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MEMORANDUM TO:  Robert Lewis, Director 
    Division of Preparedness and Response 
    Office of Nuclear Security and Incident Response 
     
FROM:    Richard P. Correia, Director   /RA/ 
    Division of Risk Analysis 
    Office of Nuclear Regulatory Research 
     
SUBJECT: EVALUATION OF ADIABATIC CALCULATION PERFORMED BY 

THE OFFICE OF NUCLEAR REGULATORY RESEARCH TO 
SUPPORT EMERGENCY PREPAREDNESS EXEMPTIONS FOR 
DECOMMISSIONING REACTORS 

 
 
The draft Interim Staff Guidance (ISG) NSIR/DPR-ISG-02, “Emergency Planning Exemption 
Requests for Decommissioning Nuclear Power Plants” outlines an approach for applying for 
exemptions from emergency planning requirements for decommissioning reactors.  This 
approach consists of an adiabatic calculation of fuel heatup from 30C to 900C of the hottest 
assembly.  In a February 5, 2014 email, the Office of Nuclear Security and Incident Response 
(NSIR) requested that the Office of Nuclear Regulatory Research (RES) review the 
reasonableness of this calculation based on recent spent fuel pool (SFP) studies.  In addition, 
RES was asked to determine whether an alternate basis is readily available from recent studies. 
 
Based on its review, RES finds the overall approach to be reasonable.  This conclusion is 
primarily based upon consideration of the results of NUREG-1738, “Technical Study of Spent 
Fuel Pool Accident Risk at Decommissioning Nuclear Power Plants,” and SECY-13-0112, 
“Consequence Study of a Beyond-Design-Basis Earthquake Affecting the Spent Fuel Pool for a 
U.S. Mark 1 Boiling-Water Reactor” commonly referred to as the Spent Fuel Pool Study (SFPS). 
 
The adiabatic calculation used in the subject approach is not intended to represent a particular 
event but rather represents more generally conditions that may occur in the event of a SFP 
accident.  Some aspects of this calculation are conservative while others are non-conservative.  
RES notes that the calculation is intended to cover:  
 

• Security events as well as safety events.  Therefore, blocked airflow from a partial 
draindown of the SFP or other causes needs to be considered for SFPs that would 
normally be expected to drain fully and have air circulation. 
 

• A full core offloaded to the SFP that increases the total heat load above what was 
considered in the SFPS. 

 
 
 
CONTACT: Brian T. Wagner, RES/DRA 
 301-251-7595 



R. Lewis - 2 - 
 

• Periods of time when the last reactor offload has been cooling for at least several 
months. 

 
Possible non-conservatisms include: 
 

• The adiabatic heatup calculation from 30C to 900C does not account for heat from 
oxidation, which becomes a notable source of energy before 900C.  According to 
NUREG-1738, “the oxidation heat source becomes a significant contributor to the total 
power at temperatures of approximately 600C.”  SFPS results corroborate this.  
NUREG-1738 contains the results of a calculation comparing adiabatic heatup to air-
cooled heatup and found that in some cases, the air-cooled case resulted in faster 
heatup (figure 2.2 in NUREG-1738) since the adiabatic case didn’t consider oxidation.  
RES staff estimates that this will be a small effect because for blocked airflow the 
amount of oxidant to feed the more energetic air (as opposed to steam) oxidation 
reaction will be limited.  For situations where the fuel is subject to increased airflow, staff 
estimates the increase in heat generated from oxidation will be partially or completely 
offset by a corresponding heat loss from air cooling such that, overall, this remains a 
small effect below 900C. 

 
• RES reviewed the adiabatic calculation provided by the Kewaunee licensee as part of an 

exemption request (Agencywide Documents Access and Management System (ADAMS) 
Accession No. ML14029A063).  The analysis assumed uniform heating of the entire fuel 
assembly, which is non-conservative.  Fuel heatup due to the decay heat and rapid 
oxidation leading to a zirconium fire is a local phenomenon that initiates at a particular 
location and then propagates.  However, the heatup will be more uniform for spent fuel 
with longer cooling times.  Therefore, staff estimates this will have a small effect on the 
heatup time to reach 900C. 

 
Possible conservatisms include: 
 

• Air cooling of assemblies is not considered but is expected to have a small effect in 
cases of blocked airflow. 

 
• SFP heat load management requirements currently in place at U.S. reactors are codified 

at both a generic level (via 10 CFR 50.54 (hh)(2)) and a plant-specific level (via 
conforming license conditions associated with the Safety Evaluation Reports stemming 
from the post-9/11 Orders).  If these requirements remain in effect, assemblies most 
recently removed from the reactor may be distributed among older, cooler, fuel 
assemblies.  Radiative heat transfer, including between the hotter assemblies and 
adjacent, cooler assemblies is not considered in an adiabatic calculation.  Based on 
experience and insights gained from the SFPS, staff estimates radiative heat transfer will 
have a moderate to large effect. 

 
Weighing the conservatisms and non-conservatisms, RES determined that the overall approach 
is reasonable. 
 
The competing effects of the various phenomena discussed herein (e.g., convective heat 
transfer, exothermic oxidation reactions, radiative heat transfer) become more pronounced at 
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higher decay heat levels (i.e., when the time since reactor shutdown and subsequent discharge 
to the SFP is smaller).  As such, more mechanistic approaches are required to better 
characterize these heatup times, which is what led to the transition from simplified approaches 
like the adiabatic heatup calculation to more mechanistic analysis (e.g. using MELCOR). 
 
The reasonableness of using the adiabatic heatup calculation is inherently tied to the decay 
heat of the fuel in question.  While RES staff have concluded that the adiabatic calculation is 
generally reasonable at the relatively long timeframes that decommissioning exemption 
requests usually pertain to (e.g. 12 months since the reactor was last at-power), that finding 
should not be extrapolated to significantly shorter times. 
 
Considering the question on an available alternative basis, the staff has not identified a readily 
available alternate basis for determining whether relaxing emergency planning requirements for 
decommissioning reactors would be acceptable.  Although the SFPS determined that, in certain 
circumstances, the fuel may be air coolable for at least 72 hours following a postulated accident, 
if the accident occurs at least a few months since the most-recently discharged fuel was last 
used in the reactor, the analysis depended on several site-specific factors (e.g. the expected 
leak location) and the result is not generically applicable.  For this reason, the analysis in 
COMSECY-13-0030, “Staff Evaluation and Recommendation for Japan Lessons-Learned Tier 3 
Issue on Expedited Transfer of Spent Fuel” used alternative assumptions for other scenarios 
and other plant types. 
 
An option that could be considered further is to calculate the consequences from SFP releases 
with and without emergency planning relaxations, similar to what was done in NUREG-1738.  
The results of the SFPS suggest that while consequences of a large release from an SFP can 
be significant, the consequences are expected to be dominated by long-term exposures below 
the habitability limit and not heavily influence by emergency phase protective actions.  
Therefore, emergency planning requirements may be of limited significance in this application.
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