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An Analysis of the Deep Geological Disposal Concepts
Considering Spent Fuel Rods Consolidation

AGFHARE WYL TG YAFAE NG 24

Jongyoul Lee™, Hyeona Kim, Minsoo Lee, Geonyoung Kim, and Heuijoo Choi
Korea Atomic Energy Research Institute, 111 Daedeok-daero 989, Yuseong-Gu, Daejon, Korea

o] F*, Ao}, oW, AAY, BT
s g, H A GIA]  E R 9890 111

(Received August 26, 2014 / Revised September 24, 2014 / Approved November 7, 2014)

For several decades, many countries operating nuclear power plants have been studying the various disposal alternatives to
dispose of the spent nuclear fuel or high-level radioactive waste safely. In this paper, as a direct disposal of spent nuclear
fuels for deep geological disposal concept, the rod consolidation from spent fuel assembly for the disposal efficiency was
considered and analyzed. To do this, a concept of spent fuel rod consolidation was described and the related concepts of
disposal canister and disposal system were reviewed. With these concepts, several thermal analyses were carried out to
determine whether the most important requirement of the temperature limit for a buffer material was satisfiedin designing
an engineered barrier of a deep geological disposal system. Based on the results of thermal analyses, the deposition hole
distance, disposal tunnel spacing and heat release area of a disposal canister were reviewed. And the unit disposal areas for
each case were calculated and the disposal efficiencies were evaluated. This evaluation showed that the rod consolidation
of spent nuclear fuel had no advantages in terms of disposal efficiency. In addition, the cooling time of spent nuclear fuels
from nuclear power plant were reviewed. It showed that the disposal efficiency for the consolidated spent fuel rods could
be improved in the case that cooling time was 70 years or more. But, the integrity of fuels and other conditions due to the

longer term storage before disposal should be analyzed.

Keywords: Spent nuclear fuels, Deep geological disposal(DGD), Disposal efficiency, Rod consolidation, Disposal tunnel,
Deposition Hole, Cooling time
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Fig. 1. A concept of a disposal canister and an engineered barrier.
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Fig. 2. APWR spent fuel assembly and fuel rod[9].
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4780
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Unit: mm

Fig. 3. A disposal canister for rod consolidated spent fuel.
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P(t) = 881.99 exp(1/(0.23990 + 0.141124 1)
for 1<t<30 years
= 14545.68 t°"" for 30=1<10° years

Decay Heat (Watt/tHM)
=)
‘N

T T v T T T
10° 10' 102 10° 10* 10° 10°
Cooling Time after Discharge (year)

Fig. 4. Decay heat source from PWR spent fuel.
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B : Hole Distance x ¥2

Fig. 5. Calculation domain for thermal analyses.
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Fig. 6. Various canister concepts for case 2.

Table 1. Material properties for the thermal analyses

Items Density ~ Thermal Conductivity Specific Heat
(kg/m®) (W/mt=J/s/m<C) (J/kgt)
Copper shell 8,900 386 383
Cast insert 7,200 52 504
Buffer 1,970 1.0 1,380
Backfill 2,270 2 1,190
Rock 2,650 32 815
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Fig. 7. Thermal analyses results for case 1(fix: hole spacing).
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Table 2. Maximum temperature for the case 1(fix: hole spacing)

D.T. D.H. Max. D.T. D.H. Max.
Spacing Distance Temp. Spacing  Distance Temp.
(m) (m) () (m) (m) ()
40 134.2 40 128.1
12 24
50 (Case 1-1) 133.7 50 (Case 12) 128.0
60 133.6 60 127.9
40 129.4 40 127.7
18 30
50 (Case 1-3) 129.3 50 (Case 1-4) 127.6
60 129.2 60 127.5
135
138 N\ [DisposalTunnel |
E;_‘ Spacing
133 2 —T4m [
‘)1‘
132 R I
- \\‘ ...... T60m
% 131 “‘
N\
g 130 -\
& N
129
128 m
127
126
12 18 24 30
ion Hole Distance (m)

Fig. 8. Maximum temperature for the case 1.
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T : Tunnel spacing, B : Borehole distance,
H : Increase in canister height R : Increase in canister radius

Fig. 9. Thermal analyses results for the case 2.

Table 3. Maximum temperature for the case 2

D.H. Heat

Disposal Canister S alzi'nT.(m) Distance ~ Emission Ma?;cT)emp

pacing (m) Area (m’)
Existing Disposal System 40 6 12.25 <100
T40-B12-HS5-RS
(Case 2-1) 40 12 14.00 127.718
T40-B30-H10-R10
(Case 2-2) 40 30 16.04 117.30
T80-B12-H0-R60
(Case 2-3) 80 12 34.17 91.97
T80-B12-H50-R30
(Case 2-4) 80 12 26.17 100.54
T80-B12-H50-R50
(Case 2-5) 80 12 31.48 96.92

T : Tunnel spacing, B : Borehole distance,
H : Increase in canister height R : Increase in canister radius
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Table 4. Comparison between existing disposal system and rod
consolidated disposal system

Existing Disposal ~ Disposal system with
System rod consolidation
Capacity 4 Assemblies Rods from 8 assemblies
Disposal Size D102 x 485 D152 x 535

Canister Heat 1,540 W 3,080 W

Copper volume 0.76 m’ 1.30 m’
Hole distance 6m 12m
Unit disposal Tunnel spacing 40 m 80 m

area Unit area 240 960
Bentonite vol- M 3
ume

Disposal area per assembly 60 m’/ assembly 120 m’*/assembly
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Table 5. Decay heat from spent fuels according to the cooling time

Cooling Time ~ P(t) P(t) P(t) P(t) P(t)

Table 6. Comparison between existing disposal system and rod
consolidated disposal system with 70-year cooling time spent fuels

(yrs.) (WHHM)  (W/ass.) (W/4ass) (W/6ass) (W/8ass.) Existing Disposal Disposal system for
System rod consolidated spent fuels
“ 889.36 385.09 FUREIEEAY 2310.56  3080.74 (cooling time : 40 years)  (cooling time : 70 years)
50 751.04 325.20 1300.80  1951.20  2601.60 Capacity 4 Assemblies Rods from 6 assemblies
Disposal .
60 654.15 283.25 113299  1699.48 226598 Canister Size ®102 x 485 @102 x 485
582.05 252.03 1008.11 2016.23 Heat 1,540 W 1,512W
80 526.05 227.78 911.12  1366.68  1822.25 Hole distance 6m 6m
Unit
90 481.15 208.34 83335  1250.02  1666.69 disposal Tunnel spacing 40 m 40 m
area
100 44424 19235 76942 115413 | kRikk Unit area 240 240
110 413.29 178.96 715.82 1073.73  1431.64 Disposal area/assembly 60 m’/ assembly 40 m*/assembly
120 386.93 167.54 670.16 100524  1340.32
FoA BFAL Q= vle} o] AR A A A o
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