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Spent Fuels & Worldwide Dry Storage Systems
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Spent Fuel & Dry Storage Systems (Worldwide)
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Regulatory Requirements
Spent Fuel Conditioning & Stabilization

Dry Packaging Acceptance Criteria
ASTM-C1553-16, NUREG-1536

1> SVP <4.0x10-4Mpa <3Torr (4mBar) >30min
2> PDP (Dew Point) <-05.05°C, EMC <3.2gm/m3>30min

Dry Packaging Cover Gas Backfill Criteria
PNL-6365, USNRC DOCKET# 72-1014-06

1> Gas Purity (Grade)> 99.9995% (N5Y)

2> Backfill Operation= Sub-atmospheric

*3> Dry Packaged Cover Gas Pressure = 80Kpa ~ 800KPa
*BASIS: Spent Nuclear Fuel (Type, Burnup, Decay Heat, Cooling Time)



OBJECTIVES
Canister Cond., Stabilization (Dry Packaging)

» Ensure Integrity Spent Nuclear Fuel (Reliable Stored)

» Fulfill Regulatory Requirement, Acceptance Criteria/
Rebound Test (ASTM-1553, 2021, NUREG-1356)

» Eliminate Free Trapped Moisture, Gases (Oxy, H2)

» Prevent Degradation Mechanisms (Embrittlement,

Blistering, Swelling, Rupture etc)

» Provide Non-Corrosive Surrounding Environment

» Make Spent Fuel Retrievable (Transport, Disposal)




Spent Nuclear Fuels & Interim Dry Storage
Facilities In Pakistan
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CANDU Spent Fuel Management (Worl a
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CANDU Spent Fuel Dry Packaging Pakistan

DRY PACKAGING SYSTEM |

STORAGE =
CASK "

\ |
- | [ el '
- I
o, o e B S i
by .

2 = 1

H

L~ |
g =
:’ us i

* iR >,
= T r a8 T

= by . i
e

INTERIM DRY
STORAGE FACILITY

CANDU
BUNDLE

DRY
PACKAGING
IN SHIELDED

WORKSTATION

FACILITY




CANDU Spent Fuel Dry Packaging System (Pakistan)

Acceptance Criteria (Dry Packaging) DRY PACKAGING WORKSTATION —
ASTM'C1553, NUREG-1536 (Rebound Test) Comp. Dry Air (CDA), Inst. Air (14), VENT
1. SVP<4.0x10-4Mpa<4mBar<3Torr=30min Power (KW), Deionized Water (DIW)
2. PDP<-05.05°C, EMC<3.2gm/m3>30min e Ga?amf"'d T
SC-108 CASK CANDU RINSE, BULK FORCED DRAFT
- : WATER REMOVAL INERT GAS STEPPED
Void Volume= 250 L CYCLE SYSTEM
T=50~50°C,P=5~30psig Ll  T<800C, P= 05~30psig
Operat10n2 45min CDA (DEW POil’lt) > -60°C

FUNCTION
» To Displace Radiated H20
» To Wash CANDU Bundles

FUNCTION
» To Trap Moisture Dead Ends
» To Trap Intercepted Oxy Gas

v

INDUCED DRAFT

ULTRA-HIGH PURE
INERT BACKFILL STEPP CYCLES
SUBATMOSPHERIC VACUUM SYSTEM

Cover Gas Media= Helium <_ Void Volume = 250L
Grade= 99.995% (N5) T=70°C, Base Pressure <1Pa

D Psfg;%’rplz?\?kpa Target Pressure= 4x10* MPa
e e FUNCTION

4 PI:O‘Tlde Inere Atm.osphere » Assure Removal of Moisture
» Dissipate Heat Uniformly » Assure Removal Oxy, D20 etc

Conditioning & Stabilization System (DESIGN BASIS)
Average Fuel Burnup: 9000MWD/ MTU, Fuel Type: CANDU

Decay Heat (Accumulative)/ Cask: 400W

Cooling Years (Min) Wet Pool: 10-Years, CASK: Design

Fuel Physical State: Healthy (ASTM-1553-21)

Void Volume (Canister Vol. - Fuel Bundle Vol.): 250L

Surface Area (Interiors): 100mZ.Inlet/ Outlet Ports: Top & Bottom

Active
Drain




SC108 Cask Dry Storage System




Conditioning System (Sequential Operations)

Conditioning System (Results Achieved)

Parameter

Acceptance Criteria

Results Achieved

PDP (Dew Point)

<-05.05°C>30min

<-60.0°C=60min

SVP (Sat. Vap. Pressure)

<4.0x10—4Mpa>30min

>6.0x10-4Mpa>30min

EMC (Moisture Cont.)

<03.02gm/m3

=(.031gm/m3
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PWR Spent Fuel Management (Worldwide)
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PWR Spent Fuel DRY PACKAGING Paklstan
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PWR Casks (SC21, TC21) & Canister (Pakistan)

WM

Fuel Storage Cask Fuel Transfer Cask Fuel Container
(Barite Filled) (Lead + AIB4C + HDPBr) (SS304)
Wt : ~100 Ton Wt : ~70 Ton Wt: 16 Ton




PWR Spent Fuel Dry Packaging System Pakistan

Acceptance Criteria (Dry Packaging) DRY PACKAGING WORKSTATION
ASTM-C1553, NUREG-1536 (Rebound TESt) Inst. Air (IA), Power (KW), Deionized ACTIVE
1. SVP<4.0x10-4Mpa<4mBar<3Torr=30min Wa;[erl_(m“g'_ Inert Gés Manifold, VENT
. , N1t t
2. PDP<-05.05°C, EMC<3.2gm/m32=30min i “"’*ge“ i T
PWR RINSING BULK VACUUM SYSTEM
WATER REMOVAL VO;T(lj Volgr;;oe =34}(:100L
X — ow: m3 /hr
T—\g())ld éfgnlgrge:sﬁl-oggL ; T= 70°C, Base Pressure <1Pa
Pt > T P = 4x10* MP
Operationz 45min AR ReEme a
FUNCTION FUNCTION
» To Displace Radiated H20 > Remove Mo'lstur?, Oxy Gases
% To Wash PWR Bundles » Reduce Drying Times, Cycles
ULTRA-HIGH PURE INERT MEDIA
INERT BACKEFILL RECIRCULATION
SUBATMOSPHERIC HEAT DISSIPATE
‘ Cover Gas Media= Helium _<_ I SYSTEM
Grade= 99.995% (N5) Inert: Helium, T<150°C,
DP<-82°C, P= 300kPa P= 05~40psig, DP< -60°C
FUNCTION FUNCTION
: > Plfo‘fide Inert Atmpsphere > Rebound Test, Heat Dissipate
SC21 : > Dissipate Heat Uniformly > Efficient Moisture Removal
= BATTERY LIMITS .
PwR cAsK llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

Conditioning & Stabilization System (DESIGN BASIS)
Average Fuel Burnup: 37000MWD/ MTU, Fuel Type: PWR
Decay Heat (Accumulative)/ Cask: 15000W
Cooling Years (Min) Wet Pool: 10-Years, CASK: Design
Fuel Physical State: Healthy (ASTM-1553-21)

Void Volume (Canister Vol. - Fuel Bundle Vol.): 4000L
Surface Area (Interiors): 800m2. Inlet/ Outlet Ports: Top

ACTIVE
DRAIN




SCHEMATIC

Cond & Stabilization (Dry Packaging)
PWR Spent Fuels
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TRISO Spherical Pebble SNF Manage (Worldwide)
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HTGR Spent Fuel Dry Packaging System (Option)

Acceptance Criteria (Dry Packaging) DRY PACKAGING WORKSTATION
ASTM-C1553, NUREG-1536 (Rebound Test) Inst. Air (IA), Power (KW), Inert Gas ACTIVE
1. SVP<4.0x10-4Mpa<4mBar<3Torr=30min Manifold, Helium, Nitrogen Gases etc VENT
2. PDP<-05.05°C, EMC<3.2gm/m3=30min + T
: VACUUM SYSTEM :
Void Volume: Up to 4000L INERT MEDIA
Surface Area Up to: 800m2 RECIRCULATION

: Base Pressure <100Pa HEAT DISSIPATE
: Target Pressure= 4x10* MPa
> : FUNCTION > A

: i 0
» Remove Moisture, Oxy Gases Inext: Helium, T=1000C,

v » Reduce Drying Times, Cycles B 14~§3§‘2§’Ig:‘s fanit
» Rebound Test, Heat Dissipate
> » Efficient Moisture Removal
ULTRA-HIGH PURE
INERT BACKFILL
SUBATMOSPHERIC
Cover Gas Media= Helium
Grade= 99.995% (N5) <
< DP<-82°C, P= 100KPa
FUNCTION
» Provide Inert Atmosphere
» Dissipate Heat Uniformly
= BATTERY LIMITS .
CANISTER, Conditioning & Stabilization System (DESIGN BASIS)
AVR CASK Average Fuel Burnup: 100,000MWD/ MTU, Fuel Type: Pebbles
Decay Heat (Accumulative)/ Cask/ Canister: (Up to) 15000W (T) Jp—
Cooling Years (Min) Wet Pool: 1~4Year. Cask, Canister: Design DRAIN
Fuel Physical State: Healthy (ASTM-1553-2021)
Void Volume (Canister Vol. - Fuel Bundle Vol.): Up to 4000L
Surface Area: (Up to) 800m2. Inlet/ Outlet Ports: Top/ Side




SCHEMATIC
Canister Conditioning & Dry Packaging Option
For TRISO Spent Fuel (Spherical Pebbles) of HTGR




Comparative Aspects

Dry Packaging of (PWR CASK SC21) & (CANDU
CASK TC108) & Option For TRISO (HTGR)

Parameter to Consider CANDU PWR HTGR
Fuel Burnup MWD/MTU 9000 37000 > *80,000
Decay Heat (W)/ CASK 400 15,000 1.3 ~SW/ Element
Cooling Year Wet Pool (Min) 10 10 1~4
Fuel State (ASTM-1553) Healthy Healthy Healthy
Canister Void Volume VV (m3) 0.250 4.0 *
Interior Surface Area SA (m2) 100 800 *
In/ Out Ports (Orientation) Top/ Bottom Top Top/ Side
Fuel Peak Cladding Temp. °C 160 400 400

* Comparison (Summary, Conclusion) Next



Comparison HTGR Spent Fuels (Pebbles)
(Canister, Cask, Decay Heat)
Reactor Spherical Pebbles/ Decay Heat Decay Heat

Dry Storage Canister (KW/ Canister) (W/ Element)
AVR *950 7.3 3.8
HTR-PM 40,000 27 1.3
Xe-100 6,000 30 5.0

* AVR CASK (02 Canaisters, Total: 1900 Spherical Pebbles)




SUMMARY, CONCLUSION

» *Canister Internal Conditioning & Stabilization System (Dry
Packaging) of PWR for SC21 CASK (PDS Dry Storage

Facility, CNPGS Chashma, With Some Modifications) Be
Adopted for TRISO Spent Fuel of HTGR Up To

» Canister Interiors & Spent Fuel Surface Area= §00m2
» Canister Void Vol.= 4m3
» Canister Decay Heat=15000W
» Compliance To Regulatory Requirement ASTM-1553, NUREG-

1536 For Dry Packaging of Spent Nuclear Fuels




