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We are valued by our nation for
integrity, safety, security, and efficiency
for achieving enduring operations for
spent fuel and high-level waste

disposal at Yucca Mountain.

Our Vision
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Mission
* M: Current locations of spent nuclear fuel
— Our mission is to manage and (SNF) and high-level radioactive waste
dispose of high-level radioactive (HLW) destined for geologic disposal:
waste and spent nuclear fuel in a 121 sites in 39 states

manner that protects health, safety,
and the environment; enhances
national and energy security; and
merits public confidence

» Priorities:

— After 20 years of scientific study,
Congress passed a joint resolution
in 2002 to designate the Yucca
Mountain site for repository
development and enable DOE to
move ahead to submit a license
application for repository
construction authorization

V' DOE-Owned SNF and HLW
4 Commercial SNF Pool Storage
)

(Away-From-Reactor) WV Commercial HLW

—_ Protecting pUinc health, Safety, and Oit;y::n:cial.i:r::mr;l.gesue; - 7 Surplus Plutonium
the environment remain our top e
riorities . . . National
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Why this Program Matters

“Proceeding with the repository program is necessary to protect public
safety, health, and the Nation’s security because successful completion of
this project would isolate in a geologic repository at a remote location highly
radioactive materials now scattered throughout the Nation.”

President G.W. Bush

Non-proliferation:
Put our priorities
with our policig§ 4

- Energy Security:
Enable the Expansion

of the Nuclear O_p_tign

e Secretarial Performance Goal: Long-term goal remains for repository operations to address our
Nation’s need to isolate, secure and safely dispose of spent nuclear fuel and high-level waste in a
repository at Yucca Mountain

Sandia
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Background
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e
P 4 qocation of Yucca Mountain, Nevada

| "nties Designated as Affected
Units of Local Government

e 100 miles northwest of Las Vegas In

Nye County

e Locatedon westerniboundary of.the
Nevada Test Site, a U. S. Departments

of Energy (DOE) facility

Humboldt
County

Washoe
County

*Nye County

*Esmeralda

R County *Lincoln

— Airiofcas County
el *%9.
L

Mountain
*(: k
*Inyo lar

County C?unty

California Las o
Vegas

!
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Spent Fuel Statistics

Spent fuel is stored in large pools of water

7 of 58

Or, spent fuel is stored in above-
ground dry casks

Nuclear power plants are producing about 20% of the
electricity in the U.S.

72 plant sites with spent fuel

Five Department of Energy (DOE) sites with spent fuel

39 states with spent fuel

55,700 metric tons of spent fuel existed in December 2006
119,000 metric tons of spent fuel projected by 2035

154 o8

77 //' /') Nuclear
:"*c‘;.‘» e ’ / Fuel
$2%csnnny ; . Pellet

Coeey
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0 Guide Tube

Drawing Not To Scale
00022DC-SRCR-V1S30-04a.ai

Instrument Tube
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istorical and Projected Commercial

Spent Nuclear Fuel Discharges
(as of 05/21/07)

There are 104 operating reactors and 14 shutdown reactors

140000 -~
130000 Actual Discharges*, all reactors (operating & shutdown) — —
o Projected discharges, all reactors, 48 license renewals /MTL]!\%qr’OPOl
= 120000 4| ----——- Projected discharges*, all reactors, 104 license renewals 7 ~ etd
E Actual discharges, shutdown reactors only
?_, 110000 - Actual MTHM in dry storage, all reactors / a—
- ~110,000
D | / MTHM total
® 100000 &
[T 9 /
—
c 90000 -
5 e
& 80000 - 7
3 7
E’ 70000 bl Current pool capacity /
e ~ 61,000 MTHM**
£ 60000 -
8 Current Inventory:
- ~ 55,700 MTHM from
?) 50000 - 118 reactors (as of 12/06)
>
= 40000 -
e/
2 30000 -
E
3 20000
o | ~ 9,500 MTHM in
dry storage (as of 5/14/07)
10000 - :
uclear Waste ~ 3,800 MTHM from
0 Policy Act of 1982 _ D) <~ 14 shutdown reactors
1 | 1 T T T T T T |
1970 1980 1990 2000 2010 2020 2030 2040 2050
20
Year
Sources: * Based on actual discharge data as reported on RW-859's through 12/31/02, and projected discharges, in .
this case, based on 104 license renewals. Sandla
** Represents the aggregate industry pool capacity based on pool capacities provided in 2002 RW-859 Nﬂtlﬂllﬂ'
8 Of 58 (less FCR) and supplemented by utility storage plans. However, the industry is not one big pool and storage [aboratm‘ies

situations at individual sites differ based on pool capdacities versus discharges into specific pools.
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Geologic Disposal Addresses
Multiple Missions

Locations of Spent Nuclear Fuel and
High-Level Radioactive Waste

Commercial
Spent Nuclear
Fuel

-~

Defense Complex
Clean-Up

Disposition of
Support of Naval
Nonproliferation | Reactor Spent
PPy ® Sites storing spent nuclear - Nuclear Fuel
h,"tlatlves’ e.g. fuel, high-level radioactive RS P
Disposal of DOE waste, and/or surplus plutonium reiaect il faaians :
Foreign Research destined for geclogic disposition. p e
Reactor Spent e
Fuel .

Sandia
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e Characterization Studies Selection
Five Year Decision Process

'I%nford Site

|
T
% Davis Canyon.
¥ | avender Cany

X

[

v

DOE identifies nine
potential repository sites

1983

9 Potential Sites

Ms H
: . Deaf Smith
ggﬂfn%mlth Vachen‘e"\ # Richton Dome ton County
%  Dome sCypress Creek Dome EnE [
Swisher | oy

5 Nominated 3 Presidentially
Sites Approved Sites 1 Site
Identified by
Statute
f‘Wﬁ . l‘ WA

%nford Site %nford Site

Yucca
Mountain

on

\‘Y/

NWPA mandates only
the Yucca Wountain
site for characterization

DOE issues final siting guidelines
(10 CFR Part 960)

Secretary nominates five sites, and
the President approves three for
characterization

{SEE I 193;‘1

DOE issues draft environmental
assessment for the nine selected sites

19525| 1985
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Alternative Concepts for
Waste Disposal Were Considered

WE

dia
11 of 58 Module 8: Repository Operation, Design, and Closure m ﬁ??&'é?ém



" Congress Created a Legal
Obligation to Dispose of Nuclear Waste

* 1982 - Nuclear Waste Policy Act (NWPA) established the national
policy for the disposal of commercial spent nuclear fuel and high-
level radioactive waste

- 1987 - Congress directed DOE to characterize only the Yucca
Mountain site

- 2002 - The Secretary of Energy and the President recommended,

and Congress approved, the Yucca Mountain site for development

of a repository

1957 1982 1987 1992 2002 2008 2017

DOE scheduled to
begin receipt of
spent nuclear fuel

President recommended
and Congress approved
Yucca Mountain

Congress limited
characterization to

National
Academy of

Sciences (NAS) v Yucca Mountain v v
su;:po_rtec_l deepl Congress Energy Policy Act DOE Zr_'d high-level
geologic disposa passes sets Environmental scheduled Fadioactive waste
Nuclear Waste Protection Agency to submit
Policy Act (EPA) standard process License Application

12 of 58 Module 8: Repository Operation, Design, and Closure D) (aboratories



‘ $ Best-Achievable*
‘ Yucca Mountain Repository Schedule

Activity Date

Begin Nevada Rail construction Oct. 2009

NRC authorizes construction Sep. 2011

Submit receive and possess

application to NRC Mar. 2013
Complete initial rail access Jun. 2014
Complete construction for initial

repository operations Mar. 2016
Begin waste receipt Mar. 2017

* Schedule dependent on factors outside DOE’s Control: i.e., funding, NRC and congressional actions,
issuance of authorizations and permits, and potential litigation @ Sandia

National
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‘ Annual Appropriations and Administration’s
Budget Request (1995-2008)

$900
Legend $880
Budget Request —™
$800 Accelerator Transmutation of Waste —*|__J
Program Management and Integration® —*
Transportation* —
Yucca Mountain —™
$700 *Beginning with the FY05 request, Waste Acceptance
i5 Ear’t of PM&I. In prior years, it was part of Transportation
600 $630 $591 | 6!
$591
0 $532
2 $500 |
z $438  $445 $495
" $400 $409
n
S $400 { $380  $380 |
8 Y
$73
$300 } $9 $72 $72° $68 u
$6 $ $2
$200 H
$300
$100 H
$0

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
Fiscal Year (Totals may not add up due to rounding.)

Cumulative Short Fall: $1,276B

Sandia
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Project Regulators, Oversight,
and Interested Parties

Oversight
* Federal Government

Regulation
* Nuclear Regulatory Commission
« Environmental Protection Agency

+ Department of Transportation
« Other Stakeholders

— Host State and Affected Counties

Federal Agencies The White

o Federal Emergency Mgmt. House ‘
Agency T

o Dept. of the Interior |

e Dept of Labor

» US Geological Survey

LLLLLLLE

| 11

TRRNIN Laalin s idh 4
" . MTEEE] B A

Transportation
Industry

o Cask Designers and
Manufacturers
o Carriers & Transportation

o Utility Transportation

e Groups

o Utility Technical &
Information Groups

International

¢ International Governments
o International Agencies

¢ International Organizations

15 of 58

— General Accounting Office
+ State/Local Government

Congress

Module 8: Repository Operation, Design, and Closure

Review
* National Academy of
Sciences

* Nuclear Waste Technical
Review Board

* Advisory Committee on
Nuclear Waste

Other Interest Groups

o Professional Societies and
Organizations

e Environmental Groups

e Public Interest Groups

o States/Regional
Organizations

Public
e Media
e Academic Institutions
e Citizens
e Civic Groups
o Educational Organizations

Nation’s Ratepayers
« National Association of

Regulatory Utility Commissioners
¢ Nuclear Waste Strategy Coalition
Sandia
National _
Laboratories



Funding to Affected Units of Government

and Nevada University System
As of 06/19/2007

Year _ Total to Date
Initiated (Actual)

Affected Units of Local Government* - Oversight $99,801,275

State of Nevada - Oversight $87,662,109

Payments Equal to Taxes $129,874,737

Nevada System of Higher Education $113,654,839

Clark County, NV Transportation Grant $2,000,000

| Inyo County, CA Death Valley Regional Ground

‘Water Monitoring Program $2,839,750

Nye County, NV Science & Verification Program $30,416,868

| Nye County, NV Transportation Cooperative

Agreement $430,000

Total Funding to the Affected Units of Government
and the Nevada System of Higher Education $466,679,578
since 1983

“1he Atrrected Units or Government are the State or Nevada and the ten counties @ Sandia

designated “affected” by the Nuclear Waste Policy Act or the Secretary of Energy. National

16 of 58 Laboratories
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Environmental Impact Statement (EIS)

Sandia
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« A draft EIS for a repository at Yucca Mountain, NV was released to
the public on August 13, 1999

— Twenty-one public hearings throughout the U.S. were attended
by 2,796 individuals, 716 of whom commented at the hearings

Environmental Impact Statement

 Ten hearings in Nevada; average attendance 142

 More than 11,000 comments from hearings, U.S. Mail, e-mail, and
facsimile were assessed and considered both individually and
collectively before being responded to in the Final EIS

« Of 27 categories of comments, the three with the most comments
are:
— Transportation of high-level radioactive materials (approx. 3,000)
— the EIS hearing process (approx. 1,900)
— support or opposition for a geologic repository and for alternatives
anar;/zed in tﬂe EIS (1,620)
* All commenters can track their comments in the Comments
Response Document, which is part of the Final EIS @ Sandia
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Environmental Impact Statement (EIS) (cont,

* A supplement to the Draft EIS was released to the public on May 4,
2001

— Three public hearings were attended by 268 individuals, 56 of
whom commented at the hearings

 The Final EIS accompanied the Site Recommendation to the
Secretary of Energy

 Copies of the Final EIS were provided in 2002 to federal, state, and
local elected and appointed officials and agencies of government;
Native American groups; national, state, and local environmental
and public interest groups; and other organizations

Sandia
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Transportation
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Spent nuclear fuel shipments in the U.S. carry impressive safety record

Transportation

— Over 3,000 shipments in the U.S. during the past 30 years
— 754 Navy container shipments, traveling over 1 million miles since 1957

— There has never been a release of radioactive material harmful to the
public or the environment

Waste Isolation Pilot Plant (WIPP) has completed more than 5,800 shipments
DOE follows DOT and NRC transportation rules
Emergency responders would be trained prior to shipments

More than 70,000 metric tons of spent nuclear fuel have already been shipped
safely in densely populated Europe; France and Britain average 650

shipments per year

Sandia
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 On April 8, 2004, DOE announced that it had selected the use of rail
for the majority of shipments of spent nuclear fuel and high-level
waste to a repository at Yucca Mountain

« Current estimates for shipments:

— 175 shipments per year for 24 years
« About 130 by rail and 45 by truck each year

Transportation (cont)

Sandia
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National Transportation
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Symbols do not reflect precise locations

Commercial Reactors
including:
@ - operating reactors
¥ - shutdown reactors at operating reactor sites
- shutdown reactors at shutdown reactor sites
° where SNF could be removed after repository
opening

Commercial SNF Pool Storage
{Away-From-Reactor)

OCommercial Dry Storage Sites
Highly Enriched Uranium at Shutdown Site

121 Sites in 39 States

Research Reactors
including:
A - operating reactors
A - shutdown reactors
with SNF on site
¥V DOE-Owned SNF and HLW
W Commercial HLW
%/ Surplus Plutonium

B Naval Reactor Fuel

Module 8: Repository Operation, Design, and Closure

ocations of Commercial and DOE Sites

As of February 2006
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Mostly Rail

(Preferred Option FEIS)

e On April 8, 2004, DOE announced that it had selected the use of rail
for the majority of shipments of spent nuclear fuel and high-level
waste to a repository at Yucca Mountain

r— T— i 4
i
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i s
h '
. -
- 1
. 1 |
i —

Sandia
25 of 58 Module 8: Repository Operation, Design, and Closure @ m"r’;ﬁ'mes



26 of 58

Rail Routes Analyzed in the Final
Environmental Impact Statement

HLegend
*

o T

.
o, WA

T . * Hanford ,‘Da ‘\ i
Nfojan Site 3
D 2 Columbis G-munngq "D
G tation Q 3

) Idaho National
; -, Engineering and

| Environmental
I7uatory gj S

3
Proposed Private
+Fuel Storage,
LLC, facility,

San
Onofre

Comanche
Peak

South Texas
Project

Commercial sites x

Note: The EIS analysis considered three commercial site ;
pairs — Salem and Hope Creek, Nine Mile Point and \
FitzPatrick, and Dresden and Morris — to be single \
sites due to their proximity to each other.

DOE sites

Note: The EIS analysis included the high-level radioactive waste at West Valley.
The State of New York owns the high-level radioactive waste and the site.
Under the West Valley Demonstration Project Act, DOE is responsible for
solidifying and transporting the high-level radioactive waste off the
West Valley site.
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. Slall%er’!

 Prairie

Cahoun ! Quag
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Symbols do not reflect precise locations
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Nine Mile Point & Yankee 47"\ '
James A. FitzPatrick -~ LR Mo
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% JRock Demonstration Venlos: NH ¢
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¥ e *Pilgrim
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Beach Mi A Indian +CTf .
! 4 * “Point) | X Millstone
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N / \ N;) ) DE) ™ Peach Bottom
1Y . Annafia !
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VA T
e > Surry
e = NC
’ Shearon
s McGuire Harris

National rail lines ana]yZEd These routes represent the routes analyzed in Chapter 6 and might not be the
+++++++ Nevada rail corridors routes actually used for shipments to the proposed repository at Yucca Mountain.
R . . Rail routes are based on maximizing the distance on mainline track and minimizin)
[__1 Federally recognized Native American lands the overall distance and number of interchanges between railroads.
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ighway Routes Analyzed in the Final
Environmental Impact

Statement
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Note: The EIS analysis considered three commercial site pairs —
Salem and Hope Creek, Nine Mile Point and FitzPatrick, and |
Dresden and Morris — to be single sites due to their proximity ;glrrl:'ey

to each other.

DOE sites

Note: The EIS analysis included the high-level radioactive waste at West Valley.
The State of New York owns the high-level radioactive waste and the site.
Under the West Valley Demonstration Project Act, DOE is responsible for
solidifying and transporting the high-level radioactive waste off the
West Valley site.

National highways analyzed
I:] Federally recognized Native American lands

Symbols do not reflect precise locations.

States and tribes can designate alternative preferred routes per
U.S. Department of Transportation regulations.

These routes represent the routes analyzed in Chapter 6 and might not be the
routes actually used for shlpments to the proposed repository at Yucca Mountai
Truck routes comply with U.S. Department of Transportation routin
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Nevada Transportation
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Mode and Corridor Record of Decision

 On April 8, 2004, the DOE published its selection of
mostly rail as the mode of transport, both nationally and
in the State of Nevada

* The DOE also selected Caliente as the rail corridor in

which to determine a rail alignment for the construction
and operation of a rail line in Nevada

Sandia
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Caliente Rail
Corridor

Module 8:
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Caliente Corridor alternates

Existing rail line

Interstate highway

U.S. highway ;rger\soTe
State highway Trust Lands

Federally recognized Native
American lands

Highways
State line
County line

Caliente Corridor
Approx. 319 miles
(513 kilometers)

Nevada Test
& Training

Clark Counl

| Lincoln Couty
U

40 Miles

50 Kilometers

Distances are approximate. To convert

kilometers to miles, multiply by

0.62137.
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%ail Alignment Alternatives
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Site Recommendation
and
License Application
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2002 Site Recommendation Actions

Jan 10, 2002:
Secretary Abraham notified Governor Guinn of his intent to recommend
the Yucca Mountain site to the President
Feb. 14, 2002:

|- Secretary’s recommendation and comprehensive basis for a site recommendation
v submitted to President Bush and made available to the Public

Feb. 15, 2002: l
President Bush approved and submitted recommendation to Congress I v

'- April 8, 2002:
Governor Guinn submitted Notice of Disapproval to Congress

A 4

May 8, 2002: l
U.S. House approved Yucca Mountain joint resolution I v

r July 9, 2002:
U.S. Senate approved Yucca Mountain joint resolution

July 23, 2002: l

President Bush signed congressional resolution approving Yucca Mountain,
allowing the project to proceed to the next ste Y 4
I‘ﬂllUlIHi
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Clean Canistered Approach

* On October 25, 2005, the DOE announced a new plan that
would operate the Civilian Radioactive Waste
Management System with a canister based approach that
minimizes bare fuel handling

— Spent nuclear fuel (SNF) generally would be sent to the

repository in a standardized Transportation, Aging and
Disposal (TAD) canister

— Only 5 to 10 percent of fuel received would require bare
fuel handling

— SNF would not require repetitive handling prior to disposal

— Canisters would require less handling than individual SNF
assemblies

Sandia
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Critical Decision (CD) - 1

* In October 2005, DOE directed BSC to develop a revised CD-1
package to support a decision to move forward with a canister-
based system

— Conceptual design report

— Risk assessment

— Safety hazards analysis

— Updated preliminary design phase budget and schedule

— Total project cost and schedule range | @
: [ApprovelStartion

Alternative Baseline

Selectionfand

Approve

co%0) Baigo
et D M

Sandia
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Yucca Mountain Repository License
Application Schedule*

Activity Date
Complete repository design Nov. 2007
Certify Licensing Support Network (LSN) Dec. 2007
Complete repository supplemental
environmental impact statement (EIS) hiay 2008
Issue final rail alignment EIS Jun. 2008
Submit license application (LA) Jun. 2008
Nuclear Regulatory Commission (NRC)
dockets LA Sep. 2008

* Schedule dependent on factors outside DOE’s Control: i.e., funding, NRC and
congressional actions, issuance of authorizations and permits, and potential litigation @ Sandia

National
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License Application Content and
Supporting Documents

eneral Information (Gl . .
(GI) Bncrsrgga icensing
e Level of DaEi :
— General Description / Raviiew
LA

— Proposed Schedules for 4

Construction, Receipt and f;f;f;;'ﬂn

Emplacement of Waste ¥ (~400 Pages)

- Safety Analysis
— Physical Protection Plan Renort(~5 600 Pages) :
y

— Material Control and _ Plans Submitted in

Accounting Program & Support of License:
— Site Characterization I - Physical Protection

g. -|Material Control & Accounting,
 Safety Analysis Report (SAR) ! - Emergency, etc.
— Repository Safety Before : . :
y -'Analysis/& Modeling|Reportsi~89

— Repository Safety After -'System Description!Documents|~26

Permanent Closure -IFacility/Description|Documents|~8

-Preclosure|Safety Analysis~22

— Research and Development -iYucca|Mountain'Site'Description'-1

Program to Resolve Safety
Questions

SO pering Lpus
GICodesySoftware

— Performance Confirmation

Program fy- 2 Ca|CU|atI0n q[@ﬁg})@m I
— Administrative and ;?‘ . a ot
Programmatic Requirements 1,00 cff Boammens '
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| Repository Licensing Overview

- After determining if the application is suitable for docketing, the
NRC will:

— Conduct extensive technical reviews and legal hearings

« The Atomic Safety and Licensing Board, appointed by the
NRC, will conduct the hearings

 Hearings will be open to the public

« A construction authorization will be granted only if the NRC

concludes that the repository would meet reasonable expectations

that the safety and health of workers and the public would be
protected

Sandia
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Repository Design

Sandia
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}Y ucca Mountain Surface at Exploratory
Studies Facility Portals

South Portal

— -
'-\""‘-\.__\__

e S 'j-.-d: E

—__=Nefrth Portal

41 of 58 Module 8: Repository Operation, Design, and Closure I.ab;lratories



42 of 58

Solitario

Canyon o
fault Ventilation
shaft Ghost
Dance

~1,000 ft.
(about
300 meters)

~1,000 ft.
(about
300 meters) |

Water table

Over 41 miles of
emplacement drifts

Transportation
Emplacement
Vehicle (TEV)

Approximately 14 miles
of access ramps

Yucca
Mountain

Drip Shield Plates

- Drip Shield

I' Structural Members

Waste Package
Outer Barrier

e 1. Waste Package

Drift Ground Support [ T3 Inner Vessel

Container Support Pallet Stesliaggregats base

00226DR_Yucca Mt. Cutaway 8.5 x 11_8e.ai
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Evolution

e -

b=

Ih
ection B

VA Design SR Design Conceptual Design

e Wet handling for o Wet handling for CSNF
commercial spent
nuclear fuel (CSNF)

o Single large building
e 5 transfer lines

Dry handling
Single large building Multiple buildings
e 3 transfer lines Phased construction

e 5,000 MTHM blending e Dry cask aging
pools (to accommodate
thermal blending)

Sandia
43 of 58 Module 8: Repository Operation, Design, and Closure @ faanﬂf'r';?éﬁes




o>
Evolution of Surface Design (cont)

 The revised surface design provides maximum
flexibility in the development of a simple, clean, safe,
primarily canister-based repository

— Based on the use of modular waste handling facilities and
processes — expansion as needed

— Incorporates commercial waste handling experience
— Can receive by truck and standard rail
— Can accommodate multiple sizes of TADs

— Can handle multiple forms of wastes

Sandia
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Subsurface Repository Evolution

E 171 000
E 173 000

N 238 000

E 171000

N 236 000

E 173 000

N 236 000

N 234 000

_N 234 000

N 232 000

N 232 000

VA Design R Design Conceptual Design

e 92 ft Drift Spacing e 266 ft Drift Spacing e 266 ft Drift Spacing
e Above Boiling Temperature e« Sub-boiling Temperature in e« Sub-boiling Temperature in
in Rock Pillar Rock Pillar Rock Pillar

e Single Level e Two Levels e 4 Panels — One Level

e Minimal Ventilation e Robust Ventilation with e Robust Ventilation
Allowance for Natural _
Ventilation S
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Emplacement Drift

Shield

21-PWR/44-BWR
TAD Waste Package

Codisposal Waste
Package Containing
Five High-Level Waste
Canisters with One
DOE Spent Nuclear
Fuel Canister

Perforated
Stainless 21-PWR/44-BWR

Steel Sheet  Fallet Gantry  TAD Waste Package
Crane Rail

Drawing Not to Scale
00863DC_101a.ai
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Total System Performance Assessment (TSPA)

Sandia
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otal System Performance Assessment (TSPA)
Role in Performance Assessment

\ 2.

; FEPS T—
"l éommal Scenario Class ¢ prEneD N @Eﬁﬁm
iz

Igneous Scenario Class

Seismic Scenario Class

'UNSATURATED
\ZONE FLOW

ENETREERE
BARRIER SYSEEM
ENVIRONMENT
=
WASTE
PACKASER
DRIP'SHIELD
DEGRADATION
)

A

ENGINEERED
BARRIER SYSTEM

“\oDE‘- COMPONENTS

By

PERFORMANCE MEASURES

TRANSPQRT -y
SAM Igneous DOSE
ZONEFEOW! ' =N ANNUAL DOSE TO
AND TRANSPORT" ik N B Nominal DOSE THE REASONABLY
QN | MAXIMALLY EXPOSED
INDIVIDUAL
e Seismic DOSE L ]
. Sandia
Groundwater Concentration
48 of 58

National
Laboratories
00239DC Figure009g.ai



>
TSPA Process

« Screen features, events, and processes to determine those to be
evaluated in performance assessment

 Develop models, along with their scientific basis, for each feature,
event and process included in TSPA

« Evaluate uncertainty in models and parameters

« Construct integrated TSPA model using all retained features, events
and processes In scenario classes

— Nominal scenario classes contain all features, events, and
processes likely to occur (including climate change)

— Disruptive event scenario class contains unlikely events
(e.g., igneous and seismic)

« Evaluate total-system performance in terms of individual protection
and groundwater protection standards; incorporating uncertainty
through Monte Carlo simulation

Sandia
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TSPA Model Architecture

e TSPA Models consist of three scenario classes

— Nominal Scenario Class
— Igneous Scenario Class
— Seismic Scenario Class
« Each scenario class has a separate TSPA model
« Each model component has information flow logic diagrams
« Each model component has an integrated set of inputs and outputs

« Each model abstraction has a conceptual basis

Sandia
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Upper Natural Barrier

Unsaturated Zone above
the Repository
* Limit seepage by
capillary effects and by
thermal processes

Unsaturated Zone

below the Repository

+  Delay radionuclide release
through the thick unsaturated
zone by slow advective
flow, sorption, and matrix
diffusion

Zone the
and the Accessible Environment

+  Delay radionuclide release to the accessible
environment by slow advective transport y

+  Delay radionuclide release by matrix diffusion and
sorption through tuff, and by sorption and limiting
colloidal transport through alluvium

* Reduce concentration of radionuclides in
groundwater by dilution and dispersion
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Surface Topography,
Soils, and B
— + Limit infiltration by

edrock

evaporation,
transpiration,
and runoff.

I Engineered Barrer System

Drip Shield

Waste Package
+  Prevent or limit water contacting waste form
+  Limit structural damage to waste form from rockfall
+  Limit rate of transport of radionuclides

Waste Form

+  Limit mobilization of
radionuclides by rate of
degradation

« Limit transport of radionuclides
by low solubility and in-package
sorption

+ Prevent or limit
dripping seepage
water from contacting
waste packages
* Limit structural
damage from rockfall [} -

Drift Invert
« Limit rate of diffusive
transport of |
radionuclides

Commercial Spent
Nuclear Fuel Cladding
+ Limit the amount of water

« Limit transport of that can contact radionuclides
jonuclides through + Limit the mobilization and
snz%iion and low solubility transport of radionuclides

Drift Orientation and Spacing
+  Allows water to percolate around drifts and

waste package and
minimizes external
through the pillars between the
emplacement drifts

mechanical and
chemical interactions

S
Drift Keyway
Steel Tubes  aste Package * Limits the spread of
(UNS S31600)  Support Alloy 22 radioactive hazards to
UNS N0B022 the repository footprint

00264DC_LA_0344d.ai
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arriers, Features, and Components in TSPA

Features and Components

e Surface soils and topography

e Unsaturated zone above the
repository

e Drip shield

o Waste package

o Cladding
e Waste form
e Invert

e Unsaturated zone below the
repository

e Saturated zone
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Upper Natural Barrier

Drift Surface

e Capillary Barrier
o Film Flow
e Dripping
o Evaporation
1 o Roughness

Unsaturated Zone Flow

e Flow Focussing
o Percolation
o Dryout Zone

Topography and Surficial Soils

* Low precipitation

* Runoff

» Evapotranspiration
« Infiltration

Infiltration

Evaporation

Transpiration

Intact Drift Degraded Drift
Unsaturated Zone Above Repository

Dray,
g N
0026108t 0 Seale
~L4_o6
2.0

* Percolation

« Capillarity
« Lateral diversion
adliuia
m National _
Laboratories
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zl ' Lower Natural Barrier

Unsaturated Zone Welded Tuff Units
« Dissolved radionuclides

move through fracture flow

« Radionuclides sorb onto colloids

that move in fracture flow

\ Yucca Mountain

Saturated Zone
*Low groundwater flow rates
*Matrix diffusion

«Sorption of radionuclides onto rock .-~
+Filtration of colloids

Lower Natural Barrier

Saturated Zone Fractured Volcanic Tuffs
« Diffusion and sorption slow transport of radionuclides

Unsaturated Zone Nonwelded Tuff Units

+ Dissolved radionuclides diffuse
into matrix pore space

+ Radionuclides sorbed onto colloids
generally filtered out of matrix

Unsaturated Zone below the Repository

*Low percolation water flow rates

*Radionuclides trapped in the rock by matrix diffusion
*Sorption of radionuclides onto rock

South

7
.~” Saturated Zone Alluvium
e « Diffusion and sorption slow transport of radionuclides
« Larger effective porosity in alluvium slows water
flow, and radionuclides move by diffusion in slow-moving
or stagnant water

Sandia
National
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| ' Engineered Barrier System

v
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Drift Keyway (Drift Plug):

Limits the spread of
radioactive hazards to
the repository footprint

Drift Orientation Pallet:
Backfill ; and Spacing: Supports the
: Allows water to waste package and
percolate around minimizes external
and into the rock mechanical and
pillars between the chemical interactions Invert below
emplacement drifts the Waste Packages:

Limits transport of
radionuclides out
of the Engineered
Barrier System
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Engineered Barrier System
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Titanium Drip Shield
above the Waste Packages:
Prevents water from contacting
the waste package

Waste Package:
Prevents water from
contacting the waste
form for thousands
of years
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Outreach
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Tours: 154 tours briefing 2,321 visitors plus 1,074 visitors to Public Open
House tours

Outreach Programs Statistics
(FY 2006)

Educational Events: 32 events reaching 3,120 students, teachers, and
parents

Exhibits: 23 meetings/conferences/civic events reaching 3,967 people
Inquiries: 139 e-mails and letters
Information Centers: 3 Nevada locations with 4,792 visitors

Media Interactions/Communications Support: The project has dozens
of media interactions each year

Speakers Bureau: 34 presentations reaching 1,758 people
Toll-free Information Line: 666 calls were received and processed
Website: The OCRWM Internet website had 1,352,564 user sessions

Sandia
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Information Center in Nye County, Nevada

Pahrump/Information Center,
Interior

e The exhibits, video displays, and interactive computer
programs at the Yucca Mountain Information Center are
designed to help explain why and how scientists and
engineers are studying Yucca Mountain

Sandia
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ABOUT DOE | ORGANMNIZATION | NEWS | CONTACT US

DEPARTMENT OF

CICRWM - Home

Welcome

About TR

Tuccs Mountain Repository
Transporting Nuclear waste
Receiving Muclear Waste
Advanced Science Studies
Infarmation Library

routh Zone

Related Links

QUICK REFERENCE

FOR CITIZENS

o OCRWM Program
Briefing

it Public Qutreach

i QCRWM Calendar

1 Job Opportunities

i Give Us Your Feedback

FOR BUSINESSES:

i1 Procurement
Cppaortunities

11 Primary Contractors
i fctive Contracts

THE
ENVIRONMENT

User-Friendly Web Site

Civilian' Radioactive'\Waste Vlanagemen

-3 -

Qur mission is to manage and dispose of high-level radioactive waste and spent
nuclear fuel in a rmanner that protects health, safety and the environment; enhances
national and energy security; and merits public confidence.

MNewsroom

On this page, you'll find the latest news from the Department of
Energy about the Office of Civilian Radioactive Waste Management and
the Yucca Mountain Project, Read More =

Current locations of nuclear waste in the United States
Muclear waste is currently located in more than 120 locations in 39
states, Read More =

License Application Information

Following more than 20 years of study by the U.S, Departrent of
Energy, Congress approved in July 2002 the President’s
recormnmendation of the Yucca Mountain site for developrment as a
repasitary for the disposal of spent nuclear fuel and high-level
radicactive waste, Read More =

MRC Licensing Support Metwork:

WHAT'S NEW

== QIZRWM Director's 2008
Budget Rollout Briefing

== Preliminary Transportation,
Aging and Disposal Canister
Systemn Performance
Specification

== Quarterly Report to
Congress-- July 1 -
September 30, 2006

¥IDEQ HIGHLIGHTS

fucca Mountain: The
Malking of an Underground
Laboratary

YMP web site - www.ocrwm.doe.gov - reaches global audience
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