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A Study on the Evaluation of Radiological Effects on Workers from Air Contamination
in Radioactive Waste Treatment Facilities

Min-Ho Lee', Woo-Beom Ha', Sang-Heon Lee', and Jong-Soon Song"*
'Nuclear Engineering, Chosun University, 309 Pilmun-daero, Dong-gu, Gwangju 61452, Republic of Korea

ABSTRACT Radioactive liquid waste generated during operation and overhaul is collected and reused through the
radioactive liquid waste treatment system and continuous monitoring system in the nuclear power plant or discharged
to the outside if it satisfies the limit within the control and monitoring. However, there are concerns about boric acid
management, which controls the power output of nuclear power plants in radioactive liquid waste. Due to the behavior
of boric acid, it is difficult to remove it in the existing liquid radwaste system, and the concentration of boric acid water
discharged tends to be higher than the natural state of 5 ppm, so additional facilities should be considered. Therefore,
this study aims to evaluate the radiological effects of radioactive waste treatment facilities that are under development
and use them as a basis for managing worker exposure and evaluating the safety of facilities in the future.
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Table 1. Status of liquid radwaste system in Korean nuclear power plants [3,4]

Nuclear power plant Collecting method

Radioactive liquid waste
processing method

Main Processing

N.B.
Statement

Kori unit 1

Kori unit 2 . .
o Mixed collection

Kori unit 3

Kori unit 4

Mixed treatment

Ion exchange resin Pretreatment
Evaporator

Hanbit unit 1
Hanbit unit 2
Hanbit unit 3
Hanbit unit 4
Hanbit unit 5
Hanbit unit 6

Mixed collection

Hanul unit 1
Hanul unit 2
Hanul unit 3

Hanul unit 4

Hanul unit 5

Hanul unit 6

Mixed treatment

Evaporator

Centrifuge/ -
Ton exchange resin -

Ion exchange resin Pretreatment

Evaporator

Centrifuge/ -
Ion exchange resin -

Journal of RADIATION INDUSTRY



AR A7 M) A W BTl ot AHIEA WA o

gF G7tol| it AL/ 149

mj|x

d ®

BLS Cheain ¥ ilser

—HJ—{H HE 1

[ I—{w T

Fig. 1. Schematic diagram of a standardized before nuclear liquid radwaste system [1].
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Fig. 2. Schematic diagram of a standardized nuclear liquid radwaste system [1].
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Fig. 3. Boric acid compound forms based on pH Hydrolyzed species
in aqueous solution of boric acid [7].
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Table 2. Composition of radioactive liquid waste from domestic NPP

Classification Main nuclide Saeul Hanul
B 807.3 183.0
Na 63.4 84.0
) Ca 12.0 5.2
Non radioactive isotope Me 30 03
(ppm)
Cl 21.8 0.8
Si - 4.8
Fe - 0
*Co 1.6x10™ 7.1x107
Specific radioative isotope “Co 1.7x10°° 1.3x107
(uCiec™) s 3.8x10° n.d.
¥Cs 6.2x10° n.d.
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Fig. 4. Schematic diagram of small modular boron-containing radioactive waste treatment facility.

1) SEMAZ| T, ZALE71S/NEAE A0 A (S3325850) AAFE LA, 2023

Journal of RADIATION INDUSTRY



AP A 71 A2 A W F71e ol o A

Table 3. Ion exchange resin characteristic
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Resin
Characteristic
Amberlite IRN-77 Amberlite IRN-78
Physical Form Uniform Particle Size Spherical Beads Uniform Particle Size Spherical Beads
Shipping Weight 800 gL 689 gL’
. Harmonic Mean Size 650+50 um 650+50 um
Physical . . .
characteristics Uniformity Coefficient <1.2 <1.2
Particle Size <0.300 mm : 0.2% max <0.300 mm : 0.2% max
>1.180 mm : 3% max >1.180 mm : 3% max
Whole Beads 98% min 95 % min
Matrix Plystylene DVB gel Plystylene DVB gel
Functional Group Sulphonic acid Trimethyl ammonium
Ionic form H+ OH-
Chemical . >19eqL” >12eqL”
characteristics Total Exchange Capacity (H+ form) (OH-+ form)
. . . 49~55 % 54~60%
Moisure Holding Capacity (Hi+ form) (OH- form)

Ionic Conversion

99% min. H+ 95% min. OH+

Table 4. Source term

Radionuclide Reaction Half-Life Activity
“Co *Co(n,y)*Co 526y 1.7x10™° pCi cc™
e FP 30y 6.2x107 uCi cc™
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Table 5. Scatter rate by radioctive nuclide [10]

Classification Nuclide Scatter rate/day
Group 1 °H, “C, S, "’Se 107
Gl‘oup 2 77AS 103Ru IZSSb IZSI 1311 137CS 197Hg 10—4
Group 3 zzNa’ 24Na, 32p’ 3313, 45Ca, SICr, 59Fe’ 67Ga’ 99M0—99mTc, mln, 147Pm, 198Au’ 201y 107

Table 6. Modification factors for scatter rate due to handling [10]
State Factor State Factor
Powder x10 heating %100
Liquid x1 Chemical reaction, Machining, Animal experimentation x10
General operations x]1
Blocky x0.1
Management x0.1

Table 7. Worker internal exposure dose in case of air contamination

. Air Concentration
Nuclide

Annual Intake

Effective factor Committed effective dose

(Bqm™) (Bqy™) (SvBq™) (mSvy™)
“Co 6.3x107° 6.9x107 29%107 2.0x107
(e 2.3 2.5%10° 6.7x107 1.7
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