into the repository, provided no major
disturbance of the salt has occurred

e Increased temperatures
e Increased rock stresses.

C.6.1.5 Reference (s)

This summary has been based on Parsons, Brinckerhoff, Quade and Douglas,
Inc., " Technical Support for GEIS: Radioactive Waste Isolation in Geo-
logic Formations, V. 8--Repository Preconceptual Design Studies: Salt,"
Y/0WI/TM-36/8, Office of Waste Isolation, Oak Ridge, TN, April 1978a.

C.6.2 BACKFILL MATERIAL AND ADDITIVE (S)

C.E.2.1 Backfill Material

Excavated salt would be used in both the waste emplacement hole and the
room. Salt backfill in the hole would be around a steel sleeve and
would only be required during the -retrievability period. |

,
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C.6.2.2 Backfill Additive (s)

No additives have been discussed.

C.6.3 BACKFILL PROCEDURES

C.6.3.1 Preparation of Backfill Material / Additive (s)

Transport and storage of excavated salt underground would utilize
trucks, conveyor belts and storage bins.

C.6.3.2 Placement and Compaction (if any) of Backfill

A conveyor, suspended from the ceiling of the waste emplacement corri-
dor, would place salt in the room to within two feet of the ceiling.
Some backfill might be necessary around sleeves to ensure that the
canister will remain plumb during emplacement and the retrievability
period.

Equipment used would include a conveyor and hoisting systems.
Reversible conveyors might be needed.

Compaction has not been mentioned.

C.6.4 BACKFILL CHARACTERISTICS

C.6.4.1 Anticipated Characteristics of Backfill (in place)

Dentity of room backfill would be 89 lbs./cu.ft. No other backfill
characteristics have been discussed.

C.6.4.2 Tests to Assess Characteristics of Backfill (in place)

No tests to assess the backfill have been mentioned.
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C.7 SUMMARY OF BACKFILL SCHEME NO. 7

C.7.1 BACKFILL PERSPECTIVE

C.7.1.1 Media / Site

The repository would be in domal salt. No site has been specified.

C.7.1.2 Backfill Objectives

No backfill objectives have been mentioned.

C.7.1.3 Backfill Schedule

The room would be backfilled af ter the first five years of waste em-
placement. The waste emplacement hole would be backfilled af ter waste
package emplacement. The proposed depth of boreholes would be 250
feet.

C.7.1.4 Expected Environmental Conditions at Backfilling and Thereafter

Increased temperatures and the presence of moisture would be expected
during and after backfilling.

N

C.7.1.5 Reference (s)

This summary has been based on the following four reports:

o Stearns-Roger Engineering Co., " National Waste Terminal Storage
Repository No. 1, Special Study No. 2: Waste Retrieval from
Backfilled Regions," S-R, Denver, CO, 1978.

e Stearns-Roger Engineering Co., " National Waste Terminal Storage
Repository No.1, Volume No.1, Conceptual Design Report," ONWI-
0127, U.S. Department of Energy, Oak Ridge, TN, January 1979a.

Stearns-Roger Engineering Co., " National Waste Terminal Storagee
Repository No. 1, Conceptual Design Descriptions," 0NWI-0129,
U.S. Department of Energy, Oak Ridge, TN, January 1979b.

e Woodward-Clyde Consultants, "NWTS Repository No. 1, Supporting
Studies for Conceptual Design of Underground Facilities," Vols.1
and 4, March 1978.

C.7.2 BACKFILL MATERIAL AND ADDITIVE (S)

C.7.2.1 Backfill Material

A steel sleeve or bentonite backfill has been proposed for around the
waste package and excavated salt has been proposed for above.
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Excavated salt has been proposed for backfilling the room.

C.7.2.2 Backfill Additive (s)

No additives have been discussed.

C.7.3 BACKFILL PROCEDURES

C.7.3.1 Preparation of Backfill Material / Additive (s)

Preparation activities would include stockpiling of excavated salt on
the surface before backfilling commences. A hoisting system would be
used for transport. There has been no mention of bentonite preparation.

C.7.3.2 Placement and Co:npaction (if any) of Backfill

The room would be backfilled to within two feet of the ceiling by a
centrifugal thrower. Af ter backfilling, openings would be sealed with
block brattice. Hole placement has not been mentioned.

C.7.4 BACKFILL CHARACTERISTICS

C.7.4.1 Anticipated Characteristics of Backfill (in place)

Characteristics of backfill (in place) have not been discussed.

C.7.4.2 Tests to Assess Characteristics of Backfill (in place)

Tests to assess the backfill have not been discussed.

!
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C.8 SUMMARY OF BACKFILL SCHEME NO. 8

C.8.1 BACKFILL PERSPECTIVE

C.8.1.1 Media / Site

The repository would be in bedded salt. No site has been specified.

C.8.1.2 Backfill Objectives

No objectives have been stated other than radiation shielding by back-
fill in the waste emplacement hole.

C.8.1.3 Backfill Schedule

Backfill would be placed in the waste emplacement hole depending on
whether waste has been emplaced during or af ter the initial retrieval
period, i.e., the first five years. During this retrieval period, there
would be no backfill around the emplaced waste package or sleeve
surrounding the package. Waste packages emplaced af ter the five-year
retrievability period would not be placed in sleeves and wouId-be
backfilled immediately. Backfill would be around and on top of the
canister.

After the end of the five-year retrievability period, the rooms would be
backfilled. Six rooms would be backfilled halfway to the room ceiling
to facilitate ventilation until decommissioning.

C.8.1.4 Expected Environmental Conditions at Backfilling and Thereafter

The following conditions would be expected during and after backfilling:

o Closure of boreholes and rooms
e Increased temperature of salt (from 83*F initially to 284*F peak)
e Low water in salt (0.1 weight % of moisture)
e Migration of water in salt due to thermal gradient
e Radiation in room during retrieval period (less than 1.2 mrem /hr)

C.8.1.5 Reference (s)

This summary has been based on the following two reports:

e Kaiser Engineers, " Conceptual Design Description Report for a
National Waste Terminal Storage Repository in a Bedded Salt
Formation for Spent Unreprocessed Fuel," 78-58-R, KE, Oakland,
CA, December 1978a.

e Kaiser Engineers, " Conceptual Design Report for a National Waste
Terminal Storage Repository in a Bedded Salt Formation for Spent
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Unrgprocessed Fu21," Vol.1, 78-57-RE, KE, Oakland, CA, December
1978b.

C.8.2 BACKFILL MATERIAL AND. ADDITIVE (S)

C.8.2.1 Backfill Material

Salt from the excavation of underground f acilities would be used for
backfill . Crushed salt has been mentioned, but specific grain size has
not been given.

.

C.8.2.2 Backflil Additive (s)'

No additives have been discussed.

C.8.3 BACKFILL PROCEDURES

C.8.3.1 Preparation of Backfill Material / Additive (s)

Excavated salt would be transported frosa the room being mined to under-
ground surge bins, crusned, and then taken to thd room being backfilled.

For final backfill, r. rushing would be at the surface using a front-end
loader and feeder-breaker type crusher. The backfill would be trans-i

ported underground using a hoist. Underground activities would utilize
surge bins, conveyor telts and trucks. Trucks would take salt to the-

rooms af ter loading by surge bins at tra first crosscut location. Belts
would feed surge bins. Crushing would also take place underground using
a small feeder-breaker. Six adjacent storage rooms must be backfilled
at one time to accommodate the : ventilation sequence and to segregate
backfilling operations from waste enplacemant operations.

,

'C.8.3.2 Placement and' Compaction (if any) of Backfill

Truckloads of backfill would be dumped at the rib of the storage room
near the working face. A dnzer w3uld then push the backfill into

'

position at the face. " Low profile" equipment has been specified to;

fill the last half of selected rooms at decommissioning, e.g., 20-cu.yd.
capacity Wagoner teletrams fitted with a blade for dozing would
transport backfill to the working face. Six rooms (three on the north
side, three on the south side) would be backfilled halfway to the

' ceiling height to f acilitate ventilation.

The transporter, modified for backfill: placement with auxiliary salt
hopper, agitator, crusher, blower and dust control system, would be used
for backfilling around the waste package.

Compaction procedures have not been specified.
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C.8.4 BACKFILL CHARACTERISTICS

C.8.4.1 Anticipated Characteristics of Backfill (in place)

No backfill characteristics have been described. However, salt around
the fuel assembly has been modeled as having a density of 2.16 g/cc and
0.1% of total weight as moisture.

C.8.4.2 Tests to Assess Characteristics of Backfill (in place)

No tests to assess the backfill have been mentioned; however, instru-
mentation has been specified to monitor:

o Closure
e Creep
e Seismic activity
e Microseismic activity
e Dynamic rock pressure
e Internal rock temperatures
e Radiation.

C-25



C.9 SUMMARY OF BACKFILL SCHEME NO. 9

C.9.1 BACKFILL PERSPECTIVE

C.9.1.1 Media / Site

The repository would be in domal salt. No site has been specified.

C.9.1.2 Backfill Objectives

Waste emplacement hole backfill should Improve the heat transfer
characteristics during the.retrievability period. Room backfill should
provide more complete isolation of stored waste.

C.9.1.3 Backfill Schedule

For holes with an innersleeve (i.e., during the retrievability period),
backfill would be placed between the sleeve and hole immediately af ter
waste emplacement. For holes without an inner sleeve (i.e., during the
recovery period), backfill would be placed only on top of the waste
package immediately af ter waste emplacement.

Room backfill would begin af ter the retrievability period (i.e., five
years after first waste emplacement). The retrievability period would
not require special procedures or equipment. The recovery period may
require special equipment, mining operations or procedures. The time
allowed for recovery of spent fuel assemblies would be 50 years af ter
initiation of the recovery period.

C.9.1.4 Expected Environmental Conditions at Backfilling and Thereafter

Conditions expected during backfilling of the room would include:

o Closure of room and borehole
Temperatures.of less than 392*F at the canister centerlinee

Radiation shielding not required (concrete plugs should achievee

shielding)
e Presence of moisture
e Corrosion of the canister.

Conditions expected during the recovery stage inc1vde;

e Corrosion of the canister
e Se.ttling of room backfill and closur. B oc

High tempersture (approx. 200*F in to i L . , 25 . years) .e

>
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C.9.1.5 Reference (s)

" National Waste
This summary has been based on Bechtel National, Inc.itory DescriptionTerminal Storage (NWTS), Conceptual Reference Repos
(CRRD) (Draft)," Vols. I, II, III, IV, ONWI/Sub-79/E512-01600.16,
September 1979.

C.9.2 BACKFILL MATERIAL / ADDITIVE (S)

C.9.2.1 Backfill Material

Crushed salt used for backfilling in the waste emplacement hole and room
would be obtained from underground excavations.

C.9.2.2 Backfill Additive (s)

No additives have been discussed.

C.9.3 BACKFILL PROCEDURES

C.9.3.1 Preparation of Backfill Material / Additive (s)

Backfill preparation activities would include excavation and crushing,
screening and storage of salt. Crushing and screening of salt, which
has been brought to the surf ace, would be required for use -in the
centrifugal thrower used for backfilling the room; however, no crushing
has been mentioned for salt used as backfill coming directly from the
excavation.

Equipment used for backfill preparation would include shuttle cars,
conveyor belts, surge bins, skip and hoist system, crushers, screens,
front-end loaders, dozers, chutes, and feeders.

C.9.3.2 Placement and Compaction (if any) of Backfill

The liner and plug emplacement machine would place and vibrate salt
.

around the sleeve in the waste emplacement hole.

A portable and traveling conveyor belt would feed salt -through a

brattice wall to a centrifugal thrower, which would then place the salt
in the room. The thrower would handle lumps of approximately the
maximum size produced by the mining machine.

Other than vibration of the backfill placed around the sleeve in the
waste emplacement hole during the retrieval stage, no compaction has
been specified.
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C.9.4 BACKFILL CHARACTERISTICS

C.9.4.1 Anticipated Characteristics of Backfill (in place)

Consolidation of the crushed salt backfill in the waste emplacement hole
(during the retrieval stage) would be expected from intact salt closure.

Density on the order of 100 pcf would be expected for room backfill. A
void equal to 1/10 of the room height would be expected to form at the
roof due to settling.

No other backfill characteristics have been mentioned.

C.9.4.2 Tests to Assess Characteristics of Backfill (in place)

No tests have been specifically mentioned for monitoring backfill
performance, but instrumentation for observing repository structural
stability, radiation levels, and salt temperature levels would be
included.
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C.10 SUMMARY OF BACKFILL SCHEME NO. 10

C.10.1 BACKFILL PERSPECTIVE

C.10.1.1 Media / Site

The repository would be in salt. No site has been specified.

C.10.1.2 Backfill Objectives

Two schemes of waste storage have been proposed:

o Placement of waste in hole
e Placement of waste on the floor of a low-heil t tunnel, utilizingh

a self-shielding waste package that requires no additional
radiation shielding.

Only the hole emplacement scheme has been summarized here.

The objective of backfill in the waste emplacement hole would be to
provide radiation shielding while other emplacement and repository
operations in the area are in progress. The backfill would not be
intended to be a rigid filler.

C.10.1.3 Backfill Schedule

Backfill on top of the waste package would be placed immediately after
waste emplacement. Backfilling of the tunnels would be planned shortly
(6 months to 1 year) after waste package emplacement.

C.10.1.4 Expected Environmental Conditions at Backfilling and
Thereafter

The following conditions would be expected during and after backfilling:

e High temperatures, on the order of 110*C in the overpack and host
rock

e Creep of salt, closing boreholes and tunnels
e Groundwater / brine inflow, in quantities of tens of liters
e Radiation in room above waste package.

C.10.1.5 Reference (s)

This summary has been based on Westinghouse Electric Corporation,
Advanced Energy Systems Division, " Engineered Waste Package Conceptual
Design Defense High-Level Waste (Form 1), Commercial High-Level Waste
(Form 1), and Spent Fuel (Form 2), Disposal in Salt," AESD-TME-3131,
November 1981b.
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C.10.2 BACKFILL MATERIAL AND ADDITIVE (S)

C.10.2.1 Backfill Material

Crushed salt obtained from underground excavation would be used for
b ackfill . No gradation of crushed salt has been given.

C.10.2.2 Backfill Additive (s)

No additives have been discussed.

C.10.3 BACKFILL PROCEDURES

C.10.3.1 Preparation of Backfill Material / Additive (s)

No preparation activities have been mentioned.

C.10.3.2 Placement and Compaction (if any) of Backfill

Placement activities would depend on the choice of the waste storage
scheme and the location of backfill.

Crushed salt would be placed in the bottom of the waste emplacement
hole, if necessary, to level the hole bottom. After the waste package
has been placed, crushed salt would be poured into the void above the
p ack age . Some salt might fall into the annulus . around the waste
package, but no filler in the annulus would be intended. At some point
(6 months to 1 year af ter waste package emplacement), the room would be
backfilled with crushed salt.

Compaction has not been specified.

Remote controlled equipment would be recommended for backfilling the
waste emplacement hole. Shielding would be recommended during room
backfilling.

C.10.4 BACKFILL CHARACTERISTICS

C.10.4.1 Anticipated Characteristics of Backffil-(in place)

No backfill characteristics have been described.

C.10.4.2 Tests to Assess Characteristics of Backfill (in place)_

No tests to assess the backfill have been specified.
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C.11 SUMMARY OF BACKFILL SCHEME NO. 11

C.11.1 BACKFILL PERSPECTIVE

C.11.1.1 ' Media / Site
1

The repository would be in granite. No site has been specified. )

C.11.1.2 Backfill Objectives

No backfill objectives have been mentioned.

C.11.1.3 Backfill Schedule

Backfilling would occur after the retrievability period (5 fears). An
option of 25-year retrievability has been diecussed. Backfill for this
alternative has been considered only at da sunissioning.

C.11.1.4 Expected Environmental Conditions at Backfilling and
Thereafter

Minimal flow into the repository and increased rock temperatures and
stresses would be expected during and af ter backfilling.

C.11.1.5 Reference (s)

This summary has been based on Parsons, Brinckerhoff, Quade and Douglas,
Inc., " Technical Support for GEIS: Radioactive Waste Isolation in
Geologic Formations, V.10--Repository Preconceptual Design Studies:
Granite," Y/0WI/TM-36/10, Office of Nuclear Waste Isolation, Oak Ridge,
TN, April 1978b.

C.11.2 BACKFILL MATERIAL AND ADDITIVE (S)

C.11.2.1 Backfill Material

Excavated, crushed granite would be placed in the room. A steel pipe
sleeve would be used in the waste emplacement hole with no backfill.'

C.11.2.2 Backfill Additive (s)

No additives have been discussed.
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C.11.3 BACKFILL PROCEDURES

C.11.3.1 Preparation of Backfill Material / Additive (s)

Preparation of backfill material would involve crushing of granite
underground. Equipment used would include a crusher, rail cars, trucks,
conveyor belts, and storage bins.

C.11.3.2 Placement and Compaction (if any) of Backfill

One corridor would be designed solely for backfill operations to avoid
conflicts with other operations. Backfill would be trucked to this

!

backfill corridor servicing the rooms and then transported to the rooms.
A front-end loader would place material to within five feet of the
ceiling. Equipment used would include trucks, front-end loaders and
undetermined equipment to transport material through the backfill
corridor to rooms. Compaction of backfill has not been mentioned.

~

C.11.4 BACKFILL CHARACTERISTICS

C.11.4.1 Anticipated Characteristics of Backfill (in place)

No backfill characteristics have been described.
|

C.11.4.2 Tests to Assess Characteristics of Backfill (in place)

No tests to assess the backfill have been mentioned.,

i

i
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APPENDIX D - COMPILATION OF SELECTED BACKFILL PROPERTIES

The selection of backfill materials to satisfy certain backfill object-
ives requires a knowledge of the expected backfill properties. Depending
on the backfill materials and their utilization, a large amount of data
concerning backfill properties presently exists, some of which has been
compiled herein. However, the existing data is generally for conditions
that are vastly different than at the repository level. At this time,

there is little data on backfill properties at conditions that simulate
those in a repository. Therefore, the compiled data can only be used as
an indication of what would reasonably be expected for propertles of
backfill materials.

This compilation represents the data easily obtained and representative
of a material type. The compilation is not an all-encompassing set of
data nor has such a set been considered necessary. It is obvious from
the data that the values of a parameter are dependent and usually
sensitive to a number of variables; therefore, preparation of an

all-encompassing set of data would be inefficient for determining
backfill properties unless the set includes data for repository
conditions.

This compilation of selected backfill properties is useful as a guide to
possible property values and, more importantly, as a comparison between
backfill materials. For example, the compilation would be useful in
determining the relative difference in hydraulic conductivity between
two backfill material types.

This compilation has been prepared fo. those materials and, in some
cases, associated placement procedures which have been considered for
backfill in this study (see Section 5 - Main Text).

e Mechanically-placed muck or rockfill (see Table D.1)
e Hydraulically-placed fine sand or silt (see Table D.2)
e Pneumatically-placed sand / gravel backfill (see Table D.3)
e Hydraulically-placed fine sand or silt with cement

and additives (see Table 0.4)
e Clay (see Table D.5)
e Excavated rock (sand or gravel) and clay mixtures (see Table D.6)
e Concrete (see Table D.7)
e Zeolite /Clinoptilolite (see Table D.8)

For each backfill type, representative data have been compiled, where
available and appropriate, on pertinent properties, including:

e Strength characteristics
e Deformation characteristics

Hydraulic conductivity ) and Density (including relative density)
i e

Void ratio (or porositye
e Thermal conductivity.
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It is evid:nt from this compilation that many variables affect parameter
values. Thtse variables, which are reasonably apparent from the data,
include:

e Type and gradation of material and/or particle shape
e Type and percentage of additive
o Time,

o Test conditions (type of test, rate of loading, magnitude of loads,
hydraulic head, temperature, hydraulic or thermal gradients, strain
rate, confining conditions, modeling assumptions, scale effects,
level of stress or strain, stress history)

e Material conditions (degree of saturation, moisture content, dry
density, particle angularity, material structure, pore water
chemistry, photo-chemical characteristics)

e Preparation activities (type of compaction, degree of compaction,
mixing and curing procedure, placement method).

The adsorption / retardation characteristics of backfill types will
clearly be an important property to be considered for design. However,
there is little data currently available on the adsorption / retardation
characteristics of various backfill types, and there is large
uncertainty in this existing data due to the large differences between
the measurement conditions and those conditions which will exist at the
repository level, as well as problems in measurement. Hence, data on
these characteristics have not been included in the compilation (Tables
D.1 through D.8). Solely for the purposes of comparative studies, the
distribution coefficient (Kd) of various backfill types, for specific
radionuclides, have been estimated (based on available information and
experience) under the complementary NRC contract (NRC-02-81-027)
entitled " Performance of Engineered Barriers in a Geologic Repository,"
and summarized (see Table D.9) . There is significcnt uncertal.nty in
these estimates.,

Although the compilation of selected backfill properties presented in
this Appendix D is sufficient for the purposes of this study, i.e.,
comparative evaluations, this would not typically be sufficient for
definitive perfo mance assessment. More and better information would be
needed, especially regarding values of properties at the expected
repository conditions, in order to estimate backfill property values
with reasonable levels of confidence.
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COMPILATION OF DATA ON SELECTED PROPERTIES Table D.1
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OrMATERIAL 08 OT1tER Z kAFPLICATION IN

FARMtETER 9tETM005 CTILIIED RANCE OF TALUES BEFERENCES REFERENCE COP".DtTS >d.
munie - mTr

2 -
Z_ O
oZhdraul le Cravet to clean sand 10 to IO . cm/sec Freese and Cherry. . Aversee val.co for trads-Condertsetty 197*2 -1 tion taase of stavel to MQCravel to elema sand 10 to 10 cm/ser Te. saat med Perh. - rie== sand. rg8947 rRue of star roc k soo cm/see gag. 1982 Backft!! In NO

repository )
Mr

vnf4 RATIO /DetTITT

Told Ratte Cobbles, gravet and .29 se 3.07 Marsal . 1971 Rochfill for dams. Values trptrally der,.4 en O
mand. enth little of Leps. 1970 esbachmente placement /ccepact see Zno fine-grained methods. Test data O
setertal summettred in tables. NEm

I CrDey Deee s < , Cravel and sand (ne 95 to t w th/fr Lepe.1970 Rockfill for dama. Valace typically depeed on Qmgradattene as to annunt emb ankment s plac ement /rampac t ion
e of flee-grained materta! ) 7gmet hnds . Test datag gq

sueertred in tables. g
T=r ut C-me OO

OCoefftetent of Ron of eine roch 1.4 Je=1_es SAI. 1982 Bachftll in reposttery TThewasI m-sec 8C 7 3Coed.n 3 1t,

2! o
rir m

3
9est e: This to a eemptlettee of readily available data and is not latended to be caryrehensive, only representative. Due to this and due to d

peestble engattgeant dif ferences between measureme=t condittens and condittene espected in the repository, tle data cosy!!ed here should ~

gbe used sely as an indicattan of what can reasonably be expected for properties of backf tll; sete will be oef ficient for t% pertenes of
tble study. i.e. comparative evaluet tene, bot would not be sofficient f or definitive performance asseossent. g
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EI
MATERIAL OR OTkER APPLICATION IN f

FARaftETEa METNDDS UTILIZEh RAEE OF VALLES REDE8ENCES REFEREhCE COMMENTS gF
N Cmam* N ISTICS Clacial sand and gravel

9 = _35* (only one value . .llinss f.or us,e,1,s, h raw data given.Ford. 1978 Ta a >.t r t. - ..d c t ,ydr..l.c r.p t, .rgro_ I_
C_A=ste of 1.t - eal tasis..s {oFrtcttem

DEFOtMATIJW CMARACTERISTICS g
>0Tengest Mndules ftee sand to sitty fine 2000 te 100.000 psi Bacholson and Busch. Waste ere tallings for Values depend on matertal q

of Beformattee sand; eme-anneestomat 19sa use as under groed gradation and type and
I<Qcompressies backf tll level of strain. Test

data gives. p
T
ITomag's - Iow to medt== quality 10.000 pst Will. th Donald. Waste are tas!!ngs for Values were derived from

me.l.s hydraulic till ANay. 1974 use as underground field and laboratory M n
- medium to high quat tty 60.000 ps! backfiti research, so test data OV
f4LI w/cheetcal additives gives. ITl Z
and/or compactica Q

Tm
Ndeles of Penetrattom test om sand 600 to 2000 ps6 Stout and Friel. Bac kf111 for underground Methods of placement includ- _p
Elast ic ity fall 1980 etses ed conventional. or back- Zg

till introduced at hertoe m
C3 of lift; vibratory compac-

ggo,p,,g ,,,4 ,, ,,,, gda

samples. Values typically )Ndepend on level of strain. OZas well as above f actors.
O1

Penetration tests on 800 to 3400 pst Stout and Friel. Eachttil for underground Method of placement was %3
EOdouble-placed coarse 1980 mines double-placirs, t.e..

rock and fine sterry placing coarse material g=
first and then placing qEfine material or cement
to it!! the voids; some E
samples had vibratory d

"compaction. Values
also typically depend
on level of strain. @

Cylinder tests on con- 1700 to 8000 pst Scout and Friel. Sact f all for eder. Values typically depend on
vestlemat it!!; backf all 1980 ground mines method of placement, level
placed at bottom of lift; of strain test method. All
and waste rock. values quoted by Stout and

Friel were summarised in ey
tables. ,g
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MATERIAL OR OTHER , AFFLICATION IN Q f"*FARAMETER METu005 tfTILIZED RAMCE OF WALUES REyERENCES REFERENCE ODIMENTS g)
MHNrnRAcue cravecTivrTr -

Rydraulic Fine sand to stit 10'I to 10 cm/see Freeze and Cherry. Values are for fine sands
0

Conductivity 1979 to etite eith no specific E
Fine sand to sitt to to 10'y cm/see

Terr,ha gt and Pec k . _ predation. Oy0196
- IClacial sand and gravet 2.4 m to ,3 ft/sta Ford.1978 Sachftll for under. Value s summer t sed in tabla p0I

(1.2 m,go ce/sec) ground eines 4Uncemented hydraulle s a 10 f t Asin Ford. 1978 sackf tll f or under- M
tatttage (2,54 m 10-3 cm/se ground sinas yd
Average of 3 convention- 4.2 a 10 cm/see Corsen. 19 70 Bact f tll for eder. Flet of test resulte given IM
el tests of uncemented ground eines M
bydraulle fill oO

ITI E90TD RATIO /DDI$fTT
Density @

Manistas Claself t.d et!! tettings 117 pcf Corson. 1971 Backfill for under. Values typically depend on 7]|Tj
*tinimum (s tity fine sand) * lakt- ground eines lift EMrkness, mater con- Fp y ,,,

atory tests tent, aer*unt of standing I ITI
g mater. ITI oe Relative Density. Field denetty on above 44 to 921 (ave.=647) Corson. 1971 Backft31 for under-
Ch achieved using material (98 to 114 pc f. ave.*104 pet) grand eines @d

vibratory compac- M
tion (dry density) ZU

QTg.1,ttee Den ity, sit Corson. 1971 hchf11t for eder-
placed "norestly" E** ' @E

-O- - - -
compactica

void satte Laboratory tests on 0.37 to 1.0 Stowt and Friel. Barkfill in under. Values typically depend on yselected hydraulic fills 1980 ground eines placement method or com-
(Density) (127.9 to 87.3 pcf)g ,,g pattton (vibratory, if
(Relative Density) (139% to 1.5%) used). Placement inclu- (Tl

ded at .sottoe of lif t and g
double-placed backfill.
Values stammartred in tabla

Notes . This is a compilattan of readily available data and is not intended to be comprehensive only representative. Due to this and due to Md
Opossible significant differences between measurement condittene and conditions expected in the repository, the data compiled here should O

be used only as am indication of what can reasonably be expected for properties of bacbfill; this e111 be suf ficient for the purposes of =F
~

this study 1.e.. comparative evaluations, but uould g be suf ficient for definitive performance assessment. mg
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O IMATEEt&L OR OTHER AFPLICAT10N IN

pas utETER METHODS UTILIZED RANCE OF VALUES REFERENCES REFERENCE cop 9 TENTS 3 CM
M E -4

VOIS RATIO /DENSITT <M O
IJ eavel 84 (pJr Soderberg and Barbfill for ground Used in place density E ZDensity Pneumatic stowing in under-

(telative' ground opening using h 12) Corson. 1976 support in underground tests. I
Density. D,) various mistures of sand 50 95-124 eines

and gravel (25 to 641 66.7 101-139 EM O
sant. 75 to 36% gravet) 75 99-115 )F

OI OPneumatic stowing into .atmus 1\" quart:1re EgMfabricated bin using Dr = 4 to 800
T{gdvarious mistures of Id = 309 to 120.7 pcf

sand, gravet, quartalte . sinus 3/4" quartalte p)
and coal shale Dr = 4 to 72%.

Id = !!2.9 to 120.5 pcf IM Q
. equal annunts of fine sand. O
meJium sand to fine travel, g
and coarse gravel

(J = 103.8 to 129.6 pc f
. coal shale N

(J a 60.4 to 75.8 I
? m
~ O

Density }-inch eines crushed Approximately 100 pcf Reynolds. 1972 Backfill in underground No data gives, q
waste rack mines for support of

hanging wall E
O
T
3

In-place Density 3-insk sinus crushed 140 pef Ball .1970 Backf111 la underground No data given. O
rock eines for roof support

m
N

Note: This is a compilation of readily available data and is not intended to be corpreleissive, nnly representative. Due to this arkt due to y
possible significant dif ferences between measurement cmdttions anet coeuiltlons exacctait in tie repository, tie data compiled Iere should -

be used caly as an indication of what can reasonably he erMeted for properties of bact fill; this will be suf ficient for tle Purposes of S
tiis study.1.e., comparative evaluations, but would ng he su fielent for definitive performance assessewnt. gr
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COMPILATION CF DATA CN SELECTED PROPERTIEJ
OF HYDRAULICALLY PLACED FINE SAND / SILT Table De4
WITH CEMENT AND ADDITIVES ' ' *
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COMPILATION OF DATA ON SELECTED PROPERTIES
OF HYDRAULICALLY PLACED FINE SAND / SILT Table D.4
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MATERIAL OR OTHER APPLICATION INi PARAMETER *tETHODS UTILIZED RANCE OF VALLES REFERENCES REPERENCE Capt(ENTS

Omyg
E > =-4Enronfined Classified mill sand 1:10 C/S with Polyacrylamide (P) McNay and Hi!!, Barkfill for undercut Test data given in figures mg-Compressive (esity fine sandt with 0.5% P: 105 to 122 psi 1976 and fill mining opera- and tables. zrOStrength (* 28 flocculant addstive 1.0% P: 189 to 210 psi tion

days curing time) q-ZQ
>>OUnconfined Fill materials from 8 1:40 C/S : 16 to 48 psi Corson. 1978 Backfill to facilitate Test data given in tables.Compressive mines,with gradation I:20 C/S : 47 to 99 psi mining below or adja- ggg

Strength ($ 7 of sitry fine sand to 1:5 C/S : 251 to 718 pst cent to filled areas Odays curing time) line sandy sitt gto enable underhand
stoping metMds. to
provide abrasion- O

Q Iresistant scraping -M>floors, and to inc rease

the load-carrying dOOcapability of the fill. (mg
Shear Stresigh Classified mill tail- @ 5% cement: Askew, McCarthy, l'nderground mice bach- Values are for 28 to 224 day mingg fine sand with C = .7 to 1.3 NPa (100 to 190 Fitzgerald, 1978 fill for pillar recovery curing times. (Higher values yg203 silt-staed g,s t ) at longer curing times.)

partic les 8 * 16* to 408 pTest results sumsrtred la Z gO plots. m
,',, O9 162 cement:

C = 7.6 to 9.5 MPa (110J to
y m""4@o 1600 psi)

8 = 3 5* to 4 7*
gQ
Og'

r Strength Tallinas, approx. C = 50 kPg g = 35* p 02 slas McGuire. 4978 Underground mine back- Test data given in tables,,,, ,, g ,, = f i- sa.d. r- C = 2m,. . = 3 7o . si sies ,1 1 and ,lo,a @Omalader silt-stred , C = 346kP4 8 = 3F F 123 slag -

Igvarious amounts of C = 730kPg $ = 21* $ 181 slag Hslag 61 cement

3
H

Shear Strength Tallings (sitty fine 1.5 to 2.5 kPa for normal Mitchell. Olsen. Underground mine back- Test data given in plots. E-sand) ples 2.2% cement stresses of 2 to 10 kPa Smith, 1982 fill - concerned with O4 2 hrs. curtas time vertical fill faces

(Medium to fine) sand, 3.0 to 4.0 kPa for normat
plus 2.22 cement @ 1 stresses of 4 to IO kPa
hrs. curing time

f* H
o CD
~~ CT
a ,-
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m 33 yMATERIAL 08 OThtA

APPLICATION IN $FARAMETER METinNss UTILIZED RANCE OF VALUES REFERENCES REFERENCE COP 9 TENTS |T| ) yg-Shear Strength Nydraulic f til with: Cundall. Sht!!abeer. Underground eine bac k- Values susunarized in tablesI:30 C/T C = li yst. 9 = 308
u,,,,,, ggya f111 for pillar recovery no test data given. Q

1:8 C/T C = 64 psi. 9 = 36*
Z r "TiCemen ed ra kfiin C - i 35 c.t. 9 = 60 >{gO

>Compresolve Destined copper Strength Cement / Stag Thomas and Cowling. Underground sina Test data given in figures O dStreegth (at 0.10 a=1phide taittags. 3973 backfillWPa (16.5 ps!) appres. 552 ftee saed .48 to .32 MPa !! cewer and and table. Q I)
H g) Qconftstas pressure and 45% sitt (59 to 46 pai) O to 101 slag. -

and 28 days curies respectively
eime)

.50 te .77 Mrs 21 cement and mO(F) to ll2 pet) O te 102 slag. @respeettvely 5
~F.59 to 1.3 6 MPa 33 cement and ITIf (86 te 164 pet) O to 3 51 slag. O, respecetwely gy

.63 to 1.73 MPa 42 cement and
(91 to 251 pat) O to 161 slag. Z

respectively Qg
N

.76 MPa 52 cement and @Q(110 psi) 0% slas
Fg
dmhaastal Tatt sags, appres. 480 kPa 0 0% slag McCutre. 3973 UnJerground stae back- Test data given in figures

Compress 1we 60% fine mand, reesta- (70 pot) fill and tables. g
Strength ($ 23 der stit-essed. 61 970 na e 62 slagdays cartag time) cement, warteus -gggg ,,g) mamounts of slag

1701 kPa 9122 slag
(174 pet)

2122 kPa 9182 slag
(308 pes)
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MATERIAL OR OTWER APPLICATION IN 1PARAMETER METMQOS UTILIZED RANCE OF VALCES RDTRENCES REFERENCE C0p0ENTS E"
"Il F

STanstTM CHAaACTEMISTICS "d
ITI 4
-=Deatned sheer Kaulinite f=0 3 = 25 to 31' 01 son. 1976 Research of soit Laboratory tests on pre.Streasth Illite f=0 5 = 36 to 26' properties pared sa.ples of satura. gQ(saturated, clays) Montmortiteatre f=0 5= 6 to 16* ted clays. Values derived Z

(F - q) Qf rom plots of
g

( (g+ f). *ri Ovs.
3

T
O

Cedraised Shear Laboratory vane shear tests Mitchell. 1976 Presentation of Test values are summarised I
Strength em: propeny of soils in plot. MBeatentre 2 to 3 pet 4 *d(water content = 563) >Eso11 mite .8 to 2.6 psi

(water content = 361) QEmottalte .6 to 0.9 pst
(water content = 47%) Z

WShear Strength Water saturated 2 psi to 230 pst Westinghouse. 1981 ta< kit 11 la values given depend on |Tg(assume andraleed) Sodium Besteette repository bulkdensstywhichvarged p
f rom 1.05 to 2.2 ton /a .

C2 g
Values sammarted in table;

e
no test data given.

Compressive Eao11atte; unconfined 9 to 50 pet Mitchell. 1976 (after Presentation of g,,,,g, g,,, ,,g,,, g ,,, |Tgg

Strength compression Sherif and Burrous , property of soils g, pg,t. O1969)
Normally connotidated
littee 11 to 63 pst Mitc hell . 1974 Presentation of Test values given in plot.

property of sotts
Campacted Kaot telte 16 to il pet Seed and Eman. 3959 Resea.ch of soil Test data given.
(partially saturated) propen tes

Kaolinite; consolidated- 26 to 27 pst Seed and Chan. 1959 Research of soll Test data given.
istdrained test properties

Motst (w.c. = 872) to SS to 195 pst pac t r ic Nor tbe s t Values summartmed in cabis
air-dried (u.c. * 71) Laboratory. & no test data given..

Sodium meteortilontre (af ter Mielece 6 King,

195b

| Mist (u.c . = 142) to 100 to 66 pst
air-dried (w.c. - 0.42)
Kaolintte

-4oe
' (7s-S

O
.
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MATERIAL OR OTuER APPLICATION IN QgpARAstETER METM005 UTILIZED RANCE OF VALUES REFERENCES REFERENCE COP 9EENTS g
m-DEFCitMATION CHARACTutSTICS y 7"

One-Dimens tanal Sodium Eastsatte .09 to .4 5 Olson and Mesti. 1970 Research of Values given are for laboe d
Strate (per Calciese Eaoltalte .11 to .45 soit properties atory prepared saturated, g" '4togarithmic Catesum tilite .22 se .68 normally consolidated

O"cycle of morsal wdamm 13tase .25 to .48 clays. Test results
Zstress) Caletum smectgre .23 to .51 given on flavre; values OSodies $meettre .51to.8) were derived from data

shown. O
OInitial Tangeet Lean clay f rom Citaten 1700 to 23000 pet Wong and D6acea. Material froa values derived from

temdul e (from Dan 1974 embankment dans reported hyperbolic strese pU
triastal ce Silty clay (CL) from 8100 to $1000 psi strata parameters. N)pressima tests Canyon Dam q
for ceaf taing Fat clay (CM) frea 300 te 1700 pst )stresses 400 to 9tomroe Dan
1000 pas. Lean clay (CL) f rom 150 to 970 pst Oedratand tests) Mooree Das

Z
temolded brundite clay; 21600 to 113500 pet Lade. 1979 Stress-strain theory Values derived f rom repore-
cubical triastat test for clay ad hyperbolic stress- @

strain parameters. m
r-

mraataned strue- mO strate Taagent
a gang g.,g,,g,,g g

coeditSees)I m
UA. E/Se normally consol6 dated 250 se 500 Ladd (1964)fattet Research of sos! Values given to test; no

where se = =adrataed Norwegian elays Bjer re.1964 ) propertles test data given.
shear strength from
uncoesteed compres-
stvo test s er vane
shear tests

R. El 7c.where Remolded Bo= ten Blue LaJJ (1964) Research of set! Test results gsven in
clay: properties figure.

e kraally censo11 dated appron. 240 to 75
e over<ansolidated appron. 580 te 100
temolded Vicksburg 3.ack. Test results given ta

shot clay: figure.
* Wormally censolidated appron. 170 to 50
e over-conselsdated appres. 850 to 125

C. E/Co.where $4s normally censolidated. appron. 1500 to 55 Ladd et at (1976) summary of soil St ress level (g/qg)=
Ce = mas. applied naturally occaring properties .2 to .8. Test resulte
mortsontal shear clays (CL. LM. LN-cm) given in figure, pg M
strese se stapte
ahear teste pave naturally accering appros. 850 to 50 Stress lent (q/qr) = 1gg.

. 33 t o .67. Over-consolid-gg,y,(ct, cm, cu g g
atlan ratto varies f rom

_

$
1 to 10. Test results
given in figure. O

al
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8taTERIAL Ca OThER AFFLICATION INPAAsgETER teETMODS UTILI2ED a 4 Of VALUES BEFERENCES BEFERENCE #mmmf5 -
t 3PInst tal Tastems Stity clay (CL) f ree 5900 to 30000 pet

woes and Duncas, teatertal f rom values dertwed free report- dM
| flodeles (free art. Canyon 3mm

1934 emban6mmet dans ed hyperbotte stress- %di estat compresstaa
tests for coef to- strata parameters. g
tes pres. ores *'

O*100 to 1000 pet.
dratmed testa)

O 1
I=to:2,1/see POCreep neemided 31stre; t/see te niccheII. 1976 Presentattaa of Test results su==arta=d yytetrale rate) inndratand test 3 m 10 properties of setts in fagere.
(endratmed and at var tees 4
malees of f - 7) Mg 3

Dry Illite 4 a 16 1/see to $1sth and If stchell, Beseerth of sett Test results summartaed O4 m le 1/see 89e8 properties in figure , g.
$ 60% stress Sewel (g/qg)

CDReasided Illite segrease IJ temperature free Stagh and nitche!!. Research of east Test results summartaed M(warted temperatore 64 # to 97 5 tecreased strata 1968 properties la figure, pdettag test) rate f ree .0001151/ eta. te
C3 .00121/ eta. g

gw 0=erceaselsdated Emedee .0008 to I.0%/ day (not/ day sishop and toweetery. Research of set! Test ressics summarised M@ clays dratand test 9 fattore) 5969 properties la figure, g
Bernally coeseltdated .0051/ day se 101/ day Bishop and Levenbury. Research of sett Test ressita samartzed
poecome clay; desteed 5%9 properties la figure.
test

Osake clay; logrease ej temperatore free Mitchell. 1976 Presentatten of Test results aswee la
inndrataed seats 10 C to 45 C tacreased strata (after lesrayama. properties of selle itsere; valees derived

rate feen .045 to .8022/tes- IM9) free data shows.
erithese cycle of ties

stammer EC - i a n rv

bydroelse heerenate 2 a 10'II to 7 m 10'IIcarsec Westtaghnese. 1981 Sackft!! for repository Tatees free varteen sources
Casserstwary sommertaed to table.

Sedsen Beersette 5.6 e It'II to 6.7 a 10'IIce/see Paestic northmest tacht tit for reposttery Test values summartaed in
Laboratory 1981 table.

Caletem testeette 1.3 m 10'II se 1.6 a 10-12 /sec Facif tc perthmes Sachtatt ter repository Test walees sommertaed to
Lateratory. 1981 table. eq

Tayler eart clay (CE) 6 m 14' to I a 10 cm/see Eleppe. 1981 Research of set! Test data given la figures
,

properties and tables,
Elgia ftte clay (CM) 2 m to', to 2 m to , en/see & g. 1

up
|

O
.
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ItATU IAL 03 OThER AFFLICAfton In me
PanasutTER mETEDS ETIL12 D taste OF TALEES RETTREECES BEFERDCE COKEENTS gf

M>
B,et eet te Eastiette 2 a 13*I to Di see. 1 %H research of a.et! Ye-ar dat a 3 wee 44 table. d9 '

Ceedertivity 3 a 10-8 cm/sec prepertles **=

.g _g
10 to 10 cm/sec meset and atoon. Reseanh of sett Test resalts eeneerised te g

, 19?! properties f1 tere. O
k ~

le % to 10 re/seeIllita
- -80 O

-

g1t

-5 -ti FO
Saectite 0 10 to le cm/sec y

*< H
WPD tat 13*M!aSTTT

9914 Res ta Easitelte 3 to 0.8 9eert and Steen, t eearch of satt Walees em cemmelidated
i,n , ,er ies iaw ,ater,s.e,ies. O

Test reestes sweearized g
to ftae e.

-itte. % t. O n a
M' Seest t re 31 to 1.4
V

gy Bry Bwestry Lane clay (CL) from 97 to I M prf Wees and Deecae. Material free Test results given to m
a

- Classee See 19:e sabankment dass ts u . Q
- 'y"* 58try elay (CL) free 104 to 116 pcf 4

Caeyee See g#,
- Fat eley (CR) free 99 to to pcf O~

steeree 3,e,,

Leae ela (CL) from 102 se 407 pes
'"

f sharee Cze
' Toy;er eart clay (CN) 89 to 95 ref E eppe. 1981 Researrm of sett taberatory standard Proctor

I
'

. peereistes de=stry waloes. Test
., ,

resetts stwee to figure.,

Elgte fire <1my (G) ICD te 103 pet

T4RElesL CostCTTTITY

Ceef f tstemt of Senteette 0.1 to 1.0 **P' e Westiethemse. Backftil to mestear Rasse of walees sessiertaed*~ ''Thereat 1981 easte repostteries te figure.

Ceed.rtietty

,

0. 33 ,"ME SAI.1942 Bachtst1 to esclear values au - rtred te
-

Demeeste

, easte repeetteries table.

, p.
.

' bd
mete- Tsts 1. a ces,ttet toe .f readis, m ettante data .ed 3. set totended to be esmoremeest.e. een, re, resent.tt.e. ooe to tal. a d d.e te

possible stantitcaer differences beteces messerement condittees and asedat tene reperted to the repository. the data reertled here 1,g
shmold be emed only as as tedicattee of ohat Cae reasonablT be espected fer properties of backf tll; tbts allt be suf fletent for the purposes een

O
of this stedy. i.e., comparattue ovateattene, het emeld g be suf fle test for deftatttwe perfernance assesseemt.

.O

.

1

|
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Om-MATIBIAL Of OThEE AFFLICafgen gg fPasastETER RITuucs LTILIZE3 IAECE Of WALCES REFER M S REFEAEaCE COBO'ENTS O g>

Start Tg cyanarTa.affTTCS %:st A f r-Dried : Factist northwest Bachit!! to repostrery Tabetated values contained "M
Q weestee ist samt. 23 kaetantre 42 est sel 0 nt Lateratory. 1981 in reference. ~

Su, t. 7u =ad. 252 me=umare es.s ne sii s e.t <after nietesa aw oaOsat o w . 252 ma.itaite. ,. ,.4 i..s ,st . its>> 2 Z
25% be====* te )Q<mOBedressed Sheer Pittsburgh samiv cla, C (est) 8 gaeareen) Weg and Disacea. Materlats used to en- Values from trian141 coe-Stre th o s' . **z salt m.d Iz.s t. as.s 6 te 32 Im maakse.t da.s pre.aae. test series. m y

mslavl Test data gtwen. U
Sommerville Das saady 4.2 to 20.8 1 to 28 g)cley c. t. sez s.,d. y q62 to 763 stie and clay)

Z<>
rr.rtu De. C . i. T5r wa. aw D cae, n.ter nat osw t. e.- Te.t data p.e.. Oy
c laye, e ra.e r t y -ad e - 6- i,1. 6-asen da . OOy Z9eatsed Sheer "ica Dae gute C = .31 te .4s T5F ["" N

5trength salty clave, smed ea 33 to 16* pDg
new megas Das cure C = .28 T!F
clavey graeel (ad P . 39* fgM

g O m[==f !!y saturated >
@ DEyoaMAT!as CmAAACTD ITTICS bO Ot'nerstmed Imat aat F8stabergh sandy clay 1100 se litX)G poi boas and Dwarea. 1976 Materials used in en- Values calculated f ree X KqTaageet m e.3.e beakment hyperbelic stress-strata d(fee cost 1 stag Sommerville Dan 1300 to 12300 psi equet tom and hyperbalic Cstresses of sandy < lay parameters given in refer- Og** I# ''I I esce as* as N meum-Prerter Dam ts000 to DeOCO pet

* ***clavey gravelly saad g
Drataed Imatta! hew baan Dae care 5000 to 29300 Psi Weg and Duncas. Material used in ee- Talues calculated f ree
Tangeet phaeules s tavey grave t 1974 bankment dans hyperbolic stress-strata
(for c.seiteing equattaa and hyperbolic

" ",:y" *a s d
-- "

ii te n - ,si - -" o - <-100 ta 1000 pst) reference assuming the
reaftains stress.

Creep 40: kaet amite, .s$a10' / eta Stash and Mitchell. Research of soit Data potate gives with
(strata rete) 60% und (p 702 stress level - 4 gg) 1968 properties strain rates./

.9010'#/ eta
(p 90% strese level - 9 4g) ,q/

g
** O
ma g

.C
_
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MATERIAL OR OTHER APPLICATION IN OPAAAftETER METHODS UTILIZED RANCE OF VAll!ES REFERENCES REFERENCE PJD9 TENTS Q "p

ItYDRAULTC GmuuCTIVITV Z -

l4 - Um- '.Hydraulic 41 bentonite. 1 x 10 cm/sec Pacific Northwest Backfill in repository Values given la text fneConduc tivi ty 961 quarts sand Laboratory.1981 test data presented): Q p
f

0q 81 bentonita. 1.5 a 10 cm/see
'

92% quarta sand 3_y
m-- 201 bentonite. ~ 10 cau's c , O Q) Oe*

,
%- 801 sand 1 3 Z'

s , , %01 sodium bentonite. 3.3a10' to 6.4n10' cm/sec Pac fic Nos e eest !!ackfill in repo.itory Summary of laboratcry test >0
' O| -

% Ja,t sano '
Laboratory. 1981 results given incluots-a ( "Ti O,,

'
. 25% sodium %vatonite. 6.6n10-lo ,j,,c\' o m t u t data.?

-

.g 1
_

c g
4

*

, 75% sand m,

-
F g-12

to 4.f F&} 12cm/seC V$0% volcay saline seal. 2.9ulo.,
, hotsand ' p

, ) q
10% bentonite. 5.9:10'Icm/see We=etnghouse, a981 Backfill in repository Values tabulated in Z p

*
.

90% sand reference. Oy251 bentonite. 2 I 10 c a.f s ee O
, 751 sand O mZ" -12

* I50% hentonite, 3 x 10 cm/sec
501 send >O 0-6g 122 clay (w/high plasticity),2x10 to 6:10 cm/sec Eleppe. 1981 Research in properties Test data given. 4 3 Me 881 und of soils rN - -3 -9 E Oe 251 clay (w/hig;h plasticity). lal0 to la10 cm/sec M
75% sand _Q O- *

X4S0t elayfw/high plasticity),4x10 to 2ml0 cm/sec<
50% *="a d M.. - ~

VOID RATIO /14NS,lg C
]'Dry Density So u rville Das 98 to 107 pcf Wona and Duncan. Material from en- Test data giveo. gsandy ciay 1974 bankment dans.y

~

' 12' to 501 hight- p8astic 103 to 130 pcf Kleppe. 1981 Research in desiccati m ' Test data given.
clay. 84 to Sct sand

s

+,
ly

# '

THERMAL CONWCTIVI

Coefficient of to to $01 bentonite, .1) to 3 watts /m *C ' West inglinuse.1981 Backfill in repository values from several
Thermal conduc- 90 to 502 mand

j tivity
'

references summarized
in plot. gq

o 50
,< ~ ~ 0"

^,
.% . -

' Note: Thta is a eospilation of readily avail.able daka acJ sa not latended to be comprehensive, only r.W esentatjve. Dior t'- this and doe to Mg
possible si.ntilcant dif ferences betwan meusurer=*al 6 enditions and condit t ,ns expected in the repostenry, the data roeBaled here should be' , '
used _ orly an arr' indication of what f an reasonably te impected for properties of Isackfillt this will he sufficient for the purposes of this Q.

N- + ;, ,
study, i.e.. comparative evaluatione;, but would g be sufficient for definit sve perforum .nsmessment .3 1 -

, .s . < ,.

. , s
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OgMATER' . OR OTHER APPLICATION IN

pARNtETER METisos UTILIZED RANCE OF VALUES REFERENCES REFERENCE COM1ENTS Tq
m-
E)qSTRF WTH CHARACTERISTICS

Compressive Test s on core samples, 3000 to 8200 pal U .S. Bureau of Mass concrete for Summary of test data paven -H
St rengt h manimum angregate size Rec lama t ion, dans in table. S=

gQvaried from 1% to 8 1975
inches; cement content g
varied f rom 177 to 530 Q
Ibly'' O
Roller - compacted 9 I month, Schrader, 1982 Nas concrete for Flor of test data given. T -

b |
concrete ~31 cement + fly ashi dams " Angle of Sepose* durins

600 psi placement of concrete QO )
* *~ * I~61 cement + fly ash; '* I * *I'*I*

1800 psi Od
E>e I year.

~ 3% cement + fly asha m
1600 psi y0

~ 6% cement + fly ash: N
4500 pel

DEF08 MAT 10N CHARACTERISTICS m
O %dulus of Ordinary concretes.at 2 million to 6 million psi U.S. Rureau of Mass c onc ret e for dans Typical range in values F

k Elasticity 28 days Reclamation, 1975 given. ITI
OO HYDRAUl.!C CONDUCTIVITY

Hydraulic Cow rete, w/l'a 10' to 10 ' cm/sec U.S. Bureau of Mass concrete for-

Conductivity to 45 inch maalaus aggre- Reclamation, 1975 dans
gate stae and water to
cement ratios of 0.5 to
0.8

WOID RATIO / DEN 31TY

Bulk Density Concreta.with maximum 137 to 157 pcf U.S. Bureau of Mass concrete for dans Average values of f resh

aggregate mise of 3/4 Reclamat ion, 19 75 concrete; however. values

are also indicative ofto 6 inches
cured concrete.

TMFRMA1. CnNDUCTIVITY

Coefficient of Coemrete 0.87 watts /ar*K sal 1982 Ba(k fill for nuclear No data given.

Thermal waste repositories

Condusttwity

H
m

Note: This is a compilation of readily available data and is not intended to be compretensive, only representative. Due to this and due to
possible significant dif ferences between measurement conditions and conditions expec ted in the repository, the data compiled here should be

g

used only as an indication of what can reasonably be expected f or properties of backf111; this will be sufficient for the purposes of this Q
study, i.e., comparative evaluations, but would not be suf ficient f or definitive performance assessment.

N

9



_ _ _ _ _ - _ _ _ _ _ _ _ - _ - - -

10
2O
Og
1m1
2 >FH
-Hm-

PARAMETTA MTMIAL OR OTHER
RANCE OF VALUES REFERENCES APPLICATION IN COP 9fENTS ZMETHODS UTILIZED

REFERENCE Q
mOWYDRAULIC CONDUCTIVITY T
N

-2 mOHydraulle Clinoptilolite 1 x 10 cm/sec SAI (1982) Backfill in repository No data Riven.Conducttvity O D~ISynthetic Zeelite 1 x 10 cm/sec Iy
(estimated value) .y

H
mO'zTHERMAL CONDUCTIVI1Y

Coefficient of Clinoptitolite 0.7 watts /m "K SAI (19R2) Back fill in repository No data given.a
e Thermal OmU Conductivity Synthetic 2eolite 0.2 watts /m - K Tg(estimated value) Hq

r- m
OO
r-
-

Ensi: H
mThis is a compilation of readily available data and is not intended to be comprehensive, only representative. Due to this and due to

possible s1Rnificant dif ferences between measurement conditions and conditions expected in the repository, the data compiled here should be
used only as an indication of what can reasonably be expected for properties of the backfill; this will be suf ficient for the purposes of this
study i.e., comparative evaluations. 'out would g be sufficient f or definitive performance assessment.

H
m
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ESTIMATED DISTRIBUTION COEFFICIENT FOR Table D.9
VARIOUS BACKFILL MATERIALS / TYPES

BACKF!l.l. MATTRI ALS

Bentonit e / Beatonite/ Synthetic

k AD10P=UCL1 DF. Sentonite Quarts Conc re t e Saaalt Clinoptitolite Zeo!!te Illite

feronti e (Sr) 100 10 10 250 360 360 360

Technette (Te) 0 0 0 0 0 0 0
-

Radi e (Ra) 100 100 to 100 100 100 100
-

Neptuntum (Np) 50 16 46 16 100 100 50

liranium (t) 2000 6.3 5 6.3 1000 1000 1000

a) Distribution Coefficients (Kd - al/gm) of Various Backfill Materials for a Few
Selected Radionuclides (f rom SA1.1982 )

.

^
RADIONUCLIDE OL ' L 1Y

LOW PERMEABILITY HICH PERMEABILITY CRl:SHED

(gm/cm3) BACKFILL BACKFILL BASALT

~9 2
Cm 10 10' 10 5x10

~ 2
10 ' 10 10 5x10Am

~ I
10 ' 2x10 4x10 6x10Pu

I 2
Np 10 5x10 10 5

10 ' 2x10 10 3
-

U

10'' O O 5Pa
2

10~' 10' 10' 10Th
- 2 2

10 ' 10 10 7x10Ra
-6 I 3 I

Cs 4.5x10 3.2x10 5x10 3x10

1.3x10~' O O 2 _EI

-6 I
Sn 1.9x10 0 0 5x10

-8 2
Tc 10 0 0 10

-6 3 I
Zr 3.5x10 10' 4x10 5x10

~
~

I
Se 10~ 3 0 1.1x10 ,

=_

I
1.9x10"' O 0 5x10Ni

C 3.0x10~ 0 0 2 _

b) Distribution Coefficients (Kd - al/gn) of Various Backfill Types for Pertinent
Radionuclides (from SAI, 1982)

i

Note: These values have been estimated based on available information and experience
for the purposes of conparative studies; they entail significant uncertainty.
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LIST OF SYMBOLS AND ABBREVIATIONS

q, = unconfined compressive strength

S ,C = undrained shear strength

c'or c, c = drained or undrained cohesion, respectively

$'or f.4 = drained or undrained angle of internal friction, respectively

q or (a,-a3P principal stress differences

q,or(o,-a 1,= principal stress differences at failure
3

e, = major principal stress

= minor principal stressa
3

&c = effective stress at consolidation

E = modulus of elasticity, Young's modulus
,

R = one-dimensional strain per logarithmic cycle of normal stresse

(dimensionless)

y, = &y densuy

D, = relative density

s = standard deviation

C/T = cement-to-tatlings ratio

C/S = cement-to-sand ratio

C/FA/S = cement-to-flyash-to-sand ratio

0-23
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APPENDIX E - PREllMINARY EVALUATION OF ALTERNATIVE BACKFILL SCHEMES

A total of 60 viable combinations of waste emplacement hole and room
backfill materials / additives have been identified (see Section 6.2.1 -
Main Text) (see Table E.1). These alternative backfill schemes have
been subjectively and yet explicitly evaluated, in a preliminary
f ashion, with respect to each one's perceived effectiveness in achieving
the generic backfill design basis developed for mis study (see Section
3 - Main Text). This preliminary evaluation of apparent ef fectiveness
has utilized a specific evaluation methodology (see Section 4 - Main
Text). This evaluation essentially consists of:

Subjectively assessing the contribution each alternative backfille
scheme is perceived to have, relative to the other alternatives, in
achieving each weighted backfill design objective, ranging fr.om 0.0
(no contribution) to 1.0 (complete achievement), based on each
backfill scheme's expected performance at a generic site.

e Multiplying the backfill scheme's perceived contribution in
achieving each backfill design objective by the relative weight of
that objective, and then summing the products for all objectives to
determine the relative contribution of each backfill scheme towards
achieving the generic backfill design basis.

The backfill design basis for this study consists of weighted backfill
design objectives, which can be categorized in a variety of ways. For
the purpose of evaluating different combinations of waste emplacement
hole and room backfill materials / additives, it has been useful to first
categorize the weighted backfill design objectives into the following
comprehensive and mutually exclusive subsets:

e Waste package scale objectives
e Room scale objectives
e Room / waste package scale objectives
e Schedule / procedures objectives.

Since 12 different materials / additives have been considered for backfill
around the waste package or in the room, the two sets of objectives
related to either the waste package scale or the room scale need only be
assessed for each of the 12 different materials /additivcs, and not for
all 60 combinations. In other words, the assessment of contribution by
a given room backfill material / additive to achieving the set of backfill
design objectives related only to the room scale can be assumed to be
independent of the backfill material / additive used around the waste
package, and vice versa. Once the contribution to achieving the sets of
room ;cale or waste package scale objectives has been assessed for each
material / additive, these can be combined with the assessed contribution
of each combination to achieving the sets of room / waste package scale
and sched,ule/ procedures objectives.

E-1
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In accordance with the above, the weighted backfill design objectives
related to either the waste package scale or the room scale have been
identified (see Tables E.2 and E.3, respectively). Each of the 12 dif-
ferent backfill materials / additives have then been assessed in how well
they might meet each objective, ranging from 0 for no contribution at
all to 1 for complete achievement. The case of no backfill has been
used as an extreme case, with values of either 0 or 1. Otherwise, the
contributions have been subjectively assessed by considering the expect-
ed properties of each backfill material /ddditive (see Appendix 0) and
comparing each backfill / additive with respect to achieving a given back-
fill design objective. Then, based on the perceived future performance
of each backfill material / additive, the best and worst backfill
material / additive for achieving the given backfill design objective have . |
been identified and their score, relative to the perceived ideal,
assessed; tne best has not necessarily been assessed as 1, nor the worst
as 0. The other backfill materials / additives have then been scored
relative to the best and worst. In this way, although there may be some
uncertainty in the high and low scores, the scores of the dif ferent
backfill materials / additives should properly reflect the relat ive
contribution of each.

Subsequent to the assessment of relative contributions of the dif ferent

backfill materials / additives to achieving each of the backfill design
objectives related to either waste package scale or room scale, this
contribution has been multiplied by the relative weight of that
objective and the products then summed over all objectives; this
summation indicates the perceived contribution of each backfill
material / additive to achieving the sets of waste package scale and room
scale backfill design objectives (see Table E.4).

Next, the weighted backfill design objectives related to either the room
and waste package scale or schedule and procedures have been identified
(see Table E.5). Each of the 60 dif ferent combinations of waste
emplacement hole and room backfill materials / addit ives have then been
assessed in how well they might meet each of these objectives. This
assessment has been conducted in an identical fashion to that conducted
with respect to the sets of waste package scale or room scale
objectives.

Again, subsequent to the assessment of relative contributions of the
dif ferent combinations to achieving each of the backfill design
objectives related to either room / waste package scale or schedule /
procedures, this contribution has been multiplied by the relative weight
of that objective and the products summed over all objectives; this
summation indicates the perceived contribution of each backfill
material / additive to achieving the sets of room / waste package scale and
schedule / procedures backfill design objectives (Table E.5) . The
perceived contributions of the given waste emplacement hole backfill
material / additive to achieving the set of waste package scale backfill
design objectives and of the given room backfill material / additive to
the set of room scale backfill design objectives (Table E.4) have then

E-2
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been added to the perceived contributions of that combination to
achieving the sets of room / waste package scale and schedule / procedures

In this way, the perceived contribution ofbackfill design objectives.
each combination of waste emplacement hole and room backfill materials /
additives to achieving the entire backfill design basis has been
determined. The apparent effectiveness of each combination in achieving
the backfill design basis has then been determined by dividing the

theperceived contribution by the summation of relative weights of all
backfill design objectives (i.e., 0.16445556). This assessed value of
apparent effectiveness can range f rom 0.0 (no ef f ectiveness) to 1.0
(total effectiveness or complete achievement of the backfill design
basis used in this study). .

The apparent eff ectiveness of each viable combination of waste emplace-
ment hole and room backfill material / additive, with respect to achieving
the generic backfill design basis used in this study (see Section 3 -
Main Text), has thus been determined using a subjective and yet explicit
evaluation methodology (see Section 4 - Main Text). These values have
been summarized (see Tables E.6 and E.7). Although numerical values for
apparent effectiveness have been presented, these should only be used as
an approximate indication of the extent to which the generic backfil1
design basis used in this study might be achieved by any given backfill
scheme, as there is inherent uncertainty in the subjective assessments
of both the relative weights of backfill design objectives and the
perceived contributions towards achieving each by any backfil1 scheme.theThis semi-quantitative approach is considered to be suf ficient for

andpurposes of this study and has the advantage of being explicit
However, site-specific quantitative performanceclearly exposed.

assessment, which is outside the scope of this study, will eventually be
necessary to refine the backfill design basis and to rigorously
evaluate, including a determination of the acceptabi1ity of, any "

proposed backfill scheme.

_
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VIABLE COMBINATIONS OF WASTE EMPLACEMENT
HOLE AND ROOM BACKFILL MATERIALS / ADDITIVES Table E.1

ROOM 9ACKFILL MATERIAL / ADDITIVE (See NOTE)

1 2 2A 3 3A 3B 4 4A 4B 5 6 7_

U
g I e e
8
c 2 e e e e e e

$ 2A e e e e e g
C
E 3 e e
3
y 3A e e e
W
E 3B e e e e
a

$4 e e e
5
$ 4A e e e e
b
e 48 e e e e e
t;

y 5 e e e e e e e e
u
$6 e e e e e e e e
5

7 e e e e e e e e e
'

g
G
3

NOTE- (from Section 6.2.1 - Main text)
Code-

%I
{E Primary Objectives -
g; Structural Water Radionuclider < Material / Additive Support Attenuation Attenuation

1 None
2 Concrete x o
2 A Concrete with sand-cement grout x x
3 Muck x
3 4 Muck with sand-cement grout x x
3 8 %.'ck mixed with bentonite x x
4 Sand x
4 A Sand with sand-cement grout x x
4 B Sand mixed with bentonite x x
5 Bentonite x
6 1111te o x
7 Clinoptilolite/ Zeolite (synthetic) x

(Room Scale or Waste Package Scale) =

r = Principal objective of backfill material / additive
o = Secondary objective of backfill material / additive

E-4
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ASSESSMENT OF EACH VIABLE BACKFILL MATERIAL /
ADDITIVE'S CONTRIBUTION TO ACHIEVING THE SET OF Table E.2
WASTE PACKAGE SCALE BACKFILL DESIGN OBJECTLVES

WASTE PACKAGE SCALE BACKFILL DESIGN OBJECTIVES ALTERNATIVE BACKFILL MATERIAL / ADDITIVE
(Listed in approximate decreasing order of significance) (See Table E.1)

| Code Objective Relative Weight 1 2 2A 3 3A 38 4 4A 48 5 6 7

bght-3 (Manimire] mttigation of corrostve groundwater by backfill 0. .2 .2 .3 .3 .3 .3 .3 .3 .3 .4 4

(waste package scale) (post resaturation) (.00323]

i
|tsqhl3 [ Minimize] stress transfer through backfill around waste 1. .3 .2 4 .3 .5 .4 .3 .5 .7 .6 .4

|
package (post resaturation) [.00161]

_

bthol-3 [Minimire] insulation of waste package from rock mass around 1. .6 .5 .8 .6 .3 .6 .6 .3 .2 .3 .6
emplacerent hole (post resaturation) [.00161]

4

|bghl1 (Mant=1re] mitigation of corrosive groundwater by backf t11 0. .2 .2 ; .3 .3 .3 .3 .3 .3 .3 4 .4

(waste package scale) (du ing retrieval period) (.00112] |r
-

.

.3 | .3 .3 .3 .3 .4 .4bghl-2 [ Maximize] mitigation of correstve groundwater by backfill 0. .2 .2 .3 .3
(waste package scale) (post dectruissiontng to resaturation)

'

|[.00108] ,

%__,__+_%

0. p 5i . .5 .3 .5 ! .4 .4 [ .5 .4 | .4 .6 .8bgh2-1 [Maaimire] thtchness/ adsorption of oackf tll around waste ,

package (during retrieval period) [.000972] j dj -

, ;,

- . , - _ -

ten t- 1 [Minimi2e] stress transfer through backfill around waste 1. } .2 .1 i . 4 i .2{.5|.4' .2, .5 i .6 .6 i .4
package (during retrieval period) [.000884] |

'

~-
_ _ _ . _ _ . _ _ _ _ _ _ _ _ _ - _ . . _ . - _ - - . . . _ _ ~ p.-. y __

tph2b-3 [Mintmtze] increase in swelling pressure of backfill around 1. : .7 i .5 ; .8 j .7 | .4 'I
.8. .7|.4|.3I.5 7

waste package (post resaturation) [.000806] j j ,

L._ _

,
_ . _ _ _ _

-_ _.4__..t%_
, fj

.2 |
.5 | .7|.6'f.4

tphl-2 [Minimige] stress transfer through backfill around waste 1. .2 .1 i .4 .2 .5 I 4:

package (post decm missioning to resaturation) [.000538] |
! j

_

, bthol-2 [ Minimize] insulation of waste package from rock mass around 1. .5 .5 .8 .6 4' .6 | .6 4 .3 .7 | .4
I emplacement hole (post deccruissioning to resaturation)

-

!
[ ,

'
j(.000538] [

; :

1

!
.6 | .2'|

.1teh2a-1 [Minimire) swelling pressure of backfill around waste package 1. | .5 .4 | .8 .6 .2 : .8 I .3 i .7
| (during retrieval period) (.000442] I I i i

i ! I i i i
,

i

4 ! .6 I .6 4 I .3 .7 .41.!.5|.5 .8 .6
| bthol-1 [Minimtrel insulation of waste package from rock mass around[.000327] !i | | | . ;

i , ___
emplacement hole (during retrieval period)

I i i i I
.

. j _ ._~.._ _4 _._ p

tph2b-2 (Minimite) increase in swelling pressure of backfill around 1. .6 .4 .8 | .6 .3' .8 ! .6 .3- .2 l .4 t .7

'!! | j

waste package (post deccroissioning to resaturation)(.000269] '
, ! !.

bthl- 3 (Maximtre] insulation of waste pacsage fre rock mass around O. .4 .5I.2|.4|.7 .4 | .4 .7 i .4
f, .7 |

.8
i Ies lacement hele (post resaturation) (.0000688] | 6

i | I l i !

i I I.2|.4|.6bthl 1 (Maxim 12e] insulation of waste package fra rock mass arcur.d O. ! .5 .5 e .4 .4 .6 .7 .7 i .4

emplacement hole (during retrieval pertod) [.00006191
|

j i |

btbl.2 (Mastette] insulation of waste package fre rock mass around O. .5 .5 .2 .4 .6 .4 .4 .6 ! .7 .7 4

| |emplacement hole (post deceptssioning to resaturation) |
(.0000259] j j t,

i

Backf t11 material / additive's perceived contribution to achieving S 5 { E { 3 S E 3 8 0 h
i set of waste package scale backfill design objectives, equals B B N $ $ $ $ G w*wy-

| sumation of Droducts of aneued contribution and relative weight, y. g.
.

y. g. g y.
.

j. g. y. $.yy
.

.

Note: The relative contributions, as well as the relative weights, entail significant
uncertainty due to the subjective nature of their assessment; the assessment of relative
contribution has been based on erce tions regarding each backfill material / additive's
expected perferinance (see Appe ix ~These perceptions are subject to change. The.

objectives and their relative weight are a subset of the generic backfill design basis
developed for this study (see Section 3 - Main Text).
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ASSESSMENT OF EACH VIABLE BACKFILL MATERIAL /
ADDITIVE'S CONTRIBUTION TO ACHIEVING THE SET OF Table E.3
ROOM SCALE BACKFILL DESIGN OBJECTIVES
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PERCEIVED CONTRIBUTION OF EACH VIABLE BACKFILL Table E.4
MATERIAL / ADDITIVE TO ACHIEVING THE SETS OF WASTE
PACKAGE SCALE AND ROOM SCALE BACKFILL DESIGN OBJECTIVES

Perceived Contribution to Achieving
Sets of Backfill Design Objectives

Waste Package Scale Room Scale
Backfill Material / Additive (see Table E.2) (see Table E.3[

1. None .0070240 .0058957

2. Concrete .0048001 .0123001

2A Concrete with sand-cement
grout .0041200 .0168274

3. Muck .0063583 .0086283

3A. Muck with sand-cement grout .0054208 .0187546

38. Muck mixed with bentonite .0049551 .0198251

4. Sand .0059918 .0099928

4A. Sand with sand-cement grout .0054208 .0143545

4B. Sand mixed with bentonite .0049551 .0191081

5. Bentonite .0050896 .0206546

6. I11ite .0064157 .0191180

7. Clinoptilolite/ Zeolite .0065989 .0102891
(synthetic)

NOTE: These perceived contributions entail inherent uncertainty, as they
have been based on each backfill material / additive's expected
performance. Perceptions regarding expected performance, as well
as the relative weights of backfill design objectives, are subject
to change.
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RACxFILL DESIf.N PfLATIVE C0'4BINAi!0N CF WASTE EMPt. ACEMENT HOLE: ROOM BAcrr!LL MATERIAL /ADDITIVEI2) X
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C \
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set of schedules / procedures back- A "T1oame oi+.ra oaa.,w caoi wa essas+ osearea onesio. c i,a rse on,a.3 osssa.o
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Perceived contribution to achieving set I
of waste package scale backfill design o coroa. o coroa. o oo ooi o oo.eoo. o oo.soon o oo.euoi o oo ooi o oo.soon a oo.ia o oo.ia
objectives (see Table E.4)
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cbjectives (see Table E.4)

Perceived contribution to achieving
- - -.

* * * * ' " ' ' " ' ' '#'''' * ' * * * **''#*' ' '''' " ' ' ' ' ' "'* * * ' * ' ' ' ' ' " 'backfil1 design basis (4)
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EO'

.m

) y -j.;' ; .;_j:| zV ','.y . |' i . ~,+ Q' . h. e d ~i.|~ fe, W ..;[~.~; + ~4' . i, ' | ' t. ~ ~ ~ i :. .s i - ', f * b.F '> ?. + % '- ffT T 0 WL .
'

, . ,



| |'

g IF>CCmmCEA2d oT T>O1 > g3Z>H_<E D>I yDD n C -
I

m O I m g A.m O O g 6 C H O Z {..O gy m<{g ym 1ytyg 0oD

m>OX. FF mgg7 W>C-D o ,y
y

.

. r , _ ,,3s

m.
,

) * V 7,.
2 o o o o o o o o o 2 , 5a"o o a a a s s o a o 3 o c

. s
o * a1 o w.o i * o a - , 3( : ,

v o a .o o a o o o o o o i o o i ii
0 o o ,

8 -E
o o

!
3

. n ,T 3
I ' ' o ,s ,' s i

.
, 4

. , 1D r' s nA 0 o . o o o ww i o ie o
D 3 o o * o oi a . s s sA : wo w o, o. '0 " , 4s s S * s c a
/ A o o o o o o o o o o o o . o o a o a o eL 3

AI
'

m i. m

e e 3 ,

o w. ,
, 4R ' , 6E

A : wa e. . o '3 , ,T 3 o o o " o o o o o o o o o o ei o o o
3

. , o S S a s a a s s s s s s o o ,
o

M 4 a o . o o * * o o o o o o o o o o o3 o e
e s t ,L " r

s. w

o s yL e
o. 9I o o 7F

K o o o o o
t 0 0 o o o o o o o o o i s ,1

C
: i a , , i *i 0 a80 7 a r r a s s a a a s o o , 3

A 3 o o o o o e o o o o o o i o o i e a
o c o oA o o

R
* e s i ,

n ,

1w 2
, 4

M * n ,rO *
a.a n , 3O . . 3' o o * o o o o o o o o o v

o.o o e. o o ,a s s s s s s i o o oP 3 . . 0 S S * S s
:

a a o
3 o o . e a * o o o o o o o o o o o o a o

E' e t ,
n* s ,

* m '3 s ,
L * e , 6O s , ?0 o o o o o o o o o aH o o i , , * *

* a"8 a a n o s s a o o s o o , 31 i s
o o o

T :

o o o o o 8 o * o o o o i o o i i i
o o o o

N 3 o o
E ,

.M *

s. ,* , aE 5*
.i o ,C .

o, o, "o
5A 5 o o o o o o o ,* o o0 o o.

. P A:
o o o s s s s s s s o a , 4* s5 s3 a 3L oi o c o

M 2 e o . o o o * * * o o o o o o o o o .

o o
_. E ,

m'i n ,e
. E * i t ,

o , 9
P * v i.

s , 4
T v , 3

o. o o o o o o
el o_ 3 o * * * o oS

:

o o o o, m s s s s s n* s a3 r 3 0 'A o o o o
.W A a o o o o * * **o o o o o o o o o

2 o o
F 2 . ,

,O ' o s ,
4 st i. 'e , 6'
3 o o a o . '2 " * * * o o o . o o o o o en " n

o
N , 5
O s t s , . * * s a s . s s s s s , 4

o oI & o o o o o o o * * o o o . o o o o oT 2 o o
A )N s ,

s

!%3
i et s r ,,2

e 0* * i

s
,

7,o 3 0 * * * o o. o o o o o o o en o o.
0 : m o. . o. * s . s s s s s s. , 0 5 3

4 o o c
C 2 o o . . o o * * o o o o o o o o a o o a

- E . n se.0 o o s * s* * 0 o a e s r .
o 0VT u o o. o. on r t . e w a.o 0H ,s 2

Tr
i o m-

I;
.

n
r r 3 'i * 0 0 c a c o o o c o o

i
t ta. g * * 3 s z o o o o o o o gs s

n
Ag . o o o n

. o o c o i - * * 0 0 o c o o c o o c c en eLE v
EW o o o o o * o o o o o o o o o o o o sg svk ee
R ec i

i a gs g gil)

h a3 n nhb ne
i icc(c i d)

as as
s v v v1

e e( e) el

i n h
oee iN or3 1 1 ilt gv1

- 1 1 - - 1 hi hr, E t u( ai cf cg cID d
nes c - 1 - 1 ah - nk t ak ai a )

SO i 1 1 1 a1 1 - l - l l b occ ) 53 3 3 3 3 oce c) s)
i ov n - - - l - - 1 ol oolEC i ae- - - - - oa4 oe4 o4 (

D 4 l l 2 3 r2 3 l r4 5 r h h r r r t pjt ri tb td t(E g h g g g s p p os p o o s s s s s u bupt E ELV b b bb b bb b b b b b b b b b b h beob/c ne nl n s
LI
IT ise ol e ol e os sit

rsn ii e
FC rej ial iil

rE tl b t cb tfb ts nt ag

usa uk a ua e
CJ nuo nwi

v
4B od o/s

h g - ge
ibcT bb

it
b T

BO cen cme i e a i

od rbe rn
d ci t ae t e t g cdo
ess nk s nes ni eerl

oc( ol( os fv e v l

if d ca ca ce fifi

eo ps cs d eeof
c Lc l d e dse d

rtl eev e v el trt c
eei eea vti vmi vl n

P sb eP sf i st iot i i

eat eoc ef r
cwe cre ck a
r i r j rc oya- 0,gyg gyyMwa3{yE efb efb ea p

w3j Poo P oo Pb A

T*

| ,



-- .. . .. .. . . . . . _ . _ _

(D M >
>0M
O I CD

COMBINATION OF WASTE EMPLACEMENT HOLE: ROOM RACKFILL MATERIAL /ADDITIVEI2) ABVKFILL DESIGN RfLATIVE
OBJECTIVE CODE (1) WEIGHT 33:3 3B: 3A 38:38 4:1 4:3 4:4 4%:1 44:3 4A:3A 4A:4A p m (D

I(dbq4-3 e onioo o ao o ao o ao o. o ao o ao o io o ao o ao o ao

_ shi., o .i.e. .. o o ro . . . c ao em a ao .. o so . so oOz
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__

bg3-3 Qo oonso o so . .o e ao o so . . o sa e so . o .o yy
O Perceived contribution to achieving Z-@E set of schedules / procedures back- eas,,e omiao. ca,.i. oo,o.. osis.e came onoma oarsi oaoasa omasa CDg

fill design objectives (3) >C>M4O--
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Perceived contribution to achieving Z X
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Perceived contribution to achieving set I
of waste package scale backfill design a oo.,,si o .,3,, e ,,si o oo,,,io o aosnio o oo,wie o aos.aos o aos aos o ocuaos o cos.aos
objectives (see Table E.4)

Perceived contribution to achieving set
of room scale backfill design a coe aea o ciers.. o on,sasi o oose,sr o com.a 2 o oo was o cose,3, o com.aei o osers on.3s., q
objectives (see Table E.4) in
Perceived contribution to achieving
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, gy,

"***"' *"'"' *"*" * ' ' ' ' " """ "*''' " ' " * ' " ' ' ' '''**** * * * * ' " "8backfill design basis (4)
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E
04CyrILL DESIr.N REL ATIVE COM3! NATION OF WASTE EMPL ACEMENT HOLE : ROOM BACKr!LL MATERI AL/ADDITitE(2)

OBJECT!vE CODE (1) WErr.HT 5:38 5:5 5:6 6:1 6:2 6:?A 6:3 6:3A 6:38 6:5 p m, G
IMba4-3 om= o o .o o o 3. o so o so . . .c . ,o aw g

h51-3 o os.soo o ro e so e .o o ao o so o yo a 3. o so . .o e ,o OQZw

[3 b91-3 o oars.o om o ,o o so e 2. o .o o o .o . o so o .o mOH
$Z*i " 092-3 e oors.o o ao o ,o om o ao o ,o a 3. o ,o . .o o ao o ao Og{ bg3-3 o oo3,so e so . 3o e .o o ,o o 3. . 3o o ,o e ,o e .o o O H yg

ce h Perceived contribution to achieving Z 2o
ggset of schedules / procedures back- onna. ow.ro o. 43. cacas onrr o. ia= oni 03e m cassa. osene ga

fill design objectives (3) y g

eO2bs,,,c., c oi r_ . so . .. i. . so o ,o o so o sa e ,o . so

bp2-1 o== == *= o= == o= == o= o= o= o= G zy
bp3-1 o a.m o" o" o" o *o o" o= *" *= o= o so g-

dbol-1 o comaa o .o o so o so o so . so . .o aw o o so o so y
OmC bsrla-1 o oomaa o so o= o= == o so o so == o= o so . So

$ bp4-1 e coaavo o .o o so 3 so o ao o .o o .o o .o o ao o .o o so >2
y bp5-1 e ooo ra o .o o so o so o so o .o o so o .o o ao o .o o so Orvi

E bpel-1 o coo o o so o so o so e ao o so o o ro o . so o so _q-
N % mqc bs5al-1 e awrea = o= o= *= o= o= o ** o so a= = so

y bshl-1 o oco..e * d o 50 o so o so o so o so o so o so o so o so _m
Zbsrola-1 e oceso. *= o= * so i ao o so o so o so o so o so o sow

a bs,eis., o me _ .aa . so . o s. i_ e s. . so . so . >. o so e so
es, m. , _i oo__ . so . s. . s. i. . so . so e so . s. o s. . so

Perceived contribution to achieving I X
m "T1set of room / waste package scale eis,ies on,.o2 ei o2 owari. oievara one 3a ci* arse oissio. oivarem ei+ os

backfill design objectives (3) F
Perceived contribution to achieving set I
of waste package scale backfill design . co,o e ooso . e ooso o oo..is r o oo..ist o oo is, o oo..is, o oo..is, e oo isr o oo..ini

objectives (see Table E.4)

Perceived contribution to achieving set
of room scale backfill desi 17 o og,og,, o ago.,.o o o,,,,o e oow,,, e o ,3oo, o o,.o,,, e oco.,o3 o o,o,,.o o o,,,,,, o o,o,,,, |objectives (see Table E.4) .y

i

CD !Perceived contribution to achieving O. g
backfill design basis (4) o r t.s rs oeco2sa ocea.e. o 913 or44:3 onwDi os s.G o oSao.o# oGeo3m osee. i 2 g -

(D
Apo4 rent ef fectiveness (5) 472 .487 .537 .39' .452 .507 .401 .499 .511 .523 ,m

UI
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ASSESSMENT OF EACH ALTERNATIVE BACKFILL
SCHEME'S CONTRIBUTION TO ACHIEVING THE Table E.5
BACKFILL DESIGN BASIS 7 of a

NOTES:

(1) The backfill design objectives (and their relative weights) are a subset
of the generic backfill design basis developed for this study (see Section 3 -
Main Text), and have been coded as follows:

Code Objective

bg4-3 (Masimire) adsorption potential of backfill along flow
path from waste package to accessible environment (post
resaturation)

bel-3 (MaImize) distance from waste package through
repository along flow path due to backfill (post
resaturation)

bgl.3 (Manimire) length of flow path from waste package
through backfill adsorbing material (post resaturation)

bg2 3 [Manimize) cross-sectional area of flow path from waste
package through backfill adsorbing material (i.e.,
manimize volume of backfill) (post resaturatical

bg3-3 (Mastaire) surface area per unit volwne of backfill
<adsorbing material along flow path from waste package

(post resaturation)

bsrolc.) (Masimize) time to start resaturation process (i.e..
maalmira time to placen nt of backftll, room scale.
meille desatering) (during retrieval period)

bp2 1 (Manimire) monitoring of potentially hazardous
underground conditions as backf tlling occurs (duringretrieval period)

bp3 1 (Manistre) quick and efficient mitigation of detected
underground hazards as backfilling occurs (during
retrieval period)

bpl.1 (Manistre) use of safe reliable equipment for
backfilling (during retrieval pertod)

bsrla.1 (Minimire] time to placement of backfill (room scale)
(during retrieval period)

bp4-1 (Minielre) personnel requirements for backfilling (i.e..
manimize mechanization and remote operations) (during
retrieval period)

bp5 1 (Minimire)totaleffortrequiredforbecafilling(e.g.,
no backfilling) (during retrieval period)

bprl-1 (Minimite)volumeofbackfill(roomscale)(ifplaced,
during retrieval period)

bshol.1 (Maximire] time to placement of backfill around weste
package, and ventilate (during retrieval period)

bshl 1 (Minimire] time to placement of backfill around waste
package (during retrieval period)

Aro14-1 (Manistre) time to placement of ba:kfl11 (room scale)
(during retrieval pericd)

bsrolbal (Manimite time to placement of backfill and wentilate
(room sca e) (during retrieval period)

bsrlb-1 (Delay and ministre) backfl111ag of tunnels along
possible egress routes (room scale)(du?ing retrieval
period)

E-14
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ASSESSMENT OF EACH ALTERNATIVE BACKFILL g

SCHEME'S CONTRIBUTION TO ACHIEVING THE Table E.5 7
BACKFILL DESIGN BASIS a of e --g

n
-

2(2) See Table E.1 for the viable combinations of waste emplacement hole backfill
material / additive (X) and room backfill material / additive (Y), denoted as k
X:Y.

.

(3) The perceived contribution of a given backfill scheme to achieving any set a

of backfill design objectives equals the sunnation (over all objectives in the
i

set) of the products of the relative weight of each objective and the ocrceived
contribution of the given scheme to achieving that objective. ;

(4) The perceived contribution of a given backfill scheme to achieving the generic "

backfill design basis used in this study equals the summation of the perceived
contributions of that scheme in achieving the four mutually exclusive subsets
of backfill design objectives (i.e., waste package scale, room scale, room /
waste package scale, and schedule / procedures) which canprise the backfill

,design basis.

(5) The apparent effectiveness of a given backfill scheme in achieving the generic
backfill design basis used in this study is determined by dividino the perceived
contribution by the sum of the relative weights of all the backfill design
objectives (i .e. , 0.16445556). The apparent effectiveness can range from 0.0

-

(no effectiveness at all) to 1.0 (total effectiveness or complete achievement of
the backfill design basis used in this study). 2

The relative contributions of any backfill scheme to achieving any backfill =

design objective, as well as the relative weights of each backfill design
objective, entail significant uncertainty due to the subjective nature of .

their assessment. The assessment of relative contribution has been based on
perceptions regarding each backfill scheme's expected performance. These rperceptions are subject to change. Hence, the results of these assessments -

(i.e., apparent effectiveness) should be used only as an approximate
indication of the extent to which the generic backfill design basis used in

'-

this study might be achieved by any backfill scheme.
:

_

-

-
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APPARENT EFFECTIVENESS OF ALTERNATIVE
BACKFILL SCHEMES Table E.6

g ROOM BACKFILL MATERIAL / ADDITIVE (See Table E.1)
al

1 2 2A 3 3A 2B 4 4A 4B 5 6 7y
.c
4 1 .295 .327

E
r., 2 .322 .369 .424 .366 .450 .435

$ 2A .374 .428 .370 .456 .439 .455
2
8 3 .326 .341

h
{ 3A .329 .364.441
U
M 3B .357 .358 .445 .447
a ----

y4 .326 .340 .363 -

F.!

$ 4A .329 .364 .441 .416
b
e 48 .359 .353 .445 .447 .444
$
g5 .363 .384 .444 .369 .467 .472 .487 537

6 .395 .452 .507 .401 .499 .511 .523 .573
5

7 .424 .482 .528 .464 .565 .550 .557 .607 .625g
E
2

NOTE: The apparent effectiveness of each combination of waste emplacement
hole and room backfill materials / additives is based on a preliminary
evaluation of each (see Table E.5) using the subjective and yet explicit
evaluation methodology developed in this study (see Section 4 - Main Text),
and should be considered only as an approximate indication of the extent
to which the generic backfill design basis used in this study (see Section 3 -
Main Text) might be achieved by that combination. The apparent effectiveness
can range f rom 0.0 (no effectiveness at all) to 1.0 (total effectiveness
or complete achievement of the backfill design basis used in this study).

E-16
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ALTERNATIVE BACKFILL SCHEMES (MATERI ALS/ ADDITIVES) mT
(listed in approximate decrenirq urder of ef f ectivenen) MN

,
"Tl -"A parent m/

', '

Ef f ec t iweness
7 ~

,

Coce Waste Emplacment IMle Room

7:7 ' clinoptilollte around waste package room backfilled with clinoptitolite .625 dH
-

.607
7:6 clinoptiloitte around waste pack age room backfilled with illite

U
6:6 illite around waste package . r)om F-4ckfilled with illite .573

O
7:3A e clinoptilolite around waste packaae en.m backfilled with muck & grouted .565,

''
,

room bukfilled with bentonite .557 O
1:5 clinoptilolite around waste package

"Tl > '
7:38 vitnoptilolite around waste pack age room backfilled with ruck :nised w/ bentonite .e0 '> "O

, 5 :6 bentonite around waste package room backfilled with illite .537 f<
'

, -4

_',-
7:2A clinoptilolite cound waste package - room backfilled with concrete & grouted .528 mO'

'. 'D "Tl

Z>6:5 1111te around waste package room backfilled with bentonite .523
>

rcom backfilled with mt.tk mixed w/bestonite .51i y "U
6:3E t ilite around waste package "U

< '.>g' A 6:2A illite around waste package - room backfilled with concrete & grouted .507 m
,' room backfilled with muck & grouted .499 Wm /
" 6:3A illite around waste package :P Z

5:5 bentonite around waste package . room backfilled with bentonite .487 gq

7:2 clinoptitolite around waste package room hackfilled with concrete 482

h5:33 bentonite around waste package room backfilled with muck wined w/ bentonite. .472

5:34 bentonite around waste package room backf tlled with muck & grouted 467 M
O

7:3 clinoptilollte around waste package . room backfilled with muck 464 "E
m

2A:3A concrete around waste package & grouted roo:n backfilled with muck & grouted 456 g
m

2A:5 concrete around waste package & grouted : room backfilled with bentonite 455 m

6:2 1111te around waste package room backfilled with concrete .452

2:3A concrete around waste package - room backfilled with muck & grouted 450 1

-*-1
38:3B muck mixed w/ bentonite around waste room hackfilled with muck mixed w/ bentonite 447 o CD

-= c-
package & grouted

4B:38 sand mixed w/ bentonite around waste room backfilled with muck mixed w/ bentonite 447
,m

package N

|
1

- .y
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ALTERNATIVE BACKFILL SCHEMES (MAtfRI ALS/ ADDITIVES)
(listed in approsisate decreasing order of effectiveness) Apparent

Code Waste Emplacement Hole Room Effectiveness
mT

3B:3A muck mined w/ bentonite around waste . room backfilled with mck & arouted .445 T "U
pack age {

48:3A sand mixed w/ bentonite around waste room backfilled with m;ck & grouted 445 O3
pack age -4 -4

-

48:4C sand mixed w/ bentonite around waste - room back filled with sand mixed w/ bentonite 444
pack age

7
5:2A bentonite around waste package room backfilled with concrete & 3 routed 444 g
3A:34 muck mixed w/ bentonite around waste room backfilled with muck & grouted .441 @

pack age O
4A:3A sand mised w/ bentonite around waste room backf alled with m;ck & orouted 441 M>

package > "O
F -<?A:38 concrete around waste pack age 4, q<auta r room backfilled with mck mined w/bentnnite .439 a -4
mo

2:38 concrete around waste pack ap room backfilled with muck mined w/ bentonite 4 36

>>2A:24 concrete around waste package & grouted . room backfilled with concrete & grouted .428 qg
rei g
O 2:2A concrete around waste packace room backfilled with concrete & grouted .424 <pi

: m m g7:1 clinoptitolite around waste package no room backfill 424 gg
4A:44 sand around waste package & grouted . room backfilled with sand & grouted .416

6:3 illite around waste package room backfilled with muck .401 A
*T1

6:1 illite around waste package no room backfill .39s F
f"

5:2 bentonite around waste package room hackfilled with concrete .384
M

2A:2 concrete around waste package & grouted room backfilled with concrete .374 O
"E

2A:3 concrete around waste package & grouted room backfilled with muck .370 m
E

2:2 concrete around waste package room backfilled with concrete .369 m
C/)

5:3 bentonite around waste package room backfilled with muck .369

2:3 concrete around waste package : room backfilled with muck .366

3A:3 muck around waste package & grouted room backfilled with nuck .364 m -1

E {ID4A:3 sand around waste package & grnuted * room backfilled with muck .364
te CD

4:4 sand around waste package room back filled with sand .36 3

S:1 bentonite around wasta pack age no room hackfill .363 kJ
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ALTER ~ATIVE BACKFILL SCHEMES (MATERI ALS/ ADDITIVES)
(listed in approximate decreasing order of effectiveness)

m1
Apparent 13.

''.
Code Waste Emplacement Hole Room Ef f ec t iveness 1~-

- mO
o a-

.. Q.;8|t - pack age
4B:1 send mixed w/ bentonite around waste no room backfill ,ng 4. qg

t ._,

- ;. ' i. . , ,t,' <N
s

N slB:3 muck mixed w/ bentonite around vaste room backfilled with nuck .358 MML- ;.
,;,,' pack age ZO

.

,'
N \v o m3 - ,-

ecom backfilled with muck .358 '# M* 48:3
sand mixed u/ bentonite a:Mur.J wate' '

+

' ~ :d W C
- ,

, - '6- - ; Y cackage ; ,,
's

Ei I N' N:' ,e.,

38:1 muck" mixed w/ bentonite around waste ' . no' room backfill .357 OgI - '
,

1 \\. . . ~ ,
,% ,. . ,

( pack age yx
.

4 y.-

muck mixed w/ bentonite ar'ou@d waste . room back' tiled with nack33
- ;- pack age

.

.341 .ryt -y y.-, , s
x

, ,

mo~, . . ,

"o - ;4:3 .. sand around waste package room backf111e1. 9fth muck N .340 354 .
,

Z>'

\ .jiuck arhund waste ptkage & giouted norooAbackfill .329
- s

' 3A:1 y
1$ 41

,

,5 N,-
m , ,

~

. '[' 's 4A:11; sand. md waste package & grouted no room backfill .329 -- 1*
.

', g
'

x 4 < v.
,

'-\
,

. room backfill 0c with suck .327
,

.

.

. .

M >3 '1:3
,

no oackfill arotriid waste pacWe ,s%
'

st t,

t .- \ ; ' s 'i t'

'.
- gm- .,s *

12 3:1 muck around waste package : no room backfill \ .326 yg.
O\ ''

4:1 sand arhund we,te package no room backfill j .326| gx . .-

- .|-
> ' s

' ' concrete arou'nd daste ,oackage . no room backfill .322 3* [ 2:1
r='*. , ,

en room backfill .295 F
,

1:1 no backfill around waste package,- .
*, .s

j ' N') , '. #*

o
s ,;- i-

, s
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,
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,
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' PdTE: kh'e apparent rffectiveness'of och backfill schke (see fabh E.6) entails innerent wertaintj due to %e
' g

- }i.

subiectiveinature of the asWments made and should thus todd only as an appmnimate indicathn of. the g
~. [| extent to unich jhe generic beckfill design basif ued ire (nis study mi;ht be acnieved by that scheme. The.-

-

' apparent effac'tiveness can range from 0.0 (no effectiveness at all) to 1.0 (total effectiveness or complete
~

-.

.' ><t . achievement tr t.Ne backfill design basis used in this study). .
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