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PROBLEM STATEMENT

Environmental Release

Canister

© 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

° Further information needed on following topics

Awailable source term inside canister

Characteristics of SCC

Flow and particle transport through prototypic SCCs
Combined analysis

v From Material at Risk — SCC — Gas & Aerosol
Transport — Consequence Analysis




3

ORGANIZATION OF ANALYSES

Offsite Effects
* Impact metrics

Material at
Risk (MAR)
* UNF-ST&DARDS (0RNL)
* Inventory (Burnup, Age)
* CRUD * TRU
* Kr-85 * FP

* Largely inhalation

* Dispersion models
Flow & * MACCS - HotSpot
Aerosol Transport e« NARAC * RASCAL

* AERMOD

* Laminar or
choked

* Particle dropout
v’ Deposition

State of
Canister/Fuel

Internal pressure

Onsite Effects

* Impact to worker

Failed fuel ¥ _Plugging * Near-field dispersion
Mech. Agitation effects
Aerosol props.

v’ Size dist.

v’ Density

\ A A J
Y Y Y
Initial Source Term Consequence

Conditions Definition Analysis
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RADIOISOTOPES OF INTEREST

A2 Quantities
{~40 GWd/MTHM, 75 years from offload}

Pu-239

4.3%

B Pu-240
P 6.7%

Sr-90
0.5%

B Am-241
W Pu-239

B Cm-244
W Pu-240

= Co-60
B Pu-241

W Cs-137
W 5r-90

B Kr-85
mY-90

E Pu-238

Activity
Nuclide (Bq)

Am-241
Ce-144
Cm-244
Co-60
Cs-134
Cs-137
Eu-154
Kr-85
Pu-238
Pu-239
Pu-240
Pu-241
Ru-106
Sr-90
Y-90

1.75E+15
7.76E-11
1.22E+14
7.61E+10
2.06E+06
7.55E+15
8.22E+12
3.76E+13
8.67E+14
1.33E+14
2.05E+14
1.57E+15
1.45E-04
4.67E+15
4.67E+15

A2

Quantities

1.75E+06
3.88E-22
6.10E+04
1.90E-01
2.95E-06
1.26E+04
1.37E+01
3.76E+00
8.67E+05
1.33E+05
2.05E+05
2.62E+04
7.25E-16
1.56E+04
1.56E+04




s | SPENT FUEL RELEASE DATA

500 5 .
B Averaged data Hanson (2008) quantified releases
500 | ¢ Hanson (2008) - All Data from SNF rods
g 100 = Forced air through segmented fuel
5 50 . > Average of all data
= . MMD=243um o $ = CMD = 3.46 um, GSD = 2.24
S 20
3 GSD = 2.24 * Release fraction = 1.9E-5
s 10 V' 4.8E-6 cited in NUREG-2125
T 3.2 um
;‘: S (AED =10 pm) v" Assumes 100% respirable
2 °> Dertved quantities of interest
Resp.=0.6%
1 = MMD = 24.3 um
0.01 0.2 1 10 50 90 99 999 v Reso. fract 6E3 (6 »
o o . CSp. raction = - or partlc cS
Percent less than indicated size <3.2 um (or 10 um AED)}
Hanson, B.D,, et al., “Fuel-In-Air FYO7 Summary Report,” v Resp. release fraction = 1.1E-7

Pacific Northwest National Laboratory, PNNIL-17275, September 2008



PREVIOUS AEROSOL TRANSPORT STUDIES
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Powers, D_A., “Aerosol Penetration of 1.eak Pathways —
An Examination of the Available Data and Models,” SAND2009-1701, (2009)

> Review of Aerosol Transport in
Leak Paths by Powers (2009)

Primarﬂy focused on leaks from
containment structures

“abundant data (are) available on the
deposition of aerosol in idealizations
of leak pathways. Data are available
for capillaries, orifices, slots and

2

Relatively high transmission for
moderate pressures

Large surface roughness and
tortuosity not well characterized




PREVIOUS AEROSOL TRANSPORT STUDIES
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° Continued Review of Aerosol
Transport in Leak Paths by Powers
(2009)

= DUQO, studies

v’ Sutter et al., “Depleted Uranium Dioxide
Powder Flow Through VVery Small Openings,”
NUREG/CR-1099, PNL-3177, (1980)

v Nearly perfect transport through
capillaries and orifices

v Includes pressure differentials in range
of interest




Section Masses (kg)

One Minus Cask Retention Fraetion

PREVIOUS AEROSOL TRANSPORT STUDIES
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o Transient considerations

= Blowdown time calculated based on leak
area

= Aerosols depleted in canister during
blowdown

= Assumed canister pressure in range of
interest

¥ Py = 507 kPa

" Depletion fraction = 0.993

Sprung, |.L., et al., “Reexamination of Spent Fuel Shipment Risk Estimates,” NUREG/CR-6672, (2000)
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CONVERGENT EXPERIMENTAL ACTIVITIES

° Improve understanding of
transmission through SCC’s

= TParallel activities

v" Understand SCC formation &
characteristics

v' Develop testing capability to
measure flow and aerosol transport

° Initial testing with engineered orifices
as crack surrogates

12.70 mm

(0.500 ini/é\
* Verification and refinement of

.l techniques and instrumentation

= Measurement comparisons against
analytic models and empirical data

o Replaceable test section
p

= Ultumately conduct experiments
with representative SCCs




FLOW AND AEROSOL TRANSPORT
| (TEST APPARATUS)

EERE TestSection
i Ambient
[ R PIOW TIOW

° Pressure vessel

o Mass flow rates

= Seeded w/
aerosols and Press. N i ° Measurements
pressurized Reg. @_ ! upstream and

° Replaceable test downstream
section Aerosol Aerosol = Pressure

. : Diagnostics Diagnostics = Aerosol density
nggmeered = Particle size
oritices : distribution

" Representative
SCC’s



n | ESTIMATED FLOW RATE

1E-4 3.7E+1
1E-5 // 3. 7E+0 ° Flow through 25.4 ym x 12.7
2 8 mm slot
Z 1E-6 3IE-1 &
£ ) " Flow length 12.7 mm
1E-7 » 3.7E-2 .
Critical = TLaminar flow over pressure range
Laminar :
1E-8 3 7E-3 of interest
100 200 300 400 500 600 700 800 5
Phigh (kPa) Mass flow rates span several
orders of magnitude
1E-4 3.7E+1
" Added complication to
1E-5 3.7E+0 experimental setup
= 1B-6 3.7E-1 B :
E; 2  © Effects of plugging not
z BT 3782 F estimated
1E-8 3.7E-3
SE-10 1.8E-4
0.002 0.1 0.5 23510 100 500

Time (h)



2 I SUMMARY

° Inputs and outputs of methods outlined to estimate the impact of a
through-wall SCC 1n a dry storage canister

° Parallel research paths identified to improve understanding of
transmission

= SCC conditions of formation and characterization
v Develop representative SCCs under laboratory conditions for future testing
= Flow and aerosol transport test apparatus

v" Develop an apparatus capable of measuring flow rates and aerosol

characteristics

v Interchangeable test section

> Initial testing with engineered orifices (simplified geometries)

> Replace with more prototypic SCCs as available
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Vs (m/s)

Canister: Aerosol Settling
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> Settling velocity less than

average helium velocity for

AED < ~30 pm

= Convective cask design

v" Assumes 400 kPa and 600 K
v" Gas velocity increased in
downcomer by ~3x
= Deposition mechanisms will

continuously deplete aerosols

v Inertial impaction and
interception

v Gravitational settling

v Diffusion
v" Thermophoresis




