
CHAPTER 11t: -ACCIDENT ANALYSIS

This chapter presents the evaluation of the HI-STORM 100 System for the effects of off-normal and 
postulated accident conditions. The design basis off-normal and postulated accident events, including 
those resulting from mechanistic and non-mechanistic causes as well as those caused by natural 
phenomena, are identified in Sections 2.2.2 and 2.2.3. For each postulated event, th6 event cause, 
means of detection, consequences, and corrective action are discussed and evaluated. As applicable, 
the evaluation of consequences includes structural, thermal, shielding, criticality,'confinement, and 
radiation protection evaluations for the effects of each design event: 

The structural, thermal, shielding, criticality, and confinement features and performance of the HI
STORM 100 System are discussed in Chapters 3, 4, 5, 6, and 7. The'evaluations provided in'this 
chapter are based on the design features and evaluations described therein.  

Chapter 11 is in full compliance with NUREG-1536; no exceptions are taken.  

11.1 OFF-NORMAL CONDITIONS 

During normal storage operations ofthe HI-STORM 100 System it is possible that an off-normal 
situation could occur. Off-normal operations, as defined in accordance with ANSI/ANS-57.9, are 
those conditions which, although not occurring regularly, are expected to occur no more than once a 
year. In this section, design events pertaining to off-normal operation for expected operational 
occurrences are considered. The off-normal conditions are listed in Subsection 2.2.2.  

The following off-normal operation events have been considered in the design of the HI-STORM 
100: 

Off-Normal Pressures 
Off-Normal Environmental Temperatures 
Leakage of One MPC Seal Weld 
Partial Blockage of Air Inlets, 
Off-Normal Handling of HI-TRAC Transfer Cask 

For each event, the postulated cause of the event, detection of the event, analysis of the event effects 
and consequences, corrective actions, and radiological impact from-the event'are presented.  

This chapter has been prepared in the format and section organization set forth in 
Regulatory Guide 3.61. However,-the material content of this Ichapter also fulfills the 
requirements of NUREG-1536. Pagination and numbering of sections, figures, and tables 
are consistent with the convention set down in Chapter 1, Section 1.0, herein. Finally, all 
terms-of-art used in this chapter are consistent with the terminology of the glossary (Table 
1.0.1) and component nomenclature of the Bill-of-Materials (Section 1.5).  
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The results of the evaluations performed herein demonstrate that the HI-STORM 100 System can 
withstand the effects of off-normal events without affecting function, and are in compliance with the 
applicable acceptance criteria. The following sections present the evaluation of the HI-STORM 100 
System for the design basis off-normal conditions that demonstrate' that the requirements of 
1OCFR72.122 are satisfied, and that the corresponding radiation doses satisfy the requirements of 
1OCFR72.106(b) and 1OCFR20.  

The load combinations evaluated for off-normal conditions are defined in Table 2.2.14. The load 
combinations include both normal and off-normal loads. The off-normal load combination 
evaluations are discussed in Section 11.1.5.  

11.1.1 Off-Normal Pressures 

The sole pressure boundary in the HI-STORM 100 System is the MPC internal pressure boundary.  
The off-normal pressure condition is specified in Section 2.2.2.1. The off-normal pressure for the 
MPC internal cavity is a function of the initial helium fill pressure and the temperature obtained with 
maximum decay heat load design basis fuel. The maximum off-normal environmental temperature is 
100°F with full solar insolation. In accordance with NUREG--1536, failure of 10% fuel rods is 
combined with off-normal temperatures. The PC interal pr.essure is ,f-ther- in.reased by the 
conservative assumption that 100 of the fuel rds rupture and 100% of the fill gas, and 30% o0.f th 
fission gases are released to the eavity-.  

11.1.1.1 Postulated Cause of Off-Normal Pressure 

After fuel assembly loading, the MPC is drained, dried, and backfilled with an inert gas (helium) to 
assure long-term fuel cladding integrity during dry storage. Therefore, the probability of failure of 
intact fuel rods in dry storage is low. Nonetheless, the event is postulated and evaluated.  

11.1.1.2 Detection of Off-Normal Pressure 

The HI-STORM 100 System is designed to withstand the MPC off-normal internal pressure without 
any effects on its ability to meet its safety requirements. There is no requirement for detection of off
normal pressure and, therefore, no monitoring is required.  

11.1.1.3 Analysis of Effects and Consequences of Off-Normal Pressure 

Chapter 4 calculates the MPC internal pressure with an ambient temperature of 80'F, 10% fuel rods 
ruptured, full insolation, and maximum decay heat, and reports the maximum value of J-7-O 100.9 
psig in Table 4.4.14 at an average temperature of51-3. 540. IK. Using this pressure, the off-normal 
temperature of I00F (bounding temperature rise AT of 20°F or 11.1 °K), and the ideal gas law, the 
off-normal resultant pressure is-(calculated herein) te-be- is below the off-normal condition MPC 
internal design pressure (Table 2.2.1 in Chapter 2).  
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Pi - Ti 

P 2  T2 

- PIT2 

T1 

(100.9 psig+14.7) (540.1oK+11.10 K) 
540.10K 

P2 = 118.0 psia or 103.3 psig 

The off normal MPG internal dei rsue[f100 psg(Table 2.2.1) has been e-sta:61i~hed ~to 
bound the off normal eonditioh. Therefor-e,'no additional analysis is required.  

Structural 

The structural evaluation of the MPC enclosure vessel for off-normal internal pressure conditions is 
equivalent to the evaluatin at normal internal pressures, since the normal design pressure was set at 
a value which would encompass the off-normal pressure. Therefore, the resulting stiesises fronm the 
off-normal condition are equivalent to that of the normal condition and are well within the short-term 
allowable values, as discussed in Section 3.4.

Thermal 

The MPC internal'pressure for off-normal conditions' is calculated as presente'd above. -As cari be 
seen from the value ab6ve, the 1-00 psig designi basis internal pressure for'off-nomanl., cnditions 'Used 
'in the structural evaluation bounds the calculated value above.' 

Shielding 

There is no effect on the shielding perform'-ance of the system 'as'a result of this off-normal event.  

CriticalitV..." " 

There is no effect oh the criticality controlifeatures of the system as a result of this bff-nbrmal event.  

Confinement 

There is no effect on the confinement function of the MPC as a result of this off-normal event. As 
discussed in the structural evaluation aboveall stresses remain within allowable values, assuririg 
confinement boundary integrity.  
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Radiation Protection

Since there is no degradation in shielding or confinement capabilities as discussed above, there is no 
effect on occupational or public exposures as a result of this off-normal event.  

Based on this evaluation, it is concluded that the off-normal pressure does not affect the safe 
operation of the HI-STORM 100 System.  

11.1.1.4 Corrective Action for Off-Normal Pressure 

The HI-STORM 100 System is designed to withstand the off-normal pressure without any effects on 
its ability to maintain safe storage conditions. There is no corrective action requirement for off
normal pressure.  

11.1.1.5 Radiological Impact of Off-Normal Pressure 

The event of off-normal pressure has no radiological impact because the confinement barrier and 
shielding integrity are not affected.  

11.1.2 Off-Normal Environmental Temperatures 

The HI-STORM 100 System is designed for use at any site in the United States. Off-normal 
environmental temperatures of -40 to 100°F (HI-STORM overpack) and 0 to 100°F (HI-TRAC 
transfer cask) have been conservatively selected to bound off-normal temperatures at these sites. The 
off-normal temperature range affects the entire" HI-STORM 100 System and must be evaluated 
against the allowable coirpbonnt design temperatures. This off-normal event is of a short duration, 
therefore the resultant temperatures are evaluated against the accident condition temperature limits as 
listed in Table 2.2.3.  

11.1.2.1 Postulated Cause of Off-Normal Environmental Temperatures 

The off-normal environmental temperature is postulated as a constant ambient temperature caused by 
extreme weather conditions. To determine the effects of the off-normal temperatures, it is 
conservatively assumed that these temperatures persist for a sufficient duration to allow the HI
STORM 100 System to aichiev'e thermal equilibrium. Because of the large mass of the HI-STORM 
100 System with its corresponding large thermal inertia and the limited duration for the off-normal 
temperatures, this assumption is conservative.  

11.1.2.2 Detection of Off-Normal Environmental Temperatures 

The HI-STORM 100 System is designed to withstand the off-normal environmental temperatures 
without any effects on its ability to maintain safe storage conditions. There is no requirement for 
detection of off-normal environmental temperatures for the HI-STORM overpack and MPC. Chapter 
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2 provides operational limitations to the use of the HI-TRAC transfer cask at temperatures of<32°F 
and prohibits use of the HI-TRAC transfer cask below 0°F.  

11.1.2.3 Analysis of Effects'and ConSequences of Off-Normal Environmental 
Temperatures 

The off-normal event considering an environmental temperhture of 1000F foi-a durattion sufficient to 
reach thermal equilibrium is evaluated with respect to design temperatures listed in Table 2.2.3. The 
evaluation is performed with design basis fuel with the maximum decayheat and the most restrictive 
thermal resistance. The 1 00°F environmental temperature is applied with full solar insolation.  

The HI-STORM 100 System maximum temperatures for "components :close to the design basis 
temperatures are listed in Subsection' 4.4. These temperatures are 6onservatively calculated at aan 
environmental temperature of 80°F. The maximum off-normal environmental temperature is 100°F, 
which is an increase of20°F. In-luding the effet of a hypothetical 10% rOd ruptur. e condition on the 
MPG cavity gas conducfivit, clncluding this Gensen~atively as a bounding temperatures increment 

r a.....IPG des.igns (TAbl e 1..2. o• t.....he MPC m- ad . 2a1 over the 80'F ambient temperature 
solution, ... c.l.to be as listed in thHI-STORM temperatures are computed andprovided in 
Table 11.1.1. As illustrated by the table, all the maximum off-normal temperatures are below the 
short term condition off-normal design basis temperaturesfor the HI-STORMSystem (Table 2.j.3).  
The maximum temperatures are the peak yalues and are based on the conservative assumptions 
applied in this analysis. The component teiriperatures f6r the HI-TRAc listed in Table'4.5.2 are all 
based on the maximum off-normal environmental temperature. The off-normal environmental 
temperature is of a short duration (several consecutive days would be highly unlikely) and the 
resultant temperatures are evaluated against short-term temperature limits. Therefore, all the HI
STORM 100 System maximum off-normal temperatures meet the design requirements.  

Additionally, the off-normal environmental temperature generates a pressurie that is evaluated in 
Subsection 11.1.1. The off-normal MPC cavity pressure is less than the design basis pressure listed 
in Table 2.2.1.  

The off-normal event considering an environmental temperature of -40'F and no solar insolation for 
a duration sufficient to reach' ihermalneq'euilibrium is evalu'itecd withrespect to material design 
temperatures of the HI-STORM overtack. The HI-STORM'oveipack arid MPC are conservatively 
assumed to reach -40'F throughout the structure. -The minimum off-normal environmental 
temperature specified for the HI-TRAC transifer cask•is 0V F'and the HI-TRAC is conservatively 
assumed to reach 0°F throughout the structure. For ambient temperatures from 0°.to 32°F, a 25% 
ethylene glycol solution is added to thý dermineralized water in-the waterjacket to prevent freezing.  
Chapter 3, Subsection 3.1.2.3, details the structural analysis and testing performed to assure 
prevention of brittle fracture failure of the HI-STORM 100 System.  
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Structural

The effect on the MPC for the upper off-normal thermal conditions (i.e., 1 00°F) is an increase in the 
internal pressure. As shown in Subsection 11.1.1.3, the resultant pressure is well-below the off
normal design pressure-(Table 2.2.1 in Chapter 2) of 100 p .ig t...iHe..tRUMtlEffi aly.sis. The 
effect of the lower off-normal thermal conditions (i.e., -40TF) results in an evaluation of the potential 
for brittle fracture that is discussed in Section 3.1.2.3.  

Thermal 

The resulting off-normal system and fuel assembly cladding temperatures for the hot conditions are 
provided in Table 11.1.1 for the HI-STORM overpack and MPC. As can be seen from this table, all 
temperatures for off-normal conditions are within the short-term allowable values described in Table 
2.2.3.  

Shielding 

There is no effect on the shielding performance of the system as a result of this off-normal event.  

Criticality 

There is no effect on the criticality control features of the system as a result of this off-normal event.  

Confinement 

There is no effect on the confinement function of the MPC as a result of this off-normal event.  

Radiation Protection 

Since there is no degradation in shielding or confinement capabilities as discussed above, there is no 
effect on occupational or public exposures as a result of this off-normal event.  

Based on this evaluation, it is concluded that the specified off-normal environmental temperatures do 
not affect the safe operation of the HI-STORM 100 System.

11.1.2.4 Corrective Action for Off-Normal Environmental Temperatures

The HI-STORM 100 Systemn is desi-gned to withstand the off-normal environmental temperatures 
without any effects on its ability t6'maintain safe storage conditions. There are no corrective actions 
required for off-normal environmental temperatures.
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11.1.2.5 Radiological Impact of Off-Normal Environmental Temperatures 

Off-normal environmental temperatures have no radiological impact, as the confinement barrier and 
shielding integrity are not affected.  

11.1.3 Leakage of One Seal 

The HI-STORM 100 System has a reliable welded boundary to contami radioactive fission products 
within the confinement boundary. The radioactivity confinement boundary is defined by the MPC 
shell, baseplate, MPC lid, and vent and drain port coverplates. The closure ringprovides a redundant 
welded closure to the release of radioactive material from the MPC cavity through the field-welded 
MPC lid closures. Confinement boundary welds are inspected by radiography or ultrasonic 
examination except for field welds that are'examined by the liquid penetrant metho~d on the ro6t (for 
multi-pass welds) and final pass, at a minimum. Field welds are peif6imed on the MPC lid,'the MPC 
vent and drain port covers, and the MPC closure ring. The Welds on the MPC lid, and vent and drain 
port covers are leakage tested. Additionally, the MPC lid weld is'subjected to a hydrostatic test to 
verify its integrity.  

The MPC lid-to-MPC shell weld is postulated to fail to confirm the safety of the HI-STORM 100 
confinement boundary. The failure of the MPC lid weld is equivalent to the MPC drain or vent port 
cover weld failing.The MPC lid-to-shell weld has been selected because it is'ihe main closure weld 
performed-in the field for the MPC. It is'extremely unlikely that the weld examination, helium 

--leakage'testing and hydrostatic testing would fail to detect a poorly'welded closure plate. The MPC 
lid weld failure affects the MPC confinement boundary; however, no leakage will occur.  

11.1.3.1 Postulated Cause of Leakage of One Seal in the Confinement Boundary ".  

Failure of the MPC confinement boundary'is highly unlikely. The'MPC coiifimement boundary is 
shown to withstand all normal, off-normal, and accident conditions. There are no credible'conditions 
that could damage the integrity of the MPC confinement boundary. The MPC lid-to-MPC shell weld 
is liquid penetrant inspected on the root and final pass, volumetrically inspected or liquid penetrant 
inspected on multiple passes, hydrostatically tested, and helium leak tested. The initial integrity of 
the closure welds will be maintained throughout the desigh life because the MPC is stored within the 
HI-STORM overpack which provides physical protection and a weather shield. Failure of the MPC 
lid-to-MPC shell weld would require all of the following: 

1.",- Improper weld by a qualified welding miachine oi welder uising 'appioved welding 
procedures.  

2. Failure to detect the unacceptable indication during the liquid penetrant or volumetric 
-inspections performed by 'i& qualified lifispedtor in !a-cordanc'e -with apiproved 
procedures.  
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3. Failure of the qualified leakage test equipment to detect the leak in accordance with 
approved procedures.  

4. Failure to detect the unacceptable leak during the hydrostatic test performed by 
qualified personnel in accordance with approved procedures.  

The evaluation of the failure of the MPC lid-to-MPC shell weld has been postulated to demonstrate 
the safety of the HI-STORM 100 confinement system and cannot be derived from a credible loading 
condition.  

11.1.3.2 Detection of Leakage of One Seal in the Confinement Boundary 

The, HI-STORM 100 System is designed to withstand the leakage of one field weld in the 
confinement boundary without any effects on its ability to meet its safety requirements. As the HI
STORM 100 System can withstand the failure of one field weld with no leakage, there is no 
requirement to detect leakage from one seal.  

11.1.3.3 Analysis of Effects and Consequences of Leakage of One Seal in the Confinement 
Boundary 

If the MPC lid-to-MPC shell weld were to fail, the MPC closure ring will retain the design pressure.  
The analysis of the MPC closure ring's ability to retain the design pressure is provided in Appendix 
3.E of the HI-STAR TSAR Docket Number 72-1008. The consequences of the MPC lid-to-MPC 
shell weld failure are that the MPC closure ring maintains the integrity of the confinement boundary.  

Structural 

The stress evaluation of the closure ring is discussed in Appendix 3.E. All stresses are within the 
allowable values.  

Thermal 

There is no effect on the thermal performance of the system as a result of this off-normal event.  

Shielding 

There is no effect on the shielding performance of the system as a result of this off-normal event.  

Criticality 

There is no effect on the criticality control features of the system as a result of this off-normal event.  
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Confinement 

There is no effect on the confinement function* of the MPC as a result of this off-normal event.  

Radiation Protection 

Since there is no degradation in shielding or confinement capabilities as discussed above, there is no 
effect on occupational or public exposures as a resu'li of this off-ndrinal event.' -" 

Based on this evaluation, it is concluded that the specified off-normal leakage of one seal event does 
not affect the safe operation of the HI-STORM 100 System. - -

11.1.3.4 Corrective Action for Leakage of One Seal in the Confinement Boundary 

There is no corrective action required for the failure of one weld in the -closure system of the 
confinement boundary. Leakage of one weld in the confinement boundary closure system does not 
affect the HI-STORM 100 System's ability to operate safely. " 

_11.1.3.5 A- Radiological Impact of Leakage of One Seal in the Confinement Boundary 

"The off-normal event of the failure of one weld in the confinement bofindaiy closure system has no 
radiological impact because the confinement barrier is not breached and shielding is not affected.  

11.1.4 Partial Blockage of Air Inlets ',- , ' 

The HI-STORM 100 System is designed with fine mesh screens on the inlet and outlet air ducts.  
These screens ensure the air ducts are protected from the incursion of foreign objects. There are four 
air inlet ducts 90' apart and it is highly unlikely that bloWi, ng debris during normal or off-nonmal 
operation could block all air inlet ducts. As required by the design criteria presented in Chapter 2, it 
is conservatively assumed that two of the four air inlet ducts are blocked. The blocked air inlet ducts 
are assumed to be completely blocked with an ambient temperature of 80°F (Table 2.2.2), full solar 
insolation, and maximum SNF decay heat values. This-condition is analyzed to demonstrate the 
inherent thermal stability of the HI-STORM 100 System.  

An additional evaluation is jierfcrmd with three 6f h~four- air- inlet ducts. While not r-e~uir-ed byth 
HI STORM System design er-iteria,'this additional evaluation is performed as a parametfie tudy of 
the effects of incremental duet blockage. The purpose of the parametr-ie study is 'to demonstrate the 

11.1.4.1 Postulated Cause of Partial Blockage of Air Inlets 

It is conservatively assumed that the blocked air inlet ducts are completely blocked, although mesh 
screens prevent foreign objectsfrom entering the ducts: The mesh screens are either inspected 
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periodically or the outlet duct air temperature is monitored as specified by Technical Specifications 
in Appendix A to the CoC. It is, however, possible that blowing debris may block two air inlet ducts 
of the overpack. As already stated, the blockage of three inlet ducts is evaluated only to demonstrate 
the limited effects of additional incremental duct blockage.  

11.1.4.2 Detection of Partial Blockage of Air Inlets 

The detection of the partial blockage of air inlet ducts will occur during the routine visual inspection 
of the mesh screens or temperature monitoring of the outlet duct air as required and specified by 
Technical Specifications in Appendix A to the CoC. The frequency of inspection is based on, an 
assumed complete blockage of all four air inlet ducts. There is no inspection requirement as a result 
of the postulated two inlet duct blockage, because the complete blockage of all four air inlet ducts is 
bounding.  

11.1.4.3 Analysis of Effects and Consequences of Partial Blockage of Air Inlets 

Evaluations for two inlet ducts and three inlet ducts blocked are evaluated for the hottest MPC-68 
MIPG 32 at its maximum decay heat load. Only the M4PG 32 is evaluated because it has the hfighs 
decay heat lead of all MPCG designs (Table 1.2.). The largest temperature rise of the MPC or its 
contents as a result of the blockage of two air inlet ducts is 2-5 360Ff, for the MPC shell. Thear-gest 
temperatur~e rise of the N4PC or- its eontents as a result of the blockage of three air- inilet duets 
(perf.ored as a par-ametri-c study of in,-remental duet blockage only) is 81 F-- , also for- the M .PG shel•.  
Conservatively adding the largest component temperature rise to all cask system component 
temperaturesfor normal conditions (insolation heating and 8 0 F ambient temperature), the resultant 
bounding temperatures for the complete blockage of two air inlet ducts are provided in Table 11.1.2.  
Following this same pr-ecedure of adding the largest component temperature rise to all cask syste 
component temperatures, the r-esultant bounding temper-atures for- the complete blockage of thrfee ai 
inflet duets are included in the same table for- copri , purses. These values are based on full 
insolation and an ambient temperaurMo.- 0F The analysis method fbi the blockage of-two n 
three of the air ifflet duets is conservative with respect to the analysis method for- the noma 
condition. As a result of the air- inlet duct blockages, the head loss is increased and the ai~ew is 
decr-eased thereby increain copnent temperatures.  

As stated above, the largest temperature rise of the MPG or its contents as a result of the blockage of 
two air inlet ducts is 2-5 36'F, for the MPG shell. A bounding MPG internal pressure as a result of 
this calculated temperature increase is computed, based on initial conditions presented previously in 
Subsection 11.1.1.3, as follows: 

P2 = 71 T÷AT 

t The temperature rise is conservatively calculated by prorating the HI-STORMI FSAR Rev. I reported 250F 
temperature rise at 28.74 kWheat load to a conservatively postulated heat load of 41.22 kWY 
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where: 
P2 = Bounding MPC Cavity Pressure (psia) 
P1 = Initial MPC Cavity Pressure (89.7,psia 100.9psig + 14. 7psi = 115.6psia) 
T, = Initial MPC Cavity Average Temperature (513.6 540.]°K) 
AT = Bounding MPC Temperature Rise (2- 36°F or 4-t99 20°K) 

Substituting these values into the equation above, the bounding MPC internal pressure is obtained as: 
S 5 13 .6+ 13 .9 

513.6 

P2 = 1 15.6x 54.1=2~ 119.9gpsia = 105.2 psig 540.1 

The off-normal MPC internal design pressure of e00 psig (Table 2.2.1) has been es[tablished to 
bounds this partial inlet duct blockage condition.  

Although it is a beyond the design baPsis coend4itio-n, the bounding, pre-urerise for the th-reep jbhelocked 
air- inlet duets condition can be detefniine in the same mannmer..A stated above, the bouinding 
temperature,.e fo tisndition is 81loP (11 .92K), and the correspeoding bounding MP G int.ern -ala pres.ur i "/97.5 psia (82.8 psig). This parametric, evalu A.ion d.n.... thea insenst.... of the 

M.P-C int.ral .pres e to incr.emental duet bl..kage, as the r.elativ.ely large incr.emental fle area 
r.eductioni...........t. ,pressur b only 5. psi.  

Structural 

There are no structural consequences as a result of this- off-normal event....  

Thermal 

Using the methodology and model discussed in Section 4.4, the thermal analysis for the two air inlet 
ducts blocked off-normal condition is performed. The analysis demonstrates that under steady-state 
conditions, no system components exceed the short-term allowable temperatures in Table 2.2.3.  

The parametr-ic study of incremental duct bloekae.., ___mornd by evaluating a tir-ee air- inlet duets 
blocked condition, demonstrates the inestiiyef the system to relatively large incremental flow 

area redtons. This beyond the, design basis condition r-6sults in relatively sma~ll emper-atur-e 
inceass ad teprtrs.elblwthe short tem allowable te.M.Peratures in Table 2.2.3, even 

though no sue-h r-equirmn xss 

Shielding 

There is no effect on the shielding performance of the system as a result of this off-normal event.  
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Criticality

There is no effect on the criticality control features of the system as a result of this off-normal event.  

Confinement 

There is no effect on the confinement function of the MPC as a result of this off-normal event.  

Radiation Protection 

Since there is no degradatiof in shielding or confinement capabilities as discussed above, there is no 
effect on occupational or public exposures as a result of this off-normal event.  

Based on this evaluation, it is concluded that the specified off-normal partial blockage of air inlet 
ducts event does not affect the safe operation of the HI-STORM 100 System.  

11.1.4.4 Corrective Action for Partial Blockage of Air Inlets 

The corrective action for the partial blockage of air inlet ducts is the removal, cleaning, and 
replacement of the affected mesh screens. After clearing of the blockage, the storage module 
temperatures will return to the normal temperatures reported in Chapter 4. Partial blockage of air 
inlet ducts does not affect the HI-STORM 100 System's ability to operate safely.  

Inspection of the HI-STORM overpack air duct screen covers is required with the frequency 
specified by Technical Specifications in Appendix A to the CoC, alternatively, the outlet duct air 
temperature is monitored. The frequency of inspection is based on an assumed blockage of all four 
air inlet ducts analyzed in Subsection 11.2.  

11.1.4.5 Radiological Impact of Partial Blockage of Air Inlets 

The off-normal event of partial blockage of the air inlet ducts has no radiological impact because the 
confinement barrier is not breached and shielding is not affected.  

11.1.5 Off-Normal Handling of HI-TRAC 

During upending and/or downending of the HI-TRAC transfer cask, the total lifted weight is 
distributed among both the upper lifting trunnions and the lower pocket trunnions. Each of the four 
trunnions on the HI-TRAC therefore supports approximately one-quarter of the total weight. This 
even distribution of the load would continue during the entire rotation operation.  

If the lifting device is allowed to "go slack", the total weight would be applied to the lower pocket 
trunnions only. Under this off-normal condition, the pocket trunnions would each be required to 
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support one-half of the total weight, doubling the load per trunnion. This condition is analyzed to 
demonstrate that the pocket trunnions possess sufficient strength to support the increased load under 
this off-normal condition.  

This off-normal condition does not apply to the HI-TRAC 125D, which does not have lower pocket 
trunnions. Upending and downending of the HI-TRAC 125D is performed using an L-frame.  

11.1.5.1 Postulated Cause of Off-Normal Handling of HI-TRAC 

If the cable of the crane handling the HI-TRAC is inclined from' the vertical, it would possible to 
unload the upper lifting trunnions such that the lower pocket trufinions are supporting the total cask 
weight and the lifting trunnions are only preventing cask rotation.  

11.1.5.2 Detection of Off-Normal Handling of HI-TRAC 

Handling procedures and standard rigging practice call for maintaining the crane cable in a vertical 
position by keeping the crane trolley centered over the lifting trunnions. In such an orientation it is 
not possible to completely unload the lifting trunnions without inducing rotation. If the crane cable 

,were inclined from the vertical, however,'the possibility of unloading the lifting trunnions would 
exist. It is therefore pos'sible to detect the'potential for this off-fiormal condition by monitoring the 
incline of the crane cable with respect to the vertical.  

11.1.5.3 Analysis of Effects and Consequences of Off-Normal Handling of HI-TRAC 
4- , . .. .' 

If the upper lifting trunnions are unloaded, the lower'pocket trunions will suppiort the tbotl weight of 
the loaded HI-TRAC. The analysis of the pocket trunnions to support the applied load of one-half of 
the total weight is provided in Appendices 3.AA and 3.AI of this FSAR. The'consequence of off
normal handling of the HI-TRAC is that the pocket trunnions safely support the applied load.  

Structural I 

The stress evaluations of the lower pocket trunnions are discussed in Appendices 3.AA and 3.AI. All 
stresses are within the allowable values.  

Thermal 

There is no effect on the thermal performance of the system as a result of this off-normal event.  

Shielding 

There is no effect on the shielding performance of the system as a result of this off-normal event.  

Criticality 
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There is no effect on the criticality control features of the system as a result of this off-normal event.  

Confinement 

There is no effect on the confinement function of the MPC as a result of this off-normal event.  

Radiation Protection 

Since there is no degradation in shielding or confinement capabilities as discussed above, there is no 
effect on occupational or public exposures as a result of this off-normal event.  

Based on this evaluation, it is concluded that the specified off-normal handling of the HI-TRAC does 
not affect the safe operation of the system.  

11.1.5.4 Corrective Action for Off-Normal Handling of HI-TRAC 

The HI-TRAC transfer casks are designed to withstand the off-normal handling condition without 
any adverse effects. There are no corrective actions required for off-normal handling of HI-TRAC 
other than to attempt to maintain the crane cable vertical during HI-TRAC upending or downending.  

11.1.5.5 Radiological Consequences of Off-Normal Handling of HI-TRAC 

The off-normal event of off-normal handling of HI-TRAC has no radiological impact because the 
confinement barrier is not breached and shielding is not affected.  

11.1.6 Off-Normal Load Combinations 

Load combinations for off-normal conditions are provided in Table 2.2.14. The load combinations 
include normal loads with the off-normal loads. The load combination results are shown in Section 
3.4 to meet all allowable values.  
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- Table 11.1.1

,MAXIMUM TEMPERATURES CAUSED BY OFF-NORMAL 
ENVIRONMENTAL TEMPERATURES 

Temperature Design'Basis Limits 

Location J-F] - [F] 

-Fuel Cladding - -7-M 747 (PWR_) •1058 ýhort-term 
-760,753,(BWR) 

MPC Basket -740 732 950 short-term 

MPC Shell -94-431 775 short-term 

Overpack Air Outlet 22-6258 . N/A 

Overpack Inner Shell 2#9 2S6 350 short-term 
(overpack concrete) 

Overpack Outer Shell -45 178 . 350 short-term 
_(overpack concrete)
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Table 11.1.2

BOUNDINGt TEMPERATURES- CAUSED BY PARTIAL BLOCKAGE OF 
AIR INLET DUCTS ['F]

Temperature No Blockage of Partial Blockage of Inlet Ducts Off-Normal 
Location Inlet Ducts 2 Ducts Blocked 3 Ducts Blo!ekd Design Basis 

Fuel Cladding -740 733 6 769 82-1 1058 short-term 

MPC Basket 7-20 712 94- 748 8o01 950 short-term 
MPC Shell -3-M 411 3-76 447 43-2 775 short-term 

Overpack Air -206 238 2-3M 274 287 N/A 
Outlet 

Overpack Inner 1-99236 224272 280 350 short-term 
Shell (overpack 

_ concrete) 

Overpack Outer 4-4- 158 4-70 194 2-26 350 short-term 
Shell (overpack 

concrete) 

The bounding temperatures presented in this table are obtained by adding the maximum temperature rise 
of any cask component to the normal condition temperatures of every cask component.
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11.2 ACCIDENTS

Accidents, in accordance with ANSI/ANS-57.9, are either'infrequent events that could reasonably be 
expected to occur during the lifetime of the HI-STORM 100 System or events postulated becaiise their 
consequencei may affect the public health and safety. Section 2.2.3 defme's the design basis'accidents 
considered. By anialyzing for these design basis events,- safety margins inherently provided in the HI
STORM 100 System design can be quantified.  

The results of the evaluations performed herein demonstrate that the HI- STORM 100 System can withstand 
the effects of all credible and hypothetical accident conditions and natural phenomena without affecting 
safety function, and are in compliance with the acceptable criteria.'The following sections present the 
evaluation of the design basis postulated accident conditions and natural phenomena which demonstrate that 
the requirements of 1OCFR72.122 are satisfied, and that the corresponding radiation doses satisfy the 
requirements of 10CFR72.106(b) and 10CFR20. " 

The load combinations evaluated for postulaied accident conditions are defined in Table 2.2.14. The load 
combinations include normal loads with the accident loads. The a6cident load combination evaluations are 
provided in Section 3.4.  

11.2.1 HI-TRAC Transfer Cask Handling Accident 

11.2.1.1 Cause of HI-TRAC Transfer Cask-Handling Accident 

During the operation of-the HI-STORM' 100 System, the loaded HI-TRAC transfer cask can be 
transported to the ISFSI ir` the vertical or horizontal position. The loaded HI-TRAC transfercask is 
typically transported by a heavy-haul vehicle that cradles the HI-TRAC horizontally or by a device with 
redundant drop protection that holds the HI-TRAC vertically. The height ofthe loaded overpack above the 
ground shall be limited to below the horizontal handling height limit determined in Chapter 3 and specified by 
the Technical Specifications in Appendix A to the CoC to limit the inertia loading on the cask in a horizontal 
drop to less than 45g's. Although a handling accident is remote, a cask drop from the hlrizofital handling 
height limit is a credible ictcident. A vertical drop of the loaded HI-TRAC transfer cask'is not'a credible' 
accident as the loaded HI-TRAC shall be transported and handled in the vertcal'orientation by devices' 
designed in accordance with the criteria specified in Subhection2.33.1 asreqtuired by the Technical 
Specification..  

11.2.1.2 HI-TRAC Transfer Cask Handling Accident Analysis 

The handling accident analysis eviIuates the effects of dropping-the loaded HI-TRAC in the horizontal 
position. The analysis of the handling accident is provided in Chapter 3. The analysis shows that the HI
STORM 100 System meets all structural requirements and there is no adverse effect on the confinement, 
thermal or subcriticality performance of the contained MPC. Limited localized damage to the HI-TRAC 
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water jacket shell and loss of the water in the water jacket may occur as a result of the handling accident.  
The HI-TRAC top lid and transfer lid housing (pool lid for the HI-TRAC 125D) are demonstrated to 
remain attached by withstanding the maximum deceleration. The transfer lid doors (not applicable to 1_I
TRAC 125D) are also shown to remain closed during the drop. Limiting the inertia loading to 60g's or less 
ensures the fuel cladding remains intact based on dynamic impact effects on spent fuel assemblies in the 
literature [11.2.1]. Therefore, demonstrating that the 45g limit for the Il-TRAC transfer cask is met ensures 
that the fuel cladding remains intact.  

Structural 

The structural evaluation of the MPC for 45g's is provided in Section 3.4. As discussed in Section 3.4, the 
MPC stresses as a result of the HI-TRAC side drop, 45g loading, are all within allowable values.  

As discussed above, the waterjacket enclosure shell could be punctured which results in a loss of the water 
within the water jacket. Additionally, the HI-TRAC top lid, transfer lid (pool lid for the HI-TRAC 125D), 
and transfer lid doors (not applicable to HI-TRAC 125D) are shown to remain in position under the 45g 
loading. Analysis of the lead in the HI-TRAC is performed in Appendix 3.F and it is shown that there is no 
appreciable change in the lead shielding.  

Thermal 

The loss of the water in the water jacket causes the temperatures to increase slightly due to a reduction in 
the thermal conductivity through the HI-TRAC water jacket The temperatures of the MPC in the HI
TRAC transfer cask as a result of the loss of water in the water jacket are presented in Table 11.2.8. As 
can be seen from the values in the table, the temperatures are well below the short-term allowable fuel 
cladding and material temperatures provided in Table 2.2.3 for accident conditions.  

Shieldina 

The loss of the water in the water jacket. results in an increase in the radiation dose rates at locations 
adjacent to the water jacketL The shielding analysis results presented in Section 5.1.2 demonstrate that the 
requirements of 1OCFR72.106 are not exceeded. As the structural analysis demonstrates that the HI
TRAC top lid, transfer lid (pool lid for the Il-TRAC 1251D), and transfer lid doors (not applicable to HI
TRAC 125D) remain in place, there is no change in the dose rates at the top and bottom of the HI-TRAC.  

Criticali I 

There is no effect on the criticality control features of the system as a result of this accident event 
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Confinement

There is no effect on the confinement function of the MPC as a result of this accident event. As discussed m 
the structural evaluation above, all stresses remain within allowable values, assuring confmement boundary 
integrity.  

Radiation Protection 

There is no degradation in the confinement capabilities of the MPGC,as discussed above. There are 
increases in the local dose rates adjacent to the water jacket. The dose rate at 1 meter from the water 
jacket after the water is lost is calculated in Table'5.l1.10. Immediately after the drop accident a radiological 
insliection of the HI-TRAC will be performed and temporary shielding shall be'installed to limit the exposure 
to the public. 'Based on a minimum distance to the 6ontrolled area boundaryý of 100 meters, the 
JOCFR72.106 dose rate requirements at the controlled area' boundary (5 Rem limit) willbe 
approximat'ely 1.18xirnih (S-9-io 5.1.2). !Ther-@eFor it is e;ident, bazcd on tihe, Rhort dumiaon of tho 
accideni, tht ne r•e .. rf I • O •FR72. 106 (5 Retm will it be are not exceeded (Section S.1.2).  

11.2.1.3' ' HI-TRAC Tranfer Cask Haindling Accident D6se'Calculations 

The handling accident could cause localiied damage to the HI-HTRAC water jacket shell and loss of the 
water in the water jacket as the neutron shield impacts the ground.  

When the waterjacket is imrpacted, the HI-TRAC transfer-cask surface dose rate could increase. The HI
TRAC's post-accident shielding analysis presented in Section 5:1.2 assumes complete loss ofthe water in 
the water jacket and bounds the dose rates'anticipated for the handling accident.  

If the water jacket of the loaded HI-TRAC is damaged beyond irimediate'repair_,nd'ihe'MPC is not 
damaged, the loaded HI-TRAC may be unloaded into a II- STORM overplack, a rn-'STAR overpack, or 
simply unloaded in the fuel pool. Ifthe MPC is damaged, the loaded HI-TRAC must be returned to the fuel 
pool for unloading. Depending on the damage to the HI-TRAC afid the current location in the loading or 

unloading sequence, less personnel exposure may be received by continuing to load the MPC into a HI
STORM or HI-STAR overpack. Once the MPC is placed in the rH-STORM orHI- STAR overpack, the 
dose rates are greatly reduced. The highest personnel exposure will result from returning the loaded HI
TRAC to the fuel pool to unlroad the MPC.  

As a result of the loss of water from the waterjacket, the dose rates_at I rieteradjakent to the waterjacket 
mid-height increase (Table 5.1.10). Increasing theý pesoninel ixpiosure for- each task affected by the 
increased dose rate adjacent to the waterijacket by the ratio of the one meter dose rate increase iesults in a' 
cumulative dose of less than 5.0 person-rem, forthe 125-ton HI-TRAC or 100-ton HI-TRAC. Using the 
ratio of the water jacket mid-height dose rates at one meter is very conservative. Dose rate at the top and 
bottom of the HI-TRAC waterjacket would not increase as much as the peak mid-height dose rates. In the 
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determination of the personnel exposure, dose rates at the top and bottom of the loaded HI-TRAC are 
assumed to remain constant 

The analysis of the handling accident presented in Section 3.4 shows that the MPC confinement barrier will 
not be compromised and, therefore, there will be no release of radioactive material from the confinement 
vessel. Any possible rupture of the fuel cladding will have no effect on the site boundary dose rates because 
the magnitude of the radiation source has not changed.  

11.2.1.4 HI-TRAG Transfer Cask Handling Accident Corrective Action 

Following a handling accident, the ISFSI operator shall first perform a radiological and visual inspection to 
determine the extent of the damage to the HI-TRAC transfer cask and MPC to the maximum practical 
extent. As appropriate, place temporary shielding around the HI-TRAC to reduce radiation dose rates.  
Special handling procedures will be developed and approved by the ISFSI operator to lift and upright the 
HI-TRAC. Upon uprigihting, the portion of the overpack not previously accessible shall be radiologically 
and visually inspected. If damage to the water jacket is limited to a local penetration or crushing, local 
repairs can be performed to the shell and the water replaced. If damage to the waterjacket is extensive, the 
damage shall be repaired and re-tested in accordance with Chapter 9, following removal of the MPC.  

If upon inspection of the damaged HI-TRAC transfer cask and MPC, damage of the MPC is observed, the 
loaded HI-TRAC transfer cask will be returned to the facility for fuel unloading in accordance with Chapter 
8. The handling accident will not affect the ability to unload the MPC using normal means as the structural 
analysis of the 60g loading (HI-STAR Docket Numbers 71-9261 and 72-1008) shows that there will be no 
gross deformation of the MPC basket. After unloading, the structural damage of the HI-TRAC and MPC 
shall be assessed and a determination shall be made ifrepairs will enable the equipment to return to service.  
Subsequent to the repairs, the equipment shall be inspected and appropriate tests shall be performed to 
certify the equipment for service. If the equipment cannot be repaired and returned to service, the equipment 
shall be disposed of in accordance with the appropriate regulations.  

11.2.2 HI-STORM Overpack Handling Accident 

11.2.2.1 Cause of HI-STORM Overpack Handling Accident 

During the operation of the HI-STORM 100 System, the loaded HI-STORM overpack is lifted in the 
vertical orientation. The height of the loaded overpack above the ground shall be limited to below the 
vertical handling height limit determined in Chapter 3 and specified by the Technical Specifications in 
Appendix A to the CoC. This vertical handling height limit will maintain the inertial loading on the cask in a 
vertical drop to 45g's or less. Although a handling accident is remote, a drop from the vertical handling 
height limit is a credible accident 
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11.2.2.2 HI-STORM Overpack Handling Accident Analysis 

The handling accident analysis evaluates the effects of dropping the'loaded overpack in the vertical 
orientation. The analysis of the handling accident is provided in Chapter 3. The arnalysis shows that the HI
STORM 100 System meets all structural requiremeAts and there are no adverse effects on the structural, 
confinement, thermal or subcriticality performance of the HI-STORM 100 System. Limiting the inertia 
loadiAg to 60g's or less ensures the fuel claddingrei•ains intact based on dynamic impact effects on spent 
fuel assemblies in the literature [11.2.1].  

Structural 

The structural evaluation of the MPC under a 60g vertical load is presented in the I-L'STAR TSAR and 
SAR [11.2.6 and 11.2.7] and it is demonstrated therein that the stresses are within allowable limits. The 
structural analysis of the HI-STORM overpack is presented in Section 3.4. The stmctuial analysis-of the 
overpa6k shows that the concrete shield attached to the unddrside of the overpack lid remains attached and 

air inlet ducts do not collapse.  

Thermal 

As the structural analysis demonstrates that there is no change in the MPC or overpack, there is no effect on 
the thermal performance of the system as a result of this event.  

Shielding 

As the structural analysis demonstrates that there is nochange in the MPC or overpack, there is no effect on 
the shielding performance of the system as a result of this event.  

Criticality 

There is no effect on the criticality control features of the system as a result of this event.  

Confinement 

There is no effect on the confinement function of the MPC as a result of this event. As discussed in the 
structural evaluation above, all stresses remain within allowable values, assuring confinement boundary 
integrity.  

Radiation Protection 

Since there is no degradation in shielding or confinement capabilities as discussed above, there is no effect 
on occupational or public exposures as a result of this event.  
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Based on this evaluation, it is concluded that the vertical drop of the HI- STORM Overpack with the MPC 
inside does not affect the safe operation of the HI- STORM 100 System.  

11.2.2.3 HI-STORM Overpack Handling Accident Dose Calculations 

The vertical drop handling accident of the loaded HI-STORM overpack will not cause any change of the 
shielding or breach of the MPC confinement boundary. Any possible rupture of the fuel cladding will have 
no affect on the site boundary dose rates because the magnitude of the radiation source has not changed.  
Therefore, the dose calculations are equivalent to the normal condition dose rates.  

11.2.2.4 HI-STORM Overpack Handling Accident Corrective Action 

Following a handling accident, the ISFSI operator shall first perform a radiological and visual inspection to 
determine the extent of the damage to the overpack. Special handling procedures, as required, will be 
developed and approved by the ISFSI operator.  

If upon inspection of the MPC, structural damage of the MPC is observed, the MPC is to be returned to 
the facility for fuel unloading in accordance with Chapter 8. After unloading, the structural damage of the 
MPC shall be assessed and a determination shall be made if repairs will enable the MPC to return to 
service. Likewise, the HI-STORM overpack shall be thoroughly inspected and a determination shall be 
made if repairs will enable the HI-STORM overpack to return to service. Subsequent to the repairs, the 
equipment shall be inspected and appropriate tests shall be performed to certify the HI-STORM 100 
System for service. If the equipment cannot be repaired and returned to service, the equipment shall be 
disposed of in accordance with the appropriate regulations.  

11.2.3 Tip-Over 

11.2.3.1 Cause of Tip-Over 

The analysis of the HI-STORM 100 System has shown that the overpack does not tip over as a result of 
the accidents (i.e., tornado missiles, flood water velocity, and seismic activity) analyzed in this section. It is 
highly unlikely that the overpack will tip-over during on-site movement because of the low handling height 
limit. The tip-over accident is stipulated as a non-mechanistic accident 

For the anchored HI-STORM designs (HI-STORM 100A and 100SA), a tip-over accident is not 
possible. As described in Chapter 2 of this FSAR, these system designs are not evaluated for the 
hypothetical tip-over. As such, the remainder of this accident discussion applies only to the non-anchored 
designs (i.e., the 100 and 100S designs only).  
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11.2.3.2 Tip-Over Analysis 

The tip-over accident analysis evaluates the effects of the loaded overpack tipping-over onto a reinforced 
concrete pad. The tip-over analysis is provided in Section 3.4. The structural analysis provided in-Appendix 
3.A demonstrates that the resultant deceleration loading on the MPC as a result of the tip-over accident is 
less than the design basis 45g's. The analysis shows that the HI-STORM 100 System meets all structural 
requirements and there is no adverse effect on the structural, confinement, thermal, or subcriticality 
performance of the MPC. However, the side impact will cause some localized damage to the concrete and 
outer shell of the overpack in the radial area of impact.  

Structural 

The struxtural evaluation of the MPC presented in Section 3.4 demonstrates that under a 45g loading the 
stresses are well within the allowable values. Analysis presented in Chapter 3 shows that the concrete 
shields attached to the underside and top of the overpack lid remains attached. As a result of the tip-over 
accident there will be localized crushing of the concrete in the area of impact.  

Thermal , t 

The thermal analysis of the overpack and MPC is based on vertical storage. The thermal consequences of 
this accident while the overpack is in the horizontal orientation are bounded by the burial under debris 
accident evaluated in Subsection 11.2.14. Damage to the overpack will be limited as discussed above. As 
the structural analysis demonstrates that there is no significant change in the MPC or overpack, once the 
overpack and MPC are returned to their vertical orientation there is no effect on the thermal performance of 
the system.  

Shielding 

The effect on the shielding performance of the system as a result of this event is limited to a localized 
decrease in the shielding thickness of the concrete.  

Criticality 

There is no effect on the criticality control features of the system as a result of this event.  

Confinement 

There is no effect on the confinement function of the MPC as a result of this event. As discussed in the 
stnuctural evaluation above, all stresses remain within'allov~able values,'assuring ccnfinement boundary 
integrity.  
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Radiation Protection

Since there is a very localized reduction in shielding and no effect on the confinement capabilities as 
discussed above, there is no effect on occupational or public exposures as a result of this accident event.  

Based on this evaluation, it is concluded that the accident pressure does not affect the safe operation of the 
HI-STORM 100 System.  

11.2.3.3 Tip- Over Dose Calculations 

The tip-over accident could cause localized damage to the radial concrete shield and outer steel shell where 
the overpack impacts the surface. The overpack surface dose rate in the affected area could increase due to 
the damage. However, there should be no noticeable increase in the ISFSI site or boundary dose rate, 
because the affected areas will be small and localized. The analysis of the tip-over accident has shown that 
the MPC confinement barrier will not be compromised and, therefore, there will be no release of 
radioactivity or increase in site-boundary dose rates.  

11.2.3.4 Tip-Over Accident Corrective Action 

Following a tip-over accident, the ISFSI operator shall first perform a radiological and visual inspection to 
determine the extent of the damage to the overpack. Special handling procedures will be developed and 
approved by the ISFSI operator.  

If upon inspection of the MPC, structural damage of the MPC is observed, the MPC shall be returned to 
the facility for fuel unloading in accordance with Chapter 8. After unloading, the structural damage of the 
MPC shall be assessed and a determination shall be made if repairs will enable the MPC to return to 
service. Likewise, the HI-STORM overpack shall be thoroughly inspected and a determination shall be 
made if repairs are required and will enable the HI-STORM overpack to return to service. Subsequent to 
the repairs, the equipment shall be inspected and appropriate tests shall be performed to certify the HI
STORM 100 System for service. If the equipment cannot be repaired-and returned to service, the 
equipment shall be disposed of in accordance with the appropriate regulations.  

11.2.4 Fire Accident 

11.2.4.1 Cause of Fire 

Although the probability of a fire accident affecting a HI- STORM 100 System during storage operations is 
low due to the lack of combustible materials at the ISFSI, a conservative fire has been assumed and 
analyzed. The analysis shows that the HI-STORM 100 System continues to perform its structural, 
confinement, thermal, and subcriticality functions.  
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11.2.4.2 Fire Analysis

11.2.4.2.1 Fire Analysis for Hi-STORM Overpack 

The possibility of a fire accident near an ISFSI is considered to be extremely remote due to an absence of 
combustible materials within the ISFSI and adjacent to the overpacks. The only credible concern is related 
to a transport vehicle fuel tank fire, causing the outer layers of the storage overpack to be' heated by the 
incident thermal radiation and forced convection heat fluxes. The amount of combustible fuel in the on-site 
transporter is limited to a volume of 50 gallons based on a Technical Specification in Appendix A to the 
CoC.  

With respect to fire accident thermal analysis, NUREG- 1536 (4.O,V,5.1) states: 

"Fire parameters included in 10 CFR 71.73 have been accepted for characterizing the heat 
.transfer during the in-storage fire. However, a bounding analysis that limits the fuel source 

thus limits the length of the fire (e.g., by limiting the source of the fuel in the transporter) has 
also been accepted." 

Based on this NUREG- 1536 guidance, the fire accident thermal analysis is performed using the 10 CFR 
71.73 parameters and the fire duration is determiried from the limited fuel volume of 50 gallons. The 6ntire 
transient evaluation of the storage fire accident consists of three parts: (1) a bounding steady-state initial 
condition, (2) the short-duration' fire event, and (3) the post-fire temperature relaxation peri6d.

As stated above, the fire parameters from 10 CFR 71.73 are applied to the rI-STORM fire accident 
evaluation. 10 CFR 71 requirements for thermal evaluation of hypothetical accident conditions specifically' 
define pre- and'post-fire ambient conditions, specifically

"the ambient air temperature before and after the test must remain constant at'that value 
between'-29*C (-20'F) and +38°C (10017) whicth is most unfavorable for the' feature 
under consideration." 

The ambient air temperature is therefore set to '100°F both before (bounding steady state) and after (post
fire temperature relaxation period) the short-duration fire event.  

During the short-duration fire event, the following parameters from 1 OCFR71.71(c)(4) are applied: 

1.' Except for a simple support system, the cask must be fully engulfed. The ISFSI pad is a simple 
support system, so the firi environment is not appli6d to the overphck baseplate. By fully engulfing 
the overpack, additional heat transfer sin-face area is conservatively exposed to the elevated fire 
temperatures.  
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2. The average emissivity coefficient must be at least 0.9. During the entire duration of the fire, the 
painted outer surfaces of the overpack are assuned to remain intact, with an emissivity of 0.85. It is 
conservative to assume that the flame emissivity is 1.0, the limiting maximum value corresponding to 
a perfect blackbody emitter. With a flame emissivity conservatively assumed to be 1.0 and a 
painted surface emissivity of 0.85, the effective emissivity coefficient is 0.85. Because the minimum 
required value of 0.9 is greater than the actual value of 0.85, use of an average emissivity coefficient 
of 0.9 is conservative.  

3. The average flame temperature must be at least 8000 C (I 475°F). Open pool fires typically involve 
the entrainment of large amounts of air, resulting in lower average flame temperatures. Additionally, 
the same temperature is applied to all exposed cask surfaces, which is very conservative 
considering the size of the HI-STORM cask. It is therefore conservative to use the 1475°F 
temperature.  

4. The fuel source must extend horizontally at least 1 m (40 in), but may not extend more than 3 m (10 
ft), beyond the external surface of the cask. Use of the minimum ring width of 1 meter yields a 
deeper pool fora'h fixed quantity of combustible fuel, thereby conservatively maximizing the fire 
duration.  

5. The convection coefficient must be that value which may be demonstrated to exist if the cask were 
exposed to the fire specified. Based upon results of large pool fire thermal measurements [11.2.2], 
a conservative forced convection heat transfer coefficient of 4.5 Btu/(hrxft2x×F) is applied to 
exposed overpack surfaces during the short-duration fire.  

Due to the severity of the fire condition radiative heat flux, heat flux from incident solar radiation is negligible 
and is not included. Furthermore, the smoke plume from the fire would block most of the solar radiation.  

Based on the 50 gallon fuel volume, the overpack outer diameter and the 1 m fuel ring width, the fuel ring 
surrounding the overpack covers 147.6 ft2 and has a depth of 0.54 in. From this depth and a linear fuel 
consumption rate of 0.15 in/min, the fire duration is calculated to be 3.622 minutes (217 seconds). The 
linear fuel consumption rate of 0.15 in/min is the smallest value given in a Sandia Report on large pool fire 
thermal testing [11.2.2]. Use of the minimum linear consumption rate conservatively maximizes the duration 
of the fire.  

It is recognized that the ventilation air in contact with the inner surface of the HI-STORM overpack with 
design-basis decay heat under maximum normal ambient temperature conditions varies between 80°F at the 
bottom and 206 230'F at the top of the overpack. It is further recognized that the inlet and outlet ducts 
occupy only 1.25% of area of the cylindrical surface of the massive HI- STORM overpack. Due to the short 
duration of the fire event and the relative isolation of the ventilation passages from the outside environment, 
the ventilation air is expected to experience little intrusion of the fire combustion products. As a result of 
these considerations, it is conservative to assume that the air in the HI-STORM overpack ventilation 

HI-STORM FSAR Proposed Rev. 2A 
REPORT HI-2002444 

11.2-10



The forced convection heat transfer coefficient is based on the results of large pool fire thermal 
measurements [11.2.2].  

After the fire event, the ambient temperature is restored to 100°F and the storage overpack cools down 
(post-fire temperature relaxation). Heat loss from the outer surfaces of the storage overpack is determined 
by the following equation: 

qs =hs(Ts- TA)+0.1714X10 8e[(Ts+460) 4 _ (TA 4-460)4] 

where: 
qs =Surface Heat Loss Flux (Btu/ft2-hr) 
hs = Natural Convection Heat Transfer Coefficient (Btu/ft2-hr-°F) 
Ts = Transient Surface Temperature (CF) 
TA = Ambient Temperature (CF) 
S= Surface Emissivity 

In the post-fire temperafure relaxation phase, the stii'face heat transfer coefficient (hs) is determined by the 
following equation:



hs =O.19X(TA -Ts)" 3 

where: 
hs = Natural Convection Heat Transfer Coefficient (Btu/fi2-hr-°F) 
TA = External Air Temperature (F) 
Ts = Transient Surface Temperature CF) 

As discussed in Subsection 4.5.1.1.2, this equation is appropriate for turbulent natural convection from 
vertical surfaces. For the same conservative value of the Z parameter assumed earlier (2.6x 105) and the HI
STORM overpack height of approximately 19 feet, the surface- to- ambient temperature difference required 
to ensure turbulence is 0.56 TF.  

A two-dimensional, axisymmetric model was developed for this analysis. Material thermal properties used 
were taken from Section 4.2. An element plot of the 2-D axisymmetric ANSYS model is shown in Figure 
11.2.1. The outer surface and top surface of the overpack are exposed to the ambient conditions (fire and 
post-fire), and the base of the overpack is insulated. The transient study is conducted for a period of 5 
hours, which is sufficient to allow temperatures in the overpack to reach their maximum values and begin to 
recede.  

Based on the results of the analysis, the maximum temperature increases at several points near the overpack 
mid-height are summarized in Table 11.2.2 along with the corresponding peak temperatures. Temperature 
profiles through the storage overpack wall thickness near the mid-height of the cask are included in Figures 
11.2.2 through 11.2.4. A plot of temperature versus time is shown in Figure 11.2.5 for several points 
through the overpack wall, near the mid-height of the cask The temperature profile plots (Figures 11.2.2 
through 11.2.4) each contain profiles corresponding to time "snapshots". Profiles are presented at the 
following times: 1 minute (60 seconds), 2 minutes (120 seconds), 3.622 minutes (217 seconds - end of 
fire), 10 minutes (600 seconds), 20 minutes (1200 seconds), 40 minutes and 90 minutes.  

The primary shielding material in the storage overpack is concrete, which can suffer a reduction in neutron 
shielding capability at sustained high temperatures due to a loss of water. As shown in Figure 11.2.5, less 
than 1 inch of the concrete near the outer overpack surface exceeds the material short-term temperature 
limit. This condition is addressed specifically in NUREG- 1536 (4.0,V,5.b), which states: 

"The NRC accepts that concrete temperatures may exceed the temperature criteria ofACI 
349 for accidents if the temperatures result from a fire." 

These results demonstrate that the fire accident event does not substantially affect the I--STORM 
overpack. Only localized regions of concrete are exposed to temperatures in excess of the allowable short
term temperature limit. No portions of the steel structure exceed the allowable temperature limits.  
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Having evaluated the effects of the fire on the overpack, we must now evaluate the effects on the MPC and 
contained fuel assemblies. Guidance for the evaluation of the MPGN ind its internals during a fire event is 
provided by NUREG- 1536 (4.0,V,5.b), which states: 

"For a fire of very short duration (i.e., less than 10 percent of the thermal time constant of 
the cask body), the NRC finds it acceptable to calculate the fuel temperature increase by 
assuming that the cask inner wall is adiabatic. The fuel temperature increase should then be 
determined by dividing the decay energy released during the fire by the thermal capacity of 
the basket-fuel assembly combination." 

The time constant of the cask body (i.e., the overpack) can be deteriffined us•ing the formula: 

c.x pxL 

k 
where: 

Cp= Overpack Specific Heat Capacity (Btu/lb-°F), 
p Overpack Density (b/fl 3) 
I= Overpack Characteristic Length (fl) 
k = Overpack Thermal Conductivity (Btu/fl-hr-°F) 

The concrete contributes the majority of the overpack mass and volume, so we will use the specific heat 
capacity (0.156 Btu/lb-0F), density (142 lb/flM) and thermal conductivity (1.05 Btu/ft-hr-°F) of concrete for, 
the time constant calculation. The characteristic length of a hollow, cylinder-is its wall thickness. The 
characteristic length for the HI-STORM overpack is therefore 29.5 in, or approximately 2.46 ft.  
Substituting into the equation, the overpack time constant is determined as: 

0.156x142x2.46 2 =127.7hrs 

1.05 

One-tenth of this time constant is approximately 12.8 hours (766 minutes), substantially longer than the fire 
duration of 3.622 minutes, so the MPC is evaluated by considering the MPC canister as an adiabatic 
boundary. The temperature of the MPC is therefore increased by the contained decay heat only.  

Table 4.5.5 lists lower-bound thermal inertia values for the MPC and the contained fuel assemblies of 4680 
Btu/0 F and 2240 Btu/°F, respectively. Applying an upper-bound decay heat load of2g-.74 40 kW (98094 
1.365xl05 Btu/hr) for the 3.622 minute (0.0604 hours) fire duration results in the contained fuel assemblies 
heating up by only: . - .

AT ,j•l.365xl0Ox0.0604 

4680 +2240 "l.2' 

H-STORM FSAR Proposedt Rev. 2A 
REPORT HI-2002444 i-

11.2-13 -



This is a negligible increase in the fuel temperature. Consequently, the impact on the MPC internal helium 
pressure will be negligible as well. Based on a conservative analysis of the rH-STORM 100 System 
response to a hypothetical fire event, it is concluded that the fire event does not significantly affect the 
temperature of the MIPC or contained fuel. Furthermore, the ability of the rH-STORM 100 System to cool 
the spent nuclear fuel within design temperature limits during post-fire temperature relaxation is not 
compromised.  

Structural 

As discussed above, there are no structural consequences as a result of the fire accident condition.  

Thermal 

As discussed above, the MPC internal pressure increases a negligible amount and is bounded by the 100% 
fuel rod rupture accident in Section 11.2.9. As shown in Table 11.2.2, the peak fuel cladding and material 
temperatures are well below short-term accident condition allowable temperatures of Table 2.2.3.  

Shielding 

With respect to concrete damage from a fire, NUREG- 1536 (4.0,V,5.b) states: "the loss of a small amount 
of shielding material is not expected to cause a storage system to exceed the regulatory requirements in 10 
CFR 72.106 and, therefore, need not be estimated or evaluated in the SAR." Less than one-inch of the 
concrete (less than 4% of the' total overpack radial concrete section) exceeds the short-term temperature 
limit 

Criticality 

There is no effect on the criticality control features of the system as a result of this event.  

Confinement 

There is no effect on the confinement function of the MPC as a result of this event.  

Radiation Protection 

Since there is a very localized reduction in shielding and no effect on the confinement capabilities as 
discussed above, there is no effect on occupational or public exposures as a result of this accident event.  

Based on this evaluation, it is concluded that the overpack fire accident does not affect the safe operation of 
the HI-STORM 100 System.  
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11.2.4.2.2 Fire Analysis for Il-TRAC Transfer Cask

To demonstrate the fuel cladding and MPC pressure boundary integrity under an exposure to a hypothetical 
short duration fire event during on-site handling operations, a fire accident analysis of the loaded 100-ton 
HI-TRAC is performed. This analysis, because of the lower mass of the 100-ton HI-TRAC, bounds the 
effects for the 125-ton HI-TRAC. In this analysis, the contents of the HI-TRAC are conservatively 
postulated to undergo a transient heat-up as a lumped mass from the decay heat input and heat input from 
the short duration fire. The rate of temperature rise of the HI-TRAC depends on the thermal inertia of the 
cask; the cask initial conditions, the spent nuclear fuel decay heat generation, and the fire heat flux. All of 
these parameters areý conservatively bounded by the values in Table 11.2.3, which are used for the fire' 
transient analysis.  

Using the values stated in Table 11.2.3, a bounding cask temperature rise of 5.509'F per minute is 
determined from the combined radiant and forced convection fire and decay heat inputs to the cask at a 
reference heat load of28. 74 lW Proportionally raising the rate oftemperature rise by the ratio of 
design maximum heat load (40 kW) and reference heat load (28.74 L-W), a conservative upperbound 
to the rate of temperature rise (R = 7.7'F/m in) is established. During the handling of the HI-TRAC 
transfer cask, the'transporter is limited to a maximum of 50 gallons, in accordance with a Technical 
Specification in Appendix A to the CoC. The duration of the 50-gallon fire (tj) is 4.775 ininiites.-Therefore, 
the temperature rise (DTf) computed as the product of R and tf is 36.87F. 'Because the-cladding 
temperature at the start offire is substantially below the accident temperature limit (approximately 
3007F lower) the fuel cladding temperature limit is not exceeded. *4ill net exceed 4the zher tAen A-el 
cladding tcmpemture "ii (so@ Table 11.2.5).  

The elevated temperatures as a result of the fire accident will cause the pressure in the water jacket to 
increase and cause the overpressure relief valves to vent steam to the atmosphere. Based on the fire heat 
input to the water jacket, less than 11% of the water in the waterjacket can be boiled off. However, it is 
conservatively assumed, for dose calculations, that all the water in the water jacket is lost. In the 125-ton 
HI-TRAC, which uses Holtit& in the lids for neutron shielding, the elevated fire temperatures would cause 
the Holtite to exceed its design accident temperature limits. It is conservatively assumed, for dose 
calculations, that all the Holtite in the 125-t6n HI-TRAC is lost.  

Due to the increased temperatures the MPC experiences as a result of the fire accident in the HI-TRAC 
transfer cask, the MPC internal pressure increases. Table 11.2.4 provides the MPC maximum internal 
pressures, as a result of the HI-TRAC fire accident, for a conservatively bounding initial steady state 
condition of a canister with the highest normal operatinhgpres'sure and minimum cavity average 
temperature. The computed accident pressure is substantially below the accident design pressure 
(Table 2.2.3) The values presented in Table 11.2.4 are determined using a bounding temperature rise of 
43.2°F, instead of the calculated 26436.8°F temperature rise, and are therefore conservative. Table 
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11.2.5 provides a summary of the loaded HI-TRAC bounding maximum temperatures for the hypothetical 
fire accident condition.  

Structural 

As discussed above, there are no structural consequences as a result of the fire accident condition.  

Thermal 

As discussed above, the MPC internal pressure andfitel temperature increases as a result of the fire 
accident. , but the The fire accident MPC internal pressure and peak fuel cladding temperature; 

....... •,i a........hn..tic. fuel Fod ruptre, is .h...i.T.b... . 2.4 to be are 
substantially less than the-accident limits for MPC internal pressure and maximum cladding 
temperature (Tables 2.2.1 and 2.2.3). accident condition MPO inteal design presure of 200 pig• 

(Tale .2.). ~ so~ n Tble112.5 th pek fel ladinganmaterial temperatures are welP~lbeow 
short term-acceident conadition allowable temer-ature of Table 2.23 

The loss of the water in the water jacket causes the temperatures to increase slightly due to a reduction in 
the thermal conductivity through the HI-TRAC water jacket. The temperatures of the MPC in the HI
TRAC transfer cask as a result of the loss of water in the waterjacket are presented in Table 11.2.8 based 
on an assumed start at normal on-site transport conditions and maximum steady state temperatures 
computed. As can be seen from the values in the table, the temperatures are below the accident 
temperature limits by substantial margins, the temp e.at.rs increase by less than 20F. Thereoe, ifhe 
temperatur-es presented in Table 11. 5 wer iceedb Ftacctfothe decemase in conductivity 
of the.watej...... t-h .rltant tempe-atures will "'ill-beel wthe st te.m allo fuel claddin.  
and material temperatures provded in Table 2.2.3 fer accident conditiens.  

Shielding 

The assumed loss of all the water in the water jacket results in an increase in the radiation dose rates at 
locations adjacent to the water jackeL The assumed loss of all the Holtite in the 125-ton Ifl-TRAC lids 
results in an increase in the radiation dose rates at locations adjacent to the lids. The shielding analysis results 
presented in Section 5.1.2 demonstrate that the requirements of 1OCFR72.106 are not exceeded.  

Criticality 

There is no effect on the criticality control features of the system as a result of this event.  
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Confinement 

There is no effect on the confinement function of the MPC as a result of this event, since'the internal 
pressure does not exceed the accident condition design pressure and the MPC confinement boundary 
temperatures do not exceed the short-term allowable temperature limits.  

Radiation Protection 

There is no degradation in confinement capabilities ofthe MPC, as discussed above. There are increases in 
the local dose rates adjacent waterjacket. HI-TRAC dose rates at 1 meter and 100 meters from the water' 
jacket, after the water is lost, have already been reported in Subsection 11.2.1.2. Immediately after the fire 
accident a radiological inspection of the HI-TRAC will be performed and temporary shielding shall be 
installed to limit the exposure to the public.  

11.2.4.3 Fire Dose Calculations 

The complete loss of the HI-TRAC neutron shield along with the water jacket shell is assumed in the 
shielding analysis for the post-accident analysis of the loaded HI-TRAC in Chapter 5 and bounds the' 
determined fire accident consequences. The loaded HII-TRAC following a fire accident meets the accident 
dose rate requirement of 1OCFR72.106.  

The elevated temperatures experienced by the HI-STORM overpack concrete shield is limited to the 
outermost layer.-Therefore, any corresponding reduction in neutron shielding capabilities is limited to thý 
outermost layer. The slight increase in the neutron dose rate as a result of the concrete in the outer inch 
reaching elevated temperatures will not significantly increase the site boundary dose rate, due to the limited.  
amount of the concrete shielding with reduced effectiveness and the negligible nieutrbn dose rate calculated 
for normal conditions at the site boundary. The loaded HI-STORM overpack following a fire accident 
meets the accident dose rate requirement of 1 OCFR72.106.  

The analysis of the fire accident shows that the MPC confinement bouýndary is not compromised and
therefore, there is no release of airborne radioactive materials.  

11.2.4.4 Fire Accident Corrective Actions 

Upon detection of a fire adjacent to a loaded HI-TRAC or HI-STORM overpack, the ISFSI operator shall
take the appropriate immediate actions necessary to extinguish the fire. Fire fighting personnel should take 
appropriate radiological precautions, particularly with the HI-TRAC as the pressure relief valves may have 
opened and water loss from the water jacket may have occurred resulting in an increase in radiation doses.' 
Following the termination of the fire,. a visual and radiological inspection of the iquipment shall be,' 
performed.  
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As appropriate, install temporary shielding around the HI-TRAC. Specific attention shall be taken during the 
inspection of the water jacket of the HI-TRAC. If damage to the HI-TRAC is limited to the loss of water in 
the water jacket due to the pressure increase, the water may be replaced by adding water at pressure. If 
damage to the HI-TRAC water jacket or HI-TRAC body is widespread and/or radiological conditions 
require, the HI-TRAC shall be unloaded in accordance with Chapter 8, prior to repair.  

If damage to the rn-STORM storage overpack as the result of a fire event is widespread and/or as 
radiological conditions require, the MPC shall be removed from the I-STORM overpack in accordance 
with Chapter 8. However, the thermal analysis described herein demonstrates that only the outermost layer 
of the radial concrete exceeds its design temperature. The HI-STORM overpack may be returned to 
service if there is no increase in the measured dose rates (i.e., the overpack's shielding effectiveness is 
confirmed) and if the visual inspection is satisfactory.  

11.2.5 Partial Blockage of MPC Basket Vent Holes 

Each MPC basket fuel cell wall has elongated vent holes at the bottom and top. The partial blockage of the 
MPC basket vent holes analyzes the effects on the Ill-STORM 100 System due to the restriction of the 
vent openings.  

11.2.5.1 Cause of Partial Blockage of MPC Basket Vent Holes 

After the MPC is loaded with spent nuclear fuel, the MPC cavity is drained, vacuum dried, and backfilled 
with helium. There are only two possible sources of material that could block the MPC basket vent holes.  
These are the fuel cladding/fuel pellets and crud. Due to the maintenance of relatively low cladding 
temperatures during storage, it is not credible that the fuel cladding would rupture, and that fuel cladding and 
fuel pellets would fall to block the basket vent holes. It is conceivable that a percentage of the crud 
deposited on the fuel rods may fall off of the fuel assembly and deposit at the bottom of the MPC.  

Helium in the MPC cavity provides an inert atmosphere for storage of the fuel. The HI-STORM 100 
System maintains the peak fuel cladding temperature below the required long-term storage limits. All 
credible accidents do not cause the fuel assembly to experience an inertia loading greater than 60g's.  
Therefore, there is no mechanism for the extensive rupture of spent fuel rod cladding.  

Crud can be made up of two types of layers, loosely adherent and tightly adherent. The SNF assembly 
movement from the fuel racks to the MPC may cause a portion of the loosely adherent crud to fall away.  
The tightly adherent crud is not removed during ordinary fuel handling operations. The MPC vent holes that 
act as the bottom plenum for the MPC internal thermosiphon are of an elongated, semi-circular design to 
ensure that the flow passages will remain open under a hypothetical shedding of the crud on the fuel rods.  
For conservatism, only the minimum semi-circular hole area is credited in the thermal models (i.e., the 
elongated portion of the hole is completely neglected).  
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The amount of crud on fuel assemblies varies greatly from plant to plant. Typically, BWR plants have more 
crud than PWR plants. Based on the maximumiexpected crud volume per fuel assembly'provided in 
reference [11.2.5], and the area at the base of the MPC basket fuel storage cell, the maximum depth of 
crud at the bottom of the MPC-68 was determined. For the PWR-style MPC designs (see Table 1.2.1), 
90% of the maximumn crud volume was used to determine the crud depth. The'maximum crud depths 
calculated for each of the MPCs is listed in Table 2.2.8. The maximum amount of crud was assumed to be 
present on all fuel assemblies within the MPC. Both the tightly and loosely adherent crud was conservatively 
assumed to fall off of the fuel assembly. As can be" seen by the values listed in 'the table, the maximum 
amount of crud depth does not totally block any of the MPC basket vent holes as the crud accumulation 
depth is less than the elongation of the vent holes. Therefore, the available ventiholes area is greater than that 
used in the thermal models. .  

11.2.5.2 Partial Blockage of MPC Basket Vent Hole Analysis 

The partial blockage of the MPC basket vent holes has no affect on the structural, confinement and thermal 
analysis of the MPC. There is no affect on the shielding analysis other than a slight increase of the gamma 
radiation dose rate at the base of the MPC due to the accumulation of crud. As the MPC basket vent holes 
are not completely blocked, preferential flooding of the MPC fuel basket is not possible, and, therefore, the 
criticality analyses are not affected.  

Structural 

There are no structural consequences as a result of this event.  

Thermal 

There is no effect on the thermal performance of the system as a result of this event.  

Shielding 

There-is no effect on-the shielding performance of thý system as a result of this accideht event: 

Criticality 

There is no effect on the criticality control features of the system as a result of this accident event.  

Confinement 

There is no effect on the confinement function of the MPC as a -result of this accident event.  

Radiation Protection 
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Since there is no degradation in shielding or confinement capabilities as discussed above, there is no effect <
on occupational or public exposures as a result of this accident event.  

Based on this evaluation, it is concluded that the partial blockage of MPC vent holes does not affect the safe 
operation of the HI-STORM 100 System.  

11.2.5.3 Partial Blockage of MPC Basket Vent Holes Dose Calculations 

Partial blockage of basket vent holes will not result in a compromise of the confinement boundary.  
Therefore, there will be no effect on the site boundary dose rates because the magnitude of the radiation 
source has not changed. There will be no radioactive material release.  

11.2.5.4 Partial Blockage of MPC Basket Vent Holes Corrective Action 

There are no consequences that exceed normal storage conditions. No corrective action is required for the 
partial blockage of the MPC basket vent holes.  

11.2.6 Tornado 

11.2.6.1 Cause of Tornado 

The HI-STORM 100 System will be stored on ai unsheltered ISFSI concrete pad and subject to 
environmental conditions. Additionally, the transfer of the MPC from the HI-TRAC transfer cask to the 
overpack may be performed at the unsheltered ISFSI concrete pad. It is possible that the HI-STORM 
System (storage overpack and HI-TRAC transfer cask) may experience the extreme environmental 
conditions of a tomado.  

11.2.6.2 Tornado Analysis 

The tornado accident has two effects on the HI- STORM 100 System. The tornado winds and/or tornado 
missile attempt to tip-over the loaded overpack or HI-TRAC transfer cask. The pressure loading of the high 
velocity winds and/or the impact of the large tornado missiles act to apply an overturning moment The 
second effect is tornado missiles propelled by high velocity winds which attempt to penetrate the storage 
overpack or HI-TRAC transfer cask.  

During handling operations at the ISFSI pad, the loaded HI-TRAC transfer cask, while in the vertical 
orientation, shall be attached to a riffing device designed in accordance with the requirements specified in 
Subsection 2.3.3.1. Therefore, it is not credible that the tornado missile and/or wind could tip-over the 
loaded HI-TRAC while being handled in the vertical orientation. During handling of the loaded HI-TRACin 
the horizontal orientation, it is possible that the tornado missile and/or wind may cause the rollover of the 
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loaded HI-TRAC on the transport vehicle. The horizontal drop handling accident for the loaded HI-TRAC, 
Subsection 11.2.1, evaluates the consequences of the loaded HI-TRAC falling from tie horizontal handling 
height limit and consequenilI this bounds the effect of the roll-over of the loaded HI-TRAC on the transport 
vehicle.  

Structural 

Section 3.4 provides the analysis of the pressure loading which attempts to tip-over the storage overpack' 
and the analysis of the effects of the different types oftoffiado inissiles. These analyses show that the loaded 
storage overpack does not tip-over as a result of the tornado winds and/or tornado missiles.  

Analyses provided in Section 3.4 also shows that the tomrado nmissiles do not penetrate the storage 
overpack or HI-TRAC transfer cask to impact the MPC. The result of the tornado missile impact on the 
storage overpack or HI-TRACGtransfer cask is limited to damage of the'shielding.' 

Thermal 

The loss of the water in the water jacket causes the temperatures to increase slightly due to a reduction in.  
the thermal conductivity through the III-TRAC water jacket. The temperatures of the MPC in the HI
TRAC transfer cask as a result 6f the loss of water in the water jacket are presented in Table 11.2.8. As' 
can -be seen from the values in the table, the temperatures are well below the short-term allowable fuel 
cladding and material temperatures provided in Table 2.2.3 for accident conditions.  

Shielding 

The loss of the water in the water jacket results in an increase in the radiation dose rates at locations 
adjacent to the water jacket. The shielding analysis results presented in Section 5.1.2 demonstrate that the 
requirements of 1OCFR72.106 are not exceeded.  

Criticalii 

There is no effect on the criticality control features of the system as a result of this event.  

Confinement 

There is no effect on the confinement function of the MPC as a result of this event.  

Radiation Protection 

There is no degradation in confinement capabilities of the MPC, since the tornado missiles do not impact the 
MPC, as discussed above. There are increases in the local dose rates adjacent water jacket as a result of 
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the loss of water in the HI-TRAC water jacket. HI-TRAC dose rates at 1 meter and 100 meters from the 
water jacket, after'the water is lost, have already been discussed Fepe4ed- in Subsection 11.2.1.2.  
Immediately after the tornado accident a radiological inspection of the HI-TRAC will be performed and 
temporary shielding shall be installed to limit the exposure to the public.  

11.2.6.3 Tornado Dose Calculations 

The tornado winds do not tip-over the loaded storage overpack; damage the shielding materials of the 
overpack or HI-TRAC; or damage the MPC confinement boundary. There is no affect on the radiation 
dose as a result of the tornado winds. A tornado missile may cause localized damage in the concrete radial 
shielding of the storage overpack. However, the damage will have a negligible effect on the site boundary 
dose. A tornado missile may penetrate the HI-TRAC water jacket shell causing the loss of the neutron 
shielding (water). The effects of the tomado missile damage on the loaded HI-TRAC transfer cask is 
bounded by the post-accident dose assessment performed in Chapter 5, which conservatively assumes 
complete loss of the water in the water jacket and the waterjacket shell.  

11.2.6.4 Tornado Accident Corrective Action 

Following exposure of the HI-STORM 100 System to a tornado, the ISFSI operator shall perform a visual 
and radiological inspection of the overpack and/or HI-TRAC transfer cask. Damage sustained by the 
overpack outer shell, concrete, or vent screens shall be inspected and repaired. Damage sustained by the 
HI-TRAC shall be inspected and repaired.  

11.2.7 Flood 

11.2.7.1 Cause of Flood 

The HI-STORM 100 System will be located on an unsheltered ISFSI concrete pad. Therefore, it is 
possible for the storage area to be flooded. The potential sources for the flood water could be unusually 
high water from a river or stream, a dam break, a seismic event, or a hurricane.  

11.2.7.2 Flood Analysis 

The flood accident affects the HI-STORM 100 overpack structural analysis in two ways. The flood water 
velocity acts to apply an overturning moment, which attempts to tip-over the loaded overpack. The flood 
affects the MPC by applying an external pressure.  
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Structural 

Section 3.4 provides the analysis of the flood water applying an overtuming moment. The results of the 
analysis show that the loaded overpack does not tip over if the flood velocity does not exceed the Value 
stated in Table 2.2.8.  

The structural evaluation of the MPC for the accident condition external pressure (Table 2.2.1) is presented 
in Section 3.4 and the resulting stresses from this event are shown to be well within the allowable values.  

Thermal 

For a flood of sufficient magnitude to allow the watei" to come-into contact with the MPc, there is no 
adverse effect on the thermal performance of the system. The thermal consequence of such a flood is an 
increase in the rejection of the decay heat. Because the storage overpack is ventilated, water from a large 
flood will enterthe annulus between the MPC and the overpack. The water would actually provide cooling 
that exceeds that available in the air filled annulus, due to wcater's higher thermal conductivity, density and 
heat capacity, and the forced convection coefficient associated with flowing water. Since the flood water 
temperature will be within the off-normal temperature range specified in Table 2.2.2, the thermal transient' 
associated with the initial contact of the floodwater will be bouhded by the off-normal operation conditions.  

For a smaller flood that blocks the air inlet ducts but is not sufficient to allow water to come into contact 
with the MPC, a thermal analysis is included in Subsection 11.2.13 of this FSAR.  

Shielding 

There is no effect on the shielding performance 6f the system as a result of this event. The flood water acts 
as a radiation shield and will reduce the radiation doses.  

Criticality 

There is no effect on the criticality control features of e system as a result of this Ievent. The criticality 
analysis is unaffected because under the flooding condition water does not enter the MPC cavity and 
therefore the reactivity would be less than the loading condition in the fuel pool which is presented in Section 
6.1.  

Confinement 

There is no effect on the confinement function of the MPC as a result o'f thi event. As discussed in the 
structural evaluation above, all stresses remain within allowable values, assuring confinement boundary 
integrity. .  
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Radiation Protection 

Since there is no degradation in shielding or confinement capabilities as discussed above, there is no effect 
on occupational or public exposures as a result of this event.  

Based on this evaluation, it is concluded that the flood accident does not affect the safe operation of the HI
STORM 100 System.  

11.2.7.3 Flood Dose Calculations 

Since the flood accident produces no leakage of radioactive material and no reduction in shielding 
effectiveness, there are no adverse radiological consequences.  

11.2.7.4 Flood Accident Corrective Action 

As shown in the analysis of the flood accident, the III-STORM 100 System sustains no damage as a result 
of the flood. At the completion of the flood, surfaces wetted byfloodwater are cleared of debris and 
cleaned of adherent foreign matter. the •ax•-•err and inter-or•.o• f the over-pac,! , and the e -,riro-f 
MPC shall be leaned to .aint.ain. the properai flow and emizsi'.'it.  

11.2.8 Earthquake 

11.2.8.1 Cause of Earthquake 

The HI-STORM 100 System may be employed at any reactor or ISFSI facility in the United States. It is 
possible that during the use of the H-STORM 100 System, the ISFSI may experience an earthquake.  

11.2.8.2 Earthquake Analysis 

The earthquake accident analysis evaluates the effects of a seismic event on the loaded HI-STORM 100 
System. The objective is to determine the stability limits of the HI-STORM 100 System. Based on a static 
stability criteria, it is shown in Chapter 3 that the HI-STORM 100 System is qualified to seismic activity less 
than or equal to the values specified in Table 2.2.8. The analyses in Chapter 3 show that the HI-STORM 
100 System will not tip over under the conditions evaluated. The seismic activity has no adverse thermal, 
criticality, confinement, or shielding consequences.  

Some ISFSI sites will have earthquakes that exceed the seismic activity specified in Table 2.2.8. For these 
high-seismic sites, anchored HI-STORM designs (the HI-STORM 100A and 100SA) have been 
developed. The design of these anchored systems is such that seismic loads cannot result in tip-over or 
lateral displacement. Chapter 3 provides a detailed discussion of the anchored systems design.  
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Structural

The sole structural effect of the earthquake is an inertial loading 6f less than 1g. This loading is bounded by 
the tip-over analysis presented in Section 11.2.3, which analyzes a deceleration of45g's and demonstrates 
that the MPC allowable stress criteria are met.. 

Thermal 

There isno effect on the thermal performance of the system as a result of this event.  

Shielding

There is no effect on the shielding performance of the system as a result of this event.  

Criticality 

There is no effect on the criticality control features of the system as a result of thi's event.  

Confinement

There is no effect on the confinement function of the MPC as a result of this event.  

Radiation Protection 

Since there is no degradation in shielding or confinement capabilities as discussed above, there is-no effect 
on occupational or public exposures as a result 6f this event. 

Based on this evaluation, it is concluded that the earthquake does not affect the safe operation of the HI
STORM 100 System.  

11.2.8.3 - Earthquake Dose Calculations 

Structural analysis ofthe earthquake accident shows that the loaded overpack will not tip over as a result of 
the specified seismic activity. If the overpack were to tip over, the resultant damage would be equal to that 
experienced by the tip-over accident analyzed in Subsection 11.2.3. Since the loaded overpack does not 
tip-over, there is no increase in radiation dose rates or release of radioactivity. -

I.-
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11.2.8.4 Earthquake Accident Corrective Action 

Following the earthquake accident, the ISFSI operator shall perform a visual and radiological inspection of 
the overpacks in storage to determine if any of the overpacks have tipped-over. In the unhlikely event of a 
tip-over, the corrective actions shall be in accordance with Subsection 11.2.3.4.  

11.2.9 100% Fuel Rod Rupture 

This accident event postulates that all the fuel rods rupture and that the appropriate quantities of fission 
product gases and fill gas are released from the fuel rods into the MPC cavity.  

11.2.9.1 Cause of 100% Fuel Rod Rupture 

Through all credible accident conditions, the HI- STORM 100 System maintains the spent nuclear fuel in an 
inert environment while maintaining the peak fuel cladding temperature below the required short-term 
temperature limits, thereby providing assurance of fuel cladding integrity. There is no credible cause for 
100% fuel rod rupture. This accident is postulated to evaluate the MPC confinement barrier for the 
maximum possible internal pressure based on the non-mechanistic failure of 100% of the fuel rods.  

11.2.9.2 100% Fuel Rod Rupture Analysis 

The 100% fuel rod rupture accident has no thermal, structural, criticality or shielding consequences. The 
event does not change the reactivity of the stored fuel, the magnitude of the radiation source which is being <2 
shielded, the shielding capability, or the criticality control features of the HI-STORM 100 System. The 
determination of the maximum accident pressure is provided in Chapter 4. The MPC design basis internal 
pressure bounds the pressure developed assuming 100% fuel rod rupture. The structural analysis provided 
in Chapter 3 evaluates the MPC confinement boundary under the accident condition internal pressure.  

Structural 

The structural evaluation of the MPC for the accident condition internal pressure presented in Section 3.4 
demonstrates that the MPC stresses are well within the allowable values.  

Thermal 

The MPG internal pressure for the 100% fuel rod rupture condition is presented in Table 4.4.14. As can be 
seen from the values, the 200 psig design basis accident condition MPC internal pressure used in the 
structural evaluation bounds the calculated value.  
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There is no effect on the shielding performance of the system as a'result of this event.

Criticality 

There is no effect on the criticality control features of the system as a result of this event.  

Confinement 

There is no effect on the confinement function of the MPC as a result of this event As discussed in the 
structural evaluation above, all stresses remain within allowable values, assuring confinement boundary 
integrity. 

Radiation Protection 

Since there is no degradation in shielding or confinement capabilities as discussed above, there is no effect 
on occupational or public exposures as a result of this event.  

Based on this evaluation, it is concluded that the non-mechanistic 100% fuel rod rupture accident does not 
affect the safe operation of the HI-STORM 100 System.  

11.2.9.3 100% Fuel Rod Rupture Dose Calculations 

The MPC confinement boundary maintains its integrity. There is no effect on the shielding effectiveness, and 
the magnitude of the radiation source is unchanged. However, the radiation source could redistribute within 
the sealed MPC cavity causing a slight change ib the radiation dose rates at certain locations. Therefore, 
there is no release of radioactive material or significant increase in radiation dose rates.  

11.2.9.4 100% Fuel Rod Rupture Accident Corrective Action 

As shown in the analysis of the 100% fuel rod rupture accident, the MPC confinement boundary is not 
damaged. The HI-STORM 100 System is designed to withstand this accident and continue performing the 
safe storage of spent nuclear fuel under normal storage conditions. No corrective actions are required.  

11.2.10 Confinement Boundary Leakage 

The confinement boundary leakage accident assumes simultaneous rupture of 100% of the fuel rods and the 
release of the available radioactive gas inventory to the environment at a rate based on 150% of the 
maximum leak rate under reference conditions.  
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11.2.10.1 Cause of Confinement Boundary Leakage

There is no credible cause for confinement boundary leakage. The accidents analyzed in this chapter show 
that the MPC confinement boundary withstands all credible accidents. There are no man-made or natural 
phenomena that could cause failure of the confinement boundary restricting radioactive material release. The 
release is analyzed to demonstrate the safety of the FI--STORM 100 System.  

11.2.10.2 Confinement Boundary Leakage Analysis 

The following is the basis for the conservative analysis of the confinement boundary leakage accident.  

1. All the fuel stored in the MPC has been cooled for 5 years. The PWR fuel type is the 
B&W 15x1 5 at 44% 5.0% enrichment with a bumup of l0,000 75, 000 MWD/MTU.  
The BWR fuel type is the GE 7x7 at 4.84% enrichment with a bumup of 60000 70,000 
MWD/MUTU. These fuel characteristics bound the design basis fuel for the HI-STORM 
100 System.  

2. One hundred percent of all the fuel rods are assumed to rupture.  

3. The releasable source term and release fractions are in accordance with NUREG- 1536, 
ISG-5 and ISG- 11.  

4. The maximum possible leakage rate of radionuclides to the environment is based on the 
helium leak rate under reference test conditions firm the Technical Specification in 
Appendix A to the CoC.  

5. Credit is taken for the gravitational settling offines, volatiles and cruds.  

Chapter 7 presents an evaluation ofthe consequences of a non-mechanistic postulated ground-level breach 
of the MPC confinement boundary under hypothetical accident conditions of storage. The resulting Total 
Effective Dose Equivalent (TEDE) and other dose equivalents at a downstream distance of 100 meters are 
evaluated for each MPC type.  

Structural 

There are no structural consequences of the loss of confinement accident.  

Thermal 

Since this event is a non-mechanistic assumption, there are no realistic thermal consequences. As discussed 
in the Technical Specifications in Appendix A to the CoC, the leak test rate would result in a negligible loss 
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of helium fill gas over the design life of the MPC, which would have an inconsequential effect on thermal 
performance.  

Shielding 

There is no effect on the shielding performance of the system as a result of this event.  

Criti~aiy , 

There is no effect on the criticality control features of the system as a result of this event 

Confinement 

This event is based upon an assumed instantaneous breach'of the confinement 

Radiation Protection 

The postulated release will result in an increase in-dose to the public. The analysis of this event is provided in 
Section 7.3. As shown therein, the postulated breach results in dose'iates to the public less than the limit 
established by 1 OCFR72.106(b) for the site boundary.  

11.2.10.3 Confinement Boundary Leakage Dose Calculations 

1OCFR72.106 requires that any individual located at or beyond the nearest controlled area boundary must 
not receive a dose greater than 5 Rem to the whole body or any organ from any design basis accident. The 
maximum whole body dose contribution as a result of the instantaneous leak accident is calculated in 
Chapter 7 (Table 7.3.8). The maximum doses as a result of the confinement boundary leak accident is 
calculated in Chapter 7 (Table 7.3.8). Both values are well below the regulatory limit of 5 Rem.  

11.2.10.4 Confinement Boundary Leakage Accident Corrective Action 

A detected breached MPC will need to be repaired or the fuel removed and placed into a new MPC. First, 
the breached MPC must be returned t6 the facility in accordance with the pro6edures provided in Chapter 
8. If the leak can be detected and repaired, and testing can be performed to verify the integrity of the 
confinement boundary, the MPC may be placed back into service. Otherwise, the MPC should be 
unloaded in accordance with the procedures provided in Chapter 8.  
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Explosion

11.2.11.1 Cause of Explosion 

An explosion within the bounds of an ISFSI is improbable since there are no explosive materials within the 
site boundary. An explosion as a result of combustion of the fuel contained in cask transport vehicle is 
possible. The fuel available for the explosion would be limited and therefore, any explosion would be limited 
in size. Any explosion stipulated to occur beyond the site boundary would have a minimal effect on the HI
STORM 100 System.  

11.2.11.2 Explosion Analysis 

Any credible explosion accident is bounded by the accident external pressure of 60 psig (Table 2.2.1) 
analyzed as a result of the flood accident water depth in Subsection 11.2.7 and the tornado missile accident 
of Subsection 11.2.6, because explosive materials will not be stored within close proximity to the casks.  
The HI- STORM Overpack does not experience the 60 psi external pressure since it is not a sealed vessel.  
However, a pressure differential of 10.0 psi (Table 2.2.1) is applied to the overpack. Section 3.4 provides 
the analysis of the accident external pressure on the MPC and overpack. The analysis shows that the MPC 
can withstand the effects of the accident condition external pressure, while conservatively neglecting the 
MPC internal pressure.  

Structural 

The structural evaluations for the MPC accident condition external pressure and overpack pressure 
differential are presented in Section 3.4 and demonstrate that all stresses are within allowable values.  

Thermal 

There is no effect on the thermal performance of the system as a result of this event.  

Shielding 

There is no effect on the shielding performance of the system as a result of this event.  

Criticality 

There is no effect on the criticality control features of the system as a result of this event

rn-STORM FSAR 
REPORT 111-2002444

Proposed Rev. 2A

11.2-30

F-

11.2.11



Confinement

There is no effect on the confinement function of the MPC as a result of this event. As discussed in the 
structural evaluation above, all stresses remain Within allowable values, assuring confinement boundary 
integrity.  

Radiation Protection 

Since there is no degradation in shielding or confinement capabilities as discussed above, there is no effect 
on occupational or pubhc exposures as a result of this event.  

Based on this evaluation, it is concluded that the explosion accident does not affect the safe operation of the 
HI-STORM 100 System.  

11.2.11.3 Explosion Dose Calculations 

The bounding external pressure load has no effect on the HI- STORM 100 overpack and MPC. Therefore, 
no effect on the shielding, criticality, thermal or confinement capabilities of the HI-STORM 100 System is 
experienced as a result of the explosion pressure load. The effects of explosion generated missiles on the 
HI-STORM 100 System structure is bounded by the analysis of tornado generated missiles.  

11.2.11.4 Explosion Accident Corrective Action 

The explosive overpressure caused by the explosion is bounded by the external pressure exerted by the 
flood accident. The external pressure from the flood is shown not to damage the HI- STORM 100 System.  
Following an explosion, the ISFSI operator shall perform a visual and radiological inspection of the 
overpack. If the outer shell or concrete is damaged as a result of explosion generated missiles, the concrete 
material may be replaced and the outer shell repaired.  

11.2.12 L'lhinin2 

11.2.12.1 Cause of Lightning 

The HI-STORM 100 System will be stored on an unsheltered ISFSI concrete pad. There is the potential 
for lightning to strike the overpack. This analysis evaluates the effects of i'ghtning striking the overpack.  

11.2.12.2 Lightning Analysis 

The HI- STORM 100 System is a large metal/concrete cask stored in an unsheltered ISFSI. As such, it may 
be subject to lightning strikes. When the HI-STORM 100 System is hit with lightning, the lightning will 
discharge through the steel shell of the overpack to the ground. Lightning strikes have high currents, but their 
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duration is short (i.e., less than a second). The overpack outer shell is composed of conductive carbon steel 
and, as such, will provide a direct path to ground.  

The MPC provides the confinement boundary for the spent nuclear fuel. The effects of a lightning strike will 
be limited to the overpackl The lightning current will discharge into the overpack and directly into the 
ground. Therefore, the MPC will be unaffected.  

The lightning accident shall have no adverse consequences on thermal, criticality, confinement, shielding, or 
structural performance of the HI-STORM 100 System.  

Structural 

There is no structural consequence as a result of this event.  

Thermal 

There is no effect on the thermal performance of the system as a result of this event.  

Shielding 

There is no effect on the shielding performance of the system as a result of this event.  

Criticality 

There is no effect on the criticality control features of the system as a result of this event.  

Confinement 

There is no effect on the confinement function of the MPC as a result of this event.  

Radiation Protection 

Since there is no degradation in shielding or confinement capabilities as discussed above, there is no effect 
on occupational or public exposures as a result of this event.  

Based on this evaluation, it is concluded that the lightning accident does not affect the safe operation of the 
HI-STORM 100 System.
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11.2.12.3 Lightning Dose Calculations 

An evaluation of lightning strikes demonstrates that the effect of a lightning strike has no effect on the 
confinement boundary or shielding materials. Therefore, no further analysis is necessary.  

11.2.12.4 - Lightnirig Accident Corrective Action 

The HI-STORM 100 System will not sustain any damage from the lightning accident. There is no 
surveillance or corrective action required.  

11.2.13 100% Blockage of Air Inlets 

11.2.13.1 -Cause of 100% Blockage of Air Inlets 

This event is defined as a complete blockage of all four bottom inlets. Such blockage ofthe inlets may be 
postulated to occur as a result of a flood, blizzaid snow accumulation, tornado debris, or volcanic activity.  

11.2.13.2 100% Blockage of Air Inlets Aialysis 

The immediate consequence of a complete blockage of the air inlet ducts is that the'norrnal circulation of air 
for cooling the MPC is stopped. An amount of heat will continue to be removed by localized air circulation 
patterns in the overpack annulus and outlet ducts, ýrnd the MPC wkill continue to radiate heat to"the relatively 
cooler storage overpack. As the temperatures of the MPC and its contents rise, the rate of heait rejection 
will increase correspondingly. Under this condition, the temperatures of the overpack, the MPC and the 
stored fuel assemblies will rise as a function of time.  

As a result of the large mass, and correspondingly large thermal capacity, ofthe storage overpack (ini excess 
of 170,000 lbs), it is expected that a significant temperature rise is only possible if the completely blocked 
condition is allowed to persist for a number of days. This accident condition is; however, a short ddration 
event that will be identified and corrected by scheduled periodic surveillance at the ISFSI site. Thus, the 
worst possile scenario is a complete loss ofventltion air during the scheduled surveillance time int'val in 
effect at the ISFSI site.  

It is noted that there is a large thermal margin, between the maxinum calculated fuel cladding temperature 
with design-basis fuel decay heat (Tables 4.4.9,4.4.10,44.4 6 4.4.26 and 4.4.27) and the short-term fuel' 
cladding temperature limit (1058°F), to meet the transient short-term fuel claddiig temperatiureexcursion. In 
other words, the fuel stored in a HI-STORM system can heat up by over 300'F before the short-term 
peak temperature limit is reached. The concrete in the omerpack and the MPC and bVerpack-structural 
members also have significant, margins betheen their calculated maximum long-terrnfitemperatures and their 
short-term temperature limits, with which to withstafid such'extreme hypothetical events.' 
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To rigorously evaluate the minimum time available before the short-term temperature limits of either the 
concrete, structural members or fuel cladding are exceeded, a transient thermal model of the 1111-STORM 
System is developed. The HI-STORM system transient model with all four air inlet ducts completely 
blocked is created as an axisymmetric finite-volume (FLUENT) model. With the exceptions of the inlet air 
duct blockage and the specification of thermal inertia properties (i.e., density and heat capacity), the model 
is identical to the steady-state models discussed in Chapter 4 of this FSAR. The medel includes the lowest 
MC, the.mal ineitia of any .,PC deign For conservatism, the MPC basket andfuel thermal inertia 
are ignored.  

Because the result of this event are dependent upon the decay heat load in the MVIPC, two transient 
calculations at two different heat loads are performed with MPC internal convection (i.e., 
thermosiphon) included. The first, performed assuming a heat load in the MPC of 28. 74 kW, shows 
that the fuel cladding temperature and all component temperatures remain below their respective 
short-term temperature limitsfor entire duration ofthe event (72 hours). In thesecond evaluation, 
firt step oefthe ansient slution, the decay heat load is set equal to 22.25kW a conservatively bounding 
value of 41.22 kW and the .... internalovecti themosiphon) is suppressed. This evaluation 
provides the peak temperatures of the fuel cladding, the MPC confinement boundary and the concrete 
overpack shield wall, all as a function oftime. The hottest canister (MPC-68) is employed in the blocked 
ducts evaluations. Because the NDi. wDith the lowest the•-al inertia is used in the analysis, the temperat 
Fnse results obtained 49om evaluation of this transient model, therefor-e, bound the temperature riseS for- all 
.. PC designs able 1.2..1) under- thi. postulat event. The results of the blocked duct thermal transient 

evaluation areprovided in Table 11.2.9 for the limiting case of 41.22 kW presented in Figure, 11.247 
and Table 11-2.9. Figure 11.2.7 presents the temperaWue rise as a function of time after complete air inlet 
duct bloed.~ge for- the fellown

FuM Claddinig at the Loca6Eion of Initia fl Maimfum Tempertr 
1E. 1APC Shell at the Loecation of Lnitial N~ffIdximTqemfperature 
HEi Ovefpack inner- Concrete at the Active Fuel Axial Mid Height

Overpacli Outier Concrete at the Active Fuael Axi4al Mid444,gh 
i. Over-pack, Outer- ConcetFeat the LcTio of44 nitia MaimmTenen-ifF

The concrete section average (i.e., through thickness), fuel cladding, and all component temperatures 
remains below the short-term temperature limit through 72-33 hours of continuous full blockage. Beth the 
fuiel cladding and the MIPC co-&nfiem-entb boundary temperatures r-em- ain below their- respecti;'c shcrt term 
me m • ......at 72 h•ours, the fuel cladding by over 1502F and the enfinemenit . bunda. by almost 

4-7-52 -Table 11.2.9 summarizes the maximum temperatures. at several points in the HI- STORM System 
at 33 hours and 72 her- after complete inlet air duct blockage. The result of both transient evaluations 
seo -esil establish the basis for the heat-load-dependent Completion Times in desig. ba- 
•uveil.anece int.eral (i.e,24 houvd per Technical SpecificationLCO 3.1.2s in Appendix A to the CoC (see 
also the Bases for LCO 3.1.3 in Appendix 12.A).) for. the dut screens. As soon as at least one duct is 
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cleared and convection flow is reest6blished, convective heat dissipation begins and temperatures 
will begin trending toward the normal condition as the remaining ducts are cleared.  

Inoer-pration ofthe e theemosiphon internal natural entcondetion, as desmrtibed in Chapter 4, enables the 
Miaxnimum design basis deaexc heat lead to rise to aboet 29 dui The themosiphoen efaert4 alsc shis the 
highest temperatr-es in the MPG enclosure vessel toward the tep of the MPC. The peak WPC elp;4xr 
plate outernsuprfacetempereaturforexaanmbpetis cemputete aou 80°, 50 0 in the theropho ea blredful 
insolution, opared to aboiut 2d 1 00 F in the thermosaphen suppressed solutios .pig- both solui comput g 
approrimately the, same peak clad temperature. In th 100-4 inlet duUt blecage coendien, the heatd MP 

cresure plate andMPC shell tbeome effective heat diss-pater9s because of thr proximity to the verrpael 
cu-tlIet Aduc et-- and by5 virtue eof the facet th at therm al r-adi atioen h eat trdhs fe ri Seks -at thea fourth po8we r- fab4sl1u1tc 
temp cratur-e As a result ofthic ifcrased heat rejection from the upper-fe regof the MPG, the tim;ý limit fo4 
eaclhing the shprt term peak fuel cladd kage lf i (72 hourts) s emabie 1 app2.ab.  

It shudbentead t-hat the raptur-eof 1090% of the fuel rds and the subse-quent rele-ase of the, contai~ed rod 
gases has a significant positive impact on the NPC; internal thermosiphon heat tranport mecha4nism The 
increvasse in the WCP internal pressure acceelerFates the th~fiiosiphbn, as does the- inrdcto fhigh~er 
molecular weight gaseous fission products The values reported in Table 11.2.9 do not reflect this improved 
heat an'erme• and Aie actully be lower- tha reported. lawditfl the irfeasedn M4PC intern;al pressure oy 
and neglecting the higher- molceular weights'of the g6i.ýes fissioni products, the MPC bulk aver-agge gas 
temp er-ature will4 be r 1edue d by approximately 34. 5'C; (62.1 2F).  

Under the complete air inlet ducts blockage aecident -condition, it must be demonstrated that the MPG 
internal pressure does not exceed its design-'basis accident limit during this event. Chapter 4 presented the 
McP internal pressure calculated at an ambient temperature of 800F, o000% ful roc ruptured, full 
insolation, and maximum decay heat. This calculated bounding pressure is 9L.8psig4 174. (106.5S psia), as 
reported in Table 4.4.14, at an average temperature of 5-3-.6 544.8'K- Using this pressure, a bou~ding 
increase in the MPG cavity temperature of 4-84 329'F (1-02.2 182.80K, maximum of MPG shell or fuel 
cladding temperature rise 33 hours after blockage of all four ducts,- see Table 1 1.2.9), hereucio ith 
bulk aver-age gas temperature of 34.52Q, and the idceal gas law, the iresultant MPG internal pressure is 
calculated below.  

Pi - T

P2  T2 

Ti 

P (106.5 psi a) (544.8 0K+ 182.8 0 K) 
544.80 K 

p2 = 142.2 psia or 127.5psig
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The accident MPC internal design pressure of 200 psig (Table 2.2.1) bounds the resultant pressure 
calculated above. Therefore, no additional analysis is required.  

Structural 

There are no structural consequences as a result of this event.  

Thermal 

Thermal analysis is performed to determine the time until the concrete section average and peak fuel 
cladding temperatures approach their short-term temperature limits. At the specified time limit, both the 
concrete section average and peak fuel cladding temperatures remain below their short-term temperature 
limits. The MPC internal pressure for this event is calculated as presented above. As can be seen from the 
value above, the 200 psig design basis internal pressure for accident conditions used in the structural 
evaluation bounds the calculated value above.  

To demonstrate the robustness of the I-i. STORM System design, the results of the parametric tudy 4,, 

incr-ementa duet blockage pcrformed in Subsection 11. 1.4 are &xmi~ned again. &,en Aith three air- iWet 
d .ucs completely blocke.. as sh. .m in Table, 11.1.2, large steady state . ..... ns again. the sho i.t 
tempernatrfe liits exist for- all system o the fuel cladding of the stered assemblice othe tcn 
peal: fuel cladding. and over-pack concrete secet-ion aaverage temperaturs, which Pappoah their- lmiting 
temperatures under the sh0% blockage condition, with a single open d t are approxedimately 2.2F and 
! 000 F, respectively-, less than their- respective short term temperte limits. These result show that only 
elatively small amoeut of the totic alair inlet duet atrea on the est erm f 25, or less, must remain open to 

prevent exceeding system shtrt term temperam under steady statenditions.  

Shieldino 

There is no effect on the shielding performance of the system as a result of this event, since the concrete 
temperatures do not exceed the short-term condition design temperature provided in Table 2.2.3.  

Criticaliw 

There is no effect on the criticality control features of the system as a result of this event 

Confinement 

There is no effect on the confinement fuinction of the MIPC as a result of this event.
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Radiation Protection 

Since there is no degradation in shielding or confinement capabilities as discussed above, there is no effect 
on occupational or public exposures as a result of this event. - " 

Based on this evaluation, it is concluded that the 100% blockage of air inlets accident does not affect the 
safe operation of the r-In-STORM 100 System, if the blockage is removed in the specified time period. The 
Technical Specifications in Appendix A to the CoC specify the time interval to ensure that the blockage' 
duration cannot exceed the time limit calculated herein.  

11.2.13.3 100% Blockage of Air Inlets Dose Calculations 

As shown in the analysis of the 100% blockage of air inlets accident, the shielding capabilities of the HI
STORM 100 System are unchanged because the peak concrete temperature does not exceed its short
term condition design temperature. The elevated temperatures will not cause the breach of the confinement 
system and the short term fuel cladding temperature limit is not exceeded. Therefore, there is no radiological 
impact.  

11.2.13.4 100% Blockage of Air Inlets Accident Corrective Action 

Analysis of the 100% blockage of air inlet ducts accident shows that the overpackconicrete section average 
and fuel cladding peak temperatures remain subsantiall, belo.v their short te-rm temeature are within the 
accident temperature limits if the blockage is cleared within 2 33 hours. Upon detection of the complete 
blockage of the air inlet ducts, the ISFSI operator shall assign personnel to clear the blockage with 
mechanical and manual means as necessary. -After clearing the overpack ducts,' the overpack shall be 
visually and radiologically inspected for any damage. Per the Technical Specifications in Appendix A to the 
CoC, visual inspection of the duct screens is specified on a frequency of24 hours, or air outlet temperature 
monitoring is required. Therefore, an undetected blockage event could not exceed 24 hours.  

If exit air temperature monitoring is performed in lieu of direct visual inspections, the difference between the 
ambient air temperature and the exit air temperature will be the basis for assurance thatthe temperature 
limits are not exceeded. A measured temperature difference between the ambient air and the exit air that 
exceeds the design-basis maximum air temperature rise, calculated in Section 4.4.2, will indicate blockage 
of the overpack air ducts. 

For an accident event that completely blocks the inlet or outlet air ducts, a'site-specific evaluation or 
analysis may be performed to demonstrate that adequate heat removal is available for the duration of the
event. Adequate heat removal is: definedas overpack concrete, section average and fuel cladding 
temperatures remaining below their short term temperature limits. For those events where an evaluation or 
analysis is not performed or is not successful in showifig that fuel cladding temiieieatfres remain below the 
short term temperature limit, the site's emergency plan shall indhide provisions to address removal of the 
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material blocking the air inlet ducts and to provide alternate means of cooling prior to exceeding the time 
when the fuel cladding temperature reaches its short-term temperature limit. Alternate means of cooling 
could include, for example, spraying water into the air outlet ducts using pumps or fire-hoses or blowing air 
into the air outlet ducts using fans, to directly cool the MPC. Another example of supplemental cooling, for 
sufficiently low decay heat loads, would be to remove the overpack lid to increase fiee-surface natural 
convection.  

11.2.14 Burial Under Debris 

11.2.14.1 Cause of Burial Under Debris 

Burial of the HI- STORM System under debris is not a credible accident. During storage at the ISFSI, there 
are no structures over the casks. The minimum regulatory distance of 100 meters from the ISFSI to the 
nearest site boundary and the controlled area around the ISFSI concrete pad precludes the close proximity 
of substantial amounts of vegetation.  

There is no credible mechanism for the HI-STORM System to become completely buried under debris.  
However, for conservatism, complete burial under debris is considered. Blockage of the HI-STORM 
overpack air inlet ducts has already been considered in Subsection 11.2.13.  

11.2.14.2 Burial Under Debris Analysis 

Burial of the HI-STORM System does not impose a condition that would have more severe consequences 
for criticality, confinement, shielding, and structural analyses than that performed for the other accidents 
analyzed. The debris would provide additional shielding to reduce radiation doses. The accident external 
pressure encountered during the flood bounds any credible pressure loading caused by the burial under 
debris.  

Burial under debris can affect thermal performance because the debris acts as an insulator and heat sink.  
This will cause the rn-STORM System and fuel cladding temperatures to increase. A thermal analysis has 
been performed to determine the time for the fuel cladding temperatures to refach the short term accident 
condition temperature limit during a burial under debris accident.  

To demonstrate the inherent safety of the EI- STORM System, a bounding analysis that considers the debris 
to act as a perfect insulator is considered. Under this scenario, the contents of the HI-STORM System will 
undergo a transient heat up under adiabatic conditions. The minimum tirhie required for the fuel cladding to 
reach the short term design fuel cladding temperature limit depends on the amount of thermal inertia of the 
cask, the cask initial conditions, and the spent nuclear fuel decay heat generation.  

As stated in Subsection 11.2.13.2, there is a margin of over 300'F between the maximum calculated fuel 
cladding temperature and the short-term fuel cladding temperature limit. If a highly conservative 1507F is 
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postulated as the permissible fuel cladding temperature rise for the burial under debris scenario, then a curve 
representing the relationship between the time required and decay heat load can be constructed. This curve 
is shown in Figure 11.2.6. In this figure, plots of the burial period at different levels of heat generation in the' 
MPC are shown based on a 1 50°F rise'in fuel claddingtemperature resulting from transient heating of the 
rn-STORM System. Using the values stated in Table 11.2.6, the allowable time before the cladding 
temperatures meet the short-term fuel cladding temperature limit can be determined using: 

At =mxcP xAT 

Q 
where: 

At = Allowable Burial Time (hrs) 
m = Mass of HI-STORM System (lb) 
cp = Specific Heat Capacity (Btu/IlbxF) 
AT = Permissible Fuel Cladding Temperature Rise (150'F) 
Q = Total Decay Heat Load (Btu/hr) 

The allowable burial time as a function of total decay heat load (Q) is presented in Figure 11.2.6.  

The MPC cavity internal pressure under this accident scenario is bounded by the calculated internal 
pressure for the hypothetical 100% air inlets blockage previously evaluated in Subsection 11.2.13.2.  

Structural 

The'structural evaluation of the MPC enclosure vessel for accident internal pressure conditions bounds the 
pressure calculated herein. Therefore, the resulting stresses from this event a'e well within the allowable 
values, as demonstrated in Section 3.4.  

Thermal 

With the cladding temperature rise limited to 1500F, the corresponding pressure rise, bounded by the 
calculations in Subsection 11.2.13.2,demonstrates- large mrarw s of safety for the MPC vessel structural 
integrity. Consequently, cladding integrity and cohifmemeht function of the MPC are not compromised.: 

Shielin,,.  

There is no effect on the shielding performance of thesystem' as a result of this event.  

Criticality 

There is no effect on the criticality control features of the system as a result of this event.  
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Confinement 

There is no effect on the confinement function of the MPC as a result of this event. As discussed in the 
structural evaluation above, all stresses remain within allowable values, assuring confinement boundary 
integrity.  

Radiation Protection 

Since there is no degradation in shielding or confinement capabilities as discussed above, there is no effect 
on occupational or public exposures as a result of this event.  

Based on this evaluation, it is concluded that the burial under debris accident does not affect the safe 
operation of the HI-STORM 100 System, if the debris is removed within the specified time (Figure 11.2.6).  
The 24-hour minimum duct inspection interval specified in the Technical Specification in Appendix A to the 
CoC ensures that a burial under debris condition will be detected long before the allowable burial time is 
reached.  

11.2.14.3 Burial Under Debris Dose Calculations 

As discussed in burial under debris analysis, the shielding is enhanced while the NI-STORM System is 
covered.  

The elevated temperatures will not cause the breach of the confinement system and the short term fuel 
cladding temperature limit is not exceeded. Therefore, there is no radiological impact.  

11.2.14.4 Burial Under Debris Accident Corrective Action 

Analysis of the burial under debris accident shows that the fuel cladding peak temperatures will not exceed 
the short term limit if the debris is removed within 45 hours. Upon detection of the burial under debris 
accident, the ISFSI operator shall assign personnel to remove the debris with mechanical and manual means 
as necessary. After uncovering the 'storage overpack, the storage overpack shall be visually and 
radiologically inspecied for any damage. The loaded MPC shall be removed from the storage overpack 
with the HI-TRAC transfer cask to allow complete inspection of the overpack air inlets and outlets, and 
annulus. Removal of obstructions to the air flow path shall be performed prior to the re-insertion of the 
MPC. The site's emergency action plan shall include provisions for the performance of this corrective 
action.  
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11.2.15 Extreme Environmental Temperature 

11.2.15.1 Cause of Extreme Environmental Temperature 

The extreme environmental temperature is postulated as a constant ambient temperature caused by extreme 
weather conditions. To determine the effects of the extreme temperature, it is conservatively assumed that 
the temperature persists for a sufficient duration to allow the HI-STORM 100 System to achieve thermal 
equilibrium. Because of the large mass of the HI- STORM 100 Systemn, with its corresponding large thermal 
inertia and the limited duration for the extreme temperature, this assumption is conservative.  

11.2.15.2 Extreme Environmental Temperature Analysis 

The accident condition considering an environmental temperature of 125°F fora duration sufficient to reach 
thermal equilibrium is evaluated with respect to accident condition design temperatures listed in Table-2.2.3.  
The evaluation is performed with design basis fuel with the maximum decay heat and the most restrictive 
thermal resistance. The 125°F environmental temperature is applied with full solar insolation.  

The HI-STORM "100 System maximum temperatures for 'components close to the design basis 
temperatures are listed in Section 4.4. These temperatures are c6nservatively calculated at an environmental 
temperature of 80'F. The extreme environmental temperature is 125°F, which is an increase of 45°F.  
Conservatively bounding temperatures for all the MPC designs are obtained and reported in Table 11.2.7.  
As illustrated by the table, all the temperatures are well below the accident condition design basis 
temperatures. The extreme environmental temperature is of a short duration (several consecutive days 
would be highly unlikely) and the resultant temperatures are evaluated against short-term accident condition 
temperature limits. Therefore, the HI-STORM 100 System extreme environmniial temperatures meet the 
design requirements.  

Additionally, the extreme environmental temperature generates a pressure that is bounded by the pressure 
calculated for the complete inlet duct blockage condition because the duct blockage condition temperatures 
are much higher than the temperatures that rlsult from the'extrine environmental temperature. As shown in 
Subsection 11.2.13.2, the accident condition pressures are below the accident limit specified in Table 2.2.1.  

Structural 

The structural evaluation of the MPC enclosuire vessel for accident colndition'intemri prrs-ure bounds the " 
pressure resulting from this event. Therefore, the resulting stresses firom this eventarie bounded by that of the 
accident condition and are well within the allowable values, as discussed in Section 3.4.  
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Thermal

The resulting temperatures for the system and fuel assembly cladding are provided in Table 11.2.7. As can 
be seen from this table, all temperatures are within the short-term accident condition allowable values 
specified in Table 2.2.3.  

Shielding 

There is no effect on the shielding performance of the system as a result of this event, since the concrete 
temperature does not exceed the short-term temperature limit specified in Table 2.2.3.  

Criticality 

There is no effect on the criticality control features of the system as a result of this event.  

Confinement 

There is no effect on the confinement function of the MPC as a result of this event. As discussed in the 
structural evaluation above, ý1 stresses remain within allowable values, assuring confinement boundary 
integrity.  

Radiation Protection 

Since there is no degradation in shielding or confinement capabilities as discussed above, there is no effect 
on occupational or public exposures as a result of this event 

Based on this evaluation, it is concluded that the extreme environment temperature accident does not affect 
the safe operation of the HI-STORM 100 System.  

11.2.15.3 Extreme Environmental Temperature Dose Calculations 

The extreme environmental temperature will not cause the concrete to exceed its normal design temperature.  
Therefore, there will be no degradation of the concrete's shielding effectiveness. The elevated temperatures 
will not cause a breach of the confinement system and the short-term fuel cladding temperature is not 
exceeded. Therefore, there is no radiological impact on the HI-STORM 100 System for the extreme 
environmental temperature and the dose calculations are equivalent to the normal condition dose rates.  

11.2.15.4 Extreme Environmental Temperature Corrective Action 

There are no consequences of this accident that require corrective action.  
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Table 11.2.1

INTENTIONALLY DELETED
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Table 11.2.2

HI-STORM 100 OVERPACK AXt4XP4.IMUM BOUNDING TEMPERATURES 

AS A RESULT OF THE HYPOTHETICAL FIRE CONDITION 

Material/Component Initialt Condition During Fire (*F) Post-Firett (0°1) Cooldown ( 'F) 
Fuel Cladding 69o ,(41-- 2-24 699 2(MDr 24) 692 (N(MG-24) 

69l-(4PC- 24B) 692(M4PG-24E) 692-(MIPC; 24E) 691 (N4PG 3-2) 692 (N4PC- 32) 692 (NIPG-3-2

":74 (M4PC -6) T4-1 (MPG 68) 744-EMPC 69 ) 

733 734 734 
MPC Fuel Basket 650 $(PG 24) 65l- (N4M2924) 6•- (M4PG 24) 

"609 (MP, -24B) 51 6-(MID Ž 24E4 6 (N4"2(; 24•) 
6640 (MIP-24) 661-(MPC 32) 661 -(MpG 3a) 
:7qo-(MP12C69) 7qI(4p(MP 68) 721 (NIPC;69) 

712 713 713 

Overpack Inner Shell 4-9$ 236 300 449 300 
Overpack Radial Concrete 4-9-5 236 28-1- 300 48 300 
Inner Surface 

Overpack Radial Concrete 4-7 197 4-7. 197 4-84 208 
Mid-Surface 

Overpack Radial Concrete 4-5-7.158 $59 531 -5-3 531 
Outer Surface 

Overpack Outer Shell -15-7 158 5-70 571 5-70 571

Bounding 4-94236°F uniform inner surface and 4--S4158°F uniform outer surface temperatures 
assumed.  

tt Maximum temperature during post-fire cooldown.
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Table 11.2.3

SUMMARY OF INPUTS FOR HI-TRAC FIRE ACCIDENT HEAT-UP 

Minimum Weight of Loaded I-HTRAC with 180,436 
Pool Lid (lb) 

Lower Heat Capacity of Carbon Steel 0.1 
{Btu/lbm.0R) 

Heat Capacity U0 2 (Btu/1bm 0-R) 0.056 

Heat Capacity Lead (Btu/lbm.°R) 0.031 

M•,"iinur Referencet Decay Heat (kW) 28.74 

Maximum Decay Heatt (kfW) 40 

-Total Fuel Assembly Weight (lb) 40,320 

Lead Weight (lb) 52,478 

Water Weight (lb) 7,595

The calculations are performed using the reference decay heat, to obtain a rate oftemperature increase.  

This result is scaled by the ratio of maximum to reference decay heat, to obtain a rate oftemperature 
increase at the higher heat load. This is very conservative, because the temperature rise is primarily a 
function of the fire heatflux, which is not affected by the decay heat. . . .
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Table 11.2.4

BOUNDING HI-TRAC HYPOTHETICAL 

FIRE CONDITION PRESSURESt

Condition Pressure (psig) 

AMI---4 MPC 24E P 3PC 68 

W•ith•u Fuel Red 791.8 7 q 
Ru•aenitial 

Condition 

"With 1002A Fuel Rod -158.96.5 .-59-. 4.914- 126.6 (72.48 
RupPweBounding 499) 
Maximum 

The reported pressures are based on temperatures that exceed the calculated maximum 
temperatures and are therefore slightly conservative.
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Table 11.2.5

SUMMARY OF BOUNDING MPC PEAK TEMPERATURES 

DURING A HYPOTHETICAL HI-TRAC FIRE ACCIDENT CONDITION
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REPORT HI-2002444
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Location Initial Steady State Bounding - Hottest MPC 
Temperature 1*F1 Temperature Rise' Cross Section 

[°F] Peak Temperature 

Fuel Cladding - 72600455733 4643-6.8 898-.3769.8 

Basket Periphery 558 "-.436.8 626-3594.8 

MPC Shell 411 24-.?436.8 484-44 7.8



Table 11.2.6

SUMMARY OF INPUTS FOR ADIABATIC CASK HEAT-UP 

Minimum Weight of HI-STORM 100 System 300,000 
(lb) (overpack and MPC) 

Lower Heat Capacity of Carbon Steel 0.1 
(BTU/lb/0 F) 

Initial Uniform Temperature of Cask ('F) 740t 

Be...ding Decay Heat (kW) 2-.74 10 to 42 kW

The cask is conservatively assumed to be at a uniform temperature that conservatively 

bounds all normal storage temperatures. equal to the max:*imum fldci cladding temperature.
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Table 11.2.7 

MA' MUM-. BOUNDING TEMPERATURES CAUSED BY EXTREME 

ENVIRONMENTAL TEMPERATURESt [OF] 

Accident 

Location Temperature Temperature Limit 

Fuel Cladding 73 6(PVR) .. 1058 

-778 ..  

MPC Basket 76-5 757 950 

MPC Shell -96456 775 

Overpack Air Exit d5-r 283 N/A 

Overpack Inner Shell 244 281 350 (overpack 
__ .. ...__ _ .. ...... concrete) 

Overpack Outer Shell 4-90 203 350 (overpack 
_ _ .... .. ....__ _ concrete)

t Conservatively bounding temperatures reported include a hypothetical rupture of 10%of the 

fuel rods.
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Table 11.2.8

N4,M1 A VMM-BOUNDING MPC TEMPERATURES CAUSED BY LOSS OF WATER 

FROM THE HI-TRAC WATER JACKET ['F] 

Temperature Normal Calculated Without Accident Condition 
Location Water in Water Jacket Design 

Temperature 
Fuel Cladding 3721 712 988 728 1058 short-term 
MPC Basket 9-52 691 868 707 950 short-term 

MPC Basket 600 555 64-2 570 950 short-term 
Periphery 

MPC Shell 4.-5 437 466 461 775 short-term 

HM TRAC inner ShellH4 400-kng term 

__660-hefs-ei4tef 
HM TRAC Water •44 -2-34 .350leng tefm 
Jacket Lnner Surface 

MI TR.AC; Enclcrure 2-24 u35legtM 
Shell Outer: Suiface 
j Ayjl Neuteon Shi@e!d -2-2-- n 300 eig, term 

Nte:. W .here it ;an be sho,. t, t the temperatwes ar, e belaw the normal long term condition lEmits, th 
calcuated temperatures are comnpared to the normal long term temaperatue lEmits for- conser~vatim 
The coirresponding short term temperatue limitS are higher- tempefatures as presented in Table 

LOC~l maximumn cctintmerur
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Table 11.2.9

TS ,4ARY OF BLOCKED AIR TNLET DUCT E2 A TTLUAION 1 TSULTSOUNDING 
MAXIMUM BLOCKED AIR INLETDUCTS TEMPERA TURES 

Max. Initial Temperature Rise Transient Shot Te-m 
Steady-State (01F) Temperature (* F) Accident 
Temp. t (0F) at 33 hrs at 72 hrs at 33 hrs at 7-• Temperature 

Limit (°F) 
Fuel Cladding 740 404302 440 .8441042 9-00 1058 

MPC Shell -4-416 4-84329 2-50 -53-5745 604 775 

Overpack Inner 499240 44-3331 4-74 4-2-.571 -373 600 
Shel4P-

O;er-pake! F irne 4-5- 4-93 2-6 344 444 600 

O aek-Gte 44-5 44 40 449 48-5 600 
9he1I 

Concrete Section 473180 -79121 4-44 254-301 -34. 350 
Average 

t Conservatively bounding temperatures reported includes a hypothetical rupture of 10% of the 
fuel rods.  

Cineident . ith leea.i.n : f initial mawdmum. ] 

Coincidont; With octi4' fuide ax~ial mid height
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FIGURE 11.2.7
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12.1 PROPOSED OPERATING CONTROLS AND LIMITS

NUREG- 1536 (Standard Review Plan) Acceptance Criteria-.12.1.1 

12.1.1.1 

12.1.1.2

Proposed Kev. 2AHI-STORM FSAR 
REPORT HI-2002444 12.1-1

This portion of the FSAR establishes the commitments regarding the HI-STORM 
100 System and its use. Other 10CFR72 [12.1.2] and 1OCFR20 [12.1.3] 
requirements in addition to ihe Technical Specifications may apply. The 
conditions for a general license -holder -found in IOCFR72.212 [12.1.2]- shall- be 
met by the licensee prior to locading spent fuel into the HI-STORM 100 System.  
The general license conditions governed by 10CFR72 [12.1.2] are not repeated 
with these Technical Specifications. Licensees are required to comply with all 
commitments and requirements.  

The Technical Specifications pr6vided in Appendix'A to CoC 72-1014 and the 
authorized contents and design features provided in Appendix B to CoC 72-1014
are primarily established to maintain subcriticality, confinement boundary and 
intact fuel cladding integrity, -shielding and radiological protection, heat removal 
capability, and structural 'integrity under normal, off-normal and accident 
conditions. Table 12.1.1 addresses each of these conditions respectively and 
identifies the appropriate Technical Specification(s) designed to control the 
condition. Table 12.1.2 provides the list of Technical Specifications for the HI
STORM 100 System. --



Table 12.1.1 

HI-STORM 100 SYSTEM CONTROLS

t Technical Specifications are located in Appendix A to CoC 72-1014.

TTT ('�PI\TV�E YC� .
ril-a 1 UI.JVI ri 3-C.  

REPORT HI-2002444
Proposed Rev. 2A

12.1-2

Condition to be Controlled Applicable Technical Specifications 

Criticality Control Refer to Appendix B to Certificate of Compliance 72
1014 for fuel specifications and design features 
3.3.1 Boron Concentration 

Confinement Boundary and 3.1.1 Multi-Purpose Canister (MPC) 
Intact Fuel Cladding Integrity 5.6 Fuel Cladding Oxid Th"ickwn, .. ,aluation 

3.4.10 TRANSFER CASK Operating Limits (CoC 72
1014, Appendix B - Design Features) 

Shielding and Radiological Refer to Appendix B to Certificate of Compliance 72
Protection 1014 for fuel specifications and design features 

3.1.1 Multi-Purpose Canister (MPC) 
3.1.3 Fuel Cool-Down 
3.1. ITR.ANS FER C.A-Sk Average Sur~faee Doezse Rates 

3.22T~ATSERCASK Surface Ce aintOR~ 
3.23OVRPAGK Av.er-age Sufface Peoe Rates 

5.7 Radiation Protection Program 
Heat Removal Capability Refer to Appendix B to Certificate of Compliance 72

1014 for fuel specifications and design features 

3.1.1 Multi-Purpose Canister (MPC) 
3.1.2 SFSC Heat Removal System 

Structural Integrity 3.5 Cask Transfer Facility (CTF) (CoC 72-1014, 
Appendix B - Design Features) 

5.5 Cask Transport Evaluation Program



Table 12.1.2

HI-STORM 100 SYSTEM TECHNICAL SPECIFICATIONS

NUMBER TECHNICAL SPECIFICATION 
1.0 USE AND APPLICATION 

1.1 Definitions 
1.2 Logical Connectors 
1.3 Completion Times 
1.4 Frequency 

2.0 Not Used. Refer to Appendix B to CoC 72-1014 for fuel specifications.  

3.0 LIMITING CONDITION FOR OPERATION (LCO) APPLICABILITY 
SURVEILLANCE REQUIREMENT (SR) APPLICABILITY 

3.1.1 Multi-Purpose Canister (MPC) 
3.1.2 SFSC Heat Removal System 
3.1.3 Fuel Cool-Down 
3.2.1 T-r ^R-4-SFER CASK A^ e...g. Suffa•ce •ose PRtesDeleted 
3.2.2 TRANSF, C Surfae Contaminatior;;neleted 
3.2.3 OVERPACK Average Su^face Dcze PetezDeleted 
3.3.1 Boron Concentration 
Table 3-1 MPC Mod@! PependentCavity Drying Limits 
Table 3-2 MPC Helium Backfill Limits 

4.0 Not Used. Refer to Appendix B to CoC 72-1014 for design features.  

5.0 ADMINSTRATIVE CONTROLS AND PROGRAMS 

5.1 Deleted 

5.2 Deleted 

5.3 Deleted 

5.4 Radioactive Effluent Control Program 

5.5 Cask Transport Evaluation Program 

5.6 Futell Cl-,adding O;,ide Thi-n;e,, E.aluation PrognrmDeleted 

5. 7 Radiation Protection Program 

Table 5-1 TRANSFER CASK and OVERPACK Lifting Requirements
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12.2 DEVELOPMENT OF OPERATING CONTROLS AND LIMITS 

This section provides a discussion of the operating controls and limits for the HI-STORM 
100 System to assure long-term performance consistent with the conditions analyzed in 
this FSAR. In addition to the controls and limits provided in the Technical Specifications 
contained in Appendix A to Certificate of Compliance 72-1014 and the Approved 
Contents and Design Features in Appendix B to Certificate of Compliance 72-1014, the 
licensee shall ensure that the following training and dry mn activities are perfoimed.

12.2.1 Training Modules

Training modules are to be developed under the licensee's training program to require a 
comprehensive, site-specific training, assessment, and qualification (including periodic 
re-qualification) program for the operation and maintenance of the HI-STORM 100 Spent 
Fuel Storage Cask (SFSC) System and the Independent Spent Fuel Storage Installation 
(ISFS1). The training modules shall include the following elements, at a minimum: 

1. HI-STORM 100 System Design (overview); 

2. ISFSI Facility Design (overview); 

3. Systems, Structures, and Components Important to Safety (overview) 

4. HI-STORM 100 System Final Safety Analysis Report (overview); 

5. NRC Safety Evaluation Report (overview); 

6. Certificate of Compliance conditions; 

7. HI-STORM 100 Technical Specifications, Approved Contents, Design Features 
and other Conditions for Use; 

8. HI-STORM 100 Regulatory Requirements (e.g., 1OCFR72.48, 10CFR72, Subpart 
K, 10CFR20, 10CFR73); 

9. Required instrumentation and use; 

10. Operating Experience Reviews
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11. HI-STORM 100 System and ISFSI Procedures, including

* Procedural overview 
* Fuel qualification and loading 
0 MPC /HI-TRAC/overpack rigging and handling, including safe load 

pathways 
* MPC welding operations 
* HI-TRAC/overpack closure 
* Auxiliary equipment operation and maintenance (e.g., draining, moisture 

removal, helium backfilling, and cooldown) 
MPC/HI-TRAC/overpack pre-operational and in-service inspections and 
tests 
Transfer and securing of the loaded Hi-TRAC/overpack onto the transport 
vehicle 

* Transfer and offloading of the HI-TRAC/overpack 
* Preparation of MPC/HI-TRAC/overpack for fuel unloading 
0 Unloading fuel from the MPCHiA-TRAC/overpack 
0 Surveillance 
& Radiation protection 
0 Maintenance 
0 Security 
* Off-normal and accident conditions, responses, and corrective actions 

12.2.2 Dry Run Trinirg 

A dry run training exercise of the loading, closure, handling, and transfer of the HI
STORM 100 System shall be conducted by the licensee prior to the first use the system to 
load spent fuel assemblies. The dry run shall include, but is not limited to the following: 

1. Receipt inspection of HI-STORM 100 System components.  

2. Moving the 1H--STORM 100 MPC/HI-TRAC into the spent fuel pool.  

3. Preparation of the HI-STORM 100 System for fuel loading.  

4. Selection and verification of specific fuel assemblies to ensure type conformance.  

5. Locating specific assemblies and placing assemblies into the MPC (using a 
dummy fuel assembly), including appropriate independent verification.  

6. Remote installation of the MPC lid and removal of the MPC/HI-TRAC from the 
spent fuel pool.  
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7. Replacing the Il-TRAC pool lid with the transfer lid (I-l-TRAC 100 and 125 
only).  

8. MPC welding, NDE inspections, hydrostatic testing, draining, moisture removal, 
helium backfiHling and leakage testing (for which a mockup may be used).  

9. H-TRAC upending/downending on the horizontal transfer trailer or other transfer 
device, as applicable to the site's cask handling arrangement.  

10. Placement of the HI-STORM 100 System at the ISFSI.  

11. HI-STORM 100 System unloading, including cooling fuel assemblies, flooding 
the MPC cavity, and removing MPC welds (for which a mock-up may be used).  

12.2.3 Functional and Operating Limits, Monitoring Instruments, and Limiting 
Control Settings 

The controls and limits apply to operating parameters and conditions which are 
observable, detectable, and/or measurable. -- The HI-STORM. 100 System is completely 
passive during storage and requires no monitoring instruments. The user may choose to 
implement a temperature monitoring system to verify operability of the overpack heat 
removal system in accordance with Technical. Specification Limiting Condition for 
Operation (LCO) 3.1.2.  

12.2.4 Limiting Conditions for Operation 

Limiting Conditions for Operation specify the minimum capability or level 'of 
performance that is required to assure that the HI-STORM 100 System can fulfill its 
safety functions.  

12.2.5 Equipment 

The HI-STORM -100 System and its components have been analyzed 'for specified 
normal, off-normal, and accident conditions, including extreme environmental 
conditions. Analysis has shown in this FSAR that no credible condition or event prevents 
the HI-STORM 100 System from -meeting 'its 'safety' function. As a result, there is no 
threat to public health and safety from any postulated accident condition or analyzed 
event. When all equipment is loaded, tested, -and placed into storage in accordance with 
procedures developed for the ISFSI, no failure of the system to perform its safety 
function is expected to occur.  

12.2.6 Surveillance Requirements 

The analyses provided in this FSAR show that the HI-STORM 100 System fulfills its 
safety functions, provided that the Technical Specifications in Appendix A to CoC 72
1014 and the Authorized Contents and Design Features in Appendix B to CoC 72-1014 
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are met. Surveillance requirements during loading, unloading, and storage operations are 
provided in the Technical Specifications.

12.2.7 Design Features

This section describes HI-STORM 100 System 
Safety. These features require design controls 
features, detailed in this FSAR and in Appendix 
specifications and drawings which are controlled 
Fabrication controls and inspections to assure 
fabricated in accordance with the design drawings 
described in Chapter 9.

12.2.8

design features that are Important to 
and fabrication controls. The design 
B to CoC 72-1014, are established in 
through the quality assurance program.  
that the HI-STORM 100 System is 
and the requirements of this FSAR are

MPC

a. Basket material composition, properties, dimensions, and tolerances for criticality 
control.  

b. Canister material mechanical properties for structural integrity of the confinement 
boundary.  

c. Canister and basket material thermal properties and dimensions for heat transfer 
control 

d. Canister and basket material composition and dimensions for dose rate control.

12.2.9 HI-STORM Overpack

a -HI-STORM overpack material mechanical properties and dimensions for structural 
integrity to provide protection of the MPC and shielding of the spent nuclear fuel 
assemblies during loading, unloading and handling operations.  

b. rH-STORM overpack material thermal properties and dimensions for heat transfer 

control.  

c. HI-STORM overpack material composition and dimensions for dose rate control.  

12.2.10 Decay Heat and Burnup Limits for Fuel Storage 

12.2.10.1 Uniform Fuel Storage 

Section 2.4.1 of Appendix B to the HI-STORM 100 System CoC provides tabular limits 
for fuel assembly decay heat and burnup as a function of cooling time. Cask users must 
ensure that each fuel assembly to be loaded into the HI-STORM 100 System using the 
uniform loading option meets the limits provided in the tables contained in CoC 
Appendix B, Section 2.4.1. These burnup and decay heat limits as a function of cooling
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time are in addition to other restrictions in Appendix B'to the CoC regarding fuel 
selection, including fuel dimensions, enrichment, uranium mass, and the presence of non
fitel hardware.  

12.2.10.2 Regionalized Fuel Storage 

Section 2.4.2 of Appendix B to the HI-STORM 100 System CoC requires that the 
allowable fuel assembly decay heat and burnups for a given HI-STORM 100 System to be 
loaded using regionalized fuel storage be calculated using certain equations. The details 
of the supporting thermal evaluation basis for this methodology is described in Section 
4.4.1.1.9 of this FSAR. These equations incorporate values provided by the CoC holder 
and values provided by the licensee to calculate the allowable decay heat and burnup for 
a particular MPC region and for each fiuel assembly to be loaded. Other CoC limits on 
characteristics of the fiuel assemblies, such as dimensions, enrichment, uranium mass, 
and the presence of non-fuel hardware must also be met. This subsection provides the 
background and en illustrative example calculation of decay heats and burnups for 
regionalized fuel storage.  

Regionalized fuel storage allows the cask user to locate fuel with relatively higher heat 
emission rates (e.g., lower cooling time and/or higher burnups) in the central core of the 
MPC basket (Region 1) with relatively cooler fuel in the periphery of the MPC. Figure 
4.4.27illustrates the layouts of the two regions for the MPC-32 basket. Placing the 
higher heat emitting fuel in the center of the MPC allows the relatively cooler fuel on the 
outside to provide radiation shielding for the inner assemblies. Because almost all of the 
gamma radiation emitted from the cask system to the environment comes from the 
peripheral fitel assemblies, regionalized storage provides an effective means to minimize 
the dose emitted from a loaded cask. The basic premise of this regionalized fuel storage 
methodology is to allow the cask user some flexibility in assigning allowable heat loads 
to each of the two MPC regions (and, therefore, each fuel assembly in that region) while 
maintaining the overall basket heat load within the analyzed values.  

The allowable decay heat per assembly (which is a function of burnup and cooling time 
for a given assembly type) is computed using the following methodology, which duly 
accounts for the inherent thermal "penalty" ofplacing higher heat emitting fuel in the 
center of the basket, as opposed to uniform loading.  
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(i) Determination of Maximum Allowable Decay Heat Values
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Table 12.2.1 also shows limitations on minimum and maximum allowable burnups as 
follows: 

0 The calculated maximum allowable burnup must be greater than or aqual to 
20,000 MWD/MTU. If the calculated allowable maximum burnup is less than 
20,000 MWD/MTU, then storage offuel is not permitted at that cooling time. The 
next highest minimum cooling time yielding a maximum allowable burnup greater 
than or equal to 20, 000 MWD/MTUshall be used. A fuel assembly with an actual 
burnup less than 20,000 MWD/MTU may be stored, but it must have the longer 
cooling time.  

o The maximum permitted actual burnup for any ZR-clad PWR or BWR fuel 
assembly is 75,000 MWD/MTU and 70,000 MWD/MTU, respectively. Any 
calculated maximum allowable burnup above these values shall be reduced to 
these values.
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Table 12.2.1

Example Allowable Burnup Vahles for Regionalized Storage in MPC-32 
(1 7x] 7A Fuel, qRego, 2 = 0. 750 k 99 

MAXIMUM BURNUP MAXIMUM B URNUP 
MINIMUM PER FUEL PER FUEL 

COOLING TIME ASSEMBLYIN ASSEMBLYIN 
(yr) REGION I REGION 2 

(MWDIMTU) (MWDI/MTU) 
3 38,127 Not Permitted 
4 53,322 24,469 
5 65,034 31,630 
6 73,909 36,865 
7 75,000 40,547 
8 75,000 43,328 
9 75,000 45,531 
10 75,000 47,231 
11 75,000 48,836 
12 75,000 50,136 
13 75,000 51,459 
14 75,000 52,593 
15 75,000 53,654 
16 75,000 54,812 
17 75,000 55,854 
18 75,000 56,884 
19 75,000 57,987 
20 75,000 58,997

HI-STORM FSAR 
REPORT HI-2002444

Proposed Rev. 2A
12.2-9



BASES TABLE OF CONTENTS 

3.0 LIMITING CONDITION FOR OPERATION (LCO) APPLICABILITY............... B 3.0-1 
3.0 SURVEILLANCE REQUIREMENT (SR) APPLICABILITY ............................. B 3.0-5

SFSC INTEGRITY ............................................................................... B 3.1.1-1 
Multi-Purpose Canister (MPC) ................................................ B 3.1.1-1 
SFSC Heat Removal System ................................................. B 3.1.2-1 
Fuel Cool-Down ....................................................................... B 3.1.3-1 

SFSC G ,DRADIATION PROTECTIONDeleted ..................... B 3.2.1-1 
TRANSFER CASK ,Av-, ge Suface Dose RatesDeleted ...B 3.2.1-1 
TRANSFER CASK Su'fa"c e ContaminationDeleted ............ B 3.2.2-1 
OVERPACK Average S-,fac Dose RatcsDeleted ............ B 3.2.3-1 

SFSC CRITICALITY CONTROL .......................................................... B 3.3.1-1 
Boron Concentration ................................................................. B 3.3.1-1

HI-STORM FSAR 
REPORT HI-2002444

Proposed Rev. 2A

3.1 
3.1.1 
3.1.2 
3.1.3 

3.2 
3.2.1 
3.2.2 
3.2.3 

3.3

i



Multi-Purpose Canister (MPC) 
B 3.1.1

B 3.1 SFSC Integrity 

B 3.1.1 Multi-Purpose Canister (MPC) 

BASES

BACKGROUND A TRANSFER CASK with an empty MPC is placed in the spent 
fuel pool and loaded with fuel assemblies meeting the 
requirements of the CoC. A lid is then placed on the MPC. The 

- TRANSFER CASK and MPC are raised to the top of the spent 
fuel pool surface. The TRANSFER CASK and MPC are then 
moved into the cask preparation area where d6e-rFates-are 
measured andthie MPC lid is welded to the MPC shell and the 
welds are inspected and tested. The water is drained from the 
MPC cavity and moisture removaldrying is performed. The MPC 
cavity is backfilled with helium., Additiohal dose rates are 
mThen, the MPC vent and 'drain port cover plates 
and closure ring are instailled and welded. Inspections are 
performed on the welds. TRPASFER CASK bottom pool lid 4s 
replaced w..ith the trans~fer lid to alloy. eVentual transfer of theMP 
into the OVERPACG\K.  

- MPC cavity moisture removal using vacuum drying or forced 
helium mieeilptin-dehydrabon is performed to remove residual 
moisture from the MPCfI6GI cavity space after the MPC has been 
drained of water. 'If vacuum drying is used, any water that has not 
drained from the fuel cavity evaporates from the fuel cavity due to 
the vacuum. This is aided by the temperature increase due to the 
decay heat of the fuel and by the heat added to the MPC from the 
optional warming pad, if used.  

If forced helium dehydration Gdatiq R is used, the dry gas 
-introduced to the MPG cavity through the vent or drain port 
absorbs the residual moisture in the MPC. This humidified gas 
exits the MPC via the other port and the absorbed water is 
removed through condensation and/or mechanical drying. The 
dried helium is then forced back to the MPC until the temperature 
acceptance limit is met.  

(continued)
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Multi-Purpose Canister (MPC) 
B 3.1.1

BASES

BACKGROUND 
(continued)

APPLICABLE 
SAFETY 
ANALYSIS

After the completion of oi.sturoe ,emovadrying, the MPG cavity 
is backfilled with helium meeting the requirements of the CoC.  

Backfilling of the MPC fuel cavity with helium promotes gaseous 
heat dissipation and the inert atmosphere protects the fuel 
cladding. P....diR. 4Backfilling the MPC With helium pFessu-e 
"in the required-rFage at Froom temperatur.e (70FP) quantity; 
eliminates air inleakage over the life of the MPC because the 
cavity pressure rises due to heat up of the confined gas by the 
fuel decay heat during storage. Pding •h•;im in the rq-ui-rd 
donsity range accomplishes tho sam~e function.  

In-leakage of air could be harmful to the fuel. Prior to moving the 
SFSC to the storage pad, the MPC helium leak rate is 
determined to ensure that the fuel is confined.

The confinement of radioactivity during the storage of spent 
fuel in the MPC is ensured by the multiple confinement 
boundaries and systems. The barriers relied on are the fuel 
pellet matrix, the metallic fuel cladding tubes in which the fuel 
pellets are contained, and the MPC in which the fuel assemblies 
are stored. Long-term integrity of the fuel and cladding depend 
on storage in an inert atmosphere. This is accomplished by 
removing water from the MPC and backfilling the cavity with an 
inert gas. 'The thermal analyses of the MPC assume that the 
MPC cavity is filed with dry helium of a minimum quantity to 
ensure the assumptions used for convection heat transfer are 
preserved. Keeping the backfill pressure below the maximum 
value preserves the initial condition assumptions made in the 
MPC overpressurization evaluation.

(continued)
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Multi-Purpose Canister (MPC) 
B 3.1.1

BASES (continued) 

LCO A dry, helium filled and sealed MPC establishes an inert heat 
removal environment necessary to ensure the integrity of the 
multiple confinement boundaries. Moreover, it also ensures that 
there will be no air in-'leakage into the MPC cavity that could 
damage the fuel cladding over the storage period.  

APPLICABILITY The dry, sealed and inert atmosphere is required to be in place 
during TRANSPORT OPERATIONS and STORAGE 
OPERATIONS to ensure both the confinement barriers and heat 
removal mechanisms are, in place during these operating 
periods., These conditions are-not required during LOADING 
OPERATIONS or UNLOADING OPERATIONS as these 
conditions a re being established or removed, respectively during 
these periods in support of other activities being performed with 
the stored fuel.  

ACTIONS I A note has been added to the ACTIONS which states that, for this 
LCO, separate Conditio-n entry is allowed for each MPC. This is 
acceptable since the Required Actions -for each Condition 
provide appropriate compensatory measures for each MPC not 
meeting the LCO. Subsequent MPCs that do not meet the LCO 
are governed by subsequent Condition entry and application of 
,associated Required Actions.  

A.1 

If the cavity vacuum drying.pressure or demoisturizer exit gas 
temperature limit has been determined not to be met during 
TRANSPORT OPERATIONS or STORAGE OPERATIONS, an 
engineering evaluation is necessary to determine the potential 
quantity of moisture left within the MPC cavity. Since moisture 
remaining in the cavity during these modes of operation may 
represent a long-term degradation concern, immediate action is 
not necessary. The Completion Time is sufficient to complete the 
engineering evaluation commensurate with the safety 
significance of the CONDITION.  

(continued)
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Multi-Purpose Canister (MPC) 
B 3.1.1 

BASES 

ACTIONS 
(continued) A.2 

Once the quantity of moisture potentially left in the MPC cavity is 
determined, a corrective action plan shall be developed and 
actions initiated to the extent necessary to return the MPC to an 
analyzed condition. Since the quantity of moisture estimated 
under Required Action A.1 can range over a broad scale, 
different recovery strategies may be necessary. Since moisture 
remaining in the cavity during these modes of operation may 
represent a long-term degradation concernt immediate action is 
not necessary. The Completion Time is sufficient to develop and 
initiate thecorrective actions commensurate with the safety 
significance of the CONDITION.  

BA 

If the heliuLm backfill quantityden64y o. r pr,..r. limit has been I 
determined not to be met during TRANSPORT OPERATIONS or 
STORAGE OPERATIONS, an engineering evaluation is 
necessary to determine the quantity of helium within the MPC 
cavity. Since too much or too little helium in the MPC during these 
modes represents a potential overpressure or heat removal 
degradation concern, an engineering evaluation shall be 
performed in a timely manner. The Completion Time is sufficient 
to complete the engineering evaluation commensurate with the 
safety significance of the CONDITION.  

(continued) 
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Multi-Purpose Canister (MPC) 
B 3.1.1 

BASES 

ACTIONS 
(continued) B.2 

Once the quantity of helium in the MPC cavity is determined, a 
corrective action plan shall be developed and initiated to the 
extent necessary to return the MPC to an analyzed condition.  
Since the quantity of helium estimated under Required Action B.1 
can range over a broad scale, different recovery strategies may 
be necessary. Since elevated or reduced helium quantities 
existing in the MPC cavity relpresent a potential overpressure or 
heat removal degradation concern, corrective actions should be 
developed and implemented in a timely manner. The Completion 
Time is sufficient to develop and initiate the corrective actions 
commensurate with the safety significance of the CONDITION.  

C.1 

If the helium leak rate limit has been determined not to be met 
during TRANSPORT OPERATIONS or STORAGE 
OPERATIONS, an'engineering evaluation is necessary to 
determine the impact of increased helium leak rate on heat 
removal and off-site dose. Since the HI-STORM OVERPACK is 
a ventilated system, any leakage from the MPC is transported 
directly to the environment. Since an increased helium leak rate 
represents a potential challenge to MPC heat removal and the 
off-site doses calculated in the FSAR confinement analyses, 
reasonably rapid action is warranted. The Completion Time is 
sufficient to complete the engineering evaluation commensurate 
with the safety significance of the CONDITION.  

(continued) 
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Multi-Purpose Canister (MPC) 
B 3.1.1 

BASES 

ACTIONS C.2 
(continued) 

Once the cause and consequences of the elevated leak rate from 
the MPC are determined, a corrective action plan shall be 
developed and initiated to the extent necessary to return the MPC 
to an analyzed condition. Since the recovery mechanisms can 
range over a broad scale based on the evaluation performed 
under Required Action C.1, different recovery strategies may b e 
necessary. Since an elevated helium leak rate represents a 
challenge to heat removal rates and off-site doses, reasonably 
rapid action is required. The Completion Time is sufficient to 
develop and initiate the corrective actions commensurate with the 
safety significance of the CONDITION.  

D.1 

If the MPC fuel cavity cannot be successfully returned to a safe, 
analyzed condition, the fuel must be placed in a safe condition in 
the spent fuel pool. The Completion Time is reasonable based 
on the time required to replace the transfer lid with the pool lid (if 
required), perform fuel cooldown operations (ifrequired),re-ffood 
the MPC, cut the MPC lid welds, move the TRANSFER CASK 
into the spent fuel pool, remove the MPC lid, and remove the 
spent fuel assemblies in an orderly manner and without 
challenging personnel.  

SURVEILLANCE,, SR 3.1.1.1, SR 3.1.1.2, and SR 3.1.1.3 
REQUIREMENTS, 

SR 3.4.1.41 is modified by a note that stateof in additlomn to- the requi~rements of SR 3.1.1.1 for high bu3nupfuo, .MPCs '.th hoat 
loads in o.c... of a certain value shall be ,-iod ubing tho helium 
-recircultion method. The basis for this note is that, if ,-acuum 
drying weAIpe used for higher heat load MPGs, it WG.~Uld Reed to be 
cemplfetd in a relativoly shoh t perFid of time to avoid e9 xeeding 
the short teFrm peak fuel claddingtemperature limit. Apply!ng a 
time limit that is too restrici'.e ould inhibit the- ability to dry the 
A412 in a4 normal time frame. The heliu m rm-eir•clann mefthod 4 
mneistuFre remwal continuously cools the fuel while removnge 
moisture, thereby eliminating the need to etablish a time limit, 
allowing completin of the .oisture removal process in a 
deliberate, conRtrolled m~anner.  
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Multi-Purpose Canister (MPC) 
B 3.1.1

BASES

SURVEILLANCE 
REQUIREMENTS

SR 3.1.1.1, SR 3.1.1.2, and SR 3.1.1.3 (continued)

The long-term integrity of the stored fuel is dependent on storage 
in a dry, inert environment. For moderate burnup fuel cavity 
dryness may be demonstrated either by evacuating the cavity to a 
very low absolute pressure and verifying that the pressure is held 
over a specified period of time or by recirculating dry helium 
through the MPC cavity to absorb moisture until the demoisturizer 
exit temperature reaches and remains below the acceptance limit 
for the specified time period. A low vacuum pressure or a 
demoisturizer exit temperature meeting the acceptance limit is 
an indication that the cavity is dry. , For high burnup fuel, the 
forced helium rGir1uati n-dehydration method of moisture 
removal must be used to provide necessary cooling of the fuel 
during drying operations. Cooling provided by normal operation 
of the forced helium dehydration system ensures that the fuel 
cladding temperature remains below the applicable limits since 
forced recirculation of helium provides more effective heat 
transfer than that which occurs during normal storage operations.

Table 3-1 provides the appropriate requirements for drying the 
MPC cavity based on the burnup class of the fuel (moderate or 
high), the decay heat load of the MPC, and the applicable 
short-term temperature limit. The temperature limits and 
associated cladding hoop stress calculation requirements are 
consistent with the guidance in NRC Interim Staff Guidance 
(ISG) Document 11.  

Having the proper quantity of helium in the MPCba&4,4-pslt 
Gessuwe ensures adequate heat transfer from the fuel to the 
fuel basket and surrounding structure of the MPC and precludes 
any overpressure event from challenging the normal, off
normal, or accident design pressure of the MPC.  

Meeting the helium leak rate limit ensures there is adequate 
helium in the MPC for long term storage and the leak rate 
assumed in the confinement analyses remains bounding for off
site dose.  

(continued)
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Multi-Purpose Canister (MPC) 
B 3.1.1

BASES

SURVEILLANCE 
REQUIREMENTS

SR 3.1.1.1, SR 3.1.1.2, and SR 3.1.1.3 (continued)

The leakage rate acceptance limit is specified in units of atm
cc/sec. This is a mass-like leakage rate as specified in ANSI 
N14.5 (1997). This is defined as the rate of change of the 
pressure-volume product of the leaking fluid at test conditions.  
This allows the leakage rate as measured by a mass 
spectrometer leak detector (MSLD) to be compared directly to 
the acceptance limitwithout the need for unit conversion from test 
conditions to standard, or reference conditions.  

All three of these surveillances must be successfully performed 
once, prior to TRANSPORT OPERATIONS to ensure that the 
conditions are established for SFSC storage which preserve the 
analysis basis supporting the cask design.  

REFERENCES 1. FSAR Sections 1.2, 4.4, 4.51 7.2, 7.3 and 8.1 
2. Interim Staff Guidance Document 11
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SFSC Heat Removal System 
B 3.1.2

B 3.1 SFSC Integrity 

B 3.1.2 SFSC Heat Removal System 

BASES 

BACKGROUND -The SFSC Heat'Removal System is a passive, air-cooled, 
"convective heat transfer system whirh-that ensures heat from the 
MPC canister is transferred to the environs by the chimney e ffect.  
Relatively cool air is drawn into the annulus between the 

"OVERPACK and the MPC.through the feur-inlet air ducts at the 
bottom of the OVERPACK. The MPC transfers its heat from the 
canister surface to the air via natural convection. The buoyancy 
created by the heating of the air creates a (chimney effect and the 
air is forced back into the environs through the feur-outlet air 
ducts at the top of the OVERPACK.

APPLICABLE 
SAFETY 
ANALYSIS

The thermal analyses of the SFSC take credit for the decay 
heat from the spent fuel assemblies being ultimately transferred 
to the ambient environment surrounding the OVERPACK.  
Transfer of heat away from the fuel assemblies ensures that the 
fuel cladding and other SFSC component temperatures do not 
exceed applicable limits. Under normal storage conditions, the 
feur-inlet and four-outlet air ducts are unobstructed and full air flow I 
(i.e., maximum heat transfer for the given ambient temperature) 
occurs.  

Analyses have been performed for the complete obstruction of 
-twhalf, w-ee -and ferall inlet airducts. Blockage of twe-half of 
the inlet air ducts -reduces air flow throughT the OVERPACK 
annulus and decreases heat transfer from the MPC. Under this 
off-normal condition; performed for design-basis heat load, no I 
SFSC components exceed the short term temperature limits.  

ceof three in:!t air duct furthe Feduces aiF flew: thr•gh• 
thp VRA~ inhn -nr dc~prepRoc' he-it tr~n~zfmrfr~nm th- I

C. G UnderthiS @ ccide.. nt r_,P condition, no SFSC. copn...entG 
exceed the s~hort term temperature limits.  

(continued)
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SFSC Heat Removal System 
B 3.1.2

BASES

APPLICABLE 
SAFETY 
ANALYSIS 

(continued)
The complete blockage of all feuG inlet air ducts stops 
normal air cooling of the MPC. The MPC will cbntinue to radiate 
heat to the relatively cooler inner shell of the OVERPACK. With 
the loss of normal air cooling, the SFSC component 
temperatures wvill increase toward their respective short-term 
temperature limits. The results of this event are dependent 
upon the decay heat load of the MPC. Therefore, two analyses 
were performed. The first analysis was performed assuming a 
decay heat load of 28.74 kW and Nnone of the components 
reach their temperature limits over the 72-hour duration of the 
analyzed event. The second analysis was performed at a 
bounding decay heat load of 41.22 kW and all component 
temperatures remain below their respective short term 
temperature limits up to 33 hours after even initiation.  
Therefrge, the limiting component is aSSUMed to be tho fUe!

The SFSC Heat Removal System must be verified to be 
operable to preserve the assumptions of the thermal analyses.  
Operability of the heat removal system ensures that the decay 
heat generated by the stored fuel assemblies is transferred to the 
environs at a sufficient rate to maintain fuel cladding and other 
SFSC component temperatures within design limits.

The intent of this LCO is to address those occurrences of air duct 
blockage that can be reasonably anticipated to occur from time 
to time at the ISFSI (i.e., Design Event I and II class events per 
ANSI/ANS-57.9). These events are of the type where corrective 
actions can usually be accomplished within one 8-hour operating 
shift to restore the heat removal system to operable status (e.g., 
removal of loose debris).  

(continued)
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SFSC Heat Removal System 
B 3.1.2

BASES

LCO 
(continued) This LCO is not intended to address low frequency, unexpected 

Design Event III and IV class events such as design basis 
- accidents and extreme environmental phenomena that could 

potentially block one or:more of the air ducts for an extended 
period of time (iLe., longer than the total Completion Time of the 
LCO). This class of events is addressed site-specifically as 
required by Section 3.4.9 of Appendix B to the CoC.  

APPLICABILITY,, The LCO is applicable during STORAGE OPERATIONS. Once 
an OVERPACK containing an MPC loaded with spent fuel has 
been placed in 'storage, the heat removal system must be 
operable to ensure adequate heat transfer of the decay heat 
away from the fuel assemblies.  

ACTIONS A note has been added to the ACTIONS which states that, for this 
LCO, separate Condition entry is allowed for each SFSC. This is 
acceptable since "the Required Actions for each Condition 
provide appropriatecomipensatory measures for each SFSC not 
meeting the LCO. Subsequent SFSCs that don't meet the LCO 
are governed by subsequent Condition entry and application of 
associated Required Actions.  

A.1 

If the, heat* removal, system- has tbeen- determined to be 
-inoperable, it must be restored to-operable status within eight 
hours. Eight hours is a reasonable period of time (typically, one 

* operating shift) to take action to remove the obstructions in the air 
flow path.  

(continued)
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SFSC Heat Removal System 
B 3.1.2 

BASES 

ACTIONS 
(continued) B.1 

If the heat removal system cannot be restored to operable status 
within eight hours, the innermost portion of the OVERPACK 
concrete may experience elevated temperatures . Therefore, 
Surv.il.anco. R .quiroment (S R) .... dose ratesi-s are required 
to be pe~fer-meedmeasured to determine the effectiveness of the 
radiation shielding provided by the concrete. This SR-Action 
must be performed immediately and repeated every twelve hours 
thereafter to provide timely and continued evaluation of whether 
the concrete is providing adequate shielding. As necessary, the 
cask user shall provide additional radiation protection measures 
such as temporary shielding; The Completion Time is 
reasonable considering the expected slow rate of deterioration, if 
any, of the concrete under elevated temperatures.  

B.2.1 

In addition to Required Action B.1, efforts must continue to 
restore cooling to the SFSC. Efforts must continue to restore the 
heat removal system to operable status by removing the air flow 
obstruction(s) unless optional Required Action B.2.2 is being 
implemented.  

This Required Action must be complete in 48-64 hours if the 
decay heat load of the MPC is less than orequal to 28.74 kWor 
within 25 hours if the decay heat load of the MPC is greater than 
28.74 kW. These Completion Times are cdhsistent with the Mo 
thermal analyses of this event, which show that all component 
temperatures remain below their short-ternm temperature limits 
up to 72 or 33 hours after event initiation, for MPC heat loads of 
28.74 and 41.22 kW, respectively.  

(continued) 
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SFSC Heat Removal System 
B 3.1.2 

BASES 

ACTIONS B.2.1 (continued) 

The two Completion Times reflects the 8 hours to complete 
Required Action A.1 and the appropriate balance of time 
consistent with theapplicable analysis results. In each case, the 
event is assumed to begin at the time the SFSC heat removal 
system is declared inoperable. This is reasonable considering 
the low probability of all inlet or outlet ducts becoming 
simultaneously blocked by trash or debris. a c.ns,,,ative total 
time .... dj ,.VthUt ay coling Of 80 hours, a6ssuming all ofthe 
lnct aireduct bmpementng Reured ActioBmediatrly after othel 
prvGouP siu sful SurveillancK. Te rlto the thMr•man 
analysis ofnthis acnidentsureR de that the fuel cladding tempeiratuir 
does oet reach 4t short rem t6MPrastero limit fnor mrthan b 72 
hours. It is alIso- uinlikkely that an un~forseonQ e91ent coul1d- cause 
com plete blockageeof allfour aipr ilet ducts immediately after the 
last Guccessfu~l S ellne 

B.2.2 

In lieu of implementing Required Action B.2.1, transfer of the 
-MPC into a TRANSFER CASK will place the MPC-in an 
analyzed condition and ensure adequate fuel cooling until actions 
to correct the heat removal system' inoperability -,can be,, 
completed. Transfer of the MPC into a TRANSFER CASK 
removes the SFSC from the LCO Applicability since STORAGE 
OPERATIONS does not include times when the MPC resides in 
the TRANSFER CASK: In this case, the requirements of CoC 
Appendix B, Section 3.4.10 apply.  

An engineering evaluation must be performed to determine if any 
concrete deterioration' has occurred 'which prevents it from 
performing its design'function. If the evaluation is successful and 
the air flow obstructions have been cl6ared,' the OVERPACK 
heat reim6val system may be consid ered operable and the MPC 
transferred back into the OVERPACK.• Compliance with LCO 
3.1.2 is then restored. If the evalu'ation is unsuccessful, the user 
must transfer the MPC into a different, fully qualified OVERPACK 
to resume' STORAGE OPERATIONS and restore compliance 
with LCO 3.1.2 

- (continued) 
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SFSC Heat Removal System 
B 3.1.2 

BASES 

ACTIONS 
B.2.2 (continued) 

In lieu of performing the engineering evaluation, the user may opt 
to proceed directly to transferring the MPC into a different, fully 
qualified OVERPACK or place the TRANSFER CASK in the 
spent fuel pool and unload the MPC.  

The Completion Times of 48-64 arid' 25 hours reflects the 
Completion Times from Required Action B.2.1 to ensure 
component temperatures remain below their short-term 
temperature limits for the respective decay heat loads, a 
cnGserative t-otal time peGI without anY cooling of 80 hours, 
assuming all of the inlet air ducts becom~e blocked immediatelyc 
afTerthe lang-teriegriou uccesfu esrvedilance. Te rep ut of the 
thermal anafysiS of thiS accident Ghe ' that the fueP cladding 
temperature does ret rcarh its shoft term tomperatur limeit foR 
mor1e than o72 hors. it is also unlikely that an ufonresren tteen 
could caulserva com plete blockage of all four air inlet ducts 
immediately after the last successfulo asureMsillsa K)rna 

SURVEILLANCE SR 3.1.2.1 
REQUIREMENTS 

The long-term integrity of the stored fuel is dependent on the 
ability of the SFSC to reject heat from the MPC to the 
environment. There are two cptions for implementing SR 
3.1.2.1, either of which is acceptable for demonstrating that the 
heat removal system is OPERABLE.  

Visual observation that all four inlet and outlet air ducts are 
unobstructed ensures that airflow past the MPC is occurring and 
heat transfer is taking place. Complete blockage of any one or 
more 'inlet or outlet air ducts renders the heat removal system 
inoperable and this LCO not met. Partial blockage of one or 
more inlet or~outlet air ducts does not constitute inoperability of 
the heat removal system. However, corrective actions should be 
taken promptly to remove the obstruction and restore full flow 
through the affected duct(s).  

(continued) 
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SFSC Heat Removal System 
B 3.1.2

BASES

SURVEILLANCE 
REQUIREMENTS

SR 3.1.2.1 (continued)

As an alternative, for OVERPACKs with air temperature 
monitoring instrumentation installed in the outlet air ducts, the 
temperature rise between ambient and the OVERPACK air outlet 
may be monitored to verify operability of the heat removal 
system. Blocked inlet or outlet air ducts will reduce air flow and 
increase the temperature rise experienced by the air as it 
removes heat from the MPC. Based on the analyses, provided 
the air temperature rise is less than the limit stated in the SR, 
adequate air flow and, therefore, adequate heat transfer is 
occurring to provide assurance of long term fuel cladding 
integrity. The reference ambient temperature used to perform 
this Surveillance shall be measured at the ISFSI facility.  

The Frequency of 24 hours is reasonable based on the time 
necessary for SFSC components to heat up to unacceptable 
temperatures assuming design basis heat loads, and allowing for 
corrective actions to take place upon discovery of blockage of air 
ducts.

REFERENCES 1. FSAR Chapter 4 
2. FSAR Sections 11.2.13 and 11.2.14 
3. ANSI/ANS 57.9-1992
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Fuel Cool-Down 
B 3.1.3

B 3.1 SFSC INTEGRITY 

B 3.1.3 Fuel Cool-Down 

BASES

BACKGROUND In the event that an MPC must be unloaded, the TRANSFER 
CASK with its enclosed MPC is returned to the cask preparation 
area to begin the process of fuel unloading. The MPC closure 
ring, and vent and drain port cover plates are removed. The MPC 
gas is sampled to determine the integrity of the spent fuel 
cladding. The bulk helium temperature in the MPC cavity is 
ensured to be less than or equal to 2000F. This is 
accomplished via direct measurement of the MPC gas exit 
temperature or any other appropriate means based on a 
thermal evaluation of the particular MPC -to be unloaded, 
considering it6 contents and the duration of time the MPC has 
been loaded. It is possible that the thermal evaluation may 
determine that the bulk gas temperature is already within the 
LCO limit due to low decay contents and/or an extended time 
since loading, in which case, no additional action is required.  

,ttaGhd to the Cool DoWn SySte . The. Cool Dw Sy6to• is a 
closed~ ~ ~~~j~ lopfrcdvntlton e~lin~g system that cools th

fuel assemblies by cooling the surrounding heliumIA gas.

After ensuring the MPC cavity bulk helium temperature meets 
the LCO limit, Follov.ng fu'I coo dowvn, the MPC is then re
flooded with water and the MPC lid weld is removed leaving the 
MPC lid in place. The transfer cask and MPC are placed in the 
spent fuel pool and the MPC lid is removed. The fuel assemblies 
are removed from the MPC and the MPC and transfer cask are 
removed from the spent fuel pool and decontaminated.  

'Ensuring that Redwing. the bulk helium temperature is less 
than the LCO limit fui; ,,-adding t.mp...t'"es significantly 
reduces the temperature gradients across the fuel cladding thus 
minimizing thermally-induced stresses on the cladding during 
MPC re-flooding. Reducing the MPC internal temperatures 
eliminates the risk of high MPC pressure due to sudden 
generation of large steam quantities during re-flooding. The LCO 
limit of 200OF for bulk helium temperature eliminates the 
potential for gross steam generation during re-flooding.  

(continued)
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Fuel Cool-Down 
B 3.1.3

BASES

APPLICABLE 
SAFETY 
ANALYSIS

LCO

The confinement of radioactivity during the storage of spent 
fuel in the MPC is ensured by the multiple confinement 
boundaries and systems. The barriers relied on are the fuel 
pellet matrix, the metallic fuel cladding tubes in which the fuel 
pellets are contained, and the MPC in which the fuel assemblies 
are stored. Long-term integrity of the fuel and cladding depend 
on minimizing thermally-induced stresses to the cladding.  

This is accomplished during the unloading operations by lowering 
the MPC i4teMal-cavity bulk helium temperatures prior to MPC 
re-flooding. Theilntegrity of the MPC depends on maintaining the 
internal cavity pressures within design limits. This is 
accomplished by reducing the MPC internal temperatures such 
that there is no sudden formation of large quantities of steam 
during MPC re-flooding. (Ref. 1).

M..itG.iRg Determining the .G...ti.. MPCgas-excavity bulk 
helium temperature prior to re-flooding ensures that there will be 
no large thermal gradient across the fuel assembly cladding 
during re-flooding which could be potentially harmful to the 
cladding. The temperature limit specified in the LCO was 
selected to ensure that the MPC cavity bulk helium temperature 
is sufficiently low to preclude high thermal stresses in the fuel 
cladding during gas xit temperaturo Will ;locely match tho 
doc•ir•d A eu cladding tmpe.ature prior to re-flooding oftheMPC.  
The temperature was selected to be lower than the boiling 

temperature of water with an additional margin.  

For the purposes of this LCO, "bulk helium temperature" is 
defined as the spatial average of the helium temperature in the 
MPC cavity. The bulk helium temperature will be between the 
highest and lowest fuel cladding temperature present in the 
basket.

(continued)
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Fuel Cool-Down 
B 3.1.3 

BASES 
APPLICABILITY The MPC cavity bulk helium gas exit temperature is measured 

during UNLOADING OPERATIONS after the transfer cask and 
integral MPC are back in the FUEL BUILDING and are no longer 
suspended from, or secured in, the transporter. Therefore, the 
Fuel Cool-Down LCO does not apply during TRANSPORT 
OPERATIONS 'and STORAGE OPERATIONS.  

A note has be6nadded to the APPLICABILITY for LCO 3.1.3 
which states that the Applicability is only applicable during wet 
UNLOADING OPERATIONS. This is acceptable since the intent 
of the LCO is to avoid uncontrolled MPC pressurization due to 
water flashing during re-flooding operations. This is not a 
concerning for dry UNLOADING OPERATIONS.  

ACTIONS A note has been added to the ACTIONS ivhich states that, for this 
LCO, separate Condition entry is allowed for each MPC. This is 
acceptable since the Required Actions for each Condition 
provide appropriate compensatory measures for each MPC not 
meeting the LCO. Subsequent MPCs that do not meet the LCO 
are governed by subsequent Condition entry and application of 
associated Required Actions.  

A.1 

If the MPC cavity bulk helium ga_-etemperature limit is not 
met, actions must be taken to restore the parameters to within the 

'limits before re-flooding the MPC. Failure to successfully 
complete fuel cool-down could have several causes, such as 
failure of the-'cool down system, inadequate cool down, or 
clogging of the piping lines. The Cofhnlletion Time is sufficient to 
determine and correct most failure mechanisms and proceeding 
with activities to flood the MPC cavity with water are prohibited.  

(continued) 
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Fuel Cool-Down 
B 3.1.3 

BASES 

ACTIONS A.2 
(continued) 

If the LCO is not met, in addition to performing Required Action 
A.1 to restore the gas temperature to within the limit, the user 
must ensure that the proper conditions exist for the transfer of 
heat fromr the MPC to the surrounding environs to ensure the fuel 
cladding remains below the short term temperature limit. If the 
TRANSFER CASK is located in a relatively open area such as a 
typical' refuel floor, the limits specified in Section 3.4.10 of 
Appendix B to the HI-STORM CoC apply.no additina! aGctions 
aro nocessar3'.  

However, if the TRANSFER CASK is located in a structure such 
as a decontamination pit or fuel vault, additional actions may be 
necessary, depending on the heat load of the stored fuel. For 
MPCs with heat loads less than or equal to 25 kW, no additional 
action is required because the thermal analysis shows that, up 
to this heat load, the fuel cladding temperature remains below 
400fC.  

For MPCs located in a pit or vault with heat loads above 25 kW, 
users shall ensure adequate fuel cooling to ensure the fuel 
cladding temperature remains less than or equal to 400"C or, 
alternatively for MPC containing all moderate bumup fuel 
assemblies, 570'C if it is demonstrated using a best-estimate 
calculation that the fuel cladding hoop stress is less than or 
equal to 90 MPa. Thiee-TwO heat-load dependent approaches 
acceptable pýtýons for ensuring adequate heat transfer for a 
TRANSFER CASK located in a pit or vault are provided below., 
b-;aGd o-n a M•PC •G h'oadd A-,.1,,.A! ,hih fu•ol '',Rasr,96Mhlit ,.',,th d e sgn-, basis 
heat load in every storage location. -Users may develop other 
equivalent alternatives. on a site specific ba•i• , conside•;4g 
actual fuel loading and decay hoat generation. Thermal 
evaluation methodologies described in the HI-STORM FSAR 
shall be used to implement the options below or any other 
equivalent alternative that ensures the peak fuel cladding 
temperature limit will not be exceeded.  

(continued) 
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Fuel Cool-Down 
B 3.1.3 

BASES 

ACTIONS A.2 (continued) 

1. Establish a time limit for'the loaded TRANSFER CASK to 
reside in the pit or vault and remove the cask from the pit or 
vault prior to that time. Ensur tho ann...,u bet.ween the MPC 
and thPv TRANSgmFEnR CASK ig filled with loater. This pFace 
th e system u ina hbtiromoal conefitwuation r hicih is boundrevdl 
by tho FmSAR ther a evalu vation af the system considerng a 
Vacuu1m i~n.4hoPC The'syst'em is open to the am~bient 
enViFronment which limits the tefpor~ature of the u~timnato heat 
snk (thea water in thrc anuluo) ard, therefore, the MPo shell tE 
24V'-F -

2. Provide augmented cooling for the loaded TRANSFER 
CASK for the duration of time it will reside in the pit or vault.  
This may be in the form of ventilation around the outside of 
the cask, water circulation through the MPC-to-TRANSFER 
CASK annulus, orsimilarmeans. Remove the TRA.NSFER 
CAS42-K from the Pit or vault anRd place it in an oenG area s uch 
as the refuel fleer w~ith a easo'nabe amou nt of clearan-eL 
aro-und the cask and not neara siqigniiant source of heat 

S Immediateli is anlappropriate'Completion Time because it 
requires action to be initiated promptly and completed without 
delay, but does not establish any particular fixed time limit for 
completing the action. This offers the flexibility necessary for 
users to plan and implement any necessary work activities 
commensurate with, the safety significance of the condition, 
which is governed by the MPC heat load. 

(continued) 
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Fuel Cool-Down 
B 3.1.3 

BASES 

ACTIONS A.2 (continued)

Twevcty two (P2) hours6 is an acceptable time frame to allow for 
com~pletion of Required Action A.2 basged on a thermal evaluation 
of a TRA\NSFEýR CASK locnatd in a pit or vault. In such, a 
configuration, passive cooling mechanisms will be largel!

mechanisms with the cask emplaced in the vault, the thermal 
n;e;-ia of the cask (approximately 20,000 BtuP- F) 'wil ;limit he 

rate of tomperature rise with design; basis maximum heat load-to 
approximately 1.5,degrees F= per ho)ur. Thus, the fue! cladding 

temperatur-e 06e in 22 hours. w•ll b' stha 100• F,• I.- -ag, 
short term tem~perature m~argins exist to preclude anY cladding 
integrity conceFrn under this temperature rise.  

SURVELLANCE' SR 3.1.3.1 
REQUIREMENTS 

The long-term integrity of the stored fuel is dependent on the 
material condition of the fuel assembly cladding. By minimizing 
thermally-induced stresses across the cladding the integrity of the 
fuel assembly cladding is maintained. The integrity of the MPC is 
dependent on controlling the internal MPC pressure. By 
controlling the MPC internal temperature prior to re-flooding the 
MPC there'is minimal formation of steam during MPC re
flooding.  

The MPC cadity bulk helium exit-gas temperature limit ensures 
that there will be no large' thermal gradients across the fuel 
assembly cladding during MPC re-flooding and nominimal 
formation of steam which could potentially overpressurize the 
MPC.  

(continued) 
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Fuel Cool-Down 
B 3.1.3

BASES

SURVEILLANCE 
REQUIREMENTS

SR 3.1.3.1 (continued)

The SR is met in one of two ways. The temperature of the gas 
exiting the MPC may be measured directly. Alternatively, a 
thermal evaluation may be performed, consistent with the 
methodology in the HI-STORM FSAR, to determine the MPC 
bulk helium temperature in the canister designated for 
unloading. This evaluation may consider the particular 
characteristics of the MPC, such as fuel cooling time, presence 
of NON-FUEL HARDWARE, and ambient conditions in 
determining the bulk helium temperature. If the MPC cavity 
bulk helium temperature LCO is shown to be met by this 
evaluation, no further actions are required and MPC unloading 
may proceed. If the LCO is shown not to be met by the thermal 
evaluation, appropriate means shall be used to cool the MPC 
cavity until the LCO is met (via direct measurement of the 
helium gas exit temperature or by an evaluation that includes 
the cooling process). When the LCO is met, unloading may 
proceed.  

The LCO must be met Fuo! cool down must be performed 
SuGeessfu4ly-on each SFSC before the initiation of MPC re
flooding operations to ensure the design and analysis basis are 
preserved.

REFERENCES 1. FSAR, Sections 4.4.1, '4.5.1.4.4,4.4, 4.5 and 8.3.2.
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TRANFERCASKAvoago urfce Dse ateDeleted 
B 3.2.1

B 3.2 FS G R ad-i~atioan PRrFtPe#+AmDIet~rf

B 3.2.1 TFWNSFER CASK Average S64aee Dose RatesDeleted

BASES 

BACKGROU NDM The rcgylatn goerin the opcration o:Af -an ISF-SI sect limits on the 
control of occupationgal rFadiation RcxpOSUrc and radiation doses to h 
gcnReal public (Ref. 1) - eeupA ntiomn;;j adiationi cxpoSUrc should be 
kept as low as rcaGGnably Rciybl A AR) and within the limitis e~ 

1OCF Par 20.Raditiondosc to' eh public arc limited forbot 
narmffal anid aGcidcnt conditionis.  

ARRIG(AI Ch P49F-Pý-ASK ay~g su--aneb dýS mates B eta 

SAFETY assumpptio nanacidcnqt analysis, but are used to enSUrc 
AN~iYS!S compliance with rcgulatorp' limits on occupationial dose and dose to h 

LCO The limnits on T-R'NSFER CASK avsrage cU~aade dse Fates are based 
en the shieldipig analysis of the HI STORM 100 System (Ref. 2). The 
limits were Gelected to mFinimizEe radiation exposure to the general public 
and mnaintain occupationial doss ALARA. to perSennel working lin the 
yicinity of the TRANSFER CASKs. The LCO requires specifi locationis 
for taking dose rate mneasurmpents to enIsure the dose rates mneasured 
amrq-indicative of the netoRhedn acilscfeieesAnno 
the steel 6chapipel memnbers-.  

APPLIABILITY The average TRM.SFER CASK syufaee dose Fates apply during 
T-R~NSPRT): OPERATIONS. These limits cnis-4e that the tranfR 
cask average supfaee doss rates during TRANSPQRT- OPERATIN-S-, 
AND UNLOADING OPERA\TIONS are within the-estimfates contained in 
the H! STORM 100 Topical Safety Analysis-Repeot. Radiationi doses 
durin~g STORAGE OPSRATION-S are verified forthe OVERPACK under 
LCQ 3.2.3 anpd imon-itered thereafter by the SF-SC user 1in accorFdance 
W~ith the plant speeifi radiation protectio programR required by 
10 G FR7-2.2 4 2 (b) (6).
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"TRA.N1FFR CA• K A,. Surfae IDGose Rats Deleted 
B 3.2.1

BASES cnnud 

A ..TIO.S A notc has been added to the ACT.IONS which stats that, for thiS LCO, 
s tpartc Condition cntry is allowed for caeh TRANSFER CASK. This is 
acccptable eqcctc cUired Actions for cach Condition pravidc 
appropriatc compcnsatery' mcasurcs forF e~ch TRAASFER CASK noet 
mcceting the LCO., Subseguent TRANSFER CASKs that do not mcoet 
thc LCO arc gocrc Iby subsequent Condition cntr,' and application 
Of aSSociatcd Rcguircd Actions.

A4 

if the TRANSFER CASK avcragc su.fac .dase Fates arcf• ot within 
limis, it ,ould be an indication that a fu..l assembly was iadvcrtcntl 
leaded into the MPG that did not mcct the Functional and Opcratin~g 
Limits in Scction 2.0. AdminiiStratiye Ycnficatien of the NMPC fuel 
loading, by means such as roview of " ideo rccoerdings and rccords oe 
the leaded fuel asscembly Scirial nubrs an establish whcthcr a mi 
leaded fuc!l assembly irs the causo of the out of imit coenditionm. T4+& 
. .mplction Time is based on the time rc.Uircd to pcfor:m .ch a 
-erf'cticnG

If th4TRASFER CASK aycragc surfacc dosc Fates arc not within 
knmits, and it is detcrmnincd that the M4PC was leaded with the corrcct 
fuel assemblies, an analysis mnay be pcrfeffncd This analysis will 
deteR~inc if the OVERPACK, onco locatcd at the ISF-SI, would Fcsul in 
thoe 1FSI offsito 9oc• t"afieal(oses --'ccd-n A*,- . gulato. kimits in 10 CFR Part 20 9r 10 CFR Part 72. if it iss dctwriod tha ho f 

avorago surfaco doco Fates do not rcsult in the roguliator,' limits bcing 
e)xcccdcd, TRANSPORT OPERA\TIONS mnay precccd.  

B84 

If it i; vcirifi1d that unauthoiizd fuel was leaded or that the !SFS•I esiti 
radiation PFotcGctin r1euimc•nt., of 10 CFR PRa•,20 or 1F49 PaFrt4 7• 
will not be inet with the tran~sfcr GaSk -iverage surfaco doss Fates abova 
tho LCO limit, the fuei

-4'A'Rec
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TRAN.SFER CASK Average Surface Doen RatosDeleted 
B 3.2.1

BASES 

A CTIONS ~ " B. !B!-, 

assemblies m~ust be Placcd in a safe condition in the spcnt fuel 
peol. The CompictiOn Timfe is rcasonable based On the time rcguircd 
to replacc thc transfer lid w.ith thc peol lid, PcrfoFrm fucl cooldoWn 
operationS, Fe flood the MPG, cut the MPG lid welds, mevc the 
TRA\NSFER CASK into the 6pcnt fuel pool, rcmovc the MPG lid, and 
.. mov. the spet fuel...........n.. ordcrb . ,y manner and without 
challenging personnel.  

SURVEILLA"NE SR 3 2 11 
REQUIREMENPTS 

This SR enS•rs that the TRANSFER CASK averagc suPacc dose 
Fates arc within the LCO lim~its p~or to TRMISPORT- GPERATIQNS.  
"The .. fac dose ratc. ar. ... aSU.. d on the sides and the top of the 
T-R'NSFER CASK at locations deGcribed in the SR folloWing Standard 
i'duGtFy' practices for dctc"rining average dose Fates for lar'gc 
con~tainres. The SR rcguirss spccific locations for taking dosc ae 
mceaSHrcments to enGUre the dosc Fates moeaSUred arc indicative of the 
a2Frage value around the cask.  

REFERENCES I1. 10 CFR Pants 20 and 72.  
2. FSAR SectIonS 5 1 an;d- 8.1 6;
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TRAPRNSFER CASK Surface C
B 3.2.2

LGO LGO 3.2.2 rcguirs emovable contamination to be within the 
(coRtinued) S---i fIrl limnits feFr the crioFr su-fac.s of the TRA.NSFER CASK and 

'-cZ~. .cptieons- f the MPG. The pocation and nuinbcr of sUgacc 
.wip.. used to d.teRmic -•cmpl•Gane With thiS L" O are determined 
basm. ontan~dard indUstry practice and the uscr-S plant spccific, 
contminaionmeasurcment program for oGblects of this siz 

Accessible porFtie 6f the MPG means the uppcr port.on of the MPp 
cxtFRnal shell wall accessiblc aftcr the inflatabic annulus sea! is 
removed and before the innulus shield ring is installcd. The user shall 
detc~rimin a reasonable numbcr and locGation' Of swipes for the 
aeccssible portion of the MPG. The objcctivc is to dctermnine a 
rcmeyable contam!nation valuc rceprescntative-of the entire upper 
,ir-Umfren-e of the MPG, while imp-••l•-•ti sound ALA.RA Pr,•ticeS.  

APPLIGABNILIP The applicability is modified by a noto that stater, that the LCO is not 
applicable to the TRANSFER CASK if MPG tranSfer operations occur 
inside the FUEL BUILDING. T~hic is consistent with the intent of this 
LCO, which is to ensure loosc contaminatin on ,the loaded TPRA.NSFER 
CASK and MPG outside the FUEL BUILDING is within limits If the MPC
transfer is performed inside the FUJEL BUILDING the empty 
TRMNSF-rR CASK remains behind and is treated like any other 
contaminated hardware under the user-s Part 50 contamination control 

Veri cation that the sulface ontamination is less than the L O limit i 
perFormed during LOADING 4OPERLATIGNS. Thic oceUre beforo 
TRANSPORT oPERiA.TIONS, when the LCOQ is applicablo.  
-McasUremen;t of surf-ace contamination is Iunnecessary during 

UNLOADIN OPERA.TIONS as surface ontamination wo)uld have been 
m.easur.ed prior to. moing the subject TR. .SFER CASK to the ISFS..  

(continued)
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OVERPACK Average Surface Do6e RatesDeleted 
B 3.2.3

ACTIQrdS A nctc has been added to the ACTIONS which states that, for thiS LCO, 
scpar~atc CGdto ... tr; is allowed fer cach SFSC. This is asscptable 
sinec the R-oguirod Actions for cach Condition Provide appropria*to
eompcnsator; meaSUrss f9r cach SFSC not meeting thc [=GO-.  
Subscguent SF-S~rs that don't mccet the LCO aro govFrncd by 
subscgucnt Condition cntr; and applcation of assocGiatcd RcgUircd 
Aetie)R.  

A-4 

if the OV..RPACK av rags su.. facc dos. rates ar .not w.ithin limits, it 
could be an indication that a fuel assembly was in~adyrtcnt'y leaded 
into the MPC that did not mccet the Functional and Opcrating Limfits in 
Scction 2.0. Administrativc Ycrification of tho MPC ..s laig, b)y 
meansG such as roview of video rccordings and rocords of the loadcd 
fucI assembly serial nlumbcrS, can cstablish whcthcm a m~isr leaded fuel 
assembly is the cau,, ,of tho out of limit condition. The Completion 
:Pme is based On the time roguirod to pecform such a YcriFicatioF.-

if the (DVERPAGK avcragc sorfa 
it is detcrmnincd that the MP( 
assemblies, an analysis may 
dctcrmFino if the GVERPACK, en' 
the !SFSI1 offeito Or occupational 
CFR Part 20 or 10 CFR Part 72.

cc dose Fates arc nlot within limnits, and 
Swas loaded with the corrost: fuel 
be prfermd. ' This anal' --is will 

Go locatcd at the !SFSI, would rosolt in 
csecs exceding rgulat'-ty limits in 10 
If it is dct- MlFnd that the out of limit

cxccddST-GRACE- GPER'\TIONS m~ay proccoed.  

if it is Ycrified that the corrcct fuel was not leaded or that the !SFS! 
offsitc radiationR pro~tstion regUircments of 10 CFR Part 20 or 10 C FR 
Part 72 will not be inet with the GVERPACK average suface dosc Fates 
above tho LCO limit, the fuiel
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OVERPACK Average Suface Dose Rat.eDeleted 
B 3.2.3

BASE-S 

AG-INSasse-mblies ILu5L bepa~di a sae eTC to in th pntfe 
(con~tinued) pool. Thc Completion Time 18 rcasonablc based on thc time reguircd 

to transfer the MPG back into thc TRA~NSFER CASK, replaso thc 
transfcr lid with the pool lid, performn fuel cooldown epcratienS, rFeoo 
the MPG, c~ut thc MPG lid welds, mavc the SFSC into the spont fuel 
Pool, rcmeyc the NIPC lid, and rcmovo thc spcntfucl assemblies in an 
orderly manner and without chal~cnging peFrconnel.  

SURVOEILNGS SR 3 2 3 1 
REQUIREMENT 

This SR enSUrss that the OVERPACK avcrage surfacc dose Fates arce 
within the LCO kimits within 24 hours of placing the OVERPACK in its 
dcsignatcd s~torage !ocation OR the ISF-SI. Su~face dose rates arc 
mcasurcd at thc locations dcscrFibcd in thc SR following standard 
industr~' practices for dcteFRmining averagc dose Fates for kargo 
G9Rta+mems 

REFE-RENCES 1. 10 CFR Pants 20 and 7-2.  
2. FSAR Sec~tions 5.1 and 8.1.6.
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Boron Concentration 
B 3.3.1

B 3.3 SFSC Criticality Control 

B 3.3.1 Boron Concentration 

BASES 

BACKGROUND A TRANSFER CASK with an empty _MPC is placed in the spent 
fuel -pool and loaded with fuel assemblies meeting the 
requirements of the Certificate of Compliance. A lid is then 
placed on the MPC. The TRANSFER CASK and MPC are 
raised to the top of the spent fuel pool surface. The TRANSFER 
CASK and MPC are then moved into the cask preparation area 
where dose rates are measured and the MPC lid is welded to the 
MPC shell and the welds are inspected and tested. The water is 
drained from the MPC cavity and vacuum drying is performed.  
The MPC cavity is backfilled with helium. Additional dose rates 
are measured and the MPC vent and drain cover plates and 
closure ring are installed and welded. Inspections are performed 
on the welds., The TRANSFER CASK bottom pool lid is replaced 

- with the transfer lid to allow eventual transfer of the MPC into the 
OVERPACK., 

For those MPCs containing PWR fuel assemblies of relatively 
high initial enrichment, credit is taken in the criticality analyses for 
boron in the water within the MPC. To preserve the analysis 
basis, users must verify that the boron concentration of the water 
in the MPC meets specified limits when there is fuel and water in 
the MPC. This may occur during LOADING OPERATIONS and 
UNLOADING OPERATIONS.

APPLICABLE 
SAFETY 
ANALYSIS

The spent nuclear fuel stored in the SFSC is required to re
main subcritical (kff < 0.95) under all conditions of storage.  
The HI-STORM 100 SFSC is analyzed to stored a wide variety of 
spent nuclear fuel -assembly types with differing initial 
enrichments. For all PWR fuel loaded in the MPC-32 and MPC
32F, and for relatively high enrichment PWR fuel loaded in the 
MPC-24, -24E, and -24EF, credit was taken in the criticality 
analyses for neutron poison in the form of soluble boron in the 
water within the MPC. Compliance with this LCO preserves the 
assumptions made in the criticality analyses regarding credit for 
soluble boron.

(continued)
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Boron Concentration 
B 3.3.1 

BASES (continued) 

LCO Compliance with this LCO ensures that the stored fuel will remain 
subcritical with a kff < 0.95 while water is in the MPC. LCOs 
3.3.1 .a and 3.3.1 .b provide the minimum concentration of soluble 
boron required in the MPC water for the MPC-24, and MPC
24E/24EF, respectively, for MPCs containing all INTA CT FUEL 
ASSEMBLIES.. The limits are applicable to the respective 
MPCs if one or more fuel assemblies to be loaded in the MPC 
had an initial enrichment of U-235 greater than the value in Table 
2.1-2 for loading with no soluble boron credit.  

LCO 3.3.1.e provides the minimum concentration of soluble 
boron required in the MPC water for the MPC-24E and MPC
24EF containing at least one DAMAGED FUEL ASSEMBLY or 
one fuel assembly classified as FUEL DEBRIS.  

LCO 3.3.1,.Gf provides the minimum boron concentration of 
soluble boron required, in the MPC water for the MPC-32 and 
MPC-32F'based on the fuel assembly airaylclass and the 
classification of the fuel as a DAMAGED FUEL ASSEMBLY or 
FUEL DEBRIS. if one or mre ,to fuel assemblies •to b loaded 
ha;d, an initial enrihmen.t leo than or equal to 1.1 ;,.% U 235.  
LCO 3.3.1 .d pro'G'Ides the minimm boron concentration required 
in the MPG DC u:ter for the MPGC,3 if one Or mre to F ,e l 
assemmblie to be loaded had a;n inifia;l en~rchment greater than 
4.1 Mt.% U 235.  

All fuel assemblies loaded into the MPC-24, MPC-24E, MPC
24EF, F4-MPC-32, and MPC-32F are limited by analysis to 
maximum enrichments of 5.0 wt.% U-235.  

(continued) 
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Boron Concentration 
B 3.3.1

BASES__ _ _ _ _ _ _ _ _ _ _ __ _ _

APPLICABILITY The boron concentration LCO is applicable whenever, an MPC
24, -24E, -24EF, er-32, or -32F has at least one PWR'fuel" 
assembly in a ýt6rage location and water in the MPC, For the 
MPC-24 and MPC-24E/24EF, when all fuel assemblies to be 
loaded have initial e'nrichments less than the limit for no soluble 
boron credit as provided in-CoC Appendix B, Table 2.1-2, the 
boron concentration requirement is implicitly understood to be 
zero.  

During LOADING OPERATIONS, the LCO is applicable 
immediately upon tlie loacing of the first fuel assembly in the 
MPC. It remains applicable'until the MPC is drained of water 

During UNLOADING OPERATIONS, the LCO is applicable when 
the MPC is re-flooded with" water" afteir 'helium cooldown operations. Note that compliance with SR 3.0.4 assures that the 

water to be used-to flood the'MPC is of the correct boron 
concentration to ensure the LCO is upon entering the 
Applicability.

A note has been added to the ACTIONS which states thfat, forlthis, 
LCO, separate Condition entry is allowed for each MPC. This is 
acceptable since 'the Required Actions for each Condition 
"provide appropriate compensatory measures for each MPC not 

'meeting the LCO. Subsequent MPCs that do not meet the LCO 
are governed by subsequent Condition entry and application of 
associated Required Actions. I

A AI and A.2 

Continuation 'of LOADING OPERATIONS, UNLOADING 
OPERATIONS or positive reactivity additions (including actions 
to reduce boron concentration) is contingent upon maintaining the 
SFSC in compliance with the LCO. If the boron concentration of 
water in the MPC is less than its limit, all activities LOADING 
OPERATIONS, UNLOADING OPERATIONS or positive reactivity 
additions must be suspended immediately.  

(continued)
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Boron Concentration 
B 3.3.1

BASES

ACTIONS 
(continued)

A.3 

In addition to immediately suspending LOADING OPERATIONS, 
UNLOADING OPERATIONS and positive reactivity additions, 
action to restore the concentration to within the limit specified in 
the LCO must be initiated immediately.  

One means of complying with this action is to initiate boration of 
the affected MPC. In determining the required combination of 
boration flow rate and concentration, there is no unique design 
basis event that must be satisfied; only that boration be initiated 
without delay. In order to raise the boron concentration as quickly 
as possible, the operator should begin boration with the best 
source available for existing plant conditions.  

Once boration, is initiated, it must be continued until the boron 
concentration is restored. The restoration time depends on the 
amount of boron that must be injected to reach the required 
concentration.

SURVEILLANCE 
REQUIREMENTS 

(continued)
SR 3.3.1.1 

The boron concentration in the MPC water must be verified to be 
-within the applicable limit within four hours of entering the 
Applicability of the LCO. For LOADING OPERATIONS, this 
mrans within four hours of loading the first fuel assembly into the 
cask.

For UNLOADING OPERATIONS, this means verifying the source 
of borated water to be used to re-flood the MPC within four hours 
of commencing re-flooding operations. This ensures that when 
the LCO ii applicable (upon introducing water into the MPC), the 
LCO will be met.  

(continued)
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Boron Concentration 
B 3.3.1

BASES

SURVEILLANCE 
REQUIREMENTS 

(continued) Surveillance Requirement 3.3.1.1 is modified by a note which 
states that SR 3.3.1.1 is only required to be performed if the 
MPC is submerged in water or if water is to be added to, or 
recirculated through the MPC. This reflects the underlying 
premise of this SR which is to ensure, once the correct boron 
concentration is established, it need only be verified thereafter if 
the MPC is in a state where the concentration could be changed.  

There is no need to re-verify the boron concentration of the water 
in the MPC after it is removed from the spent fuel pool unless 
water is to be added to, or recirculated through the MPC., 
because these are the only credible activities that could 
potentially change the boron concentration during this time. This 
note also prevents the interference of unnecessary sampling 
activities while lid closure welding and other MPC storage 
preparation activities are taking place in an elevated radiation 
area atop the MPC. Plant procedures should ensure that any 
water to be added to, or recirculated through the MPC is at a 
boron concentration greater than or equal to the minimum boron 
concentration specified in the LCO

REFERENCES 1. FSAR Chapter 6.
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CHAPTER 13 t: QUALITY ASSURANCE 

13.0 INTRODUCT!ONQUALITYASSURANCE PROGRAM 

13.0.1 Overview 

,This chapter provides a summary of the quality assurance program implemented for 
activities 'related to the design, qualification analyses, material procurement, fabrication, 
assembly, testing and use of structures, systems, and components of the HI-STORM 100 
System and HI-TRAC transfer cask designated as important to safety.  

Table 2.22.6 identifies the structures, systems and compenents (SSC-z) of the HI STORM 
100 System and -1I TRAC transfer cask that ;;P re cnsiderFýd import-ant to S~af'ety. Table 
9.1.6 identifies the ancillary eqjuipment needed for- handling and leading opeaticne ha 
has been designated as important to safety-.  

Important-to-safety activities related to construction and deployment of ihe 'HI-STORM 
100 System are controlled under the NRC-approved Holtec Quality Assurance Program 
(References [13.0.2 and 13.0.4]). The Holtec Quality Assurance Program satisfies the 
requirements of 10 CFR 72, Subpart G. Pursuant to 10 CFR 72.140(d), this QA 
program, approved under Subpart H to 10 CFR 71, may be applied to spent fuel storage 
cask activities provided the additional recordkeeping requirements of 10 CFR 72.174 are 
also met. The Holtec QA program meets these additional recordkeeping requirements.  

The Holtec QA program is implemented through a hierarchy of procedures and 
documentation, as described below.  

1. Holtec Quality Assurance Program Manual 

2. Holtec Quality Assurance Procedures 

3. a. Holtec Standard Procedures 

b. Holtec Project Procedures 

Quality activities performed by others on behalf of Holtec are governed by the supplier's 
quality assurance program or Holtec's QA program extended to the supplier. The type 
and extent of Holtec QA control and oversight is specified in the procurement documents 
for the specific item or service being procured.  

t This chapter has been prepared in the format and section organization set forth in Regulatory Guide 3 61.  
However, the material content of this chapter also fulfills the r e-ir ;s•intent of NUREG-1536 
Pagination and numbering of sections, figures, and tables are consistent with the convention set down in 
Chapter 1, Section 1.0, herein. Finally, all terms-of-art used in this chapter are consistent with the 
terminology of the glossary (Table 1 0 1) and component nomenclature of the Bill-of-Materials (Section 
1.5).  
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13.0.2 Graded Approach to Ouality Assurance

For the HI-STORM 100 System, a graded approach to quality assurance is used by 
Holtec. This graded approach is controlled by Holtec Quality Assurance (QA) program 
documents as described in Section 13.0.1.  

NUREG/CR-6407,[13.0.1] provides descriptions of quality categories A, B and C. Using 
the guidance in NUREG/CR-6407, Holtec International assigns, a quality category to 
each individual, important-to-safety component of the HI-STORM 100 System and HI
TRAC transfer cask. The categories assigned to the cask components are identified in 
Table 2.2.6. Quality categories for ancillary equipment are provided in Table 8.1.6 on a 
generic basis. Quality categories for other equipment used to deploy the HI-STORM 100 
System at a licensee's ISFSI are defined on a case-specific based on site-specific needs 
and the component's design function.  

Activities affecting quality are defined by the purchaser's procurement contract for use of 
the HI-STORM 100 System on a site-specific independent spent fuel storage installation 
(ISFSI) under the general license provisions of 10CFR72, Subpart K. They may include 
any or all of the following: design, procurement, fabrication, handling, shipping, storing, 
cleaning, assembly, inspection, testing, operation, maintenance, repair and monitoring of 
HI-STORM 100 structures, systems, and components that are important to safety.  

The quality assurance program described in the QA Program Manualfully complies with 
the requirements of IOCFR72 Subpart G and the intent of NUREG-1536 [13.0.3].  
However, NUREG-1536 does not explicitly address incorporation of a QA program 
manual by reference. Therefore, this constitutes a deviation from NUREG-1536 and has 
been added to the list of deviations in Table 1.0.3. This deviation is acceptable since 
important -to-safety activities are implemented in accordance with the latest revision of 
the Holtec QA program manual and implementing procedures. Further, incorporating 
the QA Program Manual by reference in this FSAR avoids duplication of information 
between the implementing documents and the FSAR and any discrepancies that may arise 
due to maintenance to the two program descriptions.  

HI-STORM FSAR Proposed Rev. 2A 
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13.1 CRIATDZED ADD-f -PROAC n TO QTTU1 4TT ACSVTT NACE 

This section intentionally deleted.

For- the HI STORM 100 System and HI1 TRALC t~sfer- cask, a g~ded approeach to quality is used by 
Holtec. This graded approach is controlled byz Holtec Quality Assurance (QA) proegram doc~uments.  

NUAREG/CGR 6107 [13.1.1] provides desc-riptions of quality categeries A, B and C. The~se de-scriptions are
prevAded-beklpw 

CAtcr't Category A items include str-uctures, systems, and cemp enents whiose failure could 
directly result in a conditin adverely affecting public health and safety,. The failur 
of a single item could cause loss of primary conainment leading, to releaseo 
r-adioactiv material, loss of shielding, or- unsiafe geometry compromising criticality 
seePAel

_Catecorv ,LB. Categor-y -B items, include structures, systems, and components whos-e fa-4ire or 
malfunction could indirectly result in a condition adverely affecting public healt 
and safey. :The failure of a C;ategory B item, in enj~unctain with the failure of an 
additional item, could result in an unsafe condition.  

~~or'C: Ctegory, C; itemas include strc-Wpes, systems, and componentwhse failreo 
malfncton wuldnot significantly reduce the packaging effectivness andwould 

not be Wikely to crete a situation adversely affecting public- health and safey.  

Using these descr-iptions along with the quAlity category, assigfnments fl-amNUREG'CR 610:7 [13.1.1], 
Holt,-ec L-temationa4 Ins assigned a qualty, category to each individual component of the HI STORM 100 
System and HI1 TRAC transfer- cask. The categories are identified in Table2.6 

Ac-ti-vities affecting quality are defined by, the purehaset-s proceurement contract for- use of the HI STORM 
100 System on a site specific- independent spent fuel storage installation (ISFSI) undcr- the gencral license 

prvsin of 1 0Cf R Subpart V. They may include- any) or- Al of the follovin design, procurement-, 
fabriceation,; handling, shipping, storing, cleaning, assembly, inspection, tesing, operationr, maintenance, repair 

a-nd- monAeitoring of HIz STORM 100 structures, systems, and components whiceh are- important to safety.  
Regardless of the provisions of the procurement conitract, the quality r-equiremfents set forth in this documen 
constitute the minimum st of acccptable bases. Activities performed in the course of the previous and 

ongIng:- 'A'ofl:4 effor on HI STORM 100 comply wi~th Holtec Inernational's quality assuranc-e program.  
Helftec International's QA proegm was developed to meet Nuclear- Regulatory, Coff~lssionl (VRC)q 

requremntsdelineated in 1 C-FRSO, Appendix B, and has been expanded to include proevisions of 
IOCRl Subpart H4 and lOCF-R7-2, Subpart C, for- sct-uer-es, syzstems, and components designated as
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QUALITY ASSURANCE PROGRAM

" ICx r.7 KX 7 ýv = r r 

a e r--. ne- e vlzith 14 q1te e lntematienaA qugity assiffmee pr-egmm *49c- h is designe d to 8 atisfythe 
E-10 impesed Y444n 10GFR.50 AppeadiN B, 1QC;F-RWI, SubpaFt 14, and 10C; 
Subpaft Q.The fellewing-pFe,4des a pammary of Heltee Wematienalý qualib, assumnee pFegafn 

knplememt-igen to eemply with the appýýIe Fe,-,,Aate I . . ts-

!gTffi;t3ý PrSRM Go JZFejýjý *:;q-eUffjefttb

qu9ty asauane@pr-egam has three k4rds4eem Uincgdeeummts Th@ highest levA, 

windi evem-]-] r--eatmlliag deeumeK is the 14e4ec- L-Aematienal Qtiahty Assur-anee MaFpaal (14QAýý 

wýie-h pr-evides the r@T4iFefn@PAs and E;enmnitmepAs that Helwe L-A@-m-at-iefl-al 0-i-ist f4ew during, 

eeurse ef an), nuelear- saR!ty Felated or- knpei4ant to safiýý pr-ajeet The manual is ergani,ýed k+t 

seetiens giat eeFFespend te !he eigbteen Q6. pFegmm efiter-ia eited in the abeve r-efer-en 

fegý4atiens 

:The seeend level ef quality aspamnee pr-egmm c;9ntF94iag demaments is the Meltee L-Aematienal Qtmýty 

PFeeedupes (44Q12s). These pr-eeedaFes pfe,,4de speeifie details en how Heltec- W@matienM 

implements the Fequifements and eenRuitments in the quality asRuanee- mwiug..  

-St-A:m-daFd and pr-ejeet speeifie pr-eeedupes eeiýose 4he 444 level ef quality assufanee pfegmm eentFolliRg 

doeuments.These pFeeedufes aFe used te eentFal speeifie pr-ajeet ae4iNities and Fequkeimei#tswhý 

are not addresse&AiLhin the Haltee NAematienal quality pr-eeedtir-es. Examples ef this weiAd be a 

visuA weld examination pizeeedufe, liquid penetant eNan-iiiiatien pFeeedum, or- an -i' k"---'

kispeetien preeedur-e. These preeeduFes are eensider-ed qualit), assumee meeF& and a 

ee-n-t-re-Readi if; *Ath Neltee li:itematienal's qu9ty asRu;anc;e pfegmm 

13.3.30ugvý AssuFance 

:Me requiFements and eenunitments of Heltee hitemational's s-11-nee program as speeified in 

Heltee Intema4ional qugtý, assumnee manuai and eeFFespending qualit), pr-eeedtipes and pFejeet 

speeifie pr-eeedur-es (hereafter- ealled qffility assumnee pFegmm daeuments) are sununafi:ýed be ew.  

Eaeh eiiterien is ed sepamtely.  
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U.S. Nuclear Regulatory Commission 
ATTN: Document Control Desk 
Document ID 5014469 
Attachment 6 

AFFIDAVIT PURSUANT TO 10CFR2.790 

I, Brian Gutherman, being duly sworn, depose and state as follows: 

(1) I am Licensing Manager of Holtec International and have reviewed the 
information described inparagraph (2) which is sought to be withheld, and am 
authorized to apply for its withholding.  

(2) The information sought to be withheld is contained in' Holtec License 
Amendment Request (LAR) 1014-2, Revision 1, appropriately identified in the 
submittal package as confidential information: 

"* Certain proposed changes to Section 2.4.2 of Appendix B to HI-STORM 100 Certificate of 
Compliance 72-1014.  

"* Certain proposed changes to HI-STORM FSAR Section 4.4.1.1.9.  

* Certain proposed changes to HI-STORM FSAR Section 12.2.10.  

This information is considered proprietary to Holtec International.  

(3) In making this application for withholding of proprietary information of which it 
is the owner, Holtec International relies upon the exemption from disclosure set 
forth in the Freedom of Information Act ("FOIA"), 5 USC Sec. 552(b)(4) and 
the Trade Secrets Act, 18 USC Sec. 1905, and NRC regulations 10CFR Part 
9.17(a)(4), 2.790(a)(4), and 2.790(b)(1) for "trade secrets andcommercial or 
financial information obtained from a person and privileged or confidential" 
(Exemption 4). The material foi which exemipti6n frbm disclosure is here sought 
is all "confidential commercial iriformation", and some portions also qua'lify 
under the narrower definition of "trade secret", within the meanings assigned to 
those terms for purposes of FOIA Exemption 4 in, riespectively, Critical Mass 
Energy Project V Nuclear Regulatory Commission, ,975F2d871 (DC Cir. 1992), 
and Public Citi~en Health Research Group v. FDA, 704F2d1280 (DC Cir.  
1983).
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U.S. Nuclear Regulatory Commission 
ATTN: Document Control Desk 
Document ID 5014469 
Attachment 6 

AFFIDAVIT PURSUANT TO 10CFR2.790 

(4) Some examples of categories of information which fit into the definition of 
proprietary information are: 

a. Information that discloses a process, method, or apparatus, including 
supporting data and analyses, where prevention of its use by Holtec's 
competitors without license from Holtec International constitutes a 
competitive economic advantage over other companies; 

b. Information which, if used by a competitor, would reduce his expenditure 
of resources or improve his competitive position in the design, 
manufacture, shipment, installation, assurance of quality, or licensing of a 
similar product.  

c. Information which reveals cost or price information, production, 
capacities, budget levels, or commercial strategies of Holtec International, 
its customers' or its suppliers; 

d. Information which reveals aspects of past, present, or future Holtec 
International customer-funded development plans and programs of 
potential commercial value to Holtec International; 

e. Information which discloses patentable subject matter for which it may be 
desirable to obtain patent protection.  

The information sought to be withheld is considered to be proprietary for the 
reasons set forth in paragraphs 4.a, 4.b, 4.d, and 4.e, above.  

(5) The information sought to be withheld is being submitted to the NRC in 
confidence. The information (including that compiled from many sources) is of 
a sort customarily held in confidence by Holtec International, and is in fact so 
held. The information sought to be withheld has, to the best of my knowledge 
and belief, consistently been held in confidence by Holtec International. No 
public disclosure has been made, and it is not available in public sources. All 
disclosures to third parties, including any required transmittals to the NRC, have
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U.S. Nuclear Regulatory Commission 
ATTN: Document Control Desk 
Document ID 5014469 
Attachment 6 

AFFIDAVIT PURSUANT TO 10CFR2.790 

been-made, or must be made, pursuant to regulatory provisions or proprietary 
agreements which provide for maintenance of the information in confidence. Its 
initial designation as proprietary information, and the subsequent steps taken to 
prevent its unauthorized disclosure, are as set forth in paragraphs (6) and (7) 
following.  

(6) Initial approval of proprietary treatment of a document is made by the mafiager 
of the originating component, the person most likely to be acquainted 'With the 
value and sensitivity of the information in relation to industry knowledge.  
Access to such documents within Holtec'International is limited on a "need to 
know" basis.  

(7) -The procedure for approval of external release of such a document typically 
requires review by the staff manager, project manager, principal scientist or 
other equivalent authority, by the manager of the cognizant marketing function 
(or his designee), and by the Legal Operation, for technical content, competitive 
effect, and determination of the "accuracy of the, proprietary designation.  
Disclosures outside Holtec Interhiational are limited' to regulatory bodies, 
Scustomers, and potential customers, and their 'agents, suppliers, and licensees, 
and others with a legitimate need for the information,- and then only in 
accordance with appropriate regulatory provisions or proprietary agreements.  

(8) The information classified as proprietary was developed and compiled by Holtec 
.International at a significant cost to Holtec International: This -information is 

classified as proprietary because it contains 'detailed descriptions of analytical 
"approaches and methodologies not available elsewhere. This information would 
provide' other. parties, including competitors, with information-from Holtec 
International's technical database and the results of evaluation~sperformed by 
Holtec International. A substantial effort has been expended by Holtec 
International to develop this information. Release of this information at this time 
would improve a competitor's position because it would enable Holtec's 
competitor to copy our technology and offer it for sale in competition with our 
company, causing us financial injury.
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U.S. Nuclear Regulatory Commission 
ATTN: Document Control Desk 
Document ID 5014469 
Attachment 6 

AFFIDAVIT PURSUANT TO 10CFR2.790 

(9) Public disclosure of the information sought to be withheld is likely to cause 
substantial harm to Holtec International's competitive position and foreclose or 
reduce the availability of profit-making opportunities. The information is part 
of Holtec International's comprehensive spent fuel storage technology base, and 
its commercial value extends beyond the original development cost. The value 
of the technology base goes beyond the extensive physical database and 
analytical methodology, and includes development of the expertise to determine 
and apply the appropriate evaluation process.  

The research, development, engineering, and analytical costs comprise a 
substantial investment of time and money by Holtec International.  

The precise value of the expertise to devise an evaluation process and apply the 
correct analytical methodology is difficult to quantify, but it clearly is 
substantial.  

Holtec International's competitive advantage will be lost if its competitors are 
able to use the results of the Holtec International experience to normalize or 
verify their own process or if they are able to claim an equivalent understanding 
by demonstrating that they can arrive at the same or similar conclusions.  

The value of this information to Holtec International would be lost if the 
information were disclosed to the public. Making such information available to 
competitors without their having been required to undertake a similar 
expenditure of resources would unfairly provide competitors with a windfall, 
and deprive Holtec-International of the opportunity to exercise its competitive 
advantage to seek an adequate return on its large investment in developing these 
very valuable analytical tools.
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U.S. Nuclear Regulatory Commission 
ATI'N: Document Control Desk 
Document ID 5014469 
Attachment 6 

AFFIDAVIT PURSUANT TO 10CFR2.790 

STATE OF NEW JERSEY ) 
) SS" 

COUNTY OF BURLINGTON ) 

Mr. Brian Gutherman, being duly sworn, deposes and says: 

That he has read the foregoing affidavit and the matters stated therein are true and 
correct to the best of his knowledge, information, and belief.  

Executed at Marlton, New Jersey, this 30th day of October, 2002.Ba 

Brian 6utherman 
Holtec International 

Subscribed and sworn before me this :9'" day of 6ct 2002.  

MARIA C. PEPE 
NOTARY PUBLIC OF NEW JERSEY 

My Commission Expires April 25, 2005
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