W ——

v Ol I ,,,,,,;4

/écwzm//
é)/u/éut (Mj scP Doeaw&-f
Oryan/a—-nl u\,,) eal . ,Z:

“ ‘7“3-/ o W7p 5t

PDR

8712012532 870817
N
1
"3
Eg)

PDR W

873123468
KM Project: KM-11 WX Record File: 107
. W PDR w/encl LPOR w/encl

(Return to WM, 623-55) —



:-,;'},('.;
;\ x - Chapter 8

Section 8.2

- ISSUES

 DRAFT o v
~Site Characterization Plan

Yucca Mountain Site, Nevada Research
and Development Area, Nevada

August 17, 1987

U.S. Department of Energy :
Office of Civilian Radioactive Waste Management -
Washington, DC 20585 -




TABLE OF CONTENTS

DRAFT S
Site Characterization Plan

Yucca Mountain Site, Nevada Research
and Development Area, Nevada

August 17, 1987

U.S. Department of Energy
Office of Civilian Radioactive Waste Management

Washington, DC 20585




. —

DRAFT

DOCUMENT ORGANIZATION

Introduction

Part

Part

A: Description of the mined geologic disposal systen
Introduction
Chapter 1--Geology
Chapter 2--Geoengineering

Chapter 3--Hydrology

Chapter 4--Geochemistry

Chapter 5--Climatology and meteorology
Chapter 6--Conceptual design of a repository
Chapter 7--Waste package

B: Site characterization program (Chapter B)
Introduction

Rationzale

Issues

Planned tests, snalyses, and studies

0o 00 00 00
W= O

Site program

Site overview

Geohydrology

Geochemistry

Rock characteristics

Climate

Erosion

Rock dissolution

Postclosure tectonics

Buman interference

Population density and distribution
Land ownership and mineral rights
Meteorology

Offsite installations

Surface characteristics

Thermal and mechanical properties
Preclosure hydrology

Preclosure tectonics

.

HHHHHHHHD?”.\IOU'#WMH

SqOoONAWN=O

Repository program
Repository overview

Nonradiological health and safety
Preclosure design and technical feasibility

oA o B -

Seal program
Seal overview
Seal ‘characteristics

oo 0000 00 0o 00 00 00 00 oooooooooooooooopooooogogogogogoppo
[ N/ N WWWwwWwwWw wwwwwwmwwwws»gns»s»y:.w.w
W w WV N Pt pd et ek (kb b pd ek puh ek ek ek b b ek b Pl

RO b

Configuration of underground facilities (postclosure)
Repository design criteria for radiological safety




CONDUI N - AN

. . ¢ @

o mmmmmmmmmmmhmmhpmmmhppp»

. .

0o 00 00 0O 0000 000D 0000 000000000000 000000030000 00000000 000D 0000

Glossary

UDRAFT

DOCUMENT ORGANIZATION (continued)

Waste package

Waste package overview

Waste package characteristics (postclosure)
Waste package characteristics (preclosure)

Waste package production technologies
Performance assessment program

Strategy for preclosure performance assessment
Waste retrievability

Public radiological exposures--normzl conditions
Worker radiological safety--normal conditions
Accidental radiological releases

Higher-level findings--preclosure radiological safety
Higher-level findings--ease and cost of comstruction
Strategy for postclosure performance assessment
Containment by waste package

Engineered barrier system release rates

Seal performance

CGround-water travel time

Total system performance

Individual protection

Ground-water protection

Performance confirmation

NRC siting criteria

Higher level findings--postclosure system and technical

guidelines
Completed analytical techniques
Analytical techniques requiring development

Planned site preparation activities
Milestones, decision points, and schedule
Quality assurance program
Decontamination and decommissioning

and acronyms

ii




DRAFT

CHAPTER 8 - SITE CHARACTERIZATION PROGRAM
TABLE OF CONTENTS

Page
8.0 INTRODUCTION. . . . . & & & i i it e e e e o e v o o o v NA
8.1 RATIONALE FOR THE SITE CHARACTERIZATION PROGRAM . . . . . . 8.1-1
B.1.1 The issues-based approach to planning site
characterigation. . . . . . . . . . . ... .. e e e e s 8.1-1
8.1.1.1 Derivation, structure and scope . . . . . . . e e e 8.1-1
8.1.1.2 Application in the site characterization plan . . . . . 8.1-4
8.1.2 Issue resolution strategy . . . . . . . . . . . . . ... 8.1-5
8.1.2.1 Issue identification. . . . . . . . . . . . . . .. .. g8.1-6
8.1.2.2 Performance allocation. . . . . . . . . . . .+ . ... 8.1-5
8.1.2.3 Imvestigatioms. . . . . . . . . . i s 0 it e e e . : 8.1-11
8.1.2.4 Application of the issue resolution strategy. . . . . . 8.1-11
8.2 ISSUES TO BE RESOLVED AND INFORMATION REQUIRED DURING SITE
CHARACTERIZATION. . . . . . . . .. S e e e e e e e e 8.2-1
8.2.1 Issuestoberesolved . . . . . . . . . . .. ... g8.2-1
8.2.1.1 Site-specific issues hierarchy. . . . . . . . . . . .. . 8.2-15
8.2.1.2 Other issues. . . . . . « ¢« ¢ ¢ ¢« ¢ 4 o o 1 o s o o o 8.2-15
8.2.2 Approach to issue resolution. . . . . . . . . . .. ... 8.2-18
B.2.2.1 Key Issue l . . . . . . . ¢ v v v v v v v o o v o o o 8.2-18
8.2.2.1.1 Performance issues for Key Issue 1. . . . . . . . .. 8.2-18
8.2.2.1.1.1 Summary for total system performance--Issue 1.1:
Will the mined geologic disposzal system meet the
system performance objective for limiting radio-
nuclide material to the accessible environment
as required by 10 CFR 60.112 and 40 CFR 191.137 . . 8.2-18
8.2.2.1.1.2 Summary for individual protection -- Issue 1.2:
¥Will the mined geologic disposal system meet the
requirements for limiting individual doses in
the accessible environment as required by 40 CFR
1 3 O - 8.2-62
8.2.2.1.1.3 Summary of ground-water protect;on -~ Issue 1.3:
Will the mined geologic disposal system meet the
requirements for the protection of special sources
of ground water 2s required by 40 CFR 60.1137 . . . 8.2-68




-,

8.2.2.1.1.4

8.2.2.1.1.5
8.2.2.1.1.6

8.2.2.1.1.7
8.2.2.1.1.8

8.2.2.1.1.9

2
g.2.2.1.2.1

8.2.2.1.2.2

uRAFT
TABLE OF CONTENTS (Continued)

Summary of waste package containment -- Issue 1.4:
Will the waste package meet the performance ob-
jective for containment as required by 10 CFR
60.1137 . . . . . e e e e e e e e e e e e e .
Summary of the engineered barrier system release
rates -- Issue 1.5: Will the waste package and
repository engineered barrier systems meet the
performance objective for radionuclide release

Summary of pre-waste emplacement ground-water
travel -- Issue 1.6: Will the site meet the
performance objective for pre-waste-emplacement
ground-water travel time as required by 10 CFR

Summary of performance confirmation -- Issue 1.7:
Will the performance confirmation program meet the

Summary of Siting Criteria -- Issue 1.8: Can the
demonstrations for favorable nd potentially adverse
conditions be made as required by 10 CFR 60.1227. .
Summary of issue resolution strategy for postclo-
sure siting guidelines -- Issue 1.8: (a) Can the
higher-level findings required by 10 CFR Part €60
be made for the qualifying condition of the post-
closure system guideline and the disqualifying

and qualifying conditions of the technical guide-
lines for geohydrology, geochemistry, rock charac-
teristics, climate changes, erosion, dissolution,
tectonics, and human interference; and (b) can

the comparative evaluations required by 10 CFR
060.3-1-5 bemade? . . . .. .. ... .00

.1.2 Design issues for Key Issue 1 . . . . . . . . . . ..
1

Summary of waste package characteristics (post-
closure) -- Issuse 1.10: Have the character-
istics and configurations of the waste packages
been adeuately established to (a) show compliance
with the postclosure design criteria of 10 CFR
60.135, and (b) provide information for the res-

Summary of configuration of underground facili-
ties (postclosure) -- Issue 1.11: Have the
characteristics and configurations of the re-
pository and repository engineered barriers beern
adequately established to (a) show compliance
with the postclosure design criteria of 10 CFR
60.133 and (b) provide information for the re-

8.2-69

8.2-74

8.2-78

8.2-80

8.2-86

8.2-93

8.2-85



DRAFT

TABLE OF CONTENTS (Continued)

g
)
o

8.2.2.1.2.3 Summary seal characteristics -- Issue 1.12:
Have the characteristics and configurations of
the shaft and borehole seals beeen adequately
established to (&) show compliance with the
postclosure design criteteria of 10 CFR
.60.134 and (b) provide information for the
resolution of the performance issues? . . . . . . . 8.2-103
2.2.2 KeyIssue 2 . . . . . . . v 0 v v v b v e e e e 8.2-108
.2.2.2.1 Performance issues for Key Issue 2. . . . . . . . . . 8.2-108
.2.2.2.1.1 Summary of public radiological exposures: normal
conditions -- Issue 2.1: During repository oper-
ation, closure, and decommissioning (a) will the
expected average radiation dose received by mem-
bers of the public within any highly populated
area be less than a small fraction of the allow-
able limits and (b) will the expected radiation
dose received by any member of the public in an
unrestricted area be less than the allowable
limits as required by 10 CFR 60.111, 40 CFR
101 Subpart A, and 10 CFR Part 207. . . . . . . . . 8.2-108
8.2.2.2.1.2 Summary of worker radiological safety: mnormal
conditions -- Issue 2.2: Can the repository
be designed, constructed, operated, closed,
and decommissioned in 2 manner that ensures
the radioclogical safety of workers under
normal operations as required by 10 CFR 60.111
and 10 CFR Part 207 . . . . . . . . ¢ ¢« ¢ v ¢« ¢ ¢ 8.2-112
8.2.2.2.1.3 Summary of preclosure accidental radiological
releases -- Issue 2.3: Can the repository be
designed, constructed, operated, closed, and
decommissioned in such a way that credible
accidents do not result in projected radio-
logical exposures of the general public at
the nearest boundary of the unrestricted
area, or workers in the restricted area, in
excess of applicable limiting values? . . . . . . . 8.2-118
8.2.2.2.1.4 Summary of waste retrievability -- Issue 2.4:
Can the repository be designed, constructed,
operated, closed, and decommissioned so that
the option of waste retrieval will be pre-
served as required by 10 CFR 60.1117. . . . . . . . 8.2-123
8.2.2.2.1.5 Higher level findings - preclosure radiological
safety higher-level findings -- Issue 2.5: Can
the higher-level findings required by 10 CFR
Part 960 be made for the qualifying condition
of the preclosure system guideline and the dis-
qualifying and qualifying conditions of the
technical guidelines for population density

oo oo

- 114 -




- DRAFT

TABLE OF CONTENTS (Continued)

and distribution, -site ownership and control,
meteorology, and offsite installations and

2.2.2.2 Design issues for Key Issue 2 . . . . . . . . . .. N

8.2.2.2.2.1 Summary of waste package characteristics (pre-
closure) -- Issue 2.6: Have the character-
istics and configurations of the waste pack-
ages been adequately established to (2) show
compliance with the preclosure design cri-
teria of 10 CFR 60.135 and (b) provide informa-
tzon for the resolution of the performance

8.2.2.2.2.2 Summary for repository design criteria for
radiological safety -- Issue 2.7: Have the
characteristics and configurations of the
repository been adequately established to
(2) show compliance with the preclosure
design criteria of 10 CFR 60.130 through
60.133 and (b) provide information for the
resolution of the performance issues? . . . . . . .
2.2.3 Key Issue 4 . . . . . . . ¢ & ¢t i 4t o v o e e e v e e
2.2.3.1 Performance issues for Key Issue 4. . . . . . . . . .
8.2.2.3.1.1 Summary of the ease and cost higher-level
findings -- Issue 4.1: Can the higher-
level findings required by 10 CFR Part 960
be mde for the ualifying condition of the
preclosure system guideline and the dis-
qualifying and quelifying conditions of
the technical guidelines for surface char-
acteristics, rock characteristics, hydro-
logy, and tectonies?. . . . . . . . . .. 0. ...
.3.2 Design issues for Key Issue 4 . . . . . . . . . . ..
.3.2.1 Summary of nomradiological hezlth and safety --
Issue 4.2: Are the repository design and oper-
ating procedures developed to emsure nonradio-
logical health and safety of workers adequately
established for the resclution of the perform-
ance issues?. . . . . . . . 0 et e e e e e e e
8.2.2.3.2.2 Summary for waste package production techno-
logies -- Issue 4.3: Are the waste package
production technologies adequately established
for the resolution of the peroformance issues?. . .
8.2.2.3.2.3 Summary for preclosure design and technical
feasibility -- Issue 4.4: Are the technologies
of repository comstruction, operation, closure,
and decommissioning adequately established to
support resolution of the performance issues? . . .

8.
8.

iv

8.2-131

8.2-1563

8.2-156

8.2-163




URAFT

TABLE OF CONTENTS (Continued)

8.2.2.3.2.4 Total system costs -- Issue 4.5: Are the costs
of the waste packages and the repository ade-
quately established for the resolution of the

performance issues? . . . . . . . . . .. . 0. .

8.2.2.4 Summaries of site characterization programs . . . . . .
8.2.2.4.1 Summary of the geohydrology program. . . . . . . . .
8.2.2.4.2 Summary of the geochemistry program. . . . . . . . .
8.2.2.4.3 Summary of postclosure rock characteristics

PTOETAM. . & &« « « o o o o o o o o o o o o o o o o o
8.2.2.4.4 Summary of the climate program . . . . . e e e e e
8.2.2.4.5 Summary of the erosion program . . . . . . . . e e e
8.2.2.4.6 Summary of the rock dissolution program. . . . . . .
8.2.2.4.7 Summary of the postclosure tectonics site

PrOETam. . « « & « « o o o o o o o s o o s o o o o o
8.2.2.4.8 Summary of the human interference program. . . . . .
8.2.2.4.9 Summary of population density and distribu-

tion Program . . . . v ¢ ¢ 4 4 e e e e e e e e
8.2.2.4.10 Summary of site ownership program. . . . . . . . . .
8.2.2.4.11 Summary of meteorology program . . . . . . . . . . .
8.2.2.4.12 Summary of offsite installations program . . . . . .
8.2.2.4.13 Summary of surface characteristics program . . . . .
8.2.2.4.14 Summary of thermal and mechanical properties

PTOETRIM « « & « o & « o o o o o o o o o o o » e
8.2.2.4.15 Summary of the preclosure hydrology program . . . . .
8.2.2.4.16 Summary of the preclosure tectonics program . . . . .
8.3 PLANNED TESTS, ANALYSES, AND STUDIES. . . . . . . . . . . .
8.3.1 Site Program . . . . ¢ « ¢ 4 ¢ 4 4 4 b 4 e e e e e e e
8.3.1.1 Overview of the site program . . . . . . . . . . . . .
8.3.1.2 Overview of the geohydrology program: Description

of the present and expected geohydrology

characteristics required by the performance

and design issues . . . . . . . . . 0004 e e e e e
8.3.1.2.1 Investigation: Studies to provide a

description of the regional hydrologic system . . . .
8.3.1.2.1.1 Study: Characterization of the meteorology
for regional hydrology. . . . . . . . . . . . . . .
8.3.1.2.1.1.1 Activity: Precipitation and meteorological
mopitoring. . . . . . . . s s e e e o o e
8.3.1.2.1.2 Study: Characterirzation of runoff and
streamflow. . . . . . . . . . . . .. e e e e e
8.3.1.2.1.2.1 Activity: Surface-water runoff monitoring. . . .
8.3.1.2.1.2.2 Activity: Transport of debris by severe
rupoff. . . . . . . oo e e e e e
8.3.1.2.1.3 Study: Characterization of the regional
ground-water flow system. . . . . . e e e e e e
8.3.1.2.1.3.1 Activity: Assessment of regional hydrogeologic
data needs in the saturated gone. . . . . . . . .

Page
8.2-165
8 2-177
8.2-177
8.2-181
8.2-186
8.2-180
8.2-1903
8.2-195
8.2-196
8.2-199
8.2-203
8.2-204
8.2-205
8.2-209
8.2-210
8.2-213
8.2-218
8.2-221

8.3-1
8.3.1-1
8.3.1.1-1
8.3.1.2-1
8.3.1.2-62
8.3.1.2-67
8.3.1.2-67
8.3.1.2-72
8.3.1.2-72
8.3.1.2-80
g8.3.1.2-82
8.3.1.2-82



DRAFT

TABLE OF CONTENTS (Continued)

Page
8.3.1.2.1.3.2 Activity: Regional potentiometric level
studies . . . . .. . .. T e e e e e e e e e e 8.3.1.2-83
8.3.1.2.1.3.3 Activity: Fortymile Wash recharge study. . . . . 8.3.1.2-88
8.3.1.2.1.3.4 Activity: Evapotranspiration studies . . . . . . 8.3.1.2-92
8.3.1.2.1.3.5 Activity: Regional hydrochemical tests and
: analyses. . . . . . . .. 000 e e e e e 8.3.1.2-85
8.3.1.2.1.4 Study: Regional hydrologic system
synthesis and modeling. . . . . . . . .. . . ... 8.3.1.2-97
8.3.1.2.1.4.1 Activity: Conceptualigation of regional
hydrologic flowmodels. . . . . . . . . . . . .. 8.3.1.2-97
8.3.1.2.1.4.2 Activity: Subregional two-d1men51onal
areal hydrologic modeling . . . . . . . . . . .. 8.3.1.2-99
8.3.1.2.1.4.3 Activity: Subregional two-dimensional
cross-section hydrologic modeling . . . . . . . . 8.3.1.2-101
8.3.1.2.1.4.4 Activity: Regional three-dimensional
hydrologic modeling . . . . . . . . . . . . . .. 8.3.1.2-103
8.3.1.2.1.56 Applicationof Results. . . . . . . . . ... ... 8.3.1.2-106
8.3.1.2.1.6 Schedules and milestones. . . . . . . . . . .. .. 8.3.1.2-106
8.3.1.2.2 Investigation: Studies to provide a description of
the unsaturated gzone hydrologic system at the
Bite . . . i i e e e e e et e e e e e e e e e e e 8.3.1.2-108
8.3.1.2.2.1 Study: Characterlzatlon of unsaturated-
gone infiltration . . . . . . . . . . .. . 0. .. g8.3.1.2-118
8.3.1.2.2.1.1 Activity: Characterigzation of hydrologic
properties of surficial material. . . . . . . . . 8.3.1.2-118
8.3.1.2.2.1.2 Activity: Evaluation of natural
infiltration. . . . . . . . . e 4 e e e e e e 8.3.1.2-124
8.3.1.2.2.1.3 Activity: Evaluation of artificial
infiltration. . . . . . . . . . ¢ 4 00000 8.3.1.2-131
8.3.1.2.2.2 Study: Water movement tracer tests us1ng chloride
and chlorine-36 measurements of percolation
at Yucca Mountain . . . . . . . . . . .00 00 8.3.1.2-135
8.3.1.2.2.2.1 Activity: Chloride and chlorine-36 measurement
of percolation at Yucca Mountain . . . . . . . . 8.3.1.2-136
8.3.1.2.2.3 Study: Characterization of percolation
in the unsaturated zone--surface-based study . . . 8.3.1.2-137
8.3.1.2.2.3.1 Activity: Matrix hydrologic properties
testing . . . . . 0 vt h e e e e e e e e e e e 8.3.1.2-139
8.3.1.2.2.3.2 Activity: Site vertzcal borehole studies . . . . 8.3.1.2-148
8.3.1.2.2.3.3 Activity: Solitario Canyon horizontal
, borehole study. . . . . . . . . . . .. ... 8.3.1.2-167
8.3.1.2.2.4 Study: Characterization of Yucca Mountein
percolation in the unsaturated zone--exploratory
shaft facility investigations . . . . . . . . . . . 8.3.1.2-176
8.3.1.2.2.4.1 Activity: Intact-fracture test in the
exploratory shaft facility. . . . . . . . . . . . 8.3.1.2-181
8.3.1.2.2.4.2 Activity: Infiltration test in the exploratory
shaft facility. . . . . . . . . . .. « + + . . . 8.3.1.2-192



8.3.

8.3.

g.3.

8.3.

8.3.

8.3.

g.3.

g.3.

8.3.

.

L S

(=3
NN NDON NN N

e
NN

N

[ - T N [\ N - I ] NN NN [

DRAFT

'TABLE OF CONTENTS (Continued)

Page
.2.4.3 Activity: Bulk-permeability test in the
exploratory shaft facility. . . . . . . . . . .. 8.3.1.2-208
.2.4.4 Activity: Radial borehole tests in the
exploratory shaft facility. . . . . . . . . . .. 8.3.1.2-224
.2.4.5 Activity: Excavation effects test in the
exploratory shaft facility. . . . . . . . . . .. 8.3.1.2-234
.2.4.6 Activity: Calico Hills test in the exploratory
shaft facility. . . . . . . . . . . . . . . .. 8.3.1.2-240
.2.4.7 Activity: Perched water test in the
’ exploratory shaft facility. . . . . . . . . . .. 8.3.1.2-245
.2.4.8 Activity: Hydrochemistry tests in the
exploratory shaft facility. . . . . . . . . . . . 8.3.1.2-248
.2.5 Study: Diffusion tests in the exploratory shaft
facility. . . . . . ¢ 4 o e e e e e e e e e e e e 8.3.1.2-252
.2.5.1 Activity diffusion tests in the exploratory
shaft facility. . . . . . . . . . . . . oo o .. 8.3.1.2-252
.2.6 Study: Characterization of flux within
the Paintbrush nonwelded unit in the vicinity
of the Ghost Dance fault. . . . . . . .. .. ... 8.3.1.2-254
.2.6.1 Activity: Plan to characterize the
flux within the Paintbrush nonwelded unit in
the vicinity of the Ghost Dance fault . . . . . . 8.3.1.2-254
.2.7 Study: Characterization of gaseous-phase
movement in the unsaturated gome. . . . . . . . . . 8.3.1.2-257
.2.7.1 Activity: Gaseous-phase circulation study. . 8.3.1.2-261
-2.8 Study: BHydrochemical characterization of the
unsaturated gome. . . . . . . . . . 0 . e e e . e 8.3.1.2-266
.2.8.1 Activity: Gaseous-phase chemical investigations. 8.3.1.2-266
.2.8.2 Activity: Aqueous-phase chemical investigations. 8.3.1.2-269
.2.9 Study: Unsaturated-zone flow and transport
modeling. . . . . . . . i i e e e e e e e e e e e 8.3.1.2-272
.2.9.1 Activity: Preliminary numerical modeling of the
site hydrogeologic system . . . . . . . . . . .. 8.3.1.2-273
.2.9.2 Activity: Simulation of the naturzal
hydrogeologic system. . . . . . . . . . . . . .. 8.3.1.2-276
.2.9.3 Activity: Stochastic modeling and
uncertainty analysis. . . . . . . . .. ... .. 8.3.1.2-278
.2.10 Study: Unsaturated-zone system analysis
and integration . . . . . . . . . .00 .. 8.3.1.2-27¢9
.2.10.1 Activity: Conceptualization of the
unsaturated-zone hydrologic flow system . . . . . 8.3.1.2-279
.2.10.2 Activity: Numerical simulation of
the concepts. . . . . . . . . ¢ v v v v e e e . 8.3.1.2-281
.2.10.3 Activity: System integration: Definition of
flow paths and calculation of fluxes and
velocities within the unsaturated gope. . . . . . 8.3.1.2-283
.2.11 Application of results . . . . . . e e e s+ s . . . B.3.1.,2-284
.2.12 Schedules and milestones . . . . . . . . . . . .. 8.3.1.2-286
.3 Investigation: Studies to provide a description of
the saturated zone hydrologic system at the site. . . 8.3.1.2-290

vii _



DRAFT

TABLE OF CONTENTS (Continued)

8.3.1.2.3.1 Study: Characterigation of the site saturated-zone
ground-water flow system. . . . . . . . . . . . ..
8.3.1.2.3.1.1 Activity: Solitario Canyon fault study in the
saturated Zone. . . . . . . . . . . 0 00 e e e
8.3.1.2.3.1.2 Activity: Site potentiometric-level evaluation .
8.3.1.2.3.1.3 Activity: Analysis of previously completed
hydraulic-stress tests. . . . . . . . . . . . . .
8.3.1.2.3.1.4 Activity: Multiple-well interference testing . .
8.3.1.2.3.1.5 Activity: Testing of the C-hole sites with
' conservative tracers. . . . . . . . ¢ 0 40 0 0.
8.3.1.2.3.1.6 Activity: Well testing with
conservative tracers throughout the site. . . . .
8.3.1.2.3.1.7 Activity: Testing of the C-hole
sites with reactive tracers . . . . . . . . . . .
8.3.1.2.3.1.8 Activity: VWell testing with reactive tracers
throughout the site . . . . . . . . . e e e e
£.3.1.2.3.2 Study: Characterization of the site
saturated zone hydrochemistry . . . . . . . . . . .
8.3.1.2.3.2.1 Activity: Assessment of site hydrochemical
data availability and needs . . . . . . . . . ..
8.3.1.2.3.2.2 Activity: Bydrochemical characterization of
water in the upper part of the saturated zone at
the site. . . . . . . . ¢ ¢+ v o 4 v . .
8.3.1.2.3.3 Study 1.13.3.3: Saturated zone hydrologic system
synthesis eand modeling. . . . . . . . . . . .. ..
8.3.1.2.3.3.1 Activity: Conceptualigation of saturated gone
flow models within the boundaries of the
accessible environment. . . . . . . . . . .. ..
8.3.1.2.3.3.2 Activity: Development of fracture network
model . . . . . . . s e e e e e e e e e e e e e
8.3.1.2.3.3.3 Activity: OCalculation of flow paths, fluxes,
and velocities within the saturated zone
to the accessible environment . . . . . . . . . .
8.3.1.2.3.4 Application of results. . . . . . . . . . . .. ..
8.3.1.2.3.5 Schedule and milestones . . . . . . . . . ... ..
8.3.1.3 Overview of the geochemistry program: Description
of the present and expected geochemical character-
istics required by the performance and design
IBBUES . . v .« vt h e e e e s e e s e e s e e e e . .
B8.3.1.3.1 Investigation: Studies to provide the information on
water chemistry within the potential emplacement
horizon and along potential flow paths . . . . . . .
8.3.1.3.1.1 Study: Ground-water chemistry model. . . . . . . .
8.3.1.3.1.2 Application of results. . . . . e e e e e e e e
£.3.1.3.1.3 Schedule and milestones . . . . . . . .. e e e e e

- viii

Page

.1.2-296
.1.2-207
.1.2-300

3

3

3
.3.1.2-305

3.1.2-315

3.1.2-319
8.3.1.2-323

8.3.1.2-327

. 8.3.1.2-331

8.3.1.2-332
8.3.1.2-333

. 8.3.1.2-333

8.3.1.2-336

8.3.1.2-337
8.3.1.2-338
.2-341

.2-344
.2-345

[« ]
3
(S

8.3.1.3-1



8.

8
g
8
8
8
8
8

oo 00 0o 0oom

0o 00 00 [+ . ]

3.

3.
.3.
.3.
.3.
3.
.3.
.3.

.3.2

.3.2.
.3.2.
.3.2.
.3.2.
3.2,
3.2,
.3.2.
.3.2.
.3.2.
.3.3

.3.3.

.3.1.3.3.

.3.1.3.3.

.3.1.3.3.

O X

.3.1.3.3.
.3.1.3.3.

.3.4.
.3.4.
.3.4.
.3.4.

URAFT

TABLE OF CONTENTS (Continued)

Page
Investigation: Studies to provide information on
mineralogy, petrology, and rock chemistry within
the potentizl emplacement horizon and along
potential flowpaths . . . . . . . . . . ... ... 8.3.1.3-29
1 Study: Three-dimensional mineral
distribution at Yucea Mountain. . . . . . . . . .. 8.3.1.3-32
1.1 Activity: Petrologic stratigraphy
of the Topopzh Spring Member. . . . . . . . . .. 8.3.1.3-32
1.2 Activity: Mineral distributions
between the host rock and the accessible
environment . . . . . . . . 4 4 e e e e e e e e s 8.3.1.3-34
1.3 Activity: Fracture mineralogy. . . . . . . . . . 8.3.1.3-36
2 Study: Bistory of mineralogic and
geochemical alteration of Yucca Mountain. . . . . . 8.3.1.3-37
2.1 Activity: History of mineralogic
and geochemical alteration of Yucce Mountain. . . 8.3.1.3-38
2.2 Activity: Smectite, gzeolite, and manganese
minerals, glass dehydration and transformation. . 8.3.1.3-40
3 Application of results. . . . . . . . . . ... .. 8.3.1.3-42
4 Schedule and milestones . . . . . . . . . . . . .. 8.3.1.3-43
Investigation: Studies to provide information
required on stability of minerals and glasses . . . 8.3.1.3-46
1 Study: Natural analog of hydrothermal
systems in tuff . . . . . . . . .. 000000 8.3.1.3-48
2 Study: Kinetics and thermodynamics of
mineral evolution . . . . . . . . . . .. . .. .. 8.3.1.3-50
2.1 Activity: Kinetic studies of geolite
and related framework silicates . . . . . . . . . 8.3.1.3-51
2.2 Activity: Determination of end-number
free energies for clinoptilolite, heulandite,
albite and analcime . . . . . . . . . . ... . 8.3.1.3-52
2.3 Activity: Solid solution description
of clinoptilolite/heulandite and analcime . . . . 8.3.1.3-54
3 Study: Conceptual model of mineral
evolution . . . . . . e e e e e e e ¢ ¢+ o+ . B8.3.1.3-55 -
4 Applicationof results. . . . . . . . ... .. .. 8.3.1.3-566
5 Schedule and milestones . . . . . . . e v e e e e 8.3.1.3-56
Investigation: Studies to provide the
information required on radionuclide retardation
by sorption processes zlong flow paths to the
accessible environment. . . . . ... . . ... ..., 8.3.1.3-58
1 Study: Batch sorption studies. . . . . . . . . .. 8.3.1.3-63
1.1 Activity: Batch sorption measurements
as a function of solid phase composition. . . . . 8.3.1.3-63
1.2 Activity: Sorption as a function of ‘
sorbing element concentrations (isotherms). . . . 8.3.1.3-67
1.3 Activity: Sorption &s a function of
ground-water composition. . . . . . . . . . . . 8.3.1.3-68
1.4 Activity: Sorption on particulates
and colloids. . . . . . . . . .. .00 8.3.1.3-70



DRAFT

'TABLE OF CONTENTS (Continued)

Page
8.3.1.3.4.1.5 Activity: Statistical analysis of
sorptiondate . . . . . . . . .. .00 00 .. 8.3.1.3-71
8.3.1.3.4.2 Study: Biological sorption and transport . . . . . 8.3.1.3-72
8.3.1.3.4.3 Study: Development of sorption models
(isotherms) . . . . . . . .« ¢ v v ¢ v v v v v o 8.3.1.3-75
8.3.1.3.4.4 Application of results. . . . . . . . . . ... .. 8.3.1.3-76
8.3.1.3.4.5 Schedule and milestones . . . . . . . . . . . . .. 8.3.1.3-76
8.3.1.3.5 Investigation: Studies to provide the
information required on radionuclide retardation
by precipitation processes along flow paths to the
accessible enviropment . . . . . . . . . . . . ... 8.3.1.3-7¢9
8.3.1.3.5.1 Study: Dissolved species concentration
limits. . . . & v o . e e e e e e e e e e e e e e 8.3.1.3-82
8.3.1.3.5.1.1 Activity: Solubility measurements. . . . . . . . 8.3.1.3-83
8.3.1.3.5.1.2 Activity: Speciation measurements. . . . . . . . 8.3.1.3-85
8.3.1.3.5.1.3 Activity: Solubility modeling. . . . . . . . .. 8.3.1.3-86
8.3.1.3.5.2 Study: Colloid behavior. . . . . . . . . . . . .. 8.3.1.3-87
8.3.1.3.56.2.1 Activity: Colloid formation characterization and
stability . . . . . . . . . .00 0000 8.3.1.3-87
8.3.1.3.5.2.2 Activity: Colloid modeling . . . . . . . . . . . 8.3.1.3-88
8.3.1.3.5.3 Application of results. . . . . . . . . .. .. . . 8.3.1.3-89
8.3.1.3.56.4 Schedule and milestones . . . . . . . . .. .. .. 8.3.1.3-89
8.3.1.3.6 Investigation: Studies to provide the information
required on radionuclide retardation by dispersive,
diffusive and advective transport processes along
flow paths to the accessible environment. . . . . . . 8.3.1.3-92
£.3.1.3.6.1 Study: Dynamic transport column experiments. . . . 8.3.1.3-97
8.3.1.3.6.1.1 Activity: Crushed tuff column experiments. . . . 8.3.1.3-68
8.3.1.3.6.1.2 Activity: Mass transfer kinetics . . . . . . . . 8.3.1.3-102
8.3.1.3.6.1.3 Activity: Unsaturated tuff columns . . . . . . . 8.3.1.3-104
8.3.1.3.6.1.4 Activity: Fractured tuff column studies. . . . . 8.3.1.3-106
8.3.1.3.6.1.5 Activity: Filtration . . . . . . . . .. . . .. 8.3.1.3-107
8.3.1.3.6.2 Study: Diffusion . . . . . .. . . . .. . . . 8.3.1.3-108
8.3.1.3.6.2.1 Activity: Uptake of radionuclides on rock .
beakers in a saturated system . . . . . . . . . . 8.3.1.3-109
8.3.1.3.6.2.2 Activity: Diffusion through & saturated tuff
slab. . . . . L L L e e e e e e e e e e e 8.3.1.3-110
8.3.1.3.6.2.3 Activity: Diffusion in an unsaturated tuff
block . . . . ... ... .. e e e e e e e e 8.3.1.3-111
8.3.1.3.6.3 Application of results. . . . . . . .. e e e e 8.3.1.3-111
£.3.1.3.6.4 Schedule &nd milestones . . . . . .+ . . 8.3.1.3-112
8.3.1.3.7 Investigation: Studies to provide the 1nformat1on
required on radionuclide retardation by all
processes along flow paths to the accessible
environment . . . . . . . . e e 4 s e e s e e e e e 8.3.1.3-1156
8.3.1.3.7.1 Study: Retardation sensitivity analysis. . . . . . 8.3.1.3-117
8.3.1.3.7.1.1 Activity: Analysis of physical/chemical

processes affecting transport . . . . . . . . . . 8.3.1.3-118



-

DRAFT

TABLE OF CONTENTS (Continued)

.3.7.1.2 Activity: Geochemical/geophysical model of
Yucca Mountain and integrated geochemical
transport calculations. . . . . . . . . . . . ..

.3.7.1.3 Activity: Transport models and related support .

.3.7.2 Study: Demonstration of applicability of

laboratory data to repository transport
calculations. . . . . . . . . .00 00 .

.3.1.3.7.3 Application of results. . . . . . . . . . . . ...

oo
w
P

.7.4 Schedule and milestones . . . . . . . . . . . . ..
Investigation: Studies to provide the required
information on retardation of gaseous radionuclides
along flow paths to the mccessible environment. .

) 0
00

8.3.1.3.8.1 Study: Gaseous radionuclide transport

0o
X
—
w
%

[+ -] 0o 00 00
[ ]

calculations and measurements . . . . . . e e e
1.1 Activity: Physical transport mechanisms and
rates--retardation mechanisms and transport with
retardation . . . . . . . . 00 e e e e e s
3.8.1.2 Activity: Gas transport measurements . . . . . .
3.8.2 Application of results. . . . . . . . . . ... ..
.3.8.3 Schedule and milestones . . . . . . . . . . . ...
4

Overview of the rock characteristics program:
Description of the present and expected rock
characteristics required by performance and

design issues . . . . < . . . . . 0 v v v e e e e .. s
.4.1 Investigation: Development of an integrated

drilling program. . . « ¢ ¢ ¢« ¢ ¢ ¢ 4 4 e e e e ..

8.3.1.4.1.1 Study: Develop positions on drilling issues that

pertain to site characterization. . . . . . . . . .

8.3.1.4.1.1.1 Activity: Develop a position on drilling

within the boundaries of the repository
parameter drift . . . .. . . .. ... .00

8.3.1.4.1.1.2 Activity: The effects of drilling boreholes on

the unsaturated gone using water, mud, or air
foam as a drilling circulation medium . . . . . .

8.3.1.4.1.1.2.1 Subactivity: The effect of use of water-based

drilling fluids . . . . . . . . . . . o . ..

8.3.1.4.1.1.2.2 Subactivity: Evaluation of data losses to

design and performance assessment caused by
drilling restrictions . . . . . . . . . . . ..

8.3.1.4.1.1.2.3 Subactivity: Review of alternate methods for

dry drilling for core recovery below 500 ft . .

8.3.1.4.1.1.2.4 Subactivity: Investigation of alternate

8.3.

scheduling practices for wet drilling . . . . .
.4.1.1.3 Activity: Evaluation of drillhole and other
subsurface data for the purpose of siting
additional drillbkoles. . . . . . . . . . . .
.4.1.2 Study: Integration of the drilling proposed
during the first year of site characterigzation.

xi

8.3.1.4-1
8.3.1.4-18
8.3.1.4-24

8.3.1.4-24

g8.3.1.4-25
8.3.1.4-25

8.3.1.4-26
8.3.1.4-26
8.3.1.4-27

8.3.1.4-27
g€.3.1.4-28



URAFT

TABLE OF CONTENTS (Continued)

Page
8.3.1.4.1.3 Study: Ongoing 1ntegrat10n of the NNWSI
Project drilling. . . . . .-, . . . . .. ... .. 8.3.1.4-2¢9
8.3.1.4.1.4 Application of results. . . . . . . . . ... ... 8.3.1.4-29
8.3.1.4.1.5 Schedule and milestones . . . . . . . . . .. ... 8.3.1.4-30
8.3.1.4.2 Investigation: Geologic framework of the Yucca
Mountain site . . . . . . . . . . ... ... 8.3.1.4-31
8.3.1.4.2.1 Study: Characterization of the vertical and
lateral distribution of stratigraphic units
within the site area. . . . . . . . . . . . . . .. 8.3.1.4-35
8.3.1.4.2.1.1 Activity: Surface and subsurface stratigraphic
studies of the host rock and surrounding units. . 8.3.1.4-35
8.3.1.4.2.1.2 Activity: Surface-based geophysical surveys. . . 8.3.1.4-44
8.3.1.4.2.1.3 Activity: Borehole geophysical surveys . . . . . 8.3.1.4-59
8.3.1.4.2.1.4 Activity: Petrophysical properties testing . . . 8.3.1.4-60
8.3.1.4.2.1.5 Activity: Magnetic properties and stratigraphic
correlations. . . . . . . . . .. .00 e e . .3.1.4-61
8.3.1.4.2.2 Study: Characterigation of the structural features
within the site area. . . . . . . . . . . . . ... 8.3.1.4-65
8.3.1.4.2.2.1 Activity: Geologic mapping of gonal features in _
the Paintbrush Tuff at a scale of 1:12,000. . . . B8.3.1.4-65
8.3.1.4.2.2.2 Activity: Surface-fracture network '
studies . . . . . . . . . L. e e e e e . 8.3.1.4-68
8.3.1.4.2.2.3 Activity: Borehole evaluation of faults and
fractures . . . . . . . L L 0 0 e e e e e e e 8.3.1.4-70
8.3.1.4.2.2.4 Activity: Geologic mapping of the exploratory
shaft eanddrifts. . . . . . . . . . . .00 .. 8.3.1.4-73
8.3.1.4.2.2.5 Activity: Seismic tomography/vertical
seismic profiling studies . . . . . . . . . . .. 8.3.1.4-77
8.3.1.4.2.3 Study: Three-dimensional geologic model. . . . . . 8.3.1.4-79
8.3.1.4.2.3.1 Activity: Development of & three-dimensional '
geologic model of the site area . . . . . . . . . 8.3.1.4-79
8.3.1.4.2.4 Applications of results . . . .. . . . ... ... 8.3.1.4-81
8.3.1.4.2.5 Schedule and milestones . . . . . . . . . . . . .. 8.3.1.4-83
8.3.1.4.3 Investigation: Development of three-dimensional
models of rock characteristics at the repository
Bite. . & . it i e et e e e e e e e e e e e e e 8.3.1.4-84
8.3.1.4.3.1 Study: Systematic acquisition of site-specific
subsurface information. . . . . . . . . . . . . .. 8.3.1.4-86
8.3.1.4.3.1.1 Activity: Systematic drilling program. . . . . . 8.3.1.4-86
8.3.1.4.3.2 Study: Three-dimensional rock characteristics
models. . . . . . ¢ ¢ o v . e e s e o . . 8.3.1.4-92
8.3.1.4.3.2.1 Activity: Development of three-d1mens1onal )
models of rock characteristics at the repository
site. . . . . o s e e e e e e e e e e e e e .. 8.3.1.4-92
8.3.1.4.3.3 Application of results. . . . . . e e s e e e e e 8.3.1.4-94
8.3.1.4.3.4 Schedule and milestones . . . . . . . . ... ... 8.3.1.4-85

- xiiA .



DRAFT

TABLE OF CONTENTS (Continued)

8.3.1.5 Overview of the climate program: Description of
future climate conditions, required by the

performance and design issues . . . . . . . . .. ...
8.3.1.5.1 Investigation: Studies to provide the information
required on nature and rates of change in climatic

conditions to predict future climates . . . . . . . .
8.3.1.5.1.1 Study: Characterization of modern regional
climate . . . . . . . . . . ... e
8.3.1.5.1.1.1 Activity: Synoptic characterization of regional
: climate . . . . . . . . . . . .. e e e e e e e
8.3.1.5.1.2 Study: Paleoclimate study: lake, playa, marsh
deposits. . . . . . . . ... .0 ...
8.3.1.5.1.2.1 Activity: Paleontologic analyses . . . . . . . .
8.3.1.5.1.2.2 Activity: Analysis of the stratigraphy-
sedimentology of marsh lacustrine and playa
deposits. . . . . . . . . . e e e e e e e
8.3.1.5.1.2.3 Activity: Geochemical analyses of lake, marsh,
and playa deposits. . . . . . . ... ... ...
8.3.1.5.1.2.4 Activity: Chronologic analyses of lake playa
‘ and marsh deposits. . . . . . . . .. .. .. ..
8.3.1.5.1.3 Study: Climatic implications of terrestrial
paleoecology. . . . . . . . . . . . ... ...
8.3.1.5.1.3.1 Activity: Analysis of pack rat middens . . . . .
8.3.1.5.1.3.2 Activity: Analysis of pollen samples . . . . . .
8.3.1.5.1.3.3 Activity: Determination of vegetation-climate
relationships . . . . . . . . . .. ... ...,
8.3.1.5.1.4 Study: Analysis of the palecenvironmental history
of the Yucca Mountain region. . . . . . . . . . ..
8.3.1.5.1.4.1 Activity: Modeling of soil properties in the
Yucca Mountain region . . . . . . . . . . . ...
8.3.1.5.1.4.2 Activity: Soil moisture analog study . . . . . .
8.3.1.5.1.4.3 Activity: Surficial deposits mapping of the
Yucca Mountain area . . . . . . . . . . . . . ..
8.3.1.5.1.4.4 Activity: Eolian history of the Yucca Mountain
Tegion. . . . . . . L L s e e e e e e e e e e e
8.3.1.5.1.5 Study: Paleoclimate-paleoenvironmental synthesis .
8.3.1.5.1.5.1 Activity: Paleoclimate-palecenvironmental
synthesis . . . . . . . . .. .. ... .. ...
8.3.1.5.1.6 Study: Characterization of the future regional
climate and environments. . . . . . . . . . . . ..
8.3.1.5.1.6.1 Activity: Global climate modeling. . . . . . . .
8.3.1.5.1.6.2 Activity: Regional climate modeling. . . . . . .
8.3.1.5.1.6.3 Activity: Linked global-regional climate
modelinmg. . . . . . . . . . 0 e e e e e e e e
8.3.1.5.1.6.4 Activity: Empirical climate modeling . . . . . .
8.3.1.5.1.7 Applicationof results. . . . . . . . . ... ...
8.3.1.5.1.8 Schedule and milestones . . . . . . . . .. .. ..

- xiil.

ww W W W

WWWw Wwo o e W WWw W W Www W W W



8.3.1.

8.3.

8.3.1.

8.3.1.

8.3.1.

8.3.
8.3.

[ N b
nonin Gonn [4,] oon on onon (4] [+, nonon [+, [+;] o

-

-

.

gt v O O

Page
Overview of the climate program: Description of
future climate conditions, required by the
performance and design issues . . . . . . .. ... .. 8.3.1.5-1
.1 Investigation: Studies to provide the information
required on nature and rates of change in climatic
conditions to predict future climates . . . . . . . . B8.3.1.5-18
.1.1 Study: Characterigation of modern regional
climate . . . . . . . o L e e e e e e e e e e e 8.3.1.5-24
.1.1.1 Activity: Synoptic characterigation of regional
climate . . . . . . . ¢ . L0 e 0. .« . . 8.3.1.5-25
.1.2 Study: Paleoclimate study: lake, playa, marsh
deposits. . . . . . . . it i e e e e e e e e e 8.3.1.5-26
.1.2.1 Activity: Paleontologic analyses . . . . . . . . 8.3.1.5-28
.1.2.2 Activity: Analysis of the stratigraphy-
sedimentology of marsh lacustrine and playa
deposits. . . . . . . 0 i i e e e e e e . .. 8.3.1.5-31
.1.2.3 Activity: Geochemical analyses of lake, marsh,
and playa deposits. . . . . . . . . ... 0. .. 8.3.1.5-33
.1.2.4 Activity: Chronologic analyses of lake playa
and marsh deposits. . . . . . . . . . . ... .. 8.3.1.5-35
.1.3 Study: Climatic implications of terrestrial
palececology. . . . . v v b i i e e e e e e e e e 8.3.1.5-37
.1.3.1 Activity: Analysis of pack rat middens . . . . . 8.3.1.5-37
.1.3.2 Activity: Analysis of pollen samples . . . . . . 8.3.1.5-39
.1.3.3 Activity: Determination of vegetation-climate
relationships . . . . . . . . . ¢ ¢ v v 4 oo . 8.3.1.5-40
.1.4 Study: Analysis of the paleocenvironmental history
of the Yucca Mountain region. . . . . . . . . . .. 8.3.1.5-42
.1.4.1 Activity: Modeling of soil properties in the
Yucca Mountain region . . . . . . . . . . 0 . . . 8.3.1.5-44
.1.4.2 Activity: Soil moisture analog study . . . . . . 8.3.1.5-48
.1.4.3 Activity: Surficial deposits mapping of the
Yucca Mountain area . . . . . . . . . . . ¢ . . 8.3.1.5-50
.1.4.4 Act1v1ty° Eolian history of the Yucca Mountain
TEEIOM. . ¢ v & v + 4 o s o 6 e e e e e . . 8.3.1.5-56
.1.5 Study: Paleoclimate-paleoenvironmental synthes1s . 8.3.1.5-60
.1.5.1 Activity: Paleoclimate-palecenvironmental
synthesis . . . . . . ¢ ¢ v ¢ ¢t i e 4t e e e .. 8.3.1.5-60
.1.6 Study: Characterization of the future regional
climate and environments. . . . . . . . . . . . . 8.3.1.5-62
.1.6.1 Activity: Global climate modeling. . . . . . . . 8.3.1.5-63
.1.6.2 Activity: Regional climate modeling. . . . . . . B8.3.1.5-68
.1.6.3 Activity: Linked global-regional climate
modeling. . . . . . . ¢« ¢ ¢ o o o . .+ . . 8.3.1.5-70
.1.6.4 Activity: Empirical c11mate modeling . . . . . . 8.3.1.5-71
.1.7 Application of results. . . . . . . . .. v o o« o+ . 8.3.1.5-73
.1.8 Schedule and milestones . . . . . . . . . . . .. . 8.3.1.5-74

DRAFT

TABLE OF CONTENTS (Continued)

- xiii.



Ittt 1

TABLE OF CONTENTS (Continued)

Page
8.3.1.5.2 Investigation: Studies to provide the information
required on potential effects of future climatic
conditions on hydrologic characteristies. . . . . . . 8.3.1.5-75
8.3.1.5.2.1 Study: Characterization of the Quaternary
regional hydrology. . . . . . . . . . . . . .. .. 8.3.1.5-80
8.3.1.5.2.1.1 Activity: Regional paleoflood evaluation . . . . 8.3.1.5-80
8.3.1.5.2.1.2 Activity: Quaternary unsaturated gone
hydrochemical analysis. . . . . . . . .. .. .. 8.3.1.5-83
8.3.1.5.2.1.3 Activity: Evaluation of past discharge areas . . 8.3.1.5-85
8.3.1.5.2.1.4 Activity: Analog recharge studies. . . . . . . . 8.3.1.5-92
8.3.1.5.2.1.5 Activity: Studies of calcite and opaline silica
veindeposits . . . . . . .. L0000 e e e . 8.3.1.5-85
8.3.1.5.2.2 Study: Characterigation of the future regional
hydrology due to climate changes. . . . . . . . . . 8.3.1.5-101
8.3.1.5.2.2.1 Activity: Analysis of future surface hydrology
due to climate changes. . . . . . . . . . . ... 8.3.1.5-102
8.3.1.5.2.2.2 Activity: Analysis of future unsaturated zone
hydrology due to climate changes. . . . . . . . . 8.3.1.5-103
8.3.1.5.2.2.3 Activity: Synthesis of effects of possible
future recharge due to climate changes on
hydrologic characteristics of the Yucca
Mountain saturated gone . . . . . . . . . . . .. 8.3.1.5-104
8.3.1.5.2.3 Application of results. . . . . . . . . .. .. .. 8.3.1.5-106
8.3.1.5.2.4 Schedule and milestones . . . . . . . . . . .. .. 8.3.1.5-106
8.3.1.6 Overview of the erosion program: Description of
the future erosional rates required by the
performance and design issue . . . . . . ... . ... 8.3.1.6-1
8.3.1.6.1 Investigation: Studies to determine present
locations and rates of surface erosion . . . . . .. 8.3.1.6-6
8.3.1.6.1.1 Study: Distribution and characteristics of present
and past erosion . . . . . . . . 000 e e e e . 8.3.1.6-9
8.3.1.6.1.1.1 Activity: Development of 2 geomorphic map of
Yucea Mountain. . . . . . . . . . . .. ... g£.3.1.6-10
8.3.1.6.1.1.2 Activity: Analysis of the downcutting history
of Fortymile Wash and its tributaries . . . . . . 8.3.1.6-11
8.3.1.6.1.1.3 Activity: An analysis of hillslope erosion at
Yucca Mountain. . . . . . . . . e e e e e e e 8.3.1.6-13
8.3.1.6.1.2 Application of results . . . . . . . e e e e e 8.3.1.6-14
8.3.1.6.1.3 Schedule and milestones . . . . . . . . . .. ... 8.3.1.6-15
8.3.1.6.2 Investigation: Potential effects of future climatic
conditions on locations and rates of erosion . . . . 8.3.1.6-15
8.3.1.6.2.1 Study: Influence of future climatic
conditions or locations and rates of erosion . . . 8.3.1.6-18
8.3.1.6.2.1.1 Activity: Synthesis and data evaluation of
impact of future climatic conditions on
' locations and rates of erosion . . . . . . . . . 8.3.1.6-18
8.3.1.6.2.2 Applicationof results . . . . . ... .. .. .. 8.3.1.6-20
8.3.1.6.2.3 Schedule and milestones . . . . . . . .. .. ... 8.3.1.6-2

- xiv -




- 8.3.

8.3
8.3

8.3
8.3

8.3

8.3
8.3

8.3.

8.3.

8.3
8.3
8.3
8.3

8.3.

8.3

DRAFT

'TABLE OF CONTENTS (Continued)

1.6.3 Investigation: Studies to provide the information

required to determine the potential effects of future

tectonic activity on locations and rates
of erosion . . . . . . . i 0t h e e e e e e e
.1.6.3.1 Study: Evaluation of the effects of future
tectonic activity on erosion at Yuccsa Mountain
.1.6.3.1.1 Activity: Synthesis and data evaluation
of the impact of future uplift or subsidence
and faulting on erosion at Yucca Mountain
and vicinity . . . . . . . o L0 00 e e e e e
1.6.3.2 Application of results . . . . . . . ... . ...
.1.6.3.3 Schedule and milestone . . . . . . . . ... ...
.1.6.4 Investigation: Potentizl effects of
erosion on hydrologic, geochemical, and rock
characteristics . . . . . . . . . . . .00 00 0.
.1.6.4.1 Study: Development of 2 topical report
to address the effects of erosion on the
hydrologic, geochemical, and rock
characteristics at Yucca Mountain . . . . . . . . .
.1.6.4.2 Application of results . . . . . . . . . . . ...
.1.6.4.3 Schedule and milestones . . . . . . . . . .. . e

.1.7 Overview of rock dissolution program: Description
of rock dissolution required by the performance and
design issues . . . . . . . . . . e e e e e e .
.1.7.1 Investigation: Rates of dissolution of
crystalline and noncrystalline components in tuff . .
.1.7.1.1 Application of results . . . ... . . . . ... ..
.1.7.1.2 Schedule and milestones . . . . . . . . . . .. ..

1.8 Overview of the postclosure tectonics program:
Description of future tectonic processes and
events required by the performance and
design i85UES . . . . . ¢ ¢ . 4 e e e s s e s e e e e
1.8.1 Investigation: Studies to provide 1nformat10n
required on direct releases resulting from
volcanic activity . . . . . . . . . . . .. e e e e e
.1.8.1.1 Study: Probability of a volcanic eruption
penetrating the repository. . . . . . . . . . . ..
.1.8.1.1.1 Activity: Location and timing of
volcanic events . . . . . . . . . 0 e 0 00 ..
.1.8.1.1.2 Activity: Evaluation of the structural controls
of basaltic volcanic activity . . . . . . . . . .
.1.8.1.1.3 Activity: Presence of magma bodies in the
vicinity of the site. . . . . . . . . e e e e e
1.8.1.1.4 Activity: Probability calculations and
BSseSSment. « o « o ¢ . 2 .t e e e e e e s s e e s
.1.8.1.2 Study: Effects of a volcanic eruption penetrating
the repository . . . . . . . . ¢ o i o e e .

8.3.1.6-20
8.3.1.6-23

8.3.1.8-38
8.3.1.8-39
8.3.1.8-40




8.3.1.8.1.2.1 Activity: Effects of strombolian eruptions . . .
8.3.1.8.1.2.2 Activity: Effects of hydrovolcanic eruptions . .
8.3.1.8.1.3 Applicationof results . . . . . . . . ... ...
8.3.1.8.1.4 Schedule and milestones . . . . . . . . . .. ...
8.3.1.8.2 Investigation: Studies to provide information
required on rupture of waste packages due to
tectonic events . . . . . . . . ... 00 0L
8.3.1.8.2.1 Study: Analysis of waste package rupture due to
tectonic processes and events . . . . . . . . . . .
8.3.1.8.2.1.1 Act1v1ty Assessment of waste package rupture
due to igneous intrusiom . . . . . . . . . . ..
8.3.1.8.2.1.2 Activity: Calculation of the number of waste
packages intersected by a fault . . . . . . . . .
8.3.1.8.2.1.3 Activity: Probability and rate of faulting . . .
8.3.1.8.2.1.4 Activity: Assessment of waste package rupture
due to faulting . . . . . . . . . . ... L.
8.3.1.8.2.1.5 Activity: Assessment of postclosure ground
‘ motion in the subsurface . . . . . . . ... ..
8.3.1.8.2.1.6 Activity: Nature, age, and rate of folding and
deformation in the repository horizon . . . . . .
8.3.1.8.2.1.7 Activity: Assessment of waste package rupture
due to folding and deformation. . . . . . . . . .
8.3.1.8.2.2 Applicationof results . . . . . . . .. .. ...
8.3.1.8.2.3 Schedule and milestones . . . . . . . . . . .
8.3.1.8.3 Investigation: Studies to provide information
required on changes in unsaturated and saturated zone
hydrology due to tectonic events. . . . . . . . . . .
8.3.1.8.3.1 Study: Analysis of the effects of tectonic
processes events on average percolation flux rates
over the repository . . . . . . . . . .. . ...
8.3.1.8.3.1.1 Activity: Annual probability of volcanic or
igneous events in the controlled area . . . . . .
8.3.1.8.3.1.2 Activity: Assessment of the effects of igneous
intrusions and volcanic events on flux rates
8.3.1.8.3.1.3 Activity: Faulting rates, recurrence intervals,
and probable cumulstive offset in 10,000 yr . . .
8.3.1.8.3.1.4 Activity: Effects of faulting on average flux
b o -1 1 1
8.3.1.8.3.1.5 Activity: Assessment of the effects of faulting
on flux rates . . . . . . . . . . . 000 e .
8.3.1.8.3.1.6 Activity: Uplift rates in the controlled area. .
8.3.1.8.3.1.7 Activity: Assessment of the effects of folding,
uplift, and subsidence on flux rates. . . . . . .
8.3.1.8.3.2 Study: Analysis of the effect of tectonic
processes and events on changes-in water-table
elevation . . . . . . . . 0 . v e e e e e e e e e
8.3.1.8.3.2.1 Activity: Thermal and barrier-to-flow effects

DRAFT

TABLE OF CONTENTS (Continued)

of igneous intrusions on water-table
elevation

xvi ’

8.3.1.8-44
8.3.1.8-48
8.3.1.8-48

8.3.1.8-49
8.3.1.8-50

8.3.1.8-51
8.3.1.8-53
8.3.1.8-54
8.3.1.8-55

8.3.1.8-56
8.3.1.8-57

8.3.1.8-57

8.3.1.8-66
8.3.1.8-66
8.3.1.8-67
8.3.1.8-68
8.3.1.8-70
8.3.1.8-71
8.3.1.8-72
8.3.1.8-73
8.3.1.8-74

8.3.1.8-74




DRAFT

TABLE OF CONTENTS (Continued)

8.3.1.8.3.2.2 Activity: Assessment of the effects of igneous
intrusions on water-table levels. . . . . . . . .
8.3.1.8.3.2.3 Activity: Assessment of the effect of strain
changes on water-table elevation. . . . . . . . .
8.3.1.8.3.2.4 Activity: Assessment of the effect of folding,
uplift, or subsidence on water-table elevation. .
8.3.1.8.3.2.5 Activity: Effects of faulting on water-table
elevation . . . . . . . . . L0000 e e e
8.3.1.8.3.2.6 Activity: Assessment of the effects of faulting
on water-table elevation. . . . . . . . . . . ..
8.3.1.8.3.3 Study: Analysis of the effects of tectonic pro-
cesses and events on local fracture permeability
and effective porosity . . . . . . . . . ... ..
8.3.1.8.3.3.1 Activity: Assessment of the effects of igneous
intrusions on local fracture permeability and
effective porosities. . . . . . . . . . ... ..
8.3.1.8.3.3.2 Activity: Assessment of the effects of faulting
on local fracture permeability and effective
porosities . . . . . . ... .0 0000 ..,
8.3.1.8.3.3.3 Activity: Assessment of the effects of stress
or strein on hydrologic properties of the rock
DMESS & « v o o o o o o s o o o o 4 4 e e e e
8.3.1.8.3.4 Applicationof results . . . . . . . . ... ...
8.3.1.8.3.5 Schedule and milestones . . . . . . . . . . . . ..
8.3.1.8.4 Investigation: Studies to provide information
required on changes in rock geochemical properties
resulting from tectonic processes . . . . . . . . . .
8.3.1.8.4.1 Study: Analysis of the effects of tectonic
processes and events on rock geochemical
properties. . . . . . . . . . 0 i e e e e e e e e
8.3.1.8.4.1.1 Activity: Assessment of the change in rock
geochemical properties due to igneous intrusions.
8.3.1.8.4.1.2 Activity: Assessment of the degree
of mineral change along fault gones in
10,000 ¥F . . & v v ot e e e e e e e e e e e e
8.3.1.8.4.1.3 Activity: Assessment of the effects of fault
offset on travel pathway. . . . . . . . e e e .
8.3.1.8.4.1.4 Activity: Assessment of the degree of
nineral change in the controlled area
resulting from tectonically induced change
in water-table levels . . . . . . . . . . « e a
8.3.1.8.4.2 Application of results . . . . . . . .. .. ...
8.3.1.8.4.3 Schedule &nd milestones . . . . . . . . . . . ...
8.3.1.8.5 Investigation: Studies to provide the information
required by the analysis and assessment
investigations of the tectonics program . . . . . . .
8.3.1.8.5.1 Study: Characterization of volcanic
features . . . . . L L L 0 0 e e e e e e e e e e

Page

.3.1.8-76

8.3.1.8-77

8.3.1.8-78

8.3.1.8-70

W W w

.3.1.8-80

.3.1.8-82



o0 o000 O00 00

00 00 00

.

.

.

o0 00 o0 oo 00 00 00 00 OO

© oom o0 0

.3.1.9.

DRAFT

"TABLE OF CONTENTS (Continued)

Page
5.1.1 Activity: Volcanism drillholes . . . . . . . .. 8.3.1.8.5-99
5.1.2 Activity: Geochronology studies. . . . . . . . . 8.3.1.8.5-102
6.1.3 Activity: Field geologic studies . . . . . . . . 8.3.1.8.5-105
5.1.4 Activity: Geochemistry of scoria sequences . . .8.3.1.8.5-107
5.1.5 Activity: Geochemical cycles of basaltic
volcanic fields . . . . . . . . ... ... ... 8.3.1.8.5-109
6.2 Study: Characterization of igneous intrusive
Cfeatures . . . . L L L o L e e e e e e e e e e g8.3.1.8.5-111
5.2.1 Activity: Evaluation of depth of curie
temperature isotherm . . . . . . . . .. .. .. 8.3.1.8.5-111
5.2.2 Activity: Chemical and physical changes around
dikes . . . . . . Lt e e e e e e e e e e e e e 8.3.1.8.5-112
5.2.3 Activity: Heat flow at Yucca Mountain and
evaluation of regional ambient heat flow and
local heat flow anomalies . . . . . . . . . . .. 8.3.1.8.5-114
5.3 Study: Investigation of folds in Miocene and
younger rocks of region . . . . . . . . ... ... 8.3.1.8.5-117
5.3.1 Activity: Evaluation of folds in Neogene rocks
of theregion . . . . . . . . .. .. ..... .8.3.1.8.5-117
5.4 Applicationof results . . . . . . .. ... ... 8.3.1.8.5-118
5.5 Schedule and milestones . . . . . . . . . .. ... 8.3.1.8.5-119
Overview of the human interference program:
Description of potential future human activities
at or near the site, required by performance
and design issues . . . . . . . . . .. .0 e e e e 8.3.1.9-1
.1 Investigation: Studies to provide the
information required on natural phenomena and
human activities that might degrade surface
markers and monuments . . . . . . . . . e 0 ... . £.3.1.9-12
1.1 Study: An evaluation of natural
processes that could affect the long-term
survivability of the surface marker system
g2t Yucca Mountain . . . . . . . . . 000 00 e . g8.3.1.9-18
1.1.1 Activity: Synthesis of tectornic,
seismic, and volcanic hazards data from other
site characterigation activities . . . . . . .. 8.3.1.9-18
1.1.2 Activity: Synthesis: Evaluation
of the effects of future erosion and deposition
on the survivability of the marker system at
Yucca Mountain . . . . . . . . . . .00 .. 8.3.1.9-1¢
1.2 Applicationof results . . . . . . ... ... .. 8.3.1.6-20
1.3 Schedule and milestones . . . . . . . . . . . . .. 8.3.1.8-20
.2 Investigation: Studies to provide the
information required on present and future value
of energy, mineral, land, and ground-water
TESOUTCES . + « « « « o « o o o o o e e e e e e e 8.3.1.9-20
2.1 Study: Natural resource assessment
of Yucca Mountain, Nye County, Nevada . . . . . . . 8.3.1.9-24

xviii -’




8.3.1.9.2.1.1

g.3.
8.3.
8.3.

.

8.3.1.9.

8.3.

.

o0
W o o
-
©©o

8.3.

1

9

N

N

.1.3
1.4
.1.5

.2 Study:

DRAFT

TABLE OF CONTENTS (Continued)

Activity: Geochemical assessment

of Yucca Mountain in relation to the potential
for mineraligation . . . . . . . .. ... ...
Activity: Geophysical/geologic

appraisal of the site relative to mineral
TESOUTCES . . . « « o« « « o o o « o o o o o o & .
Activity: Assessment of the potential for
geothermal energy at Yucca Mountain, Nevada . . .
Activity: Assessment of hydrocarbon resources
at and near the site’ . . . . . . . . ... ...
Activity: Mineral and energy assessment of the
site, comparison to known mineraligzed areas, and
the potential for undiscovered resources

and future exploration. . . . . . . . . . . ...
Water resource assessment of Yucca

Mountain, Nevada. . . . . . . . . . . .. ...

2.1

Activity: Projected trends in local and reg1ona1
ground-water development, and estimated with-
drawal rates in southern Nevada, proximal to
Yucea Mountain. . . . . . . . .. 00000 .

.9.2.3 Application of results. . . . . . . . . ... ...
.2.4 Schedule and milestones . . . . . . . . . .. ...
.3

g8.3.1.9.

8.3.

W

w

[7N)

[

Investigation:

Studies to provide the information

required on potential effects of exploiting matural
resources on hydrologic, geochemical, and rock
characteristics . . . . . ¢ . ¢ ¢ . i i 0 e v e e e

.1 Study:
assessment of the likelihood of future inadvertent
human intrusion at Yucca Mountain as & result of
exploration and/or extraction of natural
TESOUTCES . . « « « « « o o o o o o o o o o e e .

1.1

.2 Study:
exploration for or extraction of natural resources
on the hydrologic characteristics &t Yucca

Evaluation of data needed to support an

Activity: Compilation of data to support the
assessement of calculation of the potential for
inadvertent human intrusion at Yucca Mountain . .
An evaluation of the potential effects of

Mountain . . . . . ¢ ¢ ¢ 4 4 e e e e e e e e e

2.1

Activity: An analysis of the potential

effects of future ground-water withdrawals

on the hydrologic system in the vicinity of
Yucca Mountain, Nevada. . . . . . . . . . .. ..
Activity: Assessment of initiating events
related to human interference that are
considered to be sufficiently credible or
significant to warrant further investigation. . .

0.3.3 Applicationof results. . . . . . . . . . .. ...
9.3.4 Schedule and milestones . . . . . . . . . . . ...

8.3.

8.3.
8.3.
8.3.

g.
8.

8

8.

B.

8.

8.

8

3.

Page

.8-24

.0-28
.9-29
.8-31

.9-34

3.1.0-

3.

3.

3.

3.1.
8.3.1.
3.1.

bt et gt

3.1,

g.3.1

00 00 00

o9 & &
= bt

.9-38

.9-41

.8-41

.0-42

.9-43
.0-44
.0-44




8.3.

oo 00 o0

WMo O 00 o
WWw W o W

00 00 00
Www

00 0o
W w

Wwwew W W W

1.10

.1.11

.1.12

DRAFT

TABLE OF CONTENIS (Continued)

Overview of the population demsity and distribu-

tion program: Description of population density

and distribution required by the performance

and design issues. . . . . . . . . . ... ... e

Overview of land ownership and mineral rights
program: Description of status and plans for
land ownership and mineral rights required by
the performance and design isswves. . . . . . . . . ..

Overview of the meteorology program: Description
of meteorological conditions required by the
performance and design issues . . . . . . . . . . ..

.1.12.1 Investigation: Studies to provide data

on regional meteorological conditions . . . . . . .

.1.12.1.1 Study: Characterigation of the regional

meteorological conditions . . . . . . . . . . ..

.1.12.1.2 Study: Plan for synthesis of NNWSI Project

meteorological monitoring. . . . . . . . . . . ..

12.1.3 Applicationof results . . . . . . . . . .. ...

1.
.1.12.1.4 Schedule and milestones . . . . . . . .. . . ..
1.

12.2 Investigation: Studies to provide data

on atmospheric and meteorological phenomena at
potential locations of surface facilities . . . . .

.1.12.2.1 Study: Meteorological data collection

at the Yucca Mountain site . . . . . . . . . . . .

.1.12.2.1.1 Activity: Site meteorological monitoring

PrOETBM. . . -« « o « o o o o + o o o« s o o o o o

.1.12.2.1.2 Activity: Data summary for input

to dose assessments . . . . . . . 4 4 4 e . . .

.1.12.2.2 Application of results . . . . . . . . . ... ..
.1.12.2.3 Schedule and milestones . . . . . . . . . . . ..
.1.12.3 Investigation: Studies to provide data

on the location of population centers relative to
wind patterns in the generzl region of the site
.1 Applicationof results . . . . . . . . . . .. ..

.1.12.3
.3.1.12.3.2 Schedule and milestopes . . . . . . . . . . . ..
.1.12.4

Investigation: Studies to provide data
on potential extreme weather phenomena and their
recurrence intervals . . . . . . . . .. ... ...

.1.12.4.1 Study: Characterige the potential extreme

weather phenomena and their recurrence
intervals . . . . . . . 0 L L0 e e e e e e e

.1.12.4.2 Application of results . . . . . . e e e e e e
12.4.3

Schedule and milestones . . . . . . . . . . . ..

F:
o
®

8.3.1.10-1

8.3.1.11-1

8.3.1.12-1

8.3.1.12-6

8.3.1.12-9

L] L] L]
b et

e e o . *
Y . T

) .
el

> E ]
Ty

.
[

.12-11
.12-12
.12-13

.12-14
.12-16
.12-16
.12-22

.12-24
.12-25

.12-26
.12-27
.1.12-28

.12-28

.12-29
.12-20
.1.12-30




..
=
M

0o
W

=t
> [}

[+ ] 00 00 oo 0
w w W Www

0o 0o 0o oo 00
W W w W

oo
W W W
b e b

DRAFT

- TABLE OF CONTENTS (Continued)

Overview of offsite installations and operations
program: Description of the offsite installa-
tions and operations required by performance and
design ISSUES . . . . . . 4 vt e e e e e e e e e e 8.3.1.13-1
.1 Investigation: Determination of nearby industrial,
transportation, and military installstions and

operations (nuclear and nonnuclear). . . . . . . . . 8.3.1.13-3

.1.1 Activity: Identify near-site activities . . . . . 8.3.1.13-4
.1.2 Activity: Identify nuclear fuel cycle

facilities inthearea . . . . . . . . . . . . .. 8.3.1.13-5

.1.3 Activity: Identify all nuclear facilities not
associated with the nuclear fuel cycle

near the Yucca Mountain site . . . . . . . . . .. 8.3.1.13-5
.1.4 Applicationof results . . . . . . . ... . ... 8.3.1.13-6
.1.6 Schedule and milestopes . . . . . . . . . . . .. 8.3.1.13-6

Investigation: Potential impacts on
nearby installations and operations . . . . . .. . 8.3.1.13-7
.2.1 Activity: Evaluate near-site
activities . . . . . . . ... 0000, « + . . 8.3.1.13-9
.2.2 Activity: Evaluation of the impact

of nuclear fuel cycle operations near the

Yucca Mountain site and Las Vegas . . . . . . . . 8.3.1.13-10
.2.3 Activity: Evaluate the impact of all

nuclear facilities not associated with

the nuclear fuel cycle near the

Yucca Mountain site . . . . . . . . . . . .. .. 8.3.1.13-11
.2.4 Activity: Evaluate the impact of
ground motion from nuclear testing activities

DO W

at NTS . . . . . o i e e e e e e e e e e e e e e 8.3.1.13-12
.2.5 Activity: Evaluation of highway access

routes to the Yucca Mountain site . . . . . . . . 8.3.1.13-12
.2.6 Activity: Evaluation of rail access

routes to the Yucca Mountain site . . . . . . . . 8.3.1.13-13
.2.7 Application of results . . . . . . . . e e e e 8.3.1.13-13
.2.8 Schedule and milestones . . . . . . . .. .. .. 8.3.1.13-14

Overview of the surface characteristics program:
Description of the surface characteristics required
by the performance and design issues . . ... . . . . . 8.3.1.14-1
.1 Investigation: Studies to provide the
topographic characteristics of potential

locations of surface facilities . . . . . . . . .. 8.3.1.14-24
.1.1 Application of results . . . . . . e e e e e e 8.3.1.14-26
.1.2 Schedules and milestones . . . . . e e e e e 8.3.1.14-28
.2 Investigation: Studies to provide soil

and rock properties of potential locations

of surface facilities . . . . . . . . . . . . . .. 8.3.1.14-28
.2.1 Study: Exploratiom program . . . . . . . . . .. 8.3.1.14-34



0o 0O m
W Wwww

8.3.
8.3.
8.3.
B.3.
8.3.

8.3.
8.3.

8.3.

B.3.
8.3.
8.3.
8.3.
8.3.
B.3.
8.3.
8.3.
8.3.

8.3.

g.3.
8.3.

L o e

-

e

DRAF

TABLE OF CONTENTS (Continued)

.14.2.1.1 Activity: Site reconnaissance . . . . . . . . .
.14.2.1.2 Activity: Preliminary exploration . . . . . . .
.14.2.1.3 Activity: Detailed exploration . . . . . . . .
.14.2.2 Study: Laboratory tests and material
property measurements . . . . . . . 4 ¢ . 4 o0 . .
.14.2.2.1 Activity: Physical property and
index laboratory tests . . . . . . . . . . . ..
.14.2.2.2 Activity: Mechanical and dynamic
- laboratory property tests . . . . . . . . . ..
.14.2.3 Study: Field tests and characterigation
measurements . . . . . . . . . b 0 e e e e e e e s
.14.2.3.1 Activity: Physical property field
tests and characterization measurements
.14.2.3.2 Activity: Mechanical property
' field tests . . . . . . . . . .. 0000 .
.14.2.3.3 Activity: Geophysical field
measurements . . . . . ¢ . . e e e e e e e e e e
.14.2.4 Applicationof results . . . . . . . . . . .. ..
.14.2.5 Schedule and milestones . . . . . . . . .. . ..
.15 Overview of thermal and mechanical rock properties

program: Description of thermal and mechanical rock
properties required by performance and design
issues . . . . . L Lt e e e e e e e e e e e e e e

.15.1 Investigation: Studies to provide the
required information for spatial distribution of
thermal and mechanical properties . . . . . . . . .
.15.1.1 Study: Laboratory thermal properties . . . . . .
.15.1.1.1 Activity: Density and porosity
characterigation . . . . . . . . . . . ... ..
.15.1.1.2 Activity: Volumetric heat capacity
characterigation . . . . . . . . . . .. .. ..
.16.1.1.3 Activity: Thermal conductivity
characterization . . . . . . . e e e e e e e
.15.1.2 Study: Laboratory thermal expansion
testing . . . . . . . 0 0o hd e e e e e e
.15.1.2.1 Activity: Thermal expansion
characterigation . . . . . . . . .. . .00 .
.15.1.3 Study: Laboratory determination of
mechanical properties of intact rock . . . . . . .
.15.1.3.1 Activity: Compressive mechanical
properties of intact rock at baseline
experiment conditions . . . . . . . ... ..
.15.1.3.2 Activity: Effects of variable
environmental conditions on compressive
pechanical properties . .. . . . . .. .. ..
.15.1.3.3 Activity: Tensile strength of
unit TSw2 . . . . . . . . oo e e e e e e e
.156.1.4 Study: Laboratory determination of the
mechanical properties of fractures . . . . . . . .

xxii

[ ] - L)
b bt

e s e L[] L ]
P T N

-t

Page

.14-34
.14-41
.14-45
.14-46
.14-46
.14-49
.14-54
.14-55
.14-57
.14-60

.14-63
.14-64

8.3.1.15-1

.15-18
.16-26

.16-26
.16-29
.15-31
.15-33
.1.16-33
.16-35

.15-35

.16-37
.15-38
.156-39



00
(24

[+ -]
W

00 00 00 0o 00 00 00 00 00 0D OO 00 OO 00 0o 0o oy 00 o0 00 0

o0 ©00 O O O O

Wt W W w W W

1.15.1
fractures at baseline experiment conditioms. . .
1.15.1.4.2 Activity: Effects of variable
environmental conditions on mechanical
properties of fractures . . . . . . . . .. ..
1.16.1.5 Study: Excavation investigations . . . . . . . .
1.15.1.5.1 Activity: Shaft convergence . . . . . . . . . .
1.15.1.5.2 Activity: Demonstration breakout
TOOMS &+ + & ¢ v o o o o o o o o o o o o o o o »
1.15.1.5.3 Activity: Sequential drift mining . . . . . . .
1.15.1.6 Study: In situ thermomechanical
properties . . . . . . . e e e e e e e e e e e e
1.15.1.6.1 Activity: Eeater experiment in
vnit TSwl. . . . . . . . . .. 000,
1.15.1.6.2 Activity: Canister-scale heater
experiment . . . . . . . . .. 0L e e e e e
1.15.1.6.3 Activity: Yucca Mountain heated
block. . . . . . . . . .. i e
1.16.1.6.4 Activity: Thermal stress measurements . . . . .
1.15.1.6.5 Activity: Heated room experiment . . . . . . .
1.15.1.7 Study: In situ mechanical properties . . . . . .
1.15.1.7.1 Activity: Plate loading tests . . . . . . . . .
1.15.1.7.2 Activity: Rock-mass strength experiment . . . .
1.16.1.8 Study: In situ design verification . . . . . . .-
1.15.1.8.1 Activity: Miningmethods. . . . . . . . . . ..
1.15.1.8.2 Activity: Monitoring ground-support
BYStemS. . . & v ¢ v 4 e e e e e e e e e e e e
1.15.1.8.3 Activity: Monitoring drift stabilility. . . . .
1.15.1.8.4 Activity: Air quality and ventilation
experiment . . . . . . .. et e s e e e e e
1.15.1.9 Applicationof results . . . . . . . . . .. ...
1.15.1.10 Schedule and milestones . . . . . . . . . . . ..
1.15.2 Investigation: Studies to provide the
required information for spatial distribution of
ambient stress and thermal conditions . . . . . . .
1.15.2.1 Study: Characterization of the site
ambient stress conditions . . . . . . . . .. ..
1.15.2.1.1 Activity: Anelastic strain
recovery experiments in core holes . . . . . . .
1.15.2.1.2 Activity: Overcore stress experi-
ments in the exploratory shaft facility . . . .
1.15.2.2 Study: Characterization of the site
ambient thermal conditions . . . . . . . e e e e
1.15.2.2.1 Activity: Surface-based evaluation
of ambient thermal conditiomns. . . . . . . . . .
1.15.2.3 Applicationof results . . . . . . . . . . . ...
1.15.2.4 Schedule and milestones . . . . . . . . . .. .

URAFT

TABLE OF CONTENTS (Continued)

.4.1 Activity: Mechanical properties of

- _ xxiii -

Page
8.3.1.15-39
8.3.1,15-41
8.3.1.15-42
8.3.1.15-43
8.3.1.16-45
8.3.1.15-46

8.3.1.15-51
8.3.1.156-83
8.3.1.15-56
8.3.1.15-58
8.3.1.15-61
8.3.1.16-61
8.3.1.15-64
8.3.1.15-66
8.3.1.15-67
8.3.1.15-69
£.3.1.15-71
8.3.1.15-72
8.3.1.156-72
8.3.1.15-74

8.3.1.15-76
8.3.1.15-76
8.3.1.156-77
8.3.1.156-79
8.3.1.156-79

8.3.1.15-80
8.3.1.15-81



o0 oo 0o [+
w 0 W W « 7Y

(o] 00 00 00
w Www

bt i

Y

b P
.

.16

.16.

.16.
.16.
.16.
.16.
.16.

.16.

.16.
.16.
.16.
.16.

.16.
.16.

.16.

.16

[ &) to;-o-

(] WNRN

.3.
.3.

DRAFT

TABLE OF CONTENTS (Continﬁed)

Overview of preclosure hydrology program:
Description of preclosure hydrologic character-
istics and conditions required by performance

and design issues . . . . . . . . .00 0 e e e e

Investigation: Flood recurrence intervals
and levels at potential locations of surface
facilities . . . . . . . . . . . . .0 e e e e e ..
.1 Study: Characterization of flood
potential of the Yucca Mountain site . . . . . . .
.1.1 Activity: Site flood and debris hagards
studies . . . . . . L L L L L et e e e e e e e
.2 Applicationof results . . . . . . . . . . .. ..
.3 Schedule and milestones . . . . . . . . . . . ..
Investigation: Location of adequate
water supplies . . . . . . . . . . .00 00 e
.1 Study: Location of adequate water

supply for construction, operation, closure,
and decommissioning of a mined geologic
disposal system at Yucca Hountazin, Nevada

.1.1 Activity: Assessment of the cost,

feasibility, and adequacy of wells J-12 and
J-13 for use as the alternate water supply for
a mined geologic disposal system at

Yucca Mountain, Nevada . . . . . . . . . . . . .

.1.2 Activity: Location of & primary

water supply for a mined geologic disposal
system at Yucca Mountain, Nevada . . . . . . . .

.1.3 Activity: Location of alternative water

supplies for a mined geologic disposal
system at Yucca Mountain, Nevada . . . . . . . .

.1.4 Activity: Identification and eval-

uation of potentiazl effects of repository
related withdrawals on the local flow system
at Yucca Mountain, Nevada . . . . . . . . . . .

.2 Applicationof results . . . . . . . . . .. ...
.3 Schedule and milestones . . . . . . . . .. . . .

Investigation: Ground-water conditions
within and sbove the potential host rock . . . . . .

.1 Study: Determination of the preclosure hydrologic

conditions of the unsaturated gone at Yucca
Mountain, Nevada . . . . . . . . . ¢ ¢ ¢ v v ¢ ..

.1.1 Activity: Synthesis of data from

Issue 8.3.1.2 to determine the
preclosure hydrologic characteristics of the

unsaturated gzone at Yuccz Mountain, Nevada . . .
2 Application of results . . . . . . . .. e v e e e
3 Schedule and milestones. . . . . . . . . . . . . .

- xxiv -

8.3.

8.

8.

8.

0o 0o 0o
O W
b et et

8.3.1.16-1

8.3.1.16-6

.
Y

3.

3.

3.

- *
e

1.

16-10

.16-10
.16-13
.16-13

.16-14

.16-15

.16-18

.16-10

.16-20

.16-21
.16-21
.16-22

.16-22

.16-23

.16-23
.16-25
.16-25



8.3.

8.3.

8.3.

o0
[/

00 00 00
[ R/ N

oo 0o oo 0o
www « [

e

00 oo 0 00 [+ ] oo 00
(7] W w @ (73] W w

-

1.
1

.1

DRAFT

TABLE OF CONTENTS (Continued)

.17  Overview of preclosure tectonics: Description
of tectonic and igneous events required by
- performance and design requirements . . . . . . . . .
.17.1 Investigation: Studies to provide
information on volcanic activity that could
affect repository design or performance . . . . . .
.17.1.1 Study: Potential for ash fall at the
Bite . . . L L L e e e e s e e e e e e e e e e e
.17.1.1.1 Activity: Survey literature
regarding Quaternary silicic volcanic centers
in the western Great Basin . . . . . . . . . . .
.17.1.1.2 Activity: Assess potential ash-fall
thickness at the site . . . . . . . . . . . ..
.17.1.1.3 Activity: Assess potential particle density
and size distribution of ash fall at the site. .
.17.1.2 Applicationof results . . . . . . . . . . . ...
.17.1.3 Schedule and milestones . . . . . . . . . . . ..
.17.2 Investigation: Studies to provide required
information on fault displacement that could
affect repository design or performance. . . . . . .
.17.2.1 Study: Faulting potential at the
TEPOSItOTY . « ¢ ¢ v ¢« ¢ ¢ ¢ 4 e e e e e e e e e
.17.2.1.1 Activity: Assess the potential for
surface faulting at prospective sites of sur-
face facilities that are important to safety . .
.17.2.1.2 Activity: Assess the potential for
displacement on faults that intersect under-
ground facilities . . . . . . . . . .. .. ..
.17.2.2 Applicationof results . . . . . . . . . . . . ..
.17.2.3 Schedule and milestones . . . . . . . . . . . ..
.17.3 Investigation: Studies to provide
required information on vibratory ground
motion that could affect repository design
or performance . . . . . . . . . e e e e e e
.17.3.1 Study: Relevant earthquake sources . . . . . ..
.17.3.1.1 Activity: Identify relevant
earthquake sources . . . . . . . . . . ... ..
.17.3.1.2 Activity: Characterize except1ona1 earth-
quakes for relevant seismogenic sources. . . . .
17.3.2 Study: Underground nuclear explosion
BOUPCES . « « & o « « o o« o o o o« & e e e e e
.17.3.2.1 Activity: Determine the range of
UNE SOUTCES. « « « o'« o o o o o o o o o o o o o

.17.3.2.2 Activity: Determine maximum underground

nuclear explosion source(s). . . . . . . . . .

.1.17.3.3 Study: Ground motion from regional

earthquakes and underground nuclear

explosions . . . . . . . . 0 0 e e e e e e e e

Page

8.3.1.17-1

8.3.1.17-36
8.3.1.17-39

8.3.1.17-39
8.3.1.17-40
8.3.1.17-40
8.3.1.17-41
8.3.1.17-41
8.3.1.17-42

8.3.1.17-46

8.3.1.17-46

8.3.1.17-47
8.3.1.17-49
8.3.1.17-49

8.3.1.17-50
8.3.1.17-65

8.3.1.17-56
8.3.1.17-67
8.3.1.17-569
8.3.1.17-568
8.3.1.17-60

8.3.1.17-60




4

= S ——— 7
L W «
WM Record Fil WM Project __\\
H%Bg « R Docket No.
X POR__ v~
LPOR___~

Distribution:

ST e ine ey
(Return to WM, 623-SS)

00:0M SG1 120 Z8.

=
=X
Lew )
S
B=
z™m
——
Mo
D
-
"y
=
o
~—

- v

0!



e

DRAFT

8.1 RATIONALE FOR THE SITE CHARACTERIZATION PROGRAM

The site characterization program and Chapter 8 follow two organizing
principles. The first is the issues hierarchy, which states the questions
the DOE feels must be resolved about the performance of the mined geologic
disposal system (i.e., the waste package, the engineered repository, and the
natural system at the site) to demonstrate compliance with the applicable
Federal regulations. The second principle is a general procedure, or
"strategy,® for determining how those issues are to be resolved. This gen-
eral strategy can be used to develop a specific strategy for the resolution
of each issue. One step in the application of the specific strategies
results in the identification of the site information needed to support the
resolution of the issues. An understanding of these principles is helpful in
following the discussions in the rest of this document; this section there-
fore discusses them briefly.

8.1.1 THE ISSUES-BASED APPROACH TO PLANNING SITE CHARACTERIZATION

The issues hierarchy states questions about the performance of the dis-
posal system and identifies the information that must be known before a site
can be selected and licensed. It is based on the issues-hierarchy concept
presented in the Mission Plan (DOE, 1985). The discussion that follows
explains the derivation, structure, scope, and objectives of the issues
hierarchy. More information can be found in the Issues Hierarchy for a Mined
Geologic Disposal System (DOE, 1986d).

8.1.1.1 Derivation, structure, and scope

The issues hierarchy is a three-tiered framework consisting of key
issues, issues, and information needs. On the first, or highest, tier there
are four key issues, which embody the principal requirements established by
the regulations governing geologic disposal. Each of the key issues is fol-
lowed, in the second tier, by a group of several issues that expand on the
requirements stated in the key issue they represent. The third tier comsists
of still more detaziled sets of information called the "information
needs"--one set for each issue. This framework provides a convenient means
for distinguishing broad questions of overall performance and suitability
(key issues) from more specific questions about the characteristics of the
site, the design of the repository and the waste package, and the performance
of the total geologic disposal system. It also distinguishes the key issues
and issues from requirements for the basic information needed to resolve the
issues.

The issues hierarchy, then, defines issues that must be resolved to
demonstrate compliance with key regulatory requirements. Other, detailed
requirements that the disposal system must satisfy, such as functional
requirements, are included in the specifications given in the Generic
Requirements for & Mined Geologic Disposal System (DOE, 1986c), the Waste
Vanagement System Requirements and Descriptions (DOE, 1086f), and in the
requirements document that will be issued for a repository at the Yucca
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Mountain site. As the definition of requirements progresses, the require-
ments and the issues hierarchy will be compared and correlated to ensure
consistency and completeness in each. The role of the system requirements

and descriptions in the issue resolution strategy is described in Section
8.1.2.

The key issues and the issues are common to all candidate sites. The
information needs, though generally similar for all sites, have been devel-
oped specifically for the Yucca Mountain site, taking into account the char-
acteristics of the site and the host rock as well as the data collected to
date. The entire issues hierarchy for the Yucca Mountain site is presented
in Section 8.2.1.1. Although care has been taken to ensure that this issues
hierarchy contains a comprehensive list of siting and licensing issues, it
will be revised as necessary during site characterigation to encompass any
additional issues that may arise.

Key issues

The key issues embody the principal requirements established by the reg-
ulations governing repositories and have been adopted nearly verbatim from
the key issues in the Mission Plan. . They are stated as questions that must
be answered affirmatively if a2 site is to be found suitable for development,
selected, and licensed. The key issues are derived from the four system
guidelines of the DOE siting guidelines promulgated in 10 CFR Part 960 and
are therefore concerned with (1) the performance of the repository system
after closure; (2) radiological safety before closure; (3) the environmental,
socioeconomic, and transportation impacts of the repository; and (4) the ease
and cost of repository siting, comstruction, operation, and closure.

Key Issue 1 (postclosure performance) is derived directly from the post-
closure system guideline (10 CFR ©60.4-1), which defines the general long-
tern performance requirements for the disposal system as a whole. These per-
formance requirements reflect the general objectives of protecting the hezlth
and safety of the public and the quality of the environment; they are based
specifically on the standards promulgated by the Environmental Protection
Agency (EPA) in Subpart B of 40 CFR Part 191 (EPA, 1085), and the criteria
adopted by the Nuclear Regulatory Commission (NRC) in Subpart E of 10 CFR
Part 60 (NRC, 1883).

Key Issue 2 (preclosure radiological safety) is derived from the pre-
closure- system guideline (10 CFR ©680.5-1(2)(1)). It requires compliance with
the applicable requirements of the EPA standards in Subpart A of 40 CFR Part
191, and the NRC criteria in 10 CFR Part 60 and 10 CFR Part 20. Because com-
pliance with these regulatory requirements depends mainly on the design and
operating procedures of the repository rather than on the geologic character-
istics of the site, not all aspects of Key Issue 2 are directly addressed in
the site characterization plan (SCP). Little information from the site char-
acterization program is required for the resolution of Key Issue 2. Instead
most of the information needed to resolve this issue will be obtained from
design studies for the repository and the waste package and from studies con-
ducted concurrently with site characterigation.” (Plans for such studies will
be presented in an environmental program plan and & repository design plan
for the Yucca Mountain site.)

8.1-2



Key Issue 3, which is concerned with the environmental, socioeconomic,
and transportation impacts associated with a repository, is derived from the
preclosure system guideline (10 CFR 960.5-1(a) (2)). The resolution of this
issue does not directly depend on information from site characterization
activities and therefore this key issue is not addressed in the SCP. The
information needed to resolve this issue will be collected during the envi-
ronmental and socioeconomic investigations performed concurrently with site
characterization. Plans for these studies will be presented in environmental
and socioeconomic program plans, prepared concurrently with the SCP.

Key Issue 4 (the ease and cost of repository siting, constructionm,
operation, and closure) is derived from the preclosure system guideline
(10 CFR 960.5-1(2) (3)). The requirements of this issue are derived from
those of the referenced preclosure system guideline, which requires that the
technical feasibility and cost of repository siting, comstruction, operation,
and closure be evaluated in light of the site characteristics and related
design requirements. The resolution of this issue depends in part on site
conditions and in part on information that can be developed independently of
the description of site conditions. Plans to acquire this independent infor-
mation will be presented in & repository-design plan; these plans are not
presented in this SCP, because the activities they describe do not fzll
within the definition of site characterigation in the Nuclear Waste Policy
Act.

Matrices that correlate each issue with specific regulatory requirements
are presented in Section 8.2.1.2, which also discusses the relationship of
the issues hierarchy to other sets of issues--for example, those proposed by
the NRC in the draft issue-oriented site technical positionms.

Issues

The issues defined for each key issue are also stated as questions
(Section 8.2.1.1). VWhen each group of issues was constructed, an effort was
made to include in the group all the questions that must be answered to
resolve the key issue. Taken together, the issues therefore provide a con-
ceptual strategy for resolving each key issue. The issues defined for each
key issue are identical in overall scope to the issues in the Mission Plan,
but the structure and the wording are different. The issues are derived, in
part, from the DOE siting guidelines of 10 CFR Part 960, from the NRC perfor-
mance objectives and design criteria of 10 CFR Part 60, and from the EPA
requirements of 40 CFR Part 191.

To accommodate the structure and the intent of the regulations in 10 CFR
Part 60 and 10 CFR Part €60, the issues are divided into performance issues
and design issues. The NRC criteria in 10 CFR Part 60 clezarly make 2 dis-
tinction between performance objectives and design criteria; though obviously
related, performance objectives and design criteria have different purposes
and must be addressed from different perspectives.

The performance issues generally address questions about compliance with
regulatory requirements for the performance of the disposal system. They are
generally related directly to the highest level of regulatory requirements to
be satisfied. For example, there are performance issues that correspond to
each of the postclosure performance objectives stated in 10 CFR 60.112.

8.1-3
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There are also performance issues that correspond to the requirement to mazke
higher-level findings for the postclosure guidelines and for each set of
preclosure guidelines in 10 CFR Part 960.

The design issues address questions about the design of the repository,
the shaft and borehole seals, and the waste package. They address the design
criteria specified in 10 CFR 60.130 through 60.134, the design-related con-
siderations of preclosure guideline 10 CFR 960.5-1(2) (3), and information
required to support the resolution of performance issues.

The resolution of both the performance and the design issues requires
information about the site, and to provide this information the site program
described in Section 8.3.1 has been developed. This program will evaluate
the site characteristics, processes, and events that may affect the design
and the performance of the waste package and the repository; the results will
provide the detailed site information that will be used to develop site
descriptions and to support the resolution of design and performance issues,
including the demonstration of compliance with the siting guidelines. The
site program is organirzed by technical discipline (e.g., geohydrology, geo-
chemistry, and rock characteristics), and it provides & means of controlling
and integrating the investigations in each technical discipline.

The relationship among the two categories of issues and the site program
can be summariged as follows: The performance and the design issues estab-
lish requirements and priorities for the site program, while the site program
produces data for the analyses needed to address design and performance
issues. An investigation or other type of activity in the site program will
take place only if it is necessary to provide information needed to resolve a
design or a performance issue.

Information needs

On the third tier of the issues hierarchy is a set of statements called
*information needs." Unlike the key issues and issues, the information needs
are stated as requirements for technical information rather than as ques-
tions. In developing the information needs, an attempt was made to list the
categories of information needed for resolving the issues. In principle,
then, acquiring all the information called for at the third tier of the hier-
archy will allow 211 the issues to be resolved through analyses and eval:a-
tions that use the information. If the issues are resolved affirmatively,
the key- issues will also have been resolved.

Site-specific information needs for the Yucca Mountain site have been
identified and are listed in Section 8.2.1.1.

8.1.1.2 Application in the site characterization plan

The issues hierarchy, which is presented in Section 8.2.1.1, is useful
in the SCP because it is a framework for developing the site characterization
program described in Section 8.3 and for explaining why the proposed program
is adequate and necessary. In simple terms, the site characterigation pro-
gram will be adequate if it addresses all the information needs in the third
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tier of the issues hierarchy. And the necessity for any particular planned
study can be established by determining its role in supplying an information
need. For these reasons, the issues hierarchy in Section 8.2.1.1 is used as
an organizing principle for many parts of the SCP. In particular, Section
8.3, which describes the characterization program, is organized around the
investigations and studies that are required to satisfy the information needs
in the issues hierarchy. The defining of these issues was itself a part of
the issues-based approach to site characterization described in this section
and the issue resolution strategy described in the next section.

8.1.2 ISSUE RESOLUTION STRATEGY

To resolve the issues in the issues hierarchy, the DOE has adopted a
general "issue resolution strategy® that guides the development of specific
plans for resolving each issue. This general strategy is a procedure con-
sisting of as many as 12 steps; it is outlined in Figure 8.1-1. Three of the
steps, applied separately to each issue, lead to the identification of the
information necessary to resolve the issue. 0Once the information needs have
been identified, another step leads to the development of plans for acquiring
that information. The reasoning used in carrying out those four steps is,
then, the rationale for the particular site characterization activities that
are intended to resolve the issue. The rationale and the plans for these
activities are described in Sections 8.2 and 8.3. An understanding of the
general issue resolution strategy is important for understanding these four
steps and the site characterization program presented in Section 8.3.

8.1.2.1 Issue identification

The first section of the strategy, labeled "issue identification® in
Figure 8.1-1, consists of three steps. Two of these steps (1 and 2) are the
development of the issues hierarchy itself. Step 1 identifies the regulatory
requirements; from them the issues are derived (step 2), as explained in
Section 8.1.1. Also before specific plans for the resolution of each issue
can be formulated, detailed description of the disposal system is needed
(step 1l2). This description for the Yucca Mountain site will be presented in
site-specific requirements and system-description documents.

8.1.2.2 Performance allocation

The second section of the strategy, called "performance allocation,*
consists of the steps that provide the rationale for the establishment of
particular site characterization activities. (In the issue resolution strat-
egy the term "performance allocation® refers only to the four steps (steps 3
through 6) shown in Figure 8.1-1). Applied separately to each issue in the
hierarchy, this section produces the principal guidance for planning the
activities needed to resolve the issue. The performance-allocation concept
was developed in formal discussions and documented in a written agreement
between the DOE and the NRC.
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The steps in performance allocation were defined with several objectives
in mind: to provide uniform guidance for site characterigation at all can-
didate sites, to ensure Program-wide consistency in implementing the process
of performance allocation, and to provide specific kinds of information
requested by the NRC.

Licensing strategy

For each issue, the first step in performance allocation (step 3 in
Figure 8.1-1) is the adoption of & *licensing strategy.' This step uses
available information to develop, for planning purposes, a statement of the
site features, engineered features, conceptual models, and analyses that the
DOE expects to use in resolving the issue. The statement is called 2 licens-
ing strategy because the combined statements developed in step 3 for all the
issues are the basis for the current DOE plans to show compliance with regu-
latory requirements. Eventually, plans developed from the current plans will
support the selection of a site for development and the demonstration of com-
pliance with NRC requirements for the construction, operation, closure, and
decommissioning of a repository.

In this document, the licensing strategy is necessarily preliminary:
not enough information is now available to make a definitive plan, because
site characterization is only beginning. But the strategy is developed well
enough to guide the preparation of the plans for tests and analyses and to
make clear what activities are necessary and whether they will be sufficient
to resolve the issue. As site characterigation proceeds and additional
information becomes available, the licensing strategy may be revised, and the
performance allocation may be changed. The licensing strategies described in
this document are likely to change before the submission of the license
application to the NRC; for the purposes of this SCP, they are simply the
basis for initial planning.

For guiding the development of the SCP, the principal product of step 3
is a statement of the disposal-system components on which the DOE currently
intends to rely in resolving the issue; if these components perform as the
licensing strategy expects them to perform, the issue is likely to be
resolved. The statement may also identify, for each of the components, spe-
cific features or characteristics that the DOE expects will contribute to the
performance of the component and, hence, to the resolution of the issue. The
performance and design issues provide the statement of disposal-system compo-
nents for use in later steps as a basis for deciding what specific informa-
tion is needed for resolving the issue.

Performance measures and tenative goals

Step 4 carries the strategy further by establishing "performance mea-
sures’ for each of the components identified in step 3. A performance mea-
sure is 2 physical quantity that describes the performance of the component
in meeting the licensing strategy. The measure may be 2 directly measurable
quantity, or it may be 2 quantity derived from other, more directly measur-
able quantities.

For each performance measure step 4 establishes a tentative "goal.® The
word "goal® is written with quotation marks in Figure 8.1-1 to show that it
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has a special meaning in performance zllocation. The tentative goal is not a
target that the performance measure must attain if the repository is to per-
forn properly, and therefore it does not have to be met. Instead, it is
simply a guide for the development of a testing program--a guide that states
the licensing strategy quantitatively and can be changed or discarded once
the testing program has been established. In assigning goals to the perform-
ance measures, the DOE will specify values that are consistent with the
licensing strategy for the issue. If the tests and analyses can demonstrate
that a goal is attained, the licensing strategy for the issue will be satis-
fied, and the issue will be likely to be resolved. The goals are, therefore,
guides for deciding, in the later steps of performance allocation, what
information must be provided by the testing program. Whenever & goal is
identified, the reasoning that led to its selection is also presented.

As 2 further guide for testing, step 4 accompanies each tentative goal
with an *indication of confidence,® a statement that further clarifies the
role of the component in meeting the licensing strategy. The indication of
confidence expresses, as quantitatively as possible, the confidence with
vhich the licensing strategy desires the testing program to show that the
goal has been attained.

For some goals, it is possible to use statistically rigorous numerical
values as indications of confidence; for most of them, however, only a quali-
tative expression is now possible. When qualitative indicators are assigned,
they are accompanied by further explanation of their intended meaning.

Because they depend on 2 licensing strategy that is preliminary, the
goals and indications of confidence are zlso preliminary. As site charac-
terization progresses and more information is acquired, these goals and
indicators will probably be changed to guide continued testing toward the
collection of the needed information.

Information needs

The performance allocation process now proceeds to develop specific
requirements for future work. Step 5 identifies "information needs,® which
state, for each issue, the categories or types of information needed to
resolve the issue. The information needs identified for the Yucca Mountain
site are listed in Section 8.2. Section 8.3 explains how these information
needs were derived from the licensing strategy developed earlier in the per-
formance allocation process.

Part of the development of an information need is the identification of
the "parameters® needed to evaluate the performance measures. As already
mentioned, many performance measures (e.g., the time of ground-water travel
through a particular geohydrologic unit) are not directly measurable quanti-
ties. 0ften, however, they can be expressed by an equation in which quanti-
ties that can be measured more directly appear as parameters (e.g., bydraulic
conductivity). Step § furthers the development of plans for testing by list-
ing these parameters. Sometimes the performance measures cannot be expressed
simply as an equation containing associated parameters; then in step 5, by an
extension of the notion of mathematical parameters, lists are made of what-
ever quantities must be measured to demonstrate that the goal associated with
the performance measure has been met. The performance allocations reported
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in later sections of this chapter call these quantities, as well as the quan-
tities derived from rigorous equations, "parameters®. Parameters derived for
the resolution of design issues are usually called *design parameters®; those
for performance issues are "performance parameters.®

In step b a2 tentative goal is assigned to each parameter. Like the
goals for performance measures, these goals are not values that must be
achieved by the disposal system. They are simply quantitative statements
about the values that the licensing strategy expects to use for the param-
eters in showing that the issue has been resolved. Frequently, the goals are
expressed as inequalities because the licensing strategy may require only
that the value of a parameter be shown to lie within a stated range or to be
greater or smaller than some stated value.

If the results of site characterization can successfully demonstrate
that the tentative goal has been met, the DOE plans for getting a license
will be fulfilled as far as that parameter’s contribution to the associated
performance measure is concerned. The demonstration will not, of course,
guarantee a successful license application because many other parameters will
enter the calculations in support of the license. Moreover, failure to meet
the goal would not be reason to suspect that the license application will be
unsuccessful because the goals are not values that, by themselves, are essen-
tial to the performance of a disposal system. The reason for setting -the
goals is simply to guide the specification of tests in the characterigation
program--to tell quantitatively what information will lead to the resolution
of the performance and the design issues.

As 2 further guide to the detailed specification of tests, step § also
specifies two indications of confidence for the goal assigned to each param-
eter. Like the indicators for goals for performance measures, these indica-
tors are not numerically rigorous but are expressed in qualitative terms:
high, medium, and low.

The first of these two indications, called "needed confidence® in the
performance allocation tables in this chapter of the SCP, answers the fol-
lowing question: When the DOE presents its license application, how confi-
dent must it be that the goal has been met? In other words, what confidence
does the licensing strategy require for the demonstration that the goal has
been met? In assigning the indicators of needed confidence, the DOE is
guided primarily by two considerations:

1. Importance. How important to the licensing strategy is the asso-
ciated goal? Usually the goal is so important that a value of "high'"
is assigned to the needed confidence. When the goal is & request for
information that is not crucial to the license application, an
assignment of low or medium confidence is usually appropriate.

2. Sensitivity of the parameter sssociated with the gozl. In addition
to considering the importance of a goal, the DOE may examine the
sensitivity with which the associated parameter contributes to per-
formance measures and other parameters. If a performance measure or

8.1-9



DRAET

another parameter is highly sensitive to the likely or expected vari-
ations in the parameter for which 2 goal is assigned, the needed con-
fidence may be higher than it would be for a parameter whose varia-
tions make little difference.

The second indication of confidence, called ®current confidence® in the
performance allocation tables, answers the following question: If the DOE were
to present its license application today and could use only currently availa-
ble data in the presentation, how confident would it feel that the associated
goal has been met? In assigning the indicators of current confidence, the DOE
is guided by considering the amount and the quality of the available data.

Step 6 in Figure 8.1-1 uses the information needs, expressed in the terms
adopted during step 5, to define the work that will produce the needed infor-
mation. The parameters derived in step b are usually not directly measurable
quantities, but must be derived from other quantities that can be measured
through testing. For example, hydraulic conductivity, mentioned previously as
a possible parameter for calculations of ground-water travel time, is not
directly measurable in a field test. Step 6, then, identifies additiomal,
more directly measurable, quantities that can contribute to determining values
for the performance and design parameters derived in step 6. These additional
quantities are generally called "characterization parameters."” Some of the
SCP sections describing the site program also use other kinds of parameters,
called by different names, in explaining how characterigzation parameters are
being developed.

Step 6 also defines a "testing basis,® whose purpose is to give further
information about the way in which the characterization parameters need to be
measured. Some of the testing bases appearing in the later sections of this
chapter describe the accuracy with which the associated characterigation
parameters need to be measured; some describe the confidence that the measure-
ments should produce for licensing. As the later sections explain, the par-
ticular descriptions of a testing basis are tailored to the parameters they
explain and to the development status of those parameters.

The parameters, confidences, and testing bases are the foundation for the
strategy detailed in Section 8.3 in the descriptions of the planned site char-
acterization work. That section describes the planned tests; it identifies
the experimental varisbles and the parameters (from steps 5 and 6) that the
tests will measure. It also describes plans for developing the needed analyt-
ical models and design information.

Because the issues in the hierarchy cover widely different topics, the
four steps in performance allocation are intended to be applied flexibly. For
example, the strategy for resolving design issues may differ from the strategy
adopted for performance issues. And although the goals assigned to perform-
ance measures for engineered components can be useful in guiding design, the
goals assigned to the properties of natural components cannot be sltered by
design. For reasons like these, the four steps cannot be applied with rigid
uniformity to 2ll issues; Section B.2 therefore briefly summarizes the ration-
ale behind the indicated allocation for each issue, and Section 8.3 the com-
plete performance allocation.
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8.1.2.3 Investigations

After the performance allocation has produced the plans for resolving
issues, the issue resolution strategy proceeds with the investigations called
for in the plans (step 7 in Figure 8.1-1).

The analyses of the results of the investigations and the studies they
encompass (step 8) begin as soon as the results are available and continue
throughout the site characterization period and beyond. These analyses
include all the evaluations needed to resolve the issues. The collection of
needed information continues until the information needs have been satisfied
(step 9). The collected information is then used in 2 concluding set of
analyses that finally resolve the issues (step 10), and the resolution is
documented (step 11).

8.1.2.4 Application of the issue resolution strategy

The entire issue resolution strategy is intended to be an iterative pro-
cess. As explained previously, the licensing strategy, as well as the tenta-
tive goals and the indications of confidence for the performance measures and
related parameters, may be changed to reflect new information or in response
to comments zbout plans or test results. If they are changed, the steps that
follow in the issue resolution strategy will also be reexamined and their pro-
ducts revised. The analyses of the results of the investigations (step 8) may
produce new understandings that require the rethinking of earlier steps. Any
of the steps may, in fact, lead to revisions of earlier steps. Sections 8.2
and 8.3, in presenting DOE plans for issue resolution and site characteriga-
‘tion, report the current status of the issue resolution strategy.

This iterative process will furnish a vehicle by which the DOE will com-
municate to the NRC and the State the approaches that it intends to use in
resolving the issues in the issues hierarchy. As already mentioned, the cur-
rent versions of the strategies are preliminary and intended simply as a basis
for initial planning; they are expected to be the primary focus for comments
and discussions between the DOE and the reviewers of the SCP.

The rationale for future changes to the issue resolution strategies
(e.g., revised licensing strategies and performance allocations) will be docu-
mented in the site characterigation progress reports, which will also report
the results of site characterization studies. The reviews, interactions, and
reports will continue until the license application is submitted to the NRC.
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