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TSPAI IRSR REV. 2 ACCEPTANCE CRITERIA

PRESENTATION/
DOCUMENTATION

SELF-ASSESSMENT

PATH FORWARD TO CLOSURE

SUBISSUE 1 - System Description and
Demonstration of Multiple Barriers

Transparency and Traceability of the Analysis

TSPA Documentation Style, Structure, and
Organization

T1) Documents and reports are complete, clear, and consistent.

All PMRs, TSPA-SR

Largely Resolved

The TSPA-SR is currently being performed. For
this acceptance criteria to be closed, the TSPA-
SR Technical Report and supporting PMRs and
AMRs will need to be reviewed by the NRC.

T2) Information is amply cross referenced.

All PMRs, TSPA-SR

Largely Resolved

The TSPA-SR is currently being performed. For
this acceptance criteria to be closed, the TSPA-
SR Technical Report and supporting PMRs and
AMRs will need to be reviewed by the NRC.

e
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Objectives of Briefing

e Overview of Presentations

e Messages
— iteration on TSPA

— traceability (documentation hierarchy)
— improvements

— resolving issues

e Reference Design
e TSPA-SR process
e Schedule
e Summary

e —
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Overview of Presentations

e Overall Approach

o Features, Events and Processes (FEPs)
Approach

e FEPs Details

o TSPA Subsystem Component Models
e Integrated TSPA Model

o Sensitivity and Uncertainty Analyses
e Human Intrusion Analysis

e Progress on Meeting TSPA&I Requirements

e
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Overall Messages

e lteration on Previous TSPA
e Improvements from TSPA-VA
e Improved Traceability (documentation hierarchy)

e Resolving Issues

e —
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TSPA lterations

LA= License Application

FPA= Performance Assessment

SR= 5ite Recommendation

TSPA= Total System Performance Assessment
WA= Viability Assessment

TSPA-VA TSPA-SRILA
Studies of the Conceptual Advanced
Nevada Test Site Design Conceptual VA Design LA Design
Design P

Performance

Cunﬁrma“‘ n
ﬁmg rarm

Site

idea of Characterization Updated Study License Site

Unsaturated

Pl A licati Pl R i
Zone Disposal Plan and Study ans pplication Plan ecommendation

Plans

abgEIE0ES. -

e
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TSPA-SR Major Improvements

Technical Improvements

o lteration of Viability Assessment

e Improve models to address review
comments of VA

e Improved models include:

— Climate and seepage

— Coupled thermal processes

— Waste package degradation
¢+ Stress corrosion cracking
+ [Initial defects/weld flaws

— Saturated zone transport

— Volcanism

e TSPA approach modified to address
NRC and EPA requirements

e

Process Improvements

All analyses, models,
data, software controlled
under common
procedures

TSPA-SR model
developed to assure
traceable data sets are
used

Q-status of all data,
models, software is
tracked
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TSPA-SR Documentation Hierarchy

e Based on Analysis/Model Reports (AMR’s) and
Process Model Reports (PMR’s)

e Preliminary information from data transmittals
e Feed information to SRCR

e Provides traceability back to models and data
from TSPA model

it S —
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TSPA-SR Documentation Hierarchy

Rev 0 PMRs

7/01

l l l ' l ' l -
04/00 04/00 04/00 04/00

05/00 05/00 05/00 05/00

Legend

Analysis/Model
Reports that
support PMRs

TSPA
Document

PMR
Document

Regulatory
Documents

Kl 1 I

Document
Feeds

Document
Updates

Note: PMR and TSPA
dates are DOE approval
dates
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Resolving Issues

o Issue: System Description/Demonstration of
Multiple Barriers

— Transparency/traceability through process modeling,
supporting analyses, and back to the data

— Consistency from TSPA through supporting
documentation

— Numerous multiple barrier analyses to be conducted
and documented in TSPA-SR

e Issue: Scenario Analysis

— ldentify FEPs, screening rationale, defend use of
intermediate performance measures for screening

et
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Resolving Issues (continued)

e |ssue: Model Abstraction
— Integration of FEPs into TSPA-SR

— Integrated model components to improve coupling
o Issue: Overall Performance Objective

— Use TSPA-SR model to demonstrate performance
objectives have been met

e —
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Reference Design for TSPA-SR

e TSPA-SR is based on the Site Recommendation Design
e Repository design
— Average thermal load of ~ 62 MTHM/acre (lower than VA)

— 50 years of ventilation
— Blending of fuel at surface to level thermal load

e Engineered barrier system design

— Titanium drip shield placed over waste packages
— No backfill

— Waste packages placed end-to-end average (line load of ~ 1.4 kW/m)
e Waste package design

— Waste packages for CSNF (21-PWR/44-BWR) and co-disposed DSNF and HLW

— Outer layer of corrosion resistant Alloy 22 (20 mm) and inner layer of stainless
steel (100 mm)

— Dual-lid closure weld, outer lid closure weld stress mitigated by solution
annealing, inner lid closure weld stress mitigated by laser peening

st S —
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South
Ramp

Reference
Design

Emplacement Drifts

Plan View
Repository Layout
~740 acres

Service Drift

_ Enlargement of
- a Section of Drifts

Waste Packages

Cutaway of a Drift with
Three Representative
Waste Package Types

Co-Disposal Five High-
Level Waste (HLW)
Waste Packages with
NOTTO SCALE One DOE Spent
Nuclear Fuel (DSNF)

Pressurized Water
Reactor (PWR)
Waste Package
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Reference Design - Waste Package

Waste Package Inner
Wall (Stainless Steel) -4

Waste Package Outer Lid
(Alloy 22) :

Waste Package Middle Lid 1
(Alloy 22) = |

Drip Shield
(Grade 7 Titanium)

abgO0G3G033. 8

Waste Package
(Outer Wall: 2 cm Alloy 22,
Inner Wall: 5 cm stainless steel)

e
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Reference
Design -
Waste
Form

Waste Form Inventory Component

Commercial Spent

Nuclear Fuel
=]
1 | —
Pressurized  Boiling
Water Water
Reactor Reactor
(PWR) (BWR)
~41,384 ~21,584
MTHM MTHM

| /

Blended BWR
and PWR
63,000 Metric
Tons of Heavy Metal
(MTHM)

v

Pu-Disposition Waste

Excess
Weapons

o

Mixed Glass

Oxide Ceramic
Fuel Waste
(MOX) ~18

~32MTHM MTHM

Modeled CSNF Package

High-Level Waste

Borosilicate Glass
Savannah West Hanford

River Valley  ~1142
~3435 ~72 MTHM
MTHM  MTHM

(INEEL HLW not in
baseline inventory)

Blended
High-Level Waste
4,667 MTHM

Defense and Naval
Spent Nuclear Fuel

Naval  250Types
Canister of Fuel
~65 MTHM ~2268 MTHM

I

Eleven
Categories

'

Blended Defense
Spent Nuclear Fuel
2,333 MTHM

Modeled
Co-Disposal
Package
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Introduction — TSPA-SR Process

e Screen features, events and processes to determine those
that must be retained in performance assessment

e Develop models, along with their scientific basis, for each
process included in TSPA

e Identify uncertainty in models and parameters

e Construct integrated TSPA model using all retained
processes

— “Nominal” performance model contains all features, events and
processes likely to occur

— “Disruptive event” performance model contains low probability
events (e.g., volcanism)

e Evaluate total system performance (individual dose and
groundwater protection) and significance of uncertainty

e
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TSPA-SR Process

ldentify and classi features, events, and
processes potentally relevant to the long-
term performance of the disposal system

Screen FEPs using well-defined criteria to
ident those that should be included in
the TSPA and those that can be excluded

Screen scenarics using well-defined criteria

Speci implementation of
scana?lrns Im the TSPA

A LT .
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TSPA-SR
Process

Oversight
NRC Technical Exchanges, Appendix 7 Meetings
NWTRE Panel Meetings, Reports to Congress
State of Nevada; Affected Units of Local Government
Public

Prior TSPAs
DOE TSPA-91, 93, 95, VA
NRC IPA-1, -2, -3
EPRI TSPA Phases 1, 2, and 3

Process Model Abstraction

Unsaturated Zone Flow

Engineered Barrier System Environments
Waste Package & Drip Shield Degradation
Waste Form Degradation

Engineered Barrier System Transport
Unsaturated Zone Transport

Saturated Zone Flow and Transport
Disruptive Events

Biosphere

Process Models
Unsaturated Zone Flow Model
Seepage Model
In-Drift Environment Model
Waste Package and Drip Shield Corrosion Model
Unsaturated Zone Transport Model
Saturated Zone Flow and Transport Model
Volcanic Eruption Model

Site and Design Information

Site Description Document
Repository Design

Waste Package Design
Laboratory Data

In-Situ Data

Analog Data

Site and Design Models
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TSPA-SR Process

Actual Environment

Collected Data: From measurements
of actual environmental features.

Engineering Data: Repository Design
Waste Package Design

Conceptual Model(s)
Set of hypotheses about systerm based on
current data and knowledge.

Mathematical Modeal
Mathematical representation of conceptual
model processes.

Egquations and Boundary Conditions

S, 88 — T (KVh) -W 2B — O onthe boundary

Mumerical Model
Typically several mathematical models
solved numerically and implemeaented on the
computer to represent a physical process.

Total System
Performance sessment
Model

= Permeability

"--—-.___-t Water Saturation
Q%
= a = Repository Layout

= armount of Waste

Dasign:

in Packagas
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TSPA-SR Model Analyses

EERSIDENTIEICATION

—
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TSPA-SR Nominal Scenario
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TSPA-SR Disruptive Events Scenario

(Volcanic Eruption)

1ON
WITH
REPOSITOR

ATMOSPHERIC
IRANSPORE

BERUPTION

' é"ﬁ?]“oLCANlc
U " EVENT
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e

YMP Yucca Mountain Project/ NRC/DOE Technical Exchange on TSPA M&O Graphics/NRC_ymMcNeish060600.ppt



TSPA-SR Disruptive Events Scenario

(lgneous Intrusion/Groundwater Transport)

Damage to
Waste Package
& Drip Shield

W/,

PACKAGE ~ ENGINEEREL
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DEGRADRATION | SYSTEM
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TSPA-SR Disruptive Events Scenario
(Human Intrusion)

Drill through Waste
Package and Drip Shield

Infiltration Down

- EL Borehole
Transport Down “EQRM % BA )
Borehole D 'ER ADATION - / Time of
\__/ "~ """ ENVIRONMENTS InEusion

e

A/ AN
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DOSE
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TSPA-SR Model:
Configuration/Information Flow

External
Process Models

Output Parameters

MI Radicnuclide Mass Flux T Temparature |

C;i Radionuclida Cancenlralion [=18] Ralative Humidity tpit

fs Fraction of WFPs with Seeps SI Liquid Saturation tpatch

EBS Engineered Barrier System Xa Air Mass Fraction Apel‘f

Qg Seep Flow Rate dg Gas Flux Ajuel

pH pH O Liquid Flux tez
ZC03‘2 Carbonate Concentration =" Infittration Fiux BDCFl-
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waste-
package
degradation

— GoldSim
Waste-form
degradation

EBS transport

—— ﬁ o

P

SI-CONVOLUTE

ASH PLUME
volcanic
aclivity

GaoldSim
dose
calculation

lonic Strength
Initial-pit-penatration lime

Inifial-patch-penestration time
Perforated Container Area
Exposad Fuel Area

Saturated Zone Transporl Time
Biosphere Dose Conversion Factor

zone transport #

Final Performance

Measure

Legend

FAesponse Surface Belween
__/ Process Models

Response Surface from
Process Modal to GOLDSIM
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TSPA-SR Significance Analyses to Support
Safety Case and 10 CFR 963 Compliance

e Uncertainty analyses

— > 100 parameters in nominal performance scenario are
represented with an uncertainty range

— regression analysis, discriminant analysis, partial
correlations and regression trees will be used to
identify the most significant parameters

— parameter importance will be quantified
e Sensitivity analyses

— specific analyses will fix individual key parameters at
their 5th and/or 95th percentile to illustrate contribution
to performance of individual process model factors

e —
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TSPA-SR Significance Analyses to Support
Safety Case and 10 CFR 963 Compliance

(continued)

e Barrier Importance analyses

— specific analyses fixing groups of key parameters at
their 5th or 95th percentile (depending on which leads
to more conservative performance) will be used to
illustrate contribution to performance of combined
process model factors or barriers

e
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TSPA-SR Schedule

e Process models and analyses supporting
TSPA-SR are essentially complete

e Process Model Reports (Rev 00) are being reviewed by
DOE

e TSPA-SR model is complete, documentation underway

e TSPA-SR Technical Report (similar to VA Volume 3) is
being developed, expect delivery to DOE in late
August

e TSPA-SR sensitivity analyses and barrier importance
analyses to support compliance evaluation and safety
case are to be underway in June/July

e Draft Site Recommendation Consideration Report
scheduled for DOE review in September

e time
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Summary of Technical Improvements for TSPA-SR

Have addressed a number of issues raised by reviewers of VA,
including DOE Peer Review, NWTRB, NRC, USGS, M&0O TSPA-VA
Peer Review, Clark County

Major process model revisions to address issues include:
— Climate and seepage
— Coupled thermal-hydro-chemical processes
— Waste package degradation (especially stress corrosion cracking)
— Saturated zone transport
— Igneous activity
TSPA approach modified to address NRC and EPA requirements:

— Explicit screening of features, events and processes in construction of
model

— “Expected” annual dose to reasonably maximally exposed individual
— Groundwater protection of representative volume of aquifer

— Stylized human intrusion scenario

e
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Summary of Process Improvements for TSPA-SR

e All process models, abstraction models, analyses and
calculations used to support TSPA-SR are being controlled
under a set of procedures common to all participants

e Documented “validation” of process models developed in
accordance with NUREG-1636 guidance

o All data sets, parameters and models/analyses inputs and
outputs are being tracked and controlled to ensure
traceability

e TSPA-SR model developed to ensure only traceable data
sets are used as input

o Q-status of all data, developed or acquired, is tracked to
identify qualification need, including software

e
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Summary of Remaining Work for TSPA-SR

o Complete analyses modifying conditions for no-
backfill design

o Complete uncertainty, sensitivity and barrier
importance analyses

e Complete documentation

e Complete contributions to Site Recommendation
Consideration Report

— Volume 1 — Technical Basis for Site Recommendation
Consideration

— Volume 2 — Compliance Evaluation

st S —
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