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1. Background 

2 

Forsmark consist of 3 BWR units and unboxing fuel is done in a 
unique way compared to most other NPP. 
 
The box is held in place by the box exchange equipment while 
the fuel bundle is pulled upwards. 
 
The 9th of January 2013 a fuel assembly was in position to remove the 
fuel bundle from the box for visual inspection of the fuel rods and 
oxide-measurements, 2 of the fuel rods was to be sent for material 
testing. 
 
The fuel element was taken out of core in 2012 and was highly 
burned-out (47 MWd/kgU). 
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1. Background 

Spacer 8, 7 and 6 was pulled 
out of the fuel box. 
 
At spacer 5, the fuel bundle 
got stuck just before passing 
the upper part of the fuel box. 
 
Efforts were made to lower the 
fuel bundle back into the box; 
but it remained stuck. 
 
 

 
 
 
 

 
 

Refuelling machine holding the element. 
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2. Incident 

The decision was made to 
pull with slightly higher load 
but the bundle remained 
stuck. 
 

We were now in a situation 
with 1,3 meters fuel bundle 
sticking up out of the box. 
And it wouldnt go either up or 
down (except between 
between spacer 4 and 6)  
 
The bundle was lowered so 
that spacer 6 rested on 
spacer 5. A picture of the fuel bundle stuck 1,3 meter out of the box exchange 

equipment. (Photo is from later stage; at this time; the fuel handling 
machine held the element). 
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3. Solution #1 

5 

In next following days a new 
procedure, with risk 
assesments made, were 
developed. 
 
 
The plan was to pull and 
release the fuel bundle 
several times so that the 
spacers were deformed 
enough to release the fuel 
element.  
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3. Solution #1 - Risks and considerations 

Risks 
• A crack or break of one or several 

fuel rods. 
• Wear of the fuel cladding. 
• The procedure might not release but 

make the bundle even more stuck.  
 
Consideration 
Releasing the grip from the fuel 
machine was not an option; there was 
the risk of the fuel assembly falling 
down. 
 
 

6 
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3. Solution #1 – Radiological risks 

Assumtions for calculation 
A person is on the fuelling machine when 
an incident occures.  
Evacuation from the refuelling floor is 
expected to take 2 minutes. 
No safety equipment is used. 
Time after removal from core 6 months, 
time in core: 5 years. 
Water depth: 7 meters. 
Result 
5,1 µSv per cracked rod 
(Whole body Dose: 0,3 µSv, Skin dose: 
4,8 µSv Thyroid 0,0014 µSv) (Critical 
nuclide Kr-85) 

7 

Precautions 
Air-monitoring of particles, iodine 
and noblegases at workplace. 
Gamma alarm mounted at the 
workplace. 
Fueling machine alarms. 
Protective gear etc. 
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3. Solution #1 - Outcome 

However, the bundle 
remained stuck. 

 
 

2 weeks later a grip 
had been constructed 
and the fuel assembly 
was secured with a 
wire and released from 
the refueling machine. 

 
 
 

8 
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4. Solution #2 

9 

A new procedure was developed 
that included drilling a hole in the 
box exchange equipment and the 
fuel box to secure the bundle with 
a pin so it could not fall.   
 
This was made so that the wire 
could be removed and then the top 
tie plate so that separate fuel rods 
could be lifted out of the element 
without the risk of the bottom tie 
plate falling together with fuel rods.  
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4. Solution #2 - Risks and considerations 

10 

Work was performed at 2 
meters depth instead of 7 
meters. 
 
Debris from the fuel box 
could be scattered in the pool 
from the drilling and other 
material wear. 
 
Risk of drilling in the fuel 
itself. 
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4. Solution #2 - Radiological risks 

Risks 
Calculations : 0,37 mSv per cracked rod 
(Whole body Dose: 1,3 µSv, Skin dose: 0,37 mSv Thyroid <0.001 
µSv) Kr-85 dominates the skin dose. Extra time spent in cloud gives 
the increased dose compared to previous calculation. 
Debris from fuel needs to be collected and taken care off. 
 
Precautions 
Air-monitoring of particles, iodine and noble gases at workplace. 
Underwater Gamma alarm right under the water surface at the 
equipment. 
Gamma alarm mounted at the workplace. 
Underwater sheets to collect debris. 
Protective gear etc. 
 
 
 
 

11 
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4. Solution #2 - Outcome 

12 

In June of 2013, the securing 
pin was in place and the top 
tie plate was removed so 
individual fuel rods could be 
handled. The bundle was lifted 
20 cm before drilling into the 
box exchange machine and 
fuel box.  
 
All except 3 fuel rods were 
removed and placed in a new 
box in september 2013. 
 
However one spacer on the 
fuel element was badly 
damaged.  

 
 

3 fuel rods remaining with 2 extra dummy rods inserted to hold 
the upper tie plate. 
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5. Outcome - Radiological aspects 

13 

1. No air contamination.  
2. No damaged fuel rods. 
3. However,  a lot of debris. 
 
Doserates examples  
(Underwater gamma probe/ 
some water shielding) 
 
Collected debris ~3500 mSv/h, was  
loaded underwater in shielded 
container. (Mainly spacer 6, 7 and 2 
water channel pieces) 
 
5 filters from pool cleaning ~20-350 
mSv/h, transportered in shielded 
container to waste management 
building. 
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5. Conclusions 

The analysis of spacer 6 and 7 showed that they have grown more than expected; this 
is likely the cause of the spacer 5 getting stuck. 
 
The fuel handling policy at Forsmark is being changed to a graded approach (however, 
this was made in parallell with this work and not because of this work). Previous policy 
was 3 months, now it is 7, 14, or 90 days after removal from core depending on type of 
work. 
 
It took 9 months to solve the situation! 
 
Risk of iodine and noble gas release was due to decay time not of primary concern 
when handling the damaged fuel element. Debris and the collection thereof was! 
 
 
 
 
 
 
 
 
 
 

14 
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Thank you! 
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