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Since the permanent shutdown of Kori Unit 1 in 2017, a full-scale decommissioning project for a commercial nuclear reactor has been
approaching. It is estimated that about 160,000 t of low-activity concrete waste will be produced from decommissioning of one unit of this
commercial nuclear power reactor. Accordingly, it is necessary to review whether the effectiveness of the current regulatory framework for
clearance waste (i.e. waste stream that meets activity concentration guidelines or dose criteria for clearance set forth in NSSC Notice No.
2017-65) can be maintained for the clearance of a bulk amount of concrete waste. In this regard, the IAEA SRS No. 44, which was used as
a basis for revision of the Korean clearance regulations, is thoroughly analyzed and the radiological effects from four different clearance
scenarios, along with input values and parameters derived from industrial practices in Korea, were evaluated. Though it is shown that the
maximum annual dose from most recycling scenarios will be less than the clearance dose criterion for the normal scenario (i.e. an order of
magnitude of 0.01 mSv-y™), the radiation dose, estimated with conservative assumptions for the banking scenario, may exceed the above
clearance dose criteria. Therefore, for safe and sustainable clearance of the bulk amount of concrete waste, it is required to diversify the

concrete waste processors, perform more detailed site-specific assessment, and apply limiting conditions to the banking scenario.
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Table 1. Concrete waste generated from decommissioning of selected nuclear power reactors and research reactors

Fraction of Fraction of concrete

Reactor Capacity Type Total amount of waste concrete waste waste for clearance
Maine Yankee [1] 860 MWe PWR 180,644 t 62.7% 41.7%
Oskarshamn-3 [2] 1,465 MWe BWR 319,539t 92.1% 99.7%

Reference PWR [3] 1,000 MWe PWR 216,462 t 83.0% 99.8%
Reference BWR [3] 1,155 MWe BWR 389,835t 91.1% 99.9%
KRR-1&2 [4] 250/2,000 kWth Research reactor 2,239t 89.6% 87.1%
Table 2. Dilution factors assumed for normal scenarios with realistic parameters in IAEA SRS No. 44 [8]
Dilution factor
Receptor
External Inhalation Ingestion
Working landfill (WL) 1 1 1
Working others (WO) 0.1 - -
Residence near landfill (RL) - 0.01 0.01
Residence near foundry (RF) - 0.002 -
Residence in contaminated house (RH) 0.1 - -
Residence in contaminated public area (RP) 0.1 0.1 0.1
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Fig. 2. Estimated amount of clearance concrete waste to be generated from decommissioning of NPPs for each administrative district.
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Table 3. Amount of construction concrete waste by administrative district in Korea as of 2016 [11]

Unit : t-y!
Region Amount Region Amount Region Amount
Seoul 9.1x10° Gwangju 1.1x10° Gyeonggi-do 9.6x10°
Busan 2.8x10° Daejeon 8.9x10° Gangwon-do 2.2x10°
Dae-gu 1.6x10° Ulsan 1.4x10° Chungcheongbuk-do 1.8x10°
Incheon 2.4x10° Sejong 3.6x10° Chungcheongnam-do 2.1x10¢
Gyeongsangbuk-do 3.5x10¢ Jeollanam-do 1.8x10¢ Jeollabuk-do 1.8x10¢
Gyeongsangnam-do 3.5x10° Jeju 7.9x10°
Total 4.7x107
Table 4. Annual amount of construction concrete waste by recycling method in Korea as of 2016 [11]
Unit : ty!
Banking, Covering ~ Subbase course Roadbed Landfill Others Total
Annual amount 2.2x107 1.3x107 9.5x10¢ 5.4x10° 2.7x10° 4.7x10
Fraction 47.1% 26.7% 20.3% 0.001% 5.9% 100%
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Fig. 3. Estimated dilution factor for decommissioning concrete waste to be released from regulatory control in each administrative district surrounding NPPs.
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Fig. 4. Structured radiation exposure pathways along with receptors potentially to be affected from recycling of decommissioning concrete waste released from
regulatory control assumed in this study.
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Fig. 5. Calculated radiation dose for receptors A to E from recycling of decommissioning concrete waste contaminated by each radionuclide at 0.1 Bq-g.
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Table 5. Calculated annual radiation doses for four recycling scenarios of concrete waste with dilution factor (DF) 1 and 0.0597.

Unit : u4Sv-y!

Banking & residence

Covering & residence

Road construction & walking

Nuclide Scenario 1 Scenario 2 Scenario 3 Scenario 4
F G H I J K L
DF=1
%Co 9.65x10° 1.61x10? 8.74x10° 5.42x107 8.71x10° 1.23x10"2 1.46x107
¥1Cs 2.07x10° 3.57x10! 1.87x10° 1.78x10° 1.88x10° 1.02x1071¢ 5.49x10*
12Eu 4.24x10° 7.43x10! 3.85x10° 3.42x107 3.85x10° 2.55%101 3.31x10°
Eu 4.62x10° 7.92x10" 4.19x10° 1.32x107 4.19x10° 2.50x10 3.41x10°
DF =0.0597
%Co 5.76x10"! 9.62x10° 521x10" 3.23x10° 5.20x10" 7.33x10 8.79x10*
B1Cs 1.23x10" 3.27x10° 1.12x10" 1.07x10"! 1.12x10" 6.07x10"® 3.28x10°*
152y 2.53x10! 6.80x10° 2.29x10"! 1.72x10° 2.30%10" 1.52x10°5 1.97x10*
4Eu 2.76x10" 7.26x10° 2.50%10"! 7.88x10 2.50%10! 1.49x10°1 2.03x10*
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Ak niel 2o, o] AFelM= Al F2YE A&
A AR F ZAEE FEHgolM dit ZAYE 159

i 0.0597(BA A H7hel
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Holl whae} 10 uSv-y'ol] e FEFEE 3X 105 ~3 X 105!
Bq-g' W99 &S dEHOE 108" Bq-g'=2 A% 4
olehsl. webd AR S8 EE Eon A o
A} P FAL O] 10 usv-y B TR ol o2 A
A7 5 g0l 2Aeodrh Bahs Ae A9 o
05} o 33 vy AAI 9] SIS AANAE HEUEE
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Fig. 6. Sensitivity of calculated radiation dose for receptor G (i.e. resident on baking site) by varying dilution factor from 0.01 to 1.
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