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Planning Long-Term
The DOE R&D is driven by peer-reviewed Gap Analyses

Gap Analysis to Support
Extended Storage and
Transportation of Spent
Nuclear Fuel: Five-Year
De/ta
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2017 Five-Year Delta report

• Updated the 2014 Gap Analysis

• Covers R&D results through FY17

Gap Analysis to Guide
DOE R&D in Supporting
Extended Storage and
Transportation of Spent
Nuclear Fuel: An FY2019
Assessment

Spent Fuel and Waste Disposition
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FY2019 Assessment report

• Adds R&D results from FY18 & 19

• Main priorities remain the same.
Some rankings have changed
based on recent R&D results

Current R&D Priorities
Priority 1

• Thermal Profiles

• Stress Profiles

• Welded Canister —

Atmospheric Corrosion
(Priority increased)

Priority 2

• Drying Issues

Priority 3

• External Monitoring

• Cladding — H2 Effects

• Consequence of Canister Failure

• Fuel Transfer Options
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The S&T R&D Projects Combine to Develop the Technical Basis for
Safe Storage and Transport of Spent Nuclear Fuel

We completed non-

destructive tests.

We have fuel in hot cells. (ORNL &

PNNL)

We have begun

destructive analysis.

SISTER ROD MECHANICAL TESTING DATA

We are getting
new thermal data
from the Demo.

We have thermal

models.

We are working to ID conservatisms

& develop more realistic

assumptions.

THERMAL BEHAVIOR

PROVIDES KNOWLEDGE ABOUT SPENT FUEL AND CANISTER INTEGRITY

rr

4

SPENT FUEL TRIATHLON:
QUANTIFICATION OF NORMAL TRANSPORT SHOCKS & VIBRATIONS

EMU
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DOE/EPRI High Burnup Project
Goal: To provide confirmatory data for models, future SNF dry storage cask designs, and to support
license renewals and new licenses for ISFSIs.

Has provided vital data for the technical basis for the safe
storage and transport of spent nuclear fuel.

• Commercially-licensed TN-32 cask at North Anna NPP ISFSI in
Virginia. Loaded with high burn-up spent fuel in November, 2017,
with 4 common cladding alloys.

• Cask monitored to determine thermal and environmental conditions
experienced by the fuel during drying and storage.
— Fuel cladding temperature

• indirectly, via 63 thermocouples inside the cask

— Cavity gas composition

• via three gas samples after drying and filling with He backfill gas

• Provided 25 sibling pins for mechanical testing

4 energy.gov/ne



High Burnup Spent Fuel Data Project Participants

• A contract was awarded to EPRI on April 16,
2013

I ELECTRIC POWER

RESEARCH INSTIT UTE

Mr_

Doniinion

orano

Westinghouse

NAC
'A INTERNATIONAL

National Labs are performing the technical
evaluations of the data

,j16 OAK
'‘itID GE Pacific

National Laboiatin8 Northvvest
NATIONAL
LABORATORY

Argonne&
NATIONAL LABORATORY

Sandia
National Savannah River
Laboratories National Laboratory-

OPERATED BY NAUMAN RIVER NUCLEAR SOLUTIONS
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Temperature Drives Everything!
How do we get accurate thermal data and analysis?

We completed non-

destructive tests.

We have fuel in hot cells. (ORNL &

PNNL)

We have begun

destructive analysis.

SISTER ROD MECHANICAL TESTING DATA

We are getting
new thermal data
from the Demo.

We have thermal

models.

We are working to ID conservatisms

& develop more realistic

assumptions.

THERMAL BEHAVIOR

PROVIDES KNOWLEDGE ABOUT SPENT FUEL AND CANISTER INTEGRITY

ti`

4

SPENT FUEL TRIATHLON:
QUANTIFICATION OF NORMAL TRANSPORT SHOCKS & VIBRATIONS

EMU
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Thermal Profiles:
Round Robin Analysis Comparison with Measured Data

dy s te

signifi n ly

PCTs from all

r han the d

els and measurements

esign nsing sis:

Parameter FSAR LAR
Best-

Estimate
HBU Cask

Measurements

PCT (model vs data) 348°C 318°C 254-288°C 229°C

Heat Loadouts 36.96kW 32.934kW 30.456kW 30.456kW

Ambient
Temperature

Design Specifics

100°F

Gaps

93.5°F

Gaps

75°F

Gaps

75°F II
No Gaps?

FSAR: Final Safety Analysis Report
LAR: License Amendment Report (submitted after refinement of model inputs to FSAR)

Courtesy of Al Csontos, Co-chair of EPRI ESCP Thermal Subcommittee

The aluminum basket expands and closes the gaps, but we don't know by how much.

Current Work is focused on identifying biases and conservatisms that overestimate thermal environment.
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Slide 7

SSJ2 Why the question mark? after gaps?
Saltzstein, Sylvia J, 8/1/2019

SSJ3 Thisi s for the Demo cask.
Saltzstein, Sylvia J, 8/1/2019

55J4 aluminum basket will expand and close gaps, but we don't know by how much.
Saltzstein, Sylvia J, 8/1/2019



Thermal Profiles:
Obtaining Temperature Data in Controlled Environments for More Model Validation

• Collect data to validate models

• Simplified geometry based on
real-world systems

• Wide range of parameters

• Decay heat and internal
pressures

• Different storage configurations
(above and below ground)

• Better confidence in predictive
modeling to understand fuel behavior

• EPRI Thermal PIRT

Built a Vertical Convective System

Photo: Sam Durbin, SNL

FY19-20 Focus
Now Testing a Horizontal Convective System

Outlet
air duct

SNL: Durbin, Lindgrin, Pulido
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The Big Picture: Why is Predicting Thermal Conditions Important?

• Lower temperatures better
for cladding.

• Lower temperatures are
better for transferring from
pool to dry storage.

• Lower temperatures are
worse for CISCC.

• Lower temperatures reduce
the time before we can
transport a package.

• Lower temperatures allow
more repository host rock
possibilities, reduce
spacing within a repository,
and time before the
repository can be closed.

Power Limits at Closure (32-PWR packages)
100' Limit on Sedimentary Rock; 200''C for Hard Rock and Salt

20

18

16

14

12

10

••

  PWR 20 GWd/MT

PWR 40 GWd/MT

PWR 60 GWd/MT

Hard rock unbackfilled; 20x70 m
.
: %
: %

Salt concept (30x30 m s acing)

Salt concept 20x20 m spacing)

8

6

4

2

200°C

•
•
•
•

ard rock unbackfldod• 10x70 m s ado

•
••••

gab ts.
ft% 

.40

150"C •••• MEI ••••• MEN.

100°C   

7 Backfilled (hard rock or secilmenta) at temp. limit
0

O 50 100 150 200 250 300

Repository (Panel) Closure Time Fuel Age Out-of-Reactor (yr)

Bonano, Kalinina, Swift, The Need for Integrating the Back End of the Nuclear Fuel Cycle
in the United States of America, MRS Advances, 2018
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How Strong is our Fuel?

1

We completed non-

destructive tests.

We have fuel in hot cells. (ORNL &

PNNL)

We have begun

destructive analysis.

SISTER ROD MECHANICAL TESTING DATA

We are getting
new thermal data
from the Demo.

We have thermal

models.

We are working to ID conservatisms

& develop more realistic

assumptions.

THERMAL BEHAVIOR

PROVIDES KNOWLEDGE ABOUT SPENT FUEL AND CANISTER INTEGRITY

-1=1
-1=1
-ECM

4

SPENT FUEL TRIATHLON:
QUANTIFICATION OF NORMAL TRANSPORT SHOCKS & VIBRATIONS
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Twenty-five Fuel Rods Similar to those in the Demo Cask
are being tested for mechanical properties

• 25 fuel rods from representative fuel
assemblies were selected

• These rods will form the baseline for
pre-storage characterization

• Rods or segments have been
heated to simulate drying conditions
to predict material properties post-
drying

• ORNL is testing fueled cladding and
PNNL is testing defueled cladding

• ANL is performing Ring
Compression Tests NAC LWT basket with 10 Sister Rods in PNNL hot cell

energy.gov/ne



A Peer-Reviewed Test Plan was Developed for the 25 Rods

PNNL

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
OR WHOLE RODS TO 400°C

• 3 Rods: 1 M5®, 1 Zirlo', 1 Zirc-4
• Cool at 5°C./hr to 100°C

ORNL

6 rods are heat treated an are not; all rods undergo the same series o

PNNL to Test
Defueled Rods

INITIAL TESTS AT ROOM TEMPERATURE

• Rod Internal Pressure
• Gas Communication
• Optical Microscopy
• Hydrogen Content
• ASTM Micro-hardness

NO HEAT TREATMENT
(as irradiated)

• 2-3 Rods: M5', Zirlo
Low-Tin Zirc-4

7-5-18

initia -sts at room temperature.

• RCT & RHT Test Samples (Send to ANL)
• RCT Tests @ 20°C to 200°C
• RHT @ 400°C PCT

Rod segsments are then tested at room temperature an

TEST AT 200°C

ASTM Axial Tensile

ASTM Burst

ASTM 4-point Bend

Fueled RCT ORNL

nu a
ORNL may use multiple M5' or rods as well
as Low-Tin Zirc-4 rod segments for testing.

Tests will be conducted on samples from multiple
axial regions of each fuel rod.

Not all tests may be able to be performed at 200°C.

oT2.

ROOM TEMPERATURE

• ASTM Axial Tensile
• ASTM Burst

PNNL  • ASTM 4-point Bend   ORNL
• Fueled RCT @ ORNL
• CIRFT @ ORNL
• Particle Release @ ORNL

ORNL to Test
Fueled Rods

• Deviations from this test plan will be based on
continuous learning and approved before execution.

• As test results are obtained, our community reviews
the data, and DOE determines a path forward.
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Demo Sibling Rod End of Life Rod Internal Pressures are
Consistent with other Data and are Generally less than 4 MPa
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4

o Legacy Data
• KAERI Data

❑ ORNL Sister Rods
• PNNL Sister Rods

PNNL FRAPCON

A PNNL FRAPCON IFBA

Legacy Data Average + 3a

cidao o ,c!'• 
• o

• " fidooie

• •
• • •

Legacy Data Average

Preliminary

•
•

Initial He Fill Pressures: 1.7-3.45 MPa

o ® O oo
O000.00".

.00°'

40 45 50 55 60 65 70 75

Rod Average Burnup (GWd/MTU)
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Modeled Hoop Stress from Rod Internal Pressure indicate
Hoop Stress is less than 53MPa.

Tahle 1 \laximum Hoop Stress (MPa 400°C Peak Temperature

Profile Vacuum (0.004 atm) Medium Flow (1 atm) High Flow (6.8 atm)

Fuel

10x10 40.0 43.8 41.7

17x17 49.9 53.4 50.5

17x171FBA 84.4 88.1 8a3

Table 2. End of Life Rod Internal Pressure (MPa) 400°C Peak Temperature

Profile Vacuum (0.004 atm) Medium Flow (1 atm) High Flow (6.8 atm)

Fuel

10x10 5.4 6.1 6.4

17x17 6.2 6.8 7.0

17x171FBA 10.6 11.1 11.5

Table 3. Maximum Plenum Temperature (all fuel types)

Profi le Temperature (°c)

Vacuum (0.004 atm) 264

Medium (1 atm) 348

High (6.8 atm) 397

Model results

similar to the

Research

Project Cask

conditions

show 53.4MPa

@ 400°C, but

the Research

Project Cask

only reached

229 °C.

Richmond, DJ and KJ Geelhood, FRAPCON Analysis of Cladding Performance during Dry Storage Operations, PNNL-27418, April 2018.
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Hoop Stress <90MPa will result in Few Radial Hydrides and
Ductile Cladding above Room Temperature.

Apparent threshold for reduced ductility with radial hydride treatment at >90MPa Hoop Stress.
14
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•

•350°C/87-MPa, 387±72 wppm

400°C/88-MPa, 480±131 wppm

400°C/89-MPa, 530±115 wppm

350°C/93-MPa, 564±177 wppm

•350°C/94-MPa, 644±172 wppm

400°/111-MPa, 350±80 wppm

o400°/111-MPa, 425±63 wppm

>90 MPa

Ductile

Brittle

0 20 40 60 80 100 120

RCT Temperature (°C)

•

140

As long as hoop
stress is below
90MPa, it
remains ductile
until room
temperature. The
fuel rods in the
Research Project
Cask will have a
hoop stress <53
MPa.

•

160

"Data collected during the past five years
suggest that radial-hydride-induced
embrittlement may not occur in standard
PWR fuel-rod cladding because

• EOL RIP values (< 5 MPa at 25° C),
• PCTs (< 400° C),
• average gas temperatures (< 400° C),
• average assembly discharge burnups

(< 50 GWd/MTU)

are all much lower than previously
anticipated."

Billone, M., Burtseva, T., "Results of Ring Compression Tests", SFWD-SFWST-2018-000510, ANL-18/36. September 2018.
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What are the Shocks and Vibrations the Fuel Sees in its Lifetime?

We completed non-

destructive tests.

We have fuel in hot cells. (ORNL &

PNNL)

We have begun

destructive analysis.

SISTER ROD MECHANICAL TESTING DATA

-11 -7 *,4 

We have thermal

models.

We are getting
new thermal data
from the Demo.

We are working to ID conservatisms

& develop more realistic

assumptions.

THERMAL BEHAVIOR

PROVIDES KNOWLEDGE ABOUT SPENT FUEL AND CANISTER INTEGRITY

1 4

SPENT FUEL TRIATHLON:
QUANTIFICATION OF NORMAL TRANSPORT SHOCKS & VIBRATIONS

16 energy.gov/ne



Transportation Triathlon collected Strain and Acceleration
Data on Surrogate Fuel over Rail, Truck, and Ship.

Se8
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Rail te-s-ts

➢ Cask handling tests at ENSA, Santander/Spain
➢ Heavy-haul truck tests in Northern Spain (245 mi/394 km)
➢ Barge transport from Spain to Belgium (929 mi/1,495 km)

>. Ocean ship transport from Belgium to Baltimore (4,290 mi/6,904 km)
➢ Rail shipment from Baltimore to TTCI (Rail 1, 1,950 mi/3,138 km)
)=. Testing at TTCI
>. Rail shipment from TTCI to Baltimore (Rail 2, 1,125 mi/1,811 km)
➢ Return ocean transport from Baltimore to Spain (not recorded)

Total distance traveled with data acquisition: 8,539 mi (13,742 km)

Heavy-haul truck xests

al•grrim
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Normal Conditions of Transport Included Truck, Ship and Rail

Barge and ocean ship transport

16-axle heavy haul truck transport through Spain

Rail transport and testing in the US — Kasgro 12-axle railcar

1 8 energy.gov/ne



Strain and Acceleration was Measured on Surrogate Fuel, Assembly

Hardware, Basket, Cask, Cradle, and Transportation Platform

40 accelerometers, 37 strain gauges

Sandia National Laboratories - Fuel Assembly

B B' A C2

Strain Gauges

CI

SG2 SGI
A3

Accelerometers

S61- 0
SGI - 90
SG1 - 225
062 -13
SG2 - 90
SG3 - 0

564 - 90 S68-o A2Z
SG4 - ns SGB - 90 A31
SG5 - 0 SGB - ns A42
SG5 - 90 SG9 - o ASZ
066 - 669 - 90 ai

C3

ENSA - Fuel Assembly

6612 
AR A7 

0611 0610

Accelerometers

S610 - 0 0616 -
5611 - 0 0617 -
5612 - 0 0618 -
5613 - 0 0619 -
5614 - 0 5626 - 0
5615 - 0 6621- 0

son - o
0623 - 0
0624 - 0
0625 -
0626 - 0
0627 - 0 AlIZJ

A7Z
A8Z
A9Z
AXI2

Al7X
AI7Y
A172

Cask B Cradle on Transport Platform

Al5X Al6X
AISY AI6Y
AISZ AI6Z

EVCI

Al9X A2OX
Al9Y ANY
A192 A2OZ

- AlEIX
® AMY

A182

A218
A2IY
A212

ii
llonan-fuElksEmbly

CI

uia
GIPY
ll2i

Fuel Assemhly Locations
— Al3X

AI3Y

AI3Z

AI4Y
Mii

Triaxial Accelerometer

Images not to
scale
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Maximum Strains and Accelerations from all Transportation
Tests were well below the cladding measured Yield Stress.

O6.

04

O2

0

MaK Acceleration on SAL Assembly

Heavy Haul
Ship Raill

I 1 11 1 I 

Measured in g

Blue bars: TTCI test results in g's.
Purple bars: TTCI test results in microstrain
Red line: Max acceleration or strain during the rail transport
Blue line: Max acceleration or strain during the heavy haul truck
transport
Green line: Max acceleration or strain during the ship transport.

Max Strain on SNL Assembly
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ec°

Measured in pE

Measured yield stress levels for irradiated SNF cladding is - 7000 - 9000 pE
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Data Shows that Fatigue is Not a Concern

Total Accurrailatlw Damage (Marled)
I I T T T I Y 1. L E l l I I

E

g▪ 10

1a.11

10

-13

•1s

49ZrA2UkceP*WW4galLAWAWP. Ycoe'?

11111111111111111111111111111111

lar'

w .12F

VISA. Ictnin 

Damage fraction of 1.0 indicates fatigue failure. Accumulated damage in all cases is below
1E-10

This calculation estimates it would take 10 billion cross-country (2,000-mile) trips to
challenge the fatigue strength of irradiated fuel cladding.

Strain data collected
during the multi-

modal
transportation test

were used to
perform fatigue

analysis on the fuel
cladding. The

ASTM Standard
E1049 rainflow

counting method
was used to count

the number of

strain cycles in the

data. Accumulated
fatigue damage was

calculated according
to Miner's Rule

21 energy.gov/ne



The Sister Rod Data Compared to the Transportation Data
Indicate a Good Safety Margin

1.E+06

1.E+05

c

Li)
1.E+04

.?az)

th.

1.E+03

LE+01 1.E+02

No failjre

1.E+03 1.E+0

1300 psi, the maximum observed.
during an 8 mph coupling test

(which is tvvice the allowable limit).

Cydes to Failure, N

Fatigue design curve ( ): O'Donnel and Langer, "Fatigue Design

Basis for Zircaloy Components," Nucl. Sci. Eng. 20, 1, 1964. (cited in
NUREG-0800, Chapter 4)

1.E+ 0 5 1.E-F06 1.Ei 07

There were only 4000 cycles on the Baltimore to
Pueblo 2000 mile rail ti ip that were above 130 psi

Data plot courtesy of Ken Geelhood, PNNL
The large circles are ORNL HBR data

CONCLUSIONS
The realistic stresses that fuel may experience due to vibration and shock during normal
conditions of transportation are far below yield and fatigue limits for cladding. Data for
transportation via rail, truck, and ship has been gathered to develop and support this
conclusion.
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Temperature, Fuel Integrity, and Stress Profile all Effect
Canister Integrity

We completed non-

destructive tests.

We have fuel in hot cells. (ORNL &

PNNL)

We have begun

destructive analysis.

SISTER ROD MECHANICAL TESTING DATA

We have thermal

models.

PROVIDES KNOWLEDGE ABOUT SPENT FUEL ANC

1
t t

4

SPENT FUEL TRIATHLON:
QUANTIFICATION OF NORMAL TRANSPORT SHOCKS & VIBRATIONS

We are getting
new thermal data
from the Demo.

We are working to ID conservatisms

& develop more realistic

assumptions.

THERMAL BEHAVIOR

CANISTER INTEGRITY EMU
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Canister Stress Corrosion Cracking: Goal: When, Where, and How to

Mitigate?

• GOAL: Develop an
Integrated
Mechanistic/Probabilistic
Model for Canister SCC to
improve ability to predict
timing and location of
potential canister
penetration by SCC cracks

• We need to understand
the basic science to know
how to effectively
mitigate stress corrosion
cracking.

Evolvi ng Can ister Environmental Co nd iti on 5: RI-1,T Sart Chernjstry; Soft Lead

_ _ _ _ _ - - - e
IncubationTirne i Pit Growth

Pit Initiation

• Salt COrriPitlitiChn
• Caniitcr Thcrmal Model
• Weather Model
• Airflow_nct 52ac Depo5icion Model

i
Cf:71Ck Growth % Time

1

Crack Initiation

Pit.to.Crack
Trai%$ition Model

Crack
Penetration

• Brine Composition/PrOpeity Model
• Canister.TherrrailModel
• Weattior Modd
• Airflow and 5alt Daposition Mode/
Corrosion (t•tmerniam flt Size) Model

• Canister-I-karma! Model
• Wdri Ruzidual Simn Modd
• Crack Growth Mcrclel

SNL — Surface Environment, Brine Stability

CSIVI/S N L — Pftting I rri latfrrn meld Growth iEffert of Stress)

SNL/OSU ininetion and Growth, Plit-to-CracIr Tinmitlon

SNLILII VA — Pitting fnitiation and Growth, Crack Growth Rate

ADDITIONAL COLLABORATIONS:
Co rrosi on test ing in su pion rt of SCC mitigation

and repair studies:

;I NAIL: frit-don stir wald and cold spray samples
Purdue (NEUF /: cc d spray samples

C-SM — Pit-to-Crack Transition IModellrigi.

SR NI_ (SNL) — Crack •Growith R&bes

NCSU (SNLI—crack GrowthRates

UVA/OSU/SNL — crack Growth Rates

PNNL/SNL — crack Growth Rates
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Canister Stress Corrosion Cracking: Goal: When, Where, and How to Mitigate?

Collaborative effort to understand:

1. How do canister surface depositions evolve over time?

2. What is the relationship between surface environment (temperature, humidity and salt load/distribution) and

damage (pitting/SCC) distributions/rates?

3. How does the microstructure and mechanical environment (residual stress intensity and depth profile) of the

canister contribute to corrosion distributions and rates?

• What is the primary factor that governs pit morphology?

• Is pit-crack transition influenced by environment and pit morphology?

• Is crack growth rate a function of the environment?

Maine Yankee ISFSI Sampling, Aug. 2017 - Oct. 2019

SEM Image of dust Cl element map

H gh RH: NaCI rich brine LOW RH: MgC12 rich brine

energy.gov/ne



What is the potential impact of a through-wall stress corrosion
crack (SCC)?

Dry Storage • What is the potential impact of a through-wall stress
corrosion crack (SCC)?
— Relatively low availability of mobile radionuclides under

normal storage and transportation

• Significant amount of literature on aerosol transport
through idealized leak paths
— Primarily for moderate pressure differentials

• Information for combined analysis needed from
following topics
— Available source term inside canister

— Characteristics of SCC

— Flow and particle transport through prototypic SCC's

energy.gov/ne



Test Apparatus to Collect Data on the Potential Impact of a
Through-wall Stress Corrosion Crack (SCC).

Downalg-ge."am
Ae osol
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The S&T R&D Projects Combine to Develop the Technical
Basis for Safe Storage and Transport of Spent Nuclear Fuel

We completed non-
destructive tests.

We have fuel in hot cells. (ORNL & PNNL)

Have begun destructive
analysis.

SISTER ROD MECHANICAL TESTING DATA

We have thermal
data from the Demo.

to develop more realistic assumptions.

THERMAL BEHAVIOR

4
We have thermal 

11-

models. 04-740'44

We are identifying conservatisms & biases

PROVIDES KNOWLEDGE ABOUT SPENT FUEL AND CANISTER INTEGRITY

Lff 

4

SPENT FUEL TRIATHLON:
QUANTIFICATION OF NORMAL TRANSPORT SHOCKS & VIBRATIONS

zo-

0  1,000 MAXIMUM STIMIX I/trill/11101-ES.

(MUCK NCI NOCK SIMI/MON,

,11111C 61,5110a SIMULATION'
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SFWST program has the necessary hardware and funding to continue the R&D as
defined in the Gap Analysis reports

Focus for the next 2 years:

Gap Priority 1: Temperature drives everything.

• Continue thermal modeling validation work. Continue the Thermal PIRT.

• Can we get more temperature data from in-service canisters?

Gap Priority 1: Need to know how to mitigate CISCC effectively.

• Continue to learn about CISCC time frames, and regions of concern.

• Can we get more dust samples?

Gap Priority 1: A transportation campaign will happen and we need to know safety
margin.

• Obtain data on fuel accelerations during handling and pinch load
conditions.

Gap Priority 2: We need to know how much water remains in a cask after drying.

• Testing and sampling to better understand impacts, if any, of residual
water

• Can we get gas samples?

Gap Priority 3: Continue the sister rod destructive testing to get mechanical
properties.
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Why We are Here:
We must have the Technical Flexibility to Support any Policy Decision
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VVe have three options SAND2019-6999 Rev. 1." (Freeze, Bonano, Kalinina, J. Meacham, Price, Swift, Alsaed, Beckman, and P. Meacham

1. Repackage all the fuel before going into a repository
2. Dispose of it as-is.
3. Do nothing
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Questions?

Clean. Reliable. Nuclear.
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