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WORKSHOP ON DIRECT DISPOSAL

DRAFT AGENDA

EPRI Charlotte Office, 1200 West WT Harris Blvd

Building 3, Conference Room 741 _A-F

Charlotte, North Carolina 28262

DATE: MONDAY, NOVEMBER 7, 2022
TIME TOPIC PRESENTER
7:30 a.m. Breakfast/Registration
8:00 a.m. Welcome, Overview of ESCP, and Review of Workshop Hatice Akkurt (EPRI)
Agenda
8:15 a.m. DPC Disposal Overview T. Gunter (DOE)
8:45 a.m. Operational, Cost, Engineering, Thermal Management G. Freeze (SNL)
9:15 a.m. Reactivity Margins K_Banerjee (PNNL)
9:45 a.m. BREAK
10:15 a.m. Post-Closure Criticality Consequence L. Price (SNL)
10:50 a.m. Post-Closure Quasi-Static Criticality Consequence G. Davidson (ORNL)
11:30 a.m. Injectible Fillers - Cements M. Rigali (SNL)
12:00 p.m. LUNCH
1:00 p.m. Injectible Fillers - Molten Metals J. Fortner (ORNL})
1:30 p.m. Neutron Absorber Corrosion Performance Testing R. Repukaiti (INL)
2:00 p.m. Loading Pattern Optimization J. Clarity (PNNL})
2:30 p.m. Independent Technical Review Observations S. Bader (Orano)
3:00 p.m. BREAK
3:30 p.m. Direct Disposal Panel Moderator:
« T.Gunter (DOE) TBD
s L. Price (SNL)
* K. Banerjee (PNNL)
« S Bader (Orano)
5:00 p.m. Closing Remarks Hatice Akkurt (EPRI)
5:30 p.m. Adjourn
4-1
November 7-10, 2022 — Charlotte, NC
EXTENDED STORAGE COLLABORATION PROGRAM (ESCP)
DRAFT AGENDA
EPRI Charlotte Office, 1200 West WT Harris Blvd
Building 3, Conference Room 741_A-F
Charlotte, North Carolina 28262
DATE: TUESDAY, NOVEMBER 8, 2022
TIME TOPIC PRESENTER
7:30 a.m. Breakfast/Registration
8:00 a.m. Welcome, Overview of ESCP, and Review of Agenda Hatice Akkurt (EPRI)
8:15 a.m. Status of DOE R&D for Spent Nuclear Fuel Ned Larson (DOE)
8:30 a.m. Looking to the Future for DOE R&D for Spent Nuclear Scott Sanborn (SNL)
Fuel
8:45 a.m. NRC Updates Carrie Safford (NRC)
9:15 a.m. IAEA Updates Christoph Gastl (IAEA)
9:35 a.m. DOE ATF/LEU+/HBU Program Overview and Update Bill McCaughey (DOE)
10:00 a.m. Break
10:30 a.m. Industry ATF/LEU+/HBU Program Overview and Update | Al Csontos (NEI)
10:55 a.m. Westinghouse ATF/LEU+/HBU Program Updates Ben Maier
(Westinghouse)
11:15 a.m. Framatome ATF/LEU+/HBU Program Updates Jeff Reed (Framatome)
11:35 a.m. GEH ATF/LEU+/HBU Program Updates Rich Augi (GEH)
12:00 p.m. Lunch
1:00 p.m. Update on NMSS Fuel Activities Jason Piotter (NRC)
1:25 p.m. Fuel Inspection After Re-opening of the DCS at Hideaki Matsumoto
Fukushima — After Earthquake and Tsunami (TEPCO)
1:50 p.m. JRC Updates on Fuel Failure Tests and Consequence vincenzo Rondinella
(JRC)
2:15 p.m. Investigations at BAM on Fuel Cladding Integrity and Uwe Zencker (BAM)
DPC Seal Performance
2:40 p.m. Updates on Sister Rod Testing & Plans for Phase Il Brady Hanson (PNNL)
3:05 p.m. Break
3:30-5:30 pm | Subcommittee Meetings
* Fuel Assembly Subcommittee
» Modeling and Benchmarking Subcommittee
6:00-8:00 p.m. | ESCP Reception - Hilton Charlotte University

8629 JM Keynes Drive, Charlotte, North Carolina, 28262,
USA

4-2
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ELECTRIC POWER
RESEARCH INSTITUTE

EXTENDED STORAGE COLLABORATION PROGRAM

November 7-10, 2022 — Charlotte, NC

DATE: WEDNESDAY, NOVEMBER 9, 2022

TIME TOPIC PRESENTER
7:30 a.m. Continental Breakfast
8:00 a.m. Calvert Cliffs Inspection Resulis Jack DeSando
(Constellation)
8:20 a.m. SONGS Inspection Randall Granaas (SONGS)
8:45 a.m. Assessment of Recent Inspections Jimmy Burns and Rob Kelly
(UWVA)
9:20 a.m. Aging Management Program in Spain Javier Fernandez
(ENRUSA)
9:40 a.m. NAC Aging Management Activities Jay Wellwood (NAC)
10:00 a.m. Break
10:30 a.m. Assessment of Coating Technologies for Mitigation of Jon Tatman (EPRI)
CISCC
10:55 a.m. Use of Coatings and Cold Spray to Prevent and Rebecca Schaller &
Remediate Stress Corrosion Cracks Andrew Knight (SNL)
11:20 a.m. Path Forward Plan for Cold Spray R&D Ken Ross (PNNL})
11:40 a.m. EPRI Mitigation & Repair Activities Shannon Chu (EPRI)
12:00 p.m. Lunch
1:00 p.m. ASME Code Case Updates Jon Tatman (EPRI)
1:15 p.m. Canister Deposition Field Demonstration Project Steve Ross (PNNL)
1:35 p.m. Possible Aerosols Through Hypothetical Cracks Sam Durbin (SNL)
2:00 p.m. TBD TBD
2:30 p.m. TBD TBD
3:00 p.m. Break
3:30-5:30 pm | Subcommittee Meetings
+  Aging Management/Canister Integrity
Subcommittee

=PRI
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ELECTRIC POWER
RESEARCH INSTITUTE

EXTENDED STORAGE COLLABORATION PROGRAM

November 7-10, 2022 — Charlotte, NC

DATE: THURSDAY, NOVEMBER 10, 2022

TIME TOPIC PRESENTER

7:30 a.m. Continental Breakfast

8:00 a.m. Development and testing of the hydrogen behavior tool Piotr Konarski (PSI)

for Falcon — HYPE

8:20 a.m. Hydrogen Diffusion in Zirconium Alloy at the Scale of a | Marc Péridis (BGZ)
Full-length Rod

8:40 a.m. Structural Integrity Investigations of Guide Tubes After | Stathis Vlassopoulos
Long-term Dry Interim Storage (NAGRA)

9:00 a.m. Korean Maritime Transportation Test Woo-seok Choi (KAERI)

9:25 a.m. | Transportation of Iradiated Nuclear Fuel Between | Fredrik Johansson (SKB)
Reactor Sites for Further Use

10:00 a.m. | BREAK

10:30 a.m. | SCIP IV status and the plans for SCIP WV Radomir Josek (Studsvik)

10:55 a.m. | BGZ's LEDA (Long term Experimental Dry storage Maik Stuke (BGZ)
Analysis) Program

11:16 a.m. | Decay Heat Update Hatice Akkurt and Bob Hall

(EPRI)

11:40 a.m. | Thermal Modeling Phase | Results and Phase Il David Richmond (PNNL) and
Planning Maik Stuke (BGZ)

12:00 p.m. | Lunch

1:00 p.m. Updates on Advanced Reactors Dan Moneghan (EPRI)

1:25 p.m. Remote Sensors for Loaded SNF Canisters Ryan Meyer (PNNL)

1:45 p.m. | Pulse Induction Coupled Temperature and Pressure Shawn Stafford
Sensor System for Spent Fuel Assemblies in Dry (Westinghouse)
Storage Casks

2:05p.m. | TBD TBD

2:30 p.m. TBD TBD

3:00 p.m. | BREAK

3:30 p.m. | Subcommittee Updates

5:00 p.m. | Closing Remarks Hatice Akkurt (EPRI)

5:30 p.m. | Adjourn ESCP meeting
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= Provide a sound
technical basis for
multiple viable
disposal options in
the US

= Increase confidence
in the robustness of
generic disposal
concepts

Cie b Swntzerlany

Argillite \
Reference Case

For example:
* France

= Develop the science

and engineering tools
needed to support
disposal concept
implementation

= Utilize international
experience and
develop U.S. program
capabilities

For example:
* Sweden
* Finland

Crystalline \
Reference Case

Salt*

F‘* . Reference Ca;

Considered by:

*  Germany ‘ i
* Netherlands
Stein (2021)

Deep Borehole
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R&D Topical Areas:
= Safety

= Engineering challenges
= Thermal management

= Post-Closure criticality

Ongoing R&D is summarized in
SNL (2020) and SNL (2021)

i

Technology
Reactivity Margin

Criticality Consequence
Analysis

Injectable Fillers

Fuel Assembly
Modifications
Basket Redesign

Dry Particle Fillers
Repackaging

Achievable for multiple geologic media
(e.g., salt, clay, crystalline, unsaturated)

Cements

Metals

PWR Control Rods

BWR Rechannel
Zone Loading

Chevron Inserts
Absorber Plates

Applicable to Applicable to
Currently Loaded DPCs  Future Loaded DPCs

Yes

Yes Yes

Yes
Yes
Yes

No

No Yes
not currently addressed by SFWST R&D
not currently addressed by SFWST R&D

5-2
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B e i LA SR U TE R AT (] 5-3)

Computational Support

Hpparaview
C e

Visualization

Flow and Transport Model Biosphere Model
W Advection, diffusion, dispersion 8 Exposure
W Discrete fracture networks pathways
@ Multiphase flow 8 Uptake/
= Sorption, solubility, colloids transfer
W Isotope partitioning ® Dose
B Decay, ingrowth calculations
W Thermal effects
& Chemical reactions

=
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Two simplified, conservative degradation scenarios are used for
disposal analysis

Loss of neutron absorber (NA): In this scenario, there is a total
loss of basket neutron absorber components from unspecified

Flux Trap
degradation and material transport processes with replacement
by groundwater
Basket degradation (DB): Loss of carbon steel components and
neutron absorber panels
Assembly
r Y Guide
...... Sleeve

1] B T 8] B Egg Crate design

Loss of neutron absorber

pife

Loss of neutron
Absorber +
carbon steel
disk

Collapsed
Guide
Sleeves

Canister differentiator: Flux trap vs. egg crate designs

5-4

283 1% PNNL $2H1 flux trap 45HE(E PSR R T HIRIILL egg crate &5FEEA H=SHIRIE
BRI T E B R (clay ~ granite ~ crystalline)itt N7/KE&7H NaCl ilor » A B HIMERS ERE - [
BHFE AT AR AR SRR ~ $2EE4H M ~ IR B AARIE o PNNL RRlR SRS
BT IAREHEE - DU TS B S E AR SR 7Ke) T TR -

A1 > SNL K2 ORNL FRAGZE FHEfTHVE R ~ HUTK - fiEs - B - 2R RAXIEER
E G - LIS YR m] Re RV SRS A B R 22 (18 5-5) -

Critical DPC behavior in a geological repository is governed by radiation transport, thermohydraulics,
subsurface physics, and nuclide depletion and activation

Reactivity n
Power Distribution In-Canister
Thermohydraulics
(two-phase te ure and density

Waler & Steam Temp/Density distribution, nat. circ. flow, rod temps)
Rod Temperatures

Radiation Transport

(reactivity, power distribution)

Canister boundary heat flux Canister boundary temperature
Total Power

Isotopics Power Distribution

Nuclide Depletion/Activation Subsurface Physics

heal transport, capillary flow,
(isotopic inventory) Isotopics (heat transport, capillary A
geomechanics)

5-5
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Phosphate Cements Low Melting Point Metals
(SNL) (ORNL)

Granular Fillers (PNNL)

5-6
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CDFD Deposition Modeling

* Modeling Objectives:

— Develop models which predict
contaminant deposition on SNF
canisters.

— Incorporate realistic physical
phenomenon:

= Aerodynamic deposition, gravitational
settling, thermophoresis, turbulent
dispersion, droplet evaporation.

Temperature (C)
i

204 27

Trock: Particle Diometer (m)
65746008 3.94130.06 165006 1.1693¢05 1.55680.05 1.9444005

5-7

Stress Corrosion Cracking

Canister surface environment controls corrosion susceptibility, pit growth, and SCC initiation and growth.

Environment: Site sampling& |,  Corrosion Exposure Experiments: |~ SCC Crack Growth Experiments
geochemical modeling provide ) Determine environmental & material \  CGR as a function of brine composition,
critical data on canister surface controls on pitting and SCC initiation. temperature, material properties.
brines (MgCl, stability) « Significant variables: diumal cycles, « Immersed results largely consistent with
* Analysis of dust from in-service NO;/CF, inert dust particles. literature data; g to

canisters (2 sites in FY22). Col morphology- influenced by environment and testing
« Establishing range of realistic ”‘ = __'N:‘:I_'w"e"”&ﬁm ["3"5"&1_,_,_. * Parallel effort to measure/model crack

chemistry (cathodic control)

environments for corrosion testing. o
ust terization (e.g. sea-salt particle in Site “C dust o ,
2 i = &
t " : 2= Ty =

Dust- May
influence brine

carbonate ratio in

atmospheric

SFWST 7

Transmission of Aerosols Th

« Tests with linear slot orifice to
represent SCC

— Simplified microchannel

+ Linearly diverging from 13 to 25 um

— Aerosol mass transmission fraction

from 0.1 to 0.8

« Lab-grown crack testing
— Non-destructive
characterization
+ Optical imaging
+ X-ray CT
- Planned flow tests
+ Flow vs. pressure drop
+ Aerosol transmission

SFWST 13
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Full-Scale Canister Testing

DOE-NE supplied canisters

— 6 TN-32PTH2 and 9 TN-24PT4

— Delivered to SNL, PNNL, ORNL, and

EPRI

Several different research projects
scheduled and proposed

— Canister deposition sampling

— Thermal and drying

— Stress corrosion cracking

— Seismic

— Cold sprays

— Filler (moderator exclusion)

Next: Dry Storage Seismic Testing

Purpose: Quantify loads on fuel during

seismic event and compare to HBU
Mechanical Integrity

Tests planned Feb. 2024 at UCSD LHPOST
facility

Steel-Concrete Friction data analysis report
Soil-Structure Interaction (SSI) analyses &
report for Horizontal Storage Modules (HSMs)
Procuring domestic assembly and use of
Korean assemblies through partnership
Planning HSM base transfer to test facility
Teaming with NEUP project A Validated

Fi ork for Seismic Risk A of
Spent Fuel Storage Facilities

Shake table simulations of the proposed time ¥
histories pre-test with UCSD — an input for final -
sets of time histories to be used in the test.
Developing detailed test procedure that
includes schedule, handling operations, on-site
instrumentation, data acquisition, budget, and
other information

5-11
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Basket (downward)

5-13
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High-Burnup Spent Fuel Rod Phase 1 Test Plan Visualization "

We start with 25 rods. Both labs will perform similar tests, but ORNL will test fueled rods and
PNNL will test defueled rods. ANL will perform RCT and RHT on rod segments.

HEAT TREATMENT OF SEGMENTS NO HEAT TREATMENT
OR WHOLE RODS TO 400°C (as irrediated)
* 3 Rods: 1 M5%, 1 Zirlo®, 1 Zirc-4 « 2-3 Rods: M5*, Zirlo®,
ol at <5°C/hr to 100 Low-Tin Zirc-4

ORNL'

6 rods are heat treated a

INTIAL TESTS AT ROOM TEMPERATURE

* Rod Internal Pressure « RCT & RHT Test Samples (Send to ANL)
* Gas Communication ¢ RCT Tests @ 20°C to 200°C

* Optical Microscopy ¢ RHT @ 400°C PCT

* Hydrogen Content

* ASTM Micro-hardness

5-14

SO0 > TR M5 ke ZIRLO #E1T 1 RSB E 2= RS R A IEAE BR(LL 10 FE/INRFRTTE] 400
FERAERT 8 (E/INRF > TGLA 3.7 FEL/INRFIEER) - dEFE TR [EZEHELL 6 {E D5 Ay IIER(E 5-15) - FAREE
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5-Year Inspection Techniques

+ Inspection of the HSM interior and DSC were performed by remote visual inspection.
v' The PTZ camera was lowered through the HSM Rear Outlet Vent allowing for
inspection of the DSC Top Cover Plate, DSC Shell, and HSM interior.
v The HSM Door was raised a couple feet to allow for the PTZ camera to be
inserted into the module for inspections of the DSC Bottom Cover Plate, HSM
Door, and HSM Docking Collar.

« The door of HSM-1 was removed, and a shield plug was installed into the HSM to
allow access for collecting DSC surface samples. The samples were taken, using the
deposit sampling tool.

e .
P == Constellation
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DSC AMP Inspections

2022 5-Year DSC Inspection Results:

» DSC-1: No indications of crevice corrosion, heavy
pitting corrosion or cracking in the material. The DSC
had several scratches without active corrosion. The
bottom of the DSC shell had multiple water marks.
No new areas of concern and no changes or
degradation from previous inspections.

» DSC-6: No indications of crevice corrosion, heavy
pitting corrosion or cracking in the material. The DSC
had several scratches without active corrosion. Some
inactive rust stains were observed. No new areas of
concern and no changes/degradation from previous
inspections.

+ The chloride concentrations remain below the SCC
initiation threshold (Risk of CISCC is Low). There is
no deleterious increase in the chloride concentration
identified in the 2022 inspection over the 2012 and
2017 inspections.

5-18

DSC AMP Inspection (HSM 15, DSC 6)

DSCtopwverplate/wddaelngoodoondlﬂonMﬂ\mstgrsofmoslon/aaddng.
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DSC AMP Inspection (HSM 15, DSC 6)

Thick coat of dust on top of DSC shell.

5-20
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NAC

INTERNATIONAL Aging Management Activities — Inconel Testing
2020
Boiling MgCl (ASTM G36) testing
Bare 316 lasted less Coupons coated in
than 24 hours Inconel lasted over
before 30 days without
cracking. VS. cracking
11X original magaification.
NEI Used Fuel Management Conference 2022 — © NAC International Information o
& 5-21

H N?%RNATI()\‘A[ Aging Management Activities — Inconel Testing

2020
Electrochemical Polarization (ASTM G61) testing
I

The coupon coated
with Inconel did not
exhibit pitting
corrosion even after
probing with a dull
instrument.

The uncoated 316
coupon exhibited
pitting corrosion
after the surface
was probed with a
Dull instrument.

5-22

2020

The Galvanic testing (ASTM G71) of the Inconel coating demonstrated
a low driving force for galvanic corrosion.

= E GalL < 50 mV between the Inconel Coated vs. Bare Bare vs. Bare

= Coating and the 316L base metal was
noted by the testing Lab.

= Well below the recommended
threshold of 200 mV.

MO064 vs. M127 M125 vs. M126

5-23
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2020

Salt Spray Testing (ASTM B117) of Inconel coated coupons revealed an
unexpected condition after 360 hours of exposure.

But wait...

Inconel alloy designed to resist a wide range of
severely corrosive environments and is especially
resistant to pitting and crevice corrosion....?

5-24
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Leak and Salt Fog Testing

= Several coating technologies tested,
along with weld and cold spray repair

= Helium leak testing performed on

cracked plates before and after coating
application

EPRI-developed He-leak Test System

SONGS Test Canister

www.epri.com 2022 Electric Powar Research

g~ .
iii Weld Repair (EPRI) |
—

5-26

Cold Spray Buildup within SONGS Test Canister

Overlay

i
cold spray deposit

cold spray torch B

nstitute, Inc. All rights reserva
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Well established Damage Tolerant Approaches can be leveraged to evaluate how the risk profile
changes as a function of material, residual stress, canister location, time!!!!

Input: Output:
- da/dt vs. K, specific to: Probabilistic simulation crack extension
- Environment, Material, versus time as a function of:
Loading conditions - Environment
- Material

- Loading/Residual stress
- Position on the component

v

LEFM Code 3 i
Figure 2. SNF Dry Cask Storage System (DCSS) (SCCI’GCk)
Input:
- Loading/Residual Stress
- K-solution ’nput:
- Initial Damage Size, from:

- NDI
- Modeling

200 “0 L] =00 1000 1200 1400 1600
tHour)
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This simple framework can be adapted to specifically capture variables relevant to the MPC

Location proximate to residual stress
InE: Stress Level ioz |

Geometry (6) T Za o i
I ¥ ‘
laterial, Geometry (8, ot | e, i !
and Location on MPC i
3 =

p v ~l~ v Input: K-solution
Local geometry >

geometry
| K=o V(na) 8

Input:_Initial Flaw Size (g,
§
i, iz
ShuYe, o i
k ¥R 1E
= &' ) =
==

Input: Environment
L_. Temp/Solt deposition/Electrolyte/RH

From measurement or models

Material (capturing variations near weld) I

UNI\'ERSITY

/IRGINIA
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Understanding Canister Corrosion and SCC

| Evolving canister environmental conditions: RH, T, Salt chemistry, Salt Ioad>

2 1

2) What influences CGR relevant to SNF
environments and materials?

1) Probabilistic SCC model—calculating

canister surface T and RH -
_ Apphcat:on to Dlablo Canyon Inspection in 2021

Canister Themal Model
Weld Residual Stress Model
Crack Growth Model

Pit-to-Crack
Transition Model

Weather Model
and Sa eposition Mode =
Airflow and Salt Deposition Model - Brine Composition/Property Model
Canister Thermal Model

Weather Model
Airflow and Salt Deposition Model
Corrosion (Maximum Pit Size) Model
CGR - Crack Growth Rate

5-30

4-Point Bend Specimen

Compact Tension Geometry
62 mm (2.44")

r{-&:_:_o. Qoo SIAD
deep notch thickness = 9 mm (0.354”)

810 mm
(0.315-0.394")

1575 wen <
« L]

)
:
]

3 5
I 3 surface crack

10,46 o
040 e

25 4 mm
1inch

None

1.30 e
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