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- DOE SNF Road-Ready Demonstration A [

Project Strategic Framework for
DOE-Managed Spent Nuclear Fuel

« 1995 Department of Energy (DOE)-Idaho
Settlement Agreement

- Strategic Framework for DOE-managed Spent
Nuclear Fuel (SNF) - Road-Ready Dry
Storage (RRDS)*

* Road-Ready Demonstration Project**

—ldaho Environmental Coalition-led with
Battelle Energy Alliance support

— Develop hardware, processes, and
regulatory framework for packaging SNF for
RRDS |

*Road-ready dry storage meaning packages capable of long-term storage, transportation, and disposal with
minimal handling.
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**Formerly DOE SNF Packaging Demonstration



- DOE SNF Road-Ready Demonstration Objectives
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Example transportation
package, Holtec International
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Lift Ring (both ends)
Vent Plug
Vent Socket

- DOE Standard Canister .

_ Material: 316L Stainless Steel
Canister Head

’ Sealed CaniSter for diverse (bothends) Nominal Outside Diameter: @18 in
S N F Impact Limiter . .
] (both ends) Overall Length: 15 ft.
* No safety credit to SNF Backing Ring | |
. . Wall Thickness: 3/8 in.
characterization Canister Shll

Maximum Gross Weight: 6,000 Ib

- Certified with the storage
and transport system.

- Stainless steel
* Impact protection
* No shielding

Vent Plug
Impact Plate R ot

(bOth ends) Vent Socket Weld

Canister

Head

Circumferential/
Pipe Weld
O

Canister Shell \
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DOE Standard Canister Closure Weld
Leak Test

= ;:c Eﬂﬁ?ﬂ:::: :‘:::iioio;m:;“
. e std-cc/sec of 1 cc bubble
) Drlven by ANSI ANSI N14.5-2014 ( / )
N14.5 Standard 1 Water running .1 sec

- 10 CFR 71 102 Water dropping 10 sec
NUREG-2216 104 Water tight > 15 min

- 10 CFR 72, 106 Bacteria tight > 1 day
NUREG-2215

10”7 “Leaktight” -

108 Virus tight > 100 days
1010 Gas tight > 30 years
1012 Technically tight > 1000 years

* Acceptance
criteria;: 1E-07
Std_c C /S eC (“Ieak IA:me:c:.nNa‘tioll::lStsfnldard
tight"). o Radivactive Mateials —

Leakage Tests on Packages for Shipment
* Helium leak test
performed via
“inside-out”
technique.

Pfeiffer Vacuum, Leak Detection Compendium, 2013

_ _ _ IDAHO NATIONAL LABORATORY
ANSI - American National Standards Institute



ll Closure Weld Leak Test — Helium-Filled Container (“Cup Test”)
) Vacuum

Calibrated Helium

Leak Standard Helium Mass
Spectrometer

Leak Detector

Evacuated |
Envelope —
(Enclosure)

r———"—

— — @ Tracer

Mechanical Seal Test Item

(DOESC)
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Mechanical Seal

DOESC (Empty)
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- Closure Leak Test Assembly Design

—— Calibrated Leak

4—— Leak Standard Protective Cage

Lift Point

-1“!I-1ﬁ_ F: — Bearing Plate

«— Pipe

Inflatable Seal
Stem Connection
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__ DOESC (Empty)

i4— Inflatable Seal
<— Seal Ring




Il Mechanical Seal Testing

Testing Leak Tightness of Full Scale Leak Test Assembly Enclosure (No Inflatable Seal)
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Helium Mass

Spectrometer

Leak Detector
& Vacuum Pump

Leak Test
Assembly

Bolting on Seal Ring and T-Seal on 1:3 Scale
Leak Test Enclosure Assembly
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Vacuum Pump Close Calibrated Leak

\7 Vacuum Pump

- Leak Test Operation Leak Detector & W

Open Calibrated Leak I

He

He

He

A

Close Calibrated Leak

Place Leak Test Assembly Establish Background + Test Article Leakage
] ) Inflate Seal
Sealed/Pressurized DOE Standard Canister Open Calibrated Leak If Leak Rate (Background + Test Article)
Standard Temperature/Pressure Environment (~5 ppm He) > 1E-07 std-cc/sec > FAIL

Background Helium (Unknown Rate)
Test Article (Canister) Leakage (Unknown Rate)
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Inflatable Seal Leak Test

KR T T

Helium Mass
Spectrometer
. Leak Detector _.

\\

Stem
Penetrating
Seal Ring @45.7 cm
I Test Plug
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- Inflatable Seal Leak Test Results

- Background leakage through inflatable seal
exceeds acceptance criteria

- Background signal “masks” any potential te
article leakage - automatic fail

Leak Rate  <1E-07 std-cc/sec  1.1E-07 std-cc/sec
10/22/23

Vacuum <50 mTorr 40 mTorr

Leak Rate  <1E-07 std-cc/sec  1E-01 std-cc/sec
5/06/23

Vacuum <50 mTorr 750 mTorr

st

Fail
Pass
Fail
Fail

Leak Rate (std-cc/sec)

Vacuum (mTorr)

1E-01 —

1E-02 —

B OB B B B B
8 S 8& 8 8 8
| | | | | |

Leak Test Assembly
Vacuum Test

Static Seal Test Inflatable Seal Test

Leak Test Assembly
Leak Test

Static Seal Test Inflatable Seal Test
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- Further Work

 Further inflatable seal testing

— Fiber-reinforcement (high operating
pressure)

— Superior seal profile (higher pressure
differential)
* Response time testing
- ~30 ft. vacuum tubing

» Design modifications
— Lead-in for crane operation
— Vented fasteners for artificial leaks
— Welded plumbing penetrations

IDAHO NATIONAL LABORATORY




Extra Slides
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- Field Test vs. Shop Test

FIELD TEST
Vacuum
Standard
Leak
Detector
I N Va uu_mﬁl
I
Hood or | ’ | Test Volume
“Bell Jar” | (DOESC)
—> -
I I
% _P

Mechanical Seal 1E-04 Air

FIELD TEST

SHOP TEST

Vacuum
Standard

Leak

Detector

' 7 11 Vacuin

<'|—Test Volume

<=
1E-04 He | |

=% ' Plug (No Tracer) -
Mechanical Seal

Hood or
“Bell Jar”

44
/

SHOP TEST
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- Field Test vs. Shop Test

FIELD TEST
Vacuum
Standard
Leak
Detector
I N Va uu_mﬁl
I
Hood or | ’ | Test Volume
“Bell Jar” | (DOESC)
—> -
I
L —_

I
_ ? ]
Mechanical Seal 1E-04 Air

FIELD TEST

Only a very small fraction of air leaking into
the Leak Test Assembly is helium. This means
only a small fraction is contributing to
background.

1E-04 std-cc Air

Helium background
leaking through bell

jar (5 ppm)
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Il Ficld Test vs. Shop Test

Pn . . L-P
L= Lm'P—t ,:1};;\:;;1.5-2022, Equation B.15 (Correct for tracer gas partial L, = t ANSI N14.5-2022 Equation B.15 solved for measured leak rate
_ Pm
L= 1.10_4.atm.ﬂ Volumetric leak rate (air leak) pass inflatable seal during closure leak test 5 ppm He 498 x 10
seC
=19
P, := l-atm Atmospheric pressure of air outside Bell Jar during closure leak test 50 ppm He 4.98 x 10 3 M dleak q dece/
L L O] _g | std-cm easured leak rate convgrte_ t_o std-cc/sec.
5 m_std m’ - std 9.97 x 10 sec Recall that acceptance criteria is 1E-07
50 _ std-cc/sec
_6 . o 100 ppm He 498x 10 °
Che=| 100 |-10 Background concentration of He in air (ppm)
500 500 ppm He ¢ 9.97 x 10 5
1000
' 1000 ppm He
stdi=1
3 -1 3 . . .
Cyd= [atm'cm J .59'8.Std'cm Dimensional factor for converting atm-cc/sec to std-cc/sec DeteCtor readlng Wlth d lE'O4 Std-CC/SeC air Ieak
sec 60 sec . .
assuming different He backgrounds
Leak rate
atm-cc/s mbar-L/s TorrL/s Pa-m®/s sccm
atmrce/s 1 1.013 0.759 01071 59.8
mbar-L/s 0.887 1 0.75 0.1 59.2
Torr-Lis 1.32 1.33 1 0.133 7889
Pa-mi/s 9.87 10 7.5 1 592
scem 0.0167 0.0169 0.0127 0.00769 1

Assume that the absolute partial pressure of Helium remains constant at varying pressure.

Py =Py Crye
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Battelle Energy Alliance manages INL for the U.S. Department of Energy’s Office of Nuclear Energy.
INL is the nation’s center for nuclear energy research and development, and also performs research
in each of DOE’s strategic goal areas: energy, national security, science and the environment.




