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The result of a preliminary safety assessment that was completed by applying the radionuclide inventory calculated on the
basis of available data from radioactive waste generation agencies suggested that many difficulties are to be expected with
regard to disposal safety and operation. Based on the results of the preliminary safety assessment of the entire disposal
system, in this paper, a unit package exceeding the safety goal is selected that occupies a large proportion of radionuclides
in intermediate-level radioactive waste. We introduce restrictions on the amount of radioactivity in a way that excludes the
high surface dose rate of the package. The radioactivity limit for disposal will be used as the baseline data for establishing
the acceptance criteria and the disposal criteria for each disposal facility to meet the safety standards. It is necessary to draw
up a comprehensive safety development plan for the Gyeongju waste disposal facility that will contribute to the construc-

tion of a Safety Case for the safety optimization of radioactive waste disposal facilities.
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Table 1. Predicted amount of the low and intermediate-level radioactive waste generation: Trend [2]
(Unit : 200 L package)

Nuclear Power Plant(NPP)

Year Non-NPP Total
Operation Decommissioning Total
2020 117,787 - 111,787 43,754 155,541
2030 138,187 5,800 143,987 51,224 195,211
2040 160,587 174,000 334,587 58,694 393,281
2050 177,587 243,600 421,187 66,164 487,351
2060 190,287 307,400 497,687 73,634 571,321
2070 202,287 348,000 550,287 81,104 631,391
2080 213,087 348,000 561,087 88,574 649,661
2090 216,887 423,400 640,287 96,044 736,331
2100 216,887 522,000 738,887 103,514 842,401
Production Rate 25.7% 62.0% 87.7% 12.3% 100%

Table 2. Predicted amount of the low and intermediate-level radioactive waste generation: Classification [2]
(Unit : 200 L package /until 2097yr)

Nuclear Power Plant (NPP)

Total
. . Non-NPP

Classification Operation Decommissioning Total (Ratio) Agl opnt
(Ratio) (Ratio) (Ratio) (Ratio)
ILW 18,262 20,280 38,542 3,760 42,301
LLW 163,431 138,583 302,014 64,877 366,890
VLLW 35,195 324,003 359,198 31,611 390,809
Total 216,887 482,866 699,753 100,247 800,000
Amount (27.1%) (60.4%) (87.5%) (12.5%) (100%)

Table 3. Applied amount for the development of disposal facility
(Unit : 200 L package/until 2097yr)

Total amount . I - . 2 - . 3 . . 4 .
disposal facility disposal facility disposal facility disposal facility
Total 800,000 130,000 250,000 300,000 120,000
LW 50,000 50,000 . ; y
LLW 370,000 50,000 220,000 - 100,000
VLLW 380,000 30,000 30,000 300,000 20,000

JINFCWT Vol.15 No. 1 pp.65-82, March 2017 67



Kang Il Jung et al. : Prediction of Radionuclide Inventory for Low- and Intermediate-Level Radioactive Waste by Considering Concentration Limit

of Waste Package

Table 4. Summary of radioactive waste amount according to the waste classification

(Unit : 200 L package/until 2097yr)

Operation ~ Decommissioning KAERI KNF RI Spent Asphalt Industry Total amount
Total amount 216,887 482,866 49,894 35914 5,760 1,496 7,183 800,000
ILW 20,372 24,978 2,944 1,095 611 - - 50,000
LLW 164,283 140,480 33,092 23,287 178 1,496 7,183 370,000
VLLW 32,232 317,408 13,857 11,532 4,971 - - 380,000
Table 5. Summary of radioactive waste amount according to the disposal facility
(Unit : 200 L package)
ILW Operation Decommissioning KAERI KNF RI Industry Total amount
lst
Disposal facility 20,371 24978 2,945 1,096 610 - 50,000
LLW Operation Decommissioning KAERI KNF RI Industry Total amount
151
Disposal Facility 34,733 9,440 3,580 . 25 - 50,000
nd
A 91,083 87,160 19,355 13,619 104 8,679 220,000
Disposal Facility
4Ih
. - 38,467 43,879 10,158 7,446 50 - 100,000
Disposal facility
VLLW Operation Decommissioning KAERI KNF RI Industry Total amount
oo 16,544 11,059 1,094 910 393 - 30,000
Disposal facility
2 2,545 25,059 1,093 911 392 - 30,000
Disposal Facility ’ ’ ’ )
rd
A 11,446 264,584 10,942 9,104 3,924 - 300,000
Disposal Facility
th
e 1,696 16,705 730 607 262 - 20,000
Disposal facility
N o2 FAE] AN ES ARG ok ARFS B, Table 5= F918 7h A RA A 0] 4
7} ARAE Ai27best #4918 12A @9 olfeE A BrES AR
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Fig. 1. Well(Well 1) Scenario Result of 1* stage disposal facility(based on inventory evaluation A).
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Fig. 2. Exception of ILW surface dose for establishment of concentration limit (Concrete-lining spent filter in Wolsong 1, evaluation A).

393} 59 Afol), &

FHOE 100 m oA SN B ] AFL 05T
o o3t A5 BEA 272 Fels At

ol W} A HAH B RAE nHE] H8) 7= 94
H7be B2=A gy o] vls] A 2] 2 A o #H A A
e AR R 9 A Bl e 7}7@4&0
kol A Hzko 2 WAL vledst 3l Az el Hrply o
WAPs 22 ARSI,

2 Hel3le] A&

o|#st Hr}

%H WA 71% <

SoTe o] s
FEol e X
ol A 2Jahe
C T IR
Qul gz A}
- A& A7)
i
- HSERAE 2795

72

S
By

At

Ce ERAYES PAHII L Aslste] 35
2L A ANHE AFADRE o
A P REA ERS WA 02 Felgih
F AR SEA G B A AR TR
& AR 37154 A 9] gt

sz ek BA A3} vce] Ao HeA FEERRE
A& A 2k 43%, PTere 2 WY 238 Edlo|yd 4
EoX 99%2] FEE 7HAI= Ao 2 SRl webA H4
A T2 12242 T2 dgy 2agEgeldS ol
o2 ¥FEH F=E A Zlﬂo} AeHEFA 2L F7HEH B).
HrA Az FE] 49 ST A 211
o] W bs=F HlolHE 2 40}04 HC ol FEE1
Ron, T2 HHE FagEgtoly 3:%}%% FuAEF
< 20 mSv - hr' o]a7HA] A Eete] Al HE =&k
Fig. 22 €4 1 5= 7y FagEdto|ld 4=
9] FEuAEELe 293 2o H, Fig, 32 94 2, 3, 429
T2 Hdy F3AE IFEe THAHES A9t
OIE}. Table 82 7P of whet #| =2 1% 27
A Egtold TAES] WA ES Hlaste] YER o,

ol
O

L2

m{n
W
oy =
4

JINFCWT Vol.15 No. 1 pp.65-82, March 2017



Kang Il Jung et al. : Prediction of Radionuclide Inventory for Low- and Intermediate-Level Radioactive Waste by Considering Concentration Limit
of Waste Package

Surface dose
(mSv-hr)

1.00x103

E <considered package: 126> _,W

—-——=>
1.00x102 l
i <considered package: 71> >

20mSy-hr! ===

10010 w
g o

r &
1.00 — - 4

1.00x107" +

1.00x102 -
&

1.00x10°3
0 20 40 60 80 100 120 140

Package No.

Fig. 3. Exception of ILW surface dose for establishment of concentration limit (Concrete-lining spent filter in Wolsong 2, 3, 4, evaluation A).

Table 8. Comparison of package concentration according to concentration limit of ILW (evaluation A and B)

HWR dry of spent resin HWR concrete-lining of spent filter
Nuclide
Evaluation A Evaluation B Evaluation A Evaluation B

‘H 1.60x10" 1.60x10" 1.58x10" 3.53x10"
14C 6.35x10"° 2.12x10" 4.64x10" 3.38x10°
*Fe 3.44x10° 3.44x10° 4.97x10" 1.79x10"
%Co 3.14x107 3.14x107 1.98x10' 5.59x108
%Co 5.48x10° 5.48x10° 4.96x10" 1.41x10'
*Ni 1.31x108 1.31x10* 6.43x10" 8.31x10’
Ni 6.90x10° 6.90x10° 1.33x10% 5.99x108
St 2.64x107 2.64x107 1.03x10" 1.05x10"
*Nb 7.99x10° 7.99x10° 3.99x108 1.16x107
"Te 7.57x10° 7.57x10° 1.05x10" 3.70x10"
127 2.00%10° 2.00x10° 5.23x10¢ 1.60x10°
57Cs 1.32x10° 1.32x10° 1.69x10" 5.19x10°
#Ce 1.96x107 1.96x107 7.83x107 1.52x10°
Gross a 1.20x10° 1.20x10° 1.17x10® 3.32x106
Total Activity 2.41x10" 1.98x10" 1.60x10" 3.56x10"
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Fig. 4. Well(Well 2) Scenario Result of 1* stage disposal facility (based on inventory evaluation B).
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Fig. 5. Well(Well 1) Scenario Result of 1* stage disposal facility (based on inventory evaluation B).
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Fig. 6. Exception of ILW surface dose for establishment of concentration limit (HIC-PE spent filter in Hanul 1, evaluation B).
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Fig. 7. Exception of ILW surface dose for establishment of concentration limit (Concrete-lining spent filter in Kori 1, evaluation B).
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Fig. 8. Exception of ILW surface dose for establishment of concentration limit (Concrete-lining spent filter in Kori 2, evaluation B).
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Fig. 9. Exception of ILW surface dose for establishment of concentration limit (Concrete-lining spent filter in Hanbit 2, evaluation B).

i1, @ HIC-PE #|4A]e] ZAXFE

OIEi T 5 Etﬂd&gw 00x 10" mSv - hr! ]S
S A9t eHFig. 6 #Fx]. w3 @ ZATE

gholyd HHEle] THXFE ol T =& udF

JINFCWT Vol.15 No. 1 pp.65-82, March 2017

B (20 mSv - hr' oHS 7HH TAES 295 %tHEE A

% Hr7PEC). EagEgleld #HlEEH F Fig. 72 18]
9k Fig. 82 18] 24t Fig. 92 3hdl 2uto] FHMHES

Aol ot

77



Kang Il Jung et al. : Prediction of Radionuclide Inventory for Low- and Intermediate-Level Radioactive Waste by Considering Concentration Limit

of Waste Package

Table 10. Comparison of package concentration according to concentration limit of ILW (Evaluation B and C)

HIC-PE of spent resin

Concrete-lining of spent filter

Nuclide
Evaluation B Evaluation C Evaluation B Evaluation C

‘H 8.12x10° 8.06x10° 2.23x10° 5.90x10°8
“C 1.25x10" 5.02x10' 6.23x10' 1.53x10'
“Fe 2.62x10" 9.90x10" 7.71x10" 1.78x10"
%Co 3.91x10" 3.51x10" 2.79x10' 6.26x10°
%Co 7.23x10" 4.68x10" 1.09x10" 2.49x10'
*Ni 3.51x10M 5.14x10' 5.76x10° 1.15x10°
3Ni 2.60x10" 2.19x10" 3.51x10M 7.28x10'
St 4.00x10° 1.46x10° 2.67x108 1.81x108
*Nb 3.13x108 1.57x108 8.96x10° 3.67x10°
“Te 8.55%107 3.31x107 7.16x108 4.25x108
1297 2.18x10* 1.10x10* 1.15%10° 6.49x10*
B1Cs 1.58x10" 7.95%101° 1.28x10° 7.22x108
4Ce 6.99x10’ 6.68x10'° 8.59x107 6.16x107
Gross a 1.65x107 1.07x107 6.81x107 1.56x107
Total Activity 6.98x10" 4.19x10" 1.33x10" 3.01x10"
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Fig. 10. Well(Well 1) Scenario Result of 1* disposal facility (based on inventory evaluation C).
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Table 12. Concentration limit establishment process for ILW of 1% disposal facility
Evaluation (A) Evaluation (B) Evaluation (C)
Satisfaction of Well 1 unsatisfied unsatisfied satisfied
Performance goal Well 2 unsatisfied satisfied satisfied

1. HWR Concrete-lining of spent filter
* Below the surface dose 20 [mSv-hr ']

1. HWR Concrete-lining of spent filter 2. HWR Dry of spent resin

Establishment of * Below the surface dose 20 [mSv-hr'] * Below thg concentratior}] .,
concentration limit for - 2. HWR Dry of spent resin 3.18x10" [Bq-Package™'] of “C
applied package * Below the concentration 2.12x10' 3. HIC-PE of spent resin
[Bq-Package™'] of “C * Below surface dose 7.00x10'? [mSv-hr~']
4. Concrete-lining of spent filter
* Below the surface dose 20 [mSv-hr']
AI(.:;I\‘II;:V 1 il 4,000 Bq- g™ for alpha-emitting
""""""" I;t'--'-----__-------_-------__- radionuclide having a half-life
BB SStmation longer than 20 yrs
Well scenario & 4
Estimation
WeII_1,2 _—— (B)
TEEE R Well scenario
Onlywell2 Estcha)tlon
satisfied =—=—== &— 1"disposalfacility
Well scenario Concentration limit
ILW
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satisfied
______________________________________ Concentration
limit of ILW
LLW

Fig. 12. Concentration limit establishment process for ILW of 1% disposal facility.
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AP 7)ol el A1 40l AR o] Wag

)
=
ig. 13& AZA o] A &hAlsFA

Ao dActH) F 5
AA(GHE YER AT

2 98 F7HA2l A
7)ol BB B Susle] A&H o2 wekd Aolw,
A3 A o] A AR A & A o Tk Al A H o] Al
Sl @A77} o] Fol Ao gk

B =R Seluel FAZPAA IS B
Holel7t A EIR oM, o] 5 HlolE 5S4, 713 2 AIF
sho] 74 FESAAAYF, FHAAGATY 22 @
AYAG AR HFAR Sof S0 Zlo] WAk =gt

REFERENCES

[1] Korea Radioactive Waste Agency, Management plan
for Low- and Intermediate-Level Radioactive Waste
(2015).

82

[2] K.I. Jung, N.G. Jeong, Y.P. Moon, M.S. Jeong, and J.B.
Park, “Prediction of Radionuclide Inventory for the
Low- and Intermediate-Level Radioactive Waste Dis-
posal Facility by the Radioactive Waste Classification”,
INFCWT, 14(1), 63-78 (2016).

[3] Korea Hydro and Nuclear Power Co. Ltd., Surface dose
of low- and intermediate-level radioactive waste (2014).

[4] Korea Atomic Energy Research Institute, Activity of
low- and intermediate-level radioactive waste (2014).

[5] Korea Electric Power Corporation Nuclear Fuel Com-
pany, Activity of low- and intermediate-level radioac-
tive waste (2014).

[6] Notice of the Nuclear Safety and Security Commission,
Regulations for Criteria on the Classification and Clear-
ance of Radioactive Waste, Notice No. 2014-03 (2014).

[7] K.I. Jung, J.H. Kim, M.J. Kwon, M.S. Jeong, S.W. Hong,
and J.B. Park, “Comprehensive Development plans for
the LILW Disposal Facility in Korea and Preliminary
Safety Assessment”, INFCWT, 14(4), 385-410(2016).

[8] Organization for Economic Cooperation and Develop-
ment Nuclear Energy Agency, Shallow Land Disposal
of Radioactive Waste-Reference Levels for the Accep-
tance of Long lived Radionuclides (1986).

[9] Korea Hydro and Nuclear Power Co., Ltd., Devel-
opment of Performance Assessment Methodology
for Establishment of Quantitative Acceptance Cri-
teria of Near-Surface Radioactive Waste Disposal,
TR.0INC03,C2003.2 (2003).

[10] Goldsim Technology Group, Goldsim Containment
Transport Module User’s Guide, Version 6.4 (2014).

[11] Agence nationale pour la gestion des déchets radio-
actifs (ANDRA), National Inventory of Radioactive
Materials and Waste- Synthesis Report (2004).

JINFCWT Vol.15 No. 1 pp.65-82, March 2017





