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Disposition

UFDC Storage and Transportation
R&D Objectives

M Develop the technical bases to demonstrate used fuel integrity
for extended storage periods

B Develop the technical bases for fuel retrievability and
transportation after long term storage

B Develop the technical bases for transportation of high burnup
fuel
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Gap Prioritization - 2012

Gap Priority Gap Priority
Thermal Profiles 1 Neutron poisons — Thermal aging 7
Stress Profiles 1 Moderator Exclusion 8
Monitoring — External 2 Cladding — Delayed Hydride Cracking 9
Welded canister — Atmospheric corrosion 2 Examination of the fuel at the INL 10
Fuel Transfer Options 3 Cladding — Creep 11
Monitoring — Internal 4 Fuel Assembly Hardware — SCC 11
Welded canister — Aqueous corrosion 5 Neutron poisons — Embrittlement 11
Bolted casks — Fatigue of seals & bolts 5 Cladding — Annealing of radiation damage 12
Bolted casks — Atmospheric corrosion 5 Cladding — Oxidation 13
Bolted casks — Aqueous corrosion 5 Neutron poisons — Creep 13
Drying Issues 6 Neutron poisons — Corrosion 13
Burnup Credit 7 Overpack — Freeze-thaw 14
Cladding — Hydride reorientation 7 Overpack — Corrosion of embedded steel 14

Imminent need

Immediate to facilitate demonstration early start

Near-term High or Very High

Long-term High
Near-term Medium or Medium High
Long-term Medium





Used _
Fuel 2014 Review and Plan
Disposition

Gap/Activity Recommended for Ongoing 2014 2012
DOE S&T R&D for the Next 3 Years Priority* Priority**
The High Burnup Confirmatory Demonstration N/A N/A
Thermal Profiles 1 1
Stress Profiles 1 1
Welded Canister - Atmospheric Corrosion 2 2
Monitoring — External 2 2
Drying Issues 3 6
Cladding - Hydride Reorientation and

. 4 7
Embrittlement

* Qut of 13, ** Out of 14





Used
Fuel What Does “Integrated Approach” Mean?

Disposition

B Rely on multiple,
complimentary
pieces to solve the
puzzle

BNo one piece is the
silver bullet

DEMONSTRATION
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Fuel Integrated Approach
Disposition

B Thermal Analysis

— What are the realistic temperatures that cladding experiences during
drying and extended storage?

B Hoop Stress

— What is the range and distribution of end of life rod internal pressures
(EOL RIP) and clad thicknesses and diameters?

B Ring Compression Tests

— ldentify the ductile to brittle transition temperatures for cladding under
realistic temperature and hoop stress

B Cyclic Integrated Reversible Bending Fatigue Test

— ldentify the role of fuel/clad and pellet/pellet bonding, the number of
cycles as a function of applied stress to failure

B External Stresses

— ldentify realistic stresses to cladding during extended storage and
normal conditions of transport

B Confirm post-drying materials properties





Used

Fuel Thermal Analysis - Background
Disposition

B CASTOR V/21 thermal tests

— Cask heat load 28.4 kW
— Assembly heat load 1.00-1.83 kW

— Estimated Peak Clad Temperature
(PCT) under vacuum 424°C

B NRC ISG-11 Rev. 3

— For all fuel burnups, the maximum
calculated fuel cladding
temperature should not exceed
400°C

— Prior to Rev. 3, it is assumed that
fuel exceeded 400°C in some
instances

* Drying times much longer
* But low burnup fuel
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Fuel Peak Clad Temperature

Disposition

B Modern Dry Cask Storage
Systems are

 Aluminum vs. stainless steel

500 |
— Larger capacity c | /
. 450 ppm e i SLIcl 4
« PWR 24-37 assemblies PP _ —dissolution NE / /
« BWR 61-87 assemblies £ 400 1| —precipitation HE % / /
n- [
— Higher design heat load = 350 A R /
* 27 KW - 40.8 kW 2 300 ol (O] 4
— But, longer minimum cooling times %250 | ’ /
— Better heat transfer £ .
200 ppm =263 7 X
150

fuel basket E’, &
o L
o ' 5 10 & A
Industry typically | 75 pprm : g f/ :
— Employs very conservative thermal 50 e :
analyses | A R et =y S PR AT I, " |

— Loads DCSS to a fraction of 0 50 100 150 200 250 300 350 400 450 500

design basis Temperature (°C)

® Significant impact on hydride
dissolution
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Confirmatory Data Project

B Cask heat load 37 kW
B Assembly heat load 0.86-1.51 kW
B Estimated Peak Clad Temperature (PCT) under vacuum 327°C

Assembly decay heat — 7/1/2017 (36.964 kW total)

A B C D E F
1 1013 1167 1015 909
2 914 1276 1503 1477 1163 906
3 885 1496 858 1281 1482 1120
4 1165 1492 1037 725 1496 1121
5 1036 1031 1495 1511 1178 1035
6 1073 1155 1031 918
Peak Clad Temperature (°C) per assembly
262 290 280 295
243 296 327 326 292 244
268 318 307 324 319 282
283 318 310 301 319 282
250 284 326 326 292 290
267 290 282 256






Used
Fuel Thermal Work Ongoing and Future
Disposition

B Complete the thermal
analysis of the Confirmatory
Data project cask

— “Histogram” showing fraction
of cladding in various
temperature ranges

B Thermal analysis of actual
as-loaded, high capacity, : e
high heat load systems with | * #shsssias, " " "
high burnup fuel ; -

B Analyze GC-859 data and % ot
report “histogram” of T e
systems |loaded with high
burnup fuel in % of design
basis heat load

Total Heat Load (kw)
bl P
>‘

B Verify model predictions against
Demo measurements

10
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Hoop Stress

B Hoop Stress during drying and
cool-down a function of
End of Life Rod Internal Pressure
* Temperature
¢ Initial He pressure
 Fission gas release
* Creep down/swelling
— Cladding inner diameter
— Cladding thickness
* Minus corrosion layer

B Limited EOL RIP public
database

B Populating database

Collaboration with EPRI and
international partners

Sister rod examination

EOL PWR RIP at 25°C (MPa)

=+ ]

Two-Sigma Upper Bound

55 60 65 70

Burnup (GWd/MTU)
What fraction of PWR fuel rods have a high
enough EOL RIP and high temperature during
drying to experience radial-hydride-induced
embrittlement?

Newer BWR cladding is thinner, still larger
diameter

40 45 50

11

75
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Fuel Hoop Stress Work
Disposition

B EPRI ESCP Fuels and Internals Subcommittee to populate the
EOL RIP database

B Sister pin examination to include EOL RIP
— Determination of where the gas is

— Is pressure uniform throughout the rod or “concentrated” in plenum
because of tight fuel/clad bonding and tight cracks

B Support EOL RIP on any rod characterization

B Develop range and histogram of realistic hoop stresses
— What does the typical fuel see?
— How much of the fuel sees the peak?

12
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Ring Compression Tests

B Hoop stress key at 400°C RHT

B KAERI has shown minimal
reorientation at lower
temperatures (unirradiated)

— FY15 ANL will focus on 350°C RHT

B Temperature cycling with
ZIRLO™

— 400°C — 350°C, no effect

— 350°C — 250°C, considerably longer
radial hydrides formed

— Need additional cycling data

B High hydride concentration
may cause brittle without
reorientation

B Expected temperatures over
extended periods

Offset Strain (%)

Offset Strain (%)

14

12 |

10

L= ]

14

High-Burnup ms®
12 .
10 |
O 76%5 wppmH
8 #5815 wppm H (90 MPa)
® 72+10 wppmH (110 MPa)
6 F 49424 wppm H (140 MPa)
4 -
T Ductile
P 1 A N EO
l Brittle
0 . . .
0 25 50 75 100 125 150 175 200 225
RCT Temperature (°C)
1 530470 wppm H .
High-B ZIRLO™
53550 wppm H 'gh-Burnup o
+5302115 wppm H As-Irradiated
480£131 wppm H /
- ©385£80 wppm H Ay~
- ' .
Ty P
R 110 MPa ®
P . + 90 MPa at 400°C
é L at 400°C \
o o
L 80 MPa &
at 400°C
Ductile
Brittle l
_—$— . —— . . .
0 20 40 60 80 100 120 140 160
13
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Used
Fuel RCT Ongoing and Future

Disposition

B DBTT determination for different cladding types with emphasis
on Zirlo and M5 at RHT of 350°C and a range of hoop stresses

B If, as theory predicts, hydride reorientation is minimized and
DBTT is lower than at RHT of 400°C, perform tests at 375°C

B Cycling data at these lower temperatures
B Some testing on BWR cladding is necessary

B Focus on “realistic” conditions, not extremes, and don’t need
conditions where DBTT <20°C

14





Used ORNL Cyclic Integrated Reversible-

Fuel ) _
Disposition Bending Fatigue Tester (CIRFT)

B Follow on from NRC work
B Tested M5® and Zr-2 clad

B Determine the load,
curvature, # of cycles for
failure

B Pellet-clad and pellet-pellet
bonding provides additional
stiffness — increase the load
and # of cycles for failure

B Debonding — shift load-
carrying capacity from fuel
pellets to clad and reduce
composite flexural rigidity

B FY15 support NRC test for
CIRFT after RHT






Used
Fuel CIRFT Ongoing and Future Work

Disposition

B FY15 focus on supporting NRC co-funded work to determine if
post-drying (hydride reorientation) fuel performs the same

B Future work to examine
— Lower burnup segments from same rods

— Is there a transition where the fuel/clad and pellet/pellet bonding
IS Insufficient to provide “composite” stiffness

— What fraction of all rods and of any individual rod lack this
stiffness?
 How many cycles under realistic loads are needed for failure?

— All four major cladding types (Zr-2, Zr-4, Zirlo, M5)

16
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External Stresses

Brittle clad still
needs an external
stress to cause
failure

SNL Shaker Table
and Truck tests

— measured and
modeled strains are
well below yield

PNNL modeling
fuel performance
during extended
storage

— Design basis seismic
events

— Cask tip-over
— Handling drop

il 1,003 2000 LU 1] 400K 3,00 AL LT 0o 000 L

Variation of flexural rigidity (El) by up to a factor of 4 showed
at most a 50% increase in strain to 1144 micro-strain, still
a factor of ~7 below yield for unirradiated cladding

RO

17





Used
Fuel External Stresses Ongoing and Future
Disposition

B Additional shaker table tests being performed

B Rail test being planned

B Realistic number of cycles that cladding will experience under
potential multiple NCT trips

B Range of strain and accelerations

B Cumulative effects model to understand long term performance
of cladding

— How much degradation can occur before these stresses cause failure?





Used _ _ |
Fuel Post-drying Materials Properties

Disposition

B Validation of the “PNNL NRC” materials properties database on
HBU clad materials properties for all four clad types (pre-
drying, sister pin characterization and testing)

B Post-drying over range of realistic temperatures and hoop
stresses determine engineering properties (yield stress,
fracture toughness, UTS, etc.) of HBU clad using all four clad
types (sister pin segments subjected to simulated drying)

19
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Summary

B While additional work is necessary and planned over the next three
years, experimental and modeling results from an integrated program
are suggesting that hydride reorientation and embrittlement for high
burnup fuel under current storage conditions are not as much of a
concern as initially thought

— Indications are NRC agrees

— NE-5 sponsored Joint Industry/DOE Working Group on Dry Cask
Storage R&D Priorities also agrees

B Fuel rods should be retrievable
after extended storage and
transportation

IODELING &
SIMULATION

DEMONSTRATION
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Used Fuel Disposition Campaign

Progress in Mechanical
Testing and Hydriding of
Nuclear Cladding at PNNL

Curt Lavender, Rick Shimskey, Brady Hanson

Stan Pitman, Paul MacFarlan, Leigh Lin
Pacific Northwest National Laboratory

Used Fuel Disposition Review
Las Vegas Nevada

PNNL-SA-111038
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Fuel Outline

Disposition

B Purpose
B Baseline Tube Characterization

— Strength; anisotropy and strain rate sensitivity

— Defects

B Hydride Development

— Rim formation

B Summary of Progress To-Date

Date Presentation or Meeting Title
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Fuel Purpose and Approach

Disposition

B PNNL procured as-fabricated Zircaloy
cladding from a variety vendors/alloys
to perform mechanical properties
characterization to provide data for use in
predictive models.

B The tubes will be subjected to treatments
to allow the statistically valid evaluation
of the separate effects of hydrogen,
|rrad|at|on alloy and manufacturing.

TN

/"_'\.,./‘_""\u..,/""\

Date Presentation or Meeting Title
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Fuel Predictive Modeling — Clad Anisotropy
Disposition

B Accurate constitutive relations used in FE predictive models must
account for the complexity of the Zr microstructure

M Zr cladding is anisotropic — very intentionally

— HCP with controlled texture developed during the clad tube manufacture
 High fraction of basal poles in radial direction

M Zr is slightly strain rate sensitive

— Strain rate sensitivity may be different in different orientations
* This would impact anisotropy

B Irradiation and Hydriding process are also reported to occur
preferentially within the Zr crystal

— Anisotropy is creating during use
* Is this influenced by starting anisotropy?

Date Presentation or Meeting Title





Used
Fuel Predictive Modeling — Separate Effects
Disposition

B By evaluation of separate effects; starting structure; irradiation;
hydriding and strain rate the constitutive model can be made to
make reliable predictions

Hydrogen has been shown to impact anisotropy

Hydrogen 300 ppm

1.4 Hydrogen 17 ppm

0.035 0.037 0.039 0.041 0.043 0.045 0.047 0.049 0.051

Axial Strain
Date Presentation or Meeting Title 5





Used
Fuel Test Methods for Mechanical Properties

Disposition

B Tension, compression
and burst testing

M Two strain rates are
being used

— Established from FEA of
the impact (drop or
crash) and compared to
guasi-static

* 5x 103 and 1 inf/in/sec

B As normally performed
will not predict
anisotropy

— Enhanced with speckle
strain imaging
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Fuel Speckle Strain Imaging

Disposition

B Samples tested with speckles during conventional test

— Conventional methods used but enhanced to provide:
* More accurate uniform strain
* Anisotropy during and after strain






gseld Videos of Tension and
ue

Disposition Compression Test Strain
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. Videos of Burst Testing

Disposition Strain
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Strain Measurements During
Tensile and Compression

B DIC allows the determination of all strains during test
— Measures anisotropy and developing anisotropy

120000 0.005
100000 0
80000 - -0.005
c
IS
n
‘w 60000 001 w®
g ? Stress
§ _ﬂé EHoop
¢ 40000 -0.015 g ARadial
o
(@]
(@]
T
20000 - -0.02
0 T T T T T T T T '0025
0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.05
-20000 -0.03

Axial Strain

10





Used o _
Fuel Predictive Modeling - Strength

Disposition

B A method to determine baseline anisotropy has been
established and tests are being performed

— Results will be integrated into FEA and compared with
separate effects of irradiation and hydriding

Date Presentation or Meeting Title 11





Used

Fuel Predictive Modeling - Imperfections
Disposition

B Second question being addressed will be
iImperfections

— Flaw dependent attributes must have a basis; a baseline
will be established

— Leonardo DaVinci in 1500 created the first data describing
heterogeneity in metals testing strength of wires

“Longer wires have lower strength”

Date Presentation or Meeting Title 12
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Disposition

Fuel Clad is Real — Not a Laboratory Sample

B Clad has pre-existing manufacturing related imperfections

UT truncates the curve but does not eliminate anomalies
B Clad develops flaws during service

DETATILED AW ALYSIS OF DEFECTS

DEFECTIVE PIECES
100 %
I . 1l
DEFECTS ON DEFECTS ON
OUTER SURFACE INNER SURFACE
LONGITUDINAL TRANSVERSE LONGITUDINAL TRANSVERSE
DEFECTS DEFECTS DEFECTS DEFECTS
J ﬂ [ £.80%
657 % ROUGCH
PILGCERING 18.93 % 293% H.E3% SURFACE
DEFECTS CRINDING BURNING CRACKS &
DEFECTS MARKS LAMINATIONS
L50%
POROSITY
853 ¥ IN INCOTS
CRACES 20%
HANDLING DEFECTS

13

R.K.Mistry, R.K.Srivastava, N.Saratchandran
Nuclear Fuel Complex, Hyderabad

UT accepted

UT rejected





Used Life Prediction for

Fuel e :
Disposition Probabilistic Materials

Imperfection dependent attribute

B For confident life prediction the distribution needs to be known
to confidence level

Confidence High

Confidence Low

Year X Year 3X Year 5X Year 50X

14
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Fuel Weibull Analysis

Disposition

B Useful for tails and comparison of populations
— Can be used to predict low probability events

O\O
2
E
3
o Yeaf 10X
o Year 3X
Year X, 3X, 10X for predictable material
Poor Better

Performance

15
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Fuel Probabilistic Nature of Fuel Clad

Disposition

B Most metals are considered

d eter m I N IStI C In (Uniform Strain)
-5.0 -4.5 -4.0 3.5 -3.0 -2.5 2.0 1.5 1.0
....................... T
B However metals can be described o[ odeCAme ! Lo
probabilistically o S J/j Ko
— Properties like ductility are considered — ® [ «ssrcamesiur &a_'ffae 5 [
intrinsic S wf & X8 [ 00
« They are not and do fail by defects £ wi s EDD? ¥ d
much like ceramics 2 RN Ao 10
— The distribution in ductility can be = oo W " A q
described by Weibull modulus — just L7 : VA [ 20
like ceramics T Lo/
B Radiation damage and stos7 SR
hydriding 2 |
— Can make the clad more sensitive to ww ome eow odw ook e
defects or create more defects Uniform strain

« Hardening, hydride, PCI, reduction in
work hardening (reduced toughness),
chemistry...

16
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Fuel Test Matrix

Disposition

B The test matrix is daunting: if all separate effects matter in a
significant way the life prediction will be very difficult and

uncertainty compounded
— Goal to minimize test requirements statistically determining sample sizes

Date Presentation or Meeting Title

17
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Fuel Baseline Results

Disposition

B Full length tubes tested to establish initial Weibull statistics
— Entire tube lengths were characterized
— Samples and tests were randomized
— Results were normalized

18





Used

Fuel Compressive Properties “A”
Disposition
1.30
c
o =
3 5
© 21.10
a 9
e T o O
0.2
O ' 1.00 & —4 (0 0 @;m
©
gs R " " oo,
© © 0.90
% ® OYield Strength (Low Strain)
p %O 80 H Yield Strength (High Strain)
x Compressive Strength (Low Strain)

o
~
o

Date

Compressive Strength (High Strain)

Position

Presentation or Meeting Title
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Weibull Analysis
Compressive Strength

999 F
99 +

90 -+
80 -+

60 .-
40 1

20 -+

Probability (%)

10 -+

OA Low
A B Low
OC Low
XD Low

m A Hi
A B Hi
e CHi
+ D Hi

-0.5

Date

-0.3

-0.1
Ln[Normalized Ultimate Compressive Strength]

Presentation or Meeting Title
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Fuel Tensile Strengths and Modulus “A”
Disposition

1.30
2
@
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0
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o .=
g8 Q | é N @ a A X @
o (0 1.00 é a 6
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c O
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Weibull Analysis

Fuel . .
. . Ultimate Tensile Strengths
Disposition 9
99 F 2.0
o5 + OA Low mA Hi
AB Low ABHi
. 1.0
~ 90 T oC Low ®C Hi
S 80T xDLow +D Hi
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= w
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Fuel Burst Properties of “A”
Disposition
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Fuel

Disposition

Weibull Analysis
Burst Pressure

Probability (%)

99

95 -+

90 -+
80 -+

60 .-
40 1

20 -+

10 -+

OA Low
A B Low
OC Low
XD Low

m A Hi
A B Hi
e CHi
+ D Hi

-0.4 02 00 0.2 0.4
Ln[Normalized Burst Pressure]
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Used

Weibull Analysis

Fuel .
: L Hoop Strain at Burst
Disposition P
99 F - 2.0
o5 1 o
R 90 4 i - 1.0
L 87t o :
° [
? 60 + v - 0.0 E
e LL
@) 40 T 1
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~
o 207 )
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Disposition

Strain Measurements During
Tensile and Compression

B DIC allows the determination of all strains during test
— Measures anisotropy and developing anisotropy

120000 0.005
100000 0
80000 - -0.005
c
IS
n
‘w 60000 001 w®
g ? Stress
§ _ﬂé EHoop
¢ 40000 -0.015 g ARadial
o
(@]
(@]
T
20000 - -0.02
0 T T T T T T T T '0025
0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.05
-20000 -0.03

Axial Strain
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Fuel
Disposition

Impact of Strain Rate on Anisotropy in
Tension (Alloy A)

3

2.5

m Low Strain Rate

High Stain Rate

/

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
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Comparison of Tensile Result with

Used
Fuel Stainless Steel Tube (Isotropic)
Disposition

120000 1.2

100000 -
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Presentation or Meeting Title
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Fuel

Disposition

Strain Measurements from Burst
Testing (Alloy A)

160

140

120

=
o
o

Hoop Stress (ksi)
N AN (@] (0]
o o o o

o

High Rate

B Low Rate

0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08
Hoop Strain
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Strain Measurements from Burst

Fuel .
. o Testing (Alloy A
Disposition g ( y A)
160 0.005
A
140 % . “““‘4...“0 crge v e v . 0
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Hoop Strain
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Fuel
Disposition

Impact of Strain Rate on Anisotropy in
Burst Testing (Alloy A)

1.6

1.4

1.2 '._,n'u_

B Low Rate
High Rate

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08
Hoop Strain
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Used Comparison of Burst Result with

Fuel : .
Disposition Stainless Steel Tube (Isotropic)
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Date Presentation or Meeting Title





Used Hydride Rim Development

Fuel
Disposition Status FY14

B Optimal Temperature Range: 280-300°C.

B Confirmed by varying cladding surface finishing — and
change surface oxide thickness -- control direction of

hydrogen diffusion
— Mechanical abraded OD finish
* Increases diffusion at temperatures tested
« Magnitude of abrasion (e.g. grit size) impacts rate
— Chemical Etch ID/Hot Water Soak
* Reduces diffusion at temperatures tested

« Similar result with turning sample indicates removal of stress plays a
role
— Result: Preferential Diffusion through OD
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Sample 30 from FCRD-USED-2013-000151
Zr-4 Cladding (1100 ppm); 290°C in H, gas for 24 hours, Cooling Rate 2°C
OD Surface Blasted, Etched ID
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Sample 30 / SEM Imaging
Zr-4 Cladding (1100 ppm); 290°C in H, gas for 24 hours, Cooling Rate 2°C
OD Surface Blasted, Etched ID
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Used Hydride Rim Development

Fuel
Disposition Status FY15

B New Furnace Operational

— 24" Length, 18” Control Heat Zone (%5 C)

— Calibrated internal multi-junction thermocouple

— Capable of running under vacuum, hydrogen, or inert gas
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Used
Fuel
Disposition

Hydride Rim Development
Status FY15

B Currently heating two samples at a time, but capable of more
B Samples are characterized at the ends and the middle
— Hydrogen concentration (Average of 4 quarters of %" cross section)
— Optical microcopy

B After characterization, two 6” samples are produced from each
heated tube

Date Presentation or Meeting Title
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Used _ _
Fuel Example of Characterization
Disposition

538 ppm 453 ppm 535 ppm

Date Presentation or Meeting Title 38





Used
Fuel
Disposition

Hydride Rim Development
Status FY15

B Results in FY14 Reproduced in all four as-manufactured
cladding groups

Alloy C Alloy D

Date Presentation or Meeting Title
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Used
Fuel
Disposition

Hydride Rim Development
Status FY15

630 ppm

Date

Presentation or Meeting Title
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Used
Fuel Summary

Disposition

B Anisotropy in Zr alloys has been described and measured by three-dimensional

Date

strains using speckle imaging

— Both initial anisotropy and anisotropy with strain have been evaluated

—  Will produce desired description for FE analysis constitutive models
Un-irradiated Zr clad tubes exhibit:

— Minimal strain rate sensitivity

— Anisotropy that varies with applied stress

— Mechanical properties that can be described by Weibull modulus
Demonstrated the ability to control hydriding to form a rim with controlled
hydrogen content in short periods of time at low temperatures

— Radiation damage will not be annealed allowing for separate effects testing
Because Un-irradiated clad tubes can be described by Weibull modulus they
have properties which are dependent on heterogeneities in the tubes

— Will irradiation or hydriding effect the Weibull modulus

Presentation or Meeting Title
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Used

Fuel Impact of Results on Future Tests
Disposition

B Because Un-irradiated clad tubes can be described by Weibull modulus they
have properties which are dependent on heterogeneities in the tubes

— Will irradiation or hydriding the sensitivity of the tubes to imperfections thereby raising or
lowering the Weibull modulus

B Test techniques will allow detailed analysis of the impact of hydrogen and
irradiation on mechanical properties for use in FEA

— Uniformly distributed hydrogen has been shown to impact anisotropy

B Sample size can be minimized by using statistical interpretation of the tests

— 9 samples were used to describe un-irradiated tubes examination of the data suggests fewer
tests could be used

Date Presentation or Meeting Title 42
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