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1. Introduction 
 
The liquid waste management system (LWMS) in 

the APR 1400 mainly consists of reverse osmosis 
(R/O) and ion-exchange processes to meet the 
discharge criteria. When the radioactive liquid wastes 
are treated by the ion-exchange process, the 
byproduct, which is a spent ion-exchange resin, can 
be classified as intermediate or low level waste. Due 
to the wide use of ion-exchange process in nuclear 
power plants (NPPs), the spent ion-exchange resins 
are annually produced in large volume. In this study, 
we developed new biological and chemical 
decontamination techniques to reduce the volume of 
spent ion-exchange resin in the NPP and conducted 
their economic analysis. 
 

2. Experimental Results 
 

The basic principle of the developed technology is 
to convert major radionuclide ions into inorganic 
crystal minerals (Fig. 1) via chemical or biological 
techniques.  

 

 

Fig. 1. Solid precipitates from liquid wastes by the 
biological method. 

 

In a batch experiment, the biological method 
selectively removed more than 80% of cesium within 
24 hours, and the chemical method removed more 
than 95% of cesium. Other major nuclides (Co, Ni, 
Fe, Cr, Mn, Eu), which are commonly present in 
nuclear radioactive liquid wastes, were effectively 
scavenged by more than 99%. 
 

3. Applicability to Nuclear Power Plant 
 

In the current LWMS of APR1400, radioactive 
liquid wastes are sequentially passed through a 
charcoal bed, filter, R/O package and ion-exchanger. 
Recirculation is frequently required because of the 
excess presence of 58Co, 134Cs, and 137Cs 
radionuclides that are incompletely removed by the 
current ion-exchanger. Therefore, if the chemical or 
biological decontamination process is available in the 
current LWMS, recirculation may not be necessary. 
The newly designed decontamination module with 
chemical or biological technology is virtually placed 
between the R/O package and the ion-exchanger. 

The operational concept of the chemical or 
biological decontamination process is shown in Fig. 2. 
 

 
Fig. 2. Conceptual process for the chemical or biological 

decontamination. 
 

The new process mainly consists of two storage 
tanks (including level sensors, temperature control, 
pH control), one columnar chemical or biological 
reaction mixer (including reagent & reagent 
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injectors), dehydration equipment, and other pumps 
and piping lines.  

If the chemical or biological decontamination 
process is very effective to remove radionuclides in 
LWMS, no recirculation of liquid waste in the 
LWMS would be required. In addition, it is expected 
that the spent resin generation rate would be greatly 
reduced by a large replacement cycle extension. 

 
4. Economic Analysis 

 
Since Shin Kori 3 only started the commercial 

operation in December 2016, it is impossible to 
collect long term reliable data on the annual resin 
consumption in LWMS. For the reason, based on the 
amount of spent resins being reported from the FSAR 
document of Shin Kori 3&4 [1], we evaluated the 
validity and feasibility of the new technology in a 
modified LWMS process. Considering the waste 
acceptance criteria (WAC) of the nuclear waste 
disposal facility [2] and more than one year of half-
life, we selected some specific radionuclides, such as 
55Fe, 60Co, 63Ni, and 137Cs, which will be target 
radionuclides of our chemical decontamination 
process.  

We have estimated the emission radioactivity for 
the five chosen major radionuclides at the end of the 
R/O package based on the Annual Liquid Release 
Source Terms of FSAR [1]. By the estimation, the 
chemical decontamination rate in the modified 
LWMS was 94.98%. Considering the conservative 
engineering margin, we reduced the chemical 
decontamination rate to 90%. 

Table 1 shows the results of disposal cost for the 
two options (only LWMS & LWMS + chemical 
process). It presumes that the chemical 
decontamination process achieves a decontamination 
rate of 90% and thus reduces the burden of post-stage 
resin process by a factor of 10. Based on this result, it 
is calculated that the resin life increases 10 times and 
the amount of spent resin generated per year is 
reduced by a factor of 10. As a result of comparing 
Option 1 with Option 2, the annual amount of spent 
resins decreased from 3 to 2 for HICs and from 36 to 
4 for 200 L drums. Based on the MOTIE Notice [3], 
w
L drum and 87,177,200 for single high-integrity 
container (HIC). If the number of disposal containers 
is converted to disposal costs, it is estimated that the 
annual disposal cost would decrease from about 

per year. 
In addition, if the chemical decontamination 

process is operated for 40 years for Shin Kori 3&4, 
the total spent resin management cost is estimated to 
be lessen as follows: -79.74% for material cost, -
88.89 % for polymerization cost, -71.39% for 
disposal cost. 

 
Table 1. Estimated annual costs to dispose the spent resin 
wastes via two options in Shin Kori 3&4 
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