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Experience in manufacturing
a disposal canister

Heui-Joo Choi and Minsoo Lee
Korea Atomic Energy Research Institute
hjchoi@kaeri.re.kr
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[Deep geological disposal],
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Wasteform (HLW):  Storage canister
Monazite ceramic
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Disposal canister: Buffer:
Copper-Cast iron Ca-bentonite _
Cold Spray Coating Domestic, Kyeongju Geology: granite

KURT study site

A-KRS, concept of a multi-barrier system 4
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» Safety Principles for the KBS-3 repository

— The primary safety function of the barrier is to contain the fuel within a
canister

— The secondary safety function of the barrier is to retard a potential release
from the repository

— The engineered barrier shall be made of naturally occurring material that are

stable. Safety functions related to containment

Canister

Can2. Withstand isostatic load Can3. Withstand shear load
Load < 45 MPa

Buffer
Buff3. Damp rock shear
Density < 2,050 kg/m*

Buff6. Limit pressure on canister and rock
a) Swelling pressure < 15 MPa
b) Temperature > -4°C 5




= M St X}




F|-F
F|-F

Nickel alloy-22

7254

2t X9

H
IH

ol
104
olo

P XS

1ol
H

ol
~NO

F
!

F

KURT &}

et X[

H

ol
Kl

27}
A9

rud
[EN

O|=-Yucca

KAERI

ZHLFCE

<]
0
H]

2| 1 HA

OF




ofel M=&7| Nz ¥

- 2YHETE MEEI| R
- 72|-F2 0|8 87|: 725 FM 49 mm/EZE 1,050 mm/Z 0| 5,223 mm, PWR SNF 4 C}HE

« AQYEJEEIESMEZET| MA T E: 37X Y- L S
—  A9J5l SKB: Extrusion (A3 &7 E Wyman Gordon Ltd), Forging (2] &l Scana Steel
Bjorneborg)
— EI2FE POSIVA: Pierce-and-Drawing (= € Vallourec & Mannesmann), O] 814 2 HIEIHX| =
Aol M| 7S
— Copper billet: 2t = Luvata Pori Oy
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EPR-type

Profiles: square tube 260x260x12.5
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« FHLICFNWMO M2 87| 7] &
- FE-FEH 0|z 87|: fElE FH 3 mm/ElE 600 mm/Z 0| 2,500 mm, CANDU SNF 48 C}&F
F2| 282 27| 47 25 mm ->3mm £ (202 2 B}, FF)
« FHLtCte] 7"|-.-_- 7| M=
— Body £ &: Electrodeposition
— Welding £ &: Cold Spray Coating (KAERI Z| X 7] XF=2)
— A2{A Nagra, @= RWM, M| 3 Surao 3 Xl &

Manageable weight

Integral backing with partial

3 mm Integral Copper Coating

_ : I

Hemispherical Heads

$2 Billionin Savings
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* What is the solution?

v
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According to Canadian approach, NWMO estimates the corrosion depth of
copper under the very similar disposal conditions to be 1.27 mm for 1
million years. Also, the thickness of the disposal container is 3 mm.

Since 2007, KAERI develops a new technique for manufacture a copper
layer over nodular cast iron. It is a cold spray coating.

According to our design, we need a 10 mm copper layer.

We are trying to develop a cold spray coating machine for a large size
copper canister. So far,_ we can make around 400 mm x 1200 mm size
canister with 10 mm thick copper layer.

If we succeed, we can save more than 80% of copper.

For the successful application of this new technique, we have to
demonstrate the corrosion resistance of cold sprayed copper.
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SWEDEN-SKB
KOREAKAERI FINLAND-POSIVA
Disposal wastes PWR SNF &Ceramic HLW? BWR & PWR SNF
Canister Lifetime (year) < 1,000 < 100,000
Disposal canister
*Materials *Cu-Fe3 *Cu-Fe?

*Manufacturing
*Dimension(cm)

*Cold Spray Coating*
*D103x H173

*Forging, Extruding, Pierce-and-Draw
*D105xH484

*Weight(ton) 7.2 *‘BWR 25, PWR 27
*Thickness(mm) *Cu 10 *Cu 50

*Welding Method *Cold Spray Coating Friction Stir Welding
Protective Layer Cu Cu

«Corrosion Rate

<1 uml/year -> 0.2 um/year

< 0.5 um/year?

Buffer

Ca-bentonite

Na-bentonite

Disposal site
*Rocks

*Depth (m)
*\Water condition
*Oxygen condition
*Temperature (°C)

*Granite
*500
*Saturated
*Oxy-free
100

*Granite
*500
«Saturated
*Oxy-free
«100
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Cold Spray Coating TechniqueO|Zt?
%o%per powder: 1 to 50 um in diameter, heated to about 400°C prior to
eeding.

Carrier %as: Inert gas at a supersonic speed of 400 to 450 m/sec through a
nozzle. Heated to around 550°C before mixing.
Coating: achieved by plastic deformation of metal particles.
Merits:
— Avoids oxidation or phase transition of metal
— Minimizes the thermal impact on a substrate
— Creates a thick coating layer with low residual stress

7N
Powder N~
Feeder Spray
Nozzle
GaS Tan k : it P T ol Rt Tl i Tl Tl "ﬂ |:
Powder N~
Heater .
Coating
Layer

Carrier
Gas
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Disposal Canister: manufacturing /2012-2015/

€ Cold Spray Copper canister
v KAERI designed several kinds of 50 mm copper-cast iron disposal canisters for
PWR and CANDU spent fuels based on extruding from 2003 to 2006.
v' Compared with the lifetime of 100,000 years, the thickness of 50 mm seems to be
over-designed.

v KAERI team tried to find a new technique to manufacture a thinner copper
canister since 2007. And the Cold Spray Coating (CSC) method provided a good
performance copper layer and showed a good engineering feasibility.

v' In 2015, a large-size disposal canister, 400 mm in diameter and 1,200 mm in
height, was manufactured with a thickness of 8 mm(after machining).
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Disposal Canister: welding /2012-2015/

€ Cold Spray Coating (CSC)

v KAERI tested the sealing performance of CSC between both CSC copper body vs.
normal copper lid and normal copper lid vs. cast nodular iron body

v Their sealing performance was checked by a Helium leak tester.

@ Friction Stirred Welding (FSW)-2A ||l HFAl
v KAERI tested FSW between 10 mm thick CSC Cu coating and normal cu plate to
get a sealing method of a disposal canister.

v' Before the FSW test, Bead-On test was done on the CSC Cu plate.

FE m Bead on test FSW QtCH7| & test
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Disposal Canister: corrosion test
o KAERI has conducted three kinds of long-term corrosion experiment,

e More than 400 identical corrosion cells were put in a sealed bottle(Lab test), in a constant flowing
column(KURT 2nd), or in a chamber(3rd — 5th),

2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017

Lab. Test: finished

KURT 2"d: finished
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. . o Disposal Canister: corrosion test
€ Corrosion specimen: five kinds of metal

v Shape: coin type coupon /wrought copper, CSC copper, Titanium, Stainless steel, Cast Iron/
v" Size: 15 mm in diameter, 1.0 mm thick, 177 mm? of surface area
€ Buffer: two kinds of bentonite
v Size: 30 mm in diameter, 10 mm thick
v Material: domestic Ca- bentonite/MX-80 Na-bentonite
= Dry density: 1.6 g/m’
» Hydraulic conductivity: 7.6 x 101* m/sec
€ Corrosion Cell
v' Material: Ti
v 12 openings(D 3.0 mm) on top and bottom cell for groundwater exchange
v Temperature: 70°C and 30 °C
v Groundwater: from a borehole in the KURT

o
o B

TiCap ——>

TiFilter —— e

Copper ———— ===

Ti Vessel + Ti Filter
Compact Bentonite Block

Copper Canister SRR
Copper Coupon i
Underground Water / Hole -




Intensity

KAERI Approach: &7| BAl Al

€ 15t corrosion test: Lab test (for 2 yrs, 2008 —

2010)

v" Specimen: Tafa CSC, CS CSC, Extrude & Forging Cu, 6:4 Brass, Al bronze
v" Corrosion condition: 70°C, closed system(350 ml glass bottle)
v" Water: - 200 m deep borehole at the KURT

Sample Sampling Borehole | Sampling | Temp. | pH Eh EC DO TDS
no. Date depth (m) [depth (m)| (C) (mV) |(pS/cm) |(mg/L) | (mg/L)
TB-10 | 07-6-22 0:00 200 140~150 | 154 | 8.10 -384 159 0.02 | 246.6
Concentration (mg/L)
Na K Ca Mg Sio* Cl- | S0 | NO* F- | HCO; | COs” | HCO:+CO;
16.5 0.38 17.2 172 41.3 | 2.18 | 6.97 0.23 341 78.4 0.00 78.4

€ Corrosion rate: 0.10 ~ 0.15 um/yr

nnnnn

Cu (1113

Intensity

Cu (200)

cu 1)

Cu (200)

Intensity

Cu,0 (111)
cuo(111)

Intensity

#4

Cu0 11

l cu0 (11

Disposal Canister: corrosion test

—e— %2 Tafa

1|—=—#3 C5
—®—#4 Extrude
#5 Forging

G:4 Brass

1|—®—Albronze

Corrosion Depth (pm)

Caorrosion rate, /m/year
All Period R 12 Months R
Tafa CSC(#2) 4. 088E-01 0.862 9.702E-02 0,907
C3 C8C#3) 4. 088E-01 0,908 7.629E-02 0,589
Cul#4,#5) 3.B87E-01 0.928 1.321E-01 0.875
Naval Bass(#E) 1.814E-01
Al Bronze(#7] 2.851E-01
Copper(Total) 3.760E-01 0.875 1.471E-01 0.507
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Disposal Canister: corrosion test

« Very long-term corrosion test at KURT
v" Results from the second set: 670 days [2014]

v" We plan to publish an interim report on the long-term corrosion
experiment this year.

KURT, Ca-bentonite, 70 °C KURT, Ca-bentonite, 70 'C
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Modeling Strategy

= After meeting with UWO experts,
our modeling strategy changed
from developing our own corrosion
solver to using a commercial tool.

= COMSOL and Goldsim are selected.

Goldsim

= Mass balance

= Advective & diffusive mass transport,
chain decay,
dissolution, sorption etc.

= Finally, the corrosion model will be
coupled with a safety assessment model.

Fortran vs. COMSOL vs. Goldsim

ﬁ

Jan."16

» simple case: diffusion controlled corrosion Model
¢ adjustment
Compatibility ‘
Check No
J/ Yes
»= Fortran / COMSOL / Goldsim
*= Problem 1: Lab-test ﬁ
= Problem 2: KURT (test column) BC check
» Problem 3: KURT test (chamber) e

\;

Validation Check

(vs. exp. Results)

J/ Yes

No

COMSOL / Goldsim

Step 1: surface reaction rate

Step 2:reaction of corroding agent

Step 3: reaction in bentonite

Step 4: production of corrosion layer (moving
boundary)




Concentration (5 days)
T T ) T 4 T

1.0 T T T T T
TiCap —> 1l ——— Fortran
0.8+ —— GoldSim
Ti Filter - —— COMSOL
Compact — > | g 0.6
Bentonite =
2
Ti Body —> §
£ 04
8
Copper ———— == g
E= 8 42
HOIE ESSTTTTTTe
- ¥ 1y ¥ 0.0 T T T T T T T T T T T T
1111 00 01 02 03 04 05 06
Length [cm]
Concentration (30 days)
10 T T v T T T T T T
Model test —— Fortran
0.8 1 ——— GoldSim
x=0 X= _ —— COMSOL
|
k=)
: E 064
Bentonite c
Buffer 3
C(x,0)=0 € 041
D=0.003071 g
© 0.2
c(0 t) 1 (0. 7 ,£)=0
0.0 T T T T T T T T T T T T
Diffusion 0.0 0.1 0.2 0.3 0.4 0.5 0.6

Length [cm]
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