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Preliminary Radiation Exposure Dose Evaluation for Workers of
the Landfill Disposal Facility Considering the Radiological
Characteristics of Very Low Level Concrete and

Metal Decommissioning Wastes

Ho-Seog Dho'*, Ye-Seul Cho', Hyun-Goo Kang' and Jae-Chul Ha'
'Korea Radioactive Waste Agency, 174, Gajeong-ro, Yuseong-Gu, Daejeon 34129, Republic of Korea

The Kori Unit 1 nuclear power plant, which is planned to be dismantled after permanent
shutdown, is expected to generate a large amount of various types of radioactive waste during the
dismantling process. For the disposal of Very-low-level waste, which is expected to account for the
largest amount of generation, the Korea Radioactive waste Agency (KORAD) is in the process of detailed
design to build a 3-phase landfill disposal facility in Gyeongju. In addition, a large container is being
developed to efficiently dispose of metal and concrete waste, which are mainly generated as Very low-
level waste of decommissioning. In this study, based on the design characteristics of the 3-phase
landfill disposal facility and the large container under development, radiation exposure dose evaluation
was performed considering the normal and accident scenarios of radiation workers during operation.
The direct exposure dose evaluation of workers during normal operation was performed using the
MCNP computer program, and the internal and external exposure dose evaluation due to damage to
the decommissioning waste package during a drop accident was performed based on the evaluation
method of ICRP. For the assumed scenario, the exposure dose of worker was calculated to determine
whether the exposure dose standards in the domestic nuclear safety act were satisfied. As a result of the
evaluation, it was confirmed that the result was quite low, and the result that satisfied the standard limit
was confirmed, and the radiational disposal suitability for the 3-phase landfill disposal facility of the large
container for dismantled radioactive waste, which is currently under development, was confirmed.

Key words: Very-Low-Level Radioactive waste, Landfill disposal facility, Normal/Accident scenarios,
Exposure dose Evaluation, Radiational disposal suitability
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Table 1. Design specification of PT1 container

Type

PT1

3D view

Size [mm]

(W)1,600 x (L)3,400 X (H)1,200

Composition

Metal container

Weight [ton] 35t (Container 2.37t + Waste 32.63t)
Waste Metal ingot
Radioactive waste level LLW/VLLW
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Table 2. Design specification of P4 container

Type P4
3D view
Size [mm)] (W)1,000 x (L)1,200 x (H)1,000

Composition

Polypropylene + Impact absorber bag + Waterproof bag

Weight [ton] 2.5

Waste

Soil, Scabbled concrete

Radioactive waste level
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Table 3. Evaluation results of major activation nuclei of bioshield concrete

Activity (Bqg ™)

“Co 1S2gy 15 By Total
Cell 10 9.50x 10* 1.41%x10° 2.99 x 10* 2.66%10°
Cell 11 1.37x10° 3.49%x10° 5.65 % 10? 5.43%x10°
Cell 12 6.13x 10 1.99 x 10? 1.41% 10 2.74 % 10?
Cell 13 5.46 1.84 x 10" 1.10 2.50x 10
Bioshield concrete Cell 14 5.45%x 107" 1.86 1.05% 107" 2.51
Cell 15 6.18x 1072 2.13%x107! 1.18x 1072 2.87x107!
Cell 16 7.53% 1073 2.65% 107 1.37x107° 3.54x1072
Cell 17 9.02x107* 321x1073 1.69x 107* 428x%x1073
Cell 18 127x107* 433%x107* 228%107° 5.83x107*
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Table 4. Detail specification of large container

Size [mm)]
Container Density [gcm™] Weight [T] Filling rate
Width Length Hight
PT1 1,600 3,400 1,200 7.85 2.37
Waste 1,442 3,242 939 7.85 32.63
100%
PT1 total weight 36.56
P4 1,000 1,200 1,000 2.3 2.5
100%
P4 total weight 2.5

(@) XZ axis

(b) YZ axis

(c) XY axis

Fig. 2. MCNP modeling of landfill trench facility after large container loading.
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Table 5. Compositions of material using MCNP modeling

Component
Item Material Density (gcm™)
Nuclide Composition (wt%)
H 1.0
(0] 53.2
Trench & Na 2.9
ren.c st.r ucture Concrete 2.30 Al 34
radioactive waste
Si 33.7
Ca 4.4
Fe 1.4
C 0.28
Si 0.45
P 0.05
Container & metal ingot Metal (SS400) 7.85 S 0.05
Mn 1.40
Fe 97.77
N 0.76
Ai - 0.000122.
f S 0 0.24

Fig. 3. Tally locations of landfill trench facility.
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Table 6. Dose conversion factor of ICRP 74

Conversion factors Conversion factors

Energy (MeV) (S b e e ) Energy (MeV) (mSvhr em™sec™)
0.01 2.20x 1077 0.5 1.06x107°
0.015 2.99x107° 0.6 1.24x107°
0.02 3.78x107° 0.8 1.58%x107°
0.03 2.92%107¢ 1 1.87x107°
0.04 2.30x107° 1.5 2.48x%107°
0.05 1.98x107° 2 3.10%x107°
0.06 1.84%107° 3 4.00%x107°
0.08 1.91x107°¢ 4 4.82,x107°
0.1 220%107¢ S 5.58x107°
0.15 320%107¢ 6 6.34x107°
0.2 4.32%107¢ 8 7.78 X 107°
0.3 6.48%107° 10 9.22%107°
0.4 8.57X107°

Table 7. Results of exposure dose rate in normal operating condition
Container Tally Tally location Dose rate (mSvhr™) Dose rate(mSvyr™) Criteria (mSvyr™)
#1 10 cm distance from the front of a trench 4.261x1077 0.852x107°
PT1&P4 #2  10cm distance from the front of trenches 5.251x1077 1.050% 1073 20
#3  Centeral position of each trench 1.621%x 107 3.242x107°
Q=MARXDR X ARF X RF X LPF (1) ALY & YR o] Fe] oot fFadFe o Aos

7] 4], MAR (Material At Risk)= 91&& 4% 4 3l
WAFE] F(Ci)olH, AtaLe] #d wH7]E 871 &

9 =9 TAFs 9] 522 Al4EE o] Itk DR (Damage
Ratio)= Atalef| 98] MARS] <4 H]&0]H 0.1 (10%)E
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Aehs WAReh AR ol FEE 371 S Sl= A Dinn = 33(Qu X DCFa) X Brx T/V )
‘JE4 E-&°Ith RF (Respirable Fraction)% 35T 4+ o -

L Bgax 558 Esto] 599 4 9 gato] B 7] 4, Digi: _E% of ot LHTMJ_%* & (mSv)

2 FZ %I} LPF (Leak Path Factor)% AR QAR A Qi: YA AT i WAks TS (Bq)

Aba Bof] 7] "ro g Ag|z|z] o 22 o] Bgolm DCFu: FAMIAE 19] S AR (mSvBq ™)
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=
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oA F=8<3t Zelrt 16].
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Table 8. Results of exposure dose rate in case of drop accident

P4 Softbag (Waste : Scabbled Concrete)

Nuclei

Radioactive Release amount Internal dose Extenal dose rate Total Criteria
(Bq Package™) (Bq) (mSv) (mSv) (mSv) (mSvyr™)
“Co 1.09 x 10° 1.09 x 10* 221%x10°° 3.27x10°¢ 2.54%107°
1S2Ey 3.72x10° 3.72x10* 3.11x107° 7.71x10°¢ 3.88x107°
IS Eu 2.1x10° 2.1x10° 2.51x107° 6.13x1077 3.12x10°° 50
Total 5.02x10° 5.02x10* 5.57%x10°° 1.16 x 1077 6.73%x107°
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