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Site Characterization Plan (SCP) Examined
Repository Regulatory Requirements

« Developed strategies for functional performance

« Resulted in goals for component performance
including thermal goals

Thermal aspects of strategies primarily described in
postclosure repository design portions of the plan
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Linkages Between Preclosure and Postclosure Design

Accldental
Releases
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PRECLOSURE I POSTCLOSURE
Performance Design : Design Performance
Assessment , Assessment
Waste Package ! W
Public Production Technologies i ( Pacalfat;e \
Radiological Waste Containment
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Conditions yy I (Postclosure) Barrler System
Worker i A \\ Release )
Radlological | :
Safety - Normal Repository
Conditions Design Criterla for i
Radiological Safety i
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i
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[ Total System \
Performance

Design and Configuration
Waste Technical of Underground Individual
Retrievabliity Feasibllity Facllities Protection

Ground-Water
Protection

Non- Ground-Water
Radlological Seal Travel Time
Health and Characterlstics
Safety

NRC
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SCP Thermal Design Goals
Have Been Revisited

Summary of SCP Design Goals for
n!l'hermal Loa dging SCP Thermal Goals Evaluated
Process Performance Measure Thermal Goal
POSSIBLE Limk terpersture changes in Tempersture Limit eempersiure of CHn
GOAL EEFECT ON DESIGN by lo< 11570

T < 200°C ONE METER FROM BOREHOLE WALL VARY PACKAGE LOADING, Limit lemperaturs of TSw3

BOREHOLE AND DRIFT SPACING;

LIMIT APD
T < 275°C AT BOREHOLE WALL AND VARY PACKAGE LOADING,
T < 350°C AT CONTAINER CENTERUINE BOREHOLE AND DRIFY SPACING;

LMIT APD Limi deleterious rock movement Rock dispiacement

or preferred patinways
AT < 6°C ON SURFACE AND SURFACE UPLIFT LIMIT APD
<05 cmAyr
NO INTACT ROCK FAILURE OR CONTINUOUS LIMIT APD Limit impact on surface Temperature
JOINT SLIP environment
Surface uplifl

LOCAL SATURATION <90% LIMIT USABLE AREA
BORENOLE WALLS ABOVE BOILING > 300 yrs RAISE PACKAGE LOADING AND APD Thermal loading
T < 115°C N TSw3, CHnz, AND CHnv UMIT APD

Borshole wall empersture
Rock mass temperaiure

SCP Thermal Goals Evaluated
(Continued)

Performance Moasure Thermal Goal

iner | Time ta above bolling
W“"‘

Limit degradation of fusl matrix Tempetatiwo
or cladding

Linit sccess drifi temperature Temperature Wak temperature In socess drift < 50°C
for first 50 years

amplesement &t HI°C

Wall emperaturee in empiscement drift
< S0°C for first 50 years for hortsontsl
borehole

DCSCPTG11 .125.NWTRB‘4 4

Temparsture




!_mp!ementi_ng the SCP Licensing Strategy
through the Program Approach



Phasing the Site Characterization Plan Strategies

1. Develop logical breakdown
considering compliance
arguments

2. ldentify products that can be
defended for suitability, EIS,
and licensing

3. Ensure sufficient information
at each step to demonstrate
that health and safety can be
protected appropriately
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SCP Strategles

Can strategles be broken
into steps?

Is there a logical set of prod.ucts
that can be delivered earlier?
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60.101(b)
. . . demonstration of
compliance may take
(reasonable assurance)

uncertainties and gaps In
knowledge Into account. ..

1
2008 2010

PERFORMANCE CONFIRMATION

PRE-LICENSING
INTERACTIONS
SITE CHARACTERIZATION

60.24(a)
.. as complete as
possible in the light of

information that is

reasonably available at
time of docketing. .
Ve
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Phases of the Program Approach
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Develop Safety Argument in Steps
Preclosure Period: Operations

e Build confidence in the performance of system by
demonstrating the safety of engineered components

- Engineered components of design that are important to safety
are addressed first

- Safety evaluations, including appropriate demonstrations of
retrievability, criticality control, and robust canisters provide
high confidence in the ability of a repository to safely function
during operational time frame

. Reducé uncertainty during operational phases through
performance-confirmation monitoring

- Allow licensing decisions on configuration and final
demonstrations of long-term performance to be based on many
years of additional data gathered under actual conditions

‘ ‘ THRMLDMVB.PM4.125.NWTRB/11-17-94 . 8



® o | @
Develop Safety Argument in Steps
Postclosure Performance: Waste Isolation

» Bound natural barrier performance through arguments
with sufficient flexibility to accommodate a range of
conditions
- Goal is to provide sufficient information to docket 2001

License Application (LA)

- Use time between License Application and Construction
Authorization (~3 years) to gather additional data, strengthen
safety arguments, and address specific licensing-related
Issues

« Increase confidence in the long-term performance of the
repository through performance confirmation

THRMLDMV9.PM4.125.NWTRB/11-17-94



Defense in Depth/Ongoing Monitoring

Opg;a:‘t;&nal Retrievable Criticality Gradual Natural
Storage Control Canister Releases Barriers

Increasing Long-Term Confidence




Program Approach to
Increasing Confidence
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TSSEISLA CA UA LRP LAC
1 I n 1 ) 1 e J
i / T y \ ",
1995 J/ 2000, 005 \ 2010\\ TIME
1 \ 3 ~
1/ 1 —t \ ~
TSS/DEIS - 1998 LA/CA - 2001 CA - 2004 ULA/R&P - 2008 L/R&P - 2010 Pert. Confirm.*
NAT.BAREVAL
GWTT Bounded Sub. Finished Final
Scenanos Bounded Bounded Sub. Finished Final
Subsysiem Analyses Bounded Sub. Finished Final Updated
TSPA Source Term Bounded Mode! Bounded Model Complete Confirmed
Post Cl TSPA Bounded Bounded Sub Finished Final
REPOSITORY DESIGN ACD Title | Tatle It Tite |l Title 1l Title i1
Baddd/Seais Title | (Flex) Demonstrated Decision
Matenats irmtern Bounded Bounded Matl's Sel.
Retnevabiry Title | Proof of Pnnc. Demonstrated
Ar Pwr Den Bounded Bounded APD Decision Final APD
Emplacemem Mode Title | Decision
Precl PA Bounded Sub. Finished Final
Lag Storage ACD Title | Titlo I} Title Il
Rat Spur cD Tithe /it Title 111l Title Il
WASTE PKG. DESIGN ACD/Ttte | Title Il (Ptype) Full Scale P'type Tested Tiie I Operns Cont.
Sub Cmp Con Completa Updated
Crcalty Con Complets Updated
Contr Rel Bounded Conserv. Calcs Complete
Matenals Concepts Determined Test Complete Model Confirmed
Waste Form Srce Term End'd Final Srce Term
EBS Thermal Concepts Bounded
MDVGAF1 COR.1204-20-04
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Synopsis of Program Approach for MGDS

TSS/DEIS - 1998

LA/CA - 2001

CA - 2004 ULA/R&P - 2008 L/R&P - 2010 Perf. Confirm. *
NAT.BAR.EVAL.
GWTT Bounded Sub. Finished Final
Scenarios Bounded Bounded Sub. Finished Final
_ Subsystem Analyses Bounded Sub. Finished Final Updated
TSPA Source Term Bounded Model Bounded Model Complete Confirmed
Post Cl. TSPA Bounded Bounded Sub Finished Final
REPOSITORY DESIGN ACD Title | Title 11 Titte Ml Title I Title 1}
Backfil/Seals Title | (Flex) Demonstrated Decision
Materials Inter'n Bounded Bounded Matl's Sel.
Retrievability Title | Proof of Princ. Demonstrated
Ar. Pwr. Den. Bounded Bounded APD Decision Final APD
Emplace. Mode Title | Decision
Precl. PA. Bounded Sub. Finished Final
Lag Storage ACD Title | Title Il Title 11l
Rail Spur cD Title ¥l Title 111 Title Il
WASTE PKG. DESIGN ACD/Title | Title Il (P'type) Full Scale P'type Tested/Title 1!l Title Il Oper'ns Conf.
Sub Cmp Con Complete Updated
Criticality Con. Complete Updated
Contr. Rel. Bounded Conserv. Calcs Complete
Materials Concepts Determined Test Complete Mode! Confirmed
Waste Form Srce Term Bnd'd Final Srce Term
EBS Thermal Concepts Bounded

* Performance confirmation program is required to start during site

ﬁcterization and continue until permanent closure ‘FR 60.140 (b))

MDVGAF1.CDR.129. 12




Thermal Strategy Perspective
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and MGDS Design

MGDS PRECLOSURE

Thermal Strategy Decisions

MGDS POSTCLOSURE

PERFORMANCE PERFORMANCE
ASSESSMENT DESIGN DESIGN ASSESSMENT
PUBLIC R DLOT o WASTE

RADIOLOGICAL TECHNOLOGIES PACKAGE
EXPOSURES - CONTAINMENT
NORMAL Ay
CONDITIONS WASTE PACKAGE WASTE PACKAGE ENGINEERED
CHARACTERISTICS ] CHARACTERISTICS [<—] BAHAIER SYSTEM
WORKER (PRECLOSURE) (POSTCLOSURE) ELEASE RATES
RADIOLOGICAL I T
SAFETY -
NORMAL
CONDITIONS
ACCEPT,
PRECLOSURE REPOSITORY TRANSPORT, AND
ACCIDENTAL =1 DESIGN CRITERIA FOR DISPOSE WASTE TOTAL SYSTEM
RELEASES RADIOLOGICAL SAFETY PERFORMANCE
INDIVIDUAL
PROTECTION
WASTE PRECLOSURE DESIGN CONFIGURATION
RETRIEVABILITY AND TECHNICAL OF UNDERGROUND GROUND-WATER
FEASIBILITY FACILITIES PROTECTION

NON-RADIOLOGICAL
HEALTH & SAFETY

SEAL
CHARACTERISTICS

TRAVEL TIME
]
—>
NRC SITING
CRITERIA

GROUND-WATER
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Overall Thermal Strategy Perspective

Maintain flexibility in design to allow modifications that

could improve system performance
- Identify key environmental and design parameters
- Define envelope for key parameters

Technical Site Suitability Strategy
- Establish reference thermal loading (low range) based on
current desigh concepts
- Evaluate sensitivity to range of thermal loadings under
consideration

Licensing Strategy

- Determine range of conditions over which designs work

- Use performance confirmation to show we are within
those conditions |

- Modify strategy as needed to improve performance

THRMLDMV15.PM4.125.NWTRB/11-17-94
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Overall Thermal Strategy Perspective

(Continued)

- Program Approach did not fundamentally change SCP
Approach to Safety/Compliance Strategies

- It did change DOE's plans for getting information in front
of NRC

Current Design and Performance Assessment
understanding suggests different thermal loadings
enhance different components of safety argument

‘ THRMLDMV16.PM4.125.NWTRB/11-17-94 ‘ 16




Thermal Strategy--Different Perspectives

* Performance Assessment Perspective

- Minimal disturbance to existing site conditions for 1998
Technical Site Suitability (TSS) and 2001 License Application
may reduce uncertainties

- This could provide a stronger technical basis for 1998 TSS

determination

o Waste Package Designh Perspective

- Higher thermal loads may drive off water and reduce corrosion
- Leads to increased confidence in robust long-lived waste
package

 Repository Design Perspective

- Assuming performance meets requirements, cost and

efficiency may favor higher thermal loadings
- Operational considerations could favor lower thermal loads

THRMLDMV17.PM4.125.NWTRB/11-17-94 17



Sequencing the ESF Testing Program

‘ THRMLDMV18.PM4.125. NWTRB/11-17-94 . 18




- Testing Perspective

 Use data from test programs to reach consensus on
appropriate thermal loads for key decision points

* Redirect test program, as needed, to acquire
~ additional information

* Use appropriate bounding calculations and ranges of
data to develop performance and safety evaluations

THRMLDMV19.PM4.125.NWTRB/11-17-94 19



ESF Activities--Test Planning Package 91-5

SUMMARY TABLE OF PLANNED ESF TESTS
GROUPED BY CONSOLIDATED PROGRAM
(SOURCE: ESF TPP 91-5)

SCPB
SCP TEST ACTIVITY REFERENCE
NUMBER I SCP PROGRAM NAME

[ Consomtared Somping

* Chioride & Chiarine-35 of

*  Matix Hydrologc Propertes Testing

= Petrologic Stratigraphy of the Topopah Sprng Member

«  Mineral Distnbuton Between Host Rock and
Envwronment

» Fracture Minerslogy Studes of the ESF

©  History of Minaralogic and Geochemical AReration of YM

Construction Monitoring
Access Convergence Test at the ESF
Evaluation of Mining Methods
Monitoring Ground Support Systems
Monitoring Drift Stability

Thermal/Mechanical Properties

Heater Experiment in TSwi1
: e Canister-Scale Heater Experiment
ST e YM Heated Block

» Repostory Horizon Newr-Fieki Hydrologic Propertes I BJ4244, Al Wails Packsge |

T T e Thermal Stress Measurements

Sequential Drift Mining

Heated Room Experiment

Plate Loading Tested Block

Rock Mass Strength Experiment
Overcore Stress Experiment in ESF

ESFACTV.CDR.1 /11-9-94 _‘20
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Thermal-Mechanical Testing in the
Exploratory Studies Facility

“l. Construction Phase - TBM Envelope -~ . . . .
* Construction Monitoring

on Phase-Alcoves . . .° - .. oo

» Construction Monitoring

¢ Construction Monitoring

“IV..In situ Alcove Tests - Core Test Area / Extensions.
* Construction Monitoring

Thermal/Mechanical/Hydrologic Properties
¢ TSw1 and TSw2 Heater (Axisymmetric Tests)
* Thermal Stress (Room Scale) Test
¢ Plate Loading Tests
¢ Heated Block

* Accelerated Thermal/Hydrologic Properties

e Sequential Drift Mining

* Heated Room Experiment

* Near Field Thermal/
Hydrologic Properties

I I | | ] I | l l
1993 1994 1995 1996 1997 1998 ~ 1999 2000 2001

TMSCHEM.CDR.129.MDV/11-11-94 21



Thermal-Mechanical Testing in the ESF
Program Approach Decisions

= At 7%
H| Consiry g TSS/DEIS - 1998 LA/CA - 2001
s TR e e e s et _—
GWTT A Bounded Sub. Finished
$1] yeScenarios: . Bounded :.Bouniied
- {subsystem Analyses|’ " et . JBounded - | e conen: |- St Finlshed™
TSPA Source Term s1riadinusd Moast[ toring Bounded Model
\ Post c| TS o DO @ v - § orrvssonn s nmmmns axsoron s s s § o Bounded -
VL I siiu Blchva T
REPOSITORY DESIGN o Conshruntion Moniorine ACD 4 Title !
wd ng "y £ 4 w‘:x ¢ % Pryrey e g § R e 2 M ,
BackfiliSeals i Thermalifechanic %@efé?;}mgm ?}mgméim Title ! (Flex)
Materials Inter'n * Towt and THwg, %gﬁ el {Axisymmelric Tesls) Bounded
- Tharmal T8 evenriy e ind Tomd
Retrievability ¢ *sf‘f“ al Sirgss (RoomBesle) Tasgl Title |
Ar. Pwr. Den. « Flate L aazﬁsvg B&iRGsd Bounded
: § o » g -
Emplacement Mode # % teated Blogk Title |
Precl. P.A. Bounded, Sub. Finished
. oy %z 5 ¥ Fen %
Lag Storage TA¥etel iarfgm Tharmal/tiydrologic Properffes Titie
Rall Spur co o Sequential Drft|lin
WASTE PKG. DESIGN ACD/Title | . §§m';§ d Boom £ ,}‘ggl“eélg (P'type)
Sub Cmp. Con. L i omplete
+ Regr Pield They e
Criticality Con. Hydrolagic Prode °me>'ete
__ Contr. Rel. ) Bounded ’ ’ Conserv Calcs
% f Concepts Determined
e . . . SRS S i e s o ‘|sree Term Brd'dl
EBS Thermal Concepts Bounded
| | | | | ] | | ]
1993 1994 1995 1996 1997 1998 1999 2000 2001
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