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e Consist primarily of square arrays of zircaloy cladding tubes containing highly-radioactive, heat-
generating UO, pellets and fission-product gases

e After removal from a reactor the fuel is stored underwater while its radioactivity and heat
generation rates decrease

o After sufficient time the fuel is loaded into gas-filled canisters.

e Essentially all moister must be removed to limit corrosion and hydrogen/oxygen formation,
before the canister is filled with helium gas and placed into storage or transport over-packs





* Industry uses Vacuum Drying or Forced Helium
Dehydration (force/natural convection)

e During vacuum drying the He gas is evacuated from the
canister in stages, to pressures as low as 0.7 Torr (100 Pa)
to vaporize and remove moisture.

* The process continues until the canister can hold a 3-torr
vacuum for 30 minutes (indicating very little water is still
vaporizing)

e Vacuum drying “usually” takes

e 12 to 24 hours for metal matrix baskets

e 80 to 100 hours if Boral is used

e Temperatures approach steady-state values

e Vacuum Drying is simple, but removing high-conductivity
helium may raise cladding temperatures






* The cladding may experience its highest temperature during drying

e This is the first operation when the fuel is removed from a water-cooled
environment, and its heat generation rate is still relatively high

e If the cladding temperature exceeds certain limits (~¥400°C), it may
develop radial-hydrides and become brittle after its temperature
decreases during long-term storage.

 The temperature limit depends on fuel burnup, and is the subject of research

* Brittle cladding would reduce the fuel’s suitability for future transport or
processing, and should be avoided if possible.

* The objective of this work is to develop accurate computational
methods to predict cladding temperatures during low-pressure drying

* This will allow efficient drying operation to be designed that safely
maintain temperatures below required limits





e Natural Convection

e Gas motion is driven by the ratio of buoyancy to viscous
forces, which is characterized by the Grashof number
*Gr= gATLgpz/“zTMean
* Decreases significantly as the pressure and density p decrease
* Neglecting natural convection is justified

e Gas Conduction

e Reducing gas pressure from 1 ATM (10° Pa) to 100 Pa
reduces thermal conductivity by no more that 1%:

* Neglecting conductivity change is justified





Ill

* In a low pressure and density gas, individual molecules travel “considerable”

distances before encountering other molecules

T ,Zk :
e mean free path length: 1 = go mTB increases as pressure decreases
o

* In rarefied gases a molecule’s speed may be significantly different from those
surrounding it

 The gas may not act as a continuum
e Transport properties (k, u) are not functions of the local temperature and pressure alone
* The Navier-Stokes and Fourier conduction equations rely on these properties

e Gas speed and temperature at solid surfaces they encounter may not be the same as those
of the surface

e Package vendors currently do not include rarefication effects when calculating
clad temperatures during vacuum drying

e Should they?





=T

G
<D
Lo

Ne
EIn Ke

O Xe

ER@leCt T Eln 5: ‘bE‘E 33 ¢ o oo *S;Eﬁb]a?forrefercncu.
CX'::: a o %o

EWall

EReerct

200 400 600 BOO 1000 1200 1400

Toae [K]

* As the pressure decreases molecular collisions with the wall become relatively
more important compared with collisions with each other

* The Thermal Accommodation Coefficient a characterizes how the energy of a
collection of molecules is affected when interacting withawall, 0 < a <1

e Not important when the gas acts as a continuum

* From measurements of “engineering” surfaces

e o primarily depends on gas composition and temperature
* not wall composition or surface finish

e For dry helium with T,,,, =25 to 400°C (300 to 670 K)
e a~0.41t00.2






When is an enclosed gas Rarefied?

* When the mean free path length is “large” compared to the

enclosure characteristic d)llmen5|on L.
 Knudsen number Kn = — increases at gas becomes more rarefied

Lc
e For small Kn < 0.001 gas acts as a continuum
e For Kn > 0.001 the Navier-Stokes and Fourier equations are not
strictly valid
* Boltzmann Equation must be solved to calculate transport
* Models transport by collisions of vast numbers molecules

 Computationally intensive, especially for complex enclosures






e 0.00l < Kn<O0.1

e At moderately low pressures (moderately high Kn) the continuum assumptions breaks
down only at the walls

 The gas temperature and velocity are not the same as the surface’s
* Known as “velocity slip” or “temperature jump” regime

e Transport may be modeled using Navier-Stokes/Fourier equations away from the walls with
special temperature and velocity boundary conditions at the walls

e How to find those conditions?

e Kn > 10

o At extremely low pressures molecules interact with walls but only rarely with each other
 Known as “collisionless” regime, modeled using a simplified collisionless Boltzmann Egn.

e 0.1 <Kn<10

* |n this Transition regime, the full Boltzmann equation is required to model transport
(computationally intensive)

 Which regimes are relevant for vacuum drying?





One-eighth Model of a Loaded Canister for 24 PWR Assemblies

Stainless
Geometrically-Accurate Steelm Aluminum

UO,, Zircaloy, He

lllllllll
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e Each basket opemng contains a 15x15 PWR assembly
. I50001<Kn——<01?

Lc
e Surface-to-surface spacing of helium filled gaps, L.
e Fuel region: 9.5 mm; Basket/canister gap: 2.3 mm

T 2k
e | = I’fo — & (depends on gas temperature and pressure)

e P =400 Pa, OOISKnSOO4
e P=100 Pa, 0.04 < Kn £0.15 (slightly inside the transitional regime)






Slip-Regime Temperature Conditions

Gas

H e at /TWALL

Transfer, Q

GAS

. X

e Heat Conduction from a solid to a gas

e There is a temperature-jump (TJ) at the interface between a solid and rarefied-gas that
increases with heat transfer rate Q

e By adimensional argument: Ty 41 — Teas = g— Z—Z) Al = (%) Alr = QRyy

* () = Heat transfer; k = Gas conductivity; A = Wall area

* (r = Temperature Jump Coefficient = ? (dimensionless, subject of research), expect it to:
* Increases as o, decreases, depend on gas properties

A : :
* Ry, = ALKT = Temperature-jump thermal resistance

e Can be implemented in Fluent or other CFD codes





* ANSYS/Fluent has a built-in utility that uses {7 = 2 (2—_a)

a
e Temperature jump increases as thermal accommodation decreases

* Not dependent on gas properties

+ Lin-Willis [1972]: 7 = =71 (2% 4 0.17)

(yv+1)Pr \ «
. C C
* Dependent on gas properties; y = C_p; Pr = MTP
1%

e Others are also in the literature

* Which ones accurately reproduce Boltzmann equation
simulation results in the slip-regime?
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e Calculate conduction across helium-fill gaps between isothermal Parallel Plates and
Concentric Cylinders with a=1 using the Boltzmann equation.

* In these “simple” geometries we (Ho and Graur from Aix-Marseille) use the Discrete Velocity
(DV) method to find the temperature profiles and heat transfer from the Shakov model

e Compare to calculations using Fourier conduction within the gas and Lin-Willis

temperatures jumps at walls





Kn=0.001 Kn=0.001
Kn=0.01 Kn=0.01

01 e

0.1
Kn=1

Kn=1

e Solid line are DV results using the Shakhov-method (S-method)
e At low pressures observed Temperature Jumps at both boundaries

e Dashed lines are from Fourier Equation solution with the Lin-Willis temperature

jumps Rcona
—NNA—" "N \NN—

 Good agreement for Kn < 0.1 (slip and continuum regimes) Ry 1 Rr)2





* Q. = heat transfer from the hot to cold wall for continuum conduction

e Q = heat transfer for a given pressure and accommodation coefficient
e Decreases as P and o decrease

e Lin-Willis model (dash lines) accurately reproduces the Shakov-model-calculated
rarefied conduction (solid lines) versus pressure in helium for &« =0.2 to 1 and two
simple gap geometries

* Implement the Lin-Willis thermal resistance in the CFD transfer canister model





Loaded 24 PWR Canister Model

Stainless

Geometrically-Accurate Steelm Aluminum
UO,, Zircaloy, He

N
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e ANSYS/Fluent One-eighth Model of a TN24P

e Symmetry on radial boundaries
e 101.7°C on outer curved surface (conservatively simulates contact with boiling water)
e Geometrically-accurate helium-filled regions in fuel and gap between basket and canister

* Heat Generation within the UO,
e Fourier Conduction within all solid regions
e Surface-to-surface radiation across He-filled regions

. - : - A
* Lin-Willis temperature jump at gas solid interfaces Ty, 4y — Tgas = QR Ry = AT

Ak
_ TI"'O ZkB 3 _ \/Ey 22— . o . .
e A= /mTo, {r = (y+1)Pr( —+ 0.17), Negligible at higher pressures

P





Loaded Package Temperature Contours

 Atmospheric pressure
e Continuum model

* Neglect Natural Convection
* Q=2290 W/assembly

e Local maxima in each assembly

e Hottest in centermost assembly
e Toc =336°C
e Below 400°C even at this “high”
heat generation rate
* r-axis
* Traverses two assemblies, an
aluminum rib and canister





e Two Models
550

e Continuum Toc
e Hard vacuum (no gas conduction) S00
 Higher Peak Clad Temperature, Ty, 450
e Peripheral gap between basket rib and 400 Hard Vacuun
canister %350 . Tec
e Exhibits a very steep gradient due to %300
e High heat flux 5
= 250 Continuum
e Low temperature (minimal radiation HT) 200
* Major contribution to peak cladding
temperature 150
e This is the location where the main 100
difference between continuum and hard 0 20 40 60 80
vacuum profiles resides. r[cm] Peripheral
e Radiation dominates in the high-
temperature fuel regions (not Gap

dependent on gas conduction)






* Temperature-jump
e P=100Pa,a=1,04&0.2

* Toc increases as o decrease
 ATgs = Temp. Diff at Basket Surface
e ATp. = Temp. Diff at Peak Clad

 The main difference between continuum
and other profiles is in the peripheral gap
e Heat flux from fuel rods is smaller
e More radiation at fuel rods

e To accurately determine peak clad
temperatures, it is important to predict
the effect of rarefication within the
peripheral gap

a ATBS [OC] ATPC [OC] Pergpahperal
20.2 21.5

0.4 55.0 57.7
0.2 86.7 89.5

=

 Hard vacuum model is overly conservative






Continuum P=100 Pa

P=10°Pa | a=1 | a=0.4 | a=0.2

Assembly Heat 3070 | 2769 | 2351 | 2043
Generation Limit [W]

% reduced 10% | 23% | 33%

* Peak cladding temperature T, increases as assembly heat generation rate increases
e The assembly heat generation limit causes T, to reach its limit (i.e. 400°C)

e Cladding temperatures increase, and the allowable heat generation rate decreases, as a
(and pressure) decrease

e By up to 33% compared to continuum conditions (for P = 100 Pa and o = 0.2)

e The limit temperature may be dependent on fuel burnup level

e If the temperature limit is decreased by 30°C, then the limit heat generation rates decrease by
another 13%





e To accurately determine peak clad temperatures, it is important to predict the
effect of rarefication within the peripheral gap

 The hard vacuum model is overly conservative

* Depending on the drying pressure P, gas thermal accommodation coefficient a,
and limit temperature T, rarefication can affect
e Cladding temperatures
 The allowed assembly heat generation limit, and
 The required underwater aging time

* Ongoing Work
 Three-dimensional package model to accurately calculate

e Temperature and vapor transport during
e Vacuum Drying and Force Helium Dehydration (mixed forced and natural convection)

 Measure thermal accommodation coefficients o for a He/stainless steel system.
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e Measure conduction heat transfer across an annular gap containing rarefied helium

e Control total heat generation rate dissipated by the inner cylinder Q (internal heater),
the temperature of the outer cylinder T, (water jacket), and the helium gas pressure P
(high purity dry He, vacuum pump).

* Measure the temperature of the inner cylinder T, for a range of gas pressures P
e Compare to predicted T, versus P results for a range of a.





Experiment Design

-
5
11

[
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* To maximize the effect of rarefication on the inner cylinder temperature, minimize

* Gap width (minimize conduction temperature difference relative to surface temperature
jump, 1mm)

e Quter surface temperature (to minimize radiation relative to conduction heat transfer)
* End losses

* Minimize inner cylinder diameter to length ratio
e Insulate cylinder ends, minimize contact to outer shell

* Inner aluminum cylinder, surface thermocouples, centered electric heater, sheathed
in 1-mm-thick stainless steel

e Vertical, sealed, water-jacketed enclosure, power and TC feedthroughs (data soon)





Ongoing Work

e Enclosed 7x7 Square Array
Experiment Design
e Verify simulations for “complex”
configuration
e Three-dimensional canister
simulations for
* Vacuum Drying

e Force helium dehydration (mixed
natural/forced convection)

* VVapor Transport

e Helium/Water vapor transport

e Continuum and rarefied
conditions





An UDF is used at the interface between water and helium for free surface evaporation and boiling. A
layer of 2 cm of water is assumed to be present at the bottom of the canister in the beginning of the
simulation. At t=0s the evaporation and the helium circulation is started, so no vapor at the beginning of
the simulation.

1m/s
(helium)

—

500 K

300 K

Helium +
——

Vapor

Fig. Contour of volume fraction of water vapor.





Questions?

e Miles Greiner
e oreiner@unr.edu
e (775) 784-4873
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Transient Simulations

* How long will it take the canister to reach steady state conditions
* |nitially assumed canister is filled with water and allowable fuel heat generation rate
e Requires 24 to 35 hours to be within 2°C of steady state value
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IRP: Multi-Sensor Inspection and Robotic
Systems for Dry Storage Casks:
Functions and Requirements

PSU, UIUC, USC

M Overall Goal: develop and demonstrate robotic multi-sensor
iInspection systems for monitoring dry cask storage canister
(detection of cracks and detection of SCC-inducing salts) and
concrete overpack (microcracks)

U.S. ISFSIs, Curie.ornl.gov

Hope Creek ISFSI





IRP: Multi-Sensor Inspection and Robotic
Systems for Dry Storage Casks:
Functions and Requirements

PSU, UIUC, USC

M Canister Types: sensing systems for
welded stainless canisters, delivery _
system for MPC/HI-STORM, steel-clad POINt™N
and exposed concrete overpack

M Access: LIBS via optical fiber and
multiple EMAT heads will be delivered
via the HI-STORM ventilation system

M Size Constraints: robotic multi-sensor
system will navigate to and operate in
gap between full-length guide
channels in HI-STORM overpack

B Operational Implementation: robotic
multi-sensor system will be operated
from outside the cask and follow
ALARA





IRP: Multi-Sensor Inspection and Robotic
Systems for Dry Storage Casks:
Functions and Requirements

PSU, UIUC, USC

B Canister Types: sensing systems for
welded stainless canisters, delivery ACCESS HI-STORM
system for MPC/HI-STORM, steel-clad pomt\
and exposed concrete overpack

M Access: LIBS via optical fiber and
multiple EMAT heads will be delivered
via the HI-STORM ventilation system

M Size Constraints: robotic multi-sensor
system will navigate to and operate in
gap between full-length guide
channels in HI-STORM overpack

B Operational Implementation: robotic
multi-sensor system will be operated travel down plenum
from outside the cask and follow between guide channels
ALARA





IRP: Multi-Sensor Inspection and Robotic
Systems for Dry Storage Casks:
Functions and Requirements

PSU, UIUC, USC

M Environmental Requirements: the electronics and materials of
the sensing equipment will survive 250 F (with an ultimate goal
of 350 F) with a gamma dose of 2.7 x 10* Rad/h (270 Gy/h) for at
least a few hours; the time to perform partial and full monitoring
of the welds will be estimated

M Environmental Requirements: modeling effort will use COBRA-
SFS and MCNP6.1 to calculate temperature and radiation field at
various locations inside and on the cask surface

M Environmental Requirements: the robotic system will be
designed to not damage the cask surfaces and be retrievable
with a tether

B Material Compatibility: organic materials,
cobalt, and Teflon will be avoided

Gamma-ray irradiation
at Penn State RSEC





IRP: Multi-Sensor Inspection and Robotic
Systems for Dry Storage Casks:
Functions and Requirements

PSU, UIUC, USC

M Localization: the robotic system will be able to trace its position
to within 2” (50 mm)

B Measurements: LIBS Detection of deposited salts; demonstrate
ability to detect 0.05-10 g/m? of NaCl deposited on stainless
steel; quantitative benchmarking will be performed and
detection limits explored

B Measurements: ultrasound detection of cracks in canister;
arbitrarily oriented semi-elliptical cracks 0.21x0.42” (5x10 mm);
start with EDM notches and later demonstrate capability for
realistic stress corrosion cracks

B Measurements: noncontact ultrasound
monitoring of exposed concrete
overpack for microcracking; steel-clad
concrete will also be inspected for
voids and major disbonds





IRP: Multi-Sensor Inspection and Robotic
Systems for Dry Storage Casks:
Functions and Requirements

PSU, UIUC, USC

B Measurements: radiation detection and temperature
measurement for calibration of the models will be performed as
part of the multi-sensor robotic system

B Data Acquisition and Management: DAQ system located outside
the cask will acquire, process, and fuse data from the sensing
systems; open file formats will facilitate collaboration in
analysis of results

M Validation: systems will be demonstrated first on table-top
experiments and later tried on partial and full mockups; the
sensitivity of the robotic and sensing systems both to radiation
and to thermal/humidity conditions will be demonstrated
separately

M Validation: reproducibility of
results will be demonstrated





Canister NDI
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Cho, Sungho Choi, Cliff Lissenden
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Guided waves (SH type) provide capabilities for
detecting stress corrosion cracks in HAZ of weld

e Guided waves have proven capabilities (Rose,
1999 & 2014)
v’ Detecting defects in plate, pipes ,etc
v’ Applicable for structures with limited

accessibility
e FE simulations show utility for detecting cracks SCC:
in HAZ 1. susceptibility

Wave Paths:
1. along weld
2. across weld
3. oblique

2. tensile stress
3. conducive environment

Pulse-Echo

99





Compact EMAT (and MST) transducers are being
developed for robotic delivery in harsh environment

1
e EMAT and MST are under consideration

v Neither need couplant — applicable for high-temp. ~ EMATS: need to
v Will make selection based on SNR, Sensitivity, etc be more compact

* Prototype compact EMAT transducers are under lab-scale functional assessments
v’ Tailored for high temperature / high gamma radiant application

v’ Center frequency is at 0.25 MHz, polarized for shear horizontal waves





“Weld-guided wave” shows potential for detecting
cracks in weld HAZ

-7

\

From : Fan and Lowe (2009)
Pulse-Echo

e “Shear weld-guided wave” exist in weld
(Fan and Lowe, 2009)

e FE simulations show great potential of weld-

guided wave for detecting cracks in HAZ as

1
well as weld 11





A lab-scale mock-up of HI-STORM 100 is under
development

* Realistic lab-scale mock-up will serve as a
[}
test bed for robot/sensing systems g *"ﬁ\}'r
v’ Delivery/retrievability tests for robot .. /f%j”
v EMAT measurements . )
v’ Chlorine concentration \
measurements test s N
a5 S
v' Temperature measurement k,,l’fr%\) N
e Will be equipped with a heating system to
aHiPp &5y Holtec HI-STORM
evaluate robustness of the (Meyer et al, 2013)
delivery/sensing systems

Mock-up design
) (in progress)





IRP Progress Update:
Surface Characterization
and T&R Measurements

Lu Chen, Brendan Sporer,
Ishak Johnson, Igor Jovanovic

The Pennsylvania State University
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Elemental composition analysis

« Sample coupons are created from NaCl solution
dropping on top of stainless steel coupon
« Solution molarities are between 0.01 M to 5M
corresponding to estimated 0.6 g/m? to 300 g/m?
« Samples are mapped using EDS/SEM technique Figure: Droplet
e Highly nonuniform distribution of deposits suggests of solution on
that a scanning measurement will be required to draw SS coupon
conclusions on salt areal concentration

Figures: EDS scan(left) and spectrum (right) of residual 0.01 M NaCl

: . PENNSTAT
solution on stainless steel coupon 14
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Elemental composition analysis

 LIBS set up has been adapted for the experiment
 LabView software for LIBS measurements has been adapted

Figure: Detail of current free-space
coupling for spectral analysis

Figure: LabView command interface

PENNSTAT

€

15





Temperature and radiation sensing

e Radiation sensing:
e Canberra RGR-100 detector purchased
e Preliminary experiments examine the detector using Co-60 source
« Additional vendors contacted regarding alternative detectors

« Thermocouple comparisons are in progress

Figure: Testing detector with Co-60 Figure: Data template of RGR-100
PENNSTAT
source 1edetector

€





IRP Progress Update:
Robotic Delivery System

Bobby Leary, Karl Reichard, Sean Brennan

The Pennsylvania State University
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The maximum temperature within the cask is 350°F, but most
off-the-shelf robotics supplies can only withstand temperatures
up to 140°F.

18





In the event of actuator failure, passive removal can result in
wedging or jamming of the robot with a channel.

Case 1l Case 2

19





To help with testing the wedging and jamming analysis,
transparent mockups of each restrictive case are being

designed.
(\ Inlet

Acrylic

Channel Channel

MPC
20 T~





Multi-Sensor Inspection and Robotic
Systems for Dry Storage Casks
Task 6 - Data Analysis, Management
and Security

Advisory Board Kickoff Meeting

Karl Reichard, PhD
The Applied Research Laboratory
The Pennsylvania State University
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Data Collection and Processing System

Concep
Optical Sensors Interface ¢ \\\
(LIBS/Raman) Electronics Sensor Data W Inspection B
Ultrasonic NDI Interface Processing Display i
Sensors Electronics

Lidar

Cameras & Video
(Vis, IR, Thermal)

Ultrasonic Distance

Sensor L
Mapping & Na\{lga:tlon
Tracking J Display

Data Acquisition &

Inertial :
_ Single or
Magnetic — Multiple
Environmental Local Data Displays

(temp, humidity,

Storage
radiation, etc.) 8

Sensor Control

Identify sensor interfaces and data bandwidth requirements

Conduct cost benefit analysis for inclusion of sensors to allow final sensor down
select

Procure and assemble hardware for the data collection and processing system

22





Current Work

e 5 Subsystems Requiring Sensor Data Collection
— Robotic Delivery System
— EMAT / Ultrasonic Sensing
— LIBS Measurement
— Temp & Rad Measurement
— External Concrete Inspection System
e Approach

— Treat each system as separate from a data acquisition
standpoint

— Each subsystem may have unique data collection requirements
so a single common data acquisition system may not be feasible

— May need to fuse data for operator to guide sensor placement





Current Work

e Data Management

— Don’t try to force all data collection through single data
acquisition system

— Focus on commonality of data formats to facilitate post
measurement analysis

— Create single database structure to manage data, even if there
are some differences in data formats / meta data collected
with primary measurements

— Currently working on identifying sensors (primary and
secondary), sample rates and data formats from each
subsystem





Current Work

 Impact on Sensor Delivery System (Robot)

— Power requirements for sensors — will be provided from a
supply external to the cask, so minimal impact on robot

— Cabling - this is the big driver for the robot design. Cables will
have strength and bend radius properties that can have an
effect on insertion and extraction of the robot delivery system

— Gathering data on cabling requirements, then include cabling
properties in ongoing insertion/retrieval simulations





Damage Types and Detection Approaches

Horizontal Systems

Receiver Sender

Surface guided wave

= Surface guided wave approach:
forward- and back-scatter
configurations

7 = Ultrasonic waves interact with
\-f":_ """ oo = - sub-surface concrete damage
» Contactless sensing enables
rapid scanning
Sender _ » Guided plate wave approach:
Receiver leaky wave propagation in steel
« liner
3

> Guided plate waves

SNS

26

Configuration enables inspection
of underlying concrete and back
side of steel liner

Contactless sensing enables rapid
scanning

lLLlNUIS
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Research Progress (1) —

Horizontal System

Finite element simulation of wave scatter caused by distributed cracking

in concrete

stp = 50, MEMS = 1 at A2Solid

area of |V2|

- X

AV
— 7N
R E—

=3

0%

1% 5%

......

10%

Results from a range of simulated internal crack contents (0 to 10% by
volume) show that back scatter wave energy increases monotonically

as the cracking content increases.

UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN






Research Progress (2) — Vertical System

Finite element simulation model for wave propagation in steel liner
bonded and disbonded to concrete underlying substrate

CLOAD = 1.00e+00

SABER SRR EARBABEN

-

Steel

Concrete

s

I

Disbonded Bonded

2 WL LLINOIS
Zg)‘ UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN






Research Progress (2) — Vertical System

FE simulation data presented in MASW phase velocity map (top) and cross-sectional
distribution of Von Mises stress (bottom) at a given time instance. Only SO and AO
modes generated at 50 kHz; distinction between bonded and disbonded cases seen.

Bonded Disbonded
S0 Mode Q
Bonded

-:wr o TRIED . OO - =N
y A0 Mode '
Wave transmission through concrete:

Disbonded
v L3 s FOERCEmE P TIee s eB ETNT T NS R \aPe LD

S0 Mode AO Mode
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Radiaton Dose and Thermal Analysis

« Developing or utilizing:
 State-of-the-art tools for radiation transport and dose calculation and
thermal analysis

» Detailed cask models to include detailed fuel and basket structures

 Collaboration:
* ORNL - Centralized Used Fuel Resource for Information Exchange
(http://curie.ornl.gov/)
o Detailed HiStorm100 model for thermal analysis
» Modified version of COBRA-SFS — Approvals granted through
ORNL-CURIE

» USC developing a detailed model of HiStorm100 for radiation
transport and dose calculation.

« MCNP (LANL developer) for radiation transport and dose calculation

» USC updating current version of COBRA-SFS (PNNL
developer) to Fortran95

» Cobra-SFS subchannel code for thermal analysis

« USC Beta user for SCALE-6.2 (ORNL developer) for source
enSratlon (source neutrons and photons from decay of used
ue




http://curie.ornl.gov/



Radiation Transport and Dose Calculation

Computational Tools Output Information

* Transported neutron spectra, MPC, Overpack
°
M C N P 6 ) 1 Transported photon spectra, MPC, Overpack

* SCALEG6.1 ! Sose romactaed rfmeaion
+ ORIGEN-

d
«  Electronics damage = Si damage, defined by dose —Nps0 = 6.B0E Nys59-hey50 Nipyso
ARP Site specific dosimetry, vent entrance dt

60 Co 60m 10467m o

7 CO Sl Ty ————————— 05054
I %9.83 '
(E ¢( E) 9o sl (e N
1.1732 MeV'y
ot 4. SILICo 1.332 24
10° 1 P\ |
: \_\. \.\ ) .
s \ bdo | . |13325Mevy
o s A
\ 5
\ | Current Tasks
3 kY ! » Parallel development of assorted
¢ \ | Overpack, MPC models
N 5 » Tool package development, listed
10" LT outputs
e e e Literature investigation, methods for
107 — _ guantifying_electronics damage under
e mixed Species radiation fields

»  Fine treatment of output data in terms
of space and energy

*  Fine treatment of geometry, use of
publicly availableresources for
evaluation
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Cask Modeling and Dose

Design Process, Variations

» Holtec HI-STORM 100 family

* Current focus, MPC-24 design

Overpack |24 32 68
Assembly | Assembly | Assembly

[HI-STORM 100 | [[MPC-24 | MPC-32 MPC-68

HI-STORM MPC-24E | MPC-32F | MPC-68F

100S

HI-STORM MPC-24EF - MPC-68FF

100Sv. B

Geometry: HI-STORM 100,
MPC-24
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		Canister NDI

		Guided waves (SH type) provide capabilities for detecting stress corrosion cracks in HAZ of weld

		Compact EMAT (and MST) transducers are being developed for robotic delivery in harsh environment

		“Weld-guided wave” shows potential for detecting cracks in weld HAZ

		A lab-scale mock-up of HI-STORM 100 is under development

		
IRP Progress Update:�Surface Characterization �and T&R Measurements

Lu Chen, Brendan Sporer,
Ishak Johnson, Igor Jovanovic

The Pennsylvania State University
www.mne.psu.edu/IJ
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		Elemental composition analysis

		Temperature and radiation sensing
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