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Emplacement Gan

o NMoves and emplaces waste
packages on pallets within
emplacement drift

e 40-60 tons weight

e 1.7 mph maximum operating
speed

e Remote controlled

ARV

\\

k4

This drawing is preliminary and
not intended for construction,
procurement, or fabrication.
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Subsurface Facility Preliminary
Preclosure Safety Analysis and
Classification Results

o There are no Category 1 or Category 2 event sequences in
the subsurface facilities

e Structures, systems, and components that prevent

Category 1 or Category 2 event sequences are important
to safety

o The following structures, systems, and components are
important to safety because they are credited with
prevention:

— Waste package

— Waste package transporter
— Emplacement gantry
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Subsurface Facilities Preliminary
Classification Results

e The following features are important to waste
isolation because they are important to meeting
10 CFR 63.113 performance objectives

Subsurface facility
Drift inverts
Drip shields

Saturated zone (between repository and accessible
environment)

Unsaturated zone (above and below the repository)
Waste packages
Commercial and naval spent nuclear fuel cladding

Waste form

Ty YUCCA MOUNTAIN PROJECT
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Subsurface Facilities As Low As Is
Reasonably Achievable and Worker Safety

e Unshielded waste packages are transported in a
shielded transporter

e Drift turnouts are designed to reduce the dose rates
In the access mains

e Emplacement drift ventilation control doors also
provide personnel access control

o Differential pressure between emplacement and
development areas
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Waste Package
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Waste Package Design Process

e Design for preclosure

— Waste package is designed such that breach is beyond
Category 2 for postulated event sequences to support the
Preclosure Safety Analysis

— The following postulated event sequences will be
evaluated:

+ Object falls onto the waste package

+ Waste package drops, dynamic events, swingdowns,
tipovers, etc.

+ Vibratory ground motions
¢+ Parametric fires
+ Preclosure design-basis rock fall

o e . &
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Waste Package Design Process

(Continued)

o Analyze for postclosure

— Analyze postulated events (drip shield installed) and
provide information to support model abstractions for total
system performance assessment, including assessment of
corrosion potential

+ Damage from rock fall

+ Damage from vibratory ground motion

+ Weld flaw distribution

+ Waste package and weld area stress state

4 ‘\, . i “ i e i, ‘:,_i““ .
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Waste Package Mockups

e FY 2000 waste package mock-up (based on site
recommendation design)

— Fabricated a quarter-length test mock-up to investigate the
feasibility of fabrication

— Performed residual stress measurements before and after
mock-up welding

— Demonstrate machine welding and non-destructlve eva ation
techniques |

— Used in several development studies
e Spread ring mock-up

— Mock-up of the single spread
ring design and engagement tool
was constructed

— Operated successfully

e e rnnsreery  YUCCA MOUTAIN PROJCT
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Waste Package Development Studies

o Development studies serve several purposes:

— Provide information and rationale for design and fabrication
iIssues

— Support analyses and model reports that are developed for total
system performance assessment

e The following studies have been completed:
— Weld Flaw Distribution
— Induction Annealing
— Laser Peening - Depth of Compressive Stress
— Controlled Plasticity Burnishing - Depth of Compressive Stress
— Residual Stress Measurement Analyses
— Neutron Diffraction Analyses

T ——mwzw  YUCCA MOUNTAIN PROJECT
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Waste Package Development Studies

(Continued)

o The following studies are planned or continue in
FY 04

— Weld Material and Base Material Variability Study

— Laser Peening and Controlled Plasticity Burnishing
Corrosion Study

— Fracture Toughness Study

— Welding Interpass Temperature Study

i e L L YUCCA MOUNTAIN PROJECT
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Waste Package Prototype Program
Prototyping is an integral part of design

Prototyping will demonstrate the fabrication

processes before manufacture of the production
units

— Ensures that waste packages can be manufactured as
designed

Prototypes will be used to:

— Verify the closure processes and systems
— Demonstrate waste package handling processes
— Train operators for start-up and operations

T ———Tress Y UCCA MOUTAINPROJCT
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Waste Package Prototype Program

(Continued)

15 waste package prototypes have been planned,
scheduled, and budgeted

Prototypes will be produced over a six-year period
from calendar year 2003 through 2008

‘Request for proposal for the first waste package
prototype procurement issued in July 2003

— 21 element pressurized water reactor waste package with
absorber plates, full scale, includes all internals

— Manufactured in strict compliance with all current design
requirements including application of the American Society
of Mechanical Engineers Section lll Code N-Stamp

Award of fixed-price contract is expected by end of
calendar year 2003

T e YUCCA MOUNTAIN PROCT
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Waste Package Configurations

10 waste package configurations

fnnnnnn

21-PWRCR

{
E

This drawing is preliminary and
not intended for construction,
procurement, or fabrication.
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Waste Package Design Changes

o Recent design detail changes

Replaced the extended outer lid with a flat lid

Replaced induction annealing with either laser peening or
low-plasticity burnishing as the outer lid closure weld
stress mitigation technique

Changed the middle lid weld configuration from a full
penetration weld to a fillet weld and delete the stress
mitigation step

Reduced the stainless steel inner lid thickness from 3 to 4
inches to 2 inches and changed the closure method from a
full penetration weld to a spread ring with seal welds

Replaced the split trunnion collar design with a one-piece
twist-on design

Changed the gap between the inner vessel and outer
corrosion barrier to accommodate differential thermal
expansion

T cA MOUTAINROCT

BSC Presentations ACNW_YM Harrington_11/19-20-2003 50

( (.




Waste Package Closure Details

Extended Lid Assembly

n

;_" y gl Pi2NEN
Ao { AN
|~ \\\ %}“ /— Outer Lid Alloy 22
P N .ﬁ':\*’.}.»
]A/— Middle Lid Alloy 22—

Stainless Steel Lid

\

SO NN NN N NN

Stainless Steel Inner Vessel

~_ ok
Alloy 22 Quter Barrie

Site Recommendation Design License Application Design

This drawing is preliminary and
not intended for construction,
procurement, or fabrication. f- N i L,
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Drip Shield Design Process

e Analyze for postclosure

— Analyze postulated events and provide information to

support model abstractions for total system performance
assessment

— Postulated events include:
¢+ Rock fall

+ Vibratory ground motion

Gy e g et R R R Y ) YUCA MOUTA|NPR°CT
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Drip Shield lliustration
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This drawing is preliminary and
not intended for construction,
procurement, or fabrication,
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Drip Shield Design Changes

e Potential drip shield design detail changes not yet
adopted

— Increased distance from drip shield to waste package to
prevent drip shield contact with the waste package in the
event of rock fall

— Increased stiffness for bending loads and stresses along
the bulkheads

— Added longitudinal stiffener beams between the bulkheads
along the axial direction, to provide additional strength for
bending loads along axial length

— Simplified handling and interlocking features
e Material selection remains unchanged

R A I e rraee YUCCA MOUNTAIN PROJCT
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Waste Package Preliminary Preclosure
Safety Analysis Results

o Preclosure safety considerations

— The waste package design considers both
Category 1 and Category 2 event sequences as
defined by preclosure safety analysis

— Waste package breach is therefore beyond
Category 2

TE—————TT————wery  YUCCA MOUNTAIN PROJECT
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Waste Package Preliminary
Classification Results

o The following structure, system, and component is
important to safety:

— Waste package

e The following features are important to waste
isolation:

— Waste package

— Drip shield

e A T R R e L T S e e e YUCA MOUNTAIN ROJCT
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Summary

Preliminary preclosure safety analysis indicated April
2003 design would be able to meet regulatory
performance objectives

Structures, systems, and components which are
important to safety have been identified

Engineered features which are important to waste
isolation have been identified

Complete design development to support License
Application

Preclosure safety analysis to be updated based upon final
License Application design

No new event sequences are anticipated, so ability of
License Application design to meet regulatory
performance objectives is expected

wwmrery YUCCA MOUNTAIN PROJECT
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Management Assessment of Progress
Towards License Application

COMPONENT (WEIGHT) % COMPLETE (6/03) %COMPLETE (10/03)
. KTl Agreements Addressed (10%) 50% 60%
° LA Document (20%) 5% 7%
*  Preclosure Safety Assessment (10%) 14% 51%
* TSPA-LA (30%) 35% 63%
* Design (30%) 25% 40%
* TOTAL WEIGHTED % COMPLETE 25% 43%
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Status of LA Data, Codes, and Models!

Data (Estimate) Codes (Estimate)
[] 453 = 60
689
- E 19
[l 210
Total Data Sets: 1,352 Total Codes: 423
M Qualified: 689 (51%) E Qualified & Verified: 60 (14%)
[ Being Verified: 453 (34%) B Qualified (Legacy/re-testing): 344 (81%)
[[l Being Developed: 210 (15%) [[] Developing/verifying: 19 ( 5%)

Model Reports 2

43
£ ]

22

Total Model Reports Directly Supporting LA: 65
B completed: 43 (66%)

[ ] Being Developed: 22 (34%)

Status of qualification activities for LA and completion of reports
2Model Reports may contain multiple models
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Scheduled KTl Submittals vs. Actual

45
40 O Total Submitted
35 @ Scheduled Agreement+AIN
32
30 | . 5
25
25 3
-
20 .
15 3 -
! 11
- 10
10 ¢
6 ' e 6 6
55 5 o | 5 5
i 2 off [ =iy ° g % 2 5 2
1 15 R 1 N BIC| | B 1
o | i HE B £ i B Ns l B
2 c O & &5 2 o > c 0 & B &2 c 5 D > c 9 & B = o
8358838828533 3828888238853 3383238888828533
FY 2003 FY 2004 FY 2005
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Integrated Technical Basis KTl Response Groups
(And Related Process Model Groups)

XIV. Low Probab|
Seismic Ever IIl. Water Seeping in
||+ Low probabilty seismic events (21) ’ « Waler Seeping o i (3 i

*» Mechanical degradation due to thermal and
seismic effects (4)

rmal effects on water flow and

VI. Waste Package
; Drip Shield Co
v T

V. In-Drift Chemical Environm
‘ « Thermal effects on water flow and chemistry (5)

« Evaporation effects on water flow and chemistry (6)
« Chemistry modification by dustand deliquescence

VIl. In-Package Environn

Waste Form Degrada
and Solubility .
* Water and chemistry evolution in the waste package (10)

+ Degradation of waste form (11)
+ Mobilization of radionuciides (12) /

« Thermal effects on water flow and chemistry (5)
|« Transport to edge of waste package (13)

| ransport to invert (14) o

ransport to rock (15) :

[« Transport to edge of waste package (13)
« Transport to invert (14)
* Transport to 15)

+ Thermal effects on transport (16)
+ Unsaturated zone transport (17) |

Transport
« Saturated zone flow and transport (18)

00215DR_001.ai
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- Corrective Action Program - Process

Continuous Improvement Learning, Organization

Assessments

Self, Management
and Independent

g I AP-2.20Q, AP-ESH-010 E!
e —

Generate
Condition Report

Y

ISR s r |
T Provide Resolution/Feedback | e
and Re-Assessment J Performance I
I Indicators i
r —— - - - = I Generate |
I ; . L Condition Report - 1
@ Audits and I
3 | Surveillance | : Generate Identify
% ] ’ #  Condition Report Trend
z I -
2 - - - - - = = ..
8 ! Perform Analysis .
% T - - = § Perform i Generate f" Trending
Y Causal Analysis o Analysis Condition Report i Analysis
8 and Determination  |¢ o L
(CA&D) 1E Generate = .
—nTTe Eﬂwné [ AP-te4a 3 Identify Perform
) ) N Trend Analysis
Generate 3
Lassons
Learned ;F"”"”—"m Sk ik
Y ‘ .Low-Tiered®.
B - B 3 G Condition R . A~ .Databasaes."" "
Lessons Learned 1% enerate Condition Repor (MAXIMQ. DAI}S, -
L Generic Implications | CMS, otc.)~
3 Generate Lessons Learned
Py
. l AP-REG-001 |"
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OCRWM 2003
Safety Conscious Work Environment Survey (N=1,492)

Legend:

- Work Experiences

Outcome Measures

- Organization Functioning

Engagement
Teamwork/Cooperation

Supervision

Empowerment

Goals & Objectives
Information Technology
Quality Emphasis

Ethics & Integrity

Openness & Communication
SCWE Training & Programs

Overall Management

Office/Department Management

VaiNnvvivi

Rewards & Recognition

Percent Favorable Response

82
81
80
77
F
73
3
73
70
69
65
58
53

73

© 2003 by
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Maial:

Emphasizing Quality
Setting and

Communicating Goals
& Direction

Encouraging Openness
& Receptiveness to
Input

Building Trust and
Maintaining Integrity
Involving Employees in
Decisions

Keeping SCWE as a
Priority

Encouraging &
Recognizing Team
Work

Areas for Improvement:

— Managing Change

* Planning &
Communication of
Reorganizations

« Setting Objectives
and Priorities
« Keeping Quality
Focus
Communicating

Organizational
Performance

Ensure Sufficient
Authority Levels

Perceived Effectiveness
of CAP
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Outline

Summarize general sources and mechanisms of
mechanical degradation

Review site geology and layout

Review methodology for simulation and prediction of

drift degradation

Presentation of results of drift degradation to in situ,

thermal, seismic and time-dependent loading

Contrast results of DOE and NRC drift degradation

results and approaches
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Sources of Mechanical Degradation

Max. Stress
(Vertical) * Mechanical degradation is

damage or yield induced in the
Min. Stress ‘ rock mass surrounding drifts
(Horiz) as a result of applied stresses

or time-dependent mechanical

effects
Temparature-Hstary at Drift Crown
145 kWi lmaar heat load, 50 years pre-ciosure vantilalion
180 -
* Three primary sources of
a0 N
K stress change
g “u 3_%_
E = - :
3 —— N — In situ gravitational stress
9
§ wf \‘l .
N I . — Thermal loading
0 | = =
; : : — Seismic load
1 ° 00 1000 10000 AECERIN]
Y 07D (A% s
I ®-Case ! & Case? wo Casa 3 ]
500
400
200 - duraticn -
o v s — e S O I BNt T Nt P e T Vit o~ vee >
-0l
-401 4
EOD 1x10 7 annual prababdaty af pecearance
0 10 20 30 40 50 60 T0 &0
YUCCA MOUNTAIN PROJECT
BSC Presentations_ ACNW_YMBoard_11/19-20/03 3

AL



Use of Rockfali in

Performance Assessment

Rockfall has three
potential areas of
performance impact:

— Mechanical effects - waste
package in preclosure
safety assessment, and
drip shield in postclosure
performance assessment

— In-drift environment - |

thermal effects of rockfall

— Seepage - change in drift
size and shape, rockfall in
drift

< ¢

In Situ
Gravizaticnal

Stresses

Thermal
Stress

Ssismic
Strass Change
and Shaking

1

Rockfall

| = Partele size

] dstnbution

g ¢ Parlkle

4 momeaium

» Tetal volume

» Timne-cepznien
charge in reck

mass strength

1

Y

!

. b 1 sa At T e . e A i

Mechanical
Effects on the
Drip Shield

* Impact forces

from accelerated
partcles

* Quasrstatic laad

from rock volume
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Site Conditions

)

East-West Geologic Cross Section

e CROSS DRIFT AS-BUILT GEOLOGIC CROSS SECTION 000
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1800 D Tpeme SUNDANCE FAULT 1500
GHOST DANCE FAULT
1400 Tpem? Tpepmn 1400
Tpopum
Tpem3 a% Tpopum
1300 Qec QTac 1300
Tpemz
Tpem1
1200 1200
Tpepin Towr
Tpepv w‘&p
100 Tooul | 1100
- -
900 900
ooy pee-Tapopsh Spring Tutl racks Totew
800 80
e — — | T — .
? i
L 28400 27400 26400 25400 24400 23400 22400 21400 20400 18400 18400 17400 16400 15+00 14400 1300 12400 11e00 10400 09400 08400 06400 04400 03400 02/00 01400 i
Quaternary
Qme  Alluvisl and colluvial deposits
QR Coluvid deposits
Wl ‘Yuoca Mourtain Tuf, indudes pre-Twa Canyon
T s EEEE Tutt bedoed il (Tpbed)
Canyo Pah & Tut!, non- to moder: Ided,
e s I | inchusen pravisnca Mot Yol ket o8 (Tpb22)
Tpemd Subvilric ransiion subzone S T2 98 ’ RSO 0,
| Tpb2 Pre-Pah Canyon bedsed utf A
Tpomy | Pamios poos scbzene €53 AWATS THINK  SAFETY
Mixed-pumice subzone Tpu Undifferentiated Painbrush Tutt
i ol e
Crystal ransition eubzona  DERNNINENY OF INTERNOH
Toomt (. oty Topopah Spring Tu R e Lo ey
Crystal-poor member Coystul sich member GECLOGIC MAPPING OF THE E8F
T | Urperithophysal 2one Totr | Crystai-rich 2one COMPARATIVE GEOLOGIC CROSS
Uy sal 2one and middle s 3 J
= R vt ki Coyst-poor member SECTION ALONG THE
e i Tpwpul  Uppsr lihophyssal 2cne CROSS DRIFT
s [Tppmn|  Midse noniimophysal zone SEDLOGY LIS MAEYT NG TTAY PEER RO MASK £ MIKEOHN
| Tpeplt  Lower imophysal 2one - Lowsr Nihophysal zone seaan_ VSR A TEpM PRINCIPAL INVESTIGATOR SIEAN G BIASON_
I i sal caowp JOPRIC NG PAQASIPEL . i ccccncama
Tpepin  Lower nonliophy sal zone - Lower nonlithophysel zone
| Vitrie 2008 Vitric zone s
Jm w MERCURY, WEADA P BaAA22e OA_46_J45

YUCCA MOUNTAIN PROJECT
BSC Presentations_ ACNW_YMBoard_11/19-20/03 5

o !



Discontinuous, distinct fracture sets in
non-lithophysal rock

versus

short, ubiquitous fractures
with irregular cavities in
lithophysal rock
4 % ﬁi
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Repository Rock Units

70,000 metric tons of heavy
metal baseline emplacement

— 3 percent lower non-lithophysal
— 80.3 percent lower lithophysal

— 12.4 percent middle non-
lithophysal

— 4.4 percent upper lithophysal

Upper Lith
Middle Non-Lith
Lower Lith

Lower Non-Lith
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Observations in Existing Tunnels

Exploratory Studies Facility (25’ diameter) and
Enhanced Characterization of the Repository Block
(16’) developed through all proposed repository host
rock units

Excavations 5-7 years old

Light ground support (friction bolts and wire mesh in
roof - typically no support in walls)

No observed rockfall in tunnels (minor spalling in
Drift Scale Test during thermal overdrive testing)

Deformation measurements show excavations in
equilibrium

<<<<<
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Geomechanical Performance
Assessment and Design Strategy

Moéél sensitivity
stin studies of drift:

and model ;; ‘stability in pre

‘eali Vet =
calibration , s and post closure
i + i) e

prediction of in situ
‘and thermal siress

; lithophysae
* shape and porosity

Ground motion input
from PSHA 7570k

3L &
pAT e T
| activities curr
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Geotechnical Rock Mass Properties -
Non-Lithophysal Rock

Development of
stochastic model of
fracturing using SPIERY
FracMan program POV

Determination of RN
shear properties of
joints from direct
shear testing and
in situ geotechnical

mapping

Ry
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