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1. Introduction 
 

Because of harmful toxicity in the ambient 
environment, there are many situations that the 
human cannot access directly to the working area.  
Men cannot access to high radiation area, area with 
toxicity or explosive chemical, area where breathing 
is difficult, and area with severe temperature and 
pressure. The facility or situation with harmful 
environment includes nuclear fuel recycling and 
waste related nuclear energy facility, chemical and 
munitions factory, nuclear fusion reactor, and 
aerospace industry, etc. The process device operation 
in such environment shall be remotely done or 
additional facility shall be equipped to protect the 
worker. This study compares and analyzes the 
method of remotely disassembling spent fuel (SF) 
assembly using servo manipulator or robotic 
equipment, crane, and control device for the head-
end process with radiation environment where human 
cannot access even with protective facility. The 
disassembling purpose of SF assembly of is to 
remove top and bottom nozzle for easy extraction of 
SF rods. This evaluation method classifies by 
referencing to the existing disassembly technologies 
to select the evaluation target, and evaluates the 
remote operability and efficiency of the disassembly.   
 

2. Evaluation Method of Disassembling  
 

To classify and evaluate the disassembling method 
on the assembly, a weight considering the effect on 
the post process such as relative comparison and 
decladding processing, etc. were reflected. The 
evaluation method classified the evaluation targets 
into 5 types and had relative values given to each 
target. That is, in the relative evaluation, the highest 
rank was 0.4, and the values were given in the order 
of 0.3, 0.2, 0.2, and 0, and if it is very important to 
the post process, which is the decladding process, 2 
is given, if it is important, 1.5 is given, and if it is 
normal, 1 is given. Here, to secure maximum 

objectivity, the composition elements, number of 
modules, assembly property related to the number of 
modules, and complexity graph, etc. [Formula 1] 
were utilized. The final value is as in formula 2. 
 

Hl(S) = Hl(M)+Hl(A)          (1) 
 

(Hl(S): average complexity, Hl(M) : manufacturing 
complexity, Hl(A) : assembly complexity) 
 

C = Pi*Vi*Wi                      (2)  
 

(C: final value, P: priority=1, Vi: relative value, Wi: 
weight) 
 

3. Classification of Evaluation Target  
 

The classification of the head-end process 
assembly disassembly method was done by 
referencing to the existing classification method, and 
it is as follows. 5 methods: 1) extracting the rods 
after shearing the top and bottom nozzle, 2) 
extracting the rods after saw cutting the top and 
bottom nozzle, 3) extracting the rods after removing 
top/bottom nozzle nut and top/bottom nozzle, 4) 
extracting the rods after laser cutting of the 
top/bottom nozzle, and 5) decladding after chopping 
the assembly including the top/bottom nozzle were 
selected. Here, the assembly disassembling 
technology for the rods array concentration process 
for the intermediate storage of SF in the later half of 
1980's was referenced as the existing technology. 
(Westinghouse, General electric, NuTech, NUS, etc.) 

The evaluation targets were analyzed with focus 
on the remote operability and the efficiency of the 
remote operation. The specific evaluation criteria of 
the remote operability were operation hours, 
tool/equipment size, size of the power, 
tool/equipment position control, maintenance, tool 
lifespan, equipment failure ratio, post process 
efficiency, accessibility, and the utilization of the 
space. Also, the specific evaluation criteria of the 
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efficiency of the remote operation were accessibility, 
remote operation of the tool, operation of the 
top/bottom nozzle removal, utilization of the space, 
module interference, number of modules, securing 
the visibility, handling, tool/equipment position 
control, and tool size. Table 1 is an example of the 
module interference evaluation in the efficiency of 
remote operation. 
 
Table 1. Module interference at remote operability and 
efficiency 
 

 

 
4. Remote Operability and Efficiency Analysis 
 

As a result of the analysis on the efficiency of the 
remote operation and the remote operability for SF 
assembly disassembling, the nut removal method had 
superior efficiency of the remote operation of SF 
assembly disassembly (relative value of 4.0 compare 
to the average value of 2.6), and the cutting method 
had superior remote operability for SF assembly 
disassembling (relative value of 3.5 compared to the 
average value of 2.4). In Fig. 1, comprehensively 
comparing the efficiency of remote operation and the 
remote operability, the cutting method was found to 
be suitable. 
 

 
a) efficiency              b) operability 

 

Fig. 1. Analysis results related to SF disassembling 
methods. 

 

5. Conclusion 
 

To compare and analyze the method of 
disassembling SF assembly, the evaluation targets 
were classified and selected by referencing to the 
existing disassembly technologies, and the remote 
operability and the efficiency of remote operation 
were evaluated.   The evaluation targets were 
classified to 5 types, and relative values were given 
to the targets.  Also, considering the effect on the 
post process such as decladding process, weight was 
considered. Comprehensively considering the 
efficiency of remote operation and the remote 
operability, cutting method was found to be suitable 
for disassembly of SF assembly. But, if there is a 
variable in the post process, for example, whether 
mechanical decladding is used, or considering the 
decladding ration of the oxidation decladding, etc., 
another disassembling method may be an alternative.  
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