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Purpose

 Present a summary of current status of Global Nuclear
Energy Partnership (GNEP)

* Present a summary of current U.S. high-level waste
(HLW) management: risk-informed performance-based
regulation for the safety during operations and long-
term waste isolation in HLW management

 Present issues associated with the engineered barrier
system including waste package and waste form

 Present GNEP Perspectives in HLW management
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Outline

 Purpose
« Overview and Summary of GNEP

« Current HLW Management: NRC Pre-closure Safety
Analysis

« Current HLW Management: NRC Post-closure Total-
system Performance Assessment and Engineered
Barrier System

 GNEP Perspectives in HLW
« Summary
 Materials Engineer at NRC
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Global Nuclear Energy Partnership
(GNEP) Overview
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Overview and Summary of GNEP

Compare waste management aspects of
- Open Fuel Cycle
- Closed Fuel Cycle (including GNEP)
Found
- Large quantities of spent nuclear fuel (SNF)
exist, with inventory growing
- Closed Cycles reduce repository requirements
- Large facilities needed (1,000 MTIHM/yr)
- Long timeframes for working and cycling needed to
eliminate SNF inventory (decades)
Conclude
- Closed Cycle provides waste management benefits,
especially HLW
- Potential GNEP benefits significant, but more

program definition and regulatory changes
needed
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Inventory of Power Reactor SNF

World-Wide

- Generation: about 11,000 MTIHM/yr, 94 % of SNF is
uranium and not a waste

- Inventory: about 200,000 MTIHM

- About 50/50 Open/Closed Cycles

United States (NRC, 2007)
- Generation: about 2,000 — 2.500 MTIHM/yr

- Inventory: 55,000 MTIHM (2005)
- Disposition strategy: Open Cycle
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U.S. SNF Inventory and
s Projected Repository Space

Spent Fuel Projections From Existing Reactors
(Assumes 100 LWR/100 GWe basis)

Statutory Capacity Essentially Filled Now
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Impact of DOE SNF adds about 7,000 MTIHM
Assumes current DOE approach — one level, heat conduction only
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Closed Cycle — Conventional Reprocessing

Reprocessing

- Proven Technology
- Optimized Purex solvent extraction process

Recycles as Mixed Oxide (MOX) fuel in Light-Water Reactor
(LWR)

- Proven technology
- One cycle as MOX

MOX SNF to repository

- assumption — could be stored, disposed or recycled
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Closed Nuclear Fuel Cycle

« Reprocess SNF

Fuel rods
Fuel
fabrication MOX to LWRS

= * Repository Disposal -
Reprocessing HLW and MOX SNF

tes

Yitrification « Current SNF Discharges

- Range 2,000-2,500 MTHM
Storage

Annually

Use 2,500 MTHM Per Year As
Basis Reprocess SNF
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Current U.S. HLW Management:

Risk-informed Performance-based
Regulation
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View Looking Down Exploratory Studies Facility
(DOE, 2002)

ATP_71S1_Figi-15.ai
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Pre-closure Safety Analysis:
selected DOE’s surface facilities

 Initial Operating Capability (DOE, 2007):

aging pad, cask receipt security station, railcar staging area,
truck staging area, wet handling facility, initial handling

facility, canister receipt and closure facility 1, central control
center facility

* Full Operating Capability (DOE, 2007):

Phase 2 — receipt facility

Phase 3 — aging pad, canister receipt and closure facility 2
Phase 4 — canister receipt and closure facility 3

13
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Pre-closure Safety Analysis:
processes

Areas of Consideration: TAD (transportation, aging and
disposal) canister; wet handling facility; dry handling facility;
ventilation; on-site transportation; aging facility; waste
package emplacement (DOE, 2007)

Initiating Event and Event Sequences

Normal and Accident Conditions (internal and external
Category 1 and Category 2)

Design Mitigation
Worker Dose
Public Dose

Pre-closure Safety Analysis (PCSA) 14
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Pre-closure Safety Analysis:
canister drop

« About 90 % of SNF in TAD canister and existing canisters will
not be opened at the potential Yucca Mountain repository;
about 10 % of SNF will be packaged in SNF pool at wet
handling facility (DOE, 2007).

« Canisters handled inside canister handling building may need
robust integrity against drop or collision.

* Drop height, canister fabrication/welding defects, canister and
internal materials may be important parameters in assessing
potential radionuclide release.

« Failed canister may be partly credited in the PCSA compliance
assessment.

15
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Pre-closure Safety Analysis:
source term

« Release Fraction —

impact energy (an example in Sanders, et al.,
1992), oxidation from UO, to U,0,, hlgh burnup
(radionuclide inventory, r|m and claddmg)

« Leak Path Factor —

HEPA efficiency, stack height/mixing volume,
building discharge

16
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Post-closure Total-system Performance
Assessment: repository schematics
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(DOE, 2002)
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Post-closure Total-system Performance
Assessment: engineered barrier system

Drip
Bolling Water  —1eld
Reactor Waste
Package

Codisposal VWaste
Package Containing
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Canisters with
Steel Sets - One DOE Spent
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Drawing Not lo Scale
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(DOE, 2002) 18
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Post-closure Total-system Performance
Assessment: processes

Normal Processes

Climate
Unsaturated Zone Flow

Effects of Decay Heat on Water
Movement

In-Drift Physical and Chemical
Environment

Water Diversion Performance of the
Engineered Barriers

Waste Package and Drip Shield
Degradation

Waste Form Degradation and and
Radionuclide Release

Engineered Barrier System
Transport

Unsaturated Zone Transport
Saturated Zone Flow
Biosphere

Feature, Event and Process
(FEP) Analysis

Normal and Disruptive
Scenarios

Design Mitigation of
Engineered Barrier System

Public Dose: individual,
groundwater, human
intrusion

Total-system Performance
Assessment (TPA)
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Post-closure Total-system Performance
Assessment: repository conditions
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Mechanical failure by drift
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period)
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Post-closure Total-system Performance

Assessment: mechanical failure

 Mechanical failure — Drip Shield/Waste Package
interaction, rock rubble (Gute, et al., 2003)

Initial Intact Drift
With Drip Shield
and Waste Package

With Accumulated Rockfall
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Post-closure Total-system Performance
Assessment: persistence of passive film

Cr-oxide
Fe-oxide °

Mi-oxide

A Cross-Sectional View of a Solution Annealed Alloy 22
Substrate (Ome, 2005)

Uncertainties of passive film
stability affect long-term
general corrosion rates

Passive film stability is
primarily affected by changes
in

- chemical composition
- microstructure
- thickness

22



~3°US.NRC

UNITED STATES NUCLEAR REGULATORY COMMISSION
Protecting People and the Environment

Post-closure Total-system Performance
Assessment: Radionuclide Release

« Matrix (i.e., irradiated UO,)
D;ssolution — congruent release
o

Enhre Voi? Volume " V;fals:te Sheemplaége Taﬁle (Aseep) =
/ p " A . -
wngoel \ . / e e ”\‘66\ Tc-99 and 1-129 is principal
( @]

contribution to dose for 10,000
year;

Instant Release from grain
boundary and gap inventory
(e.g., C-14, Tc-99, 1-129, Cs-137
and Sr-90)

Corrosion Rate of Steel (rgee)
of Container and Supports
Determines Rate of Sulfur
Release and Thereby pH

Mass of UO, Exposed From
Cladding Failure (f..q)
Influences pH

Mass of Borosilicate
Glass Matrix Influences pH

21 PWR CSNF DSNF/HLW Codisposal
Waste Package Waste Package

e Colloid Release -

Drawing Not To Scale Pu-(239+240) iS a major
ARG 15 contributor to the early peak dose

(DOE, 2002)
 Np-237 Release — an important
contributor to the ultimate peak
dose
23
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Post-closure Total-system Performance
Assessment: colloid release

Bates, et al. (1992)

Major carrier of

v Pu-(239 + 240)

¢ ® - Waste form colloids:
- radioactive alteration
g . product colloids, true
' colloids

- Pseudo-colloids: reversible
and irreversible sorption
on nonradioactive colloids

- Nonradioactive colloids:
groundwater colloids, iron
colloids from WP internal
corrosion

(k)
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GNEP Perspectives in HLW

- HLW Glass (an example)

TAD canister

pre-closure source term

waste package and drip shield performance

Tc-99 and 1-129 release

25
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Summary

Summarized current status of GNEP, including overview, role
and option of NRC, inventory of power reactor SNF, and
closed nuclear fuel cycle

Summarized PCSA and TPA processes for current U.S. HLW
management: risk-informed performance-based regulation
for the safety during operations and long-term waste
isolation in HLW management

Presented issues associated with the performance of the
engineered barrier system, including canister drop, pre-
closure source term, repository environment, corrosion and
mechanical failure of waste package, and post-closure
radionuclide release

Presented GNEP Perspectives in HLW
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Materials Engineer at NRC (T. Ahn)

Understanding of current research issues in materials science:
characteristics of spent nuclear fuel, cladding performance, aqueous
corrosion of alloys, colloid chemistry, mechanical behavior of
materials

Process-level performance modeling of the above issues, and model
abstraction for probabilistic system risk assessments (PCSA and
TPA), sensitivity analyses of PCSA and TPA

Issue resolution with the Department of Energy (DOE), preparation of
Yucca Mountain Review Plan (YMRP), potential licensing review of
DOE’s Yucca Mountain Project, potential preparation of Safety
Evaluation Report and participation in hearing

Participation in consensus standardization (e.g., ASTM) in nuclear
material performance

Participation in risk-informed performance-based rule making
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Materials Engineer at NRC Materials Engineer at
NRC (Continued)

« Directing materials research group at the Center for Nuclear Waste Regulatory
Analyses, Southwest Research Institute, San Antonio, Texas

« Participation in establishing the technical specs and the NRC’s endorsement
for the U.S. vitrification project of liquid HLW

+ Consultation of various material issues in transportation and interim storage of
SNF, decommissioning, fuel cycle, and nuclear reactor

« Mentoring of coop students and interns from various universities

« Participation in international collaboration/exchange in nuclear materials
research with Organization for Economic Cooperation and Development
(OECD)/Nuclear Energy Agency (NEA), International Atomic Energy Agency

(IAEA), European Commission and Japanese laboratories

- Participation in various national and international conferences/journal _
publications in HLW as chair, organizer, and invited speal_(erlwrlter; and service
for research proposal evaluation as a U.S. national committee member
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Disclaimer

The NRC staff views expressed herein are preliminary and do
not constitute a final judgment or determination of the
matters addressed or of the acceptability of a license
application for a geological repository at Yucca Mountain.
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