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Based on spent fuels characteristics from domestic nuclear power plants and a disposal scenario from the current basic plan for high-level
radioactive waste management, an improved disposal system has been proposed that enhances disposal efficiency and economic effective-
ness compared to the existing disposal system. For this purpose, two disposal canisters concepts were derived from the length of the spent
fuel generated from the nuclear power plants. In the disposal scenario, the acceptable amount of decay heat for each disposal container
was determined, taking into account the discharge and disposal times of spent fuels in accordance with the current basic plan. Based on the
determined decay heat of the two types of disposal canisters and the associated disposal system, thermal stability analyses were performed
to confirm their suitability to the proposed disposal system design requirement and disposal efficiency assessment. The results of this
study confirm 20% reduction in the disposal area and 20% increase in disposal density for the proposed disposal system compared to the

existing system. These results can be used to establish a spent fuel management policy and to design a viable commercial disposal system.
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Table 1. Reference Spent Fuel

Nuclear Power Plants

Type Dimension (cm) Initial Enrichment Discharged Burn-up Cooling Time
PLUS-7 Section : 21.4 x21.4 4.5wt% 55 GWd/MtU 40 yr.
Length : 453
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Fig. 1. A concept of the reference spent fuel disposal system [4].
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Fig. 2. Result of thermal analysis for the reference spent fuel disposal concept [4].
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Table 2. Dimension of spent fuels generated from PWR in Korea [6]
Dimension (cm)
Nuclear Power Plants Weight/Assembly (kgU) Remark
Length Width
Kori#l 406 19.7 360 S-SF
. (Short-Spent Fuels)
Kori#2 406 19.7 410
Kori#3,4 406 21.4 460
Hanbit#1,2
Hanul#1,2 (WH Type)
Estimated Arising 14,133 Assemblies : about 22.6%
Hanbit #3,4,5,6 453 20.7 431 R-SF
Hanul #3,4,5,6 (Regular-Spent Fuels)
SinKori#1,2
Sinwolseong#1,2
(Standard Type)
SinKori#3,4,5,6 453 20.7 431
SinUljin#1,2,3,4
(APR 1400)
Estimated Arising 48,287 Assemblies : about 77.4%

Table 3. Spent fuel arising from domestic nuclear power plants

Accumulation (Assemblies)

Year

S-SF R-SF SUM
2018 11,084 7,515 18,599
2028 14,133 16,728 30,861
2040 28,105 42,238
2050 35,120 49,253
2060 39,841 53,974
2070 43,841 57,974
2080 47,739 61,872
2082 48,287 62,420
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# Decay Heat Regression Equation
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Fig. 3. Decay heat of the reference spent fuel [7].

Table 4. Coefficient of regression equation for decay heat

y0 x0 Al tl
10 <t <100 297.9526 0.7805 3218.3828 2.9441
100 <t <1000 32.1858 101.6499 146.7649 40.5612
A2 t2 A3 t3
10 <t <100 10394.9385 1.0966 2036.4309 42.7499
100 <t <1000 110.4017 121.2880 197.2185 622.1932
Table 5. Spent fuels cooling time at the time of disposal
S-SF R-SF
Cooling times (14,133 Ass. : 3,534 canisters) (48,287 Ass. : 12,072 canisters)
Canister Ass. % Accu. % Canister Ass. % Accu. %
60 years < 2,000 8,000 56.6 56.6 6,750 27,000 55.9
55 years < 750 3,000 213 77.9 3,000 12,000 24.8 80.7
50 years < 694 2,776 19.6 97.5 1,000 4,000 8.3 89.0
45 years < 90 357 2.5 100.0 1,185 4,739 9.9 98.9
43years < 137 548 1.1 100.0
3,534 14,133 100 12,072 48,287 100
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Table 6. Dimension of improved disposal canister

Item Disposal Canister Dimension (mm)
Fuel type R-SF S-SF
* Width/Length 214 x214/4,530 214 x 214 /4,060
Fuel channel
+ Width/Length 235x235/4,550 235 x235/4,080
* Distance between channels 120 120
* Channel edge radius ~15 ~15
Cast Iron Insert
* Length 4,680 4210
¢ Diameter 930 930
* Bottom thickness 80 80
* Lid thickness 50 50
Copper shell
* Length 4,780 4310
* Diameter 1,030 1,030
* Bottom thickness 50 50
* Lid thickness 50 50
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Table 7. Decay heat of spent fuels
Time decay heat
Time after discharge Time after disposal Basis Disposal Canister Remark
[yr] [yr] [W/1tU] [W/canister]
40 0 1111.6 1915.5 Existing System
45 5 1021.8 1760.8 R-SF System
50 10 941.9 1623.1 S-SF System
100 60 497.9 858.1
200 160 262.6 452.6
300 260 198.2 3415
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lll s
|
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m
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Fig. 6. Calculation domain for thermal analyses [18].
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Table 8. Material properties for the thermal analyses

ltems Density Thermal Conductivity Specific Heat Ref
(kg m) (W/mt=J/s/mC) (J/kge) '
Copper shell 8,900 386 383 [4]
Cast insert 7,200 52 504 [4]
Bentonite (Buffer) 1,970 1.0 1,380 [19]
Crushed rock (80%) + Bentonite (20%) 2,270 2 1,190 [4]
(Backfill)
Granite (Rock) 2,650 32 815 [20]
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Fig. 9. The unit disposal area [21].
Table 9. Disposal efficiency analyses
Existing Improved Disposal System
. Remark
Disposal system R-SF Disposal system S-SF Disposal system
No. of assemblies 62,420 48,287 14,133
Canister dimension 1.03 x 4.78 1.03 x 4.78 1.03 x 4.31
(Dia. x Height, m)
Assemblies/canister 4 4 4
No. of canisters 15,605 12,072 3,534
Disposal Tunnel spacing (m) 40 40 40
Deposition Hole spacing 9 7.5 7
Unit disposal area (m?) 360 300 280
Disposal area (km?) 5.62 3.62 0.99 82%
(Reduction : 18%)
4.61
Disposal density (kU/m?) 4.79 5.83 121.7%

(Increase : 21.7%)

6. HAE AEAAD GEEA
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Table 10. Economic analyses

Improved Disposal System

Existéng Disposal Volume Reduction
ystem R-SF S-SF Sum
No. of SFassemblies 62,420 48,287 14,133 62,420
Canister Dimension 1.03 x 4.78 1.03 x 4.78 1.03 x 4.31 -
(Dia. x Height, m)
Spacing (DT x DH, m) 40x9 40%x 7.5 40 x 7 -
No. of Canister 15,605 12,072 3,534 15,606
Cu Volume (m°) 12,543 9,703 2,585 12,288 255 (2,268 ton)
Cast iron Volume (m®) 33,925 26,244 6,922 33,166 759 (5,466 ton)
Bentonite Volume (m®) 229,865 177,823 49,446 227,269 2,596 (4,154 ton)
Table 11. Decay heat for each disposal canister
Item S-SF R-SF
Cooling Time 50 year 45 year
Decay Heat (W/canister) 1,620 W 1,760 W
meb] DR E w5 AR Tl LAl FrE  AREAL 461 kA 72 ARA2Ee] wrwAgl
g AERA AR B ARG\ 58 Fote] FAY  5.62kneol Hlsho] o 20 P £, SlWAT A
% Qleh. A BRI B wl, A ARAEe WAL H R PsE e dE dehie ARURe] Yo E A
A5 5 YES AR BY 0 ARF AL A B ARAE 5.83 kU/meeA] 71E HRA e 479 kU/
Aol wigtals}e, oleldt Bl AR WAL vlmelel AR¥E  mehu] oF 200 o) BN TS
& 9 AAYE BYsaA st

Aol W2 e Astel AT AR ol A8
23] dol we} 255 0) ARA LD
AZT el AREEE AL, Table9

ol w}* %47—}7]{}(
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