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Frequency of Zirconium Fires 
Acceptance Criteria 
Timing of Zirconium Fire 
Window of Vulnerability 

Frequency of Zirconium Fires 
Issue: Seismic conservatism 

Human reliability uncertainties 

Action: Seismic addressed to some extend but staff not in 
position to push state of art of seismic risk analysis 

Human reliability - additional discussion in report 

Acceptance Criteria 
Issue: ACRS says zirconium fire may go beyond LER 

Action: Report will include additional discussion as to why 
staff finds LERF criteria is acceptable. Land 
contamination importance not changed in latest 
guidance 
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Timing of Zirconium Fire 
Issue: Zirconium hydrides and other phenomena may cause 

earlier ignition 

Action: DSSA/RES have agreed on 800 0C temperature but 
revised writeup needed - at 800 0C hydrides and 
other phenomena can be addressed - could be 
greatly affected by ventilation availability 

Window of Vulnerability 
Issue: Report did not address partial draindown 

Action: Work to date indicates this is a major driver of 
concerns - if policy is to qualitative address concern 
could be addressed quicker than if required to bound 
by detailed calculations



Current Situation: More information than before but insufficient 
technical basis for rulemaking 

Problems 

- 10-hour PRA assumption 

- No zirconium fire possible >> 5 years 

- Ventilation assumption in calculations cannot be ensured 

- Partial and Transient draindowns 
- "smart earthquake" 
- heavy load drop to cause slow draindown 
- site-specific design (transfer tube in SP area) 

- NEI wants to revisit seismic



Recommended Actions

- Commission Option Paper: 

1) Additional Calculations on various ventilations and 
draindowns - 6 months? (and may not give adequate 
technical basis) 

2) Give project to RES for experiments on Zirconium fires 
2 to 5 years? 

3) Have Commission make a policy decision based on current 
work
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The conclusions and important findings in the Technical Study 
are undermined by Appendix 1.  

Line 479 -'The staff has concluded that it is not possible to perform 
a generically applicable analysis to determine heatup times or 
critical decay times." 

Line 483 - "The staff... has a poor understanding of the accident 
progression and source term from a spent fuel pool fire." 

Line 139 - "...it is the opinion of the staff that [studies in support of 
GSI 82] do not provide an adequate basis for exemptions." 

Line 140 - "...[The GSI 82 studies] lack sufficient information for all 
the parameters that could affect the decay time."
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AREAS NO LONGER TRUE IN EXECUTIVE SUMMARY 

1. THERMAL HYDRAULICS NO LONGER SUPPORTS DECAY 
TIME OF 5 YEARS OR LESS.  

2. CAN NO LONGER SAY THAT "CONSEQUENCES ARE 
SIMILAR TO A LARGE EARLY RELEASE, BUT THE TIME OF 
RELEASE OCCURS MUCH LATER (i.e. 10 hours or more) 
FOLLOWING INITIATION OF THE ACCIDENT." 

3. CAN NO LONGER SAY "THE RISK ASSESSMENT SHOWS 
LOW NUMERICAL RISK RESULTS IN COMBINATION WITH 
SATISFACTION OF SAFETY PRINCIPLES (e.g., margins, 
defense-in-depth/minimum EP) AS DESCRIBED IN R.G. 1.174.  

4. CAN NO LONGER SAY THAT "AFTER ONE YEAR 
FOLLOWING FINAL SHUTDOWN, THE LOW LIKELIHOOD 
THAT A ZIRCONIUM FIRE WOULD OCCUR, IN 
COMBINATION WITH THE LONG TIME FRAMES (i.e., > 10 
hours) AVAILABLE FOR TAKING OFF-SITE PROTECTIVE 
ACTIONS, PROVIDES A BASIS FOR RELAXATION OF EP 
REQUIREMENTS."



OPTIONS 

A. PERFORM EXTENSIVE EXPERIMENTAL PROGRAM (MULTI-YEAR) 

BEFORE CAN MAKE TECHNICALLY SOUND RECOMMENDATIONS 

B. ABANDON RULEMAKING. DISCOURAGE EP EXEMPTION REQUESTS.  

REVISIT PAST EP, SECURITY, AND INDEMNIFICATION EXEMPTIONS FOR 

DECOMMISSIONING PLANTS DUE TO HIGH UNCERTAINTY.  

C. CONVENE PANEL OF EXPERTS. ATTEMPT TO ADDRESS THERMAL 

HYDRAULIC UNCERTAINTIES THROUGH EXPERT ELICITATION PROCESS.  

SEE IF ORIGINAL THERMAL HYDRAULIC ASSUMPTIONS WERE 

REASONABLE AND CAN BE RE-ESTABLISHED.  

D. ABANDON LINKING OF LOW FREQUENCY OF ZIRCONIUM FIRE WITH 

LONG TIMES AVAILABLE FOR LOCAL EVACUATIONS. JUSTIFY 

EXEMPTION OF EP SOLELY ON FREQUENCY OF RISK. 1 2 

E. REDO T/H ANALYSIS USING RES GUIDANCE ON BREAKAWAY 

OXIDATION AND CLADDING TEMPERATURE CRITERIA FOR RAPID 

OXIDATION. USE OTHER BASES AND ARGUMENTS TO JUSTIFY 

SPECIFIC T/H ASSUMPTIONS.  

1 In the past the EP people have indicated this approach was unacceptable.  

2 The frequency of the dominant sequence (seismic) at about 4.5 x 10 6 per year for 

large releases is in the area of increased management attention, based on Regulatory Guide 
1.174 guidance. In comparison, this frequency is above frequencies of events the staff has 
categorized as not credible, such as vessel rupture. This level of risk clearly is not below 
regulatory concern.



THE FOLLOWING MUST BE ADDRESSED/ASSUMED:

1. NO BREAKAWAY OXIDATION WILL OCCUR WITHOUT IMPACT FORCE.  

2. ADDRESS WHETHER CAN EXCLUDE SEISMIC AND HEAVY LOAD 
DROP AS POTENTIAL IMPACT SOURCES.  

3. SET CLADDING TEMPERATURE LIMIT TO 800 °C FOR ONSET OF 
RAPID OXIDATION.  

4. ADDRESS PARTIAL DRAINDOWN EVENTS AND PROVIDE 
JUSTIFICATION FOR EXCLUSION, IF WARRANTED. IF EXCLUSION IS 
WARRANTED, MAKE IT AN SDA.  

5. ADDRESS EFFECT OF FUEL BURNUP ON RES ASSUMPTIONS.  

6. ADDRESS CODE LIMITATIONS DISCUSSED IN APPENDIX 1 (E.G., 
MODELING OF MIXING, AIR FLOW RATE, FLOW BLOCKAGES, LACK OF 
BENCHMARKING IN A MANNER THAT BOUNDS OR PROVIDES A BEST 
ESTIMATE. MUST EXPLAIN THE POTENTIAL EFFECT OF CODE 
LIMITATIONS ON TIME TO ZIRCONIUM FIRE.  

7. ADDRESS EFFECT OF FUEL RACK DAMAGE OR RUBBLE FORMATION 
ON PROPAGATION OF ZIRCONIUM FIRE.  

8. REWRITE APPENDIX 1 AND MAIN REPORT.  

9. ENDORSE RECOMMENDATION THAT CONFIRMATORY RESEARCH BE 
PERFORMED FOR HIGH BURNUP FUEL.  

10. ESTABLISH ADDITIONAL STAFF DECOMMISSIONING ASSUMPTIONS 
(SDAs) AFFECTING T/H ASSUMPTIONS SUCH AS, THE NATURAL 
CIRCULATION BUILDING FLOW EQUALS X -TIMES NORMAL VENTILATION 
FLOW, OR BUILDING INTEGRITY WILL BE MAINTAINED UP TO 1.2G 
SPECTRAL ACCELERATION.



STATEMENTS FROM APPENDIX 1 THAT CAN BE USED 
OUT OF CONTEXT TO DISCREDIT SFP RISK ASSESSMENT 

Line 182 - "Many assumption and modeling deficiencies exist in the current 
calculations." 

Line 170 - "The staff has identified several areas that require code modifications, which 

will increase the calculated critical decay times. [SHARP] is not adequate for use as a 

technical bases by licensees." 

Line 284 - "It should be noted that none of the analysis codes have all of the required 
models or enough experimental assessment to be considered as properly qualified to 
analyze the spent fuel pool heatup problem." 

Line 347, 353 - '"he lower temperature limit for breakaway oxidation in zircaloy-2, 
zircaloy-4, or any advanced zirconium alloy is unknown. The mechanisms that induce 
breakaway oxidation are unknown at the present time." 

Line 398 - 'The amount of heat removal [from the fuel] is dependent on several 
variables...that are difficult to represent generically without making a number of 
assumptions that may be difficult to confirm on a plant- and event-specific basis." 

Line 436, 457 - "FLUENT calculations show that the critical decay heat is less than 3 
kW/MTU for the pool and building configuration that was studied at a building ventilation 
rate of 2 building volumes per hour. The staff estimates it will take approximately 5 
years to reach a decay heat less than 3 kW/MTU for current BWR plant fuel and 
approximately 7 years for current PWR fuel burnups. [However], since the building 
ventilation rate may be close to zero after [a seismic event].... the critical decay time 
could be extended indefinitely." 

Line 469 - The staff has not performed a sufficient amount of research to fully 
understand and predict the propagation of zirconium fires in a spent fuel pool." 

Line 470 - Propagation [of a zirconium fire] is probably limited to less than 2 full cores at 
a time of 1 year after shutdown ...This does not consider potentially important effects 
such as rubble formation after loss of fuel integrity." 

Line 165 - "The SHARP code was not significantly benchmarked, validated, or verified." 

Line 186 - "Calculations performed to date assume that the building, fuel, and rack 
geometry remain intact...Rack integrity may not be a good assumption after onset of 
significant zirconium oxidation...Assuming that the racks remain intact is the most 
optimistic assumption that can be made about the rack geometry. Any damage tot he 
racks or the building could significantly reduce the coolability of the fuel." 

Line 215, 224 - "The calculated airflow and peak temperatures are very sensitive to the 
flow resistance in the storage racks, fuel bundles, and downcomer. SFUEL and SHARP 

calculations have neglected the losses from the grid spacers, intermediate flow mixers,



and the tie plates.. .[I]nclusion of this additional flow resistance may extend the critical 

decay time ...the largest source of uncertainty was due to the natural circulation flow 

rates." 

Line 229, 234 - "The downcomer and bundle inlet air temperatures and mass flow rates 

are important in determining the peak cladding temperature... FLUENT calculations 

performed by RES indicate that fully 3-dimensional calculations are needed to 

accurately predict the mixing and flow fields..." 

Line 270, 274 - "Extrapolation of the decay heat calculations... indicate that 

approximately 3 years will be needed to reach a decay heat of 6 kW/MTU.... The critical 

decay heat may actually be less than 3kW/MTU when in-bundle peaking effects, higher 

density rack configuration, and actual building ventilation flows are taken into account." 

Line 355 - "Fuel cladding can contain high concentrations of zirconium hydride at the 

oxide-cladding interface in high burnup fuel. The effect of zirconium hydride on cladding 

oxidation rates is unknown at this time .... The effect of the hydrogen reaction product 

[from zirconium hydride oxidation] on the oxide film and oxidation rate is unknown. It is 

possible that cladding rupture at a temperature near 700 °C may lead to autoignition of 

the cladding..." 

Lines 373, 376 - The BNL and SNL studies in support of GI 82 represented operating 

practices of the 1980's... underestimate peak burnup values. The decay heat at the 

same burnup level used in the SHARP analysis is significantly lower than that used in 

the SFUEL analysis. Given that burnup is an important parameter for determining 
critical decay time, this is a significant change." 

Line 414 - 'The staff has also considered a scenario with a rapid partial draindown to a 

level at or below the top of active fuel with a slow boiloff of water after the 
draindown ...For the worst case draindown ...the heatup time is slightly less than the 
heatup time for the corresponding air cooled case." 

Line 36 - "The melting temperature of aluminum, which is a constituent in BORAL 
poison plates...is approximately 640 0C ... Molten aluminum can also dissolve stainless 

steel or zirconium...[M]elting and relocation...may cause flow blockages ...No realistic 
evaluation of melting and relocation of aluminum, aluminum/boron carbide eutectic, or 
intermetallic mixtures has been performed." 

Line 45 - "Another concern is the structural integrity of the fuel racks at high 

temperatures... The steel racks may not be able to maintain structural integrity... Loss of 
integrity may affect the propagation of a zirconium fire." 

Line 55 - "...the spent fuel cladding temperature must be kept below 565 'C." 

Line 100 - "The SFUEL series of codes did not mechanistically model melting and 
relocation of materials.." 

Line 117 - "A critical decay time for high-density BWR racks was not provided due to 
code limitations."



Line 127 - "... [T]he BWR critical decay time for current burnups and rack designs would 

now be longer than the SNL estimate for high-density PWR racks.  

Lines 71, 73, and 143 - 'The SFUEL code has undergone very little assessment .... [The] 

new computer code, SHARP, ...was built on the assumptions used by SNL and BNL in 

[SFUEL and SFUEL1W] in support of GSI 82.  

Line 146 - The calculated decay time values [from SFUEL series codes] do not 

represent current plant operational and storage practices." 

Line 154 - "SHARP lacks models for radiation heat transfer, zirconium oxidation, and 

materials melting and relocating.. .grid spacer losses, and neglects mixing between the 

rising hot air and the falling cooler air in the SFP." 

Line 163 - "Current fuel burnups in some plants...have increased to values higher than 

those used by BNL [in SHARP] and perfect ventilation was assumed, which could lead 
to an underestimation of the critical decay times.  

Line 193 - "Previous SFUEL, SFUEL1W, and SHARP calculations ... used a perfect 
ventilation assumption." 

Line 204 - "Sensitivity studies have shown that heatup rates increase with decreasing 
ventilation flow. ... Zirconium-Nitrogen reaction modeling is not included in the SFUEL 

code and may have an impact on zero and low ventilation cases." 

Line 248, 255 - "Radiation heat transfer is important in spent fuel pool heatup 
calculations. Radiation heat transfer can affect both the onset of a zirconium fire and 
propagation of a fire ...SFUEL calculations... included radiation heat transfer, but the 
radiation heat transfer was under predicted." 

Line 290, 344 - 'When zirconium reaches temperatures where air oxidation is 
significant, the heat source is dominated by oxidation .... The oxidation model used in 
SFUEL calculations does not contain the effect of breakaway oxidation." 

Line 461 - "Spent fuel pool reracks have continuously increased the fuel power density 
and decreased the downflow area available for cooling flow. Since the design basis for 
spent fuel pools involves water cooling only, no restrictions have been put on 
parameters that increase severe accident risk. Recent reracks have left as little as 2 
inches of downcomer width available for downflow. The downcomer width assumption 
was approximately 6 inches in the FLUENT calculations." 

Line 489 - "A realistic accident scenario for the dominant risk sequence or a number of 
scenarios with associated probabilities should be defined.f


