
 

2019     233 

Criticality Analysis for Washing of the UF6 Cylinder and Treatment of 
the Waste Water Facility 

 

Janghwan Lim*, Manseok Do, Seongki Lee, and Jongsung Yoo 

KEPCO Nuclear Fuel, 242, Daedeok-daero 989beon-gil, Yuseong-gu, Daejeon, Republic of Korea 
*jhlim@knfc.co.kr 

 

1. Introduction 

 

KEPCO NF treats a heel remaining in the UF6 

cylinder after reconversion vaporization process has 

been completed and the waste water has been 

generated during the washing process. To improve 

washing capacity and minimize environmental 

impact, washing of the UF6 cylinder and treatment of 

the waste water facility were improved by vacuum 

evaporation concentration method and installed in 

waste management plant. The criticality of the 

facility was evaluated using KENO-VI code with 

ENDF/B-VII library. 

 

2. Analysis Results 

 

2.1 Bias and Uncertainty Evaluation 

 

For the criticality bias calculation, criticality 

experiments with Uranium Oxyfluoride Solution in 

selected considering the characteristics of washing of 

the UF6 cylinder and treatment of the waste water 

facility. 

 

2.2 Calculation of Upper Subcritical Limit (USL) 

 

For the verification of the criticality experiments, 

Goodness of Fit test from ProUCL 5.1 was used. As 

a result of the verification, data for criticality 

experiments were shown as a non-normal distribution. 

According to NUREG/CR-6698[3], Non-parametric 

statistical treatment can be applied when 

experimental results do not have normal distribution. 

In non-parametric statistical treatment method, the 

reliability of the population can be calculated as 

follows: 

 

    (1) 

 

where : 

q = the desired population fraction (normally 0.95) 

n = the number of data in one data sample 

m = the rank order indexing from the smallest sample 

to the largest 

 

         (2) 

 

KL = Smallest keff value  Uncert. for smallest keff 

 Non parametric Margin (NPM)       (3) 

 

where : 

KL = A weighted single-sided lower tolerance limit 

 

The USL value was calculated as shown in Table 1 

using the above equation. 
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Table 1. Calculation results of USL 
No. of experiment 22 

 67.65% 
NPM 

(Ref. NUREG/CR-6698 Table 2.2) 
0.03(>60%) 

KL 0.96165 

USL 
Flooding 0.91165 
Optimum 0.94165 

 

2.3 Sensitivity Analysis of the Single UF6 Cylinder 

 

Most of the UF6 is used in the reconversion 

vaporization and the remainder is transferred to the 

washing process. Sensitivity analysis was performed 

by modeling as shown in Fig. 1 and Table 2, where 

the results depend on the condition of UF6 heel 

remaining in the cylinder. 

 

 
Fig. 1. Criticality Analysis Model of UF6 cylinder for based 
on each condition (Left: initial, Center: massed state, Right: 

sediment). 

 

Table 2. Sensitivity analysis results 

Condition keff  keff +2  

Initial 0.03766 0.00005 0.03776 
Massed 0.37620 0.00014 0.37648 

Sediment 0.18813 0.00011 0.18835 

 

2.4 Criticality Analysis Results for Facility 

 

As shown in Sec. 2.3, the reactivity of UF6 

cylinder was the highest in massed condition. 

Therefore, this condition was applied to the criticality 

analysis model of UF6 cylinders, and it is assumed 

that treatment of the waste water facility was filled 

with waste water. 

 

2.4.1 Flooding Condition. As a calculation result 

from above condition and assumption, the effective 

multiplication factor(keff) of flooding condition is 

0.76606 smaller than the USL(0.91165). 

 

2.4.2 Optimum Moderation Condition. The 

water density of all the flooded volumes was 

modeled at 0.01g/cm3 ~ 1.00g/cm3 to investigate the 

impact on criticality with changing moderator density. 

As a result, the maximum effective multiplication 

factor of optimum moderation condition is 0.76636 

smaller than the USL(0.94165). 

 

3. Conclusion 

 

According to the results of sub-section 2.4.1 and 

2.4.2, it is confirmed that all nuclear criticality safety 

assessment for washing of the UF6 cylinder and 

treatment of the waste water facility are fully 

satisfied.  
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