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General Comment

Clearwater's full comments are attached. We understand there will be a 30-day extension granted for 
additional public comment, and we will use that time to further refine our comments. For now, here is our 
conclusion:

Clearwater and our colleagues are deeply concerned that NRCs assumptions about HBF, including about the 
performance of cladding and canisters, licensing and certification approaches, how soon HBF can be 
transferred from fuel pools, and dry storage and transport of HBF, are not reasonable. Moreover, we believe 
the NRC has left key issues regarding storage and transport of HBF unresolved, made overly optimistic 
assumptions without showing an evidence basis for them, and ignored the need to implement sufficient 
solutions such as these experts have advised. We see a lack of a coherent strategy or national policy for spent 
fuel storage generally, and for high burnup fuel in particular, which urgently needs to be remedied.

With regard to NUREG-2224, the NRC is ignoring significant operating data and significant experimental 
data on both high burnup and moderate burnup fuels indicating that it is unstable in both short-term storage 
and transport. 

The nuclear industry is pushing the NRC to approve even higher burnup fuels without addressing the current 
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problems and the NRC has weakened, rather than strengthened, enforcement of their own safety regulations. 

Instead of ensuring fuel assemblies and storage canisters are safe for transport, they seem to be ignoring these 
regulations. Instead, as long as the canisters haven't started leaking, they are allowing them to be transported. 

Holtec's CIS New Mexico plan is to return leaking canisters back to sender. Yet it is not legal to transport 
leaking canisters. Transporting fuel once is extremely dangerous; transporting HBF is even more dangerous. 
The CIS sites, as well as existing storage sites, have no plan in place to prevent or stop leaks or to adequately 
respond to a problem should it occur. The NRC must confront the evidence that this waste is highl6y 
dangerous and do everything in its power to ensure public health and safety and to protect our environment 
and existing infrastructure. 

We are facing a dangerous global climate crisis already unfolding. We cant afford to compound it with a 
preventable crisis from mishandled, inadequately regulated nuclear waste. The NRC must not dismiss or 
minimize in any way the complexities of nuclear waste storage or transport, and the additional risks 
associated with high burnup fuel.

Thank you for considering these comments.

Respectfully submitted,

Manna Jo Greene, Environmental Director
Hudson River Sloop Clearwater, Inc.
724 Wolcott Ave., Beacon, NY 12508
845-265-8080 x 7113 
www.clearwater.org
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   September 24, 2018 

 

Michael Layton, Director 
Division of Spent Fuel Management  
U.S. Nuclear Regulatory Commission 
Washington, D.C., 20555-0001 

 
Hudson River Sloop Clearwater Comments on NRC Dry Storage and Transportation  

of High Burnup (HBU) Spent Nuclear Fuel (SNF) – Draft Report (NUREG-2224) 1 
 
While Hudson River Sloop Clearwater does not employ experts capable of directly addressing many of 
the questions posed re: NUREG-2224, we are concerned that the NRC seems to be ignoring information 
recently available from such experts.   As a result, we have the following responses to questions posed 
by the NRC’s Federal Register Notice: 

• Are NRC’s assumptions regarding the performance of other cladding alloys based on data obtained 
from HBU SNF with Zircaloy-4 cladding for evaluating design basis drop accidents reasonable? If not, 
please explain why not.  

No.  Concerns raised by experts about the HBU fuel cladding do not appear to have been adequately   
addressed by NRC. 

• Are the described licensing and certification approaches easy to follow and practical?  If not, please 
explain why not.  

No.  The described licensing and certification approaches are hard to follow given the absence of a 
long-term storage strategy for SNF. 

• Is the proposed approach for evaluation of vibration normally incident to transport clear?  If not, 
please explain why not. 
 

No.  While the approach to evaluation of vibration normally incident to transport may be clear and 
otherwise adequate, it fails to address cases of abnormal vibration, shock or intentional attack. 
 

• Are the discussions on consequence analyses due to hypothetical fuel reconfiguration clear and 
meaningful?  If not, please explain why not.   

No.  Again, discussions of fuel reconfiguration overlook consequences later in the fuel cycle, such as 
transfer, short-term storage, transportation and long-term storage. 

                                                           
1 See Appendix 1 



• Are there any potential conflicts between NUREG-2215, Standard Review Plan for Spent Fuel Dry 
Storage Systems and Facilities, Draft for Comment (ADAMS Accession No. ML17310A693) and this 
document?  If so, please describe any conflicts.  

No answer. Clearwater has not undertaken a review of ADAMS Access No. ML17310A693. 

• Is the NRC’s reassessment of the ductility transition temperature as measured by ring compression 
testing of defueled HBU SNF specimens reasonable?  If not, please explain why not.   

No answer.  Clearwater has not explored this reassessment. 

Hudson River Sloop Clearwater has been an active participant in various Nuclear Regulatory 
Commission (NRC) proceedings for many years, including serving as a party in the Indian Point 
Relicensing proceedings, attending NRC Annual Assessment Meetings regarding Indian Point 
operations, and many other forms of public participation. 
 

Recently we have become concerned that the NRC is not taking careful enough consideration of high 
burnup fuel (HBF), which is in use at Indian Point (IP Unit 3) and many other reactors across the country 
and around the world. HBF is not an exceptional or marginal problem; it’s a central concern for spent 
fuel disposition.  DoE database information on spent fuel inventory and publicly available presentations 
in expert forums (which Clearwater co-sponsored) confirm that almost 60% of Indian Point’s spent fuel 
inventory is high burnup.  Nationally, the proportion is about 40 - 45%. HBF also comprises 77% of 
stranded fuel left at reactor sites.  
 
At the 2018 Annual Assessment Meeting and in a recent NRC call on the topic, I asked NRC staff how 
much longer HBF needed to cool in fuel pools before being transferred to dry cask storage compared to 
other spent fuel. I was told that no one present had the expertise to answer, but that the information 
could be found in Adams.  That is not an acceptable response.  
 

On August 15, 2018 I followed up with a request for more information, including the NRC’s 
recommended cooling time for HBF assemblies to stay in fuel pools before transfer to dry casks.  I 
received the following response: 
 

Response to email sent to NRC regarding annual assessment meeting questions 

Schroeder, Daniel Daniel.Schroeder@nrc.gov  
Sep 13, 2018, 12:10 PM (6 days 
 

to mannajo@clearwater.org  
 

Dear Ms. Greene: 
 

I am writing in response to your August 15, 2018, email to Mr. Daniel Collins regarding answers to 
questions posed at the most recent Indian Point Annual Assessment Meeting.  Attached to this 
email is the public meeting summary dated July 19, 2018.  An enclosure to the meeting summary 
includes responses to public topics of interest and questions posed at the Annual Assessment 
Meeting. 

Unfortunately, due to security concerns, we are limited to what we can say in the public 
regarding high burn-up fuel, and whether or not it is used at a specific site.  Regarding your 
concern about how long fuel remains in the fuel pools before transferring to dry cask storage, a 

https://app.nationalfamily.com/life?utm_source=comacq&utm_medium=cpl&utm_campaign=33&utm_content=2812301&utm_term=%7Butm_term%7D&offer_id=81&transaction_id=10230d2a1f9ba40da8d4eea26d05e5&aff_sub=33&aff_sub5=&aff_sub3=&aff_sub2=2812301&aff_sub4=#life/Life_Landing_Currently_Insured
mailto:Daniel.Schroeder@nrc.gov


five year cooling time would be a reasonable time that is often associated with this situation 
when the fuel can be offloaded into casks for storage.2   [emphasis added] 

Thank you for your email.  I hope the attached meeting summary provides you the answers you 
are looking for regarding your concerns. 

Sincerely, 

Daniel Schroeder 

The following section was included in an attachment: 
 

High Burn-up Fuel 
 

“Burn-up” is a way to measure the uranium burned in the reactor, and is expressed in gigawatt- 
days per metric ton of uranium (GWd/MTU).  Anything above 45 GWd/MTU is considered high 
burn-up fuel.  High burn-up fuel allows utilities to get more power out of their fuel before 
replacing it. 
 

Due to security concerns, the NRC does not confirm whether or not a licensee currently uses or 
has used high-burnup fuel.  The NRC has conducted extensive efforts to review the safety of 
high burn-up fuel.  The staff performed an evaluation of data collected and confirmed that the 
use of fuel up to the existing limits did not pose safety problems.  The NRC published Generic 
Safety Issue 170, “Fuel Damage for High Burn-up Fuel,” and documented its resolution in 
NUREG-0933 (Main Report with Supplements 1-34).  These documents are publically available 
on the NRC’s website at www.nrc.gov. 

Clearwater recognizes that using HBF requires fewer refueling outages and ultimately generates fewer 
“spent” 3 fuel rods than medium burnup fuel, which must be replaced more frequently. But we pay a 
price for that.  When HBF becomes spent fuel it is more radioactive and hotter in temperature than 
medium burn-up fuel, posing considerable additional risks for both storage and transportation.  One of 
the greatest risks is the possibility of dropping an assembly when transferring it.  The fact that HBF 
generates fewer spent fuel assemblies and therefore fewer transfers somewhat mitigates that risk, but 
that benefit must be weighed against the increased difficulty and danger of handling HBF, with its 
significantly higher radiation and temperature and higher risk for embrittlement and increased hydride 
in the cladding, uranium pellets and even the aluminum baskets   
 

Zirconium hydrides ignite at 270 degrees Celsius.  The NRC assumptions no air or water will enter the 
canisters is based on no through wall cracks in the canisters.  However, there are numerous conditions 
that can cause the canisters to crack.  The NRC states once cracks start, they can grow through the wall 
in 16 years.4 
                                                           
2  Clearwater notes that Holtec should be required at least to keep PWR fuel with burnup 68.2 GWd/MTU in the 
fuel pool for at least 5 years.  
 

3 We wish to note that referring to irradiated fuel rods that come out of the reactor as “spent” implies to the 
average person that they are somehow less radioactive than when they went in.  Gordon Edwards and others 
help people to understand that the fission process that takes place inside the reactor releases heat to boil water 
to create steam to turn turbines and produce electricity – but also triggers neutron activation -- a chain reaction 
that results in ever more radioactive isotopes and fission products.  We prefer to use the term irradiated fuel for 
clarity, but will continue to use spent fuel here -- as it is now in common parlance, but it certainly can be 
misleading. 
 

4 Summary of August 5, 2014 Public Meeting with the Nuclear Energy Institute on Chloride Induced Stress 
Corrosion Cracking Regulatory Issue Resolution Protocol, September 9, 2014 

http://www.nrc.gov/


 

Donna Gilmore of San Onofre Safety reports that at Diablo Canyon a low enough temperature was 
found for corrosive salts to dissolve on a 2-year old canister.5  No one knows if it has started to crack, 
since canisters have not been inspected for cracks or depth of cracks.   
 

Chlorides are only one trigger for crack initiation.  At San Onofre, new Holtec MPC-37 canisters are 
being loaded in Holtec UMAX holes.  Two canisters almost dropped 18 feet.  The workers cannot see in 
the holes and the canister (MPC) Guide ring protrudes into the hole with only ½” clearance between the 
canister and the guide ring.  It requires multiple tries to get the canister in the hole. In the process the 
sides of the canisters become scratched.  This is a trigger for pit corrosion cracking, so these new 
canisters may already be cracking.  A similar system is at Callaway.   
David Fritch video https://youtu.be/fnM9rfhWmic 
Fritch transcript  https://sanonofresafety.files.wordpress.com/2018/08/davidfritchcep08-09-2018transcriptdg.pdf 
 

NUREG-1927 Rev. 1 states if canisters have a 75% through-wall crack (ASME pressure vessel code), they 
must be taken out of service.  Canisters are being loaded so hot (~30Kw and higher), they can no longer 
meet their license requirement to be able to return fuel back to the pools in order to take the canisters 
out of service.  With no adequate inspection or repair technology in place, and an inability to return fuel 
to the pools, the likelihood of through-wall cracks is real.  Some canisters are already 25 years old, so 
we are on borrowed time.  The older canisters with stainless steel cladding may not explode.  But the 
canisters with zirconium hydrides are at higher risk of explosions.  And either one will go critical if water 
enters the canisters while in dry storage or transport.   

Risk of criticality in dry storage if unborated water enters canister, comments for Docket ID NRC-
2016-0238, NUREG/CR 2214 Managing Aging Processes in Storage (MAPS), December 26, 2017 
(ML17363A209)  https://www.nrc.gov/docs/ML1736/ML17363A209.pdf 

NUREG-1927 Rev. 1 Standard Review Plan for Renewal of Specific Licenses and Certificates of 
Compliance for Dry Storage of Spent Nuclear Fuel Final Report, June 2016 
https://www.nrc.gov/docs/ML1617/ML16179A148.pdf 

There are critical unknowns about high burnup fuel in storage and transport to have confidence it is 
safe.  For example, NUREG-2224, Page 1-6, is concerned about structural performance of the fuel rods.  
It states:  However, the staff recognizes that there is no reliable predictive tool available to calculate this rim 
thickness, which varies along the fuel-rod length, around the circumference at any particular axial location, from 
fuel rod to fuel rod within an assembly, and from assembly to assembly. 

In response to NUREG-2224 Dry Storage and Transportation of High Burnup Spent Nuclear Fuel Draft 
Report for Comment September 6, 2018 U.S. NRC, Rockville, MD, our colleague Kevin Kamps of Beyond 
Nuclear asked, how long were the casks holding HBF certified by NRC for storage and transport.   The  
NRC Presentation Slides Dry Storage & Transportation of High Burnup -- 9/6/18 meeting were vague on 
this question, saying only “beyond 20 years” (see slides 14 and 15 below).  However, the accurate 
answer is the casks are only certified for up to 60 years (an initial 20 years, with a 40-year renewal).  Yet 
NRC’s Continued Storage of Spent Nuclear Fuel GEIS concluded safety would be maintained indefinitely.  
 

 

                                                           
http://pbadupws.nrc.gov/docs/ML1425/ML14258A081.pdf 
 

5 Additional comments from Donna Gilmore of San Onofre Safety are attached as Appendix 5.   

https://youtu.be/fnM9rfhWmic
https://sanonofresafety.files.wordpress.com/2018/08/davidfritchcep08-09-2018transcriptdg.pdf
https://www.nrc.gov/docs/ML1736/ML17363A209.pdf
https://www.nrc.gov/docs/ML1617/ML16179A148.pdf
https://adamswebsearch2.nrc.gov/webSearch2/main.jsp?AccessionNumber=ML18247A321
https://adamswebsearch2.nrc.gov/webSearch2/main.jsp?AccessionNumber=ML18247A321
https://adamswebsearch2.nrc.gov/webSearch2/main.jsp?AccessionNumber=ML18247A321
https://www.nrc.gov/docs/ML1417/ML14177A477.pdf
http://pbadupws.nrc.gov/docs/ML1425/ML14258A081.pdf


Slide 14:  Licensing and Certification for “Dry storage beyond 20 years.”  

 
 

 

Slide 15:  Transportation of HBU SNF Certification “Shipment of previously dry-stored fuel (beyond 20 

years)” 

 

These vague answers seem evasive and point to a lack of clarity in NRC-described licensing and 
certification approaches for HBF.  They also point to much broader issues regarding NRC’s failure to 
show evidence for its assumptions and a scientific basis for its proposals, which we believe leave serious 
problems with high burnup fuel storage and transport dangerously unresolved.  
 

Clearwater believes the public is entitled to clear information regarding HBF.  On September 7, 2018, in 
an attempt to better understand questions and concerns regarding HBF storage and transportation, we 



worked with the Nuclear Information Resources Service to convene a webinar with nuclear experts Dr. 
Marvin Resnikoff of Radioactive Waste Management Associates, Robert Alvarez of the Institute for 
Policy Studies (formerly DoE Senior Policy Advisor to the Secretary and Deputy Assistant Secretary for 
National Security and the Environment) and Arnie Gundersen, Chief Engineer of Fairewinds Energy 
Education.  Their bios are attached at the end of these comments, in Appendix 2.  
 

In order to describe the larger HBF issues that need resolution and to capture expert information about 
them, we summarize the webinar’s key points below.  One key takeaway was that five years is 
insufficient cooling time for moving HBF out of spent fuel pools and into dry casks, let alone the 2.5 
years that Holtec is currently proposing for Oyster Creek and elsewhere. 
 

We posed the following questions to our panel of experts to frame the discussion: 
 

• How much more dangerous and complex does HBF make on-site storage compared to conventional 
spent fuel? 

• How long should HBF stay in fuel pools before being transferred to dry cask storage? 
• How serious a threat is putting it HBF in dry storage or transporting it, compared to the dangers of 

keeping the spent fuel in pools?   
• What are HBF's implications for the need for fuel pools, hot cells or other on-site structures to handle 

canister failure or other problems?  
• Some assert there is no viable way to ship HBF.  Is that accurate based on evidence?  Are there 

caveats/limits to that assertion? 

Here are Dr. Marvin Resnikoff’s presentation slides, with which he kicked off the discussion.  Dr. 
Resnikoff’s full statement describing these slides is attached as Appendix 3.  That statement also 
addresses hydride build up, cladding defects and other aspects of the questions the NRC posed in its 
Federal Register Notice.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 

 
 

In the first ten years, nuclear fuel cools down rapidly, followed by a slow decline until year 75. 

 
 

Below is a summary if his remarks in the September 7 2018 webinar.  
 

Dr. Resnikoff’s analysis shows HBF should not be transferred out of fuel pools as soon as Holtec 
claims it can do.  His third slide, above, shows that during the first ten years, spent nuclear fuel cools 
down rapidly, followed by a slow decline until year 75. That’s true of both HBF and medium burnup 
fuel.  However, HBF remains significantly hotter for many decades.  Medium burn-up fuel is generally 
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considered transferrable after five years in a fuel pool.  But for HBF to cool to the same temperature 
that medium burnup fuel reaches after five years would take much longer – 12 years or more.    
 

Dr. Resnikoff’s analysis used the same radionuclides as Holtec’s analysis uses, but got an utterly 
different result. Dr. Resnikoff estimates that cooling time needed before medium burnup fuel can be 
transported in Region 1 is 43 years.  Cooling time before HBF could be transported would therefore 
be longer according to his analysis.  
 

The NRC has stated that anything above 45 GWd/MTU is considered high burn-up fuel.  Most 
transport analyses of HBF assume burnup far greater than 45 Gigawatt days per metric ton of 
Uranium.  In Dr. Resnikoff’s analysis, the fuel used was 68 GWd/MTU.  It would contain more 
actinides than fuel with a burnup of 45 GWd/MTU.   
 

Dr. Resnikoff analyzed the Holtec UMAX MPC-37 canister.  Earlier analyses indicated that 24 
Pressurized Water Reactor (PWR) assemblies could be packed into a canister, not 37, as illustrated in 
the first slide above.  Fuel pellets have thin cladding and the fuel assemblies are stored in thin-walled 
canisters, both of which have been reported to have short-term significant degradation 
vulnerabilities.   
 

Due to these considerations, canisters loaded with HBF may not be accepted in a permanent 
repository, and because it would be unsafe to transport to a Consolidated Interim Storage (CIS) -- 
also known as Centralized Interim Storage Facilities (CISF) -- they may have to stay on site. 
 

The Sierra Club’s Petition to Intervene and Request for Adjudicatory Hearing before the US Nuclear 
Regulatory Commission in the Matter of Holtec International -- Consolidated Interim Storage, Docket 
No. 72-1050, Sept. 14, 2018, draws on Dr. Resnikoff’s analysis.  Here is an excerpt from contention #14 
of that petition: 
 

“The lack of testing and reliable confirmation of this [Holtec UMAX MPC-37] unique cask design is 
troubling. If fuel cladding is overheated, the fuel may not be acceptable for a waste storage facility. 
The heat output from nuclear fuel with time is reliably known. What is not known to this same 
degree of certainty is the ability of the UMAX cask to dissipate this heat output. To make this 
determination one would need to know the air temperature and air flow rate, variables that could be 
measured.  The minimum values of these variables should be conditions of the Certificate of 
Compliance. 
 

“Adding further concerns about the safety of the UMAX system is the fact that there is no 
information in the Holtec documentation in this case as to how much of the spent fuel that would be 
stored at the CIS facility would be high burnup fuel.  For high burnup fuel, the cladding surrounding 
the nuclear fuel is thinner, more brittle, with additional cracks and hydrides.  Therefore, the cladding 
can shatter during transportation and a large inventory of radioactivity, particularly cesium, could be 
released. 
 

“There is also a safety concern due to Holtec’s recent announcement re. Oyster Creek that it claims 
to have a process whereby the HBF can be taken from reactor pools and placed in the UMAX canister 
after being in the pool for only 2.5 years.  This would be unprecedented and there is no information 
in the Holtec SAR or other documentation in this case evaluating the safety of that proposal.” 

 
The following are relevant slides from a recent presentation on spent fuel by Robert Alvarez, which 
were included in the September 7 webinar on High Burnup Fuel.  A summary of Robert Alvarez’s 
comment at the July 16, 2018 Congressional Briefing on Decommissioning in Washington, DC are 
attached as Appendix 4: 



 
  

 
 
 



 
 
 

 
 

 



 

 
 

 



 
 
 

 
 
 

 



 
 

 
 



 
 

 
 
The following is a summary of Alvarez’s remarks to the HBF webinar on September 7, 2018.  
 

Alvarez emphasized that it was very dangerous to keep spent fuel in pools any longer than necessary 
once the reactor has closed.  There may be no backup power, and no defense in depth.  Dry storage on 
site entails dangers, too.   One study placed shaped charges6 on a dry cask, found a cask explosion 
would result in a large Cesium-137 release.  Yet a spent fuel pool fire is much worse, Alvarez said. 
 

HBF began being used in reactors around 2004-2005.  90% of spent fuel above 45 GWd/MTU is in fuel 
pools and has been sitting there for more than a decade.  The owners of the fuel pools have resorted to 
dense compaction (re-racking).  That creates severe overcrowding and higher risk of criticalities, so the 
assemblies in the pools are surrounded with neutron absorbers.   
 

When the NRC made the decision to increase the use of HBF and double the irradiation time, it did so 
without regard for long-term storage.  NRC has no technical data to support long-term storage that 
deals with potential failures in storing or transporting it, Alvarez said.  

                                                           
6  Shaped charges are commonly used an anti-tank weapons, such as rocket-propelled grenades (RPGs), and can 
also be manufactured from easily-obtained materials. 
 



  

At 68 GWd/MTU, Dr. Resnikoff is talking about a particularly high level of HBF.  The NRC defines HBF as 
anything above 45 GWd/MTU.  40-45% of spent fuel assemblies meet that criterion now.  Of that 40-
45%, less than 10% of stored spent fuel is in dry casks; the rest is in pools.  Moving spent fuel is 
problematic, and can cause failure.  
 

The HBF problem does have a solution, but it will take more money and time than the industry has 
generally been willing to spend.  Reactor operators at Maine Yankee and Zion store their HBF as if it’s 
already damaged, in double containment. HBF will sit at reactor sites for 40 years, likely longer.  When a 
geologic repository opens, that HBF may not be suitable or licensed for storage in it.  It needs 
repackaging with fewer assemblies per container (i.e., 9 vs. 37). This is expensive, and there is currently 
no infrastructure for it.  Holtec’s CIS plan doesn’t include any repackaging.  It remains unclear if they 
receive HBF what will be done with it.   
 

The NRC did a workbook analysis for the San Onofre Nuclear Generating Station (SONGS), to determine 
what would happen if something like earthquake unexpectedly drained the fuel pool. Using a dispersion 
model, it found that pool fires would release twice the amount of Cesium-137 than all above ground 
nuclear weapons tests combined.   
 

There is a way to avoid this kind of risk, but it costs more money.  It involves packing many fewer HBF 
assemblies in a canister, and using smaller canisters.  This should be considered.  HBF should be treated 
as a priori damaged fuel. 
   

We’re currently depending on leap of faith – we can’t know what will happen, Alvarez said.  In May of 
2016 the Nuclear Waste Technical Review Board sent a letter to DoE referencing Alvarez’s August 2016 
article in the Bulletin of Atomic Scientists (Nuclear power plant?  Or storage dump for hot radioactive 
waste?  https://thebulletin.org/2016/08/nuclear-power-plant-or-storage-dump-for-hot-radioactive-
waste/ ). Here is an excerpt from that article: 
 

…Research shows that in regard to high-burnup waste the fuel cladding thickness of used fuel is 
reduced and a hydrogen-based rust forms on the zirconium metal used for the cladding, and this 
thinning can cause the cladding to become brittle and fail. In addition, under high-burnup 
conditions, increased pressure between the uranium fuel pellets in a fuel assembly and the inner 
wall of the cladding that encloses them causes the cladding to thin and elongate. And the same 
research has shown that high burnup fuel temperatures make the used fuel more vulnerable to 
damage from handling and transport; cladding can fail when used fuel assemblies are removed 
from cooling pools, when they are vacuum dried, and when they are placed in storage canisters… 

… NRC’s current regulatory guidance concedes that “data is not currently available” supporting the 
safe transportation of high burn spent nuclear fuel. Owners of the shuttered Maine Yankee and 
Zion reactors are not taking a chance and have packaged high burnup spent fuel as it were 
damaged goods, stored in double-shell containers instead of single-shell, to allow for safer 
transport.  
 

The impacts of decay heat from high-burnup spent fuel on the internal environment of commercial 
dry casks are virtually impossible to monitor, according to a 2014 NRC-sponsored study, “because 
of high temperatures, radiation, and accessibility difficulty.” The uncertainties of storing a mix of 
high- and low-burnup spent fuel in a canister are compounded by the lack of data on the long-term 
behavior of high-burnup spent fuel. This problem was highlighted by the Nuclear Waste Technical 
Review Board, an expert panel that provides scientific oversight for the Energy Department on 
spent fuel disposal. That panel said there is little to no data to support dry storage and transport 
for spent fuel with burnups greater than 35 gigawatt days per metric ton of uranium. In a May 

file:///C:/Users/ea1/Dropbox/CW/IP%202016/Decommissioning/High%20burnup%20fuel/Bulletin%20of%20Atomic%20Scientists
file:///C:/Users/ea1/Dropbox/CW/IP%202016/Decommissioning/High%20burnup%20fuel/Bulletin%20of%20Atomic%20Scientists
https://thebulletin.org/2016/08/nuclear-power-plant-or-storage-dump-for-hot-radioactive-waste/
https://thebulletin.org/2016/08/nuclear-power-plant-or-storage-dump-for-hot-radioactive-waste/


2016 letter to the Energy Department, the board raised elemental questions that should have been 
answered before the NRC and reactor operators took this leap of faith: ‘What could go wrong? 
How likely is it? What are the consequences?’  The board provided no answers to those questions.  

 
Loading many fewer assemblies per canister, i.e. not 37, but just a few, would mitigate HBF storage risk. 
It would also allow for safer transport, which also presents many other challenges.  Alvarez conducted 
an analysis of what that would take for Columbia Generating Station to do this, and found it would cost 
another $1 billion over and above what is set aside in the decommissioning funds.  Ratepayers would be 
responsible for these additional costs.  
  

DoE has a database with 100 MB of data on 224,000 fuel assemblies nationwide. It shows how many 
assemblies there are, how many canisters have failed, etc. Citizens groups can track it, but the burden of 
proof falls on the industry to show that HBF storage or transportation are feasible; they can’t just say 
“trust us.”  HBF will be trapped at reactor sites for a long time, costs will go up and up.  There is no clear 
indication of what the pathway is.  We have no coherent safe storage strategy or national storage 
policy. Some are presuming Yucca Mountain will happen.  We also need to look beyond technical issues 
to political and economic realities.  After the host city loses its tax base, this waste should be taxed as a 
nuisance; otherwise reactor communities will be left stranded.  Alvarez’s analysis found roughly 22-23% 
of all spent fuel will be HBF and will likely be sitting at the reactor sites indefinitely.    
 

For details of that analysis, see his presentation at the July 16, 2018 EESI Congressional briefing, 

“Decommissioning Nuclear Power Plants:  What Congress, Federal Agencies & Communities Need to 
Know,” Slide 8:  

 
The following is a summary of Arnie Gundersen’s remarks to the HBF webinar on September 7, 2018.  
 

A nuclear fuel rod is the width of a pinky finger; it bows like spaghetti, but then it becomes embrittled.    
A Chinese finger puzzle makes a good visual aid for it.  It represents the cladding in a single fuel rod.  If 
filled with pebbles, representing uranium fuel pellets, they assume a particular configuration when 
hanging vertically in assemblies in fuel pools or dry casks, but that changes if they are moved into a 
horizontal configuration for transport.  This will put different stresses on the cladding.  If the thin 
cladding becomes damaged the danger of a spent fuel fire increases. 
 

Gundersen agrees with Alvarez that the embrittlement of cladding has never adequately been 
considered.  Three weeks before the disaster at Fukushima-Daiichi, Sandia National Labs (SNL) did a 
study where they modeled a 9 x 9 assembly and used electric resistance heaters to simulate a fuel pool 
fire.  This was ordinary spent fuel, not even HBF.  The cladding was not even embrittled, it was fresh 
Zircon cladding – yet it burned. 
 

It’s urgent to move irradiated fuel out of the fuel pools, especially those that are so overcrowded.  The 
risks are orders of magnitude worse in fuel pools than in dry storage.  When Uranium splits, 93% of the 
heat is from that, but 7% of the heat is fission “rubble” left behind, including Cesium-137.  Even if the 
canister doesn’t fail, there is radiation exposure from that.  If it does fail, all bets are off.  The Americium 
component keeps growing; HBF releases more and more heat over time.  
  

Gundersen is also concerned about possible failure of the seal at top of the canister, letting in oxygen 
and causing a fire. If the canister cracks, the resulting fire would be yet worse.  The top is in 
compression; the bottom is in tension.  If pieces fall to the bottom, that changes the radiation dose.  
 

Gundersen said the burden is on the NRC to come up with a solution to these problems.  The answer to 
the question of how long the NRC should require HBF to stay in the pools – 12 years instead of 2, for 

http://www.eesi.org/files/071618_Nuclear_Plant_Decommissioning_Briefing_Slides.pdf
http://www.eesi.org/files/071618_Nuclear_Plant_Decommissioning_Briefing_Slides.pdf


example – is up to them.  But the NRC must identify the source of its assumptions, and show the 
evidence basis for its assertions.  The NRC seems to assume that canisters won’t crack, but they clearly 
will.  The NRC must show we have a clear contingency plan for when a canister cracks (not if).  Similarly, 
when a high burnup fuel rod cracks and spent fuel pellets fall to the bottom of a canister, this will create 
dissimilar metals in direct contact in the presence of water inside the canister.  This will create an 
electrolytic reaction that will attack the canister liner.  
 

In a post-script, he added:  High burn up fuel was licensed without thinking through what to do with its 
waste.  The risks of cladding failures during storage or shipping and the risk of canister failures in 
storage and shipping are not being adequately addressed experimentally.  Without adequate 
experimentation, adequate analysis cannot be completed.  Without adequate analysis, good regulation 
is impossible.  Like the Atomic Energy Commission (AEC) before it, the NRC staff seems motivated just to 
get the spent fuel storage problem behind them, even though the waste’s toxic legacy will linger for a 
quarter of a million years.   

It should be the role of the NRC, not the public, in the regulatory process to insist upon an adequate 
experimental foundation for a problem that will exist for millennia.  The foundational experiments and 
analysis upon which this high burn up regulation is based is not adequate to protect the public health 
and welfare.  
 
The following is a summary of the question and answer session that took place after the September 7, 
2018 HBF webinar presentations 
  

Q.  Due to the hydrides in the fuel cladding, uranium pellets and even the aluminum alloy fuel baskets 
caused by moderate and high burnup fuel, you can have gas explosions when air enters the canisters. 
Zirconium hydrides ignite at 270 degrees Celsius.  Most documents that analyze pool and dry storage 
impacts frequently ignore the high burnup hydrides and temperature risks.  

A.  Fire risk depends on how much oxygen gets in.  Zircaloy scavenges oxygen out of air or water.  That’s 
why old-fashioned flashbulbs use zirconium.  In another forum, Alvarez heated a piece and showed the 
difference in combustibility between new vs. heated zirconium.  

Q.  Exelon claimed Oyster Creek doesn’t have HBF.  Holtec is proposing to empty fuel pool at Oyster 
Creek in 2.5 years.   

A.   Oyster Creek definitely does have some HBF assemblies according to DoE tracking data:  655 out of 
4,000 fuel assemblies are HBF, according to data that Oyster Creek reported to DoE.  Holtec may assert 
that they will empty the fuel pool in 2.5 years, but the NRC hasn’t approved that proposal yet.  

Also, on the question of NRC approving quick removal of HBF from fuel pools, Schuyler Gould of the New 
England Coalition on Nuclear Pollution points out that NRC issued an exemption to Entergy for Vermont 
Yankee allowing a mixing of regular and HBF and averaging the heat output, after 2 years.  Here are the 
details: 

SUMMARY: The U.S. Nuclear Regulatory Commission (NRC) is issuing an exemption in response to a 
request submitted by Entergy Nuclear Operations, Inc. (ENO) on May 16, 2017, and supplemented on 
September 7, 2017 and December 7, 2017, for its general license to operate an independent spent fuel 
storage installation (ISFSI) at the Vermont Yankee Nuclear Power Station (VYNPS).  This exemption 
would permit the VYNPS to use a new regionalized loading pattern, load fuel cooled for at least 2 years, 
and establish a per-cell maximum average burnup limit at 65,000 megawatt days per metric ton of 
uranium (MWD/MTU) in HI-STORM 100 multi-purpose canister (MPC)-68M using Certificate of 
Compliance (CoC) No. 1014, Amendment No. 10.   www.nrc.gov/docs/ML1729/ML17298A158.pdf   On 

http://www.nrc.gov/docs/ML1729/ML17298A158.pdf


Page 8, NRC says,  "The staff found that the material properties of structures, systems, and components 
important to safety will be maintained during normal, off-normal, and accident conditions so that the 
spent nuclear fuel can be safely stored for the minimum required years and maintenance can be 
conducted as required."  It is not clear what NRC means by "maintenance?"  

Q.  Loading needs to be tediously slow and careful, so how is transport supposed to be done quickly and 
easily?    

A.  NRC has licensed 51 designs for casks, 13 are for storage only (i.e. not for transport).  None have 
been licensed for disposal.  For plants with spent fuel pools, they should go back to open racks to reduce 
the risk of criticality.  The geology of the site(s) selected will determine how these should be 
packaged.  The burden of proof should fall on NRC to make these determinations and show the evidence 
for them.  

Q.  How long will HBF be stored onsite in dry storage?  30 years? 40 years? 

A.  That depends.  No geological repository is currently in sight.  Assume the oldest fuel would leave sites 
first.  HBF needs a cool-down period of many decades before it can be transported.  Fresher, hotter fuel 
is less likely to be moved anytime soon. 

 Q.  What are some differences between European vs. US practices on spent fuel, and what would be the 
least bad long-term strategy for HBF in the US? 

A.  In Europe, only four assemblies are allowed per cask.  In the US, casks often contain 36 assemblies for 
BWR or 27 for PWR. Holtec packs 89 BWR assemblies in new high-store FW casks.   In the US, we must 
push to store HBF as long as possible in safe, hardened conditions, in casks which will hold up, and which 
cannot be subject to malicious attacks.  The US should emulate Germany.  Their spent fuel is placed in 
bermed buildings.  They have hardened up their storage yards, control buildings, etc.  They did this 30 
years ago.  Hardened on-site storage (HOSS) is the best we can hope for in the U.S.  For San Onofre 
(SONGS), the best is probably to store the fuel on the nearby Marine Corps base (instead of on the 
beach).  The bad news is high-level nuclear waste will be stranded at these sites for a long time, so we 
need the safest possible method of onsite storage.  We need a national policy to deal with the fact that 
nuclear power generation facilities, as their operations phase ends, are transforming into long-term 
storage facilities. 
 

On U.S. loading practices, Mary Lampert of Pilgrim Watch added this comment:  Pilgrim (BWR) stores 68 
assemblies in each Holtec cask. Entergy is using Holtec Hi-Storm 100, Version B, MPC-68 casks to 
eventually hold and store 62 dry casks.  The cask system is comprised of three primary components:  
MPC-68, HI-TRAC 100 D, and HI-STORM 100S. 
 
Pursuant to analysis by and discussions with these experts, Clearwater and our colleagues are deeply 
concerned that NRC’s assumptions about HBF, including about the performance of cladding and 
canisters, licensing and certification approaches, how soon HBF can be transferred from fuel pools, and 
dry storage and transport of HBF, are not reasonable.  Moreover, we believe the NRC has left key issues 
regarding storage and transport of HBF unresolved, made overly optimistic assumptions without 
showing an evidence basis for them, and ignored the need to implement sufficient solutions such as 
these experts have advised.  We see a lack of a coherent strategy or national policy for spent fuel 
storage generally, and for high burnup fuel in particular, which urgently needs to be remedied. 
 



With regard to NUREG-2224, the NRC is ignoring significant operating data and significant experimental 
data on both high burnup and moderate burnup fuels indicating that it is unstable in both short-term 
storage and transport.  
 

The nuclear industry is pushing the NRC to approve even higher burnup fuels without addressing the 
current problems – and the NRC has weakened, rather than strengthened, enforcement of their own 
safety regulations.  
 

Instead of ensuring fuel assemblies and storage canisters are safe for transport, they seem to be 
ignoring these regulations.  Instead, as long as the canisters haven't started leaking, they are allowing 
them to be transported.  
 

Holtec's CIS New Mexico plan is to return leaking canisters back to sender. Yet it is not legal to transport 
leaking canisters.  Transporting fuel once is extremely dangerous; transporting HBF is even more 
dangerous.  The CIS sites, as well as existing storage sites, have no plan in place to prevent or stop leaks 
– or to adequately respond to a problem should it occur.  The NRC must confront the evidence that this 
waste is highl6y dangerous and do everything in its power to ensure public health and safety and to 
protect our environment and existing infrastructure.   
 
We are facing a dangerous global climate crisis already unfolding.  We can’t afford to compound it with 
a preventable crisis from mishandled, inadequately regulated nuclear waste.  The NRC must not dismiss 
or minimize in any way the complexities of nuclear waste storage or transport, and the additional risks 
associated with high burnup fuel. 
 
Thank you for considering these comments. 
 

Respectfully submitted, 

 
Manna Jo Greene, Environmental Director 
Hudson River Sloop Clearwater, Inc. 
724 Wolcott Ave., Beacon, NY 12508 
845-265-8080 x 7113   
www.clearwater.org  

http://www.clearwater.org/
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Abstract 

 
Time-dependent changes on the cladding performance of high burnup (HBU) spent nuclear fuel (SNF) are all 
primarily driven by the fuel's temperature, rod internal pressure (and corresponding pressure-induced cladding 
hoop stresses), and the environment during dry storage or transport operations. Historically, the potential for 
these changes to compromise the analyzed fuel configuration in dry storage systems and transportation 
packages has been addressed through safety review guidance. This guidance defines adequate fuel conditions, 
including peak cladding temperatures during short-term loading operations to prevent or mitigate degradation of 
the cladding. The purpose of this report is to expand the technical basis in support of that guidance, as it pertains 
to the mechanism of hydride reorientation in HBU SNF cladding. 
 
Hydride reorientation is a process in which the orientation of hydrides precipitated in HBU SNF cladding during 
reactor operation changes from the circumferential-axial to the radial-axial direction. Research results over the 
last decade have shown that hydride reorientation can still occur at temperatures and stresses lower than those 
assumed in the current staff review guidance. Therefore, the U.S. Nuclear Regulatory Commission (NRC) has 
since sponsored additional research to better understand whether hydride reorientation could affect the 
mechanical behavior of HBU SNF cladding and compromise the fuel configuration analyzed in dry storage systems 
and transportation packages. 
 
This report provides an engineering assessment of the results of research on the mechanical performance of HBU 
SNF following hydride reorientation. Based on the conclusions of that assessment, the report then presents 
example approaches for licensing and certification of HBU SNF for dry storage (under Title 10 of the Code of 
Federal Regulations (10 CFR) Part 72, "Licensing Requirements for the Independent Storage of Spent Nuclear Fuel 
and High-Level Radioactive Waste, and Reactor-Related Greater Than Class C Waste") and transportation (under 
10 CFR Part 71, "Packaging and Transportation of Radioactive Material"). 
 
The information in this report is not intended for use in applications for wet storage facilities or monitored 
retrievable storage installations licensed under 10 CFR Part 72. 
 
Nothing contained in this report is to be construed as having the force or effect of regulations Comments 
regarding errors or omissions, as well as suggestions for improvement of this NUREG should be sent to the 
Director, Division of Spent Fuel Management, U.S. Nuclear Regulatory Commission, Washington, D.C., 20555-
0001.7 

  

                                                           
7  https://www.nrc.gov/reading-rm/doc-collections/nuregs/staff/sr2224/  
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Appendix 2:  Presenter Bios 
  

Marvin Resnikoff, Radioactive Waste Management Associates -- Dr. Marvin Resnikoff is an international 
consultant on radioactive waste issues.  A nuclear physicist and a graduate of the University of 
Michigan, Dr. Resnikoff has worked on radioactive issues since his first project at West Valley, New York 
in 1974. Throughout his career, he has assisted public interest groups and state and local governments 
across the US, Canada and England. His recent research focus has been on the risk of transporting and 
storing radioactive nuclear reactor fuel, decommissioning nuclear facilities and the health impact of 
radioactive waste from oil and uranium production.  A nuclear physicist and a graduate of the 
University of Michigan, Dr. Resnikoff has worked on radioactive issues since his first project at West 
Valley, New York in 1974. Throughout his career, he has assisted public interest groups and state and 
local governments across the US, Canada and England.  His recent research focus has been on the risk 
of transporting and storing radioactive nuclear reactor fuel, decommissioning nuclear facilities and the 
health impact of radioactive waste from oil and uranium production.  Dr. Resnikoff also works on the 
storage of nuclear fuel at reactors and, for the State of Nevada, the risk of transporting radioactive 
material. In June 2000, he was appointed to a Blue Ribbon Panel on Alternatives to Incineration by DOE 
Secretary Bill Richardson. In August 2010, he was an invited panelist before the President’s Blue Ribbon 
Commission on Nuclear Safety. 
  

Robert Alvarez, Institute for Policy Studies, is a Senior Scholar at IPS, where he is currently focused on 
nuclear disarmament, environmental, and energy policies.  Between 1993 and 1999, Mr. Alvarez served 
as a DoE Senior Policy Advisor to the Secretary and Deputy Assistant Secretary for National Security and 
the Environment. While at DOE, he coordinated the effort to enact nuclear worker compensation 
legislation.  In 1994 and 1995, Bob led teams in North Korea to establish control of nuclear weapons 
materials.  He coordinated nuclear material strategic planning for the department and established the 
department’s first asset management program. Bob was awarded two Secretarial Gold Medals, the 
highest awards given by the department.  Prior to joining the DOE, Mr. Alvarez served for five years as a 
Senior Investigator for the U. S. Senate Committee on Governmental Affairs, chaired by Senator John 
Glenn, and as one of the Senate’s primary staff experts on the U.S. nuclear weapons program. While 
serving for Senator Glenn, Bob worked to help establish the environmental cleanup program in the 
Department of Energy, strengthened the Clean Air Act, uncovered several serious nuclear safety and 
health problems, improved medical radiation regulations, and created a transition program for 
communities and workers affected by the closure of nuclear weapons facilities.  In 1975 Bob helped 
found and direct the Environmental Policy Institute (EPI), a respected national public interest 
organization. He helped enact several federal environmental laws, wrote several influential studies and 
organized successful political coalitions.  He helped organize a successful lawsuit on behalf of the family 
of Karen Silkwood, a nuclear worker and active union member who was killed under mysterious 
circumstances in 1974.  Bob Alvarez is an award winning author and has published articles in prominent 
publications such as Science Magazine, the Bulletin of Atomic Scientists, Technology Review and The 
Washington Post. He has been featured in television programs such as NOVA and 60 Minutes. 
  

Arnie Gundersen, Chief Engineer of Fairewinds Energy Education, has more than 45 years of nuclear 
power engineering experience.  He attended Rensselaer Polytechnic Institute (RPI) where he earned his 
Bachelor Degree cum laude while also becoming the recipient of a prestigious Atomic Energy 
Commission Fellowship for his Master Degree in nuclear engineering.  Arnie holds a nuclear safety 
patent, was a licensed reactor operator, has authored a peer reviewed scientific paper about 
radioactive releases after the Fukushima Daiichi disaster and is a former nuclear industry senior vice 
president. During his nuclear power industry career, Arnie also managed and coordinated projects at 
70-nuclear power plants in the US.  



Appendix 3:  Dr. Marvin Resnikoff’s Statement on MPC-37 

 

September 24, 2018 

Statement by Marvin Resnikoff re. High Burnup Fuel 

I’ve been focused on temperature conditions within the Holtec high storm FW and Hi-Star 190 casks. 
But before I talk about that, I wanted to say a few words about high Burnup fuel and the problems it 
poses for transporting and also finally disposing of the fuel.  My concern is with cladding, the tubing 
around each fuel rod.  Studies have shown that cladding thins the longer fuel sits in a reactor. For high 
burnup fuel, the thinning is 12 to 20% of the initial thickness which is already quite thin. In addition to 
that there is the issue of the buildup of hydrides when the fuel cools. This accounts for the loss of 
ductility of the cladding.  My concern is with the transportation of nuclear fuel, the vibrations that are 
caused during rail transport and the increased likelihood that the fuel will have cladding defects.  If that 
is the case, according to the Department of Energy, fuel with gross cladding defects will not be accepted 
in a high-level waste repository.  This implies that fuel that has been transported to CIS may remain 
there indefinitely.  It would be important for us to locate a metallurgist who could look more deeply 
into these issues. 

Now want to say a word about the Holtec MPC-37 canister.  The loading for the MPC-37 is quite 
complicated; it may be an issue whether utilities can follow the prescriptions outlined by Holtec. One 
example is shown in this first slide; the outer ring has cooler fuel; the ring that is shaded will holds high 
burnup fuel and the inner square will have medium burnup fuel.  One cannot put the high burnup fuel 
in the outer ring because of the gamma emissions.  For this fuel loading according to Holtec, the cooling 
time in order to reach that heat output per assembly for this outer sections is 43 years, or one can leave 
some of the storage locations empty.  The cooling time for high burnup fuel, as you can see, is seven 
years.  The cooling time for the inner square 24 years.  So this raises the issue when will utilities be 
allowed to ship the MPC-37. 

I’ve calculated this timing, based on the third figure.  I’ve taken all the radionuclides that are present in 
high burnup and medium Burnup fuel.  This is the same radionuclide mix used by Holtec8 (Roddy, 1986). 
You’ll notice that in the first 10 years there is exponential decay but after 10 years up to year 75, decay 
is quite gradual and it takes a long time for fuel to cool down.  The basic reason for this phenomena is 
the decay of one of the plutonium isotopes, plutonium 241 to americium-241.  Americium-241 has a 
long half-life 432 years, so it acts as a reservoir for the plutonium 241 decays (14 years, beta decay).  By 
year 75, americium-241 counts for approximately 25% of the heat output. 

One last word about high burnup fuel, and for Holtec, high burnup fuel is fuel with a burnup 68 GW 
days per metric ton (GWd/MTU).  Most earlier transportation analyses assumed fuel had a maximum 
burnup of 40 GWd/MTU.  The concern here is for the radionuclide cesium 137 and potential 
transportation accidents.  Essentially the amount of cesium 137 is proportional to the burnup so high 
burnup fuel has approximately 1.7 times the amount of cesium 137 than medium burnup fuel.  High 
Burnup fuel also has more of the actinides leading to a longer decay time.  In addition, most earlier 
analyses assumed casks contained 24 PWR assemblies, not 37 PWR assemblies assumed by Holtec. This 
accounts for an additional 1.5 times the amount of cesium-137. 

  

                                                           
8  Roddy, JW, et al, Physical and Decay Characteristics of Commercial LWR Spent Fuel, ORNL/TM-9591/V1&R1, January 1986. 



Appendix 4:  Summary of Robert Alvarez’s presentation at July 16, 2018 

 Congressional Briefing 

Decommissioning Nuclear Power Plants:   
What Congress, Federal Agencies and Communities Need to Know 

July 16, 2018 

 

Robert Alvarez, Senior Scholar, Institute for Policy Studies; former Department of Energy Senior Policy 

Advisor to the Secretary and Deputy Assistant Secretary for National Security and the Environment 

 Nuclear power plants are no longer about generating electricity. Rather, they have become major 
large-scale waste management operations. 

 Approximately 30 percent of the world’s spent nuclear fuel is generated in the United States. 

 Nuclear waste is some of the most hazardous material on the planet. 

 For the safe management of nuclear waste, it should be contained for about 10,000 to 100,000 
years. 

 Spent fuel pools are holding four to five times more fuel rods than planned, and these pools are 
holding the fuel rods for longer than planned. This is risky, because a spent fuel fire could cause 
massive economic damages and require large scale evacuations. 

 According to the Department of Energy, it will cost about $3.8 billion to store stranded spent fuel 
rods. 

 There are approximately 80,000 small canisters that need to be repackaged, and many of these 
dry casks cannot be opened up without the proper infrastructure. It will cost about a billion dollars 
per reactor for repackaging. 

 Storage disposal needs to be revamped in the United States. We need to develop a transparent, 
comprehensive roadmap for dealing with spent fuel rods. 

 Alvarez stressed that we need to stop storing spent nuclear waste in high-density pool storage. 

 Short-term casks are licensed for a 40-year period, and can be re-utilized if they hold up. 

 The United States lacks a national storage policy, and this is why nuclear storage pools are 
jammed packed. The Department of Energy should have a role in storage planning besides 
restarting Yucca Mountain – we need to think of nuclear storage as a priority. 
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Appendix 5:   Comments from Donna Gilmore of San Onofre Safety  

NUREG-2224 is based on insufficient operating data and that data does not reflect normal operating 
conditions of burnup.  A high burnup fuel rod from H.B. Robinson that does not reflect normal 
operating conditions of fuel burnup isn’t even valid operating data.  H.B. Robinson rods were handled in 
an abnormal way.  They were moved to new fuel assemblies after each cycle, rather than continuing to 
burn in fuel assemblies with other higher burnup rods.  Cherry picking operating data to reach a 
conclusion that high burnup fuel is safe in storage in transport is not acceptable science.   
 

Design, Operation, and Performance Data for High Burnup PWR Fuel from the H. B. Robinson Plant  

for Use in the NRC Experimental Program at Argonne National Laboratory, EPRI, May 4, 2001 

https://www.epri.com/#/pages/product/1001558/?lang=en 

 

Why isn’t the NRC using the following operating data? 
 

There are over 4,400 fuel rods taken from 
commercial operating reactors that show significant 
oxide and hydride buildup on the zirconium cladding 
starting at moderate burnup (~35 GWd/MTU). Why 
is the NRC ignoring this operating data and instead 
ignored this question when it was asked in the one 
NRC meeting on NUREG-2224?  Is it because it would 
show that high burnup fuel is unsafe in storage and 
transport?  Is it because the hydrides, when 
combined with air will cause explosions?    

 
Evaluation of the Technical Basis for Extended Dry 
Storage and Transportation of Used Nuclear Fuel, 
Nuclear Waste Technical Review Board (NWTRB), Douglas Rigby, December 2010, Page 55 and 56  
https://www.nwtrb.gov/docs/default-source/reports/eds-final.pdf?sfvrsn=8&sfvrsn=8 
 
Plotting more than 4,400 measurements from commercial fuel-rods taken from reactors around the 
world, Figure 20 shows the maximum outer-surface oxide-layer thickness data in low-Sn Zircaloy-4 
cladding plotted as a function of burnup. Taking these oxide thickness measurements, the maximum 
wall thickness average (MWTA) hydrogen content can be calculated using a hydrogen evolution 
model. Figure 21 plots the wall-average hydrogen content in low-Sn Zircaloy-4 cladding as a function 
of burnup from both measured and model-calculated data. For a discharge burnup in the range of 60-
65 GWd/MTU, the maximum oxide thickness is 100 μm and the average hydrogen concentration is 
800 ppm, which corresponds to a metal loss of 70 μm using conservative assumptions.  
Spent Fuel Transportation Applications – Assessment of Cladding Performance: A Synthesis Report, 
EPRI-TR-1015048, December 2007, page 2-2 and 2-3 

 
The H.B. Robinson operating data was Zircoloy 4.  New zirconium alloy fuels (M5 and Zirlo) are more 
susceptible to failure, yet were not evaluated. 

Cladding Outer Surface Oxide Layer Thickness versus Rod Average Burnup 

https://www.epri.com/#/pages/product/1001558/?lang=en
https://www.nwtrb.gov/docs/default-source/reports/eds-final.pdf?sfvrsn=8&sfvrsn=8


 
 

Newer Zirconium alloy claddings (Zirlo and M5) degrade faster with high burnup fuel than earlier 
claddings, such as Zircaloy-4.  And there are many critical unknowns.  
 

San Onofre and other plants are approved for use of M5 cladding. Diablo Canyon uses Zirlo cladding.   
http://www.gpo.gov/fdsys/pkg/FR-2009-12-28/html/E9-30674.htm 
http://pbadupws.nrc.gov/docs/ML0037/ML003764792.pdf  

 

This DOE Mike Billone slide presentation has a summary of the issues. 
Ductile-to-Brittle Transition Temperatures for High-Burnup PWR Cladding Alloys Mike Billone and 
Yung Liu Argonne National Laboratory U.S. NWTRB Winter Meeting November 20, 2013, DOE Slide 
Presentation  www.nwtrb.gov/docs/default-source/meetings/2013/november/billone.pdf?sfvrsn=7 

 

• Billone Slide 6 Cladding Mechanical Properties and Failure Limits 
o Available for HBU Zircaloy-4 (Zry-4) with circumferential hydrides 
o Available for Zry-2 but data needed at high fast fluence (i.e., HBU) 
o Data needs 

 Tensile properties of HBU M5® and ZIRLO™ cladding alloys 
 Failure limits for all cladding alloys following drying and storage 
 Radial hydrides can embrittle cladding in elastic deformation regime 

 

• Billone Slide 12 Summary of Results 
o Susceptibility to Radial-Hydride Precipitation 

 Low for HBU Zry-4 cladding 
 Moderate for HBU ZIRLO™ 
 High for HBU M5® 

o Susceptibility to Radial-Hydride-Induced Embrittlement 
 Low for HBU Zry-4 
 Moderate for HBU M5® 
 High for HBU ZIRLO™  

http://www.gpo.gov/fdsys/pkg/FR-2009-12-28/html/E9-30674.htm
http://pbadupws.nrc.gov/docs/ML0037/ML003764792.pdf
http://www.nwtrb.gov/docs/default-source/meetings/2013/november/billone.pdf?sfvrsn=7


Report for Billone slides: Fuel Disposition Campaign: Embrittlement and DBTT of High-Burnup PWR 
Fuel Cladding Alloys, Prepared for DOE Used Fuel Disposition Campaign, M.C. Billone, T.A. Burtseva, 
Z. Han and Y.Y. Liu, Argonne National Laboratory September 30, 2013, FCRD-UFD-2013-000401   
https://sanonofresafety.files.wordpress.com/2014/02/billone2013-09-30embrittlementdbtthighbrnup-pwrfuelclad-alloys.pdf  

 
The DOE “Demonstration Program” (High 
Burnup Dry Storage Project) will only use 32 
fuel rods in one thick-wall cask over a 10- 
year storage period.  At the February 2016 
Nuclear Waste Technical Review Board 
(NWTRB) meeting, a member said to the 
DOE “you’re spending a lot of money and 
time to get very few data points”.  Yet, the 
NRC states it is considering this 
“Demonstration Program” sufficient to 
determine the long term behavior of high 
burnup fuel currently stored?  Why aren’t 
you opening up one of the oldest existing 
canisters, such those at Calvert Cliffs? Why 
aren’t you using the operating data from 
the over 4,400 rods instead? Likely, because 
you do not want to admit the hydrides from 
high burnup fuel make the fuel unstable in 
storage and transport. 

Transcript of Winter 2016 NWTRB 
meeting, Nuclear Waste Technical 
Review Board, February 17, 2016, Page 
300 https://www.nwtrb.gov/docs/default-source/meetings/2016/february/feb2016.pdf?sfvrsn=4 

  

https://sanonofresafety.files.wordpress.com/2014/02/billone2013-09-30embrittlementdbtthighbrnup-pwrfuelclad-alloys.pdf


Appendix 6:   Additional Resources on HBF 
 
Nuclear power plant?  Or storage dump for hot radioactive waste?  By Robert Alvarez, Bulletin of Atomic 
Scientists, August 11, 2016 :  https://thebulletin.org/2016/08/nuclear-power-plant-or-storage-dump-
for-hot-radioactive-waste/  
 
Pushing the storage horse with a nuclear waste cart:  the spent fuel pool problem  By Robert Alvarez, 
Bulletin of Atomic Scientists, August 9, 2017  https://thebulletin.org/2017/08/pushing-the-storage-
horse-with-a-nuclear-waste-cart-the-spent-fuel-pool-problem/  

IN PERSPECTIVE:  The Downside of High Burnup Fuel   Robert Alvarez, of the Institute for Policy Studies, 
looks at the impact of high burnup fuel in the US as part of NIW's ongoing series on nuclear waste 
management, Nuclear Intelligence Weekly, July 15, 2016  http://www.environmental-defense-
institute.org/publications/AlvarezHighBurnup.pdf  
 
MEMORANDUM: High Burnup Spent Power Reactor Fuel  By Bob Alvarez;  December 17, 2013  
http://www.environmental-defense-institute.org/publications/Alvarez%20Memo%20re-
%20High%20Burnup%20Nuclear%20Fuel.%2012-17-2013%20rev.%202docx.pdf   

 
From Paul Gunter of Beyond Nuclear:  Below is background information on the Holtec International and 
SNC Lavalin merger into CDI.   It also discusses Holtec's "proto-prompt decommissioning" strategy for 
removing young and hot irradiated fuel for loading into dry casks after 2.5 years of wet storage: 

Holtec expands n-waste and new build business model with rapid decommissioning  
Beyond Nuclear; Aug. 1, 2018  http://www.beyondnuclear.org/decommissioning/2018/8/1/holtec-
expands-n-waste-and-new-build-business-model-with-rap.html 

Company to decommission US reactors has corruption history  Beyond Nuclear, Aug. 5, 2018  
http://www.beyondnuclear.org/home/2018/8/5/company-to-decommission-us-reactors-has-
corruption-history.html  
 
Oyster Creek decommissioning plan needs close scrutiny   Op ed by Paul Gunter; Aug. 3, 2018 
https://www.app.com/story/opinion/columnists/2018/08/03/oyster-creek-decommissioning-plan-
needs-close-scrutiny-gunter/900152002/  

 

https://thebulletin.org/biography/robert-alvarez/
https://thebulletin.org/2016/08/nuclear-power-plant-or-storage-dump-for-hot-radioactive-waste/
https://thebulletin.org/2016/08/nuclear-power-plant-or-storage-dump-for-hot-radioactive-waste/
https://thebulletin.org/biography/robert-alvarez/
https://thebulletin.org/2017/08/pushing-the-storage-horse-with-a-nuclear-waste-cart-the-spent-fuel-pool-problem/
https://thebulletin.org/2017/08/pushing-the-storage-horse-with-a-nuclear-waste-cart-the-spent-fuel-pool-problem/
http://www.environmental-defense-institute.org/publications/AlvarezHighBurnup.pdf
http://www.environmental-defense-institute.org/publications/AlvarezHighBurnup.pdf
http://www.environmental-defense-institute.org/publications/Alvarez%2520Memo%2520re-%2520High%2520Burnup%2520Nuclear%2520Fuel.%252012-17-2013%2520rev.%25202docx.pd
http://www.environmental-defense-institute.org/publications/Alvarez%2520Memo%2520re-%2520High%2520Burnup%2520Nuclear%2520Fuel.%252012-17-2013%2520rev.%25202docx.pdf
http://www.environmental-defense-institute.org/publications/Alvarez%2520Memo%2520re-%2520High%2520Burnup%2520Nuclear%2520Fuel.%252012-17-2013%2520rev.%25202docx.pdf
http://www.beyondnuclear.org/decommissioning/2018/8/1/holtec-expands-n-waste-and-new-build-business-model-with-rap.html
http://www.beyondnuclear.org/decommissioning/2018/8/1/holtec-expands-n-waste-and-new-build-business-model-with-rap.html
http://www.beyondnuclear.org/decommissioning/2018/8/1/holtec-expands-n-waste-and-new-build-business-model-with-rap.html
http://www.beyondnuclear.org/home/2018/8/5/company-to-decommission-us-reactors-has-corruption-history.html
http://www.beyondnuclear.org/home/2018/8/5/company-to-decommission-us-reactors-has-corruption-history.html
http://www.beyondnuclear.org/home/2018/8/5/company-to-decommission-us-reactors-has-corruption-history.html
https://www.app.com/story/opinion/columnists/2018/08/03/oyster-creek-decommissioning-plan-needs-close-scrutiny-gunter/900152002/
https://www.app.com/story/opinion/columnists/2018/08/03/oyster-creek-decommissioning-plan-needs-close-scrutiny-gunter/900152002/
https://www.app.com/story/opinion/columnists/2018/08/03/oyster-creek-decommissioning-plan-needs-close-scrutiny-gunter/900152002/
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