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 ISFSI loadings began in 2005 

 NUHOMS 32PT canisters 

(CoC 1004) with Model 152 

HSMs 

 31 canisters currently stored 

on Pad 1 

 28 with Unit 2 fuel (CE14x14) 

 3 with Unit 3 fuel (W17x17; 

November 2016)  

 

 

Millstone Power Station 
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AREVA TN CoC 1004 Tech Spec requirements 

 Intact fuel only  

 Structurally sound 

 If leaking rods, may only have hairline cracks or pinholes 

No damaged fuel or grossly failed fuel permitted 

Damaged fuel cans or failed fuel end caps not part of the 

current license 

 

Dominion does not load known failed fuel in 32PT canisters 

 

 

 

Millstone 2015 Dry Storage Campaign 
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May-June 2015 (seventh campaign) 

Seven canisters, all Unit 2 fuel 

 Two DSCs loaded and transferred to ISFSI with no issues 
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4 



Prior to third DSC (#21) being placed in Spent Fuel Pool 

 Sunday, May 10:  Unit 2 stack gaseous rad monitor started 

trending upwards 

 No activities in Fuel Building 

 Chemistry gas sample collected on Monday showed <MDA 

 No changes in Waste Gas system or alignment 

 No abnormal trends observed on spent fuel exhaust rad monitor 

 Issue with Unit 2 stack gaseous rad monitor suspected 

 Upward trend in stack gas rad monitor readings continued 

while loading fuel on Monday, May 11 

 Tuesday, May 12 - moved DSC to cask wash pit 

 Stack gaseous rad monitor activity increase observed 

 Still no change in spent fuel exhaust rad monitor activity 
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Setup for blowdowns and vacuum drying following inner lid welding 
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Following inner lid welding, helium blowdowns 

began late Tuesday, May 12 

 First blowdown near midnight caused friskers in fuel building 

to alarm 

 First time an increase was seen on spent fuel exhaust rad monitor 

 Gas sample collected; no nuclides detected, 0.0 DAC 

 All operators passed frisker when exiting area 

 Numerous additional helium blowdowns through the night 

 Periodic gas samples continued to show 0.0 DAC and no nuclides 

 Tenth and eleventh blowdowns resulted in increased activity 

readings at spent fuel exhaust rad monitor 

 No nuclides and 0.0 DAC in gas sample 

 Stand down to evaluate condition of fuel in DSC 21 

 

 

 

Millstone 2015 Dry Storage Campaign 
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 Initial actions 

 DSC maintained in inert state with required He overpressure 

 Fuel integrity assessment 

 Chemistry calculation - releases well within limits 

 HP exposure calculation 

 

Ongoing dialogue with NRC  

 Responding to questions 

 Providing additional data 

 NRC questions focused on the fuel characterization/integrity 

and how we concluded the fuel was still “intact” 
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Three-step approach 

Confirm that fuel was intact 

(unfailed) prior to loading in DSC  

Confirm that the failure that 

occurred was not a gross defect 

Confirm that the failure will not 

degrade to a gross defect 

 

  

 

 

 

 

Fuel Integrity Assessment 
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All 32 assemblies either from a cycle determined to be clean 

by radiochemistry analysis, or tested by UT or sipping 

 One assembly was UT examined in 2004  

 Seven assemblies canister sipped (2009 and 2015) 

 Four assemblies from Cycle 7 discharge (clean cycle) 

 Six assemblies from Cycle 13 discharge (clean cycle) 

 Fourteen assemblies in-mast sipped at end of cycles 14/15 
 

All 32 assemblies visually inspected prior to loading (4-side 

video); no anomalies observed 

 Total Kr-85 gas volume released - rod not previously failed 

 

Concluded that all fuel in DSC 21 was unfailed prior to 

draining/blowdown 

 

Evaluation of DSC 21 Payload 
 

 

10 



Characterization of Rod that Failed 
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 Industry OE - known failure mechanisms in reactor 

 

 

 

 

 

 

 

 

 

 

 Most failures initiate as a small defect 

 Millstone 2 had a history of GTRF failures 



 

 During draining and vacuum drying, the nearly                                

through-wall defect is exposed to an increased differential pressure 

 Gas pressure inside rod much lower than during operation 

 Draining water increases delta P 

 Slowly increasing rod temperature increases internal pressure 

 Vacuum drying further increases delta P 

 These operations are very slow compared to reactor conditions 

 Failures resulting from gradual changes in pressure would be small 

 Self-limiting (pressure differential relieved after failure) 

Dry storage operations would be highly unlikely to create a 

large, open defect in a fuel rod 

 

Characterization of Rod that Failed 
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 Fuel failures in dry storage 

 Typically result of considerable thinning of 

cladding during operation 

 Grid to rod fretting wear and corrosion are 

known mechanisms 

 These failure mechanisms do not exist in 

dry storage 

 

 

 

 

 

 

 

 

 



 

 

 

Conclusion:  the rod that failed in DSC 21 was of the 

pinhole/hairline type 

 Most failures in core initiate as small defects 

 Dry storage operations highly unlikely to create a gross failure 

 No evidence of grossly failed fuel in water/condensate samples 

 

 

Characterization of Rod that Failed 
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Water samples collected 

 Vacuum drying condensate 

- only activated Co-60 seen 

(no heavy metals) 

 From vacuum pump - 

elevated Cesium compared 

to SFP water but no heavy 

metals or other fission 

products indicative of a 

gross failure 

 



Evaluation to confirm that failed rod will not degrade to a 

gross defect 

 Pressure differential creating the increased stress is relieved 

 Stable temperature with helium backfill 

 Inert atmosphere; no water/oxygen present 

 Handling of cask is slow 

 ISG-1: “unlikely to degrade since the atmosphere is inert and the 

temperature is controlled.” 

Rod that fails during dry storage evolutions will not degrade 

to a gross defect 

 

 

 

 

 

Assessment of Degradation Possibility 
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 Surry (2008) - high burnup Zirc-4 clad fuel rod with heavy 

oxide layer failed during vacuum drying 

 Nine Mile Point (2012) - fuel rod failure during vacuum 

drying 

 Calvert Cliffs (3 loading campaigns) - fuel failures during 

blowdown/drying evolutions.   

 ANO (2014) - failure during vacuum drying; conservatively 

assumed larger than pinhole leak; Exemption requested. 

 ANO (2015) - failed rod determined to be a very tight failure 

missed by sipping 

 

 

Recent Industry Events 
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 Confirming older fuel is intact (unfailed) prior to loading 

 Incomplete or missing records from early reactor operation, 

change of plant ownership, old inspection data, old fuel not 

tested in timely manner, etc. 

 NDE limitations (no test is 100% accurate) 

 Visual exams - limited to exterior of assembly 

 Providing objective evidence that failed fuel is pinhole leak/ 

hairline crack 

 

 “Reasonable Assurance” - use accepted industry inspection 

methods, thorough radiochemistry analysis, and plant 

operating information 

 

 

 

Challenges With Current Requirements 
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 Millstone 2 fuel rod failed during helium blowdown of 

DSC #21 

 Failure determined to be pinhole-type due to lower stress 

state and slow thermal transient 

 Three-step fuel integrity evaluation 

 Several industry occurrences of fuel rod failures during 

draining/vacuum drying evolutions 

 By maintaining inert atmosphere and controlled 

temperature, no mechanism to degrade to a gross failure 

 

 

 

 

Summary 
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Thank you! 
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