
CHAPTER 0t THERMAL EVALUATION

4.0 OVERVIEW

The HI-STORM System is designed for long-term storage of spent nuclear fuel (SNF) in a vertical
orientation. An array of HI-STORM Systems laid out in a rectilinear pattern will be stored on a
concrete ISFSI pad in an open environment. In this section, compliance of the HI-STORM thermal
performance to OCFR72 requirements for outdoor storage at an ISFSI is established. Safe thermal
performance during on-site loading, unloading and transfer operations utilizing the HI-TRAC
transfer cask is also demonstrated. The analysis considers passive rejection of decay heat from the
stored SNF assemblies to the environment under the most severe design basis ambient conditions.
Effects of solar radiation (insolation) and partial radiation blockage due to the presence of
neighboring casks at an ISFSI site are included in the analyses. Finally, the thermal margins of safety
for long-term storage of both moderate burnup (up to 45,000 MWDIMU) and high bumup spent
nuclear fuel (greater than 45,000 MWDJMTU) in the HI-STORM 100 System are quantified.

TheHI-STORMthermal evaluation adopts guidelines presented inNUREG-1536 [4.4.10] and the
ISG-1 [4.1.4] guidelines to demonstrate safe storage of Commercial Spent Fuel (CSF) * iclude
eight specific aceeptanee criteria that should be fulfilled by theasy thermal design. These-eight
criteria are sunmnarized here as follows guidelines are stated below:

1. The fuel cladding temperature for long term storage and short-term
operations shall be limited to 4000C (752F). at the beginning of dry cask
stwrage heuld genrelly b belew the antieipatcd damage th rcshed
t{fi-serati-mffr nrml ;_ A oitions; Ad a Mi;nimM of 20 Ar., af cask
-- wv_ v*E-s-FIT-vns~JRvssv -vwrVc

steFage,

2. The fuel cladding temperature should gee ybe maintained below 57eG
5 70°C (4M8OF 1058/F) for accident; and off-normal event- and fuel transfer
conditions.

3. The maximum internal pressure of the cask should remain within its design
pressures for normal (1% rod rupture), off-normal (10% rod rupture), and
accident (100% rod rupture) conditions.

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 fllfills the requirements of
NUREG-1 536. 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).

* Defined as nuclearfitel that is used to produce energy in a commercial nuclear reactor (See
Table 1.0.1).
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4. The cask and fuel materials should be maintained within their minimum and
maximum temperature criteria for normal, off-normal, and accident
conditions.

5. For fuel assemblies proposed for storage, the cask system should ensure a
very low probability of cladding breach during long-term storage.

6. _Fue cladding damage resulting om ep via n shuld b limited t 1 5%e 
the eriginal cladding erss sectional area.

;-6. The eask HI-STORM system should be passively cooled.

&-7. The thermal performance of the cask should be within the allowable design
criteria specified in FSAR Chapters 2 and 3 for normal, off-normal, and
accident conditions.

As demonstrated in this chapter (see Subsections 4.4.6 and 4.5.6), the HI-STORM System is
designed to comply with al eight of the criteria listed above. All thermal analyses to evaluate normal
conditions of storage in a HI-STORM storage module are described in Section 4.4. All thermal
analyses to evaluate normal handling and on-site transfer in a HI-TRAC transfer cask are described
in Section 4.5. All analyses for off-normal conditions are described in Section 11.1. Al analyses for
accident conditions are described in Section 11.2. Sections 4.1 through 4.3 describe thermal analyses
and input data that are common to all conditions. This FSAR chapter is in full compliance with
NUREG-1536 requirements, subject to the exceptions and clarifications discussed in Chapter 1,
Table 1.0.3 and to ISG-1 I requirements (no exceptions).

-This revision to the HI-STORMFinal SafetyAnalysis Report, th first since the I STORN 100
System was issued a Part 72 Certificate of Cempliance, incorporates several features into the thermal
analysis to respond to the changing needs of the U.S. nuclear power generation industry and
revisions to NRC regulations. The most significant changes are:

a The thermal analysis is revised to comply with recently issued NRC staffguidance ("Cladding
Considerations for the Transportation and Storage of Spent Fuel ", ISG 11, Rev. 2).

* The Aluminum Heat Conduction Elements (AHCEs), optional under Amendment 1 of CoC 1014,
are removedfrom the design. Removing the AHCEsfrom the MPC eliminates the constriction of
the downcomerflow (Figure 4.0.1) and thus further enhances the thermalperformance of the
MPC.

• The whole spectrum of regionalized storage ofSpent Nuclear Fuel (SNF)for each MPC type has
been analyzed to allowflexibility in Region 1 (core region of the basket) and Region 2 (the outer
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region) heat loads. The heat loads flexibility afforded to the SFSI owner by the analyses
documented in this FSAR permits MPCs to be loaded in the most effective manner to minimize
the aggregate dose emittedfrom the totality of the casks arrayed on the pad.

• Certain elements of excessive conservatism in the mathematical model have been relaxed to
retain a moderate level of conservatism. Subsection 4.4.6 documents conservatisms that apply to
the thermal solution. A quantitative estimate ofthe consequences ofthe elements ofconservatism
is provided in Appendix 4.B.

• The helium backfillpressure is increased (Table 4.4.38) to facilitate increased heat dissipation
from the MPC through the classical thermosiphon action (Figure 4.0.1).

The design maximum decay heat load (QS)for the HI-STORM System is revised (Table 4.4.39).

Post oore decay time (PCDT) limitations on high bumnup fuol (burnup 45,000 WATD!fJ) hawe
been omputed. The allo wable oladding tmperaturcs for high burnup PNVR and BWR fuel,
rmqered to establish PCDT limits, are computed using a methodolegy consistent with ISG 11.

Both uniferm and regienlze tcaear er etd, the latter being pariciularly valuable i
mitigating the dose emitted by Ih P byrsrcig"cold and old"' SIT in the lcations
surrounding the cere- rgoofth basket ('here the 'hUt and new" fuel is stered).

The effect f eonveetive heat tnfer in the:M.PC, orgiay- included in the Anaysis but
subsequently neglected te enable the NR t make a more considered assessment of gra--ity
driven convective heat trnsfer in honeycemb basket equipped INW~s, is new reintrodced

In the absence ofthe crdi fcvcetivc (thermosiphon)e t p iu analys reie n th
conduetion h1a An throuigh the clearance betwn th ake and he MPGn1 enclosure vessel.
The eonduetin heat flew pahw rvided by the Almnu eat Cenduction Elements (ANCE).
The AJICE hardware is retained in the MPG and credit for ACHE heat dissipation is climi~nated in
the therma anayses to maintain a solid margin ofconservatism in the computed results. In a simila.
spirit ef coe rvtimtihe heat trasfer in narrow cavities (the Rayleigh effet), apprved by the

drivein thprevious analysis, is neglectbebd iqui this rvision.

Aide fom the above mentioned changs, this rsion of tis chapter is essetially identical to its

In this chapter, the maximum HI-STORMSystem temperatures andpressuresfor normal conditions
of storage are established. The normal storage conditions are defined below:
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Condition Value
DecayHeat Values Specified in Table 4.4.39

MPC Helium Fill Pressure Minimum Specified in Table 4.4.38
Ambient Temperature Annual Average Temperature (Table 2.2.2)

BL

The HI-STORMmaximum temperatures are provided in Tables 4.4.9, 4.4.10 and 4.4.26forMPC-
24/24E, MPC-68 and MPC-32 respectively and in Table 4.4.36for the overpack temperatures. The
maximum MPC pressures are provided in Table 4.4.14.

4.0.1 HI-STORM Modeling Overview

The HI-STORM 100 System is a vertical ventilated overpack having an internal cavity for
emplacement of a stainless steel Multi-Purpose Canister (iMPC) containing Spent Nuclear Fuel
(SNF). Prior to its emplacement, the MPCinternalspace ispressurized with helium. The HI-STORM
Overpack is equipped with four large ducts at each of its bottom and top extremities. The design of
the system provides for an annular gap between the MPC and overpack The ducted overpack
construction, together with an engineered annular space between the MPC and the HI-STORM
overpack enables cooling ofthe MPC external surfaces by ventilation action. The ventilation cooling
of the HI-STORMsystem is illustrated in Figure 4.0.2. As shown in thisfigure, ambient air is drawn
into the annulus from the bottom inlet ducts. The air is heated during its upward movement through
the vertical annulus and exits through the top outlet ducts.

In Figure 4.0.1, a cutaway view of an MPC is shown. The fuel basket that resides in the MPC is
constructed as an array of square shapedfuel cells in a honeycomb structurefor storing SNF. The
fuel basket (and it's stored fuel) is enclosed in an all welded pressure vesselformed by the MPC
baseplate, top lid and cylindrical shelL The MPC interior space is filled with pressurized helium.
The MPC design incorporates top and bottom plenums formed by elongated semi-circular holes at
the base and top offuel cell walls. Between the fuel basket and the MPCshell is an open downcomer
space engineered to connect the top and bottom plenums. In this manner, the MPCs feature a fully
connected helium space consisting of thefuel basket cells, top and bottom plenums and a peripheral
downcomer gap.

It is heuristically apparent from the geometry of the MPC that the fuel basket metal, the fuel
assemblies and the contained helium will be at their peak temperature at or near the longitudinal
axis of the MPC. As a result of conduction along the metalfuel basket walls and radiant heat
exchange from the fuel assemblies to the MPC fuel basket, the temperatures will attenuate with
increasing radial distancefrom the center, reaching their lowest values in thedowncomerspace. As
a result, the bulk temperatures of the helium columns in thefuel basket are elevated above the bulk
temperature of the downcomer space. Since two fluid columns with different temperatures in
communicative contact cannot remain in static equilibrium, the non-isotropic temperature field
guarantees the incipience of heat transfer by internal convection. This mode of MPC heat
dissipation, "thermosiphon action, " is depicted in Figure 4.0.1.
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The thermosiphon action is initiated by the heating ofhelium residing in thefuel storage cells by the
stored nuclearfuel. The heated helium expands, moving upward through the storedfuel assemblies
due to buoyancy forces. The upward moving helium exits into the top plenum space turning 900 as
shown in Figure 4.0.1. The heliumflows through the top plenum towards the MPC shell, turns 900
andflows down in the downcomer space. In this space, the helium isprogressively cooled as itflows
down, rejecting its heat to the MPC shell. At the bottom of the downcomer, the helium turns 900 into
the bottom plenum space to supply the fuel basket cells with cooled helium. In this manner a
circulation of helium is sustained inside the MPC by the heatfrom the stored fuel.

From the discussion above, it is apparent that the thermal model of the HI-STORMsystem must
include the following elements:

i) HI-STORMfoverpack
ii) MPC with it's enclosedfuel basket
iii) Air-flow in the HI-STORM annular space
iv) Helium circulation inside the MPC

A thermal model of the HI-STORM system incorporating the elements listed above is shown in
Figure 4.0.3. In addition, as we explain next, the model recognizes the "coupled " nature of the heat
transferprocess in the HI-STORMsystem wherein the internal circulation ofhelium inside the MPC
occurs with the upwardflow of air outside of it. The MPC shell, also shown in this figure, is the
interface boundary that separates the twofluids - helium and air. At this interface boundary air is
moving upward on the outside of the MPCshell and helium is moving downward Heat is exchanged
from hotfluid (helium) to cold fluid (air) across a metal boundary which is similar to that of a
counter-flow heat exchanger. The heat exchange progressively lowers the helium temperature in the
down-flow direction and progressively elevates that of air in the up-flow direction. It is apparent
that the internal circulation ofhelium influences the heat inputprofile to the annulus air. The helium
circulation removes heatfrom thefuel cells and rejects a portion of it to the upper elevations of the
MPC shell and to the MPC lid. As a result, heat input to the air is skewed towards the upper portion
of the MPC shell. Based on classical chimney operating principles, adding more heat towards the
top of an air stack is less effi cientfor air circulation relative to adding heat at lower elevations.

In order to properly simulate the interaction of the helium circulation and the annulus airflow, a
"coupled fluid" thermal model is constructed for the HI-STORM thermal analyses. The coupled

fluid thermal model includes both fluids (helium and air) in one unifed model. The model is
constructed on FLUENTversion 6.1 computer codefrom FLUENTInc., a software company based
in Lebanon, NH. The modeling methodology is described in Subsections 4.4.1.1.2 through 4.4.1.1.9.
The results of the analysis are presented in Subsection 4.4.2 and evaluated in Subsection 4.4.6.
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4.1 DISCUSSION

As discussed in Chapter 2, this revision of the HI-STORM FSAR seeks to establish complete
compliance with the provisions of Reference [4.1.4]. To ensure explicit compliance, the new
condition "short term operations, " corresponding tofuel loading activities, is defined in Chapter 2.

In Revision 1 of this FSAR, fuel loading, which includes MPC cavity drying, MPC lid welding,
helium pressurization, and MPC transfer operations, was treated as part of the "off-normal"
condition. It is now treated as a distinctfuel thermal state. Specifically, the maximum fuel cladding
temperaturefor thefuel loading condition nowformally referred to as "short term operations " is set
equal to the PCT limitfor normal storage conditionsfor all CSF. Potential thermally challenging
states for the spent-fuel arise if the fuel drying process utilizes pressure reduction (.e., vacuum
drying), or when the loaded MPC is inside the HI- TRA C transfer cask In the latter state, the rate of
heat rejection from the MPC is somewhat less compared to the normal storage condition when the
MPC is inside the ventilated overpack Because the HI-TRA C transfer cask handling subsequent to
helium pressurization of the MPC typically involves keeping the equipment vertical, the
thermosiphon action inside the MPC is fully operational during these activities. As a result, the
increase in the fuel cladding temperature in the HI-TRAC compared to the HI-STORM storage
condition isfairly modest. The increase is more significant in the case where the HI-TRAC transfer
cask, for reasons such as vertical height restrictions or seismic constraints at a plant, must be
handled in the horizontal orientation. When the HI-TRAC is horizontal, the cessation of the
thermosiphon action results in an additional rise in the fuel cladding temperature. Therefore, the
short term evolutions that may be thermally limiting are analyzed as listed below:

i. Vacuum Drying
ii. Loaded MPC in HI-TRAC in the vertical orientation
iii. Loaded MPC in HI- TRAC in the horizontal orientation

The threshold MPC heat generation rate at which the HI-STORM peak cladding temperature
reaches a steady state equilibrium value approaching the normal storage peak clad temperature
limit is computed in this chapter. Likewise, the MPC heat generation rates thatproduce the steady
state equilibrium temperature approaching the normal storage peak clad temperature limit for the
MPC-in-HI-TRAC condition in both vertical and horizontal configurations are computed in this
chapter. These computed heat generation rates directly bear upon the compliance ofthe system with
Reference [4.1.4], and are accordingly adopted in the system Technical Specifications for high
burnupfuel (JIBF).

For moderate burnup fuel (MBF), it is reasonable to provide additional latitude during short term
operations in light of the relative paucity of hydrides in the fuel cladding at low and moderate
burnup levels reported in the literature. Accordingly, it is proposed that the permissible MPC heat
generation rate be allowed to be governed by the more restrictive of the following two criteria (for
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MBF only):

a. The maximum estimated cladding hoop stress (taUma during short term operations
does not exceed 90 MPa.

b. The maximum computed cladding temperature during short term operations does
not exceed 570C.

ForMBF that does not muster compliance with the aforementioned oa,,¢ criterion (a), the Reference
[4.1.4] temperature limit shall apply. Because the cladding stress is a function of the cladding
thickness (and hence a function of the extent of cladding corrosion), the estimation of the cladding
stress, of necessity, must befuel-specific. The user ofthe HI-STORMsystem can exceed the threshold
heat generation rates computed in this chapter (for MBF only) iffuel specific analysis using the
methodology presented in this FSAR isperformed to establish compliance with the two foregoing
criteria. Section 4.5 contains a detailed treatment of all short term operations for both HBF and
MBF.

A se6eenal cutaway view ofthe HI-STORM diy storage system has been presented earier-in Figure
4.0.2. (see Figure 1-. -.. The system consists of a sealed MPC situated inside a vertical ventilated
storage overpack. Air- inlet and outlet duets that allew for aird celing efthe stred MPG aro loated
at the bottom and tep, rcespeetivey, efthe eylindrial overpack. The SNE assemblies reside inside the
MPG, whieh is saled with a welded lid to frm the eonfinement beundary.-The WC contains an
all-alloy honeycomb basket structure with square-shaped compartments of appropriate dimensions to
allow insertion of the fuel assemblies prior to welding of the MPC lid and closure ring. Each box
panel, with the exception of exterior panels on the MPC-68 and MPC-32, is equipped with a Bent
(thermal neutron absorber) panel sandwiched between an aleyAIoyXsteel sheathing plate and the
box panel, along the entire length of the active fuel region. The MPC is backfilled with helium up to
the design-basis initial fill level (Table 4.4.3844). This provides a stable, inert environment for
long-term storage of the SNF. Heat is rejected from the SNF in the HI-STORM System to the
environment by passive heat transport mechanisms only.

The helium backfill gas is an integral part ofthe MPC thermal design. The helium fills all the spaces
between solid components and provides an improved conduction medium (compared to air) for
dissipating decay heat in the MPC. Additionally, helium in the spaces between the fuel basket and
the MPG shell is heated differentially and, therefore, subet to the "Rayleigh" effect which is
discussed in detail later. For added conservatism, the increase in the heat transfer rate duo to the
Rayleigh effect contribution is neglected in this revision ef the FSAR. To ensure that the helium gas
is retained and is not diluted by lower conductivity air, the MPC confinement boundary is designed
and fabricated to comply with the provisions of the ASME B&PV Code Section m, Subsection NB
(to the maximum extent practical), as an all-seal-welded pressure vessel with redundant closures. It
is demonstrated in Section 1 1. 1.3 that the failure of one field-welded pressure boundary seal will not
result in a breach of the pressure boundary. The helium gas is therefore retained and undiluted, and
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may be credited in the thermal analyses.

An important thermal design criterion imposed on the HI-STORM System is to limit the maximum
fuel cladding temperature to within design basis limits (Table 4.3.1 444) for long-term storage of
design basis SNF assemblies. An equally important design criterion is to minimize temperature
gradients in the MPC so as to minimize thermal stresses. In order to meet these design objectives, the
MPC baskets are designed to possess certain distinctive characteristics, which are summarized in the
following.

The MPC design minimizes resistance to heat transfer within the basket and basket periphery
regions. This is ensured by an uninterrupted panel-to-panel connectivity realized in the all-welded
honeycomb basket structure. The MPC design incorporates top and bottom plenums with
interconnected downcomer paths. The top plenum is formed by the gap between the bottom of the
MPC lid and the top of the honeycomb fuel basket, and by elongated semicircular holes in each
basket cell wall. The bottom plenum is formed by large elongated semicircular holes at the base of
all cell walls. The WC basket is designed to eliminate structural discontinuities (i.e., gaps) which
introduce large thermal resistances to heat flow. Consequently, temperature gradients are minimized
in the design, which results in lower thermal stresses within the basket. Low thermal stresses are also
ensured by an MPC design that permits unrestrained axial and radial growth of the basket. The
possibility of stresses due to restraint on basket periphery thermal growth is eliminated by providing
adequate basket-to-canister shell gaps to allow for basket thermal growth during heat-up to design
basis temperatures. -

It is heuristi a pp rent from the geometi; of the MPG tt athe basket metal, the fuel assemblies,
and the Centained helium mass viii bc at their peak temperatures at or nearthe engitudinal was ot
the MPG. The temperaures ml attenute it inreasig radial distance frcm tis axis, ebing
their lwest values at the outer surface of the MPG shell. Gonductien along the metal walls and
radiant heat cxohange frem the fuel assemblics t the MPG metal mass veuld therefore result in
substantial differences in the bulk temperatures of helium columns in different fuel storage cells.
Sinec twe fluid columns at different temperatures in communicative contact cannot remain in static
equilibrium, the non isotropie temperature field in the MIPG intenal space due to conduction and
Fadiation heat transfer meehanisms guarantee the incipience of the third mode of heat transfer:
natural ecn;'cetien.

The preceding paragraph Section 4.0.1 describes intedueed the internal helium thermosiphon feature
engineered into the MPC design. It is recognized that the backfill helium pressure, in combination
with low pressure drop circulation passages in the MPC design, induces a thermosiphon upflow
through the multi-cellular basket structure to aid in removing the decay heat from the stored fuel
assemblies. The decay heat absorbed by the helium during upflow through the basket is rejected to
the MPC shell during the subsequent downflow of helium in the peripheral downeomers. This
helium thermosiphon heat extraction process significantly reduces the burden on the MPC metal
basket structure for heat transport by conduction, thereby minimizing internal basket temperature
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gradients and resulting thermal stresses.

The helium columns traverse the vertical storage cavity spaces, redistributing heat within the MPC.
Elongated holes in the bottom of the cell walls, liberal flow space and elongated holes at the top, and
wide-open downcomers along the outer periphery of the basket ensure a smooth helium flow regime.
The most conspicuous beneficial effect ofthe helium thermosiphon circulation, as discussed above,
is the mitigation of internal thermal stresses in the MPC. Another beneficial effect is reduction ofthe
peak fuel cladding temperatures of the fuel assemblies located in the interior of the basket. TM the

riginal 1 ST-ORA! licensing analyses, nm _redit fr the thramesiphen aion was taken.. To
patially emp efsate feor the reduction in the computed heat rejetien eapabi;y due te the eemplete
neglect of the global thermosiphon action within the CP, heat conduction elements made of
aluminum were interposed in the large peripheral spaces between the bC shell and the fuel basket.
These heat conduction elements, shown in the NIPG Drawings in Section 1.5, are engineered such
that they can be installed in the peripheral spaces to create a nonstruetural thermal connection
between the basket and the NIPG shell. In their installed condition; the heat cenduetion eleets will
contact the PC shell and the basket walls. MPC manufacturing procedures have been established to
eAr tha the thermA design objectives forA the eenductiAn elements set forth in this doumeat are
realized in the actual hardvare. The presence of heat conduction elements in the canister design has
been censervatvely Aeglected in the theAmal mAdels ofthe H STRA 1 00 System in this revision
of-thc Saaty Analysis Repo_*.

Feu Three distinct MPC basket geometries are evaluated for thermal performance in the HI-
STORM System. For intact PWR fuel storage, the 24-cellflux trap PC-24/24E24EF), PC BE
and 32-cell non-flux trap (MPC-32) designs are available. Four locations are designated for storing
damaged PWR fuel in the MPC-24E design. A 68-cell MPC design (MPC-68, MPC-68F, and MPC-
68FF) is available for storing BWR fuel (intact or damaged, including fuel debris). All of the three
few basic MPC geometries (MPC-32, MPC-24/24E/24EF, PC 2F and MPC-68) are described in
Chapter wherein their design licensing drawings can also be found.

The design maximum decay heat loads for storage of intact zircaloy clad fuel in the four MPCs are
listed in Tables 1.4.20, 1.4.21, 1.4.28, and 1.4.29 listed in Table 4.4.39for single region storage
(also referred to as uniform storage). Storage of intact stainless steel is permitted for a low decay
heat limit set forth in Chapter 2 (Tables 2.1.17 through 2.1.21) evaluated in Subsection 4.3.2..
Storage of zircaloy clad fuel with stainless steel clad fuel in an MPC is permitted. In this scenario,
the zircaloy clad fuel is conservatively stipulated to must meet the lower decay heat limits for
stainless steel clad fuel. Storage of damaged, zircaloy clad fuel is evaluated in Subsection 4.4.1.1.4.
The axial heat distribution in each fuel assembly is assumed to follow the burnup profiles set forth by
Table 2.1 .11.

Thermal analysis of the HI-STORM System is based on including all three fndamenW modes of
heat transfer, namely conduction, natural convection and radiation. Different combinations ofthecs
modes are active in different parts of the system. These modes are properly identified and
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conservatively analyzed within each part ofthe MPC, the HI-STORM storage overpack and the HI-
TRAC transfer cask, to enable bounding calculations of the temperature distribution within the HI-
STORM System to be performed. In addition to storage within the rn-STORM overpack, loaded
MPCs will also be located for short durations inside the transfer cask (HI-TRAC) designed for
moving MPCs into and out of MI-STORM storage modules.

Heat is dissipated from the outer surfaces of the I-STORMstorage overpack and HI-TRAC transfer
cask to the environment by buoyancy induced airflow (natural convection) and thermal radiation.
Heat transport through the cylindrical wall of the storage overpack and HI-TRAC is solely by
conduction. While stored in a HI-STORM overpack, heat is rejected from the surface ofthe MPC via
the parallel action of thermal radiation to the inner shell of the overpack and convection to a
buoyancy driven airflow in the annular space between the outer surface of the MPC and the inner
shell of the overpack. This situation is similar to thc familiar eSC of natural draft flos in furnace
etacks.-When placed into a HI-TRAC cask fortransfer operations, heat is rejected from the surface of
the MPC to the inner shell of the HI-TRAC by conduction and thermal radiation.

Within the MPC, heat is transferred between metal surfaces (e.g., between neighboring fuel rod
surfaces) via a combination of conduction through a gaseous medium (helium) and thermal radiation.
Heat is transferred between the fuel basket and the MPC shell by thermal radiation and conduction.
Theheat transferbetweenthe fuel basket cxternal surface and the IPG shell innersurface is firher
inAluened by the "Rayleih" f The haat tra-f-
discussed earlier, i cnem rvatively negleeted.

-=--+ -c_ ark

As discussed in Subsection 4.4.6 and Appendix 4.B, later in this chapter, an array of conservative
assumptions bias the results of the thermal analysis towards Rmaeh-reduced computed margins than
would be obtained by a more rigorous analysis of the problem. In particular, the thermal model
employed in determining the UPC temperatures is consistent with the model presented in Rev. 9 of
the HI STAR FSAR submittal (Docket No. 72 00°).

As discussed in Chapter 2, the HI STO MIPCs are identical to those utilized in the NRC aceepted
HI STAR System (Docket 71 1008 for storage). As such, many of the analysis methods utilized
herein for performing thermal evaluations cf the HI STORM PCs are identical to those already
aecepted f+r the H STAR System. Sp cificalr, the analysis methods fer ev+ uation fthe folewing
items Ewe ientical to those for the I STAR Sy-stem:

1. fuel assembl effectie thermal eenducit'
ii. WPC fiuel basket effective thermal crnductiiY*
;+i. MG fuel basket peripherl region effective thermal conductiiy
ii. alumifum heat endueion elements effective thermal conductivity
V. MPC internal cavity free volume
vi. MPG contents effective heat capacity and density
Vii. bounding fuel rod internal pannsurA and hoop stresses
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In addition, thermal properties for all materials common to both the I STORA and I STAR
syt ems are identieal, including tainkAes and aren steels, ziealcy; UO auminum alley 1 100,

orial, HLTe A, helium, air and paint.

The complete thermal analysis is performed using the industry standard ANSYS finite element
modeling package [4.1.1] and the finite volume Computational Fluid Dynamics (CFD) code
FLUENT [4.1.2]. ANSYS has been previously used and accepted by the NRC on numerous dockets
[4.4.10 ,4.V.5.a]. The FLUENT CFD program is independently benchmarked and validated with a
wide class of theoretical and experimental studies reported in the technical journals. Additionally,
Holtec has confirmed the code's capability to reliably predict temperature fields in dry storage
applications in a benchmarking report [4.1.5] using independent full-scale test data from a loaded
cask [4.1.3]. A series of Holtec topical reports, culminating in the Holtec Report: "Topical report on
the HI-STAR/HI-STORM t Thermal n Model and its We Benchmarking with f Full-Size s4o e Cask
t Test d Data" [4.1.5], Holtec Report HI 992252, Rev. 1, documents the comparison ofthe Holtec
thermal model against the H-size test data obtainedfrom a cask loaded with irradiatedfiel from
Surry nuclear reactor test data [4.1.3]. In this benchmarking report, FReferenee [4.4.3], the Holtec
thermal model is shown to overpredict the measured fuel cladding temperature by a modest amount
for every test set. In early 2000, PNL evaluated the thermal performance of HI-STORM 100 at
discrete ambient temperatures using the COBRA-SFS Code. (Summary report communicated by
T.E. Michener to J. Guttman (NRC staff) dated May 31, 2000 titled "TEMPEST Analysis of the
Utah ISFSI Private Fuel Storage Facility and COBRA-SFS Analysis of the Holtec HI-STORM 100
Storage System"). The above-mentioned tepieal benchmarking report has been updated to includes a
comparison of the Holtec thermal model results with the PNL solution. Onee again, which shows
that the Holtec thermal model is continues to be uniformly conservative., albeit by small margins.
The benchmarking of the Holtec thermal model [4.1.51 against the EPRI test data [4.1.31 and PNL
COBRA-SFS study validate the suitability of the thermal model employed to evaluate the thermal
performance of the HI-STORM 100 System in this document.
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4.2 SUMMARY OF THERMAL PROPERTIES OF MATERIALS

Materialst present in the MPCs include stainless steels (Alloy X), Bel-neutron absorber (Boral or
METAMIC), aluminum A"loy 1100 heat conduction clemcents, and helium. Materials present in the
HI-STORM storage overpack include carbon steels and concrete. Materials present in the HI-TRAC
transfer- cask include carbon steels, lead, Holtite-A neutron shield, and demineralized watert. In
Table 4.2.1, a summary of references used to obtain cask material properties for performing all
thermal analyses is presented.

Individual thermal conductivities of the alloys that comprise the AlloyX materials and the bounding
Alloy X thermal conductivity are reported in Appendix 1 .A of this report. Tables 4.2.2; and 4.2.3 ed
4.2.provide numerical thermal conductivity data of materials at several representative temperatures.
Thermal conductivity data for constituents of Boral me s (i.e., B4C core and aluminum
cladding) is provided in Table 4.2.8. Boral is a compressed neutron absorbing core clad with a thin
layer of aluminum on both sides. Because of its sandwich construction, its conduction properties are
directionally dependent (ie. non-isotropic). In contrast to Boral, METAMIC is a homogeneous
neutron absorbing material with a thermal conductivity that is higher than the Boral neutron
absorbing BC core (Figure 4.2.3) but lower than Boral's aluminum cladding. The equivalent
conductivity of a Boral panel, defined as the Square Root of the Mean Sum of Squares (SRMSS)
conductivity in two principal directions (through thickness and width) is closely matched by
METAMIC. Therefore, the two materials are considered equivalent in their heat transfer
performance.The tempefatur dependence efthe thermel eonduetiities efheum and ar is shoVw in
Figure41.-..

For the HI-STORM overpack, the thermal conductivity of concrete and the emissivity/absorptivity of
painted surfaces are particularly important. Recognizing the considerable variations in reported
values for these properties, we have selected values that are conservative with respect to both
authoritative references and values used in analyses on previously licensed cask dockets. Specific
discussions of the conservatism of the selected values are included in the following paragraphs.

As specified in Table 4.2.1, the concrete thermal conductivity is taken from Marks' Standard
Handbook for Mechanical Engineers, which is conservative compared to a variety of recognized
concrete codes and references. Neville, in his book "Properties of Concrete" ( Edition, 1996),
gives concrete conductivity values as high .as 21 Btu/(hrxftx0 F). For concrete with siliceous
aggregates, the type to be used in HI-STORM overpacks, Neville reports conductivities of at least 1.2
Btu/(hrxftx0F). Data from Loudon and Stacey, extracted from Neville, reports conductivities of

t Aluminum Alloy 1100 heat conduction elements installed in some early serial number MPCs (MPC-68 & MPC-
68F) are removed from the MPC design in Rev. 2 of the HI-STORM FSAR. Accordingly, all information and
discussion pertaining to Alloy 1100 material is deletedfiom this section.
t Waterfrom a primary source (e.g. lake or river)from which ionic impurities and precipitates have been removed.

-f For example, at 482F, the through-thickness and width direction conductivities of Boral (B4C thickness fraction =
0.82) is computed as 52.9 and 58.2 Btu/-hr-F respectively. The SRMSS conductivity = [52.92 + 5 8.2 2)/2]os is
55.61 BTUfl/hr-0F compared to lowerbound METAMIC conductivity (Figure 4.2.3) of 55.68 Btu/ft-hr-PF (at
4820F).
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0.980 to 1.310 Btu/(hrxftx0 F) for normal weight concrete protected from the weather. ACI-207. I R
provides thermal conductivity values for seventeen structures (mostly dams) at temperatures from
50-1507F. Every thermal conductivity value reported in ACI-207.IR is greater than the 1.05
Btu/(hrxftx0 F) value used in the HI-STORM thermal analyses.

Additionally, the NRC has previously approved analyses that use higher conductivity values than
those applied in the HI-STORM thermal analysis. For example, thermal calculations for the NRC
approved Vectra NUHOMS cask system (June 1996, Rev. 4A) used thermal conductivities as high as
1.17 Btu/(hrxftx°F) at I 000F. Based on these considerations, the concrete thermal conductivity value
stipulated for HI-STORM thermal analyses is considered to be conservative.

Holtite-A is a composite material consisting of approximately 37 wt0/o epoxy polymer, I wt0/o B4C
and 62 wt% Aluminum trihydrate. Thermal conductivity ofthe polymeric component is low because
polymers are generally characterized by a low conductivity (0.05 to 0.2 Btu/ft-hr-F). Addition of
fillers in substantial amounts raises the mixture conductivity up to a factor of ten. Thermal
conductivity of epoxy filled resins with Alumina is reported in the technical literature as
approximately 0.5 Btu/ft-hr-F and higher. In the HI-STORM FSAR, a conservatively postulated
conductivity of 0.3 Btulft-hr-PF is used in the thermal models for the neutron shield region (in the HI-
TRAC transfer cask). As the thermal inertia of the neutron shield is not credited in the analyses, the
density and heat capacity properties are not reported herein.

Surface emissivity data for key materials of construction are provided in Table 4.2.4. The emissivity
properties of painted external surfaces are generally excellent. Kern [4.2.5] reports an emissivity
range of 0.8 to 0.98 for a wide variety of paints. In the HI-STORM thermal analysis, an emissivity of
0.85" is applied to painted surfaces. A conservative solar absorptivity coefficient of 1.0 is applied to
all exposed overpack surfaces.

In Table 4.2.5, the heat capacity and density of the differet MPC, overpack and CSF materials are |
presented. These properties are used in performing transient (i.e., hypothetical fire accident
condition) analyses. The temperature depeadenca of the viscosities of helium and air are provided in|
Table .2.6 and pletted in Figufra .2..

The heat transfer coefficient for exposed surfaces is calculated by accounting for both natural
convection and thermal radiation heat transfer. The natural convection coefficient depends upon the
product of Grashof (Gr) and Prandtl (Pr) numbers. Following the approach developed by Jakob and

t 'PrinieplesePrinciples of Polymer Systems", F. Rodriguez, Hemisphere Publishing Company
(Chapter Io).

tt 'This is conservative with respect to prior cask industry practice, which has historicallyutilized
higher emissivities. For example, a higher emissivity for painted surfaces (E = 0.95) is used in
the previously licensed TN-32 cask TSAR (Docket 72-1021).
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Hawkins 4.2.9], the product GrxPr is expressed as L3ATZ, where L is height ofthe overpack, AT is
overpack surface temperature differential and Z is a parameter based on air properties, which are
known functions of temperature, evaluated at the average film temperature. The temperature
dependence of Z is provided in Table 4.2.7.
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Table 4.2.1

SUMMARY OF HI-STORM SYSTEM MATERIALS
THERMAL PROPERTY REFERENCES

Material Emissivity Conductivity Density Heat Capacity

Helium N/A Handbook Handbook
Helium N/A [4.2.2] Ideal Gas Law [4.2.2]

Air N/A Handbook Ideal Gas Law Handbook
Air N/A ~~~~~~~[4.2.21 IelGsLw[4.2.2]

EPRI NUREGV
Zircaloy [423 [42-] Rust [4.2.4] Rust [4.2.4]

[4.2.3] [4.2.6], [4.2.7] _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

U0 2 Not Used NR Rust [4.2.4] Rust [4.2.4]
_______ _______ [4.2.6], [4.2.7 1 _ _ _ _ _ _ _ _ _ _ _ _ _ _

Stainless Steel Kern [4.2.5] ASME [4.2.8] Marks' [4.2.1] Marks' [4.2.1]

Carbon Steel Kern [4.2.5] ASME [4.2.8] Marks' [4.2.1] Marks' [4.2.1]

Boralt Not Used Test Data Test Data Test Data

Holtite-A* Not Used Value Used Not Used Not Used

Concrete Not Used Marks' [4.2.1] Marks' [4.2.1 d[4.2.2o

Lead Not UsedHandbook Handbook HandbookLead Not Used [4.2.2] [4.2.2] [4.2.2]

Water Not Used ASME [4.2.10] ASME [4.2.10] ASME [4.2.10]

Aluminfum
Alley 14-OO Handbeek

(Oieen4l Heat E1.2.2]S AS -f4.21 ASM 4.184

Eefdaemoe

METAMIC Not Used Test Data Test Data Test Data

t AAR Structures Boral thermophysical test data.

From neutron shield manufaeturcr's data [1.2.1 1].

* Test data provided by METAMIC Inc.

I
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Table 4.2.2

SUMMARY OF HI-STORM SYSTEM MATERIALS
THERMAL CONDUCTIVITY DATA

Material @ 2000F : 4500 F @ 7000 F

(Btulft-hr-0F) (Btulft-hr-°F) (Btulft-hr-0F)
Heliumn 0.0976 0.1289 0.1575

Airtt 0.0173 0.0225 0.0272

AlloyX 8.4 9.8 11.0

Carbon Steel 24.4 23.9 22.4

Concrete$ 1.05 1.05 1.05

Lead 19.4 17.9 16.9

Water 0.392 0.368 N/A

tt At lower temperatures, Air conductivity is between 0.0139 Btu/fi-hr-OF (at 320F) and
0.0176 Btu/ft-hr-0F- at 212 0F.

tt Assumed constant for the entire range of temperatures.
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Table 4.2.3

SUMMARY OF FUEL ELEMENT COMPONENTS
THERMAL CONDUCTIVITY DATA

Zircaloy Cladding Fuel WU0 2 )

Temperature (0F) Conductivity Temperature (F) Conductivity

(Btu/ft-hr-0F) (Btu/R-hr--F)

392 8.28t 100 3.48

572 8.76 448 3.48

752 9.60 570 3.24

932 10.44 793 2.28t

Lowest values of conductivity used in the thermal analyses for conservatism.
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Table 4.2.4

SUMMARY OF MATERIALS SURFACE EMISSIVrTY DATA

Material Emissivity -

Zircaloy 0.80

Painted surfaces 0.85

Stainless steel 0.36

Carbon Steel 0.66

Sandblasted Aluminum Q.0 AO I

Note: The emissivity of a metal surface is a function ofthe surface finish. In general, oxidation ofa
metal surface increases the emissivity. As stated in Marks' Standard Handbook for Mechanical
Engineers: "Unless extraordinary pains are taken to prevent oxidation, however, a metallic surface
may exhibit several times the emittance or absorptance of a polished specimen." This general
statement is substantiated with a review of tabulated emissivity data from several standard
references. These comparisons show that oxidized metal surfaces do indeed have higher emissivities
than clean surfaces.
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Table 4.2.5

DENSITY AND HEAT CAPAClTY PROPERTIES SUMMARY

Material Density (lbm/ft3) Heat Capacity (Btu/lbm-0 F)

Helium (Ideal Gas Law) 1.24

Zircaloy 409 0.0728

Fuel (UO2) 684 0.056

Carbon steel 489 0.1

Stainless steel 501 0.12

Boral 154.7 0.13

Concrete 14 2 t 0.156

Lead 710 0.031

Water 62.4 0.999

Aluminum Alloy 1100 4.699
(Optional Hloat Conduction

METAMIC 163.4 -166.6 0.22- 0.29

A tnium allewablc density for eenert i specified as 146 (1 1 8 TTSWRN
Ocrpack Scrial Numbers 1 through 7) and 155 lbfi (WI STORM Ovcrpack Scrial
Number 8 onward) in Appcedix 1.D. For conservatism in transient heatup calculations,
the density is understated. a wer value is specified here.
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Table 4.2.6

GASES VISCOSITYt VARIATION WITH TEMPERATURE

Temperature Helium Viscosity Temperature Air Viscosity
(OF) (Micropoise)(t (Mcropoise)

167.4 220.5 32.0 172.0

200.3 228.2 70.5 182.4

297.4 250.6 260.3 229.4

346.9 261.8 _ _ _

463.0 288.7 -

537.8 299.8

737.6 338.8

t Obtained from Rohsenow and Hartnett [4.2.2].

tt This data is also provided in graphical form in Figure 4.2.2.
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Table 4.2.7

VARIATION OF NATURAL CONVECTION PROPERTIES
PARAMETER "T' FOR AIR WITH TEMPERATUREt

Temperature (0F) Z (ft3 Fy)

40 2.1xl 06

140 9.0x105

240 4.6x105

340 2.6x105

440 i.Sx105

t Obtained from Jakob and Hawkins [4.2.9].
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- Table 4.2.8

BORAL COMPONENT MATERIALSt
THERMAL CONDUCTIVITY DATA

Temperature (F) B4C Core Conductivity Aluminum Cladding
(Btulft-hr-0F) Conductivity (Btuft-hr-0F)

212 48.09 100.00

392 48.03 104.51

572 47.28 - 108.04

752 46.35 109.43

Both B4C and aluminum cladding thermal conductivity values are obtained from AAR
Structures Boral thermophysical test data.
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Table 4.2.9

[INTENTIONALLYDELETED]
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FIGURES 42.1 and 4.2.2
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4.3 SPECIFICATIONS FOR COMPONENTS

HI-STORM System materials and components designated as "Important to Safety" (i.e., required to
be maintained within their safe operating temperature ranges to ensure their intended function) which
warrant special attention are summarized in Table 4.3.1. The neutron shielding ability ofHoltite-A
neutron shield material used in the HI-TRAC esite transfer cask everpaek is ensured by
demonstrating that the material exposure temperatures are maintained below the maximum allowable
limit. Long-term integrity of SNF is ensured by the HI-STORM System thermal evaluation which
demonstrates that performance that demonstrates that fuel cladding temperatures are maintained
below design basis limits. Neutron absorber materials Bel- used in MPC baskets for criticality
control ( composite material composed of made from B4C and aluminum) is- are stable up to
1 0000Ff for hort term and °50F fr long term dy sag However, for conservatism, a
significantly lower mayiium temperature limit is specified for thermal evaluation. ipese. The
overpack concrete, the primary function of which is shielding, will maintain its structural, thermal
and shielding properties provided that the regulatory eioeCente ntie AC) temperature
limits [4.4.10] are not exceeded.

Compliance to OCFR72 requires, in part, identification and evaluation of short-term off-normal and
severe hypothetical accident conditions. The inherent mechanical stabily characteristics of cask
materials and components ensure that no significant functional degradation is possible due to
exposure to short-term temperature excursions outside the normal long-term temperature limits. For
evaluation of HI-STORM System thermal performance material temperature limitsfor tnder long
term normal, short term operations, off-normal er and hypethetieal accident conditions mateial
temperature limits for short duration events are provided in Table 4.3.1. In Table 4.3.1, cladding
temperature limits stipulated by ISG-11, Rev. 2 [4.1.4] are adopted for Commercial Spent Fuel
(CSF). These limits are applicable to all fuel types, burnup levels and cladding materials that are
approved by the NRCfor power generation. Subsections 4.3.1 through 4.3.3 and their associated
figures and tables are therefore no longer needed and are deleted in their entirety.

4.3.1 Subsection Intentionally Deleted

4.3.2 Subsection Intentionally Deleted

4.3.3 Subsection Intentionally Deleted

t B4C is a refractory material that is unaffected by high temperature (on the order of 10007F) and
aluminum is solid at temperatures in excess of 1000F.
- A-A*v..i.dixed Structures Sra. thefmephysical test dcta.
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Table 4.3.1

HI-STORM SYSTEM MATERIAL TEMPERATURE LIMITS

Material Normal Long-Term Short Term Operations,
Temperature Limits F] Off-Normal andAccident

Temperature Limits 10F1
Zircale fle cladding ?Iudea4 e$ Bumup) 752 (Short Term Operations)

CSF Cladding (Zirconium See Table 4.37 1058 (Off-Normal and
alloys and Stainless Steel) 752 Accident)

Stainesd steel fuil ladding 064

Boralx Neutron Absorber 800 950

Holtite-A...3wNI 30Q 350 (Short Term
Holtite-Att N/A Operations)

Concrete 2W 300 350

Water 30 NA 307** (Short Term
Operations)

N/A (Off-Normal and
Accident)

High burup fu ! steAea limi+t ar stablished in Appndix .A.

Bascd n AAR Streture Bara' therrnzphyieal test dat.

ttf See Section 1.2.1.3.2.

** Saturation temperature at HI- TRAC water jacket design pressure.

I.
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Tables 4.3.2 through 4.3.9 are intentionally deleted.
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FIGURES 4.3.1 THROUGH 4.3.4
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4.4 THERMAL EVALUATION FOR NORMAL CONDITIONS OF STORAGE

Under long-term storage conditions, the 1-STORM System (i.e., El-STORM overpack and MPC)
thermal evaluation is performed with the MPC cavity backfilled with helium. The details of the
thermal models, analyses and results for long term storage scenarios are presented in this section. An
overview of the methodology for characterizing the thermal-hydraulic properties of the MPC and a
description ofthe global rn-STORM model used for obtaining the H-STORM temperature field are
provided. The modeling details are discussed in Subsections 4.4.1.1.2 through 4.4.1.1.9. As
discussed in Subsection 4.0.1, the El-STORM model incorporates the "coupled-fluid" approach
needed to solve the thermo-fluid interaction of two fluids in the H-STORM system, viz. air in the
annulus and helium in the MPC.

4.4.1 Thermal Model

The MPC basket design consists ofthree distinct geometries to hold 24 or 32 PWR, or 68 BWR fuel
assemblies. The basket is a matrix of square compartments designed to hold the fuel assemblies in a
vertical position. The basket is a honeycomb structure of alloy steel (Alloy X) plates with fall-length
edge-welded intersections to form an integral basket configuration. All individual cell walls, except
outer periphery cell walls -in the MPC-68 and MPC-32, are provided with neutron absorber
sandwiched between the box wall and a stainless steel sheathing plate over the full length of the
active fuel region.

To ensure a robust margin in the H-STORM system, the MPC property characterizations employ a
composite of limiting thermal-hydraulic characteristics among each of two fuel classes (PWR and
BWR fuel). These characteristics are: (a) An upperbound planar thermal resistance, (b) a lowerbound
axial thermal conductivity and (c) an upperbound axial flow resistance. The fuel types that obtain the
limiting result for each of the three characteristics (a), (b) and (c) above are listed below for ready
reference.

1) Fuel Class: PWR Fuel
(a) Planar thermal resistance: W 17xl7 OFA
(b) Axial thermal conductivity. W 14x14 OFA
(c) Axial flow resistance: B&W 15x15

11) Fuel Class: BWR Fuel
(a) Planar thermal resistance: GE-1 1 9x9
(b) Axial thermal conductivity: GE 7x7
(c) Axial flow resistance: GE-12/14 l0xl0

The design basis decay heat generation (Qd) is defined in Table 4.4.39. The decay heat is
conservatively considered to be non-uniformly distributed over the active fuel length based on the
design basis axial burnup distributions provided in Chapter 2 (Table 2.1.11).
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4.4.1.1 Anatical Model - General Remarks

Transport of heat from the heat generation region (fuel assemblies) to the outside environment
(ambient air or ground) is analyzed broadly in using three thermal models.

1. The first model considers transport of heat from the fuel assembly to the basket cell walls.
This model recognizes the combined effects of conduction (through helium) and radiation,
and is essentially a finite element technology based update ofthe classical Wooton & Epstein
14.4.1] formulation (which considered radiative heat exchange between fuel rod surfaces).

2. The second model considers heat transport within an MPC fuel basket cross section by
conduction and radiation. The effective cross sectional thermal conductivity of the basket
region, obtained from a combined fuel assembly/basket heat conduction-radiation model
developed on ANSYS, is applied to an axisymmetric thermal model of the HI-STORM
System on the FLUENT [4.1.2] code. To model MPC internal convection heat transfer, the
fuel basket is rendered as a porous media having effective flow resistance characteristics.

3. The third model deals with the transmission of heat from the MPC exterior surface to the
external environment (heat sink). The upflowming air stream in the MPC/cask annulus extracts
most ofthe heat from the external surface ofthe MPC, and a small amount of heat is radially
deposited on the HI-STORM inner surface by conduction and radiation. Heat rejection from
the outside cask surfaces to ambient air is considered by accounting for natural convection
and radiative heat transfer mechanisms from the vertical (cylindrical shell) and top cover
(flat) surfaces. The reduction in radiative heat exchange between cask outside vertical
surfaces and ambient air, because of blockage from the neighboring casks arranged for
normal storage at an ISFSI pad as described in Section 1.4, is recognized in the analysis. The
overpack top plate is modeled as a heated surface in convective and radiative heat exchange
with air and as a recipient of heat input through insolation. Insolation on the cask surfaces is
based on 12-hour levels prescribed in IOCFR7l, averaged over a 24-hour period, after
accounting for partial blockage conditions on the sides of the overpack.

Subsections 4.4.1.1.1 through 4.4.1.1.9 contain a description of the mathematical models devised to
articulate the temperature field in the HI-STORM System. The description begins with the method to
characterize the heat transfer behavior of the prismatic (square) opening referred to as the "fuel
space" with a heat emitting fuel assembly situated in it. The methodology utilizes a finite element
procedure to replace the heterogeneous SNF/fuel space region with an equivalent solid body having a
well-defined temperature-dependent conductivity. In the following subsection, the method to replace
the "composite" walls of the fuel basket cells with an equivalent "solid" wall is presented. Having
created the mathematical equivalents for the SNF/fuel spaces and the fuel basket walls, the method
to represent the MPC cylinder containing the fuel basket by an equivalent cylinder whose thermal
conductivity is a function of the spatial location and coincident temperature is presented.

Following the approach of presenting descriptions starting from the inside and moving to the outer
region of a cask, the next subsections present the mathematical model to simulate the overpack.

.1,
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Subsection 4.4.1.1.9 concludes the presentation with a description of how the different models for
the specific regions within the HI-STORM System are assembled into the final FLUENT model.

4.4.1.1.1 Overview of the Thermal Model

Thermal analysis of the HI-STORM System is performed by assuming that the system is subject to
its maximum heat duty with each storage location occupied and with the heat generation rate in each
stored fuel assembly equal to the design-basis maximum value. While the assumption of equal heat
generation imputes a certain symmetry to the cask thermal problem, the thermal model must
incorporate three attributes of the physical problem to perform a rigorous analysis of a fully loaded
cask, namely:

i. While the rate of heat conduction through metals is a relatively weak function of
temperature, radiation heat exchange is a nonlinear function of surface temperatures.

ii. Heat generation in the MPC is axially non-uniform due to non-uniform axial bumup
profiles in the fuel assemblies.

iii. Inasmuch as the transfer of heat occurs from inside the basket region to the outside,
the temperature field in the MPC is spatially distributed with the maximum values
reached in the central core region.

The cross section bounded by the inside of the storage cell, which surrounds the assemblage of fuel
rods and the interstitial helium gas, is replaced with an equivalent" square (solid) section
characterized by an effective thermal conductivity. Figure 4.4.1 pictorially illustrates the
homogenization concept. Further details ofthis procedure for determining the effective conductivity
are presented in Subsection 4.4.1.1.2; it suffices to state here that the effective conductivity of the
cell space will be a function of temperature because the radiation heat transfer (a major component of
the heat transport between the fuel rods and the surrounding basket cell metal) is a strong function of
the temperatures of the participating bodies. Therefore, in effect, every storage cell location will have
a different value of effective conductivity (depending on the coincident temperature) in the
homogenized model. The temperature-dependent fuel assembly region effective conductivity is
determined by a finite volume procedure, as described in Subsection 4.4.1.1.2.

In the next step of homogenization, a planar section of an MPC fuel basket is considered. With each
storage cell inside space replaced with an equivalent solid square, the MPC cross section consists of
a metallic gridwork (basket cell walls with each square cell space containing a solid fuel cell square
of effective thermal conductivity, which is a function of temperature) . There are four distinct
materials in this section, namely the homogenized fuel cell , the Alloy X structural materials
(including neutron absorber sheathing), neutron absorber, and helium gas. Each of the four
constituent materials in this section has a different conductivity. It is emphasized that the
conductivity of the homogenized fuel cells is a strong function of temperature.

In order to replace this thermally heterogeneous MPC fuel basket section with an equivalent
conduction-only region, resort to the finite element procedure is necessary. Because the rate of
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transport of heat within the MPC fuel basket is influenced by radiation, which is a temperature-
dependent effect, the equivalent conductivity of the MC fuel basket region must also be computed
as a function of temperature. Finally, it is recognized that the MPC section consists of two discrete
regions, namely, the fuel basket region and the peripheral region. The peripheral region is the space
between the peripheral storage cells and the MPC shell. This space is essentially full of helium
surrounded by Alloy X plates. Accordingly, as illustrated in Figure 4.4.2 for MPC-68, the MPC cross
section is replaced with two homogenized regions with temperature-dependent conductivities. In
particular, the effective conductivity ofthe fuel cells is subsumed into the equivalent conductivity of
the basket cross section. The finite element procedure used to accomplish this is described in
Subsection 4.4.1.1.4. The ANSYS finite element code is the vehicle for all modeling efforts
described in the foregoing.

In summary, appropriate finite-element models are used to replace the MPC cross section with an
equivalent two-region homogeneous conduction lamina whose local conductivity is a known
function of coincident absolute temperature. Thus, the WC cylinder containing discrete fuel
assemblies, helium, neutron absorber and Alloy X, is replaced with a right circular cylinder whose
material conductivity will vary with radial and axial position as a finction of the coincident
temperature. The thermal modeling duly recognizes the MPC as a non-isotropic 3-D conduction
media. I particular, the MPC fuel basket in-plane conductivity and the axial conductivity differ
considerably. This is because while in-plane heat transfer is interrupted by gaps, in the axial direction
heat flows in an uninterrupted manner in the fuel rods, the fuel cell walls and neutron absorber
plates. Accordingly, the thermal properties of the MPC fuel basket continuum are characterized by
two conductivities:

(i) Planar conductivity (K,) as a function of temperature
(ii) Axial conductivity (K,,) as a function of temperature

The procedure for computing K, and K. is described in Subsection 4.4.1.1.4. As stated earlier in this
section, the MPC thermal property evaluations conservatively employ limiting fuel types for
computing K, and K.. These limiting fuel types are listed earlier in Subsection 4.4.1. Finally, to
model internal convection in the MPC, the fuel storage cells are rendered as porous media having
effective pressure drop characteristics. The methodology for modeling flow resistance is discussed
next.

For simulating the flow resistance of fuel cells, the FLUENT porous media pressure drop model is
employed. In this model, pressure drop is computed (in MKS units) as follows:

L a 2r)

where:
AP/L is pressure drop per unit length (Pa/m)
V is superficial fluid velocity (mis)
1g is fluid viscosity glm-s)
p is fluid density (k/rm3 )
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a is permeability parameter (in2 )
C is inertial resistance factor (wf')

The PWR and BWR fuel assemblies occupying the fuel cells in an MPC are essentially an array of
regularly spaced fuel rods supported by an open grid structure at discrete locations. From basic
hydraulics, pressure drop in a fuel cell is obtained as the sum of two parts: (i) frictional loss from the
array of fuel rods and (ii) pressure losses from fluid contractions and expansions at the grid locations.
For maximizing frictional losses, the thermal analysis employs the limiting fuel type for which the
smallest hydraulic diameter is obtained. For maximizing grid spacer flow resistances, two
assumptions are employed:

a) Spacers are a gridwork of thick (0.05 inch) plates
b) Bounding expansion and contraction loss factors are used

The first assumption above understates flow area at the grid spacer location and the second
assumption overstates hydraulic losses. Together the assumptions ensure a substantial conservatism
in the fuel assembly pressure drop characteristics.

Employing basic principles of fluid mechanics, the frictional and grid hydraulic losses are
computed and appropriate values of the parameters (a and C) in the porous media pressure drop
model obtained. The flow resistances are computed for the limiting fuel tVpett in each class
(PWR or BWR fuel). The limiting fuel types were listed earlier in Section 4.1.1. The principal
steps for computing "a" and "C" are provided next.

Step 1: Compute Hydraulic Diameter (Did
4Af

Do =

where:
Af is cell flow area (cell opening area minus area of fuel rods) -

WP is wetted perimeter (sum of rods circumference and cell walls perimeter)

Step 2: Compute Porosity (e)

A,

A.

where A, is cell area defined by the square of cell pitch

Step 3: Compute "a"

eD~
-32

t The limiting fiel type has the smallest hydraulic diameter.
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Step 4: Compute Cumulative Grids Loss Factor (K)

K=N(Kc+Ke)
where:

N is number of flow grids
Kc is flow contraction coefficient
Ke is expansion coefficient

Step 5: Compute"C"

K

where:
L is fuel cell length
eg is ratio of grids flow area to cell area Ao

The porous media pressure model described in the foregoing is benchmarked with proprietary
pressure drop data to confirm that the model predictions are conservative. As stated previously, the
flow resistance parameters (a and C) are obtained for the limiting fuel type in each class (PWR or
BWR fuel) for use in the HI-STORM thermal evaluations.

Internal circulation of helium in the sealed MPC is modeled as flow in a porous media in the fueled
region containing the SNF (including top and bottom plenums). The basket-to-MPC shell clearance
space is modeled as a helium filled radial gap to include the downcomer flow in the thermal model.
The downcomer region, as illustrated in Figure 4.4.2, consists of an azimuthally varying gap formed
by the square-celled basket outline and the cylindrical MPC shell. At the locations of closest
approach a differential expansion gap (a small clearance on the order of 1/10 of an inch) is
engineered to allow free thermal expansion of the basket. At the widest locations, the gaps are on the
order of the fuel cell opening (-6" (BWR) and -9" (PWR) MPCs). It is heuristically evident that heat
dissipation by conduction is maximum at the closest approach locations (low thermal resistance path)
and that convective heat transfer is highest at the widest gap locations (large downcomer flow). In
the FLUENT thermal model, a radial gap that is large compared to the basket-to-shell clearance and
small compared to the cell opening is used. As a relatively large gap penalizes heat dissipation by
conduction and a small gap throttles convective flow, the use of a single gap in the FLUENT model
understates both conduction and convection heat transfer in the downcomer region.
In this manner, a loaded MPC standing upright on the ISFSI pad in a HI-STORM overpack is
replaced in the model as a right circular cylinder with spatially varying temperature-dependent
conductivity. Heat is generated within the basket space in this cylinder in the manner of the
prescnbed axial burnup distribution. In addition, heat is deposited from insolation on the external
surface of the overpack. Under steady state conditions the total heat due to internal generation and
insolation is dissipated from the outer cask surfaces by natural convection and thermal radiation to
the ambient environment and from heating of upward flowing air in the annulus. Details of the
elements of mathematical modeling are provided in the following.
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4.4.1.1.2 Fuel Region Effective In-Plane Thermal Conductivity Calculation

Thermal properties of a large number of PWR and BWR fuel assembly configurations manufactured
by the major fuel suppliers (i.e., Westinghouse, CE, B&W, and GE) have been evaluated for
inclusion in the HI-STORM System thermal analysis. Bounding PWR and BWR fuel assembly
configurations are determined through a screening process using the simplified procedure described
below. This is followed by the determination of temperature-dependent properties for the bounding
PWR and BWR fuel assembly configurations to be used for cask thermal analysis using a finite
volume (FLUENT) approach.

To determine which ofthe PWR assembly types listed in Table 4.4.1 should be used in the thermal
model for the PWR fuel baskets (MPC-24, MPC-24E, MIPC-32), we first establish which assembly
type has the maximum in-plane thermal resistance. The same determination is made for the MPC-
68, out of the SNF types listed in Table 4.4.2. For this purpose, we utilize a simplified procedure
that we describe below.

Each fuel assembly consists of a large array of fuel rods typically arranged on a square layout. Every
fuel rod in this array is generating heat due to radioactive decay in the enclosed fuel pellets. There is
a finite temperature difference required to transport heat from the innermost fuel rods to the storage
cell walls. To identify the CSF with the highest in-plane thermal resistance the model proposed by
Wooton and Epstein [4.4. 1] is used.

According to (4.4.11, transport of heat energy within any cross section of a fuel assembly occurs
through a combination of radiative energy exchange and conduction through the helium gas that fills
the interstices between the fuel rods in the array. With the assumption of uniform heat generation
within any given horizontal cross section of a fuel assembly, the combined radiation and conduction
heat transport effects result in the following heat flow equation:

Q= CoFeA[Tc Ts4]+l35740LK[Tc-TS]

where:
F = Emissivity Factor

( -+-1)
Cc B

5 c, cB = emissivities of fuel cladding, fuel basket (see Table 4.2.4)
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C. = Assembly Geometry Factor
4N

- (when N is odd)
(N +)

4 (when N is even)
N+2

N = Number of rows or columns of rods arranged in a square array
A = fuel assembly "box" heat transfer area = 4 x width x length
L = fuel assembly length
K. = fuel assembly constituent materials volume fraction weighted mixture conductivity
Tc= hottest fuel cladding temperature (OR)
TB = box temperature (OR)
Q = net radial heat transport from the assembly interior
a = Stefan-Boltzmann Constant (0.1714x104 Btu/ft2 -hr-oR4 )

In the above heat flow equation, the first term is the Wooten-Epstein radiative heat flow contribution
while the second term is the conduction heat transport contribution based on the classical solution to
the temperature distribution problem inside a square shaped block with uniform heat generation
[4.4.5]. The 13.574 factor in the conduction term of the equation is the shape factor for two-
dimensional heat transfer in a square section. Planar fuel assembly heat transport by conduction
occurs through a series of resistances formed by the interstitial helium fill gas, fuel cladding and
enclosed fuel. An effective planar mixture conductivity is detexminedby a volume fraction weighted
sum of the individual constituent material resistances. For BWR assemblies, this formulation is
applied to the region inside the fuel channel. A second conduction and radiation model is applied
between the channel and the fuel basket gap. These two models are combined, in series, to yield a
total effective conductivity.

The effective conductivities of the fuel types for several representative PWR and BWR assemblies
are presented in Tables 4.4.1 and 4.4.2. At highertemperatures (approximately 4500F and above), the
zircaloy clad fuel assemblies with the lowest effective thermal conductivities are the W-17xl 7 OFA
(PWR) and the GEI 1-9x9 (BWR). Based on this simplified analysis, the W-17x17 OFA PWR and
GEII-9x9 BWR fuel assemblies are determined to be the bounding fuel types for planar
conductivity of zircaloy clad fuel.

Having established the governing (most resistive) PWR and BWR SNF types, we use a finite-volume
code to determine the effective conductivities in a rigorous manner. Detailed conduction-radiation
finite-volume models of the bounding PWR and BWR fuel assemblies developed on the FLUENT
code are shown in Figures 4.4.3 and 4.4.4, respectively. As discussed later in this subsection, the
models depicted in these figures have been benchmarked with results from independent technical
sources to confirm that they yield conservative results.

The combined fuel rods-helium matrix is replaced by an equivalent homogeneous material that fills
the basket opening by the following two-step procedure. In the first step, the FLUENT-based fuel
assembly model is solved by applying equal heat generation per unit length to the individual fuel
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rods and a uniform boundary temperature along the basket cell opening inside periphery. The
temperature difference between the peak cladding andboundarytemperatres is used to determine an
effective conductivity as described in the next step. For this purpose, we consider a two-dimensional
cross section of a square shaped block with an edge length of 2L and a uniform volumetric heat
source (qg), cooled at the periphery with a uniform boundary temperature. Under the assumption of
constant material thermal conductivity (K), the temperature difference (AT) from the center of the
cross section to the periphery is analytically given by (4.4.5]:

2

AT= 0.29468 4 L
K

This analytical formula is applied to determine the effective material conductivity from a known
quantity of heat generation applied in the FLUENT model (smeared as a uniform heat source, qg)
basket opening size and AT calculated in the first step.

As discussed earlier, the effective fuel space conductivity must be a function of the temperature
coordinate. The above two-step analysis is carried out for a number of reference temperatures. In this
manner, the effective conductivity as a function of temperature is established.

Temperature-dependent effective conductivities of PWR and BWR design basis fuel assemblies
(most resistive SNF types) are shown in Figure 4.4.5. The finite volume results are also compared to
results reported from independent technical sources. From this comparison, it is readily apparent that
FLUENT-based fuel assembly conductivities are conservative. The FLUENT computed values (not
the published literature data) are used in the MPC thermal analysis presented in this document.

4.4.1.1.3 Effective Thermal Conductivity of Neutron Absorber/Sheathin /Ba Wal Sandwich

Each MPC basket cell wall (except the MPC-68 and MPC-32 outer periphery cell walls) is
manufactured with a neutron absorbing plate for criticality control. Each neutron absorber plate is
sandwiched in a sheathing-to-basket wall pocket. A schematic ofthe "Box Wall- Neutron absorber-
Sheathing" sandwich geometry of an MPC basket is illustrated in Figures 4.4.6 and 4.4.7. During
fabrication, a uniform normal pressure is applied to each 'Box Wall-Neutron Absorber-Sheathing"
sandwich in the assembly fixture during welding of the sheathing periphery on the box wall. This
ensures adequate surface-to-surface contact for elimination of any macroscopic gaps. The mean
coefficient of linear expansion of the neutron absorber is higher than the thermal expansion
coefficients ofthe basket and sheathing materials. Consequently, basket heat-up from the stored SNF
will further ensure a tight fit of the neutron absorber plate in the sheathing-to-box pocket. The
presence of small microscopic gaps due to less than perfect surface finish characteristics requires
consideration of an interfacial contact resistance between the neutron absorber and box-sheathing
surfaces. A conservative contact resistance resulting from a 2 mil neutron absorber to pocket gap is
applied in the analysis. In other words, no credit is taken for the interfacial pressure between neutron
absorber and stainless plate/sheet stock produced by the fixturing and welding process.
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Heat conduction properties of a composite 'SBox Wall- Neutron absorber-Sheathing" sandwich in the
two principal basket cross sectional directions as illustrated in Figure 4.4.6 (i.e., lateral "out-of-
plane" and longitudinal "in-plane") are unequal. In the lateral direction, heat is transported across
layers of sheathing, - helium gap, neutron absorber and box wall resistances that are essentially in
series (except for the small helium filled end regions shown in Figure 4.4.7). Heat conduction in the
longitudinal direction, in contrast, is through an array of essentially parallel resistances comprised of
these several layers listed above. For the ANSYS based MPC basket thermal model, corresponding
non-isotropic effective thermal conductivities in the two orthogonal sandwich directions are
determined and applied in the analysis.

These non-isotropic conductivities are determined by constructing two-dimensional finite-element
models of the composite "Box Wall- Neutron Absorber-Sheathing" sandwich in ANSYS. A fixed
temperature (T) is applied to one edge of the model and a fixed heat flux is applied to the other
edge, and the model is solved to obtain the average temperature (Th) of the fixed-flux edge. The
equivalent thermal conductivity is the obtained using the resulting temperature difference across the
sandwich as input to a one-dimensional Fourier equation as follows:

qxL

where:
Keff = effective thermal conductivity
q = heat flux applied in the ANSYS model
L = ANSYS model heat transfer path length
Th = ANSYS calculated average edge temperature
T. = specified edge temperature

The heat transfer path length will vary, depending on the direction oftransfer (i.e., in-plane or out-of-
plane).

4.4.1.1.4 Modeling of Fuel Basket Conductive Heat Transport

The total conduction heat rejection capability of a fuel basket is a combination of planar and axial
contributions. These component contributions are calculated independently for each MPC basket
design and reported herein.

The planar heat rejection capability of each MPC basket design (i.e., vPC-24, MPC-68, MPC-32
and MPC-24E) is evaluated by developing a thermal model of the combined fuel assemblies and
composite basket walls geometry on the ANSYS finite element code. The ANSYS model includes a
geometric layout of the basket structure in which the basket "Box Wall- Neutron Absorber-
Sheathing" sandwich is replaced by a "homogeneous wall" with an equivalent thermal conductivity.
Since the thermal conductivity of the Alloy X material is a weakly varying function of temperature,
the equivalent "homogeneous wall" will have a temperature-dependent effective conductivity.
Similarly, as illustrated in Figure 4.4.7, the conductivities in the "in-plane" and "out-of-plane"
directions ofthe equivalent "homogeneous wall" are different. Finally, as discussed earlier, the fuel
assemblies and the surrounding basket cell openings are modeled as homogeneous heat generating
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regions with an effective temperature dependent in-plane conductivity. The methodology used to
reduce the heterogeneous MPC basket - fuel assemblage to equivalent thermal properties in the in-
plane and axial directions is discussed in this subsection.

(i) In-Plane Conductivity of the Fuel Basket

Consider a cylinder of height, L, and radius, r, with a uniform volumetric heat source term, qg,
insulated top and bottom faces, and its cylindrical boundary maintained at a uniform temperature, T¢.
The maximum centerline temperature (Th) to boundary temperature difference is readily obtained
from classical one-dimensional conduction relationships (for the case-of a conducting region with
uniform heat generation and a constant thermal conductivity K.):

(Th - T.) = q. r02/(4 K.)

Noting that the total heat generated in the cylinder (Q.) is mr2 L qp the above temperature rise
formula can be reduced to the following simplified form in terms of total heat generation per unit
length (Q/L):

(Th - Te) (Qt /L)/ (4 7x K.) :

This simple analytical approach is employed to determine an effective basket cross-sectional
conductivity by applying an equivalence between the ANSYS finite element model ofthe basket and
the analytical case. The equivalence principle employed in the thermal analysis is depicted in Figure
4.4.2. The 2-dimensional ANSYS finite element model of the UPC basket is solved by applying a
uniform heat generation per unit length in each basket cell region (depicted as Zone 1 in Figure
4.4.2) and a constant basket periphery boundary temperature, T .Noting that the basket region with
uniformly distributed heat sources and a constant boundary temperature is equivalent to the
analytical case of a cylinder with uniform volumetric heat source discussed earlier, an effective MPC
basket conductivity (Kef) is readily derived from the analytical formula and ANSYS solution leading
to the following relationship:

Kff= N (Qf/L) I(4 [Th - Tc ])

where:
N - number of fuel assemblies
(Qr'/L) = per fuel assembly heat generation per unit length applied in ANSYS model
Th = peak basket cross-section temperature from ANSYS model

Cross sectional views of MPC basket ANSYS models are depicted in Figures 4.4.9 and 4.4.10.
Temperature-dependent equivalent thermal conductivities of the fuel regions and composite basket
walls, as determined from analysis procedures described earlier, are applied to the ANSYS model.
The planar ANSYS conduction model is solved by applying a constant basket periphery temperature
with uniform heat generation in the fuel region. The equivalent planar thermal conductivity values
are lower bound values because, among other elements of conservatism, the effectiveconductivity of
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the most resistive SNF types as stated earlier in Subsection 4.4.1 ()is used in the MPC finite
element simulations.

The basket in-plane conductivities are computed for intact fuel storage and containerized fuel stored
in Damaged Fuel Containers (DFCs). The MPC-24E is provided with four enlarged cells designated
for storing damaged fuel. The MPC-68 has sixteen peripheral locations for damaged fuel storage in
generic DFC designs. As a substantial fraction of the basket cells are occupied by intact fuel, the
overall effect of DFC fuel storage on the basket heat dissipation rate is quite small. Including the
effect of reduced conductivity of the DFC cells in MPC-24E, the basket conductivity is computed to
drop slightly (-0.6%). In a bounding evaluation in which the sixteen outer cells are occupied with
damaged fuel, the effect of reduced conductivity on the PCT is negligible (- 1`F). Therefore, DFCs
do not pose a limitation on safe storage of fuel. The fuel basket planar conductivities are provided in
Table 4.4.3.

(ii) Axial Conductivity of the Fuel Basket

The axial heat rejection capability of each MPC basket design is determined by calculating the area
occupied by each material in a fuel basket cross-section, multiplying by the corresponding material
thermal conductivity, summing the products and dividing by the total fuel basket cross-sectional
area. In accordance with NUREG- 1536 guidelines, the onlyportion ofthe fuel assemblies credited in
these calculations is the fuel rod cladding (i.e. the contribution of fuel pellets to axial heat conduction
is ignored). In Table 4.4.3 the MPC fuel basket planar and axial conductivities are provided.

4.4.1.1.5 Subsection Intentionally Deleted

4.4.1.1.6 Subsection Intentionally Deleted

4.4.1.1.7 Annulus Air Flow and Heat Exchange

The H-STORM storage overpack is provided with four inlet ducts at the bottom and four outlet
ducts at the top. The ducts are provided to enable relatively cooler ambient air to flow through the
annular gap between the MPC and storage overpack in the manner of a classical "chimney". Hot air
is vented from the top outlet ducts to the ambient environment Buoyancy forces induced by density
differences between the ambient air and the heated air column in the MPC-to-overpack annulus
sustain airflow through the annulus.

In contrast to a classical chimney, however, the heat input to the HI-STORM annulus air does not
occur at the bottom of the stack. Rather, the annulus air picks up heat from the lateral surface of the
MPC shell as it flows upwards. The height dependent heat absorption by the annulus air must be
properly accounted for to ensure that the buoyant term in the Bernoulli equation is not overstated
making the solution unconservative. For this purpose, a "coupled-fluid" model of the HI-STORM
System is constructed for all HI-STORM analyses. The model, depicted in Figure 4.0.3 and
discussed in Subsection 4.0.1 includes both fluids, viz. air (in the annulus) and helium (in the MPC),

HI-STORM FSAR Proposed Rev. 2B
REPORT H[-2002444 4.4-12



in one modeL The model incorporates the interaction between the annulus air and the hot helium
circulating inside the MPC.

4.4.1.1.8 Determination of Solar Heat nput

The intensity of solar radiation incident on an exposed surface depends on a number of time varying
terms. The solar heat flux strongly depends upon the time ofthe day as well as on latitude and dayof
the year. Also, the presence of clouds and other atmospheric conditions (dust, haze, etc.) can
significantly attenuate solar intensity levels. Rapp [4.4.2] has discussed the influence of such factors
in considerable detail.

Consistent with the guidelines in NUREG-1536 [4.4.10], solar input to the exposed surfaces ofthe
HI-STORM overpack is determined based on 12-hour insolation levels recommended in IOCFR71
(averaged over a 24-hour period) and applied to the most adversely located cask after accounting for
partial blockage of incident solar radiation on the lateral surface of the cask by surrounding casks. In
reality, the lateral surfaces of the cask receive solar heat depending on the azimuthal orientation of
the sun during the course of the day. In order to bound this heat input, the lateral surface of the cask
is assumed to receive insolation input with the solar insolation applied horizontally into the cask
array. The only reduction in the heat input to the lateral surface of the cask is due to partial blockage
offered by the surrounding casks. In contrast to its lateral surface, the top surface of HI-STORM is
fully exposed to insolation without any mitigation effects of blockage from other bodies. In order to
calculate the view factor between the most adversely located HI-STORM system in the array and the
environment, a conservative geometric simplification is used. The system is reduced to a concentric
cylinder model, with the inner cylinder representing the BI-STORM unit being analyzed and the
outer shell representing a reflecting boundary (no energy absorption).

Thus, the radius of the inner cylinder (Ri) is the same as the outer radius of a HISTORM overpack.
The radius of the outer cylinder (R.) is set such that the rectangular space ascribed to a cask is
preserved. This is further explained in the next subsection. It can be shown that the view factor from
the outer cylinder to the inner cylinder (For) is given by [4.4.3]:

1 1 1 B 1 B
X[os (-) - {V(A+2) 2 (2R) 2XcoS4 (-)

R R A 2L RA

+B sin4'(= ) X A]
R 2

where:
Fo, = View Factor from the outer cylinder to the inner cylinder
R = Outer Cylinder Radius to Inner Cylinder Radius Ratio (RJIR)
L = Overpack Height to Radius Ratio
A=L2 +R 2 - 1
B = L 2 R 2 + 

Applying the theorem of reciprocity, the view factor (Fi..) from outer overpack surface, represented
by the inner cylinder, to the ambient can be determined as:
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Fi-. = .Foi R.

Finally, to bound the quantity of heat deposited onto the EI-STORM surface by insolation, the
absorptivity of the cask surfaces is assumed to be unity.

4.4.1.1.9 FLUENT Model for H-STORM

In the preceding subsections, a series of analytical and numerical models to define the thermal
characteristics of the various elements of the HI-STORM System are presented. The thermal
modeling begins with the replacement of the Spent Nuclear Fuel (SNF) cross section and
surrounding fuel cell space with a porous region with an equivalent conductivity. Since radiation is
an important constituent of the heat transfer process in the SNF/storage cell space, and the rate of
radiation heat transfer is a strong function of the surface temperatures, it is necessary to treat the
equivalent region conductivity as a function oftemperature. Because ofthe relatively large range of
temperatures in a loaded HI-STORM System under the design basis heat loads, the effects of
variation in the thermal conductivity ofthe AlloyX basket wall with temperature are included in the
numerical analysis model. The presence of significant radiation effects in the storage cell spaces adds
to the imperative to treat the equivalent storage cell lamina conductivity as temperature-dependent

Numerical calculations and FLUENT finite-volume simulations described in Subsection 4.4.1.1.2
provide the equivalent thermal conductivity as a function of temperature for the limiting (thermally
most resistive) BWR and PWR spent fuel types. Utilizing the most limiting SNF (established
through a simplified analytical process for comparing conductivities) ensures that the numerical
idealization for the fuel space effective conductivity is conservative for all fuel types.

Having replaced the fuel spaces by porous blocks with a temperature-dependent conductivity
essentially renders the basket into a non-homogeneous three-dimensional solid where the non-
homogeneity is introduced by the honeycomb basket structure composed of interlocking basket
panels. The basket panels themselves are a composite of Alloy X cell wall, neutron absorber, and
Alloy X sheathing metal. A conservative approach to replace this composite section with an
equivalent "solid wall" was described earlier.

In the next step, a planar section of the MPC is considered. The MPC contains a non-symmetric
basket lamina wherein the equivalent fuel spaces are separated by the "equivalent" solid metal walls.
The space between the basket and the MPC, called the peripheral gap, is filled with helium gas. At
this stage in the thermal analysis, the SNF/basket/MPC assemblage has been replaced with a two-
zone (Figure 4.4.2) cylindrical region whose thermal conductivity is a strong function of
temperature.

The thermal model for the El-STORM overpack is prepared as a three-dimensional axisymmetric
body. For this purpose, the hydraulic resistances of the inlet ducts and outlet ducts, respectively, are
represented by equivalent axisymmetric porous media. Two overpack configurations are evaluated -
a classic design (HI-STORM 100) and an enhanced version (HI-STORM 1OOS) overpack The HI-
STORM 100 and HI-STORM OOS overpacks are thermally similar in as much as they yield thermal
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solutions that are in reasonable agreement (-5F). .The axial resistance to airflow in the
MPC/overpack annulus (which includes longitudinal channels to "cushion" the stresses in the RTC
structure during a postulated non-mechanistic tip-over event) is replaced by a hydraulically
equivalent annulus. The surfaces ofthe ducts and annulus are assumed to have a relative roughness
(e) of 0.001. This value is appropriate for rough cast iron, wood stave and concrete pipes, and is
bounding for smooth painted surfaces (all readily accessible internal and external HI-STORM
overpack carbon steel surfaces are protected from corrosion by painting or galvanization). Finally, it
is necessary to describe the external boundary conditions to the overpack situated on an ISFSI pad.
An isolated HI-STORM will take suction of cool air from and reject heated air to, a semi-infinite
half-space. In a rectilinear HI-STORM anray, however, the unit situated in the center of the grid is
evidently hydraulically most disadvantaged, because of potential interference to air intake from
surrounding casks. To simulate this condition in a conservative manner, we erect a hypothetical
cylindrical barrier around the centrally local H-STORM. The radius ofthis hypothetical cylinder, R0,
is computed from the equivalent cask array downflow hydraulic diameter (Dh) which is obtained as
follows:

4 x Flow Area
b Wetted Perimeter

it 2
4 (A -7-d )

- d 4..it4

where:

A. = Minimum tributary area ascribable to one rn-STORM (see Figure 4.4.24).
d = HI-STORM overpack outside diameter

The hypothetical cylinder radius, R0, is obtained by adding half Dh to the radius of the MI-STORM
overpack. In this manner, the hydraulic equivalence between the cask array and the I-STORM
overpack to hypothetical cylindrical annulus is established.

For purposes of the design basis analyses reported in this chapter, the tributary area A. is assumed to
be equal to 346 sq. ft. Sensitivity studies on the effect ofthe value ofA 4on the thermal performance
of the HI-STORM System shows that the system response is essentially insensitive to the assumed
value of the tributary area. For example, a thermal calculation using L = 225 sq. ft (correspondingto
15 f&t square pitch) and design basis heat load showed that the peak cladding temperature is less than
I IC greater than that computed using A.= 346 sq. ft. Therefore, the distance between the vertically
arrayed HI-STORMs in an ISFSI should be guided by the practical (rather than thermal)
considerations, such as personnel access to maintain air ducts or painting the cask external surfaces.

The internal surface ofthe hypothetical cylinder of radius R. surrounding the HI-STORM module is
conservatively assumed to be insulated. Any thermal radiation heat transfer from the HI-STORM
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overpack to this insulated surface will be perfectly reflected, thereby bounding radiative blocking
from neighboring casks. Then, in essence, the HI-STORM module is assumed to be confined in a
large cylindrical "tank' whose wall surfaceboundaries are modeled as zero heat fluxboundaries. The
air in the "tank' is the source of "feed air" to the overpack. The air in the tank is replenished by
ambient air from above the top of the HI-STORM overpacks. There are two sources of heat input to
the exposed surface of the HI-STORM overpack. The most important source of heat input is the
internal heat generation within the MPC. The second source of heat input is insolation, which is
conservatively quantified by assuming a bounding absorbtivity of unity. .

The FLUENT model consisting of the axisymmetric 3-D MPC space, the overpack, and the
enveloping tank is schematically illustrated in Figure 4.4.13. A summary ofthe essential features of
this model is presented in the following:

* A lower bound canister pressure of 105 psia under normal operating condition is postulated.

* Heat input due to insolation is applied to the top surface and the cylindrical surface of the
overpack with a bounding maximum solar absorbtivity equal to 1.0.

* The heat generation in the MPC is assumed to be uniform in a horizontal plane for uniform
loading and in each planar region (inner and outer) in regionalized storage. and varies in the
axial direction in accordance with the axial power distribution listed in Chapter 2.

* The most disadvantageously placed cask (i.e., the one subjected to maximum radiative
blockage), is modeled.

* The bottom surface of the overpack, in contact with the ISFSI pad, rejects heat through the
pad to the constant temperature (770 F) earth below.

The finite-volume model constructed in this manner will produce an axisymmetric temperature
distribution. The peak temperature will occur at the centerline and is expected to be above the axial
location of peak heat generation. As will be shown in Subsection 4.4.2, the results of the finite-
volume solution bear out these observations.

As discussed in Chapter 2 of this FSAR, the commercial nuclear fuel (CSF) can be stored in any of
the MPCs in a uniform or regionalized configuration. The uniform storage arrangement implies that
the heat emission rate of every fuel assembly (intact or canisterized) must be less than or equal to the
MPC heat duty Qd (Table 4.4.39) divided by the number of storage locations. In regionalized storage,
the storage locations in the fuel basket are divided into two regions, denoted as Region 1 and Region
2, respectively. The cells located in the core region ofthe basket constitute Region 1. The peripheral
cells define Region 2. The regionalization of the fuel basket must be configured such that a fuel
assembly located in Region 1 is completely surrounded by Region 2 cells. Thus the Region 2 fuel
serves as an effective blocker of gamma radiation emitted by the fuel located in Region 1.
Regionalizing the storage of SNF such that the low heat emitting (therefore, lower dose emitting
fuel) is located in Region 2 and the high heat emitting fuel is confined to the core of the basket
(Region 1) provides an effective method to minimize the radiation emitted from canister at a storage
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pad or in tansport. In particular, the dose limits prescribed for HLW packages in IOCFR71 mandate
that careful attention be paid to minimize dose emitted from an MPC. By regionalizing fuel storage
in each basket, the aggregate dose at the site boundary can also be minimized which has a direct
relevance to public health and safety. Figures 4.4.27, 4.4.28 and 4.4.29 depict Region 1 and 2
arrangements for MPC-32, MPC-24/24E, and MPC-68 respectively. In Table 4.4.30, the cell number
allocations for regionalized storage are provided. In order to minimize the dose from the RC the
design basis heat emission rate of fuel in Region 2 must be as low as practical. Denoting N, and N2
respectively as the number of storage cells in regions 1 and 2, it follows that the MPC heat load (Q)
in regionalized storage is:

Q=Nlql +N 2 q2

where q and q2 are the per assembly heat generation rates in Regions 1 and 2 respectively. For
reasons that we explain below, when q, = q2 (uniform storage), the value of Q is the maximum, say
Qd. In fact Q decreases monotonically as the ratio X = ql/q2 increases. Stated differently, the greater
the disparity in the specific heat generation rates in Regions 1 and 2, the greater the penalty on the
heat duty of the MPC. The reason that Q < Qd for regionalized storage§§ becomes clear by
considering the temperature profile in a typical MPC. As can be seen from Figures 4.4.19 and 4.4.20,
the maximum cladding temperature is at its peak value at the centerline (core) of the basket and
decreases in the manner of a parabola with the radial co-ordinate. In other words, the design basis
heat duty of the basket, Qd, is governed by the permitted value of the Peak Cladding Temperature
(PCT) which occurs at the centerline of the MPC. If the uniform storage (equal heat generation rate
in each cell) is replaced by two regions and the MPC decay heat heat non-uniformly distributed in a
manner that the core region is populated with more heat emissive fuel and outer region with
relatively less emissive fuel, then clearly the center line temperature will be further elevated. To meet
the PCT limit, the heat generation rate in Region 2 must reduced resulting in an overall reduction in
the heat duty of the MPC. To be sure, increasing the rate of heat generation in the core region of the
MPC has a salutary effect of increasing the thermosiphon driven upflow of helium through the core
region. However, calculations show that the enhanced heat transfer through a more vigorous helium
circulation is not enough to cancel out the elevation in PCT due to locally increased heat generation.

To summarize, the HI-STORM 100 System is evaluated for two fuel storage scenarios. In one
scenario, designated as uniform loading, every basket cell is assumed to be occupied with fuel
producing heat at the maximum rate. In another scenario, denoted as regionalized loading, a two-
region fuel loading configuration is stipulated. The two regions are defined as an inner region (for
storing hot fuel) and an outer region with low decay heat fuel physically enveloping the inner region.
This scenario is depicted in Figure 4.4.25. The inner region is shown populated with fuel having a
heat load of q1 and the outer region with fuel of heat load q2, where q, > q2.. As depicted in Figures
4.4.27,4.4.28 and 4.4.29 four central locations in the MPC-24 and MPC-24E, twelve inner cells in
MPC-32 and 32 in MPC-68 are designated as inner region locations in the regionalized storage
scenario.

§§ The reduction in Q due to regionalization is the direct outcome of placing comparatively hotter fuel in the core
region. The opposite arrangement, wherein the hotter fuel is located in Region 2, would permit the heat duty of the
MPC to be increased beyond Qd. Placing more heat emissive fuel in the outer region, however would be anti-
ALARA and therefore precluded as a storage option in the HI-STORM system.
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As discussed previously, under regionalized storage the MPC heat load (Q), defined previously, is
monotonically reduced as the disparity between the inner and outer region heat loads defined by the
parameter X (equal to ql/q2) is increased. Following this logic path, the design heat loads under
regionalized storage are defined by a mathematical function Q(X) that satisfies two attributes:

1) Q(X) reduces to uniform storage design heat load (Qd) as X approaches unity
2) Q(X) monotonically reduces with increasing X

A function Q(X) satisfying (1) and (2) above is adopted for regionalized storage. The mathematical
expression for Q(X) is:

Q(X) = 2Qd

(1+X)

where a is a constant (= 0.15) and X is permitted to vary from a minimum value of I to a maximum
value of 6. Graphical plots of Q(X) are provided in Figures 4.4.31 and 4.4.32 for PWR and BWR
MPCs, respectively. To confirm that the ISG-1 1, Rev. 2 cladding temperature limits are met for the
design heat loads stated in the manner above, an aray ofH-STORM thermal analyses are performed
over a broad range of X (from 1 to 6) for each MPC type. From these analyses the variation in peak
cladding temperature with X is obtained, results reported and evaluated in Subsection 4.4.2.

For the physical problem of regionalized storage, an infinite number of combinations of q, and q2

exist that would satisfy the PCT limits of the stored fuel. To provide maximum flexibility to the
ISFSI owner, an an-ay ofthermal analyses for each MPC type are performed to establish a continuum
of regionalized storage options defined by the decay heats ratio X and the design heat load function
Q(X). The permissible regionalized heat loads are computed by a four step process:

Step 1: Select a numerical value of X between 1 and 6.

Step 2: Compute maximum permissible MPC heat load:
Q = 2Qd/(l+X't)

Step 3: Compute permissible Region 2 SNF heat generation:
q2 = Q/(NiX + N2)

Step 4: Compute permissible Region 1 SNF heat generation:
q, = q2 X

4.4.1.1.10 Subsection Intentionally Deleted

4.4.1.1.11 Subsection Intentionally Deleted

4.4.1.1.12 Subsection Intentionally Deleted
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4.4.1.1.13 Subsection Intentionally Deleted

4.4.1.1.14 WPC Helium Backfill Pressure

The quantity of helium emplaced in the MPC cavity shall be sufficient to produce an operating
pressure of 105 psia during normal storage at the design basis heat load. Thermal analyses performed
on the different MPC designs indicate that this operating pressure requires a certain minimum helium
backfill pressure (Pb) specified at a reference temperature (700F). The minimum backfill pressure for
each MPC type is provided in Table 4.4.3 7. A theoretical upper limit on the helium backfill pressure
also exists and is defined by the design pressure of the MPC vessel (Table 2.2.1 in Chapter 2). The
upper limit of Pb is reported in the last column of Table 4.4.37. To bound the minimum and
maximum backfill pressures listed in Table 4.4.37 with a margin, a helium backfill specification for
all MPCs is set forth in Table 4.4.38.

There are two methods available for ensuring that the appropriate quantity of helium has been
placed in an MPC:

i. By pressure measurement
ii. By measuring the quantity of MPC helium backfill (in standard cubic feet)

The direct pressure measurement approach is more convenient if the FHD method ofMPC drying is
used. In this case, a certain quantity of helium is already in the MPC. Because the helium is mixed
inside the MPC during the FHD operation, the temperature of the helium gas at the MPC's exit,
along with the pressure provides a reliable means to compute the inventory of helium in the MPC
cavityusing pressure and temperature gages. The pressure inthe FHD system, after adjustment from
the measured helium temperature to the reference temperature (70'F), is adjusted by addition or
withdrawal of helium such that it lies in the mid-range of the Pb specifications.

When vacuum drying is used as the method for MPC drying, then it is more convenient to fill the
MPC by introducing a known quantity of helium (in standard cubic feet) by measuring the quantity
of helium introduced using a calibrated mass flow meter. The required quantity of helium (F) is
computed by the product of net free nominal volume and helium specific volume at a target pressure
that lies in the mid-range of the Pb specifications.

The net free nominal volume of the MPC is obtained by subtracting A from B, where

A = MPC cavity volume in the absence of contents (fuel and non-fuel hardware) computed
from nominal design dimensions

B = Total volume of the contents (fuel including DFCs, if used) based on nominal design
dimensions

Using commercially available mass flow totalizers, an MPC cavity is filled with the computed
quantity of helium (F).
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4.4.1.2 Test Model

A detailed analytical model for thermal design ofthe HI-STORM System was developed using the
FLUENT CFD code and the industry standard ANSYS modeling package, as discussed in
Subsection 4.4.1.1. As discussed throughout this chapter and specifically in Section 4.4.6, the
analysis incorporates significant conservatisms so as to compute bounding fuel cladding
temperatures. Furthermore, compliance with specified limits of operation is demonstrated with
adequate margins. In view of these considerations, the I-STORM System thermal design complies
with the thermal criteria set forth in the design basis (Sections 2.1 and 2.2) for long-term storage
under normal conditions. Additional experimental verification of the thermal design is therefore not
required.

4.4.2 Maximum Temperatures

All four principal MPC-basket designs developed for the HI-STORM System have been analyzed to
determine temperature distributions under long-term normal storage conditions, and the results
summarized in this subsection. A cross-reference of HI-STORMthermal analyses at otherconditions
with associated subsection of the FSAR summarizing obtained results is provided in Table 4.4.22.
The MPC baskets are considered to be fully loaded with design basis PWR orBWR fuel assemblies,
as appropriate. The systems are arranged in an ISFSI array and subjected to design basis normal
ambient conditions with insolation. Both uniform loading and regionalized loading scenarios are
analyzed. For uniform loading, the MPC thermal payload is assumed to be at the design maximum
(Qd defined in Section 4.0). For regionalized loading, the storage scenarios are defined by the ratio X
= ql/q2 and an associated maximum heat load Q(X) defined in Subsection 4.4.1.1.9. The HI-STORM
System is analyzed under regionalized storage for X ranging from I to 6.

The thermal analysis is performed using a submodeling process where the results of an analysis on an
individual component are incorporated into the analysis of a larger set of components. Specifically,
the submodeling process yields directly computed fuel temperatures fiom which fuel basket
temperatures are then calculated. This modeling process differs from previous analytical approaches
wherein the basket temperatures were evaluated first and then a basket-to-cladding temperature
difference calculation by Wooten-Epstein or other means provided a basis for cladding temperatures.
Subsection 4.4.1.1.2 describes the calculation of an effective fuel assembly in-plane thermal
conductivity for an equivalent homogenous region. It is important to note that the result of this
analysis is a function of thermal conductivity versus temperature. This fiction for fuel thermal
conductivity is then input to the fuel basket effective in-plane thermal conductivity calculation
described in Subsection 4.4.1.1.4. This calculation uses a finite-element methodology, wherein each
fuel cell region containing multiple finite-elements has temperature-varying thermal conductivity
properties. The resultant temperature-varying fuel basket thermal conductivity computed by this
basket-fuel composite model is then input to the fuel basket region of the FLUENT cask model.

Because the FLUENT cask model incorporates the results of the fuel basket submodel, which in turn
incorporates the fuel assembly submodel, the peak temperature reported from the FLUENT model is
the peak temperature in any component. In a dry storage cask, the hottest components are the fuel
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assemblies. It should be noted that, because the fuel assembly models described in Subsection
4.4.1.1 2 include the fuel pellets, the FLUENT calculated peak temperatures reported in Tables 4.4.9,
4.4.10 and 4.4.26 are actually peak pellet centerline temperatures which bound the peak cladding

temperatures, and are therefore conservatively reported as the cladding temperatures.

Applying the radiative blocking factor applicable for the worst case cask location, representative
axial temperature plots ofthe fuel cladding are shown in Figures 4.4.16 and 4.4.17 for a MPC-24 and
a MPC-68 to depict the thermosiphon effect in PWR and BWR SNF. From these plots, the upward
movement ofthe hot spot is quite evident. As discussed in this chapter, these calculated temperature
distributions incorporate many conservatisms. The maximum fuel clad temperatures for zircaloy clad
fuel assemblies are listed in Tables 4.4.9, 4.4.10 and 4.4.26 which also summarize maximum
calculated temperatures in different parts of the MPCs and rH-STORM overpack (Table 4.4.36).

In Figures 4A.19 and 4.4.20, respectively, representative radial temperature distributions in an
MPC-24 and an MC-68 in the horizontal plane where the maximum fuel cladding temperature
occurs are graphed. Finally, axial variations of the ventilation air temperatures and that of the
overpack inner shell surface are graphed in Figure 4.4.26 for a bounding MPC. .

As stated in Subsection 4.4.1.1.9 an array ofHI-STORM analyses are performed for the regionalized
storage option to characterize the variation of peak cladding temperature (PCT) with the decay heats
ratio X. The PCT variations are graphed in Figures 4.4.33 through 4.4.35 over the permitted range of
X. From these graphs it is evident that the PCT is below the ISG-1l, Rev. 2 limits for all MPCs.

The following additional observations can be derived by inspecting the temperature field obtained
from the finite volume analysis:

* The fuel cladding temperatures are below the regulatory limit (ISG-1 1, Rev. 2) under all
storage scenarios (uniform and regionalized) and all MPCs.

* The maximum temperature of the basket structural material is within the stipulated design
temperature.

* The maximum temperature of the neutron absorber is below the design temperature limit.

* The maximum temperatures of the MPC pressure boundary materials are well below their
respective ASME Code limits.

* The maximum temperatures of concrete are within the NRC's recommended limits [4.4.10]
(See Table 4.3.1.)

The calculated temperatures are based on a series of analyses, described previously in this chapter,
that incorporate many conservatisms.- A list of the significant conservatisms is provided in
Subsection 4.4.6 with a follow up discussion in Appendix 4.B. As such, the calculated temperatures
are upper bound values that would exceed actual temperatures.
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The above observations lead us to conclude that the temperature field in the HI-STORM System with
a fully loaded MPC containing design-basis heat emitting SNF complies with all regulatory and
industry temperature limits. In other words, the thermal environment in the HI-STORM System will
be conducive to long-term safe storage of spent nuclear fuel.

4.4.3 Minimum Temperatures

In Table 2.2.2 of this report the minimum ambient temperature condition for the H-STORM storage
overpack and MPC is specified to be -40'F. If, conservatively, a zero decay heat load with no solar
input is applied to the stored fuel assemblies, then every component of the system at steady state
would be at a temperature of -401F. All Hl-STORM storage overpack and MDC materials of
construction will satisfactorily perform their intended function in the storage mode at this minimum
temperature condition. Structural evaluations in Chapter 3 show the acceptable performance of the
overpack and MDC steel and concrete materials at low service temperatures. Criticality and shielding
evaluations (Chapters 5 and 6) are unaffected by temperature.

4.4.4 Maximum Internal Pressure

The MPC is initially filled with dry helium after fuel loading and drying prior to installing the MC
closure ring. During normal storage, the gas temperature within the MPC rises to its maximum
operating basis temperature as determined based on the thermal analysis methodology described
earlier. The gas pressure inside the MDC will also increase with rising temperature. The pressure rise
is determined based on the ideal gas law, which states that the absolute pressure of a fixed volume of
gas is proportional to its absolute temperature. Tables 4.4.12, 4.4.13, 4.4.24, and 4.4.25 present
summaries ofthe calculations performed to determine the net free volume in the MWC-24, MPC-68,
MPC-32, and MPC-24E, respectively.

The MC maximum gas pressure is considered for a postulated accidental release of fission product
gases caused by fuel rod rupture. For these fuel rod rupture conditions, the amounts of each of the
release gas constituents in the MDC cavity are summed and the resulting total pressures determined
from the Ideal Gas Law. Based on fission gases release fractions (per NUREG 1536 criteria
[4.4.10]), net free volume and initial fill gas pressure, the bounding maximum gas pressures with 1%
(normal), 10% (off-normal) and 100% (accident condition) rod rupture are given in Table 4.4.14.
The maximum gas pressures listed in Table 4.4.14 are all below the MDC internal design pressure
listed in Table 2.2.1.

The inclusion of PWR non-fuel hardware (BPRA control elements and thimble plugs) to the PWR
baskets influences the MPC internal pressure through two distinct effects. The presence of non-fuel
hardware increases the effective basket conductivity, thus enhancing heat dissipation and lowering
fuel temperatures as well as the temperature of the gas filling the space between fuel rods. The gas
volume displaced by the mass of non-fuel hardware lowers the cavity free volume. These two effects,
namely, temperature lowering and free volume reduction, have opposing influence on the MDC
cavity pressure. The first effect lowers gas pressure while the second effect raises it. In the HI-
STORM thermal analysis, the computed temperature field (with non-fuel hardware excluded) has
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been determined to provide a conservativelybounding temperature field for the PWR baskets (MP-
24, MPC-24E, and MPC-32). The MPC cavity free space is computed based on volume displacement
by the heaviest fuel (bounding weight) with non-fuel hardware included. This approach ensures
conservative bounding pressures.

During in-core irradiation of BPRAs, neutron capture by the B-IO isotope in the neutron absorbing
material produces helium. Two different forms ofthe neutron absorbing material are used in BPRAs:
Borosilicate glass and B4C in a refractory solid matrix (A12 03). Borosilicate glass (primarily a
constituent of Westinghouse BPRAs) is used in the shape of hollow pyrex glass tubes sealed within
steel rods and supported on the inside by a thin-walled steel liner. To accommodate helium diffusion
from the glass rod into the rod internal space, a relatively high void volume (-40%) is engineered in
this type of rod design. The rod internal pressure is thus designed to remain below reactor operation
conditions (2,300 psia and approximately 6000 F coolant temperature). The B4C- A1203 neutron
absorber material is principally used in B&W and CE fuel BPRA designs. The relatively low
temperature of the poison material in BPRA rods (relative to fuel pellets) favors the entrapment of
helium atoms in the solid matrix.

Several BPRA designs are used in PWR fuel that differ in the number, diameter, and length of
poison rods. The older Westinghouse fuel (W-14x14 and W-15x15) has used 6, 12,16, and 20 rods
per assembly BPRAs and the later (W-17xI 7) fuel uses up to 24 rods per BPRA. The BPRA rods in
the older fuel are much larger than the later fuel and, therefore, the B-1 0 isotope inventory in the 20-
rod BPRAs bounds the newer W-17x17 fuel. Based on bounding BPRA rods internal pressure, a
large hypothetical quantity of helium (7.2 g-moles/BPRA) is assumed to be available for release into
the MPC cavity from each fuel assembly in the PWR baskets. The MPC cavity pressures (including
helium from BPRAs) are summarized in Table 4.4.14.

4.4.5 Maximum Thermal Stresses

Thermal stress in a structural component is the resultant sum of two factors, namely (i) restraint of
free end expansion and (ii) non-uniform temperature distribution. To minimize thermal stresses in
load bearing members, the HI-STORM System is engineered with adequate gaps to permit free
thermal expansion of the fuel basket and vPC in axial and radial directions. In this sub-section,
differential thermal expansion calculations are performed to demonstrate that engineered gaps in the
HI-STORM System are adequate to accommodate thermal expansion. . To facilitate structural
integrity evaluations, temperature distributions areprovided herein (Tables 4.4.9,4.4.10 and 4.4.26).

As stated above, the HI-STORM System is engineered with gaps for the fuel basket and MPC to
thermally expand without restraint of free end expansion. Differential thermal expansion of the
following gaps are evaluated:

a) Fuel Basket-to-MPC Radial Gap
b) Fuel Basket-to-MPC Axial Gap
c) MPC-to-Overpack Radial Gap
d) MPC-to-Overpack Axial Gap
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To demonstrate that the fuel basket and MPC are free to expand without restraint, it is required to
show that differential thermal expansion from fuel heat up is less than the as-built gaps that exist in
the HI-STORM System. For this purpose a suitably bounding temperature profile (T(r)) for the fuel
basket is established in Figure 4.4.30 wherein the center temperature (TC) is set at the limit (7520F)
for fuel cladding (conservatively bounding assumption) and the basket periphery (TIP) conservatively
postulated at an upperbound of 6000F (See Tables 4.4.9, 4.4.10 and 4.4.26 for the maximum
computed basket periphery temperatures). To maximize the fuel basket differential expansion, the
basket periphery-to-MPC shell temperature difference is conservatively maximized (AT = 1750F).
From the bounding temperature profile T(r) and AT, the mean fuel basket temperature (I1) and MPC
shell temperature (T2) are computed as follows:

frT(r)dr

T1= I
frd-
0

- 6760F

T2=TP-AT
=425F

The differential radial growth of the fuel basket (YI) from an initial reference temperature (To =
70$F) is computed as:

Yl = R*{Al*(l - To) - A2*(T2-To)}
where:

R = Basket radius (conservatively assumed to be the MPC radius)
Al, A2 = Coefficients of thermal expansion for fuel basket and WPC shell at TI and T2

respectively for Alloy-X (Chapter 1 and Table 3.3.1)

For computing the relative axial growth of the fuel basket in the MPC, bounding temperatures for the
fuel basket (TC) and MPC shell temperature T2 computed above (assuming a maximum basket
periphery-to-MPC shell temperature differential) are adopted. The differential expansion is
computed by a formula similar to the one for radial growth after replacing R with basket height (H)
which is conservatively assumed to be that of the MPC cavity.

For computing the radial and axial MPC-to-overpack differential expansions, the MPC shell is
postulated at its design temperature (Chapter 2, Table 2.2.3) and thermal expansion ofthe overpack
is ignored. Even with the conservative computation of the differential expansions in the manner of
the foregoing, it is evident from the data compiled in Table 4.4.40 that the differential expansions are
a fraction of their respective gaps.
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4.4.6 Evaluation of System Performance for Normal Conditions of Storage

The I-STORM System thermal analysis is based on a detailed and complete heat transfer model
that conservatively accounts for all modes of heat transfer in various portions of the MPC and
overpack. A comprehensive discussion of HI-STORM conservatisms is provided in Appendix 4.B. A
numbered list of the many thermal modeling conservatisms for long-term storage is provided
hereunder-

I. The most severe levels of environmental factors for long-term normal storage, which are an
ambient temperature of 800 F and OCFR71 insolation levels, were coincidentally imposed on
the system.

S..~~~~~~~~~~~~~~~~~~

2. The most adversely located HI-STORM System in an ISFSI array was considered for
analysis.

3. The thermosiphon effect in the MPC, which is intrinsic to the HI-STORM fuel basket design
is included in the thermal analyses, using a conservative model, by assuming the top and
bottom plenum spaces for helium flow to be less than actual values.

4. No credit was considered for contact between fuel assemblies and the MPC basket wall or
between the MPC basket and the basket supports. The fuel assemblies and MPC basket were
conservatively considered to be in concentric alignment.

5. The MPC is assumed to be loaded with an SNF which has the maximum resistance to heat
dissipation (planar and axial) and helium flow of all fuel types in its category (BWR or
PWR), as applicable.

6. The design basis maximum decay heat loads are used for all thermal-hydraulic analyses. For
casks loaded with fuel assemblies having decay heat generation rates less than design basis,
additional thermal margins of safety will exist

7. Conservative bounding flow resistance factors are employed to simulate flow through MPC
3-D continuum.

8. Axial heat transfer through fuel pellets is ignored.

9. Heat dissipation by grid spacers, top & bottom fittings is ignored.

10. Insolation heating assumed with a bounding absorbtivity (=1.0).

11. A margin between the computed peak cladding temperature and 400°( limit is provided for
all MPCs.

-. In an ISFSI array, MI-STORM Ovespacks at interior locations are relatively more disadvantaged in their lateral
access to ambient air and in their effectiveness to radiate heat to environment. To bound these effects, a reference
cask is enclosed in a hypothetical reflecting cylinder as described in Section 4.4.1.1.9 and Appendix 4B.
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12. The computed values of MPC axial conductivities are understated in the thermal models.

13. The flux trap flow areas (MPC-24/24E designs) are ignored in the MPC thermosiphon
cooling models.

Temperature distribution results obtained from this highly conservative thermal model show that the
maximum fuel cladding temperature limits are met with adequate margins. Expected margins during
normal storage will be much greater due to the many conservative assumptions incorporated in the
analysis. The long-term impact of decay heat induced temperature levels on the HI-STORM System
structural and neutron shielding materials is considered to be negligible. The maximum local MPC
basket temperature level is below the recommended limits for structural materials in terms of
susceptibility to stress, corrosion and creep-induced degradation. Furthermore, stresses induced due
to imposed temperature gradients are within Code limits. Therefore, it is concluded that the HI-
STORM System thermal design is in compliance with OCFR72 requirements.

I
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Table 4.4.1

SUMMARY OF PWR FUEL ASSEMBLY EFFECTIVE
THERMAL CONDUCTIVITlIES

Fuel @ 2000 F @ 450°F @ 700F

:_____________ X(Btu/ft-hr- 0F) (Btflft-hr-PFi) (Btuft-hr--°)

W - 17x17 OFA 0.182 0.277 0.402

W- 17x17 Standard 0.189 0.286 0.413

W - 17x17 Vantage 0.182 0.277 0.402

W - 15x15 Standard 0.191 0.294 0.430

W - 14x14 Standard 0.182 0.284 0.424

W - 4x14 OFA 0.175 0.275 0.413

B&W - 17x17 0.191 0.289 0.416

B&W- 15xl5 0.195 0.298 0.436

CE- 16x16 0.183 0.281 0.411

CE - 14x14- 0.189 0.293 0.435

HNt - 15x15 SS 0.180 0.265 0.370

W - 14xl4 SS 0.170 0.254 0.361

B&W-15x15-
Mark1B-ll 0.187 0.289 0.424
M ark B-11 I_ _ _ _ _ _ _ _ _ _

CE-14x14 (MP2) 0.188 0.293 0.434

IP-1 (14x14) SS 0.125 0.197 0.293

t Haddam Neck Plant B&W or Westinghouse stainless steel clad fuel assemblies.
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Table 4.4.2

SUAVARY OF BWR FUEL ASSEMBLY EFFECTIVE
THERMAL CONDUCTIVITES

Fuel @ 200°F @ 450°F @ 700°F

(Btu/ft-hr-0 F) (Btulft-hr-PF) (Btulft-hr-0 F)

Dresden I - x8t 0.119 0.201 0.319

Dresden I - 6x6. 0.126 0.215 0.345

GE - 7x7 0.171 0.286 0.449

GE - 7x7R. 0.171 0.286 0.449

GE - 8x8 0.168 0.278 0.433

GE - 8x8R 0.166 0.275 0.430

GE10 - 8x8 0.168 0.280 0.437

GE I - 9x9 0.167 0.273 0.422

ACI-10x1 SS 0.152 0.222 0.309

Exxon-lOxlO SS 0.151 0.221 0.308

Damaged Dresden-i
8x8t (in a Holtec 0.107 0.169 0.254
damaged fuel
container)

Humboldt Bay-7x7t 0.127 0.215 0.343

Dresden-i Thin Clad 0.124 0.212 0.343
6x6t

Damaged Dresden-I
8x8 n TN D-1 0.107 0.168 0.252
canister)t
8x8 Quad 0.164 0.276 0.435
Westinghouset

t Cladding temperatures of low heat emitting Dresden (intact and damaged) SNIF in the HI-STORM System will be
bounded by design basis fuel cladding temperatures. Therefore, these fuel assembly types are excluded from the
list of fuel assemblies (zircaloy clad) evaluated to determine the most resistive SNF type.

tt Allis-Chalmers stainless steel clad fuel assemblies.
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Table 4.4.3

MPC BASKET PLANAR A1ND AALtt THERMAL CONDUCvrIrY VALUES

Basket @2000F @450 0F @700 0F
(Btulft-hr- 0 F) (Btu/ft-hr-0 F) (Btuft-hr-0F)

WPC-24t24E 1.127 (planar) 1.535 (planar) 2.026 (planar)
2.427 (axial) 2.666 (axial) 2.870 (axial)

MPC-68 1.025 (planar) 1.257 (planar) 1.500 (planar)
2.186 (axi) 2.379 (axial) 2.548 axial)

MPC-32 0.964 (planar) 1.214 (planar) 1.A86 (planar)
1.773 (axial) 1.933 (axial)2.079 (axial)

ttt The axial thermal conductivity values reported herein are understated 5%.
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Table 4.4.4 through 4.4.8
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Table 4.4.9

H[-STORMt SYSTEM LONG-TERM NORMAL
UNIFORM STORAGE MAXMUM TEMPERATURES

(MPC-24/24Et# BASKET)

Component Normal Long-Term
Condition Temperature

- Temp. (0F) Limit (OF)

Fuel Cladding 688 75211 

MPC Basket 633 725ttt-

Basket Peripheiy 569 725t

MPC Shell 466 500

t Bounding overpack temperatures are provided in Table 4.4.36.

tt Limiting values reported.
§§§ The temperature limit is in accordance with ISG-I 1, Rev. 2.
**** The maximum neutron absorber temperature is essentially the same as the maximum WC basket

temperature reported in this table.
tt t The ASME Code allowable temperature of the fuel basket Alloy X materials is 8000 F. This lower
- temperature limit is imposed to add additional conservatism to the analysis of the HI-STORM System.
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Table 4.4.10

HI-STORMt SYSTEM LONG-TERM NORMAL
UNIFORM STORAGE MAXIMUM TEMPERATURES

(MPC-68 BASKET)

Component Normal Long-Term
Condition Temperature
Temp. (IF) Limit (0F)

Fuel Cladding 731 752tt

MPC Basket"t 706 725ttt

Basket Periphery 579 725"

MPC Shell 470 500

t Bounding overpack temperatures are provided in Table 4.4.36.

t t The temperature limit is in accordance with ISG-I 1, Rev. 2.
tttt The maximum neutron absorber temperature is essentially the same as the maximum MPC basket

temperature reported in this table.

tt t The ASME Code allowable temperature of the fuel basket Alloy X materials is 8000 F. This lower
temperature limit is imposed to add additional conservatism to the analysis of the HI-STORM System.
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Table 4.4.11
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Table 4.4.12

SUMMARY OF MPC-24 FREE VOLUME CALCULATIONS

Item Volume (ft3)

Cavity Volume 367

Basket Metal Volume 45

Bounding Fuel Assemblies Volume 79

Basket Supports and Fuel Spacers Volume 7

Net Free Volume 236 (6683 liters)
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Table 4.4.13

SUMMARY OF MPC-68 FREE VOLUME CALCULAIONS

Item Volume (ft3)

Cavity Volume 367

Basket Metal Volume 35

Bounding Fuel Assemblies Volume 93

Basket Supports and Fuel Spacers Volume 12

Net Free Volume 227 (6428 liters)

.
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Table 4.4.14
SUMMARY OF MPC CONFINEMENT BOUNDARY PRESSURESt

FOR LONG-TERM STORAGE
Condition Pressure (psig)*

MPC-24:

Initial backfill (at 700F) 48.8

Normal condition 97.9

With 1% rods rupture 98.6

With 10% rods rupture 104.8
With 100% rods rupture 167.1

MPC-68:

Initial backfill (at 700F) 48.8

Normal condition 97.3

With 1% rods rupture 97.7

With 10% rods rupture 101.7

With 100% rods rupture 141.5

MPC-32:

Initial backfill (at 700F) 48.8

Normal Condition 97.0

With 1% rods rupture 98.0

With 10% rods rupture 106.6

With 100% rods rupture 192.3

MPC-24E:

Initial backfill (at 700F) 48.8

Normal Condition 97.9

With 1% rods rupture 98.6
With 10% rods rupture 105.0

With 100% rods mpture 169.3

I

t Per NUREG-1536, pressure analyses with postulated rods rupture (including BPRA rods for PWR
fuel) is performed with release of 100% of the ruptured fuel rod fill gas and 30% of the significant
radioactive gaseous fission products.

ttt$ The pressures reported in this table are computed assuming the helium backfill pressure is at it's
upperbound limit (Table 4.4.38).
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Table 4.4.15 through 4.4.21
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Table 4.4.22
MATRiX OF HI-STORM SYSTEM THERMAL EVALUATIONS

Scenario Description Ultimate
Heat Sink

Analysis
Type

Principal Input
Parameters

Results in
FSAR

Subsection
1 Long Term Ambient SS NT, QD, ST, SC, 10 4.4.2

Normal
2 Off-Normal Ambient SS(B) OT, QD, ST, SC, JO 11.1.2

Environment

3 Extreme Ambient SS(B) ET, QD, ST, SC, lo 11.2.15
Environment

4 Partial Ducts Ambient SS(B) NT, QD, ST, SC, Ii,2 11.1.4
Blockage

5 Ducts Blockage Overpack TA NT, Qr, ST, SC, Ic 11.2.13
Accident

6 Fire Accident Overpack TA QD, F 11.2.4
7 Tip Over Overpack AH QD 11.2.3

Accident

8 Debris Burial Overpack AH QD 11.2.14
Accident

Legend:
NT - Maximum Annual Average (Normal) Temperature (800F)
OT - Off-Normal Temperature (100 0F)
ET - Extreme Hot Temperature (125 0F)
QD - Design Basis Maximum Heat Load
SS - Steady State
SS(B) - Bounding Steady State
TA - Transient Analysis
AH - Adiabatic Heating

lo - All Inlet Ducts Open
1 - Half of Inlet Ducts Open

c - All Inlet Ducts Closed

ST - Insolation Heating (Top)
SC - Insolation Heating (Curved)
F - Fire Heating (1475 0F)
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Table 4A3
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Table 4.4.24

SUMMARY OF MPC-32 FREE VOLUME CALCULATIONS

Item Volume (ft)
Cavity Volume 367
Basket Metal Volume 25
Bounding Free Assemblies Volume 106
Basket Supports and Fuel Spacers Volume 9
Net Free Volume 227 (6428 liters)
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Table 4.4.25

SUMARYOF MPC-24E FREE VOLUME CALCULATIONS

Item Volume f
Cavity Volume 367
Basket Metal Volume 52
Bounding Fuel Assemblies Volume 79
Basket Supports and Fuel Spacers Volume 7
Net Free Volume 229 (6484 liters)
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Table 4.4.26

HISTORMt SYSTEM LONG-TERM NORMAL UNIFORM STORAGE
MAXIMUM TEMPERATURES

(MC-32 BASKET)

Component Normal Condition Temp. () Long-Term Temperature Limit

Fuel Cladding 662 752tt
MPC Basket"" 621 725ttt
Basket Periphery 565 725I
MPC Shell 463 500

t Bounding overpack temperatures are provided in Table 4.4.36.

tt The temperature limit is in accordance with ISG-1 1, Rev. 2.

§§§§ The maximum neutron absorber temperature is essentially the same as the maximum MPC basket
temperature reported in this table.

tt t The ASME Code allowable temperature of the fuel basket Alloy X materials is 800'F. This lower temperature
limit is imposed to add additional conservatism in the analysis of the HI-STORM Systems.
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Table 4.427 through 4.4.29
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Table 4.4.30

MPC REGIONALIZED STORAGE CONFIGURATIONS

MPC Type Inner Region Outer Region Depicted in Figure
Assemblies (ni) Assemblies (n2)

NEPC-24/24E 420 Figure 4.4.28
NPC-32 12 20 Figure 4.4.27
NOC-68 132 136 1 Figure 4.419

I
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Table 4.4.31 through 4.4.35

[INIENTIONALLY DELETED]
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Table 4.4.36

BOUNDING LONG-TERM NORMAL STORAGE
HI-STORM OVERPACK TEMPERATURES

Componentt Local Section Temperaturett Long-Term Temperature Limit
(OFm (OF)

Inner shell 243 350
Outer shell 183 350

Lid bottom plate 412 450
Lid top plate 218 450

MPC pedestal plate 180 350
Baseplate 108 350

Radial shield 193 300

t See Figure 1.2.8 for a description of HI-STORM components.
tt Section temperature is defined as the through-thickness average temperature.
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Table 4.4.37

ACCEPTABLE RANGE OF MPC-HELIUM BACKFILL PRESSURE

MPC } Minimum Backfill Pressure Maximum Backfill Pressure
[Psig- [psig]

MPC-32 45.0 50.5
MPC-24124E 1 44.5 50.0

MPC-68 I 44.9 50.4 1

***** The pressures tabulated herein are at a reference gas temperature of 700 F.
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Table 4.4.38

MPC HELIUM BACKFILL PRESSURE SPECIFICATIONS

Item Specification

Minimum Pressure 45.2 psig @ 700F Reference Temperature

Maximum Pressure 48.8 psig @ 700F Reference TemperatureI~ ~ ~ aiu Presur 48. pi - 7° Ieeec Tempeatur
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Table 4.4.39

DESIGN MAXIMUM HEAT LOADS FOR THE HI-STORM SYSTEM

:MPC Type I : Heat Load (Qd)

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ [kW ]I

. PWRMPCs 38

BWR MPCs 35.5
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Table 4.4.40

SUMMARY OF HI-STORM DEFFERENTIAL EXPANSIONS

Gap Description Cold Gap (U), inch Differential Is Free Expansion
Expansion (V), inch Criteria Satisfied

(i.e. U>V)
Fuel Basket-to-MPC 0.1875 0.096 Yes

Radial Gap
Fuel Basket-to-MPC 1.25 0.499 Yes

Axial Gap
MPC-to-Overpack 0.5 0.139 Yes

Radial Gap
MPC-to-Overpack 1.0 0.771 Yes

Axial Gap 0_7_Ye

I
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4.5 THERMAL EVALUATION OF SHORT TERM OPERATIONSt

4.5.1 Sopsis of Short Term Operations

Prior to placement in a HI-STORM overpack, an MPC must be loaded with fuel, outfitted with
closures, dewatered, dried, backfilled with helium and transferred to the HI-STORM module. In
the unlikely event that the fuel needs to be returned to the spent fuel pool, these steps must be
performed in reverse. Finally, if required, transfer of a loaded MPC between HI-STORM
overpacks or between a HI-STAR transport overpack and a HI-STORM storage overpack must
be carried out in an assuredly safe manner. All of the above operations are short duration events
that would likely occur no more than once or twice for an individual MPC. As stated in Chapter
2, ISG- I , Rev. 2 places a temperature limit on the fuel cladding temperature under all short term
operations.

The device central to all of the above operations is the HI-TRAC transfer cask that, as stated in
Chapter 1, is available in two anatomically identical design platforms denoted as HI-TRAC 100
and HI-TRAC 125. The HI-TRAC transfer cask is a short-term host for the MPG; therefore it is
necessary to establish that during all thermally challenging operation events involving either of
the two HI-TRAC designs, the permissible temperature limits specified in Reference 4.1.4],
unless otherwise justified, are not exceeded. The following discrete thermal scenarios, all of
short duration, involving the HI-TRAC transfer cask have been identified as warranting thermal
analysis.

i. Loading Operations with Flooded MPC-
ii. Drying of the MPC Cavity
iii. Onsite transport in HI-TRAC
iv. MPC Cooldown and Reflood for Defueling Operations

Each of the above conditions corresponds to a distinct thermal state for the spent fuel stored in
the MPC. The first three conditions pertain to MPC loading operations; the last scenario is
germane to the rare case when a loaded MPC needs to be defueled. Out of the four scenarios
listed above, demoisturization using the vacuum drying method is thermally most challenging
causing the greatest elevation in fuel cladding temperatures. On-site transport of the MPC
generally occurs with the HI-TRAC in the vertical orientation, which preserves the thermosiphon
action within the MPC. However, there may be a scenario wherein on-site transport of an MPC
must occur with the HI-TRAC in the horizontal configuration. Horizontal transfer is thermally
more adverse than its vertical configuration because of the suppression of the thermosiphon
mode of cooling when HI-TRAC is horizontal. The above mentioned scenarios associated with
fuel loading are carried out in reverse if the contents of an MPC have to be unloaded.

The fuel handling operation scenarios described above place a certain level of constraint to the
dissipation of heat from the MPC relative to the normal storage condition. Consequently, for

Because of the significant quantity of new material required to satisfy ISG-1 I (latest revision), this section has
been rewritten in its entirety.
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some scenarios, it is necessary to limit the maximum MPC heat generation rates to those at
which the steady state fuel cladding temperature limits are approached. Henceforth, these
limiting heat generation rates for each scenario will be referred to as the "threshold heat load"
(QT) for that scenario. For certain scenarios the threshold heat loads maybe more restrictive than
the design basis heat load. The threshold heat loads to comply with the prescribed temperature
limits for the short term operations are computed and reported in this chapter. Analyses are
performed for short term operations, and threshold heat loads obtained and reported in
Subsections 4.5.4 through 4.5.7.

4.5.2 Thermal Acceptance Criteria for Short Term Operations

As stated in Section 4. 1, the HI-STORM FSAR seeks to establish complete compliance with the
provisions of Reference [4.1.4]. This requires the maximum cladding temperature to not exceed
ISG-l I limits (see Table 4.3.1) during short term operations for all high burnup fuel.

As stated in Section 4.1, for MPCs loaded with only Moderate Burnup Fuel (MBF), short term
operations are permitted provided the following two criteria are satisfiedl:

(i) The estimated cladding hoop stress, cmax, does not exceed 90 MPa.
(ii) The peak cladding temperature is below 5700C (10580F).

Because the cladding stress is a function of cladding thickness and cladding corrosion, the
estimation of stress (Criterion (ii) above), of necessity, must be fuel-specific. The necessary
computations are performed by a cask user opting for this criterion by employing the
methodology described next.

The procedure for estimating am,, to establish compliance with Criterion (ii) above is carried out
in the following steps:

a. Determine the axial temperature distribution in the hottest rod using the HI-STORM
thermal model presented in this chapter.

The applicable heat load is based on the SNF batch to be loaded in the MPC. The
maximum SNF beat generation rate (calculated using methods described in Chapter 5) is
ascribed to every fuel assembly to bound the actual cumulative heat generation rate from
all SNF in an MPC.

b. Compute the average gas temperature in the hottest rod

For computing the average gas temperature in the fuel rod, two distinct axial zones in the
fuel rod are identified. One zone is the fuel rod pellets stack region wherein the gas space
consists of the annular gap between the pellet and the cladding inside surface. The other

§ For MBF that does not muster compliance with the a,. criteria, the Reference [4.1.4] temperature limit shall
apply.
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region is the gas plenum space above the fuel pellets. Tag is obtained by a gas volume
weighted average of the mean rod temperature in the two regions. T.,, is computed for
the hottest fuel rod by the following formula:

e JT(z)dz + z

v+V

where:T(z): axial rod temperature profile
v: gas volume in pellet-to-clad gap
V: plenum gas volume
a: length of pellet stack region
L: fuel rod length

c. Compute the plenum gas pressure, P,

The initial thermodynamic state of gas confined inside a fuel rod is specified by two
parameters: Gas pressure (P.) and a reference gas temperature (T.) in absolute units. By
the Ideal Gas Law, the rod gas pressure upon heat up under vacuum (P,) is proportional
to the average gas temperature of a fuel rod (T,,g). In other words,
P, Po (Tavg/To).

d. Compute the maximum cladding hoop stress, mx

The hoop stress (Omu) developed in cladding is a function of rod internal diameter (di)
cladding thickness (t) and an internal rod gas pressure (P,). The stress is computed by the
Lame formula given below:

- as,,~~~~~~~~,,di_
"F :2t

The cladding thickness should be taken as the nominal thickness less the estimated metal
loss due to corrosion. The inside diameter of the cladding should be taken as the nominal
diameter. Satisfying the above cited 90 MPa limit is an essential requirement for the
MBF's cladding temperature limit to be set at 570C for short term operations.

4.5.3 The HI-TRAC Thermal Model

4.5.3.1 Overview

The HI-TRAC transfer cask is used to load and unload the HI-STORM concrete storage
overpack, including onsite transport of the MPCs from the loading facility to an ISFSI site .
Section views of the HI-TRAC are provided in Chapter 1. Within a loaded HI-TRAC, heat
generated in the MPC is transported from the contained fuel assemblies to the MPC shell in the
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manner described in Section 4.4. From the outer surface of the MPC to the ambient air, heat is
transported by a combination of conduction, thermal radiation and natural convection modes of
heat transfer.

Two HI-TRAC transfer cask versions, namely HI-TRAC 100 and HI-TRAC 125 have the same
design features but with lower member thicknesses in the 100 ton version to yield a lighter
weight design. The analytical model developed for HI-TRAC thermal characterization is
constructed to bound both 100 and 125 ton HI-TRAC transfer casks. In this manner, the HI-
TRAC overpack resistance to heat transfer is overestimated, resulting in higher predicted MPC
internals and fuel cladding temperature levels.

From the outer surface of the MPC to the ambient atmosphere, heat is transported within HI-
TRAC through multiple concentric layers of air, steel and shielding materials. A small diametral
gap exists between the outer surface of the MPC and the inner surface ofthe HI-TRAC overpack.
Heat is transported across this gap by the parallel mechanisms of conduction and thermal
radiation. Assuming that the MPC is centered and does not contact the transfer overpack walls
conservatively minimizes heat transport across this gap. Additionally, thermal expansion that
would minimize the gap is conservatively neglected. Heat is transported through the cylindrical
wall of the HI-TRAC transfer overpack by conduction through successive layers of steel, lead
and steel. A water jacket, which provides neutron shielding for the HI-TRAC overpack,
surrounds the cylindrical steel wall. Each water jacket cavity is long and narrow having the cross
section of an annular sector. Conduction heat transfer occurs through both the water cavities and
the radial connectors . Heat is passively rejected to the ambient from the outer surface of the HI-
TRAC transfer overpack by natural convection and thermal radiation.

In the vertical position, the bottom face of the HI-TRAC cask is in contact with a supporting
surface. This face is conservatively modeled as an insulated surface. Because HI-TRAC is not
used for long-term storage in an array, radiative blocking does not need to be considered. The HI-
TRAC top lid is modeled as a surface with convection, radiative heat exchange with air and a
constant maximum incident solar heat flux load. Insolation on cylindrical surfaces is
conservatively based on 12-hour levels prescribed in OCFR71 averaged on a 24-hour basis.
Summary descriptions of the various components of HI-TRAC's thermal model are provided
below.

4.5.3.2 Effective Thermal Conductivity of Water Jacket

The HI-TRAC water jacket is composed of an array of radial ribs equispaced around the HI-
TRAC body and affixed to enclosure plates by welding to form discrete water compartments.
Holes in the radial ribs connect all the individual compartments in the water jacket. Thus, the
annular region between the HI-TRAC outer shell and the enclosure shell can be considered as an
array of steel ribs and water spaces.

The effective radial thermal conductivity of this array of steel ribs and water spaces is determined
by combining the heat transfer resistance of individual components in a parallel network. A
bounding calculation is assured by using a minimum available metal thickness for radial heat
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transfer. The thermal conductivity of the parallel steel ribs and water
following formula:

K. K R In (-) K t) In r

Kre 
2xr LR 29 Lit

spaces is given by the

where:
K.. = effective radial thermal conductivity of water jacket
r= inner radius of water spaces
rO outer radius of water spaces
K, = thermal conductivity of carbon steel ribs

: .

N t = Available metal thickness (product of number of radial ribs and rib thickness)
LR = effective radial heat transport length through water spaces
Kw= thermal conductivity of water
Nr t, = Cumulative waterspaces width (between radial ribs)

4.5.3.3 Heat Rejection from Transfer Cask Exterior Surfaces

The following relationship for the surface heat flux from the outer surface of an isolated cask
to the environment applied to the thermal model:

ql=0~~~~~~~ +9T T 3-014 [+460) 4 TA +460 )4j 
100 100

where:
Ts = cask surface temperatures (F)
TA = ambient atmospheric temperature (0F)
q = surface heat flux (Btu/ft2xhr)
E = surface emissivity

The second term in this equation is the Stefan-Boltzmann formula for thermal radiation from an
exposed surface to ambient. The first term is the natural convection heat transfer correlation
recommended by Jacob and Hawkins [4.2.9]. This correlation is appropriate for turbulent natural
convection from vertical surfaces, such as the vertical overpack wall. Although the ambient air is
conservatively assumed to be quiescent,- the natural convection is nevertheless turbulent.

Turbulent natural convection correlations are suitable for use when the product of the Grashof
and Prandtl (GrxPr) numbers exceeds 109. This product can be expressed as L3xATxZ, where L
is the characteristic length, AT is the surface-to-ambient temperature difference, and Z is a
function of the surface temperature (defined in Section 4.2). The characteristic length of a
vertically oriented HI-TRAC is its height of approximately 17 feet. The value of Z,
conservatively taken at a bounding surface temperature of 340'F, is 2.6x 105. Solving for the
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value of AT that satisfies the equivalence L3xATxZ = 109 yields AT = 0.78F. For a horizontally
oriented HI-TRAC the characteristic length is the diameter of approximately 7.6 feet (minimum
of 100- and 125-ton versions), yielding AT = 8.760F. The natural convection will be turbulent,
therefore, provided the surface to air temperature difference is greater than or equal to 0.780F for
a vertical orientation and 8.760F for a horizontal orientation.

4.5.3.4 Determination of Solar Heat Input

As discussed in Section 4.4.1.1.8, the intensity of solar radiation incident on an exposed surface
depends on a number of time varying terms. Twelve-hour averaged insolation levels are
prescribed in I OCFR7 1. The HI-TRAC cask, however, possesses a considerable thermal inertia.
This large thermal inertia precludes the HI-TRAC from reaching a steady-state thermal condition
during a twelve-hour period. Thus, it is considered appropriate to use 24-hour averaged
insolation levels.

4.5.3.5 Lead-to-Steel Interface

Lead, poured between the inner and outer shells of the HI-TRAC body, is utilized as a gamma
shield material in the HI-TRAC transfer cask. Unlike many metal cask designs that utilize pre-
fabricated lead "bricks", lead is installed in the HI-TRAC transfer cask in molten form. The lead
pouring process is a mature technology and proven methods to preclude internal voids or gaps
are well established in the industry.

To ensure a homogeneous lead pour, the HI-TRAC shell is pre-heated and molten lead is poured
to fill the annular cavity. Ladling of the molten lead aided by the pressure from the column of
molten lead helps ensure that internal voids or separation would not occur. The lead installation
includes appropriate inspection measures, including gamma scan and weighing of the cask after
lead placement, to confirm that the lead column installed in the HI-TRAC cask are without
internal voids or gaps. Therefore, the lead-to-steel interface is assumed to be an uninterrupted
continuum in the HI-TRAC thermal model.

4.5.4 Loading Operations with Flooded MPC

The HI-TRAC containing an MPC loaded with fuel and filled with water is removed from the
cask pit (which may or may not be integral to the fuel pool) and placed in a designated space
(typically on the pool deck) that is henceforth referred to as the Decontamination and Assembly
Station (DAS). The early operations that occur at the DAS include welding of the main lid and
testing of the welded joint using methods described in Chapter 8.

To minimize personnel dose and to keep the SNF in a cooled state, the SNF is kept submersed in
water until the fuel drying operation (discussed in the next subsection) is initiated. The
temperature of the fuel cladding is not a concern in the operational evolutions with the flooded
MPC. In accordance with NUREG-1536, however, boiling of water in the MPC cavity is not
permitted during wet loading operations. This requirement is met by imposing a limit on the
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maximum allowable time duration for fuel to be submerged in water after a loaded HI-TRAC
cask is removed from the pool and prior to the start of draining and fuel drying operations.

When the HI-TRAC transfer cask containing the loaded water-filled MPC is removed from the
pool, or when the MPC lid is installed in the pool, the combined water, fuel mass, MPC, and HI-
TRAC metal will absorb the decay heat emitted by the fuel assemblies. This results in a slow
temperature rise of the entire system with time, starting from an initial temperature of the
contents. The rate of temperature rise is limited by the thermal inertia of the HI-TRAC system.
To enable a bounding heat-up rate determination for the HI-TRAC system, -the following
conservative assumptions are made:

i. Heat loss by natural convection and radiation from the exposed HI-TRAC
surfaces to the pool building ambient air is neglected (i.e., an adiabatic
temperature rise calculation is performed).

ii. Design-basis maximum decay heat input from the loaded fuel assemblies is
-imposed on the HI-TRAC transfer cask.

iii. The smaller of the two (i.e., 100-ton and 125-ton) HI-TRAC transfer cask is
-credited in the analysis. The 100-ton version has a significantly smaller quantity
of metal mass, which will result in a higher rate of temperature rise.

iv. A conservatively bounding MPC cavity free volume is considered for flooded
water mass.

v. Only fifty percent of the water mass in the MPC cavity is credited towards water
thermal inertia evaluation.

Table 4.5.5 summarizes the weights and thermal inertias of several components in the loaded HI-
TRAC transfer cask. The rate of temperature rise of the HI-TRAC transfer cask and contents
during an adiabatic heat-up is governed by the following equation-

dT Q
dt Ch

where:
Q decay heat load (Btu/hr)
C = combined thermal inertia of the loaded HI-TRAC transfer cask (Btu/0 F) [see

Table 4.5.5]
T = temperature of the contents (F)
t time after HI-TRAC transfer cask is removed from the pool (hr)

A heat-up rate for the HI-TRAC transfer cask contents is determined employing a bounding
design heat load (Table 4.4.39, Q = 1.3xlO5 'Btu/hr) is determined as 4.99 0F/hr. From this
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adiabatic rate of temperature rise estimate, the maximum allowable time duration (tm) for fuel
to be submerged in water is determined as:

Tboil- Tima
(dT/dt)

where:
Tboij = boiling temperature of water (equal to 2127F at the water surface in the MPC

cavity)
Tinitij] = initial temperature of the HI-TRAC contents when the transfer cask is removed

from the pool

Table 4.5.6 provides a summary of t,,, at several representative HI-TRAC contents starting
temperatures.

In a situation where the maximum allowable time provided in Table 4.5.6 is insufficient to
complete all wet fuel handling operations, a suitable means of heat removal such as a forced
water circulation shall be initiated and maintained to remove the decay heat from the MPC
cavity. In this case, relatively cooler water is introduced via the MPC lid drain port connection
and heated water exits from the vent port. The minimum water flow rate required to maintain the
MPC cavity water temperature below boiling with an adequate subcooling margin is determined
as follows:

MW Q
Cpw (T. - T., 

where:
Mw = minimum water flow rate (lb/hr)
Cpw = water heat capacity (BtuAb-0 F)
Tm. = maximum MPC cavity water mass temperature
T = temperature of pool water supply to MPC

As an illustrative example, if the MPC cavity water temperature is limited to 1 50'F, assuming an
MPC inlet water temperature of 1250F and design maximum heat load, the water flow rate is
computed as 5200 lb/hr (10.4 gpm). The required minimum flow rate shall be calculated using
the actual MPC heat load and the temperature of the cooling water available for this operation.

4.5.5 MPC Drvinz

4.5.5.1 Drying Options

This FSAR provides for two methods for drying Commercial Spent Fuel (CSF) the MPC
cavity, namely:

i. Forced Helium Dehydration
ii. Vacuum Drying
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The methods are discussed next.

4.5.5.2 Forced Helium Dehydration

To reduce moisture to trace levels in the MPC using a Forced Helium Dehydration (FHD)
system, a closed loop dehumidification system consisting of a condenser, a demoisturizer, a
compressor, and a pre-heater is utilized to extract moisture from the MPC cavity through
repeated displacement of its contained helium, accompanied by vigorous flow turbulation.
Appendix 2.B contains detailed discussion of the design criteria and operation of the FHD
system.

The FHD system provides concurrent fuel cooling during the moisture removal process through
forced convective heat transfer. The attendant forced convection-aided heat transfer occurring
during operation of the FHD system ensures that the fuel cladding temperature will remain below
the applicable peak cladding temperature limit for normal conditions of storage, which is well
below the high burnup cladding temperature limit in Table 4.3.1 for all combinations of SNF
type, burnup, decay heat, and cooling time. Because the FHD operation induces a state of forced
convection heat transfer in the MPC, (in contrast to the quiescent mode of natural convection in
long term storage), it is readily concluded that the peak fuel cladding temperature under the latter
condition will be greater than that during the FHD operation phase.- In the event that the FHD
system malfunctions, the forced convection state will degenerate to natural convection, which
corresponds to the conditions of normal storage. As a result, the peak fuel cladding temperatures
will approximate the values reached during normal storage as described elsewhere in this
chapter.

4.5.5.3 Vacuum Dving

Because the vacuum drying method of demoisturization leads to a considerable rise in the fuel
cladding temperature, threshold heat load limits" that are considerably lower than the MPC
design basis heat load are computed for the vacuum drying evolution. The threshold heat loads
are very low if one or more high burnup fuel (HBF) assemblies are included in the batch of fuel
being loaded. If the fuel batch consists of only MBF, and the limitations on the maximum
cladding stress described in Subsection 4.5.2 are met, then a higher threshold heat load meeting
the less restrictive temperature limit is permitted.

(a) Analysis

The vacuum condition effective fuel assembly conductivity is determined by procedures
discussed earlier (Subsection 4.4.1.1.2) with recognition of the attenuation of thermosiphon
effect with the decrease in the quantity of helium and reduction in the conductivity ofhelium in a
most conservative manner. For this purpose, the thermal conductivity of fluid media is set at a
miniscule fraction of the helium conductivity. A direct result of this assumption is that the

* See threshold heat load discussion in Subsection 4.5.1
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cladding temperatures are exaggerated in the thermal solutions and, correspondingly, threshold
heat loads understated. . The MPC basket cross sectional effective conductivity is determined for
vacuum conditions according to the procedure discussed in 4.4.1.1.4. Basket periphery-to-MPC
shell heat transfer occurs through conduction and radiation. The heat transported to the MPC
shell is dissipated from the external surface ofthe MPC shell to the annulus. It is recognized that
the cladding temperature is directly affected by the temperature of the annulus. To ensure a
robust margin in the cladding temperatures, vacuum drying is performed with a water cooled
annulus. Two options are provided for annulus water cooling:

(i) Standing water in the annulus.
(ii) Annulus gap is water flushed.

An axisymmetric FLUENT thermal model of the MPC in a HI-TRAC is constructed, and peak
cladding temperatures at threshold heat loads are obtained. The following conditions are applied
to this evaluation:

i. The fuel temperatures rise to their asymptotic steady-state values.

ii. The outer surface of the MPC shell is postulated to be at a bounding temperature of
2320Ftt (standing water in annulus) or 1250F: (continuously flushed with water).

iii. The bottom surface of the MPC is insulated.

(b) Results

Table 4.5.11 provides the threshold heat loads at or below which for which vacuum drying is
permitted. For completeness, the threshold heat load under the FHD method of drying is also
listed (it is equal to the design heat load). The threshold heat load under the vacuum drying
condition is a function of two parameters:

i. Maximum burnup in the fuel batch stored
ii. The MPC-HI-TRAC annulus is stagnant or water flushed

As stated earlier, the permissible temperature for a fuel batch containing only MBF can be as
high as 5700C if the clad stress criterion in Subsection 4.5.2 is met. The maximum fuel
cladding temperature is quite obviously influenced by the thermal state in the annulus:
continuous flushing helps reduce the peak cladding temperature. Table 4.5.11 accordingly
provides discrete values of the threshold heat loads depending on annulus condition (standing

tt Saturation temperature of water at the bottom of a water filled HI-TRAC annulus.
$$ During vacuum operations, water must be circulated at a rate sufficient to ensure maximum annulus
temperature is below 125TF. For example given water inlet at 100TF, Q=1 5 kW and a flush rate of 5 gpm, the
maximum temperature (from an adiabatic heat balance for Q = 15 kW) is 120.57F which is below 1 25F.
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water or annulus flushing) and fuel burnup.

4.5.6 On-site Transport in HI-TRAC

4.5.6.1 Analysis

An axisymmetric FLUENT thermal model of an MPC inside a HI-TRAC transfer cask was
constructed to evaluate temperature distributions for onsite transport scenarios for two HI-TRAC
annulus conditions:

(a) Static column of air
(b) Water cooled annulus

Steady-state analyses of the HI-TRAC transfer cask have been performed for the two annulus
conditions under all on-site transport scenarios and threshold heat loads obtained. While the
duration of onsite transport may be short enough to preclude the MPC and HI-TRAC from
obtaining a steady-state, a steady-state analysis is conservative.

4.5.6.2 Results

As stated earlier, the threshold heat loads depend on the orientation of the HI-TRAC. The
threshold heat load for vertical transport are greater than that for horizontal transport. Another
variable that affects the computed threshold heat load for the on-site transport condition is the
maximum burnup in the batch of fuel loaded in the MPC. Finally, if the actual heat generation
rate in the MPC exceeds the threshold heat load permitted for the HI-TRAC orientation and
burnup state of the CSF batch loaded then annulus cooling is required. Table 4.5.12 provides the
threshold heat loads for all on-site transport scenarios.

For both horizontal and vertical mode of on-site transfer of the loaded MPC in the HI-TRAC
transfer cask, threshold heat generation rates to meet the HBF fuel clad temperature limit are well
below the design basis heat load for the MPC under the normal condition of storage. These
threshold heat loads are provided in Table 4.5.12 for vertical and horizontal mode of on-site
MPC transfer under steady state conditions. If the heat load of a canister exceeds the threshold
value listed in Table 4.5.12, then supplemental cooling of the MPC must be provided to maintain
the peak fuel cladding temperature below limit set forth in this FSAR.

Because of the narrow annular space between the MPC and HI-TRAC transfer cask and the
availability of a threaded coupling connection in the bottom HI-TRAC lid, it is possible to
provide augmented heat removal from the MPC by circulating a coolant through the annular
space during MPC transfer operations. Calculations show that even when the threshold heat
loads are substantially exceeded, a modest flow of wateryl is all that is needed to extract
sufficient amount of heat to ensure that the peak cladding temperature is below the ISG- II Rev.

§§ For scenarios that exceed the threshold heat loads by modest amounts, a static column of water in the annulus
is adequate.
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2 limit adopted in this FSAR. For example, the principal variables and results from an evaluation
performed for an MPC-32 at its design basis heat load are summarized in Table 4.5.13 to
illustrate the concept. As shown in this table, the peak cladding temperature in the cooled MPC is
much below the ISG- 1 Rev. 2 limit.

Because the availability of utilities (demineralized water, compressed air, etc.) is plant-specific, it
is not possible to design a standard ancillary that can be used at all sites. Nevertheless, the above
example serves to demonstrate that the equipment required to effect the necessary heat removal
to subcool the MPC during transfer operation for high heat load MPCs will be quite compact and
operationally expedient.

It is seen from the above example that even a modest means to cool the external surface of the
MPC during on-site transport is sufficient to create a substantial margin in the peak cladding
temperature against the permissible limit. This margin may be necessary in certain plants to deal
with a short-term handling step during the transfer operation when it may not be practical to
maintain auxiliary cooling. Such a situation may occur at certain plants, for example, when the
HI-TRAC transfer cask is being positioned over the HI-STORM overpack for the MPC's
transfer. In the absence of the auxiliary cooling, if the canister heat load exceeds the Table 4.5.12
threshold heat load, then the fuel cladding temperature will begin to rise. To ensure that the
amount of cladding temperature rise is not enough to cause an exceedance of the permissible
temperature limit, the MPC must be sufficiently pre-cooled prior to the start of the transfer step
when the external cooling becomes unavailable. Calculations show that, with appropriate pre-
cooling, a reasonable amount of time to execute an operational step (with the external cooling
turned off) can be provided.

To illustrate the MPC heat-up scenario, the water cooled MPC summarized in Table 4.5.13 is
analyzed with the HI-TRAC rotated to the horizontal configuration (thermally most adverse
configuration) and the auxiliary cooling system turned off. At the beginning of the thermal
transient, the MPC is assumed to be in the thermal state condition analyzed above corresponding
to the steady state condition with the HI-TRAC vertical and the external cooling operative. The
rise in the peak cladding temperature as a function of time is shown in Figure 4.5.4 for this case.
This figure shows that 7-1/2 hours are required for the peak cladding temperature to reach 7520F.
If a longer period of time were warranted by the operational step, the auxiliary cooling system
would be sized to ensure that, prior to initiation of the operation with auxiliary cooling
withdrawn, the fuel cladding will be cooled below the applicable clad temperature limit by the
required amount. The extent of required pre-cooling, of course, will depend on the MPC heat
load, orientation of the HI-TRAC, and the expected duration of the operational step. However, as
the above example illustrates, the approach to pre-cool the MPC to maintain the peak cladding
temperature below the regulatory limit during a short-time, cooling-unaided operational step is
quite feasible.

HI-TRAC cask temperature results are reported for thelimiting sceanario that obtains the highest
cladding temperature (Condition 3 and 7, Table 4.5.12). The results are provided in Table 4.5.2
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summarizing the maximum calculated temperatures in different parts of the HI-TRAC transfer
cask and MPC.

4.5.7 MPC Cooldown and Reflooding for Defueling Operations

NUREG-1536 requires an evaluation of cask cooldown and reflood procedures to support fuel
unloading from a dry condition. Past industry experience generally supports cooldown of cask
internals and fuel from hot storage conditions by direct water quenching. For high heat load
MPCs, the extremely rapid cooldown rates to which the hot MPC internals and the fuel cladding
can be subjected during water injection may, however, result in high thermal stresses.

Additionally, ,water injection may result in large quantities of steam generation. To protect the
fuel cladding from high thermal strains under direct water quenching the MPCs are cooled using
appropriate means prior to the introduction of water in the MPC cavity space.

Because of the continuous gravity driven circulation of helium in the MPC which results in
heated helium gas in sweeping contact with the underside ofthe top lid and the inner cylindrical
surface of the enclosure vessel, utilizing an external cooling means to remove heat from the MPC
is quite effective. The external cooling process can be completely non-intrusive such as
extracting heat from the outer surface of the enclosure vessel using chilled water. Extraction of
heat from the external surfaces of an MPC is very effective largely because of the thermosiphon
induced internal transport of heat to the peripheral regions of the MPC. The non-intrusive means
of heat removal is preferable to an intrusive process wherein helium is extracted and cooled
using a closed loop system such as a Forced Helium Dehydrator (Appendix 2.B), because it
eliminates the potential for any radioactive crud to exit the MPC during the cooldown process.
Because the optimal method for MPC cooldown is heavily dependent on the location and
availability of utilities at a particular nuclear plant, mandating a specific cooldown method
cannot be prescribed in this FSAR. Simplified calculations are presented in the following to
illustrate the feasibility and efficacy of utilizing an intrusive system such as a recirculating
helium cooldown system.

Under a closed-loop forced helium circulation condition, the helium gas is cooled, via an
external chiller. The chilled helium is then introduced into the MPC cavity from connections at
the top of the MPC lid. The helium gas enters the MPC basket and moves through the fuel basket
cells, removing heat from the fuel assemblies and MPC internals. The heated helium gas exits
the MPC from the lid connection to the helium recirculation and cooling system. Because ofthe
turbulation and mixing of the helium contents in the MPC cavity by the forced circulation, the
MPC exiting temperature is a reliable measure of the thermal condition inside the MPC cavity.
The objective of the cooldown system is to lower the bulk helium temperature in the MPC cavity
to below the normal boiling temperature of water (2121F). For this purpose, the rate of helium
circulation shall be sufficient to ensure that the helium exit gas temperature is below this
threshold limit with a margin.

An example calulation for the required helium circulation rate is provided below to limit the
helium temperature to 2000F. The calculation assumes no heat loss from the MPC boundaries
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and a design maximum heat load"' (1 .3x 1 0s Btufhr). Under these assumptions, the MPC helium
is heated adiabatically by the MPC decay heat from a given inlet temperature (Ti) to a
temperature (T2). The required circulation rate to limit T2 to 200TF is computed as follows:

mu Qd
C,(T2 - TI)

where:
Qd = Design maximum decay heat load (Btu/hr)
m = Minimum helium circulation rate (lb/hr)
Cp = Heat capacity of helium (1.24 Btu/lb-0 F (Table 4.2.5))
TI = Helium supply temperature (assumed 15TF in this example)

Substituting the values for the parameters in the equation above, m is computed as 567 lb/hr.

4.5.8 Minimum Temperatures for On-Site Transport

In Table 2.2.2, the minimum ambient temperature condition required to be considered for the HI-
TRAC design is specified as 00F. If, conservatively, a zero decay heat load (with no solar input)
is applied to the stored fuel assemblies then every component ofthe system at steady state would
be at this outside minimum temperature. Provided an antifreeze is added to the waterjacket, all
HI-TRAC materials will satisfactorily perform their intended functions at this minimum
postulated temperature condition.

4.5.9 Evaluation of Svstem Performance for Normal Conditions of Handling and Onsite
Transport

The HI-TRAC transfer cask thermal analysis is based on a detailed heat transfer model that
conservatively accounts for all modes of heat transfer in various portions of the MPC and HI-
TRAC. The thermal model incorporates several conservative features, which are listed below:

i. The most severe levels of environmental factors - bounding ambient temperature (1 000 F)
and constant solar flux - were coincidentally imposed on the thermal design. A bounding
solar absorbtivity of 1.0 is applied to all insolation surfaces.

ii. The HI-TRAC cask-to-MPC annular gap is analyzed based on the nominal design
dimensions. No credit is considered for the significant reduction in this radial gap that
would occur as a result of differential thermal expansion with design basis fuel at hot
conditions. The MPC is considered to be concentrically aligned with the cask cavity. This

Aft Table 4.4.39 lists MPC design heat loads. From this Table, the maximum heat load (38 kW) is used in this
evaluation.
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is a worst-case scenario since any eccentricity will improve conductive heat transport in
this region.

iii. No credit is considered for cooling of the HI-TRAC baseplate while in contact with a
supporting surface. An insulated boundary condition is applied in the thermal model on
the bottom baseplate face.

Temperature distribution results (Table 4.5.2 ) obtained from this highly conservative thermal
model show that the short-term fuel cladding and cask component temperature limits are met
with adequate margins. Expected margins during normal HI-TRAC use will be larger due to the
many conservative assumptions incorporated in the analysis. Corresponding MPC internal
pressure evaluation shows that the MPC confinement boundary remains well below the short-
term condition design pressure. The maximum local axial neutron shield temperature is lower
than design limits. Therefore, it is concluded that the HI-TRAC transfer cask thermal design is
adequate to maintain fuel cladding integrity for short-term operations.

The water in the water jacket of the HI-TRAC provides necessary neutron shielding. During
normal handling and onsite transfer operations this shielding water is contained within the water
jacket, which is designed for an elevated internal pressure. It is recalled that the waterjacket is
equipped with pressure relief valves to retain pressure up to 60 psig thereby precluding boiling in
the waterjacket under normal conditions. Under normal handling and onsite transfer operations,
the bulk temperature inside the water jacket reported in Table 4.5.2 is less than the coincident
saturation temperature at 60 psig (307'F), so the shielding water remains in its liquid state. The
bulk temperature is determined via a conservative analysis, presented earlier, with design-basis
maximum decay heat load. One of the assumptions that render the computed temperatures
extremely conservative is the stipulation of a 1 000F steady-state ambient temperature. In view of
the large thermal inertia of the HI-TRAC, an appropriate ambient temperature is the "time-
averaged" temperature, formally referred to in this FSAR as the normal temperature.
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[INTENTIONALLY DELETED]

H-STORM FSAR
REPORT HI-2002444

Proposed Rev. 2B
4.5-16



- Table 4.5.2

Il-TRAC TRANSFER CASK STEADY-STATE
MAXIMUM TEMPERATURES FOR IMVITING SCENARIOS

Component High Burnup Fuel

(Conditions 3 and 7, Table 4.5.12)

Temperature 10FJ
Fuel Cladding 745

MPC Basket 728

Basket Periphery 620

MPC Outer Shell Surface 433

HJ-TRAC Overpack Inner Surface 305

Water Jacket Inner Surface 286

Enclosure Shell Outer Surface 265

Water Jacket Bulk Water 246

Axial Neutron Shieldt 288

t Local neutron shield section temperature.
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Table 4.5.3 and 4.5.4
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Table 4.5.5

SUMMARY OF LOADED 100-TON HI-TRAC TRANSFER CASK
BOUNDING COMPONENT

WEIGHTS AND THERMAL INERTIAS

Component Weight (Ibs) Heat Capacity Thermal Inertia
:_______________ (Btullb-0F) (Btu/0F)

Water Jacket 7,000 1.0 7,000

Lead 52,000 0.031 1,612

Carbon Steel 40,000 0.1 4,000

Alloy-X MPC 39,000 0.12 4,680
(empty) :

Fuel 40,000 0.056 2,240

MPC Cavity Watert 6,500 1.0 6,500

.________ ________ _______ _______ __ ____ ____26,032 (T otal)

t Conservative lower bound water mass.
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Table 4.5.6

MAXIMUM ALLOWABLE TIME DURATION FOR WET
TRANSFER OPERATIONS

Initial Temperaturet Time Duration (hr)
(IF)
115 19.4

120 18.4

125 17.4

130 16.4

135 15.4

140 14.4

145 13.4

150 12.4

ttt Pool water temperature during fuel loading.
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Tables 4.5.7 through 4.5.10
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Table 4.5.11

THRESHOLD HEAT LOADS FOR FUEL DRYING

Condition Drying Threshold Burnup is Is Hoop Cladding Computed
No. Method Heat State Annulus Stress Temperature Maximum

Load (Qr) Flush Compliance Limit [F) Cladding
Required? Required? Temperature

1 FHD MBF No No 752 Nte 1rF1
2 FHD Qd MBF No No 752 Note 

2 FHD Qd HBF No No 752 Note 

3 VD 9 kW HBF No No 752 729

4 VD 10 kW HBF Yes No 752 740

5 VD 17 kW MBF No Yes 1058 1042

6 VD 18kW MBF Yes Yes 1058 1056

7 VD 9 kW MBF No No 752 729

8 VD 10 kW MBF Yes No 752 740

Note 1: Under the FHD method for MPC drying, an externally driven circulation of helium
ensures drying conditions in the MPC, which are in the neighborhood of the saturation
temperature of water at the prevailing pressure (about 350 0F). As such the operating clad
temperatures are substantially below the cladding temperature limit (7520F) thereby ensuring
a hospitable thermal environment for HBF.

Acronyms:
FHD - Forced Helium Dehydration
VD - Vacuum Drying
MBF - Moderate Burnup Fuel
HBF - High Bumup Fuel

t Design heat load (Table 4.4.39).
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Table 4.5.12

PERMISSIBLE HEAT LOADS FOR ON-SITE TRANSPORT

Condition HI-TRAC Threshold Fuel Is Hoop Is Temperature Computed
No. Orientation Heat Load burnup Stress Annulus Limit (F) Maximum

(Qr) Compliance Cooling Cladding
Required? Required? Temperature

1 Horizontal 19 kW HBF No No 752 735

2 Horizontal Qd 1g HBF No Yes 752 Note 1

3 Vertical 23 kW HBF No No 752 745

4 Vertical Qd HBF No Yes 752 Note I

5 Horizontal 19kW MBF No No 752 735

6 Horizontal Qd MF No Yes 752 Note I

7 Vertical 23 kW MBfF No No 752 745

8 Vertical Qd MBF No Yes 752 Note 

Note 1: The maximum cladding temperature when annulus cooling is required will be dependent on
site specifics such as decay heat of loaded SNF and availability of cooling fluid (air or water). Each
user shall confirm that the annulus cooling provided is sufficient to keep the cladding temperatures
below their applicable limits. An annulus cooling example is provided in Subsection 4.5.6.2.

Acronyms:
FHD - Forced Helium Dehydration
VD - Vacuum Drying
MBF - Moderate Burnup Fuel
HBF - High Bunup Fuel

§§§ Design beat load (Table 4.4.39).
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Table 4.5.13

HI-TRAC ANNULUS COOLING EXAMPLE

MPC Type MPC-32
Design Heat Load 38 kW
Transfer Cask Orientation Vertical
Threshold Heat Load per Table 4.5.12 23kW
Coolant (Water) Flow Rate 10 gpm
(assumed)
Coolant Inlet Temperature, OF 80
(assumed)
Coolant Outlet Temperature, 0F 106
(calculated)
Peak Fuel Cladding Temperature, 0F 385
(calculated) .-
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Figures 4.5.1 through 4.5.3 Intentionally Deleted
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4.6 REGULATORY COMPLIANCE

4.6.1 Normal Conditions of Storage

NUREG-1536 [4.4.10] andISG-1 1[4.1.4] defines several thenal acceptance criteriathatmustbe
applied to evaluations of normal conditions of storage. These items are addressed in Sections 4.1
through 4.4.5 and results evaluated in Subsection -4.4.6. Each of the pertinent criteria and the |
conclusion of the evaluations are summarized here.

As required by ISG-11 [4.1.4] NUREG 1536 (.0,Vl), the fuel cladding temperature at the |
beginning of dry cask storage is maintained below the anticipated damage-threshold temperatures for
normal conditionsfor.the licensed life of theHI-STORMsystem. and a niimum of20 years of cask
stefage. Maximum clad temperatures for long-term storage conditions are reported in Section 4.4.2.
Anticipated danagc threshold temperatures, calculated as described in Section 4.3, arc summarized
in able 2-3- 

As required by NUREG- 1536 (4.0,rV,3), the maximum internal pressure of the cask remains within
its design pressure for normal, off-normal, and accident conditions, assuming rupture of 1 percent, 10
percent, and 100 percent ofthe fuel rods, respectively. Assumptions for pressure calculations include
release of 100 percent of the fill gas and 30 percent of the significant radioactive gases in the fuel
rods. Maximum internal pressures are reported in Section 4.4.4. Design pressures are summarized in
Table 2.2. 1.

As required by NUREG-1536 (4.0,IV,4), all cask and fuel materials are maintained within their
minimum and maximum temperature for normal and off-normal conditions in order to enable
components to perform their intended safety functions. Maximum and minimum temperatures for
long-term storage conditions are reported in Sections 4.4.2 and 4.4.3, respectively. Design
temperature limits are summarized in Table 2.2.3. HI-STORM System components defined as
important to safety are listed in Table 2.2.6.

As required byNUREG-1536 (4.0,I V,5), the cask system ensures a very low probability of cladding
breach during long-term storage. Further, AUMEG 1536 (4.0,IV,6) requires that the fuel cladding
damage resulting from creep cavitation should be limited to 15 percent efthe original cladding cross
section area during dry storage. For long term normal and off-normal operations, the maximum CSF
cladding temperature is below the ISG-11 [4.1.4] limit of 400°C (752F).
The calculation methodology, described in Section 1.3, for detemining'initial dry storage fuel clad
temperature limits, ensures that both of these requirements are satisfied. Maxcimum fuel clad
tempeatre limits are summarized in Table 2.2.3. -

As required by NUREG-1536 (4.0,IV, 7), the cask system is passively cooled. All heat rejection
mechanisms described in this chapter, including conduction, natural convection, and thermal
radiation, are completely passive.

As required byNUREG-1536 (4.0,IV,8), the thermal performance ofthe cask is within the allowable
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design criteria specified in FSAR Chapters 2 and 3 for normal conditions. All thermal results
reported in Sections 4.4.2 through 4.4.5 are within the design criteria allowable ranges for all normal
conditions of storage.

4.6.2 Normal Handlina and Onsite Transfer Short Term Oerations

As discussed in Section 4.1, evaluation of short term operations is presented in Section 4.5. This
section establishes complete compliance with theprovisions ofISG-11 [4.1.4]. Inparticular the ISG-
11 requirement to ensure that maximum cladding temperatures under allfuel loading andshort term
operations be below 400C (752F) is demonstrated as stated below.

NUREG 1536 [4.1.10] defines several thermal aceeptance citeria that are addressed in Scetion|
1.5.1 through 1.5.5. Each of the pertinent criteria is summarized herm.

As required by NUREG 1536 (.0,IV,2), As required by ISG-11 the fuel cladding temperature is
maintained below 400C (7520F) 5702C (10R8F for fuel transfer operations. Maximum clad
temperatures for short term operations (on-site transport and vacuum drying conditions) nefmale en
site transfer conditions are reported in Sections 4.5.6 and 4.5.5 respectively. 44. Maxi ium-The
clad temperatures for vacuum drying conditions are reported in Section 1.5.2.1 and-for short term
operations comply with the ISG-11 limits. within this limit by large conservative margins.

As required byNUREG 1536 (1 .OIV,3), the maximum internalpressurc 3fthc cask remains withi
its design pressure for normal and off normal conditions, assuming rupture of 1 percent and 10
percent of the fuel rods, respectively. Assumptions fr plessure calculations include release of 100
percent ofthe fill gas and 30 perecent fthe significant mdieactive gases in the fuel rods. Maximum
internal pressures are reported in Section 4.5.1. Design pressures are summarized in Table 2.2.1.

A by 5s b36 SLAV W,4), al as ad f-v rials armai*i- * - a dc
minimum and maximum temperature for normal (short term) fuel handling operations in order to
enable components to perform their intended safety functions. Maximum and minimumtempratures
for fuel handling opfrations ace reported in Sectiens 1.5.2 and 1.5.3, respectively. Design
temperature limits are summarized in Table 2.2.3.

As required by NUEG 1536 (4. ,7), the cask system is passively cooled. A11 heat rjction
mchanisms described in this chapter, including conduction, natural conveetion, and thermal
radiatin, are completely passive.

As required byNUTMG 1536 1.0,{V,8), the thermal performancesfthe askiswitinthe allowable
design criteria specified in FSAR Chapters 2 and 3 for normal (short term) fuel handling operations.
All thermal results reported in Sections .5.2 thro .5.5 ac within the design critefia allowable
ranges for short term conditions.
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APPENDIX 4.B: CONSERVATISMS IN THE THERMAL ANALYSIS OF THE HI-

STORM 100 SYSTEM

4.B.1 OVERVIEW OF CASK HEAT REMOVAL SYSTEM

The HI-STORM 100 overpack is a large, cylindrical structure with an internal cavity suited for
emplacement of a cylindrical canister containing spent nuclear fuel (SNF). The canister is arrayed
in an upright manner inside the vertically oriented overpack. The design of the system provides
for a sa4 narrow radial gap between the canister and the cylindrical overpack' cavity. One
principal function of a fuel storage system is to provide a means for ensuring fuel cladding
integrity under long-term storage. priods (20 years or more). The HI-STORM 100 overpack is
equipped with four large ducts near its bottom and top extremities. The ducted overpack
construction, together with an engineered annular space between the:MPC cylinder and internal
cavity in the HI-STORM 100 overpack structure, ensures a passive means of heat dissipation
from the stored fuel via ventilation action (i.e., natural circulation of air in the canister-to-
overpack annulus). In this manner a large structure physically interposed between the hot canister
and ambient air (viz. the concrete overpack engineered for radiation protection) is rendered as an
air flow device for convective heat dissipation. The pertinent design features producing the air
ventilation ("chimney effect") in the H-STORM 100 cask are shown in -Figure 4.0.1. 444.

A great bulk of the heat emitted by the SNF is rejected to the environment (Q,) by convective
action. A small quantity of the total heat rejection occurs by natural convection and radiation
from the surface of the overpack (Q2). and an even smaller amount is dissipated by conduction to
the concrete pad upon which the HI-STORM 100 overpack is placed (Q3). From the energy
conservation principle, the sum of heat dissipation to all sinks (convective cooling (Q.), surface
cooling (Q2) and cooling to pad (Q3)) equals the sum of decay heat emitted from the fuel stored
in the canister Qd) and the heat deposited by insolation (Qd, -Q. (i.e., Qd + Q = Q, + Q2 + Q3)-
This situation is illustrated in Figure 4.B.2. In the HI-STORM 100 System, Q, is by far the
dominant mode of heat removal, accounting for well over 80% of the decay heat conveyed to the
external environment. Figure 4.B.3 shows the relative portions of Qd transferred to the environs
via Q,, Q2, and Q3 in the HI-STORM 100 System under the design basis heat load.

The heat removal through convection, Q,, is similar to the manner in which a fireplace. chimney
functions: Air- air is heated in the annulus between the canister and the overpack through contact
with the canister's hot cylindrical surface causing it to flow upward-toward the top (exit) ducts
and inducing the suction of the ambient air through the bottom ducts. The flow of air sweeping
past the cylindrical surfaces of the canister has sufficient velocity to create turbulence that aids in
the -heat extraction process. It is readily recognized that the chimney action relies on a
fundamental and immutable property of air, namely that air becomes lighter (i.e., more buoyant)
as it is heated. If the canister contained no heat emitting fuel, then there would be no means for
the annulus air to heat and rise. Similarly, increasing the quantity of heat produced in the canister
would make more heat available for heating of annulus air, resulting in a more vigorous chimney
action. Because the heat energy of the spent nuclear fuel itself actuates the chimney action,
ventilated overpacks of the HI-STORM 100-genre are considered absolutely safe against thermal
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malfunction. While the removal of heat through convective mass transport of air is the dominant
mechanism, other minor components, labeled Q2 and Q3 in the foregoing, are recognized and
quantified in the thermal analysis of the HI-STORM 100 System.

Heat dissipation from the exposed surfaces of the overpack, Q2, occurs principally by natural
convection and radiation cooling. The rate of decay heat dissipation from the external surfaces is,
of course, influenced by several factors, some of which aid the process (e.g., wind, thermal
turbulation of air), while others oppose it (for example, radiant heating by the sun or blocking of
radiation cooling by surrounding casks). In this appendix, the relative significance of Q2 and Q3

and the method to conservatively simulate their effect in the HI-STORM 100 thermal model is
discussed.

The thermal problem posed for the HI-STORM 100 System thermal design in the system's Final
Safety Aalysis Repcrt (SAR) is as follows: Given a specified maximum fuel cladding
temperature, T., and a specified ambient temperature, Ta what is the maximum permissible heat
generation rate Qd, in the canister under steady state conditions? Of course, in the real world, the
ambient temperature, Ta, varies continuously, and the cask system is rarely in a steady state (i.e.,
temperatures vary with time). Fortunately, fracture mechanics of spent fuel cladding instruct us
that it is the time-integrated effect of elevated temperature, rather than an instantaneous peak
value, that determines whether fuel cladding would rupture. The most appropriate reference
ambient temperature for cladding integrity evaluation, therefore, is the average ambient
temperature for the entire duration of dry storage. For conservatism, the reference ambient
temperature is, however, selected to be the maximum yearly average for the ISFSI site. In the
general certification of HI-STORM 100, the reference ambient temperature (formally referred to
as the normal temperature) is set equal to 80'F, which is greater than the annual average for any
power plant location in the U.S.

The thermal analysis of the cask system leads to a computed value of the fuel cladding
temperature greater than Ta by an amount C. In other words, Tc = Ta + C, where C decreases
slightly as Ta (assumed ambient temperature) is increased. The thermal analysis of HI-STORM |
100 is carried out to compute C in a most conservative manner. In other words, the mathematical
model seeks to calculate an upper bound on the value of C.

Dry storage scenarios are characterized by relatively large temperature elevations (C) above
ambient (6500 F or so). The cladding temperature rise is the cumulative sum of temperature
increments arising from individual elements of thermal resistance. To protect cladding from
overheating, analytical assumptions adversely impacting heat transfer are chosen with particular
attention given to those temperature increments which form the bulk of the temperature rise. In
this appendix, the principal conservatisms in the thermal modeling of the HI-STORM 100
System and their underlying theoretical bases are presented. This overview is intended to provide

According to the U.S. National Oceanic and Atmospheric Administration (NOAA) publication, "Comparative
Climatic Data for the United States through 1998", the highest annual average temperature for any location in the
continental U.S. is 77.87F in Key West, Florida.
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a physical understanding of the large margins buffied embedded in the HI-STORM 100 design 
which are summarized in Section 4.4.6 of this FSAR.

4.B.2 CONSERVATISM IN ENVIRONMENTAL CONDITION SPECIFICATION

The ultimate heat sink for decay heat generated by stored fuel is ambient air. The I STORM
100 System defines three ambient temperatures as the eneironmental ccnditions for thermal
analysis. These are, the Normal (80F), the OffNrimal (00"F) and Eceme Hct'(1255
eenditiens-Two factors dictate the stipulation of an ambient temperature for cladding integrity
calculations. One factor is that ambient temperatures are constantly cycling on a daily basis
(night and day). Furthermore, there are seasonal variations (summer to winter). The other factor
is that cladding degradation is an incremental process that, over a long period of time (20 years),
has an accumulated damage resulting from an "averaged-out" effect of the environmental
temperature history. The 800F normal temperature stated in the HI-STORM 100 FSAR is defined
as the highest annual average temperature at a site established from past records. This is a
principal design parameter in the HI-STORM 100 analysis because it establishes the basis for
demonstrating long-term SNF integrity. The choice of maximum annual average temperature is
conservative as for a 20 year period. Based based on meteorological data, the 80F is hsen te
bounds annual average temperatures reported within the continental US.

For short periods, it is recognized that ambient temperature excursions above 800F are possible.
Two scenarios are postulated and analyzed in the FSAR to bound such transient events. The Off-
Normal (1000F) and Extreme Hot (1250F) cases are postulated as continuous (72-hour average)
conditions. Both cases are analyzed as steady-state conditions (i.e., thermal inertia of the
considerable concrete mass, fuel and metal completely neglected) occurring at the start of dry
storage when the decay heat load to the HI-STORM 100 System is at its peak value with fuel
emitting heat at its design basis maximum level.

4.B.3 CONSERVATISM IN MODELING THE ISFSI ARRAY

Traditionally, in the classical treatment of the ventilated storage cask thermal problem, the cask
to be analyzed (the subject cask) is modeled as a stand-alone component that rejects heat to the
ambient air through chimney action (Q), by natural convection to quiescent ambient air and
radiation to the surrounding open spaces (Q2), and finally, a small amount through the concrete
pad into the ground (Qj). The contributing effect of the sun (addition of heat) is considered, but
the dissipative effect of wind is neglected. The interchange of radiative heat between proximate
casks is also neglected (the so-called "cask-to-cask interactions"). In modeling the HI-STORM
100 System, Holtec International extended the classical cask thermal model to include the effect
of the neighboring casks in a most conservative manner. This model represents the flow of
supply air to the inlet ducts for the subject cask by erecting a cylinder around the subject cask.
The model blocks all lateral flow of air from the surrounding space into the subject cask's inlet
'ducts. This mathematical artifice is illustrated in Figure 4.B.4, where the lateral air flow arrows

According to NOAA, the highest daily mean temperature for any location in the continental U.S. is 93.70F, which
occurred in Yuma, Arizona.
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are shown "dotted" to indicate that the mathematical cylinder constructed around the cask has
blocked off the lateral flow of air. Consequently, the chimney air must flow down the annulus
from the air plenum space above the casks, turn around at the bottom and enter the inlet ducts.
Because the vertical downflow of air introduces additional resistance to flow, an obvious effect
of the hypothetical enclosing cylinder construct is an increased total resistance to the chimney
flow which, it is recalled, is the main heat conveyance mechanism in a ventilated cask. Throttling
of the chimney flow by the hypothetical enclosing cylinder is an element of conservatism in the
HI-STORM modeling.

Thus, whereas air flew tward the bottom dusts froem area of supply h a., in a
three dimcncionoi eontinuum with partial rtristien fm nigliboring asks, the analytical
model blocka theai- irflew cmpletly fae naeutAid the hothtical cylinder-. This is
illustrated in Figure 4.B.1 in which an impervious boundary is shown to limit HI STORM 100
cask acecss to fresh air frcm an annular opening near the tp.

Thus, in the HI-STORM model, the feeder air to the HI-STORM 100 System must flow down
the hypothetical annulus sweeping past the external surface of the cask. The ambient air, assumed
to enter this hypothetical annulus at the assumed environmental temperature, heats by convective
heat extraction from the overpack before reaching the bottom (inlet) ducts. In this manner, the
temperature of the feeder air into the ducts is maximized. In reality, the horizontal flow of air in
the vicinity of the inlet ducts, suppressed by the enclosed cylinder construct (as shown in Figure
4.B.4) would act to mitigate the pre-heating of the feeder air. By maximizing the extent of air
preheating, the computed value of ventilation flow is underestimated in the simulation.

4.B.4 CONSERVATISM IN RADIANT HEAT LOSS

In an array of casks, the external (exposed) cask surfaces have a certain "view" of each other.
The extent of view is a function of relative geometrical orientation of the surfaces and presence
of other objects between them. The extent of view influences the rate of heat exchange between
surfaces by thermal radiation. The presence of neighboring casks also partially blocks the escape
of radiant heat from a cask thus affecting its ability to dissipate heat to the environment. This
aspect of Radiative Blocking (RB) is illustrated for a reference cask (shown shaded) in Figure
4.B.5. It is also apparent that a cask is a recipient of radiant energy from adjacent casks (Radiant
Heating (RH)). Thus, a thermal model representative of a cask array must address the RB and RH
effects in a conservative manner. To bound the physical situation, a Hypothetical Reflecting
Boundary (HRB) modeling feature is introduced in the thermal model. The HRB feature
surrounds the HI-STORM 100 overpack with a reflecting cylindrical surface with the boundaries
insulated.

In Figures 4.B.6 and 4.B.7 the inclusion of RB and RH effects in the HI-STORM 100 modeling
is graphically illustrated. Figure 4.B.6 shows that an incident ray of radiant energy leaving the
cask surface bounces back from the HRB thus preventing escape (i.e., RB effect maximized).
The RH effect is illustrated in Figure 4.B.7 by superimposing on the physical model reflected
images of HI-STORM 100 cask surrounding the reference cask. A ray of radiant energy from an
adjacent cask directed toward the reference cask (AA) is duplicated by the model via another ray
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of radiant energy leaving the cask (BB) and being reflected back by the HRB (BA'). A significant
feature of this model is that the reflected ray (BA') is initiated from a cask surface (reference
cask) assumed to be loaded with design basis maximum heat (hottest surface temperature). As
the strength of the ray is directly proportional to the fourth power of surface temperature, radiant
energy emission from an adjacent cask at a lower heat load will be overestimated by the HRB
construct. In other words, the reference cask is assumed to be in an array of casks all producing
-design basis maximum heat. Clearly, it is physically impossible to load every location of every
cask with fuel emitting heat at design basis maximum. Such a spent fuel inventory does not exist.
This bounding assumption has the effect of maximizing cask surface temperature as the
possibility of "hot" (design basis) casks being radiatively cooled by adjacent casks is precluded.
The HRB feature included in the H-STORM 100 model thus provides a bounding effect of an
infinite array of casks, all at design basis maximum heat loads. No radiant heat is permitted to
escape the reference cask (bounding effect) and the reflecting boundary mimics incident radiation
toward the reference casks around the 3600 circumference (bounding effect).

4.B.5 CONSERVATISM IN PXG MODELING THE MPC TOP
PLENUMIBASKET-AXIALRESST-ANCE

The top region of the MPC contains an open space between the underside of the MPC lid and the
top of the fuel basket. In addition the top of the fuel basket contains mouseholes. For
conservatism, the open space portion of the top plenum is neglected in the MPC thermal model.
This results in added resistance to the thermosiphon action in the plenum region, which
overstates the cladding temperatures in the thermal models.

A sated earlier,- the largest actiean f he ttl +esistmne to the flew f af pnt

nuelca* fuel (SP ) t the ambient is entered in the basket itself- Out of te atur
drop of approximatcly 6502F (-6502F) between the peak fuel cladding temperature and the
anibient, evcr 4002F eecurs in the fuel basket. Therefore, it stands t rasen that conservatism in
the baske thermal simulation would have a pronounAed effect n the conservaism in the final
solutisn. The thermal model of the fuel baske in the HI STORM 00 FSA was -ordingly
eenstmeted with a numbtrff of ative assumptions that. e:e d ans dei in th A Ai STORM 100
FSAR. We illustrate the significance of the whole array of conseratisms by explaining one in
see detail in the following discussion. -

It is recognized that the heat emission from a fuel assemby is axially nn uniform. The
maximum heat generation ccurs at about the mid height region of the enriched uranium column,
and tapers offetoward its extremities. The aial heat conduction in the fel basket would act to
diffuse and levelize the temperature field in the basket. The awial conductivity of the basket,
quite learly, is the key trminant ;i how well then themal field in he basket would b
homogenized tdent that thc condution of heat along the lngth Vf the basket eccur
in an unin1enrpted maAmer in a H STORM 100 basket becAuse of its continuoul weldedv^^>w6_ [a__. Hi ^ilvs wv_ plane zas rev - *-*- he us vw v
honeycomb geometry. On the other hand, the in plane transfer of heat must occur through ihe
physical gaps that exist between the fuel rds, between the fuel assembly and the basket walls

end btwee the basket and the MPG shell. These taps depress the in'plane conductivity fthe
basket. However, in the interest of conservatism, only a small fration of the axial conductivity of
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the basket is included in the HI STORM 100 thermal model. This assumption has the diroct
effect of throttling the axial flow of heat and thus of elevating the computed value of mid hoight
cladding temperature (where the peak temperature occurs) above its actual value. ln actuality, tho
aieAl eenductivity of the fuel basket is fmuch greater than the in plane nductivity 
continuity of the fuel and basket strurtues in that dircctien. Had the axial conductivity of the
basket been modeled lss eansefvatively in the H STORM 100 thermal analysis, then the
temperature distribution in the bascet vill be more uniform, i.e., the bottom region of the basket

ould be hotter than that computed. This moans that the temperature of the MG-'s otenal
surfaee in the bottom region is hotter than computed in the HI STORM 100 analsis. It is a well
known fast in ventilated column design that the lower the lcation in the column where the heat
is intrduced, the me the ventilation aion. Therefore, the conservatismn in the
baskct's axial conduetivity assumption has the net ffeet f reducing thoeemputed ventilation

To stimato the conservatism in restricting the basket axial resistance, we perform a numerica
ercise using mathematical perturbation techniques. The axial oonductivity (W) f the IPC is,
as explained previously, much higher than the in plano () conductivity. The thermal solution to
the MPG anistopie ondustiviti s problm (i.e. and V.# are nt eal) is mathematically
expressed as a sum of a baseline isotropic solution T(seig 
which accunts f anisotropie ffects. om Fouriers Law-- o e n tion in solids, the
pertrbatin eqution for V is reduced to the following fcrm:

N d T -- d T

Where, AK is the perturbation parameter (i.e. axial conductivity offset AK - The
boundary conditions for the perturbation solution are zero slope at peak eladding temperature
location (dT*ldz - 0) (vhich occurs at about the top of the active fuel height) and T* - 0 at the
bottom of the active fuel length. The object of this calculation is to compute T* where the peak
fuel cladding temperature is reached. To this end, the baseline thermal slution Te (i.e. HI-

STORM istropic moedeling slution) is employed tocop ta approepra value fr; d~T.IA- 3

which haraeterizes the aial temperature nsic evrtehih f the active fuel length in the
hottest fuel eell This is computed as ( 4/,i the fel el tempeature rise and 
is the active fuel length. Conservatively postulating a lower bound AT-4- 2 OT and L of 12 ft,

d Ani ompted a I.-eML. Integrating the perturbation equation shows above, the
svavv ,. Le. svasz svs . -.-,.;r I .V _ .

fellwua fef T- is ebed r

Employing a oenservative low value for the (AUQ) parameter of 0. 15, TI is omputed as 
In other words, the baseline I1 STORM solution over predicts the peak cladding temperature by
approximatoly, 30>F

4.B.6 HEAT DISSIPATION UNDERPREDICTION IN THE MPC DOWNCOMER

Internal circulation of helium in the sealed MPC is modeled as flow in a porous medium in the
fueled region containing the SNF (including top and bottom plenums). The basket-to-MPC shell

I
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clearance space is modeled as a helium filled radial -gap to include the downcomer flow in the
thermal model. The downcomer region, as illustrated in Figure 4.4.2, consists of an azimuthally
varying gap formed by -the square-celled basket outline and the cylindrical MPC shell. At the
locations of closest approach a differential expansion gap (a small clearance on the order of 1/10
of an inch) is engineered to allow free thermal expansion of the basket. At the widest locations,
the gaps are on the order of the fuel cell opening (" (BWR) and -9" (PWR) MPCs). It is
heuristically evident that heat dissipation by conduction is maximum at the closest approach
locations (low thermal resistance path) and that convective heat transfer is highest at the -widest
gap locations (large downcomer flow). In the FLUENT thermal model, a radial gap that is large
compared to the basket-to-shell clearance and small compared to the cell opening is used. As a
relatively large gap penalizes heat dissipation by conduction and a small gap throttles convective
flow, the use of a single gap in the FLUENT model understates both conduction and convection
heat transfer in the downcomer region. Furthermore, heat dissipation by the aluminum heat
ccnduetion clements, if used, is vcnsrv actively neglected in the thernnsiphen medels employed
in the HI STORM modeling

In previous revisions of this FSAR, the downcomer area was grossly understated in the FLUENT
models. In Revision 2 of the ESAR, the downcomer area is still slightly understatedfor all MPC
geometries (see table below), but the extent of conservatism has been moderated. -

Comparison of the Actual and Assumed MPCs Downcomer Flow Areas

Actual (Based on Assumed in the Assumed in the
drawings provided in FLUENT Model FLUENT Model
Section 1.5) (Revision 1) (Revision 2)

MPC-24 700.6 517.1 641.4

MPC-24E & MPC- 664.9 517.1 641.4
24EF
MPC-32 &MPC-32F 773.3 517.1 746.1

MPC-68, MPC-68F & 629.9 370.6 601.1
MPC-68FF -

Heat dissipation in the downcomer region is the sum of fie-four elements, viz. convective heat
transfer (Cl), helium conduction heat transfer (C2), basket-to-shell contact heat transfer (C3),
and radiation heat transfer (C4). and aluminum conduction elements (if used) heat transfer (C5).
In the HI-STORM thermal modeling, two clements f heat transfer (3 and C5) oFe C3 is
completely neglected, C2 is severely penalized and Cl is underpredicted. In other words the HI-
STORM thermosiphon model has choked the radial flow of heat in the downcomer space. This
has the direct effect of raising the temperature of fuel in the thermal solutions.

4.B.7 CONSERVATISM IN MPC EXTERNAL HEAT DISSIPATION TO CHIMNEY AIR

The principle means of decay heat dissipation to the environment is by cooling of the MPC
surface by chimney air flow. Heat rejection from the MPC surface is by a combination of
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convective heat transfer to a through flowing fluid medium (air), and conduction through the
overpack structure. n a nveetion ocoing a the uter ever-paek sac-e, and by radiatin5
heat tansfer- Because the temperature of the fuel stored in the MPC is directly affected by the
rate of heat dissipation from the canister external surface, heat transfer correlations with robust
conservatisms are employed in the HI-STORM simulations. The FLUENT computer code
deployed for the modeling employs a so called "wall-functions" approach for computing the
transfer of heat from solid surfaces to fluid medium. This approac has the desired effect of
computing heat dissipation in a most conservative manner. As this default appreach has been
empleyed in the thermal modeling, it is contextually relevant t quantify the conservatism in a
classical setting to provide an additional level of assurance in the HI STORNl results. To do this,
we have posed a classical heat transfer problem of a heated square bleck eeoled in a stream f
upwnard moving air. The proeblem is illustrated in Figuro 4.B. 8. rem the physics of the poblema,
the maximum steady state solid interior temperature (T s:

TV~ ~~ 4- AT-

where, TVj" - Sink temperature (mean of inlet and outlet air temperature)
AT. - Sd surface to air m tiffmeene

AT. - Slid blck interior temperature elevation

The sink temperature is computed by first alculating the air outlet temperature from energy
conservatien principles. Solid to air heat tnsfer is computed using classical natural convection
correlation preposed by Jakob and Hawins ("Elements f H4eat Transfer", John Wiley & Sens,
1957) and ATs is readily computed by an analtical solution to the equation of heat cenduetion in
solids. By siving this same problem e the RLuENT mputer- ode using the in built "wall
finetins, i ...... f 100t' eenser'ative margi ever the elassical rlt r Tm-is

established.

4.B.8 IIZC T L O"S OTHER CONSERVATISMS

Section 4.4.6 of the FSAR lists eleven elements an array of conservatisms, of which certain non-
transparent and individually significant items are discussed in detail in this appendix. These
conservatisms are primarily intrinsic to the modeling methodology or are product of
assumptions in the input data. Examples in the latter category are values assumed in the thermal
analysis for key inputs such as insolation heat, ambient temperature and emissivity of the heat
exchange surfaces. Conservatisms in the former category includes implicit assumptions to under
represent heat transfer, an example of this being the assumption that fuel pellets do not
contribute to axial heat dissipation in the MPC. A listing of conservatisms is provided below:

i) Axial heat transfer through fuel pellets is neglected.
ii) The upflow of helium through the MPCs is assumed to be laminar (high flow

resistance, low heat transfer).
iii) Heat dissipation by grid spacers, top & bottom fittings is ignored.
iv) Insolation heating assumed with a bounding absorbtivity of 1. 0.
v) Contact between fuel and basket and between basket and supports neglected.
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vi) MPC is assumed to be loaded with the most thermally resistive fuel type in its
category (BFWR or PWR) as applicable.

Finally, it should be noted that the computed peak cladding temperatures for all MPCs are also
lower than the 4000C limit by varying amounts, which can be viewed as an additional thermal
margin in the system. The assumptions inherent to the FLUENTsolution methodology and to the
solution process, in conjunction with those in the input data, are estimated to have an aggregate
effect of overestimating cladding temperatures by a considerable amount, as estimated in Table
4.B.1.

Out of the balance of cnseryatisms, the ea ef netable mention is the eonserpatism in fuel day
heat gencration stipulation based en the most heat missive fuc assembly type. This pestfre
imputcs a large eonservatsm fr etain other fl tpes, W-hich has a mueh ower quqatity of
Uranium fuel inventory relative t the dg basis fiiel te. Combining this %ith ther
misecllaneeus eenservaltisms, an aggregat ec isto erestimate cladding tmperaturcs by
Labet1+AN le1 SO tel 508F.~ rw s rals s l ~_

41.9 CONCLUSIONS

The foregoing naive pre-Ades a physical descriptien of the many cismntas ef encefvatism in
the I STORM 100 thermal model. The conservatisms may be broadly dded into two
eateger-ies:

I. Thos itrinsie to the FLUENT modeling prscess

2. Those finsing from the input data and on the M? STORM 100 thermal modeln.,

The conservatism i Categoxy (1) may b identified by rviewing the Holtec Wetcnatiecnal
Benchmark Repcr [.B.l], which shews tha the FLUENT selto Emethedelegy; when applied
tc the pretety c ask T 2 4P) over pre di ts the p eak claddin temp eraitffe by as much;- a-I S 7 FV
and as much a s 37F lative to the PNNL r-esuls (see Attachmen4 to Reference [.B.1)) from
their COBRA SFS set^ien , e emparcd againt Hs FLUENTF seltien.

aterou (2) conservatisms are those tha we havs e-dibeatel embedded in te HI STrM 10
theralmds t snsue A the computed value of ths peak fus cladding temperters is fur-ths
ever stated. Table 4i.B. 1 ontains a isting of the mj S atisms in the HI STORM 100
thecmal model, along with an stimate f thc ifet (inrease) f caeh on the omputd peak
cladding temperature.

nTATJ.PnRtf 1QAD rw ,I .. v R
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Table 4.B.1

Conservatism in the I-STORM 100 Thermal Model

ESTIMATED CONSERVATISM IN THE

MODELING ELEMENT COMPUTED MAX. CLADDING
MODELING ELEMENT TEMPERATURE

Long Term Ambient 2 to30
Temperature to

Hypothetical Cylinder -5
Construct

Axial Scat Dissipation
Restieti__

MPC Plenum Flow Doewnomorer Heat4 
Dssiption Restriction _ ____

MPG External Hat Dissipation
Under prediction 50

Use of SNFBounding Axial Flow Resistance

Misellanos Other Conservatisms l5 to 50 15

4.B.9 REFERENCES
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Figure 4.B.I
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CHAPTER St: SHIELDING EVALUATION

-5.0 INTRODUCTION

The shielding analysis of the HI-STORM 100 System, including the HI-STORM 100 overpack,
I-STORM 100S overpack, and the 100-ton -and 125-ton (including the 125D) HI-TRAC

transfer casks, is presented in this chapter. The HI-STORM 100 System is designed to
accommodate different MPCs within two HI-STORM overpacks (the HI-STORM 100S
overpack is a shorter version of the HI-STORM 100 overpack). The MPCs are designated as
MPC-24, MPC-24E and MPC-24EF (24 PWR fuel assemblies), MPC-32 and MPC-32F (32
PWR fuel assemblies), and MPC-68, MPC-68F, and MPC-68FF (68 BWR fuel assemblies). The
MPC-24E and MPC-24EF are essentially identical to the MPC-24 from a shielding perspective.
Therefore only the MPC-24 is analyzed in this chapter. Likewise, the MPC-68, MPC-68F and
MPC-68FF are identical from a shielding perspective as are the MPC-32 and MPC-32F and
therefore only the MPC-68 and MPC-32 are analyzed. Throughout this chapter, unless stated
otherwise, MPC-24 refers to either the MPC-24, MPC-24E, or MPC-24EF and MPC-32 refers to
either the MPC-32 or MPC-32F and and MPC-68 refers to the MPC-68, MPC-68F, and MPC-
68FF.

In addition to storing intact PWR and BWR fuel assemblies, the HI-STORM 100 System is
designed to store BWR and PWR damaged fuel assemblies and fuel debris. Damaged fuel
assemblies and fuel debris are defined in Sections 2.1.3 and the appreved ntent scctiol of
Appendix B t the CoC2.1.9. Both damaged fuel assemblies and fuel debris are required to be
loaded into Damaged Fuel Containers (DFCs) prior to being -loaded into the MPC. DFCs
containing BWR fuel debris must be stored in the MPC-68F or MPC-68FF. DFCs containing
BWR damaged fuel assemblies may be stored in either the MPC-68, the MPC-68F, or the MPC-
68FF. DFCs containing PWR fuel debris must be stored in the MPC-24EF or MPC-32F while
DFCs containing PWR damaged fuel assemblies may be stored in either the MPC-24E, ef-MPC-
24EF, MPC-32, or MPC-32F.

The MPC-68, MPC-68F, and MPC-68FF are also capable of storing Dresden Unit 1 antimony-
beryllium neutron sources and the single Thoria rod canister which contains 18 thoria rods that
were irradiated in two separate fuel assemblies.

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
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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PWR fuel assemblies may contain burnable poison rod assemblies (BPRAs), thimble plug
devices (TPDs), control rod assemblies (CRAs) or axial power shaping rod assemblies (APSRs) U
or similarly named devices. These non-fuel hardware devices are an integral yet removable part
of PWR fuel assemblies and therefore the HI-STORM 100 System has been designed to store
PWR fuel assemblies with or without these devices. Since each device occupies the same
location within a fuel assembly, a single PWR fuel assembly will not contain multiple devices.

In order to offer the user more flexibility in fuel storage, the HI-STORM 100 System offers two
different loading patterns in the MPC-24, MPC-24E, MPC-24EF, MPC-32, MPC-32F, MPC-68, |
and the MPC-68FF. These patters are uniform and regionalized loading as described in Section
2.0.1 and 2.1.6. Since the different loading patterns have different allowable burnup and cooling
times combinations, both loading patterns are discussed in this chapter.

The sections that follow will demonstrate that the design of the HI-STORM 100 dry cask storage
system fulfills the following acceptance criteria outlined in the Standard Review Plan,
NUREG-1536 [5.2.11:

Acceptance Criteria

1. The minimum distance from each spent fuel handling and storage facility to the
controlled area boundary must be at least 100 meters. The "controlled area" is defined
in 10CFR72.3 as the area immediately surrounding an ISFSI or monitored retrievable
storage (MRS) facility, for which the licensee exercises authority regarding its use
and-within which ISFSI operations are performed.

2. The cask vendor must show that, during both normal operations and anticipated
occurrences, the radiation shielding features of the proposed dry cask storage system
are sufficient to meet the radiation dose requirements in Sections 72.104(a).
Specifically, the vendor must demonstrate this capability for a typical array of casks
in the most bounding site configuration. For example, the most bounding
configuration might be located at the minimum distance (100 meters) to the
controlled area boundary, without any shielding from other structures or topography.

3. Dose rates from the cask must be consistent with a well established "as low as
reasonably achievable" (ALARA) program for activities in and around the storage
site.

4. After a design-basis accident, an individual at the boundary or outside the controlled
area shall not receive a dose greater than the limits specified in 10CFR 72.106.

5. The proposed shielding features must ensure that the dry cask storage system meets
the regulatory requirements for occupational and radiation dose limits for individual
members of the public, as prescribed in 10 CFR Part 20, Subparts C and D.

111-STORM FSAR Proposed Rev. 2B
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This chapter contains the following information which demonstrates full compliance with the
Standard Review Plan, NUREG-1536:

* A description of the shielding features of the HI-STORM 100 System, including the HI-
TRAC transfer cask.

* A description of the bounding source terms.
* A general description of the shielding analysis methodology.
* A description of the analysis assumptions and results for the HI-STORM 100 System,

including the HI-TRAC transfer cask.
* Analyses are presented for each MPC showing that the radiation dose rates follow As-Low-

As-Reasonably-Achievable (ALARA) practices.
* The HI-STORM 100 System has been analyzed to show that the 10CFR72.104 and

10CFR72.106 controlled area boundary radiation dose limits are met during normal, off-
normal, and accident conditions of storage for non-effluent radiation from illustrative ISFSI
configurations at a minimum distance of 100 meters.

* Analyses are also presented which demonstrate that the storage of damaged fuel and fuel
debris in the HI-STORM 100 System is acceptable during normal, off-normal, and accident
conditions.

Chapter 2 contains a detailed description of structures, systems, and components important to
safety.

Chapter 7 contains a discussion on the release of radioactive materials from the HI-STORM 100
System. an analysis of the estimated dose at the controlled area boundary during normal, off
normal, and accident conditions from the release of radioactive materials. Therefore, this chapter
only calculates the dose from direct neutron and gamma radiation emanating from the HI-
STORM 100 System.

Chapter 10, Radiation Protection, contains the following information:

* A discussion of the estimated occupational exposures for the HI-STORM 100 System,
including the HI-TRAC transfer cask.

* A summary of the estimated radiation exposure to the public.

I-STORM FSAR Proposed Rev. 2B
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5.1 DISCUSSION AND RESULTS

The principal sources of radiation in the HI-STORM 100 System are:

* Gamma radiation originating from the following sources

1. Decay of radioactive fission products
2. Secondary photons from neutron capture in fissile and non-fissile nuclides
3. Hardware activation products generated during core operations

* Neutron radiation originating from the following sources

1. Spontaneous fission
2. czn reactions in fuel materials
3. Secondary neutrons produced by fission from subcritical multiplication
4.. yn reactions (this source is negligible)
5. Dresden Unit 1 antimony-beryllium neutron sources

During loading, unloading, and transfer operations, shielding from gamma radiation is provided
by the steel structure of the MPC and the steel, lead, and water of the HI-TRAC transfer cask.
For storage, the gamma shielding is provided by the MPC, and the steel and concrete of the
overpack. Shielding from neutron radiation is provided by the concrete of the overpack during
storage and by the water of the HI-TRAC transfer cask during loading, unloading, and transfer
operations. Additionally, in the HI-TRAC 125 and 125D top lid and the transfer lid of the HI-
TRAC 125, a solid neutron shielding material, Holtite-A is used to thermalize the neutrons.
Boron carbide, dispersed in the solid neutron shield material utilizes the high neutron absorption
cross section of 1°B to absorb the thermalized neutrons.

The shielding analyses were performed with MCNP-4A [5.1.1]-developed by Los Alamos
National Laboratory (LANL). The source terms for the design basis fuels were calculated with
the SAS2H and ORIGEN-S sequences from the SCALE 4.3 system [5.1.2, 5.1.3]. A detailed
description of the MCNP models and the source term calculations are presented in Sections 5.3
and 5.2, respectively.

The design basis zircaloy clad fuel assemblies used for calculating the dose rates presented in
this chapter are B&W 15x15 and the GE 7x7, for PWR and BWR fuel types, respectively. The
design basis intact 6x6 and mixed oxide (MOX) fuel assemblies are the GE 6x6. The GE 6x6 is
also the design basis damaged fuel assembly for-the Dresden Unit 1 and Humboldt Bay array
classes. Table-246Section 2.1.9 specifies the acceptable intact zircaloy clad fuel characteristics
for storage. Table 2.1.7 specfiesand the acceptable damaged fuel characteristics fer sterage.

The design basis stainless steel clad fuels are the WE 15x15 and the A/C x1O, for PWR and
BWR fuel types, respectively. Table 24gSection 2.1.9 specifies the acceptable fuel
characteristics of stainless steel clad fuel for storage.

HI-STORM FSAR Proposed Rev. 2B
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The MPC-24, MPC-24E, MPC-24EF, MPC-32, MPC-32F, MPC-68, and MPC-68FF are
qualified for storage of SNF with different combinations of maximum burnup levels and
minimum cooling times. The approved contents section of Appendix B to the CoCSection 2.1.9
specifies the acceptable maximum burnup levels and minimum cooling times for storage of
zircaloy clad fuel in these MPCs. Appendix B to the CoCSection 2.1.9 also specifies the
acceptable maximum burnup levels and minimum cooling times for storage of stainless steel clad
fuel. The burnup and cooling time values in Appendix B to the CoCection 2.1.9, which differ by
array class, were chosen based on an analysis of the maximum decay heat load that could be
accommodated within each MPC. Section 5.2 of this chapter describes the choice of the design
basis fuel assembly based on a comparison of source terms and also provides a description of
how the allowable burnup and cooling times were derived. Since for a given cooling time,
different array classes have different allowable burnups in Section 2.1.9, burnup and cooling
times that bound array classes 14x14A and 9x9G were used for the analysis in this chapter since
these array class burnup and cooling time combinations bound the combinations from the other
PWR and BWR array classes. Section 5.2.5 describes how this results in a conservative estimate
of the maximum dose rates.

Section 2.1.9 specifies that the maximum assembly average burnup for PWR and BWR fuel is
68,200 and 65,000 MWD/MTU, respectively. The analysis in this chapter conservatively
considers burnups up to 75,000 and 70,000 MWD/MTU for PWR and BWR fuel, respectively.

The dose rates surrounding the HI-STORM overpack are very low, and thus, the shielding
analysis of the HI-STORM overpack conservatively considered the burnup and cooling time
combinations listed below, which bound the acceptable burnup levels and cooling times from
Appendix B to the CoC ection 2.1.9. This large conservatism is included in the analysis of the
HI-STORM overpack to unequivocally demonstrate that the HI-STORM overpack meets the Part
72 dose requirements.

I 

I

Zircaloy Clad Fuel

MPC-24 MPC-32 MPC-68

&U7,500 4535,000 4?,50-40,000
.MWD/MTU MWD/MTU MWD/MTU

&-3 year cooling &-3 year cooling 5-3 year cooling

Stainless Steel Clad Fuel

MPC-24 MPC-32 MPC-68

40,000 MWD/MTU 40,000 MWD/MTU 22,500 MWD/MTU
8 year cooling 9 year cooling 10 year cooling

I

I
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The burnup and cooling time combinations analyzed for zircaloy clad fuel produce dose rates at
the midplane of the HI-STORM overpack which bound all uniform and regionalized loading
burnup and cooling time combinations listed in Appendix B t the GcCection 2.1.9. Therefore,
the HI-STORM shielding analysis presented in this chapter is conservatively bounding for the
MPC-24, MPC-32, and MPC-68.

The dose rates surrounding the HI-TRAC transfer cask are significantly higher than the dose
rates surrounding the HI-STORM overpack, and although no specific regulatory limits are
defined, dose rates are based on the ALARA principle. Therefore, the cited dose rates were
based on the a-tual-burnups and cooling times requested in Appendix B to the CoGloser to the
combinations in Section 2.1.9. Two different burnup and cooling times, listed below, were
analyzed for the MPC-24, MPC-32, and the MPC-68 in the 100-ton HI-TRAC. The burnup and
cooling time combinations were chosen for the minimum cooling time and a bounding burnup
corresponding to the 14x14A in the MPC-24 and MPC-32 and the 9x9G fuel assembly in the
MPC-68. The burnups corresponding to 63-year cooling times produce dose rates at 1 meter
from the radial surface of the overpack, for the locations reported in this chapter, which bound
the dose rates from all other uniform loading burnup and cooling time combinations listed-in
Appendix B to the CoSection 2.1.9. Sinee it is reasonable to assume that the majority of fuel
which will be loaded in casks il be 10 years or older, the dose rates frem eonser atie burnups
for 10 year ecoling are also presented in this chapter.

| 100-ton HI-TRAC

- .MPC-24 MPC-32 MPC-68

42,50046,000 MWD/MTU 32,50035,000 MWD/MTU 4039,000 MWD/MTU
-3 year cooling 5-3 year cooling 5-3 year cooling

52,50075,000 MWD/MTU 45,00075,000 MWD/MTU 5070,000 MWD/MTU
40-5 year cooling -448 year cooling 406 year cooling

The 100-ton HI-TRAC with the MPC-24 has higher dose rates at the mid-plane than the 100-ton
HI-TRAC with the MPC-32 or the MPC-68. Therefore, the MPC-24 results for 63-year cooling
are presented in this section and the MPC-24 was used for the dose exposure estimates in
Chapter 10. The MPC-32 results, MPC-68 results, and additional MPC-24 results are provided in
Section 5.4 for comparison.

The 100-ton HI-TRAC dose rates bound the HI-TRAC 125 and 125D dose rates for the same
burnup and cooling time combinations. Therefore, for illustrative purposes, the MPC-24 was the
only MPC analyzed in the HI-TRAC 125 and 125D. Since the III-TRAC 125D has fewer radial
ribs, the dose rate at the midplane of the HI-TRAC 125D is higher than the dose rate at the
midplane of the HI-TRAC 125. Therefore, the results on the radial surface are only presented for
the HI-TRAC 125D in this chapter. Dose rates are presented for two different burnup and
cooling time combinations for the MPC-24 in the HI-TRAC 125D which bound the allowable
contents Section 2.1.9: 4,50046,000 MWD/MTU with 53-year cooling and 57,50075,000

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

5.1-3



MWD/MI1U with 1-W-year cooling. The dose rates for the later combination are presented in this
section because it produces the highest dose rate at the cask midplane. Dose rates for the other
burnup and cooling time combination are presented in Section 5.4.

As a general statement, the dose rates for -uniform loading presented in this chapter bound the
dose rates for regionalized loading at 1 meter distance from the overpack. Therefore, dose rates
for specific burnup and cooling time combinations in a regionalized loading pattern are not
presented in this chapter. Section 5.4.9 provides an additional brief discussion on regionalized
loading.

Unless otherwise stated all tables containing dose rates for design basis fuel refer to design basis
intact zircaloy clad fuel.

5.1.1 Normal and Off-Normal Operations

Chapter 11 discusses the potential off-normal conditions and their effect on the HI-STORM 100
System. None of the off-normal conditions have any impact on the shielding analysis. Therefore,
off-normal and normal conditions are identical for the purpose of the shielding evaluation.

The 10CFR72.104 criteria for radioactive materials in effluents and direct radiation during
normal operations are:

1. During normal operations and anticipated occurrences, the annual dose equivalent to any
real individual who is located beyond the controlled area, must not exceed 25 mrem to
the whole body, 75 mrem to the thyroid and 25 mrem to any other critical organ.

2. Operational restrictions must be established to meet as low as reasonably achievable
(ALARA) objectives for radioactive materials in effluents and direct radiation.

10CFR20 Subparts C and D specify additional requirements for occupational dose limits and
radiation dose limits for individual members of the public. Chapter 10 specifically addresses
these regulations.

In accordance with ALARA practices, design objective dose rates are established for the HI-
STORM 100 System in Section 2.3.5.2 as: 60-100 mrem/hour on the radial surface of the
overpack, 60 mrem/hour at the openings of the air vents, and 60 mrem/hour on the top of the
overpack.

The HI-STORM overpack dose rates presented in this section are conservatively evaluated for
the MPC-32, the MPC-68, and the MPC-24. All burnup and cooling time combinations analyzed
bound the allowable burnup and cooling times specified in Appendix B to the CoCSection 2.1.9.

Figure 5.1.1 and 5.1.12 identify the locations of the dose points referenced in the dose rate
summary tables for the HI-STORM 100 and HI-STORM 100S overpacks, respectively. Dose
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Points #1 and #3 are the locations of the inlet and outlet air ducts, respectively. The dose values
reported for these locations (adjacent and 1 meter) were averaged over the duct opening. Dose
Point #4 is the peak dose location above the overpack shield block. For the adjacent top dose,
this dose point is located over the air annulus between the MPC and the overpack. Dose Point
#4a in Figure 5.1.12 is located directly above the exit duct and next to the concrete shield block;
The dose values reported at the locations shown on Figure 5.1.1 and 5.1.12 are averaged over a
region that is approximately 1 foot in width.,

The total dose rates presented in this chapter for the MPC-24 and MPC-32 are presented for two
cases: with and without BPRAs. The dose from the BPRAs was conservatively assumed to be
the maximum calculated in Section 5.2.4.1. This is conservative because it is not expected that
the cooling times for both the BPRAs and fuel assemblies would be such that they are both at the
maximum design basis values.

Tables 5.1.1 and 5.1.3 provide the maximum dose rates adjacent to the HI-STORM 100S
overpack during normal conditions for the MPC-32 and MPC-68. Tables 5.1.4 and 5.1.6 provide
the maximum dose rates at one meter from the HI-STORM 100S overpack. Tables 5.1.2 and
5.1.5 provide the maximum dose rates adjacent to and one meter from the HI-STORM 100
overpack for the MPC-24.

Although the dose rates for the MPC-32 in HI-STORM 100s are quivalent to or-greater than
those for the MPC-24 in HI-STORM 100 at the ventilation ducts, as shown in Tables 5.1.1,
5.1.2, 5.1.4, and 5.1.5, the MPC-24 was used in the calculations for the dose rates at the
controlled area boundary. This is acceptable because the vents are a small fraction of the radial
surface area. As such, the dominant effect on the dose at distance is the radial portion of the
overpack between the vents which comprises approximately 91% of the total radial surface area
compared to approximately 1.3% for the vents. The MFC-24 was chosen because, for a given
cooling time, the MPC-24 has a higher allowable burnup than the MPC-32 or the MPC-68 (see
Appendix B to the CoCSection 2.1.9). Consequently, for the allowable burnup and cooling
times, the MPC-24 will have dose rates that are greater than or equivalent to those from the
MPC-68 and MPC-32. The dose rates at the controlled area boundary were calculated for the HI-
STORM 100 overpack rather than the HI-STORM 100S overpack. The difference in height will
have little impact on the dose rates at the controlled area boundary since the surface dose rates
are very similar. The controlled area boundary dose rates were also calculated witbeut-including
the BPR4 non-fuel hardware source. In the site specific dose analysis, users should perform an
analysis which properly bounds the fuel to be stored including BPRAs if present. UIsis
aeeeptabl bcause the dAe rates fr the I STORM 100 eycrpaek ealflanted in Tab1e 5.1.2
withut BPR~s are eenservative nough t bnd th dse .rate fr eeua4 bumup and cooling
times from Appendix B to the Co icludiag BNR A AA.

Table 5.1.7 provides dose rates adjacent to and one -meter from the 100-ton HI-TRAC. Table
5.1.8 provides dose -rates adjacent to and one meter from the 125-ton HI-TRACs. Figures 5.1.2
and 5.1.4 identify the locations of the dose points referenced in Tables 5.1.7 and 5.1.8 for the HI-
TRAC 125 and 100 transfer casks, respectively. The dose rates listed in Tables 5.1.7 and 5.1.8
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correspond to the normal condition in which the MPC is dry and the HI-TRAC water jacket is
filled with water. The dose rates below the HI-TRAC (Dose Point #5) are provided for two
conditions. The first condition is when the pool lid is in use and the second condition is when the
transfer lid is in use. The HI-TRAC 125D does not utilize the transfer lid, rather it utilizes the
pool lid in conjunction with the mating device. Therefore the dose rates reported for the pool lid
are applicable to both the HI-TRAC 125 and 125D while the dose rates reported for the transfer
lid are applicable only to the HI-TRAC 125. The calculational model of the 100-ton HI-TRAC
included a concrete floor positioned 6 inches (the typical carry height) below the pool lid to
account for ground scatter. As a result of the modeling, the dose rate at 1 meter from the pool lid
for the 100-ton H1-TRAC was not calculated. The dose rates provided in Tables 5.1.7 and 5.1.8
are for the MPC-24 with design basis fuel at burnups and cooling times, based on the allowed
burnup and cooling times specified in Appendix B to the CoCection 2.1.9, that result in dose
rates that are generally higher in each of the two HI-TRAC designs. The burnup and cooling
time combination used for both the 100-ton and 125-ton HI-TRAC was chosen based-ento bound
the allowable burnup and cooling times in Appendix B to the Cor ection 2.1.9. Results for other
burnup and cooling times and for the MPC-68 and MPC-32 are provided in Section 5.4.

Because the dose rates for the 100-ton HI-TRAC transfer cask are significantly higher than the
dose rates for the 125-ton HI-TRACs or the HI-STORM overpack, it is important to understand
the behavior of the dose rates surrounding the external surface. To assist in this understanding,
several figures, showing the dose rate profiles on the top, bottom and sides of the 100-ton HI-
TRAC transfer cask, are presented below. The figures discussed below were all calculated
without the gamma source from BPRAs and were calculated for an earlier design of the HI-
TRAC which utilized 30 steel fins 0.375 inches thick compared to 10 steel fins 1.25 inches thick.
The change in rib design only affects the magnitude of the dose rates presented for the radial
surface but does not affect the conclusions discussed below.

Figure 5.1.5 shows the dose rate profile at 1 foot from the side of the 100-ton HI-TRAC transfer
cask with the MPC-24 for 35,000 MWD/MTU and 5 year cooling. This figure clearly shows the
behavior of the total dose rate and each of the dose components as a function of the cask height.
To capture the effect of scattering off the concrete floor, the calculational model simulates the
100-ton HI-TRAC at a height of 6 inches (the typical cask carry height) above the concrete floor.
As expected, the total dose rate on the side near the top and bottom is dominated by the Co-60
gamma dose component, while the center dose rate is dominated by the fuel gamma dose
component.

The total dose rate and individual dose rate components on the surface of the pool lid on the 100-
ton HI-TRAC are provided in Figure 5.1.6, illustrating the significant reduction in dose rate with
increasing distance from the center of the pool lid. Specifically, the total dose rate is shown to
drop by a factor of more than 20 from the center of the pool lid to the outer edge of the HI-
TRAC. Therefore, even though the dose rate in Table 5.1.7 at the center of the pool lid is
substantial, the dose rate contribution, from the pool lid, to the personnel exposure is minimal.
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The behavior of the dose rate 1-foot from the transfer lid is shown in Figure 5.1.7. Similarly, the
total dose rate and the individual dose rate components 1-foot from the top lid, as a function of
distance from the axis of the 100-ton HI-TRAC, are shown in Figure 5.1.8. For both lids
(transfer and top), the reduction in dose rate with increased distance from the cask axial
centerline is substantial.

To reduce the dose rate above the water jacket, a localized temporary shield ring, described in
Chapter 8, may be employed on the 125-ton HI-TRACs and on the 100-ton HI-TRAC. This
temporary shielding, which is water, essentially extends the water jacket to the top of the HI-
TRAC. The effect of the temporary shielding on the side dose rate above the water jacket (in the
area around the lifting trunnions and the upper flange) is shown on Figure 5.1.9, which shows
the dose profile on the side of the 100-ton HI-TRAC with the temporary shielding installed. For
comparison, the total dose rate without temporary shielding installed is also shown on Figure
5.1.9. The results indicate that the temporary shielding reduces the dose rate by approximately a
factor of 2 in the area above the water jacket.

To illustrate the reduction in dose rate with distance from the side of the 100-ton HI-TRAC,
Figure 5.1.10 shows the total dose rate on the surface and at distances of 1-foot and 1-meter.

Figure 5.1.11 plots the total dose rate at various distances from the bottom of the transfer lid,
including distances of 1, 5, 10, and 15 feet. Near the transfer lid, the total dose rate is shown to
decrease significantly as a function of distance from the 100-ton HI-TRAC axial centerline.
Near the axis of the HI-TRAC, the reduction in dose rate from the 1-foot distance to the 15-foot
distance is approximately a factor of 15. The dose rate beyond the radial edge of the HI-TRAC is
also shown to be relatively low at all distances from the HI-TRAC transfer lid. Thus, prudent
transfer operating procedures will employ the use of distance to reduce personnel exposure. In
addition, when the I-TRAC is in the horizontal position and is being transported on site, a
missile shield may be positioned in front of the HI-TRAC transfer lid or pool lid. If present, this
shield would also serve as temporary gamma shielding which would greatly reduce the dose rate
in the vicinity of the transfer lid or pool lid. For example, if the missile shield was a 2 inch thick
steel plate, the gamma dose rate would be reduced by approximately 90%.

The dose to any real individual at or beyond the controlled area boundary is required to be below
25 mrem per year. The minimum distance to the controlled area boundary is 100 meters from the
ISFSI. As mentioned, only the MFC-24 was used in the calculation of the dose rates at the
controlled area boundary. Table 5.1.9 presents the annual dose to an individual from a single HI-
STORM cask and various storage cask arrays, assuming an 8760 hour annual occupancy at the
dose point location. The minimum distance required for the corresponding dose is also listed.
These values were conservatively calculated for a burnup of 47,500 MWD/MTU and a 53-
year cooling time. In addition, the annual dose was calculated for a-burnups of 45,000 and
52,500 MWD/MTU with corresponding cooling times oand-a 9 and 5 years respectively.
eeoing time. BPRAs were included in these dose estimates. It-is noted that these data are

provided for illustrative purposes only. 'A detailed site-specific evaluation of dose at the
controlled area boundary must be performed for each ISFSI in accordance with 10CFR72.212, as
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stated in Chapter 12, 'Operating Controls and Limits". The site-specific evaluation will consider
dose from other portions of the facility and will consider the actual conditions of the fuel being
stored (burnup and cooling time).

Figure 5.1.3 is an annual dose versus distance graph for the cask array configurations provided in
Table 5.1.9. This curve, which is based on an 8760 hour occupancy, is provided for illustrative
purposes only and will be re-evaluated on a site-specific basis.

Section 5.2 lists the gamma and neutron sources for the design basis fuels. Since the source
strengths of the GE 6x6 intact and damaged fuel and the GE 6x6 MOX fuel are significantly
smaller in all energy groups than the intact design basis fuel source strengths, the dose rates from
the GE 6x6 fuels for normal conditions are bounded by the MPC-68 analysis with the design
basis intact fuel. Therefore, no explicit analysis of the MPC-68 with either GE 6x6 intact or
damaged or GE 6x6 MOX fuel for normal conditions is required to demonstrate that the MPC-68
with GE 6x6 fuels will meet the normal condition regulatory requirements. Section 5.4.2
evaluates the effect of generic damaged fuel in the MPC-24E, MPC-32 and the MPC-68.

Section 5.2.6 lists the gamma and neutron sources from the Dresden Unit 1 Thoria rod canister
and demonstrates that the Thoria rod canister is bounded by the design basis Dresden Unit 1 6x6
intact fuel.

Section 5.2.4 presents the Co-60 sources from the BPRAs, TPDs, CRAs and APSRs that are
permitted for storage in the HI-STORM 100 System. Section 5.4.6 discusses the increase in dose
rate as a result of adding non-fuel hardware in the MPCs.

Section 5.4.7 demonstrates that the Dresden Unit 1 fuel assemblies containing antimony-
beryllium neutron sources are bounded by the shielding analysis presented in this section.

Section 5.2.3 lists the gamma and neutron sources for the design basis stainless steel clad fuel.
The dose rates from this fuel are provided in Section 5.4.4.

The analyses summarized in this section demonstrate that the HI-STORM 100 System, including
the HI-TRAC transfer cask, are in compliance with the 10CFR72.104 limits and ALARA
practices.

5.1.2 Accident Conditions

The 10CFR72.106 radiation dose limits at the controlled area boundary for design basis
accidents are:

Any individual located on or beyond the nearest boundary of the controlled area may not
receive from any design basis accident the more limiting of a total effective dose
equivalent of 5 Rem, or the sum of the deep-dose equivalent and the committed dose
equivalent to any individual organ or tissue (other than the lens of the eye) of 50 Rem.
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The lens dose equivalent shall not exceed 15 Rem and the shallow dose equivalent to
skin or to any extremity shall not exceed 50 rem. The minimum distance from the spent
fuel or high-level radioactive waste handling and storage facilities to the nearest
boundary of the controlled are shall be at least 100 meters.

Design basis accidents which may affect the HI-STORM overpack can result in limited and
localized damage to the outer shell and radial concrete shield. As the damage is localized and the
vast majority of the shielding material remains intact, the effect on the dose at the site boundary
is negligible. Therefore, the site boundary,-adjacent, and one meter doses for the loaded HI-
STORM overpack for accident conditions are equivalent to the normal condition doses, which
meet the 10CFR72.106 radiation dose limits.

The design basis accidents analyzed in Chapter 11 have one bounding consequence that affects
the shielding materials of the HI-TRAC transfer cask. It is the potential for damage to the water
jacket shell and the loss of the neutron shield (water). In the accident consequence analysis, it is
conservatively assumed that the neutron shield (water) is completely lost and replaced by a void.

Throughout all design basis accident conditions the axial location of the fuel will remain fixed
within the MPC because of the fuel spacers. The HI-STAR 100 System (Docket Number 72-
1008) documentation provides analysis to demonstrate that the fuel spacers will not fail under
any normal, off-normal, or accident condition of storage. Chapter 3 -also shows that the HI-
TRAC inner shell, lead, and outer shell remain intact throughout all design basis accident
conditions. Localized damage of the HI-TRAC outer shell could be experienced. However, the
localized deformations will have only a negligible impact on the dose rate at the boundary of the
controlled area.

The complete loss of the HI-TRAC neutron shield significantly affects the dose at mid-height
(Dose Point #2) adjacent to the HI-TRAC. Loss of the neutron shield has a small effect on the
dose at the other dose points. To illustrate the impact of the design basis accident, the dose rates
at Dose Point #2 (see Figures 5.1.2 and 5.1.4) are provided in Table 5.1.10. The normal
condition dose rates are provided for reference. Table 5.1.10 provides a comparison of the
normal and accident condition dose rates at one meter from the HI-TRAC. The burnup and
cooling time combinations used in Table 5.1.10 were the combinations that resulted in the
highest post-accident condition dose rates. These burnup and cooling time combinations do not
necessarily correspond to the burnup and cooling time combinations that result in the highest
dose rate during normal conditions. Scaling this accident dose rate by the dose rate reduction
seen in HI-STORM yields a dose rate at the 100 meter controlled area boundary that would be
approximately 1.484.061 mrem/hr for the HI-TRAC accident condition. At this dose rate, it
would take 3M71231 hours (44151 days) for the dose at the controlled area boundary to reach
5 Rem. Assuming a 30 day accident duration, the accumulated dose at the controlled area
boundary would be 2.92 Rem. Based on this dose rate and the short duration of use for the

t 2098.515927.95 mrem/hr (Table 5.1.10) x [29289 mrem/yr (Table 5.4.7) / 8760 hrs /
20.948.16 mren/hr (Table 5.1.5)]
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loaded HI-TRAC transfer cask, it is evident that the dose as a result of the design basis accident
cannot exceed 5 Rem at the controlled area boundary for the short duration of the accident.

The consequences of the design basis accident conditions for the MPC-68 and MPC-24E storing
damaged fuel and the MPC-68F, MPC-68FF, or MPC-24EF storing damaged fuel and/or fuel
debris differ slightly from those with intact fuel. It is conservatively assumed that during a drop
accident (vertical, horizontal, or tip-over) the damaged fuel collapses and the pellets rest in the
bottom of the damaged fuel container. Analyses in Section 5.4.2 demonstrates that the damaged
fuel in the post-accident condition does not significantly affect the dose rates around the cask.
Therefore, the damaged fuel post-accident dose rates are bounded by the intact fuel post-accident
dose rates.

Analyses summarized in this section demonstrate that the HI-STORM 100 System, including the
HI-TRAC transfer cask, are in compliance with the 1OCFR72.106 limits.
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Table 5.1.1

DOSE RATES ADJACENT TO HI-STORM 100S OVERPACK
-FOR NORMAL CONDITIONS

MPC-32 DESIGN BASIS ZIRCALOY CLAD FUEL AT BOUNDING
BURNUP AND COOLING TIME

4435,000 MWD/MTU AND &3-YEAR COOLING I

Dose Pontt -Fuel ' 0Co Neutrons Totals Totals with
Location Gammastt Gammas (mrem/hr) (mrem/hr) BPRAs

(mrem/hr) (mrem/hr) -_ . (mrem/hr)

1 15.16 18.14 3.44 36.75 37.68

2 84.79ttt 0.05 1.02 85.86 92.07

3 15.88 18.95 2.71 37.54 45.75

4 3.22 1.18 0.95 5.36 6.10

4a 7.12 10.46 13.26 30.83 35.71

f Refer to Figure 5.1.12.

tt Gammas generated by neutron capture are included with fuel gammas.

ttt The cobalt activation of incore grid spacers accounts for &54.1 % of this dose rate.

I
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Table 5.1.2

DOSE RATES ADJACENT TO HIf-STORM 100 OVERPACK
FOR NORMAL CONDITIONS

MPC-24 DESIGN BASIS ZIRCALOY CLAD FUEL AT BOUNDING
BURNUP AND COOLING TIME

5247,500 MWD/MTU AND 53-YEAR COOLING I

Dose Pointt Fuel 6 Co Neutrons Totals Totals with
Location Gammast Gammas (mrem/hr) (mrem/hr) BPRAs

(mrem/hr) (mrem/hr) (mrem/hr)

1 11.14 6.61 3.70 21.46 21.84

2 8 8 .8 6 ttt 0.04 2.52 91.41 96.85

3 7.51 4.36 1.84 13.71 15.38

4 1.74 0.49 4.82 7.05 7.51

t Refer to Figure 5.1.1.

tt Ganmas generated by neutron capture are included with fuel gammas.

ttt The cobalt activation of incore grid spacers accounts for &04 % of this dose rate.
I
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Table 5.1.3

DOSE RATES ADJACENT TO HI-STORM 100S OVERPACK FOR NORMAL
:- -CONDITIONS

7 MPC-68 DESIGN BASIS ZIRCALOY CLAD FUEL AT BOUNDING
BURNUP AND COOLING TIME

47,501,000 MWD/MTU AND 3-YEAR COOLING I

Dose Pointt Fuel Gammastt 60Co Gammas Neutrons Totals
Location (mrem/hr) . (mrem/hr) (mrem/hr) (mrem/hr)

1 15.26 14.43 5.79 35.48

2 77.57 0.01 - 1.76 79.35

3 6.40 18.63 2.58 27.62

4 1.81 1.42 0.94 4.17

4a 1.77 11.45- 12.55 25.77

t Refer to Figure 5.1.12.

tt Gammas generated by neutron capture are included with fuel gammas.
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Table 5.1.4

DOSE RATES AT ONE METER FROM HI-STORM 100S OVERPACK
FOR NORMAL CONDITIONS

MPC-32 DESIGN BASIS ZIRCALOY CLAD FUEL AT BOUNDING
BURNUP AND COOLING TIME

4635,000 MWD/MTU AND 3-YEAR COOLING I

Dose Pointe Fuel "co Neutrons Totals Totals with
Location Gammas" Gammas (mrem/hr) (mrem/hr) BPRAs

-(mren/hr) (mrem/hr) (mrem/hr)

1 10.50 6.08 0.50 17.07 17.89

2 44.21ttt 0.39 0.43 45.02 48.25

3 8.31 5.33 0.44 14.08 16.77

4 0.83 0.37 0.42 1.62 1.83

1t

ft

ttl.

Refer to Figure 5.1.12.

Gammas generated by neutron capture are included with fuel gammas.

The cobalt activation of incore grid spacers accounts for 8.64.1 % of this dose rate. I
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Table 5.1.5

DOSE RATES AT ONE METER FROM HI-STORM 100 OVERPACK
- FOR NORMAL CONDITIONS

MPC-24 DESIGN BASIS ZIRCALOY CLAD FUEL AT BOUNDING
BURNUPAND COOLING TIME

- 247,500 MD/MTU AND &3-YEAR COOLING I

Dose Pointt Fuel 60 Co Neutrons Totals Totals with
Location Gammas~t Gammas L(mrem/br) (mrem/hr) BPRAs

(mrem/hr) (mrem/hr) _ (mrem/hr)

1 11.15 3.94 0.72 X 15.82 16.36

2 46.78t 0.33 1.04 48.16 50.95

3 6.51 2.84 0.28 9.64 10.87

4 0.84 0.22 1.47 2.53 2.66

t Refer to Figure 5.1.1.

tt Gammas generated by neutron capture are included with fuel gammas.

ttt The cobalt activation of incore grid spacers accounts for &04 % of this dose rate.
I
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Table 5.1.6

DOSE RATES AT ONE METER FROM HI-STORM 100S OVERPACK
FOR NORMAL CONDITIONS

MPC-68 DESIGN BASIS ZIRCALOY CLAD FUEL AT BOUNDING
BURNUP AND COOLING TIME

47,-50040,000 MWD/MTU AND 53-YEAR COOLING I

Dose Pointt Fuel Gammastt "Co Gammas Neutrons Totals
Location (mrem/hr) (mrem/hr) (mrem/hr) (mrem/hr)

1 10.65 4.55 0.77 15.96

2 39.27 0.33 0.74 40.34

3 4.02 5.70 0.42 10.14

4 0.45 0.44 0.40 1.28

t Refer to Figure 5.1.12.

tt Gammas generated by neutron capture are included with fuel gammas.
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Table 5.1.7

DOSE RATES FROM THE 100-TON HI-TRAC FOR NORMAL CONDITIONS
MPC-24 DESIGN BASIS ZIRCALOY CLAD FUEL

____ _ 400 46,00fDj/MTU AND &3-YEAR COOLING
Dose Point Fuel (ny) IoJ Co Neutrons Totals Totals
Location Gammas Gammas Gammas (mrem/hr) (mrem/hr) with

(mrem/hr) (mremnlhr) (mrem/hr) .-. BPRAs
E . _ _ . (mrem/hr)

ADJACENT TO THE 100-TON HI-TRAC
1 106.76 17.29 -849.14 244.86 1218.05 1226.59
2 2673.26 70.39 0.85 129.91 2874.41 3121.64
3 31.55 3.39 - -468.20 204.87 708.01 856.53

3 (temp) 14.08 6.03 217.01 3.29 240.41 308.56
4 67.59 1.34 376.81 252.20 697.94 822.44

4 (outer) 20.45 0.85 93.82 170.24 285.36 316.69
5 (pool lid) 704.26 22.94 '4298.12 1518.06 6543.38 6608.15
5 (transfer) 1015.91 1.35 6375.30 941.78 8334.34 8431.18
5(t-outer) 262.72 0.46 617.08 372.07 1252.32 1273.80

ONE METER FROM THE 100-TON HI-TRAC
1 354.02 9.30 126.22 39.80 529.34 561.82
2 117082' 21.52 9.99 48.71 1251.03 1360.51
3 148.77 5.18 104.85 19.11 277.92 327.35

3 (temp) 147.95 5.56 89.31 7.23 250.05 294.61
4 23.46 0.23 116.33 62.83 202.86 241.43

5 (transfer) 453.62 0.25 2604.33 262.81 3321.01 3360.14
5(t-outer) 62.33 0.80 234.75 75.45 373.34 377.23

I

Notes:
* Refer to Figures 5.1.2 and 5.1.4 for dose locations.
* Dose location 3(temp) represents dose location 3 with temporary shielding installed.
* Dose location 4(outer) is the radial segment at dose location 4 which is 18-30 inches from the center

of the overpack..
* Dose location 5(t-outer) is the radial segment at dose location 5 (transfer lid) which is 30-42 and 54-

66 inches from the center of the lid for the adjacent and one meter locations, respectively. The inner
radius of the HI-TRAC is 34.375 in. and the outer radius of the water jacket is 44.375 in.

* Dose rate based on no water within the MPC. For the majority of the duration that the HI-TRAC pool
lid is installed, the MPC cavity will be flooded with water. The water within the MPC greatly reduces
the dose rate.

t The cobalt activation of incore grid spacers accounts for 42-6.3% of the surface and one-meter |
dose rates.
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Table 5.1.8

DOSE RATES FROM THE 125-TON HI-TRACS FOR NORMAL CONDITIONS
MPC-24 DESIGN BASIS ZIRCALOY CLAD FUEL

57,500- 7000 MWD/MTU AND 425-YEAR COOLING
Dose Point Fuel (n') 60CO Neutrons Totals Totals
Location Gammas Gammas Gammas (mremIhr) (mrem/hr) with

(mremar)(mrem/hr) (mrem/hr) BPRAs
________I__ __________ _________I_____I___ I_____ 1 (mrem/hr)

ADJACENT TO THE 125-TON HI-TRACs
1 6.32 61.85 100.63 415.90 584.70 585.42
2 113.33- 183.20 0.01 287.94 584.49 600.36
3 1.41 6.55 62.26 663.65 733.88 753.59
4 41.57 8.40 340.67 767.94 1158.58 1274.01

4 (outer) 4.84 6.00 42.31 -16.11 69.26 83.45
5 (pool) 54.77 3.67 454.56 2883.53 3396.53 3404.24

5 (transfer) 65.81 4.78 601.40 440.29 1112.28 1117.76
ONE METER FROM THE 125-TON HI-TRACs

1 14.93 24.68 12.90 - 68.44 - 120.95 122.99
2 50.47t 59.39 0.52 98.23 208.61 215.68
3 5.66 13.95 12.58 61.07 93.26 98.17
4 11.54 2.03 82.02 79.09 174.68 202.33

5 (transfer) 25.98 0.92 290.76 76.26 393.92 396.85

I

Notes:
* Refer to Figures 5.1.2 and 5.1.4 for dose locations.
* Dose location 4(outer) is the radial segment at dose location 4 which is 18-24 inches from the center

of the overpack.
* Dose rate based on no water within the MPC. For the majority of the duration that the HI-TRAC pool

lid is installed, the MPC cavity will be flooded with water. The water within the MPC greatly reduces
the dose rate.

t The cobalt activation of incore grid spacers accounts for 15.59.4% of the surface and one-meter
dose rates.
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Table 5.1.9

DOSE RATES FOR ARRAYS OF MPC-24
WITH DESIGN BASIS ZIRCALOY CLAD FUEL
AT VARYING BURNUP AND COOLING TIMES

Array Configuration 1 cask 2x2 -2x3 2x4 2x5

47,500 MWDIMTU AND 3-YEAR COOLING :

Annual Dose (mrem/year)t 24.10 18.07 15.86 21.15 16.29

Distance to Controlled Area 250 350 400 400 450
Boundary (meters)tt -_ -I.

52,500 MWD/MTU AND 5-YEAR COOLING

Annual Dose (mrem/year)t 22.88 14.34 21.52 16.79 20.99

istance to Controlled Area Boundary 200 300 300 350 350
(mneters) tt

45,000 MWDIMTU AND 9-YEAR COOLING

Annual Dose (mren/year)t 22.20 23.41 16.77 22.36 14.91

Distance to Controlled Area Boundary 150 200 I 250 I250 300
(meters) ttI_ _ _ _0 2_ _ _

7 8760 hr. annual occupancy is assumed.

tt Dose location is at the center of the long side of the array.

ttt Actual controlled area boundary dose rates will be lower because the maximum

permissible burnup for 3-year cooling, as specified in the Appendix B to the
'9eGSection 2.1.9, is lower than the burnup used for this analysis.

I

I

I

I
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Table 5.1.10

DOSE RATES AT ONE METER FROM HI-TRAC
FOR ACCIDENT CONDITIONS

MPC-24 DESIGN BASIS ZIRCALOY CLAD FUEL
AT BOUNDING BURNUP AND COOLING TIMES

Dose Pointe Fuel 60Co Neutrons Totals Totals with
Location Gammastt Gammas (mrem/hr) (mrem/hr) BPRAs

(mrem/lhr) (mrem/hr) (mremlhr)

125-TON HII-TRACs

_S5075,000 MWD/MTU AND 135-YEAR COOLING

2 (Accident 92.26 1.02 3476.98 3570.26 3583.16
C ondition) __ _ _ _ _ __ _ _ _ _ __ _ _ _ _ __ _ _ _ _

2 Cononal 109.86 0.52 98.23 208.61 215.68
Condition)

100-TON HI-TRAC

7-,SO75,000 MWVD/MTU AND 15-YEAR COOLING

2 (Accident 1354.67 17.88 4359.16 5731.72 5927.95
C ondition) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

2 oonal 829.09 9.90 168.82 1007.81 1117.29
Condition)IIIII

I

I

I

I

I

I

t Refer to Figures 5.1.2 and 5.1.4.

tf Gammas generated by neutron capture are included with fuel gammas.
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5.2 SOURCE SPECIFICATION

The neutron and gamma source terms, decay heat values, and quantities of radionuclides
available for release were calculated with the SAS2H and ORIGEN-S modules of the SCALE
4.3 system 5.1.2, 5.1.3]. SAS2H has been extensively compared to experimental isotopic
validations and decay'heat measurements. References [5.2.8] through [5.2.12] and [5.2.15]
present isotopic comparisons for PWR and BWR fuels for bunups ranging to 47 GWD/MTU
and reference [5.2.13] presents results for BWR measurements to a burnup of 57 GWD/MTU. A
comparison of calculated and measured decays heats is presented in reference [5.2.14]. All of
these studies indicate good agreement between SAS2H and measured data. Additional
comparisons of calculated values and measured data are being performed by various institutions
for high burnup PWR and BWR fuel. These new results, when published, are expected to further
confirm the validity of SAS2H for the analysis of PWR and BWR fuel.

Sample input files for SAS2H and ORIGEN-S are provided in Appendices 5.A and 5B,
respectively. The gamma source term is actually comprised of three distinct sources. The first is
a gamma source term from the active fuel region due to decay of fission products. The second
source term is from Co activity of the -steel structural material in' the fuel element above and
below the active fuel region. The third source is from (n,7) reactions described below.

A description of the design basis zircaloy clad fuel for the source term calculations is provided in
Table 5.2.1. The PWR fuel assembly described is the assembly that produces the highest neutron
and gamma sources and the highest decay heat load for a given burnup and cooling time from
the following fuel assembly classes listed in- Table 2.1.1: B&W 15x15, B&W 17x17, CE 14x14,
CE 16x16, WE 14x14, 'WE 15x15, WE 17x17, St. Lucie, and Ft. Calhoun. The BWR fuel
assembly described is the assembly that produces the highest neutron and gamma sources and
the highest decay heat -load for a given burnup and cooling time from the following fuel
assembly classes listed in Table 2.1.2: GE BWR12-3, GE BWR/4-6, Humboldt Bay 7x7, and
Dresden 1 8x8.'Multiple SAS2H and ORIGEN-S calculations were performed to confirm that
the B&W 15x15 and the GE 7x7, which have the highest U02 -mass, bound all other PWR and
BWR fuel assemblies, respectively. Section 5.2.5 discusses, in detail, the determination of the
design basis fuel assemblies.

The design basis Humboldt Bay and Dresden 1 6x6 fuel assembly is described in Table 5.2.2.
The fuel assembly type listed produces the highest total neutron and gamma sources from the
fuel assemblies at Dresden 1 and Humboldt Bay. Table 5.2.21 provides a description of the
design basis Dresden 1 MOX fuel assembly used in this analysis. The design basis 6x6 and
MOX fuel'assemblies which are smaller than the GE 7x7, are assumed to have the same
hardware characteristics as the GE 7x7. This is conservative because the larger hardware mass of
the GE 7x7 results in a larger 60Co activity.

The design basis stainless steel clad fuel assembly for the Indian Point 1, Haddam Neck and San
Onofre 1 assembly classes is described in Table'5.2.3. This table also describes the design basis
stainless steel clad LaCrosse fuel assembly.
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The design basis assemblies mentioned above are the design basis assemblies for both intact and
damaged fuel and fuel debris for their respective array classes. Analyses of damaged fuel is
presented in Section 5.4.2.

In performing the SAS2H and ORIGEN-S calculations, a single full power cycle was used to
achieve the desired burnup. This assumption, in conjunction with the above-average specific
powers listed in Tables 5.2.1, 5.2.2, 5.2.3, and 5.2.21 resulted in conservative source term
calculations.

Sections 5.2.1 and 5.2.2 describe the calculation of gamma and neutron source terms for zircaloy
clad fuel while Section 5.2.3 discusses the calculation of the gamma and neutron source terms
for the stainless steel clad fuel.

5.2.1 Gamma Source

Tables 5.2.4 through 5.2.6 provide the gamma source in MeV/s and photons/s as calculated with
SAS2H and ORIGEN-S for the design basis zircaloy clad fuels at varying bumups and cooling
times. Tables 5.2.7 and 5.2.22 provides the gamma source in MeV/s and photons/s for the design
basis 6x6 and MOX fuel, respectively.

Specific analysis for the HI-STORM 100 System, which includes the HI-STORM storage
overpacks and the HI-TRAC transfer casks, was performed to determine the dose contribution
from gammas as a function of energy. This analysis considered dose locations external to the
100-ton HI-TRAC transfer cask and the HI-STORM 100 overpack and vents. The results of this
analysis have revealed that, due to the magnitude of the gamma source at lower energies,
gammas with energies as low as 0.45 MeV must be included in the shielding analysis. The effect
of gammas with energies above 3.0 MeV, on the other hand, was found to be insignificant (less
than 1% of the total gamma dose at all high dose locations). This is due to the fact that the source
of gammas in this range (i.e., above 3.0 MeV) is extremely low (less than 1% of the total
source). Therefore, all gammas with energies in the range of 0.45 to 3.0 MeV are included in the
shielding calculations. Dose rate contributions from above and below this range were evaluated
and found to be negligible. Photons with energies below 0.45 MeV are too weak to penetrate the
HI-STORM overpack or HI-TRAC, and photons with energies above 3.0 MeV are too few to
contribute significantly to the external dose.

The primary source of activity in the non-fuel regions of an assembly arises from the activation
of 59Co to Co. The primary source of 59Co in a fuel assembly is impurities in the steel structural
material above and below the fuel. The zircaloy in these regions is neglected since it does not
have a significant 59 Co impurity level. Reference 5.2.2] indicates that the impurity level in steel
is 800 ppm or 0.8 gm/kg. Conservatively, the impurity level of 59 Co was assumed to be 1000
ppm or 1.0 gm/kg. Therefore, Inconel and stainless steel in the non-fuel regions are both
conservatively assumed to have the same 1.0 gm/kg impurity level.
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Holtec International has gathered information from utilities and vendors which shows that the
1.0 gm/kg impurity level is very conservative for fuel which has been manufactured since the
mid-to-late 1980s after the implementation of an industry wide cobalt reduction program. The
typical Cobalt-59 impurity level for fuel since the late 1980s is less than 0.5 gm/kg. Based on
this, fuel with a short cooling time, 5 to 9 years, would have a Cobalt-59 impurity level less than
0.5 gm/kog. Therefore, the use of a bounding Cobalt-59 impurity level of 1.0 gm/kg is very
conservative, particularly for recently manufactured assemblies. Analysis in Reference [5.2.3]
indicates that the cobalt impurity in steel and inconel for fuel manufactured in the 1970s ranged
from approximately 0.2 gm/kg to 2.2 gm/kg. However, older fuel manufactured with higher
cobalt impurity levels will also have a corresponding longer cooling time and therefore will be
bounded by the analysis presented in this chapter. As confirmation of this statement, Appendix D
presents a comparison of the dose rates around the 100-ton HI-TRAC and the HI-STORM with
the MPC-24 for a short cooling time (5 years) using the 1.0 gm/kg mentioned'above and for a
long cooling time (9 years) using a higher cobalt impurity level of 4.7 gm/kg for inconel. These
results confirm that the dose rates for the longer cooling time with the higher impurity level are
essentially equivalent to (within 11%1o) or bounded by the dose rates for the shorter cooling time
with the lower impurity level. Therefore, the analysis in this chapter is conservative.

Some of the PWR fuel assembly designs (B&W and WE 15x15) utilized inconel in-core grid
spacers while other PWR fuel designs use zircaloy in-core grid spacers.;In the mid 1980s, the
fuel assembly designs using inconel in-core grid spacers were altered to use zircaloy in-core grid
spacers. Since both designs may be loaded into the HI-STORM 100 system, the gamma source

-for the PWR zircaloy clad fuel assembly -includes the activation of the in-core grid spacers.
Although BWR assembly grid spacers are zircaloy, some assembly designs have inconel springs
in conjunction with the grid spacers. The gamma source for the BWR zircaloy clad fuel
assembly includes the activation of these springs associated with the grid spacers.

The non-fuel data listed in Table 5.2.1 were taken from References [5.2.2], [5.2.4], and [5.2.5].
As stated above, a Cobalt-59 impurity level of 1 gn/kg (0.1 wt%) was used for both inconel and
stainless steel. Therefore, there is little distinction between stainless steel and inconel in the
source term generation and since the shielding characteristics are similar, stainless steel was used
in the MCNP calculations instead of inconel. The BWR masses are for an 8x8 fuel assembly.
These masses are also appropriate- for the 7x7 assembly' since the masses of the non-fuel
hardware from a 7x7 and an 8x8 are approximately the same. The masses listed are those of the
steel components. The zircaloy in these regions was not included because zircaloy does not
produce significant activation. The masses are larger than most other fuel assemblies from other
manufacturers. This, in combination with the conservative 59Co impurity level and the use of
conservative flux weighting fractions-(discussed below) results in an over-prediction of the non-
fuel hardware source -that bounds all fuel for which storage is requested.

The masses in Table 5.2.1 were used to calculate a 59 Co impurity level in the fuel assembly
material. The grams of impurity were then used in ORIGEN-S to calculate a 60Co activity level
for the desired burnup and decay time. The methodology used to determine the activation level
was developed from Reference [5.2.3] and-is described here.
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1. The activity of the WCo is calculated using ORIGEN-S. The flux used in the calculation
was the in-core fuel region flux at full power.

2. The activity calculated in Step 1 for the region of interest was modified by the
appropriate scaling factors listed in Table 5.2.10. These scaling factors were taken from
Reference (5.2.3].

Tables 5.2.11 through 5.2.13 provide the 6WCo activity utilized in the shielding calculations for
the non-fuel regions of the assemblies in the MPC-32, MFC-24, and the MPC-68 for varying
burnup and cooling times. The design basis 6x6 and MOX fuel assemblies are conservatively
assumed to have the same OCo source strength as the BWR design basis fuel. This is a
conservative assumption as the design basis 6x6 fuel and MOX fuel assemblies are limited to a
significantly lower burnup and longer cooling time than the design basis fuel.

In addition to the two sources already mentioned, a third source arises from (ny) reactions in the
material of the MPC and the overpack. This source of photons is properly accounted for in
MCNP when a neutron calculation is performed in a coupled neutron-gamma mode.

There is some uncertainty associated with the ORIGEN-S calculations due to uncertainty in the
physics data (e g. cross sections, decay constants, etc.) and the modeling techniques. References
[5.2.9], [5.2.101, and [5.2 15] perform comparisons between calculations and experimental
isotopic measurement data. These comparisons indicate that calculated to measured ratios for
Cs-134 and Eu-154, two of the major contributors to the gamma source, range from 0.79 to
1.009 and 0.79 to 0.98, respectively. These values provide representative insight into the entire
range of possible error in the source term calculations. However, any non-conservatism
associated with the uncertainty in the source term calculations is offset by the conservative
nature of the source term and shielding calculations performed in this chapter, and therefore no
adjustments were made to the calculated values.

5.2.2 Neutron Source

It is well known that the neutron source strength increases as enrichment decreases, for a
constant burnup and decay time. This is due to the increase in Pu content in the fuel, which
increases the inventory of other transuranium nuclides such as Cm. The gamma source also
varies with enrichment, although only slightly. Because of this effect and in order to obtain
conservative source terms, low initial fuel enrichments were chosen for the BWR and PWR
design basis fuel assemblies. The enrichments are appropriately varied as a function of burnup.
Table 5.2.24 presents the 235U initial enrichments for various burnup ranges from 20,000 -

75,000 MWD/MTU for PWR and 20,000 - 70,000 MWD/MTU for BWR zircaloy clad fuel.
These enrichments are based on References [5.2.6] and [5.2.7]. Table 8 of reference [5.2.6]
presents average enrichments for burnup ranges. The initial enrichments chosen in Table 5.2.24,
for burnups up to 50,000 MWD/MTU, are approximately the average enrichments from Table 8
of reference [5.2.6] for the burnup range that is 5,000 MWD/MTU less than the ranges listed in

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

5.2-4



Table 5.2.24. These enrichments are below the enrichments typically required to achieve the
burnups that were analyzed. For burnups greater than 50,000 MWD/MTU, the data on historical
and projected burnups available in the LWR Quantities Database in reference [5.2.7] and some
additional data from nuclear plants was reviewed and conservatively low enrichments were
chosen for each burnup range above 50,000 MWD/MTU.

inherent to this approach of selecting minium' enrichments that bound the vast majority of
discharged fuel is the fact that a small number-of atypical assemblies will not be bounded.
However, these atypical -assemblies are -very few in number (as evidenced by the referenced
discharge data), and thus, it is unlikely that a single cask would contain several of these outlying
assemblies. Further, because the approach is based on using minimum enrichments for given
burnup ranges, any atypical assemblies that may exist are expected to have enrichments that are
very near to the -minimum enrichments used in the analysis. Therefore, the'result is an
insignificant effect on the calculated dose rates. Consequently, the minimum enrichment values
used in the shielding analysis are adequate to bound the fuel authorized by the limits in he
GeGSection 2.1.9 for loading in the HI-STORM system. Therefore a minimumzn~riehment is Bet

specified in the limits in the CoC. Since the enrichment does affect the'source term evaluation, it
is recommended that the site-specific dose evaluation consider the enrichment for the fuel being
stored.

The neutron source calculated for the design basis fuel assemblies for the MPC-24, MPC-32, and
MPC-68 and the design basis 6x6 fuel are listed in Tables 5.2.15 through 5.2.18 in neutrons/s for
varying bumup and cooling times. Table 5.2.23 provides the neutron source in neutrons/sec for
the design basis MOX fuel assembly. 244Cm accounts for approximately 9692-97% of the total
number of neutrons roduced., ith slightly over 2% originating from (,n) Alphan reactions in
isotopes other than Cm account for approximately 0.3-2% of the neutrons produced while
spontaneous fission in isotopes other than 2 Cm account for approximately 2% of the
neutrons produced within the U0 2 fuel. The remaining 2% derive from spontaneous fission in
various Pu and Cm radionuclides. In addition, any neutrons generated from subcritical
multiplication, (n,2n) or similar reactions are properly accounted for in the MCNP calculation.

There is some uncertainty associated with the ORIGEN-S calculations due to uncertainty in the
physics data (e.g. cross sections, decay constants, etc.) and the modeling techniques. References
[5.2.91, [5.2.10], and [5.2.15] perform comparisons between calculations and experimental
isotopic measurement data. These comparisons indicate -that calculated to measured ratios for
Cm-244 ranges from 0.81 to 0.95. These values provide representative insight into the entire
range of possible error in the source term calculations. However, any non-conservatism
associated with the uncertainty in the source term calculations is offset by the conservative
nature of the source term and shielding calculations performed in this chapter, and therefore no
adjustments were made to the calculated values.
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5.2.3 Stainless Steel Clad Fuel Source

Table 5.2.3 lists the characteristics of the design basis stainless steel clad fuel. The fuel
characteristics listed in this table are the input parameters that were used in the shielding
calculations described in this chapter. The active fuel length listed in Table 5.2.3 is actually
longer than the true active fuel length of 122 inches for the WE 15x15 and 83 inches for the
LaCrosse 10x10. Since the true active fuel length is shorter than the design basis zircaloy clad
active fuel length, it would be incorrect to calculate source terms for the stainless steel fuel using
the correct fuel length and compare them directly to the zircaloy clad fuel source terms because
this does not reflect the potential change in dose rates. As an example, if it is assumed that the
source strength for both the stainless steel and zircaloy fuel is 144 neutrons/s and that the active
fuel lengths of the stainless steel fuel and zircaloy fuel are 83 inches and 144 inches,
respectively; the source strengths per inch of active fuel would be different for the two fuel
types, 1.73 neutrons/s/inch and 1 neutron/s/inch for the stainless steel and zircaloy fuel,
respectively. The result would be a higher neutron dose rate at the center of the cask with the
stainless steel fuel than with the zircaloy clad fuel; a conclusion that would be overlooked by just
comparing the source terms. This is an important consideration because the stainless steel clad
fuel differs from the zircaloy clad in one important aspect: the stainless steel cladding will
contain a significant photon source from Cobalt-60 which will be absent from the zircaloy clad
fuel.

In order to eliminate the potential confusion when comparing source terms, the stainless steel
clad fuel source terms were calculated with the same active fuel length as the design basis
zircaloy clad fuel. Reference [5.2.21 indicates that the Cobalt-59 impurity level in steel is 800
ppm or 0.8 gm/kg. This impurity level was used for the stainless steel cladding in the source term
calculations. It is assumed that the end fitting masses of the stainless steel clad fuel are the same
as the end fitting masses of the zircaloy clad fuel. Therefore, separate source terms are not
provided for the end fittings of the stainless steel fuel.

Tables 5.2.8, 5.2.9, 5.2.19, and 5.2.20 list the gamma and neutron source strengths for the design
basis stainless steel clad fuel. It is obvious from these source terms that the neutron source
strength for the stainless steel fuel is lower than for the zircaloy fuel. However, this is not true
for all photon energy groups. The peak energy group is from 1.0 to 1.5 MeV, which results from
the large Cobalt activation in the cladding. Since some of the source strengths are higher for the
stainless steel fuel, Section 5.4.4 presents the dose rates at the center of the overpack for the
stainless steel fuel. The center dose location is the only location of concern since the end fittings
are assumed to be the same mass as the end fittings for the zircaloy clad fuel. In addition, the
burnup is lower and the cooling time is longer for the stainless steel fuel compared to the
zircaloy clad fuel.

5.2.4 Non-fuel Hardware

Burnable poison rod assemblies (BPRAs), thimble plug devices (TPDs), control rod assemblies
(CRAs), and axial power shaping rods (APSRs) are permitted for storage in the HI-STORM 100
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System as an integral part of a PWR fuel assembly. BPRAs and TPDs may be stored in any fuel
location while CRAs and APSRs are restricted to the inner four fuel storage locations in the
MPC-24, MPC-24E, and the MPC-32.

5.2.4.1 BPRAs and TPDs

Burnable poison rod assemblies (BPRA) (including wet annular burnable absorbers) and thimble
plug devices (TPD) (including orifice rod assemblies, guide tube plugs, and water displacement
guide tube plugs) are an integral, yet removable, part of a large portion of PWR fuel. The TPDs
are not used in all assemblies in a reactor core but are reused from cycle to cycle. Therefore,
these devices can achieve very high burnups. In contrast, BPRAs are burned with a fuel
assembly in core and are not reused. In fact, many BPRAs are removed after one or two cycles
before the fuel assembly is discharged. Therefore, the achieved burnup for BPRAs is not
significantly different than fuel assemblies. Vibration suppressor inserts are considered to be in
the same category as BPRAs for the purposes of the analysis in this chapter since these devices
have the same configuration (long non-absorbing thimbles which extend into the active fuel
region) as a BPRA without the burnable poison.

TPDs are made of stainless steel and contain a small amount of inconel. These devices extend
down into the plenum region of the fuel assembly but do not extend into the active fuel region
with the exception of the W 14x14 water displacement guide tube plugs. Since these devices are
made of stainless steel, there is a significant amount of cobalt-60 produced during irradiation.
This is the only significant radiation source from the activation of steel and inconel.

BPRAs are made of stainless steel in the region above the active fuel zone and may contain a
small amount of inconel in this region. Within the active fuel zone the BPRAs may contain 2-24
rodlets which are burnable absorbers clad in either zircaloy or stainless steel. The stainless steel
clad BPRAs create a significant radiation source (Co-60) while the zircaloy clad BPRAs create a
negligible radiation source. Therefore the stainless steel clad BPRAs are bounding.

SAS2H and ORIGEN-S were used to calculate a radiation source term for the TPDs and BPRAs.
In the ORIGEN-S calculations the cobalt-59 impurity level was conservatively assumed to be 0.8
gm/kg for stainless steel and 4.7 gm/kg for inconel. These calculations were performed by

-irradiating the appropriate mass of steel and inconel using the flux calculated for the design basis
B&W 15x15 fuel assembly. The mass of material in the regions above the active fuel zone was
scaled by the appropriate scaling factors listed in Table 5.2.10 in order to account for the reduced
flux levels above the fuel assembly. The total curies of cobalt were calculated for the TPDs and
BPRAs as a function of burnup and cooling -time. For burnups beyond 45,000 MWD/MTU, it
was assumed, for the purpose of the calculation, that the burned fuel assembly was replaced with
a fresh fuel assembly every 45,000 MWD/MTU. This was achieved in ORIGEN-S by resetting
the flux levels and cross sections to the 0 MWD/MTU condition after every 45,000 MWD/IMTU.

Since the HI-STORM 100 cask system is designed to store many varieties of PWR fuel, a
bounding TPD and BPRA had to be determined for the purposes of the analysis. This was
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accomplished by analyzing all of the BPRAs and TPDs (Westinghouse and B&W 14x14 through
17x17) found in references [5.2.5] and [5.2.7] to determine the TPD and BPRA which produced
the highest Cobalt-60 source term and decay heat for a specific burnup and cooling time. The
bounding TPD was determined to be the Westinghouse 17x17 guide tube plug and the bounding
BPRA was actually determined by combining the higher masses of the Westinghouse 17x17 and
15x15 BPRAs into a singly hypothetical BPRA. The masses of this TPD and BPRA are listed in
Table 5.2.30. As mentioned above, reference [5.2.5] describes the Westinghouse 14x14 water
displacement guide tube plug as having a steel portion which extends into the active fuel zone.
This particular water displacement guide tube plug was analyzed and determined to be bounded
by the design basis TPD and BPRA.

Once the bounding BPRA and TPD were determined, the allowable Co-60 source and decay
heat from the BPRA and TPD were specified as: 50 curies Co-60 and 0.77 watts for each TPD
and 831-895 curies Co-60 and 14.4 watts for each BPRA. Table 5.2.31 shows the curies of Co-
60 that were calculated for BPRAs and TPDs in each region of the fuel assembly (e.g. incore,
plenum, top). An allowable burnup and cooling time, separate from the fuel assemblies, is used
for BPRAs and TPDs. These burnup and cooling times assure that the Cobalt-60 activity remains
below the allowable levels specified above. It should be noted that at very high burnups, greater
than 200,000 MWD/MTU the TPD Co-60 source actually decreases as the burnup continues to
increase. This is due to a decrease in the Cobalt-60 production rate as the initial Cobalt-59
impurity is being depleted. Conservatively, a constant cooling time has been specified for
burnups from 180,000 to 630,000 MWD/MTU for the TPDs.

Section 5.4.6 discusses the increase in the cask dose rates due to the insertion of BPRAs or TPDs
into fuel assemblies.

5.2.4.2 CRAs and APSRs

Control rod assemblies (CRAs) (including control element assemblies and rod cluster control
assemblies) and axial power shaping rod assemblies (APSRs) are an integral portion of a PWR
fuel assembly. These devices are utilized for many years ( upwards of 20 years) prior to
discharge into the spent fuel pool. The manner in which the CRAs are utilized vary from plant to
plant. Some utilities maintain the CRAs fully withdrawn during normal operation while others
may operate with a bank of rods partially inserted (approximately 10%) during normal operation.
Even when fully withdrawn, the ends of the CRAs are present in the upper portion of the fuel
assembly since they are never fully removed from the fuel assembly during operation. The result
of the different operating styles is a variation in the source term for the CRAs. In all cases,
however, only the lower portion of the CRAs will be significantly activated. Therefore, when the
CRAs are stored with the PWR fuel assembly, the activated portion of the CRAs will be in the
lower portion of the cask. CRAs are fabricated of various materials. The cladding is typically
stainless steel, although inconel has been used. The absorber can be a single material or a
combination of materials. AgInCd is possibly the most common absorber although 4C in
aluminum is used, and hafnium has also been used. AgInCd produces a noticeable source term in
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the 0.3-1.0 MeV range due to the activation of Ag. The source term from the other absorbers is
negligible, therefore the AgInCd CRAs are the bounding CRAs.

APSRs are used to flatten the power distribution during normal operation and as a result these
devices achieve a considerably higher activation than CRAs. There are two types of B&W
stainless steel clad APSRs: gray and black. According to reference [5.2.5], the black APSRs
have 36 inches of AgInCd as the absorber while the gray ones use 63 inches of inconel as the
absorber. Because of the cobalt-60 source from the activation of inconel, the gray APSRs
produce a higher source term than the black APSRs and therefore are the bounding APSR.

Since the level of activation of CRAs and APSRs -can vary, the quantity that can be stored in an
MPC is being limited to four CRAs and/or APSRs. These four devices are required to be stored
in the inner four locations in the MPC-24, MPC-24E, MPC-24EF, and MPC-32 as outlined in
Appendix B to the Coection 2.1.9.

In order to determine the impact on the dose rates around the HI-STORM 100 System, source
terms for the CRAs and APSRs were calculated using SAS2H and ORIGEN-S. In the ORIGEN-
S calculations the cobalt-59 impurity level was conservatively assumed to be 0.8 gm/kg for
stainless steel and 4.7 gm/kg for inconel. These calculations were performed by irradiating 1 kg
of steel, inconel, and AgInCd using the flux calculated for the design basis B&W 5x15 fuel
assembly. The total curies of cobalt for the steel and inconel and the 0.3-1.0 MeV source for the
AgInCd were calculated as a function of burnup and cooling time to a maximum burnup of
630,000 MWD/MTU. For burnups beyond 45,000 MWD/MTU, it was assumed, for the purpose
of the calculation, that the burned fuel assembly was replaced with a fresh fuel assembly every
45,000 MWD/MTU. This was -achieved in ORIGEN-S by resetting the flux levels and cross
sections to the 0 MWD/MTU condition after every 45,000 MWDI/MTU. The sources were then
scaled by the appropriate mass using the -flux weighting factors for the different regions of the
assembly to determine the final source term. Two different configurations were analyzed for
both the CRAs and APSRs with an additional third configuration analyzed for the APSRs. The
configurations, which are summarized below, are described in Tables 5.2.32 for the CRAs and
Table 5.2.33 for the APSR. The masses of the materials listed in these tables were determined
from a review of [5.2.5] with bounding values -chosen. The masses listed in Tables 5.2.32 and
5.2.33 do not match exact values from [5.2.5] because the values in the reference were adjusted
to the lengths shown in the tables.

Configuration 1: CRA and APSR
-This configuration had the lower 15 inches of the CRA and APSR activated at full flux with two
regions above the 15 inches activated at a reduced power level. This simulates a CRA or APSR
which was operated at 10% insertion. The regions above the 15 inches reflect the upper portion
of the fuel assembly.
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Configuration 2: CRA and APSR
This configuration represents a fully removed CRA or APSR during normal core operations. The
activated portion corresponds to the upper portion of a fuel assembly above the active fuel length
with the appropriate flux weighting factors used.

Configuration 3: APSR
This configuration represents a fully inserted gray APSR during normal core operations. The
region in full flux was assumed to be the 63 inches of the absorber.

Tables 5.2.34 and 5.2.35 present the source terms, including decay heat, that were calculated for
the CRAs and APSRs respectively. The only significant source from the activation of inconel or
steel is Co-60 and the only significant source from the activation of AgInCd is from 0.3-1.0
MeV. The source terms for CRAs, Table 5.2.34, were calculated for a maximum burnup of
630,000 MWD/MTU and a minimum cooling time of 5 years. Because of the significant source
term in APSRs that have seen extensive in-core operations, the source term in Table 5.2.35 was
calculated to be a bounding source term for a variable burnup and cooling time as outlined in
Appendix B to the C3GSection 2.1.9. The very larger Cobalt-60 activity in configuration 3 in |
Table 5.2.35 is due to the assumed Cobalt-59 impurity level of 4.7 gm/kg. If this impurity level
were similar to the assumed value for steel, 0.8 gm/kg, this source would decrease by
approximately a factor of 5.8.

Section 5.4.6 discusses the effect on dose rate of the insertion of APSRs and CRAs into the inner
four fuel assemblies in the MPC-24 or MPC-32.

5.2.5 Choice of Design Basis Assembly

The analysis presented in this chapter was performed to bound the fuel assembly classes listed in
Tables 2.1.1 and 2.1.2. In order to perform a bounding analysis, a design basis fuel assembly
must be chosen. Therefore, a fuel assembly from each fuel class was analyzed and a comparison
of the neutrons/sec, photons/sec, and thermal power (watts) was performed. The fuel assembly
that produced the highest source for a specified burnup, cooling time, and enrichment was
chosen as the design basis fuel assembly. A separate design basis assembly was chosen for the
PWR MPCs (MPC-24 and MFC-32) and the BWR MPCs (MPC-68).

5.2.5.1 PWR Design Basis Assembly

Table 2.1.1 lists the PWR fuel assembly classes that were evaluated to determine the design
basis PWR fuel assembly. Within each class, the fuel assembly with the highest U0 2 mass was
analyzed. Since the variations of fuel assemblies within a class are very minor (pellet diameter,
clad thickness, etc.), it is conservative to choose the assembly with the highest U0 2 mass. For a
given class of assemblies, the one with the highest U0 2 mass will produce the highest radiation
source because, for a given bumup (MWD/MTU) and enrichment, the highest U0 2 mass will
have produced the most energy and therefore the most fission products.
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Table 5.2.25 presents the characteristics of the fuel assemblies analyzed to determine the design
:basis zircaloy clad PWR fuel assembly. -The corresponding fuel assembly array class from
Section 2.1.9 is also listed in the table. The fuel assembly listed for each class is the assembly
with the highest U02 mass. The St. Lucie and Ft. Calhoun classes are not, present in Table
5.2.25. These assemblies are -shorter versions of the CE 16x16 and CE 14x14 assembly classes,
respectively. Therefore, these assemblies are bounded'by the CE 16x16 and CE 14xl4 classes
and were not explicitly analyzed. Since the Indian Point 1, Haddam Neck, and San Onofre 1
classes are stainless steel clad fuel, these classes were analyzed separately and are discussed
below. All fuel assemblies in Table 5.2.25 were analyzed at the same burnup and cooling time.
The initial enrichment used in the analysis is consistent with Table 5.2.24. The results of the
comparison are provided in Table 5.2.27. These results indicate that the B&W 15x15 fuel
assembly has the highest radiation source term of the zircaloy clad fuel assembly classes
considered in Table 2.1.1. This fuel assembly also has'the highest U0 2 mass (see Table 5.2.25)
which confirms that, for a given initial enrichment, burnup, and cooling time, the assembly with
the highest UO2 mass produces the highest'radiation source term. The power/assembly values
used in Table 5.2.25 were calculated by dividing 110% of the thermal power for commercial
PWR reactors using that array class by the number of assemblies in the core. The higher thermal
power, 1109, was used to account for potential power uprates. The power level used for the
B&W15 is an additional 17% higher for consistency with previous revisions of the FSAR which
also used this assembly as the design basis assembly.

The Haddam Neck and San Onofre 1 classes are shorter stainless steel clad versions of the WE
15x15 and WE 14x14 classes, respectively. Since these assemblies have stainless steel clad, they
were analyzed separately as discussed in Section 5.23. Based on the results in Table 5.2.27,
which show that the WE 15x15 assembly class7 has a higher source term than the WE 14x14
assembly class, the Haddam Neck, WE 15x15, fuel assembly was analyzed as the bounding
PWR stainless steel clad fuel assembly. The Indian Point 1 fuel assembly is a unique 14x14
design with a smaller mass of fuel and clad than the WE14x14. Therefore, it is also bounded by
the WE 15x15 stainless steel fuel assembly.-

As discussed below in Section -5.2.5.3, the allowable burnup limits in Section 2.1.9 were
calculated for different array classes rather than using the design basis assembly to calculate
the allowable burnups for all array classes.-As mentioned above, the design basis assembly has
the highest neutron and gamma source term of the various array classes for the same burnup
and cooling time. In order to account for the fact that different array classes have different
allowable burnups for the same cooling time, burnups which bound the 14x14A array class were
used with the design basis assembly for the analysis in this chapter because those burnups bound
the burnups from all other PWR array classes. This approach assures that the calculated source
terms and dose rates will be conservative.

5.2.5.2 BWR Design Basis Assembly

Table 2.1.2 lists the BWR fuel assembly classes that were evaluated to determine the design
basis BWR fuel assembly. Since there are minor differences between the array types in the GE
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BWR/2-3 and GE BWR/4-6 assembly classes, these assembly classes were not considered
individually but rather as a single class. Within that class, the array types, 7x7, 8x8, 9x9, and
lOxlo were analyzed to determine the bounding BWR fuel assembly. Since the Humboldt Bay
7x7 and Dresden 1 8x8 are smaller versions of the 7x7 and 8x8 assemblies they are bounded by
the 7x7 and 8x8 assemblies in the GE BWR/2-3 and GE BWR/4-6 classes. Within each array
type, the fuel assembly with the highest U0 2 mass was analyzed. Since the variations of fuel
assemblies within an array type are very minor, it is conservative to choose the assembly with
the highest U0 2 mass. For a given array type of assemblies, the one with the highest U0 2 mass
will produce the highest radiation source because, for a given burnup (MWD/MTU) and
enrichment, it will have produced the most energy and therefore the most fission products. The
Humboldt Bay 6x6, Dresden 1 6x6, and LaCrosse assembly classes were not considered in the
determination of the bounding fuel assembly. However, these assemblies were analyzed
explicitly as discussed below.

Table 5.2.26 presents the characteristics of the fuel assemblies analyzed to determine the design
basis zircaloy clad BWR fuel assembly. The corresponding fuel assembly array class from
Section 2.1.9 is also listed in the table. The fuel assembly listed for each array type is the
assembly that has the highest U02 mass. All fuel assemblies in Table 5.2.26 were analyzed at the
same burnup and cooling time. The initial enrichment used in these analyses is consistent with
Table 5.2.24. The results of the comparison are provided in Table 5.2.28. These results indicate
that the 7x7 fuel assembly has the highest radiation source term of the zircaloy clad fuel
assembly classes considered in Table 2.1.2. This fuel assembly also has the highest U0 2 mass
which confirms that, for a given initial enrichment, burnup, and cooling time, the assembly with
the highest U0 2 mass produces the highest radiation source term. According to Reference
[5.2.6], the last discharge of a 7x7 assembly was in 1985 and the maximum average burnup for a
7x7 during their operation was 29,000 MWD/MTU. This clearly indicates that the existing 7x7
assemblies have an average burnup and minimum cooling time that is well within the burnup and
cooling time limits in Appendix B to the CoCSection 2.1.9. Therefore, the 7x7 assembly has
never reached the burnup level analyzed in this chapter. However, in the interest of conservatism
the 7x7 was chosen as the bounding fuel assembly array type. The power/assembly values used
in Table S.2.26 were calculated by dividing 120% of the thermal power for commercial BWR
reactors by the number of assemblies in the core. The higher thermal power, 120%, was used to
account for potential power uprates. The power level used for the 7x7 is an additional 4% higher
for consistency with previous revisions of the FSAR which also used this assembly as the design
basis assembly.

Since the LaCrosse fuel assembly type is a stainless steel clad 10x10 assembly it was analyzed
separately. The maximum burnup and minimum cooling time for, this assembly are limited to
22,500 MWD/MTU and 10-year cooling as specified in Appendix B to the CGC~ection 2.1.9.
This assembly type is discussed further in Section 5.2.3.

The Humboldt Bay 6x6 and Dresden 1 6x6 fuel are older and shorter fuel than the other array
types analyzed and therefore are considered separately. The Dresden 1 6x6 was chosen as the
design basis fuel assembly for the Humboldt Bay 6x6 and Dresden 1 6x6 fuel assembly classes
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because it has the higher U02 mass. Dresden 1 also contains a few 6x6 MOX fuel assemblies,
which were explicitly analyzed as well.

Reference [5.2.6] indicates that the Dresden 1 6x6 fuel assembly has-a higher UO2 mass than the
Dresden 1 8x8 or the Humboldt Bay fuel (6x6 and 7x7). Therefore, the Dresden 1 6x6 fuel
assembly was also chosen as the bounding assembly for damaged fuel and fuel debris for the
Humboldt Bay and Dresden 1 fuel assembly classes.

Since the design basis 6x6 fuel assembly can be intact or damaged, the analysis presented in
Section 5.4.2 for the damaged 6x6 fuel assembly also demonstrates the acceptability of storing
intact 6x6 fuel assemblies from the Dresden 1 and Humboldt Bay fuel assembly classes.

As discussed below in Section 5.2.5.3,- the allowable burnup limits in Section 2.1.9 were
calculated for different array classes rather than using the design basis assembly to calculate
the allowable burnups' for all array classes. As mentioned above, the design basis assembly has
the highest neutron and gamma source term of the various array classes for the same burnup
and cooling time. In order to account for the fact that different array classes have -different
allowable burnups for the same cooling time, burnups which bound the 9x9G array class were
used with the design basis assembly for the analysis in this- chapter because those burnups bound
the burnups from all other BWR array classes. This approach assures that the calculated source
terms and dose rates will be conservative.

5.2.5.3 Decay Heat Loads and Allowable Burnup and Cooling Times

Section 2.1.6 describes the calculation of the MPC maximum decay heat limits per assembly.
These limits, which differ for uniform and regionalized loading, are presented in Section 2.1.9.
burnup versus cooling time limits in the CoC that- are based on a maximum permissible decay
heat pr assembly. The allowable burnup and cooling time limits are derived based on the
allowable decay heat limits. Since the decay heat of an assembly will vary slightly with
enrichment for a fixed burnup and cooling time, an equation is used to represent burnup as a
function of decay heat and enrichment. This equation is of the form:

Bu =A*q+B*q2 +C*q3 +D*E235
2 +E*E235 *q+F*E 5 *q2 +G

where:
B = Burnup in MWDIMTU
q = assembly decay heat (kW)
E235 =_Wt.% 35 U

The coefficients for this equation were developed by fitting ORIGEN-S calculated data for a
specific cooling time. ORIGEN-S calculations were performed for enrichments ranging from 0.7
to 5.0 wt.% 235U and burnups from 10,000 to 65,000MWDIMTUforBWRs and 10,000 to 70,000
MWD/MTU for PWRs. The burnups were increased in 2,500 MWD/MTU increments. Using the
ORIGEN-S data, the coefficients A through G were determined and then the constant, G, was
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adjusted so that all data points were bounded (i.e. calculated burnup less than or equal to
ORIGEN-S value) by the fit. The coefficients were calculated using ORIGEN-S data for cooling
times from 3 years to 20 years. As a resul4 Section 2.1.9 provides different equation coefficients
for each cooling time from 3 to 20 years. Since the decay heat increases as the enrichment
decreases, the allowable burnup will decrease as the enrichment decreases. Therefore, the
enrichment used to calculated the allowable burnups becomes a minimum enrichment value and
assemblies with an enrichment higher than the value used in the equation are acceptable for
storage assuming they also meet the corresponding burnup and decay heat requirements.

The decay heat values per assembly were calculated using the methodology described in Section
$.27-Different array classes or combinations of classes were analyzed separately to determine
the allowable burnup as a function of cooling time for the specified allowable decay heat limits.
Calculating allowable burnups for individual array classes is appropriate because even two
assemblies with the same MTU may have a different allowable burnup for the same allowable
cooling time and permissible decay heat. The heavy metal mass specified in Table 5.2.25 and
5.2.26 and Section 2.1.9 for the various array classes is the value that was used in the
determination of the coefficients as a function of cooling time and is the maximum for the
respective assembly class. Equation coefficients for each array class listed in Tables 5.2.25 and
5.2.26 were developed. In the end, the equation for the 1 7x1 7B and 1 7x17C array classes
resulted in almost identical burnups. Therefore, in Section 2.1.9 these array classes were
combined and the coefficients for the 17x17C array class were used since these coefficients
produce slightly lower allowable burnups.

There is some uncertainty associated with the ORIGEN-S calculations due to uncertainty in the
physics data (e.g. cross sections, decay constants, etc.) and the modeling techniques. To estimate
this uncertainty, an approach similar to the one in Reference [5.2.141 was used. As a result, the
potential error in the ORIGEN-S decay heat calculations was estimated to be in the range of 3.5
to 5.5% at 3 year cooling time and 1.5 to 3.5% at 20 year cooling. The difference is due to the
change in isotopes important to decay heat as a function of cooling time. In order to be
conservative in the derivation of the coefficients for the burnup equation, a 5% decay heat
penalty was applied for the BWR array classes. A penalty was not applied to the PWR array
classes since the thermal analysis in Chapter 4 has more than a 5% margin in the calculated
allowable decay heat.
The design basis fuel assemblies, an Table 5.2.1, were used in the eallatio1n of the
bumup versus soing ime limits in he CoC. The eiehments used in he alcuation f the
deeay heats were eonsistent with Table 5.2.24. As demonstrated in Tables 5.2.27 and 5.2.28, the
design basis fuel assembly produces a higher decay heat vaue than the other assemly types
onsidered. This is due to the higher heavy metW mass in the design basis fuel assemblies.

a Appendix B t the CoC limits the heavy metA mass to a value less than the
desin basis value util_ed i this chapter. This provides additional assurace that the decay heat
values ae biundiag values.

As further a demonstration that the decay heat values used to determine the allowable burnups
(calculated using the design basis fuel assemblies) are conservative, a comparison between these I
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calculated decay heats and the decay heats reported in Reference [5.2.7] are presented in Table
5.2.29. This comparison is made for'a burnup of 30,000 MWD/MTU and a cooling time of 5
years. The burnup was chosen based on the limited burnup data available in Reference [5.2.7].

The heavy metal mass of the non design basis fuel assembly classe. in Appendix B f the
Certificate of Complianee arc limited to the masses used in Tables 5.2.25 and 5.2.26. No margin
is applied between the allowable mass and the analyzed mass of heay metal- for the non design
basis fuie assemblies. This is acocptable because additional assurance that the decay heat values
for the non design basis fuel assemblies are bounding values is obtained by using the decay heat
values for the design basis fuel assemblies to deternine the aeceptable storage criteria for all fuel
assemblies. As mentioned above, Table 5.2.29 demonstrates the level of onservatism in
applying the decay heat from the design basis fuel assembly to all fuel assemblies.

As mentioned above, the fuel assembly burnup and cooling times in Appendix B to the
GeGSection 2.1.9 were calculated using the decay heat limits which are also stipulated in
Appendix B t the CQCSection 2.1.9. The burnup and cooling times for the non-fuel hardware, in
Appendix B t the GeCection 21.9, were chosen based on the radiation source term
calculations discussed previously. -The fuel assembly burnup, decay heat, and enrichment
equations and cooling times were ealeulated-derived without consideration for the decay heat
from BPRAs, TPDs, CRAs, or APSRs. This is acceptable since the user of the HI-STORM 100
system is required to demonstrate compliance with the assembly decay heat limits in Appendix B
te the CoGSection 2.1.9 regardless of the heat source (assembly or non-fuel hardware) and the
actual decay heat from the non-fuel hardware is expected to be minimal. In addition, the
shielding analysis presented in this chapter conservatively calculates the dose rates using both
the- burnup and cooling times for the fuel assemblies and non-fuel hardware. Therefore, the
safety of the HI-STORM 100 system is guaranteed through the bounding analysis in this chapter,
represented by the burnup and cooling time limits in the CoC, and the bounding thermal analysis
in Chapter 4, represented by the decay heat limits in the CoC.

5.2.6 Thoria Rod Canister

Dresden Unit 1 has a single DFC containing 18 thoria rods which have obtained a relatively low
burnup, 16,000 MWD/MTU. These rods were removed from two 8x8 fuel assemblies which
contained 9 rods each. The irradiation of thorium produces an isotope which is not commonly
found in depleted uranium fuel. Th-232 when irradiated produces U-233. The U-233 can
undergo an (n,2n) reaction which produces U-232. The U-232 decays to produce Tl-208 which
produces a 2.6 MeV gamma during Beta decay. This results in a significant source in the 2.5-3.0
MeV range which is not commonly present in depleted uranium fuel. Therefore, this single DFC
container was analyzed to determine if it was -bounded by the current shielding analysis.

A radiation source term was calculated for the 18 thoria rods using SAS2H and ORIGEN-S for a
burnup of 16,000 MWD/MTU and a cooling time of 18 years. Table 5.2.36 describes the 8x8
fuel assembly that contains the'thoria rods. Table 5.2.37 and 5.2.38 show the gamma and neutron
source terms, respectively,'that were calculated for the 18 thoria rods in the thoria rod canister.
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Comparing these source terms to the design basis 6x6 source terms for Dresden Unit 1 fuel in
Tables 5.2.7 and 5.2.18 clearly indicates that the design basis source terms bound the thoria rods
source terms in all neutron groups and in all gamma groups except the 2.5-3.0 MeV group. As
mentioned above, the thoria rods have a significant source in this energy range due to the decay
of T1-208.

Section 5.4.8 provides a further discussion of the thoria rod canister and its acceptability for
storage in the HI-STORM 100 System.

5.2.7 Fuel Assembly Neutron Sources

Neutron sources are used in reactors during initial startup of reactor cores. There a different
types of neutron sources (e.g. californium, americium-beryllium, plutonium-beryllium,
antimony-beryllium). These neutron sources are typically inserted into the water rod of a fuel
assembly and are usually removable.

Dresden Unit 1 has a few antimony-beryllium neutron sources. These sources have been
analyzed in Section 5.4.7 to demonstrate that they are acceptable for storage in the HI-STORM
100 System. Currently these are the only neutron source permitted for storage in the HI-STORM
100 System.

5.2.8 Stainless Steel Channels

The LaCrosse nuclear plant used two types of channels for their BWR assemblies: stainless steel
and zircaloy. Since the irradiation of zircaloy does not produce significant activation, there are
no restrictions on the storage of these channels and they are not explicitly analyzed in this
chapter. The stainless steel channels, however, can produce a significant amount of activation,
predominantly from Co-60. LaCrosse has thirty-two stainless steel channels, a few of which,
have been in the reactor core for, approximately, the lifetime of the plant. Therefore, the
activation of the stainless steel channels was conservatively calculated to demonstrate that they
are acceptable for storage in the HI-STORM 100 system. For conservatism, the number of
stainless steel channels in an MPC-68 is being limited to sixteen and Appendix B to the
CeGSection 2.1.9 requires that these channels be stored in the inner sixteen locations.

The activation of a single stainless steel channel was calculated by simulating the irradiation of
the channels with ORIGEN-S using the flux calculated from the LaCrosse fuel assembly. The
mass of the steel channel in the active fuel zone (83 inches) was used in the analysis. For
burnups beyond 22,500 MWD/MTU, it was assumed, for the purpose of the calculation, that the
burned fuel assembly was replaced with a fresh fuel assembly every 22,500 MWD/MTU. This
was achieved in ORIGEN-S by resetting the flux levels and cross sections to the 0 MWD/MTU
condition after every 22,500 MWD/MTU.

LaCrosse was commercially operated from November 1969 until it was shutdown in April 1987.
Therefore, the shortest cooling time for the assemblies and the channels is 13 years. Assuming
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the plant operated continually from 11/69 until 4/87, approximately 17.5 years or 6388 days, the
accumulated burnup for the channels would be 186,000 MWD/MTU (6388 days times 29.17
MW/MTU from Table 5.2.3). Therefore,, the cobalt activity calculated for a single stainless steel
channel irradiated for,180,000 MWD/MTLU was calculated- to, be 667, curies of Co-60 for 13
years cooling. This is equivalent to a source of 4.94E+13 photons/sec in the energy range of 1.0-
1.5 MeV.

In order to demonstrate that sixteen stainless steel channels are acceptable for storage in. an
MPC-68, a comparison of source terms is performed. Table.5.2.8 indicates that the source term
for the LaCrosse design basis fuel assembly in the 1.0-1.5 MeV range is 6.34E+13 photons/sec
for 10 years cooling, assuming a 144 inch active fuel length. This is equivalent to 4.31E+15
photons/sec/cask. At 13 years--cooling,-the fuel source term in that energy range decreases to
4.3 1E+13 photons/sec which is equivalent to 2.931+15 photons/sec/cask ftesuc emfo
the stainless steel channels is scaled to 144 inches and added to the 13 year fuel source term the
result is 4.30E+15 photons/sec/cask :(2.93E+15 photons/sec/(cask + 4.94E+13
photons/sec/channel x 144 inch/83 inch x 16,channels/cask)..This number is equivalent to the 10
year 4.31E+15 photons/sec/cask source calculated from Table 5.2.8 and used in the shielding
analysis in this chapter. Therefore, t is concluded that the storage of 16 stainless steel channels
in an MPC-68 is acceptable.
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Table 5.2.1

DESCRIPTION OF DESIGN BASIS ZIRCALOY CLAD FUEL

PWR BWR

Assembly type/class B&W 15x15 GE 7x7

Active fuel length (in.) 144 144

No. of fuel rods 208 49

Rod pitch (in.) 0.568 0.738

Cladding material Zircaloy-4 Zircaloy-2

Rod diameter (in.) 0.428 0.570

Cladding thickness (in.) 0.0230 0.0355

Pellet diameter (in.) 0.3742 0.488

Pellet material U02 U02

Pellet density (gm/cc) 10.412 (95% of theoretical) 10.412 (95% of theoretical)

Enrichment (w/o 23U) 3.6 3.2

Burnlup (XWD/N17v 52,500 (MPCP-24) 47,50 (PC-68)
45,000 (IPG-3-3)

Geeling Time- ~ (y >Xr. 5 (4G 24- o-nd-32) _O____ 68)

Specific power (MW/MTU) 40 30

Weight of U0 2 (kg)t 562.029 225.177

Weight of U (kg)t 495.485 198.516

Notes:
1. The B&W 15x15 is the design basis assembly for the following fuel assembly classes listed

in Table 2.1.1: B&W 15x15, B&W 17x17, CE 14x14, CE 16x16, WE 14x14, WE 15x15,
WE 17x17, St. Lucie, and Ft. Calhoun.

2. The GE 7x7 is the design basis assembly for the following fuel assembly classes listed in
Table 2.1.2: GE BWRI2-3, GE BWR/4-6, Humboldt Bay 7x7, and Dresden 1 8x8.

t Burnup and cooling time combinations conservatively bound the acceptable burnup and
cooling times listed-in Appendix B to the GoC!ection 2.1.9.

tt Derived from parameters in this table.
I
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Table 5.2.1 (continued)

DESCRIPTION OF DESIGN BASIS FUEL

PWR BWR

No. of Water Rods 17 0

Water Rod O.D. (in.) 0.53 N/A

Water Rod Thickness (in.) 0.016 N/A

Lower End Fitting (kg) 8.16 (steel) 4.8 (steel)
-- 1.3 (inconel) -

Gas Plenum Springs (kg) 0.48428 (inconel) 1.1 (steel)
- 0.23748 (steel)

Gas Plenum Spacer (kg) 0.82824 N/A

Expansion Springs (kg) N/A 0.4 (steel)

Upper End Fitting (kg) 9.28 (steel) 2.0 (steel)

Handle (kg) - N/A - 0.5 (steel)

Incore Grid Spacers (kg) 4.9 (inconel) 0.33 (inconel springs)
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Table 5.2.2

DESCRIPTION OF DESIGN BASIS GE 6x6 ZIRCALOY CLAD FUEL

BWR

Fuel type GE 6x6

Active fuel length (in.) 110

No. of fuel rods 36

Rod pitch (in.) 0.694

Cladding material Zircaloy-2

Rod diameter (in.) 0.5645

Cladding thickness (in.) 0.035

Pellet diameter (in.) 0.494

Pellet material U02

Pellet density (gm/cc) 10.412 (95% of theoretical)

Enrichment (w/o 2U) 2.24

Burnup (MWD/MTU) 30,000

Cooling Time (years) 18

Specific power (MW/MTU) 16.5

Weight of U02 (kg)t 129.5

Weight of U (kg)t 114.2

Notes:
1. The 6x6 is the design basis damaged fuel assembly for the Humboldt Bay (all array types)

and the Dresden 1 (all array types) damaged fuel assembly classes. It is also the design basis
fuel assembly for the intact Humboldt Bay 6x6 and Dresden 1 6x6 fuel assembly classes.

2. This design basis damaged fuel assembly is also the design basis fuel assembly for fuel
debris.

t Derived from parameters in this table.
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Table 5.2.3

DESCRIPTION OF DESIGN BASIS STAINLESS STEEL CLAD FUEL

PWR BWR

Fuel type WE 15x15 LaCrosse 10x10

Active fuel length (in.) 144 144

No. of fuel rods 204 100

Rod pitch (in.) 0.563 0.565

Cladding material 304 SS 348H SS

Rod diameter (in.) 0.422 0.396

Cladding thickness (in.) 0.0165 0.02

Pellet diameter (in.) 0.3825 0.35

Pellet material U0 2 U02

Pellet density (gm/cc) 10.412 (95% of theoretical) 10.412 (95% of theoretical)

Enrichment (w/o 23 U) 3.5 3.5

Burnup (MWD/MTUT9 40,000 (MPC-24 and 32) 22,500 (MPC-68)

Cooling Time (years)t 8 (MPC-24), 9 (MPC-32) 1 10 (MPC-68)

Specific power (MW/MTU) 37.96 29.17

No. of Water Rods 21 0

Water Rod O.D. (in.) 0.546 N/A

Water Rod Thickness (in.) 0.017 N/A

Notes:
1. The WE 15x15 is the design basis assembly for the following fuel assembly classes listed in

Table 2.1.1: Indian Point 1, Haddam Neck, and San Onofre 1.
2. The LaCrosse 10x10 is the design basis assembly for the following fuel assembly class listed

in Table 2.1.2: LaCrosse.

t Burnup and cooling time combinations are equivalent to or conservatively bound the limits in
Appendi B to the ZceCection 2.1.9. -l
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Table 5.2.4

CALCULATED MPC-32 PWR FUEL GAMMA SOURCE PER ASSEMBLY
FOR DESIGN BASIS ZIRCALOY CLAD FUEL

FOR VARYING BURNUPS AND COOLING TIMES

Lower Upper 45O035,000 4575,000 MWD/MTU
Energy Energy MWD/MTU 8 Year Cooling

E-3 Year Cooling

(MeV) (MeV) (MeV/s) (Photons/s) (MeV/s) (Photons/s)

0.45 0.7 2.30E+15 4.OOE+15 2.52E+15 4.39E+1S

0.7 1.0 9.62E+14 1.13E+15 5.41E+14 6.36E+14

1.0 1.5 2.18E+14 1.75E+14 1.66E+14 1.33E+14

1.5 2.0 2.45E+13 1.40E+13 7.51E+12 4.29E+12

2.0 2.5 3.57E+13 1.59E+13 6.94E+11 3.08E+11

2.5 3.0 9.59E+11 3.49E+11 4.99E+10 1.81E+10

Total 3.54E+1S 5.34E+15 3.24E+15 5.16E+15
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Table 5.2.5

CALCULATED MPC-24 PWR FUEL GAMMA SOURCE PER ASSEMBLY
FOR DESIGN BASIS ZIRCALOY CLAD FUEL

FOR VARYING BURNUPS AND COOLING TIMES

Lower Upper 42y4W6,000 547,500 MWD/MTU Si4HOO75,000
Energy Energy MWD/MU 5-3 Year Cooling MWD/MTU

5-3 Year Cooling 5. 5 Year Cooling

(MeV) (MeV) (MeV/s) (Photons/s) (MeV/s) (Photons/s) (MeV/s) (Photons/s)

0.45 0.7 3.14E+IS 5.45E+15 3.25E+15 5,65E+15 3.55E+15 6.17E+15

0.7 1.0 1.43E+15 1.68E+15 1.49E+15 1.75E+15 1.36E+15 1.60E+15

1.0. 1.5 3,0E+14 2.46E+i4 3.i7E+14 2.53E+14 2.94E+14 2.35E+14

1.5 2.0 2.97E+13 1.70E+13 3.03E+13 1.73E+13 1.50E+13 8.59E+12

2.0 2.5 3.80E+13 1.69E+13 3.83E+13 1.70E+13 7.63E+12 3.39E+12

2.5 3.0 lZ16E+12 4.22E+11 1.19E+12 4.33E+11 3.72E+11 1.35E+11

Total 4.94E+15 7.42E+15 5.12E+1S 7.69E+15 5.23E+15 8.02E+1S

i

I
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Table 5.2.6

CALCULATED MPC-68 BWR FUEL GAMMA SOURCE PER ASSEMBLY
FOR DESIGN BASIS ZIRCALOY CLAD FUEL

FOR VARYING BURNUPS AND COOLING TIMES

Lower Upper 39,000 MWDIMTUJ 40,000 MWD/MU 47-,0070,000
Energy Energy 3 Year Cooling S-3 Year Cooling MWD/MTU

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ $4 Y ear C ooling

(MeV) (MeV) (MeVis) (Photonsis) (MeV/s) (Photons/s) (MeV/s) (Photons/s)

0.45 0.7 1.OOE+15 1.74E+15 1.02E+15 1.78E+15 1.lOE+15 1.91E+15

0.7 1.0 4.25E+14 4.99E+14 4.37E+14 5.14E+14 3.21E+14 3.78E+14

1.0 1.5 9.18E+13 7.35E+13 9.40E+13 7.52E+13 7.67E+13 6.13E+13

1.5 2.0 9.19E+12 5.25E+12 9.27E+12 5.30E+12 3.55E+12 2.03E+12
2.0 2.5 1.17E+13 5.18E+12 1.17E+13 5.21E+12 1.03E+12 4.57E+11

2.5 3.0 3.69E+11 1.34E+11 3.70E+11 1.35E+11 5.83E+10 2.12E+10

Total 1.54E+15 2.32E+15 1.58E+15 2.38E+15 1.50E+15 2.35E+15
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- Table 5.2.7

CALCULATED MPC-68 BWR FUEL GAMMA SOURCE PER ASSEMBLY
FOR DESIGN BASIS ZIRCALOY CLAD GE 6x6 FUEL

Lower Upper 30,000 MWD/MTU
Energy Energy 18-Year Cooling

(MeV) (MeV) (MeV/s) (Photons/s)

4.5e-01 7.0e-01 1.53e+14 2.65e+14.

7.0e-01 1.0 3.97e+12 4.67e+12

1.0 .1.5 - 3.67e+12 2.94e+12

1.5 2.0 2.20e+11 1.26e+11

2.0 2.5 1.35e+09 5.99e+08

2.5 3.0 7.30e+07 2.66e+07

Totals 1.61e+14 2.73e+14
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Table 5.2.8

CALCULATED BWR FUEL GAMMA SOURCE PER ASSEMBLY
FOR STAINLESS STEEL CLAD FUEL

Lower Upper 22,500 MWD/MTU
Energy Energy 10-Year Cooling

(MeV) (MeV) (MeV/s) (Photons/s)

4.5e-01 7.0e-01 2.72e+14 4.74+14

7.0e-01 1.0 1.97e+13 2.31e+13

1.0 1.5 7.93e+13 6.34e+13

1.5 2.0 4.52e+11 2.58e+11

2.0 2.5 3.28e+10 1.46e+10

2.5 3.0 1.69e+9 6.14e+8

Totals 3.72e+14 5.61e+14

Note: These source terms were calculated for a 144-inch fuel length. The limits in
'99GSection 2.1.9 are based on the actual 83-inch active fuel length.

A~ppendim B to-the 
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Table 5.2.9

CALCULATED PWR FUEL GAMMA SOURCE PER ASSEMBLY
FOR STAINLESS STEEL CLAD FUEL

Lower Upper 40,000 MWD/MTU 40,000 MWDIMTU
Energy Energy 8-Year Cooling 9-Year Cooling

(MeV) (MeV) (MeV/s) (Photons/s) (MeV/s) (Photons/s)

4.5e-01 -7.0e-01 1.37e+15 2.38e+15 1.28E+15 2.22Ei15

7.0e-01 1.0 2.47e+14 2.91e+14 1.86E+14 2.19E+14

1.0 1.5 4.59e+14 3.67e+14 4.02E+14 3.21E+14

1.5 2.0 3.99e+12 2.28e+12 3.46E+12 1.98E+12

2.0 2.5 5.85e+11 2.60e+11 2.69E+11 1.20E+11

2.5 3.0 3.44e+10 1.25e+10 1.77E+10 6.44E+09

Totals 2.08e+15 3.04e+15 1.87E+15 2.76E+15

Note: These source terms were calculated for a 144-inch fuel length. The limits in
GeQSection 2.1.9 are based on the actual 122-inch active fuel length.

Appendin B^ todi
W - V~~~~~~~~~~~~~~ ~
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Table 5.2.10

SCALING FACTORS USED IN CALCULATING THE 6OCo SOURCE

Region PWR BWR

Handle N/A 0.05

Upper End Fitting 0.1 0.1

Gas Plenum Spacer 0.1 N/A

Expansion Springs N/A 0.1

Gas Plenum Springs 0.2 0.2

Incore Grid Spacer 1.0 1.0

Lower End Fitting 0.2 0.15
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:Table 5.2.11

CALCULATED MPC-32 wCo SOURCE PER ASSEMBLY FOR DESIGN BASIS
ZIRCALOY CLAD FUEL

AT DESIGN BASIS BURNUP AND COOLING TIME

Location 450O035,000 4575,000
MWD/MTU and MWD/MTU and

3-Year Cooling 408-Year Cooling
(curies) (curies)

Lower End Fitting 184.28 147.77 -

Gas Plenum Springs 14.06 11.27

Gas Plenum Spacer 8.07 6.47

Expansion Springs N/A - N/A

Incore Grid Spacers 477.26 382.69

Upper End Fitting 90.39 72.48

Handle N/A N/A

I
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Table 5.2.12

CALCULATED MPC-24 60Co SOURCE PER ASSEMBLY FOR DESIGN BASIS
ZIRCALOY CLAD FUEL

AT DESIGN BASIS BURNUP AND COOLING TIME

Location 41;0046,000 5247,OO 57500 75,000
MWD/MTU and MWD/MTU and MWD/MTU and -
53-Year Cooling 53-Year Cooling 1-5 Year Cooling

(curies) (curies) (curies)

Lower End Fitting 221.36 227.04 219.47

Gas Plenum Springs 16.89 17.32 16.74

Gas Plenum Spacer 9.69 9.94 9.61

Expansion Springs N/A N/A N/A

Incore Grid Spacers 573.30 588.00 568.40

Upper End Fitting 108.58 111.36 107.65

Handle N/A N/A N/A

I

I

I

I

I

I

I
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Table 5.2.13

CALCULATED MPC-68 60Co SOURCE PER ASSEMBLY FOR DESIGN BASIS
ZIRCALOY CLAD FUEL

AT DESIGN BASIS BURNUP AND COOLING TIME

Location 39,000 40,000 47,500-70,000
AfMDTU and MWD/MTU and MWD/M[TU and
3-Year Cooling 63-Year Cooling 66-Year Cooling

(curies) (cures) (curies)

Lower End Fitting 82.47 82.69 68.73

Gas Plenum Springs 25.20 25.27 21.00

Gas Plenum Spacer N/A N/A N/A

Expansion Springs 4.58 4.59 3.82

Grid Spacer Springs 37.80 37.90 31.50

Upper End Fitting 22.91 22.97 19.09

Handle 2.86 2.87 2.39
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Table 5.2.14

THIS TABLE INTENTIONALLY DELETED
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I Table 5.2.15

CALCULATED MPC-32 PWR NEUTRON SOURCE PER ASSEMBLY
IFOR DESIGN BASIS ZIRCALOY CLAD FUEL

FOR VARYING BURNUPS AND COOLING TIMES

Lower Energy Upper Energy 4500035,000 4-75,00
(MeV) (MeV) MWD/MTU MWDIAMTU

53-Year 108-Year
Cooling Cooling

(Neutrons/s) (Neutrons/s)

1.0e-01 4.0e-01' 7.80E+06 5.97E+07

4.0e-01 9.0e-01 3.99E+07 3.05E+08

9.0e-01 1.4 3.65E+07 2.79E+08

1.4 1.85 2.70E+07 2.05E+08

1.85 3.0 4.79E+07 3.61E+08

3.0 6.43 4.33E+07 3.29E+08

6.43 20.0 3.82E+06 2.92E+07

Totals 2.06E+08 1.57E+09

I

I
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Table 5.2.16
I.

CALCULATED MPC-24 PWR NEUTRON SOURCE PER ASSEMBLY
FOR DESIGN BASIS ZIRCALOY CLAD FUEL

FOR VARYING BURNUPS AND COOLING TIMES

Lower Energy Upper Energy 42j3O46,OOO 524 7,500 75,000
(MeV) (MeV) MWD/IMTU MWDIMTU MWDIMTU

53-Year 53-Year Is-Year
Cooling Cooling Cooling

(Neutronsls) (Neutrons/s) (Neutrons/s)

1.0e-01 4.0e-01 1.96E+07 2.19E+07 6.82E+07

4.0e-01 9.0e-01 1.OOE+08 1.12E+08 3.48E+08

9.0e-01 1.4 9.16E+07 1.02E+08 3.1 8E+08

1.4 1.85 6.75E+07 7.54E+07 2.34E+08

1.85 3.0 1.19E+08 1.33E+08 4.11E+08

3.0 6.43 1.08E+08 1.21E+08 3.75E+08

6.43 20.0 9.60E+06 1.07E+07 3.34E+07

Totals 5.16E+08 5.76E+08 1.79E+09

I

I
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Table 5.2.17

CALCULATED MPC-68 BWR NEUTRON SOURCE PER ASSEMBLY
FOR DESIGN BASIS ZIRCALOY CLAD FUEL

FOR VARYING BURNUPS AND COOLING TIMES

Lower Energy Upper Energy 39,000 40,000 - 47,50070,000
(MeV) (MeV) DIM Tu/A MWD/MTU MWD/MTU

3-Year-Cooling 63-Year 66-Year
(Neutrons/s) Cooling Cooling

(Neutrons/s) (Neutrons/s)

1.0e-01 4.0e-01 5.22E+06 5.45E+06 1.98E+07

4.0e-01 9.0e-01 2.67E+07 2.78E+07 I.O1E+08

9.0e-01 1.4 2.44E+07 2.55E+07 9.26E+07

1.4 1.85 1.80E+07 1.88E+07 6.81E+07

1.85 3.0 3.18E+07 3.32E+07 1.20E+08

3.0 6.43 2.89E+07 -3.02E+07 I.O9E+08

6.43 20.0 2.56E+06 2.67E+06 9.71E+06

Totals 1.37E+08 1.44E+08 5.20E+08
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Table 5.2.18

CALCULATED MPC-68 BWR NEUTRON SOURCE PER ASSEMBLY
FOR DESIGN BASIS ZIRCALOY CLAD GE 6x6 FUEL

Lower Energy Upper Energy 30,000 MWD/MTU
(MeV) (MeV) 18-Year Cooling

(Neutrons/s)

1.Oe-01 4.0e-01 8.22e+5

4.0e-01 9.0e-01 4.20e+6

9.0e-01 1.4 3.87e+6

1.4 1.85 2.88e+6

1.85 3.0 5.18e+6

3.0 6.43 4.61e+6

6.43 20.0 4.02e+5

Total 2.20e+7
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Table 5.2.19

CALCULATED BWR NEUTRON SOURCE PER ASSEMBLY
FOR STAINLESS STEEL CLAD FUEL

Lower Energy Upper Energy 22,500 MWD/MTU
(MeV) (MeV) 10-Year Cooling

(Neutrons/s)

1.Oe-O1 4.0e-01 2.23e+5

4.0e-01 9.0e-01 1.14e+6

9.0e-01 1.4 1.07e+6

1.4 1.85 8.20e+5

1.85 3.0 1.56e+6

3.0 6.43 1.30e+6

6.43 20.0 1.08e+5

Total 6.22e+6

Note: These source terms were calculated for a 144-inch fuel length. The limits in
6e6Section 2.1.9 are based on the actual 83-inch active fuel length. -

Appendix +u

.A W ~~~~~~~~
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Table 5.2.20

CALCULATED PWR NEUTRON SOURCE PER ASSEMBLY
FOR STAINLESS STEEL CLAD FUEL

Lower Energy Upper Energy 40,000 MWD/MTU 40,000 MWD/MTU
(MeV) (MeV) 8-Year Cooling 9-Year Cooling

(Neutrons/s) (Neutrons/s)

1.Oe-01 4.0e-01 1.04e+7 1.O1E+07

4.0e-01 9.0e-01 5.33e+7 5.14E+07

9.0e-01 1.4 4.89e+7 4.71E+07

1.4 1.85 3.61e+7 3.48E+07

1.85 3.0 6.41e+7 6.18E+07

3.0 6.43 5.79e+7 5.58E+07

6.43 20.0 5.11e+6 4.92E+06

Totals 2.76e+8 2.66E+08

Note: These source terms were calculated for a 144-inch fuel length. The limits in Appendix B to the
Get~ection 2.1.9 are based on the actual 122-inch active fuel length. I
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Table 5.2.21

DESCRIPTION OF DESIGN BASIS ZIRCALOY CLAD MIXED OXIDE FUEL

-___ BWR

Fuel type GE 6x6

Active fuel length (in.) 110

No. of fuel rods 36

Rod pitch (in.) 0.696

Cladding material Zircaloy-2

Rod diameter (in.) 0.5645

Cladding thickness (in.) 0.036

Pellet diameter (in.) 0.482

Pellet material U02 and PuUO 2

No. of U02 Rods 27

No. of PuUO2 rods 9

Pellet density (gm/cc) 10.412 (95% of theoretical)

Enrichment (w/o 3U)t 2.24 (U02 rods)
0.711 (PuUO2 rods)

Burnup (MWD/MTU) 30,000

Cooling Time (years) 18

Specific power (MW/MTU) 16.5

Weight of U0 2,PuUO 2 (kg)tt 123.3

Weight of U,Pu (kg)tt 108.7

t See Table 5.3.3 for detailed composition of PuUO2 rods.

tt Derived from parameters in this table.

HI-STORM FSAR
REPORT HI-2002444

- Proposed Rev. 2B

-5.2-39



Table 5.2.22

CALCULATED MPC-68 BWR FUEL GAMMA SOURCE PER ASSEMBLY
FOR DESIGN BASIS ZIRCALOY CLAD MIXED OXIDE FUEL

Lower Upper 30,000 MWD/MTU
Energy Energy 18-Year Cooling

(MeV) (MeV) (MeV/s) (Photons/s)

4.5e-01 7.0e-01 1.45e+14 2.52e+14

7.0e-01 1.0 3.87e+12 4.56e+12

1.0 1.5 3.72e+12 2.98e+12

1.5 2.0 2.18e+11 1.25e+11

2.0 2.5 1.17e+9 5.22e+8

2.5 3.0 9.25e+7 3.36e+7

Totals 1.53e+14 2.60e+14
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- Table 5.2.23

CALCULATED MPC-68 BWR NEUTRON SOURCE PER ASSEMBLY
FOR DESIGN BASIS ZIRCALOY CLAD MIXED OXIDE FUEL

Lower Energy Upper Energy 30,000 MWD/MTU
(MeV) (MeV) 18-Year Cooling

(Neutrons/s)

1.0e-01 1.24e+6

4.0e-01 9.0e-01 6.36e+6

9.0e-01 1.4 5.88e-6

1.4 1.85 4.43e+6

1.85 3.0 8.12e+6

3.0 6.43 7.06e+6

6.43 20.0 6.07e+5

Totals 3.37e+7
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Table 5.2.24

INITIAL ENRICHMENTS USED IN THE SOURCE TERM CALCULATIONS

Burnup Range (MWD/MTU) Initial Enrichment (wt.% 235U)

BWR Fuel

20,000-25,000 2.1

25,000-30,000 2.4

30,000-35,000 2.6

35,000-40,000 2.9

40,000-45,000 3.0

45,000-50,000 3.2

50,000-55,000 3.6

55,000-60,000 4.0

60,000-65,000 4.4

65,000-70,000 4.8

PWR Fuel

20,000-25,000 2.3

25,000-30,000 2.6

30,000-35,000 2.9

35,000-40,000 3.2

40,000-45,000 3.4

45,000-50,000 3.6

50,000-55,000 3.9

55,000-60,000 4.2

60,000-65,000 4.5

65,000-70,000 4.8

70,000-75,000 5.0

I

I
Note: The burnup ranges do not overlap. Therefore, 20,000-25,000

MWD/MTU means 20,000-24,999.9 MWD/MTU, etc. This note
does not apply to the maximum burnups of 70,000 and 75,000
MWDIMTU.
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Table 5.2.25 (page 1 of 2) |

DESCRIPTION OF EVALUATED ZIRCALOY CLAD PWR FUEL

Assembly WE 14x14 WE 14x14 WE 15x15 WE 17x17 WE 17x17

Fuel assembly array class 14x14B 14x14A 15x15ABC- -17x17B 17x17A

Active fuel length (in.) 144 144 144 144 144

No. of fuel rods 179' 179. 204 264 264

Rod pitch (in.) 0.556 0.556 - 0.563 0.496 0.496

Cladding material Zr-4 Zr-4 Zr-4 Zr-4 Zr-4

Rod diameter (in.) 0.422 0.4 0.422 0.374 0.36

Cladding thickness (in.) 0.0243 0.0243 0.0245 0.0225 0.0225

Pellet diameter (in.) 0.3659 0.3444 03671 03232 0.3088

Pellet material U0 2 U02 U0 2 U02 U02

Pellet density (gm/cc) 10.522 10.522 10.522 10.522 10.522
(% of theoretical) (96%) (96o) (96%) (96%) (96%)

Enrichment 3.4 3.4 3.4 3.4 3.4
(wt.% sU - __

Burnup (MWD/MTU) 40,000 40,000 40,000 40,000 40,000

Cooling time (years) 5 5 5 5 5

Power/assembly (MI1 : 15.0 15.0. 18.6 20.4 20.4

Specific power 36.409 41.097 39.356 43.031 47.137
(MWMU) _ __

Weight of U0 2 (kg)t 467.3i9 414.014 536.086 537.752 490.901

Weight of U (kg)t 411.988 364.994 472.613 474.082 432.778

No. of Guide Tubes 17 17 21 25 25

Guide Tube O.D. (in.) 0.539 0.539 0.546 0.474 0.474

Guide Tube Thickness (in.) 0.0170 0.0170 0.0170 0.0160 0.0160

t Derived from parameters in this table.
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I

Table 5.2.25 (page 2 of 2) I

DESCRIPTION OF EVALUATED ZIRCALOY CLAD PWR FUEL

Assembly CE 14x14 CE 16x16 B&W B&W
15x15 17x17

Fuel assembly array class 14x14C 16x16A 15xJSDEF 17x17C
H

Active fuel length (in.) 144 150 144 144

No. of fuel rods 176 236 208 264

Rod pitch (in.) 0.580 0.5063 0.568 0.502

Cladding material Zr-4 Zr-4 Zr-4 Zr-4

Rod diameter (in.) 0.440 0.382 0.428 0.377

Cladding thickness (in.) 0.0280 0.0250 0.0230 0.0220

Pellet diameter (in.) 0.3805 0.3255 0.3742 0.3252

Pellet material U02 U02 U02 U02

Pellet density (gm/cc) 10.522 10.522 10.412 10.522
(95% of theoretical) (96J) (96o) (95%) (96o)

Enrichment 3.4 3.4 3.4 3.4
(wt.% 23U)

Burnup (MWD/MTU) 40,000 40,000 40,000 40,000

Cooling time (years) 5 5 5 5

Power/assembly (M W)13.7 17.5 19.819 20.4

Specific power 31.275 39.083 40 42.503
(MW/MTU)

Weight of U0 2 (kg)t 496.887 507.9 562.029 544.428

Weight of U (kg)t 438.055 447.764 495.485 479.968

No. of Guide Tubes 5 5 17 25

Guide Tube O.D. (in.) 1.115 0.98 0.53 0.564

Guide Tube Thickness (in.) 0.0400 0.0400 0.0160 0.0175

I

t Derived from parameters in this table.
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Table 5.2.26 (page 1 of 2)

DESCRIPTION OF EVALUATED ZIRCALOY CLAD BWR FUEL

I

Array Type 7x7 8x8 8x8 9x9 9x9

Fuel assembly array class 7x7B 8x8B 8x8CDE 9x9A 9x9B

Active fuel length (in.) 144 144 150 144 150

No.offuelrods 49 - 64 62 74 72

Rodpitch(in.) 0.738 0.642 -0.64 0.566 0.572

Cladding material Zr-2 Zr-2 Zr-2 Zr-2 Zr-2

Rod diameter (in.) 0.570 0.484 0.493 0.44 0.433

Cladding thickness (in.) 0.0355 0.02725 0.034 0.028 0.026 -

Pellet diameter (in.) 0.488 0.4195 -0.416 0.376- 0.374

Pellet material U02 U02 U02 U02 U02

Pellet density (gm/cc) 10.412 10.412 10.412 10.522 10.522
(% of theoretical) (95%) (95%) (95o) (96%) (96TO)

Enrichment (wt.% U) 3.0 3.0 3.0 3.0 3.0

Burnup (MWD/MTU) 40,000 40,000 40,000 40,000 40,000

Cooling time (years) 5 5 5 S -5 5

Power/assembly (MW) 5.96 5.75 5.75 5.75 5.75

Specific power 30 30 30.24 31.97 31.88
(MWMTU) __

Weight of U0 2 (kg)t 225.177 217.336 215.673 204.006 204.569

Weight of U (kg)t 198.516 - 191.603 190.137 179.852 180.348

No. of Water Rods 0 0 2 2 1

Water Rod O.D. (in.) n/a n/a 0.493 0.98 1.516

Water Rod Thickness (in.) n/a n/a 0.034 0.03 0.0285

Derived from parameters in this table. - -
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Table 5.2.26 (page 1 of 2) I

DESCRIPTION OF EVALUATED ZIRCALOY CLAD BWR FUEL

Array Type 9x9 9x9 9x9 loxlo |IOxo
Fuel assembly array class 9x9CD 9x9EF 9x9G 1Ox1OAB J0xioC

Active fuel length (in.) 150 144 150 144 150

No. of fuel rods 80 76 72 92 96

Rod pitch (in.) 0.572 0.572 0.572 0.510 0.488

Cladding material Zr-2 Zr-2 Zr-2 Zr-2 Zr-2

Rod diameter (in.) 0.423 0.443 0.424 0.404 0.378

Cladding thickness (in.) 0.0295 0.0285 0.03 0.0260 0.0243

Pellet diameter (in.) 0.3565 0.3745 0.3565 0.345 0.3224

Pellet material U02 U02 U02 U0 2 U0 2

Pellet density (gm/cc) 10.522 10.522 10.522 10.522 10.522
(% of theoretical) (96%)1o) (96%) (96%) (96%) (96%o)

Enrichment (wt.% 235U) 3.0 3.0 3.0 3.0 3.0

Burnup (MWD/MTU) 40,000 40,000 40,000 40,000 40,000

Cooling time (years) 5 5 5 5 S

Power/assembly (MVVJ 5.75 5.75 5.75 5.75 5.75

Specific power 31.58 31.38 35.09 30.54 32.18
(MW/MTU)

Weight of U0 2 (kg)t 206.525 207.851 185.873 213.531 202.687

Weight of U (kg)t 182.073 183.242 163.865 188.249 178.689

No. of Water Rods 1 5 1 2 1

Water Rod O.D. (in.) 0.512 0.546 1.668 0.980 Note 1

Water Rod Thickness (in.) 0.02 0.0120 0.032 0.0300 Note I

Note 1: l OxiOC has a diamond shaped water rod with 4 additional segments dividing the fuel
rods into four quadrants.

t Derived from parameters in this table.
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Table 5.2.27

COMPARISON OF SOURCE TERMS FOR ZIRCALOY CLAD PWR FUEL
3.4 wt.% 235U - 40,000 MWD/MTU - 5 years cooling

(

Assembly WE WE WE WE WE CE 14x14 CE 16x16 B&W B&W
14X14 14x14 15xl5 17x7 17x17 15x15 17x17

Array class 14x14A 14x14B 15x15 1 7xl 7A 17x1 7B 14x14C 16x16A ISxlS 17xl7C
ABC DEFH

Neutrons/sec 1.76E+8 2.32E+8 2.70E+8 2.18E+8 2.68E+8 2.32E+8 2.38E+8 2.94E+8 2.68E+8
1.78E+8 2.35E+8 2.73E+8

Photons/sec 2.88E+15 3.28E+15 3.80E+15 3.49E+15 3.85E+15 .3.37E+15 3.57E+15 4.01E+15 3.89E+15
(0.45-3.0 MeV) 2.93E+15 3.32E+15 3.86E+15

Thermal power 809.5 923.5 1073 985.6 1090 946.6 1005 1137 1098
(watts) 820.7 933.7 1086 1 I

Note:
The WE 14x14 and WE 15x15 have both zircaloy and stainless steel guide tubes. The first value presented is for the assembly with
zircaloy guide tubes and the second value is for the assembly with stainless steel guide tubes.

I
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Table 5.2.28

COMPARISON OF SOURCE TERMS FOR ZIRCALOY CLAD BWR FUEL
3.0 wt.% 23'5U - 40,000 MWD/MT - years cooling

Assembly 7x7 8x8 8x8 9x9 9x9 9x9 9x9 9x9 IOx0 IOxlO

Array Class 7x7B 8x8B 8x8CDE 9x9A 9x9B 9x9CD 9x9EF 9x9G JOx10AB IOxlOC

Neutrons/sec 1.33E+8 1.22E+8 1.22E+8 1.13E+8 1.06E+8 1.09E+8 1.24E+8 9.15E+7 1.24E+8 1.07E+8

Photons/sec 1.55E+15 1.49E+15 1.48E+15 1.41E+15 1.40E+15 1.42E+15 1.45E+15 1.28E+15 1.48E+15 1.40E+15
(0.45-3.0
MeV) . . _

Thermal 435.5 417.3 414.2 394.2 389.8 395 405.8 356.9 413.5 389.2
power (watts)
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Table 5.2.29

COMPARISON OF CALCULATED DECAY HEATS FOR DESIGN BASIS FUEL
AND VALUES REPORTED IN THE

DOE CHARACTERISTICS DATABASEt FOR
30,000 MWD/MTU AND 5-YEAR COOLING

Fuel Assembly Class Decay Heat from the DOE Decay Heat from Desg
(Database Source Tnn Calculations

(watts/assembly) Basis duela
(watts/assembly)

PWR Fuel

B&W 15x15 752.0 827.5

B&W 17x17 732.9 827.5802.7

CE 16x16 653.7 827.5734.3

CE 14x14 601.3 M4694.9

WE 17x17 742.5 827.5795.4

WE 15x15 762.2 827.5796.2

WE 14x14 649.6 827682.9

BWR Fuel

7x7 310.9 315.7

8x8 296.6 345.302.8

9x9 275.0 341n7286.8

Notes:

1. The P-WR and BVAR design basis fuels are the B&W 15x15 and the GE 7x7,
ese ecay heat from the source term calculations is the maximum value calculated

for that fuel assembly class.
2. The decay heat values from the database include contributions from in-core material

(e.g. spacer grids).
3. Information on the 10x10 was not available in the DOE database. However, based on the

results in Table 5.2.28, the actual decay heat values from the 10x10 would be very similar to
the values shown above for the 8x8.

4. The enrichments used for the column labeled "Decay Heat from Source Term Calculations"
were consistent with Table 5.2.24.

t Reference [5.2.71.
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Table 5.2.30

DESCRIPTION OF DESIGN BASIS BURNABLE POISON ROD ASSEMBLY
AND THIMBLE PLUG DEVICE

Region BPRA TPD
Upper End Fitting (kg of steel) 2.62 2.3
Upper End Fitting (kg of inconel) 0.42 0.42
Gas Plenum Spacer (kg of steel) 0.77488 1.71008
Gas Plenum Springs (kg of steel) 0.67512 1.48992
In-core (kg of steel) 13.2 N/A

HI-STORM FSAR
REPORT HI-2002444

Proposed Rev. 2B

5.2-50



Table 5.2.31

DESIGN BASIS COBALT-60 ACIVITIES FOR BURNABLE POISON ROD
ASSEMBLIES AND THIMBLE PLUG DEVICES

Region I BPRA TPD
Upper End Fitting (curies Co-60) 3A32.7 25.21
Gas Plenum Spacer (curies Co-60) 4,65.0 9.04

. Gas Plenum Springs (curies Co-60) .&_.9 - 15.75
In-core (curies Co-60) - 787.8848.4 N/A
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Table 5.2.32

DESCRIPTION OF DESIGN BASIS CONTROL ROD ASSEMBLY
CONFIGURATIONS FOR SOURCE TERM CALCULATIONS

Axial Dimensions Relative to Bottom of Flux Mass of Iass of
Active Fuel Weighting cladding absorber

Start (in) Finish (in) Length (in) Factor (kg Inconel) (kg AgInCd)

Configuration 1 - 10% Inserted

0.0 15.0 15.0 1.0 1.32 7.27

15.0 18.8125 3.8125 0.2 0.34 1.85

18.8125 28.25 9.4375 0.1 0.83 4.57

Configuration 2 - Fully Removed

0.0 3.8125 3.8125 0.2 0.34 J 1.85

3.8125 13.25 9.4375 0.1 0.83 4.57
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Table 5.2.33

DESCRIPTION OF DESIGN BASIS AXIAL POWER SHAPING ROD
CONFIGURATION S FOR SOURCE TERM CALCULATIONS

Axial Dimensions Relative to Bottom of Flux Mass of Mass of
Active Fuel Weighting cladding absorber

Start (in) -Finish (in) Length (in) Factor (kg Steel) (kg Inconel)

Configuration i - 10% Inserted

0.0 15.0 15.0 - : 1.0 1.26 5.93

15.0 -18.8125 3.8125 0.2 0.32 : 1.51

18.8125 28.25 9.4375 0.1 0.79 3.73

Configuration 2 - Fully Removed

0.0 3.8125 1 3.8125 0.2 0.32 1.51

3.8125 13.25 9.4375 0.1 0.79 3.73

:________ Configuration 3 - Fully Inserted

0.0 63.0 63.0 1.0 5.29 24.89

63.0 66.8125 3.8125 0.2 0.32 1.51

66.8125 76.25 9.4375 0.1 0.79 3.73
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Table 5.2.34

DESIGN BASIS SOURCE TERMS FOR CONTROL ROD
ASSEMBLY CONFIGURATIONS

Axial Dimensions Relative to Curies
Bottom of Active Fuel Photons/sec from AgInCd Co-60

Finish L 0.3-0.45 0.45-0.7 0.7-1.0 fromStart (in) ) Length (in) MeV MeV MeV Inconel

Configuration 1 - 10% Inserted - 80.8 watts decay heat

0.0 15.0 15.0 1.91e+14 1.78e+14 1.42e+14 1111.38

15.0 18.8125 3.8125 9.71e+12 9.05e+12 7.20e+12 56.50

18.8125 28.25 9.4375 1.20e+13 1.12e+13 8.92e+12 69.92

Configuration 2 - Fully Removed - 8.25 watts decay heat

0.0 3.8125 3.8125 9.71e+12 TJ9.05e+12 7.20e+12 56.50

3.8125 13.25 9.4375 1.20e+13 1.12e+13 8.92e12 69.92

I
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Table 5.2.35

DESIGN BASIS SOURCE TERMS FROM AXIAL POWER
- . . SHAPING ROD CONFIGURATIONS

Axial Dimensions Relative to Bottom of 
Active Fuel-

Start (in) IFmish (in) Length (in) Curies of Co-60

Configuration 1 - 10% Inserted - 46.2 watts decay heat

0.0 15.0 15.0 - 2682.57

15.0 18.8125 3.8125 -1636

18.8125 7 28.25 9.4375 168.78

Configuration 2 - Fully Removed - 4.72 watts decay heat

0.0 3.8125 3.8125 136.36

3.8125 - 13.25 9.4375 168.78

Configuration 3 - Fully Inserted 178.9 watts decay heat

0.0 63.0 63.0 11266.80

63.0 66.8125 3.8125 136.36

66.8125 76.25 9.4375 168.78

I

I

I
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Table 5.2.36

DESCRIPTION OF FUEL ASSEMBLY USED TO ANNALYZE
THORIA RODS IN THE THORIA ROD CANISTER

BWR

Fuel type 8x8

Active fuel length (in.) 110.5

No. of U02 fuel rods 55

No. of UO2JThO2 fuel rods 9

Rod pitch (in.) 0.523

Cladding material zircaloy

Rod diameter (in.) 0.412

Cladding thickness (in.) 0.025

Pellet diameter (in.) 0.358

Pellet material 98.2% ThO2 and 1.8% U0 2

for UO2ThO2 rods

Pellet density (gm/cc) 10.412

Enrichment (w/o BU) 93.5 in U0 2 for
UO2fThO2 rods

and

1.8 for U0 2 rods

Burnup (MWD/MIIHM) 16,000

Cooling Time (years) 18

Specific power 16.5
(MW/MIHM)

Weight of THO2 and U0 2 121.46

(kg)

Weight of U (kg)t 92.29

Weight of Th (kg)t 14.74

-

t Derived from parameters in this table.
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Table 5.2.37

CALCULATED FUEL GAMMA SOURCE FOR THORIA ROD
CANISTER CONTAINING EIGHTEEN THORIA RODS

Lower Upper 16,000 MWD/MTIHM
Energy Energy 18-Year Cooling

(MeV) (MeV) (MeV/s)- (Photons/s)-

4.5e-01 7.0e-01 3.07e+13 5.34e+13

7.0e-01 1.0 - 5.79e+11 6.81e+11

1.0 1.5 -3.79e+11 3.03e+11

1.5 2.0 4.25e+10 2.43e+10

2.0 2.5 4.16e+8 - 1.85e+8

2.5 - 3.0 -2.31e+11 8.39e+10

Totals 1.23e+12 1.09e+12
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Table 5.2.38

CALCULATED FUEL NEUTRON SOURCE FOR THORIA ROD
CANISTER CONTAINING EIGHTEEN THORIA RODS

Lower Energy Upper Energy 16,000 MWD/MTIHM
(MeV) (MeV) 18-Year Cooling

(Neutrons/s)

1.Oe-01 4.0e-01 5.65e+2

4.0e-01 9.0e-01 3.19e+3

9.0e-01 1.4 6.79e+3

1.4 1.85 1.05e+4

1.85 3.0 3.68e+4

3.0 6.43 1.41e+4

6.43 20.0 1.60e+2

Totals 7.21e+4
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5.3 MODEL SPECIFICATIONS

-The shielding'analysis of the HI-STORM 100 System was performed with MCNP4A [5.1.1].
MCNP is a Monte Carlo transport code that offers a full three-dimensional combinatorial
geometry modeling capability including such complex surfaces as cones and tori. This means
that no gross approximations were required to represent the HI-STORM 100 System, including
the HI-TRAC transfer casks, in the shielding analysis. A sample input file for MCNP is provided
in Appendix S.C.

As discussed in Section 5.1.1, off-normal conditions do not have any implications for the
shielding analysis. Therefore, the MCNP models and results developed for the normal conditions
also represent the off-normal conditions. Section 5.1.2 discussed the accident conditions and
stated that the only accident that would impact the shielding analysis would be a loss of the
neutron shield (water) in the HI-TRAC. Therefore, the MCNP model of the normal HI-TRAC
condition has the neutron shield in place while the accident condition replaces the neutron shield
with void. Section 5.1.2 also mentioned that there is no credible accident scenario that would
impact the HI-STORM shielding analysis. Therefore, models and results for the normal and
accident conditions are identical for the HI-STORM overpack.

5.3.1 Description of the Radial and Axial Shielding Configuration '

Chapter 1 provides the drawings that describe the HI-STORM 100 System, including the HI-
TRAC transfer casks. These drawings, using nominal dimensions, were used to create the MCNP
models used in the radiation transport calculations. Modeling'deviations from these drawings are
discussed below. Figures 5.3.1 through 5.3.6 show cross sectional views of the HI-STORM 100
overpack and MPC as it was modeled in MCNP for each of the MPCs. Figures 5.3.1 through
5.3.3 were created with the MCNP two-dimensional plotter and are drawn to scale. The inlet and
outlet vents were modeled explicitly, therefore, 'streaming through these components is
accounted for in the calculations of the dose adjacent to the overpack and at 1 meter. Figure 5.3.7
shows a cross sectional view of the 100-ton HI-TRAC with the MPC-24 inside as it was modeled
in MCNP. Since the fins and pocket trunnions were modeled explicitly, neutron streaming
through these components is accounted for in the calculations of the dose adjacent to the
overpack and 1 meter dose. In Section 5.4.1, the dose effect of localized streaming through these
compartments is analyzed.

Figure 5.3.10 shows a cross sectional view of the HI-STORM 100 overpack with the as-modeled
thickness of the various materials. These dimensions are the same for the HI-STORM 100S
overpack. Figures 5.3.11 and 5.3.18 are axial representations of the HI-STORM 100 and HI-
STORM 100S overpacks, respectively, with the various as-modeled dimensions indicated.

Figures 5.3.12 and 5.3.13 show axial cross-sectional views of the 100- and 125-ton HI-TRAC
transfer casks, respectively,-with the as-modeled dimensions and materials specified. Figures
5.3.14, 5.3.15, and 5.3.20 show fully labeled radial cross-sectional views of the HI-TRAC 100,
125, and 125D transfer casks, respectively. Finally, Figures 5.3.16 and 5.3.17 show fully labeled
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diagrams of the transfer lids for the HI-TRAC 100 and 125 transfer casks. Since lead plate may
be used instead of poured lead in the pool and transfer lids, there exists the possibility of a gap
between the lead plate and the surrounding steel walls. This gap was accounted for in the
analysis as depicted on Figures 5.3.16 and 5.3.17. The gap was not modeled in the pool lid since
the gap will only exist on the outer edges of the pool lid and the highest dose rate is in the center.
(All results presented in this chapter were calculated with the gap with the exception of the
results presented in Figures 5.1.6, 5.1.7, and 5.1.11 which did not include the gap.) The HI-
TRAC 125D does not utilize the transfer lid, rather it utilizes the pool lid in conjunction with the
mating device. Therefore the dose rates reported for the pool lid in this chapter are applicable to
both the HI-TRAC 125 and 125D while the dose rates reported for the transfer lid are applicable
only to the HI-TRAC 125. Consistent with the analysis of the transfer lid in which only the
portion of the lid directly below the MPC was modeled, the structure of the mating device which
surrounds the pool lid was not modeled.

Since the HI-TRAC 125D has fewer radial ribs, the dose rate at the midplane of the HI-TRAC
125D is higher than the dose rate at the midplane of the HI-TRAC 125. The HI-TRAC 125D has
steel ribs in the lower water jacket while the HI-TRAC 125 does not. These additional ribs in the
lower water jacket reduce the dose rate in the vicinity of the pool lid for the HI-TRAC 125D
compared to the HI-TRAC 125. Since the dose rates at the midplane of the HI-TRAC 125D are
higher than the HI-TRAC 125, the results on the radial surface are only presented for the HI-
TRAC 125D in this chapter.

To reduce the gamma dose around the inlet and outlet vents, stainless steel cross plates,
designated gamma shield cross platest (see Figures 5.3.11 and 5.3.18), have been installed inside
all vents. The steel in these plates effectively attenuates the fuel and 6'Co gammas that
dominated the dose at these locations prior to their installation. Figure 5.3.19 shows two designs
for the gamma shield cross plates to be used in the inlet and outlet vents. The designs in the top
portion of the figure are mandatory for use in the HI-STORM 100 and 100S overpacks during
normal storage operations and were assumed to be in place in the shielding analysis. The designs
in the bottom portion of the figure may be used instead of the mandatory designs in the HI-
STORM 100S overpack to further reduce the radiation dose rates at the vents. These optional
gamma shield cross plates could further reduce the dose rate at the vent openings by as much as
a factor of two.

Calculations were performed to determine the acceptability of homogenizing the fuel assembly
versus explicit modeling. Based on these calculations it was concluded that it was acceptable to
homogenize the fuel assembly without loss of accuracy. The width of the PWR and BWR
homogenized fuel assembly is equal to 15 times the pitch and 7 times the pitch, respectively.
Homogenization resulted in a noticeable decrease in run time.

t This design embodiment, formally referred to as "Duct Photon Attenuator," has been disclosed
as an invention by Holtec International for consideration by the US Patent Office for issuance of
a patent under U.S. law.
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Several conservative approximations were made in modeling the MPC. The conservative
approximations are listed below.

1. The basket material in the top and bottom 0.9 inches where the MPC basket flow
holes are located is not modeled. The length of the basket not modeled (0.9
inches) was determined by calculating the equivalent area removed by the flow
holes. This method of approximation is conservative-because no material for the
basket shielding is provided in the 0.9-inch area at the top and bottom of the MPC
basket.

2.- The upper and lower fuel spacers are not modeled, as-the fuel spacers are not
needed on all fuel assembly types. However, most PWR fuel assemblies will have
upper and lower fuel spacers. The fuel spacer length for the design basis fuel
assembly type determines the positioning of the fuel assembly for the shielding
analysis, but the fuel spacer materials are not modeled. This is conservative since
it removes steel that would provide a small amount of additional shielding.

3. For the MFPC-32, MPC-24, and MPC-68, -the MPC basket supports are not
modeled. This is conservative since it removes steel that would provide a small
increase in shielding. The optional aluminum heat conduction elements are also
conservatively not modeled. 

4. The MPC-24 basket is fabricated from 5/16 inch thick cell plates. It is
conservatively assumed for modeling purposes that the structural portion of the
MPC-24 basket is uniformly fabricated from 9/32 inch thick steel. The Boral and
sheathing are modeled explicitly. This is conservative since it removes steel that
would provide a small amount of additional shielding.

5. In the modeling of the-BWR fuel assemblies, the zircaloy flow channels were not
represented. This was done because it cannot be guaranteed that all BWR fuel
assemblies will have an associated flow channel when placed in the MPC. The
flow channel does not contribute to the source, but does provide some small
amount of shielding. However, no credit is taken for this additional shielding.

6. In the MPC-24, conservatively, all Boral panels on the periphery were modeled
with a reduced width of 5 inches compared to 6.25 inches or 7.5 inches.

During this project several design changes occurred that affected the drawings, but did not
significantly affect the MCNP models of the HI-STORM 100 and HI-TRAC. Therefore, the
models do not exactly represent the drawings. The discrepancies between models and drawings
are listed and discussed here.
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MPC Modeling Discrepancies

1. In the MPCs, there is a sump in the baseplate to enhance draining of the MPC.
This localized reduction in the thickness of the baseplate was not modeled. Since
there is significant shielding and distance in both the HI-TRAC and the HI-
STORM outside the MPC baseplate, this localized reduction in shielding will not
affect the calculated dose rates outside the HI-TRAC or the HI-STORM.

2. The design configuration of the MPC-24 has been enhanced for criticality
purposes. The general location of the 24 assemblies remains basically the same,
therefore the shielding analysis continues to use the superseded configuration.
Since the new MPC-24 configuration and the configuration of the MPC-24E are
almost identical, the analysis of the earlier MPC-24 configuration is valid for the
MPC-24E as well. Figure 5.3.21 shows the superseded and current configuration
for the MPC-24 for comparison.

3. The sheathing thickness on the new MPC-24 configuration was reduced from
0.06 inches to 0.0235 inches. However, the model still uses 0.06 inches. This
discrepancy is compensated for by the use of 9/32 inch cell walls and 5 inch boral
on the periphery as described above. MCNP calculations were performed with the
new MPC-24 configuration in the 100-ton HI-TRAC for comparison to the
superceded configuration. These results indicate that on the side of the overpack,
the dose rates decrease by approximately 12% on the surface. These results
demonstrate that using the superceded MPC-24 design is conservative.

HI-TRAC Modeling Discrepancies

1. The pocket trunnion on the HI-TRAC 125 was modeled as penetrating the lead.
This is conservative for gamma dose rates as it reduces effective shielding
thickness. The HI-TRAC 125D does not use pocket trunnions.

2. The lifting blocks in the top lid of the 125-ton HI-TRACs were not modeled.
Holtite-A was modeled instead. This is a small, localized item and will not impact
the dose rates.

3. The door side plates that are in the middle of the transfer lid of the HI-TRAC 125
are not modeled. This is acceptable because the dose location calculated on the
bottom of the transfer lid is in the center.

4. The outside diameter of the Holtite-A portion of the top lid of the 125-ton HI-
TRACs was modeled as 4 inches larger than it is due to a design enhancement.
This is acceptable because the peak dose rates on the top lid occur on the inner
portions of the lid.
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HI-STORM Modeling Discrepancies

1. The steel channels in the cavity between the MPC and overpack were not
modeled. This is conservative since it removes steel that would provide a small
amount of additional shielding.

2. The bolt anchor blocks were not explicitly modeled. Concrete was used instead.
These are small, localized items and will not impact the dose rates.

3. In the HI-STORM 100S model, the exit vents were modeled as being inline with
the inlet vents. In practice, they are rotated 45 degrees and positioned above the
short radial plates. Therefore, this modeling change has the exit vents positioned
above the full length radial plates. This modeling change has minimal impact on
the dose rates at the exit vents.-;

4. The short radial plates in the HI-STORM 100S overpack were modeled in MCNP
even though they are optional.

5. The pedestal baseplate, which is steel with holes for pouring concrete, in the HI-
STORM overpacks was modeled as concrete rather than steel. This is acceptable
because this piece of steel is positioned at the bottom of the pedestal below 5
inches of steel and a minimum of 11.5 inches of concrete and therefore will have
no impact on the dose rates at the bottom vent.

6. Minor penetrations in the body of the overpack (e.g. holes for grounding straps)
are not modeled as these are small localized effects which will not affect the off-
site dose rates.

7. In June 2001, the inner shield shell of the HI-STORM 100 overpack was removed
and the concrete density in the body of the overpack (not the pedestal of lid) was
increased to compensate. Appendix 5.E presents a comparison of the dose rates
calculated for a HI-STORM 100 overpack with and without the inner shield shell.
The MPC-24 was used in this comparison. The results indicate that there is very
little difference in the calculated dose rates when the inner shield shell is removed
and the concrete density is increased. Therefore,- all HI-STORM 100 analysis
presented in the main portion of this chapter includes the inner shield shell.

8. The drawings in Section 1.5 indicate that the HI-STORM 100S has a variable
height. This is achieved by adjusting the height of the body of the overpack. The
pedestal height is not adjusted. Conservatively, all calculations in this chapter
used the shorter height for the HI-STORM 100S.
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9. In February 2002, the top plate on the HI-STORM 100 overpack was modified to
be two pieces in a shear ring arrangement. The total thickness of the top plate was
not changed. However, there is approximately a 0.5 inch gap between the two
pieces of the top plate. This gap was not modeled in MCNP since it will result in
a small increase in the dose rate on the overpack lid in an area where the dose rate
is greatly reduced compared to other locations on the lid.

5.3.1.1 Fuel Configuration

As described earlier, the active fuel region is modeled as a homogenous zone. The end fittings
and the plenum regions are also modeled as homogenous regions of steel. The masses of steel
used in these regions are shown in Table 5.2.1. The axial description of the design basis fuel
assemblies is provided in Table 5.3.1. Figures 5.3.8 and 5.3.9 graphically depict the location of
the PWR and BWR fuel assemblies within the HI-STORM 100 System. The axial locations of
the Boral, basket, inlet vents, and outlet vents are shown in these figures.

5.3.1.2 Streaming Considerations

The MCNP model of the HI-STORM overpack completely describes the inlet and outlet vents,
thereby properly accounting for their streaming effect. The gamma shield cross plates located in
the inlet and outlet vents, which effectively reduce the gamma dose in these locations, are
modeled explicitly.

The MCNP model of the HI-TRAC transfer cask describes the lifting trunnions, pocket
trunnions, and the opening in the HI-TRAC top lid. The fins through the HI-TRAC water jacket
are also modeled. Streaming considerations through these trunnions and fins are discussed in
Section 5.4.1.

The design of the HI-STORM 100 System, as described in the drawings in Chapter 1, has
eliminated all other possible streaming paths. Therefore, the MCNP model does not represent
any additional streaming paths. A brief justification of this assumption is provided for each
penetration.

* The lifting trunnions will remain installed in the HI-TRAC transfer cask.

* The pocket trunnions of the HI-TRAC are modeled as solid blocks of steel. No credit is
taken for any part of the pocket trunnion that extends beyond the water jacket.

* The threaded holes in the MPC lid are plugged with solid plugs during storage and,
therefore, do not create a void in the MPC lid.

* The drain and vent ports in the MPC lid are designed to eliminate streaming paths. The
holes in the vent and drain port cover plates are filled with a set screw and plug weld.
The steel lost in the MPC lid at the port location is replaced with a block of steel
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approximately 6 inches thick located directly below the port opening and attached to the
underside of the lid. This design feature is shown on the drawings in Chapter 1. The
MCNP model did not explicitly represent this arrangement but, rather, modeled the MPC
lid as a solid plate.

5.3.2 Regional Densities

Composition and densities of the various materials used in the HI-STORM 100 System and HI-
TRAC shielding analyses are given in Tables 5.3.2 and 5.3.3. All of the materials and their
actual geometries are represented in the MCNP model.

The water density inside the MPC corresponds to the maximum allowable water temperature
within the MPC. The water density in the water jacket corresponds to the maximum allowable
temperature at the maximum allowable pressure. As mentioned, the HI-TRAC transfer cask is
equipped with a water jacket providing radial neutron shielding. Demnineralized water will be
utilized in the water jacket. To ensure operability for low temperature conditions, ethylene
glycol (25% in solution) may be added to reduce the freezing point for low temperature
operations. Calculations were performed to determine the effect of the ethylene glycol on the
shielding effectiveness of the radial neutron shield. Based on these calculations, it was
concluded that the addition of ethylene glycol (25% in solution) does not reduce the shielding
effectiveness of the radial neutron shield.

Since the HI-STORM 100S and the newer configuration of the HI-STORM 100 do not have the
inner shield shell present, the minimum density of the concrete in the body (not the lid or
pedestal) of the overpack has been increased slightly to compensate for the change in shielding
relative to the HI-STORM 100 overpack with the inner shield shell. Table 5.3.2 shows the
concrete composition and densities that were used for the HI-STORM 100 and HI-STORM 100S
overpacks. Since the density of concrete is increased by altering the aggregate that is used, the
composition of the slightly denser concrete was calculated by keeping the same mass of water as
the 2.35 gm/cc composition and increasing all other components by the same ratio.

The MPCs in the HI-STORM 100 System can be manufactured with one of two possible neutron
absorbing materials: Boral or Metamic. Both materials are made of aluminum and B 4C powder.
The Boral contains an aluminum and B4C powder mixture sandwiched between two aluminum
plates while the Metamic is a single plate. The thickness and minimum 10B areal density are the
same for Boral and Metamic. Therefore, the mass of Aluminum and BC are essentially
equivalent and there is no distinction between the two materials from a shielding perspective. As
a result, Table 5.3.2 identifies the composition for Boral and no explicit calculations were
performed with Metamic.

Sections 4.4 and 4.5 demonstrate that all materials used in the HI-STORM and HI-TRAC remain
below their design temperatures as specified in Table 2.2.3 during all normal conditions.
Therefore, the shielding analysis does not address changes in the material density or composition
as a result of temperature changes.
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Chapter 11 discusses the effect of the various accident conditions on the temperatures of the
shielding materials and the resultant impact on their shielding effectiveness. As stated in Section
5.1.2, there is only one accident that has any significant impact on the shielding configuration.
This accident is the loss of the neutron shield (water) in the HI-TRAC as a result of fire or other
damage. The change in the neutron shield was conservatively analyzed by assuming that the
entire volume of the liquid neutron shield was replaced by void.
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Table 5.3.1

DESCRIPTION OF THE AXIAL MCNP MODEL OF THE FUEL ASSEMBLIESt

Region I Start (in.) | Finish (in.) | Length On.) tual Modeled
__________I I I J Material J Material

FPWR

Lower End Fitting 0.0 7375 7375 SS304 SS304

Space 7375 -8.375 1.0 zircaloy void

Fuel 8.375 152.375 144 fuel & zircaloy fuel

Gas Plenum Springs 152.375 156.1875 3.8125 SS304 & SS304
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ z irca lo y _ _ _ _ _ _ _

Gas Plenum Spacer 156.1875 160.5625 4.375 z SS304 & S5304
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ zirc alo y _ _ _ _ _

Upper End Fitting 160.5625 165.625 5.0625 SS304 SS304

BWR

Lower End Fitting 0.0 7.385 7385 SS304 SS304

Fuel 7.385 151.385 144 fuel & zircaloy fuel

Space 151.385 157.385 6 zircaloy void

Gas Plenum Springs 157.385 166.865 9.48 SS304 & SS304
zircaloy

Expansion Springs 166.865 168.215 1.35 SS304 SS304

Upper End Fitting 168.215 171.555 3.34 SS304 SS304

Handle 171.555 176 4.445 SS304 SS304

t All dimensions start at the bottom of the fuel assembly. The length of the lower fuel
spacer must be added to the distances to determine the distance from the top of the MPC
baseplate.
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Table 5.3.2

COMPOSIION OF THE MATERIALS IN THE HI-STORM 100 SYSTEM

Component Density (g/cm') Elements Mass Fraction (%)

Uranium 10.412 2U 2.9971(BWR)
Oxide 3.2615(PWR)

14BU 85.1529(BWR)
84.8885(PWR)

0 11.85

Boralt 2.644 4.4226 (MPC-68 and MPC-32 in
HI-STORM & HI-TRAC;

MPC-24 in HI-STORM)4.367 (MPC-
24 in HI-TRAC)

"B 20.1474 (MPC-68 and MPC-32 in
HI-STORM & HI-TRAC;
MPC-24 in HI-STORM)

19.893 (MPC-24 in HI-TRAC)

A1 68.61 (MPC-68 and MPC-32 in
HI-STORM & Hl-TRAC;
MPC-24 in HI-STORM)

69.01 (MPC-24 in HI-TRAC)

C 6.82 (MPC-68 and MPC-32 in
HI-STORM & HI-TRAC;
MPC-24 in HI-STORM)

6.73 (MPC-24 in HI-TRAC)

7.92 Cr 19

Mn 2

Fe 69.5

Ni 9.5

7.82 C 0.5

Fe 99.5

6.55 Zr 100

t All B-10 loadings in the Boral compositions are conservatively lower than the values
defined in the Bill of Materials.
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Table 5.3.2 (continued)

COMPOSTION OF THE MATERLALS IN THE I-STORM 100 SYSTEM

Component Density (glcm3) Elements Mass Fraction (%)

Neutron 1.61 C 27.66039
Shield

Holtite-A

H 5.92

Al 21.285

N 1.98

O 42.372

'0B 0.14087

: B -0.64174

BWR Fuel 4.29251 2
5 U 2.4966

Region.
Mixture

Mu 770.9315

o E9.8709

Zr 16.4046

N - 8.35E-05

Cr 0.0167

Fe 0.0209

Sn 0.2505

PWR Fuel 3.869939 MU 2.7652
Region
Mixture

- -- z8U - 71.9715

0 10.0469

Zr 14.9015

Cr 0.0198

Fe 0.0365

Sn 0.2587
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Table 5.3.2 (continued)

COMPOSITION OF THE MATERIALS IN THE HI-STORM 100 SYSTEM

Component Density (glcm) Elements Mass Fraction (%)

Lower End 1.0783 SS304 100
Fitting
(PWR)

Gas Plenum 0.1591 SS304 100
Springs
(PWR) .

Gas Plenum 0.1591 SS304 100
Spacer
(PWR)

Upper End 1.5410 SS304 100
Fitting
(PWR)

Lower End 1.4862 SS304 100
Fitting
(BWR)

Gas Plenum 0.2653 SS304 100
Springs
(BWR)

Expansion 0.6775 SS304 100
Springs
(BWR)

Upper End 1.3692 SS304 100
Fitting
(BWR)

Handle 0.2572 SS304 100
(BWR)

Lead 11.3 Pb 99.9

Cu 0.08

Ag 0.02

Water 0.9140 (water jacket) H 11.2

0.9619 (inside MPC) 0 88.8
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Table 5.3.2 (continued)

COMPOSITION OF THE MATERIALS IN THE HI-STORM 100 SYSTEM

Component Density (cm 3) Elements Mass Fraction (%)

Concrete 2.35 H 0.6

Lid and pedestal of the 0 50.0

INI-STORM 100 and Si 31.5
100S

and the body of the 100 Al 4.8

when the inner shield Na 1.7

shell is present Ca 8.3

Fe 1.2

K 1.9

Concrete 2.48 H 0.569

HI-STORM 100S body 0 49.884

and HI-STORM 100 body Si 31.594

when the inner shield Al
shell 4.814

is not present Na 1.705

Ca 8.325

Fe 1.204

K 1.905
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Table 5.3.3

COMPOSITION OF THE FUEL PELLETS IN THE MIXED OXIDE FUEL
ASSEMBLIES

Component Density (gCm3) Elements Mass Fraction (%)

Mixed Oxide Pellets 10.412 zU 85.498

23SU 0.612

2MPu 0.421
239pU 1.455

24OpU 0.034
241pu 0.123

242Pu 0.007

O 11.85

Uranium Oxide Pellets 10.412 2U 86.175

235u 1.975

0 11.85
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5.4 SHIELDING EVALUATION

The MCNP-4A code was used for all of the shielding analyses [5.1.1]. MCNP is a continuous
energy, three-dimensional, coupled neutron-photon-electron Monte Carlo transport code.
Continuous energy cross section data are represented with sufficient energy points to permit
linear-linear interpolation between-points. The individual cross section libraries used for each
nuclide are those recommended by the MCNP manual. All of these data are based on ENDF/B-V
data. MCNP has been extensively benchmarked against experimental data by the large user
community. References [5.4.2], [5.4.31, and [5.4.4] are three examples of the benchmarking that
has been performed.

The energy distribution of the source term, as described earlier, is used explicitly in the MCNP
model. A different MCNP calculation is performed for each of the three source terms (neutron,
decay gamma, and 60Co). The axial distribution of the fuel source term is described in Table
2.1.11 and Figures 2.1.3 and 2.1.4. The PWR and BWR axial burnup distributions were obtained
from References [5.4.5] and [5.4.6], respectively. These axial distributions were obtained from
operating plants and are representative of PWR and BWR fuel with burnups greater than 30,000
MWD/MTU. The 60Co source in the hardware was assumed to be uniformly distributed over the
appropriate regions.

It has been shown that the neutron source strength varies as the burnup level raised by the power
of 4.2. Since this relationship is non-linear and since the burnup in the axial center of a fuel
assembly is greater than the average burnup, the neutron source strength in the axial center of the
assembly is greater than the relative burnup times the average neutron source strength. In order
to account for this effect, the neutron source strength in each of the 10 axial nodes listed in Table
2.1.11 was determined by multiplying the average source strength by the relative burnup level
raised to the power of 4.2. The peak relative burnups listed in Table 2.1.11 for the PWR and
BWR fuels are 1.105 and 1.195 respectively. Using the power of 4.2 relationship results in a
37.6% (1.10542/1.105) and 76.8% (1.19542/1.195) increase in the neutron source strength in the
peak nodes for the PWR and BWR fuel respectively. The total neutron source strength increases
by 15.6% for the PWR fuel assemblies and 36.9% for the BWR fuel assemblies.

MCNP was used to calculate doses at the various desired locations. MCNP calculates neutron or
photon flux and these values can be converted into dose by the use of dose response functions.
This is done internally in MCNP and the dose response functions are listed in the input file in
Appendix 5.C. The response functions used in these calculations are listed in Table 5.4.1 and
were taken from ANSI/ANS 6.1.1, 1977 [5.4.1].

The dose rate at the various locations were calculated with MCNP using a two step process. The
first step was to calculate the dose rate for each dose location per starting particle for each
neutron and gamma group in the fuel and each axial location in the end fittings. The second and
last step was to multiply the dose rate per starting particle for each group or starting location
by the source strength (ie. particles/sec) in that group or location and sum the resulting dose
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rates for all groups in each dose location. The standard deviations of the various results were
statistically combined to determine the standard deviation of the total dose in each dose
location.

The HI-STORM shielding analysis was performed for conservative burnup and cooling time
combinations which bound the uniform and regionalized loading specifications for zircaloy clad
fuel specified in Appendix B t the CGoSection 2.1.9. Therefore, the HI-STORM shielding
analysis presented in this chapter is conservatively bounding for the MPC-24, MPC-32, and
MPC-68.

Tables 5.1.1 through 5.1.3 provide the maximum dose rates adjacent to the HI-STORM overpack
during normal conditions for each of the MPCs. Tables 5.1.4 through 5.1.6 provide the
maximum dose rates at one meter from the overpack. A detailed discussion of the normal, off-
normal, and accident condition dose rates is provided in Sections 5.1.1 and 5.1.2.

Tables 5.1.7 and 5.1.8 provide dose rates for the 100-ton and 125-ton HI-TRAC transfer casks,
respectively, with the MPC-24 loaded with design basis fuel in the normal condition, in which
the MPC is dry and the HI-TRAC water jacket is filled with water. Table 5.4.2 shows the
corresponding dose rates adjacent to and one meter away from the 100-ton HI-TRAC for the
fully flooded MPC condition with an empty water-jacket (condition in which the HI-TRAC is
removed from the spent fuel pool). Table 5.4.3 shows the dose rates adjacent to and one meter
away from the 100-ton HI-TRAC for the fully flooded MPC condition with the water jacket
filled with water (condition in which welding operations are performed). Dose locations 4 and 5,
which are on the top and bottom of the HI-TRAC were not calculated at the one-meter distance
for these configurations. For the conditions involving a fully flooded MPC, the internal water
level was 10 inches below the MPC lid. These dose rates represent the various conditions of the
HI-TRAC during operations. Comparing these results to Table 5.1.7 indicates that the dose rates
in the upper and lower portions of the HI-TRAC are reduced by about 50% with the water in the
MPC. The dose at the center of the HI-TRAC is reduced by approximately 50% when there is
also water in the water jacket and is essentially unchanged when there is no water in the water
jacket as compared to the normal condition results shown in Table 5.1.7.

The burnup and cooling time combination of 42,50046,000 MWD/MTU and S-3 years was
selected for the 100-ton MPC-24 HI-TRAC analysis because this combination of burnup and
cooling time results in the highest dose rates, and therefore, bounds all other requested
combinations in the 100-ton HI-TRAC. For comparison, dose rates corresponding to a burnup of
52,5075,000 MWD/MTU and 10-5 year cooling time for the MPC-24 are provided in Table
5.4.4. The dose rate at 1 meter from the pool lid was not calculated because a concrete floor was
placed 6 inches below the pool lid to account for potential ground scattering. These results
clearly indicate that as the burnup and cooling time increase, the reduction in the gamma dose
rate due to the increased cooling time results in a net decrease in the total dose rate. This result
is due to the fact that the dose rates surrounding the 100-ton HI-TRAC transfer cask are gamma
dominated.
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In contrast, the dose rates surrounding the HI-TRAC 125 and 125D transfer casks have
significantly higher neutron component. Therefore, the dose rates at 57;075,000 MWD/MTU
burnup and 42-5 year cooling are' slighly-higher than the dose rates at 4,5006,000
MWD/MTU burnup and -3 year cooling. The dose rates for the 125-ton HI-TRACs with the
MPC-24 at 57,50075,000 MWD/IU and 42-5 year cooling are listed in Table 5.1.8 of Section
5.1. For comparison, dose rates corresponding to a burnup of 42,50046,000 MVd/MTU and &3
year cooling time for the MPC-24 are provided in Table 5.4.5.

Tables 5.4.9 and 5.4.10 provide dose rates adjacent to and one meter away from the 100-ton HI-
T'RAC with the MPC-68 at burnup and cooling time combinations of 4039,000 MWD/MTU and
i3 years and 5070,000 MWD/MTU and 40 years, respectively. The dose rate at 1 meter from
the pool lid was not calculated because a concrete floor was placed 6 inches below the pool lid to
account for potential ground scattering. These results demonstrate that the dose rates on contact
at the top and bottom of the 100-ton HI-TRAC are somewhat higher in the MPC-68 case than in
the MPC-24 case. However, the MPC-24 produces higher dose rates than the MPC-68 at the
center of the HI-TRAC, on-contact, and at locations 1te-2-feel meter away from the HI-TRAC.
Therefore, the MPC-24 is still used for the exposure calculations in Chapter 10 of the FSAR.

Tables 5.4.11 and 5.4.12 provide dose rates adjacent to and one-meter away from the 100-ton HI-
TRAC with the MPC-32 at burnup and cooling time combinations of 3^2,5O35,0O MWDIMTU
and -3 years and 4S75,000 MWD/MTU and 40-8 years, respectively. The dose rate at 1 meter
from the pool lid was not calculated because a concrete floor was placed 6 inches below the pool
lid to account for potential ground scattering. These results demonstrate that the dose rates on
contact at the top ad btm of the 100-ton HI-TRAC are somewhat higher in the MPC-32 case
than in the MPC-24 case. However, the MPC-24 produces comparable r higher dose rates than
the MPC-32 at the center of the HI-TRAC, on-contact, and at locations 14to-&-feel meter away
from the HI-TRAC. Therefore, the MPC-24 is still used for the exposure calculations in Chapter
10 of the FSAR.

As mentioned in Section 5.0, all MPCs offer a regionalized loading pattern as described in
Appendix B to the CoCSection 2.1.9. This loading pattern authorizes fuel of higher decay heat
than uniform loading (i.e. higher burnups and shorter cooling times) to be stored in the center
region, region 1, of the MPC. The outer region, region 2, of the MPC in regionalized loading is
authorized to store fuel of lower decay heat than uniform loading (i.e. lower burnups and longer
cooling times). From a shielding perspective, the older fuel on the outside provides shielding for
the inner fuel in the radial direction. Regionalized patterns were specifically analyzed in each
MPC in the 100-ton HI-TRAC. Based on analysis using the same burnup and cooling times in
region 1 and 2 the following percentages were calculated for dose location 2 on the 100-ton HI-
TRAC.

Approximately 21%, 27%, and 8% of the neutron dose at the edge of the water jacket
comes from region 1 fuel assemblies in the MPC-32, MPC-68, and MPC-24

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

5.4-3



respectively. Region 1 contains 12 (38% of total), 32 (47% of total), and 4 (17% of
total) assemblies in the MPC-32, MPC-68, and MPC-24 respectively.
Approximately 1%, 2%, and 0.2% of the photon dose at the edge of the water jacket
comes from region 1 fuel assemblies in the MPC-32, MPC-68, and MPC-24
respectively.

These results clearly indicate that the outer fuel assemblies shield almost all of the gamma
source from the inner assemblies in the radial direction and a significant percentage of the
neutron source. The conclusion from this analysis is that the total dose rate on the external radial
surfaces of the cask can be greatly reduced by placing longer cooled and lower burnup fuels on
the outside of the basket. In the axial direction, regionalized loading results in higher dose rates
in the center portion of the cask since the region 2 assemblies are not shielding the region 1
assemblies for axial dose locations.

AR-Bounding bumup and cooling time combinations for regionalized loading were analyzed and
compared to the dose rates from uniform loading patterns. It was concluded that, in general, the
radial dose rates from regionalized loading are bounded by the radial dose rates from uniform
loading patterns. Therefore, dose rates for specific regionalized loading patterns are not
presented in this chapter. In the axial direction, the reverse may be true since the inner fuel
assemblies in a regionalized loading pattern have a higher burnup than the assemblies in the
uniform loading patterns. However, as depicted in the graphical data in Section 5.1.1, the dose
rate along the pool or transfer lids decrease substantially moving radially outward from the
center of the lid. Therefore, this increase in the dose rate in the center of the lids due to
regionalized loading does not significantly impact the occupational exposure. Section 5.4.9
provides additional discussion on regionalized loading dose rates compared to uniform loading
dose rates.

Unless otherwise stated all tables containing dose rates for design basis fuel refer to design basis
intact zircaloy clad fuel.

Since MCNP is a statistical code, there is an uncertainty associated with the calculated values. In
MCNP the uncertainty is expressed as the relative error which is defined as the standard
deviation of the mean divided by the mean. Therefore, the standard deviation is represented as a
percentage of the mean. The relative error for the total dose rates presented in this chapter were
typically less than 5% and the relative error for the individual dose components was typically
less than 10%.

5.4.1 Streaming Through Radial Steel Fins and Pocket Trunnions and Azimuthal Variations

The HI-STORM 100 overpack and the HI-TRAC utilize radial steel fins for structural support
and cooling. The attenuation of neutrons through steel is substantially less than the attenuation of
neutrons through concrete and water. Therefore, it is possible to have neutron streaming through
the fins that could result in a localized dose peak. The reverse is true for photons, which would
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result in a localized reduction in the photon dose. In addition to the fins, the pocket trunnions in
the HI-TRAC 100 and 125 are essentially blocks of steel that are approximately 12 inches wide
and 12 inches high. The effect of the pocket trunnion on neutron streaming and photon
transmission will be more substantial than the effect of a single fin.

Analysis of the pocket trunnions in the HI-TRAC 100 and 125 and the steel fins in the HI-TRAC
100, 125, and 125D indicate that neutron streaming is noticeable at the surface of the transfer
cask. The neutron dose rate on the surface of the pocket trunnion is approximately 5 times higher
than the circumferential average dose rate at that location. The gamma dose rate is
approximately 10 times lower than the circumferential average dose rate at that location. The
streaming at the rib location is the largest in the HI-TRAC 125D because the ribs are thicker than
in the HI-TRAC 100 or 125. The neutron dose rate on the surface of the b in the 125D is
approximately 3 times higher than the circumferential average dose rate at that location. The
gamma dose rate on the surface of the nib in the 125D is approximately 3 times lower than the
circumferential average dose rate at that location. At one meter from the cask surface there is
little difference between the dose rates calculated over the fins and the pocket trunnions
compared to the other areas of the water jackets.

These conclusions indicate that localized neutron streaming is noticeable on the surface of the
transfer casks. However, at one meter from the surface the streaming has dissipated. Since most
HI-TRAC operations will involve personnel moving around -the transfer cask at some distance
from the cask only surface average dose rates are reported in this chapter.

Below each lifting trunnion, there is a localized area where the water jacket has been reduced in
height by 4.125 inches to accommodate the lift yoke (see Figures 5.3.12 and 5.3.13). This area
experiences a significantly higher than average dose rate on contact of the HI-TRAC. The peak
dose in'this location is 142.6 Rem/hr for the MPC-32, 441.9 Rem/hr for the MPC-68 and 442.4
Rem/hr for the MPC-24 in the 100-ton HI-TRAC and 649-1.7 mreaRem/hr for the MPC-24 in
the HI-TRAC 125D. At a distance of 1 to 2 feet from the edge of the HI-TRAC the localized
effect is greatly reduced. This dose rate is acceptable because during lifting operations the lift
yoke will be in place, which, due to the additional lift yoke steel (-3 inches), will greatly reduce
the dose rate. However, more importantly, people will be prohibited from being in the vicinity of
the lifting trunnions during lifting operations as a standard rigging practice. In addition the lift
yoke is -remote -in its attachment and detachment, further minimizing -personnel exposure.
Immediately following the detachment of the lift yoke, in -preparation for closure operations,
temporary shielding may be placed in this area. Any temporary- shielding (e.g., lead bricks, water
tanks, lead blankets, steel' plates, etc.) is sufficient to attenuate the localized hot spot. The
operating procedure in Chapter 8 discusses the placement of temporary shielding in this area.
For the 100-ton HI-TRAC, the optional temporary shield ring will replace the water that was lost
from the axial reduction in the water jacket thereby eliminating the localized hot spot. When the
HI-TRAC is in the horizontal position, during transport operations, it will (at a minimum) be
positioned a few feet off the ground by the transport vehicle and therefore this location below the
lifting trunnions will be positioned above people which will minimize the effect on personnel
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exposure. In addition, good operating practice will dictate that personnel remain at least a few
feet away from the transport vehicle. During vertical transport of a loaded HI-TRAC, the
localized hot spot will be even further from the operating personnel. Based on these
considerations, the conclusion is that this localized hot spot does not significantly impact the
personnel exposure.

5.4.2 Damaged Fuel Post-Accident Shielding Evaluation

5.4.2.1 Dresden 1 and Humboldt Bay Damaged Fuel

As discussed in Section 5.2.5.2, the analysis presented below, even though it is for damaged fuel,
demonstrates the acceptability of storing intact Humboldt Bay 6x6 and intact Dresden 1 6x6 fuel
assemblies.

For the damaged fuel and fuel debris accident condition, it is conservatively assumed that the
damaged fuel cladding ruptures and all the fuel pellets fall and collect at the bottom of the
damaged fuel container. The inner dimension of the damaged fuel container, specified in the
Design Drawings of Chapter 1, and the design basis damaged fuel and fuel debris assembly
dimensions in Table 5.2.2 are used to calculate the axial height of the rubble in the damaged fuel
container assuming 50% compaction. Neglecting the fuel pellet to cladding inner diameter gap,
the volume of cladding and fuel pellets available for deposit is calculated assuming the fuel rods
are solid. Using the volume in conjunction with the damaged fuel container, the axial height of
rubble is calculated to be 80 inches.

Dividing the total fuel gamma source for a 6x6 fuel assembly in Table 5.2.7 by the 80 inch
rubble height provides a gamma source per inch of 3.41E+12 photon/s. Dividing the total
neutron source for a 6x6 fuel assembly in Table 5.2.18 by 80 inches provides a neutron source
per inch of 2.75E+05 neutron/s. These values are both bounded by the BWR design basis fuel
gamma source per inch and neutron source per inch values of 1.08E+13 photon/s and 9.17E+05
neutron/s, respectively, for a burnup and cooling time of 40,000 MWD/MTU and 5 years. These
BWR design basis values were calculated by dividing the total source strengths for 40,000
MWD/MTU and 5 year cooling in Tables 5.2.6 and 5.2.17 by the active fuel length of 144
inches. Therefore, damaged Dresden 1 and Humboldt Bay fuel assemblies are bounded by the
design basis intact BWR fuel assembly for accident conditions. No explicit analysis of the
damaged fuel dose rates from Dresden 1 or Humboldt Bay fuel assemblies are provided as they
are bounded by the intact fuel analysis.

5.4.2.2 Generic PWR and BWR Damaged Fuel

The Holtec Generic PWR and BWR DFCs are designed to accommodate any PWR or BWR fuel
assembly that can physically fit inside the DFC. Damaged fuel assemblies under normal
conditions, for the most part, resemble intact fuel assemblies from a shielding perspective. Under
accident conditions, it can not be guaranteed that the damaged fuel assembly will remain intact.
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As a result, the damaged fuel assembly may begin'to resemble fuel debris in its possible
configuration after an accident.

Since damaged fuel is identical to intact fuel from a shielding perspective no specific analysis is
required for damaged fuel under normal conditions. However, a generic shielding evaluation was
performed to demonstrate that fuel debris under normal or accident conditions, or damaged fuel
in a post-accident configuration, will not result in a significant increase in the dose rates around
the 100-ton HI-TRAC. Only the 100-ton HI-TRAC was analyzed because it can be concluded
that if the dose rate change is not significant for the 100-ton HI-TRAC then the change will not
be significant for the 125-ton HI-TRACs or the HI-STORM overpacks.

Fuel debris or a damaged fuel assembly' which has collapsed can have an average fuel density
which is higher than the fuel density for an intact fuel assembly. If the damaged fuel assembly
were to fully or partially collapse, the fuel density in one portion of the assembly would increase
and the density in the other portion of the assembly would decrease. This scenario was analyzed
with MCNP-4A in a conservative bounding fashion to determine the potential change in dose
rate as a result of fuel debris or a damaged fuel assembly collapse. The analysis consisted of
modeling the fuel assemblies in the damaged fuel locations in the MPC-24 (4-peripheral
locations in the MPC-24E or MPC-24EF) and the MPC-68 (16 peripheral locations) with a fuel
density that was twice the normal fuel density and correspondingly increasing the source rate for
these locations by a factor of two. A flat axial power distribution was 'used which is
approximately representative of the source distribution if the top half of an assembly collapsed
into the bottom half of the assembly. Increasing the fuel density over the entire fuel length, rather
than in the top half or bottom half of the fuel assembly, is conservative and provides the dose
rate change in both the top and bottom portion of the cask.

Tables 5.4.13 and 5.4.14 provide the results for the MPC-24 and MPC-68, respectively. Only the
radial dose rates are provided since the axial dose rates will not be significantly affected because
the damaged fuel assemblies are located on the periphery of the baskets. A comparison of these
results to the results in Tables 5.1.7 and 5.4.9 indicate that the dose rates in the top and bottom
portion of the 100-toi HI-TRAC increase by less than 20% while the dose rate in the center of
the HI-TRAC actually decreases a little bit. The increase in the bottom and top is due to the
assumed flat power distribution. The dose rates shown in Tables 5.4.13 and 5.4.14 were averaged
over the circumference of the cask. Since almost all of the peripheral cells in the MPC-68 are
filled with DFCs, an azimuthal variation would not be expected for the MPC-68. However, since
there are only 4 DFCs in the MPC-24E, an azimuthal variation in dose due to the damaged
fuel/fuel debris might be expected. Therefore, the dose rates were evaluated in four smaller
regions, one outside each DFC, that encompass about 44% of the circumference. There was no
significant change in the dose rate as a result of the localized dose calculation. These results
indicate that the potential effect on the dose rate is not very significant for the storage of
damaged fuel and/or fuel debris. This conclusion is further reinforced by the fact that the
majority of the significantly damaged fuel assemblies in the spent fuel inventories are older
assemblies from the earlier days of nuclear plant operations. Therefore, these assemblies will
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have a considerably lower burnup and longer cooling times than the assemblies analyzed in this
chapter.

The MPC-32 was not explicitly analyzed for damaged fuel or fuel debris in this chapter.
However, based on the analysis described above for the MPC-24 and the MPC-68, it can be
concluded that the shielding performance of the MPC-32 will not be significantly affected by the
storage of damaged fuel.

5.4.3 Site Boundary Evaluation

NUREG-1536 [5.2.1] states that detailed calculations need not be presented since SAR Chapter
12 assigns ultimate compliance responsibilities to the site licensee. Therefore, this subsection
describes, by example, the general methodology for performing site boundary dose calculations.
The site-specific fuel characteristics, burnup, cooling time, and the site characteristics would be
factored into the evaluation performed by the licensee.

As an example of the methodology, the dose from a single HI-STORM overpack loaded with an
MPC-24 and various arrays of loaded HI-STORMs at distances equal to and greater than 100
meters were evaluated with MCNP. In the model, the casks were placed on an infinite slab of dirt
to account for earth-shine effects. The atmosphere was represented by dry air at a uniform
density corresponding to 20 degrees C. The height of air modeled was 700 meters. This is more
than sufficient to properly account for skyshine effects. The models included either 500 or 1050
meters of air around the cask. Based on the behavior of the dose rate as a function of distance,
50 meters of air, beyond the detector locations, is sufficient to account for back-scattering.
Therefore, the HI-STORM MCNP off-site dose models account for back scattering by including
more than 50 meters of air beyond the detector locations for all cited dose rates. Since gamma
back-scattering has an effect on the off-site dose, it is recommended that the site-specific
evaluation under 10CFR72.212 include at least 50 to 100 meters of air, beyond the detector
locations, in the calculational models.

The MCNP calculations of the off-site dose used a two-stage process. In the first stage a binary
surface source file (MCNP terminology) containing particle track information was written for
particles crossing the outer radial and top surfaces of the HI-STORM overpack. In the second
stage of the calculation, this surface source file was used with the particle tracks originating on
the outer edge of the overpack and the dose rate was calculated at the desired location (hundreds
of meters away from the overpack). The results from this two-stage process are statistically the
same as the results from a single calculation. However, the advantage of the two-stage process is
that each stage can be optimized independently.

The annual dose, assuming 100% occupancy (8760 hours), at 200-250 meters from one cask is
presented in Table 5.4.6 for the design basis burnup and cooling time analyzed. This table
indicates that the dose due to neutrons is 7-2.5 % of the total dose. This is an important
observation because it implies that simplistic analytical methods such as point kernel techniques
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may not properly account for the neutron transmissions and could lead to low estimates of the
site boundary dose.,

The annual dose, assuming 8760 hour occupancy, at distance from an array of casks was
calculated in three steps.

1. The annual dose from the radiation leaving the side of the HI-STORM 100 overpack was
calculated at the distance desired. Dose value = A.

2. The annual dose from the radiation leaving the top of the HI-STORM 100 overpack was
calculated at the distance desired. Dose value = B.

3. The annual dose from the radiation leaving the side of a HI-STORM 100 overpack, when
it is behind another cask, was calculated at the distance desired. The casks have an
assumed 15-foot pitch. Dose value = C.

The doses calculated in the steps above are listed in Table 5.4.7 for the bounding burnup and
cooling time of &47,500 MWD/MTU and 63-year cooling. Using these values, the annual dose
(at the center of the long side) from an arbitrary 2 by Z array of HI-STORM 100 overpacks can
easily be calculated. The following formula describes the method.

Z = number of casks along long side

Dose =ZA + 2ZB + ZC

As an example, the dose from a 2x3 array at 400 0O meters is presented.

1. The annual dose from the side of a single cask: Dose A = 4.38
2. The annual dose from the top of a single cask: Dose B = 1.65E-2
3. The annual dose from the side of a cask positioned behind another cask:

DoseC=0.88

Using the formula shown above (Z=3), the total dose at 30O-400 meters from a 2x3 array of HI-
STORM overpacks is 1941415.88 mrem/year, assuming a 8760 hour occupancy.

An important point to notice here is that the dose from the side of the back row of casks is
approximately 16 % of the total dose. This is a significant contribution and one that would
probably not be accounted for properly by simpler methods of analysis.

The results for various typical arrays of HI-STORM overpacks can be found in Section 5.1.
While the off-site dose analyses were performed for typical arrays of casks containing design
basis fuel, compliance with the requirements of 10CFR72.104(a) can only be demonstrated on a
site-specific basis. Therefore, a site-specific evaluation of dose at the controlled area boundary
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must be performed for each ISFSI in accordance with 10CFR72.212. The site-specific evaluation
will consider the site-specific characteristics (such as exposure duration and the number of casks
deployed), dose from other portions of the facility and the specifics of the fuel being stored
(burnup and cooling time).

5.4.4 Stainless Steel Clad Fuel Evaluation

Table 5.4.8 presents the dose rates at the center of the HI-STORM 100 overpack, adjacent and at
one meter distance, from the stainless steel clad fuel. These dose rates, when compared to Tables
5.1.1 through 5.1.6, are similar to the dose rates from the- design basis zircaloy clad fuel,
indicating that these fuel assemblies are acceptable for storage.

As described in Section 5.2.3, it would be incorrect to compare the total source strength from the
stainless steel clad fuel assemblies to the source strength from the design basis zircaloy clad fuel
assemblies since these assemblies do not have the same active fuel length and since there is a
significant gamma source from Cobalt-60 activation in the stainless steel. Therefore it is
necessary to calculate the dose rates from the stainless steel clad fuel and compare them to the
dose rates from the zircaloy clad fuel. In calculating the dose rates, the source term for the
stainless steel fuel was calculated with an artificial active fuel length of 144 inches to permit a
simple comparison of dose rates from stainless steel clad fuel and zircaloy clad fuel at the center
of the HI-STORM 100 overpack. Since the true active fuel length is shorter than 144 inches and
since the end fitting masses of the stainless steel clad fuel are assumed to be identical to the end
fitting masses of the zircaloy clad fuel, the dose rates at the other locations on the overpack are
bounded by the dose rates from the design basis zircaloy clad fuel, and therefore, no additional
dose rates are presented.

5.4.5 Mixed Oxide Fuel Evaluation

The source terms calculated for the Dresden 1 GE 6x6 MOX fuel assemblies can be compared to
the source terms for the BWR design basis zircaloy clad fuel assembly (GE 7x7) which
demonstrates that the MOX fuel source terms are bounded by the design basis source terms and
no additional shielding analysis is needed.

Since the active fuel length of the MOX fuel assemblies is shorter than the active fuel length of
the design basis fuel, the source terms must be compared on a per inch basis. Dividing the total
fuel gamma source for the MOX fuel in Table 5.2.22 by the 110 inch active fuel height provides
a gamma source per inch of 2.36E+12 photons/s. Dividing the total neutron source for the MOX
fuel assemblies in Table 5.2.23 by 110 inches provides a neutron source strength per inch of
3.06E+5 neutrons/s. These values are both bounded by the BWR design basis fuel gamma source
per inch and neutron source per inch values of 1.08E+13 photons/s and 9.17E+5 neutrons/sfor
40,000 MWD/MTU and S year cooling. These BWR design basis values were calculated by
dividing the total source strengths for 40,000 MWD/MTU and 5 year cooling in Tables 5.2.6 and
5..1-by the active fuel length of 144 inches. This comparison shows that the MOX fuel source
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terms are bound by the design basis source terms. Therefore, no explicit analysis of dose rates is
provided for MOX fuel.

Since the MOX fuel assemblies are Dresden Unit 1 6x6 assemblies, they can also be considered
as damaged fuel. Using the same methodology as described in Section 5.4.2.1, the source term
for the MOX fuel is calculated on a per inch basis assuming a post accident rubble height of 80
inches. The resulting gamma and neutron source strengths are 3.25E+12 photons/s and 4.21E+5
neutrons/s. These values are also bounded by the design basis fuel gamma source per inch and
neutron source per inch. Therefore, no explicit analysis of dose rates is provided for MOX fuel in
a post accident configuration.

-5.4.6 Non-Fuel Hardware

As discussed in Section 5.2.4, non-fuel hardware in the form of BPRAs, TPDs, CRAs, and
APSRs are permitted for storage, integral with a PWR fuel assembly, in the HI-STORM 100
System. Since each device occupies the same location -within an assembly, only one device will
be present in a given assembly. BPRAs and TPDs are authorized for unrestricted storage in an
MFC while the CRAs and APSRs are restricted to the center four locations -in the MPC-24,
MPC-24E, MPC-24EF and MPC-32. The calculation of the source term and a description of the
bounding fuel devices was provided in. Section 5.2.4. The dose rate due to BPRAs and TPDs
being stored in a fuel assembly was explicitly calculated. Table 5.4.15 provides the dose rates at
various locations on the surface and one meter from the 100-ton HI-TRAC due to the BPRAs
and TPDs for the MPC-24 and MPC-32. These results were added to the totals in the other table
to provide the total dose rate with BPRAs. Table 5.4.15 indicates that the dose rates from BPRAs
bound the dose rates from TPDs.

As discussed in Section 5.2.4, two different configurations were analyzed for CRAs and three
different configurations were analyzed for APSRs. The dose rate due to CRAs and APSRs being
stored in the inner four fuel locations was explicitly calculated for dose locations around the 100-
ton HI-TRAC. Tables 5.4.16 and 5.4.17 provide the results for the different configurations of
CRAs and APSRs, respectively, in the MPC-24 and MPC-32. These results indicate the dose rate
on the radial surfaces of the overpack due to the storage of these devices is minimal and the dose
rate -out the top of the overpack is essentially 0. The latter is due to the fact that CRAs and
APSRs do not achieve significant activation in the upper portion of the devices due to the
manner in which they are utilized during normal reactor operations. In contrast, the dose rate out
the bottom of the overpack is substantial due to these devices. However, as noted in Tables
5.4.16 and 5.4.17, the dose rate at the edge of the transfer lid is almost negligible due to APSRs

-and CRAs. Therefore, even though the dose rates calculated (using a very conservative source
term evaluation) are daunting, they do not pose a risk from an operations perspective because
they are localized in nature. Section 5.1.1 provides additional discussion on the acceptability of
the relatively high localized doses on the bottom of the HI-TRACs.
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5.4.7 Dresden Unit 1 Antimony-Beryllium Neutron Sources

Dresden Unit 1 has antimony-beryllium neutron sources which are placed in the water rod
location of their fuel assemblies. These sources are steel rods which contain a cylindrical
antimony-beryllium source which is 77.25 inches in length. The steel rod is approximately 95
inches in length. Information obtained from Dresden Unit 1 characterizes these sources in the
following manner: "About one-quarter pound of beryllium will be employed as a special neutron
source material. The beryllium produces neutrons upon gamma irradiation. The gamma rays for
the source at initial start-up will be provided by neutron-activated antimony (about 865 curies).
The source strength is approximately 1E+8 neutrons/second."

As stated above, beryllium produces neutrons through gamma irradiation and in this particular
case antimony is used as the gamma source. The threshold gamma energy for producing neutrons
from beryllium is 1.666 MeV. The outgoing neutron energy increases as the incident gamma
energy increases. Sb-124, which decays by Beta decay with a half life of 60.2 days, produces a
gamma of energy 1.69 MeV which is just energetic enough to produce a neutron from beryllium.
Approximately 54% of the Beta decays for Sb-124 produce gammas with energies greater than
or equal to 1.69 MeV. Therefore, the neutron production rate in the neutron source can be
specified as 5.8E-6 neutrons per gamma (lE+8/865/3.7E+10/0.54) with energy greater than
1.666 MeV or 1.16E+5 neutrons/curie (1E+8/865) of Sb-124.

With the short half life of 60.2 days all of the initial Sb-124 is decayed and any Sb-124 that was
produced while the neutron source was in the reactor is also decayed since these neutron sources
are assumed to have the same minimum cooling time as the Dresden 1 fuel assemblies (array
classes 6x6A, 6x6B, 6x6C, and 8x8A) of 18 years. Therefore, there are only two possible gamma
sources which can produce neutrons from this antimony-beryllium source. The first is the
gammas from the decay of fission products in the fuel assemblies in the MPC. The second
gamma source is from Sb-124 which is being produced in the MPC from neutron activation from
neutrons from the decay of fission products.

MCNP calculations were performed to determine the gamma source as a result of decay gammas
from fuel assemblies and Sb-124 activation. The calculations explicitly modeled the 6x6 fuel
assembly described in Table 5.2.2. A single fuel rod was removed and replaced by a guide tube.
In order to determine the amount of Sb-124 that is being activated from neutrons in the MPC it
was necessary to estimate the amount of antimony in the neutron source. The O.D. of the source
was assumed to be the I.D. of the steel rod encasing the source (0.345 in.). The length of the
source is 77.25 inches. The beryllium is assumed to be annular in shape encompassing the
antimony. Using the assumed O.D. of the beryllium and the mass and length, the I.D. of the
beryllium was calculated to be 0.24 inches. The antimony is assumed to be a solid cylinder with
an O.D. equal to the I.D. of the beryllium. These assumptions are conservative since the
antimony and beryllium are probably encased in another material which would reduce the mass
of antimony. A larger mass of antimony is conservative since the calculated activity of Sb-124 is
directly proportional to the initial mass of antimony.
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The number of gammas from fuel assemblies with energies greater than 1.666 MeV entering the
77.25 inch long neutron source was calculated to be 1.04E+8 gammas/sec which would produce
a neutron source of 603.2 neutrons/sec (1.04E+8 * 5.8E-6). The steady state amount of Sb-124
activated in the antimony was calculated to be 39.9 curies. This activity level would produce a
neutron source of 4.63E+6 neutrons/sec (39.9 * 1.16E+5) or 6.OE+4 neutrons/sec/inch
(4.63E+6/77.25). These calculations conservatively neglect the reduction in antimony and
beryllium which would have occurred while the neutron sources were in the core and being
irradiated at full reactor power.

Since this is a localized source (77.25 inches in length) it is appropriate to compare the neutron
source per inch from the design basis Dresden Unit 1 fuel assembly, 6x6, containing an Sb-Be
neutron source to the design basis fuel neutron source per inch. This comparison, presented in
Table 5.4.18, demonstrates that a Dresden Unit 1 fuel assembly containing an Sb-Be neutron
source is bounded by the design basis fuel.

As stated above, the Sb-Be source is encased in a steel rod. Therefore, the gamma source from
the activation of the steel was considered assuming a burnup of 120,000 MWD/MTU which is
the maximum burnup assuming the Sb-Be source was in the reactor for the entire 18 year life of
Dresden Unit 1. The cooling time assumed was 18 years which is the minimum cooling time for
Dresden Unit 1 fuel. The source from the steel was bounded by the design basis fuel assembly.
In conclusion, storage of a Dresden Unit 1 Sb-Be neutron source in a Dresden Unit 1 fuel
assembly is acceptable and bounded by the current analysis.

5.4.8 Thoria Rod Canister

Based on a comparison of the gamma spectra from Tables 5.2.37 and 5.2.7 for the thoria rod
canister and design basis 6x6 fuel assembly, respectively, it-is difficult to determine if the thoria
rods will be bounded by the 6x6 fuel assemblies.-However, it is obvious that the neutron spectra
from the 6x6, Table 5.2.18, bounds the thoria rod neutron spectra, Table 5.2.38, with a
significant margin. In order to demonstrate that the gamma spectrum from the single thoria rod
canister is bounded by the gamma spectrum from the design basis 6x6 fuel assembly, the gamma
dose rate on the outer radial surface of the 100-ton HI-TRAC and the HI-STORM overpack was
estimated conservatively assuming an MPC full of thoria rod canisters. This' gamma dose rate
was compared to an estimate of the dose rate from an MPCfull of design basis 6x6 -fuel
assemblies. The gamma dose rate from the 6x6 fuel was higher for the 100-ton HI-TRAC and
only 15% lower for the HI-STORM overpack than the dose' rate from an MPC full of thoria rod
canisters. This in conjunction with the significant margin in neutron spectrum and the fact that
there is only one thoria rod canister clearly demonstrates that the thoria rod canister is acceptable
for storage in the MPC-68 or the MPC-68F.
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5.4.9 Regionalized Loading Dose Rate Evaluation

Dose rates were calculated for regionalized loading patterns for the MPC-24, MPC-32, and
MPC-68 using MCNP-4A. Burnup and cooling time combinations bounding the 14x14A and
9x9G array classes were used in the analysis since for uniform loading these array classes have
the highest permissible burnup for a given cooling time. Section 2.1.9 permits the user to
calculate the burnup and cooling times for regions 1 and 2 after determining the region I and 2
allowable heat loads. Since the region I and 2 burnups are variable, it is impossible to analyze
all regionalized loading burnup and cooling time combinations. Therefore, regionalized burnup
and cooling time combinations corresponding to X=3 and X=6 (see Section 2.1.9.1.2) were
analyzed. Al! burnup and cooling time cmbinations in Appendix B to the CoC wore analyzed
for both uniform and egionalized loading. The dose rates for all dose locations reported in this
chapter were compared for the uniform loading patterns and the regionalized loading patterns.

It was determined that for the MPC-32, all radial surfaee and 1 meter dose rates for regionalized
loading were bounded by the uniform loading dose rates reported in this chapter. The maximum
calculated surfaee dose rates in the axial locations for regionalized loading were less than 4510%
higher than the uniform dose rates reported in this chapter for the surfaeeat I meter from et-the
overpack. At one meter from the oeerpack, dose location 4 (in the center) was the only dose
location which produced a slightly higher (5%) dose rate for rgi nalized leading compaed to
uniform lading.

For the MPC-24 and MPC-68 it was determined that all I meter dose rates for regionalized
loading were bounded by the uniform loading dose rates reported in this chapter. the maximum
calculated dose rates in the axial direction for rgionalized loading were less than 21% higher
than the maximum calculated dose rates fr uniform loading reported in this chapter. At one
meter distance, the uniform loading dose rates reported in this chapter bound the regionalized
loading dose rates. In the radial direction, the uniform loading dose rates reported in this chapter
bound the rgionalized loading dose rates for both surface and one meter locations.

For the NlPC 68 it was dotermined that all radial surface and 1 meter dose rates for regionalized
loading were bounded by the uniform loading dose rates reperted in this chapter. The maximum
calculated surface dose rates in the axial locations for regionalized loading were less than 21%
higher than the uniform dose rates reported in this chapter for the surface of the verpack. .At
one meter from the overpack, dose locations 4 (in the center) and 5 (transfer lid center) were the
only dose locations which produced a slightly higher (5% and 1.5% respectively) dose rate for
regionalized loading compared to uniform loading.

Based on these results it can be stated that regionalized loading patterns will reduce the dose rate
in the radial direction by shielding the hotter fuel on the inside of the cask with colder fuel on the
outside of the cask. However, in the axial direction the localized dose rates in the center of the
cask may increase as a result of the regionalized loading pattern. This is a localized effect, which
has dissipated at the edge of the cask, and therefore will not result in a significant increase to the
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occupational exposure rates. In addition, it should be mentioned that the localized increase on
the bottom center of the overpack is an area where workers will normally not be present and the
increase in the top center of the overpack is an area where workers minimize their stay.

-
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Table 5.4.1

FLUX-TO-DOSE CONVERSION FACTORS
(FROM [5.4.1])

Gamma Energy (rem/hr)/
(MeV) (photon/cm2 -s)

0.01 3.96E-06

0.03 5.82E-07

0.05 2.90E-07

0.07 2.58E-07

0.1 2.83E-07

0.15 3.79E-07

0.2 5.01E-07

0.25 6.31E-07

0.3 7.59E-07

0.35 8.78E-07

0.4 9.85E-07

0.45 1.08E-06

0.5 1.17E-06

0.55 1.27E-06

0.6 1.36E-06

0.65 1.44E-06

0.7 1.52E-06

0.8 1.68E-06

1.0 1.98E-06

1.4 2.51E-06

1.8 2.99E-06

2.2 3.42E-06
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Table 5.4.1 (continued)

2FLUX-TO-DOSE CONVERSION FACTORS
(FROM [5.4.1])

Gamma Energy (remlhr) -
(Mev) (photonfcm2 -s)

2.6 3.82E-06

2.8 4.01E-06

3.25 4.41E-06

3.75 4.83E-06

4.25 5.23E-06

4.75 5.60E-06

5.0 5.80E-06

5.25 6.01E-06

5.75 6.37EJ06

6.25 6.74E-06

6.75 7.11E-06

7.5 7.66E-06

9.0 8.77E-06

11.0 1.03E-05

13.0 1.18E-05

15.0 1.33E-05
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Table 5.4.1 (continued)

FLUX-TO-DOSE CONVERSION FACTORS
(FROM [5.4.1])

Neutron Energy MeV) Quality Factor (remhr)t/(ncm 2-s)

2.5E-8 2.0 3.67E-6

1.OE-7 2.0 3.67E-6

1.OE-6 2.0 4.46E-6

1.OE-5 2.0 4.54E-6

1.OE-4 2.0 4.18E-6

1.OE-3 2.0 3.76E-6

1.OE-2 2.5 3.56E-6

0.1 7.5 2.17E-5

0.5 11.0 9.26E-5

1.0 11.0 1.32E-4

2.5 9.0 1.25E-4

5.0 8.0 1.56E-4

7.0 7.0 1.47E-4

10.0 6.5 1.47E-4

14.0 7.5 2.08E-4

20.0 8.0 2.27E-4

t Includes the Quality Factor.

N.
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Table 5.4.2

DOSE RATES FOR THE 100-TON HI-TRAC FOR THE FULLY FLOODED MPC
CONDITION WITH AN EMPTY NEUTRON SHIELD

MPC-24 DESIGN BASIS ZIRCALOY CLAD FUEL AT
4-,-50046,000 MWiD)MU AND 63-YEAR COOLING I

Dose Pointt Fuel - 60Co Neutrons Totals Totals
Location Gammas Gammas (mremhr) (mremhr) with

Locan mm Gmmas (mrem/r) (mrem BPRAs
______;____ _ _____j_____(mrem/hr)

ADJACENT TO THE 100-TON HI-TRAC

1 34.70 282.04 24.34 341.07 343.69

2 2212.18 0.66 423.66 2636.50 2839.98

3 8.60 429.18 5.92 443.70 575.29

4 31.22 326.11 0.98 358.31 460.57

5 (pool lid) 111.45 1835.89 3.33 1 95 0 . 68 t 1960.87

ONE METER FROM THE 100-TON HI-TRAC

1 294.71 63.68 60.22 418.60 445.03

2 979.53 6.23 139.30 1125.06 1215.29

3 117.27 104.40 24.91 246.57 290.89

Note: MPC internal water level is 10 inches below the MPC lid.

t Refer to Figures 5.1.2 and 5.1.4.

tt Gammas generated by neutron capture are included with fuel gammas.

m Cited dose rates correspond to the cask center. Figures 5.1.6, 5.1.7, and 5.1.11 illustrate the
substantial reduction in dose rates moving radially outward from the axial center of the HI-
TRAC.
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Table 5.4.3

DOSE RATES FOR THE 100-TON HI-TRAC FOR THE FULLY FLOODED MPC
CONDITION WITH A FULL NEUTRON SHIELD

MPC-24 DESIGN BASIS ZIRCALOY CLAD FUEL AT
42,-50046,000 MWDaMTU AND 03-YEAR COOLING I

Dose Pointt Fuel 60Co Neutrons Totals Totals
Location Gammastt Gammas (mrem/hr) (mrem/hr) with

(mrem/hr) (mrem/hr) BPRAs
(mrem/hr)

ADJACENT TO THE 100-TON HI-TRAC

1 29.73 282.19 3.17 315.10 317.20

2 1313.86 0.44 27.67 1341.97 1457.53

3 5.61 428.14 0.56 434.31 565.24

4 31.19 326.10 1.00 358.30 460.55

5 (pool lid) 111.11 1836.07 2.82 1950* 01tt 1960.18

ONE METER FROM THE 100-TON HI-TRAC

____I 170.07 43.84 3.70 217.61 232.40

2 573.05 3.49 10.41 586.95 637.50

3 67.61 72.02 1.26 140.89 169.77

I

Note: MPC internal water level is 10 inches below the MPC lid.

I Refer to Figures 5.1.2 and 5.1.4.

tt Gammas generated by neutron capture are included with fuel gammas.

t Cited dose rates correspond to the cask center. Figures 5.1.6, 5.1.7, and 5.1.11 illustrate the
substantial reduction in dose rates moving radially outward from the axial center of the HI-
TRAC.
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Table 5.4.4

DOSE RATES FROM THE 100-TON HI-TRAC FOR NORMAL CONDITIONS
MPC-24 DESIGN BASIS ZIRCALOY CLAD FUEL AT
__2,5_975,000 MWID/MTU AND 405-YEAR COOLING

Dose Point Fuel (n,y) 60 Co Neutrons Totals Totals
Location Gammas Gammas Gammas (mreinhr) (mrem/hr) - with

(mrem/hr) (mrem/hr) (mrem/hr) - BPRAs
________- -I I_______ _______I (mrem/hr)

-______ ADJACENT TO THE 100-TON HI-TRAC
1 61.51 59.98 841.88 848.87 1812.25 1820.79
2 1720.78 244.11 -0.84 450.27 -2416.00 2663.24
3 16.84 11.76 464.19 710.32 1203.11 1351.64

3 (temp) 7.62 20.93 215.15 11.42 255.11 323.26
4 41.62 4.64 373.59 874.50 1294.35 1418.85

4 (outer) 11.60 2.95 93.02 590.24 697.81 729.14
5 (pool lid) 298.84 85.64 4241.72 5701.99 10328.19 10392.96
5 (transfer) 732.62 4.69 6320.81 3264.99 10323.11 10419.95
5(t-outer) 178.17 1.60 611.80 1290.11 2081.69 2103.16

ONE METER FROM THE 100-TON HI-TRAC
1 226.79 32.24 125.15 137.98 522.16 554.64
2 754.47 74.62 9.90 168.82 -1007.81 1117.29
3 94.60 17.96 103.96 66.26 282.78 332.22

3 (temp) 94.09 19.29 88.55 25.04 226.97 271.54
4 14.19 0.81 115.34 217.83 348.17 386.74

5 (transfer) 315.47 0.86 2582.07 911.26 3809.66 3848.79
5(t-outer) 42.95 2.78 232.74 261.61 540.08 543.98

I

Notes:
* Refer to Figures 5.1.2 and 5.1.4 for dose locations.
* Dose location 3(temp) represents dose location 3 with temporary shielding installed.
* Dose location 4(outer) is the radial segment at dose location 4 which is 18-30 inches from the center

of the overpack.
* Dose location 5(t-outer) is the radial segment at dose location 5 (transfer lid) which is 30-42 and 54-

66 inches from the center of the lid for the adjacent and one meter locations, respectively. The inner
radius of the HI-TRAC is 34.375 in. and the outer radius of the water jacket is 44.375 in.

* Dose rate based on no water within the MPC. For the majority of the duration that the HI-TRAC pool
lid is installed, the MPC cavity will be flooded with water. The water within the MPC greatly reduces
the dose rate.
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Table 5.4.5

DOSE RATES FROM THE 125-TON HI-TRAC FOR NORMAL CONDITIONS
MPC-24 DESIGN BASIS ZIRCALOY CLAD FUEL AT

4 2 501000 MWD/MTU AND '3-YEAR COOLING
Dose Point Fuel (nm 6Co Neutrons Totals Totals
Location Gammas Gammas Gammas (mrem/hr) (mrem/hr) with

(mrem/hr) (mrem/hr) (mremlhr) BPRAs
.I _____ I___ I_________ I_____ _ (m rem /hr)

ADJACENT TO THE 125-TON HI-TRAC
1 12.43 17.84 101.50 119.96 251.73 252.44
2 211.88 52.83 0.01 83.09 347.81 363.68
3 2.66 1.89 62.80 191.39 258.73 278.44
4 71.16 2.42 343.61 221.50 638.70 7S4.12

4 (outer) 9.28 1.73 42.67 4.65 58.33 72.52
5 (pool) 108.22 0.90 529.32 766.89 1405.34 1413.04

5 (transfer) 112.43 1.38 606.59 127.01 847.40 852.89
ONE METER FROM THE 125-TON HI-TRAC

1 28.53 7.12 | 13.01 19.74 68.40 70.43
2 95.52 17.13 0.53 28.34 141.51 148.58
3 10.94 4.02 12.69 17.61 45.26 50.18
4 20.01 _ 0.58 82.73 22.8 1 126.13 _ 153.78

5 (transfer) 41.40 0.27 293.26 22.00 356.92 359.85

I

Notes:
* Refer to Figures 5.1.2 and 5.1.4 for dose locations.
* Dose location 4(outer) is the radial segment at dose location 4 which is 18-24 inches from the center

of the overpack.
* Dose rate based on no water within the MPC. For the majority of the duration that the HI-TRAC pool

lid is installed, the MPC cavity will be flooded with water. The water within the MPC greatly reduces
the dose rate.

HI-STORM FSAR
REPORT HI-2002444

Proposed Rev. 2B

5.4-22



Table 5.4.6

ANNUAL DOSE AT 200-250 METERS FROM A SINGLE
HI-STORM OVERPACK WITH AN MPC-24 WITH DESIGN BASIS

ZIRCALOY CLAD FUELt

Dose Component E247,500 MWDIMTU
3-Year Cooling

.___________ _ :(m rem /yr)

Fuel gammas 464221.02

0Co Gammas 24124

Neutrons - 0.57

Total -204922.83

I

t 8760 hour annual occupancy is assumed.

tt Gammas generated by neutron capture are included with fuel gammas.
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Table 5.4.7

DOSE VALUES USED IN CALCULATING ANNUAL DOSE FROM
VARIOUS ISFSI CONFIGURATIONS

247500 MWDJMTT AND 53-YEAR COOLING ZIRCALOY CLAD FUELt I

Distance A B C
Side of Overpack Top of Overpack Side of Shielded

(mrem/yr) (mrem/yr) Overpack
(mrem/yr)

100 meters 306.6 1.44 61.32

150 meters 109.2 0.56 21.84

200 meters 48.4 0.25 9.68

250 meters 24.0 0.11 4.80

300 meters 12.9 6.09E-2 2.58

350 meters 7.48 3.12E-2 1.50

400 meters 4.38 1.65E-2 0.88

t 8760 hour annual occupancy is assumed.
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Table 5.4.8

DOSE RATES AT THE CENTERLINE OF THE OVERPACK FOR
DESIGN BASIS STAINLESS STEEL CLAD FUEL

WITHOUT BPRAs

Dose Pointt Fuel Gammasftt '0Co Gammas 1 Neutrons 1 Totals
Location (mrem/hr) (mremlhr) (mrem/hr) (mrem/hr)

MPC-24 (40,000 MWD/MTU AND 8-YEAR COOLING)

2 (Adjacent) | 36.97 0.02 1.11 . 38.10

2 (One Meter) 18.76 0.17 0.50 19.43-

MPC-32 (40,000 MWD/MTU AND 9-YEAR COOLING)

2 (Adjacent) 37.58 0.00 1.49 39.08

2 (One Meter) 18.74 0.25 0.58 19.57

MPC-68 (22,500 MWD/MTU AND 10-YEAR COOLING)

2 (Adjacent) 17.79 0.01 0.10 17.90

2 (One Meter) 8.98 0.13 0.04 9.15

t Refer to Figure 5.1.1.

tt Gammas generated by neutron capture are included with fuel gammas.
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Table 5.4.9

DOSE RATES FROM THE 100-TON HI-TRAC FOR NORMAL CONDITIONS
MPC-68 DESIGN BASIS ZIRCALOY CLAD FUEL AT

4039,000 MWD/MTU AND -YEAR COOLING I

Dose Point Fuel (n,y) "Co Neutrons Totals
Location Gammas Gammas Gammas (mrem/hr) (mrem/hr)

(mrem/hr) (mrem/hr) (mrem/hr)
ADJACENT TO THE 100-TON HI-TRAC

1 101.95 13.60 1148.49 181.72 1445.78
2 2235.38 67.10 0.73 121.56 2424.77
3 6.47 1.42 695.08 77.00 779.97

3 (temp) 3.74 2.27 330.06 1.42 337.49
4 14.60 0.60 273.56 100.40 389.15

4 (outer) 4.04 0.40 72.46 60.14 137.03
5 (pool lid) 302.21 16.66 5142.93 1089.34 6551.14

5(transfer lid) 424.40 0.78 7748.87 686.26 8860.30
5 (t-outer) 157.68 0.33 683.21 256.32 1097.53

ONE METER FROM THE 100-TON HI-TRAC
1 304.87 8.25 107.26 32.11 452.50
2 962.27 18.99 7.91 41.90 1031.07
3 75.11 3.26 157.28 8.89 244.54

3 ternp) 75.04 3.41 127.40 4.27 210.11
4 5.39 0.11 91.29 20.93 117.72

5(transfer lid) 218.21 0.33 3437.93 183.88 3840.35
5 (t-outer) 27.48 0.59 290.36 51.99 370.41

Notes:
* Refer to Figures 5.1.2 and 5.1.4 for dose locations.
* Dose location 3(temp) represents dose location 3 with temporary shielding installed.
* Dose location 4(outer) is the radial segment at dose location 4 which is 18-30 inches from the center

of the overpack.
* Dose location 5(t-outer) is the radial segment at dose location 5 (transfer lid) which is 30-42 and 54-

66 inches from the center of the lid for the adjacent and one meter locations, respectively. The inner
radius of the HI-TRAC is 34.375 in. and the outer radius of the water jacket is 44.375 in.

* Dose rate based on no water within the MPC. For the majority of the duration that the HI-TRAC pool
lid is installed, the MPC cavity will be flooded with water. The water within the MPC greatly reduces
the dose rate.
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Table 5.4.10

DOSE RATES FROM THE 100-TON HI-TRAC FOR NORMAL CONDITIONS
MPC-68 DESIGN BASIS ZIRCALOY CLAD FUEL AT

N070,000 MWD/MTU AND 4406-YEAR COOLING I

Dose Point Fuel (nT) 0co Neutrons Totals
Location L Gammas Gammas Gammas (mrem/hr) (mremlhr)

(mrem/hr) (mrem/hr) (mrem/hr) :
ADJACENT TO THE 100-TON HI-TRAC

1 46.14 51.49 957.08 687.54 1742.24
2 1122.53 253.96 0.61 459.77 1836.86
3 2.37 5.36 579.24 291.33 878.29

3 (temp) 1.52 8.60 275.05 5.39 290.56
4 5.50 2.26 227.96 379.71 615.44

4 (outer) 1.59 1.52 60.38 227.53 291.02
5 (pool lid) 138.45- 63.04 4285.78 4121.87 8609.13

5(transfer lid) 239.62 2.94 6457.39 2597.01 9296.96
5 (t-outer) 81.20 1.24 569.34 969.87 1621.64

ONE METER FROM THE 100-TON HI-TRAC
1 151.92 31.24 89.38 121.49 394.03
2 480.13 71.90 6.59 -158.45 - 717.07
3 37.29 12.34 131.07 33.63 214.32

3 (temp) 37.24 12.90 106.17 16.14 172.44
4 2.35 0.43 76.08 79.17 158.02

5(transfer lid) 116.13- 1.25 2864.94 695.86 - 3678.18
5 (t-outer) 14.24 2.22 241.96 196.72 455.15

Notes:
* Refer to Figures 5.1.2 and 5.1.4 for dose locations.
* Dose location 3(temp) represents dose location 3 with temporary shielding installed.
* Dose location 4(outer) is the radial segment at dose location 4 which is 18-30 inches from the center

of the overpack.
* Dose location 5(t-outer) is the radial segment at dose location 5 (transfer lid) which is 30-42 and 54-

66 inches from the center of the lid for the adjacent and one meter locations, respectively. The inner
radius of the HI-TRAC is 34.375 in. and the outer radius of the water jacket is 44.375 in.

* Dose rate based on no water within the MPC. For the majority of the duration that the HI-TRAC pool
lid is installed, the MPC cavity will be flooded with water. The water within the MPC greatly reduces
the dose rate.
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Table 5.4.11

DOSE RATES FROM THE 100-TON HI-TRAC FOR NORMAL CONDITIONS
MPC-32 DESIGN BASIS ZIRCALOY CLAD FUEL

3,40W35,000 MWD/MTU AND 53-YEAR COOLING I

Dose Point Fuel (n,') * co Neutrons Totals Totals
Location Gammas Gammas Gammas (mrem/hr) (mrem/hr) with

(mrem/lhr) (mrem/hr) (mrem/hr) BPRAs
_______I I_______ _______I I (mrem/hr)

ADJACENT TO THE 100-TON HI-TRAC
1 101.70 7.68 943.95 111.78 1165.11 1175.39
2 2499.72 34.07 1.35 63.94 2599.08 2890.62
3 35.51 1.50 595.93 88.06 721.00 946.40
4 84.64 0.99 446.65 110.31 642.58 821.55

4 (outer) 23.54 0.39 112.05 75.06 211.03 256.03
5 (pool) 604.32 10.75 5208.45 727.74 6551.26 6633.59

5 (transfer) 1056.27 0.42 7860.47 408.03 9325.19 9424.04
5(t-outer) 199.21 0.23 662.48 162.60 1024.51 1044.60

ONE METER FROM THE 100-TON HI-TRAC
1 334.53 4.51 140.68 18.47 498.20 536.18
2 1107.24 10.70 10.72 23.33 1151.99 1281.43
3 144.93 2.54 122.47 8.79 278.73 345.55
4 26.50 0.14 133.19 27.24 187.07 240.23

5 (transfer) 447.93 0.14 3124.65 113.90 3686.60 3730.23
5(t-outer) 46.85 0.43 277.06 33.17 357.51 361.97

Notes:
* Refer to Figures 5.1.2 and 5.1.4 for dose locations.
* Dose location 4(outer) is the radial segment at dose location 4 which is 18-30 inches from the center

of the overpack.
* Dose location 5(t-outer) is the radial segment at dose location 5 (transfer lid) which is 30-42 and 54-

66 inches from the center of the lid for the adjacent and one meter locations, respectively. The inner
radius of the HI-TRAC is 34.375 in. and the outer radius of the water jacket is 44.375 in.

* Dose rate based on no water within the MPC. For the majority of the duration that the HI-TRAC pool
lid is installed, the MPC cavity will be flooded with water. The water within the MPC greatly reduces
the dose rate.
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Table 5.4.12

DOSE RATES FROM THE 100-TON HI-TRAC FOR NORMAL CONDITIONS
MPC-32 DESIGN BASIS ZIRCALOY CLAD FUEL
4575,000 MWID)MTU AND 408-YEAR COOLING

0

Dose Point Fuel - (n ) 1 Co 1Neutrons Totals Totals
Location Gammas Gammas Gammas (mrem/hr) (mremlhr) with

(mrem/hr) (mrem/hr) j (mrem/hr) I BPRAs

ADJACENT TO THE 100-TON HI-TRAC
1 35.36 58.40 756.90 849.12 1699.78 -1710.06
2 1008.77 258.96 1.09 485.41 1754.23 2045.77
3 10.68 11.39 477.85 669.04 1168.96 1394.36
4 - 29.28 7.51 358.14 837.70 1232.64 1411.61

4 (outer) 7.45 2.97 89.84 570.22 670.48 715.48
5 (pool) 239.46 81.70 4176.38 5528.60 10026.14 10108.46

5 (transfer) 464.10 3.16 6302.90 3101.39 9871.56 9970.41
5(t-outer) 82.86 - 1.72 531.20 - 1235.27- 1 ( 1851.06 1871.15

ONE METER F ROM THE 100-TON HI-TRAC
1 130.79 34.31 112.81 -140.25 418.16 456.14
2 441.14 81.34 8.60 177.10- 708.18 837.61
3 56.21 19.30 98.20 66.75 240.47 307.29
4 8.34 1.07 106.80 - 206.96 323.17 -376.33

5 (transfer) 186.92 1.03 2505.49 865.27 3558.70 3602.33
5(t-outer) 18.96 3.25 222.16 251.98 496.36 500.83

I

Notes:
* Refer to Figures 5.1.2 and 5.1.4 for dose locations.
* Dose location 4(outer) is the radial segment at dose location 4 which is 18-30 inches from the center

of the overpack.
* Dose location 5(t-outer) is the radial segment at dose location 5 (transfer lid) which is 30-42 and 54-

66 inches from the center of the lid for the adjacent and one meter locations, respectively. The inner
radius of the HI-TRAC is 34.375 in. and the outer radius of the water jacket is 44.375 in.

* Dose rate based on no water within the MPC. For the majority of the duration that the HI-TRAC pool
lid is installed, the MPC cavity will be flooded with water. The water within the MPC greatly reduces
the dose rate.
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Table 5.4.13

DOSE RATES FROM THE 100-TON HI-TRAC FOR ACCIDENT CONDITIONS
WITH FOUR DAMAGED FUEL CONTAINERS

MPC-24 DESIGN BASIS ZIRCALOY CLAD FUEL
4Z,50016,000 MWD/MTU AND 53-YEAR COOLING

WITHOUT BPRAs
I

Dose 1 Fuel (n1, 'loCo Neutrons Totals
Pointt Gammas Gammas Gammas (mrem/hr) (mremlhr)

Location (mrem/hr) (mrem/hr) (mrem/hr)

ADJACENT TO THE 100-TON HI-TRAC

1 139.14 20.90 849.14 317.12 1326.29

2 2635.40 75.69 1.01 137.79 2849.89

3 - ~ 40.59 4.69 468.20 304.41 817.88
I

ONE METER FROM THE 100-TON Il-TRAC

376.67 10.74 126.22 48.19 561.82

1175.03 23.42 9.99 51.90 1260.33

169.41 6.13 104.86 28.32 308.72
I

t Refer to Figures 5.1.2 and 5.1.4.

HI-STORM FSAR
REPORT HI-2002444

Proposed Rev. 2B

5.4-30



Table 5.4.14

DOSE RATES FROM THE 100-TON HI-TRAC FOR ACCIDENT CONDITIONS
WITH SIXTEEN DAMAGED FUEL CONTAINERS
MPC-68 DESIGN BASIS ZIRCALOY CLAD FUEL
4039,000 MWD/MTU AN]) -3-YEAR COOLING I

Dose Fuel (y 60Co Neutrons Totals
Pointt Gammas Gammas Gammas (mrem/hr) (mremlhr)

Location (mrem/hr) (mremlhr) (mrem/hr)

______ ADJACENT TO THE 100-TON HI-TRAC

1 237.63 19.51 1148.49 336.58 1742.21

2 2107.52 67.58 0.73 j_114.34 2290.16

3 8.12 2.86 695.08 170.31 876.38

ONE METER FROM THE 100-TON HI-TRAC

1 353.82 10.21 107.26 48.47 519.76

2 923.33 20.45 9.30 46.37 999.45

3 103.30 4.54 157.28 17.67 282.78

I

I Refer to Figures 5.1.2 and 5.1.4.
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Table 5.4.15

DOSE RATES DUE TO BPRAs AND TPDs FROM THE 100-TON HI-TRAC
FOR NORMAL CONDITIONS

MPC-24 MPC-32
Dose Point BPRAs TPDs BPRAs T TPDs
Location m hr) (mrem/hr) (mree/hr) (mrem/hr)

ADJACENT TO THE 100-TON HI-TRAC
1 8.54 0.00 10.28 0.01
2 247.24 0.03 291.53 0.04
3 148.53 125.75 225.40 188.04

3 (temp) 68.15 56.21 93.60 76.97
4 124.50 106.71 178.97 156.15

4 (outer) 31.33 27.12 45.00 39.32
5 (pool lid) 64.77 0.00 82.32 0.00

5(transfer lid) 96.84 0.00 98.85 0.00
5(t-outer) 21.47 0.00 20.09 0.00

ONE METER FROM THE 100-TON HI-TRAC
1 32.48 0.18 37.98 0.23
2 109.47 1.20 129.44 1.62
3 49.43 38.93 66.82 54.93

3 (temp) 44.57 35.01 59.10 48.77
4 38.57 33.37 53.16 47.19

5(transfer lid) 39.13 0.00 43.62 0.00
5(t-outer) 3.90 0.00 4.47 0.00

Notes:
* Refer to Figures 5.1.2 and 5.1.4 for dose locations.
* Dose location 3(temp) represents dose location 3 with temporary shielding installed.
* Dose location 4(outer) is the radial segment at dose location 4 which is 18-30 inches from the center

of the overpack.
* Dose location 5(t-outer) is the radial segment at dose location 5 (transfer lid) which is 30-42 and 54-

66 inches from the center of the lid for the adjacent and one meter locations, respectively. The inner
radius of the HI-TRAC is 34.375 in. and the outer radius of the water jacket is 44.375 in.

* Dose rate based on no water within the MPC. For the majority of the duration that the HI-TRAC pool
lid is installed, the MPC cavity will be flooded with water. The water within the MPC greatly reduces
the dose rate.
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Table 5.4.16

DOSE RATES DUE TO CRDs FROM THE 100-TON HI-TRAC
FOR NORMAL CONDITIONS

-__________ MPC-24 MPC-32
Dose Point Config. 1 Config. 2 Config. 1 Config. 2
Location A Ir) (Mrem/hr) (mrem/hr) (mrem/hr)

ADJACENT TO THE 100-TON HI-TRAC
1 5.39 1.02 3.28 0.68
2 0.09 0.00 0.01 0.00
3 0.00 0.00 0.00 0.00-4 0.00 0.00 0.00 0.00

5 (pool lid) 919.59 170.85 1141.10 213.24
5(tansfer lid) X1519.98 287.72 2012.93 380.57

5(t-outer) -1.54 0.25 1.01 0.19
ONE METER FROM THE 100-TON HI-TRAC

1 1.20 0.20 0.69 0.14
2 0.26 0.03 0.05 0.01
3 0.01 0.00 0.00 0.00
4 0.00 0.00 0.00 0.00

5(transfer lid) 223.62 41.60 257.95 49.19
5(t-outer) 8.26 -1.54 8.87 1.70

Notes:
* Refer to Figures 5.1.2 and 5.1.4 for dose locations.
* Dose location 5(t-outer) is the radial segment at dose location 5 (transfer lid) which is 30-42 and 54-

66 inches from the center of the lid for the adjacent and one meter locations, respectively. The inner
radius of the HI-TRAC is 34.375 in. and the outer radius of the water jacket is 44.375 in.

* Dose rate based on no water within the MPC. For the majority of the duration that the HI-TRAC pool
lid is installed, the MPC cavity will be flooded with water. The water within the MPC greatly reduces
the dose rate.
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Table 5.4.17

DOSE RATES DUE TO APSRs FROM THE 100-TON HI-TRAC
FOR NORMAL CONDITIONS

MPC-24 M MPC-32
Dose Point Conflg. Config. 2 Config. 3 Config. 1 Config. 2 Config. 3
Location jmrem/h)I (mre (remhr) mrem/hr) (mrem/hr)

ADJACENT TO THE 100-TON HI-TRAC
1 12.42 2.35 12.25 7.57 1.56 7.51
2 0.21 0.01 9.12 0.03 0.00 0.19
3 0.00 0.00 0.00 0.00 0.00 0.00
4 0.00 0.00 0.00 0.00 0.00 0.00

S (pool lid) 1996.57 371.98 1941.51 2414.84 453.88 2687.17
5(transfer) 3021.08 572.85 2994.54 3980.02 750.17 3860.83
5(t-outer) 3.41 0.54 3.57 2.23 0.42 1.94

ONE METER FROM THE 100-TON HI-TRAC
1 2.73 0.46 3.49 1.57 0.32 1.58
2 0.61 0.07 3.31 0.12 0.02 0.18
3 0.02 0.00 0.04 0.01 0.00 0.01
4 0.00 0.00 0.00 0.00 0.00 0.00

5(transfer) 458.06 84.81 444.44 521.02 99.10 510.78
5(t-outer) 17.11 3.19 17.36 18.34 3.48 18.20

Notes:
* Refer to Figures 5.1.2 and 5.1.4 for dose locations.
* Dose location 5(t-outer) is the radial segment at dose location 5 (transfer lid) which is 30-42 and 54-

66 inches from the center of the lid for the adjacent and one meter locations, respectively. The inner
radius of the HI-TRAC is 34.375 in. and the outer radius of the water jacket is 44.375 in.

* Dose rate based on no water within the MPC. For the majority of the duration that the HI-TRAC pool
lid is installed, the MPC cavity will be flooded with water. The water within the MPC greatly reduces
the dose rate.
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Table 5.4.18

COMPARISON OF NEUTRON SOURCE PER INCH PER SECOND FOR
DESIGN BASIS 7X7 FUEL AND DESIGN BASIS DRESDEN UNIT 1 FUEL

Assembly Active fuel Neutrons Neutrons per Reference for neutrons per sec
length per see per sec per inch per Inch
(inch) inch with

Sb-Be source.
7x7 design 144 9.17E+5 N/A Table 5.2.17 40 GWD/MTIU and
basis 5 year cooling
6x6 design 110 2.OE+5 2.6E+5 Table 5.2.18
basis 
6x6 design 110 3.06E+5 3.66E+5 Table 5.2.23
basis MOX
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CHAPTER 6 t: CRITICALITY EVALUATION

This chapter documents the criticality evaluation of the HI-STORM 100 System for the storage
of spent nuclear fuel in accordance with 10CFR72.124. The results of this evaluation
demonstrate that the HI-STORM 100 System is consistent with the Standard Review Plan for
Dry Cask Storage Systems, NUREG-1536, and thus, fulfills the following acceptance criteria:

1. The multiplication factor (ff), including all biases and uncertainties at a 95-percent
confidence level, should not exceed 0.95 under all credible normal, off-normal, and accident
conditions.

2. At least two unlikely, independent, and concurrent or sequential changes to the conditions
essential to criticality safety, under normal, off-normal, and accident conditions, should occur
before an accidental criticality is deemed to be possible.

3. When practicable, criticality safety of the design should be established on the basis of
favorable geometry, permanent fixed neutron-absorbing materials (poisons), or both.

4. Criticality safety of the cask system should not rely on use of the following credits:

a. burnup of the fuel
b. fuel-related burnable neutron absorbers
c. more than 75 percent for fixed neutron absorbers when subject to standard acceptance

tt.testtt 

In addition to demonstrating that the criticality safety acceptance criteria are satisfied, this
chapter describes the HI-STORM 100 System design structures and components important to
criticality safety and defines the limiting fuel characteristics in sufficient detail to identify the
package accurately and provide a sufficient basis for the evaluation of the package. Analyses for
the HI-STAR 100 System, which are applicable to the HI-STORM 100 System, have been
previously submitted to the USNRC under Docket Numbers 72-1008 and 71-9261.

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 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).

tt For greater credit allowance, fabrication tests capable of verifying the presence and uniformity of the
neutron absorber are needed
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6.1 DISCUSSION AND RESULTS

In conformance with the principles established in NUREG-1536 [6.1.1], 10CFR72.124 [6.1.2],
and NUREG-0800 Section 9.1.2 [6.1.3], the results in this chapter demonstrate that the effective
multiplication factor (keff) of the HI-STORM 100 System, including all biases and uncertainties
evaluated with a 95% probability at the 95% confidence level, does not exceed 0.95 under all
credible normal, off-normal, and accident conditions. Moreover, these results demonstrate that
the HI-STORM 100 System is designed and maintained such that at least two unlikely,
independent, and concurrent or sequential changes must occur to the conditions essential to
criticality safety before a nuclear criticality accident is possible. These criteria provide a large
subcritical margin, sufficient to assure the criticality safety of the HI-STORM 100 System when
fully loaded with fuel of the highest permissible reactivity.

Criticality safety of the HI-STORM 100 System depends on the following four principal design
parameters:

1. The inherent geometry of the fuel basket designs within the MPC (and the flux-trap water
gaps in the MPC-24, MPC-24E and MPC-24EF);

2. The incorporation of permanent fixed neutron-absorbing panels (BeFa1)-in the fuel basket
structure;

3. An administrative limit on the maximum enrichment for PWR fuel and maximum planar-
average enrichment for BWR fuel; and

4. An administrative limit on the minimum soluble boron concentration in the water for
loading/unloading fuel with higher enrichments in the MPC-24, MPC-24E and MPC-
24EF, and for loading/unloading fuel in the MPC-32 and MPC-32F.

The off-normal and accident conditions defined in Chapter 2 and considered in Chapter 11 have
no adverse effect on the design parameters important to criticality safety, and thus, the off-normal
and accident conditions are identical to those for normal conditions.

The HI-STORM 100 System is designed such that the fixed neutron absorber (Beal)-will remain
effective for a storage period greater than 20 years, and there are no credible means to lose it.
Therefore, in accordance with OCFR72.124(b), there is no need to provide a surveillance or
monitoring program to verify the continued efficacy of the neutron absorber.
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Criticality safety of the HI-STORM 100 System does not rely on the use of any of the following
credits:

* burnup of fuel

* fuel-related burnable neutron absorbers

* more than 75 percent of the B-1O content for the Boral fixed neutron absorber-(BeEal)

e more than 90 percent of the B-10 content for the Metamic fixed neutron absorber, with
comprehensivefabrication tests as described in Section 9.1.5.3.2.

The following four interchangeable basket designs are available for use in- the HI-STORM 100
System:

* a 24-cell basket (MPC-24), designed for intact PWR fuel assemblies with a specified
maximum enrichment and, for higher enrichments, a minimum soluble boron concentration
in the pool water for loading/unloading operations,

* a 24-cell basket (MPC-24E) for intact and damaged PWR fuel assemblies. This is a variation
of the MPC-24, with an optimized cell arrangement, increased ' 0B content in the Beffilfxed I
neutron absorber and with four cells capable of accommodating either intact fuel or a
damaged fuel container (DFC). Additionally, a variation in the MPC-24E, designated MPC-
24EF, is designed for intact and damaged PWR fuel assemblies and PWR fuel debris. The
MPC-24E and MPC-24EF are designed for fuel assemblies with a specified maximum
enrichment and, for higher enrichments, a minimum soluble boron concentration in the pool
water for loading/unloading operations,

* a 32-cell basket (MPC-32), designed for intact and damaged PWR fuel assemblies of a
specified maximum enrichment and minimum soluble boron concentration for
loading/unloading. Additionally, a variation in the MPC-32, designated MPC-32F, is
designedfor intact and damagedPWR fuel assemblies and PWR fuel debris.; aAnd

* a 68-cell basket (MPC-68), designed for both intact and damaged BWR fuel assemblies with
a specified maximum planar-average enrichment. Additionally, variations in the MPC-68,
designated MPC-68F and MPC-68FF, are designed for intact and damaged BWR fuel
assemblies and BWR fuel debris with a specified maximum planar-average enrichment.

Two interchangeable neutron absorber materials are used in these baskets, Boral and Metamic.
For Boral, 75 percent of the minimum B-10 content is credited in the criticality analysis, while
for Metamic, 90 percent of the minimum B-10 content is credited, based on the neutron absorber
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tests specified in Section 9.1.5.3. However, the B-10 content in Metamic is chosen to be lower
than the B-10 content in Boral, and is chosen so that the absolute B-10 content credited in the
criticality analysis is the same for the two materials. This makes the two materials identical from
a criticality perspective. This is confirmed by comparing results for a selected number of cases
that were performed with both materials (see Section 6.4.11). Calculations in this chapter are
therefore only performed for the Boral neutron absorber, with results directly applicable to
Metamic.

The HI-STORM 100 System includes the HI-TRAC transfer cask and the HI-STORM storage
cask. The HI-TRAC transfer cask is required for loading and unloading fuel into the MPC and
for transfer of the MPC into the HI-STORM storage cask. HI-TRAC uses a lead shield for
gamma radiation and a water-filled jacket for neutron shielding. The HI-STORM storage cask
uses concrete as a shield for both gamma and neutron radiation. Both the HI-TRAC transfer cask
and the I-STORM storage cask, as well as the HI-STAR Systemt, accommodate the
interchangeable MPC designs. The three cask designs (HI-STAR, HI-STORM, and HI-TRAC)
differ only in the overpack reflector materials (steel for HI-STAR, concrete for HI-STORM, and
lead for HI-TRAC), which do not significantly affect the reactivity. Consequently, analyses for
the H-STAR System are directly applicable to the In-STORM 100 system and vice versa.
Therefore, the majority of criticality calculations to support both the HI-STAR and the HI-
STORM System have been performed for only one of the two systems, namely the HI-STAR
System. Only a selected number of analyses has been performed for both systems to demonstrate
that this approach is valid. Therefore, unless specifically noted otherwise, all analyses
documented throughout this chapter have been performed for the HI-STAR System. For the cases
where analyses were performed for both the HI-STORM and HI-STAR System, this is clearly
indicated.

The HI-STORM 100 System for storage (concrete overpack) is dry (no moderator), and thus, the
reactivity is very low (keff <0.52). However, the I-STORM 100 System for cask transfer (HI-
TRAC, lead overpack) is flooded for loading and unloading operations, and thus, represents the
limiting case in terms of reactivity.

The MPC-24EF, MPC-32F and MPC-68FF contains the same basket as the MPC-24E, MPC-32
and MPC-68, respectively. More specifically, all dimensions relevant to the criticality analyses
are identical between the MPC-24E and MPC-24EF, the MPC-32 and MPC-32F, and the MPC-
68 and MPC-68FF. Therefore, all criticality results obtained for the MPC-24E, MPC-32 and
MPC-68 are valid for the MPC-24EF, MPC-32F and MPC-68FF, respectively, and no separate
analyses for the MPC-24EF, MPC-32F and MPC-68FF are necessary. Therefore, throughout this
chapter and unless otherwise noted, 'MPC-68' refers to 'MPC-68 and/or APC-68FF', 'MPC-
24E' or 'MPC-24E/EF' refers to 'MPC-24E and/or MPC-24EF', and 'MPC-32' or 'MPC-
32/32F' refers to 'PC-32 and/or MPC-32F'.

t Analyses for the HI-STAR System have previously been submitted to the USNRC under Docket
Numbers 72-1008 and 71-9261.
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The WiC 68FF contains the same basket a the MPG 68. More specifically; all dimensions
relevant t the ritieality analyses ae identical between the MPC 68 and WPC 6FF. Therefore,
all riticality results btained for the WPC 68 are vid fr the MPC 68FF and Bo separate
analyses for the MPC 68FF are necessary.

Confirmation of the criticality safety of the HI-STORM 100 System was accomplished with the
three-dimensional Monte Carlo code MCNP4a [6.1.4]. Independent confirmatory calculations
were made with NITAWL-KEN05a from the SCALE-4.3 package [6.4.1]. KENO5a [6.1.5]
calculations used the 238-group SCALE cross-section library in association with the NITAWL-ll
program [6.1.6], which adjusts the uranium-238 cross sections to compensate for resonance self-
shielding effects. The Dancoff factors required by NITAWL-l were calculated with the
CELLDAN code [6.1:13], which includes the SUPERDAN code [6.1.7] as a subroutine. K-*
factors for one-sided statistical tolerance limits with 95% probability at the 95% confidence level
were obtained from the National Bureau of Standards (now NIST) Handbook 91 [6.1.8].

To assess the incremental reactivity effects due to manufacturing tolerances, CASMO-3, a two-
dimensional transport theory code [6.1.9-6.1.12] for fuel assemblies, and MCNP4a [6.1.4] were
used. The CASMO-3 and MCNP4a calculations -identify those tolerances that cause a positive
reactivity effect, enabling the subsequent Monte Carlo code input to define the worst case (most
conservative) conditions. CASMO-3 was not used for quantitative information, but only to
qualitatively indicate the direction and approximate magnitude of the reactivity effects of the
manufacturing tolerances.

Benchmark calculations were made to compare the primary code packages (MCNP4a and
KENO5a) with experimental data, using critical experiments selected to encompass, insofar as
practical, the design parameters of the HI-STORM 100 System. The most important parameters
are (1) the enrichment, (2) the water-gap size (MPC-24, MPC-24E and MPC-24EF) or cell
spacing (MPC-32, MPC-32F, MPC-68, MPC-68F and MPC-68FF), (3) the '0B loading of the
neutron absorber panels, and (4) the soluble boron concentration in the water. The critical
experiment benchmarking is presented in Appendix 6.A.

Applicable codes, standards, and regulations, or pertinent sections thereof, include the following:

* NUREG-1536, Standard Review Plan for Dry Cask Storage Systems, USNRC, Washington
D.C., January 1997.

* IOCFR72.124, Criteria For Nuclear Criticality Safety.

* Code of Federal Regulations, Title 10, Part 50, Appendix A, General Design Criterion 62,
Prevention of Criticality in Fuel Storage and Handling.
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* USNRC Standard Review Plan, NUREG-0800, Section 9.1.2, Spent Fuel Storage, Rev. 3,
July 1981.

To assure the true reactivity will always be less than the calculated reactivity, the following
conservative design criteria and assumptions were made:

* The MPCs are assumed to contain the most reactive fresh fuel authorized to be loaded into a
specific basket design.

* Consistent with NUREG-1536, no credit for fuel burnup is assumed, either in depleting the
quantity of fissile nuclides or in producing fission product poisons.

* Consistent with NUREG-1536, the criticality analyses assume 75% of the manufacturer's
minimum Boron-10 content for the Boral neutron absorber and 90% of the manufacturer's
minimum Boron-10 contentfor the Metamic neutron absorber.

* The fuel stack density is conservatively assumed to be at least 96% of theoretical (10.522
g/cm3) for all criticality analyses. Fuel stack density is approximately equal to 98% of the
pellet density. Therefore, while the pellet density of some fuels may be slightly greater than
96% of theoretical, the actual stack density will be less.

* No credit is taken for the 234U and 236U in the fuel.

* When flooded, the moderator is assumed to be water, with or without soluble boron, at a
temperature and density corresponding to the highest reactivity within the expected operating
range.

* When credit is taken for soluble boron, a '0B content of 18.0 wt/o in boron is assumed.

* Neutron absorption in minor structural members and optional heat conduction elements is
neglected, i.e., spacer grids, basket supports, and optional aluminum heat conduction
elements are replaced by water.

* Consistent with NUREG-1536, the worst hypothetical combination of tolerances (most
conservative values within the range of acceptable values), as identified in Section 6.3, is
assumed.

* When flooded, the fuel rod pellet-to-clad gap regions are assumed to be flooded with pure
unborated water.
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* Planar-averaged enrichments are assumed for BWR fuel. (Consistent with NUREG-1536,
analysis is presented in Appendix 6.B to demonstrate that the use of planar-average
enrichments produces conservative results.)

* Consistent with NUREG-1536, fuel-related burnable neutron absorbers, such as the
Gadolinia normally used in BWR fuel and IFBA normally used in PWR fuel, are neglected.

* For evaluation of the bias, all benchmark calculations that result in a kff greater than 1.0 are
conservatively'truncated to 1.0000, consistent with NJREG-1536.

* The water reflector above and below the fuel is assumed to be unborated water, even if
borated water is used in the fuel region.

* For fuel assemblies that contain low-enriched axial blankets, the governing enrichment is that
of the highest planar average, and the blankets are not included in determining the average
enrichment.

* Regarding the position of assemblies in the basket, configurations with centered and
eccentric positioning of assemblies in thefuel storage locations are considered For further
discussions see Section 6.3.3.

* For intact fuel assemblies, as defined in the Certificate of Compliance Table 1.0.1, missing |
fuel rods must be replaced with dummy rods that displace a volume of water that is equal to,
or larger than, that displaced by the original rods.

Results of the design basis criticality safety calculations for single internally flooded HI-TRAC
transfer casks with full water reflection on all sides (limiting cases for the HI-STORM 100
System), andfor single unreflected, internally flooded HI-STAR casks (limiting cases for the HI-
STAR 100 System), loaded with intact fuel assemblies are listed in Tables 6.1.1 through 6.1.8,
conservatively evaluated for the worst combination of manufacturing tolerances (as identified in
Section 6.3), and including the calculational bias, uncertainties, and calculational statistics. 4e
Comparing corresponding results for the HI-TRAC and HI-STAR demonstrates that the overpack
material does not significantly affect the reactivity. Consequently, analyses for the HI-STAR
System are directly applicable to the HI-STORM 100 System and vice versa., results of the
design basis criticality safety alculations for single unreflected, internally flooded I STAR
casks (imiting cases for the HI ST-AR 100 System) are listed in Tables 6.1.1 through 6.1.8 for
comparison. In addition, a few results for single internally dry (no moderator) HI-STORM
storage casks with full water reflection on all external surfaces of the' overpack, including the
annulus region between the MPC 'and overpack, are listed to confirm the low reactivity of the HI-
STORM 100 System in storage.
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For each of the MPC designs, minimum soluble boron concentration (if applicable) and fuel
assembly classestt, Tables 6.1.1 through 6.1.8 list the bounding maximum kff value, and the
associated maximum allowable enrichment. The maximum allowed enrichments and the
minimum soluble boron concentrations are defined in Appendix B to the Certifieate of
Cemplianee also listed in Section 2.1.9. The candidate fuel assemblies, that are bounded by those
listed in Tables 6.1.1 through 6.1.8, are given in Section 6.2.

Results of the design basis criticality safety calculations for single unreflected, internally flooded
casks (limiting cases) loaded with damaged fuel assemblies or a combination of intact and
damaged fuel assemblies are listed in Tables 6.1.9 through 6.1.142. The results include the
calculational bias, uncertainties, and calculational statistics. For each of the MPC designs
qualified for damaged fuel and/or fuel debris (MPC-24E, MPC-24EF, MPC-68, MPC-68F, ad
MPC-68FF, MPC-32 and MPC-32F), Tables 6.1.9 through 6.1.112 indicate the maximum
number of DFCs and list the fuel assembly classes, the bounding maximum k4ff value, sathe
associated maximum allowable enrichment; and if applicable the minimum soluble boron
concentration. For the permissible location of DFCs see Subsection 6.4.4.2. The maximum
allowed enrichments are defined in Appendix B to the Certificate of Compliance also listed in
Section 2.1.9.

A table listing the maximum kf (including bias, uncertainties, and calculational statistics),
calculated keff, standard deviation, and energy of the average lethargy causing fission (EALF) for
each of the candidate fuel assemblies and basket configurations is provided in Appendix 6.C.
These results confirm that the maximum k ffvalues for the HI-STORM 100 System are below the
limiting design criteria (kff < 0.95) when fully flooded and loaded with any of the candidate fuel
assemblies and basket configurations. Analyses for the various conditions of flooding that
support the conclusion that the fully flooded condition corresponds to the highest reactivity, and
thus is most limiting, are presented in Section 6.4. The capability of the HI-STORM 100 System
to safely accommodate damaged fuel and fuel debris is demonstrated in Subsection 6.4.4.

Accident conditions have also been considered and no credible accident has been identified that
would result in exceeding the design criteria limit on reactivity. After the MPC is loaded with
spent fuel, it is seal-welded and cannot be internally flooded. The HI-STORM 100 System for
storage is dry (no moderator) and the reactivity is very low. For arrays of HI-STORM storage
casks, the radiation shielding and the physical separation between overpacks due to the large
diameter and cask pitch preclude any significant neutronic coupling between the casks.

tt For each array size (e.g., 6x6, 7x7, 14x14, etc.), the fuel assemblies have been subdivided into a
number of assembly classes, where an assembly class is defined in terms of the (1) number of fuel
rods; (2) pitch; (3) number and location of guide tubes (PWR) or water rods (BWR); and (4) cladding
material. The assembly classes for BWR and PWR fuel are defined in Section 6.2.
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Table 6.1.1

BOUNDING MAXIMUM k~ff VALUES FOR EACH ASSEMBLY CLASS IN THE MPC-24
(no soluble boron)

Fuel Maximum Allowable
Assembly Enrichment Maximumt kff

Class (wt% 2 3
_

HI-STORM HI-TRAC HI-STAR

14x14A 4.6 0.3080 0.9283 0.9296

14x14B 4.6 -- 0.9237 0.9228

14x14C 4.6 _ 0.9274 0.9287

14x14D 4.0 - 0.8531 0.8507

14x14E 5.0 --- 0.7627 0.7627

15xl5A 4.1 _ 0.9205 0.9204

15xl5B 4.1 _ 0.9387 0.9388

15x15C 4.1 --- 0.9362 0.9361

15xl5D 4.1 0.9354 0.9367

15x15E 4.1 - 0.9392 0.9368

l5x 1 5F 4.1 0.3648 0.9393tt 0.9395ttt

l5x15G 4.0 - 0.8878 0.8876

15x15H 3.8 - 0.9333 0.9337

I6x16A 4.6 0.3447 - 0.9273 0.9287

17xl7A 4.0 0.3243 0.9378 0.9368

17x17B 4.0 --- 0.9318 0.9324

l7x17C 4.0 0.9319 0.9336

Note: The HI-STORM results are for internally dry (no moderator) HI-STORM storage casks with full
water reflection on all sides, the HI-TRAC results are for internally fully flooded HI-TRAC
transfer casks (which are part of the HI-STORM 100 System) with full water reflection on all
sides, and the HI-STAR results are for unreflected, internally fully flooded HI-STAR casks.

The term "maximum kff as used here, and elsewhere in this document, means the highest possible k-
effective, including bias, uncertainties, and calculational statistics, evaluated for the worst case combination
of manufacturing tolerances.

tt KENO5a verification calculation resulted in a maximum kff of 0.9383.

fft KENO5a verification calculation resulted in a maximum kff of 0.9378.
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Table 6.1.2

BOUNDING MANIMUM kff VALUES FOR EACH ASSEMBLY CLASS IN THE MPC-24
WITH 400 PPM SOLUBLE BORON

Fuel Maximum Allowable
Assembly Enrichment Maximumt keff

Class (wt% 235U)

HI-STORM HI-TRAC HI-STAR

14xl4A 5.0 _ 0.8884

14x14B 5.0 --- --- 0.8900

14x14C 5.0 --- 0.8950

14x14D 5.0 --- 0.8518

14x14E 5.0 --- 0.7132

15x15A 5.0 --- 0.9119

15x15B 5.0 --- 0.9284

15xl5C 5.0 --- 0.9236

15x15D 5.0 --- --- 0.9261

15xl5E 5.0 _ 0.9265

15x15F 5.0 0.4013 0.9301 0.9314

15xl5G 5.0 _ 0.8939

15x15H 5.0 0.9345 0.9366

16x16A 5.0 --- 0.8955

17x17A 5.0 --- --- 0.9264

17x17B 5.0 _ 0.9284

17x17C 5.0 --- 0.9296 0.9294

Note: The HI-STORM results are for internally dry (no moderator) HI-STORM storage casks with fill
water reflection on all sides, the HI-TRAC results are for internally fully flooded HI-TRAC
transfer casks (which are part of the HI-STORM 100 System) with full water reflection on all
sides, and the HI-STAR results are for unreflected, internally fully flooded HI-STAR casks.

t The term "maximum keW' as used here, and elsewhere in this document, means the highest possible
k-effective, including bias, uncertainties, and calculational statistics, evaluated for the worst case
combination of manufacturing tolerances.
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Table 6.1.3

BOUNDING MAXIMUM keff VALUES FOR EACH ASSEMBLY CLASS IN THE MPC-24E
AND MPC-24EF (no soluble boron)

Fuel Maximum Allowable
Assembly Enrichment Maximumt keff

Class (wt% 235I)

rX-STORM HI-TRAC HI-STAR

14x14A 5.0 | _ 0.9380

14x14B 5.0 - -- 0.9312

14x14C 5.0 _ -- 0.9356

14x14D 5.0 - -- 0.8875

14x14E 5.0 - -- 0.7651

15x15A 4.5 . - 0.9336

15x15B 4.5 --- 0.9465

15xl5C 4.5 . _ 0.9462

15x15D 4.5 --- --- 0.9440

15xl5E 4.5 ._ _ 0.9455

15xl5F 4.5 0.3699 0.9465 0.9468

15x15G 4.5 --- 0.9054

l5xl5H 4.2 -- -- 0.9423

16x16A 5.0 --- 0.9341

17x17A 4.4 _ 0.9467 - 0.9447

17xl7B 4.4 _ 0.9421

17x17C 4.4 - 0.9433

Note: The HI-STORM results are for internally dry (no moderator) HI-STORM storage casks with full
water reflection on all sides, the HI-TRAC results are for internally fully flooded HI-TRAC
transfer casks (which are part of the HI-STORM 100 System) with full water reflection on all
sides, and the HI-STAR results are for unreflected, internally fully flooded HI-STAR casks.

t The term "maximum ff " as used here, and elsewhere in this document, means the highest
possible k-effective, including bias, uncertainties, and calculational statistics, evaluated for the
worst case combination of manufacturing tolerances.

HI-STORM FSAR Proposed Rev. 2B

REPORT HI-2002444 -6.1-11



Table 6.1.4

BOUNDING MAXLMUM kff VALUES FOR EACH ASSEMBLY CLASS IN THE MPC-24E
AND MPC-24EF WITH 300 PPM SOLUBLE BORON

Fuel Maximum Allowable
Assembly Enrichment Maximumt kLff

Class (wt% U5U)

HI-STORM HI-TRAC H-STAR

14x14A 5.0 --- 0.8963

14x14B 5.0 _ 0.8974

14x14C 5.0 --- --- 0.9031

14x14D 5.0 --- 0.8588

14x14E 5.0 - 0.7249

15xl5A 5.0 --- --- 0.9161

15x15B 5.0 --- 0.9321

15xl5C 5.0 --- 0.9271

l5xlSD 5.0 _ 0.9290

15x15E 5.0 --- --- 0.9309

15x15F 5.0 0.3897 0.9333 0.9332

15x15G 5.0 --- --- 0.8972

15x15H 5.0 --- 0.9399 0.9399

16x16A 5.0 --- 0.9021

17x17A 5.0 --- 0.9320 0.9332

17x17B 5.0 _ 0.9316

17xl7C 5.0 _ 0.9312

Note: The HI-STORM results are for internally dry (no moderator) HI-STORM storage casks with full
water reflection on all sides, the HI-TRAC results are for internally fully flooded HI-TRAC
transfer casks (which are part of the HI-STORM 100 System) with full water reflection on all
sides, and the HI-STAR results are for unreflected, internally fully flooded HI-STAR casks.

t The term "maximum k. " as used here, and elsewhere in this document, means the highest
possible k-effective, including bias, uncertainties, and calculational statistics, evaluated for the
worst case combination of manufacturing tolerances.
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Table 6.1.5

BOUNDING MAXIMUM keffVALUES FOR EACH ASSEMBLY CLASS IN THE MPC-32
AND MPC-32F FOR 4.1% ENRICHMENT WATH 1900 PPM SOLUBLE BORON

Fuel Maximum Minimum
Assembly Allowable Soluble Boron Maximumt keff

Class Enrichment Concentration
(wt% U235U) (ppm)

______ _ rnI-STORM RI-TRAC HI-STAR

14x14A 4.1 1300 : 0.9041

14x14B 4.1 1300 _ _ 0.9257

14x14C 4.1 1300 _ -- 0.9423

14x14D 4.1 1300 -__ 0.8970

14x14E 4.1 1300 - _ 0.7340

15x15A 4.1 1800 -- 0.9206

15xl5B 4.1 1800 _ 0.9397

15x15C 4.1 1800 - 0.9266

15xl5D 4.1 1900 0.9384

l5x15E 4.1 1900 - 0.9365

15x15F 4.1 1900 0.4691 0.9403 0.9411

15x15G 4.1 1800 _ _ 0.9147

15x15H 4.1 1900 --- 0.9276

16x16A 4.1 1300 --- --- 0.9468

17x17A 4.1 1900 --- --- 0.9111

17x17B 4.1 1900 : -- 0.9309

17x17C 4.1 1900 --- 0.9365 0.9355

Note: The HI-STORM results are for internally dry (no moderator) HI-STORM storage casks with full
water reflection on all sides, the HI-TRAC results are for internally fully flooded HI-TRAC
transfer casks (which are part of the HI-STORM 100 System) with full water reflection on all
sides, and the HI-STAR results are for unreflected, internally fully flooded HI-STAR casks.

t The term "maximum kff " as used here, and elsewhere in this document, means the highest
possible k-effective, including bias, uncertainties, and calculational statistics, evaluated for the
worst case combination of manufacturing tolerances.
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Table 6.1.6

BOUNDING MAXIMUM keff VALUES FOR EACH ASSEMBLY CLASS IN THE MPC-32
AND APC-32F FOR 5.0% I

Fuel Maximum Minimum
Assembly Allowable Soluble Boron Maximumt khff

Class Enrichment Concentradon

(wt% ofJ) (ppm) HI-STORM Il-TRAC |HI-STAR

14x14A 5.0 1900 --- 0.9000

14xl4B 5.0 1900 -- 0.9214

14xl4C 5.0 1900 ---- 0.9480

14x14D 5.0 1900 --- 0.9050

14x14E 5.0 1900 -- 0.7415

15x15A 5.0 2500 0.9230

15xl5B 5.0 2500 0.9429

15xl5C 5.0 2500 _ 0.9307

15xl5D 5.0 2600 0.9466

15x15E 5.0 2600 X 0.9434

15x15F 5.0 2600 0.5142 0.9470 0.9483

l5x15G 5.0 2500 0.9251

l5x15H 5.0 2600 0.9333

16x16A 5.0 1900 --- 0.9474

17x17A 5.0 2600 0.9161

17x17B 5.0 2600 --- 0.9371

17x17C 5.0 2600 0.9436 0.9437

Note: The HI-STORM results are for internally dry (no moderator) HI-STORM storage casks with full
water reflection on all sides, the HI-TRAC results are for internally fully flooded HI-TRAC
transfer casks (which are part of the HI-STORM 100 System) with full water reflection on all
sides, and the HI-STAR results are for unreflected, internally fully flooded HI-STAR casks.

t The term "maximum kff " as used here, and elsewhere in this document, means the highest
possible k-effective, including bias, uncertainties, and calculational statistics, evaluated for the
worst case combination of manufacturing tolerances.
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Table 6.1.7

BOUNDING MAXIMUM keff VALUES FOR EACH ASSEMBLY CLASS IN THE MPC-68
AND MPC-68FF

Fuel Maximum Allowable
Assembly Planar-Average Maximumt keff

Class Enrichment (wt% 2U)

H-STORM HI-TRAC HI-STAR

6x6A 2.7tt 0.7886 0.7888ttt

6x6B 2.7tt - 0.7833 0.7824ttt

6x6C 2 7 tt 0.2759 0.8024 0.8021ttt

7x7A 2.7tt --- 0.7963 0.7974ttt

7x7B 4.2 0.4061 0.9385 0.9386

8x8A 2 .7 tt --- 0.7690 0 .7 6 9 7 ttt

8x8B 4.2 0.3934 0.9427 0.9416

8x8C 4.2 0.3714 0.9429 0.9425

8x8D 4.2 0.9408 0.9403

8x8E 4.2 ______ 0.9309 0.9312

8x8F 4.0 0.9396 0.9411

Note: The HI-STORM results are for internally dry (no moderator) HI-STORM storage casks with full
water reflection on all sides, the HI-TRAC results are for internally fully flooded HI-TRAC
transfer casks (which are part of the HI-STORM 100 System) with full water reflection on all
sides, and the HI-STAR results are for unreflected, internally fully flooded HI-STAR casks.

t The term "maximum kff'" as used here, and elsewhere in this document, means the highest
possible k-effective, including bias, uncertainties, and calculational statistics, evaluated for the
worst case combination of manufacturing tolerances.

tt This calculation was performed for 3.0% planar-average enrichment, however, the ctual fuel and

Gertifloate of Complianec authorized contents are limited to a maximum planar-average
enrichment of 2.7%. Therefore, the listed maximum kff value is conservative.

ttt This calculation was performed for a '10B loading of 0.0067 g/cm2 , which is 75% of a minimum ' 0B
loading of 0.0089 g/cm2. The minimum '0B loading in the MPC-68 is at least 0.0310 g/cm2.
Therefore, the listed maximum keff value is conservative.

t Assemblies in this class contain both MOX and U0 2 pins. The composition of the MOX fuel pins
is given in Table 6.3.4. The maximum allowable planar-average enrichment for the MOX pins is
given in the Certificat* of Compliance specification of authorized contents in Section 2.1.9.
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Table 6.1.7 (continued)

BOUNDING MAXIMUM kef VALUES FOR EACH ASSEMBLY CLASS IN THE MPC-68
AND MPC-68FF

Fuel Maximum Allowable
Assembly Planar-Average Maximumt keff

Class Enrichment (wit% 235U)

HI-STORM H-TRAC HI-STAR

9x9A 4.2 0.3365 0.9434 0.9417

9x9B 4.2 --- 0.9417 0.9436

9x9C 4.2 0.9377 0.9395

9x9D 4.2 --- 0.9387 0.9394

9x9E 4.0 0.9402 0.9401

9x9F 4.0 --- 0.9402 0.9401

9x9G 4.2 - 0.9307 0.9309

lOxlOA 4.2 0.3379 0.9448t 0.9457*

lOx1OB 4.2 --- 0.9443 0.9436

lOxIOC 4.2 --- 0.9430 0.9433

lOxlOD 4.0 0.9383 0.9376

lOxlOE 4.0 --- 0.9157 0.9185

Note: The HI-STORM results are for internally dry (no moderator) HI-STORM storage casks with full
water reflection on all sides, the H-TRAC results are for internally fully flooded HI-TRAC
transfer casks (which are part of the HI-STORM 100 System) with full water reflection on all
sides, and the HI-STAR results are for unreflected, internally fully flooded HI-STAR casks.

t The term "maximum kff " as used here, and elsewhere in this document, means the highest
possible k-effective, including bias, uncertainties, and calculational statistics, evaluated for the
worst case combination of manufacturing tolerances.

KENO5a verification calculation resulted in a maximum kff of 0.945 1.U

* KENO5a verification calculation resulted in a maximum kff of 0.9453.
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Table 6.1.8

BOUNDING MAXIMUM keff VALUES FOR EACH ASSEMBLY CLASS IN THE MPC-68F

Fuel Maximum Allowable
Assembly Planar-Average Maximumt keff

Class Enrichment (wt% 23U)

HI-STORM HI-TRAC H1-STAR

6x6A 2 .7 tt_ 0.7886 0.7888

6x6Bttt 2.7 0.7833 0.7824

6x6C 2.7 0.2759 0.8024 0.8021

7x7A 2.7 0.7963 0.7974

8x8A 2.7 - 0.7690 0.7697

Notes:

1. The HI-STORM results are for internally dry (no moderator) HI-STORM storage casks with full water
reflection on all sides, the HI-TRAC results are for internally fully flooded HI-TRAC transfer casks
(which are part of the HI-STORM 100 System) with full water reflection on all sides, and the HI-
STAR results are for unreflected, internally fully flooded HI-STAR casks.

2. These calculations were performed for a 0B loading of 0.0067 g/cm2, which is 75% of a minimum 10B
loading of 0.0089 g/cm2 . The minimum '0B loading in the MPC-68F is 0.010 g/cm 2. Therefore, the
listed maximum kff values are conservative.

t The term "maximum kff as used here, and elsewhere in this document, means the highest
possible k-effective, including bias,- uncertainties, and calculational statistics, evaluated for the
worst case combination of manufacturing tolerances.

tt These calculations were performed for 3.0% planar-average enrichment, however, the-atual-fuel

end Ccrtificatc of Compliance authorized contents are limited to a maximum planar-average
enrichment of 2.7%. Therefore, the listed maximum k~ff values are conservative.

tif Assemblies in this class contain both MOX and U0 2 pins. The composition of the MOX fuel pins
is given in Table 6.3.4. The maximum allowable planar-average enrichment for the MOX pins is
specified in the Ccrtifizatc of Compliance specifcation of authorized contents in Section 2.1.9.

I

I
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Table 6.1.9

BOUNDING MAXIMUM kff VALUES FOR THE MPC-24E AND MPC-24EF
WITH UP TO 4 DFCs

Fuel Assembly Maximum Allowable Minimum Maximum kff
Class Enrichment Soluble Boron

(Wt% 23U) Concentration

Intact Damaged O pM) lI-TRAC HI-STAR
Fuel Fuel and

Fuel Debris

All PWR Classes 4.0 4.0 0 0.9486 0.9480

All P WR Classes 5.0 5.0 600 0.9177 0.9185

Table 6.1.10

BOUNDING MAXIMUM kff VALUES FOR THE MPC-68, MPC-68F AND MPC-68FF
WITH UP TO 68 DFCs

Fuel Assembly Maximum Allowable Maximum keff
Class Planar-Average Enrichment

(wt% 235u)

Intact Fuel Damaged HI-TRAC HI-STAR
Fuel and

Fuel Debris

6x6A, 6x6B, 6x6C, 2.7 2.7 0.8024 0.8021
7x7A, 8x8A

Table 6.1.11

BOUNDING MAXIMUM kff VALUES FOR THE MPC-68 AND MPC-68FF
WITH UP TO 16 DFCs

Fuel Assembly Maximum Allowable Maximum kf
Class Planar-Average Enrichment

(Wt% 2 3 5u)

Intact Fuel Damaged HI-TRAC HI-STAR
Fuel and

Fuel Debris

All BWR Classes 3.7 4.0 0.9328 0.9328
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Table 6.1.12

BOUNDING AMXIMUM kff VALUES FOR THE IPC-32 AND MPC-32F
WIT UP TO 8 DFCs

FuelAssembly Maximum Minimum Soluble Maximum k(0r
Class of Intact Allowable Boron Content

Fuel Enrichment for (ppm)
Intact Fuel and

Damaged
FuelFuel Debris

(wt% 235u)

HI-TRAC HI-STAR

14x14A, B. C, D, 4.1 1500 _ 0.9336
E

S.0 2300 0.9269

15x15A, B, C, G 4.1 1900 0.9349 0.9350

5.0 2700 _ 0.9365

1Jx15D, E, F H 4.1 2100 0.9340

5.0 2900 0.9382 0.9397

16x16A 4.1 1500 _ 0.9335

5.0 2300 0.9289

J7x17A, B, C 4.1 2100 _ 0.9294

5.0 2900 0.9367
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6.2 SPENT FUEL LOADING

Specifications for the BWR and PWR fuel assemblies that were analyzed are given in Tables
6.2.1 and 6.2.2, respectively. For the BWR fuel characteristics, the number and dimensions-for
the water rods are the actual number and dimensions. For the PWR fuel characteristics, the actual
number and dimensions of the control rod guide tubes and thimbles are used. Table 6.2.1 lists 72
unique BWR assemblies while Table 6.2.2 lists 46 unique PWR assemblies, all of which were
explicitly analyzed for this evaluation. Examination of Tables 6.2.1 and 6.2.2 reveals that there
are a large number of minor variations in fuel assembly dimensions.

Due to the large number of minor variations in the fuel assembly dimensions, the use of explicit
dimensions in-the Certificate of Compliance defining the authorized contents could limit the
applicability of the HI-STORM 100 System. To resolve this limitation, bounding criticality
analyses are presented in this section for a number of defined fuel assembly classes for both fuel
types (PWR and BWR). The results of the bounding criticality analyses justify using bounding
fuel dimensions, as defined in the Certificate of Ccmpliancefor defining the authorized contents.

6.2.1 Definition of Assembly Classes

For each array size (e.g., 6x6, 7x7, 5x 15, etc.), the fuel assemblies have been subdivided into a
number of defined classes, where a class is defined in terms of (1) the number of fuel rods; (2)
pitch; (3) number and locations of guide tubes (PWR) or water rods (BWR); and (4) cladding
material. The assembly classes for BWR and PWR fuel are defined in Tables 6.2.1 and 6.2.2,
respectively. It should be noted that these assembly classes are unique to this evaluation and are
not known to be consistent with any class designations in the open literature.

For each assembly class, calculations have been performed for all of the dimensional variations
for which data is available (i.e., all data in Tables 6.2.1 and 6.2.2). These calculations
demonstrate that the maximum reactivity corresponds to:

* maximum active fuel length,
* maximum fuel pellet diameter,
* minimum cladding outside diameter (OD),
* maximum cladding inside diameter (ID),
* minimum guide tube/water rod thickness, and
* maximum channel thickness (for BWR assemblies only).

Therefore, for each assembly class, a bounding assembly was defined based on the above
characteristics and a calculation for the bounding assembly was performed to demonstrate
compliance with the regulatory requirement of kff < 0.95. In some assembly classes this
bounding assembly corresponds directly to one of the actual (real) assemblies; while in most
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assembly classes, the bounding assembly is artificial (i.e., based on bounding dimensions from
more than one of the actual assemblies). In classes where the bounding assembly is artificial, the
reactivity of the actual (real) assemblies is typically much less than that of the bounding
assembly; thereby providing additional conservatism. As a result of these analyses,-4he
Certificate of Compliance will define aceptability the authorized contents in Section 2.1.9 are
defined in terms of the bounding assembly parameters for each class.

To demonstrate that the aforementioned characteristics are bounding, a parametric study was
performed for a reference BWR assembly, designated herein as 8x8C04 (identified generally as a
GE8x8R). Additionally, parametric studies were performed for a PWR assembly (the 5xl5F
assembly class) in the MPC-24 and MPC-32 with soluble boron in the water flooding the MPC.
The results of these studies are shown in Table 6.2.3 through 6.2.5, and verify the positive
reactivity effect associated with (1) increasing the pellet diameter, (2) maximizing the cladding
ID (while maintaining a constant cladding OD), (3) minimizing the cladding OD (while
maintaining a constant cladding ID), (4) decreasing the water rod/guide tube thickness, (5)
artificially replacing the Zircaloy water rod tubes/guide tubes with water, aad(6) maximizing the
channel thickness (for BWR Assemblies), and (7) increasing the active length. These results, and
the many that follow, justify the approach for using bounding dimensions in the Certificate of
Cemplianee for defining the authorized contents. Where margins permit, the Zircaloy water rod
tubes (BWR assemblies) are artificially replaced by water in the bounding cases to remove the
requirement for water rod thickness from the Certificate of Compliance specification of the
authorized contents. As these studies were performed with and without soluble boron, they also
demonstrate that the bounding dimensions are valid independent of the soluble boron
concentration.

As mentioned, the bounding approach used in these analyses often results in a maximum kff
value for a given class of assemblies that is much greater than the reactivity of any of the actual
(real) assemblies within the class, and yet, is still below the 0.95 regulatory limit.

6.2.2 Intact PWR Fuel Assemblies

6.2.2.1 Intact PWR Fuel Assemblies in the MPC-24 without Soluble Boron

For PWR fuel assemblies (specifications listed in Table 6.2.2) the l5xl5F01 fuel assembly at
4.1% enrichment has the highest reactivity (maximum kef of 0.9395). The 7xl7A01 assembly
(otherwise known as a Westinghouse 17x17 OFA) has a similar reactivity (see Table 6.2.20) and
was used throughout this criticality evaluation as a reference PWR assembly. The 7xl7A01
assembly is a representative PWR fuel assembly in terms of design and reactivity and is useful
for the reactivity studies presented in Sections 6.3 and 6.4. Calculations for the various PWR fuel
assemblies in the MPC-24 are summarized in Tables 6.2.6 through 6.2.22 for the fully flooded
condition without soluble boron in the water.
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Tables 6.2.6 through 6.2.22 show the maximum kw. values for the assembly classes that are
acceptable for storage in the MPC-24. All maximum kff values include the bias, uncertainties,
and calculational statistics, evaluated for the worst combination of manufacturing tolerances. All
calculations for the MPC-24 were performed for a B loading of 0.020 g/cm2, which is 75% of
the minimum loadingofO.0267 g/cm2for Boral, or 90% of the minimum loading of 0.0223 g/cM2

for 'Metamic, speoified on BM 1178, Bill of Matcrials for 24 Assembly II ST-AR 100 PR
MPC, in Section 1.5 The maximum allowable-enrichment in the MPC-24 varies from 3.8 to 5.0
wt% 235U, depending on the assembly class, and is defined in Tables 6.2.6 through 6.2.22. It
should be noted that the maximum allowable enrichment does not vary within an assembly class.
Table 6.1.1 summarizes the maximum allowable enrichments for each'of the assembly classes
that are acceptable for storage in the MPC-24.

Tables 6.2.6 through 6.2.22 are formatted with the assembly class information in the top row, the
unique assembly designations, dimensions, and keff values in the following-rows above the bold
double lines, and the bounding dimensions selected for the Certdficate of Compliance to define
the authorized contents and corresponding bounding keff values in the final rows. Where the
bounding assembly corresponds directly to one of the actual assemblies, the fuel assembly
designation is listed in the bottom row in parentheses (e.g., Table 6.2.6). Otherwise, the bounding
assembly is given a unique designation. For an assembly class that -contains only a single
assembly (e.g., 14xl4D, see Table 6.2.9), the authorized contents dimensions-listed-in the
Certificate of Complionee are based on the assembly dimensions from that single assembly. All
of the maximum keff values corresponding to the selected bounding dimensions are greater than
or equal to those for the actual assembly dimensions and are below the 0.95 regulatory limit.

The results of the analyses for the MPC-24, which were performed for all assemblies in each
class (see Tables 6.2.6 through 6.2.22), further confirm the validity of the bounding dimensions
established in Section 6.2.1. Thus, for all following calculations, namely analyses of the MPC-
24E, MPC-32, and MPC-24 with soluble boron present in the water, only the bounding assembly
in each class is analyzed.

6.2.2.2 ' Intact PWR Fuel Assemblies in the MPC-24 with Soluble Boron

Additionally, the HI-STAR 100 system is designed to allow credit for the soluble boron typically
present in the water of PWR spent fuel pools. For a minimum soluble boron concentration of
400ppm, the maximum allowable fuel enrichment is 5.0 wt/o 235U for all assembly classes
identified in Tables 6.2.6 through 6.2.22. Table 6.1.2 shows the maximum kff for the bounding
assembly in each assembly class. All maximum kff values are below the 0.95 regulatory limit.
The 5xl5H assembly class has the highest reactivity (maximum keff of 0.9366). The calculated
kff and calculational uncertainty for each class is listed in Appendix 6.C.
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6.2.2.3 Intact PWR Assemblies in the MPC-24E and MPC-24EF with and without
Soluble Boron

The MPC-24E and MPC-24EF are variations of the MPC-24, which provide for storage of higher
enriched fuel than the MPC-24 through optimization of the storage cell layout. The MPC-24E
and MPC-24EF also allow for the loading of up to 4 PWR Damaged Fuel Containers (DFC) with
damaged PWR fuel (MPC-24E and MPC-24EF) and PWR fuel debris (MPC-24EF only). The
requirements for damaged fuel and fuel debris in the MPC-24E and MPC-24EF are discussed in
Section 6.2.4.3.

Without credit for soluble boron, the maximum allowable fuel enrichment varies between 4.2
and 5.0 wt/o 235U, depending on the assembly classes as identified in Tables 6.2.6 through
6.2.22. The maximum allowable enrichment for each assembly class is listed in Table 6.1.3,
together with the maximum kff for the bounding assembly in the assembly class. All maximum
kff values are below the 0.95 regulatory limit The 5xl5F assembly class at 4.5% enrichment has
the highest reactivity (maximum kff of 0.9468). The calculated kff and calculational uncertainty
for each class is listed in Appendix 6.C.

For a minimum soluble boron concentration of 300ppm, the maximum allowable fuel enrichment
is 5.0 wt% 23sU for all assembly classes identified in Tables 6.2.6 through 6.2.22. Table 6.1.4
shows the maximum kff for the bounding assembly in each assembly class. All maximum kcff
values are below the 0.95 regulatory limit. The 5xI5H assembly class has the highest reactivity
(maximum keff of 0.9399). The calculated kff and calculational uncertainty for each class is listed
in Appendix 6.C.

6.2.2.4 Intact PWR Assemblies in the MPC-32 and MPC-32F

When loading any PWR fuel assembly in the MPC-32 or MPC-32F, a minimum soluble boron
concentration is required.

For a minimum soluble boron concentration of 19OOppm, the maximum allowable fuel
enrichment isof 4.1 w 0o 235U for all assembly classes identified in Tables 6.2.6 through 6.2.22, a
minimum soluble boron concentration between 300ppm and 19 0 0ppm is required, depending
on the assembly class. Table 6.1.5 shows the maximum kcff for the bounding assembly in each
assembly class. All maximum kff values are below the 0.95 regulatory limit. The 44xl4516xI6A
assembly class has the highest reactivity (maximum kff of 0.94468). The calculated kef and
calculational uncertainty for each class is listed in Appendix 6.C.

For a minimum soluble boron concentration of 600ppm, the maximum allowable fuel
enrichment isof 5.0 't% 23SU for all assembly classes identified in Tables 6.2.6 through 6.2.22, a
minimum soluble boron concentration between 900ppm and 2600ppm is required, depending

HI-STORM FSAR Proposed Rev. 2B

REPORT HI-2002444 6.2-4



on the assembly class. Table 6.1.6 shows the maximum kff for the bounding assembly in each
assembly class. All maximum k values are below the 0.95 regulatory limit. The 5x15F
assembly class has the highest reactivity (maximum kff of 0.9483). The calculated kff and
calculational uncertainty for each class is listed in Appendix 6.C.

6.2.3 Intact BWR Fuel Assemblies in the MPC-68 and MPC-68FF

For BWR fuel assemblies (specifications listed in Table 6.2.1) the artificial bounding assembly
for the lOxlOA assembly class at 4.2% enrichment has the highest reactivity (maximum keff of
0.9457). Calculations for the various BWR fuel assemblies in the MPC-68 and MPC-68FF are
summarized in Tables 6.2.23 through 6.2.40 for the fully flooded condition. In all cases, the
gadolinia (Gd2O3) normally incorporated in BWR fuel was conservatively neglected.

For calculations involving BWR assemblies, the use of a uniform (planar-average) enrichment,
as opposed to the distributed enrichments normally used in BWR fuel, produces conservative
results. Calculations confirming this statement are presented in Appendix 6.B for several
representative BWR fuel assembly designs. These' calculations justify the specification of planar-
average enrichments to define acceptability of BWR fuel for loading into the MPC-68.

Tables 6.2.23 through 6.2.40 show the maximum ff values for assembly classes that are
acceptable for storage in the MPC-68 and MPC-68FF. All maximum k~ff values include the bias,
uncertainties, and calculational statistics, evaluated for the worst combination of manufacturing
tolerances. With the exception of assembly classes 6x6A, 6x6B, 6x6C, 7x7A, and 8x8A, which
will be discussed in Section 6.2.4, all calculations for the'MPC-68 and MPC-68FF were
performed with a '°B loading of 0.0279 glcm2, which is 75% of the minimum loading; of 0.0372
g/cM2for Boral, or 90% of the minimum loading of 0.031 g/cm2for Metamic, specified n BR
1479, Bill of Materials for 68 Assembly I ST-AR 100 BWR ]NOC, in Section 1.5. Calculations
for assembly classes 6x6A, 6x6B, 6x6C, 7x7A, and 8x8A were conservatively performed with a
10B loading of 0.0067 g/cm2 . The maximum allowable enrichment in the MPC-68 and MPC-
68FF varies from 2.7 to 4.2 wt% 235U depending.on the assembly class. It should be noted that
the maximum allowable enrichment does not vary within an assembly class. Table 6.1.7
summarizes the maximum allowable enrichments for all assembly classes that are acceptable for
storage in the MPC-68 and MPC-68FF.

Tables 6.2.23 through 6.2.40 are formatted with the assembly class information in the top row,
the unique assembly designations, dimensions, and k4f values in the following rows above'the
bold double lines, and the'bounding dimensions selected for the Certificate of Compliance to
define the authorized contents and corresponding bounding k, values in the final rows. Where
an assembly class contains only a single assembly (e.g.-, 8xE, see Table 6.2.27), the authorized
contents dimensions listed in the Certificate of Complianec are based on the assembly
dimensions from that single assembly. For assembly classes that are suspected to contain
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assemblies with thicker channels (e.g., 120 mils), bounding calculations are also performed to
qualify the thicker channels (e.g. 7x7B, see Table 6.2.23). All of the maximum kff values
corresponding to the selected bounding dimensions are shown to be greater than or equal to those
for the actual assembly dimensions and are below the 0.95 regulatory limit.

For assembly classes that contain partial length rods (i.e., 9x9A, lOxlOA, and lOxIOB),
calculations were performed for the actual (real) assembly configuration and for the axial
segments (assumed to be full length) with and without the partial length rods. In all cases, the
axial segment with only the full length rods present (where the partial length rods are absent) is
bounding. Therefore, the bounding maximum kff values reported for assembly classes that
contain partial length rods bound the reactivity regardless of the active fuel length of the partial
length rods. As a result, the Certificate of Compliance specification of the authorized contents
has no minimum requirement for the active fuel length of the partial length rods.

For BWR fuel assembly classes where margins permit, the Zircaloy water rod tubes are
artificially replaced by water in the bounding cases to remove the requirement for water rod
thickness from the Certificate of Compliance specification of the authorized contents. For these
cases, the bounding water rod thickness is listed as zero.

As mentioned, the highest observed maximum kiff value is 0.9457, corresponding to the artificial
bounding assembly in the IOxlOA assembly class. This assembly has the following bounding
characteristics: (1) the partial length rods are assumed to be zero length (most reactive
configuration); (2) the channel is assumed to be 120 mils thick; and (3) the active fuel length of
the full length rods is 155 inches. Therefore, the maximum reactivity value is bounding
compared to any of the real BWR assemblies listed.

6.2.4 BWR and PWR Damaged Fuel Assemblies and Fuel Debris

In addition to storing intact PWR and BWR fuel assemblies, the HI-STORM 100 System is
designed to store BWR and PWR damaged fuel assemblies and fuel debris. Damaged fuel
assemblies and fuel debris are defined in .. 3 and Appendix B t he Geitifieate a
Cemplienee Table 1.0.1. Both damaged fuel assemblies and fuel debris are required to be loaded
into Damaged Fuel Containers (DFCs) prior to being loaded into the MPC. FewFive different
DFC types with different cross sections are considered; three types for BWR fuel and enetwo for
PWR fuel. DFCs containing fuel debris must be stored in the MPC-68F, MPC-68FF, eMPC-
24EF or MPC-32F. DFCs containing BWR damaged fuel assemblies may be stored in the MC-
68, MPC-68F or MPC-68FF. DFCs containing PWR damaged fuel may be stored in the MPC-
24E, aadMPC-24EF, MPC-32 or MPC-32F. The criticality evaluation of various possible
damaged conditions of the fuel is presented in Subsection 6.4.4.
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6.2.4.1 Damaged BWR Fuel Assemblies and BWR Fuel Debris in Assembly Classes 6x6A.
6x6B. 6x6C. 7x7A and 8x8A

Tables 6.2.41 thxough 6.2.45 show the maximum keff values for the five assembly classes 6x6A,
6x6B, 6x6C, 7x7A and 8x8A. All maximum kff values include the bias, uncertainties, and
calculational statistics, evaluated for the worst combination of manufacturing tolerances. All
calculations were performed for a 0B loading of 0.0067 gcm2, which is 75% of a minimum
loading, 0.0089 g/cm2. However, because the practical manufacturing lower limit for minimum
'0B loading is 0.01 g/cm2, the minimum loading of 0.01 g/cm 2 specified on B ?9 l
of Materials for 68 A ismbly HI STA.R 100 BWR MPC, the drawing in Section 1.5, for -the
MPC-68F. As an additional level of conservatism in the analyses, the calculations were
performed for an enrichment of 3.0 wt0/o 235U, while the maximum allowable enrichment for
these assembly classes is limited to 2.7 wt/o 2 U in the Certificate of Compliance specification
of the authorized contents. Therefore, the maximum kff values for damaged BWR fuel
assemblies and fuel debris are conservative. Calculations for the various BWR fuel assemblies in
the MPC-68F are summarized in Tables 6.2.41 through 6.2.45 for the fully flooded condition.

For the assemblies that may be stored as damaged fuel or fuel debris, the 6x6C0l assembly at 3.0
wt% 235U enrichment has the highest reactivity (maximum kff of 0.8021). Considering all of the
conservatism built into this analysis (e.g., higher than allowed enrichment and lower than actual
'0B loading), the actual reactivity will be lower.

Because the analysis for the damaged BWR fuel assemblies and fuel debris was performed for a
' 0B loading of 0.0089 g/cm2, which conservatively bounds the analysis of damaged BWR fuel
assemblies in an MPC-68 or MPC-68FF with a minimum '0B loading of 0.0372 g/cm2, damaged
BWR fuel assemblies may also be stored in the MPC-68 or MPC-68FF. However, fuel debris is
limited to the MPC-68F and MPC-68FF b Appendix B to the Certificate of Compliance the
specification of the authorized contents.

Tables 6.2.41 through 6.2.45 are formatted with the assembly class information in the top row,
the unique assembly designations, dimensions, and kff values in the following rows above the
bold double lines, and the bounding dimensions selected for the Certificate of Complianc to
define the authorized contents and corresponding bounding kff values in the final rows. Where
an assembly class contains only a single assembly (e.g., 6x6C, see Table 6.2.43), the authorized
contents dimensions listed in the Certificate of Cmpliance are based on the assembly
dimensions from that single assembly. All of the maximum kff values corresponding to the
selected bounding dimensions are greater than or equal to those for the actual assembly
dimensions and are well below the 0.95 regulatory limit.

HI-STORM FSAR Proposed Rev. 2B

REPORT HI-2002444 .6.2-7



6.2.4.2 Damaged BWR Fuel Assemblies and Fuel Debris in the MPC-68 and MPC-68FF

Damaged BWR fuel assemblies and fuel debris from all BWR classes may be loaded into the
MPC-68 and MPC-68FF by restricting the locations of the DFCs to 16 specific cells on the
periphery of the fuel basket. The MPC-68 may be loaded with up to 16 DFCs containing
damaged fuel assemblies. The MPC-68FF may also be loaded with up to 16 DFCs, with up to 8
DFCs containing fuel debris.

For all assembly classes, the enrichment of the damaged fuel or fuel debris is limited to a
maximum of 4.0 wt/o 235U, while the enrichment of the intact assemblies stored together with the
damaged fuel is limited to a maximum of 3.7 wt/o 235U. The maximum kff is 0.9328. The
criticality evaluation of the damaged fuel assemblies and fuel debris in the MPC-68 and MPC-
68FF is presented in Section 6.4.4.2.

6.2.4.3 Damased PWR Fuel Assemblies and Fuel Debris in the M4PG 4E and MPC 2IEF

In addition to storing intact PWR fuel assemblies, the HI-STORM 100 System is designed to
store damaged PWR fuel assemblies (MPC-24E, ad-MPC-24EF, MPC-32 and MPC-32F) and
fuel debris (MPC-24EF and MPC-32F only). Damaged fuel assemblies and fuel debris are
defined in Section 2.1.3 and Appendix B of the Cerifieate of Complianco Table 1.0.1. Damaged
PWR fuel assemblies and fuel debris are required to be loaded into PWR Damaged Fuel
Containers (DFCs) prior to being loaded into the MPG.

6.2.4.3.1 Damaged PWR Fuel Assemblies and Fuel Debris in the MPC-24E and MPC-24EF

Up to four DFCs may be stored in the MPC-24E or MPC-24EF. When loaded with damaged fuel
and/or fuel debris, the maximum enrichment for intact and damaged fuel is 4.0 wtO 235U for all
assembly classes listed in Table 6.2.6 through 6.2.22 without credit for soluble boron. The
maximum kff for these classes is 0.9486. For a minimum soluble boron concentration of
600ppm, the maximum enrichment for intact and damagedfuel is 5.0 wt% 2 35 Ufor all assembly
classes listed in Table 6.2.6 through 6.2.22. The criticality evaluation of the damaged fuel is
presented in Subsection 6.4.4.2.

6.2.4.3.2 Damaged PWR Fuel Assemblies and Fuel Debris in the MPC-32 and MPC-32F

Up to eight DFCs may be stored in the MPC-32 or MPC-32F. For a maximum allowable fuel
enrichment of 4.1 wt% 235Ufor intactfuel, damagedfuel andfuel debris for all assembly classes
identified in Tables 6.2.6 through 6.2.22, a minimum soluble boron concentration between
ISOOppm and 2100ppm is required, depending on the assembly class of the intact assembly. For
a maximum allowable fuel enrichment of 5.0 wt% 235Ufor intact fuel, damaged fuel andfuel
debris, a minimum soluble boron concentration between 2300ppm and 2900ppm is required,

HI-STORM FSAR Proposed Rev. 2B

REPORT HI-2002444 6.2-8



depending on the assembly class of the intact assembly. Table 6.1.12 shows the maximum kff by
assembly class. All maximum kff values are below the 0.95 regulatory limit.

6.2.5 Thoria Rod Canister

Additionally, the Ill-STORM 100 System is designed to store a Thoria Rod Canister in the MPC-
68, MPC-68F or MPC-68FF. The canister is similar to a DFC and contains 18 intact Thoria Rods
placed in a separator assembly. The reactivity of the canister in the MPC is very low compared to
the approved fuel assemblies (The 235U content of these rods correspond to U0 2 rods with an
initial enrichment of approximately 1.7 w 0/o 23).-It is therefore permissible to the Thoria Rod
Canister together with any approved content in a MPC-68 or MPC-68F. Specifications of the
canister and the Thoria Rods that are used in the criticality evaluation are given in Table 6.2.46.
The criticality evaluation are presented in Subsection 6.4.6.
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Table 6.2.1 (page I of 7)
BWR FUEL CHARACTERISTICS AND ASSEMBLY CLASS'DEFINITIONS

(all dimensions are in inches)

Fuel .
Assembly Clad Number of Cladding Cladding Pellet Active Fuel Number of Water Rod Water Rod Channel Channel ID

Designation Material Pitch Fuel Rods OD Thickness Diameter Length Water Rods OD ID Thickness

6x6A Assembly Class

6x6A0l Zr 0.694 36 0.5645 0.0350 0.4940 110.0 0 n/a n/a 0.060 4.290

6x6A02 Zr 0.694 36 0.5645 0.0360 0.4820 110.0 0 n/a n/a 0.060 4.290

6x6A03 Zr 0.694 36 0.5645 0.0350 0.4820 110.0 0 n/a n/a 0.060 4.290

6x6A04 Zr 0.694 36 0.5550 0.0350 0.4820 110.0 0 n/a n/a 0.060 4.290

6x6AO5 Zr 0.696 36 0.5625 0.0350 0.4820 110.0 0 n/a n/a 0.060 4.290

6x6A06 Zr 0.696 35 0.5625 0.0350 0.4820 110.0 1 0.0 0.0 0.060 4.290

6x6A07 Zr 0.700 36 0.5555 0.03525 0.4780 110.0 0 n/a n/a 0.060 4.290

6x6A08 Zr 0.710 36 0.5625 0.0260 0.4980 110.0 0 n/a n/a 0.060 4.290

6x6B (MOX) Assembly Class

6x6B01 Zr 0.694 36 0.5645 0.0350 0.4820 110.0 0 n/a n/a 0.060 4.290

6x6B02 Zr 0.694 36 0.5625 0.0350 0.4820 110.0 0 n/a n/a 0.060 4.290

6x6B03 Zr 0.696 36 0.5625 0.0350 0.4820 110.0 0 n/a n/a 0.060 4.290

6x6B04 Zr 0.696 35 0.5625 0.0350 0.4820 110.0 1 0.0 0.0 0.060 4.290

6x6B05 Zr 0.71 35 0.5625 0.0350 0.4820 110.0 I 0.0 0.0 0.060 4.290

6x6C Assembly Class

6x6C01 I Zr 10.740 1 36 1 0.5630 1 0.0320 1 0.4880 1 77.5 1 0 1 n/a, n/a 1 0.060 1 4.542

7x7A Assembly Class

7x7A0 I Zr 10.63 1 49 10.4860 10.0328 10.4110 1 80 1 0 1 n/a I n/a 10.060 14.542

I
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C (
Table 6.2.1 (page 2 of 7)

- BWR FUEL CHARACTERISTICS AND ASSEMBLY CLASS DEFINITIONS

C

(all dimensions are in inches)

Fuel11I
Assembly Clad Number of Cladding | Cladding Pellet IActiveFuelNumberofIWaterRodIWaterRodl Channel Channel

Designation Material Pitch Fuel Rods OD Thickness Diameter J Length WaterRods OD J ID Thickness ID

7x7B Assembly Class

7x7B01 Zr 0.738 49 0.5630 0.0320 0.4870 150 0 n/a n/a 0.080 5.278

7x7B02 Zr 0.738 49 0.5630 0.0370 0.4770 150 0 n/a n/a 0.102 5.291

7x7B03 Zr 0.738 49 0.5630 0.0370 0.47701 150 0 n/a n/a 0.080 5.278

7x7B04 Zr 0.738 49 0.5700 0.0355 0.4880 150 0 n/a n/a 0.080 5.278

7x7805 Zr 0.738 49 0.5630 0.0340 0.4775 150 0 n/a n/a 0.080 5.278

7x7B06 Zr 0.738 49 0.5700 0.0355 0.4910 150 0 n/a n/a 0.080 5.278

8x8A Assembly Class _ .____

8x8A01 1 Zr 10.5231 64 |_0.4120 0.0250 0.3580 110 | 0 | n/a n/a 0.100 4.290

8x8A02 Zr | 0.523 63 |_0.4120 0.0250 0.3580 120 | 0 J n/a | na 0.100 4.290
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Table 6.2.1 (page 3 of 7)
BWR FUEL CHARACTERISTICS AND ASSEMBLY CLASS DEFINITIONS

_____ -~(all dimensions are in inches)
Fuel

Assembly Clad Number of Cladding Cladding Pellet Active Fuel Number of Water Rod Water Rod Channel Channel ID
Designation Material Pitch Fuel Rods OD Thickness Diameter Length Water Rods OD ID Thickness

8x8B Assembly Class

8x8B01 Zr 0.641 63 0.4840 0.0350 0.4050 150 1 0.484 0.414 0.100 5.278

8x8B02 Zr 0.636 63 0.4840 0.0350 0.4050 150 1 0.484 0.414 0.100 5.278

8x8BO3 Zr 0.640 63 0.4930 0.0340 0.4160 150 1 0.493 0.425 0.100 5.278

8x8B04 Zr 0.642 64 0.5015 0.0360 0.4195 150 0 n/a n/a 0.100 5.278

8x8C Assembly Class

8x8C01 Zr 0.641 62 0.4840 0.0350 0.4050 150 2 0.484 0.414 0.100 5.278

8x8C02 Zr 0.640 62 0.4830 0.0320 0.4100 150 2 0.591 0.531 0.000 no channel

8x8C03 Zr 0.640 62 0.4830 0.0320 0.4100 150 2 0.591 0.531 0.080 5.278

8x8C04 Zr 0.640 62 0.4830 0.0320 0.4100 150 2 0.591 0.531 0.100 5.278

8x8C05 Zr 0.640 62 0.4830 0.0320 0.4100 150 2 0.591 0.531 0.120 5.278

8x8C06 Zr 0.640 62 0.4830 0.0320 0.4110 150 2 0.591 0.531 0.100 5.278

8x8C_7 Zr 0.640 62 0.4830 0.0340 0.4100 150 2 0.591 0.531 0.100 5.278

8x8C08 Zr 0.640 62 0.4830 0.0320 0.4100 150 2 0.493 0.425 0.100 5.278

8x8C09 Zr 0.640 62 0.4930 0.0340 0.4160 150 2 0.493 0.425 0.100 5.278

8x8C10 Zr 0.640 62 0.4830 0.0340 0.4100 IS0 2 0.591 0.531 0.120 5.278

8x8CIl Zr 0.640 62 0.4830 0.0340 0.4100 150 2 0.591 0.531 0.120 5.215

8x8C12 Zr 0.636 62 0.4830 0.0320 0.4110 150 2 0.591 0.531 0.120 5.215
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Table 6.2.1 (page 4 of 7)

BWR F UEL CHARACTERISTICS AND ASSEMBLY CLASS DEFINITIONS
(all dimensions are in inches)-

r

1 7II
-f �-Y - I I - F P I F I - Y -

Fuel
Assembly

Designation
Clad

Material
Number of
Fuel Rods

Cladding
OD

Cladding
Thickness

Pellet I Active Fuel I Number of Water Rod
OD

Water Rod I Channel Channel ID
Pitch Diameter I Length Water Rods ID I Thickness

8x8D Assembly Class

8x8D01 Zr 0.640 60 0.4830 0.0320 0.4110 150 2 large/ 0.591/ 0.531/ 0.100 5.278
2 small 0.483 0.433

8x8D02 Zr 0.640 60 0.4830 0.0320 0.4110 150 4 0.591 0.531 0.100 5.278

8x8D03 Zr 0,640 60 0.4830 0.0320 0.4110 150 4 0.483 0.433 0.100 5.278

8x8D_4 Zr 0.640 60 0.4830 0.0320 0.4110 150 1 1.34 1.26 0.100 5.278

8x8D05 Zr 0.640 60 0.4830 0.0320 0.4100 150 1 1.34 1.26 0.100 5.278

8x8D_6 Zr 0.640 60 0.4830 0.0320 0.4110 150 1 1.34 1.26 0.120 5.278

8x8D07 Zr 0.640 60 0.4830 0.0320 0.4110 150 I 1.34 1.26 0.080 5.278
8x8D08 Zr 0.640 61 0.4830 0.0300 0.4140 150 3 1.34 0.56 0.080 5.2788x8D07 Zr 0.640 60 0,4830 0.0320 , 0.4110 150I 1 I31,34 1 0.080 5.278

8x8E Assembly Class

8x8E01 Zr 0.640 9 0.4930 0.0340 0.4160 150 5 0.493 0.425 0.100 5.278

8x8F Assembly Class

8x8E01 | Zr |0.609 | 64 0.4576 0.0290 0.3913 150 | 5 | .493 | 0.055 5.3908x8F01 | Zr | 0.609 64 | 0.4576 | 0,029 | 0.1 I I5 4t |0.291t |0.228tf -5 -9

9x9A Assembly Class

9x9A01 Zr | 0.566 74 0.4400| 0.0280 0.3760 150 2 0.98 0.92 0.100 | 5.278

9x9A02 Zr 0.566 66 0.4400| 0.0280 0.3760 150 2 0.98 0.92 0.100 5.278

9x9A03 Zr 0.566 74/66 0.4400 0.0280 0.3760 150/90| 2 0.98 0.92 0.100 5.278

9x9A04 Zr 0.566 66 0.4400 0.0280 | 0.3760 150 | 2 0.98 0.92 0.120 5.278

t Four rectangular water cross segments dividing the assembly into four quadrants
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Table 6.2.1 (page 5 of 7)
BWR FUEL CHARACTERISTICS AND ASSEMBLY CLASS DEFINITIONS

(all diensions are in inches)

FuelI
Assembly Clad Number of Cladding Cladding Pellet Active Fuel Number of Water Rod Water Rod Channel Channel ID

Designation Material Pitch Fuel Rods OD Thickness Diameter Length Water Rods OD ID Thickness

9x9B Assembly Class

9x9B01 Zr 0.569 72 0.4330 0.0262 0.3737 150 1 1.516 1.459 J 0.100 5.278

9x9B02 Zr 0.569 72 0.4330 0.0260 0.3737 150 1 1.516 1.459 0.100 5.278

901303 Zr 0.572 72 0.4330 0.0260 0.3737 150 1 1.516 1.459 0.100 5.278

9x9C Assembly Class

9x9C01 Zr 10.5721 80 | 0.4230 | 0.0295 | 0.3565 | 150 1 0;512 0.472 0.100 5.278

9x9D Assembly Class

9x9D01 Zr 0.5721 79 0.4240 | 0.0300 0.3565 150 2 0.424 0.364 0.100 5.278

9x9E Assembly Classt

9x9E01 Zr 0.572 76 0.4170 0.0265 0.3530 150 5 0.546 0.522 0.120 5.215

9x9E02 Zr 0.572 48 0.4170 0.0265 0.3530 150 5 0.546 0.522 I 0.120 5.215
28 0.4430 0.0285 0.3745 I I

t The 9x9E and 9x9F fuel assembly classes represent a single fuel type containing fuel rods with different dimensions (SPC 9x9-5). In addition to the
actual configuration (9x9E02 and 9x9F02), the 9x9E class contains a hypothetical assembly with only small fuel rods (9x9E0 1), and the 9x9F class contains a
hypothetical assembly with only large rods (9x9F01). This was done in order to simplify the specification of this assembly in4ho-GoG Section 2.1.9. I
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(
Table 6.2.1 (page 6 of 7)

BWR FUEL CHARACTERISTICS AND ASSEMBLY CLASS DEFINITIONS
(all dimensions are in inches)

(

Fuel'-- 
Assembly Clad Number of Cladding Cladding Pellet Active Fuel Number of Water Rod Water Rod Channel Channel ID

Designation Material Pitch Fuel Rods I OD Thickness Diameter Length Water Rods OD ID Thickness

9x9F Assembly Class*

9x9F01 I Zr 0.572 76 0.4430 T 0.0285 0.3745 150 5 0.546 0.522 0.120 5.215

9x9F02 Zr 0.572 48 0.4170 0.0265 0.3530 150 5 0.546 0.522 0.120 5.215
28 0.4430 0.0285 0.3745

9x9G Assembly Class 

9x9G01 I Zr 10.572 72 0.4240 0.0300 1 0.3565 | 150 | 1 1.668 1.604 0.120 5.278

lOx1OA Assembly Class _

10x10A01 Zr 0.510 92 0.4040 0.0260 0.3450 155 2 0.980 0.920 0.100 5.278

l~xl Zr 10.510 78 0.4040 0.0260 0.3450 155 2 0.980 0.920 0.100 5.278

10x10A02 Zr 0.510 92/78 0.4040 0.0260 0.3450 155/90 2 0.980 | 0.920 0.100 | 5.278

IOxIOB Assembly Class _ _

10xiOB01 Zr |0.510| 91 0.3957 0.0239 0.3413 155 1 1.378 J 1.321 0.100 5.278

10xl012 Zr 10.510 83 0.3957 0.0239 0.3413 155 1 1.378 J 1.321 0.100 T 5.278

II1x10B § Zr 10.5101 91/83 0.3957. 0.0239 0.3413 155/90 1 1.378 j 1.321 0.100 5.278

r

* The 9x9E and 9x9F fuel assembly classes represent a single fuel type containing fuel rods with different dimensions (SPC 9x9-5). In addition to the actual
configuration (9x9E02 and 9x9F02), the 9x9E class contains a hypothetical assembly with only small fuel rods (9x9E01), and the 9x9F class contains a
hypothetical assembly with only large rods (9x9F01). This was done in order to simplify the specification of this assembly in-theG Section 2.1.9. I
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Table 6.2.1 (page 7 of 7)
BWR FUEL CHARACTERISTICS AND ASSEMBLY CLASS DEFINITIONS

(all dimensions are in inches)

Fuel 
Assembly Clad Number of Cladding Cladding Pellet Active Fuel Number of Water Rod Water Rod Channel Channel ID

Designation| Material Pitch Fuel Rods OD Thickness Diameter Length Water Rods OD ID Thickness

IOxIOC Assembly Class

1OxlOCOl Zr 0.4881 96 0.3780 0.0243 [ 0.3224 j 150 |5 1.227 0.055 5.347

lOxIOD Assembly Class

1Oxi0DOl SS 0.565 100 0.3960 0.0200 0.3500 83 0 n/an/a 0.08 5.663

lOx10E Assembly Class

1OxlOEOl SS 0.557 96 0.3940 1 0.0220 0.3430 83 4 0.3940 0.3500 0.08 5.663
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Table 6.2.2 (page I of 4)

PWR FUEL CHARACTERISTICS AND ASSEMBLY CLASS DEFINITIONS
(all dimensions are in inchs)

Numberof Guide Tube
Fuel Assembly Clad Number of Cladding Cladding Pellet Active Fuel Guide Guide Tube Guide Tube Thickness

Designation Material Pitch Fuel Rods OD Thickness Diameter Length Tubes OD ID

_________ ___ __ _ _14x14A Assembly Class _

l4x14A01 Zr 0.556 | 179 0.400 0.0243 0.3444 150 17 | 0.527 0.493 0.0170

14x14A02 Zr 0.5561 179 J 0.400 0.0243 0.3444 150 17 0.528 0.490 0.0190

14x14A03 T Zr 0.556 179 J 0.400 0.0243 0.3444 150 17 0.526 0.492 0.0170

14x14B Assembly Class

l4x14B01 Zr 0.556 179 0.422 0.0243 0.3659 150 17 0.539 0.505 0.0170

14xl4B.2 Zr 0.556 179 0.417 0.0295 0.3505 .150 17 0.541 . 0.507 0.0170

14xl4B03 Zr 0.556 179 0.424 0.0300 0.3565 150 17 0.541 0.507 0.0170

l4xl4BO4 Zr 0.556 179. 0.426 0.0310 0.3565 150 17 0.541 0.507 0.0170

_______ _____ __ ________ 4x1 4C A ssem bly C lass_ _ _ _ _

14x 14B04 Zr 0.580 176 0.440 0.02810 0.3765 150 5 0.51 1.035 0.0400

l4x14CO2 Zr Zr 10 17 0.440 0_ _ __ 0370280 11 11:3 00 8

14xl4D Assembly Class

14xl4D01 Ss 0.556 180 0.422 0.0165 0.3835 144 16 0.543 0.514 0.0145

. ~ ~~~~ !

. .~~~~
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Table 6.2.2 (page 2 of 4)
PWR FUEL CHARACTERISTICS AND ASSEMBLY CLASS DEFINITIONS

(all dimensions are in inches)

Number of Guide Tube
Fuel Assembly Clad Number of Cladding Cladding Pellet Active Fuel Guide Guide Tube Guide Tube Thickness

Designation Material Pitch Fuel Rods OD Thickness Diameter Length |_Tubes OD ID

14x 14E Assembly Class

14x 14EO t SS 0.453 162 0.3415 0.0120 0.313 102 0 n/a n/a n/a
and 3 0.3415 0.0285 0.280

0.411 8 0.3415 0.0200 0.297

14x14E02t SS 0.453 173 0.3415 0.0120 0.313 102 0 n/a n/a n/a
and

0.411

14x14E03t Ss 0.453 173 0.3415 0.0285 0.0280 102 0 n/a n/a n/a
and

0.411

15xI5A Assembly Class

15xl5AOl Zr 0.550 204 0.418 0.0260 0.3580 150 2 1 0.533 0.500 0.0165

t This is the fuel assembly used at Indian Point I (IP-1). This assembly is a 14x14 assembly with 23 fuel rods omitted to allow passage of control rods between
assemblies. It has a different pitch in different sections of the assembly, and different fuel rod dimensions in some rods.
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Table 6.2.2 (page 3 of 4)

PWR FUEL CHARACTERISTICS AND ASSEMBLY CLASS DEFINITIONS

(
(all dimensions are in inche

[ [ 0 I _ Number of _Guide Tube
Fuel Assembly Clad Number of Cladding Cladding Pellet Active Fuel Guide Guide Tube Guide Tube Thickness

Designation Material Pitch Fuel Rods OD Thickness Diameter Length Tubes OD
~~~ -. - . -

15x5B Assembly Class

ISx15B01 Zr 0.563 204 0.422 0.0245 0.3660 150 21 0.533 0.499 0.0170
l5x I 5B302 Zr 0.563 204 0.422 0.0245 0.3660 150 2 1 0.546 0.512 0.0170
15x15BO3 Zr 0.563 204 0.422 0.0243 0.3660 150 21 0.533 0.499 0.0170

15x15B034 Zr 0.563 204 0.422 0.0243 0.3659 150 21 0.545 0.515 0.0150

15xl5BO Zr 0.563 204 0.422 0.0242 0.3659 1S0 21 0.545 0.515 0.0150

15x15B06 Zr 0.563 204 0.420 0.0240 0.3671 150 21 0.544 (0.514 0.0150

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ l I 5 C A ssem b ly C lass _ _ _ _ __ _ _ _

15xl5C0 Zr 0.563 204 0.424 0.0300 0.3570 150 21 0.544 0.493 0.0255

15xI5C02 Zr 0.563 204 0.424 0.0300 0.3570 IS0 21 0.544 04.511 0.0165
15x15C03 Zr 0.563 204 0.424 0.0300 0.3565 150 21 0.544 0.511 0.0165

15xI5C04 Zr 0.563 204 0.417 0.0300 0.3565 150 21 | 0.544 | 0.511 | 0.0165

15x1 5D Assembly Class -_-_:

15x15D01 Zr 0.568 208 | 0.430 0.0265 0.3690 150 17 0.530 0.498 0.0160

15x15D02 Zr 0.568 208 0.430 0.0265 0.3686 150 17 0.530 0.498 0.0160

15x15D03 Zr 0.568 208 0.430 0.0265 0.3700 150 17 0.530 0.499 0.0155

15x15D04 Zr 0.568 208 0.430 0.0250 0.3735 150 17 0.530 0.500 0.0150

15xSE Assembly Class

15x15EO Zr 0.568 208- 0.428 0.0245 1 0.3707 150 17 0.528 0.500 0.0140

15xl5F Assembly Class

l5xl5FO | Zr 0.568 208 0.428 0.0230 | 0.3742 | 10 17 0.528 0.500 0.0140
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Table 6.2.2 (page 4 of 4)
PWR FUEL CHARACTERISTICS AND ASSEMBLY CLASS DEFINITIONS

(all dimensions are in inches)

Number of Guide Tube
Fuel Assembly Clad Number of Cladding Cladding Pellet Active Fuel Guide Guide Tube Guide Tube Thickness

Designation Material Pitch Fuel Rods OD Thickness Diameter Length Tubes OD ID

15x15G Assembly Class

l5xlSG01 SS 0.563 204 0.422 0.0165 | 0.3825 | 144 21 0.543 0.514 0.0145

l5xl5H Assembly Class

15xl5H01 Zr 0.568 208 0.414 0.0220 | 0.3622 | 150 17 0.528 0.500 0.0140

16x16A Assembly Class

16x16A01 Zr 0.506 236 J 0.382 0.0250 0.3255 | 150 J 5 0.980 | 0.900 0.0400

16x16A02 Zr 0.506 236 0.382 0.0250 0.3250 150 | 5 0.980 0.900 0.0400

17x1 7A Assembly Class

17x17A1 Z 0.496 264 0.360 0.0225 0.088 444 J 2S 04 4 0 _

17x17A021 Zr 0.496 264 j0.360 0.0225 0.3088 150 25 0.474 0.442 0.0160

17x17A032 Zr 0.496 264 0.360 0.0250 0.3030 150 25 0.480 0.448 0.0160

17x1 7B Assembly Class

17x17B01 Zr 0.496 264 0.374 0.0225 0.3225 150 25 0.482 0.450 0.0160

17x 1 7B02 Zr 0.496 264 0.374 0.0225 0.3225 150 25 0.474 0.442 0.0160

17x17B03 Zr 0.496 264 0.376 0.0240 0.3215 150 25 0.480 0.448 0.0160

17xl7B04 Zr 0.496 264 0.372 0.0205 0.3232 150 25 0.427 0.399 0.0140

17x17B05 Zr 0.496 264 0.374 0.0240 0.3195 150 25 0.482 0.450 0.0160

17xl7B06 Zr 0.496 264 0.372 0.0205 0.3232 150 25 0.480 0.452 0.0140

17xl 7C Assembly Class

17x17C01 Zr 0.502 264 0.379 0.0240 0.3232 150 | 25 0.472 0.432 0.0200

17x17C02 Zr 0.502 | 264 0.377 |_0.0220 |_0.3252 150 | 25 0.472 0.432 0.0200

I
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Table 6.2.3

REACTIVITY EFFECT OF ASSEMBLY PARAMETER VARIATIONS for BWR Fuel in the MPC-68
_________________________ ___________a dim ensions are in inches)
Fuel Assembly/ Parameter reactivity calculated standard cladding cladding cladding pellet water rod channel

Variation effect kff deviation OD ID thiklmess OD thickness thickness
-----------

8x8CO4 (GE8x8R) reference 0.9307 0.0007 0.483 0.419 0.032 0.410 0.030 0.100

increase pellet OD (+0.001) +0.0005 0.9312 0.0007 0.483 0.419 0.032 0.411 0.030 0.100

decrease pellet OD (-0.001) -0.0008 0.9299 0.0009 0.483 0.419 0 032 0.409 0.030 0.100

increase clad ID (+0.004) +0.0027 0.9334 0.0007 0.483 0.423 0.030 0,410 0.030 0.100

decrease clad ID (-0.004) -0,0034 0.9273 0.0007 0.483 0.415 0.034 0.410 0.030 0.100

increase clad OD (+0.004) -0.0041 0.9266 0.0008 0.487 0.419 0.034 0.410 0.030 0.100

decrease clad OD (-0.004) +0.0023 0.9330 0.0007 0.479 0.419 0.030 0.410 0.030 0.100

increase water rod -0.0019 0.9288 0.0008 0.483 0.419. 0.032 0.410 0.045 0.100
thickness (+0.015) _ _ _ _

decrease water rod +0.0001 0.9308 0.0008 0.483 0.419 0.032 0.410 0.015 0.100
thickness (-0. 015)

remove water rods +0.0021 0.9328 0.0008 0.483 0.419 0.032 0.410 0.000 0.100
(i.e., replace the water rod
tubes with water)

remove channel -0.0039 0.9268 0.0009 0.483- 0.419 0.032 0.410 0.030 0.000

increase channel thickness +0.0005 0.9312 0.0007 0.483 0.419 0.032 0.410 0.030 0.120
(+0020) _ - _

reduced active length -0.0007 0.9300 0.0007 0.483 0.419 0.032 0.410 0.030 0.100
(120 Inches) . ; . . .

reduced active length -0.0043 0.9264 0.0007 0.483 0.419 0.032 0.410 0.030 0.100
(90 Inches) . . - . ._._._. _ . -

I :

-

HI-STORM FSAR

REPORT HI-2002444

Proposed Rev. 2B

6.2-21



Table 6.2.4
REACTIVITY EFFECT OF ASSEMBLY PARAMETER VARIATIONS in PWR Fuel in the MPC 24 with 400ppm soluble boron concentration

(all dimensions are in inches)
Fuel Assembly/ Parameter reactivity calculated standard cladding Cladding cladding pellet guide tube

Variation effect kg deviation OD ID thickness OD thickness
l5x15F (15x15 B&W, 5.0% E) reference 0.9271 0.0005 0.4280 0.3820 0.0230 0.3742 0.0140

increase pellet OD (+0.001) -0.0008 0.9263 0.0004 0.4280 0.3820 0.0230 0.3752 0.0140

decrease pellet OD (-0.001) -0.0002 0.9269 0.0005 0.4280 0.3820 0.0230 0.3732 0.0140

increase clad ID (+0.004) +0.0040 0.9311 0.0005 0.4280 0.3860 0.0210 0.3742 0.0140

decrease clad ID (+0.004) -0.0033 0.9238 0.0004 0.4280 0.3780 0.0250 0.3742 0.0140
increase clad OD (+0.004) -0.0042 0.9229 0.0004 0.4320 0.3820 0.0250 0.3742 0.0 140

decrease clad OD (-0.004) +0.0035 0.9306 0.0005 0.4240 0.3820 0.0210 0.3742 0.0140

increase guide tube -0.0008 0.9263 0.0005 0.4280 0.3820 0.0230 0.3742 0.0180
thickness (+0.004)

decrease guide tube +0.0006 0.9277 0.0004 0.4280 0.3820 0.0230 0.3742 0.0100
thickness (-0.004)

remove guide tubes +0.0028 0.9299 0.0004 0.4280 0.3820 0.0230 0.3742 0.000
(i.e., replace the guide tubes
with water)

voided guide tubes -0.0318 0.8953 0.0005 0.4280 0.3820 0.0230 0.3742 0.0140
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Table 6.2.5

REACTIVITY EFFECT OF ASSEMBLY PARAMETER VARIATIONS in PWR Fuel in the MPC-32 with 2600ppm soluble boron concentration
(all dim ions are in inches)- _ -_-

Fuel Assembly/ Parameter r4activity calculated standard cladding cladding cladding pellet guide tube
Variation Ikffectkff deviation OD ID thickness OD thickness

15xl5F (15x15 B&W, 5.0% E) reference 0.9389 0.0004 0.4280 0.3820 0.0230 0.3742 0.0140

increase pellet OD (+0.001) 4-0.0019 0.9408 0.0004 0.4280 0.3820 0.0230 0.3752 0.0140

decrease pellet OD (-0.001) 0.0000 0.9389 0.0004 0.4280 0.3820 0.0230 0.3732 0.0140
increase clad ID (+0.004) ±0.0015 0.9404 0.0004 0.4280 0.3860 0.0210 0.3742 0.0140

decrease clad ID (0.004) -0.0015 0.9374 0.0004 0.4280 0.3780 0.0250 0.3742 0.0140

increase clad OD (0.004) -0.0002 0.9387 0.0004 0.4320 0.3820 0.0250 0.3742 0.0140

decrease clad OD (-0.004) +0.0007 0.9397 0.0004 0.4240 0.3820 0.0210 0.3742 0.0140

increase guide tube -0.0003 0.9387 0.0004 0.4280 0.3820 0.0230 0.3742 0.0180
thickness (+0.004)

decrease guide tube -0.0005 0.9384 0.0004 0.4280 0.3820 0.0230 0.3742 0.0100
thickness (-0.004)

remove guide tubes . 0005 0.9385 0.0004 0.4280 0.3820 0.0230 0.3742 0.000
(i.e., replace the guide tubes
with water) _ _ _ . . _

voided guide tubes +0.0039 0.9428 0.0004 0.4280 0.3820 0.0230 0.3742 0.0 140
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Table 6.2. 6
MAXIMUM KuF VALUES FOR THE 14X14A ASSEMBLY CLASS IN THE MPC-24

(all dimensions are in inches)

14xl4A (4.6% Enrichment, Rw&fied neutron absorber '0B minimum loading of 0.02 g/cm2)

179 fuel rods, 17 guide tubes, pitch=0.556, Zr clad

Fuel Assembly maximum kff calculated standard cladding cladding ID cladding pellet fuel guide tube
Designation kff deviation OD thickness OD length thickness

14x14A01 0.9295 0.9252 0.0008 0.400 0.3514 0.0243 0.3444 150 0.017

14x14A02 0.9286 0.9242 0.0008 0.400 0.3514 0.0243 0.3444 150 0.019

14xl4A03 0.9296 0.9253 0.0008 0.400 0.3514 0.0243 0.3444 150 0.017

Dimensions Listedfor 0.400 0.3514 0.3444 150 0.017
Authorized Contents (min.) (max.) (max.) (max.) (min.)

bounding dimensions 0.9296 0.9253 0.0008 0.400 0.3514 0.0243 0.3444 150 0.017
(14xL4A.3)

I
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Table 6.2.7

MAXIMUM KEFF VALUES FOR THE 14Xl4B ASSEMBLY CLASS IN THE MPC-24
(all dimensions are in inches)

14x14B (4.6% Enrichment, Beffled neutron absorber "RB minimum loading of 0.02 g/cm 2)

179 fuel rods, 17 guide tubes, pitch=0.556, Zr clad

Fuel Assembly maximum kff calculated standard cladding cladding ID cladding pellet fuel guide tube
Designation kff deviation OD thickness OD length thickness

14xl4B01 .0.9159 0.9117 0.0007 0.422 0.3734 . 0.0243 0.3659 150 0.017

14x14B02 0.9169 0.9126 0.0008 0.417 0.3580 0.0295 0.3505 150 0.017

l4x14B03 0.9110 0.9065 0.0009 0.424 0.3640 0.0300 0.3565 150 0.017

l4xl4B04 0.9084 0.9039 0.0009 0.426 0.3640 0.0310 0.3565 150 0.017

Dimensions Listedfor 0.417 0.3734 0.3659 150 0.017
Authorized Contents _ _ (min.) (max.) (max.) (max.) (min.)

bounding dimensions 0,9228 0.9185 0.0008 0.417 0.3734 0.0218 0.3659 150 0.017
(B14x14B001)

I
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Table 6.2.8
MAXIMUM KuF VALUES FOR THE 14X14C ASSEMBLY CLASS IN THE MPC-24

(all dimensions are in inches)

14x14C (4.6% Enrichment, BeEfixed neutron absorber |0B minimum loading of 0.02 g/cm2)

176 fuel rods, 5 guide tubes, pitch=0.580, Zr clad

Fuel Assembly maximum kff calculated standard cladding Cladding cladding pellet fuel guide tube
Designation kff deviation OD ID thickness OD length thickness

l4x14C01 0.9258 0.9215 0.0008 0.440 0.3840 0.0280 0.3765 ISO 0.040

l4xl4C02 0.9265 0.9222 0.0008 0.440 0.3840 0.0280 0.3770 150 0.040

l4x14C03 0.9287 0.9242 0.0009 0.440 0.3880 0.0260 0.3805 150 0.038

Dimensions Listedfor 0.440 0.3880 0.3805 150 0.038
Authorized Contents . (min.) (max.) (max.) (max.) (min.)

bounding dimensions 0.9287 0.9242 0.0009 0.440 0.3880 0.0260 0.3805 150 0.038
(14x14C03)

I
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Table 6.2.9

MAXIMUM KuF VALUES FOR THE 14Xl4D ASSEMBLY CLASS IN THE MPC-24
(all dimensions are in inches)

14x14D (4.0%/O Enrichment, Beiafixed neutron absorber '0B minimum loading of 0.02 glcm2)

180 fuel rods, 16 guide tubes, pitch=0.556, SS clad

Fuel Assembly maximum ky !calculated standard cladding Cladding cladding pellet fuel guide tube
Designation kff deviation OD ID thickness OD length thickness

14x14D01 0.8507 0.8464 0.0008 0.422 0.3890 0.0165 0.3835 144 0.0145

Dimensions Listedfor 1 0.422 0.3890 0.3835 1144 0.0145
Authorized Contents | _ l | (min.) | (max.) J (max.) (max.) (min.)

I

I 
i

I
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Table 6.2.10
MAXIMUM KE" VALUES FOR THE 14X14E ASSEMBLY CLASS IN THE MPC-24

(all dimensions are in inches)
14x14E (5.0% Enrichment, Beralfuved neutron absorber 0B minimum loading of 0.02 g/cm2)

173 fuel rods, 0 guide tubes, pitch=0.453 and 0.441, SS cladt

Fuel Assembly maximum kff calculated standard cladding cladding ID cladding pellet fuel guide tube
Designation kff deviation OD thickness OD lengthtt thickness

14xl4E01 0.7598 0.7555 0.0008 0.3415 0.3175 0.0120 0.3130 102 0.0000
0.2845 0.0285 0.2800
0.3015 0.0200 0.2970

14x14E02 0.7627 0.7586 0.0007 0.3415 0.3175 0.0120 0.3130 102 0.0000

l4x14E03 0.6952 0.6909 0.0008 0.3415 0.2845 0.0285 0.2800 102 0.0000

Dimensions Listedfor 0.3415 0.3175 0.3130 102 0.0000
Authorized Contents (min.) (max.) (max.) (max.) (min.)

Bounding dimensions 0.7627 0.7586 0.0007 0.3415 0.3175 0.0120 0.3130 102 0.0000
(14x14E02)

I

t This is the IP- I fuel assembly at Indian Point. This assembly is a 14x 14 assembly with 23 fuel rods omitted to allow passage of control rods between
assemblies. Fuel rod dimensions are bounding for each of the three types of rods found in the IP-1 fuel assembly.

Calculations were conservatively performed for a fuel length of 150 inches.
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Table 6.2.11

MAXIMUM Ke, VALUES FOR THE 1 5X1 SA ASSEMBLY CLASS IN THE MPC-24
(all dimensions are in inches)

15xl5A (4.1% Enrichment, aerfegfxed neutron absorber 'IB minimum loading of 0.02 g/em2)

204 fuel rods, 21 guide tubes, pitch=0.550, Zr clad

Fuel Assembly maximum kff calculated standard cladding cladding ID cladding pellet fuel guide tube
Designation kff deviation OD thickness OD length thickness

1xl5AOl 0.9204 0.9159 0.0009 0.418 0.3660 0.0260 0.3580 150 0.0165

Dimensions Listedfor 0.4181 0.3660 1 0.3580 150 0.0165
Authorized Contents _ (mmn.) (max.) (max.) (max.) (mi.)

I
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Table 6.2.12
MAXIMUM Km VALUES FOR THE 5X15B ASSEMBLY CLASS IN THE MPC-24

(all dimensions are in inches)

15x 1 5B (4.1 % Enrichment, Beljixed neutron absorber 0B minimum loading of 0.02 g/cm2)

204 fuel rods, 21 guide tubes, pitch=0.563, Zr clad

Fuel Assembly maximum kffr calculated standard cladding cladding ID cladding pellet fuel guide tube
Designation kff deviation OD thickness OD length thickness

l5xl5B01 0.9369 0.9326 0.0008 0.422 0.3730 0.0245 0.3660 150 0.017

15xl5B02 0.9338 0.9295 0.0008 0.422 0.3730 0.0245 0.3660 150 0.017

l5xl5B03 0.9362 0.9318 0.0008 0.422 0.3734 0.0243 0.3660 150 0.017

l5xl5B04 0.9370 0.9327 0.0008 0.422 0.3734 0.0243 0.3659 150 0.015

15xl 5B05 0.9356 0.9313 0.0008 0.422 0.3736 0.0242 0.3659 150 0.015

l5xl5B06 0.9366 0.9324 0.0007 0.420 0.3720 0.0240 0.3671 150 0.015

Dimensions Listedfor 0.420 0.3736 100.3671 150 0.015
Authorized Contents (min.) (max.) (max.) (max.) (min.)

bounding dimensions 0.9388 0.9343 0.0009 0.420 0.3736 0.0232 0.3671 150 0.015
(B15x15BO1)

I
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Table 6.2.13

MAXIMUM KEFF VALUES FOR THE 15X15C ASSEMBLY CLASS IN THE MPC-24
(all dimensions are in inches)

15x15C (4.1% Enrichment, Refifixedneutron absorber 'B minimum loading of 0.02 g/cm2)

204 fuel rods, 21 guide tubes, pitch=0.563, Zr clad

Fuel Assembly maximum kcalculated standard cladding cladding ID cladding pellet fuel guide tube
Designation deviation OD thickness OD length thickness

l5xl5C01 0.9255 0.9213 0.0007 0.424 0.3640 0.0300 0.3570 150 0.0255

15xl5C02 0.9297 0.9255 0.0007 0.424 0.3640 0.0300 0.3570 150 0.0165

15x15C03 0.9297 0.9255 0.0007 0.424 0.3640 0.0300 0.3565 150 0.0165

15xl5C04 0.9311 0.9268 0.0008 0.417 0.3570 0.0300 0.3565 150 0.0165

Dimensions Listedfor 0.417 0.3640 0.3570 150 0.0165
Authorized Contents | (min.) (max.) j (max.) (max.) (mi.)

bounding dimensions 0.9361 0.9316 0.0009 0.417 0.3640 0.0265 0.3570 150 0.0165
(Bl5xl5C01). || | 
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Table 6.2.14
MAXIMUM KEFF VALUES FOR THE 15X15D ASSEMBLY CLASS IN THE MPC-24

(all dimensions are in inches)

1 5x 5D (4. 1% Enrichment, Berafixed neutron absorber B minimum loading of 0.02 g/cm2)

208 fuel rods, 17 guide tubes, pitch=0.568, Zr clad

Fuel Assembly maximum kff calculated standard cladding cladding ID cladding pellet fuel guide tube
Designation kff deviation OD thickness OD length thickness

15x15D0l 0.9341 0.9298 0.0008 0.430 0.3770 0.0265 0.3690 150 0.0160

15x15D02 0.9367 0.9324 0.0008 0.430 0.3770 0.0265 0.3686 150 0.0160

15x15D03 0.9354 0.9311 0.0008 0.430 0.3770 0.0265 0.3700 150 0.0155

l5x15D04 0.9339 0.9292 0.0010 0.430 0.3800 0.0250 0.3735 150 0.0150

Dimensions Listedfor 0.430 0.3800 0.3735 150 0.0150
Authorized Contents (min.) (max.) _ (max.) (max.) (min.)

bounding dimensions 0.9339t 0.9292 0.0010 0.430 0.3800 0.0250 0.3735 150 0.0150
(15xl5D04)

I

t The kffvalue listed for the 5xI5D02 case is higher than that for the case with the bounding dimensions. Therefore, the 0.9367 (l5xl5D02)
value is listed in Table 6.1.1 as the maximum.
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Table 6.2.15

MAXIMUM Ke7 VALUES FOR THE 15X I 5E ASSEMBLY CLASS IN THE MPC-24
(all dimensions are in inches)

(

I 5x1 SE (4.1% Enrichment, Beinifixed neutron absorber 108 minimumn loading of 0.02 g/cm2)

208 fuel rods, 17 guide tubes, pitch 40.568, Zr clad

Fuel Assembly maximum kff calculated standard cladding cladding ID cladding pellet fuel guide tube
Designation kfr deviation OD thickness j OD length thickness

15x15E01 0.9368 0.9325 0.0008 - 0.428 0.3790 0.0245 J 0.3707 150 0.0140

Dimensions Listedfor | 0.428 00.3790 0.3707 | 150 | 0.0140
Authorized Contents | l l (min.) | (max.) | | (max.) j (max.) j (min.)

I

I

j

; .,~~~~~~~~~ 1. .1 . ii
6
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Table 6.2.16
MAXIMUM KEFF VALUES FOR THE 15X15F ASSEMBLY CLASS IN THE MPC-24

(all dimensions are in inches)

15xl5F (4.1% Enrichment, Bolfred neutron absorber 10B minimum loading of 0.02 g/cm2)

208 fuel rods, 17 guide tubes, pitch=0.568, Zr clad

Fuel Assembly maximum k~ff calculated standard cladding cladding ID cladding pellet fuel guide tube
Designation kff deviation OD thickness OD length thickness

I5xl5F0l 0.9395t 0.9350 0.0009 0.428 0.3820 0.0230 0.3742 150 0.0140

Dimensions Listedfor I T T l 0.428 0.3820 0.3742 150 0.0140
Authorized Contents |l_(min.) (ma x._) ) (max.) (max.) (min.)

I

I

t - KENOSa verification calculation resulted in a maximum kff of 0.9383.
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Table 6.2.17

MAXIMUM KEn VALUES FOR THE 15X15G ASSEMBLY CLASS IN THE MPC-24
(all dimensions are in inches)

15x15G (4.0% Enrichment, BeR*4fixed neutron absorber B minimum loading of 0.02 g/cm2)

204 fuel rods, 21 guide tubes, pitch=0.563, SS clad

Fuel Assembly maximum kff calculated standard cladding cladding ID cladding pellet fuel jguide tube
Designation kff deviation OD thickness OD length thickness

15x15G01 0.8876 0.8833 0.0008 0.422 0.3890 0.0165 0.3825 144 0.0145

Dimensions Listedfor I 0.422 0.3890 | 0.3825 144 0.0145
Authorized Contents_ . (min.) (max.) (max.) (max.) (min.)

I

.~ ~ ~ ~ ~ ~ ~~~~~~~~~
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Table 6.2.18
MAXIMUM KfFF VALUES FOR THE 15X15H ASSEMBLY CLASS IN THE MPC-24

(all dimensions are in inches)
15xI5H (3.8% Enrichment, Be^dflxed neutron absorber 0B minimum loading of 0.02 g/cm 2)

208 fuel rods, 17 guide tubes, pitch=0.568, Zr clad

Fuel Assembly maximum kff calculated standard cladding cladding ID cladding pellet fuel guide tube
Designation deviation OD thickness OD length thickness
15x15H01 0.9337 0.9292 0.0009 0.414 0.3700 0.0220 0.3622 150 0.0140

Dimensions Listedfor | 1 1 0.414 0.3700 0.3622 | 150 0.0140
Authorized Contents (min.) I (max.) (max.) (max.) (min.)

I
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Table 6.2.19

MAXIMUM Keel VALUES FOR THE 16X16A ASSEMBLY CLASS IN THE MPC-24
(all dimensions are in inches)

16x16A (4.6% Enrichment, Remified neutron absorber 10B minimum loading of 0.02 g/cm2)

236 fuel rods, 5 guide tubes, pitch=0.506, Zr clad
I

Fuel Assembly maximum kff calculated standard cladding cladding ID cladding pellet fuel guide tube
Designation kff deviation OD thickness OD length thickness

16x16A01 0.9287 0.9244 0.0008 0.382 0.3320 0.0250 0.3255 150 0.0400

16x16A02 0.9263 0.9221 0.0007 0.382 0.3320 0.0250 0.3250 150 0.0400

Dimensions Listedfor 0.382 0.3320 0.3255 150 0.0400
Authorized Contents (mn.) (max.) (max.) (max.) (min.)

bounding dimensions 0.9287 0.9244 0.0008 0.382 0.3320 0.0250 0.3255 150 0.0400
(16x16A01)

. i

- i
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Table 6.2.20
MAXIMUM KEF VALUES FOR THE 17X17A ASSEMBLY CLASS IN THE MPC-24

(all dimensions are in inches)

17x17A (4.0% Enrichment, Befived neutron absorber '0B minimum loading of 0.02 g/cm2)

264 fuel rods, 25 guide tubes, pitch=0.496, Zr clad
I

Fuel Assembly maximum kff calculated standard cladding cladding ID cladding pellet fuel guide tube
Designation keff deviation OD thickness OD length thickness

117IIA01 .0.9368 0.935 008 046Q 0.310 0.0225 088 444 0.46

17xl7A021 0.9368 0.9325 0.0008 0.360 0.3150 0.0225 0.3088 150 0.016

17x17A0DX2 0.9329 0.9286 0.0008 0.360 0.3100 0.0250 0.3030 150 0.016

Dimensions Listedfor 0.360 0.3150 0.3088 150 0.016
Authorized Contents ___ (min.) (max.) (rn_(max.) (max.) (mim.)

bounding dimensions 0.9368 0.9325 0.0008 0.360 0.3150 0.0225 0.3088 150 0.016
(17xl 7A021)

I

I
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Table 6.2.21

MAXIMUM KEF VALUES FOR THE 17X17B ASSEMBLY CLASS IN THE MPC-24
(all dimensions are in inches)

17x1 7B (4.00c Enrichment, BenAfixed neutron absorber 10B minimum loading of 0.02 g/cm2)

264 fuel rods, 25 guide tubes, pitch=0.496, Zr clad

c

Fuel Assembly maximumn kff calculated standard Cladding cladding ID cladding pellet fuel guide tube

Designation kff deviation OD thickness OD length thickness

17x17B01 0.9288 0.9243 0.0009 0.374 0.3290 0.0225 0.3225 150 0.016

17xl7B02 0.9290 0.9247 0.0008 0.374 0.3290 0.0225 0.3225 150 0.016

17xl7B03 0.9243 0.9199 0.0008 0.376 0.3280 0.0240 0.3215 150 0.016

17xl7B04 0.9324 0.9279 0.0009 0.372 0.3310 0.0205 0.3232 150 0.014

17x17B0S 0.9266 0.9222 0.0008 0.374 0.3260 0.0240 0.3195 150 0.016

l7x17B06 0.9311 0.9268 0.0008 0.372 0.3310 0.0205 0.3232 150 0.014

Dimensions Listedfor 0.372 0.3310 0.3232 150 0.014

Authorized Contents (min.) (max.) (max.) (max.) (min.)

bounding dimensions 0.931 It 0.9268 0.0008 0.372 0.3310 0.0205 0.3232 150 0.014
(17x17B06) -

: I ., I

The kffvalue listed for the 17x17B04 case is higher than that for the case with the bounding dimensions. Therefore, the 0.9324 (17x 171304)

value is listed in Table 6.1.1 as the maximum. - - -
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Table 6.2.22
MAXIMUM KUFF VALUES FOR THE 17X17C ASSEMBLY CLASS IN THE MPC-24

(all dimensions are in inches)
17x17C (4.0% Enrichment, Be ixed neutron absorber '0B minimum loading of 0.02 g/cm2)

264 fuel rods, 25 guide tubes, pitch=0.502, Zr clad

Fuel Assembly maximum kf calculated standard cladding cladding ID cladding pellet fuel guide tube
Designation kff deviation OD thickness OD length thickness

l7xl7C01 0.9293 0.9250 0.0008 0.379 0.3310 0.0240 0.3232 150 0.020

l7xl7C02 0.9336 0.9293 0.0008 0.377 0.3330 0.0220 0.3252 150 0.020

Dimensions Listedfor 0.377 0.3330 0.3252 150 0.020
Authorized Contents (min.) (max.) (max.) (max.) (min.)

bounding dimensions 0.9336 0.9293 0.0008 0.377 0.3330 0.0220 0.3252 150 0.020
(17x17CO2)

I
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Table 6.2.23

MAXIMUM KeF VALUES FOR THE 7X7B ASSEMBLY CLASS IN THE MPC-68 and MPC-68FF
(all dimensions are in inches)

7x7B (4.2% Enrichment, Befalfxed neutron absorber 10B minimum loading of 0.0279 g/cm2)

49 fuel rods, 0 water rods, pitch-0.738, Zr clad

Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet OD fuel water rod channel
Designation kff kff deviation OD thickness length thickness thickness

7x7B01 0.9372 0.9330 0.0007 0.5630 0.4990 0.0320 0.4870 150 n/a 0.080

7x7B02 0.9301 0.9260 0.0007 0.5630 0.4890 0.0370 0.4770 150 n/a 0.102

7x7B03 0.9313 0.9271 0.0008 0.5630 0.4890 0.0370 0.4770 150 n/a 0.080

7x7B04 0.9311 0.9270 0.0007 0.5700 0.4990 0.0355 0.4880 150 n/a 0.080

7x7B05 0.9350 0.9306 0.0008 0.5630 0.4950 0.0340 0.4775 150 n/a 0.080

7x7BO6 0.9298 0.9260 0.0006 0.5700 0.4990 0.0355 0.4910 150 n/a 0.080

Dimensions Listedfor 0.5630 0.4990 0.4910 150 n/a 0.120
Authorized Contents (min.) (max.) (max.) (max.) (max.)

bounding dimensions 0.9375 0.9332 0.0008 0.5630 0.4990 0.0320 0.4910 150 n/a 0.102
(B7x7BOI)

bounding dimensions with 0.9386 0.9344 0.0007 0.5630 0.4990 0.0320 0.4910 150 n/a 0.120
120 mil channel

(B7x7B02) ,

I

I
lIa. 

I 

.. I I 

.

i
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Table 6.2.24
MAXIMUM KEFF VALUES FOR THE 8X8B ASSEMBLY CLASS IN THE MPC-68 and MPC-68FF

(all dimensions are in inches)

8x8B (4.2% Enrichment, BeFaixed neutron absorber '0B minimum loading of 0.0279 g/cm2 )

63 or 64 fuel rodst, 1 or 0 water rodst, pitcht = 0.636-0.642, Zr clad
I

Fuel Assembly maximum calculated standard Fuel rods cladding cladding cladding pellet OD fuel water rod channel
Designation kff kff deviation Pitch OD ID thickness length thickness thickness

8x8B01 0.9310 0.9265 0.0009 63 0.641 0.4840 0.4140 0.0350 0.4050 150 0.035 0.100

8x8BO2 0.9227 0.9185 0.0007 63 0.636 0.4840 0.4140 0.0350 0.4050 150 0.035 0.100

8x8B03 0.9299 0.9257 0.0008 63 0.640 0.4930 0.4250 0.0340 0.4160 150 0.034 0.100

8x8B04 0.9236 0.9194 0.0008 64 0.642 0.5015 0.4295 0.0360 0.4195 150 n/a 0.100

Dimensions Listedfor 63 or 64 0.636- 0.4840 0.4295 0.4195 150 0.034 0.120
Authorized Contents _0.642 (min.) (max.) (max.) (max.) (max.)

bounding (pitch=0.636) 0.9346 0.9301 0.0009 63 0.636 0.4840 0.4295 0.02725 0.4195 150 0.034 0.120
(B8x8BOl)

bounding (pitch=0.640) 0.9385 0.9343 0.0008 63 0.640 0.4840 0.4295 0.02725 0.4195 150 0.034 0.120
(B8x8B02)

bounding (pitch=0.642) 0.9416 0.9375 0.0007 63 0.642 0.4840 0.4295 0.02725 0.4195 150 0.034 0.120
(B8x8B03)

t This assembly class was analyzed and qualified for a small variation in the pitch and a variation in the number of fuel and water rods.
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Table 6.2.25

MAXIMUM KEFP VALUES FOR THE 8X8C ASSEMBLY CLASS IN THE MPC-68 and MPC-68FF
(all dimensions are in inches)

8x8C (4.2% Enrichment, Reefied neutron absorber '0B minimum loading of 0.0279 g/cm2)

62 fuel rods, 2 water rods, pitch = 0.636-0.641, Zr clad

Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet fuel water rod channel
Designation k____ kf deviation pitch OD thickness OD length thickness thickness

8x8C0 _ 0.9315 0.9273 0.0007 0.641 0.4840 0.4140 0.0350 0.4050 150 0.035 0.100

8x8C02 0.9313 0.9268 0.0009 0.640 0.4830 0.4190 0.0320 0.4100 150 0.030 0.000
8x8C03 0.9329 0.9286 0.0008 0.640 0.4830 0.4190 0.0320 0.4100 150 0.030 0.800
8x8C04 0.9348 0.9307 0.0007 0.640 0.4830 0.4190 0.0320 0.4100 150 0.030 0.100

8x8C05 0.9353 0.9312 0.0007 0.640 0.4830 0.4190 0.0320 0.4100 150 0.030 0.120
8x8C06 0.9353, 0.9312 0.0007 0.640 0.4830 0.4190 0.0320 0.4110 150 0.030 0.100
8x8C07 0.9314 0.9273 0.0007 0.640 0.4830 0.4150 0.0340 0.4100 150 0.030 0.100
8x8C08 0.9339 0.9298 0.0007 0.640 0.4830 0.4190 0.0320 0.4100 150 0.034 0.100
8x8C09 0.9301 0.9260 0.0007 0.640 0.4930 0.4250 0.0340 0.4160 150 0.034 0.100
8x8C0 0.9317. 0.9275 0.0008 0.640 0.4830 0.4150 0.0340 0.4106 150 0.030 0.120
8x8C10 0.9328 0.9287 0.0007 0.640 -0.4830 0.4150 0.0340 0.4100 150 0.030 0.120
8x8C12 0.9285 - 0.9242 0.0008 0.636 0.4830 0.4190 0.0320 0.4110 150 0.030 0.120

Dimensions Listedfor 0.636- 0.4830 0.4250 0.4160 150 0.000 0.120
Authorized Contents ._.:_. _ 0.641 (min.) (max.) (max.) (max.) (min.) (max.)

bounding (pitch=0.636) 0.9357 0.93 13 0.0009 0.636 0.4830 0.4250 0.0290 0.4160 150 0.000 0.120
(B8x8COI)^ _ __ _ , _ _ 

bounding (pitch=0.640) 0.9425 0.9384 0.0007 0.640 0.4830, 0.4250 0.0290 0.4160 150 0.000 0.120
(B8x8C02)

Bounding (pitch=0.641) 0.9418 0.9375 0.0008 0.641 0.4830 0.4250 0.0290 0.4160 150 0.000 0.120
(B8x8C03) _ : _

t This assembly class was analyzed and qualified for a small variation in the pitch.
tt ; KENO5a verification calculation resulted in a maximum lrff of 0.9343.

I

I 
;
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Table 6.2.26
MAXIMUM KaFp VALUES FOR THE 8X8D ASSEMBLY CLASS IN THE MPC-68 and MPC-68FF

(all dimensions are in inches)

8x8D (4.2% Enrichment, Dweffixedneuiron absorber 0B minimum loading of 0.0279 g/cm2)

60-61 fuel rods, 1-4 water rodst, pitch=0.640, Zr clad

Fuel Assembly maximum calculated standard Cladding cladding ID cladding pellet fuel water rod channel
Designation kff kff deviation OD thickness OD length thickness thickness

8x8D0l 0.9342 0.9302 0.0006 0.4830 0.4190 0.0320 0.4110 150 0.03/0.025 0.100

8x8D02 0.9325 0.9284 0.0007 0.4830 0.4190 0.0320 0.4110 150 0.030 0.100

8x8D03 0.9351 0.9309 0.0008 0.4830 0.4190 0.0320 0.4110 150 0.025 0.100

8x8D04 0.9338 0.9296 0.0007 0.4830 0.4190 0.0320 0.4110 150 0.040 0.100

8x8D05 0.9339 0.9294 0.0009 0.4830 0.4190 0.0320 0.4100 150 0.040 0.100

8x8D06 0.9365 0.9324 0.0007 0.4830 0.4190 0.0320 0.4110 150 0.040 0.120

8x8D7 0.9341 0.9297 0.0009 0.4830 0.4190 0.0320 0.4110 1S0 0.040 0.080

8x8D08 0.9376 0.9332 0.0009 0.4830 0.4230 0.0300 0.4140 150 0.030 0.080

Dimensions Listedfor 0.4830 0.4230 0.4140 150 0.000 0.120
Authorized Contents (min.) (max.) (max.) (max.) (min.) (max.)

bounding dimensions 0.9403 0.9363 0.0007 0.4830 0.4230 0.0300 0.4140 150 0.000 0.120
(B8x8D1)

I

t Fuel assemblies 8x8D0l through 8x8D03 have 4 water rods that are similar in size to the fuel rods, while assemblies 8x8D04 through 8x8D07 have I
large water rod that takes the place of the 4 water rods. Fuel assembly 8x8D08 contains 3 water rods that are similar in size to the fuel rods.
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Table 6.2.27

MAXIMUM KeFF VALUES FOR THE 8X8E ASSEMBLY CLASS IN THE MPC-68 and MPC-68FF
(all dimensions are in inches)

8x8E (4.2% Enrichment, Beifixed neutron absorber '0B minimum loading of 0.0279 g/cm2)

59 fuel rods, 5 water rods, pitch=0.640, Zr clad

Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet fuel water rod channel
Designation kdf kff deviation OD thickness OD length thicknessithickness

8x8E01 0.9312 0.9270 0.0008 0.4930 0.4250 0.0340 0.4160 150 0.034 0.100

Dimensions Listedfor | 1 0.4930 1 0.4250 10.4160 150 0.034 0.100
Authorized Contents { jl_{_(min.) (max.) J j (max.) I (max.) (min.) j (max.)

I
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Table 6.2.28
MAXIMUM KG VALUES FOR THE 8X8F ASSEMBLY CLASS IN THE MPC-68 and MPC-68FF

(all dimensions are in inches)
8x8F (4.00/h Enrichment, Beffixed neutron absorber '0B minimum loading of 0.0279 g/cm2)

64 fuel rods, 4 rectangular water cross segments dividing the assembly into four quadrants, pitch=0.609, Zr clad

Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet fuel water rod channel
Designation kcff kf deviation OD thickness OD length thickness thickness

8x8F0l 0.9411 0.9366 0.0009 0.4576 0.3996 0.0290 0.3913 150 0.0315 0.055

Dimensions Listedfor 0.3996 0.3913 150 0.0315 0.055
Authorized Contents | | . | | (min.) | a | (max.) |_(max.) |_ (min.) (max.)Authorized Contents I j J j (max.) (. max.)

I
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Table 6.2.29

MAXIMUM KE" VALUES FOR THE 9X9A ASSEMBLY CLASS IN THE MPC-68 and MPC-68FF
. (all dimensions are in inches)

9x9A (4.2% Enrichment, femlyfied neutron absorber "'B minimum loading of 0.0279 g/cm2)

74/66 fuel rodst, 2 water rods, pitch-0.566, Zr clad

Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet- fuel water rod channel
Designation kf kLff deviation OD thickness OD length thickness thickness

9x9AO1 0.9353 0.9310 0.0008 0.4400 0.3840 0.0280 0.3760 150 0.030 0.100
(axial segment with all

rods) 

9x9A02 0.9388 0.9345 0.0008 0.4400 0.3840 0.0280 0.3760 150 0.030 0.100
(axial segment with only

the full length rods)

9x9A03 0.9351 0.9310 0.0007 0.4400 0.3840 0.0280 0.3760 150/90 0.030 0.100
(actual three-dimensional
representation of all rods)

9x9A04 0.9396 0.9355 0.0007 0.4400 0.3840 0.0280 0.3760 150 0.030 0.120
(axial segment with only

the full length rods) _

Dimensions Listedfor - 0.4400 0.3840 0.3760 150 0.000 0.120
Authorized Contents . (min.) (max.) (max.) (max.) (min.) (max.)

I

I
bounding dimensions

(axial segment with only
the fill length rods)

- (B9x9AO1)

0.9417 0.9374 0.0008 0.4400 0.3840 0.0280 0.3760 150 0.000 0.120

. - i - .- a - - - . . .

t This assembly class contains 66 full length rods and 8 partial length rods. In order to eliminate a requirement on the length of the partial length rods,
separate calculations were performed for the axial segments with and without the partial length rods.
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Table 6.2.30
MAXIMUM KEw VALUES FOR THE 9X9B ASSEMBLY CLASS IN THE MPC-68 and MPC-68FF

(all dimensions are in inches)

9x9B (4.2% Enrichment, Do~~fied neutron absorber '0B minimum loading of 0.0279 g/cm2)

72 fuel rods, I water rod (square, replacing 9 fuel rods), pitch-O.569 toO0.572t, Zr clad

Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet fuel water rod channel
Designation kff kff deviation pitch OD thickness OD length thickness thickness

9x9B0l 0.9380 0.9336 0.0008 0.569 0.4330 0.3807 0.0262 0.3737 150 0.0285 0.100

9x9B02 0.9373 10.9329 0.0009 0.569 0.4330 10.3810 0.0260 0.3737 150 0.0285 0.100

9x9B03 0.9417 f0.9374 0.0008 0.572 0.4330 10.3810 0.0260 0.3737 150 0.0285 0.100

Dimensions Listedfor 10.572 0.4330 0.3810 0.3740 150 0.000 0.120
Authorized Contents __________I(min.) (max.) j(max.) (max.) (min.) (max.)

bounding dimensions 0.9436 .0.9394 0.0008 0.572 0.4330 0.3810 0.0260 0.3740tt 150 0.000 0.120
(B 9_ _ _ _ _ _ _ _ J _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ )-

I

This assembly class was analyzed and qualified for a small variation in the pitch.

tt -This value was conservatively defined to be larger than any of the actual pellet diameters.
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Table 6.2.31

MAXIMUM KEn VALUES FOR THE 9X9C ASSEMBLY CLASS IN THE MPC-68 and MPC-68FF
(all dimensions are in inches)

9x9C (4.2% Enrichment, Befelfixed neutron absorber 0B minimum loading of 0.0279 g/cm2)

80 fuel rods, I water rods, pitch=0.572, Zr clad

Fuel Assembly maximum calculated standard cladding claddingID cladding pellet fuel water rod channel
Designation kff kty deviation OD thickness OD length thickness thickness

9x9C01 0.9395 0.9352 0.0008 0.4230 J 0.3640 0.0295 0.3565 150 0.020 0.100

Dimensions Listedfor I 1 0.4230 0.3640 I 10.3565 150 0.020 0.100

Authorized Contents II Il (min.) (max.) I (max.) I (max.) | (min.) (max.)

I

.. . ..

f

.;
. .

.. .
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Table 6.2.32
MAXIMUM KEFF VALUES FOR THE 9X9D ASSEMBLY CLASS IN THE MPC-68 and MPC6$FF

(all dimensions are in inches)
9x9D (4.2% Enrichment, Bereixed neutron absorber 10B minimum loading of 0.0279 g/cm2)

79 fuel rods, 2 water rods, pitch=0.572, Zr clad

Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet fuel water rod channel
Designation kff kff deviation OD thickness OD length thickness thickness

9x9D0l 0.9394 0.9350 j 0.0009 0.4240 0.3640 0.0300 0.3565 150 0.0300 0.100

Dimensions Listedfor | 0.4240 0.3640 0.3565 |150 ( 0.0300 | 0.100
Authorized Contents _____j____ _____j(i) (max.) ____ (max.) (max.)J (mini.)j (max.)

I
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Table 6.2.33

MAXIMUM KEFF VALUES FOR THE 9X9E ASSEMBLY CLASS IN THE MPC-68 and MPC-68FF

C

(all dimensions are in inches)

9x9E (4.0% Enrichment, Beiflxed neutron absorber nB minimm loading of 0.0279 g/cm2)

76 fuel rods, 5 water rods, pitch=0.572, Zr clad

Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet fuel water rod channel
Designation kff kff deviation OD thickness OD length thickness thickness

9x9E01 0.9334 0.9293 0.0007 0.4170 0.3640 0.0265 0.3530 150 0.0120 0.120

9x9E02 0.9401 0.9359 0.0008 0.4170 0.3640 0.0265 0.3530 150 0.0120 0.120
0.4430 0.3860 0.0285 0.3745

Dimensions Listedfor 0.4170 0.3640 0.3530 150 0.0120 0.120
Authorized Contentst (min.) (max.) (max.) (max.) (min.) (max.)

bounding dimensions 0.9401 0.9359 0.0008 0.4170 0.3640 0.0265 0.3530 150 0.0120 0.120
(9x9EO2) 0.4430 0.3860 0.0285 0.3745

i~~~~~.....

I

This fuel assembly, also known as SPC 9x9-5, contains fuel rods with different cladding and pellet diameters which do not bound each other. To be
consistent in the way fuel assemblies are listed in the Certificnte of Compli64ofor the authorized contents, two assembly classes (9x9E and 9x9F) are
required to specify this assembly. Each class contains the actual geometry (9x9E02 and 9x9F02), as well as a hypothetical geometry with either all small rods
(9x9E0l).or all large rods (9x9F01). The Ccrtifioote of Oompliftne Authorized Contents lists the small rod dimensions for class 9x9E and the large rod
dimensions for class 9x9F, and a note that both classes are used to qualify the assembly. The analyses demonstrate that all configurations, including the actual
geometry, are acceptable.

I

I
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Table 6.2.34
MAXIMUM KwF VALUES FOR THE 9X9F ASSEMBLY CLASS N THE MPC-68 and MPC-68FF

(all dimensions are in inches)

9x9F (4.0°/. Enrichment, BefafJixed neutron absorber '0B minimum loading of 0.0279 g/cm2)

76 fuel rods, 5 water rods, pitch=0.572, Zr clad

Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet fuel water rod channel
Designation kff _ ka deviation OD thickness OD length thickness thickness

9x9F0l 0.9307 0.9265 0.0007 0.4430 0.3860 0.0285 0.3745 150 0.0120 0.120

9x9F02 0.9401 0.9359 0.0008 0.4170 0.3640 0.0265 0.3530 150 0.0120 0.120

0.4430 0.3860 0.0285 0.3745

Dimensions Listedfor 0.4430 0.3860 0.3745 150 0.0120 0.120
Authorized Contentst (min.) (max.) (max.) (max.) (min.) (max.)

bounding dimensions 0.9401 0.9359 0.0008 0.4170 0.3640 0.0265 0.3530 150 0.0120 0.120
(9x9F02) 0.4430 0.3860 0.0285 0.3745

- _- -

I

t This fuel assembly, also known as SPC 9x9-5, contains fuel rods with different cladding and pellet diameters which do not bound each other. To be
consistent in the way fuel assemblies are listed in the Cortificate of Compliancofor the authorized contents, two assembly classes (9x9E and 9x9F) are
required to specify this assembly. Each class contains the actual geometry (9x9E02 and 9x9F02), as well as a hypothetical geometry with either all small rods
(9x9E01) or all large rods (9x9FO1). Th Cztifioatc of Czmpliaxico Authorized Contents lists the small rod dimensions for class 9x9E and the large rod
dimensions for class 9x9F, and a note that both classes are used to qualify the assembly. The analyses demonstrate that all configurations, including the actual
geometry, are acceptable.

I

I
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Table 6.2.35

MAXIMUM KEF VALUES FOR THE 9X90 ASSEMBLY CLASS IN THE MPC-68 and MPC-68FF
-'. . . 11. (all dimensions are in inches)

9x9G (4.2% Enrichment, Berflxied neutron absorber "0B minimum loading of 0.0279 g/cm2)

72 fil rods, I water rod (square, replacing 9 fuel rods), pitch=0.572, Zr clad

C

Fuel Assembly maximum ,alculated standard cladding
Designation kff kfr deviation OD

9x9G01 0.9309 0.9265 0.0008 0.4240

Dimensions Listedfor 0.4240
Authorized Contents I (min.)

pellet fuel water rod channel
OD length thickness thickness

0.3565 150 0.0320 0.120

0.3565 150 0.0320 J 0.120
(max.) (max.) (min.) (max.)

I
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Table 6.2.36
MAXIMUM Km VALUES FOR THE lOXIOA ASSEMBLY CLASS IN THE MPC-68 and MPC-68FF

(all dimensions are in inches)
lOxlOA (4.2% Enrichment, Beafixed neutron absorber 'OB minimum loading of 0.0279 g/cm2)

92/78 fuel rodst, 2 water rods, pitch=0.5 10, Zr clad
I

Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet fuel water rod channel
Designation kff _ ff deviation OD thickness OD length thickness thickness

lOxlOAOl 0.9377 0.9335 0.0008 0.4040 0.3520 0.0260 0.3450 155 0.030 0.100
(axial segment with all

rods)

lOxlOA02 0.9426 0.9386 0.0007 0.4040 0.3520 0.0260 0.3450 155 0.030 0.100
(axial segment with only

the full length rods)

lOxlOA03 0.9396 0.9356 0.0007 0.4040 0.3520 0.0260 0.3450 155/90 0.030 0.100
(actual three-dimensional
representation of all rods)

Dimensions Listedfor 0.4040 0.3520 0.3455 l5Ot 0.030 0.120
Authorized Contents (min.) (max.) (max.) (max.) i.) (max.)

bounding dimensions 0.9457ttt 0.9414 0.0008 0.4040 0.3520 0.0260 O.3455t 155 0.030 0.120
(axial segment with only

the full length rods)
(BlOxlOA01)

t This assembly class contains 78 full-length rods and 14 partial-length rods. In order to eliminate the requirement on the length of the partial length rods,
separate calculations were performed for axial segments with and without the partial length rods.

Although the analysis qualifies this assembly for a maximum active fuel length of 155 inches, thc Cortificato of Complianse speciJicationfor the
authorized contents limits the active fuel length to 150 inches. This is due to the fact that the Be~afixed neutron absorber panels are 156 inches in length.

ttt KEN05a verification calculation resulted in a maximum kff of 0.9453.
5 This value was conservatively defined to be larger than any of the actual pellet diameters.
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Table 6.2.37

MAXIMUM KEpF VALUES FOR THE IOXIOB ASSEMBLY CLASS IN THE MPC-68 and MPC-68FF
(all dimensions are in inches) I

c

lOxIOB (4.2% Enrichment, eoalfxed neutron absorber '0B minimum loading of 0.0279 g/cm2)

91/83 fuel rodst, I water rods (square, replacing 9 fuel rods), pitch=0.510, Zr clad

Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet fuel water rod channel
Designation kff kff deviation OD thickness OD length thickness thickness

lOxIOBO 0.9384 0.9341 0.0008 0.3957 0.3480 0.0239 0.3413 155 0.0285 0.100
(axial segment with all

rods)

lOxlOB02 0.9416 0.9373 0.0008 0.3957 0.3480 0.0239 0.3413 155 0.0285 0.100
(axial segment with only

the full length rods)

lOxlOB03 0.9375 0.9334 0.0007 0.3957 0.3480 0.0239 0.3413 155/90 0.0285 0.100
(actual three-dimensional
representation of all rods)

Dimensions Listedfor 0.3957 0.3480 0.3420 150tt 0.000 0.120
Authorized Contents (min.) (max.) (max.) (max.) (min.) (max.)

bounding dimensions 0.9436 0.9395 0.0007 0.3957 0.3480 0.0239 0.3420ttt 155 0.000 0.120
(axial segment with only

the full length rods)
(BlOxIOBOl)

I

4.

I This assembly class contains 83 full length rods and 8 partial length rods. In order to eliminate a requirement on the length of the partial length rods,
separate calculations were performed for the axial segments with and without the partial length rods.

tt Although the analysis qualifies this assembly for a maximum active fuel length of 155 inches, thy Ccfiante of Gemplioneo specfleationfor the
authorized contents limits the active fuel length to 150 inches. This is due to the fact that the elfixed neutron absorber panels are 156 inches in length.

ttt This value was conservatively defined to be larger than any of the actual pellet diameters. I
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Table 6.2.38
MAXIMUM KuF VALUES FOR THE OXIOC ASSEMBLY CLASS IN THE MPC-68 and MPC-68FF

(all dimensions are in inches)

l0xI0C (4.2% Enrichment, Refsfled neutron absorber 0B minimum loading of 0.0279 g/cm2)

96 fuel rods, 5 water rods (I center diamond and 4 rectangular), pitch=0.488, Zr clad

Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet fuel water rod channel
Designation kff kff deviation OD thickness OD length thickness thickness

10xIOC01 0.9433 0.9392 0.0007 0.3780 0.3294 0.0243 0.3224 150 0.031 0.055

Dimensions Listedfor 0.3780 0.3294 0.3224 150 0.031 0.055
Authorized Contents l I I IIn in.) (max.)I I (max.) (max) (min.) (max.)

I
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Table 6.2.39

MAXMUM KEF VALUES FOR THE 10XIOD ASSEMBLY CLASS IN THE MPC-68 and MPC-68FF

(

(all dimensions are in inches)

10xIOD (4.0% Enrichment, ReWffixed neutron absorber ' 0B minimum loading of 0.0279 g/cn 2)

100 fuel rods, 0 water rods, pitch=0.565, SS clad

Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet fuel water rod channel
Designation kff kff deviation OD thickness OD length thickness thickness

lOxiOD01 0.9376 0.9333 0.0008 0.3960 0.3560 0.0200 0.350 83 n/a 0.080

Dimensions Listed/or 0.13 60 0.3560 10.350 183 n/a 0.080
Authorzed Contents (min.) (max.) (m axi).) (max.)

I

.,

I

''' :
. .

,

. , .
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Table 6.2.40
MAXIMUM KEP VALUES FOR THE 1OXlOE ASSEMBLY CLASS IN THE MPC-68 and MPC-68FF

(all dimensions are in inches)

lOx I OE (4.0% Enrichment, Befflfixed neutron absorber 'B minimum loading of 0.0279 g/cm2)

96 fuel rods, 4 water rods, pitch=0.557, SS clad

Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet fuel water rod channel
Designation _ ff kff deviation OD thickness OD length thickness thickness

l0xlOEOI 0.9185 0.9144 0.0007 0.3940 0.3500 0.0220 0.3430 83 0.022 0.080

Dimensions Listedfor 1 10.3940 10.35001 10.3430 183 0.022 0.080
Authorized Contents _ _ I I (min.) (max.) I (max.) (max.) (min.) (max.)

I
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Table 6.2.41

MAXIMUM KEF VALUES FOR THE 6X6A ASSEMBLY CLASS IN THE MPC-68F and MPC-68FF
(all dimensions are in inches)

6x6A (3.0% Enrichmentt, Bemlfixed neutron absorber 1°B minimum loading of 0.0067 g/cm2)

35 or 36 fuel rodstt, I or 0 water rodstt, pitchtt=0.694 to 0.710, Zr clad

Fuel Assembly maximum calculated standard pitch fuel cladding cladding cladding pellet fuel water rod channel
Designation kff kff deviation rods OD ID thickness OD length thickness thickness

6x6A01 0.7539 0.7498 0.0007 0.694 36 0.5645 0.4945 0.0350 0.4940 110 n/A 0.060

6x6AO2 0.7517 0.7476 0.0007 0.694 36 0.5645 0.4925 0.0360 0.4820 110 n/a 0.060

6x6A03 0.7545 0.7501 0.0008 0.694 36 0.5645 0.4945 0.0350 0.4820 110 n/a 0.060

6x6A04 0.7537 0.7494 0.0008 0.694 36 0.5550 0.4850 0.0350 0.4820 110 n/a 0.060

6x6AO5 0.7555 0.7512 0.0008 0.696 36 0.5625 0.4925 0.0350 0.4820 110 n/a 0.060

6x6A06 0.7618 0.7576 0.0008 0.696 35 0.5625 0.4925 0.0350 0.4820 110 0.0 0.060

6x6A07 0.7588 0.7550 0.0005 0.700 36 0.5555 0.4850 0.03525 0.4780 110 n/a 0.060

6x6A08 0.7808 0.7766 0.0007 0.710 36 0.5625 0.5105 0.0260 0.4980 110 n/a 0.060

Dimensions Listedfor 0.710 35 or 0.5550 0.02225 0.0 0.060
Authorized Contents (max.) 36 (min.) 0.5105 0.4980 120 (max.)

., ____ __ .__ (max.) (max) (max.)

bounding dimensions 0.0007 0.694 35 0.5550 0.0 0.060
(B6x6AOI) 0.7727 0.7685 0.5 105 0.02225 0.4980 120

bounding dimensions 0.7782 0.7738 0.0008 0.700 35 O.5550 0.5105 0.02225 0.4980 120 0.0 0.060
(136x6A02) . B x A 2 _ _ _ __ _ _ _ __ _ _ _ __ _ _ ___ _ _ ___ ___ _ __ _ _ _

bounding dimensions 0.7888 0.7846 0.0007 0.710 35 0.5550 0.5105 0.02225 0.4980 120 0.0 0.060
(B6x6A03) _

t Although the calculations were performed for 3.0%, the enrichment is limited in theiCetificte o specif cation for the
authorized contents to 2.7%.

tt This assembly class was analyzed and qualified for a small variation in the pitch and a variation in the number of fuel and water rods.

I
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Table 6.2.42
MAXIMUM Kuy, VALUES FOR THE 6X6B ASSEMBLY CLASS IN THE MPC-68F and MPC-68FF

(all dimensions are in inches)

6x6B (3.0% Ennchmentt, Befalfixed neutron absorber 10B minimum loading of 0.0067 g/cm2)

35 or 36 fuel rodstt (up to 9 MOX rods), I or 0 water rods", pitchtt=0.694 to 0.710, Zr clad

Fuel Assembly maximum calculated standard pitch fuel cladding cladding cladding pellet fuel water rod channel
Designation kff kff deviation rods OD ID thickness OD length thickness thickness

6x6B01 0.694 36 0.5645 0.4945 0.0350 0.4820 110 n/a 0.060
0.7604 0.7563 0.0007

6x6B02 0.694 36 0.5625 0.4925 0.0350 0.4820 110 n/a 0.060
0.76 18 0.7577 0.0007

6x6B03 0.7619 0.7578 0.0007 0.696 36 0.5625 0.4925 0.0350 0.4820 110 n/a 0.060

6x6B04 0.7686 0.7644 0.0008 0.696 35 0.5625 0.4925 0.0350 0.4820 110 0.0 0.060

6x6B05 0.7824 0.7785 0.0006 0.710 35 0.5625 0.4925 0.0350 0.4820 110 0.0 0.060

Dimensions Listedfor 0.710 35 or 0.5625 0.4945 0.4820 0.0 0.060
Authorized Contents (max.) 36 (min.) (max.) (max.) 120 (max.)

(max.)
bounding dimensions 0.710 35 0.5625 0.4945 0.0340 0.4820 0.0 0.060

(B6x6BOl) 0.7822 ttt 0.7783 0.0006 120

I

Note:

1. These assemblies contain up to 9 MOX pins. The composition of the MOX fuel pins is given in Table 6.3.4.

t The 23 5U enrichment of the MOX and U02 pins is assumed to be 0.711% and 3.0%, respectively.
tt This assembly class was analyzed and qualified for a small variation in the pitch and a variation in the number of fuel and water rods.
ttt The kff value listed for the 6x6B05 case is slightly higher than that for the case with the bounding dimensions. However, the difference (0.0002) is well

within the statistical uncertainties, and thus, the two values are statistically equivalent (within la). Therefore, the 0.7824 value is listed in Tables 6.1.7 and
6.1.8 as the maximum.
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Table 6.2.43

MAXIMUM Km VALUES FOR THE 6X6C ASSEMBLY CLASS IN THE MPC-68F and MPC-68FF

c

(all dimensions are in inches)

6x6C (3.0% Enrichmentt, Ieolfixed neutron absorber 10B minimum loading of 0.0067 g&M2 )

36 fuel rods, 0 water rods, pitch=0.740, Zr clad

Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet fuel water rod channel
Designation kff kff deviation OD thickness OD length thickness thickness

6x6C01 0.8021 0.7980 0.0007 0.5630 0.4990 0.0320 0.4880 77.5 n/a 0.060
Dimensions Listedfor 1 0.5630 | 0.4990 0.4880 775 /a 0.060
Dutrimesion ents | l l | (men-) | (max-) | | (max.) | (max.) } | 0m48.8
Authorized Contents (min_________.) j(max.)_J (max.) (max.) (max.)__

. . ..

!

L
. .

. .

. .

. . % :

. .

.. . . . .. . . . . .

Although the calculations were performed for 3.0%, the enrichment is limited in the Certificate cf Complianee specifi cation for the
authorized contents to 2.7%. I
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Table 6.2.44
MAXIMUM KEFF VALUES FOR THE 7X7A ASSEMBLY CLASS IN THE MPC-68F and MPC-68FF

(all dimensions are in inches)

7x7A (3.0/a Enrichmentt, ReW/xed neutron absorber '0B minimum loading of 0.0067 g/cm2)

49 fuel rods, 0 water rods, pitch=0.63 1, Zr clad

Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet fuel water rod channel
Designation kff kff deviation OD thickness OD length thickness thickness

7x7A01 0.7974 0.7932 0.0008 0.4860 0.4204 0.0328 0.4110 80 n/a 0.060

Dimensions Listedfor I I 0.4860 1 0.4204 | 0.4110 80 n/a 0.060
Authorized Contents (max.) | (max.) |(max.) (m | ( ax.)

I

t Although the calculations were performed for 3.0%, the enrichment is limited in the Gftifi
authorized contents to 2.7%.

sate a =efl-Ia- specification for the
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Table 6.2.45

MAXIMUM KEIF VALUES FOR THE 8X8A ASSEMBLY CLASS IN THE MPC-68F and MPC-68FF

C

(all dimensions are in inches)

8x8A (3.0'/o Enrichmentt, Beefixedneutron absorber '0B minimum loading of 0.0067 g/c 2 )

63 or 64 fuel rodstt, 0 water rods, pitch=0.523, Zr clad

Fuel Assembly maximum calculated standard fuel cladding cladding ID cladding pellet fuel water rod channel
Designation keff cff deviation rods OD thickness OD length thickness thickness

8x8A01 0.7685 0.7644 0.0007 64 0.4120 0.3620 0.0250 0.3580 110 n/a 0.100

8x8A02 0.7697 0.7656 0.0007 63 0.4120 0.3620 0.0250 0.3580 120 n/a 0.100

Dimensions Listedfor 63 0.4120 0.3620 0.3580 120 n/a 0.100
Authorized Contents (min.) (max.) (max.) (max.) (max.)

bounding dimensions 0.7697 0.7656 0.0007 63 0.4120 0.3620 0.0250 0.3580 120 n/a 0.100
(8x8A02) 

I

I

Although the calculations were performed for 3.0%, the enrichment is limited in the Cortifieet of Compliance
to 2.7%.

tt This assembly class was analyzed and qualified for a variation in the number of fuel rods.

specification for the authorized contents I
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Table 6.2.46

SPECIFICATION OF THE THORIA ROD CANISTER AND THE THORIA RODS

Canister ID 4.81"

Canister Wall Thickness 0.11"

Separator Assembly Plates Thickness 0.11"

Cladding OD 0.412"

Cladding ID 0.362"

Pellet OD 0.358"

Active Length 110.5"

Fuel Composition 1.8% U0 2 and 98.2% ThO2

Initial Enrichment 93.5 wt0/o 23U for 1.8% of the fuel

Maximum kff 0.1813

Calculated kff 0.1779

Standard Deviation 0.0004

HI-STORM FSAR

REPORT Hk-2002444

Proposed Rev. 2B

6.2-64



6.3 MODEL SPECIFICATION

6.3.1 Description of Calculational Model

Figures 6.3.1, 6.3.1.a, 6.3.2 and 6.3.3 show representative horizontal cross sections of the four
types of cells used in the calculations, and Figures 6.3.4 through 6.3.6 illustrate the basket
configurations used. Four different MPC fuel basket designs were evaluated as follows:

* a 24 PWR assembly basket

* an optimized 24 PWR assembly basket (24E / 24EF)

* a 32 PWR assembly basket

* a 68 BWR assembly basket.

For all four basket designs, the same techniques and the same level of detail are used in the
calculational models.

Full three-dimensional calculations were used, assuming the axial configuration shown in Figure
6.3.7. Although the Befixed neutron absorber panels are 156 inches in length, which is much
longer than the active fuel length (maximum of 150 inches), they are assumed equal to or less
than the active fuel length in the calculations. As shown'on the Drawings in Section 1.5, 16 of
the 24 periphery Boealfixed neutron absorber panels on the MPC-24 and MPC-24E/EF have
reduced width (i.e., 6.25 inches wide as opposed to 7.5 inches). However, the calculational
models for these baskets conservatively assume all of the periphery BeIafxed neutron absorber
panels are 6.25 inches in width. Note that Figures 6.3.1 through 6.3.3 show Boral as the fixed
neutron absorber. The effect of using Metamic as fixed neutron absorber is discussed in
Subsection 6.4.1 1.

The off-normal and accident conditions defined in Chapter 2 and considered in Chapter 11 have
no adverse effect on the design conditions important to criticality safety (see Subsection 6.4.2.5),
and thus from a- criticality standpoint, the normal, off-normal, and 'accident conditions are
identical and do not require individual models.'

The calculational model explicitly defines the fuel rods and cladding, the guide tubes (or -water
rods for BWR assemblies), the water-gaps and Beomfixed neutron absorber panels on the |
stainless steel walls of the storage cells. Under the conditions of storage, when the MPC is dry,
the resultant reactivity with the design basis fuel is very low (kff < 0.52). For the flooded
condition (loading and unloading), pure, unborated water was assumed to be present in the fuel
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rod pellet-to-clad gaps. Appendix 6.D provides sample input files for two of the MPC basket
designs (MPC-68 and MPC-24) in the HI-STORM 100 System.

The water thickness above and below the fuel is intentionally maintained less than or equal to the
actual water thickness. This assures that any positive reactivity effect of the steel in the MPC is
conservatively included. Furthermore, the water above and below the fuel is modeled as
unborated water, even when borated water is present in the fuel region.

As indicated in Figures 6.3.1 through 6.3.3 and in Tables 6.3.1 and 6.3.2, calculations were made
with dimensions assumed to be at their most conservative value with respect to criticality.
CASMO-3 and MCNP4a were used to determine the direction of the manufacturing tolerances,
which produced the most adverse effect on criticality. After the directional effect (positive effect
with an increase in reactivity, or negative effect with a decrease in reactivity) of the
manufacturing tolerances was determined, the criticality analyses were performed using the worst
case tolerances in the direction which would increase reactivity.

CASMO-3 was used for one of each of the two principal basket designs, i.e. for the flux trap
design MPC-24 and for the non-fluxtrap design MPC-68. The effects are shown in Table 6.3.1
which also identifies the approximate magnitude of the tolerances on reactivity. Generally, the
conclusions in Table 6.3.1 are directly applicable to the MPC-24E/EF and the MPC-32.
Exceptions are the conclusions for the water temperature and void percentage, which are not
directly applicable to the MPC-32 due to the presence of high soluble boron concentrations in
this canister. This condition is addressed in Section 6.4.2.1 where the optimum moderation is
determined for the MPC-32.

Additionally, MCNP4a calculations are performed to evaluate the tolerances of the various
basket dimensions of the MPC-68, MPC-24 and MPC-32 in further detail. The various basket
dimensions are inter-dependent, and therefore cannot be individually varied (i.e., reduction in one
parameter requires a corresponding reduction or increase in another parameter). Thus, it is not
possible to determine the reactivity effect of each individual dimensional tolerance separately.
However, it is possible to determine the reactivity effect of the dimensional tolerances by
evaluating the various possible dimensional combinations. To this end, an evaluation of the
various possible dimensional combinations was performed using MCNP4a. Calculated kyff results
(which do not include the bias, uncertainties, or calculational statistics), along with the actual
dimensions, for a number of dimensional combinations are shown in Table 6.3.2 for the
reference PWR and BWR assemblies. Each of the basket dimensions are evaluated for their
minimum, nominal and maximum values from the Drawings of section 1.5. For PWR MPC
designs, the reactivity effect of tolerances with soluble boron present in the water is additionally
determined. Due to the close similarity between the MPC-24 and MPC-24E, the basket
dimensions are only evaluated for the MPC-24, and the same dimensional assumptions are
applied to both MPC designs.
HI-STORM FSAR Proposed Rev. 2B

REPORT HI-2002444 6.3-2



Based on the MCNP4a and CASMO-3 calculations, the conservative dimensional assumptions
listed in Table 6.3.3 were determined. Because the reactivity effect (positive or negative) of the
manufacturing tolerances are not assembly dependent, these dimensional assumptions were
employed for the criticality analyses.

As demonstrated in this section, design parameters important to criticality safety are: fuel
enrichment, the inherent geometry of the fuel basket structure, the fixed neutron absorbing panels
(Be-aL)-and the soluble boron concentration in the water during loading/unloading operations.
As shown in Chapter 11, none of these parameters are affected during any of the design basis off-
normal or accident conditions involving handling, packaging, transfer or storage.

6.3.2 Cask Regional Densities

Composition of the various components of the principal designs of the HI-STORM 100 System
are listed in Table 6.3.4.

The HI-STORM 100 System is designed such that the fixed neutron absorber (BeF will remain
effective for a storage period greater than 20 years, and there are no credible means to lose it. A
detailed physical description, historical applications, unique characteristics, service experience,
and manufacturing quality assurance of fBemalfxed neutron absorber are provided in Section
1 .2.1.3.1.

The continued efficacy of the Belfixed neutron absorber is assured by acceptance testing,
documented in Section 9.1.5.3, to validate the 0B (poison) concentration in the Bemafixed
neutron absorber. To demonstrate that the neutron flux from the irradiated fuel results in a
negligible depletion of the poison material over the storage period, an MCNP4a calculation of the
number of neutrons absorbed in the 0B was performed. The calculation conservatively assumed
a constant neutron source for 50 years equal to the initial source for the design basis fuel, as
determined in Section 5.2, and shows that the fraction of 10B atoms destroyed is only 2.6E-09 in
50 years. Thus, the reduction in '0B concentration in the Berixed neutron absorber by neutron
absorption is negligible. In addition, analysis in Appendix 3.M.1 ofthe HI STAR 100 FSAR the
results presented in Subsection 3.4.4.3.1,8 demonstrates that the sheathing, which affixes the
Beixed neutron absorber panel, remains in place during all credible accident conditions, and
thus, the Beffixed neutron absorber panel remains permanently fixed. Therefore, in accordance
with 1OCFR72.124(b), there is no need to provide a surveillance or monitoring program to verify
the continued efficacy of the neutron absorber.
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6.3.3 Eccentric Positioning ofAssemblies in Fuel Storage Cells

Up to and including Revision 1 of this FSAR, all criticality calculations were performed with fuel
assemblies centered in the fuel storage locations since the effect of credible eccentric fuel
positioning was judged to be not significant. Starting in Revision 2 of this FSAR, the potential
reactivity effect of eccentric positioning of assemblies in the fuel storage locations is accounted
for in a conservatively boundingfashion, as describedfurther in this subsection, for all new or
changed conditions. The calculations in this subsection serve to determine for which of these
conditions the eccentric positioning of assemblies in the fuel storage locations results in a higher
maximum keff value than the centered positioning. For the cases where the eccentric positioning
results in a higher maximum k, value, the eccentric positioning is used for all corresponding
cases reported in the summary tables in Section 6.1 and the results tables in Section 6.4. All
other calculations throughout this chapter, such as studies to determine bounding fuel
dimensions, bounding basket dimensions, or bounding moderation conditions, are performed
with assemblies centered in thefuel storage locations.

To conservatively account for eccentric fuel positioning in the fuel storage cells, three different
configurations are analyzed, and the results are compared to determine the bounding
configuration:

a Cell Center Configuration: All assemblies centered in their fuel storage cell; same
configuration that is used in Section 6.2 and Section 6.3.1;

* Basket Center Configuration: All assemblies in the basket are moved as close to the center of
the basket as permitted by the basket geometry; and

* Basket Periphery Configuration: All assemblies in the basket are moved furthest away from
the basket center, and as close to the periphery of the basket as possible.

It should be noted that the two eccentric configurations are hypothetical, since there is no known
physical effect that could move all assemblies within a basket consistently to the center or
periphery. Instead, the most likely configuration would be that all assemblies are moved in the
same direction when the cask is in a horizontal position, and that assemblies are positioned
randomly when the cask is in a vertical position. Further, it is not credible to assume that any
such configuration could exist by chance. Even if the probability for a single assembly placed in
the corner towards the basket center would be 1/5 (i.e. assuming only the center andfour corner
positions in each cell, all with equal probability), then the probability that all assemblies would
be located towards the center would be (1/5)24 or a proximately 10' for the MPC-24, (/5)32 or
approximately HF23 for the MPC-32, and (1/5) or approximately 1 for the MPC-68.
However, since the configurations listed above bound all credible configurations, they are
conservatively used in the analyses.
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In Table 6.3.5, results are presentedfor all conditions that were introduced in Revision 2 of this
FSAR, namely results for the MPC-24E/EF with intact and damagedfuel at 5 wt10/o 235U, for the
MPC-32 with soluble boron levels lower than 2600 ppm for 5 wt% 235U and lower than 1900
ppm for 4.1 wt% 235U, andfor the MPC-32 with intact and damaged fuel The table shows the
maximum keff value for centered and the two eccentric configurations for each condition, and the
difference in kil between the centered and eccentric positioning. The results and conclusions are
summarized as follows:

* In all cases, moving the assemblies to the periphery of the basket results in a reduction in
reactivity, compared to the cell centered position.

• For the MPC-24E/EF, moving the assemblies and DFCs towards the center of the basket
also results in a minor reduction. The cell centered configuration is therefore bounding for
this condition and is used in the design basis calculations reported in Section 6.1 and Section
6.4.
For the MPC-32 cases listed in Table 6.3.5, the maximum reactivity is shown for the basket
center configuration. However, for some of the cases with intact and damaged fuel in the
MPC-32, the cell centered configuration results in a higher maximum reactivity. Therefore,
both the cell centered and basket centered configuration are analyzedfor the MPC-32 design
basis calculation, and the higher results are listed in the tables in Section 6.1. and 6.4. This
applies to the cases with intact and damaged fuel, and to cases with intact fuel only and
soluble boron levels lower than 2600 ppm for 5 wt% 235U and lower than 1900 ppm for 4.1
wt% 23Su:

-w: . -

'
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Table 6.3.1

CASMO-3 CALCULATIONS FOR EFFECT OF TOLERANCES AND TEMPERATURE

Ak for Maximum Tolerance

Change in Nominal
Parametert MPC-24$ MPC-68 Action/Modeling Assumption

Reduce BelFixedNeutron N/A TT Assume minimum Be4fixed
Absorber Width to Minimum min.= min. = nom. = 4.75" neutron absorber width

nom.= 7.5" and 6.25"
Increase U0 2 Density to Maximum +0.0017 +0.0014 Assume maximum U0 2 density

max. = 10.522 g/cc max. = 10.522 g/cc
nom. = 10.412 g/cc nom. = 10.412 g/cc

Reduce Box Inside -0.0005 Assume maximum box I.D. for the
Dimension (I.D.) to Minimum min.= 8.86" See Table 6.3.2 MPC-24

nom. = 8.92"
Increase Box Inside +0.0007 -0.0030 Assume minimum box I.D. for the
Dimension (I.D.) to Maximum max. = 8.98" max. = 6.113" MPC-68

nom. = 8.92" nom. = 6.053"
Decrease Water Gap to Minimum +0.0069 Assume minimum water gap in the

min.= 1.09" N/A MPC-24
nom. 1.15"

t Reduction (or increase) in a parameter indicates that the parameter is changed to its minimum (or maximum) value.

t Calculations for the MPC-24 were performed with CASMO4 [6.3.1-6.3.3].
ttt The Be~afied neutron absorber width for the MPC-68 is 4.75" +0. 125", -0", the B~erflred neutron absorber widths for the 

MPC-24 are 7.5" +0.125", -0" and 6.25" +0.125" -0" (i.e., the nominal and minimum values are the same).
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Table 6.3.1 (continued)

CASMO-3 CALCULATIONS FOR EFFECT OF TOLERANCES AND TEMPERATURE

C

Ak Maximum Tolerance

Change in Nominal
Parameter MPC-24t MPC-68 Action/Modeling Assumption

Increase in Temperature Assume 20'C

200C Ref. Ref.
40C -0.0030 -0.0039
700C -0.0089 -0.0136
100C -0.0162 -0.0193

10% Void in Moderator Assume no void

201C with no void Ref. Ref.
200C -0.0251 -0.0241
I OOC -0.0412 -0.0432 _

Removal of Flow Channel (BWR) N/A -0.0073 Assume flow channel present for
MPC-68

Calculations for the MPC-24 were performed with CASMO-4 [6.3.1-6.3.31.
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Table 6.3.2

MCNP4a EVALUATION OF BASKET MANUFACTURING TOLERANCESt

MCNP4a
Calculated

Pitch Box I.D. Box Wall Thickness kff

MPC-24tt (17xl7A01 @ 4.0% Enrichment)

nominal (10.906") maximum (8.98") nominal (5/16') 0.9325±0 0008t

minimum (10.846") nominal (8.92") nominal (5116") 0.9300±0.0008

nominal (10.906") nom. - 0.04" (8.88") nom. + 0.05" (0.3625") 0.9305±0.0007

MPC-68 (8x8C04 @ 4.2% Enrichment)

minimum (6.43") minimum (5.993") nominal (1/4") 0.9307±0.0007

nominal (6.49") nominal (6.053") nominal (1/4") 0.9274±0.0007

maximum (6.55") maximum (6.113") nominal (1/4") 0.9272±0.0008

nom. + 0.05" (6.54") nominal (6.053") nom. + 0.05" (0.30") 0.9267±0.0007

Notes:

1. Values in parentheses are the actual value-used.

t Tolerance for pitch and box I.D. are ± 0.06".
Tolerance for box wall thickness is +0.05", -0.00".

All calculations for the MPC-24 assume minimum water gap thickness (1.09").

ttt Numbers are Icr statistical uncertainties.
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Table 6.3.2 (cont.)

MCNP4a EVALUATION OF BASKET MANUFACTURING TOLERANCES'

_ MCNP4a
= - Calculated

Pitch Box I.D. Box Wall Thickness keff

MPC-24 (17xl7A @ 5.0% Enrichment) 400ppm soluble boron

.nominal (10.906") maximum (8.98") nominal (5/16") 0.9236±0.0007"

maximum (10.966") maximum (8.98") nominal (5/16") 0.9176±0.0008

minimum (10.846") nominal (8.92") nominal (5/16") 0.92270.0010

minimum (10.846") minimum (8.86") nominal (5/16") 0.9159±0.0008

nominal (10.906") nominal-0.04" (8.88") nom.+0.05" (0.3625") 0.9232±0.0009

nominal (10.906") nominal (8.92") nominal (5/16") 0.9158±0.0007

MPC-32 (17x 1 7A @ 5.0% Enrichment) 2600 ppm soluble boron

minimum (9.158") minimum (8.69') nominal (9/32") 0.9085±0.0007

nominal (9.218") nominal (8.75') nominal (9/32") 0.9028±0.0007

maximum (9.278') maximun (8.81 ') nominal (9/32') 0.8996±0.0008

nominal+0.05" (9.268") nominal (8.75") nominal+0.05" (0.33 1' 0.9023±0.0008

mini num+0.05"(9.208") minimum (8.69") nominal+0.05" (0.331") 0.9065±0.0007

maximum (9.278") Maximum-0.05" (8.76") nominal+0.05" (0.33 1") 0.9030±0.0008

Notes:

1. Values in parentheses are the actual value used.

t Tolerance for pitch and box I.D. are + 0.06".
Tolerance for box wall thickness is +0.05", -0.00".

Numbers are Ia statistical uncertainties.
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Table 6.3.3

BASKET DIMENSIONAL ASSUMPTIONS

Box Wall Water-Gap
Basket Type Pitch Box I.D. Thickness Flux Trap

MPC-24 nominal maximum nominal minimum

(10.906") (8.98") (5/16") (1.09")

MPC-24E nominal maximum nominal minimum

(10.847") (8.81", (5/16") (1.076",
9.11" for DFC 0.776" for DFC

Positions) Positions)

MPC-32 Minimum Minimum Nominal N/A

(9.158") (8.69'") (9/32")

MPC-68 minimum Minimum nominal N/A

(6.43") (5.993") (1/4")
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Table 6.3.4

COMPOSITION OF THE MAJOR COMPONENTS OF THE HI-STORM 100 SYSTEM

MPC-24, MPC-24E and MPC-32

U0 2 5.0% ENRICHMENT, DENSITY (glcc) = 10.522

Nuclide Atom-Density Wgt. Fraction

8016 T 4.696E-02 1.185E-01

92235 1.188E-03 4.408E-02

92238 2.229E-02 8.374E-01

U02 4.0% ENRICHMENT, DENSITY (glee) - 10.522

Nuclide Atom-Density Wgt. Fraction

8016 4.693E-02 -1.185E-01

92235 9.505E-04 3.526E-02

92238 2.252E-02 8.462E-01

BORAL (0.02g '0B/cm sq), DENSITY (g/cc) = 2.660 (MPC-24)

Nuclide Atom-Density Wgt. Fraction

5010 8.707E-03 5.443E-02

5011 3.512E-02 2.414E-01

6012 1.095E-02 8.210E-02

13027 3.694E-02 6.222E-01

BORAL (0.0279 g 0B1/cm sq), DENSITY (g/cc) = 2.660
(MPC-24E and MPC-32)

Nuclide Atom-Density Wgt. Fraction

5010 8.071E-03 5.089E-02

5011 3.255E-02 2.257E-01

6012 1.015E-02 7.675E-02

13027 3.805E-02 6.467E-01
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Table 6.3.4 (continued)

COMPOSITION OF THE MAJOR COAPONENTS OF THE HI-STORM 100 SYSTEM

METAMIC (0.02 g B/cm sq), DENSITY (g/cc)= 2.648 (MPC-24)

Nuclide Atom-Density Wgt. Fraction

5010 6.314E-03 3.965E-02

5011 2.542E-02 1.755E-01

6012 7.932E-02 5.975E-02

13027 4.286E-02 7.251E-01

METAMIC (0.0279 g "B/cm sq), DENSITY (g/cc) =2.646
(MPC-24E and MPC-32)

Nuclide Atom-Density Wgt. Fraction

5010 6.541E-03 4.110E-02

5011 2.633E-02 1.819E-01

6012 8.21 7E-03 6.193E-02

13027 4.223E-02 7.15JE-01
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Table 6.3.4 (continued)

COMPOSITION OF THE MAJOR COMPONENTS OF THE HI-STORM 100 SYSTEM

BORATED WATER, 300 PPM, DENSITY (g/cc)=1.00

Nuclide Atom-Density Wt. Fraction

-5010 3.248E-06 5.400E-05

5011 1 .346E-05 2.460E-04

1001 6.684E-02 1.1186E-01

8016 3.342E-02 8.8784E-01

BORATED WATER, 400PPM, DENSITY (g/cc)=1.00

Nuclide Atom-Density Wgt. Fraction

5010 4.330E-06 7.200E-05

5011 1.794E-05 3.280E-04

1001 6.683E-02 1.1185E-01

8016 3.341E-02 8.8775E-01

BORATED WATER, 1900PPM, DENSITY (glcc)=1.00

Nuclide Atom-Density Wgt. Fraction

5010 2.057E-05 3.420E-04

5011 8.522E-05 1.558E-03

1001 6.673E-02 1.1 169E-01

- 8016 3.336E-02 8.8641E-01

BORATED WATER, 2600PPM, DENSITY (g/cc)=0.93

Nuclde Atom-Density Wgt. Fraction

5010 2.618e-05 4.680E-04

5011 1.085e-04 2.132E-03

1001 6.201e-02 1.1161E-01

8016 3.10le-02 8.8579E-01
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Table 6.3.4 (continued)

COMPOSTION OF THE MAJOR COMPONENTS OF THE HI-STORM 100 SYSTEM

MPC-68

U0 2 4.2% ENRICHMENT, DENSITY (g/cc) = 10.522

Nuclide Atom-Density Wgt. Fraction

8016 4.697E-02 1.185E-01

92235 9.983E-04 3.702E-02

92238 2.248E-02 8.445E-01

U0 2 3.0% ENRICHMENT, DENSITY (g/cc) = 10.522

Nucide Atom-Density Wgt Fraction

8016 4.695E-02 1.18SE-01

92235 7.127E-04 2.644E-02

92238 2.276E-02 8.550E-01

MOX FUELt, DENSITY (g/cc) = 10.522

Nucide Atom-Density Wgt. Fraction

8016 4.714E-02 1.190E-01

92235 1.719E-04 6.380E-03

92238 2.285E-02 8.584E-01

94239 3.876E-04 1.461E-02

94240 9.177E-06 3.400E-04

94241 3.247E-05 1.240E-03

94242 2.118E-06 7.OOOE-05

t The Pu-238, which is an absorber, was conservatively neglected in the MOX description
for analysis purposes.
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Table 6.3.4 (continued)

COMPOSITION OF THE MAJOR COMPONENTS OF THE HI-STORM 100 SYSTEM

BORAL (0.0279 g B/cm sq), DENSITY (glcc) = 2.660

Nuclide Atom-Density Wgt. Fraction

5010 8.071E-03 5.089E-02

5011 3.255E-02 2.257E-O1

6012 1.015E-02 7.675E-02

13027 3.805E-02 6.467E-01

METAMIC (0. 0279 g 1"B/cm sq), DENSITY (g/cc) 2.646

Nuclide Atom-Density Wgt. Fraction

5010 6.541E-03 4.10E-02

5011 2.633E-02 1.819E-01

6012 8.217E-03 6.193E-02

13027 4.223E-02 7.151E-01

FUEL IN THORIA RODS, DENSITY (g/cc) = 10.522

Nuclide Atom-Density Wgt. Fraction

O8016 4.798E-02 1.212E-01

501492235 4.OO1E-04 1.484E-02

601292238 2.742E-05 1.030E-03

1302790232 2.357E-02 8.630E-01

COMMON MATERIALS

ZR CLAD, DENSITY (g/cc) = 6.550

Nuclide Atom-Density T Wgt. Fraction

40000 4.323E-02 1.OOOE+00

MODERATOR 20), DENSITY (glcc) = 1.000

Nuclide Atom-Density Wgt. Fraction

1001 6.688E-02 1.1 19E-01

8016 3.344E-02 8.881E-01
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Table 6.3.4 (continued)

COMPOSITION OF THE MAJOR COMPONENTS OF THE HI-STORM 100 SYSTEM

STAINLESS STEEL, DENSITY (g/cc) = 7.840

Nuclide Atom-Density Wgt. Fraction

24000 1.761E-02 1.894E-01

25055 1.761E-03 2.OO1E-02

26000 5.977E-02 6.905E-01

28000 8.239E-03 1.OOOE-01

ALUMINUM, DENSITY (g/cc) = 2.700

Nuclide Atom-Density Wgt. Fraction

13027 6.026E-02 1 .OOOE+00
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Table 6.3.4 (continued)

COMPOSITION OF THE MAJOR COMPONENTS OF THE HI-STORM 100 SYSTEM

CONCRETE, DENSITY (glcc) = 2.35

Nucide Atom-Density Wgt. Fraction

1001 8.806E-03 6.OOOE-03

8016 4.623E-02 5.000E-01

11000 1.094E-03 1.700E-02

13027 2.629E-04 4.800E-03

14000 1.659E-02 3.150E-01

19000 7.184E-04 1.900E-02

20000 3.063E-03 8.300E-02

26000 3.176E-04 1.200E-02

LEAD, DENSITY (g/cc) = 11.34

Nuclide Atom-Density Wgt. Fraction

82000 3.296E-02 1.0

HOLTITE-A, DENSITY (g/cc) =1.61

1001 5.695E-02 5.920E-02

5010 1.365E-04 1.410E-03

5011 5.654E-04 6.420E-03

6012 2.233E-02 2.766E-01

7014 1.370E-03 1.980E-02

8016 2.568E-02 4.237E-01

13027 7.648E-03 2.129E-01
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Table 6.3.5

REACTIVITY EFFECTS OF ECCENTRIC POSITIONING OF CONTENT
(FUEL ASSEMBLIES AND DFCs) IN BASKET CELLS

CASE Contents Content moved towards Content moved towards
centered center of basket basket periphery

(Reference)

Maximum Maximum k.ff Maximum k4ff
k~ff kef Difference kff Difference

to to
Reference Reference

MPC-24E/EF, Intact 0.9185 0.9178 -0.0007 0.9132 -0.0053
Fuel and Damaged

Fuel/Fuel Debris, 5%
Enrichment, 600ppm

Soluble Boron

MPC-32/32F, Intact 0.9429 0.9468 0.0039 0.9068 -0.0361
Fuel, Assembly Class

16x16A, 4.1%
Enrichment, 300ppm

Soluble Boron

APC-32/32F, Intact 0.9473 0.9493 0.0020 0.9306 -0.0167
Fuel, Assembly Class

15x15B, 5.0%
Enrichment, 2400ppm

Soluble Boron

MPC-32/32F, Intact 0.93 78 0.9397 0.0019 0.9277 -0.0101
Fuel and Damaged
Fuel/Fuel Debris,

Assembly Class 15x15F
(Intact),

5% Enrichment,
2900ppm Soluble

Boron
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6.4 CRITICALITY CALCULATIONS

6.4.1 Calculational or Experimental Method

6.4.1.1 Basic Criticality Safety Calculations

The principal method for the criticality analysis is the general three-dimensional continuous
energy Monte Carlo N-Particle code MCNP4a 6.1.4] -developed at the Los Alamos National
Laboratory. MCNP4a was selected because it has been extensively used and verified and has all
of the necessary features for this analysis. MCNP4a calculations used continuous energy cross-
section data based on ENDF/B-V, as distributed with the code [6.1.4]. Independent verification
calculations were performed with NITAWL-KENO5a [6.1.5], which is a three-dimensional
multigroup Monte Carlo code developed at the Oak Ridge National Laboratory. The KENO5a
calculations used the 238-group cross-section library, which is based on ENDF/B-V data and is
distributed as part of the SCALE-4.3 package [6.4.1], in association with the NITAWL-ll
program [6.1.6], which adjusts the uranium-238 cross sections to compensate for resonance self-
shielding effects. The Dancoff factors required by NITAWL-II were calculated with the
CELLDAN code [6.1.13], which includes the SUPERDAN code 6.1.7] as a subroutine.

The convergence of a Monte Carlo criticality problem is sensitive to the following parameters:
(1) number of histories per cycle, (2) the number of cycles skipped before averaging, (3) the total
number of cycles and (4) the initial source distribution. The MCNP4a criticality output contains
a great deal of useful information that may be used to determine the acceptability of the problem
convergence. This information was used in parametric studies to develop appropriate values for
the aforementioned criticality parameters to be used in the criticality calculations for this
submittal. Based on these studies, a minimum of 5,000 histories were simulated per cycle, a
minimum of 20 cycles were skipped before averaging, a minimum of 100 cycles were
accumulated, and the initial source was specified as uniform over the fueled regions (assemblies).
Further, the -output was examined to ensure that each calculation. achieved acceptable
convergence. These parameters represent an acceptable compromise between calculational
precision and computational time. Appendix 6.D provides sample input files for the MPC-24 and
MPC-68 basket in the I-STORM 100 System.

CASMO-3 [6.1.9] was used for determining the small incremental reactivity effects of
manufacturing tolerances. Although CASMO-3 has been extensively benchmarked, these
calculations are used only to establish direction of reactivity uncertainties due to manufacturing
tolerances (and their magnitude). This allows the MCNP4a calculational model to use the worst
combination of manufacturing tolerances. Table 6.3.1 shows results of the CASMO-3
calculations.
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6.4.2 Fuel Loading or Other Contents Loading Optimization

The basket designs are intended to safely accommodate fuel with enrichments indicated in Tables
6.1.1 through 6.1.8 . These calculations were based on the assumption that the HI-STORM 100
System (HI-TRAC transfer cask) was fully flooded with clean unborated water or water
containing specific minimum soluble boron concentrations. In all cases, the calculations include
bias and calculational uncertainties, as well as the reactivity effects of manufacturing tolerances,
determined by assuming the worst case geometry.

Nominally, the fuel assemblies weuld IU cenaly positioned in each MP basket ee-. However,
in accordance with NUREG 1536, the consequence of eccentrie positioning was also evaluated
and found to be negligible. To simulate ecentric positioning (and possible closer approach to the
MPg steel shield), alculations were pcrfmed analytically dcr easing the inner radius until it
Was em away* from the nearest fuel. Results showed a minor increase in reactivity of 0.0026
Ak maximum PC 68) which implies that the effect of eccentrie location of fuel is negligible at
the actual reflector- soaeffe.

6.4.2.1 Internal and External Moderation

As required by NUREG-1536, calculations in this section demonstrate that the HI-STORM 100
System remains subcritical for all credible conditions of moderation.

6.4.2.1.1 Unborated Water

With a neutron absorber present (i.e., the BeWfaxed neutron absorber sheets or the steel walls of
the storage compartments), the phenomenon of a peak in reactivity at a hypothetical low
moderator density (sometimes called "optimum" moderation) does not occur to any significant
extent. In a definitive study, Cano, et al. [6.4.2] has demonstrated that the phenomenon of a peak
in reactivity at low moderator densities does not occur in the presence of strong neutron
absorbing material or in the absence of large water spaces between fuel assemblies in storage.
Nevertheless, calculations for a single reflected cask were made to confirm that the phenomenon
does not occur with low density water inside or outside the casks.

Calculations for the MPC designs with internal and external moderators of various densities are
shown in Table 6.4.1. For comparison purposes, a calculation for a single unreflected cask (Case

t PNL critical experiments have shown a small positive reactivity effect of thick steel
reflectors, with the maximum effect at 1 cm distance from the fuel. In the cask designs, the
fuel is mechanically prohibited from being positioned at a 1 cm spacing from the overpack
steel.
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1) is also included in Table 6.4.1. At 100% external moderator density, Case 2 corresponds to a
single fully-flooded cask, fully reflected by water. Figure 6.4.10 plots calculated keff values (±2a)
as a function of internal moderator density for both MPC designs with 100% external moderator
density (i.e., full water reflection). Results listed in Table 6.4.1 support the following
conclusions:

For each type of MPC, the calculated kff for a fully-flooded cask is independent of the
external moderator (the small variations in the listed values are due to statistical
uncertainties which are inherent to the calculational method (Monte Carlo)), and

* For each type of MPC, reducing the internal moderation results in a monotonic reduction
in reactivity, with no evidence of any optimum moderation. Thus, the fully flooded
condition corresponds to the highest reactivity, and the phenomenon of optimum low-
density moderation does not occur and is not applicable to the HI-STORM 100 System.

For each of the MPC designs, the maximum kf values are shown to be less than or statistically
equal to that of a single internally flooded unreflected cask and are below the regulatory limit of
0.95.

6.4.2.1.2 Borated Water

With the presence of a soluble neutron absorber in the water, the discussion in the previous
section is not always applicable. Calculations were made to determine the optimum moderator
density for the MPC designs that require a minimum soluble boron concentration.

Calculations for the MPC designs with various internal moderator densities are shown in Table
6.4.6. As shown in the previous section, the external moderator density has a negligible effect on
the reactivity, and is therefore not varied. Water containing soluble boron has a slightly higher
density than pure water. Therefore, water densities up to 1.005 g/cm3 were analyzed for the
higher soluble boron concentrations. Additionally, for the higher soluble boron concentrations,
analysis have been performed with empty (voided) guide tubes. This variation is discussed in
detail in Section 6.4.8. Results listed in the Table 6.4.6 support the following conclusions:

* For all cases with a soluble boron concentration of up to 900ppm, and for a soluble
boron concentration of 2600ppm assuming voided guide tubes, the conclusion of the
Section 6.4.2.1.1 applies, i.e. the maximum reactivity is corresponds to 100% moderator
density.

* For 2600ppm soluble boron concentration with filled guide tubes, the results presented in
Table 6.4.6 indicate that there is a maximum of the reactivity somewhere between 0.90
g/cm3 and 1.00 g/cm3 moderator density. However, a distinct maximum can not be

HI-STORM FSAR Proposed Rev. 2B

REPORT HI-2002444 6.4-3



identified, as the reactivities in this range are very close. For the purpose of the
calculations- with 2600ppm soluble boron concentration, a moderator density of 0.93
g/cm3 was chosen, which corresponds to the highest calculated reactivity listed in Table
6.4.6.

The calculations documented in this chapter also use soluble boron concentrations other than
1900 ppm and 2600 ppm in the APC-32/32F. For the MPC-32 loaded with intact fuel only,
soluble boron concentrations between 1300 ppm and 2600 ppm are used. For the MPC-32/32F
loaded with intact fuel, damaged fuel and fuel debris, soluble boron concentrations between
1500 ppm and 2900 ppm are used. In order to determine the optimum moderation condition for
each assembly class at the corresponding soluble boron level, evaluations are performed with
filled and voided guide tubes, andfor water densities of 1.0 glcm3 and 0.93 g/cm3 for each class
and enrichment level. Results for the MPC-32 loaded with intact fuel only are listed in Table
6.4.10 for an initial enrichment of 5.0 wt% 235U and in Table 6.4.11 for an initial enrichment of
4.1 wt% 235U Corresponding results for the MPC-32/32F loaded with intact fuel, damaged fuel
and fuel debris are listed in Table 6.4.14. The highest value listed in these tables for each
assembly class is listed as the bounding value in Section 6.1.

6.4.2.2 Partial Flooding

As required by NUREG-1536, calculations in this section address partial flooding in the HI-
STORM 100 System and demonstrate that the fully flooded condition is the most reactive.

The reactivity changes during the flooding process were evaluated in both the vertical and
horizontal positions for all MPC designs. For these calculations, the cask is partially filled (at
various levels) with full density (1.0 gcc) water and the remainder of the cask is filled with
steam consisting of ordinary water at partial density (0.002 g/cc), as suggested in NUREG-1536.
Results of these calculations are shown in Table 6.4.2. In all cases, the reactivity increases
monotonically as the water level rises, confirming that the most reactive condition is fully
flooded.

6.4.2.3 Clad Gap Flooding

As required by NUREG-1536, the reactivity effect of flooding the fuel rod pellet-to-clad gap
regions, in the fully flooded condition, has been investigated. Table 6.4.3 presents maximum kff
values that demonstrate the positive reactivity effect associated with flooding the pellet-to-clad
gap regions. These results confirm that it is conservative to assume that the pellet-to-clad gap
regions are flooded. For all cases that involve flooding, the pellet-to-clad gap regions are
assumed to be flooded with clean, unborated water.
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6.4.2.4 PreferentialFlooding

Two different potential conditions of preferential flooding are considered: preferential flooding
of the MPC basket itself (i.e. different water levels -in different basket cells), and preferential
flooding involving Damaged Fuel Containers.

Preferential flooding of the MPC basket itself for any of the MPC fuel basket designs is not
possible because flow holes are present on all four walls of each basket cell and on the two flux
trap walls at both the top and bottom of the MPC basket. The flow holes are sized to ensure that
they cannot be blocked by crud deposits (see Chapter 11). Because the fuel cladding temperatures
remain below their design limits (as demonstrated in Chapter 4) and the inertial loading remains
below 63g's (the inertial loadings associated with the design basis drop accidents discussed in
Chapter 11 are limited to 45g's), the cladding remains intact (see Section 3.5). For damaged fuel
assemblies and fuel debris, -the assemblies or debris are pre-loaded into stainless steel Damaged
Fuel Containers fitted with 250x250 fine mesh screens which-prevent damaged fuel assemblies
or fuel debris from blocking the basket flow holes. Therefore, the flow holes cannot be blocked.

However, when DFCs are present in the MPC, a condition could exist during the draining of the
MPC, where the DFCs are still partly filled with water while the remainder of the MPC is dry.
This condition would be the result of the water tension across the mesh screens. The maximum
water level inside the DFCs for this condition is calculated from the -dimensions of the mesh
screen and the surface tension of water. The wetted perimeter of the screen openings is 50 ft per
square inch of screen. With a surface tension of water of 0.005 -lbf/ft -this results in a maximum
pressure across the screen of 0.25 psi, corresponding to a maximum water height in the DFC of 7
inches. For added conservativism, a value of 12 inches is used. Assuming this condition,
calculations are performed for all three possible DFC configurations:

* MPC-68 or MPC-68F with 68 DFCs (Assembly Classes 6x6A/B/C, 7x7A and 8x8A)
* MPC-68 or MPC-68FF with 16 DFCs (All BWR Assembly Classes)
* MPC-24E or MPC-24EF with 4 DFCs (All PWR Assembly Classes)
* MPC-32 or MPC-32F with 8 DFCs (All PWR Assembly Classes)

For each configuration, the case resulting in the highest maximum kff for the fully flooded
condition (see Section 6.4.4) is re-analyzed assuming the preferential flooding condition. For
these analyses, the lower 12 inches of the active fuel in the DFCs and the water region below the
active fuel (see Figure 6.3.7) are filled with full density water (1.0 g/cc). The remainder of the
cask is filled with steam consisting of ordinary water at partial density (0.002 g/cc). Table 6.4.4
lists the maximum kff for the thfeefour configurations in comparison with the maximum kff for
the fully flooded condition. For all configurations, the preferential flooding condition results in a
lower maximum kff than the fully flooded condition. Thus, the preferential flooding condition is
bounded by the fully flooded condition.
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Once established, the integrity of the MPC confinement boundary is maintained during all
credible off-normal and accident conditions, and thus, the MPC cannot be flooded. In summary,
it is concluded that the MPC fuel baskets cannot be preferentially flooded, and that the potential
preferential flooding conditions involving DFCs are bounded by the result for the fully flooded
condition listed in Section 6.4.4.

6.4.2.5 Design Basis Accidents

The analyses presented in Chapters 3 and 11 demonstrate that the damage resulting from the
design basis accidents is limited to a loss of the water jacket for the HI-TRAC transfer cask and
minor damage to the concrete radiation shield for the HI-STORM storage cask, which have no
adverse effect on the design parameters important to criticality safety.

As reported in Chapter 3, Table 3.4.4, the minimum factor of safety for either MPC as a result of
the hypothetical cask drop or tip-over accident is 1.1 against the Level D allowables for
Subsection NG, Section m of the ASME Code. Therefore, because the maximum box wall
stresses are well within the ASME Level D allowables, the flux-trap gap change will be
insignificant compared to the characteristic dimension of the flux trap.

In summary, the design basis accidents have no adverse effect on the design parameters
important to criticality safety, and therefore, there is no increase in reactivity as a result of any of
the credible off-normal or accident conditions involving handling, packaging, transfer or storage.
Consequently, the HI-STORM 100 System is in full compliance with the requirement of
IOCRF72.124, which states that "before a nuclear criticality accident is possible, at least two
unlikely, independent, and concurrent or sequential changes have occurred in the conditions
essential to nuclear criticality safety."

6.4.3 Criticality Results

Results of the design basis criticality safety calculations for the condition of full flooding with
water (limiting cases) are presented in section 6.2 and summarized in Section 6.1. To
demonstrate the applicability of the HI-STAR analyses, results of the design basis criticality
safety calculations for the HI-STAR cask (limiting cases) are also summarized in Section 6.1 for
comparison. These data confirm that for each of the candidate fuel types and basket
configurations the effective multiplication factor (kff), including all biases and uncertainties at a
95-percent confidence level, do not exceed 0.95 under all credible normal, off-normal, and
accident conditions.

Additional calculations (CASMO-3) at elevated temperatures confirm that the temperature
coefficients of reactivity are negative as shown in Table 6.3.1. This confirms that the calculations
for the storage baskets are conservative.
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In calculating the maximum reactivity, the analysis used the following equation:

k =k+Kcr,+Bias+uo,

where:
=> k is the calculated keff under the worst combination of tolerances,
=> K, is the K multiplier for a one-sided statistical tolerance limit with 95% probability at

the 95% confidence level [6.1.8]. Each final kfr value calculated by MCNP4a (or
KEN05a) is'the result of averaging 100 (or more) cycle keff values, and thus, is based on
a sample size of 100. The K multiplier corresponding to a sample size of 100 is 1.93.
However, for this analysis a value of 2.00 was assumed for the K multiplier, which is
larger (more conservative) than the value corresponding to a sample size of 100;
o r is the standard deviation of the calculated kff, as determined by the computer code
(MCNP4a or KENOSa);

=> Bias is the systematic error in the calculations (code dependent) determined by
comparison with critical experiments in Appendix 6.A; and

= a is the standard error of the bias (which includes the K multiplier for 95% probability
at the 95% confidence level; see Appendix 6.A).

The critical experiment benchmarking and the derivation of the bias and standard error of the
bias (95% probability at the 95% confidence level) are presented in Appendix 6.A.

6.4.4 Damaged Fuel and Fuel Debris

Damaged fuel assemblies and fuel debris are required to be loaded into Damaged Fuel Containers
(DFCs) prior to being loaded into the MPC. Feur (4)Five (5) different DFC types with different
cross' sections are analyzed. Three (3) of these DFCs are designed for BWR fuel assemblies, one
(1)i4two (2) are designed for PWR fuel assemblies. Two of the DFCs for BWR fuel 'are
specifically designed for fuel assembly classes 6x6A, 6x6B, 66C, 7x7A and x8A. These
assemblies have a smaller cross section, a shorter active length and a low initial enrichment of
2.7 wt% 235U, and therefore a low reactivity. The 'analysis for these assembly classes is presented
in the following Section 6.4.4.1. The remaining twethree DFCs are generic DFCs designed for
all BWR and PWR assembly classes. The criticality analysis for these generic DFCs is presented
in Section 6.4.4.2.
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6.4.4.1 MPC-68. MPC-68F or MPC-68FF loaded with Assembly Classes 6x6A. 6x6B.
6x6C. 7x7A and 8x8A

This section only addresses criticality calculations and results for assembly classes 6x6A, 6x6B,
6x6C, 7x7A and 8x8A, loaded into the MPC-68, MPC-68F or MPC-68FF. Up to 68 DFCs with
these assembly classes are permissible to be loaded into the MPC. Two different DFC types with
slightly different cross-sections are analyzed. DFCs containing fuel debris must be stored in the
MPC-68F or MPC-68FF. DFCs containing damaged fuel assemblies may be stored in either the
MPC-68, MPC-68F or MPC-68FF. Evaluation of the capability of storing damaged fuel and fuel
debris (loaded in DFCs) is limited to very low reactivity fuel in the MPC-68F. Because the MPC-
68 and MPC-68FF have a higher specified 10B loading, the evaluation of the MPC-68F
conservatively bounds the storage of damaged BWR fuel assemblies in a standard MC-68 or
MPC-68FF. Although the maximum planar-average enrichment of the damaged fuel is limited to
2.7% 235U as specified in the Certificate of Compliance Section 2.1.9, analyses have been made
for three possible scenarios, conservatively assuming fueltt of 3.0% enrichment. The scenarios
considered included the following:

1. Lost or missing fuel rods, calculated for various numbers of missing rods in order
to determine the maximum reactivity. The configurations assumed for analysis are
illustrated in Figures 6.4.2 through 6.4.8.

2. Broken fuel assembly with the upper segments falling into the lower segment
creating a close-packed array (described as a 8x8 array). For conservatism, the
array analytically retained the same length as the original fuel assemblies in this
analysis. This configuration is illustrated in Figure 6.4.9.

3. Fuel pellets lost from the assembly and forming powdered fuel dispersed through
a volume equivalent to the height of the original fuel. (Flow channel and clad
material assumed to disappear).

Results of the analyses, shown in Table 6.4.5, confirm that, in all cases, the maximum reactivity
is well below the regulatory limit. There is no significant difference in reactivity between the two
DFC types. Collapsed fuel reactivity (simulating fuel debris) is low because of the reduced
moderation. Dispersed powdered fuel results in low reactivity because of the increase in 238u
neutron capture (higher effective resonance integral for 238U absorption).

The loss of fuel rods results in a small increase in reactivity (i.e., rods assumed to collapse,
leaving a smaller number of rods still intact). The peak reactivity occurs for 8 missing rods, and a
smaller (or larger) number of intact rods will have a lower reactivity, as indicated in Table 6.4.5.

tt 6x6A0 I and 7x7AO I fuel assemblies were used as representative assemblies.
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The analyses performed and summarized in Table 6.4.5 provides the relative magnitude of the
effects on the reactivity. This information coupled with the maximum kff values listed in Table
6.1.3 and the conservatism in the analyses, demonstrate that the maximum keff of the damaged
fuel in the most adverse post-accident condition will remain well below the regulatory
requirement of kff < 0.95.

6.4.4.2 Generic BWR and PWR Damaged Fuel and Fuel Debris

The MPC-24E, MPC-24EF, MPC-32, MPC-32F, MPC-68 and MPC-68FF are designed to
contain PWR and BWR damaged fuel and fuel debris, loaded into generic DFCs. The number of
generic DFCs is limited to 16 for the MPC-68 and MPC-68FF, andto 4 for the MPC-24E and
MPC-24EF, and to 8for the MPC-32 and MPC-32F The permissible locations of the DFCs are
shown in Figure 6.4.11 for the MPC-68/68FF, and-in Figure 6.4.12 for the MPC-24E/24EF and
in Figure 6.4.16for the MPC-32/32F.-

Damaged fuel assemblies are assemblies with known or suspected cladding defects greater than
pinholes or hairlines, or with missing rods, but excluding fuel assemblies with gross defects (for
a full definition see Seetion 1.1 of the Certificate of Compliance Table 1.0.1). Therefore, apart
from possible missing fuel rods, damaged fuel assemblies have the same geometric configuration
as intact fuel assemblies and consequently the same reactivity. Missing fuel rods can result in a
slight increase of reactivity. After a drop accident, however, it can not be assumed that the initial
geometric integrity is still maintained. For a drop on either the top or bottom of the cask, the
damaged fuel assemblies could collapse. This would result in a configuration with a reduced
length, but increased amount of fuel per unit length. For a side drop, fuel rods could be
compacted to one side of the DFC. In either case, a significant relocation of fuel within the DFC
is possible, which creates a greater amount of fuel in some areas of the DFC, whereas the amount
of fuel in other areas is reduced. Fuel debris can include a large variety of configurations ranging
from whole fuel assemblies with severe damage down to individual fuel pellets.

In the cases of fuel debris or relocated damaged fuel, there is the potential that fuel could be
present in axial sections of the DFCs that are outside the basket height covered with Befailthe
fixed neutron absorber. However, in these sections, the DFCs are not surrounded by any intact
fuel, only by basket cell walls, non-fuel hardware, water and for the MPC-68/68FF by a
maximum of one other DFC. Studies have shown that this condition does not result in any
significant effect on reactivity, compared to a condition where the damaged fuel and fuel debris
is restricted to the axial section of the basket covered by BealtheJfxed neutron absorber. All
calculations for generic BWR and PWR damaged fuel and fuel debris are therefore performed
assuming that fuel is present only in the axial sections covered by BEkaithe fixed neutron
absorber, and the results are directly applicable to any situation where damaged fuel and fuel
debris is located outside these sections in the DFCs.
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To address all the situations listed above and identify the configuration or configurations leading
to the highest reactivity, it is impractical to analyze a large number of different geometrical
configurations for each of the fuel classes. Instead, a bounding approach is taken which is based
on the analysis of regular arrays of bare fuel rods without cladding. Details and results of the
analyses are discussed in the following sections.

All calculations for generic damaged fuel and fuel debris are performed using a full cask model
with the maximum permissible number of Damaged Fuel Containers. For the MPC-68 and MPC-
68FF, the model therefore contains 52 intact assemblies, and 16 DFCs in the locations shown in
Figure 6.4.11. For the MPC-24E and MPC-24EF, the model consists of 20 intact assemblies, and
4 DFCs in the locations shown in Figure 6.4.12. For the MPC-32 and MPC-32, the model
consists of 24 intact assemblies, and 8 DFCs in the locations shown in Figure 6.4.16. The
bounding assumptions regarding the intact assemblies and the modeling of the damaged fuel and
fuel debris in the DFCs are discussed in the following sections.

Note that since a modeling approach is used that bounds both damaged fuel and fuel debris
without distinguishing between these two conditions, the term damaged fuel' as used throughout
this chapter designates both damagedfuel andfuel debris.

6.4.4.2.1 Bounding Intact Assemblies

Intact BWR assemblies stored together with DFCs are limited to a maximum planar average
enrichment of 3.7 wt% 235U, regardless of the fuel class. The results presented in Table 6.1.7 are
for different enrichments for each class, ranging between 2.7 and 4.2 wto 235U, making it
difficult to identify the bounding assembly. Therefore, additional calculations were performed for
the bounding assembly in each assembly class with a planar average enrichment of 3.7 wt%. The
results are summarized in Table 6.4.7 and demonstrate that the assembly classes 9x9E and 9x9F
have the highest reactivity. These two classes share the same bounding assembly (see footnotes
for Tables 6.2.33 and 6.2.34 for further details). This bounding assembly is used as the intact
BWR assembly for all calculations with DFCs.

Intact PWR assemblies stored together with DFCs in the MPC-24E are limited to a maximum
enrichment of 4.0 wto 235 J without creditfor soluble boron and to a maximum enrichment of
5.0 wt% with credit for soluble boron, regardless of the fuel class. The results presented in Table
6.1.3 are for different enrichments for each class, ranging between 4.2 and 5.0 wt% 235U, making
it difficult to directly identify the bounding assembly. However, Table 6.1.4 shows results for an
enrichment of 5.0 wt% for all fuel classes, with a soluble boron concentration of 300 ppm. The
assembly class 5x15H has the highest reactivity. This is consistent with the results in Table
6.1.3, where the assembly class 15x15H is among the classes with the highest reactivity, but has
the lowest initial enrichment. Therefore, in the MPC-24E, the 5x15H assembly is used as the
intact PWR assembly for all calculations with DFCs.
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Intact PWR assemblies stored together with DFCs in the MPC-32 are limited to a maximum
enrichment of 5.0 wt%/, regardless of the fuel class. Table 6.1.5 and Table 6.1.6 shows results for
enrichments of 4.1 wt% and 5.0 wto, respectively, for allfuel classes. Since different minimum
soluble boron concentrations are usedfor different groups of assembly classes, the assembly
class with the highest reactivity in each group is used as the intact assembly for the calculations
with DFCs in the MPC-32. These assembly classes are

* 14xJ4Cfor all 14x14 assembly classes;
* 15xl5Bfor assembly classes 15xl5A, B, Cand G;
* l5xlSFfor assembly classes 15xl5D, E, F and H;
* 16xl6A; and
* I 7x 7Cfor all 17x 7 assembly classes.

6.4.4.2.2 Bare Fuel Rod Arrays

A conservative approach is used to model both damaged fuel and fuel debris in the DFCs, using
arrays of bare fuel rods:

* Fuel in the DFCs is arranged in regular, rectangular arrays of bare fuel rods, i.e. all cladding
and other structural material in the DFC is replaced by water.

* For cases with soluble boron, additional calculations are performed with reduced water
density in the DFC. This is to demonstrate that replacing all cladding and other structural
material with borated water is conservative.

* The active length of these rods is chosen to be the maximum active fuel length of all fuel
assemblies listed in Section 6.2, which is 155 inch for BWR fuel and 150 inch for PWR fuel.

* To ensure the configuration with optimum moderation and highest reactivity is analyzed, the
amount of fuel per unit length of the DFC is varied over a large range. This is achieved by
changing the number of rods in the array and the rod pitch. The number of rods are varied
between 9 (3x3) and 189 (17x17) for BWR fuel, and between 64 (8x8) and 729 (27x27) for
PWR fuel.

* Analyses are performed for the minimum, maximum and typical pellet diameter of PWR and
BWR fuel.

This is a very conservative approach to model damaged fuel, and to model fuel debris
configurations such as severely damaged assemblies and bundles of individual fuel rods, as the
absorption in the cladding and structural material is neglected.
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This is also a conservative approach to model fuel debris configurations such as bare fuel pellets
due to the assumption of an active length of 155 inch (BWR) or 150 inch (PWR). The actual
height of bare fuel pellets in a DFC would be significantly below these values due to the
limitation of the fuel mass for each basket position.

To demonstrate the level of conservatism, additional analyses are performed with the DFC
containing various realistic assembly configurations such as intact assemblies, assemblies with
missing fuel rods and collapsed assemblies, i.e. assemblies with increased number of rods and
decreased rod pitch.

As discussed in Section 6.4.4.2, all calculations are performed for full cask models, containing
the maximum permissible number of DFCs together with intact assemblies.

As an example of the damagedfuel model used in the analyses, Figure 6.4.17 shows the basket
cell of an MPC-32 with a DFC containing a 1 7x 7 array of bare fuel rods.

Graphical presentations of the calculated maximum kff for eaehtypical cases as a function of the
fuel mass per unit length of the DFC are shown in Figures 6.4.13. (BWR) and 6.4.14 (PWR,
MPC-24E/EF with pure water). The results for the bare fuel rods show a distinct peak in the
maximum kcff at about 2 kg U0 2/inch for BWR fuel, and at about 3.5 kgUO2/inch for PWR fuel.

The realistic assembly configurations are typically about 0.01 (delta-k) or more below the peak
results for the bare fuel rods, demonstrating the conservatism of this approach to model damaged
fuel and fuel debris configurations such as severely damaged assemblies and bundles of fuel
rods.

For fuel debris configurations consisting of bare fuel pellets only, the fuel mass per unit length
would be beyond the value corresponding to the peak reactivity. For example, for DFCs filled
with a mixture of 60 vol% fuel and 40 vol% water the fuel mass per unit length is 3.36
kgUO2/inch for the BWR DFC and 7.92 kgUO2/inch for the PWR DFC. The corresponding
reactivities are significantly below the peak reactivies. The difference is about 0.005 (delta-k) for
BWR fuel and 0.01 (delta-k) or more for PWR fuel. Furthermore, the filling height of the DFC
would be less than 70 inches in these examples due to the limitation of the fuel mass per basket
position, whereas the calculation is conservatively performed for a height of 155 inch (BWR) or
150 inch (PWR). These results demonstrate that even for the fuel debris configuration of bare
fuel pellets, the model using bare fuel rods is a conservative approach.

6.4.4.2.3 Distributed Enrichment in BWR Fuel

BWR fuel usually has an enrichment distribution in each planar cross section, and is
characterized by the maximum planar average enrichment. For intact fuel it has been shown that
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using the average enrichment for each fuel rod in a cross section is conservative, i.e. the
reactivity is higher than calculated for the actual enrichment distribution (See Appendix 6.B). For
damaged fuel assemblies, additional configurations are analyzed -to demonstrate that the
distributed enrichment does not have a significant impact on the reactivity of the damaged
assembly under accident conditions. Specifically, the following two scenarios were analyzed:

* As a result of an accident, fuel rods with -lower enrichment relocate from the top part to the
-bottom part of the assembly. This results in an increase of the average enrichment in the top
part, but' at the same time the amount of fuel in that area is reduced compared to the intact
assembly.

* As a result of an accident, fuel rods with higher enrichment relocate from the top part to the
bottom part of the assembly. This results in an increase of the average enrichment in the
bottom part, and at the same time the amount of fuel in that area is increased compared to the
intact assembly, leading to a reduction of the water content.

In both scenarios, a compensation of effects on reactivity is possible, as the increase of reactivity
due to the increased planar average enrichment might be offset by the possible reduction of
reactivity due to the change in the fuel to water ratio. A selected number of calculations have
been performed for these scenarios and the results show that there is only a minor change in
reactivity. These calculations are shown in Figure 6.4.13 in the group of the explicit assemblies.
Consequently, it is appropriate to qualify damaged BWR fuel assemblies and fuel debris based
on the maximum planar average enrichment. For assemblies with missing fuel rods, this
maximum planar average enrichment has to be determined based on the enrichment and number
of rods still present in the assembly when loaded into the DFC.

6.4.4.2.4 Results for MPC-68 and MPC-68FF

The MPC-68 and MPC-68FF allows the storage of up to sixteen DFCs in the shaded cells on the
periphery of the basket shown in Figure 6.4.11. In the MPC-68FF, up to 8 of these cells may
contain DFCs with fuel debris. The various configurations outlined im Sections 6.4.4.2.2 and
6.4.4.2.3 are analyzed with an enrichment of the intact fuel of 3.7% 235U and an enrichment of
damaged fuel or fuel debris of 4.0% 235U. For the intact assembly, the bounding assembly of the
9x9E and 9x9F fuel classes was chosen. This assembly has the highest reactivity of all BWR
assembly classes for the initial enrichment of 3.7 wt/o 5U, as demonstrated in Table 6.4.7. The
results for the various configurations are summarized in Figure 6.4.13 and in Table 6.4.8. Figure
6.4.13 shows the maximum kff, including bias and calculational uncertainties, for various actual
and hypothetical damaged fuel or fuel debris configurations as a function of the fuel mass per
unit length of the DFC. Table 6.4.8 lists the highest maximum kff for the various configurations.
All maximum kff values are below the 0.95 regulatory limit.
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6.4.4.2.5 Results for MPC-24E and MPC-24EF

The MPC-24E allows the storage of up to four DFCs with damaged fuel in the four outer fuel
baskets cells shaded in Figure 6.4.12. The MPC-24EF allows storage of up to four DFCs with
damaged fuel or fuel debris in these locations. These locations are designed with a larger box ID
to accommodate the DFCs. For an enrichment of 4.0 wt% 235U for the intact fuel, damaged fuel
and fuel debris, and assuming no soluble boron, the results for the various configurations
outlined in Section 6.4.4.2.2 are summarized in Figure 6.4.14 and in Table 6.4.9. Figure 6.4.14
shows the maximum kff, including bias and calculational uncertainties, for various actual and
hypothetical damaged fuel and fuel debris configurations as a function of the fuel mass per unit
length of the DFC. For the intact assemblies, the 5x15H assembly class was chosen. This
assembly class has the highest reactivity of all PWR assembly classes for a given initial
enrichment. This is demonstrated in Table 6.1.4. Table 6.4.9 lists the highest maximum kff for
the various configurations. All maximum kff values are below the 0.95 regulatory limit.

For an enrichment of 5.0 wt% 23 5Ufor the intactfuel, damagedfuel andfuel debris, a minimum

soluble boron concentration of 600 ppm is required For this condition, calculations are

performedfor various hypothetical fuel debris configurations (i.e. bare fuel rods) as a function
of the fuel mass per unit length of the DFC. Additionally, calculations are performed with

reduced water densities in the DFC. The various conditions of damagedfuel, such as assemblies

with missing rods or collapsed assemblies, were not analyzed, since the results in Figure 6.4.14

clearly demonstrate that these conditions are bounded by the hypothetical modelfor fuel debris

based on regular arrays of bare fuel rods. Again, the 15x15H assembly class was chosen as the

intact assembly since this assembly class has the highest reactivity of all PWR assembly classes

as demonstrated in Table 6.1.4. The results are summarized in Table 6.4.12. Similar to the

calculations with pure water (see Figure 6.4.14), the results for borated water show a distinct

peak of the maximum keff as a function of the fuel mass per unit length. Therefore, For each

condition, the table lists only the highest maximum k including bias and calculational

uncertainties, i.e. the point of optimum moderation. The results show that the reactivity

decreases with decreasing water density. This demonstrates that replacing all cladding and

other structural material with water is conservative even in the presence of soluble boron in the

water. All maximum keff values are below the 0.95 regulatory limit.

-6.4.4.2.6 Results for MPC-32 and MPC-32F

The MPC-32 allows the storage of up to eight DFCs with damagedfuel in the outer fuel basket

cells shaded in Figure 6.4.16. The MPC-32F allows storage of up to eight DFCs with damaged

fuel or fuel debris in these locations. For the MPC-32 and MPC-32F, additional cases are

analyzed due to the high soluble boron level requiredfor this basket:

The assembly classes of the intact assemblies are grouped, and minimum required

soluble boron levels are determined separately for each group. The analyses are

HI-STORM FSAR Proposed Rev. 2B

REPORT HI-2002444 6.4-14



performed for the bounding assembly class in each group. The bounding assembly
classes are listed in Section 6.4.4.2.1.

* Evaluations of conditions with voided andfilled guide tubes and various water densities
in the MPC and DFC are performed to identify the most reactive condition.

In general, all calculations performedfor the MPC-32 show the same principal behavior as for
the MPC-24 (see Figure 6.4.14), i.e. the reactivity as a function of the fuel mass per unit length
for the bare fuel rod array shows a distinct peak Therefore, for each condition analyzed, only
the highest maximum keffi i.e. the calculated peak reactivity, is listed in the tables. Evaluations of
different diameters of the bare fuel pellets and the reduced water density in the DFC have been
performedfor a representative case using the 15xlSF assembly class as the intact assembly, with
voided guide tubes, a water densit of 1.0 g/cc in the DFC and MPC, 2900 ppm soluble boron,
and an enrichment of 5.0 wt% Ufor the intact and damagedfuel andfuel debris. For this
case, results are summarized in Table 6.4.13. For each condition, the table lists the highest
maximum k including bias and calculational uncertainties, i.e.: the point of optimum
moderation. The results show that the fuel pellet diameter in the DFC has an insignificant effect
on reactivity, and that reactivity decreases with decreasing water density. The latter
demonstrates that replacing all cladding and other structural material with water is conservative
even in the presence of soluble boron in the water. Therefore, a typicalfuelpellet diameter and a
water density of 1.0 in the DFCs are used for all further analyses. Two enrichment levels are
analyzed, 4.1 wt% 235U and 5.0 wto 235 , consistent with the analyses for intactfuel only. In any
calculation, the same enrichment is usedfor the intactfuel and the damagedfuel andfuel debris.
For both enrichment levels, analyses are performed with voided andfilled guide tubes, each with
water densities of 0.93 and 1.0 g/cm3 in the MPC. In all cases, the water density inside the DFCs
is assumed to be 1.0 g/cm3, since this is the most reactive condition as shown in Table 6.4.13.
Results are summarized in Table 6.4.14. For each group of assembly classes, the table shows the
soluble boron level and the highest maximum kf4 for the various moderation conditions of the
intact assembly. The 'highest maximum kf is the highest value of any of the hypothetical fuel
debris configurations, i.e. various arrays of bare fuel rods. All maximum keffvalues are below the
0.95 regulatory limit. Conditions of damaged fuel such as assemblies with missing rods -or
collapsed assemblies were not analyzed in the MPC-32, since the results in Figure 6.4.14 clearly
demonstrate that these conditions are bounded by the hypothetical modelforfuel debris based
on regular arrays of bare fuel rods.

6.4.5 Fuel Assemblies with Missing Rods,

For fuel assemblies that are qualified for damaged fuel storage, missing and/or damaged fuel rods
are acceptable. However, for fuel assemblies to meet the -limitations of intact fuel assembly
storage, missing fuel rods must be replaced with dummy rods that displace a volume of water
that is equal to, or larger than, that displaced by the original rods.
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6.4.6 Thoria Rod Canister

The Thoria Rod Canister is similar to a DFC with an internal separator assembly containing 18
intact fuel rods. The configuration is illustrated in Figure 6.4.15. The kff value for an MPC-68F
filled with Thoria Rod Canisters is calculated to be 0.1813. This low reactivity is attributed to the
relatively low content in 2 .U (equivalent to U02 fuel with an enrichment of approximately 1.7
wt 0 235U), the large spacing between the rods (the pitch is approximately 1", the cladding OD is
0.412") and the absorption in the separator assembly. Together with the maximum kff values
listed in Tables 6.1.7 and 6.1.8 this result demonstrates, that the kff for a Thoria Rod Canister
loaded into the MIC-68 or the MPC-68F together with other approved fuel assemblies or DFCs
will remain well below the regulatory requirement of kff < 0.95.

6.4.7 Sealed Rods replacing BWR Water Rods

Some BWR fuel assemblies contain sealed rods filled with a non-fissile material instead of water
rods. Compared to the configuration with water rods, the configuration with sealed rods has a
reduced amount of moderator, while the amount of fissile material is maintained. Thus, the
reactivity of the configuration with sealed rods will be lower compared to the configuration with
water rods. Any configuration containing sealed rods instead of water rods is therefore bounded
by the analysis for the configuration with water rods and no further analysis is required to
demonstrate the acceptability. Therefore, for all BWR fuel assemblies analyzed, it is permissible
that water rods are replaced by sealed rods filled with a non-fissile material.

6.4.8 Non-fuel Hardware in PWR Fuel Assemblies

Non-fuel hardware such as Thimble Plugs (TPs), Burnable Poison Rod Assemblies (BPRAs),
Control Rod Assemblies (CRAs), Axial Power Shaping Rods (APSRs) and similar devices are
permitted for storage with all PWR fuel types. Non-fuel hardware is inserted in the guide tubes of
the assemblies. For pure water, the reactivity of any PWR assembly with inserts is bounded by
(i.e. lower than) the reactivity of the same assembly without the insert. This is due to the fact that
the insert reduces the amount of moderator in the assembly, while the amount of fissile material
remains unchanged. This conclusion is supported by the calculation listed in Table 6.2.4, which
shows a significant reduction in reactivity as a result of voided guide tubes, i.e. the removal of
the water from the guide tubes.

With the presence of soluble boron in the water, non-fuel hardware not only displaces water, but
also the neutron absorber in the water. It is therefore possible that the insertion results in an
increase of reactivity, specifically for higher soluble boron concentrations. As a bounding
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approach for the presence of non-fuel hardware, analyses were performed with empty (voided)
guide tubes, i.e. any absorption of the hardware is neglected. If assemblies contain an instrument
tube, this tube remains filled with borated water. Table 6.4.6 shows results for the variation in
water density for cases with filled and voided guide tubes. These results show that the optimum
moderator density depends on the soluble boron concentration, and on whether the guide tubes
are filled or assumed empty. For the MPC-24 with 400 ppm and the MPC-32 with 1900 ppm,
voiding the guide tubes results in a reduction of reactivity. All calculations for the MPC-24 and
MPC-24E, and fr the MPG 32 with 1900 ppm are therefore performed with water in the guide
tubes. For the MPC-32 with 2600 ppm, the reactivity for voided guide tubes slightly exceeds the
reactivity for filled guide tubes. However, this effect is not consistent across all assembly classes.
Table 6.4.10, Table 6.4.11 and Table 6.4.14 shows results with filled and voided guide tubes for
all assembly classes in the MPC-32/32F at- 2600pM .1 w1% 2 35U and 5.0 wto 2 5U. Some
classes show an increase, other classes show a decrease as a result of voiding the guide tubes.
Therefore, for the results presented in the Section 6.1, Table 6.1.5, Table 6.1.6 and Table 6.1.12,
the maximum value for each class is chosenfor each enrichment level.

In summary, from a criticality safety perspective, non-fuel hardware inserted into PWR
assemblies are acceptable for all allowable PWR types, and, depending on the assembly class,
can increase the safety margin.

6.4.9 Neutron Sources in Fuel Assemblies

Fuel assemblies containing start-up neutron sources are permitted for storage in the HI-STORM
100 System. The reactivity of a fuel assembly is not affected by the presence of a neutron source
(other than by the presence of the material of the source, which is discussed later). This is true
because in a system with a keff less than 1.0, any given neutron population at any time,
regardless of its origin or size, will decrease over time. Therefore, a neutron source of any
strength will not increase reactivity, but only the neutron flux in a system, and no additional
criticality analyses are required. Sources are inserted as rods into fuel assemblies, i.e. they replace
either a fuel rod or water rod (moderator). Therefore, the insertion of the material of the source
into a fuel assembly will not lead to an increase of reactivity either.

6.4.10 Applicability of HI-STAR Analyses to HI-STORM 100 System

Calculations previously supplied to the NRC in applications for the HI-STAR 100 System
(Docket Numbers 71-9261 and 72-1008) are directly applicable to the HI-STORM storage and
HI-TRAC transfer casks. The MPC designs are identical. The cask systems differ only in the
overpack shield material. The limiting condition for the HI-STORM 100 System is the fully
flooded HI-TRAC transfer cask. As demonstrated by the comparative calculations presented in
Tables 6.1.1 through 6.1.8, the shield material in the overpack (steel and lead for HI-TRAC, steel
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for H-STAR) has a negligible impact on the igenvalue of the cask systems. As a result, this
analysis for the 125-ton HI-TRAC transfer cask is applicable to the 100-ton HI-TRAC transfer
cask. In all cases, for the reference fuel assemblies, the maximum kff values are in good
agreement and are conservatively less than the limiting k(ff value (0.95).

6.4.11 Fixed Neutron Absorber Material

The MPCs in the HI-STORM 100 System can be manufactured with one of two possible neutron
absorber materials: Boral or Metamic. Both materials are made of aluminum and B4C powder.
Boral has an inner core consisting ofB4C and aluminum between two outer layers consisting of
aluminum only. This configuration is explicitly modeled in the criticality evaluation and shown
in Figures 6.3.1 through 6.3.3 for each basket. Metamic is a single layer material with the same
overall thickness and the same credited "'B loading (in g/cm2) for each basket. The majority of
the criticality evaluations documented in this chapter are performed using Boral as the fixed
neutron absorber. For a selected number of bounding cases, analyses are also performed using
Metamic instead of Boral. The results for these cases are listed in Table 6.4.15, together with the
corresponding result using Boral and the difference between the two materials for each case.
Individual cases show small differences for the two materials. However, the differences are
mostly below two times the standard deviation (the standard deviation is about 0.0008 for all
cases in Table 6.4.15), indicating that the results are statistically equivalent. Furthernore, the
average difference is well below one standard deviation, and all cases are below the regulatory
limit of 0.95. In some cases listed in Table 6.4.15, the reactivity difference between Metamic and
Boral might be larger than expectedfor two equivalent materials. Also, for four out of the five
cases with MPC-24 type baskets, Metamic shows the higher reactivity, which could potentially
indicate a trend rather than a statistical variation. Therefore, in order to confirm that the
materials are equivalent, a second set of calculations was performed for Metamic, which was
statistically independent from the set shown in Table 6.4.15. This was achieved by selecting a
different starting value for the random number generator in the Monte Carlo calculations. The
second set also shows some individual variations of the differences, and a low average
difference. However, there is no apparent trend regarding the MPC-24 type baskets compared to
the MPC-32 and MPC-68, and the maximum positive reactivity difference for Metamic in an
MPC-24 type basket is only 0.0005. Overall, the calculations demonstrate that the two fixed
neutron absorber materials are identical from a criticality perspective. All results obtainedfor
Boral are therefore directly applicable to Metamic and no further evaluations using Metamic are
required
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I Table 6.4.1

MAXIMUM REACTVITES WITH REDUCED WATER DENSITIES FOR CASK AdRRAPYSt

Water Density: MCNP4a Maximum kr

Case MPC-24 MPC-68
Number Internai External (I7x17A01 P 4.0%) (8x8C04 6 4.2%)

1 100% single 0.9368 0.9348
cask

2 100% 100% 0.9354 0.9339

3 100% 70% 0.9362 0.9339

4 100% 50% -0.9352 0.9347

5 100% 20% 0.9372 0.9338

6 100% 10% - 0.9380 0.9336

7 100% 5% 0.9351 0.9333

8 100% 0% 0.9342 0.9338

9 70% 0% 0.8337 0.8488

10 50% 0% 0.7426 0.7631

11 20% 0% 0.5606 0.5797

12 10% 0% 0.4834 0.5139

13 5% 0% 0.4432 0.4763

14 10% 100% 0.4793 0.4946

t For an infinite square array of casks with 60cm spacing between cask surfaces.

tt Maximum kff includes the bias, uncertainties, and calculational statistics, evaluated for the
worst case combination of manufacturing tolerances.
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Table 6.4.2

REACTIVITY EFFECTS OF PARTIAL CASK FLOODING

MPC-24 (17x17AO1 @ 4.0% ENRICHMENT) (no soluble boron)

Flooded Condition Vertical Orientation Flooded Condition Horizontal Orientation
(%_ _ Full) (% Full)

25 0.9157 25 0.8766
50 _ 0.9305 50 0.9240
75 0.9330 75 0.9329
100 0.9368 100 0.9368

MPC-68 (8x8C04 @ 4.2% ENRICHMENT)

Flooded Condition Vertical Orientation Flooded Condition Horizontal Orientation
(% Full) (% Full)

25 0.9132 23.5 0.8586
50 0.9307 50 0.9088
75 0.9312 76.5 0.9275
100 0.9348 100 0.9348

MIPC-32 (15x15F @ 5.0 % ENRICHMENT) 2600ppm Soluble Boron
Flooded Condition Vertical Orientation Flooded Condition Horizontal Orientation

(% Full) (% Full)
25 0.8927 31.25 0.9213

50 0.9215 50 0.9388
75 0.9350 68.75 0.9401
100 0.9445 100 0.9445

Notes:

1. All values are maximum kff which include bias, uncertainties, and calculational statistics, evaluated
for the worst case combination of manufacturing tolerances.
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Table 6.4.3

REACTIVITY EFFECT OF FLOODING THE PELLET-TO-CLAD GAP

MPC-24 MPC-68
Pellet-to-Clad 7xlIA0I 8x8C04

Condition 4.0% Enrichment 4.2% Enrichment

dry 0.9295 0.9279

flooded with 0.9368 0.9348
unborated water

Notes:

1. All values are maximum kcff which includes bias, uncertainties, and calculational statistics, evaluated
for the worst case combination of manufacturing tolerances.
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Table 6.4.4

REACTIVITY EFFECT OF PREFERENTIAL FLOODING OF THE DFCs

Preferential Fully Flooded
DFC Configuration Flooding

IPC-68 or MPC-68F with 68 DFCs 0.6560 0.7857
(Assembly Classes 6x6A/B/C, 7x7A

and8x8A)

MPC-68 or MPC-68FF with 16 DFCs 0.6646 0.9328
(All BWR Assembly Classes)

MPC-24E or MPC-24EF with 4 DFCs 0.7895 0.9480
(All PWR Assembly Classes)

MPC-32 or MPC-32 with 8 DFCs 0.7213 0.9378
(All PWR Assembly Classes)

Notes:

1. All values are maximum kff which includes bias, uncertainties, and calculational statistics,
evaluated for the worst case combination of manufacturing tolerances.
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Table 6.4.5

MAXIMUM kff VALUES'IN THE DAMAGED FUEL CONTAINER

MCNP4a
Condition Maximumft kff

DFC -DFC
Dimensions: Dimensions:

ID 4.93" ID 4.81"
THK. 0.12" TEX 0.11"

6x6 Fuel Assembly

6x6 Intact Fuel 0.7086 0.7016
w/32 Rods Standing 0.7183 0.7117
w/28 Rods Standing 0.7315 0.7241
w124 Rods Standing 0.7086 -0.7010
w/18 Rods Standing 0.6524 0.6453

Collapsed to 8x8 array 0.7845 0.7857

Dispersed Powder 0.7628 0.7440

7x7 Fuel Assembly

7x7 Intact Fuel 0.7463- 0.7393
w/41 Rods Standing 0.7529 0.7481
w/36 Rods Standing 0.7487 0.7444
w/25 Rods Standing 0.6718 0.6644

These calculations were performed with a planar-average enrichment of 3.0% and a 10B
loading of 0.0067 g/cm2, which is 75% of a minimum 10B loading of 0.0089 glcm2. The
minimum 'B loading in the MPC-68F is 0.010 glcm2. Therefore, the listed maximum kff
values are conservative

tt Maximum keff includes bias, uncertainties, and calculational statistics, evaluated for the

worst case combination of manufacturing tolerances.
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Table 6.4.6

MAXIMUM kff VALUES WITH REDUCED BORATED WATER DENSITIES

Internal Water Maximum k~f
Density,
in g/cm3

MPC-24 MPC-32 MPC-32
(4 00ppm) (1900ppm) (2600ppm)
_.0_% (a),4_1 % i), O O %

Guide Tubes filled filled void filled void
1.005 NCTf 0.9403 0.9395 NC 0.9481
1.00 0.9314 0.9411 0.9400 0.9445 0.9483
0.99 NC 0.9393 0.9396 0.9438 0.9462
0.98 0.9245 0.9403 0.9376 0.9447 0.9465
0.97 NC 0.9397 0.9391 0.9453 0.9476
0.96 NC NC NC 0.9446 0.9466
0.95 0.9186 0.9380 0.9384 0.9451 0.9468
0.94 NC NC NC 0.9445 0.9467
0.93 0.9130 0.9392 0.9352 0.9465 0.9460
0.92 NC NC NC 0.9458 0.9450
0.91 NC NC NC 0.9447 0.9452
0.90 0.9061 0.9384 NC 0.9449 0.9454
0.80 0.8774 0.9322 NC 0.9431 0.9390
0.70 0.8457 0.9190 NC 0.9339 0.9259
0.60 0.8095 0.8990 NC 0.9194 0.9058
0.40 0.7225 0.8280 NC 0.8575 0.8410
0.20 0.6131 0.7002 NC 0.7421 0.7271
0.10 0.5486 0.6178 NC 0.6662 0.6584

t External moderator is modeled at 0%. This is consistent with the results demonstrated in Table 6.4.1.

NC: Not Calculated
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- Table 6.4.7

MAXIMUM keff VALUES FOR INTACT BWR FUEL ASSEMBLIES WITH
-tPLANAR AVERAGE ENRICHMENT OF 3.7 wt% 235U

A MAXIMUM

Fuel Assembly Class Maximum k4ff

6x6A 0.8287

6x6C 0.8436

7x7A 0.8399

7x7B 0.9109

8x8A 0.8102

8x8B 0.9131

8x8C 0.9115

8x8D 0.9125

8x8E 0.9049

8x8F 0.9233

9x9A 0.9111

9x9B 0.9134

9x9C 0.9103

9x9D 0.9096

9x9E 0.9237

9x9F 0.9237

9x9G 0.9005

10xI0A 0.9158

l0x10B 0.9156

10xiOC 0.9152

10x10D 0.9182

l0x10E 0.8970
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Table 6.4.8

MAXIMUM kff VALUES IN THE GENERIC BWR DAMAGED FUEL CONTAINER FOR A
MAXIMUM INITIAL ENRICHMENT OF 4.0 wt% 235 U FOR DAMAGED FUEL AND 3.7

Wt% 235U FOR INTACT FUEL

Model Configuration inside the Maximum klff
DFC

Intact Assemblies 0.9241
(4 assemblies analyzed)

Assemblies with missing rods 0.9240
(7 configurations analyzed)

Assemblies with distributed 0.9245
enrichment
(4 configurations analyzed)

Collapsed Assemblies 0.9258
(6 configurations analyzed)

Regular Arrays of Bare Fuel Rods 0.9328
(31 configurations analyzed)
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Table 6.4.9

MAXIMUM keff VALUES IN THE MPC-24E/EF WIH THE GENERIC PWR DAMAGED
FUEL CONTAINER FOR A MAXIMUM INiTIAL ENRICHMENT OF 4.0 wto 23U AND NO

SOLUBLE BORON.

Model Configuration inside the Maximum kff
DFC

Intact Assemblies 0.9340
(2 assemblies analyzed)

Assemblies with missing rods 0.9350
(4 configurations analyzed)

Collapsed Assemblies 0.9360
(6 configurations analyzed)

Regular Arrays of Bare Fuel Rods 0.9480
(36 configurations analyzed)
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Table 6.4.10

MAXMUM kef VALUES WITH FILLED AND VOIDED GUIDE TUBES
FOR THE APC-32 AT 5.0 wt% ENRICHAENT I I

Fuel Class Minimum MPC-32 (2600ppm)@ 5.0 %
Soluble
Boron Guide Tubes Filled, Guide Tubes Voided,
Content Modeertor- Density 0.93 Moderatff Density 1.00

(Ppm) 1 0 g/cm3 0.93 glm3 1.0 g/cm3 0. 93 g/cm3

14x14A 1900 0.8984 0.9000 0.8953 0.8943

14x14B 1900 0.9210 0.9214 0.9164 0.9118

14xl4C 1900 0.93 71 0.9376 0.9480 0.9421

14x14D 1900 0.9050 0.9027 0.8947 0.8904

14x14E 1900 0.7415 0.7301 n/a n/a

15x15A 2500 0.9210 0.9223 0.9230 0.9210

15xl5B 2500 0.9402 0.9420 0.9429 0.9421

15xl5C 2500 0.9258 0.9292 0.9307 0.9293

15xl5D 2600 0.9426 0.9419 0.9466 0.9440

l5xl5E 2600 0.9394 0.9415 0.9434 0.9442

15xl5F 2600 0.9445 0.9465 0.9483 0.9460

l5xl5G 2500 0.9228 0.9244 0.9251 0.9243

15XI5H 2600 0.9271 0.9301 0.9317 0.9333

16X16A 1900 0.9460 0.9450 0.9474 0.9434

17xl7A 2600 0.9105 0.9145 0.9160 0.9161

17x17B 2600 0.9345 0.9358 0.9371 0.9356

17X17C 2600 0.941 7 0.9431 0.9437 0.9430
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Table 6.4.11

MIMUM kf VALUES WiTH FILLED AND VOIDED GUIDE TUBES
FOR THE APC-32 AT 4.1wt% ENRICHMENT

Fuel Class Minimum MPC-32 @ 4.1 %
Soluble Boron

Content Guide Tubes Filled Guide Tubes Voided

(ppm) 1 g/cm 3 0.93 g/cm3 1.0 g/CM3 0. 93 g/cm

14x14A 1300 0.9041 0.9029 0.8954 0.8939

14x14B 1300 0.9257 0.9205 0.9128 0.9074

14x14C 1300 0.9402 0.9384 0.9423 0.9365

14x14D 1300 0.8970 0.8943 0.8836 0.8788

14x14E 1300 0.7340 0.7204 n/a n/a

l5xl5A 1800 0.9199 0.9206 0.9193 0.9134

15xl5B 1800 0.9397 0.9387 0.9385 0.9347

15xl5C 1800 0.9266 0.9250 0.9264 0.9236

15xlSD 1900 0.9375 0.9384 0.9380 0.9329

15x15E 1900 0.9348 0.9340 0.9365 0.9336

15x15F 1900 0.9411 0.9392 0.9400 0.9352

15x15G 1800 0.9147 0.9128 0.9125 0.9062

15X15H 1900 0.9267 0.9274 0.9276 0.9268

16X16A 1300 0.9468 0.9425 0.9433 0.9384

17x17A 1900 0.9105 0.9111 0.9106 0.9091

17x 7B 1900 0.9309 0.9307 0.9297 0.9243

17X17C 1900 0.9355 0.9347 0.9350 0.9308
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Table 6.4.12

MAIMUMke4 VALUESIN THE MPC-24E/24EF WITH THE GENERIC PWR DAMAGED
FUEL CONTAINER FOR A MIXMUMINITIAL ENRICHMENT OF 5.0 wt% 235U

AND 600 PPM SOLUBLE BORON.

Water Density Bare Fuel Pellet Diameter Maximum k
inside the DFC

1.00 minimum 0.9185

1.00 typical 0.9181

1.00 maximum 0.9171

0.95 typical 0.9145

0.90 typical 0.9125

0.60 typical 0.9063

0.10 typical 0.9025

0.02 typical 0.9025
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Table 6.4.13

MA.XMUMkffVALUESIN THE MPC-32/32FWTHEGENERICPR DAMAGEDFUEL
CONTAINER FOR A MAXMUM INITIAL ENRICHMENT OF 5.0 wt% 23 U

2900 PPM SOL UBLE BORON AND THE 15x15FASSEMBLY CLASS ASINTACTASSEMBLY.

K>

Water Density Bare Fuel Pellet Diameter Maximum kf
inside the DFC

1.00 minimum 0.9374

1.00 ; typical 0.9372

1.00 - maximum 0.9373

095 typical 0.93 69

0.90 typical 0.9365

0.60 typical 0.9308

0.10 typical 0.9295

0.02 typical 0.9283

HI-STORM FSAR

REPORT HJ-2002444

Proposed Rev. 2B

6.4-31



Table 6.4.14

BOUNDING MAXIMUM keff VALUES FOR THE MPC-32 AND APC-32F
WITH UP TO 8 DFCs UNDER VARIOUS MODERATION CONDITIONS.

FuelAssembly Initial Minimum Maximum kff
Class of Intact Enrichment Soluble Boron

Fugel (wt% 235[J) Content
(ppm) Filled Guide Tubes Voided Guide

Tubes

1.0 0.93 1.0 0.93
g/cm3 g/cm3 g/cm3 g/cm3

14x14A 4.1 1500 0.9277 0.9283 0.9336 0.9298
through
14x14E 5.0 2300 0.9139 0.9180 0.9269 0.9262

15x15A, B, C, 4.1 1900 0.9345 0.9350 0.9350 0.9326
G

5.0 2700 0.9307 0.9346 0.9347 0.9365

15x15D, E, F, 4.1 2100 0.9322 0.9336 0.9340 0.9329
H

5.0 2900 0.9342 0.9375 0.9385 0.9397

16x16A 4.1 1500 0.9322 0.9321 0.9335 0.9302

5.0 2300 0.9198 0.9239 0.9289 0.9267

17xl 7A, B, C 4.1 2100 0.9284 0.9290 0.9294 0.9285

5.0 2900 0.9308 0.9338 0.9355 0 9367

HI-STORM FSAR
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Table 6.4.15

COMPARISON OF MAiMUM k,1 VALUES FOR DIFFERENTFLXED NEUTRONABSORBER
MATERIALS

Case Maximum kf Reactivity Difference

BORAL METAMIC

MPC-68, Intact Assemblies 0.9457 0.9452 -0.0005

MPC-68, with 16DFCs 0.9328 0.9315 -0.0013

MPC-68F with 68 DFCs 0.8021 0.8019 -0.0002

.PC-24, Oppm 0.9478 0.9491 +0.0013

MPC-24, 400ppm 0.9447 0.9457 +0.0010

MPC-24E, Intact Assemblies,
Oppm 0.9468 0.9494 +0.0026

MPC-24E, Intact Assemblies,
300ppm 0.9399 0.9410 +0.0011

MPC-24E, with 4 DFCs, Oppm 0.9480 0.9471 -0.0009

MPC-32, Intact Assemblies,
1900ppm 0.9411 0.9397 -0.0014

MPC-32, Intact Assemblies,
2600ppm 0.9483 0.9471 -0.0012

Average Difference +0.0001

HI-STORM FSAR
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FIGURE 6.4.16; LOCATIONS OF THE DAMAGED FUEL CONTAINERS
IN THE MPC-32.
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APPENDIX 6.C: CALCULATIONAL SUMMARY

The following table lists the maximum kff (including bias, uncertainties, and calculational
statistics), MCNP calculated kff, standard deviation, and energy of average lethargy causing
fission (EALF) for each of the candidate fuel types and basket configurations.

Table 6.C.1 
CALCULATIONAL SUlMMARY FOR ALL CANDIDATE FUEL TYPES

AND BASKET CONFIGURATIONS

MPC-24

Fuel Assembly Maximum Calculated Std. Dev. EALF
Designation Cask ke - kf (1-sigma) (eV)

l4xl4A01 HI-STAR 0.9295 0.9252 0.0008 0.2084

14xl4A02 HI-STAR 0.9286 0.9242 0.0008 0.2096

14x14A03 HI-STORM 0.3080 0.3047 0.0003 3.37E+04

l4xl4A03 HI-TRAC 0.9283 0.9239 0.0008 0.2096

14xl4A03 HI-STAR 0.9296 0.9253 0.0008 0.2093

l4xl4B01 HI-STAR 0.9159 0.9117 0.0007 0.2727

14x 14B02 HI-STAR 0.9169 0.9126 0.0008 0.2345

l4x14B03 HI-STAR 0.9110 0.9065 0.0009 0.2545

14x14B04 HIl-STAR 0.9084----- 0.9039 0.0009 0.2563

B14xl4B01 HI-TRAC 0.9237 0.9193 0.0008 0.2669

Bl4x14B01 HI-STAR - 0.9228 0.9185- 0.0008 0.2675

14x14C01 HI-TRAC 0:9273 0.9230 - -0.0008 0.2758

14xi4C0l HI-STAR 0.9258 0.9215 : 0.0008 0.2729

14xl4C02 HI-STAR 0.9265 0.9222 0.0008 0.2765

14xl4C03 HI-TRAC 0.9274 - .9231 0.0008 0.2839

14xl4C03 HI-STAR 0.9287 0.9242 0.0009 0.2825

HI-STORM FSAR Proposed Rev. 2B
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Table 6.Cl (continued)
CALCULATIONAL SUMMARY FOR ALL CANDIDATE FUEL TYPES

AND BASKET CONFIGURATIONS

MPC-24

Fuel Assembly Maximum Calculated Std. Dev. EALF
Designation Cask kdff keff (1-sigma) (eV)

14x14D01 HI-TRAC 0.8531 0.8488 0.0008 0.3316

14x14D01 HI-STAR 0.8507 0.8464 0.0008 0.3308

14xl4E0l HI-STAR 0.7598 0.7555 0.0008 0.3890

14x14E02 HI-TRAC 0.7627 0.7586 0.0007 0.3591

14xl4E02 HI-STAR 0.7627 0.7586 0.0007 0.3607

14x14E03 HI-STAR 0.6952 0.6909 0.0008 0.2905

15x15A01 HI-TRAC 0.9205 0.9162 0.0008 0.2595

15x15A01 Il-STAR 0.9204 0.9159 0.0009 0.2608

15x15B01 HI-STAR 0.9369 0.9326 0.0008 0.2632

15C15B02 HI-STAR 0.9338 0.9295 0.0008 0.2640

15x15B03 HI-STAR 0.9362 0.9318 0.0008 0.2632

15x15B04 HI-STAR 0.9370 0.9327 0.0008 0.2612

15x15B05 HI-STAR 0.9356 0.9313 0.0008 0.2606

15xl5B06 HI-STAR 0.9366 0.9324 0.0007 0.2638

Bl5x15B01 HI-TRAC 0.9387 0.9344 0.0008 0.2616

B15xl5B01 HI-STAR 0.9388 0.9343 0.0009 0.2626

15x15C01 HI-STAR 0.9255 0.9213 0.0007 0.2493

15xl5C02 HI-STAR 0.9297 0.9255 0.0007 0.2457

l5xl5C03 HI-STAR 0.9297 0.9255 0.0007 0.2440

15xl5C04 HI-STAR 0.9311 0.9268 0.0008 0.2435

B15x15C01 HI-TRAC 0.9362 0.9319 0.0008 0.2374

B15xl5CO1 HI-STAR 0.9361 0.9316 0.0009 0.2385
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-Table 6.C.1 (continued)
CALCULATIONAL SUMMARY FOR ALL CANDIDATE FUEL TYPES

AND BASKET CONFIGURATIONS

MPC-24

Fuel Assembly Maximum Calculated Std. Dev. EALF
Designation Cask keff keff (1-sigma) (eV)

15x15D0l Hi-STAR 0.9341 0.9298 0.0008 0.2822

15xl5D02 HI-STAR 0.9367 0.9324 0.0008 0.2802

15xl5D03 HI-STAR 0.9354 0.9311 0.0008 0.2844

15xl5D04 HI-TRAC 0.9354 0.9309 0.0009 0.2963

l 5x l5SD04 HI-STAR 0.9339 0.9292 0.0010 0.2958

15xI5E01 HI-TRAC 0.9392 0.9349 0.0008 0.2827

15xl5E01 HI-STAR 0.9368 0.9325 0.0008 0.2826

15x15F01 HI-STORM 0.3648 0.3614 0.0003 3.03E+04

15x15F01 HI-TRAC 0.9393 0.9347 0.0009 0.2925

15x15F01 HI-STAR 0.9395 0.9350 0.0009 0.2903

5xl5G01 HI-TRAC 0.8878 0.8836 0.0007 0.3347

15x15G01 HI-STAR 0.8876 0.8833 0.0008 0.3357

15x15H01 HI-TRAC 0.9333 0.9288 0.0009 0.2353

15x15H01 HI-STAR 0.9337 0.9292 0.0009 0.2349

16x16A01 HI-STORM 0.3447 0.3412 0.0004 3.15E+04

16x16A01 HI-TRAC 0.9273 0.9228 0.0009 0.2710

16x16A01 HI-STAR 0.9287 0.9244 0.0008 0.2704

16x16A02 HI-STAR 0.9263 0.9221 0.0007 0.2702

17x17A01 HIW STAR 0.9368 0.9325 0.0008 0.2131

17x17A021 HI-STORM 0.3243 0.3210 0.0003 3.23E+04

17x17A021 HI-TRAC 0.9378 0.9335 0.0008 0.2133

17x17A0-1 HI-STAR 0.9368 0.9325 0.0008 0.2131
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Table 6.C. 1 (continued)
CALCULATIONAL SUMMARY FOR ALL CANDIDATE FUEL TYPES

AND BASKET CONFIGURATIONS

MPC-24

Fuel Assembly Maximum Calculated Std. Dev. EALF
Designation Cask ke kff (1-sigma) (eV)

17x17A032 HI-STAR 0.9329 0.9286 0.0008 0.2018

17xl7B0l HI-STAR 0.9288 0.9243 0.0009 0.2607

l7xI7B02 HI-STAR 0.9290 0.9247 0.0008 0.2596

17xl7B03 HI-STAR 0.9243 0.9199 0.0008 0.2625

17xl7B04 HI-STAR 0.9324 0.9279 0.0009 0.2576

17x17B05 HI-STAR 0.9266 0.9222 0.0008 0.2539

17xl7B06 HI-TRAC 0.9318 0.9275 0.0008 0.2570

17xl7B06 HI-STAR 0.9311 0.9268 0.0008 0.2593

17x17C01 HI-STAR 0.9293 0.9250 0.0008 0.2595

l7xl7C02 HI-TRAC 0.9319 0.9274 0.0009 0.2610

17xl7C02 HI-STAR 0.9336 0.9293 0.0008 0.2624
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Table 6.C.1 (continued)
CALCULATIONAL SUMMARY FOR ALL CANDIDATE FUEL TYPES

AND BASKET CONFIGURATIONS

MPC-68

Fuel Assembly Maximum Calculated Std. Dev. EALF
Designation Cask - k, e -r -kff (1-sigma) (eV)

6x6A01 HI-STAR 0.7539 0.7498 0.0007 0.2754

6x6A02 HI-STAR 0.7517 0.7476 0.0007 0.2510

6x6A03 HI-STAR 0.7545 0.7501 0.0008 0.2494

6x6A04 HI-STAR 0.7537 0.7494 0.0008 0.2494

6x6A05 HI-STAR 0.7555 0.7512 0.0008 0.2470

-6x6A06 H-STAR 0.7618 0.7576 0.0008 0.2298

6x6A07 HI-STAR 0.7588 0.7550 0.0005 0.2360

6x6A08 HI-STAR 0.7808 0.7766 0.0007 0.2527

B6x6A01 HI-TRAC 0.7732 0.7691 0.0007 0.2458

B6x6A01 HI-STAR 0.7727 0.7685 0.0007 0.2460

B6x6A02 HI-TRAC 0.7785 0.7741 , 0.0008 0.2411

B6x6A02 HI-STAR 0.7782 0.7738 0.0008 0.2408

B6x6A03 ''Hl-TRAC 0.7886 0.7846 0.0007 0.2311

B6x6A03 HI-STAR 0.7888 0.7846 0.0007 0.2310

6x6B01 HI-STAR 0.7604 0.7563 - 0.0007 0.2461

6x6B02 HI-STAR 0.7618 0.7577 0.0007 0.2450

6x6B03 HI-STAR 0.7619 0.7578 0.0007 0.2439

6x6B04 HI-STAR 0.7686 0.7644 0.0008 0.2286

6x6B05 HI-STAR 0.7824 - 0.7785 0.0006 0.2184

B6x6B01 HI-TRAC 0.7833 0.7794 0.0006 0.2181

B6x6B01 HI-STAR 0.7822 0.7783 0.0006 0.2190
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Table 6.C.1 (continued)
CALCULATIONAL SUMMARY FOR ALL CANDIDATE FUEL TYPES

AND BASKET CONFIGURATIONS

MPC-68

Fuel Assembly Maximum Calculated Std. Dev. EALF
Designation Cask keff kef (1-sigma) (eV)

6x6C01 HI-STORM 0.2759 0.2726 0.0003 1.59E+04

6x6C01 HI-TRAC 0.8024 0.7982 0.0008 0.2135

6x6C01 HI-STAR 0.8021 0.7980 0.0007 0.2139

7x7A0l HI-TRAC 0.7963 0.7922 0.0007 0.2016

7x7A01 HI-STAR 0.7974 0.7932 0.0008 0.2015

7x7B01 HI-STAR 0.9372 0.9330 0.0007 0.3658

7x7B02 HI-STAR 0.9301 0.9260 0.0007 0.3524

7x7B03 HI-STAR 0.9313 0.9271 0.0008 0.3438

7x7B04 rH-STAR 0.9311 0.9270 0.0007 0.3816

7x7B05 H-STAR 0.9350 0.9306 0.0008 0.3382

7x7B06 HI-STAR 0.9298 0.9260 0.0006 0.3957

B7x7B01 HI-TRAC 0.9367 0.9324 0.0008 0.3899

B7x7B01 HI-STAR 0.9375 0.9332 0.0008 0.3887

B7x7B02 HI-STORM 0.4061 0.4027 0.0003 2.069E+04

B7x7B02 HI-TRAC 0.9385 0.9342 0.0008 0.3952

B7x7B02 HI-STAR 0.9386 0.9344 0.0007 0.3983

8x8A01 HI-TRAC 0.7662 0.7620 0.0008 0.2250

8x8A01 HI-STAR 0.7685 0.7644 0.0007 0.2227

8x8A02 HI-TRAC 0.7690 0.7650 0.0007 0.2163

8x8A02 HI-STAR 0.7697 0.7656 0.0007 0.2158

8x8B01 HI-STAR 0.9310 0.9265 0.0009 0.2935

8x8B02 HI-STAR 0.9227 0.9185 0.0007 0.2993

HI-STORM FSAR Proposed Rev. 2B
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Table 6.C.1 (continued)
CALCULATIONAL SUMMARY FOR ALL CANDIDATE FUEL TYPES

AND BASKET CONFIGURATIONS

MPC-68

Fuel Assembly Maximum Calculated Std. Dev. EALF
Designation Cask kff kff (1-sigma) (eV)

8x8B03 HI-STAR 0.9299 0.9257 0.0008 0.3319

8x8B04 HI-STAR 0.9236 0.9194 0.0008 0.3700

B8x8B01 HI-TRAC 0.9352 0.9310 0.0008 0.3393

B8x8B01 HI-STAR 0.9346 0.9301 0.0009 0.3389

B8x8B02 HI-TRAC 0.9401 0.9359 0.0007 0.3331

B8x8B02 HI-STAR 0.9385 0.9343 0.0008 0.3329

B8x8B03 HI-STORM 0.3934 0.3900 0.0004 1.815E+04

B8x8B03 HI-TRAC 0.9427 0.9385 0.0008 0.3278

-B8x8B03 HI-STAR 0.9416 0.9375 0.0007 0.3293

8x8C01 HI-STAR 0.9315 0.9273 0.0007 0.2822

8x8C02 HI-STAR 0.9313 0.9268 0.0009 0.2716

-8x8C03 HI-STAR 0.9329 0.9286 --- 0.0008 0.2877

8x8C04 HI-STAR 0.9348 0.9307 0.0007 0.2915

8x8C05 HI-STAR 0.9353 0.9312 0.0007 0.2971

-8x8C06 HI-STAR 0.9353 0.9312 0.0007 0.2944

8x8C7 HI-STAR 0.9273 0.0007 0.2972

8x8C08 HI-STAR 0.9339 0.9298 0.0007 0.2915

8x8C09 HI-STAR 0.9301 0.9260 0.0007 0.3183

8x8C10 HI-STAR 0.9317 0.9275 0.0008 0.3018

8x8Cl1 HI-STAR 0.9328 0.9287 0.0007 0.3001

8x8C12 HI-STAR 0.9285 0.9242 0.0008 0.3062

B8x8C01 HI-TRAC 0.9348 0.9305 0.0008 0.3114
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Table 6.C. 1 (continued)
CALCULATIONAL SUMMARY FOR ALL CANDIDATE FUEL TYPES

AND BASKET CONFIGURATIONS

MPC-68

Fuel Assembly Maximum Calculated Std. Dev. EALF
Designation Cask kf keff (1-sigma) (eV)

B8x8C01 HI-STAR 0.9357 0.9313 0.0009 0.3141

B8x8C02 HI-STORM 0.3714 0.3679 0.0004 2.30E+04

B8x8C02 HI-TRAC 0.9402 0.9360 0.0008 0.3072

B8x8C02 HI-STAR 0.9425 0.9384 -0.0007 0.3081

B8x8C03 HI-TRAC 0.9429 0.9386 0.0008 0.3045

B8x8C03 HI-STAR 0.9418 0.9375 0.0008 0.3056

8x8D01 HI-STAR 0.9342 0.9302 0.0006 0.2733

8x8D02 HI-STAR 0.9325 0.9284 0.0007 0.2750

8x8D03 HI-STAR 0.9351 0.9309 0.0008 0.2731

8x8D04 HI-STAR 0.9338 0.9296 0.0007 0.2727

8x8DO5 HI-STAR 0.9339 0.9294 0.0009 0.2700

8x8D06 HI-STAR 0.9365 0.9324 0.0007 0.2777

8x8D07 HI-STAR 0.9341 0.9297 0.0009 0.2694

8x8D08 HI-STAR 0.9376 0.9332 0.0009 0.2841

B8x8D01 HI-TRAC 0.9408 0.9368 0.0006 0.2773

B8x8DO1 HI-STAR 0.9403 0.9363 0.0007 0.2778

8x8E01 HI-TRAC 0.9309 0.9266 0.0008 0.2834

8x8E01 HI-STAR 0.9312 0.9270 0.0008 0.2831

8x8F01 HI-TRAC 0.9396 0.9356 0.0006 0.2255

8x8F01 HI-STAR 0.9411 0.9366 0.0009 0.2264

9x9A01 HI-STAR 0.9353 0.9310 0.0008 0.2875

9x9A02 HI-STAR 0.9388 0.9345 0.0008 0.2228

HI-STORM FSAR Proposed Rev. 2B
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Table 6.C.1 (continued)
CALCULATIONAL SUMMARY FOR ALL CANDIDATE FUEL TYPES

AND BASKET CONFIGURATIONS

MPC-68

K>

Fuel Assembly Maximum Calculated Std. Dev. EALF

Designation Cask; keff kf (1-sigma) (eV)

9x9A03 X HI-STAR 0.9351 0.9310 0.0007 0.2837

9x9A04 HI-STAR 0.9396 0.9355 0.0007 0.2262

B9x9A01 HI-STORM 0.3365 0.3331 0.0003 1.78E+04

B9x9A01- HI-TRAC 0.9434 0.9392 0.0007 0.2232

B9x9A01 HI-STAR 0.9417 0.9374 0.0008 0.2236

9x9B01 HI-STAR 0.9380 0.9336 0.0008 0.2576

9x9B02 HI-STAR 0.9373 -0.9329 0.0009 0.2578

9x9B03 HI-STAR 0.9417 0.9374 0.0008 0.2545

B9x9B01 HI-TRAC 0.9417 0.9376 0.0007 0.2504

B9x9B01 HI-STAR 0.9436 0.9394 0.0008 0.2506

9x9C0l HI-TRAC 0.9377 0.9335 0.0008 0.2697

9x9C01 HI-STAR 0.9395 0.9352 0.0008 0.2698

9x9DOI HI-TRAC 0.9387 0.9343 0.0008 0.2635

9x9D01 HI-STAR 0.9394 0.9350 0.0009 0.2625

9x9E01 HI-STAR 0.9334 0.9293 0.0007 0.2227

9x9E02 HI-STORM 0.3676 0.3642 0.0003 2.409E+04

:9x9E02 HI-TRAC 0.9402 0.9360 0.0008 0.2075

9x9E02 HI-STAR 0.9401 0.9359 0.0008 0.2065

9x9F01 HI-STAR 0.9307 :0.9265 0.0007 0.2899

9x9F02 HI-STORM 0.3676 0.3642 0.0003 2.409E+04

9x9F02 HI-TRAC 0.9402 0.9360 0.0008 0.2075

9x9F02 HI-STAR 0.9401 0.9359 0.0008 0.2065
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Table 6.C.1 (continued)
CALCULATIONAL SUMMARY FOR ALL CANDIDATE FUEL TYPES

AND BASKET CONFIGURATIONS

MPC-68

Fuel Assembly Maximum Calculated Std. Dev. EALF
Designation Cask kefr kf (1-sigma) (eV)

9x9GOl HI-TRAC 0.9307 0.9265 0.0007 0.2193

9x9G0l HI-STAR 0.9309 0.9265 0.0008 0.2191

lOxlOAOl HI-STAR 0.9377 0.9335 0.0008 0.3170

lOx1OA02 HI-STAR 0.9426 0.9386 0.0007 0.2159

OxlOA03 HI-STAR 0.9396 0.9356 0.0007 0.3169

BlOxlOAO1 HI-STORM 0.3379 0.3345 0.0003 1.74E+04

BlOxlOAO1 HI-TRAC 0.9448 0.9405 0.0008 0.2214

B1Ox1OAO1 HI-STAR 0.9457 0.9414 0.0008 0.2212

lOxIOBO1 HI-STAR 0.9384 0.9341 0.0008 0.2881

1OxlOB02 HI-STAR 0.9416 0.9373 0.0008 0.2333

lOxlOB03 HI-STAR 0.9375 0.9334 0.0007 0.2856

BlOxIOBOl HI-TRAC 0.9443 0.9401 0.0007 0.2380

BlOx1OBO1 HI-STAR 0.9436 0.9395 0.0007 0.2366

lOxlOCOl HI-TRAC 0.9430 0.9387 0.0008 0.2424

lOxiOCO1 HI-STAR 0.9433 0.9392 0.0007 0.2416

lOxIODOl HI-TRAC 0.9383 0.9343 0.0007 0.3359

lOxIODO1 HI-STAR 0.9376 0.9333 0.0008 0.3355

lOx1OE01 HI-TRAC 0.9157 0.9116 0.0007 0.3301

lOxlOEO1 HI-STAR 0.9185 0.9144 0.0007 0.2936
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- Table 6.C. 1 (continued)
CALCULATIONAL SUMMARY FOR ALL CANDIDATE FUEL TYPES

AND-BASKET CONFIGURATIONS

MPC-24 400PPM SOLUBLE BORON

Fuel Assembly Maximum Calculated Std. Dev. EALF

Designation Cask keff ke¢ (1-sigma) (eV)

14x14A03 HI-STAR 0.8884 0.8841 0.0008 0.2501

Bl4x14B01 rn-STAR 0.8900 0.8855 0.0009 - 0.3173

14x14C03 HI-STAR 0.8950 0.8907 0.0008 0.3410

14xl4D01 HI-STAR 0.8518 0.8475 0.0008 0.4395

14x14E02 HI-STAR 0.7132 0.7090 0.0007 0.4377

15x15A01 HI-STAR 0.9119- - 0.9076 0.0008 0.3363

B15x15B01 HI-STAR 0.9284 0.9241 0.0008 0.3398

B15xlSC01 H-STAR 0.9236 0.9193 0.0008 0.3074

l5xlSD04 HI-STAR 0.9261 0.9218 0.0008 0.3841

15x15E01 rI-STAR 0.9265 0.9221 0.0008 0.3656

15x15F01 HI-STORM (DRY) 0.4013 0.3978 0.0004 28685

l5x15F01 HI-TRAC 0.9301 0.9256 0.0009 0.3790

15x15F01 -HI-STAR 0.9314 0.9271 0.0008 0.3791

l5x15G01 HI-STAR 0.8939 0.8897 0.0007 0.4392

l5x15H01 HI-TRAC 0.9345 0.9301 0.0008 0.3183

15x15H01 HI-STAR 0.9366 0.9320 0.0009 0.3175

16x16A01 HI-STAR 0.8955 0.8912 0.0008 0.3227

17x17A021 HI-STAR 0.9264 0.9221 0.0008 0.2801

17x17B06 HI-STAR 0.9284 0.9241 0.0008 0.3383

17x17C02 -HI-TRAC 0.9296 0.9250 0.0009 0.3447

17x17C02 HI-STAR 0.9294 0.9249 0.0009 0.3433
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Table 6.C.1 (continued)
CALCULATIONAL SUMMARY FOR ALL CANDIDATE FUEL TYPES

AND BASKET CONFIGURATIONS

MPC-24EIMPC-24EF, UNBORATED WATER

Fuel Assembly Maximum Calculated Std. Dev. EALF
Designation Cask kdft keff (1-sigma) (eV)

14xl4A03 HI-STAR 0.9380 0.9337 0.0008 0.2277

B14x14B01 HI-STAR 0.9312 0.9269 0.0008 0.2927

14x14C01 HI-STAR 0.9356 0.9311 0.0009 0.3161

14xl4D01 HI-STAR 0.8875 0.8830 0.0009 0.4026

14xl4E02 HI-STAR 0.7651 0.7610 0.0007 0.3645

15xl5A01 HI-STAR 0.9336 0.9292 0.0008 0.2879

B15xl5B01 HI-STAR 0.9465 0.9421 0.0008 0.2924

Bl5x15C01 rI-STAR 0.9462 0.9419 0.0008 0.2631

15x 5D04 rn-STAR 0.9440 0.9395 0.0009 0.3316

15x15E01 HI-STAR 0.9455 0.9411 0.0009 0.3178

15xl5F01 HI-STORM (DRY) 0.3699 0.3665 0.0004 3.280e+04

15xl5F01 HI-TRAC 0.9465 0.9421 0.0009 0.3297

15xl5F01 HI-STAR 0.9468 0.9424 0.0008 0.3270

15x15G01 HI-STAR 0.9054 0.9012 0.0007 0.3781

l5x15H01 HI-STAR 0.9423 0.9381 0.0008 0.2628

16x16A01 HI-STAR 0.9341 0.9297 0.0009 0.3019

l7x17A0a1 HI-TRAC 0.9467 0.9425 0.0008 0.2372

17x17A021 HI-STAR 0.9447 0.9406 0.0007 0.2374

17x17B06 HI-STAR 0.9421 0.9377 0.0008 0.2888

17x17C02 HI-STAR 0.9433 0.9390 0.0008 0.2932
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Table 6.C.I (continued)
CALCULATIONAL SUMMARY FOR ALL CANDIDATE FUEL TYPES

AND BASKET CONFIGURATIONS

MPC-24EIMPC-24EF, 300PPM BORATED WATER

Fuel Assembly Maximum Calculated Std. Dev. EALF
Designaion Cask kff keff (1-sigma) (eV)

14x14A03 HI-STAR 0.8963 0.8921 0.0008 0.2231

B14x14B01 H I-STAR 0.8974 0.8931 0.0008 0.3214

l14x14C01 HI-STAR 0.9031 0.8988- 0.0008 0.3445

14xl4D01 HI-STAR 0.8588 0.8546 0.0007 0.4407

14x14E02 HI-STAR 0.7249 0.7205' 0.0008 0.4186

15x15A01 HI-STAR 0.9161 0.9118 0.0008 0.3408

B15x15B01 HI-STAR 0.9321 0.9278 0.0008 0.3447

B115lC01 HI-STAR 0.9271 0.9227 0.0008 0.3121

15x15D04 HI-STAR 0.9290 0.9246 0.0009 0.3950

15xl5E01 HI-STAR 0.9309 0.9265 0.0009 0.3754

15x15F01 HI-STORM (DRY) 0.3897 0.3863 - 0.0003 3.192E+04

15x15F01 HI-TRAC 0.9333 0.9290 - 0.0008 0.3900

15x15F01 HI-STAR 0.9332 0.9289 -- 0.0008 0.3861

l5x15G01 HI-STAR 0.8972 0.8930 0.0007 0.4473

15x15H01 HI-TRAC 0.9399 0.9356 - -0.0008 0.3235

15x15H01 HI-STAR 0.9399 0.9357 -0.0008 0.3248

16x16A01 HI-STAR 0.9021 0.8977 0.0009 0.3274

17x17A021 HI-STAR 0.9332 - 0.9287 - 0.0009 0.2821

17xl7B06 HI-STAR 0.9316 0.9273 0.0008 0.3455

l7xl7C02 HI-TRAC 0.9320 0.9277 - 0.0008 0.2819

17x17C02 HI-STAR 0.9312 0.92-70 - 0.0007 0.3530
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Table 6.C.1 (continued)
CALCULATIONAL SUMMARY FOR ALL CANDIDATE FUEL TYPES

AND BASKET CONFIGURATIONS

MPC-32, 1900 PPM BORATED 3AkTER4.1% Enrichment, Bounding Cases

Fuel Assembly Maximum Calculated Std. Dev. EALF
Designation Cask kff ff : (1-sigma) (e)

14xl4A03 HI-STAR 0.9041 0.9001 0.0006 0.3185

B14xl4B01 HI-STAR 0.9257 0.9216 0.0007 0.4049

14x14C01 HI-STAR 0.9423 0.9382 0.0007 0.4862

14xl4D01 HI-STAR 0.8970 0.8931 0.0006 0.5474

14x14E02 HI-STAR 0.7340 0.7300 0.0006 0.6817

15x15A01 HI-STAR 0.9206 0.9167 0.0006 0.5072

B15x15B01 HI-STAR 0.9397 0.9358 0.0006 0.4566

Bl5x15C01 HI-STAR 0.9266 0.9227 0.0006 0.4167

l5xl5D04 HI-STAR 0.9384 0.9345 0.0006 0.5594

15x15E01 HI-STAR 0.9365 0.9326 0.0006 0.5403

l5xl5F01 HI-STORM 0.4691 0.4658 0.0003 1.207E+04
(DRY)

15x15F01 HI-TRAC 0.9403 0.9364 0.0006 0.4938

15xl5F01 HI-STAR 0.9411 0.9371 0.0006 0.4923

l5xl5G01 HI-STAR 0.9147 0.9108 0.0006 0.5880

15x15H01 HI-STAR 0.9276 0.9237 0.0006 0.4710

l6x16A01 HI-STAR 0.9468 0.9427 0.0007 0.3925

17xl7AO21 HI-STAR 0.9111 0.9072 0.0006 0.4055

17xl7B06 HI-STAR 0.9309 0.9269 0.0006 0.4365

17x17C02 HI-TRAC 0.9365 0.9327 0.0006 0.4468

l7x17C02 HI-STAR 0.9355 0.9317 0.0006 0.4469
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Table 6.C.1 (continued)
CALCULATIONAL SUMMARY FOR ALL CANDIDATE FUEL TYPES

-AND BASKET CONFIGURATIONS

AMG 32 2600 PPMI BORATED WATER,- GUIDE TUBES FILLED

Fue Aseml Alahsu Gak '= - .Std. Dv AF
Deignffi Gfisk ________ 1f (e ___

1414A03 m I AR08362 0S324 0.006 0.4651

B14A1B STHI-TAR 08633 0.8594 0006593

14Y.lC01 Hl STAR 0.808 0.8768 - 0.00 0.6567

11x 4DQ1 HI-STAR 0.8485 0.8446 0.006 0.795

4YAl4E02 I STAR 0.6240 0.6200 0.0006 0.9061

1s4A04 1 STAR 0.9121 0.9082 000066

BISKISBOI ASTR 0:9286 0.9247 0 0.6613

B1CW01 H A 0STAR 0.9s 0.91 0 0.0007 -0.5997

15x15D04 .H9STAR 0419 0939 0.0006 0.75712

15x15E01 : HISTAR 0.9415 0.9376 0.0006 0.7194

155F04 HI-STOM 0.5142 0.5108 0.0004 1.228E04
_ _ ~~~DRA4_ __ _

15x15F01 TRA 0.9463 0.943 0.0007 0.7409

l5xlSF0 1 0.965 0.9425 0006 07421

15xlSGOI I STAR 0.9109 0.9070 0.0006 0.8486

15x15H01 HI TA 0.9301 0.9263 0.0006 0.6257

16x16A01 HI STA 0868 0.889 0.0006 0.6105

17x17A02 HI STAR4 0.9105 0.0006 0.5382

17x17B06 -HI-STARm 079358 0.9318 0.0007 0.6500

17K7c02 HI 0TRAC 0.9424 0.9385 0.0006 0.6659

17*x1702 HI STAR 0.9434 0.9391 0.0006 0.6628

HI-STORM FSAR

REPORT HI-2002444

Proposed Rev. 2B

Appendix 6.C-1 5



Table 6.C.1 (continued)
CALCULATIONAL SUMMARY FOR ALL CANDIDATE FUEL TYPES

AND BASKET CONFIGURATIONS

MPC-32, 2600 PPM BORATED WATER, CUIDE TUBES VOIDED5.0% Enrichment,
Bounding Cases

Fuel Assembly Maximum Calculated Std. Dev. EALF
Designation Cask keff kef (1-sigma) (eV)

14x14A03 HI-STAR 0.9000 0.8959 0.0007 0.4651

B14x14B0l HI-STAR 0.9214 0.9175 0.0006 0.6009

14x14C01 HI-STAR 0.9480 0.9440 0.0006 0.6431

14x14D01 HI-STAR 0.9050 0.9009 0.0007 0.7276

14x14E02 HI-STAR 0.7415 0.7375 0.0006 0.9226

l5xl5A01 HI-STAR 0.9230 0.9189 0.0007 0.7143

Bl5x15B01 HI-STAR 0.9429 0.9390 0.0006 0.7234

B15xl5CO1 HI-STAR 0.9307 0.9268 0.0006 0.6439

15x15D04 HI-STAR 0.9466 0.9425 0.0007 0.7525

l5x15E01 HI-STAR 0.9434 0.9394 0.0007 0.7215

15x15F01 HI-STORM 0.5142 0.5108 0.0004 1.228E+04
(DR19

l5x15F01 HI-TRAC 0.9470 0.9431 0.0006 0.7456

l5xl5F01 HI-STAR 0.9483 0.9443 0.0007 0.7426

l5xl5G01 HI-STAR 0.9251 0.9212 0.0006 0.9303

l5xl5H01 HI-STAR 0.9333 0.9292 0.0007 0.7015

l6x16A01 HI-STAR 0.9474 0.9434 0.0006 0.5936

17xl7A021 HI-STAR 0.9161 0.9122 0.0006 0.6141

17x17B06 HI-STAR 0.9371 0.9331 0.0006 0.6705

17x17C02 HI-TRAC 0.9436 0.9396 0.0006 0.6773

17x17C02 HI-STAR 0.9437 0.9399 0.0006 0.6780
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Table 6.C.1 (continued)
CALCULATIONAL SUMMARY FOR ALL CANDIDATE FUEL TYPES

AND BASKET CONFIGURATIONS

Note: Maximum k = Calculated kfj + Kcxac + Bias + cB
where:

Kc =2.0
ac = Std. Dev. (1-sigma)
Bias = 0.0021
cB -0.0006

See Subsection 6.4.3 for further explanation.
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CHAPTER 7 t: CONFINEMENT

7.0 INTRODUCTION

Confinement of all radioactive materials inthe HI-STORM 100 System is providedbythe MPC. The
design of the HI-STORM 100 confinement boundary assures that there are no credible design basis
events that would result in a radiological release to the environment. The HI-STORM 100 Overpack
and HI-TRAC Transfer Cask are designed to provide physical protection for an MPC during normal,
off-normal, and postulated accident conditions to assure that the integrity of the MPC confinement
boundary is maintained. The inert atmosphere in the MPC and the passive heat removal capabilities
of the HI-STORM 100 also assure that the SNF assemblies remain protected from degradation,
which might otherwise lead to gross cladding ruptures during dry storage.

A detailed description ofthe confinement structures, systems, and components important to safety is
provided in Chapter 2. The structural adequacy of the MPC is demonstrated by the analyses
documented in Chapter 3. The physical protection of the MPC provided by the Overpack and the HI[-
TRAC Transfer Cask is demonstrated by the structural analyses documented in Chapter 3 and for
off-normal and postulated accident conditions in Chapter 11. The heat removal capabilities ofthe Hl-
STORM 100 System are demonstrated by the thermal analyses documented in Chapter 4.

This chapter describes the HI-STORM 100 confinement boundary design and describes how the
design satisfies the confinement requirements of IOCFR72 [7.0.11. It also provides an evaluation of
the MPC confinement boundary as it relates to the criteria contained in Interim Staff Guidance
(ISG)-18 as justification for determining that leakagefrom the confinement boundary is not credible
and, therefore, no confinement analysis is required. postlated radiological rleases to the.

envirnmen under nexaA ff normal, and acident eonditios of stowag to ensure compliance vith
the limits established by the regulations.

This chapter is in compliance with NUREG-1536 except as noted in Table 1.0.3.

tThis 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 requirements ofNUREG-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).

HI-STORM FSAR Proposed Rev. 2B
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7.1 CONFINEMENT BOUNDARY

The primary confinement boundary against the release of radionuclides is the cladding of the
individual fuel rods. The spent fuel rods are protected from degradation by maintaining an inert gas
atmosphere (helium) inside the RPC and keeping the fuel cladding temperatures below the design
basis values specified in Chapter 2.

The HI-STORM 100 confinement boundary consists of any one of the seven-fully-welded MPC
designs described in Chapter 1. Each MPC is identical from a confinement perspective so the
following discussion applies to all MPCs. The confinement boundary of the MPC consists of:

* MPC shell

* bottom baseplate

-* MPC lid (including the vent and drain port cover plates)

MC closure ring

associated welds - -

The above
assemblies.

items form a totally seal-welded vessel for the storage of design basis spent fuel

The MPC requires no valves, gaskets or mechanical seals for confinement. Figure 7.1.1 shows an
elevation cross-section of the MPC confinement boundary. All components of the confinement
boundary are Important to Safety, Category A, as specified in Table 2.2.6. The MPC confinement
boundary is designed and fabricated in accordance with the ASME Code, Section , Subsection NB
[7.1. 1] to the maximum extent practicable. Chapter 2 provides design criteria for the confinement
design. Section 2.2.4 provides applicable Code requirements. E sR C-approved
alternatives to specific Code requirements with complete justifications are presented in Table 2.2.15.

7.1.1 Confinement Vessel

The H-STORM 100 System confinement vessel is the MPC. The MPC is designed to provide
confinement of all radionuclides under normal, off-normal and accident conditions. The MPC is
designed, fabricated, inspected, and tested in accordance with the applicable requirements ofASME,
Section III, Subsection NB [7.1.1] including certain NRC-approved alternatives.to the m aximumN
e~ent-pm -ctihl-. The MPC shell and baseplate Assembly and basket-structure are delivered to the
loading facility as one complete component. The MPC lid, vent and drain port cover plates, and
closure ring are supplied separately and are installed following fuel loading. The MPC lid and
closure ring are welded to the upper part of the MPC shell attlheafterfiuel loading site-to provide
redundant sealing of the confinement boundary. The vent and drain port cover plates are welded to
the MPC lid after the lid is welded to the MPC. The welds forming the confinement boundary are
described in detail in Section 7.1.3.

HI-STORM FSAR
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I

The MPC lid is made intentionally thick to minimize radiation exposure to workers during MPC
closure operations, and is welded to the MPC shell. The vent and drain port cover plates are welded
to the MPC lid following completion of MPC draining, moisture removal, and helium backfill
activities to close the MPC vent and drain openings. The MPC lid has a stepped recess around the
perimeter for accommodating the closure ring. The MPC closure ring is welded to the MPC lid on
the inner diameter of the ring and to the MPC shell on the outer diameter. The combination of the
welded MPC lid and closure ring form the redundant closure of the MPC.

Table 7.1.1 provides a summary ofthe design ratings for normal, off-normal and accident conditions
for the MPC confinement vessel. Tables 1.2.2, 2.2.1, and 2.2.3 provide additional design basis
information.

The design basis leakage rate for the APC confinement boundary is provided in Table 7.1.1. The
MPC shell and baseplate are helium leakage tested during fabrication in accordance with the
requirements defined in Chapter 9. Following fuel loading and MPC lid welding, the MPC lid-to-
shell weld is examined by liquid penetrant method-(rotadi, volumetrically examined (or, if
volumetric examination is not performed, multi-layer liquid penetrant examination must be
performed), helum leakage tested, and rstatalpressure tested. If the MPC lid weld is
acceptable, the vent and drain port cover plates are welded in place- and examined by the liquid
penetrant method. (root and final), and a leakage rate test is performed. Finally, the MPC closure ring
is installed, welded and inspected by the liquid penetrant method. (root, if multiple pass, and final).
Chapters 8, 9, and 12 provide procedural guidance, acceptance criteria, and operating
controlTechnical Specifications, respectively, for performance and acceptance of liquid penetrant
examinations, volumetric examination, hydres dpressure testing, and lcakage rate testing of
the field welds on the MPC.

After moisture removal, the MPC cavity is backfilled with helium. The helium backfill provides an
inert atmosphere within the MPC cavity that precludes oxidation and hydride attack of the SNF
cladding. Use of a helium atmosphere within the MPC contributes to the long-term integrity of the
fuel cladding, reducing the potential for release of fission gas or other radioactive products to the
MPC cavity. Helium also aids in heat transfer within the MPC and reduces the maximum fuel
cladding temperatures. MPC inerting, in conjunction with the thermal design features of the MPC
and storage cask, assures that the fuel assemblies are sufficiently protected against degradation,
which might otherwise lead to gross cladding ruptures during long-term storage.

7.1.2 Confinement Penetrations

The MPC penetrations are designed to prevent the release of radionuclides under all normal, off-
normal and accident conditions of storage. Two penetrations (the MPC vent and drain ports) are
provided in the MPC lid for MPC draining, moisture removal and backfilling during MPC loading
operations, and for fuel cool-down and MPC flooding during unloading operations. No other
confinement penetrations exist in the MPC. The MPC vent and drain ports are equipped with metal-
to-metal seals to minimize leakage and withstand the long-term effects oftemperature and radiation.
The vent and drain connectors allow the vent and drain ports to be operated like valves and prevent

rI-STORM FSAR Proposed Rev. 2B
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the need to hot tap into the penetrations during unloading operations. The MPC vent and drain ports
are sealed by cover plates whiehthat are seal welded to the MPC lid. No credit is taken for the seal
provided by the vent and drain port caps. The MPC closure ring covers the vent and drain port cover
plate welds and the MPC lid-to-shell weld providing the redundant closure of the MPC vessel. The
redundant closures of the MPC satisfy the requirements of 1OCFR72.236(e) 7.0.1].

The WC has no bolted- closures or mechanical seals. The confinement boundary contains no
external penetrations for pressure monitoring or overpressure protection.

7.1.3 - Sealsand Welds

The MPC is designed, fabricated, and tested in accordance with the applicable requirements of
ASME, Section a, Subsection NB [7.1.1], with certain NRC-approved alternatives. to the
maxmum etetpracticable. The MPC has no bolted closures or mechanical seals. Section 7.1.1
describes the design of the confinement vessel welds. The welds forming the confinement boundary
are summarized in Table 7.1.2.

Confinement boundary welds are performed, insected, and tested in accordance with the applicable
requirements of ASME Section m1, Subsection NB 7.1.1] with certain NRC-approved
alternatives.to the -maximm extent practicable. The use ofmulti-pass welds, root pass, formultiple
pass welds, and final surface liquid penetrant inspection, and volumetric examination essentially
eliminates the chance of a pinhole leak through the weld. If volumetric examination is not
performed, multi-layer liquid penetrant examination must be performed. Welds other than thefield
closure welds are also helium leak tested in thefabrication shop, providing added assurance of weld
integrity Additionally, a ydrostau Code pressure test is performed on the MC lid-to-shell weld to
confirm the weld's structural integrity afterfuel loading. The ductile stainless steel material used for
the MC confinement boundary is not susceptible to delamination or hydrogen-induced weld
degradation. The closure weld redundancy assures that failure of any single MPC confinement
boundary closure weld does not result in release of radioactive material to the environment. Table
7449.1.4 provides a summary of the closure weld examinations and tests.

7.1.4 -Closure

The MDC is a totally seal-welded pressure vessel. The MDC has no bolted closure or mechanical
seals. The MWC's redundant closures are designed to maintain confinement integrity during normal
conditions of storage, and off-normal and postulated accident conditions. There are no unique or
special closure devices. Primary closure welds (lid-to-shell and vent/drain port cover plate-to-lid) are
examined and leakage tested tousing the liquid penetrant technique to ensure their integrity. A
description of the MDC weld examinations is provided in Chapter 9.

Since the MDC uses an entirely welded redundant closure system, no direct monitoring ofthe closure
is required. Section 11.2.1.4 describes requirements for verifying the continued confinement
capabilities of the MWC in the event of off-normal or accident conditions. As discussed in Section
2.3.3.2, no instrumentation is required or provided for HI-STORM 100 storage operations, other than
normal security service instruments and TLDs.
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7.1.5 Damaged Fuel Container

The MPC is designed to allow for the storage of specified damaged fuel assemblies and fuel debris in
a specially designed damaged fuel container (DFC). Fuel assemblies classified as damaged fuel or
fuel debris as specified in the Approved Contents Section of Appendix B to the CcC Section 2.1.9
have been evaluated.

To aid in loading and unloading, damaged fuel assemblies and fuel debris will be loaded into
stainless steel DFCsforstorage p a in the HI-STORM 100 System. The DFCs that
maybe loaded into the MPCs are discussed in Section 2.1.3.shown Figures 2.1.1 through Figure

.1.2s. The DFC is designed to provide SNF loose component retention and handling capabilities.
The DFC consists of a smooth-walled, welded stainless steel square container with a removable lid.
The container lid provides the means of DFC closure and handling. The DFC is provided with
stainless steel wire mesh screens in the top and bottom for draining, moisture removal and helium
backfill operations. The screens are specified as a 250-by-250-mesh with an effective opening of
0.0024 inches. There are no other openings in the DFC. Section 2.1.94he-GoC specifies the fuel
assembly characteristics for damaged fuel acceptable for loading in the MPC-24E, MPC-24EF,
MPC-32F, MPC-68, MPC-68F or MPC-68FF and for fuel debris acceptable for loading in the MPC-
24EF, MPC-32F, MPC-68F or MPC-68FF.

Since the DFC has screens on the top and bottom, the DFC provides no pressure retention function.
The confinement function of the DFC is limited to minimizing the release of loose particulates
within the sealed MPC. The storage design basis leakage rates are not altered by the presence of the
DFCs. The radioactive material available for release from the specified fuel assemblies are bounded
by the design basis fuel assemblies analyzed herein.

7.1.6 Design and Oualification of Final MPC Closure Welds

The Holtec MPCfinal closure welds meet the criteria of NRC Interim Staff Guidance (ISG)18
[7.1.2J such that leakage from the MPC confinement boundary is not considered credible. Table
7.1.4 provides the matrix of ISG-18 criteria and how the Holtec MPC design and associated
inspection, testing, and QA requirements meet each one. In addition, because proper execution of
the MPC lid-to-shell weld is vital to ensuring leak-tightness ofeachfield-welded MPC, Holtec shall
review the closure welding procedures for conformance to Code and FSAR requirements.
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Table 7.1.1

SUMMARY OF CONFINEMENT BOUNDARY DESIGN SPECIFICATIONS

Design Condition Design Pressure (psig) Design Temperature (F)

Normal 100 MPC Lid: 550

MPC Shell: 450

MPC Baseplate: 400

Off-Normal 110 0 MPC Lid: 775

MPC Shell: 775

MPC Baseplate: 775

Accident 200 MC Lid: 775

MPC Shell: 775

MPC Baseplate: 775

I
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Table 7.1.2

MPC CONFINEMENT BOUNDARY WELDS

Confinement Boundary Welds

ASME Code
Category (Section

MPC Weld Location Weld Typet I, Subsection NB)

Shell longitudinal seam Full Penetration Groove A
(shop weld)

Shell circumferential seam Full Penetration Groove B
(shop weld)

Baseplate to shell Full Penetration Groove C
(shop weld)

MPC lid to shell Partial Penetration Groove C
(field weld)

MPC closure ring to shell Fillet tt
(field weld)

Vent and drain port cover plates to Partial Penetration Groove D
MPC lid (field weld)

MPC closure ring to closure ring Partial Penetration Groove tt
radial (field weld)

MPC closure ring to MPC lid Partial Penetration Groove C
(field weld)

t The tests and inspections for the confinement boundary welds are listed in Section 9.1.1.

tt This joint is governed by NB-5271 (liquid penetrant examination).
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Table 7.1.3

GLOSUR6 WELD EXMNma4Gb AND TESTS

TABLE DELETED

Cleo ur Wel d D escrip ti on | |~ AS ME Acceptane Ctei|

MPC Lid to VT en Tack Welds NF 5360

PT Roao PS -NB 5350
VT Find Pass NF36

Vehmettic, mation -Of ND 332

e o muldti~ laorP
MydwiestT-Test ND4t
Post Hydra static Test PT NB4350
He Leaka S et. V and ANSIN14.5

"'r"' n Ce VT on Tack Wodrs N 56
WC LPTid Reot Pass ND 5350

PTFina1Pass NB 350
Y aFiass NF 5360

He.Lea k age Tg.; Sct. V and ASI N1.5

Clooure Ring Radial Welds VT on TaCk WeldS N 36
NB -5350

PT Fina1 PaSS NF 5360

ClOSUre Ring to MPC ShS VT ns N 360
PT :RootP NB 535

(if mutiple pass) NB 535
PT Fa PS NF 5360

Clo5Ure Ring-tO MEC Lid VT on TaCk WeldS NF 5360
PT Root Pass NB 5350
PT F-inaPaS NE 5350
VT Final ass NF 5360
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Table 7.1.4

COMPARISON OFHOLTECMPCDESIGN WIH ISG-18 GUIDANCE FOR STORAGE

DESIGN/QUALIFIC TION HOLTECMPCDESIGN REFERENCE

The canister is constructedfrom The MPC enclosure vessel is constructed Section 1.2.1.1 and
austenitic stainless steel entirelyfrom austenitic stainless steel (Alloy Appendix LA

X). Alloy Xis defined as Type 304, 304LM
316, or316LN material

The canister closure welds meet The MPC lid-to-shell (LT) closure weld Section 9.1.1.1 and
the guidance ofISG-15 (or meets ISG-15, Section X5.2.3 for austenitic Tables 2.2.15 and
approved alternative), Section stainless steels. UT examination is permitted 9.1.4.
X5.2.3 and NB-5332 acceptance criteria are

required An optional multi-layer PT H-STAR FSAR
examination is also permitted. The multi-layer Section 3.4.4.3.1.5
PT is performed at each approximately 3/8" and Appendix 3.E
of weld depth, which corresponds to the (Docket 72-1008)
criticalflaw size. A weld qualityfactor of 0.45
(45% of actual weld capacity) has been used
in the stress analysis.

The canister maintains its The MPC is shown by analysis to maintain Section 3.4.4.3 and
confinement integrity during confinement integrityfor all normal, off- Appendix 3.A.
normal conditions, anticipated normal, and accident conditions, including
occurrences, and credible natural phenomena. The MPC is design to I-STAR FSAR
accidents, and natural withstand 45 g deceleration loadings and the Section 3.4.4.3
phenomena cask system is analyzed to veriy that

decelerations due to credible drops and non-
mechanistic tipovers will be less than 45 g 's.

Records documenting the Records documenting the fabrication and Section 9.1.1.1 and
fabrication and closure welding closure welding of MPCs meet the Table 2.2.15
of canisters shall comply with requirements of ISG-15 via controls required
the provisions 10 CFR 72.174 by the FSAR and HI-STORM CoC. Section 13.0
and ISG-15. Record storage Compliance with 10 CFR 72.174 and ANSI
shall comply with ANSI N45.2.9. N.45.2.9 is achieved via Holtec QA program

and implementingprocedures.

Activities related to inspection, The NRC has approved the Holtec quality Section 13.0
evaluation, documentation of assurance program under 10 CFR 71. That

fabrication, and closure welding QA program approval has been adoptedfor
of canisters shall be performed activities governed by 10 CFR 72 as permitted
in accordance with an NRC- by 10 CFR 72.140(d)
approved quality assurance
program.
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7.2 REQ IREMENTS FOR NORMAL AND OFF-NORMAL CONDTIONS OF
STORAGE

The MPC uses multiple confinement barriers provided by the fuel cladding and the MPC enclosure
vessel to assure that there is no release of radioactive material to the environment. Chapter 3 shows
that all confinement boundary components are maintained within their Code-allowable stress limits
during normal and off-normal storage conditions. Chapter 4 shows that the peak confinement
boundary component temperatures and pressures are within the design basis limits for all normal and
off-normal conditions of storage. Section 7.1 provides a discussion as to how the Holtec MPC
design, welding, testing and inspection requirements meet theguidanceofISG-18such thatleakage
from the confinement boundry may be considered non-credible. Since the MPC confinement vessel
remains intact, and the design bases temperatures and pressure are not exceeded, leakagefrom the
MPC confinement boundary is not credible the design basis leakage rate is not exceeded during
normal and off-normal conditions of storage.
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7.3 CONFINEMENT REQUIREMENTS FOR HYPOTHETICAL ACCIDENT
CONDITIONS

The MPC uses redundant confinement closures to assure that there is no release of radioactive
materials, including fission gases, volatiles, fuel fines or crud, for postulated storage accident
conditions. The analyses presented in Chapters 3 and 11 demonstrate that the MPC remains intact
during all normal, off normal and ostulated accident conditions, including the associated increased
internal pressure due to decay heat generated by the stored fuel. The MPC is designed, fabricated,
and tested in accordance with the applicable requirements of ASME, Section m, Subsection NB
[7.1.1] with ertain NRC-approved alternatives as listed in Table 2.2.15. to the mximum extent
praeticable. Section 7.1 provdesadiscussionastohowtheHoltecMPCdesign, welding testingand
inspection requirements meet the guidance of ISG-18 such that leakage from the confinement
boundary may be considered non-credible. In suliy, there is no mechanistic failure that results in
a breach of and associated leakage of radioactive materialfrom the MPC confinement boundary.
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APPENDIX 7.A

DELETED

EXAPIE DOSE CALC A TIONS FOR NOPiAL, OP NORML, AND
ACH)F CONDONS OF STORAGE

MPC 32, Normal Conditions of Storag, Dose from Inhalation: 7 pages
M? 32, Off Normml Conditions of Storage, Dose from Inhalation: 7 pages
MPC 32, Acoident Conditions of Storage, Dose from Inhalation: 7 pages

WC 32, Nomal Conditions of Storage, Dose fom Submersion: pages
MPC 32, Off Nomal Conditions of Storage, Dose from Submerion: 8 pages

WPC 32, Accident Conditions of togcDoe from Submersion: pages

MPC 68, Normal Conditions of Storage, Doze from Inhalation: 7 pages
NOC 68, Off Normal Conditions of Sterzge, Dose from Ihalation: 7 pagez
N9C 68, Acoident Conditions of Storage, Dose from Inhalation: 7 pages

WPC 68, Normal Conditions of Storagc, Dose from Submersion: 8 pages
WAPC 68, Off Normal Conditions of Storage, Dose from Submersion: 8 pages

PC 68, Accident Conditions of Storage, Dose from Submersion: 8 pages
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CHAPTER 8: OPERATING PROCEDURESt

8.0 INTRODUCTION:

This chapter outlines the loading, unloading, and recovery procedures for the HI-STORM 100
System for storage operations. The procedures provided in this chapter are prescriptive to the
extent that they provide the basis and general guidance for plant personnel in preparing detailed,
written, site-specific, loading, handling, storage and unloading procedures. Users may add,
modify the sequence of, perform in parallel, or delete steps as necessary provided that the intent
of this guidance is met and the requirements of the CoC are met. The information provided in
this chapter meets all requirements of NUREG-1536 [8.0.1].

Section 8.1 provides the guidance for loading the H-STORM 100 System in the spent fuel pool.
Section 8.2 provides the procedures for ISFSI operations and general guidance for performing
maintenance and responding to abnormal events. Responses to abnormal events that may occur
during normal loading operations are provided with the procedure steps. Section 8.3 provides
the procedure for unloading the HI-STORM 100 System in the spent fuel pool. Section 8.4
provides the guidance for MPC transfer to the HI-STAR 100 Overpack for transport or storage.
Section 8.4 can also be used for recovery of a breached MPC for transport or storage. Section
8.5 provides the guidance for transfer of the MPC into rn-STORM from the HI-STAR 100
transport overpack. The Thnieal Specifications in Appendix A to CoC 72 1014 provide

administrative infonmation, such as Use and Application. Appendix B to COC 7 1011 provides
the approved aontentz and design features applicable to the I STORM 100 Stefm. FS AR

Ap dix 1.A includes the Bases for the LGOs. The Tbnieal peeicanione impos
rtritien and requirmcnto that muzs beapped r t 1*-owa the loadig ad dunleading prees.

Equipment specific operating details such as Vacuum Drying System, valve manipulation and
Transporter operation are not within the scope of this FSAR and will be provided to users based
on the specific equipment selected by the users and the configuration of the site.

The procedures contained herein describe acceptable methods for performing HI-STORM 100
loading and unloading operations. Unless otherwise stated, references to the HI-STORM 100
apply equally to the HI-STORM 100 and the HI-STORM 100S. Users may alter these
procedures to allow alternate methods and operations to be performed in parallel or out of
sequence as long as the general intent of the procedure is met. In the figures following each
section, acceptable configurations of rigging, piping, and instrumentation are shown. In some
cases, the figures are artists renditions. Users may select alternate configurations, equipment
and methodology to accommodate their specific needs provided that the intent of this guidance is
met and the requirements of the CoC are met. All rigging should be approved by the user's load
handling authority prior to use. User-developed procedures and the design and operation of any
alternate equipment must be reviewed by the Certificate holder prior to implementation.

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 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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- l l~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Licensees (Users) will utilize the procedures provided in this chapter, the Teehieal
Spceifieationn in Appendix A to CC 7 1011, th eenditions f the Crtificatc of Complianoo,
equipment-specific operating instructions, and plant working procedures and apply them to
develop the site specific written, loading and unloading procedures.
The loading and unloading procedures in Section 8.1 and 8.3 can also be appropriately revised
into written site-specific procedures to allow dry loading and unloading of the system in a hot
cell or other remote handling facility. The Dry Transfer Facility (DTF) loading and unloading
procedures are essentially the same with respect to loading-and vau dingremoving
moisture, inerting, and leakage testing of the MPC. The dry transfer facility shall develop the
appropriate site-specific procedures as part of the DTF facility license.

Tables 8.1.1 through 8.1.4 provide the handling weights for each of the HI-STORM 100 System
major components and the loads to be lifted during various phases of the operation of the HI-
STORM 100 System. Users shall take appropriate actions to ensure that the lift weights do not
exceed user-supplied lifting equipment rated loads. Table 8.1.5 provides the HI-STORM 100
System bolt torque and sequencing requirements. Table 8.1.6 provides an operational
description of the HI-STORM 100 System ancillary equipment along with its safety designation,
where applicable. Fuel assembly selection and verification shall be performed by the licensee in
accordance with written, approved procedures which ensure that only SNF assemblies authorized
in the Certificate of Compliance and as defined in the Appendi* B to CoC 72 101 ection 2.1.9
are loaded into the HI-STORM 100 System.
In addition to the requirements set forth in the CoC, users will be required to develop or modify
existing programs and procedures to account for the operation of an ISFSI. Written procedures
will be required to be developed or modified to account for such things as nondestructive
examination (NDE) of the MPC welds, handling and storage of items and components identified
as Important to Safety, 10CFR72.48 8.1.1] programs, specialized instrument calibration, special
nuclear material accountability at the ISFSI, security modifications, fuel handling procedures,
training and emergency response, equipment and process qualifications. Users are required to
take necessary actions to prevent boiling of the water in the MPC. This may be accomplished by
performing a site-specific analysis to identify a time limitation to ensure that water boiling will
not occur in the MPC prior to the initiation of draining operations. Chapter 4 of the FSAR
provides some sample time limits for the time to initiation of draining for various spent fuel pool
water temperatures using design basis heat loads. Users are also required to take necessary
actions to prevent the fuel cladding from exceeding temperature limits during vacuum drying
operations and during handling of the MPC in the HI-TRAC transfer cask. Chapter 4.5 of the
FSAR provides requirements on the necessary actions, f any, based on the heat load of the
MPC.

Table 8.1.7 summarizes some of the instrumentation used to load and unload the HI-STORM
100 System. Other instrumentation that meets the requirements of the Tehnical Specifications
is also aeoptablo.Tables 8.1.8, 8.1.9, and 8.1.0 provide sample receipt inspection checklists for
the HI-STORM 100 overpack, the MPC, and the HI-TRAC Transfer Cask, respectively. Users
may develop site-specific receipt inspection checklists, as required for their equipment. Fuel
handling, including the handling of fuel assemblies in the Damaged Fuel Container (DFC) shall
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be performed in accordance with written site-specific procedures. DFCs shall be loaded in the
spent fuel pool racks prior to placement into the MPC.

Technical and Safety Basis for Loading and Unloading Procedures

The procedures herein (Sections 8.1.2 through 8.1.5) are developed for the loading, storage,
unloading, and recovery of spent fuel in the HI-STORM 100 System. The activities involved in
loading of spent fuel in a canister system, if not carefully performed, may present risks. The
design of the HI-STORM 100 System, including these procedures, the ancillary equipment and
the Technical Specifications, serve to minimize risks and mitigate consequences of potential
events. To summarize, consideration is given in the loading and unloading systems and
procedures to the potential events listed in Table 8.0.1.

The primary objective is to reduce the risk of occurrence and/or to mitigate the consequences of
the event. The procedures contain Notes, Warnings, and Cautions to notify the operators to
upcoming situations and provide additional information as needed. The Notes, Warnings and
Cautions are purposely bolded and boxed and immediately precede the applicable steps.

In the event of an extreme abnormal condition (e.g., cask drop or tip-over event) the user shall
have appropriate procedural guidance to respond to the situation.' As a minimum, the procedures
shall address establishing emergency action levels, implementation of emergency action
program, establishment of personnel exclusions zones, monitoring of radiological conditions,
actions to mitigate or prevent the release of radioactive materials, and recovery planning and
execution and reporting to the appropriate regulatory agencies, as required.
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Table 8.0.1
OPERATIONAL CONSIDERATIONS

B

POTENTIAL METHODS USED TO ADDRESS EVENT COMMENTS/
EVENTS REFERENCES
Cask Drop During Cask lifting and handling equipment is designed See Section 8.1.2.
Handling Operations to ANSI N 14.6. Procedural guidance is given See Tehaiea

for cask handling, inspection of lifting Specifieationin Appc di
equipment, and proper engagement to the A to CoG 72 1011 for W
trunnions. Tchnieal Spccifications limit the TRA nd HI STO A

eask and .epaek lift height eutside the fel i_

Cask Tip-Over Prior to The Lid Retention System is available to secure See Section 8.1.5. See
welding of the MPC the MPC lid during movement between the Figure 8.1.15.
lid spent fuel pool and the cask preparation area.
Contamination of the The annulus seal, pool lid, and Annulus See Figures 8.1.13 and
MPC external shell Overpressure System minimize the potential for 8.1.14. S Tehnieal

the MPC external shell to become contaminated Spceifications in pdi
from contact with the spent fuel pool water. A to CoC 72 1011.
Technical Specifieations requiro surv'ys of
certain components of th HI STOR 10
Syem to mnitr ferV femevable

Contamination spread Processing systems are equipped with exhausts See Figures 8.1.19-8.1.22.
from cask process that can be directed to the plant's processing
system exhausts systems.
Damage to fuel Fuel assemblies are never subjected to air or See Section 8.1.5, and |
assembly cladding oxygen during loading and unloading Section 8.3.3-and 140Q
from operations. Cool-Down System brings fuel 44.
oxidation/thermal assembly bulk temperatures to below water
shock boiling temperature prior to flooding.
Damage to Vacuum Vacuum Drying System is separate from See Figure 8.1.22 and
Drying System pressurized gas and water systems. 8.1.23.
vacuum gauges from
positive pressure
Ignition of The area around MPC lid shall be appropriately See Section 8.1.5 and
combustible mixtures monitored for combustible gases prior to, and Section 8.3.3.
of gas (e.g., hydrogen) during welding or cutting activities. It is
during WPC lid recommended for defense-in-depth that the
welding or cutting space below the MPC lid be evacuated or

purged prior to, and during these activities.
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Table 8.0.1
OPERATIONAL CONSIDERATIONS

(CONTINUED)

POTENTIAL METHODS USED TO ADDRESS EVENT COMMENTS/
EVENTS REFERENCES
Excess dose from MPC gas sampling allows operators to See Figure 8.1.16 and
failed fuel assemblies determine the integrity of the fuel cladding Section 8.3.3.

prior to opening the MPC. This allows
preparation and planning for failed fuel. The
RVOAs allow the vent and drain ports to be
operated like valves and prevent the need to hot
tap into the penetrations during unloading
operation.

Excess dose to The procedures provide ALARA Notes and See ALARA Notes and
operators Warnings when radiological conditions may Warnings throughout the

change. rocedures.
Excess generation of The HI-STORM system uses process systems Examples: HI-TRAC
radioactive waste that minimize the amount of radioactive waste bottom protective cover,

generated. Such features include smooth bolt plugs in empty holes,
surfaces for ease of decontamination efforts, pre-wetting of components.
prevention of avoidable contamination, and
procedural guidance to reduce decontamination
requirements.-Where possible, items are
installed by hand and require no tools.-

Fuel assembly Procedural guidance is given to perform See Section 8.1.4.
misloading event assembly selection verification and a post-

loading visual verification of assembly
identification prior to installation of the MPC
lid.

Incomplete moisture The vacuum drying process reduces the MPC See Section 8.1.5, ad
removal from WC pressure in stages to prevent the formation of Technical Specificatio

ice. Vacuum is held below 3 torr for 30 LCO 3.1.1, widIppen 'i
minutes with the vacuum pump isolated to 1'.A, Bayew B3.1.1.
assure dryness. If theforced helium
dehydration process is used, the temperature of
the gas exiting the demoisturizer is held below
21 "Ffor a minimum of 30 minutes. The TS
require the surveillance requirementfor
moisture removal to be met before entering

:________________ transport operations. -_ _ _ _ _

Incorrect MPC lid Procedural guidance is given to visually verify See Section 8.1.5.
installation correct MPC lid installation prior to I{[-TRAC

removal from the spent fuel pool.
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Table 8.0.1
OPERATIONAL CONSIDERATIONS

(CONTINUED)

POTENTIAL METHODS USED TO ADDRESS COMMENTS/
EVENTS EVENT REFERENCES
Load Drop Rigging diagrams and procedural guidance See Figures 8.1.6,

are provided for all lifts. Component 8.1.7, 8.1.9, 8.1.25
weights are provided in Tables 8.1.1 and 8.1.27. See
through 8.1.4. Tables 8.1.1

through 8.1.4.
Over-pressurization Pressure relief valves in the water and gas See Figures 8.1.20,
of MPC during processing systems limit the MPC pressure 8.1.21, 8.1.23 and
loading and to acceptable levels. 8.3.4.
unloading

Overstressing MPC The MPC is upended using the upending See Figure 8.1.6
lift lugs from side frame. The lift lugs are never side loaded. and Section 8.1.2.
loading
Overweight cask lift Procedural guidance is given to alert See Section 8.1.7

operators to potential overweight lifts. for example.
See Tables 8.1.1
through 8.1.4.

Personnel Procedural guidance is given to warn See Section 8.1.5
contamination by operators prior to cutting or grinding and Section 8.3.3.
cutting/grinding activities.
activities

Transfer cask Procedural guidance is given to scan the See Section 8.1.3
carrying hot particles transfer cask prior to removal from the and Section 8.1.5.
out of the spent fuel spent fuel pool.
pool
Unplanned or The MPC vent and drain ports are equipped See Figure 8.1.11
uncontrolled release with metal-to-metal seals to minimize the and 8.1.16. See
of radioactive leakage during moisture removal Section 8.3.3.
materials dGying and helium backfill operations.

Unlike elastomer seals, the metal seals resist
degradation due to temperature and
radiation and allow future access to the
MPC ports without hot tapping. The
RVOAs allow the port to be opened and
closed like a valve so gas sampling may be
performed.
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8.1 PROCEDURE FOR LOADING THE HI-STORM 100 SYSTEM IN THE SPENT FUEL
POOL

8.1.1 Overview of Loading Operations:

The HI-STORM 100 System is used to load, transfer and store spent fuel. Specific steps are
performed to prepare the HI-STORM 100 System for fuel loading, to load the fuel, to prepare the
system for storage and to place it in storage at an ISFSL The MPC transfer may be performed in
the cask receiving area, at the ISFSI, or any other location deemed appropriate by the user. HI-
TRAC and/or HI-STORM may be transferred -between the ISFSI and the fuel loading facility
using a specially designed transporter, heavy haul transfer trailer, or any other load handling
equipment designed for such applications as long as the Tchnieal Spcificatien lift height
restrictions are met (lift height restrictions apply only to suspended forms of transport). Users
shall develop detailed written procedures to control on-site transport operations. Section 8.1.2
provides the general procedures for rigging and handling of the HI-STORM overpack and HI-
TRAC transfer cask. Figure 8.1.1 shows a general flow diagram of the HI-STORM loading
operations.

Refer to the boxes of Figure 8.1.2 for the following description. At the start of loading
operations, an empty MPC is upended (Box 1). The empty MPC is raised and inserted into HI-
TRAC (Box 2). The annulus is filled with plant demineralized watert and the MPC is filled with
either spent fuel pool water or plant demineralized water (borated as required) (Box 3). An
inflatable seal is installed in the upper end of the annulus between the MPC and HI-TRAC to
prevent spent fuel pool water from contaminating the exterior surface of the MPC. HI-TRAC
and the MPC are then raised and lowered into the spent fuel pool for fuel loading using the lift
yoke (Box 4). Pre-selected assemblies are loaded into the MPC and a visual verification of the
assembly identification is performed (Box 5).

While still underwater, a thick shielded lid (the MPC lid) is installed using either slings attached
to the lift yoke or the optional Lid Retention System (Box 6). The lift yoke remotely engages to
the HI-TRAC lifting trunnions to lift the HI-TRAC and loaded MPC close to the spent fuel pool
surface (Box 7). When radiation dose rate measurements confirm that it is safe to remove the HI-
TRAC from the spent fuel pool, the cask is removed from the spent fuel pool. If the Lid
Retention System is being used, the HI-TRAC top lid bolts are installed to secure the MPC lid
for the transfer to the cask preparation area. The lift yoke and HI-TRAC are sprayed with
demineralized water to help remove contamination as they are removed from the spent fuel pool.

HI-TRAC is placed in the designated preparation area and the Lift Yoke and Lid Retention
System (if utilized) are removed. The next phase of decontamination is then performed. The top
surfaces of the MPC lid and the upper flange of HI-TRAC are decontaminated. The Temporary
Shield Ring (if utilized) is installed and filled with water and the neutron shield jacket is filled
with water (if drained). The inflatable -annulus seal is removed, and the annulus shield (if
utilized) is installed. The Temporary Shield Ring provides additional personnel shielding around
the top of the HI-TRAC during MPC closure operations. The annulus shield provides additional
personnel shielding at the top of the annulus and also prevents small items from being dropped

t Users may substitute domestic water in each step where demineralized water is specified.
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into the annulus. Dose rates are measured at the MPC lid to ensure that the dose rates are within
expected values.

The MPC water level is lowered slightly, the MPC is vented, and the MPC lid is seal welded
using the automated welding system (Box 8). Visual examinations are performed on the tack
welds. Liquid penetrant (PT) examinations are performed on the root and final passes. An
ultrasonic or multi-layer PT examination is performed on the MPC Lid-to-Shell weld to ensure
that the weld is satisfactory. As an alternative to volumetric examination of the MPC lid-to-shell
weld, a multi-layer PT is performed including one intermediate examination after approximately
every three-eighth inch of weld depth. The water level is raised to the top of the MPC and a
hydrostatic test followed by an additional liquid penetrant examination is performed on the MPC
Lid-to-Shell weld to verify structural integrity. A small amount of waator i displaced With
hlitus ;as for leakag tting. A lakage ate test i perfoimod en the MPG lid t sheR weld to

eify weld itegrity and to ensurc that leakage rates ae within aeeptanco ceitoria (Sce
Teohnisal Specification LCO 3.1.1).

To calculate the helium backfill requirements for the MPC, the free volume inside the MPC must
first be determined. This free volume may be determined by measuring the volume of water
displaced or any other suitable means.

Depending upon the heat load of the fuel, moisture is removedfrom the WPC using either a
vacuum drying system or forced helium dehydration system. Section 4.5 of the FSAR has
guidance on moisture removal requirements for the various heat loads. For lower heat loads,
S-he vacuum drying system ismay be connected to the MPC and is used to remove all liquid
water from the MPC in a stepped evacuation process (Box 9). A stepped evacuation process is
used to preclude the formation of ice in the MPC and vacuum drying system lines. The internal
pressure is reduced to below 3 torr and held for 30 minutes to ensure that all liquid water is
removed (See Teehnieal Speeifictien LCO 3.1.1).

Ahemafiveb-WFor high h--fe heat loads, or as an alternative for lower heat loads, a
forced helium dehydrafionnioistu rmeval system is utilized to remove residual moisture from
the MPC. Gas is circulated through the MPC to evaporate and remove moisture. The residual
moisture is condensed until no additional moisture remains in the MPC. The temperature of the
gas exiting the system demoisturizer is maintained below 21 Ffor a minimum of 30 minutes to
ensure that all liquid water is removedGas oxitiag the AMP i monitered for entrained moisture
until no dcomablo moisture i prosent in the MPG.

Limitations for the at-vacuum duration are evaluated and established on a canister basis to
ensure that acceptable cladding temperatures are not exceeded. Refer to FSAR Section 4.5 for
requirements on moisture removal based on the heat load in the APC Following MPC
dingmoisture removal, the MPC is evaeuated ad-backfilled with a predetermined pfesse
amount of helium gas (See Technieal Specifieation LGO 3.1.1). Limitations for the at vacuum
duration arc valuated ad established on a anister basis t ensure thA aceptable oladdb.g
temperatures a net xeeeded altheoh a time limit of lss than 2 hours at vacupam wil bound
may MP-.The helium backfill ensures adequate heat transfer during storage, provides an inert

atmosphere for long-term fuel integrity, and provides He-a means o-for future leakage rate
testing of the MPC confinement boundary welds. Cover plates are installed and seal welded over
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the MPC vent and drain ports with liquid penetrant examinations performed on the root and final
passes (for multi-pass welds) (Box 10). The coecr plates arc helium laakgc tested to confinm
that they meet th- establihed lca1agc rate ecriteia.

The MPC closure ring is then placed on the MPC and dose rates are measured at the MPC lid to
ensure that the dose rates are within expected values. The closure ring is aligned, tacked in place
and seal welded providing redundant closure of the MPC confinement boundary closure welds.
Tack welds are visually examined, and the root and final welds are inspected using the liquid
penetrant examination technique to ensure weld integrity.

The annulus shield (if utilized) is removed and the remaining water in the annulus is drained.
The Temporary Shield Ring (if utilized) is drained and removed. The MPC lid and accessible
areas of the top of the MPC shell are smeared for removable contamination (See- eebhieal
Specification LCO 3.2.2) and HI-TRAC dose rates are measured. HI-TRAC top lid3 is installed
and the bolts are torqued (Box 11). The MPC lift cleats are installed on the MPC lid. The MPC
lift cleats are the primary lifting point on the MPC. MPC slings are installed between the MPC
lift cleats and the lift yoke (Box 12).

If the HI-TRAC 125 is not being used, the transfer lid is attached to the EH-TRAC as follows.
The HI-TRAC is positioned above the transfer slide to prepare for bottom lid replacement. The
transfer slide consists of an adjustable-height rolling cariage and a pair of channel tracks. The
transfer slide supports the transfer step which is used to position the two lids at the same
elevation and creates a tight seam between the two lids to eliminate radiation streaming. The
overhead crane is shut down to prevent inadvertent operation. The transfer slide carriage is raised
to support the pool lid while the bottom lid bolts are removed. The transfer slide then lowers the
pool lid and replaces the pool lid with the transfer lid. The carriage is raised and the bottom lid
bolts are replaced. The MPC lift cleats and slings support the MPC during the transfer
operations. Following the transfer, the MPC slings are disconnected and HI-TRAC is positioned
for MPC transfer into HI-STORM.

MPC transfer may be performed inside'or outside the fuel building (Box 13). Similarly, HI-
TRAC and HI-STORM may be transferred to the ISFSI in several different ways (Box 14 and
15). The empty HI-STORM overpack is inspected and positioned with the lid removed. Vent
duct shield inserts' are installed in the HI-STORM exit vent ducts. The vent duct shield inserts
prevent radiation streaming from the HI-STORM Overpack as the MPC is lowered past the exit
vents. If the HI-T`RAC 125D is used, the mating device is positioned on top of the HI-STORM.
The HI-TRAC is placed on top of HI-STORM. An alignment device (or mating device in the
case of HI-TRAC 125D) helps guide HI-TRAC during this operations. The MPC may be
lowered using the MPC downloader, the main crane hook or other similar devices. The MPC
downloader (if used) may be attached to the HI-TRAC lid or mounted to the overhead lifting
device. The MPC slings are attached to the MPC lift cleats.
If the transfer doors are used (i.e. not the HI-TRAC 125D), the MPC is raised slightly, the

I Vent duct shield inserts are only used on the HI-STORM 100.
2 The alignment guide may be configured in many different ways to accommodate the specific sites. See

Table 8.1.6.
3 Users with the optional HI-TRAC Lid Spacer shall modify steps in their procedures to install and remove

the spacer together with top lid
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transfer lid door locking pins are removed and the doors are opened. If the HI-TRAC 125D is
used, the pool lid is removed and the mating device drawer is opened. Optional trim plates may
be installed on the top and bottom of both doors (or drawer for HI-TRAC 125D) and secured
using hand clamps. The trim plates eliminate radiation streaming above and below the doors
(drawer). The MPC is lowered into HI-STORM. Following verification that the MPC is fully
lowered, the MPC slings are disconnected from the lifting device and lowered onto the PC lid.
The trim plates are removed, the doors (or drawer) are closed. The empty HI-TRAC must be
removed with the doors open when the HI-STORM 100S is used to prevent interference with the
lift cleats and slings. H-TRAC is removed from on top of HI-STORM. The MPC slings and
MPC lift cleats are removed. Hole plugs are installed in the empty MPC lifting holes to fill the
voids left by the lift cleat bolts. The alignment device (or mating device with pool lid for HI-
TRAC 125D) and vent duct shield inserts (if used) are removed, and the HI-STORM lid is
installed. The exit vent gamma shield cross plates temperature elements (if used) and vent
screens are installed.. The HI-STORM lid studs and nuts are installed. The HI-STORM is
secured to the transporter (as applicable) and moved to the ISFSI pad. The HI-STORM Overpack
and HI-TRAC transfer cask may be moved using a number of methods as long as the lifting
equipment requirements in the Tcehnical Specifieatien are met. For sites with high seismic
conditions, the HI-STORM OOA is anchored to the ISFSL Once located at the storage pad, the
inlet vent gamma shield cross plates are installed and the shielding effectiveness test is
performed. Finally, the temperature elements and their instrument connections are installed (if
used), and the air temperature rise testing (if required by the Tchnizal Spifioiti) is
performed to ensure that the system is functioning within its design parameters.

8.1.2 HI-TRAC and HI-STORM Receiving and Handling Operations

Note:
HI-TRAC may be received and handled in several different configurations and may be
transported on-site in a horizontal or vertical orientation. This section provides general
guidance for HI-TRAC and HI-STORM handling. Site-specific procedures shall specify the
required operational sequences based on the handling configuration at the sites. Refef tothe
Teehnis Sapefieatien fr laded MA TM acnd H STORA 100 Overpaek handlign

1. Vertical Handling of HI-TRAC:

a. Verify that the lift yoke load test certifications are current.

b. Visually inspect the lifting device (lift yoke or lift links) and the lifting trunnions
for gouges, cracks, deformation or other indications of damage. Replace or repair
damaged components as necessary.

c. Engage the lift yoke to the lifting trunnions. See Figure 8.1.3.

d. Apply lifting tension to the lift yoke and verify proper engagement of the lift
yoke.
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Note:
Refer to the site's heavy load handling procedures for lift height. load Dath. floor loading and
other applicable load handling requirements. Rcfer tc Technieal Specification 4.9 for
additional zguipmznt handling rmeaircmznts.

Warning:
When lifting the loaded HI-TRAC with only the pool lid, the HI-TRAC should be carried as
low as practicable. This minimizes the dose rates due to radiation scattering from the floor.
Personnel should remain clear of the area and the H-TRAC should be placed in position as
soon as practicable.

e. Raise FHI-TRAC and position it accordingly.

2. Upending of HI-TRAC in the Transfer Frame:

a. Position HI-TRAC under the lifting device. Refer to Step 1, above.

b. If necessary, remove the missile shield from the HM-TRAC Transfer Frame. See
Figure 8.1.4.

c. Verify that the lift yoke load test certifications are current.

d. Visually inspect the lift yoke and the lifting trunnions for gouges, cracks,
deformation or other indications of damage. Repair or replace damaged
components as necessary.

e. Deleted.

f. Engage the lift yoke to the lifting trunnions. See Figure 8.1.3.

g. Apply lifting tension to the lift yoke and verify proper engagement of the lift
yoke.

h. Slowly rotate HI-TRAC to the vertical position keeping all rigging as close to
vertical as practicable. See Figure 8.1.4.

i. If used, lift the pocket tunnions clear of the Transfer Frame rotation trunnions.

3. Downending of HI-TRAC in the Transfer Frame: 0

ALARA Warning:
A loaded HI-TRAC should only be downended with the transfer lid or other auxiliary shielding
installed. - - -

a. Position the Transfer Frame under the lifting device.

b. Verify that the lift yoke load test certifications are current.

c. Visually inspect the lift yoke and the lifting trunnions for gouges, cracks,
deformation or other indications of damage. Repair or replace damaged
components as necessary.

d. Deleted.

e. Deleted.
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f. Engage the lift yoke to the lifting trunnions. See Figure 8.1.3.

g. Apply lifting tension to the lift yoke and verify proper lift yoke engagement

h. Position the pocket trunnions to receive the Transfer Frame rotation trunnions.
See Figure 8.1.4 (Not used for HI-TRAC 1251)).

i. Slowly rotate HI-TRAC to the horizontal position keeping all rigging as close to
vertical as practicable.

j. Disengage the lift yoke.

4. Horizontal Handling of HI-TRAC in the Transfer Frame:

a. Verify that the Transfer Frame is secured to the transport vehicle as necessary.

b. Downend HI-TRAC on the Transfer Frame per Step 3, if necessary.

c. If necessary, install the HI-TRAC missile Shield on the HI-STAR 100 Transfer
Frame (See Figure 8.1.4).

5. Vertical Handling of HI-STORM:

Note:
The HI-STORM 100 Overpack may be lifted with a special lifting device that engages the
overpack anchor blocks with threaded studs and connects to a cask transporter, crane, or
similar equipment. The device is designed in accordance with ANSI N14.6.

a. Visually inspect the HI-STORM lifting device for gouges, cracks, deformation or
other indications of damage.

b. Visually inspect the transporter lifting attachments for gouges, cracks,
deformation or other indications of damage..

c. If necessary, attach the transporter's lifting device to the transporter and HI-
STORM..

d. Raise and position HI-STORM accordingly. See Figure 8.1.5.

6. Empty MPC Installation in HI-TRAC:

Note:
To avoid side loading the MPC lift lugs, the MPC must be upended in the MPC Upending
Frame (or equivalent). See Figure 8.1.6.

a. If necessary, rinse off any road dirt with water. Remove any foreign objects from
the MPC internals.

b. If necessary, upend the MPC as follows:

I. Visually inspect the MPC Upending Frame for gouges, cracks,
deformation or other indications of damage. Repair or replace damaged
components as necessary.

2. Install the MPC on the Upending Frame. Make sure that the banding
straps are secure around the MPC shell. See Figure 8.1.6.
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3. Inspect the Upending Frame slings in accordance with the site's lifting
equipment inspection procedures. Rig the slings around the bar in a
choker configuration to the outside of the cleats. See Figure 8.1.6.

4. Attach the MPC upper end slings of the Upending Frame to the main
overhead lifting device. Attach the bottom-end slings to a secondary
lifting device (or a chain fall attached to the primary lifting device) (See
Figure 8.1.6).

5. Raise the MPC in the Upending Frame.

Warning:
| The Upending Frame corner should be kept close to the ground during the upending process. |

6. Slowly lift the upper end of the Upending Frame while lowering the
bottom end of the Upending Frame.

7. When the MPC approaches the vertical orientation, tension on the lower
slings may be released.

8. Place the MPC in a vertical orientation.

9. Disconnect the MPC straps and disconnect the rigging.

c. Install the MPC in HI-TRAC as follows:

1. Install the four point lift sling to the lift lugs inside the MPC. See Figure
8.1.7.

2. Raise and place the MPC inside H-TRAC.

Note:
An alignment punch mark is provided on HI-TRAC and the top edge of the MPC. Similar
marks are provided on the MPC lid and closure ring. See Figure 8.1.8.

3. Rotate the MPC so the alignment marks agree and seat the MPC inside
HI-TRAC. Disconnect the MPC rigging or the MPC lift rig.

8.1.3 HI-TRAC and MPC Receipt Inspection and Loading Preparation

Note:

Receipt inspection, installation of the empty MPC in the HI-TRAC, and lower fuel spacer
installation may occur at any location or be performed at any time prior to complete submersion
in the spent fuel pool as long as appropriate steps are taken to prevent contaminating the
exterior of the MPC or interior of the HI-TRAC.

- ~~ALARA Note:
A bottom protective cover may be attached to H-TRAC pool lid bottom. This will help
prevent imbedding contaminated particles in 111-TRAC .bottom surface and ease the
decontamination effort.
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1. Place HI-TRAC in the cask receiving area. Perform appropriate contamination and
security surveillances, as required.

2. If necessary, remove HI-TRAC Top Lid by removing the top lid bolts and using the lift
sling. See Figure 8.1.9 for rigging.

a. Rinse off any road dirt with water. Inspect all cavity locations for foreign objects.
Remove any foreign objects.

b. Perform a radiological survey of the inside of HI-TRAC to verify there is no
residual contamination from previous uses of the cask.

3. Disconnect the rigging.

4. Store the Top Lid and bolts in a site-approved location.

5. If necessary, configure HI-TRAC with the pool lid as follows:

ALARA Warning:
The bottom lid replacement as described below may be performed only on an empty HI-
TRAC.

a. Inspect the seal on the pool lid for cuts, cracks, gaps and general condition.
Replace the seal if necessary.

b. Remove the bottom lid bolts and store them temporarily.

c. Raise the empty HI-TRAC and position it on top of the pool lid.

d. Inspect the pool lid bolts for general condition. Replace worn or damaged bolts
with new bolts.

e. Install the pool lid bolts. See Table 8.1.5 for torque requirements.

f. If necessary, thread the drain connector pipe to the pool lid.

g. Store the I{-TRAC Transfer Lid in a site-approved location.

6. At the site's discretion, perform an MPC receipt inspection and cleanliness inspection in
accordance with a site-specific inspection checklist.

7. Install the MPC inside HI-TRAC and place HI-TRAC in the designated preparation area.
See Section 8.1.2.

Note:
Upper fuel spacers are fuel-type specific. Not all fuel types require fuel spacers. Upper fuel
spacer installation may occur any time prior to MPC lid installation.

8. Install the upper fuel spacers in the MPC lid as follows:

[ ~~~~~~~~Warning:|
I Never work under a suspended load. l

a. Position the MPC lid on supports to allow access to the underside of the MPC lid.

H-STORM FSAR Proposed Rev. 2B
REPORT H-2002444 8.1-8



b. Thread the fuel spacers into the holes provided on the underside of the MPC lid.
See Figure 8.1.10 and Table 8.1.5 for torque requirements.

c. Install threaded plugs in the MPC lid where and when spacers will not be
installed, if necessary. See Table 8.1.5 for torque requirements.'

- 9. At the user's discretion perform an MPC lid and closure ring fit test:

Note:
It may be necessary to perform the MPC installation and inspection in a location that has
sufficient crane clearance to perform the operation.

a. Visually inspect the MPC lid rigging (See Figure 8.1.9).

b. At the user's discretion, raise the MPC lid such that the drain line can be installed.
Install the drain line to the underside of the MPC lid. Ensure that the reducer is
fully seated against the bottom of the MPC lid. See Figure 8.1.1 1.

c. Align the MPC lid and lift yoke so the drain line will be positioned in the MPC
drain location. See Figure 8.1.12. Install the MPC lid. Verify that the MPC lid fit
and weld prep are in accordance with the design drawings.

-ALARA Note:
The closure ring is installed by hand. Some grinding may be required on the closure ring to
adjust the fit

d. Install, align and fit-up the closure ring.

e. Verify that closure ring fit and weld prep are in accordance with the fabrication
drawings or the approved design drawings.

f Remove the closure ring, vent and drain port cover plates and the MPC lid.
Disconnect the drain line. Store these components in an approved plant storage
location.

10. At the user's discretion, perform an MPC vent and drain port cover plate fit test and
verify that the weld prep is in accordance with the approved fabrication drawings.

Note:
Fuel spacers are fuel-type specific. Not all fuel types require fuel spacers. Lower fuel spacers
are set in the MPC cells manually. No restraining devices are used.

11. Install lower fuel spacers in the MPC (if necessary). See Figure 8.1.10.

12. Fill the MPC and annulus as follows:

a. Fill the annulus with plant demineralized water to just below the inflatable seal
seating surface.

L Caution:
Do not use any sharp tools or instruments to install the inflatable seal. Some air in the
inflatable seal helps in the installation.

b. Manually insert the inflatable annulus seal around the MPC. See Figure 8.1.13.
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c. Ensure that the seal is uniformly positioned in the annulus area.

d. Inflate the seal.

e. Visually inspect the seal to ensure that it is properly seated in the annulus.
Deflate, adjust and inflate the seal as necessary. Replace the seal as necessary.

ALARA Note:
Bolt plugs, placed in, or waterproof tape over empty bolt holes, reduce the time required for
decontamination.

13. At the user's discretion, install HI-TRAC top lid bolt plugs and/or apply waterproof tape
over any empty bolt holes.

ALARA Note:
Keeping the water level below the top of the MPC prevents splashing during handling.

14. Fill the MPC with either demineralized water or spent fuel pool water to approximately
12 inches below the top of the MPC shell. Refer to LDO .34Tables 2.1.14 and 2.1.16
for boron concentration requirements.

15. If necessary for plant crane capacity limitations, drain the water from the neutron shield
jacket. See Tables 8.1.1 through 8.1.4 as applicable.

16. Place HI-TRAC in the spent fuel pool as follows:

I

ALARA Note:
The term "Spent Fuel Pool" is used generically to refer to the users designated cask loading
location. The optional Annulus Overpressure System is used to provide further protection
against MPC external shell contamination during in-pool operations.

a. If used, fill the Annulus Overpressure System lines and reservoir with
demineralized water and close the reservoir valve. Attach the Annulus
Overpressure System to the HI-TRAC. See Figure 8.1.14.

b. Verify spent fuel pool for boron concentration requirements in accordance with
6O 3.3..Tables 2.1.14 and 2.1.16.

c. Engage the lift yoke to HI-TRAC lifting trunnions and position H-TRAC over
the cask loading area with the basket aligned to the orientation of the spent fuel
racks.

ALARA Note:
Wetting the components that enter the spent fuel pool may reduce the amount of
decontamination work to be performed later.

d. Wet the surfaces of HI-TRAC and lift yoke with plant demineralized water while
slowly lowering HI-TRAC into the spent fuel pool.

e. When the top of the HI-TRAC reaches the elevation of the reservoir, open the
Annulus Overpressure System reservoir valve. Maintain the reservoir water level
at approximately 3/4 full the entire time the cask is in the spent fuel pool.

I
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f Place HI-TRAC on the floor of the cask loading area and disengage the lift yoke.
Visually verify that the lift yoke is fully disengaged. Remove the lift yoke from
the spent fuel pool while spraying the crane cables and yoke with plant
demineralized water.

g. Observe the annulus seal for signs of air leakage. If leakage is observed (by the
steady flow of bubbles emanating from one or more discrete locations) then
immediately remove the HJ-TRAC from the spent fuel pool and repair or replace
the seal.

8.1.4 MPC Fuel Loading

Note:
An underwater camera or other suitable viewing device may be used for monitoring
underwater operations.

Note:
When loading MCs requiring soluble boron, the boron concentration of the water shall be
checked in accordance with Tables 2.1.14 and 2.1.1 6 before and during operations with fuel
and water in the MPG.

1. Perform a fuel assembly selection verification using plant fuel records to
ensure that only fuel assemblies that meet all the conditions for loading as
specified in Appendix B to CcC 72 1011Section 2.1.9 have been selected
for loading into the MPC.

2. Load the pre-selected fuel assemblies into the MPC in accordance with the
approved fuel loading pattern.

3. Perform a post-loading visual verification of the assembly identification to
confirm that the serial numbers match the approved fuel loading pattern.

MPC Closure

I

8.1.5

Note:
The user may elect to use the Lid Retention System (See Figure 8.1.15) to assist in the
installation of the MPC lid and lift yoke, and to provide the means to secure the MPC lid in the
event of a drop accident during loaded cask handling operations outside of the spent fuel pool.
The user is responsible for evaluating the additional weight imposed on the cask, lift yoke,
crane and floor prior to use. See Tables 8.1.1 through 8.1.4 as applicable. The following
guidance describes installation of the MPC lid using the lift yoke. The MPC lid may also be
installed separately.

Depending on facility configuration, users may elect to perform MPC closure operations with
the HI-TRAC partially submerged in the spent fuel pool. If opted, operations involving
removal of the HI-TRAC from the spent fuel pool shall be sequenced accordingly.

1. Remove the HI-TRAC from the spent fuel pool as follows:
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a. Visually inspect the MPC lid rigging or Lid Retention System in accordance with
site-approved rigging procedures. Attach the MPC lid to the lift yoke so that MPC
lid, drain line and trunnions will be in relative alignment. Raise the MPC lid and
adjust the rigging so the MPC lid hangs level as necessary.

b. Install the drain line to the underside of the MPC lid. Ensure that the reducer is
fully seated against the bottom of the MPC lid. See Figure 8.1.17.

c. Align the MPC lid and lift yoke so the drain line will be positioned in the MPC
drain location and the cask trunnions will also engage. See Figure 8.1.11 and
8.1.17.

ALARA Note:
Pre-wetting the components that enter the spent fuel pool may reduce the amount of
decontamination work to be performed later.

d. Slowly lower the MPC lid into the pool and insert the drain line into the drain
access location and visually verify that the drain line is correctly oriented. See
Figure 8.1.12.

e. Lower the MPC lid while monitoring for any hang-up of the drain line. If the
drain line becomes kinked or disfigured for any reason, remove the MPC lid and
replace the drain line.

Note:
The outer diameter of the MPC lid will seat flush with the top edge of the MPC shell when
properly installed.

f. Seat the MPC lid in the MPC and visually verify that the lid is properly installed.

g. Engage the lift yoke to HI-TRAC lifting trunnions.

h. Apply a slight tension to the lift yoke and visually verify proper engagement of
the lift yoke to the lifting trunnions.

ALARA Note:
Activated debris may have settled on the top face of HI-TRAC and MPC during fuel loading.
The cask top surface should be kept under water until a preliminary dose rate scan clears the
cask for removal. Users are responsible for any water dilution considerations.

i. Raise HI-TRAC until the MPC lid is just below the surface of the spent fuel pool.
Survey the area above the cask lid to check for hot particles. Remove any
activated or highly radioactive particles from HI-TRAC or MPC.

j. Visually verify that the MPC lid is properly seated. Lower HI-TRAC, reinstall
the lid, and repeat as necessary.

k. Install the Lid Retention System bolts if the lid retention system is used.
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1. Continue to raise the HI-TRAC under the direction of the plant's radiological
control personnel. Continue rinsing the surfaces with demineralized water. When

I I the top of the HI-TRAC reaches the same elevation as the reservoir, close the
Annulus Overpressure System reservoir valve (if used). See Figure 8.1.14.

Caution:
Users are required to take necessary actions to prevent boiling of the water in the MPC. This
may be accomplished by performing a site-specific analysis to identify a time limitation to
ensure that water boiling will not occur in the MPC prior to the initiation of draining
operations. Chapter 4 of the FSAR provides some sample time limits for the time to initiation
of draining for various spent fuel pool water temperatures using design basis heat loads. These
time limits may be adopted if the user chooses not to perform a site-specific analysis. If time
limitations are imposed, users shall have appropriate procedures and equipment to take action.
One course of action involves initiating an MC water flush for a certain duration and flow
rate. Any site-specific analysis shall identify the methods to respond should it become likely
that the imposed time limit could be exceeded. Refer to LGQ 3.3.Tables 2.1.14 and 2. 1.16 for
boron concentration requirements whenever water is added to the loaded MPC.

I

m. Remove HI-TRAC from the spent fuel pool while spraying the surfaces with plant
demineralized water. Record the time.

ALARA Note:
Decontamination of HI-TRAC bottom should be performed using remote cleaning methods,
covering or other methods to minimize personnel exposure. The bottom lid decontamination
may be deferred to a convenient and practical time and location. Any initial decontamination
should only be sufficient to preclude spread of contamination within the fuel building.

n. Decontaminate HI-TRAC bottom and HI-TRAC exterior surfaces including the
pool lid bottom. Remove the bottom protective cover, if used.

o. If used, disconnect the Annulus Overpressure System from the HI-TRAC See
Figure 8.1.14.

p. Set HI-TRAC in the designated cask preparation area.'

Note:
If the transfer cask is expected to be operated in an environment below 32 TF, the water jacket
shall be filled with an ethylene glycol solution (25% ethylene'glycol). Otherwise, the jacket
shall be filled with demineralized water. -Depending on weight limitations, the neutron shield
jacket may remain filled (with pure water or 25% ethylene glycol solution, as required). Users
shall evaluate the cask weights to ensure that cask trunnion, lifting devices and equipment load
limitations are not exceeded.

q. If previously drained, fill the neutron shield jacket with plant demineralized water
or an ethylene glycol solution (25% ethylene glycol) as necessary.

r. Disconnect the lifting slings or Lid Retention System (if used) from the MPC lid
and disengage the lift yoke. Decontaminate and store these items in an approved
storage location.
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Warning:
MPC lid dose rates are measured to ensure that dose rates are within expected values. Dose
rates exceeding the expected values could indicate that fuel assemblies not meeting the CoC
may have been loaded.

s. Measure the dose rates at the MPC lid and verify that the combined gamma and
neutron dose is below expected values.

t. Perform decontamination and a dose rate/contamination survey of HI-TRAC.

u. Prepare the MPC annulus for MPC lid welding as follows:

ALARA Note:
If the Temporary Shield Ring is not used, some form of gamma shielding (e.g., lead bricks or
blankets) should be placed in the trunnion recess areas of the HI-TRAC water jacket to
eliminate the localized hot spot.

v. Decontaminate the area around the HI-TRAC top flange and install the
Temporary Shield Ring, (if used). See Figure 8.1.18.

ALARA Note:
The water in the HI-TRAC-to-MPC annulus provides personnel shielding. The level should be
checked periodically and refilled accordingly.

*.w. Attach the drain line to the HI-TRAC drain port and lower the annulus water level
approximately 6 inches.

2. Prepare for MPC lid welding as follows:

I

Note:
The following steps use two identical Removable Valve Operating Assemblies (RVOAs) (See
Figure 8.1.16) to engage the MPC vent and drain ports. The MPC vent and drain ports are
equipped with metal-to-metal seals to minimize leakage during drying, and to withstand the
long-term effects of temperature and radiation. The RVOAs allow the vent and drain ports to
be operated like valves and prevent the need to hot tap into the penetrations during unloading
operations. The RVOAs are purposely not installed until the cask is removed from the spent
fuel pool to reduce the amount of decontamination.

I

Note:
The vent and drain ports are opened by pushing the RVOA handle down to engage the square
nut on the cap and turning the handle fully in the counter-clockwise direction. The handle will
not turn once the port is fully open. Similarly, the vent and drain ports are closed by turning
the handle fully in the clockwise direction. The ports are closed when the handle cannot be
turned further.
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Note:

Steps involving preparation for welding may occur in parallel as long as precautions are taken
to prevent contamination of the annulus.

a. Clean the vent and drain ports to remove any dirt. Install the RVOAs (See Figure
8.1.16) to the vent and drain ports leaving caps open.

ALARA Warning:
Personnel should remain clear of the drain hoses any time water is being pumped or purged
from the MPC. Assembly crud, suspended in the water, may create a radiation hazard to
workers. Controlling the amount of water pumped from the MPC prior to welding keeps the
fuel assembly cladding covered with water yet still allows room for thermal expansion.

b. Attach the water pump to the drain port (See Figure 8.1.19) and lower the water
level to keep moisture away from the weld region.

c. Disconnect the water purnp.

d. Carefully decontaminate the MPC lid top surface and the shell area above the
inflatable seal

e. Deflate and remove the inflatable annulus seal.

ALARA Note:
The MPC exterior shell survey is performed to evaluate the performance of the inflatable
annulus seal. Indications of contamination could require the MPC to be unloaded. In the event
that the MPC shell is contaminated, users must decontaminate the annulus. If the
contamination cannot be reduced to acceptable levels, the MPC must be returned to the spent
fuel pool and unloaded. The MPC may then be removed and the external shell
decontaminated.

f. Survey the MPC lid top surfaces and the accessible areas of the top three inches
of the MPC hell in acrdance with the requirements efTchnical Spcification
LGO 3.

ALARA Note:
The annulus shield is used to prevent objects from being dropped into the annulus and helps
reduce dose rates directly above the annulus region. The annulus shield is hand installed and
requires no tools. -

g. Install the annulus shield. See Figure 8.1.13.

3. Weld the MPC lid as follows:

G din of C wels may rea ALARA W arning:
Grinding of MC welds may create the potential for contamination. All grinding activities
shall be performed under the direction of radiation protection personnel.
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I

ALARA Warning:
It may be necessary to rotate or reposition the MPC lid slightly to achieve uniform weld gap
and lid alignment. A punch mark is located on the outer edge of the MPC lid and shell. These
marks are aligned with the alignment mark on the top edge of the HI-TRAC Transfer Cask
(See Figure 8.1.8). If necessary, the MPC lid lift should be performed using a hand operated
chain fall to closely control the lift to allow rotation and repositioning by hand. If the chain
fall is hung from the crane hook, the crane should be tagged out of service to prevent
inadvertent use during this operation. Continuous radiation monitoring is recommended.

a. If necessary center the lid in the MPC shell using a hand-operated chain fall.

Note:
The MPC is equipped with lid shims that serve to close the gap in the joint for MPC lid closure
weld.

b. As necessary, install the MPC lid shims around the MPC lid to make the weld gap
uniform.

ALARA Note:
The AWS Baseplate shield is used to further reduce the dose rates to the operators working J
around the top cask surfaces.

c. Install the Automated Welding System baseplate shield. See Figure 8.1.9 for
rigging.

d. If used, install the Automated Welding System Robot.

Note:
It may be necessary to remove the RVOAs to allow access for the automated welding system.
In this event, the vent and drain port caps should be opened to allow for thermal expansion of
the MPC water.

Caution:

Oxidation of Boral panels and aluminum components contained in the MPC may create
hydrogen gas while the MPC is filled with water. Appropriate monitoring for combustible gas
concentrations shall be performed prior to, and during MPC lid welding operations. The space
below the MPC lid shall be exhausted or purged with inert gas prior to, and during MPC lid
welding operations to provide additional assurance that flammable gas concentrations will not
develop in this spacelt is also rcoinmcedod for defense in depth that the space below the
MPC lid be exhausted r purged wth iert gas prier t, and during NIPG lid welding
operations to proeide additional assuranc that explosive gas mixtures will not dsvelop in this
spaee.

e. Perform combustible gas monitoring andji do~redi, exhaust or purge the space
under the MPC lid with an inert gas to ensure that there is no combustible mixture
present in the welding area.

f Perform the MPC lid-to-shell weld and NDE with approved procedures (See 9.1
and Table 2.2.15).
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g. Deleted.

h. Deleted.

i. Deleted.

j. Deleted.

4. Perform hydrostatic and MP 1i kasaseeate-testir ig as follows: I

ALARA Note:
The leakage rates are determined before the MPC is drained for ALARA reasons. A weld
repair is a lower dose activity if water remains inside the MPC.

a. Attach the drain line to the vent port and route the drain line to the spent fuel pool
or the plant liquid radwaste system. See Figure 8.1.20 for the hydrostatic test
arrangement.

. - ALARA Warning:
Water flowing from the MPC may carry activated particles and fuel particles. Apply
appropriate ALARA practices around the drain line.

b. Fill the MPC with either spent fuel pool water or plant demineralized water until
water is observed flowing out of the vent port drain hose. Refer to LCG
S34Tables 2.1.14 and 2.1.16 for boron concentration requirements.

c. Perform a hydrostatic test of the MPC as follows:

1. Close the drain valve and pressurize the MPC to 125 +51-0 psig.

2. Close the inlet valve and monitor the pressure for a minimum of 10
minutes. The pressure shall not drop during the performance of the test.

3. Following the 10-minute hold period, visually examine the MPC lid-to-
shell weld for leakage of water. The acceptance criteria is no observable
water leakage.

d. Release the MPC internal pressure, disconnect the water fill line and drain line
from the vent and drain port RVOAs leaving the vent and drain port caps open.

I . Repeat the liquid penetrant examination on the MPC lid final pass.

e.Atach a rcgulated helium supply to the *vent port and attach the drain line to the drain
pert as she'n on Figure S.l.l. :

f.Vrit) the correct pressure on the helium supply and open the helium supply valee.
Drain approximately twenty gallons.

g.loe the drain port vanle and prcs ze the .P.

. cave thc ;Ent r. E
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i.P-eformf~i a helium sniffer prebe leakage Fate test ef the MRGW lid t shell wezld in
aeeerdne 'with the Mass Spetrmeter Leak Deteeter (ISLD) manfaturmer's
is~tpartiens an AMSI NlI4.5 [.1.2]. The M'.PC Helium Leak Rate shall be 4
M.E 6 atm ee/see (Hz-)4 asdoa1atmespher-a pressuro differential aeroess the

We~djeiRn.

fie. Repair any weld defects in accordance with the site's approved weld repair
procedures. Reperform. the Ultrasonic (if necessary), PT, and Hydrostatic and

Heliu Leaage-ests if weld repair is performed.

5. Drain the MWC as follows:

a. Attach the drain line to the vent port and route the drain line to the spent fuel pool
or the plant liquid radwaste system. See Figure 8.1.20.

ALARA Warning:
Water flowing from the WC may carry activated particles and fuel particles. Apply
appropriate ALARA practices around the drain line.

b. Attach the water fill line to the drain port and fill the MC with either spent fuel
pool water or plant denineralized water until water is observed flowing out of the
drain fine.

C. Disconnect the water fill and drain lines from the dC leaving the vent port valve
open to allow for thermal expansion of the WfC water.

ALARA Warning:
Dose rates will rise as water is drained from the MPC. Continuous dose rate monitoring is

recommended.

d. Attach a regulated helium or nitrogen supply to the vent port.

e. Attach a drain line to the drain port shown on Figure 8.1.21.

f. Deleted

g. Verify the correct pressure on the gas supply.

h. Open the gas supply valve and record the time at the start of MPC draining.

Note:
An optional warming pad may be placed under the HI-TRAC Transfer Cask to replace the heat
lost during the evaporation process of MPC drying. This may be used at the user's discretion
for older and colder fuel assemblies to reduce vacuum drying times.

i. Start the warming pad, if used.

Note:
Users may continue to purge the WC to remove as much water as possible.

j. Drain the water out of the MPC until water ceases to flow out of the drain line.
Shut the gas supply valve. See Figure 8.1.21.

k. Deleted.
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1. Disconnect the gas supply line from the MPC.

m. Disconnect the drain line from the MPC.

6. Dry the MPC as follows:

Caution:
Limitations for the at-vacuum duration are evaluated and established on a canister-specific
basis to ensure that acceptable cladding temperatures arenot exceeded. Refer to FSAR
Section 4.5 for guidance.

Note:
Vacuum drying orforced helium dehydration moisture emovafor higher e heat load
fuel) is performed to remove moisture and oxidizing gasses from the MPC. This ensures a
suitable environment for long-term storage of spent fuel assemblies and ensures that the MPC
pressure remains within design limits. The vacuum drying process described herein reduces
the MPC internal pressure in stages. Dropping the internal pressure too quickly may cause the
formation of ice in the fittings. Ice formation could result in incomplete removal of moisture
from the MPC. The moisture removal process limits bulk MPC temperatures by continuously
circulating gas through the MPC. Steps 6.b84142a through h in Section 8.1.5 are used for
vacuum drying. Steps 4,1 tbrough k in Section 8.1.5 are used for moisture removal.

I

a. If using the vacuum drying system, go to Section 8.1.5 Step 6.b. If using the
forced helium dehydration system, go to Section 8.1.5 Step 6. i.taeh the dying
systen (DS) to the ve;nt and drain port RVOAz. Scc Fige 8.1.22a fcr the
vacuum drying ystem and 8.1.22b for the meisturc removal system. Other
equipment configurations that achieve the same results may also be used.

Note:
The vacuum drying system may be configured with an optional fore-line condenser. Other
equipment configurations that achieve the same results may be used.

b. Attach the vacuum drying system (VDS) to the vent and drain port RVOAs. See
Figure 8.1.22aDeleted.

c. Deleted.

d. Deleted.

Note:
To preventfreezing of water, the MPC internal pressure should be lowered in incremental
steps. The vacuum drying system pressure will remain at about 30 torr until most of the liquid
water has been removed from the MPC.

e. Open the VDS suction valve and reduce the MPCpressure to below 3
torrDeleted.

HI-STORM FSAR
REPORT I-2002444

Proposed Rev. 2B
8.1-19



f. Shut the VDS valves and verify a stable MPC pressure on the vacuum gaugeOpen
the VD8 suction valvec and reduce she aMPC pressure t below 3 torr.

Note:
The MPC pressure may rise due to the presence of water in the MPC. The dyness test may
need to be repeated several times until all the water has been removed. Leaks in the vacuum
drying system, damage to the vacuum pump, and improper vacuum gauge calibration may
cause repeatedfailure of the dryness verification test. These conditions should be checked as
part of the corrective actions if repeatedfailure of the dryness verification test is occurring.

g. Perform the MPC drying pressure 
MPC pressure en tc vacuhm age.

- . " I I . I . .

Oct 0 a

we r As _ E Ad1k ..

a. - ..... ,.H -M__ ._ _.. ,._._.._

speifieatiens-.Proceed to Step 6.1 of Section 8.1.5 if not using the forced helium
dehydration system.

i. Attach the moisture rcrnvalforced helium dehydration system to the vent and
drain port RVOAs. See Figure 8.1.22b.

j. Circulate the drying gas though the MPC while monitoring the circulating gas for
moisture. Collect and remove the moisture from the system as necessary.

k. Continue the monitoring and moisture removal until LGO 3.1.1 is the acceptance
criteria are met for MPC dryness. Discontinue MPC drying operations.

1.

m.

If necessary, attach the vacuum pump to the MPC.

Evacuate the MPC to below 10 torr.

n. Close the vent and drain port valves.

O. Disconnect the VDS from the MPC.

p. Stop the warming pad, if used.

q. Close the drain port RVOA cap and remove the drain port RVOA.

7. Backfill the MPC as follows:

Caution:
Limitations for the handling of the loaded MPC in HI-TRAC are evaluated and established on
a canister basis to ensure that acceptable cladding temperatures are not exceeded. Refer to
FSAR Section 4.5 for specific time limits for transporting a loaded MPC in the HI-TRA4C
transfer CASK based on MPC heat loads.

Note:
Helium backfill shall be in accordance with the Technical Specification atperformed using
helium with 99.995% (minimum) purity. Other equipment configurations that achieve the
same results may be used.

a. Set the helium bottle regulator pressure to the appropriate pressure.

I

HI-STORM FSAR
REPORT HI-2002444

Proposed Rev. 2B
8.1-20



b. Purge the Helium Backfill System to remove oxygen from the lines.

c. Attach the Helium Backfill System to the vent port as shown on Figure 8.1.23 and
open the vent port.

d. Slowly open the helium supply valve while monitoring the pressure rise in the
MPC.

e. Deleted

f. Deleted

g. Deleted

Note:
If helium bottles need to be replaced, the bottle valve needs to be closed and the entire
regulator assembly transferred to the new bottle.

h. Carefully backfill the MPC in acordanee with the technical speeificaticnnin
accordance with Table 4.4.3 7.

i. Disconnect the helium backfill system from the MPC.

j. Close the vent port RVOA and disconnect the vent port RVOA.

8. Weld the vent and drain port cover plates as follows:

Note:
The process provided herein may be modified to perform actions in parallel. Users may
perform the final PT on the ircumfcrential and plug wclds at the samc time.

a. Wipe the inside area of the vent and drain port recesses to dry and clean the
surfaces.

b. Place the cover plate over the vent port recess.

c. Weld the cover plate.

_.Wld the eover plate and pcrfum NDE with approeved proeeduers (See 9.1 and Table 2.2. 5)

Note:
ASME Boiler and Pressure Vessel Code [8.1.3], Section V Article 6 provides the liquid
penetrant inspection methods. The acceptance standards for liquidpenetrant examination
shall be in accordance with ASME Boiler and Pressure Vessel Code, Section III, Subsection
NB, Article NB-5350 as specified on the Design Drawings. ASA Code, Section III,
Subsection NB, Article NB4450 provides acceptable requirements for weld repair. NDE
personnel shall be qualjfied per the requirements of Section V of the Code or site-specific
program.

f d. Perform NDE on the cover plate with approved procedures (See 9.1 and Table
2.2.1 J)eleted.
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gre. Repair any weld defects in accordance with the site's approved code weld repair
procedures.Delete4.

h-f Deleted.

4g. Deleted.

fth. Deleted.

k:i. Repeat for the drain port cover plate.

9.Perform a leakage tst fthe MPG vent and drain pet coverh plates a faellws:

b.Repair any weld defccts in aceordence with the site's appreoved cede weld repair
procedures. Re perform the leakage test as required.

44-9. Weld the MPC closure ring as follows:

ALARA Note:
The closure ring is installed by hand. No tools are required. Localized grinding to achieve the
desired fit and weld prep are allowed.

a. Install and align the closure ring. See Figure 8.1.8.

b. Weld the closure ring to the MPC shell and the MPC lid, and perform NDE with
approved procedures (See 9.1 and Table 2.2.15).

c. Deleted.

d. Deleted.

e. Deleted.

f Deleted.

g. Deleted.

h. Deleted.

i. Deleted.

j. If necessary, remove the AWS. See Figure 8.1.7 for rigging.

8.1.6 Preparation for Storage

ALARA Warning:
Dose rates will rise around the top of the annulus as water is drained from the annulus. Apply
appropriate ALARA practices.

Caution:
Limitations for the handling of the loaded MPC in HI-TRAC are evaluated and established on
a canister basis to ensure that acceptable cladding temperatures are not exceeded. Refer to
FSAR Section 4.5 for more detailed guidance on time limits based on MPC heat loads.

1. Remove the annulus shield (if used) and store it in an approved plant storage location
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2. Attach a drain line to the HI-TRAC and drain the remaining water from the annulus to the
spent fuel pool or the plant liquid radwaste system.

3. Install H-TRAC top lid as follows:

Warning:
When traversing the MPC with the H-TRAC top lid using non-siigle-failure proof (or
equivalent safety factors), the lid shall be kept less than 2 feet above the top surface of the
MPC. This is performed to protect the MPC lid from a potential lid drop.

a. Install HI-TRAC top lid. Inspect the bolts for general condition. Replace worn or
damaged bolts with new bolts.

b. Install and torque the top lid bolts. See Table 8.1.5 for torque requirements.

c. Inspect the lift cleat bolts for general condition. Replace worn or damaged bolts
with new bolts.

d. Install the MPC lift cleats and MPC slings. See Figure 8.1.24 and 8.1.25. See
Table 8.1.5 for torque requirements.

e. Drain and remove the Temporaxy Shield Ring, if used.

4. Replace the pool lid with the transfer lid as follows (Not required for HI-TRAC 125D):

ALARA Note:
The transfer slide is used to perform the bottom lid replacement and eliminate the possibility of
directly exposing the bottom of the MPC. The transfer slide consists of the guide rails, rollers,
transfer step and carriage. The transfer slide carriage and jacks are powered and operated by
remote control. The carriage consists of short-stroke hydraulic jacks that raise the carriage to
support the weight of the bottom lid. The transfer step produces a tight level seam between the
transfer lid and the pool lid to minimize radiation streaming. The transfer slide jacks do not
have sufficient lift capability to support the entire weight of the HJ-TRAC. This was selected
specifically to limit floor loads. Users should designate a specific area that has sufficient room
and support for performing this operation.

Note:
The following steps are performed to pretension the MPC slings.

a. Lower the lift yoke and attach the MPC slings to the lift yoke. See Figure 8.1.25.

b. Raise the lift yoke and engage the lift yoke to the HI-TRAC lifting trunnions.

c. If necessary, position the transfer step and transfer lid adjacent to one another on
the transfer slide carriage. See Figure 8.1.26. See Figure 8.1.9 for transfer step
rigging..

d. Deleted.

e. PositionTi-TRAC with the pool lid centered over the transfer step approximately
one'inch above the'transfer step. -
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f. Raise the transfer slide carriage so the transfer step is supporting the pool lid
bottom. Remove the bottom lid bolts and store them temporarily.

ALARA Warning:
Clear all personnel away from the immediate operations area. The transfer slide carriage and
jacks are remotely operated. The carriage has fine adjustment features to allow precise
positioning of the lids.

g. Lower the transfer carriage and position the transfer lid under HI-TRAC.

h. Raise the transfer slide carriage to place the transfer lid against the HI-TRAC
bottom lid bolting flange.

i. Inspect the transfer lid bolts for general condition. Replace worn or damaged
bolts with new bolts.

j. Install the transfer lid bolts. See Table 8.1.5 for torque requirements.

k. Raise and remove the HI-TRAC from the transfer slide.

1. Disconnect the MPC slings and store them in an approved plant storage location.

Note:
HI-STORM receipt inspection and preparation may be performed independent of procedural
sequence.

5. Perform a HI-STORM receipt inspection and cleanliness inspection in accordance with a
site-approved inspection checklist, if required. See Figure 8.1.27 for HI-STORM lid
rigging

Note:
MPC transfer may be performed in the truck bay area, at the ISFSI, or any other location
deemed appropriate by the licensee. The following steps describe the general transfer
operations (See Figure 8.1.28). The HI-STORM may be positioned on an air pad, roller skid in
the cask receiving area or at the ISFSL The H-STORM or HI-TRAC may be transferred to
the ISFSI using a heavy haul transfer trailer, special transporter or other equipment specifically
designed for such a function (See Figure 8.1.29) as long as the HI-TRAC and HI-STORM
lifting requirements as described in the Tchnical Specifications are not exceeded. The
licensee is responsible for assessing and controlling floor loading conditions during the MPC
transfer operations. Installation of the lid, vent screen, and other components may vary
according to the cask movement methods and location of MPC transfer.

8.1.7 Placement of HI-STORM into Storage

1. Position an empty HI-STORM module at the designated MPC transfer location. The HI-
STORM may be positioned on the ground, on a deenergized air pad, on a roller skid, on
a flatbed trailer or other special device designed for such purposes. If necessary, remove
the exit vent screens and gamma shield cross plates temperature elements and the HI-
STORM lid. See Figure 8.1.28 for some of the various MPC transfer options.
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a. Rinse off any road dirt with water. Inspect all cavity locations for foreign objects.
Remove any foreign objects.

b. Transfer the HI-TRAC to the MPC transfer location.

2. De-energize the air pad or chock the vehicle wheels to prevent movement of the HI-
STORM during MPC transfer and to maintain level, as required.

ALARA Note:
The HI-STORM vent duct shield inserts eliminate the streaming path created when the MPC is
transferred past the exit vent ducts. Vent duct shield inserts are not used with the HI-STORM
lOOS.

3. Install the alignment device (or mating device for EH-TRAC 125D) and if necessary,
install the HI-STORM vent duct shield inserts. See Figure 8.1.30.

4. Deleted.

5. Position HI-TRAC above HI-STORM. See Figure 8.1.28.

6. Align HI-TRAC over HI-STORM (See Figure 8.1.3 1) and mate the overpacks.

7. If necessary, attach the MPC Downloader. See Figure 8.1.32.

8. Attach the MPC slings to the MPC lift cleats.-

9. Raise the MPC slightly to remove the weight of the MPC from the transfer lid doors (or
pool lid for EH-TRAC 125D and mating device)

10. If using the I-TRAC 125D, unbolt the pool lid from the HI-TRAC..

11. Remove the transfer lid door (or mating device drawer) locking pins and open the doors
(or drawer).

ALARA Warning:
MPC trim plates are used to eliminate the streaming path above and below the doors (or
drawer). If trim plates are not used, personnel should remain clear of the immediate door area
during MPC downloading since there may be some radiation streaming during MPC raising
and lowering operations.

12. At the user's discretion, install trim plates to cover the gap above and below the
door/drawer. The trim plates may be secured using hand clamps or any other method
deemed suitable by the user. See Figure 8.1.33.

13. Lower the MPC into HI-STORM.

14. Disconnect the slings from the MPC lifting device and lower them onto the MPC lid.

15. Remove the trim plates (ifused), and close the doors (or mating device drawer)

ALARA Warning:
Personnel should remain clear (to the maximum extent practicable) of the HI-STORM annulus
when HI-TRAC is removed due to radiation streaming.
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Note:
It may be necessary, due to site-specific circumstances, to move I-STORM from under the
empty HI-TRAC to install the HI-STORM lid, while inside the Part 50 facility. In these cases.
users shall evaluate the specifics of their movements within the requirements of their Part 50
license.

16. Remove HI-TRAC from on top of HI-STORM.

17. Remove the MPC lift cleats and MPC slings and install hole plugs in the empty MPC bolt
holes. See Table 8.1.5 for torque requirements.

18. Place HI-STORM in storage as follows:

a. Remove the alignment device (mating device with HI-TRAC pool lid for HI-
TRAC 125D)and vent duct shield inserts (if used). See Figure 8.1.30.

b. Inspect the HI-STORM lid studs and nuts for general condition. Replace worn or
damaged components with new ones.

c. If used, inspect the HI-STORM 100A anchor components for general condition.
Replace worn or damaged components with new ones.

d. Deleted.

Warning:
Unless the lift is single failure proof (or equivalent safety factor) for the HI-STORM Lid, the
lid shall be kept less than 2 feet above the top surface of the overpack. This is performed to
protect the MPC lid from a potential HI-STORM 100 lid drop.

Note:
Shims may be used on the HI-STORM 100 lid studs. If used, the shims shall be positioned to
ensure a radial gap of less than 1/8 inch around each stud. The method of cask movement will
determine the most effective sequence for vent screen, lid, temperature element, and vent
gamma shield cross plate installation.

e. Install the HI-STORM lid and the lid studs and nuts.. See Table 8.1.5 for bolting
requirements. Install the HI-STORM 100 lid stud shims if necessary. See Figure
8.1.27 for rigging.

f. Install the HI-STORM exit vent gamma shield cross plates, temperature elements
(if used) and vent screens. See Table 8.1.5 for torque requirements. See Figure
8.1.34a and 8.1.34b.

g. Remove the HI-STORM lid lifting device and install the hole plugs in the empty
holes. Store the lifting device in an approved plant storage location. See Table
8.1.5 for torque requirements.

h. Secure HI-STORM to the transporter device as necessary.

19. Perform a transport route walkdown to ensure that the cask transport conditions are met.
See Tcehriial Speeifieation for the en site ask handling liniitatien3.
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20. Transfer the HI-STORM to its designated storage location at the appropriate pitch. See
Figure 8.1.35.

Note:
Any jacking system shall have the provisions to ensure uniform loading of all four jacks during
the lifting operation.

a. If air pads were used, insert the HI-STORM lifting jacks and raise EH-STORM.
See Figure 8.1.36. Remove the air pad.

b. Lower and remove the HI-STORM lifting jacks, if used.

c. For I-STORM I OOA overpack (anchored), perform the following:

1. Inspect the anchor stud receptacles and verify that they are clean and ready
for receipt of the anchor hardware.

-2. Align the overpack over the anchor location.

3. Lower the overpack to the ground while adjusting for alignment.

4. Install the anchor connecting hardware (See Table 8.1.5 for torque
requirements).

21. Install the HI-STORM inlet vent gamma shield cross plates and vent screens. See Table
8.1.5 for torque requirements.'See Figure 8.1.34.

22. Perform shielding effectiveness testing per Technieal Specification LCO 3.2.3.

23. Perform an air temperature rise test as follows for the first HI-STORM 100 System
placed in service:

Note:
The air temperature rise test shall be performed between 5 and 7 days after installation of the
rn-STORM 100 lid to allow thermal conditions to stabilize. The purpose of this test is to
confirm the initial performance of the HI-STORM 100 ventilation system.

a. Measure the inlet air (or screen surface) temperature at the center of each of the
four vent screens. Determine the average inlet air (or surface screen) temperature.

b. Measure the outlet air (or screen surface) temperature at the center of each of the
four vent screens. Determine the average outlet air (or surface screen)
temperature.

c. Determine the average air temperature rise by subtracting the results of the
average inlet screen temperature from the average outlet screen temperature.

d. Report the results to the certificate holder.
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Table 8.1.1
ESTIMATED HANDLING WEIGHTS OF HI-STORM 100 SYSTEM COMPONENTS

125-TON HI-TRAC

Component MPC-24 MPC-32 MPC-68 Case? Applicability
(Lbs.) (Lbs.) (Lbs.) 1 2 3 4 5 I

Empty HI-STORM 100 overpack (without lid)tt 245,040 245,040 245,040 I _ _ _ _
HI-STORM 100 lid (without rigging) 23,963 23,963 23,963 _ _ _
Empty HI-STORM 100S (232) overpack (without lid)tt 230,000 230,000 230,000 - I _
Empty HI-STORM IOOS (243) overpack (without lid)T 239,000 239,000 239,000 I _ _ I _
HI-STORM 100S lid (without rigging) 25,500 25,500 25,500 - _ _ _
Empty MPC (without lid or closure ring including drain 29,845 24,503 29,302 1 1 1 1 1 1
line)I
MPC lid (without fuel spacers or drain line) 9,677 9,677 10,194 I 1 1 _ _ 1
MPC Closure Ring 145 145 145 1 1 1 1
Fuel (design basis) 40,320 53,760 47,600 1 1 1 1 1 1
Damaged Fuel Container (Dresden 1) 0 0 150
Damaged Fuel Container (Humboldt Bay) 0 0 120
MPC water (with fuel in MPC) 17,630 17,630 16,957 1 1
Annulus Water 256 256 256 1 1
HI-TRAC Lift Yoke (with slings) 3,600 3,600 3,600 1 1 1
Annulus Seal 50 50 50 1 1
Lid Retention System 2,300 2,300 2,300_
Transfer frame 6,700 6,700 6,700 1
Mating Device 15,000 15,000 15,000
Empty HI-TRAC 125 (without Top Lid, neutron shield 117,803 117,803 117,803 1 1 1 1
jacket water, or bottom lids)
Empty HI-TRAC 125D (without Top Lid, neutron shield 119,400 119,400 119,400 1 1 1 _ _ 1
jacket water, or bottom lids) ______
HI-TRAC 125 Top Lid 2,745 2,745 2,745 1 - 1
HI-TRAC 125D Top Lid 2,645 2,645 2,645 1 _ I

Optional HI-TRAC Lid Spacer (weight lbs/in thickness) 400 400 400
HI-TRAC 125/125D Pool Lid(with bolts) 11,900 11,900 11,900 1 I
HI-TRAC Transfer Lid (with bolts) (125 Only) 23,437 23,437 23,437 I I
HI-TRAC 125 Neutron Shield Jacket Water 8,281 8,281 8,281 1 1 _ _ l

HI-TRAC 125 D Neutron Shield Jacket Water 9,000 9,000 9,000 1 1 1
MPC Stays (total of 2) 200 200 200
MPC Lift Cleat 480 230 480 1 1 1

Actual component weights are dependant upon as-built dimensions. The values provided herein are estimated.
FSAR analyses use bounding values provided elsewhere. Users are responsible for ensuring lifted loads meet site
capabilities and requirements.

t See Table 8.1.2 for a description of each load handling case.
tt Add an additional 1955 tbs. for the HI-STORM lOOA overpack.
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TABLE 8.1.2
ESTIMATED HANDLING WEIGHTS

125-TON HI-TRAC

Caution:
The maximum weight supported by the 125-Ton HI-TRAC lifting trunnions cannot exceed
250,000 lbs. Users must take actions to ensure that this limit is not exceeded.

Note:
The weight of the fuel spacers and the damaged fuel container are less than the weight of the
design basis fuel assembly for each MPC and are therefore not included in the maximum
handling weight calculations. Fuel spacers are determined to be the maximum combination
weight of fuel + spacer. Users should determine their specific handling weights based on the
MPC contents and the expected handling modes.

Case Load Handling Evolution Weight (lbs)
No. MPC-24 MPC-321MPC-68

1 Loaded HI-TRAC 125 removal from spent fuel pool (neutron tank empty) 231,300 239,3001 237,800
2 Loaded HI-TRAC 125 removal from spent fuel pool (neutron tank fill) 239,500 247,600 246,100
3 Loaded HI-TRAC 125 During Movement through Hatchway 236,500 244,300 243,700

IA Loaded HI-TRAC 125D removal from spent fuel pool (neutron tank empty) 232,800 240,900 239,400
2A Loaded HI-TRAC 125D removal from spent fuel pool (neutron tank fall) 241,800 249,900 248,400
3A Loaded HI-TRAC 125D During Movement through Hatchway 227,300 235,100 234,500
4 MPC during transfer operations 80,467 88,315 87,721

5A Loaded 11-STORM 100 in storage (See Note 5 to Table 8.1.1) 348,990 357,088 356,244
5B Loaded HI-STORM 100S (232) in storage (See Note 5 to Table 8.1.1) 335,500 343,600 342,800
SC Loaded HI-STORM 100S (243) in storage (See Note 5 to Table 8.1.1) 344,500 352,600 351,800
6 Loaded HI-TRAC and transfer frame during on site handling 239,434 247,282 246,688

Actual component weights are dependant upon as-built dimensions. The values provided herein are estimated.
FSAR analyses use bounding values provided elsewhere. Users are responsible for ensuring lifted loads meet site
capabilities and requirements.
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Table 8.1.3
ESTIMATED HANDLING WEIGHTS OF HI-STORM 100 SYSTEM COMPONENTS 100-

TON HI-TRAC 

Component MPC-24 MPC-32 MPC-68 Caset Ap licablliv
(Lbs.) (Lbs.) (Lbs.) 1 2 3 4 5 6

Empty HI-STORM 100 overpack (without lid)tT 245,040 245,040 245,040 1
HI-STORM 100 lid (without rigging) 23,963 23,963 23,963 l l l l -

Empty HI-STORM 100S (232) overpack (without lid)t t 230,000 230,000 230,000 -I

Empty HI-STORM 100S (243) overpack (without lid)TT 239,000 239,000 239,000 _ l _

H-STORM I OOS lid (without rigging) 25,500 25,500 25,500
Empty MPC (without lid or closure ring including drain 29,845 24,503 29,302 1 1 1 1 1 1
line)
MPC lid (without fuel spacers or drain line) 9,677 9,677 10,194 1 1 1 1 1 1
MPC Closure Ring 145 145 145 1 1 1 
Fuel (design basis) 40,320 53,760 47,600 1 1 1 1 1 1
Damaged Fuel Container (Dresden 1) 0 0 150
Damaged Fuel Container (Humboldt Bay) 0 0 120
MPC water (with fuel in MPC) 17,630 17,630 16,957 1 1
Annulus Water 256 256 256 1 I
HI-TRAC Lift Yoke (with slings) 3,200 3,200 3,200 1 1 1
Annulus Seal 50 50 50 1 1
Lid Retention System 2,300 2,300 2,300
Transfer frame 6,700 6,700 6,700 _
Empty HI-TRAC (without Top Lid, neutron shield jacket 84,003 84,003 84,003 1 1 1 1
water, or bottom lids)
HI-TRAC Top Lid 1,189 1,189 1,1891 1 1
HI-TRAC Pool Lid 7,863 7,863 7,863 1 1
HI-TRAC Transfer Lid 16,686 16,686 16,686 1 1
HI-TRAC Neutron Shield Jacket Water 7,583 7,583 7,583 1 1 1
MPC Stays (total of 2) 200 200 200
MPC Lift Cleat 480 480 480 _ _ 

Actual component weights are dependent upon as-built dimensions. The values provided herein are estimated.
FSAR analyses use bounding values provided elsewhere. Users are responsible for ensuring lifted loads meet site
capabilities and requirements.

t See Table 8.1.4 for a description of each load handling case.
t t Add an additional 1955 lbs. for the HI-STORM 100A overpack.

HI-STORM FSAR
REPORT IH-2002444

Proposed Rev. 2B
8.1-30



Table 8.1.4
ESTIMATED HANDLING WEIGHTS

100-TON HI-TRAC*

Caution:
The maximum weight supported by the 100-Ton HI-TRAC lifting trunnions cannot exceed
200,000 lbs. Users must take actions to ensure that this limit is not exceeded.

Note:
The weight of the fuel spacers and the damaged fuel container are less than the weight of the
design basis fuel assembly and therefore not included in the maximum handling weight
calculations. Fuel spacers are determined to be the maximum combination weight of fuel +
spacer. Users should determine the handling weights based on the contents to be loaded and
the expected mode of operations.

h~~~~~~ -

Case Load Handling Evolution Weight (Tbs)
No. MPC-24 MPC-32 MPC-68

I Loaded HI-TRAC removal from spent fuel pool (neutron tank, empty) 192,844 200,942 199,425
2 Loaded HI-TRAC removal from spent-fuel pool (neutron tank full) 200,427 208,525 207,008
3 Loaded HI-TRAC During Movement through Hatchway -192,647 200,745 199,901
4 MPC during transfer operations 80,467 88,565 87,721

SA Loaded HI-STORM 100 in storage (See Note 5 to Table 8.1.1) 348,990 357,088 356,244
5B Loaded HI-STORM 1 OOS (232) in storage (See Note 5 to Table 8.1.1) 335,500 343,600 342,700
5C Loaded HI-STORM 1OOS (243) in storage (See Note 5 to Table 8.1.1) 344,500 352,600 351,700
6 Loaded HI-TRAC and transfer frame during on site handling 196,627 204,725 203,881

Actual component weights are dependant upon as-built dimensions. The values provided herein are estimated.
FSAR analyses use bounding values provided elsewhere. Users are responsible for ensuring lifted loads meet site
capabilities and requirements.
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Table 8.1.5
HI-STORM 100 SYSTEM TORQUE REQUIREMENTS

Fastenert Torque (ft-lbs) tt Patternttt
HI-TRAC Top Lid BoltsT Hand tight None
HI-TRAC Pool Lid Bolts (36 Bolt 58 ft-lbs Figure 8.1.37
Lid)t

HI-TRAC Pool Lid Bolts (16 Bolt 110 ft-lbs Figure 8.1.37
Lid)t

100-Ton HI-TRAC Transfer Lid 203 ft-lbs Figure 8.1.37
B oltst_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

125-Ton HI-TRAC Transfer Lid 270 ft-lbs Figure 8.1.37
Boltst__ _ _ _ _ _ _

MPC Lift Cleats Stud NutsT 793 ft-lbs None
MPC Lift Hole PlugsT Hand tight None
Threaded Fuel Spacers Hand Tight None
HI-STORM Lid Nuts 100 ft-lbs None
HI-STORM OOS Lid NutST Hand Tight +1/8 to 2 turn None
(Temporary and Permanent Lids) 
Door Locking Pins Hand Tight + 1/8 to 1/2 turn None
HI-STORM 100 Vent Hand Tight None
Screen/Temperature Element Screws
HI-STORM 100A Anchor Studs 55- 65 ksi tension applied by None

bolt tensioner (no initial
torque)

t Studs and nuts shall be cleaned and inspected for damage or excessive thread wear (replace if necessary)
and coated with a light layer of Fel-Pro Chemical Products, N-5000, Nuclear Grade Lubricant (or
equivalent).

tt Unless specifically specified, torques have a +/- 5% tolerance.
ttt No detorquing pattern is needed.
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Table 8.1.6
HI-STORM 100 SYSTEM ANCILLARY EQUIPMENT OPERATIONAL DESCRIPTION

(

Equipment Important To Safety Reference Description
ClassIficatIon Figaret .

Air Pads/Rollers Not Important To Safety 8.1.29 Used for HI-STORM or HI-TRAC cask positioning. May be used in conjunction with the cask
.__________ __________________ transporter or other HI-STORM 100 or HI-TRAC lifting device.

Annulus Not Important To Safety 8.1.14 The Annulus Overpressure System is used for protection against spent fuel pool water
Overpressure System contamination of the external MPC shell and baseplate surfaces by providing a slight annulus

overpressure during in-pool operations.

Annulus Shield Not Important To Safety 8.1.13 A shield that is placed at the top of the HI-TRAC annulus to provide supplemental shielding to the
_______________ operators performing cask loading and closure operations.

Automated Welding Not Important To Safety 8.1 .2b Used for remote field welding of the MPC.
System
AWS Baseplate Not Important To Safety 8.1.2b Provides supplemental shielding to the operators during the cask closure operations.

Bottom Lid Transfer Not Important To Safety 8.1.26; Used to simultaneously replace the pool lid with the transfer lid under the suspended HI-TRAC
Slide (Not used with and MPC. Used in conjunction with the bottom lid transfer stp.
HI-TRAC 125D)
Cask Transporter Not Important to Safety unless 8.1.29a and Used for handling of the HI-STORM 100 Overpack and/or the HI-TRAC Transfer Cask around the

site-specific conditions require 8.1.29b site. The cask transporter may take the form of heavy haul transfer trailer, special transporter or
transfer cask or overpack handling other equipment specifically designed for such a function.
outside drop analysis basis.

Cool-Down System Not Important To Safety 8.3.4 A closed-loop forced ventilation cooling system used to gas-cool the MPC fuel assemblies down
to a temperature at which water can be introduced without the risk of uncontrolled pressure
transients in the MPC due to flashing or thermally shocking the fuel assemblies. The cool-down
system is attached between the MPC drain and vent ports. The cool-down system is used only for

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ u n lo ad in g o p eratio n s.

t Figures are representative and may not depict all configurations for all wers.
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Table 8.1.6
HI-STORM 100 SYSTEM ANCILLARY EQUIPMENT OPERATIONAL DESCRIPTION

(Continued)

Equipment important To Safety Reference Description
Classification Figure _

Lid and empty Not Important To Safety, Rigging 8.1.9 Used for rigging such components such as the HI-TRAC top lid, pool lid, MPC lid, transfer lid,
component lifting shall be provided in accordance AWS, HI-STORM Lid and auxiliary shielding and the empty MPC.
rigging with NUREG 0612
Helium Backfill Not Important To Safety 8.1.23 Used for controlled insertion of helium into the MPC for leakage testing, blowdown and placement
System into storage.
HI-STORM 100 Not Important To Safety 8.1.36 Jack system used for lifting the HI-STORM overpack to provide clearance for inserting or
Lifting Jacks removing a device for transportation. .
Alignment Device Not Important To Safety 8.1.31 Guides HI-TRAC into place on top of HI-STORM for MPC transfers. (Not used for HI-TRAC

____________________________ 125D )
HI-STORM Lifting Determined site-specifically based Not shown. A special lifting device used for connecting the crane (or other primary lifting device) to the HI-
Devices on type, location, and height of lift STORM 100 for cask handling. Does not include the crane hook (or other primary lifing device)

being performed. Lifting devices device.
shall be provided in accordance
with ANSI N14.6.

HI-STORM Vent Important to Safety Category C . 8.1.30 Used for prevention of radiation streaming from the HI-STORM 100 exit vents during MPC
Duct Shield Inserts transfers to and from HI-STORM. Not used with the HI-STORM I OOS.
HI-TRAC Lid Spacer Spacer Ring is Not-important-To- Not Shown Optional ancillary which is used during MPC transfer operations to increase the clearance between

Safety, Studs or bolts are I the top of the MPC and the underside of the HI-TRAC top lid. Longer threaded studs (or bolts),
Important to Safety Category B supplied with the lid spacer, replace the standard threaded studs (or bolts) supplied with the HI-

TRAC. The HI-TRAC lid spacer nay ONLY be used when the HI-TRAC is handled in the
vertical orientation or if HI-TRAC transfer lid is NOT used. The height of the spacer shall be
limited to ensure that the weights and C.G. heights in a loaded HI-TRAC with the spacer do not
exceed the bounding values found in Section 3.2 of the FSAR.

HI-TRAC Lift Determined site-specifically based 8.1.3 Used for connecting the crane (or other primary lifting device) to the HI-TRAC for cask handling.
Yoke/Lifting Links on type and location, and height of Does not include the crane hook (or other primary lifting device).

lift being performed. Lift yoke and
lifting devices for loaded HI-TRAC
handling shall be provided in
accordance with ANSI N 14.6.

Figures are representative and may not depict all configurations for all users.
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Table 8.1.6
HI-STORM 100 SYSTEM ANCILLARY EQUIPMENT OPERATIONAL DESCRIPTION

(Continued)

(

Equipment Important To Safety Reference Description
Classification Fluret ._._ .

HI-TRAC transfer Not Important To Safety 8.1.4 A steel frame used to support HI-TRAC during delivery, on-site movement and
frame upendingdownending operations.
Cask Primary Lifting Important to Safety. Quality 8.1.28 and Optional auxiliary (Non-Part 50) cask lifting device(s) used for cask upending and downending
Device (Cask classification of subcomponents 8.1.32 and HI-TRAC raising for positioning on top of HI-STORM to allow MPC transfer. The device
Transfer Facility) determined site-specifically. may consist of a crane, lifting platform, gantry system or any other suitable device used for such

purpose.
Inflatable Annulus Not Important To Safety 8.1.13 Used to prevent spent fuel pool water from contaminating the external MPC shell and baseplate
Seal surfaces during in-pool operations.
Lid Retention System Important to Safety Status 8.1.15, Optional. The Lid Retention System secures the MPC lid in place during cask handling operations

determined by each licensee. 8.1.17 between the pool and decontamination pad.
MPC lid lifting portions of the Lid
Retention System shall meet the
requirements of ANSI N14.6.

MPC Lift Cleats Important To Safety - Category 8.1.24 MPC lift cleats consist of the cleats and attachment hardware. The cleats are supplied as solid steel
A. MPC Lift Cleats shall be components that contain no weds. The MPC lift cleats are used to secure the MPC inside HI-
provided in accordance with of TRAC during bottom lid replacement and support the MPC during MPC transfer from Ht-TRAC
ANSI N14.6. into HIl-STORM and vice versa. The ITS classification of the lifting device attached to the cleats

may be lower than the cleat itself as determined site-specifically.
Hydrostatic Test Not Important to Safety 8.1.20 Used to pressure test the MPC lid-to-shell weld.
System .

MPC Downloader Important To Safety status 8.1.28 and A lifting device used to help raise and lower the MPC during MPC transfer operations to limit the
determined site-specifically. MPC 8.1.32 lift force of the MPC against the top lid of HI-TRAC. The MPC downloader may take several
Downloader Shall meet the forms depending on the location of MPC transfer and may be used in conjunction with other lifting
requirements of CoC, Appendix devices.
B, Section 3.5.

Figures are representative and may not depict all configurations for all users.
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Table 8.1.6
HI-STORM 100 SYSTEM ANCILLARY EQUIPMENT OPERATIONAL DESCRIPTION

(Continued)

Equlpmient Important To Safety Reference Description
Classification Figure

Deleted
D eleted _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Mating Device Important-To-Safety - Category B 8.1.31 Used to mate HI-TRAC 125D to HI-STORM during transfer operations. ncludes sliding drawer
for use in removing HI-TRAC pool lid.

MPC Support Slings Important To Safety - Category A 8.1.25 Used to secure the MPC to the lift yoke during HI-TRAC bottom lid replacement operations.
- Rigging shall be provided in Attaches between the MPC lift cleats and the lift yoke. Can be configured for different crane book
accordance with NUREG 0612. configuration.

MPC Upending Not Important to Safety 8.1.6 A steel frame used to evenly support the MPC during upending operations. and control the
Frame upending process.
DeleledMSLD Not impertan To Safety NWshowa Uoed for hlim l!lng: tomias Gf the HPC zl-ure wolds.

Deleted
Deleted
Temporary Shield Not Important To Safety 8.1.18 A water-filled tank that fits on the cask neutron shield around the upper forging and provides
Ring supplemental shielding to personnel performing cask loading and closure operations.
Vacuum Drying Not Important To Safety 8.1 .22a Used for removal of residual moisture from the MPC following water draining.
(Moisture Removal)
System
Forced Helium Not Important To Safety 8.1.22b Used for removal of residual moisture from the MPC following water draining.
Dehydration System
Vent and Drain Not ImportantTo Safety 8.1.16 Used to access the vent and drain ports. The vent and drain RVOAs allow the vent and drain ports
RVOAs to be operated like valves and prevent the need to hot tap into the penetrations during unloading

operation.
Deleted
Weld Removal Not Important To Safety 8.3.2b Semi-automated weld removal system used for removal of the MPC field weld to support
System unloading operations.

tFigures are representative and may not depict all configurations for all users.

I
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Table 8.1.7
HI-STORM 100 SYSTEM INSTRUMENTATION SUMMARY FOR LOADING AND

UNLOADING OPERATIONSt

Instrument Function
Contamination Survey Monitors fixed and non-fixed contamination levels.
Instruments
Dose Rate Monitors/Survey Monitors dose rate and contamination levels and
Equipment ensures proper function of shielding. Ensures

assembly debris is not inadvertently removed from the
spent ful pool during overpack removal.

Flow Rate Monitor Monitors fluid flow rate during various loading and
unloading operations.

Deleted

Helium Mass Spectrometer EeLures ckage mtes of wclds arc within aeocptcc
Lcak Detcetor (l-ISLD)fleleted ens
Deleted

Volumetric Examination Used to assess the integrity of the MPC lid-to-shell
Testing Rig weld.
Pressure Gauges Ensures correct pressure during loading and unloading

operations.
Temperature Gauges Monitors the state of gas and water temperatures

during closure and unloading operations.
Deleted

Temperature Surface Pyrometer For HI-STORM vent operability testing.

Vacuum Gages Used for vacuum drying operations and to prepare an
MPC evacuated sample bottle for MPC gas sampling
for unloading operations.

Deleted

Deleted

Moisture Monitoring Used to monitor the MPC moisture levels as part of the
Instruments moisture removal system.

t All instruments require calibration. See figures at the end of this section for additional
instruments, controllers and piping diagrams.
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Table 8.1.8
HI-STORM 100 SYSTEM OVERPACK INSPECTION CHECKLIST

Note:
This checklist provides the basis for establishing a site-specific inspection checklist for the HI-
STORM 100 overpack. Specific findings shall be brought to the attention of the appropriate
site organizations for assessment, evaluation and potential corrective action prior to use.

HI-STORM 100 Overpack Lid:
1. Lid studs and nuts shall be inspected for general condition.
2. The painted surfaces shall be inspected for corrosion and chipped, cracked or

blistered paint.
3. All lid surfaces shall be relatively free of dents, scratches, gouges or other

damage.
4. The lid shall be inspected for the presence or availability of studs and nuts and

hole plugs.
5. Lid lifting device/ holes shall be inspected for dirt and debris and thread

condition.
6. Lid bolt holes shall be inspected for general condition.

HI-STORM 100 Main Bodv
1. Lid bolt holes shall be inspected for dirt, debris, and thread condition.
2. Vents shall be free from obstructions.
3. Vent screens shall be available, intact, and free of holes and tears in the fabric.
4. The interior cavity shall be free of debris, litter, tools, and equipment.
5. Painted surfaces shall be inspected for corrosion, and chipped, cracked or

blistered paint.
6. The nameplate shall be inspected for presence, legibility, and general condition

and conformance to Quality Assurance records package.
7. Anchor hardware, if used, shall be checked for general condition.
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Table 8.1.9
MPC INSPECTION CHECKLIST

- - Note:
This checklist provides the basis for establishing a site-specific inspection checklist for MPC.
Specific findings shall be brought to the attention of the appropriate site organizations for
assessment, evaluation and potential corrective action prior to use.

MPC Lid and Closure Ring
1. The MPC lid and closure ring surfaces shall be relatively free of dents, gouges or

other shipping damage.
2. The drain line shall be inspected for straightness, thread condition, and blockage.
3. Vent and Drain attachments shall be inspected for availability, thread condition

operability and general condition.
4. Upper fuel spacers (if used) shall be inspected for availability and general

condition. Plugs shall be available for non-used spacer locations.
5. Lower fuel spacers (if used) shall be inspected for availability and general

condition.
6. Drain and vent port cover plates shall be inspected for availability and general

condition.
7. Serial numbers shall be inspected for readability.

MPC Main Bode-
1. All visible MPC body surfaces shall be inspected for dents, gouges or other

shipping damage.
2. Fuel cell openings shall be inspected for debris, dents and general condition.
3. Lift lugs shall be inspected for general condition.
4. Verify proper MPC basket type for contents.
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Table 8.1.10
HI-TRAC TRANSFER CASK INSPECTION CHECKLIST

Note:
This checklist provides the basis for establishing a site-specific inspection checklist for the HI-
TRAC Transfer Cask. Specific findings shall be brought to the attention of the appropriate site
organizations for assessment, evaluation and potential corrective action prior to use.

HI-TRAC Top Lid:
1. The painted surfaces shall be inspected for corrosion and chipped, cracked or

blistered paint.
2. All Top Lid surfaces shall be relatively free of dents, scratches, gouges or other

damage.

HI-TRAC Main Body:
1. The painted surfaces shall be inspected for corrosion, chipped, cracked or

blistered paint.
2. The Top Lid bolt holes shall be inspected for dirt, debris and thread damage.
3. The Top Lid lift holes shall be inspected for thread condition.
4. Lifting trunnions shall be inspected for deformation, cracks, end plate damage,

corrosion, excessive galling, damage to the locking plate, presence or availability
of locking plate and end plate retention bolts.

5. Pocket trunnion, if used, recesses shall be inspected for indications of
overstressing (i.e., cracks, deformation, and excessive wear).

6. Annulus inflatable seal groove shall be inspected for cleanliness, scratches, dents,
gouges, sharp corners, burrs or any other condition that may damage the inflatable
seal.

7. The nameplate shall be inspected for presence and general condition.
8. The neutron shield jacket shall be inspected for leaks.
9. Neutron shield jacket pressure relief valve shall be inspected for presence, and

general condition.
10. The neutron shield jacket fill and drain plugs shall be inspected for presence,

leaks, and general condition.
11. Bottom lid flange surface shall be clean and free of large scratches and gouges.
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Table 8.1.10 (Continued)
HI-TRAC OVERPACK INSPECTION CHECKLIST

HI-TRAC Transfer Lid (Not used with HI-TRAC 125D):

1. The doors shall be inspected for smooth actuation.
2. The threads shall be inspected for general condition.
3. The bolts shall be inspected for indications of overstressing (i.e., cracks, deformation,

thread damage, excessive wear) and replaced as necessary.
4. Door locking pins shall be inspected for indications of overstressing (i.e., cracks, and

deformation, thread damage, excessive wear) and replaced as necessary.
5. Painted surfaces shall be inspected for corrosion and chipped, cracked or blistered

paint.
6. Lifling holes shall be inspected for thread damage.

HI-TRAC Pool Lid:

1. Seal shall be inspected for cracks, breaks, cuts, excessive wear, flattening, and
general condition.

2. Drain line shall be inspected for blockage and thread condition.
3. The lifting holes shall be inspected for thread damage.
4. The bolts shall be inspected for indications of overstressing (i.e., cracks and

deformation, thread damage, and excessive wear).
5. Painted surfaces shall be inspected for corrosion and chipped, cracked or blistered

paint.
6. Threads shall be inspected for indications of damage.
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8.3 PROCEDURE FOR UNLOADING THE Hi-STORM 100 SYSTEM IN THE SPENT
FUEL POOL

8.3.1 Overview of HI-STORM 100 System Unloading Operations

ALARA Note:
The procedure described below uses the weld removal system to remove the welds necessary
to enable the MPC lid to be removed. Users may opt to remove some or all of the welds using
hand operated equipment. The decision should be based on dose rates, accessibility, degree of
weld removal, and available tooling and equipment.

The HI-STORM 100 System unloading procedures describe the general actions necessary to
prepare the MPC for unloading, cool the stored fuel assemblies in the MPC, flood the MPC
cavity, remove the lid welds, unload the spent fuel assemblies, and recover the- HI-TRAC -and
empty MPC. Special precautions are outlined to ensure personnel safety during the unloading
operations, and to prevent the risk of MPC over pressurization and thermal-shock to the stored
spent fuel assemblies. Figure 8.3.1 shows a flow diagram- of the HI-STORM unloading
operations. Figure 8.3.2 illustrates the major HI-STORM unloading operations.

Refer to the boxes of Figure 8.3.2 for the following description. The MPC is recovered from HI-
STORM either at the ISFSI or the fuel building using the same methodologies as described in
Section 8.1 (Box 1). The HI-STORM lid is removed, the vent duct shield inserts are installed,
the alignment device (or mating device with pool lid for HI-TRAC 125D) is positioned, and the
MPC lift cleats are attached to the MPC. The exit vent screens and gamma shield cross plates
are removed as necessary. MPC slings are attached to the MPC lift cleat and positioned on the
-MPC lid. HI-TRAC is positioned on top of HI-STORM (Box 2) and the slings are brought
through the HI-TRAC top lid. The MPC is raised into HI-TRAC, the HI-TRAC doors (or mating
device drawer) are closed and the locking pins are installed. If the mating device and IH-TRAC
125D are used, the pool lid is bolted to the HI-TRAC. The HI-TRAC is removed from on top of
HI-STORM. If the HI-TRAC 125D is not used, the HI-TRAC is positioned in the transfer slide
and the transfer lid is replaced with the pool lid (Box 3) using the same methodology as with the
loading operations.

HI-TRAC and its enclosed MPC are returned to the designated preparation area and the MPC
slings, MPC lift cleats and top lid are removed' (Box 4). The temporary shield ring is installed
on the HI-TRAC upper section and filled with plant demineralized water. The HI-TRAC top lid
is removed and a water flush is performed on the annulus. Water is fed into the annulus through
the drain port and allowed to cool the MPC shell. After a predetermined period (based on the
fuel conditions), cover the annulus and HI-TRAC top surfaces to protect them from debris
produced when removing the MPC lid. The weld removal system is installed (Box 7) and the
MPC vent and drain ports are accessed (Box 5). The vent RVOA is attached to the vent port and
an evacuated sample bottle is connected. The vent port is slightly opened to allow the sample
bottle to obtain a gas sample from inside the MPC. A gas sample is performed to assess the
condition of the fuel assembly cladding. A vent line is attached to the vent port and the MPC is
vented to the fuel building ventilation system or spent fuel pool as determined by the site's

4.1 Users with the optional HI-TRAC Lid Spacer shall modify steps in their procedures to install and remove the
spacer together with top lid.
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radiation protection personnel. The MPC is cooled using the cool-down system to reduce the
MPC internal temperature to allow water flooding (Box 6). The cool-down process gradually
reduces the cladding temperature to a point where the MPC may be flooded with water without
thermally shocking the fuel assemblies or over-pressurizing the MPC from the formation of
steam (See Tchnial Spceification LCO 3.1.3). Following the fuel cool-down, the MPC is filled
with water (borated as required). The weld removal system then removes the MPC lid-to-shell
weld. The weld removal system is removed with the MPC lid left in place (Box 7).

The top surfaces of the HI-TRAC and MPC are cleared of metal shavings. The inflatable
annulus seal is installed and pressurized. The MPC lid is rigged to the lift yoke or lid retention
system and the lift yoke is engaged to HI-TRAC lifting trunnions. If weight limitations require,
the neutron shield jacket is drained of water. HI-TRAC is placed in the spent fuel pool and the
MPC lid is removed (Boxes 8 and 9). All fuel assemblies are returned to the spent fuel storage
racks and the MPC fuel cells are vacuumed to remove any assembly debris and crud (Box 10).
HI-TRAC and MPC are returned to the designated preparation area (Box 11) where the MPC
water is pumped back into the spent fuel pool or liquid radwaste facility. The annulus water is
drained and the MPC and overpack are decontaminated (Box 12 and 13).

8.3.2 HI-STORM Recovery from Storage

MPC transfer may be performed using Note: l
The MC transfer may be performed using the MPC downloader or the overhead crane.

1. Recover the MPC from HI-STORM as follows:

a. If necessary, perform a transport route walkdown to ensure that the cask
transport conditions are met. Se Teehnieal Specifiemien fr the on ite
lifting r-euirements.

b. Transfer HI-STORM to the fuel building or site designated location for the
MPC transfer.

c. Position HI-STORM under the lifting device.

d. Remove the HI-STORM lid nuts, washers and studs.

e. Remove the HI-STORM lid lifting hole plugs and install the lid lifting
sling. See Figure 8.1.27.

Note:
The specific sequence for vent screen, temperature element, and gamma shield cross plate
removal may vary based on the mode(s) or transport.

f. Remove the I-STORM exit vent screens, temperature elements and
gamma shield cross plates. See Figure 8.1 .34a and b.

Warning:
Unless the lift is single-failure proof (or equivalent safety factor) for the HI-STORM lid, the
lid shall be kept less than 2 feet above the top surface of the overpack. This is performed to
protect the MPC lid from a potential HI-STORM 100 lid drop.

g. Remove the HI-STORM lid. See Figure 8.1.27.
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h. Install the alignment device (or mating device with pool lid for HJ-TRAC
125D) and vent duct shield inserts (HI-STORM 100 only). See Figure
8.1.30.

i. Deleted.

j. Remove the MPC lift cleat bole plugs and install the MPC lift cleats and
MPC slings to the MPC lid. See Table 8.1.5 for torque requirements.

k. If necessary, install the top lid on FH-TRAC. See Figure 8.1.9 for rigging.
See Table 8.1.5 for torque requirements.

1. Deleted.

2. If necessary, configure HI-TRAC with the transfer lid (Not required for H1I-TRAC
125D):

ALARA Warning:
The bottom lid replacement as described below may only be performed on an empty (i.e., no
MPC) HI-TRAC.

a. Position HI-TRAC vertically adjacent to the transfer lid. See Section
8.1.2.

b. Remove the bottom lid bolts and plates and store them temporarily.

c. Raise the empty HI-TRAC and position it on top of the transfer lid.

d. Inspect the pool lid bolts for general condition. -Replace worn or damaged
bolts with new bolts.

e. Install the transfer lid bolts. See Table 8.1.5 for torque requirements.

3. At the site's discretion, perform a FH-TRAC receipt inspection and cleanliness inspection
in accordance with a site-specific inspection checklist.

Note:
If the HI-TRAC is expected to be operated in an environment below 32 OF, the water jacket
shall be filled with an ethylene glycol solution (25% ethylene glycol). Otherwise, the jacket
shall be filled with demineralized water.

4. If previously drained, fill the neutron shield jacket with plant demineralized water or an
ethylene glycol solution (25% ethylene glycol) as necessary. Ensure that the fill and
drain plugs are installed.

5. Engage the lift yoke to the HI-TRAC lifting trunnions.

6. Align HI-TRAC over HI-STORM and mate the overpacks. See Figure 8.1.31.

7. If necessary, install the MPC downloader.

8. Remove the transfer lid (or mating device) locking pins and open the doors (mating
device drawer).
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9. At the user's discretion, install trim plates to cover the gap above and below the door
(drawer for 125D). The trim plates may be secured using hand clamps or any other
method deemed suitable by the user. See Figure 8.1.33.

10. Attach the ends of the MPC sling to the lifting device or MPC downloader. See Figure
8.1.32.

ALARA Warning:
If trim plates are not used, personnel should remain clear of the immediate door area during
MPC downloading since there may be some radiation streaming during MPC raising and
lowering operations.

Caution:
Limitations for the handling of the loaded MPC in HI-TRAC are evaluated and established on
a canister basis to ensure that acceptable cladding temperatures are not exceeded Refer to
FSAR Section 4.5 for specific time limits for transporting a loaded MPC in the HI-TRAC
transfer CASK based on MPC heat loads.

11. Raise the MPC into HI-TRAC.

12. Verify the MPC is in the full-up position.

13. Close the HI-TRAC doors (or mating device drawer) and install the door locking pins.

14. For the HI-TRAC 125D, bolt the pool lid to the H[-TRAC. See Table 8.1.5 for torque
requirements.

15. Lower the MPC onto the transfer lid doors (or pool lid for 125D).

16. Disconnect the slings from the MPC lift cleats.

17. If necessary, remove the MPC downloader from the top of HI-TRAC.

18. Remove HI-TRAC from the top of HI-STORM.

8.3.3 Preparation for Unloading:

1. Replace the pool lid with the transfer lid as follows (Not required for HI-TRAC 125D):

a. Lower the lift yoke and attach the MPC slings between the lift cleats and
the lift yoke. See Figure 8.1.25.

b. Engage the lift yoke to the HI-TRAC lifting trunnions.

c. Deleted.

d. Raise MH-TRAC and position the transfer lid approximately one inch
above the transfer step. See Figure 8.1.26.

e. Raise the transfer slide carriage so the transfer carriage is supporting the
transfer lid bottom. Remove the transfer lid bolts and store them
temporarily.
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ALARA Warning:
Clear all personnel away from the immediate operations area. The transfer slide carriage and
jacks are remotely operated. The carriage has fine adjustment features to allow precise
positioning of the lids.

f. - Lower the transfer carriage and position the pool lid under HI-TRAC.

g. Raise the transfer slide carriage to place the pool lid against the HI-TRAC
bottom lid bolting flange.

h. Inspect the bottom lid bolts for general condition. Replace worn or
damaged bolts with new bolts.

i. Install the pool lid bolts. See Table 8.1.5 for torque requirements.

j. Raise and remove the HI-TRAC from the transfer slide.

k. Disconnect the MPC slings and lift cleats.

1. Deleted.

m. Deleted.

2. Place HI-TRAC in the designated preparation area.

Warning:
Unless the lift is single-failure proof (or equivalent safety factor) the HI-TRAC top lid, the top
lid shall be kept less than 2 feet above the top surface of the MPC. This is performed to protect
the MPC lid from a potential lid drop.

3. Prepare for MPC cool-down as follows:

a. Remove the top lid bolts and remove HI-TRAC top lid. See Figure 8.1.9
for rigging.

Warning:
At the start of annulus filling, the annulus fill water may flash to steam due to high MPC shell
temperatures. Users may select the location and means of performing the annulus flush. Users
may also elect the source of water and method for collecting the water flowing from the
annulus. Water addition should be preformed in a slow and controlled manner until water
steam generation has ceased. Water flush should be performed for a minimum of 33 hours at a
flow rate of 10 GPM or as specified for the particular heat load of the MPC.

b. Perform annulus flush by injecting water into the HI-TRAC drain port and
allowing the water to cool the MPC shell and lid.

4. Set the annulus water level to approximately 4 inches below the top of the MPC shell and
install the annulus shield. Cover the annulus and HI-TRAC top surfaces to protect them
from debris produced when removing the MPC lid.

5. Access the MPC as follows:
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ALARA Note:
The following procedures describe weld removal using a machine tool head. Other methods
may also be used. The metal shavings may need to be periodically vacuumed.

ALARA Warning:
Weld removal may create an airborne radiation condition. Weld removal must be performed
under the direction of the user's Radiation Protection organization.

a. Install bolt plugs and/or waterproof tape from HI-TRAC top bolt holes.

b. Using the marked locations of the vent and drain ports, core drill the
closure ring and vent and drain port cover plates.

6. Remove the closure ring section and the vent and drain port cover plates.

ALARA Note:
The MPC vent and drain ports are equipped with metal-to-metal seals to minimize leakage and
withstand the long-term effects of temperature and radiation. The vent and drain port design
prevents the need to hot tap into the penetrations during unloading operation and eliminate the
risk of a pressurized release of gas from the MPC.

7. Take an MPC gas sample as follows:

Note:
Users may select alternate methods of obtaining a gas sample. l

a. Attach the RVOAs (See Figure 8.1.16).

b. Attach a sample bottle to the vent port RVOA as shown on Figure 8.3.3.

c. Using the vacuum drying system, evacuated the RVOA and Sample
Bottle.

d. Slowly open the vent port cap using the RVOA and gather a gas sample
from the MPC internal atmosphere.

e. Close the vent port cap and disconnect the sample bottle.

ALARA Note:
The gas sample analysis is performed to determine the condition of the fuel cladding in the
MPC. The gas sample may indicate that fuel with damaged cladding is present in the MPC.
The results of the gas sample test may affect personnel protection and how the gas is processed
during MPC depressurization.

f. Turn the sample bottle over to the site's Radiation Protection or Chemistry
Department for analysis.

g. Remove the drain port cover plate weld and remove the cover plate.

8. Fill the MPC cavity with water as follows:

a. Configure the cool-down system as shown on Figure 8.3.4.
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b. Verify that the helium gas pressure regulator is set to the appropriate
pressure.-

c. Open the helium gas supply valve to purge the gas lines of air.

d. Deleted.

e. If necessary, slowly open the helium supply valve and increase the Cool-
Down System pressure. Close the helium supply valve.

f. Start the gas coolers.

g. Open the vent and drain port caps using the RVOAs.

h. Start the blower and monitor the gas exit temperature. Continue the fuel
cool-down operations until the gas exit temperature meets the
requiremnts- f the Teehnieal SpeeifitI^n GCO 3.1.3.

Note:
Water filling should commence immediately at the completion of fuel cool-down operations to
prevent fuel assembly heat-up. Prepare the water fill line and the vent line in advance of water
filling.

i. Prepare the MPC fill and vent lines as shown on Figure 8.1.20. Route the
vent port line several feet below the spent fuel pool surface or to the
radwaste gas facility. Turn off the blower and disconnect the gas lines to
the vent and drain port RVOAs. Attach the vent line to the MPC vent port
and slowly open the vent line valve to depressurize the MPC.

Note:
When unloading MPCs requiring soluble boron, the boron concentration of the water shall be
checked in accordance with LCO 3.3.1 before and during operations with fuel and water in the
MPC.

j. Attach the water fill line to the MPC drain port and slowly open the water
supply valve and establish a pressure less than 90 psi (Refer to Tables
2.1.14 and 2.1.16for boron concentration requirements). Fill the MPC
until bubbling from the vent line has terminated. Close the water supply
valve on completion.

Caution: 
Oxidation of Boral panels and aluminum components contained in the MPC may create
hydrogen gas while the MPC is filled with water. Appropriate monitoring for combustible gas
concentrations shall be performed prior to, and during MPC lid cutting operations. -hUs alse

rezcmmeddfrdefens i dzth that thespaceebeloewvthiMPC lid be exhausted priorto,
ead dAing mp l 'tt otions e d Aitcael a e that edpldsive gas
mixtures vill Int d;i'elop in this space. The space below the MPC lid shall be exhausted or
purged with inert gas prior to, and during APC cutting operations to provide additional
assurance thatflammable gas concentrations will not develop in this space

I
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k. Connect a combustible gas monitor to the MPC vent port and checkfor
combustible gas concentrations prior to and periodically during weld
removal activities. Purge or evacuate the gas space under the lid as
necessa yDisconnect both lines fom the drain Ed vent ports and, if
dce o a Ad ust line te th e vt pr t evaeate the head spac.
PSefor combustible gas met ft n t ensurc ther: is no _embustibhe

muxture present in the Amhaust gsces.

1. Remove the MPC lid-to-shell weld using the weld removal system. See
Figure 8.1.9 for rigging.

m. Vacuum the top surfaces of the MPC and HI-TRAC to remove any metal
shavings.

9. Install the inflatable annulus seal as follows:

Caution:
Do not use any sharp tools or instruments to install the inflatable seal.

a. Remove the annulus shield.

b. Manually insert the inflatable seal around the MPC. See Figure 8.1.13.

c. Ensure that the seal is uniformly positioned in the annulus area.

d. Inflate the seal

e. Visually inspect the seal to ensure that it is properly seated in the annulus.
Deflate, adjust and inflate the seal as necessary.

10. Place HI-TRAC in the spent fuel pool as follows:

a. If necessary for plant weight limitations, drain the water from the neutron
shield jacket.

b. Engage the lift yoke to HI-TRAC lifting trunnions, remove the MPC lid
lifting hole plugs and attach the MPC lid slings or lid retention system to
the MPC lid.

c. If the lid retention system is used, inspect the lid bolts for general
condition. Replace worn or damaged bolts with new bolts.

d. Install the lid retention system bolts if the lid retention system is used.

ALARA Note:
The optional Annulus Overpressure System is used to provide further protection against MPC
external shell contamination during in-pool operations.

e. If used, fill the annulus overpressure system lines and reservoir with
demineralized water and close the reservoir valve. Attach the annulus
overpressure system to the HI-TRAC. See Figure 8.1.14.
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f. Position HI-TRAC over the cask loading area with the basket aligned to
the orientation of the spent fuel racks.

ALARA Note:
Wetting the components that enter the spent fuel pool may reduce the amount of
decontamination work to be performed later.

g. Wet the surfaces of HI-TRAC and lift yoke with plant demineralized
water while slowly lowering HI-TRAC into the spent fuel pool.

h. When the top of the HI-TRAC reaches the elevation of the reservoir, open
the annulus overpressure system reservoir valve. Maintain the reservoir
water level at approximately 3/4 full the entire time the cask is in the spent
fuel pool.

i. If the lid retention system is used, remove the lid retention bolts when the
top of HI-TRAC is accessible from the operating floor.

j. Place H1-TRAC on the floor of the cask loading area and disengage the lift
yoke. Visually verify that the lift yoke is fully disengaged.

k. Apply slight tension to the lift yoke and visually verify proper
disengagement of the lift yoke from the trunnions.

1. Remove the lift yoke, MPC lid and drain line from the pool in accordance
with directions from the site's Radiation Protection personnel. Spray the
equipment with demineralized water as they are removed from the pool.

m. Disconnect the drain line from the MPC lid.

n. Store the MPC lid components in an approved location. Disengage the lift
yoke from MPC lid. Remove any upper fuel spacers using the same
process as was used in the installation.

O. Disconnect the lid retention system if used.

8.3.4 MPC Unloading

1. Remove the spent fuel assemblies from the MPC using applicable site procedures.

2. Vacuum the cells of the MPC to remove any debris or corrosion products.

3. Inspect the open cells for presence of any remaining items. Remove them as appropriate.

8.3.5 Post-Unloading Operations

1. Remove HI-TRAC and the unloaded MPC from the spent fuel pool as follows:

a. Engage the lift yoke to the top trunnions.

b. Apply slight tension to the lift yoke and visually verify proper engagement
of the lift yoke to the trunnions.

c. Raise HI-TRAC until HI-TRAC flange is at the surface of the spent fuel
pool.
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| ALARA Warning:
Activated debris may have settled on the top face of HI-TRAC during fuel unloading.

d. Measure the dose rates at the top of HI-TRAC in accordance with plant
radiological procedures and flush or wash the top surfaces to remove any
highly-radioactive particles.

e. Raise the top of HI-TRAC and MPC to the level of the spent fuel pool
deck.

f. Close the annulus overpressure system reservoir valve.

g. Using a water pump, lower the water level in the MPC approximately 12
inches to prevent splashing during cask movement.

ALARA Note:
To reduce contamination of HI-TRAC, the surfaces of HI-TRAC and lift yoke should be kept
wet until decontamination can begin.

h. Remove HI-TRAC from the spent fuel pool while spraying the surfaces
with plant demineralized water.

i. Disconnect the annulus overpressure system from the HI-TRAC via the
quick disconnect.

j. Place HI-TRAC in the designated preparation area.

k. Disengage the lift yoke.

1. Perform decontamination on HI-TRAC and the lift yoke.

2. Carefully decontaminate the area above the inflatable seal. Deflate, remove, and store the
seal in an approved plant storage location.

3. Using a water pump, pump the remaining water in the MPC to the spent fuel pool or
liquid radwaste system.

4. Drain the water in the annulus area by connecting the drain line to the HI-TRAC drain
connector.

5. Remove the MPC from HI-TRAC and decontaminate the MPC as necessary.

6. Decontaminate HI-TRAC.

7. Remove the bolt plugs and/or waterproof tape from HI-TRAC top bolt holes.

8. Return any HI-STORM 100 equipment to storage as necessary.
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9.1 ACCEPTANCE CRITERIA

This section provides the workmanship inspections and acceptance tests to be performed on the Ill-
STORM 100 System prior to and during &pt-loading of the system. These inspections and tests I
provide assurance that the RI-STORM 100 System has been fabricated, assembled, inspected, tested,
and accepted for use under the conditions-specified in this FSAR and the Certificate of Compliance
issued by the NRC in accordance with the requirements of 10CFR72 [9.0.1].

These inspections and tests are also intended to demonstrate that the operation of the I STORM
1004 Sy!stem +Xmis< vt the +vppnrl;^aleo mgplatmyequirements and the TeoniaSe cificatn;

ctained in Appendi A t- CAdC 72 1014. Nonomplianccs encountered during the requred
inspections a t 1 beorrt or dispositioned to bring the item into opliance th thi

FSAR. dentification and resolution of noncompliances shall be performed in accordance with the
Holtec International Quality Assurance Program as described in Chapter 13 of this FSAR, or the
licensee's NRC-approved Quality Assurance Program.

The testing and inspection acceptance criteria applicable to the MPCs, the RI-STORM 100 overpack,
and the 100-ton EH-TRAC and 125-ton H-TRAC transfer casks are listed in Tables 9.1.1,9.1.2, and
9.1.3, respectively, and discussed in more detail in the sections that follow. Chapters 8 and 12
provide details-e operating guidancepreeedures and the bases for the Technical Specifications,
respectively. These inspections and tests are intended to demonstrate that the HI-STORM 100
System has been fabricated, assembled, and examined in accordance with the design criteria
contained in Chapter 2 of this FSAR -

This section summarizes the test program required for the RI-STORM 100 System.

9. 1.1 Fabrication and Nondestructive Examination (NDE)

The design, fabrication, inspection, and testing of the EI-STORM 100 System is performed in
accordance with the applicable codes and standards specified in Tables 2.2.6 and 2.2.7 and on the
Design Drawings. Additional details on specific codes used are provided below.

The following fabrication controls and required inspections shall be performed on the HI-STORM
100 System, including the MPCs, overpacks, and HI-TRAC transfer casks, in order to assure
compliance with this FSAR and the Certificate of Compliance.

1. Materials of construction specified for the RI-STORM 100 System are identified in
the drawings in Chapter 1 and shall be procured with certification and supporting
documentation as required by ASME Code [9.1.1] Section II (when applicable); the
requirements of ASME Section I (when applicable); Holtec procurement
specifications; and 0CFR72, Subpart G. Materials and components shall be receipt
inspected for visual and dimensional acceptability, material conformance to
specification requirements, and traceabilitymarlings, as applicable. Controls shall be
in place to assure material traceability is maintained throughout fabrication. Materials
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forthe confinementboundary (UPC baseplate, lid, closureringportcoverplates and
shell) shall also be inspected per the requirements ofASME Section m, Article NB-
2500.

2. The MPC confinement boundary shall be fabricated and inspected in accordance with
ASME Code, Section m, Subsection NB, with iternatives as noted
below. The MPC basket and basket supports shall be fabricated and inspected in
accordance with ASME Code, Section m, Subsection NG, with eepties
alternatives as noted below. Metal components ofthe HI-TRAC transfer cask and the
HI-STORM overpack, as applicable, shall be fabricated and inspected in accordance
with ASME Code, Section I, Subsection NF, Class 3 or AWS D1.l, as shown on
the design drawings, with itr as noted below.

NOTE: Exeeptions-NR C-approved alternatives to these Code
requirements are preDed-discussed in FSAR Section
2.2.4.Chapter 2 and in Table 3 1 of Appendix B to CoC 72

3. ASME Code welding shall be performed using welders and weld procedures that
have been qualified in accordance with ASME Code Section IX and the applicable
ASME Section III Subsections (e.g., NB, NG, or NF, as applicable to the SSC).
AWS code welding may be performed using welders and weld procedures that have
been qualified in accordance with applicable AWS requirements or in accordance
with ASME Code Section IX

4. Welds shall be visually examined in accordance with ASME Code, Section V,
Article 9 with acceptance criteria per ASME Code, Section m, Subsection NF,
Article NF-5360, except the MPC fuel basket cell plate-to-cell plate welds and fuel
basket support-to-canister welds which shall have acceptance criteria to ASME Code
Section I, Subsection NG, Article NG-5360, (as modified by the design drawings).
Table 9.1.4 identifies additional nondestructive examination (NDE) requirements to
be performed on specific welds, and the applicable codes and acceptance criteria to
be used in order to meet the inspection requirements of the applicable ASME Code,
Section HI. Acceptance criteria for NDE shall be in accordance with the applicable
Code for which the item was fabricated. These additional NDE criteria are also
specified on the design drawings for the specific welds. Weld inspections shall be
detailed in a weld inspection plan which shall identify the weld and the examination
requirements, the sequence of examination, and the acceptance criteria. The
inspection plan shall be reviewed and approved by Holtec in accordance with its QA
program. NDE inspections shall be performed in accordance with written and
approved procedures by personnel qualified in accordance with SNT-TC-IA [9.1.2]
or other site-specific, NRC-approved program for personnel qualification.
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5. Machined surfaces ofthe metal components ofthe HI-STORM 100 System shall be
visually examined in accordance with ASME Section V, Article 9, to verify they are
free of cracks and pin holes.

6. ASME Code welds requiring weld repair shall be repaired in accordance with the
reuirnts of the ASME Code, Section , Article NB-4450, NG-4450, or NF-
4450, as applicable to the SSC, and examined after repair in the same mainer as the
original weld.

7. Base metal repairs shall be performed and examined in accordance with the
applicable fabrication Code.

8. Grinding and machining operations on the MPC confinement boundary shall be
controlled through written and approved procedures and quality assurance oversight
to ensure grinding and machining operations do not reduce base metal wall
thicknesses of the confinement boundary beyond that allowed per the design
drawings. The thicknesses of base metals shall be ultrasonically tested, as necessary,
in accordance with written and approved procedures to verify base metal thickness
meets Design Drawing requirements. A nonconformance shall be written for areas
found to be below allowable base metal thickness and shall be evaluated and repaired
per the applicable ASME Code, Subsection NB requirements.

9. Dimensional inspections of the HI-STORM 100 System shall be performed in
accordance with written and approved procedures in order to verify compliance to
design drawings and fit-up of individual components. All dimensional inspections
and functional fit-up tests shall be documented.

10. Required inspections shall be documented. The inspection documentation shall
become part of the final quality documentation package.

11. The HI-STORM 100 System shall be inspected for cleanliness and proper packaging
for shipping in accordance with written and approved procedures.

12. Each cask shall be durably marked with the appropriate model number, a unique
identification number, and its empty weight per I OCFR72.236(k) at the completion of
the acceptance test program.
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13. A documentation package shall be prepared and maintained during fabrication of
each HI-STORM 100 System to include detailed records and evidence that the
required inspections and tests have been performed. The completed documentation
package shall be reviewed to verify that the HI-STORM 100 System or component
has been properly fabricated and inspected in accordance with the design and Code
construction requirements. The documentation package shall include, but not be
limited to:

* Completed Shop Weld Records
* Inspection Records
* Nonconformance Reports
* Material Test Reports
* NDE Reports
* Dimensional Inspection Report

9.1.1.1 MPC Lid-to-Shell Weld Volumetric Inspection

1 . The MPC lid-to-shell (LTS) weld shall be volumetrically or multi-layer liquid
penetrant (PT) examined following completion of welding. If volumetric examination
is used, the ultrasonic testing (UT) method shall be employed. Ultrasonic techniques
(including, as appropriate, Time-of-Flight Diffraction, Focussed Phased Aray, and
conventional pulse-echo) shall be supplemented, as necessary, to ensure substantially
complete coverage of the examination volume.

2. If volumetric examination is used, then a PT examination ofthe root and final pass of
the LTS weld shall also be performed and unacceptable indications shall be
documented, repaired and re-examined.

3. If volumetric examination is not used, a multi-layer PT examination shall be
employed. The multi-layer PT must, at a minimum, include the root and final weld
layers and one intermediate PT after each approximately 3/8 inch weld depth has
been completed. The 3/8 inch weld depth corresponds to the maximum allowable
flaw size determined in Holtec Position Paper DS-213 [9.1.6].

4. It is recognized that welding of the LTS weld may result in indications in the root
pass that are not detected by the root pass PT. The overall minimum thickness of the
LTS weld has been increased by 0.125 inch such that it is not necessary to take
structural credit for the root pass of the weld (actual weld to be a minimum of 0.75
inch). A 0.625-inch J-groove weld was assumed in structural analyses in Chapter 3.

5. For either UT or PT, the maximum detectable flaw size must be demonstrated to be
less than the critical flaw size. The critical flaw size must be determined in
accordance with ASME Section XI methods. The critical flaw size shall not cause
the primary stress limits of NB-3000 to be exceeded. The inspection pFGeessresults,
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including relevant findings (ndications) shall be made a permanent part of the cask
user's records by video, photographic, or other means which provide an equivalent
retrievable record of weld integrity. The video or photographic records should be
taken during the final interpretation period described in ASME Section V, Article 6,
T-676. The inspection of the weld shall be performed by qualified personnel and
shall meet the acceptance requirements of ASME Section m, NB-5350 for PT and
NB-5332 for UT.

6. Evaluation of any indications shall include consideration of any active flaw
mechanisms. However, cyclic loading on the LTS weld is not significant, so fatigue
is not a factor. The LTS weld is protected from the external environment by the
closure ring and the root of the LTS weld is dry and inert (He atmosphere), so stress
corrosion cracking is not a concern for the LTS weld.

7. The volumetric or multi-layer PT examination of the LTS weld, in conjunction with
other examinations and tests performed on this weld (PT of root and final layer, and
hydrestatie pressure test),, and a helium lekW test, the use of ASME Section m
acceptance criteria, and the additional weld material added to account for potential
defects in the root pass of the weld, in total, provide reasonable assurance that the
LTS weld is sound and will perform its design function under all loading conditions.
The volumetric (or multi-layer PT) examination and evaluation of indications
provides reasonable assurance that leakage ofthe weld or structural failure under the
design basis normal, off-normal, and accident loading conditions will not occur.

9.1.2 Structural and Pressure Tests

9.1.2.1 LiftingTrunnions

Two trunnions (located near the top of the HI-TRAC transfer cask) are provided for vertical lifting
and handling. The trunnions are designed in accordance with ANSI N14.6 [9.1.3] using a high-
strength and high-ductility material (see Chapter 1). The trunnions contain no welded components.
The maximum design lifting load of 250,000 pounds for the HI-TRAC 125 and HI-TRAC 125D and
200,000 pounds for the HI-TRAC 100 will occur during the removal of the HI-TRAC from the spent
fuel pool after the MPC has been loaded, flooded with water, and the MPC lid is installed. The high-
material ductility, absence of materials vulnerable to brittle fracture, large stress margins, and a
carefully engineered design to eliminate local stress risers in the highly-stressed regions (during the
lift operations) ensure that the lifting trunnions will work reliably. However, pursuant to the defense-
in-depth approach ofNUREG-0612 [9.1.4], the acceptance criteria for the lifting trunnions must be
established in conjunction with other considerations applicable to heavy load handling.
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Section ofNUTREG-0612 calls for measures to "provide an adequate defense-in-depth for handling
of heavy loads...". The NUREG-0612 guidelines cite four major causes of load handling accidents,
of which rigging failure (including tninnion failure) is one:

i. operator errors
ii. rigging failure
iii. lack of adequate inspection
iv. inadequate procedures

The cask loading and handling operations program shall ensure maximum emphasis to mitigate the
potential load drop accidents by implementing measures to eliminate shortcomings in all aspects of
the operation including the four aforementioned areas.

In order to ensure that the lifting trunnions do not have any hidden material flaws, the trunnions shall
be tested at 300/O of the maximum design (service) lifting load. The load (750,000 lbs for the HI-
TRAC 125 and HI-TRAC 125D and 600,000 lbs for the HI-TRAC 100) shall be applied for a
minimum of 10 minutes. The accessible parts of the Irunnions (areas outside the HI-TRAC cask),
and the adjacent 1H-TRAC cask trunnion attachment area shall then be visually examined to verify
no deformation, distortion, or cracking occurred. Any evidence ofdeformation, distortion or cracking
ofthe trunnion or adjacent HI-TRAC cask trunnion attachment areas shall require replacement ofthe
trunnion and/or repair of the HI-TRAC cask. Following any replacements and/or repair, the load
testing shall be performed and the components re-examined in accordance with the original
procedure and acceptance criteria. Testing shall be performed in accordance with written and
approved procedures. Certified material test reports verifying trunnion material mechanical
properties meet ASME Code Section H requirements will provide further verification of the trunnion
load capabilities. Test results shall be documented. The documentation shall become part ofthe final
quality documentation package.

The acceptance testing of the trunnions in the manner described above will provide adequate
assurance against handling accidents.

9.1.2.2 Hldrostatie-Pressure Testing

9.1.2.2.1 HI-TRAC Transfer Cask Water Jacket

The 125-ton (including HI-TRAC 125 and HI-TRAC 125D) and 100-ton HI-TRAC transfer cask
water jackets shall be hydrostatically tested to 75 psig +3,-0 psig, and 71 psig +3, - psig,
respectively, in accordance with written and approved procedures. The waterjacket fill port will be
used for filling the cavity with water and the vent port for venting the cavity. The approved test
procedure shall clearly define the test equipment arrangement.

The hydrostatic test shall be performed after the water jacket has been welded together. The test
pressure gage installed on the water jacket shall have an upper limit of approximately twice that of
the test pressure. The hydrostatic test pressure shall be maintained for ten minutes. During this time
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period, the pressure gage shall not fall below the applicable minimum test pressure. At the end often
minutes, and while the pressure is being maintained at the minimum pressure, weld joints shall be
visually examined for leakage. If a leak is discovered, the cavity shall be emptied and an examination
to determine the cause ofthe leakage shall be made. Repairs and retest shall be performed until the
hydrostatic test criteria are met.

After completion of the hydrostatic testing, the water jacket exterior surfaces shall be visually
examined for cracking or deformation. Evidence of cracking or deformation shall be cause for
rejection, or repair and retest, as applicable. Liquid penetrant (PT) or magnetic particle (MT)
examination of accessible welds shall be performed in accordance with ASME Code, Section V,
Articles 6 and 7, respectively, with acceptance criteria perASME Code, Section l, Subsection NF,
Articles NF-5350 and NF-5340, respectively. Unacceptable areas shall require repair and re-
examination per the applicable ASME Code. The HI-TRAC water jacket hydrostatic test shall be
repeated until all examinations are found to be acceptable.

If a hydrostatic retest is required and fails, a nonconformance report shall be issued and a root cause
evaluation and appropriate corrective actions taken before further repairs and retests are performed.

Test results shall be documented. The documentation shall become part of the final quality
documentation package.

9.1.2.2.2 MPC Confinement Boundar

Hydrestatie-Pressure testing (hydrostatic orpneumatic) of the MPC confinement boundary shall be
performed in accordance with the requirements of the ASME Code Section m, Subsection NB,
Article NB-6000 and applicable sub-articles, when field welding of the MPC lid-to-shell weld is
completed. If hydrostatic testing is used, the MIPC shall be pressure tested to 125% of design
pressure. Ifpneumatic testing is used, the MPC shall be pressure testedto 120% ofdesign pressure.
The hydrostatic pressure for the test is 125 +5, 0 psig, which is 125% ofthe design pressure of 100
psig.-The MPC vent and drain ports will be used for pressurizing the MPC cavity. The loading
procedures in FSAR Chapter 8 define the test equipment arrangement. The calibrated test pressure
gage installed on the MPC confinement boundary shall have an upper limit of approximately twice
that of the test pressure. Following completion of the -mnuterequired hold period at the
hydfestatie test pressure, and while maintaining a minimum test pressure of 125 psig, the surface of
the MPC lid-to-shell weld shall be visually examined for leakage and then reexamined by liquid
penetrant examination in accordance with ASME Code, Section III, Subsection NB, Article NB-5350
acceptance criteria. Any evidence of cracking or deformation shall be cause for rejection, or repair
and retest, as applicable. The performance and sequence of the test is described in FSAR Section 8.1
(loading procedures).

If a leak is discovered, the test pressure shall be reduced, the MPC cavity water level lowered, if
applicable, the MPC cavity vented, and the weld shall be examined to determine the cause of the
leakage and/or cracking. Repairs to the weld shall be performed in accordance with written and
approved procedures prepared in accordance with the ASME Code, Section m, Article NB-
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4450.SubsectionND, ND 4150.

The MPC confinement boundary hydrestatiepressure test shall be repeated until all al
pene matrequired examinations are found to be acceptable. in accordance with the acceptance
citeria. Test results shall be documented and maintained as part of the loaded MPC quality
documentation package.

9.1.2.3 Materials Testing

The majority of materials used in the HI-TRAC transfer cask and a portion ofthe material in the HI-
STORM overpack are ferritic steels. ASME Code, Section II and Section III require that certain
materials be tested in order to assure that these materials are not subject to brittle fracture failures.

Materials of the H-TRAC transfer cask and H-STORM overpack, as required, shall be Charpy V-
notch tested in accordance with ASME Section A and/or ASME Section III, Subsection NF,
Articles NF-2300, and NF-2430. The materials to be tested include the components identified in
Table 3.1.18 and applicable weld materials. Table 3.1.18 provides the test temperatures and test
acceptance criteria to be used when performing the material testing specified above.

The concrete utilized in the construction of the HI-STORM overpack shall be mixed, poured, and
tested as described in FSAR Appendix 1 D in accordance with written and approved procedures.
Testing shall verify the composition, compressive strength, and density meet design requirements.

Concrete testing shall be performed for each lot of concrete. Concrete testing shall comply with ACI
349, as described in Table 1.D.2. Test specimens shall be in accordance with ASTM C39.

Test results shall be documented and become part of the final quality documentation package.

9.1.3 Leakage Testing

Leakage testing shall be performed in accordance with the requirements of ANSI N14.5 [9.1.5].
Testing shall be performed in accordance with written and approved procedures.

At completion of welding the MPC shell to the baseplate, an MPC confinement boundary weld
helium leakage test shall be performed using a helium mass spectrometer leak detector (MSLD). A
temporary test closure lid is used in order to provide a sealed MPC. The confinement boundary
welds shall have indicated helium leakage rates less than or equal to 5x 1 04 atm cm3 /s (helium). If a
leakage rate exceeding the acceptance criterion is detected, then the area of leakage shall be
determined and the area repaired per ASME Code Section , Subsection NB, Article NB-4450
requirements. Re-testing shall be performed until the leakage rate acceptance criteria is met.

If failure of the leakage rate retest occurs after initial repairs are completed, a nonconformance report
shall be issued, and a root cause evaluation and appropriate corrective actions taken before farther
repairs and retest are performed.
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Leakage testing of the field-welded MPC lid-to-shell weld, vent and drain port coverplate welds,
and closure ring welds is not required be peformedfoowingthe sressfilrompletionof
the MPC hydrostatic test performed per Section 9.1.2.2.2. Leakage testing of the vent and drain port
cover plate welds shall be performed after welding of the cover plates and subsequent NDE. The
description and procedures for these field leakage tests arc provided in FSAR Section 8.1, and the
acceptance criteria ame defined in the Technical Specifications in Appendix A CoC 72 11

Leak testing results for the MPC shall be documented and shall become part of the quality record
documentation package.

9.1.4 Comnonent Tests

9.1.4.1 Valves. Rupture Discs, and Fluid Transport Devices

There are no fluid transport devices or rupture discs associated with the HI-STORM 100 System.
The only valve-like components in the HI-STORM 100 System are the specially designed caps
installed in the MPC lid for the drain and vent ports. These caps are recessed inside the RTC lid and
covered by the fully-welded vent and drain port cover plates. No credit is taken for the caps' ability
to confine helium or radioactivity. After completion of drying and backfill operations, the drain and
vent port cover plates are welded in place on the .MPC lid and are leak-tstedliquid penetrant
examined to verify the MPC- confinement boundary.

There are two pressure relief valves installed in the upper ledge surface of the H1-TRAC transfer
cask waterjacket. These pressure reliefvalves are is-provided for venting of the neutron shieldjacket
fluid under hypothetical fire accident conditions in which the design pressure ofthe waterjacket may
be exceeded. The pressure relief valves shall relieve at 60 psig and 65 psig.

9.1.4.2 Seals and Gaskets

There are no confinement seals or gaskets included in the HI-STORM 100 System.

9.1.5 Shielding Integritv

The HI-STORM overpack and MPC have two designed shields for neutron and gamma ray
attenuation. The HI-STORM overpack concrete provides both neutron and gamma shielding.
Additional neutron shielding is provided by the encased Bee-neutron absorber attached to the fuel
basket cell surfaces inside the MPCs. The overpack's inner and outer steel shells, and the steel shield
shellt, provide radial gamma shielding. Concrete and steel plates provide axial neutron and gamma
shielding. A concrete ring attached to the top of the overpack lid provides additional gamma and

t The shield shell design feature was deleted in June, 2001 after overpack serial number 7 was fabricated. Those
overpacks without the shield shell are required to have a higher concrete density in the overpack body to provide
compensatory shielding. See Table ID. 1.
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neutron shielding in the axial direction. Steel gamma shield cross plates, installed in the overpack air
inlet and outlet vents, provide additional shielding for radiation through the vent openings.

The HI-TRAC transfer cask uses three different materials for primary shielding. All three HI-TRAC
transfer cask designs include a radial steel-lead-steel shield and a steel-lead-steel pool lid design. The
top lid in the HI-TRAC 125 and H-TRAC 125D designs includes Holtite neutron shielding inside a
steel enclosure The Ill-TRAC 100 top lid includes only steel shielding. The HI-TRAC 125 transfer
lid includes steel, lead, and Holtite, while the HI-TRAC 100 includes only steel and lead. The HI-
TRAC 125D design does not include a transfer lid. The water jacket, included in all transfer cask
designs, provides radial neutron shielding. Testing requirements for the shielding items are described
below.

9.1.5.1 Fabrication Testing and Control

Holtite-A:

Neutron shield properties of Holtite-A are provided in Chapter 1, Section 1.2.1.3.2. Each
manufactured lot of neutron shield material shall be tested to verifiy the material composition
(aluminum and hydrogen), boron concentration and neutron shield density (or specific gravity) meet
the requirements specified in Chapter 1 and the Bill-of-Material. A manufactured lot is defined as the
total amount of material used to make any number of mixed batches comprised of constituent
ingredients from the same lot/batch identification numbers supplied by the constituent manufacturer.
Testing shall be performed in accordance with written and approved procedures and/or standards.
Material composition, boron concentration and density (or specific gravity) data for each
manufactured lot of neutron shield material shall become part of the quality documentation package.

The installation ofthe neutron shielding material shall be performed in accordance with written and
qualified procedures. The procedures shall ensure that mix ratios and mixing methods are controlled
in order to achieve proper material composition, boron concentration and distribution, and that pours
are controlled in order to prevent gaps from occurring in the material. Samples of each manufactured
lot of neutron shield material shall be maintained by Holtec International as part ofthe quality record
documentation package.

Concrete:

The dimensions of the HI-STORM overpack steel shells and the density of the concrete shall be
verified to be in accordance with FSAR Appendix .D and the design drawings prior to concrete
installation. The dimensional inspection and density measurements shall be documented. Also, see
Subsection 9.12.3 for concrete material testing requirements.
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Lead:

The installation of the lead in the HI-TRAC transfer cask shall be performed using written and
qualified procedures in order to ensure voids are minimized. Stand pipes or similar devices (as
applicable) shall be placed on the upper portion of the cask to ensure the presence of an excess head
of liquid lead. Vent risers shall be provided to allow for the air to escape. The HI-TRAC cask
components shall be uniformly preheated prior to a lead pour. The temperature of the lead shall be
verified to be in the correct temperature range and the lead shall be poured or pumped into place in
the annulus (as applicable). The lead pour shall be followed by a controlled cooldown to minimize
the gap between the lead and steel shells. The lead shall be cooled from the bottom up and additional
molten lead shall be added to the standpipes as necessary to account for lead shrinkage. Each lot of
lead shall be tested for chemical composition.

As an alternative to pouring molten lead, the HI-TRAC lead shielding may be installed as pre-cast
sections. If pre-cast sections are used, the design of the sections and the installations instructions
shall minimize the gaps between adjacent lead sections and between the lead and the transfer cask
walls to the extent practicable.

Steel:

Steel plates utilized in the construction of the HI-STORM 100 System shall be dimensionally
inspected to assure compliance with the requirements specified on the Design Drawings.

General Requirements for Shield Materials:

I. Test results shall be documented and become part -of the quality documentation
package.

2. Dimensional inspections of the cavities containing the shielding materials shall
assure that the design required amount of shielding material is being incorporated
into the fabricated item.

Shielding effectiveness tests shall be performed during fabrication and again after initial loading
operations in accordance with Section 9.1.5.2 below and the operating procedures in Chapter 8.

9.1.5.2 Shielding Effectiveness Tests

The effectiveness of the lead pours in the HI-TRAC transfer cask body shall be verified during
fabrication by performing gamma scanning on all accessible surfaces of the cask in the lead pour
region. The gamma scanning may be performed prior to, or after installation of the water jacket
The purpose of the gamma scanning test is to demonstrate that the gamma shielding of the transfer
cask body is at least as effective as that of a lead and steel test block. For the test block, the steel
thickness shall be equivalent to the minimum design thickness of steel in the transfer cask
component and the lead thickness shall be 5 percent lower than the minimum design thickness of
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lead in the transfer cask component (see the Design Drawings for the design values). Data shall be
recorded on a 6-inch by 6-inch (nominal) grid pattern over the surfaces to be scanned. Should the
measured gamma dose rates exceed those established with the test block, the shielding of that
transfer cask component shall be deemed unacceptable. Corrective actions should be taken, if
practicable, and the testing re-performed until successfil results are achieved. If physical corrective
actions are not practicable, the degraded condition may be dispositioned with a written evaluation in
accordance with applicable procedures to determine the acceptability of the transfer cask for service.
Gamma scanning shall be performed in accordance with written and approved procedures. Dose rate
measurements shall be documented and shall become part of the quality documentation package.

The effectiveness of the lead plates in the HI-TRAC pool lid (all transfer cask designs) and transfer
lid (HI-TRAC 125 and 100 only) shall be verified during fabrication by performing a UT test of the
lead plates. The UT testing will take place before the installation of the plates. The UT testing
ensures that the plates are uniform internally. This is an accepted industry procedure for locating
voids within the lead plate in order to verify the shielding effectiveness of the plate.

Following the first fuel loading of each HI-STORM 100 System (HI-TRAC transfer cask and HI-
STORM storage overpack), a shielding effectiveness test shall be performed at the loading facility
site to verify the effectiveness of the radiation shield. This test shall be performed after the HI-
STORM overpack and HI-TRAC transfer cask have been loaded with an MPC containing spent fuel
assemblies and the MPC has been drained, moisture removed, and backfilled with heliumn

Operational neutron and gamma shielding effectiveness tests shall be performed after fuel loading
using written and approved procedures. Calibrated neutron and gamma dose rate meters shall be used
to measure the actual neutron and gamma dose rates at the surface of the Hl-STORM overpack and
HI-TRAC. Measurements shall be taken at the locations specified in the technical speifiations in
Appendix A to Ge 7 1014 and, if necessary, average dose rates cmpuodRadiation Protection
Program for comparison against the prescribed limits. The results of the dose rate measurements
shall be compared to the limits specified in the technical specifications. The test is considered
acceptable if the dose rate readings are less than or equal to the calculated limits in the technical
specifications. If dose rates are higher than the limits, the required actions provided in the technial
speeificatiensRadiation Protection Program shall be completed. Dose rate measurements shall be
documented and shall become part of the quality documentation package.

9.1.5.3 Neutron Absorber Tests

Each plate of Bena-neutron absorber shall be visually inspected by the manufacturer for damage
such as (eg.-scratches, cracks, burrs, and-peeled claddingand foreign material embedded in the
surfaces,. In addition, the MP fabricator shall visually inspect the Boral plates on a lot sampling
basis. The sample size shall be determined in accordance with ML STD 105D or equivalent. The
selected ncutron absorberBoral plates shall be inspected for damage such as inclusions, cracks,
voids, delamination, and surface finish, as applicable.

HI-STORM FSAR
REPORT 1H-2002444

Proposed Rev. 2B
9.1-12



9.1.5.3.1 Boral (75% Credit) I

After manufacting, a statistical sample of each lot of neutron absorberBosd shall be tested using
wet chemistry and/or neutron attenuation testing techniques to verify a minimum 'B content (areal
density)at in samples takenfrom the ends ofthe panel. The minimum 10B loading of the neutron
absorbers panels for each MPC model is provided in Table 2.1.15. Any panel in which "'B
loading is less than the minimum allowed shall be rejected. Testing shall be performed using written
and approved procedures. Results shall be documented and become part ofthe cask quality records
documentation package.

9.1.5.3.2 MTA MICo (90% Credit)

NUREG/CR-5661 identifies the main reason for a penalty in the neutron absorber B-10 density as
the potential ofneutron streaming due to non-uniformities in the neutron absorber, and recommends
comprehensive acceptance tests to verify the presence and uniformity of the neutron absorberfor
credits more than 75%/. Since a 90% credit is taken for METAMIC0, the following criteria must be
satisfied:

* The boron carbide powder used in the manufacturing of ME TA M 'Cmust have smallparticle
sizes to preclude neutron streaming

• The "'B areal density must comply with the limits of Table 2.1.15.

* The BC powder must be uniformly dispersed locally, e. must not show any particle
agglomeration. This precludes neutron streaming.

* The B4C powder must be uniformly dispersed macroscopically, Le. must have a consistent
concentration throughout the entire neutron absorber panel.

To ensure that the above requirements are met thefollowing tests shall be performed:

* A lots ofboron carbide powder are analyzed to meet particle size distribution requirements.

* Thefollowingqualification testingshall beperformedonthefirstproductionrun of MfETAAC
panelsfor the MPCs in order to validate the acceptability and consistency of the manufacturing
process and verify the acceptability of the METAM!Cd panels for neutron absorbing
capabilities:

1) The boron carbide powder weight percent shall be verified by testing a sample from forty
different mixed batches. (A mixed batch is defined as a single mixture of aluminum powder
and boron carbide powder used to make one or more billets. Each billet willproduce several
panels.) The samples shall be drawnfrom the mixing containers after mixing operations have
been completed. Testing shall be performed using the wet chemistry method.
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2) The 'B areal density shall be verified by testing a samplefrom one panelfrom each offorty
different mixed batches. The samples shall be drawn from areas contiguous to the
manufactured panels of META MC and shall be tested using the wet chemistry method
Alternatively, or in addition to the wet chemistry tests, neutron attenuation tests on the
samples may be performed to quantify the actual 'B areal density.

3) To verify the local uniformity of the boron particle dispersal, neutron attenuation
measurements of random test coupons shall be performed These test coupons may come
from the production run orfrom pre-production trial runs.

4) To verify the macroscopic uniformity of the boron particle distribution, test samples shall
be taken from the sides of one panelfromfive different mixed batches before the panels
are cut to theirfinal sizes. Tte sample locations shall be chosen to be representative of
thefinalproduct. Wet chemistry or neutron attenuation shall be performed on each of the
samples.

* During production runs, testing of mixed batches shall be performed on a statistical basis to
verify the correct boron carbide weight percent is being mixed

* During production rims, samples from random METAMW? panels taken from areas contiguous
to the manmfacturedpanels shall be tested via wet chemistry to verify the 'B areal density. This
test shall be performed to verify the continued acceptability of the manufacturing process.

The measurements ofB4 C particle size,"' B isotopic assay, uniformity ofB4 C distribution and 10B
areal density shall be made using written and approvedprocedures. Results shall be documented

9.1.5.3.3 Installation of the Neutron Absorber Panels

Installation of neutron absorberBeral panels into the fuel basket shall be performed in accordance
with written and approved instructions. Travelers and quality control procedures shall be in place to
assure each required cell wall of the MPC basket contains a neutron absorberBeal panel in
accordance with the drawings in Chapter 1. These quality control processes, in conjunction with
Beal in-process manufacturing testing, provide the necessary assurances that the neutron
absorberBeal will perform its intended function. No additional testing or in-service monitoring of
the neutron absorber material Beml-will be required.

9.1.6 Thermal Acceptance Tests

The thermal performance ofthe H-STORM 100 System, including the MPCs and HI-TRAC transfer
casks, is demonstrated through analysis in Chapter 4 of the FSAR. Dimensional inspections to verify
the item has been fabricated to the dimensions provided in the drawings shall be performed prior to
system loading. Following the loading and placement on the storage pad of the first HI-STORM
System placed in service, the operability of the natural convective cooling of the HI-STORM 100
System shall be verified by the performance of an air temperature rise test. A description of the test
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is described in FSAR Chapter 8.

In addition, the technical specifications require periodic surveillance of the overpack air inlet and
outlet vents or, optionally, implementation of an overpack air temperature monitoring program to
provide continued assurance of the operability of the HI-STORM 100 heat removal system.

9.1.7 Cask Identification

Each MPC, HI-STORM overpack, and HI-TRAC transfer cask shall be marked with a model
number, identification number (to provide traceabilitybackto documentation), and the empty weight
of the item in accordance with the marking requirements specified in the Design Drawings in
Chapter 1.
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Table 9.1.1
MPC INSPECTION AND TEST ACCEPTANCE CRITERIA

Function Fabrication Pre-operatlon Maintenance and Operations
Visual Inspection and a) Examination of MPC components per ASME a) The MPC shall be visually a) None.
Nondestructive Code Section III, Subsections NB and NG, as inspected prior to
Examination (NDE) defined on design drawings, per NB-5300 and placement in service at the

NG-5300, as applicable. licensee's facility.

b) A dimensional inspection of the internal basket b) MPC protection at the
assembly and canister shall be performed to licensee's facility shall be
verify compliance with design requirements. verified.

c) A dimensional inspection of the MPC lid and
MPC closure ring shall be performed prior to c) MPC cleanliness and
inserting into the canister shell to verify exclusion of foreign
compliance with design requirements. material shall be verified

prior to placing in the
d) NDE of weldments are defined on the design spent fuel pool.

drawings using standard American Welding
Society NDE symbols and/or notations.

e) Cleanliness of the MPC shall be verified upon
completion of fabrication.

f) The packaging of the MPC at the completion of
fabrication shall be verified prior to shipment.
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Table 9.1.1 (continued)
PAr NSPECTION AND TFST ACCEPTANCE CRITERIA

Function Fabrication Pre-operation Maintenance and Operations
Structural A) Assembly and welding of MPC components a) None, a) An ultrasonic (UT) examination or

shall be performed per ASME Code Section IX multi-layer liquid penetrant (PT)
and m, Subsections NB and NG, as applicable. examination of the MPC lid-to-shell

weld shall be performed per ASME
b) Materials analysis (steel, neutron Section V, Article (or ASME

absorbersel, etc.), shall be performed and Section V, Article 2). Acceptance
records shall be kept in a manner commensurate criteria for the examination are
with "important to safety' classifications. defined in Subsection 9.1.1.1 and in

the Design Drawings.

b) ASME Code NB-6000 hdest
pressure test shall be performed after
MPC closure welding. Acceptance
criteria are defined in Sbseeien

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __________________________________________ ____________________________ 9 1 he C ode.
Leak Tests a) Helium leak rate testing shall be performed on a) None. a) None.Hliv lat fete tting hall

all MPC pressure boundary shop welds. be performed on MPC lid to shell,
nd vet and dmin parM to MPG4;

field Aelds a-or losure welding.
Aeetmes Mtetrin nm defined it

tzh sin pccifiestiens,
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Table 9.1.1 (continued)
MPC INSPECTION AND TEST ACCEPTANCE CRITERIA

Function Fabrication Pre-operation Maintenance and Operations
Criticality Safety a) The boron content shall be verified at the time a) None. a) None.

of neutron absorber material manufacture.

b) The installation of neutron absorberBe
panels into MPC basket plates shall be verified
by inspection.

Shielding Integrity a) Material compliance shall be verified through a) None. a) None.
CMTRs.

b) Dimensional verification of MPC lid thickness
shall be performed.

Thermal Acceptance a) None. a) None. a) None.
Fit-Up Tests a) Fit-up of the following components is to be a) Fit-up of the following a) None.

tested during fabrication. components shall be
verified during pre-

- MPC lid operation.
- vent/drain port cover plates
- MPC closure ring - MPC lid

- MPC closure
b) A gauge test of all basket fuel compartments. ring

- vent/drain cover
plates

Canister Identification a) Verification of identification marking applied at a) Identification marking a) None.
Inspections completion of fabrication. shall be checked for

legibility during pre-
operation.

I
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Table 9.1 .2
T-STORM STORAGE OVERPACK INSPECTION AND TEST ACCEPTANCE CRITERIA

Function Fabrication Pre-operatlon Maintenance and Operations
Visual Inspection and Structural Steel Components: a) The overpack shall be a) Indications identified during visual
Nondestructive visually inspected prior to inspection shall be corrected,
Examination (NDE) a) All ASME and AWS welds shall be visually placement in service. reconciled, or otherwise

examined per ASME Section V, Article 9 with dispositioned .
acceptance criteria per ASME Section I, b) Fit-up with mating
Subsection NF, NF-5360. components (e.g., lid) shall b) Exposed surfaces shall be monitored

be performed directly for coating deterioration and
whenever practical or using repair/recoat as necessary.

b) All welds requiring PT examination as shown templates or other means.
on the Design Drawings shall be PT examined
per ASME Section V. Article 6 with acceptance c) Overpack protection at the
criteria per ASME Section III, Subsection NF, licensee's facility shall be
NF-5350. verified.

c) All welds requiring MT examination as shown d) Exclusion of foreign
on the drawings shall be MT examined per material shall be verified
ASME Section V, Article 7 with acceptance prior to placing the
criteria per ASME Section m11, Subsection NF, overpack in service at the
NF-5340. licensee's facility.

d) NDE of weldments shall be defined on design
drawings using standard AWS NDE symbols
and/or notations.

Concrete Components:
The following processes related to concrete components
shall be implemented per ACT 349 as clarified in FSAR
Appendix I.D. Concrete testing shall be in accordance
with Table I.D.2. Activities shall be conducted in
accordance with written and approved procedures.
a) Assembly and examination.
b) Materials verification.
c) Mixing, pouring, and testing.
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Table 9.1.2 (continued)
HI-STORM STORAGE OVERPACK INSPECTION AND TEST ACCEPTANCE CRITERIA

Function Fabrication Pre-operation Maintenance and Operations
Visual Inspection and General:
Nondestructive a) Cleanliness of the overpack shall be verified
Examination (NDE) upon completion of fabrication.
(continued) b) Packaging of the overpack at the completion of

shop fabrication shall be verified prior to
shipment.

Structural a) No structural or pressure tests are required for a) No structural or pressure a) No structural or pressure tests are
the overpack during fabrication. tests are required for the required for the overpack during

overpack during pre- operation.
b) Concrete compressive strength tests shall be operation.

performed per ASTM C39.
Leak Tests a) None. a) None. a) None.
Criticality Safety a) No neutron absorber tests of the overpack are a) None. a) None.

required for criticality safety during fabrication.
Shielding Integrity a) Concrete density shall be verified per ACI-349 a) None a) A shielding effectiveness test shall be

as clarified by FSAR Appendix L.D, at time of performed after the initial fuel
placement. loading i aefdmno ith tu

Tehical Sposificalions. Repeat
b) Shell thicknesses and dimensions between inner shielding effectiveness test every five

and outer shells shall be verified as conforming years as part of the Maintenance
to design drawings prior to concrete placement Program described in FSAR Section

9.2.
c) Verification of material composition shall be

performed.

I
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Table 9.1.2 (continued)
HI-STORM STORAGE OVERPACK INSPECTION AND TEST ACCEPTANCE CRITERIA

Function Fabrication Pre-operation Maintenance and Operations
Thermal Acceptance a) Inner shell I.D. and vent size, configuration and a) No pre-operational testing a) Air temperature rise test(s) shall be

placement shall be verified. related to the thermal performed after initial loading of the
characteristics of the first H-STORM 100 System in
overpack is required. accordance with the operating

procedures in Chapter 8.

b) Periodic surveillance shall be
performed by either (1) or (2) below,
at the licensee's discretion.-4w
oaordno with th technical

speeifeaiens+

(1) Inspection of overpack
inlet and outlet air vent
openings for debris and
other obstructions.

(2) Temperature monitoring.

Cask Identification a) Verification that the overpack identification is a) The overpack a) The overpack identification shall be
present in accordance with the drawings shall identification shall be periodically inspected per licensee
be performed upon completion of assembly. checked prior to loading., procedures and repaired or replaced if

damaged.

Fit-up Tests a) Lid fit-up with the overpack shall be verified a) None. a) None.
following fabrication.

I',
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Table 9.1.3
HI-TRAC TRANSFER CASK INSPECTION AND TEST ACCEPTANCE CRITERIA

Function Fabrication Pre-operation Maintenance and Operations
Visual Inspection and a) All ASME and AWS welds shall be visually a) The transfer cask shall be a) Annual visual inspections of the
Nondestructive examined per ASME Section V, Article 9 with visually inspected prior to transfer cask shall be performed to
Examination (NDE) acceptance criteria per ASME Section I, placement in service. assure continued compliance with

Subsection NF, NF-5360. drawing requirements. (See footnote
b) Transfer cask protection at for Table 9.2.1).

b) All welds requiring PT examination as shown the licensee's facility shall
on the Design Drawings shall be PT examined be verified.
per ASME Section V, Article 6 with acceptance
criteria per ASME Section Ill, Subsection NF, c) Transfer cask cleanliness
NF-5350. and exclusion of foreign

material shall be verified
c) All welds requiring MT examination as shown prior to use.

on the Design Drawings shall be MT examined
per ASME Section V, Article 7 with
acceptance criteria per ASME Section m,
Subsection NF, NF-5340.

d) NDE of weldments shall be defined on design
drawings using standard AWS NDE symbols
and/or notations

e) Cleanliness of the transfer cask shall be verified
upon completion of fabrication.

f) Packaging of the transfer cask at the completion
of fabrication shall be verified prior to shipment.
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Table 9.1.3 (continued)
MT-TR Ar TRANSVFR CASKC ThINPECTION AND TEST ACCEPTANCE CRITERIA

Function Fabrication Pre-operation Maintenance and Operations
Structural a) Verification of structural materials shall be a) None. a) Annual load testing of the lifting

perfonned through receipt inspection and trunnions shall be performned per
review of certified material test reports ANSI N14.6. (See footnote to Table
(CMTRs) obtained in accordance with the 9.2.1).
item's quality category.

b) The set pressure of the relief valve on
a) A load test of the lifting trunnions shall be the neutron shield water jacket shall

performed during fabrication per ANSI N14.6. be verified by calibration annually.
b) A pressure test of the neutron shield water (See footnote to Table 9.2.1)

jacket shall be performed during fabrication.
Leak Tests a) None. a) None. a) None.
Criticality Safety a) None. a) None. a) None.
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Table 9.1.3 (continued)
TRANSFER CASK INSPECTION AND TEST ACCEPTANCE CRITERIA

Function Fabrication Pre-operation Maintenance and Operations
Thermal Acceptance a) The thermal properties of the transfer cask are a) None. a) None

established by calculation and inspection, and
are not tested during fabrication.

Cask Identification a) Verification that the transfer cask identification a) The transfer cask a) The transfer cask identification shall
is present in accordance with the drawings shall identification shall be be periodically inspected per licensee
be performed upon completion of assembly. checked prior to loading., procedures and repaired or replaced if

damaged.

Fit-up Tests a) Fit-up tests of the transfer cask components a) Fit-up test of the transfer a) Fit-up of the top, in-pool, and
(top, in-pool, and transfer lids) shall be cask lifting trunnions with transfer lids shall be verified prior
performed during fabrication. the transfer cask lifing to use.

yoke shall be performed.

b) Fit-up test of the transfer
cask pocket trunnions with
the horizontal transfer skid
shall be performed.
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Table 9.1.4
HI-STORM 100 NDE REQUIREMENTS

Acceptance
Weld Location NDE Requirement Applicable Code Criteria

(Applicable Code)
Shell longitudinal seam RT ASME Section V, Article 2 (RT) RT: ASME Section III, Subsection NB,

Article NB-S320

PT (surface) ASME Section V, Article 6 (PT) PT: ASME Section m, Subsection NB,
Article NB-5350

Shell circumferential seam RT ASME Section V, Article 2 (RT) RT: ASME Section m, Subsection NB,
Article NB-5320

PT (surface) ASME Section V, Article 6 (PT) PT: ASME Section m, Subsection NB,
._____________________________ ._____________________________ Article NB-5350

Baseplate-to-shell RT ASME Section V, Article 2 (RT) RT: ASME Section m, Subsection NB,
or UT ASME Section V, Article S (UT) Article NB-5320

UT: ASME Section m, Subsection NB,
Article NB-5330

PT (surface) ASME Section V, Article 6 (PT) PT: ASME Section m, Subsection NB,
._______________________________ . _______________________________ _____________________________ _ Article NB-5350
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Table 9.1.4 (continued)
HI-STORM 100 NDE REQUIREMENTS

MPC
Acceptance

Weld Location NDE Requirement Applicable Code Criteria
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _(A p pli(cpaic eb e CC o e)

Lid-to-shell PT (root and final pass) ASME Section V, Article 6 (PT) PT: ASME Section nn, Subsection NB,
and multi-layer PT (if UT is not Article NB-5350
performed).

PT (surface following
hdiostairessure test)

UT (if multi-layer PT is not ASME Section V, Article 5 (UT) UT: ASME Section III, Subsection NB,
perfonned) Article NB-5332

Closure ring-to-shell PT (final pass) ASME Section V, Article 6 (PT) PT: ASME Section 111, Subsection NB,
_______________________________ ~~~~~~~~~~~~~~Article NB-5350

Closure ring-to-lid PT (final pass) ASME Section V, Article 6 (PT) PT: ASME Section III, Subsection NB,
Article NB-5350

Closure ring radial welds PT (final pass) ASME Section V, Article 6 (P PT: ASME Section III, Subsection NB,
Article NB-5350

Port cover plates-to-lid PT (root and final pass) ASME Section V, Article 6 (PT) PT: ASME Section IIIm Subsection NB,
_______________________________ ~~~~~~~~~~ ~~~~~Article NB-5350

Lift lug, lift lug baseplate, and fuel PT (surface) ASME Section V, Article 6 (PT) PT: ASME Section III, Subsection NG,
spacers Article NG-5350
Vent and drain port cover plate plug PT (surface) ASME Section V, Article 6 (PT) PT: ASME Section IH, Subsection NG,
welds IArticle NG-5350

I
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Table 9.1.4 (continued)
En-STORM 100 NDE REQUIREMENTS

m-STORM OVERPACK

Weld Location NDE Requirement Applicable Code (Applicable Code)

N/A N/A N/A N/A
HI-TRAC TRANSFER CASK

Weld Location NDE Requirement Applicable Code Acceptance CriteriaWeld Location ~~~~~~~~~~~~~~~~~~~~~~(Applicable Code)
HI-TRAC Body: Radial ribs and PT (surface) or MT ASME Section V, Article 6 (PT) PT: ASME Section 11, Subsection NP,
short ribs to outer shell Article NF-5350

ASME Section V, Article 7 (MT) MT: ASME Section m, Subsection NF,
Article NF-5340

HI-TRAC Body: Water jacket end PT (surface) or MT ASME Section V, Article 6 (PT) PT: ASME Section m, Subsection NP,
plate-to-radial channel or enclosure Article NF-5350
shell panel ASME Section V, Article 7 (MT) MT: ASME Section m, Subsection NP,

Article NF-5340
Pool Lid: Pool lid top plate-to-pool PT (surface) or MT ASME Section V, Article 6 (PT) PT: ASME Section HI, Subsection NF,
lid outer ring [-TRAC 125 and Article NP-5350
125D only] ASME Section V, Article 7 (MT) MT: ASME Section m, Subsection NP,

______________________________ ______________________________ ____________________________________ A rticle N F-534 0
Pool Lid: Pool lid bottom plate-to- PT (surface) or MT ASME Section V, Article 6 (PT) PT: ASME Section 111, Subsection NF,
pool lid outer ring [HI-TRAC 125 Article NF-5350
and 1 25D only] ASME Section V, Article 7 (MT) MT: ASME Section 111, Subsection NF,

Article NP-5340
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Table 9.1.4 (continued)
HI-STORM 100 NDE REQUIREMENTS

HI-TRAC TRANSFER CASK
Acceptance

Weld Location NDE Requirement Applicable Code Criteria
(Applicable Code)

HI-TRAC Body: Water jacket end PT (surface) or MT ASME Section V, Article 6 (PT) PT: ASME Section m, Subsection NF,
plate-to-outer shell Article NF-5350

ASME Section V, Article 7 (MT) MT: ASME Section I, Subsection NF,
Article NF-5340

HI-TRAC Body: Outer shell-to-outer PT (surface) or MT ASME Section V, Article 6 (PT) PT: ASME Section 111, Subsection NF,
shell longitudinal and circumferential Article NF-5350
welds ASME Section V, Article 7 (MT) MT: ASME Section III, Subsection NF,

Article NF-5340
HI-TRAC Body: Radial ribs and PT (surface) or MT ASME Section V, Article 6 (PT) PT: ASME Section III, Subsection NF,
short ribs -to-enclosure shell panel Article NF-5350

ASME Section V, Article 7 (MT) MT: ASME Section III, Subsection NF,
______________________________ ___________________________________ A rticle N F-5340

HT-TRAC Body: Jacket drain pipe PT (surface) or MT ASME Section V, Article 6 (PT) PT: ASME Section I, Subsection NF,
and couplings Article NF-5350

ASME Section V, Article 7 (MT) MT: ASME Section m, Subsection NF,
Article NF-5340

HI-TRAC Body: Outer shell-to- PT (surface) or MT ASME Section V, Article 6 (PT) PT: ASME Section m, Subsection NF,
bottom flange Article NF-5350

ASME Section V, Article 7 (MT) MT: ASME Section 111, Subsection NF,
Article NF-5340
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Table 9.1.4 (continued)
H-STORM 100 NDE REQUIREMENTS

m-TRAC TRANSFER CASK
Acceptance

Weld Location NDE Requirement Applicable Code Critera
(Applicable Code)

HI-TRAC Body: Outer shell-to-top PT (surface) or MT ASME Section V, Article 6 (PT) PT: ASME Section m, Subsection NF,
flange Article NF-5350

ASME Section V, Article 7 (MT) MT: ASME Section m, Subsection NF,
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___ A rticle N F-5340

HI-TRAC Body: Lifting trunnion PT (surface) or MT ASME Section V, Article 6 (PT) PT: ASME Section mII, Subsection NF,
block-to-top flange Article NF-5350

ASME Section V, Article 7 (MT) MT: ASME Section I, Subsection NF,
Article NF-5340

HI-TRAC Body: Lifting trunnion PT (surface) or MT ASME Section V, Article 6 (PT) PT: ASME Section m, Subsection NF,
block-to-outer and inner shells Article NF-5350

ASME Section V, Article 7 (MT) MT: ASME Section m, Subsection NE,
.____________________________ .____________________________ A rticle N F-5340

HI-TRAC Body, Pocket trunnion-to- PT (surface) or MT ASME Section V, Article 6 (PT) PT: ASME Section m, Subsection NF,
outer shell (HI-TRAC 125 and 100 Article NI'-5350
only) ASME Section V, Article 7 (MT) MT: ASME Section m, Subsection NF,

-______________________________ ______________________________ A rticle N P-5340
HI-TRAC Body: Top lid welds PT (surface) or MT ASME Section V, Article 6 (PT) PT: ASME Section m, Subsection NF,
except as noted on applicable Article NF-5350
drawings ASME Section V, Article 7 (Ml) MT: ASME Section m, Subsection NF,

._________ _________ _________ ___ __ __ __ __ __ __ _A rticle N F-5340
HI-TRAC Body: Pocket trunnion-to- PT (surface) or MT ASME Section V, Article 6 (PT) PT: ASME Section m, Subsection NF,
enclosure shell panel and radial rib Article NF-53S0
(HI-TRAC 125 and 100 only) ASME Section V, Article 7 (MT) MT: ASME Section m, Subsection NF,

._____________________________ _______________________ _____ _________________________________ A rticle N F -5340
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Table 9.1.4 (continued)
HI-STORM 100 NDE REQUIREMENTS

_l-TRAC TRANSFER CASK
Acceptance

Weld Location NDE Requirement Applicable Code Criteria
(Applicable Code)

HI-TRAC Body: Lower waterjacket PT (surface) or MT ASME Section V, Article 6 (PT) PT: ASME Section m, Subsection NF,
welds Article NF-5350

ASME Section V, Article 7 (MT) MT: ASME Section III, Subsection NF,
Article NF-5340

HI-TRAC Body: Gusset-to- PT (surface) or MT ASME Section V, Article 6 (PT) PT: ASME Section m, Subsection NF,
baseplate, outer shell and waterjacket Article NF-5350
bottom plate (HI-TRAC 125D only) ASME Section V, Article 7 (MT) MT: ASME Section m, Subsection NF,

Article NF-5340
Transfer Lid: Lid intermediate plate PT (surface) or MT ASME Section V. Article 6 (PT) PT: ASME Section III, Subsection NF,
and lead cover plate-to-lid top plate Article NF-5350
& lid bottom plate ASME Section V, Article 7 (MT) iT: ASME Section III, Subsection NF,

Article NF-5340
Transfer Lid: Door top plate-to-door PT (surface) or MT ASME Section V, Article 6 (PT) PT: ASME Section I, Subsection NF,
wheel housing Article NF-5350

ASME Section V, Article 7 (MT) MT: ASME Section III, Subsection NF,
Article NF-5340

Transfer Lid: Door side plate-to-door PT (surface) or MT ASME Section V, Article 6 (PT) PT: ASME Section III, Subsection NF,
wheel housing Article NF-5350

ASME Section V. Article 7 (MT) MT: ASME Section III, Subsection NF,
Article NF-5340

Transfer Lid: Door side plate-to-door PT (surface) or MT ASME Section V, Article 6(PT) PT: ASME Section III, Subsection NF,
end plate Article NF-5350

ASME Section V, Article 7 (MT) MT: ASME Section 111, Subsection NF,
Article NF-5340

Transfer Lid: Lead cover plate-to- PT (surface) or MT ASME Section V, Article 6 (PT) PT: ASME Section III, Subsection NF,
lead cover side plate Article NF-5350

ASME Section V, Article 7 (MT) MT: ASME Section m, Subsection NF,
Article NF-5340
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9.2 MAINTENANCE PROGRAM

An ongoing maintenance program shall be defined and incorporated into the rn-STORM 100
System Operations Manual which shall be prepared and issued prior to the delivery and first use
of the system to each user. This document shall delineate the detailed inspections, testing, and
parts replacement necessary to ensure continued structural, thermal, and confinement
performance; radiological safety, and proper handling of the system in accordance with
IOCFR72 regulations, the conditions in the Certificate of Compliance, and the design
requirements and criteria contained in this FSAR.

The HI-STORM 100 System is totally passive by design. There are no active components or
monitoring systems required to assure the performance of its safety functions. As a result, only
minimal maintenance will be required over its lifetime, and this maintenance would primarily
result from weathering effects in storage. Typical of such maintenance would be the
reapplication of corrosion inhibiting materials on accessible external surfaces. Visual inspection
of the vent screens is required to ensure the air inlets and outlets are free from obstruction (or
alternatively, temperature monitoring may be utilized). Such maintenance requires methods and
procedures no more demanding than those currently in use at power plants.

Maintenance activities shall be performed under the licensee's NRC-approved quality assurance
program. Maintenance activities shall be administratively controlled and the results documented.
The maintenance program schedule for the rn-STORM 100 System is provided in Table 9.2.1.

9.2.1 Structural and Pressure Parts

Prior to each fuel loading, a visual examination in accordance with a written procedure shall be
required of the Hi-TRAC lifting trunnions and pocket trunnion recesses. The examination shall
inspect for indications of overstress such as cracking, deformation, or wear marks. Repairs or
replacement in accordance with written and approved procedures shall be required if
unacceptable conditions are identified.

A load test on the transfer cask trunnions shall be performed annually or prior to the next HI-
TRAC use if the period the HI-TRAC is out of use exceeds one year. The requirements are
specified in Section 9.1.2.1.

As described in FSAR Chapters 7 and 11, there are no credible normal, off-normal, or accident
events which can cause the structural failure of the MPC. Therefore, periodic structural or
pressure tests on the MPCs following the initial acceptance tests are not required as part of the
storage maintenance program.

9.2.2 Leakage Tests

There are no seals or gaskets used on the fully-welded MPC confinement system. As described in
Chapters 7 and 11, there are no credible normal, off-normal, or accident events which can cause
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the failure of the MPC confinement boundary welds. Therefore, leakage tests are not required as
part of the storage maintenance program.

9.2.3 Subsystem Maintenance

The HI-STORM 100 System does not include any subsystems which provide auxiliary cooling.
Normal maintenance and calibration testing will be required on the vacuum drying, helium
backfill, and leakage testing systems. Rigging, remote welders, cranes, and lifting beams shall
also be inspected prior to each loading campaign to ensure proper maintenance and continued
performance is achieved. Auxiliary shielding provided during on-site transfer operations with the

I-STORM 100 require no maintenance. If the cask user chooses to use an air temperature
monitoring system in lieu of visual inspection ofthe air inlet and outlet vents, the thermocouples
and associated temperature monitoring instrumentation shall be maintained and calibrated in
accordance with the user's QA program commensurate with the equipment's safety classification
and designated QA category. See also FSAR Section 9.2.6.

9.2.4 Pressure Relief Valves

The pressure relief valves used on the water jackets for the HI-TRAC transfer cask shall be
calibrated on an annual basis (or prior to the next HI-TRAC use if the period the HI-TRAC is out
of use exceeds one year) to ensure pressure relief setting is 60 +2/-0 psig or replaced with
factory-set relief valves.

9.2.5 Shielding

The gamma and neutron shielding materials in the I-STORM overpack, HI-TRAC, and MPC
degrade negligibly over time or as a result of usage. To ensure continuing compliance ofthe HI-
STORM 100 System to the design basis dose rate values, a shielding effectiveness test shall be
performed every five years after placement into service.

Radiation monitoring ofthe ISFSI by the licensee in accordance with OCFR72.106(b) provides
ongoing evidence and confirmation of shielding integrity and performance. If increased radiation
doses are indicated by the facility monitoring program, additional surveys of overpacks shall be
performed to determine the cause of the increased dose rates.

The water level in the HI-TRAC water jacket shall be verified prior to each loading campaign in
accordance with the licensee's approved operations procedures.

The Beal-neutron absorber panels installed in the MPC baskets are not expected to degrade under
normal long-term storage conditions. The use ofBoral in similar nuclear applications is discussed in
Chapter 1, and the long-term performance in a dry, inert gas atmosphere is evaluated in Chapter 3. A
similar discussion is providedfor METAAMCf neutron absorber material. Therefore, no periodic
verification testing of neutron poison material is required on the HI-STORM 100 System.
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9.2.6 Thermal

In order to assure that the El-STORM 100 System continues to provide effective thermal
performance during storage operations, surveillance ofthe air vents (or altematively, by temperature
monitoring) shall be performed in accordance with the Technical Specifications and written
procedures.

For those licensees choosing to implement temperature monitoring as the means to verify overpack
heat transfer system operability, a maintenance and calibration program shall be established in
accordance with the plant-specific Quality Assurance Program, the equipment's quality category, and
manufacturer's recommendations.
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Table 9.2.1

Il-STORM SYSTEM MAINTENANCE PROGRAM SCHEDULE

Task Frequency

Overpack cavity visual inspection Prior to fuel loading

Overpack bolt visual inspection Prior to installation during each use

Overpack external surface (accessible) visual Annually, during storage operation
examination

Overpack vent screen visual inspection for Monthly
damage, holes, etc.

HI-STORM 100 Shielding Effectiveness Test In accordance with Technical Specifications after
initial fuel loading, and every five years thereafter
under the Maintenance Program

HI-TRAC cavity visual inspection Prior to each handling campaign

H-TRAC lifting trunnion and pocket tmnnion Prior to each handling campaign
recess visual inspection

Load Testing of I-TRAC Lifting Trunnions Annuallyt

HI-TRAC pressure relief valve calibration Annuallyt

HI-TRAC internal and external visual inspection Annuallyt
for compliance to design drawings

HI-TRAC water jacket water level visual Prior to each handling campaign
examination

I-TRAC and Overpack visual inspection of Annually
identification markings

Overpack Air Temperature Monitoring System Per licensee's QA program and manufacturer's
recommendations

t Or prior to next HI-TRAC use if the period the HI-TRAC is out of use exceeds one year.
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10.2 RADIATION PROTECTION DESIGN FEATURES

The development of the HI-STORM 100 System has focused on design provisions to
address the considerations summarized in Sections 10.1.2 and 10.1.3. The intent has
been to improve on past concrete-based dry storage system designs by developing HI-
STORM 100 as a hybrid of current metal and concrete storage system technologies. The
design is, therefore, an evolution in storage systems, which incorporates preferred
features from concrete storage, canister-based systems while retaining several of the
advantages of metal casks as well. This approach results in a reduction in the need for
maintenance, in overall radiation levels, and in the time spent on maintenance, when
compared with current concrete-based dry storage systems. The following specific
design features ensure a high degree of confinement integrity and radiation protection:

* HI-STORM 100 has been designed to meet storage condition dose rates
required by OCFR72 [10.0.1] for A-ethree-year cooled fuel;

* HI-STORM 100 has been designed to accommodate a maximum number
of PWR or BWR fuel assemblies to minimize the number of cask systems
that must be handled and stored at the storage facility and later transported
off-site;

* HI-STORM 100 overpack structure is virtually maintenance free,
especially over the years following its initial loading, because of the outer
metal shell. The metal shell and its protective coating provide a high level
of resistance to corrosion and other forms of degradation (e.g., erosion);

* HI-STORM 100 has been designed for redundant, multi-pass welded
closures on the MPC; consequently, no monitoring of the confinement
boundary is necessary and no gaseous or particulate releases occur for
normal, off-normal or credible accident conditions;

* HI-TRAC transfer cask has a transfer step and other auxiliary shielding
devices which eliminates streaming paths and simplify operations;

The pool lid maximizes available fuel assembly water coverage in the
spent fuel pool.

* The transfer lid is designed for quick alignment with HI-STORM; and

* HI-STORM 100 has been designed to allow close positioning (pitch) on
the ISFSI storage pad, thereby increasing the ISFSI self-shielding by
decreasing the view factors and reducing exposures to on-site and off-site
personnel.
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10.3 ESTIMATED ON-SITE COLLECTIVE DOSE ASSESSMENT

This section provides the estimates of the cumulative exposure to personnel performing loading,
unloading and transfer operations using the HI-STORM system. This section uses the shielding
analysis provided in Chapter 5 and the operations procedures provided in Chapter 8 to develop a
dose assessment. The dose assessment is provided in Tables 10.3.1, 10.3.2, and 103.3.

The dose rates from the HI-STORM 100 overpack, MPC lid, HI-TRAC transfer cask, and HI-
STAR 100 overpack are calculated to determine the dose to personnel during the various
loading and unloading operations. The dose rates are also calculated for the various conditions
of the cask that may affect the dose rates to the operators (e.g., MPC water level, HI-TRAC
annulus water level, neutron shield water level, presence of temporary shielding). The dose rates
around the 100-Ton HI-TRAC transfer cask are based on 24 PWR fuel assemblies with a bumup
of 42,50046,000 MWD/MTU and cooling of 53 years including BPRAs. The dose rates around
the 125-Ton HI-TRAC transfer cask are based on 24 PWR fuel assemblies with a burnup of
57,50075,000 MWD/MTU and cooling of 42-5 years including BPRAs. The dose rates around
the HI-STORM 100 overpack are based on 24 PWR fuel assemblies with a burnup of 5247,500
MWD/MTU and cooling of -3 years. The selection of these fuel assembly types in all fuel cell
locations bound all possible PWR and BWR loading scenarios for the HI-STORM System from
a dose-rate perspective. No assessment is made with respect to background radiation since
background radiation can vary significantly by site. In addition, exposures are based on work
being performed with the temporary shielding described in Table 10.1.2.

The choice of burnup and cooling times used in this chapter is extremely conservative. The
bounding burnup and cooling time that resulted in the highest dose rates around the 100-ton and
125-ton HI-TRACs were used in conjunction with the very conservative burnup and cooling time
for the HI-STORM 100 overpack (as discussed in Section 5.1). In addition, including the source
term from BPRAs increases the level of conservatism. The maximum dose rate due to BPRAs
was used in this analysis. As stated in Chapter 5, using the maximum source for the BPRAs in
conjunction with the bounding burnup and cooling time for fuel assemblies is very conservative
as it is not expected that burnup and cooling times of the BPRAs and fuel assemblies would be
such that they are both at the maximum design basis values. This combined with the already
conservative dose rates for the HI-TRACs and HI-STORMs results in an upper bound estimate
of the occupational exposure. Users' radiation protection programs will assure appropriate
temporary shielding is used based on actual fuel to be loaded and resulting dose rates in the field.

For each step in Tables 10.3.1 through 10.3.3, the operator work location is identified. These
correspond to the locations identified in Figure 10.3. 1. The relative locations refer to both the
HI-STORM 100 Overpack and the HI-STORM 100s Overpack. The dose rate location points
around the transfer cask and overpack were selected to model actual worker locations and cask
conditions during the operation. Cask operators typically work at an arms-reach distance from
the cask. To account for this, an 18-inch distance was used to estimate the dose rate for the
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worker. This assessment addresses only the operators that perform work on or immediately
adjacent to the cask.

Justification for the duration of operations along with the corresponding procedure steps from
Chapter 8 are also provided in the tables. The assumptions used in developing time durations are
based on mockups of the MPC, review of design drawings, walk-downs using other equipment to
represent the HI-TRAC transfer cask and HI-STORM 100 overpack the HI-STAR 100 overpack
and MPC-68 prototype, consultation with UST&D (weld examination) and consultation with
cask operations personnel from Calvert Cliffs Nuclear Power Plant (for items such as lid
installation and decontamination). In addition, for the shielding calculations, only the
Temporary Shield Ring was assumed to be in place for applicable portions of the operations.

Tables 10.3.1a, 10.3.lb, and 10.3.1c provide a summary of the dose assessment for a HI-STORM
100 System loading operation using the 125-ton HI-TRAC, the 100-ton HI-TRAC, and the 125-
ton HI-TRAC 125D respectively. Tables 10.3.2a, 2b, and 2c provide a summary of the dose
assessment for HI-STORM 100 System unloading operations using the 125-ton HI-TRAC, the
100-ton HI-TRAC, and 125-ton HI-TRAC 125D respectively. Tables 10.3.3a, 3b, and 3c
provide a summary of the dose assessment for transferring the MPC to a HI-STAR 100 overpack
as described in Section 8.5 of the operating procedures using the 125-ton HI-TRAC and the 100-
ton HI-TRAC transfer cask, respectively.

10.3.1 Estimated Exposures for Loading and Unloading Operations

The assumptions used to estimate personnel exposures are conservative by design. The main
factors attributed to actual personnel exposures are the age and burnup of the spent fuel
assemblies and good ALARA practices. To estimate the dose received by a single worker, it
should be understood that a canister-based system requires a diverse range of disciplines to
perform all the necessary functions. The high visibility and often critical path nature of fuel
movement activities have prompted utilities to load canister systems in a round-the-clock mode
in most cases. This results in the exposure being spread out over several shifts of operators and
technicians with no single shift receiving a majority of the exposure.

The total person-rem exposure from operation of the HI-STORM 100 System is proportional to
the number of systems loaded. A typical utility will load approximately four MPCs per reactor
cycle to maintain the current available spent fuel pool capacity. Utilities requiring dry storage of
spent fuel assemblies typically have a large inventory of spent fuel assemblies that date back to
the reactor's first cycle. The older fuel assemblies will have a significantly lower dose rate than
the design basis fuel assemblies due to the extended cooling time (i.e., much greater than the
values used to compute the dose rates). Users shall assess the cask loading for their particular
fuel types (burnup, cooling time) to satisfy the requirements of 1OCFR20 [10.1.1].

For licensees using the 100-Ton HI-TRAC transfer cask, design basis dose rates will be higher
(than a corresponding 125-Ton HI-TRAC) due to the decreased mass of shielding. Due to the
higher expected dose rates from the 100-Ton HI-TRAC, users may need to use the auxiliary
shielding (See Table 10.1.2), and should consider preferential loading, and increased precautions
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(e.g., additional temporary -or auxiliary shielding, remotely operated equipment, additional
contamination prevention measures). Actual use of optional dose reduction measures must be
decided by each user based on the fuel to be loaded.

10.3.2 Estimated Exposures for Surveillance and Maintenance

Table 10.3.4 provides the maximum occupational exposure required for security surveillance and
maintenance of an ISFSI. Although the HI-STORM 100 System requires only minimal
maintenance during storage, maintenance will be required around the ISFSI for items such as
security equipment maintenance, grass cutting, snow removal, vent system surveillance, drainage
system maintenance, and lighting, telephone, and intercom repair. Security surveillance time is
based on a daily security patrol around the perimeter of the ISFSI security fence. The estimated
dose rates described below are based on a sample array of rn-STORM 100 overpacks fully
loaded with design basis fuel assemblies, placed at their minimum required pitch, in a 2 x 6 HI-
STORM array. The maintenance worker is assumed to be at a distance of 5 meters from the
center of the long edge of the array. The security worker is assumed to be at a distance of 15
meters from the center of the long edge of the array. Users may opt to utilize electronic
temperature monitoring of the HI-STORM modules or remote viewing methods instead of
performing direct visual observation of the modules. Since security surveillances can be
performed from outside the ISFSI, a dose rate of 3 mrem/hour is estimated. For maintenance of
the casks and the ISFSI, a dose rate of 10 mrem/hour is estimated
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Table 10.3.1a
HI-STORM 100 SYSTEM LOADING OPERATIONS USING THE 125-TON I-TRAC TRANSFER CASK

ESTIMATED OPERATIONAL EXPOSURESt (7>0075.000 MWD/MTU. 45-YEAR COOLED PWR 1IWEL_
OPERATOR IJDOSE RATETTL

DURATION L0CATIONI NUMBER or AT DOSE TO TOAX ~~ACTION |(IUE FC~ OPERATOR tRW INDVIDUA (r DOSEt M ACTION ~~~(MINUTES) (FIGURE OERTORS OPERATORN NIVW (jfRS4N- ASSUMPTIONS
103.1) I j LOCIREAIN (mJ4EM) MREM)

Seclen LI 
LOAD PRh-SELECTED FUEL 1020 I 2 1 17. 34.0 IS MINUTES PER ASSEMBLYK8 ASSYASSEMBLIES JNTO MPC 1____2_17.0
PERFORM POST-LOADING VISUAL
VERIFICATION OF ASSEMBLY 68 I 2 I 1.1 23 I MINUTES PER ASSY/63 ASSYIDENTIFICATION

INSTALL MPC LID AND ATTACH LIFT 045 | 2 2 | 2.0 3.0 CONSULTATION WITH CALVERTYOKE 45_22_20____ 0 CLIFFS
RAISE HI-TRAC TO SURFACE OF 1 OET2F/IUE(RNSPENT FUEL POOL 20 2 2 2.0 0.7 1.3 40 FEET 2 FT1TE (CRANESURVEY MPC ID FOR HOT 3 3A I 31.1 1.6 1.6 TELESCOPING DETECTOR USEDPARTICLES

VERIFY MPC UD IS SEATED 0.5 3A I 31.1 0.3 0.3 VISUAL VEIFICATION FROM 3
INSTALL LJD RETEN71ON SYSTEM -_______METERSINSTALL UD RETEWION SYSTEM 6 3B 2 464 4.6 9.3 24 BOLTS @ I/PERSON-MINUTEBOLTS_ 

_
REMOVE HI-TRAC FROM SPENT FUEL X.5 3C I 117.8 16.7 16.7 17FEET@2FTIN(CRANESPBBD)POOL 117_8 16_7 16_7 1_________________(C ANE _SPEED
DECONTAMINATE H-TRAC BOTTOM 10 3D I 142.0 23.7 23.7 LONG HANDLED TOOLS.

TAKE SMEARS OF_____H________PRELIMINARY 
DECONTAKBSMEARSOF -TRAC 5 SB 153 15.4 1.4 50 SMEARS@ 10 SMEARS/MINUTEEXTERIOR SURFACES _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _DISCONNECT ANNULUS

OVERPRESSURE SYSTEM 0.5 SC I 52.7 0.7 0.7 QUICK DISCONNECTCOUJPUNG
SET HI-TRAC IN CASK PREPARATION
AREA 10 4A I 46.4 7.7 7.7 IO FT 10 FT/MIN (CRANE SPEED)
REMOVE NEUTRON SHIELD JACKET 4A 464 1.5 1.5 SINGLE PLUG NO SPECIAL TOOLSFILL PLUG 2__44___SGEuaNSEATO
INSTALL NEUTRON SHIELD JACKET 2B 183.3 6.2 6.2 SINGLE PLUG, NO SPECIAL TOOLSFILL PLUG 2I62S__O A ODISCONNECT LID RETENTION 6 5A24 BOLTS 1. BOLT.PERSONSYSTEM 6____2_37.3 ___7_7_5 MINUTES IDOTPRN
MEASURE DOSE RATES AT MPC LID 3 5A I 37.3 1.9 1.9 TELESCOPING DETECTOR USED

t See notes at bottom of Table 10.3.4.
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Table 10.3.1n
1I--STORM 100 SYSTEM LOADING OPERATIONS USING THE 125-TON I-TRAC TRANSFER CASK

ESTIMATED OPERATIONAL ExPOSUSt (7 000 425-YEAR COOLED PWR FE L)
OPERATOR IDOSE RATE TOTAL

ACTION DURATION LOCAriON NUMDFR OF AT DOSE TO DO",ACTION (MINUTES) (FIGURE OPERATORS OPERATOR IN1)IVII)UAL (PERSON- ASSUMNTH)NS
103,1) LO~~I.ACATION (MREm) M E )

(lU E IHR)
490 SQ-FI@5 SQ-FF/PRERSON-DECONTAMINATE AND SURVEY H- 0 . 3 38 MN 5 SMEARS@I01RAC .10 5B ItN.3 3J. 1 31t.1 SMB +0ARSNTRAC _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~~ ~ ~SM EARSIM IN UTE

INSTALLTEMPORARY SHIELD 16 6A 2 1.7 5.0 10.0 SSEGMENTS I SEGMENT/PERSON

FILL TEMPORARY SHIELD RING 25 6A I .I.7 7.8 7.8 SPRAY WAND
ATTACH DRAIN LINE TO HI-TRACC 
DRAIN PORT0.5 SC U. 7 0.7 Q DISCO T COUP
INSTALL RVOAs 2 6A I 187 0.6 0.6 SINLE THRADED CONECON X 2_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _R V O A a
ATTACH WATER PUMP TO DRAIN 2 6A I 18.7 0.6 0.6 POSITION PUMP SELF PRIMING
P O R T_ _ _ _ _ _ _ _ _ _ _ _ _ _ _

DISCONNECT WATER PUMP 5 6A I 18.7 1- 1.6 DRAIN HOSES MOVE PUMP
DECONTAMINATE MPC LID TOP 30SQ-FT@sQ-FT/MIU+Io
SURFACE AND SHELLARBA ABOVE 6 6A I 1t.7 1.9 1.9 SMEARS(I0 SMEAR/MINUTTE
INFLATABLE ANNULUS SEAL
REMOVE INFLATABLE ANNULUS 6A 17 0.9 0.9 SEAL PULL OUT DTRECTLYSEAL
SURVEY MPC LID TOP SURFACES
AND ACCESSiBLE AREAS OF TOP I 6A I It7 0.3 0.3 10 SMEARS@10 SMEARS/MINUTE
THREE INCHES OF MPC SHELL
INSTALL ANNULUS SHIELD 2 6A I 1&7 0.6 0.6 SHIELD PLACED BY HAND
CENTER UD IN MPC SHELL 20 6A 3 17 6.2 I8.7 CONSULTATION WITH CALVERT

_________ ~~~~~~ ~~~~CLIFFS
INSTALL MPC LID SHIMS 12 6A 2 18.7 3.7 7.J MEASURED DURIN WELD MOCKUP
POSITION AWS BASEPIATE SHIELD 20 7A 2 18.7 6.2 12. ALIGN AND REMOVE 4 SHACKLES
ON M PC LID ._ _ _ ___ _ _ _ _ _ _ _

INSTALL AUTOMATED WELDING . 2 17 05 50 ALIGN AND REMOVE 4 SHACKLES/4
SYSTEM ROBOT . . QUICK CONNECTS@I/MIN
PERFORM NDE ON LID WELD 230 . 7A I 18.7. 71.7 71.t MEASURD DURING WELD MOCKUP
ATTACI DRAIN LINE TO VENT PORT I 7A : 18.7 0.3 0.3 I"THREADED FITI7NO NO TOOLS
VISUALLY EXAMINE MPC LID-TO-
SHELL WELD FOR LEAKAGE OF 10 7A I 18.7 3.1 3.1 10 MIN TEST DURATIONWATER WTRFLINAD_ 7A -_.e___.6__HRAE ______O7OL __
DISCONNECT WATER FILL LINE AND 2 7A I 18.7 0.6 0.6 I THREADED FITTING NO TOOLS X 2
D R A I N L IN E _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Table 103.1a
HI-STORM 100 SYSTEM LOADING OPERATIONS USING THE 125-TON III.TRAC TRANSFER CASK

ESTIMATED OPERATIONAL EXPOSURESt (75JO D0 45-YEAR COOLED PWR FUEL)
OPERlATORI DOS U TOTAL

DURATION LOCATION NUMBER OF AT I)OSETO DOSEKACTION (MINUTES) (FIGURE OPERATORS OPERATOR INUIVIDUAL (PERSON ASSUMPTIONS
10.3.1) W~~~LCATION (MIIm) MEM

(MREM/IIR) 1M
REPEAT WQUID PENETRANT
EXAMINATION ON MPC D FINAL 45 7A I 18.7 14.0 1.0 5 MITOPLY, 7 MINTOWI
PASS APPLY DEV, INSP (24 IWMIN)
ATTACH GAS SUPPLY TO VENT PORT I 7A 18.7 0.3 0.3 1"THREADED FITNG NO TOOLS
ATTACH DRAIN LINE TO DRAIN 7A 18.7 0.3 03 ITHREADEDFITnNG NO TOOLSPORT I_ __ _ _ 1 _ _ _ _

DeeiN11filUFLI8160 SIFFER TO 4 4 JA sji c!1.jP1 AX&"'M`;iUQflO' 0

nF_,_,Alctltir s?" Wiii ir
4 &A, eA SAW8 'A*L 'CT^C N T 

ATTACH DRAIN LINE TO VENT PORT I OA I 37.9 0.6 0.6 I THREADED FrTMNG NO TOOLS
ATTACH WATER FILL LINE TO DRAIN 8A I 37.9 0.6 0.6 I"THREADEDFITllNGNOTOOLS
PORT

DISCONNECT WATER FILL DRAIN 2 A .9 1.3 1.3 " THREADED FITriNa NO TOOLS XLINES FROM MPC _____ ____2

ATTACH HEAUM SUPPLYTOVENT 37.9 0.6 0.6 I'TTHREADED FITNG NO TOOLS
PORT__ _ _ _ __ _ _ _ _
ATTACH DRAINNETODRAIN A 37.9 0.6 0.6 1 THREADED FITTING NO TOOLS
PORT
DISCONNECT GAS SUPPLY LINE I SA I 37.9 0.6 0.6 ITHREADED FITIN NO TOOLS
FROM MPC ____

DISCONNECT DRAIN LINE FROM MPC I SA I 37.9 0.6 0.6 ITHREADED FITTING NOTOOLS
ATTACHM MOISTURE REMOVAL
SYSTEM TO VENT AND DRAIN PORT 2 SA I 37.9 1.3 1.3 I'THREADED FIll1NQ NO TOOLS
RVOAs .
DISCONNECT MOISTURE REMOVAL 2 8A I 37.9 1.3 1.3 I THREADED FlliNG NO TOOLS XSYSTEM FROM MPC 2
CLMOS DRAIN PORT RVOA CAP AND 8A 37.9 0.9 0.9 SINGLE THREADED CONNECTION (IREMOVE DRAIN PORT RVOAA RVOA)
ATTACH HEUUM BACKFILL SYSTEM I BA 37.9 0.6 0.6 r THREADED FITTING NO TOOLS
TO VENT PORT
DISCONNECT HBS FROM MPP I 8A 3 37.9 0.6 0.6 1 THREADED FITINO NO TOOLS
CLOSE VENT PORT RVOA AND 8 BA 37.9 0.9 0.9 SINGLE THREADED CONNECTION (IDISCONNECT VENT PORT RVOA RVOA)
WIPE INSIDE AREA OF VENT AND 2 BA I 37.9 1.3 1.3 2 PORTS, I MIN/PORT
DRAIN PORT RECESSES _
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Tnble 103.1a
HI-STORM 100 SYSTEM L)ADING OPERATIONS USING THE 125-TON HII-TRAC TRANSFER CASK

ESTIMATED OPERATIONAL EXPOSU E 07 ( ,000 fyD/J 5-YEAR COOLED PwR FUEL)
OPERATOR DOSE RAT TOTAL_DURATION LOCATION NUMBER Or A DOSETO 1AACTION (MINUTES) (FIGURE OPERATORS OPERATOR INDIVIDUAL (PERSON- ASSUMPTIONS

_ _ _ _ _ _ _ _ 163.1) ~(M R CM H R ) _ _ _ _ R M
PLACE COVER PLATE OVER VEN BA 37.9 06 06 INSTALLED BY HAND NO TOOLSPORT REC ES I_ __ _ _ _ _ _ _ _ _ _ _ _ _ (2M mN)
PERFORM NDE ON VENT AND DRAIN E 37.9 63.2 632 MASURED DURING WELD MOCKUPCO V ER PLATE W ELD ____ ____ ___ ____ _ 9_6___2__ ____ ____

INSTIL SET SCREWS 2 SA 1 37.9 1.3 1.3 4 SETSCREWS @2MINUTE
PLUOWELDOVERSET SCREWS 8 SA 1 379 . 5.1 FOURSINGLESPOTWELDS@ IPER2

Dele! d0 t-l'n J 'TqR 1) a 4 . .46TiLLPK 1 r6 NO TOOU!

INSTALL AND A LIGN CLOSURE RING 5 8A 37.9 3.2 32 INSTALLED BY AND NO TOOLS
PERFORM NDE ON CLOSURE RING 185 A 37.9 116.9 1/6.9 MEASURED DURINO WELD MOCKUPW EL S_ _ _ _ _ _ _ _ _ _ _ _ _ _ TESTIN G
RIG AWSTOCRANE 12 A I 37.9 7.6 76 I0M T DISCON_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _~ _ _ _ _ _ _ _ _ _ _ _ _ _ _I_ _ I__ _ _ _ _ _ _ _ _ _ _ _ S H A C K E SM 2 M IN

REMOVE ANNULUS SHIELD I BA I .37.9 0.6 0.6 SHIELD PLACED BY HAND
ATTACH DRAIN LINE TO HI-TRAC I 9D . 354.2 5.9 5.9 1" THREADED FITTING NO TOOLS
POSITION HI-TRAC TOP LID ID 9B 2 37.9 6.3 12.6 VERTICAL FLANGED CONNECTIONi ~ ~ ~ ~ ~ 1 BI3.97676 24 BOLTS AT 2/MIN (INSTALL ANDTORQUE TOP LID BOLTS 12s - 27_63L TORQUR I PASS
INSTALL MPC LIFT CLEATS AND MPC 25 9A 2 660 132. INSTALL CLEATS AND HYDROSUJNGS 25____2___ __660___2_ TORQUE 4 BOLTS
REMOVE TEMPORARY SHIELD RING I sn . 37.9 0.6 0.6 8 PLUGS @ sMINDRAIN PLUGS__ _ _ __ _ _ _ _

REMOVE TEMPORARY SHIELD RING 4 9A I 158.5 10.6 10.6 REMOVED BY HAND NO TOOLS (8SE0M NTS _ _ _ _ __ _ _ _ _ _ _ _ __ SEGOS6 2M'N)ATTACH MPC SLINGS TO LIFT YOKE 4 9A 2 158.5 10.6 21.1 INSTALLED BY HAND NO TOOLS
POSmlON HITACABOVE 9C I 117.8 29.5. 29J 100 FT IFr/MIN (CRANE SPEED)+TRANSFER STEP 

_____ MIN TO ALIGN
REMOVE BOTTOM LID BOLTS 0A 36 BOLTS3M BOLTSMIN IMPACT_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~~ ~ ~~To o Ls U S E D
INSTALL TRANSFER UD BOLTs IS | IB 354.2 106.3 106.3 36 BOLTS A 2SMN IMPACT TOOLS
DISCONNECT MPC SLINGS 4 - 9A 2 1I5 10.6 21.1 1 INSTALLED BY HAND NO TOOLS

SedW&,3..7

lI l

I.
I,

I''
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Table 103.1a
HII-STORM 100 SYSTE M LOADING OPIERATIONS USING THE 125-TON HI-TRAC TRANSFE R CASK

ESTIMATED OPEIRATIONAT. EPoSrist (l7 Sm.O MWn/fMTII 45-VAR COOTRD PWR FITTRL)
OPERATOR DOSE RATE TOTAL

DURATION LOCATION NUMBJER OF AT DOSE TO DOSEACTION DU -uTON (IGUR9 NUMUROFS OPERATOR INDIVIDUA PERSON- ASSUMPTIONSACTION (MINUTES) (FIGURE OPERATOR LOCATION (mREm) mtM
(11)ZM.-

POSITION HI-TRAC ON TRANSPORT 20 1118 393 785 ALIGN TRUNNIONS, DISCONNECTDEVICE 20_______ 2_______ 9.785 LIFT YOKE
TRANSPORT HI-TRAC TO OUTSIDE 90 12A 3 26.4 39.6 1188 DRIVER AND2 SPOTTERSTRANSFER LOCATION 900_ 1 2A 3____9.____DRVEAD__SR
ATTACH OUTSIDE LIFTING DEVICE 2 12A 2 26.4 0.9 1.8 2 LINKS@I/MINLIFT LINKS__ _ _ _ _ __ _ _ _ ___ 

_ _ _ _ _ _ _ _ _ _ _ _ _MATEOVERPACKS 10 13B 2 . IIJ 19.8 39.5 ALIGNMENTGUIDESUSED
ATACH MPC SLINGS TO MPC UFT 10 13A 2 158.5 26.4 5Z8 2 SLINGS@MINSUNG NO TOOLSCLEATS _____

REMOVE TRANSFER LID DOOR 4 _LOCKING PINS AND OPEN DOORS 2 118.5 7.9 15.8 2 PINS PININSTALL TRIM PLATES 4 13B 2 118.5 7.9 15.8 INSTALLED BY HANDDISCONNECT SLINGS FROM MPC 10 13A 2 158.5 26.4 52.8 2 SUNGS5M[WSLINGLIFTING DEVICE__ _ _ _ _ _ _ _ _

REMOVE MPC LIFT CLEATS AND MPC 10 14A 3J62.5 60.4 60.4 4 BOLTSNO TORQUINOSLINGS HOLE PWGSINMPT

INSTALL HOLE PWGS IN EMPTY 2 14A 3625 12.1 12.1 4 PWGS AT 2/MN NO TORQUINGMPC BOLT HOLES
REMOVE HI-STORM VENT DIJCT 2 15A I 43.5 1.5 1.5 4 SHACKLES@2/MNSHIELD INSERTSI

REMOVE ALIGNMENT DEVICE 4 15A I 45.5 3.0 3.0 REMOVED BY HAND NO TOOLS (4_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~~~~ ~~~~~~PCS(aII/M IN)INSTALL II-STORM LID AND 25 16A 2 7.3 3.1 6.1 INSTALL UD AND HYDRO TORQUE 4INSTALL LID STUDS/NUTS BOLTSINSTALL HSWTORM EXIT VENT 4 16B 1 73.9 4.9 4.9 4 PCS @ I/MIN INSTALL BY HAND NOGAMMA SHIELD CROSS PLATES . TOOLSINSTALL TEMPERATURE ELEMENTS 20 16B I 73.9 24.6 24.6 465MIN/TEMPERATURE ELEMENTINSTALL EXIT VENT SCREENS 20 16B I 73.9 24.6 24.6 4 SCREENS05MINSCREEN
REMOVE HI-STORM LID LIFTING 2 I6A I 7.3 0.2 0.2 4 SHACKLES2/M1NDEVICE
INSTALL HOLE PLUGS IN EMPTY 2 16A I 7.3 0.2 0.2 4 PLUGS AT 2VMIN NO TORQUINGH O LES _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _
PERFORM SHIELDING1 16D 23.8 1I. 23.3 16 POINTSI MINEFFECTIVENESS TESTINGISID24.11723 PON0JMN
SECURE H-STORM TO TRANSPORT 10 16A 2 7.3 1.2 2.4 ASSUMES AIR PAD

TRANSFER Hi-STORM TOCTS 40 16C 25.5 17.0 IZ 200 FEET 4FT/MINDESIGNATED STORAGE LOCATION I6 25 I 1. 70 20FE@F/I
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Table 103.1n-
HI-STORM 100 SYSTEM LOADING OPERATIONS USING THrE 125-TON Hj-TRAC TRlANSF13R CASK

ESTIMATED OPERATIONAL EXpOSURESt (MA0f475.00 MWD/MTU. 445-YE AR COOLE D PWR lUEL)
OrERATOR DOSE RATE TOTAL

DURA71ON LOCATION 1MmiER OF ATPSET OSE
ACTION n -IGUE OPERATORS OPERATOR INDIVIDUAL (ERSON ASSUMPTIONS

1031) ~~~LOCATION (MREM4) ME)
_________ (M REM MHR)__ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _

INSERT HI-STORM LIFTING JACKS 4 16D 43.8 2.9 Z9 4 JACKS@I/MIN
REMOVE AIR PAD 5 16D 2 43.8 3.6 7.1 1 PAD MOVED BY HAND
REMOVE HI-STORM UFFING JACKS 4 16D I 43.8 2.9 2.9 4 JACKSI/MN
INSTALL INLET VENT
SCREENS/CROSS PLATES 20 16D I 43.8 14.6 14.6 4 SCREENS@MINICREM
PERFORM AIR TEMPERATURE RISE 
TEST __ 16B _ 7.9 9.8 9.J N MEASUREMIM _

TOTAL O. .797.20 PERSON-MREM
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Table 103.1b
HI-STORM 100 SYSTEM LOADING OPERATIONS USING THE 100-TON HI-TRAC TRANSFER CASK
ESTIMATED OPERATIONAL EXPOSURESt (4Z.546.000 MWD/MTU. 93-YEAR COOLED PWR MEL

OPERATOR DOSE RlATE AT DS O TOTAL
ACiON | DURATION LOCATION NUhIER O OPERATOR INDIVIDUALT DOSACTION (MINUTES) ~~~~~~~~~(FIGURlE OPERATORS OEAO NIIUL (ESN SUPIN

1 ~~~~10.3.1) LAOCATION (MREM) (PRSO- SUMTIN_______I________(MREMIHI4)_____ EM
Sectio 81.4

LADRE-SELECNTED FUE 1020 1 2 3 15L0 102.0 15 MINUTES PER ASSEMBLY/68
PERFORM POST-LOADING VISUAL 0
VERIFICATION OF ASSEMBLY 68 I 2 3 3.4 6.8 I MINUTES PER ASSY/68 ASSY
IDENTIFICATION

SeStIon HS.1
INSTALL MPC LID AND ATTACH 45 2 2 3 2.4 CONSULTATION WITH CALVERT
LIFT YOKE IS CLIFFS
RAISE 1.TRAC TO SURFACB OF 20 2 2 3 10 20 40 FEET @ 2 F/MINUTE (CRANE
SPENT FUEL POOL SPEED)

PARTICLES 3 3A I 31.1 1.6 1.6 TELESCOPING DETECTOR USED

VERIFY MPC LID IS SEATED 0.5 3A I 31.1 0.3 0.3 VISUAL VERIFICATION FROM 3_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _M ETERS
INSTALL LID RETENTION SYSTEM 6 3H 2 76.3 7.6 15.3 24 DOLTS @ I/PERSON-MINUTE
BOLTS
REMOVE HI-TRAC FROM SPENT 8.5 3C I 663.4 94.0 94.0 17 FEET @ 2 FTMIN (CRANE
FUIEL POOL _ _ _ _ _ __ _ _ _ ___ _ _ _ _ __ _ _ __ SPEED)
DECONTAMINATE HR-TRAC 10 3D I 4325 72.1 72.1 LONG HANDLED TOOI5
BOTTOM _______________PRELIMINARY DECON
TAKE SMEARS OF H-TRAC 5 SB I 9/9./ 76.6 76.6 50SMEARS@ 10SMEARS/MINUTe
EXTERIOR SURFACES . -
DISCONNECT ANNULUS 0.5 5C 241.8 2. Z0 QUICK DNNECT OUPLNG
OVERPRESSURE SYSTEM . Q
SeT H-TRAC IN CASK 10 4A I 76.3 127 IL7 100 FT @ 0 FTMIN (CRANE SPEED)
PREPARATION AREA

REMOVE NEUTRON SHIELD 2 4A I 76.3 25 2.5 SINGLE PLUG. NO SPECIAL TOOLSJACKET FILL PLUG__________
INSTALL NEUTRON SHIELD 2 5B I 919.1 306 30.6 SINGLE PLUG. NO SPECIAL TOOLS
JACKET FILL PLUG

t See notes at bottom of Table 10.3.4.
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Table 10.3.1b
I1-STORM 100 SYSTEM IOADING OPERATIONS USING THE 100-TON IU-TRAC TRANSFER CASK

ESTIMATED OPERATIONAL EXPOSU t (4000 D/U, 5YEAR COOLE D PWR FUEL)
OPERATOR ~DOSE RATEOPERATOR . . 5 RAT DOSE TO TOTAL

ACI'JON DURATION LOCATION NUMEROF OPERATOR INDIVIDUAL DOSE ASSUMPTIONS(MiMUTES) (FIGURE OPERATORS LCTN (ME) (PERSON-
10.3.1) _ _ _ _ _ M E II ) _ _ _ _ _ M M )

DISCONNECT LID RETENTION 6SA 2 62.5 6.3 12.3 24 BOLTS @ I BOLT/PERSON
SYSTEM _ _ _ ___ _ __MINUTES

MEASURE DOSE RATES AT MPC 3 SA I 62.5 3.1 3.1 TELESCOPING DETECTOR USED

490 SQ-FT@5 SQ-FT/PRERSON-
DECONTAMINATE AND SURVEY 40S-ISS*5PESNDECONTAMINATE AND SURVEY 103 5B I 919.1 1577.8 1577.8 M 1NUTE+50 SMEARS@10HI-TRAC SMEARS/MINUIE

INSTALL TEMPORARY SHIELD 16 6A 2 31.3 8.3 16.7 8 SEGMENTS I_______ ~~~~~~~~SEGMENT/PERSON MIN

FILL TEMPORARY SHIELD RING 25 6A 3.3 13.0 13.0 230 GAL IOGPM, LONG HANDLED.____ _ ._._._._:SPRAY WAND
ATIACH DRAIN LINE TO Hl-TRAC 0.5 5C I 241.8 2.0 2.0 QUICK DISCONNECT COUPLNG

INSTALL RVOAs 2 6A I 31.3 1.0 1.0 SINGLE THREADED CONNECTION
________ ________ ~~~~~~~~X 2 RVOAs

ATTACH WATER PUMP TO DRAIN 2 6A I 31.3 1.0 1.0 POSITION PUMP SELF PRIMING
P O R T _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

DISCONNECT WATER PUMP 5 6A I 31.3 2.6 2.6 DRAIN HOSES MOVE PUMP
DECONTAMINATE MPC UAD TOP
SURFACE AND SHELL AREA 3 30 SQT @5 SQT/MtTE+i0
ABOVE INFLATABLE ANNULUS 6 6A 31.3 3.1 SMBARS@10 SMEARS/MINUTE
SEAL ._.
REMOVE INFLATABLE ANNULUS 6A 31.3 1.6 1.6 SEAL PULLS OUT DIRECTLY
SEAL__ _ _ _

SURVEY MPC LID TOP SURFACES
AND ACCESSIBLE AREAS OF TOP I 6A I 31.3 0.5 0.5 10 SMEARS10 SMEARS/MINUTE
THREE INCHES OF MPC SHELL . .
INSTALL ANNULUS SHIELD 2 6A I 31.3 1.0 1.0 SHIELD PLACED BY HAND

CENTER LID IN MPC SHELL 20 6A 3 31.3 10.4 31.3 CONSULTATION WITH CALVERT
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ C L I F F S

INSTALL MPC LID SHIMS 12 6A 2 31.3 6.3 12.5 MEASURED DURING WELD
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ M O C K U P T E S T IN G

POSITION AWS BASEPLATE 20 7A 2 31.3 10.4 20.9 ALIGN AND REMOVE 4 SHACKLESSHIELD ON MPC LID

HI-STORM FSAR
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Table 10.3.1lb
HI-STORM 100 SYSTEM LOADING OPERATIONS USING THE 100-TON HI-TRAC TRANSFE' R CASK

ESTIMATED OPERATIONAL EXPOSURI st (446.ooo MWD/MTU. 63-YEAR COOLED PWR FUELI

-

OPERATOR DOSE AT TOTAL
DURATION LOCATION NUMBERO01 AT DOSE TO TOALACTION (MINUTES) FIGUR OPERATOR INDIVIDUAL (PERSON- ASSUMPTIONS(MINTES (FIURE OPERTOR LOAION (MREM) MREM)

(MRE /II) .
INSTALL AUTOMATED WELDING ~~~~~~~~~~~~~ALIGN AND REMOVE 4INSTALL AUTOMATEDWELDING 7A 2 31.3 4.2 .3 SHACKLES14 QUICK
SYSTEM ROBOT _________ ________ ________ ~~~CONNECTSOiI/MIN

PERFORM NDE ON LID WELD 230 7A I 31.3 120.0 120.0 MEASURED DURING WELD____________________ ~~~~~~~~~~~~~~~MOCKUP TESTING
ATTACH DRAIN LINE TO VENT I 7A I 31.3 0.5 0.5 I"THREADED FTING NO TOOLSPO RT__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

VISUALLY EXAMINE MPC LID-TO-
SHELL WELD FOR LEAKAGE OF 10 7A I 31.3 5.2 5.2 IOMINTESTDURATION
WATER

DISCONNECT WATER FILL LINE 2 7A I 31.3 1.0 1.0 I " THREADED FTING NO TOOLSAND DRAIN LINE . X 2
REPEAT UIQUID PENETRANT MITOAPY7MNTOWE.
EXAMINATION ON MPC LID FINAL 45 7A _ 31.3 23.5 23.5 MAPPLY DEV, INSP 24 TWIN)PASS_______________ APLDENS(2 NMN
ATTACH GAS SUPPLY TO VENT I 7A l 31.3 0.5 0.5 I"THREADED FING NO TOOLSPO RT__ 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
ATTACH DRAIN INE TO DRAIN 7A I 31.3 0.5 0.5 I" THREADED FITNG NO TOOLS

CONNEGIC M8169 S)IrIFUR TO 4 8,4 4. 6"4,0 4,9 ("AA qqrG h1 F n"'99 'AUTO MIATED WELD I;G EY bfI 4 __ _ _ _ 
___XX_________________

FllO&I AWUTOTED WE969019 4 &A 4. 49 49 4.0 SIIA4TACiM9?k71NTOOL2

ATTACH DRAIN LINE TO VENT SA I 60.0 1.0 1.0 1" THREADED FITTING NO TOOLSPORT I
ATTACH WATER FILL LINE TO I 8A l 60.0 1.0 1.0 1"THREADED FITTING NO TOOLSDRAIN PORT
DISCONNECT WATER FILL DRAIN 2 8A I 60.0 2.0 2.0 1" THREADED FITTING NO TOOLSLNES FROM MPC X2
ATTACH HELUM SUPPLY TO I 8A I 60.0 1.0 1.0 1" THREADED FITTING NO TOOLS

ATTACH DRAIN LINE TO DRAIN 8A 60.0 1.0 1.0 1" THREADED FiTTING NO TOOLSPORT I_60_THD_ _ _. _._N
DISCONNECT GAS SUPPLY LINE I 8A I 60.0 1.0 1.0 I" THREADED FITING NO TOOLSFROM MPC .

I
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Table 103.1b
Ei-STORM 100 SYSTEM LQADING OPERATIONS. USING THE 100-TON H-TRAC TRANSi ER CASK
ESTIMATED OPERATIONAL EXPOSUR E§t ( )W4 MDJ 017EAR COOLED PWR FUEL)

OPERATOR ATOSE RATE TOTAL
ACTION DURATIOff LOCATION NUMBER OF OEATO TOIIDA DS ASSIJMPI'ONS(MINUTES) (F[IGUJ OPERATORS OP| ATOR INDIIDUAL (fail) ~LOCATION (MRM" RM

DISCONNECT DRAIN LNE FROM sA I 600 50 1.0 1" THREADeD FrrrNG NO TOOLSMPC I .I 60 
ATTACH MOISTURE REMOVAL
SYSTEM O TO VENT AND DRAIN 2 SA I 600 Lo zo 1 "THReADEDFrfT1NO NO TOOLS
PORT RVOAs

DISCONNECT MOISTURE 2 sA 1 600 zo 2 I . THReADeD FITING NO TOOLSREMOVAL SYSTEM FROM MPC . 0. . . X 
CLOSE DRAIN PORT RVOA CAP SINGLE THREADED CONNECTIONAND REMOVE DRAIN PORT RVOA : 6 . 1.5 (I RVOA)
SYTBAC HELIUO veCNL PT 60 VA 1 1.0 1.0 I.0 I THREADED FIlTINU NO TOOLSSYSTEM TO VENT PORT _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
DISCONNECT HBS FROM MPC I FA I 60.0 1.0 1.0 I" THREADED FITTINO NO TOOLS
CLOSE VENT PORT RVOA AND 8A 60.0 1 SINGLETHREADEDCONNBCTIONDISCONNECT VENT PORT RVOA ( . . SI RVOA) T
WIPE INSIDE AREA OF VENT AND sA . 600 2.0 2.0 2 PORTS, ! MIWPORTDRAIN PORT RECESSES__ 

_ _ ___ _ _ _ _ _ _ _ _ _ _PLACE COVER PLATE OVER VENT INSTALLED BY HAND NO TOOLS
PORT RECESS 8IAI 60. 1.0 1.0 (2/MIN)PERFORM NDE VENT AND DRAIN .00 IA I 60.0 soo.o 1oo.o MEASURED DURING WELDCOVER PLATE WELD _ oo SA 6MOCKUP TESTING
INSTALL SET SRWS UA2A 60.0 2.0 2.0 4 SET SCREWS @2MINUMIN STA LL S ET SCREW S _ ________ _________ .________ .___________________F .T
PLUG WEL OVER ET SCREWS . 8A I 60.0 &O 8.0 RS2 MlES_U;__R r .PER2MINTES

PORT CO'.'PI PL6 Tf OA4 60.45 B*44*LL D 13 A D11 0 P T OO!
DeleedI/ISTA.L6 M9 D- VR I4. *8 IMTALL"D nY HMAND NO TO0OtEPRAIN PRT- COVER PLATE ._..
INSTALL AND ALIGN CLOSURE 5 SA . 60.0 5.0 5.0 INSTAlLED BY HAND NO TOOLS

PERFORM NDE ON CLOSURE RING IRS 8A 1 60.0 185.0 185.0 MEASURED DURING WELD
WELDS _ _ _ __ _ _ __ _ __ MOCKUP TESTING
RIG AWS TO CRANE 12 8A I 60.0 i2.0 12.0 10 MIN TO DISCONNECT LINES, 4

SedIon 8.1.6
REMOVE ANNULUS SHIELD r i 8A I 1 60.0 1.0 1.0 SHIELD PLACED BY HAND

HI-STORM FSAR
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Table 103.1b
HI-STORM 100 SYSTEM LOADING OPERATIONS USING THE 100-TON lH-TRAC TRANSFER CASK
ESTIMATE D OPERATIONAL EXPOSU E (4,0W6 000 MWD/MTU3-YEAR COOLED PWR FUEL)

OPERATOR DOSE DEETO TOTAL

ACTION ~~~DURATION LOCATION NUMBER OF OPERATOR INDIVIDUAL DOSE ASSUMPTIONS
ACTION (MINUTES) (FIGURE OPERATORS LOCATION (MUDLM) DONP

103.1) ___________ (M R MHI JR) __ _ __ _ __ _ _ __ _ __ _ _ __ _ _

ATTACH DRAIN LINE TO HI-TRAC I 9D 1 1806.3 30. I 1.) I" THREADED FITING NO TOOLS
POSITION HI-TRAC TOP LID 10 9B 2 60.0 10.0 20,0 VERTICAL FLANGED CONNECTION

TORQUE TOP LID BOLTS 12 9B I 60.0 120 12.0 24 BOLTS AT 2MIN (INSTALL AND
TORQUE.I PASS)

INSTALL MPC UFT CLEATS AND 25 9A 2 247.7 103.2 206.4 INSTALL CLEATS AND HYDRO
MPC SLINGS _________TORQUE 4 BOLTS
REMOVE TEMPORARY SHIELD I 9B 1 60.0 1.0 1.0 8 PLUGS @ &WIN
RING DRAIN PLUGS I____
REMOVE TEMPORARY SHIELD 9A I 247.7 REMOVED BY HAND NO TOOLS (
RING SEGMENTS _________ ____SEGS(~2/MIN)

ATrTACH MPC SLINGS TO LIFT 4 9A 2 27.7 16.5 33.0 INSTALLED BY HAND NO TOOLS
YOKE 0FT 1FTMN(RE
POSITION H-TKAC ABOVE I 9C I 740.6 185.2 185.2 100 FT @ 10 FTMIN (CRANE
TRANSFER STEP 36___ ____ ____ PE) BTSMIN OT AUGIMPAC
REMOVE BOTTOM LID BOLTS 6 10A 1806.3 180.6 180.6 TOOLS USBD

________ ~ ~ ~ ~ ~ ~ ~ ~~~- 31OLS~ /I IPC TOOLS UE
INSTALL TRANSFER D BOLTS IJ 110 I 1806.3 541.9 541.9 36 BOLTS @ 2SN IPA TOOLS

DISCONNECT MPC SLINGS 4 9A 2 247.7 16.5 310 INSTALLED BY HAND NO TOOLS
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Sec to 8.1.7 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

POSITION H-TRAC ON TRANSPORT 20 IIA 2 740.6 246.9 493.7. ALN RUNIONS. DSONNECT
DEVICE I__ _ _ _ _ __ __ _ _ _ _LIFT YOKE

TRANSPORT HI-TRAC TO OUTSIDE 90 12A 3 26.4 39.6 118.8 DRIVER AND 2 SPOTTERS
TRANSFER LOCATION_____

ATTACH OUTSIDE FTING DEVICE 2 12A 2 26.4 0.9 1.8 2 LINKSI/MIN
LIFT LINKS
MATE OVERPACKS 10 13B 2 561.8 93.6 187.3 ALIGNMENT GUIDES USED
ATTACH MPC SLINGS TO MPC LIFT 0 13A 2 247.7 41.3 82.6 2 SLINGS15MINSUNG NO TOOLS
CLEATS
REMOVE TRANSFER LID DOOR 37 7.9 2 P 2MNPIN
LOCKING PINS AND OPEN DOORS 413256.37549 2PISMNPN
INSTALL TRIM PLATES 4 130 2 561.8 37.5 74.9 INSTALLED BY HAND
DISCONNECT SLINGS FROM MPC to 13A 2 247.7 41.3 82.6 2 SLINGS@SMIN/SLING
LIFTING DEVICE IM 3__4BTO_
REMOVE MPC LIFT CLEATS AND 10 14A I 362.5 60.4 60.4 4 BOLTSNO TORQUING
M PC SLINGS I__ _ _ _ _ _ _ _ _ _ _ _ I___ __ __ __ __ __

H-STORM FSAR
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Table 10.3.1b
i-STORM 100 SYSTEM L9ADING OPERATIONS USING THE 100-TON HT-TRAC TRANSFER CASK
1P<TlMATrfn flP1r AT l1%TAT. 1Tn4TrrQt IAmApCU fiflfl MflWfInM ... V4 AD (nnr urn wUn Wivr~WAuO A Jvr AT Ajs %xA "JLK A 1 VALV.%--tILwU Blvd "1A %xv M &TATs %1 _ f xj bV 'V" A TT r %A %J"vn}

OPERATOR ~DOSE RATEOPERATORAT OSETO TOTAL
ACTION ~~~DURATION LOCATION N1UMBER OF ORATOR MEDI TOA DOSK SUPINACTON (MINURTI (FIGURE OPERATORS OERAllOR WSR PERSON- ASSUMPTIONS

10±1) ~~~~LOCATION (MREM) RM

INSTALL HOLE PLUGS IN EMPTY ( RIPCSTL HOLE PLUS IN EMPTY2 14A I 362.5 12.1 12.1 4 PLUGS AT /MIN NO TORQUINGM PIC BO LT H O LES_ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _REMOVE HI-STORM VENT DUC-T2IS14.5.5.5 4S A K E @ MN
SHIELD INSERTS 2SA 5.5 1.5 1 4 SHACKLMN
REMOVErALKJNMENTDEVCE 4 15A I 4.5 3.0 3.0 REMOVED BY HAND NO TOOLS (4

. _ _ _ _ _ _ _ ._ _ _ _ _ _ _ _ ._ _ ._ _._, PCS@ I/M N )
INSTALL HI-STORM LID AND . S .1 INSTALL LID AND HYDRO TORQUEINSTALL LID STUDS/NUTS 25 16A 2 7.3 . 4 BOLTS
INSTALL HI-STORM EXIT VENT 4 PCS @ I/MIN INSTALL BY HANDGAMMA SHIELD CROSS PLATES 16 73.9 .9 .9 NOTOOLS
INSTALL TEMPERATURE 20 16R I 73.9 24.6' 24.6 4@sM1NITEMPERATURE ELEMENTELEMENTS
INSTALL EXIT VENT SCREENS 20 16B I 73.9 24.6 24.6 4 SCREENS5MNSCREEN
REMOVE HI-STORM LID LUTING . 2 16A 7.3 0.2 0.2 4 SIIACKLES@/MIN
DEVICE HOL PL.__ UGS IN.EMPTY_ 

_0_2
INSTALL HOLE PLUGS IN EMPTY 2 16A I 7.3 0.2 0.2 4 PLUGS AT 2/MIN NO TORQUING
HOLES_ _ _ _ _ _ _ _ _

PERFORM SHIELDING 16 16D 2 41.8 11.? 213 16 1N MINEFFECTIVENESS TESTING 1 6 381. 33 IP I T @ D
SECURE HI-STORM TO TRANSPORT 10 16A 2 7.3 1.2 2.4 ASSUMES AIR PADDEVICEr ___1A_2___ _2 .4_A SUMSAIPA

TRANSFER HI-STORM To ITS 01 I25 701.r 00FE 4TMNDESIGNATED STORAGE LOCATION 40 16C 25.5 17.0 17.0 200FEET@4FT/MIN
INSERTHI-STORM LFFING JACKS 4 160 43.8 2.9 2.9 4 JACKSJIXMIN
REMOVE AIR PAD 5 1D 2 43.8 3.6 7.3 I PAD MOVED BY HAND
REMOVE HI-STORM LIFTING 4 16D I 43.8. Z9, 2.9 4 JACKS@IIMIN
JACKS ;
INSTALL INLET VENTISREENLCR PLATES 20 16D 1 43.8. 1.6 4.6 4 SCREENS gsMINsCREEN
PERFORM AIR TEMPERATURE RISE 16B I 73.9 9.8 j;R 8 MeASUReMENTS@IIMI
TEST - _ 

TOTAL 5.210. PERSON-MREM
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Table 103.1c
HI-STORM 100 SYSTEM LOADING OPERATIONS USING THE 125-TON HI-TRAC 125D TRANSFER CASK

ESTIMATED OPERATIONAL EXPOSURESt 67,5075 00 MWD/MT, YE COOLED PWR VUEL)
OI RATOR r IDOS RATEA DOSE TO TOTAL DOSET

ACTION DURATION LOCATION NUIIUMEROF OPERATOR |INDIDUL (P SON ASSUMONS(MINUTES) I FIGURE OPERATORS I OATO IDVIL (PESN ASMPI
10.3.1) j_____ ME/IR ME)j111M

Sedian &IA

OAD PRE-SELECTED FUEL 1020 I J 2 1.0 17.0 34.0 IS MINUTES PER ASSEMBLY/63 ASSYASSEMBUIES INTO MPC 1.
PERFORM POST-LOADING VISUAL I _ 1 1
VERIFICATIONOFASSEMBLY 68 1 1 1 2 1.0 1.1 2.3 1 MINUTES PER ASSY/68ASSY
IDENTIFICATION _ _

INSTALL MPC UD AND ATTACH 45 2 2 2.0 1.5 3.0 CONSULTATION WITH CALVERT CLFFSLIFT YOKE .

RAISEI-TRAC TOSURFACEOF 20 2 2 2.0 0.7 13 40 FEET O 2 FTMINUT (CRANE SPED)SPENT FUEL POOL

SURVEY MPC LID FOR HOT 3 3A I 31.1 1.6 1.6 TELESCOPING DETECTOR USED
PARTICLES .

VERIFY MPC UD IS SEATED 0.5 3A I 31.1 03 0.3 VISUAL VERIFICATION FROM 3 METERS
INSTALL LD RETENTION SYSTEM 6 3B 2 46.4 4.6 9.3 24 BOLTS @ I/PERSON-MINUTE
BOLTS
REMOVE HI-TRAC FROM SPENT S.5 3C I 117.8 167 16.7 17 FEET 2 FTMIN (CRANESPEED)
FUEL POOL _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _

DECONTAMINATE HI-TRAC 10 3D I 142.0 23.7 23.7 LONG HANDLED TOOLS. PRELIMINARY DECONBOTTOM_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _

TAKE SMEARS OP HI-TRAC 5 5U 1 185.3 15.4 15.4 50 SMEARS@ 10 SMEARS/MINUTE
EXTERIOR SURFACES

DISCONNECT ANNULUS 0.5 SC _ 82.7 0.7 0.7 QUICK DISCONNECT COUPLING
OVERPRESSURE SYSTEM

SET H-TRAC IN CASK 10 4A _ 464 7.7 7.7 100 FT @ 10 FMIN (CRANE SPEED)PREPARATION AREA _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
REMOVE NEUTRON SHIELD 2 4A 1 464 1.5 1.5 SINGLE PLUG, NO SPECIAL TOOLS
JACKET FILL PLUG

INSTALL NEUTRON SHIELD 2 SB / 185.3 6.2 6.2 SINGLE PLUG. NO SPECIAL TOOLS
JACKET FILL PLUG 

..

t See notes at bottom of Table 10.3.4.
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Table 10.3.1c
II-STORM 100 SYSTEM LOADING OPERATIONS USING THE 125-TON HI-RAC 125D TRANSFE R CASK

ESTIMATED OPE RATIONAL EXPOSURESt 7,7qOO MWDIMT -YEIAR COOLED PWR FUEL)
OPERATOR POSE RATE AT DOS1E TO TOTAL DOSE

ACTION DURATION LOCATION NUMBER OF OPERATOR INDIVITUAL (PERSON- ASSUMPTIONS(MINUTES) (FIGURE OPERATORS LOCATION
_____________________ 163.1tel ) __ _ _ _ (M R M IHR) (M REM ) M REM )

DISCONNECT LID RETENTION 6 SA 2 37.3 3.7 7.5 24 BOLTS @I BOLT/PERSON MINUTES
S Y S T E M_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

MEASURE DOSE RATES AT MPC _A I 37.3 1.9 1.9 TELESCOPING DETECTOR USED

DECONTAMINATE AND SURVEY 103 SB I 185.3 )I 3II 490 SQ-FT@5 SQ-FT/PRFRSON-MINLTE+50
HI-TRAC SMEARS@10SMEARS/MINUTE

INSTALL TEMPORARY SHIELD 16 6A 2 187 5.0 IILO USEGMENTS @ I SEGMENT/PERSON MIN
FILL TEMPORARY SHIELD RING 25 6A 1 /8.7 7.8 7.8 230 GAL@10GPM, LONG HANDLED SPRAY WAND

DRAIN PORT 0.5 5C I 82.7 0.7 0.7 QUICK DISCONNECT COUPLING
INSTALL RVOAs 2 6A . 18.7 0.6 0.6 SINGLE THREADED CONNECTIONX2 RVOAs
ATTACH WATER PUMP TODRAIN .. 2 6A I 17 0.6 0.6 POSITION PUMP SELF PRIMING
P O R T_ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

DISCONNECT WATER PUMP 5 6A I 18.7 1.6 1.6 DRAIN HOSES MOVE PUMP
DECONTAMINATE MPC LID TOP
SURFACE AND SHELL AREA 6 6A 1 187 1.9 1.9 30 SO FT 5 S-FMINUTrE+I0 SMARS@I0ABOVE INFLATABLE ANNULUS 6 . . SMEARS/MINUTE
S E A L __ , _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ . _
REMOVE INFLATABLE ANNULUS 3 6A I 18.7 0.9 0.9 SEAL PULLS OUT DIRECTLYSE A L _ _ _ _ _ _ _ _ _ _

SURVEY MPC UD TOP SURFACES
AND ACCESSIBLE AREAS OF TOP I 6A I 18.7 0.3 0.3 10 SMEARS@I0 SMEARS/MINUTE
THREE INCHES OF MPC SHELL

INSTALL ANNULUS SHIELD 2 6A I 18.7 0.6 0.6 SHIELD PLACED BY HAND
CENTER UD IN MPC SHELL 20 6A 3 18.7 6.2 187 CONSULTATION WM CALVERT CLIFFS
INSTALL MPC LID SHIMS 12 6A 2 18.7 37 7.5 MEASURED DURING WELD MOCKUP TESTIN
POSITON AWS BASEPLATE 20 7A 2 18.7 6.2 IZ5 ALIGN AND REMOVE 4 SHACKLESS H IE LD O N M P C L ID_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

INSTALL AUTOMATED WELDING 7A 7 2.5 J. AGN AND REMOVE 4 SHACKLES/4 QUICK
SYSTEM ROBOT CONNECTS03/MIN

I

I

I �
I1� ;

I

I

I

I

I I

I

I

I

I

I

I

I

I

I
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Table 10.3.1c
HI-STORM 100 SYSTEM LOADING OPERATIONS USING THE 125-TON HI-TRAC 125D TRANSFE R CASK

ESTIMATED OPERATIONAL EXPOSURESt 7,75,000 MWDMTU, 445-YEAR COOLED PWR FUEL)
OPERATOR DOSE RATE AT DOSE TO TOTAL DOSE

ACTION DURATION LOCATION NUIIMEROF OPERATOR (MUAL (PERSON. ASSUMPTIONS(MINUTFES) (FIGURE OPERATORS LOCATION INDIEDUA (PRSO- SUMTIN
________ ________ ______ _ ________ 10.3.1) _ __ _ _ (M REM IIIR) ( U M R M

PERFORM NDE OF UD WELD 230 7A I18.7 71.7 71.7 MEASURED DURING WELD MOCKUP TESTINO

ATTACH DRAIN INETO VNT A I 18.7 0.3 0.3 I* THREADED FlING NO TOOLS

VISUALLY EXAMINE MPC LD-TO-
SHELL WELD FOR LEAKAGE OF 10 7A I 1$7 3.1 3.1 10 MIN TEST DURATIONWATER
DISCONNECT WATER FILL LINE 2 7A . 1&7 0.6 0.6 ITTHREADED FTTING NO TOOLS X 2AND DRAIN LINE _
REPEAT LIQUID PENETRANT 5MNT PL,7MNT IE PL EISEXAMINATION ON MPC LID FINAL 45 7A I 1&7 14.0 14.0 5 MINTOAPPLY,7MINTOWIPE,5APPWYDEV,Nsr
PASS _ _ _ _ _ _ _ _ _ _ _ _ 2 N M N
ATTACH GAS SUPPLY TO VENT I 7A I 18.7 0.3 0.3 1 " THREADED FMlINU NO TOOLS

ATTACH DRAIN LINE TO DRAIN I 7A 18.7 0.3 0.3 1 THREADED FITTING NO TOOLSPORT _ M8LD __________
)edetedCON)1PkCI M160 LOai"Fiil-K
TO AUTOM4AT13D '.ELDIFII 4 8 A .1. IJ JJ fIIIPLUATACI4 I.InIITN* T

Delcied DlOtNECT MLD __
1NIFnl FOA6MAB 4 SA + J4 J4 olnn * AHM1rEW.N WO4 LB

ATTACH DRAIN UNE TO VENT I 8A I 37.9 0.6 06 I-THREADED FIrTING NO TOOLSPORT
ATTACH WATER FILL UNE TO I 8A I 37.9 0.6 0.6 1" THREADED FITTING NO TOOLSDRAIN PORT__ _ _ _ _ _ _ _

DISCONNECT WATER FILL DRAIN 2 8A I 37.9 1.3 1.3 ITHREADED FITTING NO TOOLS X 2LINES FROM MPCI

ATTACH HEUUM SUPPLY TO I 8A I 37.9 0.6 0.6 r'THREADED FITING NO TOOLSVENT PORT

ATTACH DRAIN LINETO DRAIN I 8A I 37.9 0.6 0.6 I-THREADED FITTING NO TOOLS

DISCONNECT OAS SUPPLY LINE 8A I 37.9 0.6 0.6 I THREADED FITTING NO TOOLSFROM MPC IDAN N F O 8A ; I 37.9 n6_0.6______________________
DISCONNECT DRAIN UJNE FROM I IA 37.9 0.6 0.6 I'THREADED FI7TINO NO TOOLS

IM PC _ _ _ _ _ _ _ _ _ _I_ _ _ _ _ _ _ I__ _ _ I__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Tnble 10.3.1c
HI-STORM 100 SYSTEM LOADING OPERATIONS USING THE 125-TON HI-TRAC 125D TRANSFER CASK

ESTIMATID OPERATIONL EXPOSURES t l57,0 75,00 MWD _ 45-E AR COOLE D PWR FUE L)
(JPERATOR DOSE RATE AT DOER TO TOTAL DOSE

ACTION DURATION LOCATION NUMBER OF OPERATOR INDIVIDUAL (PERSON- ASSUMPTIONS(MINUTES) (FIGURE OPERATORS LOCATION (RM RM
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ( R E M I R ) ( R M A M

ATTACHM MOISTURE REMOVAL
SYSTEM TOVENTAND DRAIN 2 SA I 37.9 1.3 L.3 ITHREADED FINONOTOOLS
PORT RVOAs . ..____
D)ISCONNECT MOISTURE
REMOVAL SYSTEM FROM MPC BA I 3.9 IJ 1.3 1RTHREADEDFITTINGNOTOOLS X2
ANDL OE DRAIN PORT RVOA CAP 1.5 A I 37.9 0.9 0.9 SINGLE THREADED CONNECTION (I RVOA)

AISTCI TOHEU PAClL I 8A _ 37.9 0.6 0.6 1"THREADED FrMNO NO TOOLSSYSTEM TO VENT PORT

DISCONNECT HBS FROM MPC I SA I 37.9 0.6 .0.6 I THREADED Fa1NG NO TOOLS
CLOSE VENT PORT RVOA ANDDISCONNECT VENT PORT RVOA 13 OA 1 37.9 0.9 0.9 SINGLE THREADED CONNECTION(I RVOA)

WIPE INSIDE AREA OF VENT AND 2B 791313 2P RS I P RDRAIN PORT RECESSES 2 OA _ 37.9 I.J I.J 2 PORTS, I MlNPOT

PORT RECESS PI . A I 37.9 0.6 0.6 INSTALLED BY HAND NO TOOLS (2/MN
PEORTMRECSSO E N
PERFORM NDON VENT AND '100 8A . 37.9 6.2 63.2 MEASURED DURING WELD MOCKUP TESTINGDRAIN COVER PLATE WELD

ANDINSTALL SET SCREWS 2 . A I 37.9 1.3 1.3 4SET SCREWS @2/MINUTE
PwG WELD OVER sET SCREWS B SA I 37.9 5.1 5.1 FOUR SINGLE SPOT WELDS 1 PER 2 MINTES
DeldedITALl1ADOVE VPfT a OA 4. J_ 44 INSTLLEDBgIIma m TOILA

DeeedNSTALMYL ; g+ H0 4D C~~~e~ edI W T A II ' 1 f~~~~~~" O 't B A 4. ~ ~ ~ * 4 4 4 4 10 16LE911 D 1 O O O~

INSTALL AND AUGN CLOSURE AI 37.9 3.2 3.2 INSTALLED BY HAND NO TOOLSRlNG . - .A

R MNG WELDSR 15 OA I 37.9 116.9 116.9 MEASURED DWRIN WELD MOCKUP TEST
RIG AWS TO CRANE 12 . A I 37.9 7.6 7.6 10 MIN TO DISCONNECT LINES, 4 SHACKLES@V2MIN

I 

l
lIA

I

l
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Table 10.3.1c
HI-STORM 100 SYSTEM LOADING OPERATIONS USING THE 125-TON I-TRAC 125D TRANSFER CASK

ESTIMATED OPERATIONAL EXPOSUREStSI7RE0#75,0 MWDIMTUIEACOOLE D PWR FUEL)r ~~OPERATOR D~OSE RATE AT us TO TOTAL DOSE 
ACTION DURATION LoCATION NUMBEROF OPERATOR | INDIVIDUAL I (PERSON- 1 ASSUMPTIONS(MINUTES) (FIGURE OPERATORS LA)CATION ( IIM RM

. 1 103.1) ___________ I (MREMAIR)

REMOVE ANNUWS SHIELD I SA I 37.9 0.6 A6 SHIELD PLACED BY HAND

ATTACH DRAIN UNE TO HiTRAC I 9D I 354.2 5.9 5.9 1 THREADED FITTING NO TOOLS

POSITION Hl-TRAC TOP LID 10 9B 2 37.9 6.3 I.6 VERTICAL FLANGED CONNECTION

TORQUE TOP LID BOLTS 12 9B I 37.9 7.6 7.6 24 BOLTS AT2/MIN (INSTALL AND TORQUE,1 PASS)

MPC SLL ES 23 9A 2 158.5 66.0 132.1 INSTALL CLEATS AND HYDRO TORQUE 4 BOLTS

REMOVE TEMPORARY SHIELDI98I390.0. PLS@8MN
RING DRAIN PLUGS 9B 37.9 6 0.6 8 PLWS @ IN

REMOVE TEMPORARY SHIELD 4 9A I M158. 10.6 10.6 REMOVED BY HAND NO TOOLS (I SEGS@2IMIN)
KING SEGM ENTS__ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _

ATTACH MPC SUNGS TO UFT 4 9A IM2 155 16 21.1 INSTALLED BY HAND. NO TOOLS
Y O K E I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Sedio. L1.7
POSMON HI-TRAC ON I
TRANSPORT DEVICE 20 IA 2 117.8 | 9.3 78.5 AAGNITRUNNIONS, DISCONNECT UFT YOKE

TRANSPORT HI-TRAC TO OUTSIDE 90 12A 3 26.4 39.6 118.8 DRIVER AND 2 SPOTTERS
TRANSFER LDCATION

ATTACH OUTSIDE LIFING 2 12A 2 26.4 0.9 1.8 2 UNKSI/MIN
DEVICE LIFT UNKS .
MATE OVERPACKS I0 138 2 118.5 19.8 39.5 ALlNMENT GUIDES USED

ATTACH MPC UF SLINGS TOMPC 0 13A 2 158.5 26.4 52.8 2 SLUNGSl5MINSUNG NO TOOLS
LIF'T CLEATS
REMOVE MATING DEVICE
LOCKING PINS AND OPEN 40 13B 2 118.5 79.0 158.0 2 PINS@2MIWPIN
DRAWER _
INSTALL TRIM PLATES 4 13B 2 118.5 7.9 15.8 INSTALLED BY HAND

DISCONNECT SLINGS FROM MPC 13A 2 158.5 26.4 52.8 2 S MINSLINLIFTING DEVICECLEATAND _ 14A _364___

REMOVE MPC LIFT CLEATS AND 104IA I 6. 046. OT.TORQUJING
MPC LIFT SLINGS

HI-STORM FSAR
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Tnble 10.3.1c
HI-STORM 100 SYSTE:M LOADING OPE RATIONS USING THE 125-TON HI-TRAC 125D TRANSFE R CASK

ESTIMATE D OPE1RATION E XPOSURES t 57,007500 MWDMTU 445-VEAR COOLED PWR FUEL)
O)PERATOR DOSE RATE AT TO TALDS

ACTION DURTO LOCAT IRO F OPERATOR INDIVIDUAL (PERSON- ASSUMPTIONS(MINTES) (FIGURE OPERATORS LOCATION (RM RM(MINIFT1ES3) 1 (MREMIHIR) (RM RM

INSTALL HOLE PUSIN EMPTY 2IAI3251. 21 4LJST/INTRUN
MPC BOLT HOLES 2 14A I J6Z5 _- 4 PLaS AT 2MN NOTORQUIN
REMOVE HI-SORM VENT DUCT 2 15A I 45.5 1.5 1.5 4 SHACKLES@2jMIN
SHIELD INSERTS 15A ____ 1.5 1.5 4_SUACN
REMOVE MATING DEVICE 10 15A - 45.5 7.6 7.6 3 BOLTS @ 2 MINUTES PER BOLT

INSTALL HI-STORM LID AND 25 16A 2 7.3 3.1 6.1 INSTALL LID AND HYDRO TORQUE 4 BOLTSINSTALL LID STUDS/NUTS

INSTALL HI-STORM EXIT VENT
IAMMA SHIELDCROSS PLATES 4 16B I 73.9 4.9 4.9 4 PCS @MIN INSTALL BY HAND NO TOOLS

ELEMENTS 20 16B 73.9 24.6 24.6 4@5MIWTEMPHRATURB ELEMENT
INSTALL EXIT VENT SCREENS 20 168 I 73.9 24.6 24.6 4 SCREENS@MIWSCREEN
REMOVE HI-STORM LID LIFTINO 2 16A I 7.3 0.2 0.2 4 S8ACN;LES@MN
D EV IC E_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _INSTALL HOLE PLUGS IN EMTY. HOLES H 2 16A I 7.3 0.2 0.2 4 PLUGS AT 2MIN NO TORQUINO

EFOCRENESS TESTINO 1 6 16D 2 43.8 11.7 23.3 16 rPONTSI MIN
SECURE l-STORM TO , .2 .TRANSPORT DEVICE 10 16A 2 7.3 J.2 2. ASSUMES AIR PAD
TRANSFER Hl-STORM TO ITS
DESIGNATED STORAGE LOCATION 40ICI2.17070 20PE@F/N

INSERT HI-STORM LIuNa JACKS 4 16D . 43.9 z9 Z9 4JACKS@I/MIN
REMOVE AIR PAD 5 16D 2 43.8 J.6 7.3 I PAD MOVED BY HAND
REMOVE HiJSTRMS LIFTING 4 16D I 43.8 2.9 4 JACKS@I/MINJACKS__ _ _ _

INSTALL INLET VENT
SCREENS/CROSS ~~~ 20 16D I 43.8 14.6 14.6 4 SCREENS6SM1W/SCREEN

PERFORM AIR TEMPERATURE 16R I 73.9 9.8 9.8 8 MEASUREMENTS@I/MIN
RISE TEST _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

TOTAL a11 75 7A3 PRRSON-MREM

1'.

I

l
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Table 10.3.2a
HI-STORM 100 SYSTEM UNLOADING OPERATIONS USING THE 125-TON HI-TRAC TRANSFER CASK
ESTIMATED OPERATIONAL EXPOSURES (75,000 M 4-YEAR COOLED PWR FUEL)

OPERATOR DOSE RATE TOTAL
ACTION ~ DURATION LOCATION INUMBER OF OEATO IDOSEUA TOEASUPIN
ACTION ~~(MINUTES) (FIGURE IOPERATORS OEATOR INWVIA (PERSON- SUPIN

10.3.1) (MLOATIN (MENI MREM)
Section 83.2 (Step Sequence Var By Site aid Mode of TransPort)

REMOVE INLET VENT SCREENS 20 16D 1 43.8 14.6 14.6 4 SCREENS@ MIN/SCREEN
INSERT HI-STORM LIFTING JACKS 4 16D I 43.8 2.9 2.9 4 JACKS(AI/MIN
INSERT AIR PAD 5 16D 2 43.8 3.6 7.3 I PAD MOVED BY HAND
REMOVE HI-STORM LIFTING 4 16D 1 43.8 2.9 2.9 4 JACKS@I/MIN.
JACKS _ _ _ _ _ _ _ _ _ _

TRANSFER HI-STORM TO MPC 40 16C 1 25.5 170 1Z0 200 FEET 4FT/MIN
TRANSFER LO)CATION _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _

REMOVE HI-STORM LID 10 16A l 7.3 1.2 1.2 4 BOLTS NO TORQUESTUDS/NUTS
REMOVE HI-STORM LID LIFTING
HOLE PLUGS AND INSTALL LID 2 16A l 7.3 0.2 0.2 4 PLUGS AT 2/MIN NO TORQUING
LIFTING SLING _

REMOVE GAMMA SHIELD CROSS 4 16B 1 73.9 4.9 4.9 4 PLATES( I/MIN
PLATES__ _ _ _ _ _ _ _ _ _ _ _

REMOVE TEMPERATURE 8 16B I 73.9 9.8 9.8 4 TEMP. ELEMENTS @ 2MIN)TEMP.
ELEMENTS . . . ELEMENT NO TORQUE
REMOVE HI-STORM LID 2 16A I 7.3 0.2 0.2 4 SHACKLES@2/MIN
INSTALL HI-STORM VENT DUCT 2 15A 1 45.5 1.5 1.5 4 SHACKLES@2/MIN

SHIELD INSERTS _____

INSTALL ALIGNMENT DEVICE 4 15A I 45.5 3.0 3.0 REMOVED BY HAND NO TOOLS (4
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ P C S ~ t/M IN )

REMOVE MPC LIFT CLEAT HOLE 2 14A I 362.5 12.1 12.1 4 PLUGS AT 2/MIN NO TORQUING
PLUGS _ _ _ _ _

INSTALL MPC LIFT CLEATS AND 2 14A I 362.5 12.1 12.1 4 PLUGS AT 2/MIN NO TORQUINGM PC SLING S _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

ALIGN HI-TRAC OVER HI-STORM 10 13B 2 118s 19.8 39.5 ALIGNMENT GUIDES USEDAND MATE OVERPACKS _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

PULL MPC SLINGS THROUGH TOP 10 13A 2 158.5 264 52.8 2 SLINGS@5MIN/SLING
L U) HO LE _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _

INSTALL TRIM PLATES 4 13B 2 118. 7.9 15.8 INSTALLED BY HAND NO________________________ See______ notes____ at_______ bottom___ of__Table___10.3.4. FASTENERS

See Dotes at bottom of Table 10.3.4.
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Table 10.3.2a
HI-STORM 100 SYSTEM UNLOADING OPERATIONS USING THE 125-TON HI-TRAC TRANSFER CASK
ESTIMATED OPERATIONAL EXPOSURESt (I 75000 WYD/MTU, 4YEAR COOLED PWR FUEL)

OPERATOR DOSE RATE TOTAL
DURATION LOCATION NUMB3ER OF AT DOSE TO DOSE

ACTION (MINUTES) (FIGURE OPERATORS OPERATOR INDIVIDUAL (PERSON- |AMONS
103.1) ~~~~LOCATION (MREM) MREM)

._ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _________ (M REM IHR)
ATTACH MPC SLING TO LIFTING 10 13A 1 158.5 26. 26.4 2 SLINGSMIN/SLING NO

DEVICE I____13A__I____ ____26__4 _ 26__4 BOLTING

CLOSE HI-TRAC DOORS AND 4 13B 2 118.5 79 15.8 2 PINS@2MIN/PIN
INSTALL DOOR LOCKING PINS

DISCONNECT SLINGS FROM MPC 10 13A 2 158.5 26.4 52.8 2 SLINGS@SMIN/SLING l
LIFT CLEATS _ _ _ _ _ _ _ _ _ __ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

DOWNEND HI-TRAC ON 20 12A 2 26.4 8.8 17.6 ALIGN TRUNNIONS, DISCONNECT
TRANSPORT FRAME 20 12A LIFT YOKE
TRANSPORT l-TRAC TO FUEL 90 12A 1 26.4 39.6 39.6 DRIVER RECEIVES MOST DOSE
BUILDING__ _ _ ___ _ _ _

UPEND HI-TRAC 20 12A 2 26.4 8.8 17.6 ALIGN TRNNIONS, DISCONNECT
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ IF Y O KE . _ .

_______________________ ~~~~~~~~~~~~ ~ ~~~Section 83.3 __ _ _ _

MOVE HI-TRAC TO TRANSFER 20 1 IA 2 117.8 39.3 78.5 ALIGN TRUNNIONS, DISCONNECT
SLIDE _ _ _ _ _ _ _ _ _ __ _ __LIFTrYOKE

ATTACH MPC SLINGS 4 9A 2 158.5 10.6 21.1 INSTALLED BY HAND NO TOOLS

REMOVE TRANSFER LID BOLTS 6 1 lB 1 354.2 35.4 34 36 BOLTS BOL/IMPACT
_________ ________ ~~TOOLS USED

INSTALL POOL LID BOLTS 18 10A 1 354.2 106.3 106.3 36 BOLTS @2/MN IMPACT TOOLS
_________ __________ ~~~~ ~~~~USED I PASS

LITO CLEATS M 0 9A 1 158.5 26.4 26. 4 BOLTSNO TORQUING ..

PLACE HI-TRAC IN PREPARATION 17 0 29.5 10FT@ 10 FTiMIN (CRANE
AREA _ _ SPEED)+ SMIN TO ALIGN

REMOVE TOP LID BOLTS 6 9B I 37.9 3.8 3.8 24 BOLTS AT 4/MIN (NO TORQUE
REMOVE TOP LID BOLTS 6 9B l 37.9 3.8 3.8 IMPACT TOOLS)

REMOVE HI-TRAC TOP LID 2 6A . 18.7 0.6 0.6 4 SHACKLES(i2/MIN
ATTACH WATER FILL LINE TO HI- 0.5 9DI 354.2 3.0 3.0 QUICK DISCONNECT NO TOOLS

TRAC DRAIN PORT .__ __ ____ ___I 354 _2 *_0 ._ 0 .... .. _______________
INSTALL BOLT PLUGS OR

WATERPROOF TAPE FROM HI- 9 8A I 37.9 5.7 5.7 18 HOLES@2/MIN
TRAC TOP BOLT HOLES .
CORE DRILL CLOSURE RING AND S TO INSTALUALIGN

VENT AND DRAIN PORT COVER 40 7A 2 1&7 12.5 24.9 20 MINTE T
PLATES I +10 MIN/COVER
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Table 10.3.2a
HI-STORM 100 SYSTEM UNLOADING OPERATIONS USING THE 125-TON HI-TRAC TRANSFER CASK
ESTIMATED OPERATIONAL EXPOSIJURESt (60flO75.00 MWD/MTIU M2I5-YEAR COOLED PWR FUEL)

-

OPERATOR DOSE RATETOA
ACTION DURATION LOCATION NUMBER OF AT DU DOSE ASSUMPTIONSACTION ~ (MINUTES) (FIGURE OPERATORS OCEATON INDIIDUA (PERSON. SUPIN

103.1) (MREMHR _____ MREM)

REMOVE CLOSURE RING SECTION
AND VENT AND DRAIN PORT I 8A I 3Z9 0.6 0.6 2 COVERS@21MIN NO TOOLS
COVER PLATES

ATTACH RVOAS 2 8A l 37.9 1.3 1.3 SINGLE THREADED CONNECTION

ATTACH A SAMPLE BOTTLE TO 0.5 HA I 37.9 0.3 0.3 1 THREADED FITING NO TOOLS
VENT PORT RVOA 0.5 8A l 37903____TRAE _____NOL
GATHER A GAS SAMPLE FROM 0.5 8A I 37.9 0.3 0.3 SMALL BALL VALVE

CLOSE VENT PORT CAP AND
DISCONNECT SAMPLE BOTTLE I 8A I 37.9 0.6 0.6 1" THREADED FITTING NO TOOLS
ATTACH COOL-DOWN SYSTEM TO 2 8A I 379 1.3 1.3 1" THREADED FITTING NO TOOLS

RVOAs _ . X 2
DISCONNECT GAS LINES TO VENT 8A 1 3 7.9 0.6 0.6 I* THREADED FITTING NO TOOLS

AND DRAIN PORT RVOAs .
VACUUM TOP SURFACES OF MPC I A1173131 SHOP VACUUM WITH WAND +AND HI-TRAC 6A 187 3.1 3.1 HAND WIPE
REMOVE ANNULUS SHIELD I 8A 1 37.9 0.6 0.6 SHIELD PLACED BY HAND
MANUALLY INSTALL 10 6A 2 18.7 3.1 6.2 CONSULTATION WITH CALVERT
INFLATABLE SEAL __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ CLIFFS
OPEN NEUTRON SHIELD JACKET 2 SC 1 82.7 2.8 28 SINGLE THREADED CONNECTION

DRAIN VALVE
CLOSE NEUTRON SHIELD JACKET 2 5C I 82.7 2.8 8 SINGLE THREADED CONNECTION

DRAIN VALVE .
REMOVE MPC LID LIFTING HOLE 2 5A I 3Z3 1.2 1.2 4 PLUGS AT 2/MIN NO TORQUING
PLU G S _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __._._.

ATTACH LID RETENTION SYSTEM 12 5A I 3Z3 7.5 z5 24 BOLTS X 2 MINTES/BOLT
ATTACH ANNULUS 0.5 5C 1 82.7 0.7 a7 QUICK DISCONNECT NO TOOLS

POSITION HI-TRAC OVER CASK 10 5C 1 82.7 13.8 13.8 100 FT @ 10 FT/MIN (CRANE SPEED)
LOADING AREA _
LOWER HI-TRAC INTO SPENT 8.5 3C I 11Z8 16.7 16.7 17 FEET@ 2 FT/MIN (CRANE

FUEL POOL __ _ _ _ _ _ _ _ _ _ _ _ _ _ _SPEED)

REMOVE LID RETENTION BOLTS 12 3B l 46.4 9.3 9.3 24 BOLTS 2/MINUTE
. . ~~~~~~~~~~~~~~~~~~~~40 FEET @ 2 FTIMINUT (CRANEPLACE HI-TRAC ON FLOOR 20 2 2 2.0 0.7 1.3 SPEED)

I
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Table 10.3.2a
HI-STORM 100 SYSTEM UNLOADING OPERATIONS USING THE 125-TON E[I-TRAC TRANSFER CASK
ESTIMATED OPERATIONAL EXPOSURESt (57, 000 MWD/MTU, 145-YEAR COOLED PWR FUEL)

OPERATORDOSE RATETOA
DURATION LOCATION NUMBER OF AT DOSE TO DOSE

ACTION(MNTS (FUE OPROS OPERATOR INDIVIDUAL PRO ASSUMPTIONS

|MIUTS) FIUR1 OPRA1) LOCATION (XREM)
_________ _________ (M REM fIHR) R M

REMOVE MPC LID 20 2 2 z0 0.7 13 CONSULTATION WITH CALVERT

S.cnton 83.4
ASSEMBLIESFROM MPC1020 0 MO '15 MINUTE

REMOVE SPENW FEL 1020 I 2 1.0 17.0 .0S PER ASSEMBLY/68
TOTAL |*09.5 PERON-MREM I

HI-STORM FSAR
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Table 10.3.2b
HI-STORM 100 SYSTEM UNLOADING OPERATIONS USING THE 100-TON IlI-TRAC TRANSFER CASK
ESTIMATED OPERATIONAL EXPOSURESt (41O6.000 MWDJMTU. A3-VEAR COOLED PWR FUEL)

I ~~~OPERATOR DOSE RATETOA

ACTION | DURATION OCATOK NUMBER OF AT DOSE TO TOTAL

ACTION ~ (M[INUTES) (FIGURE OPERATORS OCEATON INDIIDUA (PERSON-ASUPIN
103.1) __OCAT ( RE ION) ____ ___ __ __ __R__ _ __ _ __ __ _ __

Section 83 (Sp Sequence Vars By Site and Mode of Transport
REMOVE INLET VENT SCREENS 20 16D 1 43.8 14.6 14.6 4 SCREENSW5MIN/SCREEN
INSERT H-STORM LIFTING JACKS 4 16D I 43.8 2.9 2.9 4 JACKS@I/MIN
INSERT AIR PAD 5 16D 2 43.8 3.6 7.3 1 PAD MOVED BY HAND
REMOVE HI-STORM LIFTING 4 16D 1 43.8 2.9 2.9 4 JACKS@I/MIN
JACKS _ _ _ _ _ _ _ _ _ _

TRANSFER HI-STORM TO MPC 40 116C 25.5 17.0 17.0 200 FEET @ 4FT/MIN
TRANSFER LOCATION _
REMOVE HI-STORM LID 10 16A I 7.3 1.2 1.2 4 BOLTS NO TORQUE
STUDSINUTS _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

REMOVE HI-STORM LID LIFTING
HOLE PLUGS AND INSTALL LID 2 1 6A 1 7.3 0.2 0.2 4 PLUGS AT 2/MIN NO TORQUING
LIFTING SLING _
REMOVE GAMMA SHIELD CROSS 4 16B 1 73.9 4.9 4.9 4 PLATES(IIMIN
PLATES__ _ _ _ _ _ _ _ ___ _ _ _ _ _ _ _ _ _ _ _

REMOVE TEMPERATURE 8 16B 1 73.9 9.8 9.8 4 TEMP. ELEMENTS@2MN/T`EMP.
ELEMENTS 8 1 ELEMENT NO TORQUE
REMOVE HI-STORM LID 2 16A 1 7.3 0.2 0.2 4 SHACKLES@2/MIN
INSTALL HI-STORM VENT DUCT 2 15A 1 45.5 1.5 1.5 4 SHACKLES@2/MIN
SHIELD INSERTS__ _ _ _ __ _ _ _ __ _ _ _ __ _ _ _ __ _ _ ___ _ _ _ _ _ _ _ _ _ _

INSTALL ALIGNMENT DEVICE 4 15A I 45.5 3.0 3.0 REMOVED BY HAND NO TOOLS (4
PCS@I/MIN)

REMOVE MPC LIFT CLEAT HOLE 2 14A I 362.5 IZI II 4 PLUGS AT 2/MIN NO TORQUING
PLUGS _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

INSTALL MPC LIFT CLEATS AND 2 14A I 362.5 12.1 12.1 4 PLUGS AT 2/MIN NO TORQUING
M PC SLINGS _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

ALIGN HI-TRAC OVER HI-STORM 10 13B 2 561.8 93.6 187.3 ALIGNMENT GUIDES USED
AND MATE OVERPACKS
PULL MPC SLINGS THROUGH TOP 10 13A 2 24Z 7 41.3 82.6 2 SLINGS@5MIN/SLING
L ID H O LE _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

INSTALL TRIM PLATES 4 13B 2 561.8 37.5 74.9 INSTALLED BY HAND NO
t___________________________ See_______ notes_____ at_________ bottom____ of_____ _ Table_ _ 10..4FASTENERS

See notes at bottom of Table 10.3.4.
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Table 10.3.2b
HI-STORM 100 SYSTEM UNLOADING OPERATIONS USING THE 100-TON HI-TRAC TRANSFER CASK
ESTIMATED OPERATIONAL EXPOSURES (446,000 MWD/MTU, 3-YEAR COOLED PWR FUEL)

..OPERATORt DOSE RATEDURATION OCEATON UBRO AT DOSE TO TOTAL
ACTION DUAIN ON LOCATIONUR MEROF OPERATOR INDIVIDUAL DOE NSullIONS

(MIUTS) FIU10 OPRAOR LOCATION (MREM) (PER-SON-ASUTON
(MREM/HR) IMREM)

ATTACH MPC SLING TO LIFTING 10 13A 247.7 4 1.3 2 SLINGS@5MIN/SLING NO
DEVICE 10 13A 1 247.7~______ 43413 BOLTING

CLOSE HI-TRAC DOORS AND 4 13B 261.8 37. 74,9 2 PNS@2MN
INSTALL DOOR LOCKING PINS 41B2318337. IS2I/I
DISCONNECT SLINGS FROM MPC 10 13A 2 24Z7 41.3 82.6 2 SLINGS@5MIN/SLING

LIFT CLEATS_____
DOWNEND H-TRAC ON 2 8 . ALIGN TRUNNIONS, DISCONNECT

TRANSPORT FRAME 20 12A 26.4 817.6 LIFT YOKE

TRANSPORT HITRAC TO FUEL 90 12A 1 26.4 39.6 39.6 DRIVER RECEIVES MOST DOSEBUILDING _ _ _ _ _ _ _ _ _ _ _ _ _ _

UPEND HI-TRAC 20 12A 2 26.4 8.8 17.6 ALIGN TRUNNIONS DISCONNECT
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~~LIFT ,Y O K E

___:__._ Section U.3 .
MOVE HI-TlAC TO TRANSFER 20 2 7406246.9 4937 ALIGN TRUNNIONS, DISCONNECT
SLIDE __ _ _ _ _ _ _ _ _LIFT YOKE
ATTACH MPC SLINGS 4 9A 2 247.7 16.5 33.0 INSTALLED BY HAND NO TOOLS

REMOVE TRANSFER LID BOLTS 6 IIB 1 1806.3 180.6 180.6 TOOLS USED

INSTALL POOL LID BOLTS IS 10A 1 1806.3 541.9 541.9 36 BOLTS @ 2/MIN IMPACT TOOLS
___________________________ __________ __________ U SED I PA SS

LIFT CLEATS N10 9A I 247.7 41.3 41.3 4 BOLTSNO TORQUING

PLACE HI-TRAC IN PREPARATION IS 9C I 740.6 185.2 185.2 100 FT@ IOFTIMIN (CRANE
AREA __________SPEED)+ MIN TO ALIGN

REMOVE TOP LID BOLTS 6 9B 1 60.0 6.0 6.0 24 BOLTS AT 4/MIN (NO TORQUE
_________ ~~~IMPACT TOOLS)

REMOVE HI-TRAC TOP LID 2 6A I 31.3 1.0 1.0 4 SHACKLES@2/MIN
ATTACH WATER FILL LINE TO HI- 0.5 9D 1 1806.3 1.1 15.1 QUICK DISCONNECT NO TOOLS
TRAC DRAIN PORT_________
INSTALL BOLT PLUGS OR

WATERPROOF TAPE FROM HI- 9 8A . 60.0 9.0 9.0 18 HOLES@V2MIN
TRAC TOP BOLT HOLES
CORE DRILL CLOSURE RING AND
VENT AND DRAIN PORT COVER . . 47 20 MINUTES TO INSTALL4ALIGNPLATES! 40. 7A 2 209 ~~~~~~~~~~~~~~~~~+10 MINICOVER

PL TE .__ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

I

'I

I*
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Table 10.3.2b
HI-STORM 100 SYSTEM UNLOADING OPERATIONS USING THE 100-TON HI-TRAC TRANSFER CASK

1?.QTXTfArn nVP1I1ATmFThJAI IWPV1DnTnt tAnfdsfiffi X4WAU/X4TTT ...V1?AD Onnlr PVllW 1TTV.AAE..A Ato A_, s_ Ag v W Ad VtA Is As~w %V s mu JI W VA U y~VV 1 I Av % J_ Ac AJ-LA% %- v.%FJJim A T tV A A- %jDA.

OPERATOR DOSE RATE TOTAL
ACTION ~~~DURATION LOCATION NUMBER OF AT DOSE TO DS

ACTION | (MINUTES) (FIGURE OPERATORS OPERATOR MINDIM) (PERSON- ASSUMPTONS
10.3.1) LOCAION MRRM MREM)

REMOVE CLOSURE RING SECTION
AND VENT AND DRAIN PORT I 8A I 60.0 1.0 1.0 2 COVERS@2/MIN NO TOOLS
COVER PLATES

ATTACH RVOAS 2 HA 1 60.0 z0 2 SINGLE THREADED CONNECTION(I RVOA)
ATTACH A SAMPLE BOTTLE TO 0.5 8A 1 60.0 0.5 0.5 I" THREADED FITTING NO TOOLS

VENT PORT RVOA
GATHER A GAS SAMPLE FROM 0.5 8A I 60.0 0.5 0.5 SMALL BALL VALVE

CLOSE VENT PORT CAP AND I 8A l 60.0 1.0 1.0 I" THRBADED FITTING NO TOOLS
DISCONNECT SAMPLE BOTTLE
ATTACH COOL-DOWN SYSTEM TO 2 8A 1 60.0 2.0 2.0 "THREADED FITTING NO TOOLS

RVOAs _ _ _ _ _ __ _ __ _ _ _ X 2
DISCONNECT GAS LINES TO VENT I 8A 1 60.0 1.0 1.0 1 THREADED FITTING NO TOOLS

AND DRAIN PORT RVOAs 
. __

VACUUM TOP SURFACES OF MPC I31.3 5.2 .2 SHOP VACUUM WITH WAND +
AND HI-TRAC 6A HAND WIPE
REMOVE ANNULUS SHIELD I 8A 1 60.0 1.0 1.0 SHIELD PLACED BY HAND
MANUALLY INSTALL 10 6A 2 31.3 5.2 10.4 CONSULTATION WITH CALVERT

INFLATABLE SEAL _ _ _ _ __ _ _ _ __ _ _ _ __ _ _ _ _ _ _ __ CLIFFS
OPEN NEUTRON SHIELD JACKET 5C 241.8 $1 8. SINGLE THREADED CONNECTION

DRAIN VALVE I .
CLOSE NEUTRON SHIELD JACKET 2 5C I 241.8 8.1 8.1 SINGLE THREADED CONNECTION

DRAIN VALVE .
REMOVE MPC LID LIFTING HOLE 2 5A 1 62.5 2 2.1 4 PLUGS AT 2/MIN NO TORQUING

PLUGS
ATTACH LID RETENTION SYSTEM 12 5A 1 62.5 12.5 12.5 24 BOLTS @ 2 MINUTES/BOLT
ATTACH ANNULUS

OVERPRESSURE SYSTEM 0.5 5C 1 241.8 2.0 2.0 QUICK DISCONNECT NO TOOLS
PTONRHRESRA OVSER _CS_POSITION H-TRAC OVER CASK 10 5C _ 241.8 40.3 40.3 100 FT @ 10 FT/MIN (CRANE SPEED)

LOWER I-TRAC INTO SPENT 8.5 3C I 663.4 94.0 94.0 17 FEET @ 2 FTfMIN (CRANEFUEL POOL ______SPEED)

REMOVE LID RETENTION BOLTS 12 3B 1 76.3 15.3 15.3 24 BOLTS @ 2/MINUTE

PLACE HI-TRAC ON FLOOR 20 2 2 3 1.0 2.0 40 FEET @ 2 FTM E (CRANE

HI-STORM FSAR
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Table 10.3.2b
HI-STORM 100 SYSTEM UNLOADING OPERATIONS USING THE 100-TON WI-TRAC TRANSFER CASK
ESTIMATED OPERATIONAL EXPOSURESt (4,50046,000 MWD/MTU, 63-YEAR COOLED PWR FUEL)

OPERATOR ~DOSE ATETOA
DURAION OCEATON UBRO AT IDOSE TO TOTAL

ACnoN DRATION L O PERTORN |UR OPERATOR INDIMUAL (PERSON ASSUMPTIONS
MINUES)(FIGRE PERAORSLOCATION (MREM) (ESN

103.1) M IEI R) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

REMOVE MPC LID 20 2 2 3 1.0 2.0 CONSULTATION WITH CALVERT~~~~~~~~~~~~~~~~I.IICLIFFS
Section 83.4

REMOVE SPENT FUEL 10012 3 51.0 ~1020 15MINUTES PER ASSEMBLYI/68
ASSEMBLIES FROM MPC 102 I.Y

TOTAL ' 4386 PERSON-MRXEM

I

I
I
I
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Table 10.3.2c
HI-STORM 100 SYSTEM UNLOADING OPERATIONS USING THE 125-TON HI-TRAC 125D TRANSFER CASK

ESTIMATED OPERATIONAL EXPOSURESt (57,50075000 MWD/MTU. 445-YEAR COOLED PWR FUEL)
OPERATOR DOSE RATE TOTAL

ACTION ~~DURATION LOCATION NUMBER OF AT DOSE TO DOSEASUPONACTION (MINUTES) (FIGURE I OPERATORS OPERATOR INDIVIDUAL (PERSON-SUMTIONS
10.3.1) ____JLOCATION (MREM) MIRENO

Section 83.2 (Step Sequence Varies By Sate and Mode o Transport)
REMOVE INLET VENT SCREENS 20 16D I 43.8 14.6 14.6 4 SCREENS@5MIN/SCREEN
INSERT HI-STORM LIFTING 4 16D 1 43.8 2.9 2.9 4 JACKS@IIMIN
JACKS _ _ _ _

INSERT AIR PAD 5 16D 2 43.8 3.6 7.3 I PAD MOVED BY HAND
REMOVE HI-STORM LIFTING 4 16D I 43.8 2.9 2.9 4 JACKS@I/MIN
JA C K S _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

TRANSFER HI-STORM TO MPC 40 16C I 25.5 17.0 17.0 200 FEET 4FT/MIN
TRANSFER LOCATION

REMOVE HI-STORM LID 10 16A 1 7.3 1.2 1.2 4 BOLTS NO TORQUE
STUDS/NU TS _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

REMOVE HI-STORM LID LIFTING
HOLE PLUGS AND INSTALL LID 2 1 6A l 7.3 0.2 0.2 4 PLUGS AT 2/MIN NO TORQUING
LIFTING SLING _

REMOVEGAMMASHIELD 4 16B I 73.9 4.9 4.9 4 PLATES@ I /MINCROSS PLATES__ _ _ __ _ _ _ __ _ _ _

REMOVE TEMPERATURE 16B 73.9 9.8 9.8 4 TEMP. ELEMENTS @ 2MIN/TEMP. ELEMENT NOELEMENTS8 6I7399898 TRU
REMOVE HI-STORM LID 2 16A l 7.3 0.2 0.2 4 SHACKLES@2/MIN
INSTALL HI-STORM VENT DUCT 2 I5A I 45.5 1.5 1.5 4 SHACKLES@2/MIN

SHIELD INSERTS
INSTALL MATING DEVICE 10 15A l 45.5 7.6 7.6 3 BOLTS AT 2 MINUTES PER BOLT

WITH POOL LID
REMOVE MPC LIFTCLEAT HOLE 2 14A I 362.5 12.1 12.1 4 PLUGS AT 2MIN NO TORQUING
PLU G S I__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

INSTALL MPC LIFT CLEATS 2 14A 1 362.5 12.1 12.1 4 PLUGS AT 2/MIN NO TORQUING
AND MPC SLINGS

t See notes at bottom of Table 10.3.4.
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Table 10.3.2c
HI-STORM 100 SYSTEM UNLOADING OPERATIONS USING THE 125-TON 1I-TRAC 125D TRANSFER CASK

ESTIMATED OPERATIONAL EXPOSURESt (57A0075.000 MWDIMTU. 5-YEAR COOLED PWR FUEL)
_ . 0 OPERATOR DOSE RATE TOTAL

oP~~ri~ron AT DOSE TO TA
ACTION DU3T1O OPERATOR INDIVIDUAL DOSE ASSUMPTIONS

(MINUTES) (FIGURE OPERATORSLOA7N MRM (PERSON-,
10.3.1) LATO ( MREM) MEI

. . . . .~~~~~ME/tft
ALIGN HI-TRAC OVER HI-STORMAND MATE OVERPACS 10 13a 2 118.5 19.8 39.5 ALIGNMENT GUIDES USED

TP LID SOLINGSETHROUG 10 13A 2 158.3 26.4 52.8 2 SLINGS@5MINISLINGTOP LID H4OLE ______.

INSTALL TRIM PLATES 4 13B 2 118.5 7.9 15.8 INSTALLED BY HAND NO FASTENERS

ATTACH MPC SLING TO 10 1 3A I 158.5 26.4 26,4 2 SLINGS@5MIN/SLING NO BOLTING
LIFTING DEVICE__ _ __ _ _ _ _

CLOSE MATING DEVICE
DRAWER AND BOLT-UP POOL 36 13B 2 118.5 71.1 142.2 2 PINSnd2MIN/PtN, 16 BOLTS @ 2MINIBOLT
LID ' 

DISCONNECT SLINGS FROM 10 13A 2 158. 26.4 52.8 2.SLINGS@SMIN/SLING
MPC LIFT CLEATS _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

DOWNEND HI-TRAC ON 20 12A 2 . 26.4 8.8 17.6 ALIGN TRUNNIONS, DISCONNECT LIFT YOKE
TRANSPORT FRAME__ _ _ _ _ _ _ _ __ _ ___ _ _ _

TRANSPORT H-TRAC TO FUEL 90 1 2A I 26.4 39.6 39.6 DRIVER RECEIVES MOST DOSE
BUILDING _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

UPEND HI-TRAC 20 12A 2 26.4 8.8 17.6 ALIGN TRUNNIONS, DISCONNECT LIFT YOKE

__X___._XX Section 833

PLACE H-TRAN i 9C 1 117.8 29.5 29.5 100 FT @ 10 FT/MIN (CRANE SPEED)+ 5MIN TO
PREPARATION____AREA__ALIGN

REMOVE TOP LID BOLTS 6 9B I 37.9 3.8 3.8 24 BOLTS AT 4/MIN (NO TORQUE IMPACT TOOLS)

REMOVE HI-TRAC TOP LID 2 6A 1 18.7 0.6 0.6 4 SHACKLES@2/MIN

ATTACH WATER FILL LINE TO 0.5 9D I 354.2 3.0 3.0 QUICK DISCONNECT NO TOOLS
HI-TRAC DRAIN PORT

INSTALL BOLT PLUGS OR
WATERPROOF TAPE FROM HI- 9 8A I 37.9 5.7 5.7 18 HLES2/Mi
TRAC TOP BOLT HOLES .
CORE DRILL CLOSURE RING

AND VENT AND DRAIN PORT 40 7A 2 1&7 1Z5 24.9 20 MINUTES TO INSTALUALIGN +10 MIN/COVER
COVER PLATES - . _ . . .

I

I

I
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I

I
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Table 10.3.2c
HI-STORM 100 SYSTEM UNLOADING OPERATIONS USING THE 125-TON HI-TRAC 125D TRANSFER CASK

ESTIMATED OPERATIONAL EXPOSURES (7,50075.000 MWD/MTU. 425-YEAR COOLED PWR FUEL)
OPERATOR DOSE RATE TOTAL

ACTION DURATION LOCATION NUMBER OF AT INDVIDUA DOSE ASSUMFFIONSACTION (MINUTES) (FIGURE OPERATORS OCEATON INIIDA (PRSO- SUM)N
10.3.1) LOCATION (RERM)M

REMOVE CLOSURE RING
SECTION AND VENT AND DRAIN I 8A I 3Z9 0.6 0.6 2 COVERS@2/MIN NO TOOLS
PORT COVER PLATES _

ATTACH RVOAS 2 8A I 3Z9 1.3 1.3 SINGLE THUDED CONNECTION (I RVOA)

ATTACH A SAMPLE BOTTLE TO 0.5 8A 1 3Z9 0.3 0.3 1 " THREADED FITTING NO TOOLSVENT PORT RVOA

GATHER A GAS SAMPLE FROM 0.5 8A I 3Z9 0.3 0.3 SMALL BALL VALVE

CLOSE VENT PORT CAP AND I 8A I 379 0.6 0.6 1'THREADED FITTING NO TOOLS
DISCONNECT SAMPLE BOTTLE

ATTACH COOL-DOWN SYSTEM 2 8A I 37.9 1.3 1.3 I" THREADED FITTING NO TOOLS X 2
TO RVOAs _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _

DISCONNECT GAS LINES TO I 8A I 37 9 0.6 0.6 1'THREADED FITTING NO TOOLS
VENT AND DRAIN PORT RVOAs . . .

VACUUM TOP SURFACES OF I 6A I 187 3.1 3.1 SHOP VACUUM WITH WAND + HAND WIPE
MPC AND HI-TRAC
REMOVE ANNULUS SHIELD I 8A 1 37.9 0.6 0.6 SHIELD PLACED BY HAND

MANUALLY INSTALL 10 6A 2 187 3.1 6.2 CONSULTATION WITH CALVERT CLIFFSINFLATABLE SEAL__ _ _ _ __ _ _ _ __ _ _ _ _ _ _ _ _

OPEN NEUTRON SHIELD 2 5C I 82.7 2.8 2.8 SINGLE THREADED CONNECTION
JACKET DRAIN VALVE

CLOSE NEUTRON SHIELD 2 SC I 82.7 2.8 Z8 SINGLE THREADED CONNECTIONJACKET DRAIN VALVE ____________

REMOVE MPC LID LIFTING 2 5A 37.3 1.2 1.2 4 PLUGS AT 2/MIN NO TORQUINGH O LE PLU G S_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

ATTACH LID RETENTION I25A I 3Z3 7.5 7.5 24 BOLTS @ 2 MINUTES/BOLT
SY ST EM _ _ _ _ __ _ _ _ _ I__ _ _ I__ _ _ I__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

ATTACH ANNULUS
OVERPRESSURE SYSTEM 0.5 5C l 82.7 0.7 0.7 QUICK DISCONNECT NO TOOLS
POSITION HI-TRAC OVER CASK 10 . 5C I 82.7 13.8 13.8 100 FT @ 10 FTMIN (CRANE SPEED)

LO AD IN G AREA -_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Table 10.3.2c
HI-STORM 100 SYSTEM UNLOADING OPERATIONS USING THE 125-TON HI-TRAC 125D TRANSFER CASK

ESTIMATED OPERATIONAL EXPOSURESt (-7;)O75.000 MWD/MTU, fl5-YEAR COOLED PWR FUEL)

ACTION DURATION
(MINUTES)

OPERATOR
LOCATION

(FIGURE
103.1)

NUMBER OF
OPERATORS

DOSE RATE
AT

OPERATOR
LOCATION
(MREMWIR)

DOSE TO
INDIVIDUAL

(MREM)

TOTAL
DOSE

(PERSON-
MREM)

ASSUMPTIONS

LOWER HI-TRAC INTO SPENT 8.5 3C
FUEL POOL 8. 3C
REMOVE LID RETENTION 12 3B

BOLTS ._ _

PLACE HI-TRAC ON FLOOR 20 2

REMOVE MPC LID 20 2

16.7 16.7, 17 FEET 2 T/MIN (CRANE SPEED)

9.3 9.3 24 BOLTS @ 2MINUTE

0.7 1.3 40 FEET @ 2 FTMINUTE (CRANE SPEED)

0.7 1.3 CONSULTATION WITH CALVERT CLIFFS

l

I
34.0 IS MINUTES PER ASSEMBLY/68 ASSY

)TAL I. 329A67Z6 PERSON-MREM
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Table 10.3.3a
MPC TRANSFER INTO TIE HI-STORM 100 SYSTEM DIRECTLY FROM TRANSPORT USING

THE 125-TON HI-TRAC TRANSFER CASK
ESTIMATED OPERATIONAL FXPOSI1RFqt (7 .0075.ffl MWnIMTTT- 5_-YV.AR nInflEn PWR ITT.LI

OPERATOR ~ DOSE RATE TOTAL
ACTION | DURATION LOCATION NUMBER OF OPERATOR INDIV DUAL EACTION (MINUTES) (FIGURE OPERATORS OPLOCATON INMIIDMA (FERSON_ ASUIIN

103.1) _________L(MCEMION) ________j MREM)__

._______ Section 8.5.2
MEASURE HI-STAR DOSE RATES 16 17A 2 14.1 3.8 7.5 16 POINTSXI POINT/MIN
REMOVE PERSONNEL BARRIER 10 17C 2 21.5 3.6 7.2 ATTACH SLING REMOVE 8 LOCKS

CEO M REMON VEYS I 17C 1 21.5 0.4 0.4 10 SMEARS(10 SMEARS/MINUTE

REMOVE IMPACT LIMITERS 16 17A 2 14.1 3.8 7.5 ATTACH FRAME REMOVE 22
________ ~~~~~~~~~~~~~~BOLTS IMPACT TOOLS

REMOVE TIE-DOWN 6 1 7A 2 1.1 1.4 2.8 ATTACH 2-LEGGED SLING
________ ~~~~~~~~~~~~~~REMOVE 4 BOLTS

PERFORM A VISUAL INSPECTION0 17B 1 9.0 1.5 1.5 CHECKSHEET USED

REMOVE REMOVABLE SHEAR 17A 14.1 09 0.9 4 BOLTS EACH @2/MIN X2
RING SEGMENTS _____SEGMENTS

UPEND HI-STAR OVERPACK 20 17B 2 9.0 3.0 6.0 DISCONNECT LIFT YOKE
INSTALL TEMPORARY SHIELD 16 18A I 7.1 1.9 1.9 8 SEGMENTS @ 2 MIN/SEGMENT

RING SEGMENTS__ _ _ __ _ _ _ _ _ _ _ _

FILL TEMPORARY SHIELD RING 25 18A 1 7.1 3.0 3.0 230 GAL @IOGPM. LONG HANDLEDSEGMENTS _____SPRAYER

REMOVE OVERPACK VENT PORT 2 18A I 7.) 0.2 0.2 4 BOLTS @2/MIN
COVER PLATE ____ ____

ATTACH BACKFILL TOOL 2 18A I 7.1 0.2 0.2 4 BOLTS 2/MIN
OPEN/CLOSE VENT PORT PLUG 0.5 18A 1 7.1 0.1 0.1 SINGLE TURN BY HAND NO TOOLS
REMOVE CLOSURE PLATE BOLTS 39 18A 2 7.1 4.6 9.2 52 OLTSX4/M X 3 PASSES
REMOVE OVERPACK CLOSURE 2 18A 1 7.1 0.2 0.2 4 SHACKLES@2/MIN

PLA TE__ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ __ _ _ _ _ _

INSTALL HI-STAR SEAL SURFACE 2 1 9B 1 7.1 0.2 0.2 PLACED BY HAND NO TOOLS
PROTECTOR I__ _ _ I__ _ _ _ _ _ _ _ _ _ _ I__ _ _ I__ _ _

INSTALL TRANSFER COLLAR ON 10 19~B 2 7.1 1.2 2.4 ALIGN AND POSITION REMOVE 4INSTALL TRANSFER COLLAR ON I9 7. 1. 9. HAKE
HI-STAR See notes at b m of T e SHACKLES

See notes at bottom of Table 10.3.4.
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Table 10.3.3a
MPC TRANSFER INTO THE HI-STORM 100 SYSTEM DIRECTLY FROM TRANSPORT USING

THE 125-TON HI-TRAC TRANSFER CASK
ESTIMATED OPERATIONAL EXPOSURES (7575,000 MWDMTU, 145-YEAR COOLED PWR FUEL)

OPERATOR AT SDOS TO TOTAL

ACllON DURATION _AXATION NUMMIROF OPERATOR INDIVIDUAL DOSE ASSUMPTIONS
(MINUTES) (FIGURE OPERATORS LOCATION (MREM) (PERSON-

103.1) (RMH)MRIM)

REMOVE MPC LIFT CLEAT HOLE 2 19A 1 362.5 IL) 12.1 4 PLUGS AT 2/MIN NO TORQUING
P L U G S _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _

INSTALL MPC LIFT CLEATS AND 25 19A 2 362.5 151.0 30I INSTALL CLEATS AND HYDRO
LIFT SLING 25___9A_ _2_362 _5 ________ _______ TORQUE 4 BOLTS

MATE OVERPACKS I 20B 2 118.5 19.8 39.5 ALIGNMENT GUIDES USED

REMOVE DOOR LOCKING PINS 4 20B 2 118.5 7.9 15.8 2 PINS@2/MIN
A N D O PEN DO O R S _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

INSTALL TRIM PLATES 4 20B 2 118.5 7.9 15.8 INSTALLED BY HAND NO
I____ I___ _ FASTENERS

. _____._ Seetie~ 1853 _ ________ ._______ .___Sectin_8_5

REMOVE TRIM PLATES 4 20B 2 118.5 7.9 5.8 INSTALLED BY HAND NO
__________ _________ _ :__.__ ___ : ASTENERS

DISCON NECT SV I NGS FROMEMPC 10 20A 2 158.5 26.4 52.8 2 SLINGS@5/MINLIFTING DEVICE __ __ _I__ _I_

INSTALL TRIM PLATES 4 13B 2 118.5 7.9 15.8 IAL B D
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~FA ST EN ER S

MPC LIF SLINGS 10 14A 1 362.5 60.4 60.4 4 BoLTSNO TORQUING

INSTALL HOLE PLUGS IN EMPTY 2 14A I 362.5 12.1 12.1 4 PLUGS AT 2/MIN NO TORQUING - I
MPC BOLT HOLES .. .
REMOVE HI-STORM VENT DUCT 2 15A I 4.5 1.5 1.5 4 SHACKLES@2IMIN
SHIELD INSERTS _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _

REMOVE ALIGNMENT DEVICE 4 15A 1 45.5 3.0 3.0 REMOVED BY HAND NO TOOLS (4
______ _____ PCS@1flMIN)

INSTALL HI-STORM LID AND 25 16A 2 7.3 3.1 6.1 INSTALL LID AND HYDRO TORQUE
INSTALL LID STUDS/NUTS 2S 4 BOLTS
INSTALL HI-STORM EXIT VENT 1 73.9 4.9 4S@I/MIN INSTALL BY HAND
GAMMA SHIELD CROSS PLATES 4.16B__ ,__73_9_ _4_9_9 NO TOOLS
INSTALL TEMPERATURE 20 16B 1 73.9 24.6 24.6 4@SMINIEMPERATURE ELEMENT
ELEMENTS__ _ _ _ _ _ _ _ _ _ _

INSTALL EXIT VENT SCREENS 20 16B I 73.9 24.6 24.6 4 SCREENS SMIN/SCREEN
REMOVE HI-STORM LID LIFTING 2 16A I 7.3 0.2 0.2: 4 SHACKLES@2/MIN
D E V I C E _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Table 10.3.3a
MPC TRANSFER INTO THE HI-STORM 100 SYSTEM DIRECTLY FROM TRANSPORT USING

THE 125-TON HI-TRAC TRANSFER CASK
ESTIMATED OPERATIONAL EXPOSURESt (7i0B)75,000 M4D5MTU, MI-YEAR COOLED PWR FUEL)

OPERATOR DOSE RATETOA
DURAION OCAION UMBE OF AT DOSE TO TOAL

ACTION DATON L(ION NMEATORS OPERATOR INDIVIDUAL (PERSON- ASSUMPTIONS
(MINUTES) (FIURE OPERATORSLOCATION (MREM) PRSN

INSTALL HOLE PLUGS I EMPl0Y
HOLES H2 6A 1 7.3 0.2 0.2 4 PLUGS AT 2/MIN NO TORQUING
PERFORM SHIELDING
EFFECTIVENESS TESTING 16 16D l 438 11.7 11.7 I6PO I MS
SECURE HI-STORM TO TRANSPORT 16A Z3 1.2 _ ASSUMES AIR PAD
DEVICE 1 6 . . . SUE I A
TRANSFER HI-STORM TO rrS
DESIGNATED STORAGE LOCATION 40 16C l 25.5 17.0 17.0 200 FEET @ 4FTMN
INSERT HI-STORM LITING JACKS 4 16D I 43.8 2.9 29 4 ACKS(aI IN
REMOVE AIR PAD 5 16D 1 43.8 3.6 3.6 I PAD MOVED BY HAND
REMOVE HI-STORM LIFflNG 4 16D 1 43.8 2.9 2.9 4 JACKS@I/MIN
JA C K S _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

INSTALL INLET VENT SCREENS 20 1 6D I 43.8 14.6 14.6 4 SCREENS(5MIN/SCREEN
PERFORM AIR TEMPERATURE RISE 8 16B 1 73.9 9.8 9.8 MEASMT/MIN
TEST I_ _ 73.9 9.8 9.8 8 _ _ _ _ _ _ _ _ _ _ _ _

TOTAL 444722.6 PERSON-MREM
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Table 10.3.3b
MPC TRANSFER INTO THE HI-STORM 100 SYSTEM DIRECTLY FROM TRANSPORT USING

THE 100-TON HI-TRAC TRANSFER CASK
ESTIMATED OPERATIONAL EXPOSURESt (4 46,000 MWD/MTU, 6-EAR COOLED PWR FUEL)I OPERATOR J ~~DOSE RATE

DURATION LOCATION NUMBEROF AT DOSE TO DOSE ASSUMPIONSACTION ~ MNUTES) (FIGURE JOPERATORS OPERATOR INDIVIDUAL (PERSON- SUPINACTION 1 103.1) ~~~~~LOCATION (MREM) MRM
(MREM R)

Section 8.5.2 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

MEASURE HI-STAR DOSE RATES 16 17A 2 14.1 3.8 7.5 16 POINTS(I POINT(MIN
REMOVE PERSONNEL BARRIER 10 17C 2 21.5 3.6 Z2 ATTACH SLING REMOVE 8 LOCKS
PERFORM REMOVABLE 17C 21.5 a0.4 10 SMEARS10 SMEASM E
CONTAMINATION SURVEYSIICI2150404 1SMA@OSER/INT
REMOVE IMPACT LIMITERS 16 17A 2 14.1 3.8 7.5 ATTACH FRAME REMOVE 22______________________ ________ ~~~~~~~~~~BOLTS IMPACT TOOLS

ATTACH 2-LEGGED SLINGREMOVE TIE-DOWN 6 7A 2 14.1 1.4 2.8 REMOVE 4 BOLTS
PERFORM A VISUAL INSPECTION 1t 1 7B 1 9.0 1.5 1.5 CHECKSHEET USED
OF OVERPACK ____

REMOVE REMOVABLE SHEAR 41AIi/0909 4 BOLTS EACH @2/MIN X 2RING SEGMENTS 4G17A N1S.1 0.9 . SEGMETS
UPEND HI-STAR OVERPACK 20 17B 2 9.0 3.0 6.0 DISCONNECT LIFT YOKE
INSTALL TEMPORARY SHIELD 16 18A I 7.1 1.9 1.9 8 SEGMENTS 2 MIN/SEGMENT

RING SEGMENTS__ _ _ _ __ _ _ ___ _ _ _ _ _ _ _ _ _ _

FILL TEMPORARY SHIELD RING 25 8SA 1 7.1 3.0 3.0 230 GAL @IOGPM, LONG HANDLED
SEGMENTS _ _ _ _ _ _ _ _ _ __ _ _ __ SPRAYER
REMOVE OVERPACK VENT PORT 2 I8A 1 7.1 0.2 02 4 BOLTS @2/MIN

COVER PLATE
ATTACH BACKFILL TOOL 2 18A 1 7.1 0.2 0.2 4 BOLTS @2/MR
OPEN/CLOSE VENT PORT PLUG 0.5 18A = 7.1 0.1 I SINGLE TURN BY HAND NO TOOLS
REMOVE CLOSURE PLATE BOLTS 39 18A 2 7.1 4,6 9.2 52 BOLTS@4/MIN X 3 PASSES
REMOVE OVERPACK CLOSURE 2 18A 1 7.1 a2 0.2 4 SHACKLES@2/MIN

PLA T E _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

INSTALL HI-STAR SEAL SURFACE 2 19B I 7.1 0.2 0.2 PLACED BY HAND NO TOOLS
PROTECTO R__ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

INSTALLTRANSFER COLLAR ON 10 A19B 2 24 AlIGN ANDPOSITION REMOVE4
HI-STAR to__ _ 19B___ 2___ __ 7__ _1 _ 1__2 _ 2__4 _ SHACKLES

See notes at bottom of Table 10.3.4.
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Table 10.3.3b
MPC TRANSFER INTO THE HI-STORM 100 SYSTEM DIRECTLY FROM TRANSPORT USING

THE 100-TON HI-TRAC TRANSFER CASK
ESTIMATED OPERATIONAL EXPOSURESt (4ZO046.000 MWD/MTU. 63-YEAR COOLED PWR FUEL) I

OPERATOR DOSE RATETOA
DURATION LOCATION NUMBER OF AT DOSE TO TOTAL

ACTION (MINUTES) (FIGURE OPERATORS OPERATOR INDIVIDUAL DOE ASSUMPTIONS

10.3.1) LOCATION. (MREM) (PESN
REMOVEMPCLITCLEATHOLE 2 19A I 362.5 12.1 12.1 4 PLUGS AT 2/MIN NO TORQUING

PLU G S _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _

INSTALL MPC LIFT CLEATS AND 25 19A 2 362.5 151.0 302) INSTALL CLEATS AND HYDRO
LIFT SLING _ _ _ _ __ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ __ TORQUE 4 DOLTS

MATE OVERPACKS 10 20B 2 561.8 93.6 18Z3 ALIGNMENTGUIDES USED
REMOVE DOOR LOCKING PINS 20B 561.8 375 74.9 2 PINS@2/MN

AND OPEN DOORS __ __8 3_5_749_2 ________

INSTALL TRIM PLATES 4 20B 2 561.8 37.5 74.9 INSTALLED BY HAND NO

Section 853

REMOVE TRIM PLATES 4 20B 2 561.8 375 74.9 INSTALLED BY HAND NO
________ _______ ________ ___ ___ _______________ ___ ___ _______ FA ST E N E R S

DISCONNECT SLINGS FROM MPC 10 20A 2 247.7 41.3 82.6 2 SLINGS@S/MINLIFTING DEVICE_____

REMOVE TRIM PLATES 4 13B 2 561.8 3Z5 74.9 INSTALLED BY HAND NO
_________ FASTENERS

REMOVE MPC LIFT CLEATS AND 10 14A 1 362.5 60.4 60.4 4 BOLTSNO TORQUING
MPC LIFT SLINGS__ _ _ ___ _ _ _ __ _ _ ___ _ _ _ _ _ _ _ _ _ _

INSTALL HOLE PLUGS IN EMPTY 2 14A 1 362.5 12.1 II 4 PLUGS AT 2/MIN NO TORQUING
MPC BOLT HOLES
REMOVE HI-STORM VENT DUCT 2 I5A 1 45.5 1.5 1.5 4 SHACKLES@2/MIN
SHIELD INSERTS

REMOVE ALIGNMENT DEVICE 4 15A 1 45.5 3.0 3.0 REMOVED BY HAND NO TOOLS (4
_________ _________ PCS(~I/M IN)

INSTALL HI-STORM LID AND 25 16A 2 73 3.1 6.1 INSTALL LID AND HYDRO TORQUE
INSTALL LID STUDS/NUTS 5 16A_2._. _ . 4 BOLTS
INSTALL HI-STORM EXIT VENT 16B 73.9 4.9 4.9 4 PCS I/MIN INSTALL BY HAND
GAMMA SHIELD CROSS PLATES NO TOOLS
INSTALL TEMPERATURE 20 16B I 73.9 24.6 24.6 4@5MINTEMPERATURE ELEMENT
ELEM EN TS I_ _ __ _ _ _I__ _ I__ _ _ _ I__ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _

INSTALL EXIT VENT SCREENS 20 16B I 73.9 24.6 24.6 4 SCREENSW5MINISCREEN
REMOVE HI-STORM LID LIFTING 2 16A I 7.3 0.2 0.2 4 SHACKLES@2/MIN
D EV IC E_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Table 10.3.3b
MPC TRANSFER INTO THE HI-STORM 100 SYSTEM DIRECTLY FROM TRANSPORT USING

THE 100-TON HI-TRAC TRANSFER CASK
ESTIMATED OPERATIONAL EXPOSURESt(42-046,000 MWD/MTU, ~3YAR COOLED PWR FUEL)

OPERATOR DSRAETOTAL
DURATON LCATIO NUMR OF AT DOSE TO DOSEAsuwos

ACTION DUAINLCTO UIE FOPE]RATOR IVIUALASUPIN
(MINUTES) (FIGURE OPERATORSLOAIN (ES-

103.1) (MEM)MREM)

HONSAL HLPLGINETY2 16A 1 7.3 0.2 0.2 4 PLUGS AT 2/MIN NO TORQUING

PERFORM SHIELDING
EFFECTIVENESS TESTING 1 6 16D 1 43.8 11.7 11.7 16POINTS@I MIN
SECURE HI-STORM TO TRANSPORT 1 6 . . . SUE I A
DEVICE ___ __ __ 16A_ _ __7_3_12_1_2_SSUMESAIRPA

TRANSFER HI-STORM TO ITS 4 6 551. 70 20F E FfI
DESIGNATED STORAGE LOCATION 4 6 551. 70 20FE F/I
INSERT HI-STORM LIFTING JACKS 4 16D I 43.8 2.9 2.9 4 JACKSYJI/MIN
REMOVE AIR PAD 5 161) 1 43.8 3.6 3.6 PAD MOVED BY HAND
REMOVE HI-STORM LIFTING 4. 16D 1 43.8 2.9 2.9 4JACKS~1lIN
JA C K S_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

INSTALL INLET VENT SCREENS 20 16D 1 43.8 14.6 14. 4 SCREENS(~5MIN/SCREEN
PERFORM AIR TEMPERATURE RISE 81B17. . . ESTIM
TEST _ _ _ _ _ _16B_ _ _ _ 7__ _ _ _ _ _ 9_ _ 9__ _8 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

TOTAL UU1MI36.5 PERSON-MREM
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Table 10.3.3c
MPC TRANSFER INTO THE HI-STORM 100 SYSTEM DIRECTLY FROM TRANSPORT USING

THE 125-TON HI-TRAC 125D TRANSFER CASK
ESTIMATED OPERATIONAL EXPOSURESt (57,50075.000 MWD/MTU. 145-YEAR COOLED PWR FUEL)

. OPERAT ORA DOSE RATE TOTAL

DURATION LOCATION NUMBER OF AT DOSE TO DOSE ASSUMPTIONSACTION (MINUTES) (FIGURE OPERATORS LOCATION(IVID) (PERSON-

Section 8.5.2
MEASURE HI-STAR DOSE 16 17A 2 14.1 3.8 7.5 16 POINTS@I POINT/MIN

RATES I ______

REMOVE PERSONNEL BARRIER 10 17C 2 21.5 3.6 7.2 ATTACH SLING REMOVE 8 LOCKS

PERFORM REMOVABLE I 17C l 215 04 0.4 10 SMEARS SMEARS/MINUTE
CONTAMINATION SURVEYS .

REMOVE IMPACT LIMITERS 16 17A 2 14.1 3.8 75 ATTACH FRAME REMOVE 22 BOLTS IMPACT
________ ________ ~TOOLS

REMOVE TIE-DOWN 6 17A 2 14.1 1.4 2.8 ATTACH 2-LEGGED SLING REMOVE 4 BOLTS
PERFORM A VISUAL 17B 9 0 I /.5 CHECKSHEET USED
INSPECTION OF OVERPACK .
REMOVE REMOVABLE SHEAR 17A 1 14.1 0.9 0.9 4 BOLTS EACH 2/MIN X 2 SEGMENTS

RING SEGMENTS

UPEND HI-STAR OVERPACK 20 1 7B 2 9.0 3.0 6.0 DISCONNECT LIFT YOKE
INSTALL TEMPORARY SHIELD 16 18A 1 7.1 1.9 1.9 8 SEGMENTS 2 MIN/SEGMENT

RING SEGMENTS

FILLTEMPORARYSHIELDRING 25 18A l 7.1 3.0 3.0 230 GAL@IOGPM, LONG HANDLED SPRAYERSEGMENTS__ _ _ ___ _ _ ___ _ _ _

REMOVE OVERPACK VENT 2 ISA I 7.1 0.2 0.2 4 BOLTS @2/MIN
PORT COVER PLAT _____E____

ATTACH BACKFILL TOOL 2 18A l 7.1 0.2 0.2 4 BOLTS 2/MIN

OPEN/CLOSE VENT PORT PLUG 0.5 18A 1 7.1 0.1 0.1 SINGLE TURN BY HAND NO TOOLS
REMOVE CLOSURE PLATE 39 18A 2 7.1 4.6 9.2 52 BOLTS@4/MIN X 3 PASSES

BOLTS .

t See notes at bottom of Table 10.3.4.
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Table 10.3.3c
MPC TRANSFER INTO THE HI-STORM 100 SYSTEM DIRECTLY FROM TRANSPORT USING

THE 125-TON HI-TRAC 125D TRANSFER CASK
ESTIMATED OPERATIONAL EXP SURESt (7,50075,000 MWDIMTU, 125-YEAR COOLED PWR FUEL)

OPERATOR DOSE RATETOA

ACnON | DURATION LOCATION NUMBER OF OPERATOR IND DUA| DOSEACTION (MINUTES) (FIGURE OPERATORS OPRAOERNIVDAL ON-MTIN
103.1) ~~~LOCATION (MREM) MPREMN)

REMOVE OVERPACK CLOSURE 2 18A 1 7.1 0.2 0.2 4 SHACKLES@2/MIN

SURFACE PROCTOR 2 19B 1 7.1 0.2 0.2 PLACED BY HAND NO TOOLS

INSTALL MATING DEVICE ON 20 198 2 7.1 2.4 4.7 ALIGN AND BOLT INTO PLACE
H I-STA R _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

REMOVE MPC LIFT CLEAT 2 19A 1 362.5 12.1 1I 4 PLUGS AT 2/MIN NO TORQUING
HO LE PLU GS__ _ _ _ _ _ _ _ __ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

INSTALL MPC LIFT CLEATS 25 19A 2 362.5 151.0 302.1 INSTALL CLEATS AND HYDRO TORQUE 4 BOLTS
AND LIFT SLING I__ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

MATE OVERPACKS 10 20B 2 118.5 19.8 39.5 ALIGNMENT GUIDES USED

REMOVE LOCKING PINS AND) 420B 2 11&5 7.9 15.8 2 PNSl2/MIN
OPEN DRAWER

INSTALL TRIM PLATES 4 20B 2 118.5 7.9 15.8 INSTALLED BY HAND NO FASTENERS

Section 8.53

REMOVE TRIM PLATES - 4 20B 2 118.5 7.9 15.8 INSTALLED BY HAND NO FASTENERS

RAISE THE POOL LID AND BOLT 32 20B 2 11.5 63.2 126.4 2 MINSIBOLT, 16 BOLTS
INO PLACE ON HI-TRAC _ _ _ _ _ _ _ _ _ _ _ __ _ _ _

DISCONNECT SLINGS FROM MPC 20A 2 158.5 26.4 528 2 SLIGAX/MI
LIFTING DEVICE I__0A2____2_ 5. 2SINS51I

INSTALL TRIM PLATES 4 I3B. 2 1)8.5 7.9 15.8 INSTALLED BY HAND NO FASTENERS

REMOVE MPC LIFT CLEATS D .10 14A 1 362.5 60.4 60.4 4 BOLTSNO TORQUING
MPC LIFT SLINGS

INSTALL HOLE PLUGS IN E2 14A I 362.5 1ZI 12.1 4 PLUGS AT 2/MIN NO TORQUING

REMOVE HI-STORM VENT DUCT 2 15A I 45.5 1.5 1.5 4 SHACKLES@2/MIN
SHIELD INSERTS II

REMOVE THE MATINGE DEVICE 6 1 SA I 45.5 4.5 4.5 3 BOLTS AT 2 MINUTES PER BOLTS
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Table 10.3.3c
MPC TRANSFER INTO THE HI-STORM 100 SYSTEM DIRECTLY FROM TRANSPORT USING

THE 125-TON HI-TRAC 125D TRANSFER CASK
ESTIMATED OPERATIONAL EXP URESt 75,000 MWD/MTU, - 'AR COOLED PWR FUEL)

OPERATOR DOSE RATE TOTAL'

ACTION | DURATION LOCATION NUMBER OF AT j DOSE TO DO ASMTENACTION (MINUTES) (FIGURE OPERATORS OPERATOR INDIVIDUAL (PERSOIN-ASUPIN
103.1) ~~~LOCATION (MREM) ME

_________ (MIREMIRJ) RM

INSTALL HLI-STORM LID AND 25 16A 2 7.3 3.1 6.1 INSTALL LID AND HYDRO TORQUE 4 BOLTS
INSTALL LID STUDS/NUTS

INSTALL HI-STORM EXIT VENT 4 16B I 73.9 4.9 4.9 4 PCS @ I/MIN NSTALL BY HAND NO TOOLS
GAMMA SHIELD CROSS PLATES .

INSTALL TEMPERATURE 20 16B 1 73.9 24.6 24.6 4@5MIN/TEMPERATURE ELEMENT
ELEM ENTS _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

INSTALL EXIT VENT SCREENS 20 16B l 73.9 24.6 24.6 4 SCREENS@5MIN/SCREEN
REMOVE HI-STORM LID LIFTING 2 16A I 7.3 0.2 0.2 4 SHACKLES@2/MIN
D EV IC E_ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

INSTALL HOLE PLUGS IN EMPTY 2 16A 1 7.3 0.2 0.2 4 PLUGS AT 2/MIN NO TORQUING
H OLES _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

PERFORM SHIELDING
EFFECTIVENESS TESTING 16 16D 1 43.8 11.7 11.7 16POINTS@I MIN
SECURE HI-STORM TO 10 16A 1 7.3 1.2 1.2 ASSUMES AIR PAD
TRANSPORT DEVICE
TRANSFER HI-STORM TO ITS
DESIGNATED STORAGE 40 16C 1 25.5 17.0 17.0 200 FEET @ 4FT/MIN
LOCATION _ _
INSERT HI-STORM LIFTING 4 16D 1 43.8 2.9 2.9 4JACKS I/MIN
JACKS _ _ _ _ _
REMOVE AIR PAD 5 16D 1 43.8 3.6 3.6 I PAD MOVED BY HAND
REMOVE HI-STORM LIFTING 4 16D I 43.8 2.9 2.9 4 JACKS @I/MIN
JA C K S_ _ _ _ __ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

INSTALL INLET VENT SCREENS 20 16D 1 43.8 /4.6 14.6 4 SCREENS@5MIN/SCREEN
PERFORM AIR TEMPERATURE 8 16B 1 73.9 9.8 9.8 8 MEASMT@IIMIN
RISE TEST

TOTAL 444.08529 PERSON-MREM
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Table 10.3.4
ESTIMATED EXPOSURES FOR HI-STORM 100 SURVEILLANCE AND MAINTENANCE

C

ACTIVITY ESTIMATED ESTIMATED ESTIMATED DOSE OCCUPATIONAL DOSE TO
PERSONNEL HOURS PER YEAR RATE (MREM/HR) INDIVIDUAL (PERSON-

,_MREM)

SECURITY SURVEILLANCE 1 30 3 90

ANNUAL MAINTENANCE 2 15 10 300

Notes for Tables 10.3,1a, 10.3.1b, 10.3.1c, 10.3.2a, 10.3.2b, 10.3.2c, l0.3.3a, 10.3.3b, 10.3.3c and 0..3.4:

1. Refer to Chapter 8 for detailed description of activities.
2 Number of operators may be set to I to simplify calculations where the duration is indirectly proportional to the number of operators. The total dose is

equivalent in both respects.
3 HI-STAR 100 Operations assume that the cooling time is at least 10 years.
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10.4 ESTIMATED COLLECTIVE DOSE ASSESSMENT

10.4.1 Controlled Area Boundary Dose for Normal Operations

10CFR72.104 10.0.1] limits the annual dose equivalent to any real individual at the
controlled area boundary to a maximum of 25 mrem to the whole body, 75 mrem to the
thyroid, and 25 mrem for any other critical organ. This includes contributions from all
uranium fuel cycle operations in the region.

It is not feasible to predict bounding controlled area boundary dose rates on a generic
basis since radiation from plant and other sources; the location and the layout of an
ISFSl; and the number and configuration of casks are necessarily site-specific. In order
to compare the performance of the H-STORM 100 System with the regulatory
requirements, sample ISFSI arrays were analyzed in Chapter 5. These represent a full
array of design basis fuel assemblies. Users are required to perform a site specific dose
analysis for their particular situation in accordance with 10CFR72.212 10.0.1]. The
analysis must account for the ISFSI (size, configuration, fuel assembly specifics) and any
other radiation from uranium fuel cycle operations within the region.

Table 5.1.9 presents dose rates at various distances from sample ISFSI arrays for the
design basis bumup and cooling time which results in the highest off-site dose for the
combination of maximum burnup and minimum cooling times analyzed in Chapter 5.
10CFR72.106 [10.0.1] specifies that the minimum distance from the ISFSI to the
controlled area boundary is 100 meters. Therefore this was the minimum distance
analyzed in Chapter 5. As a summary of Chapter 5, Table 10.4.1 presents the annual
dose results for a single overpack at 100 and 2OO-250 meters and a 2x5 array of HI-
STORM 100 systems at 40-50 meters. These annual doses are based -on a full array ofi
design basis fuel with a bumup of 547,500 MWD/MTU and 43-year cooling. This
bumup and cooling time combination -conservatively bounds the allowable bumup and
cooling times listed in the Technical Specificationza&ppcndc B t the CoCSection 2.1.9.
In addition, 100% occupancy (8760 hours) is conservatively assumed. In the calculation
of the annual dose, the casks were positioned on an infinite slab of soil to account for
earth-shine effects. These results indicate that the calculated annual dose is less than the
regulatory limit of 25 mrem/year at a distance of ;00-250 meters for a single cask and at
;-50450 meters for a 2x5 array of HI-STORM 100 Systems containing design basis fueL.
These results are presented only as an illustration to demonstrate that the HI-STORM 100
System is in compliance with 1OCFR72.104[10.0.1]. Neither the distances nor the array
configurations become part of the Technical Specifications. Rather, users are required to
perform a site specific analyses to demonstrate compliance with OCFR72.104[10.0.1]
contributors and 1OCFR20[10.1.1].

An additional contributor to the controlled area boundary dose is the loaded HI-TRAC
transfer cask, if the HI-TRAC is to be used at the ISFSI outside of the fuel building.
Table 10.4.2 provides dose rates at 100, 200, and 300 meters for a 100-ton HI-TRAC
transfer cask loaded with design basis fuel. The 100-ton HI-TRAC dose rates bound the
125-ton HI-TRAC by large margins. Based on the short duration that the loaded HI-
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TRAC is used outside at the ISFSL the HI-STORM 100 System is in compliance with
lOCFR72.104[10.0.1] when worst-case design basis fuel is loaded in all fuel cell
locations. However, users are required to perform a site specific analysis to demonstrate
compliance with OCFR72.104[10.0.1] and OCFR20[10.1.1] taking into account the
actual site boundary distance and fuel characteristics.

Section 7.1 provides a discussion as to how the Holtec MPC design, welding, testing, and
inspection requirements meet the guidance of ISG-18 such that leakage from the
confinement boundary may be considered non-credible. Therefore, there is no additional
dose contribution due to leakage from the welded MPC. A minor contributor to the
minimum controlled area bundary is the orma storage condition leIcag from the
welded MPG. Afthough leakage is not expected, Section 7.2 provides an analysis for the
annual dose equialent based on a continuous Icak from the MPC. The annual dose
equivament t an indi4dual at the mn m trled aea bundey based n the
assumed leakage rate and contiuous occupancy is presented in Table 7.3.8. The site
licensee is required to perform a site-specific dose evaluation of all dose contributors as
part of the ISFSI design. This evaluation will account for the location of the controlled
area boundary, the total number of casks on the ISFSI and the effects of the radiation
from uranium fuel cycle operations within the region.

10.4.2 Controlled Area Boundary Dose for Off-Normal Conditions

As demonstrated in Section 11.1, the postulated off-nornal conditions (off-normal
pressure, off-normal environmental temperatures, leakage of one MPC weld, partial
blockage of air inlets, and off-normal handling of HI-TRAC) do not result in the
degradation of the HI-STORM 100 System shielding effectiveness. Therefore, the dose at
the controlled area boundary from direct radiation for off-normal conditions is equal to
that of normal conditions.

Hoeweer, the nnual dose at the controlled area boundary as a result of an assumed
eflunt releaso under offanoma condUion in diffeet th tat under. noma'
eoniens. Under off normal ondtkion, 107 of the Pael rods Ae assumned to ha-ve ben

breachedx in lieu of 10; of the fuel rea for noral eonditione. The resulting anual doe
equvalent t an id4iaidal at the mnium eontrolled area boundaiy, baced oa the
assumed leakae te and entinus eeeupane;L, is resented in Table 7.3.8. The
analyzi t deemine the off norml doze at the en troled aea boundar i deearied in
z; s ieei~ _ B vy w v v wvewi . V J i__Tv_

10.4.3 Controlled Area Boundary Dose for Accident Conditions

10CFR72.106 [10.0.1] specifies that the maximum doses allowed to any individual at the
controlled area boundary from any design basis accident (See Subsection 10.1.2). In
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addition, it is specified that the minimum distance from the ISFSI to the controlled area
boundary be at least 100 meters.

Subsection 7.3 aid ab: 7.3.8 demonstrates that the resultant doses for a noni
mechanistic postulatd breach of the 1.IPC coRfinement bounda<, at the regulator;
minimum zite boundary distance of 100 mctrs i presented in Table 7.3.8 within the
regulatory limits specified in 10CF272.106 [10.0.1].

Chapter 11 presents the results of the. evaluations performed to demonstrate that the HI-
STORM 100 System can withstand the effects of all accident conditions and natural
phenomena without. the corresponding radiation doses exceeding the requirements of
IOCFR72.106 10.0.1]. The accident events addressed in Chapter 11 include: handling
accidents, tip-over, fire, tornado, flood, earthquake, 100 percent fuel rod rupture,
confinement boundary leakage, explosion, lightning, burial under debris, extreme
environmental temperature, partial blockage of MPC basket air inlets, and 100%
blockage of air inlets.

The worst-case shielding consequence of the accidents evaluated in Section 11.2 for the
loaded HI-STORM overpack assumes that as a result of a fire, the outer-most one inch of
the concrete experiences temperatures above the concrete's design temperature.
Therefore, the shielding effectiveness of this outer-most one inch of concrete is degraded.
However, with over 25 inches of concrete providing shielding, the loss of one inch will
have a negligible effect on the dose at the controlled area boundary.

The worst case shielding consequence of the accidents evaluated in Section 11.2 for the
loaded HI-TRAC transfer cask assumes that as a result of a fire, tornado missile, or
handling accident, all of the water in the water jacket is lost. The shielding analysis of the
100-ton HII-TRAC transfer cask with complete loss of the water from the water jacket is
discussed in Section 5. 1.2. These results bound those for the 125-Ton HI-TRAC transfer
cask by a large margin. The results in that section show that the resultant dose rate at the
100-meter controlled area boundary would be approximately 1.417.06 mrem/hour for the
loaded HI-TRAC transfer cask during the accident condition. At the calculated dose rate,
it would take approximately 444-51 days for the dose at the controlled area boundary to
reach 5 rem. This length of time is sufficient to implement and complete the corrective
actions outlined in Chapter 11. Therefore, the dose requirement of IOCFR72.106 [10.0.1]
is satisfied. Once again, this dose is calculated assuming design basis fuel in all fuel cell
locations. Users will need to perform site-specific analysis considering the actual site
boundary distance and fuel characteristics.
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Table 10.4.1

ANNUAL DOSE FOR ARRAYS OF HI-STORM 100 OVERPACKS
WITH DESIGN BASIS ZIRCALOY CLAD FUEL
S47,500 MWD/MTU AND 63-YEAR COOLING I

Array 1 Cask 1 Cask 2x5 Array
Configuration

Annual Dose 130.0299 20.94& 418.641
(mrem/year)t 307.9 24.10 16.29

Distance to 100 MOQ250 -5450
Controlled Area

Boundary
(meters)tt, tt

t 100% occupancy is assumed.
tt Dose location is at the center of the long side of the array.
m Actual controlled area boundary dose rates will be lower because the maximum permissible

burnup for 53-year cooling as specified in the Tcchnical Specifcatiena9,Wedkx B o 1Ae
.C&Section 2.1.9 is lower than the burnup analyzed for the design basis fuel used in this table. I
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Table 10.4.2
DOSE RATE FOR THE 1 00-TON HI-TRAC TRANSFER CASK

WITH DESIGN BASIS ZIRCALOY CLAD FUEL

Fuel Burnup & 100 Meters 200 Meters 300 Meters
Cooling Time .

440046,000 040.98 O.0O.15 O0.P0.04
MWD/MTU & &3 mremn/br mrem/hr mrem/hr

Years

650007S,000 040.80 Q-.4.12 040.03
MWD/MTU & rem/br rem/hr mrem/hr

5 Years

I

I
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CHAPTER 1it: 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, the 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 of the HI STORM 100 System it is possible that an off normal
situation could ocur. Off-normal operations, as defined in accordance with ANSIIANS-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 chapter also fulfills the
requirements of NUREG-1 536. 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
I OCFR72.122 are satisfied, and that the corresponding radiation doses satisfy the requirements of
1OCFR72.106(b) and IOCFR20.

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 1 1. 1.5.

11.1.1 Off-Normal Pressures

The sole pressure boundary in the HI-STORM 100 System is the MPC internal pessurs
beundaryenclosure vessel. 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 1 000F with full solar insolation. The MPC internal pressure is
evaluated with is further increased by the conservative assumption at 10% ofthe fuel rods ruptured
and 100% of the rods fill gas; and 30% of the fission gases afe-released to the cavity.

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 L
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 7;U.0106.6
psig in Table 4.4.14 at an average temperature of-13. 522. 80K. Using this pressure, the off-normal
temperature of 1000F (bounding temperature rise-AT of 20'F or 11.1 K), and the ideal gas law, the
off-normal resultant pressure is-(calculated below) tHbe-is below the off-normal condition MPC
internal design pressure (Table 2.2.1 in Chapter 2).
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P2 T2

P2 Pi T2

T,
(106.6 psig + 14.7) (522.80K + 1.1 0 K)

P2 =
522.80 K

P2 = 123.9 psia or 109.2 psig

It should be noted that this bounding temperature rise does not take any creditfor the increase in
thermosiphon action that would accompany the pressure increase that results from both the
temperature rise and the addition of the gaseous fission products to the MPC cavity. As any such
increase in thermosiphon action would decrease the temperature rise, the calculated pressure is
higher than would actually occur.The off normal MPG internal design pressure of 100 psig (Table
2.2.1) has been established to bound the off normal condition. Therefore, no additional analysis is
required.

Structural

The structural evaluation of the MPC enclosure vessel for off-normal internal pressure conditions is
equialen iothe evaluation at norml internal pressrs snethe normal design pressure was set A

a value which would eneompass the off normal pressure. Therefore, the resulting stresses from the
off normal eondition are equivalent to that ofthe normal condition and arc well within the short term
allowable values, as discussed in Section 3.4. The stresses resultingfrom the off-normalpressure are
confirmed to be bounded by the applicable pressure boundary stress limits.

Thermal

The MPC internal pressure for off-normal conditions is calculated as presented above. As can be
seen from the value above, the 100 psig design basis internal pressure for off-normal conditions used
in the structural evaluation (Table 2.2.1) bounds the calculated value above.

Shieldinz

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

CriticalitV

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. 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 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 1000F (HI-STORM overpack) and 0 to 1000F (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 component design temperatures. ThisThe off-normal event is of a short
duration, therefore the resultaont temperatures are evaluated against the aeeident off-normal 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 achieve 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.
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1 1.1.2.2 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
2 provides operational limitations to the use of the HI-TRAC transfer cask at temperatures of s320 F
and prohibits use of the HI-TRAC transfer cask below 00F.

11.1.2.3 Analysis of Effects and Conseguences of Off-Normal Environmental
Temperatures

The off-normal event considering an environmental temperature of 1 00 F for a duration 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 decay heat and the most restrictive
thermal resistance. The 1 000F 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 conservatively calculated at an
environmental temperature of 80*F. The maximum off-normal environmental temperature is 1000F,
which is an increase of 20'F. Including the effect of a hypothetical 1 0% red rupture condition on the
MPC cavity gas conductivity, Including this Genservatively as a bounding temperatures increment
for all MAPCd-siga (Tab k 1. 2.1 of the MPC 68 and MPC 21 over the 80TF ambient temperature
solutions of Chapter 4, arealcuiatcd to be as listed in the HI-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 2.2.3). The maximum temperatures are the peak values and are based on the conservative
assumptions applied in this analysis. The component temperatures for 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 pressure that is bounded by that
evaluated in Subsection 1 1.1.1. 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 thermal equilibrium is evaluated with respect to material design
temperatures of the HI-STORM overpack. The HI-STORM overpack and MPC are conservatively
assumed to reach 40'F throughout the structure. The minimum off-normal environmental
temperature specified for the HI-TRAC transfer cask is 00F and the HI-TRAC is conservatively
assumed to reach 00F throughout the structure. For ambient temperatures from 0° to 320F, a-2-50
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I

ethylene glyeel selktienisantifreeze must be added to the demineralized 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.

Structural

The effect on the MPC for the upper off-normal thermal conditions (i.e., 1 000F) is an increase in the
internal pressure. As shown in Subsection 11.1.1.3, the resultant pressure is wellbelow the off-
normal design pressure-(Table 2.2.1 in Chapter 2) of 100 psig used in the structural analysis. The
effect of the lower off-normal thermal conditions (i.e., 40 0F) results in requires an evaluation of the
potential for brittle fracture. hatSuch an evaluation is diseussed-presented 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 1 1.1.1 for the HI-STORM overpack and MPC. As can be seen from this table, all
temperatures foroff-normal conditions are within the short-term allowable values dese edlistedin
Table 2.2.3.

Shieldine

'IL

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.

1i
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11.1.2.4 Corrective Action for 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 are no corrective actions
required for off-normal environmental temperatures.

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 contain 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 cover plates. The closure ring provides 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 method on the root (for
multi-pass welds) and final pass, at a minimum. Field welds are performed on the MPC lid, the MPC
vent and drain port covers, and the MPC closure ring. The welds on the MPG lid, and vent and drain
port oevers are. leakage tested. Additionally, the MPC lid weld is subjected to a hydrostatic test to
verify its integrity.

Section 7.1 provides a discussion as to how the MPC design, welding, testing and inspection
requirements meet the guidance ofISG-18such that leakagefrom the confinementboundarymay be
considered non-credible.
The MPG lid to MPG shell weld is postulated to fail to confirm the safety of the HI STORM 100
confinement boundace . The failur of the MPG lid weld is equivalent t he MPG dra or vet lpoFt
cover Weld failing. The MPG lid to shell weld has been selected because it is the main closure weld
performed in the field for the MPG. It is extremely unlikely that the weld examination, helium
leakage testing and hydrostatic testing would fail t detect A pory welded Closure plate. The MaG
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

There is no credible causefor the leakage of one seal in the confinement boundary. The conditions
analyzed in Chapter 3 shows that the confinement boundary components are maintained within their
Code-allowable stress limits under all normal and off-normal storage conditions. The MPC
fabrication and closure welds meet the requirements of ISG-18, such that leakage from the
confinement boundary is not considered credible. Therefore, there is no event that could cause
leakage of one seal in the confinement boundary.
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Failure of the MPG confinement boundary is highly unlikely. The MPG confinement boundary is
shown to rithstand all normal, off normal, and accident conditions. There afe no credible conditions
that ould damage the itegrity oefthe MPG confinement beundary. The MPG lid t MPC she!! weld
is liquid penetrant inspected on the root and final pass, volumetrically inspected or liquid penetrant
inspected on multiple passes, hydr-oestatieally teste and helium leak tested; The initial integrity of
the closure welds will be maintained throughout the design life because the MPG is stored vihin the

. STOR. overpak which provides physicA protection and a weather- shield. Failure of the MPG
lid to IPC shell weld would require all of the following:

1. Improper weld by a qualified welding machine or welder using approved welding
preedures.

2. Failure to detect the unaceeptable indication during the liquid penetrant or volumetrio
insetions performied by a qualified inspector in aordance with approeved

preeedures.

3. Failure of the qualified leakage test equipment to detect the leak in accordance with
approved procedures.

4. qalifed e r hse umeepble lith a ppro e odues.atie ts pv.e- y
qualifiod persennl in acordanoo with appreved preeedffes.

The evaluation of the failure of the MPG lid to MPG shell weld has been postulated to demonstrate
the safety ofthe HI STORM 100 confinement system and cannot be derived from a credible leading
eendifieft.

11.1.3.2 Detection of Leakage of One Seal in the Confinement Boundary

The HI-STORM 100 System is designed to withstand the such that leakage of one field weld in the
confinement boundary without any effects on its ability to meet its safety equirementsis not
considered a credible scenario. As the HI STORM 100 System ean withtand the failure of one field
weld with no leakage Therefore, there is no requirement to detect leakage from one seal.
11 1 3.3 Aalyis of Effets and Genseauenees of Leakaee of One Seal in the Gonfinement

< s~~s .r ar sisv-vo ~ s v ~v; a - - - s -svvss

If the MPG lid to. MPG shell weld were to fail, the MPG losure ring w1 retain the design pressure.
The analysis of the MPG closure ring's ability to retain the design pressure is provided in Appendix
3.E of the HI ST-AR TSAR Docket Number7241008 T -onsequences of the MPG lid to MPG
shell weld failure are that the MIPC closure ring maintains the integrity ofthe confinement boundary.

Struetua
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The stress evaluatien of the closure ring is discussed in Appcndix 3 .E qftiz MI STI;R TSAR Deeket
.AUmhser 2 1008. Al stresses are ihn h loweble values.

There is ne effeet on the thermal perfemwanee of the system as a result of ths eff normal event.

There is no effect on th selding perfemanee of the &ystem as a result ef this off neo-mal event.-

There is no effect on the critieality eo i efthe system as a result of this eff noA1al event.

There is no effeet en the eonfinement functien of the WPC as a result ef this off normial event.

Since ere is no degadation in shielding or confinement capabilities as discussed abeve, there is no

effect n .ocupational r publiv exposures as a result of this of normal event.

Based en this evaluation, it is eoncluded that the specified off normal leakage ofeone seal event does
mt affect the afe pertn of the HI STORM 100 System.

11.1.3.34 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 net
affect the I- STORM 100 System's ability to operate safelyis not a credible event.

1 1.1.3.4- Radiological Impact of Leakage of One Seal in the Confinement Boundar|

The off-normal event of the failure of one weld in the confinement boundary closure system has no
radiological impact because die leakagefrom the confinement barrier is not breached and-,helding is
net affeetedcredible. il|

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 blowing debris during normal or off-normal
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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 completelyblocked 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 performed w.'ith three of the four air inlet duets. While not required by the
HI STORM System design criteria, this additional evaluation is performed as a parametric study of
the effeets ef incrementa duAt blockage. The ptrpese of the parametic study is t rehe
rcbustness of the Hi STORM System design beyond the design basis.

11.1.4.1 Postulated Cause of Partial Blockage of Air Inlets

It is conservativelyassumed that the blocked air inlet ducts are completelyblocked, although mesh I
screens prevent foreign objects from entering the ducts. The mesh screens are either inspected
periodically or the outlet duct air temperature is monitored as specified by Technical Specificatione
in Appendix A to the CeG. It is, however, possible that blowing debris may block two air inlet ducts
of the overpack. As already stated, the blockage offthree Wet duets is evaluated only to demcnstrate
the limited effects of additional incremental duet 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

Evauations foThe two inlet ducts and three inlet duets blocked Wecondition is evaluated for the
hottestMPC- MPC 32 at itsmaimum deayheat lad. lytheMP 32 is evaluaedbcauset
has the highest decay heat load of all MPC designs (Table 1 .1). The largest temperature rise of the
MPC or its contents as a result of the blockage of two air inlet ducts is 25 18'F, for thefuel cladding.
The results for the HI-STORM System are provided in Table 11.1.2. MPC shel 1helargest
temperatre rise of the MPC r its contents as a esult of the bieeka ef three -ai ilet duct
(performed as a parametric study of incremental duct blockage only) is 8 1 OF, alse for the MPC shell.
Conservatively adding the largest component temperature rise to all cask system component
temperatures, the resultant bounding temperatures for the complete blockage of two air inlet ducts
are proevided in Table 11.1.2. Fllewing s same procedure of adding the largest component

temperature rise to all cask system component temperatures, the resultant bounding temperatures for
the eomplete blockage ef three air inlet duets are included in the same table for eomparison purposes.
These values are based o fll insolatien and an ambient temperature of802F. The analysis mlethod
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fer the blokage of two and th e of the air in t duets is eonr v e ith respect t the analysis
method for the normal condition. As a result of thc air inlet duct blockages, the head loss is increased

and the aiew is deereased thereby irsi mponent tcmpratures.

As stated above, the largest temperature rise of the MPC or its contents as a result of the blockage of
two air inlet ducts is 4S18'F, for the fuel cladding.PG shell his is bounded by the 20 T
temperature rise in Subsection 11.1.1, so the A buding MPC internal pressure calculated therein
bounds the partial vents blockage condition as welL
as a result of this calCulated tempertu increase eds o based on initialenditions presented

previously in Subsection 11.1.1.3, as follows:

1+AT
-z~~~T

- Bounding MPG Cavity Pressure (psia)
- niial MPG Cavity Pressure (89.7 psia)

- un g aTyeprtr Tise (250 F or 19 3.6K)
AT - Reunding MPG Temperature Rise (52F r 1 9.92K)

Substituting these values into the equation above, the bounding MPC internal pressure is obtained as:
-513.6 +13.9

2~ ~ V.A 6 .513.6 .

The off normal MPG internal design pressure of 100 psig (Table .2.1) has been established to
bound& this paitial inlet duct blockage condition.

Although it is a beyond the design basis condition, the bounding pressure rise for the three blocked
air inlet duets Aondition an be determine in the same nner.an As stated above, th bunding
temperature rise for this condition is 81 0F (44.9 0K), and the corresponding bounding MPC internal
pressure is 9.5 ns- i(82.8 psig). This parametfic eveAutaiA demonstrates the insensitivity cf the
MPG internal pressure to incremental duct blockage, as the relatively large incremental flow area
reduction increases the pressure by only 5.4 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.

I
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The parametrie study of incremena1 duAt blockage, peifermed by evalating a three air inlet duets
blocked condition, demonstrates the insensitivity of the system to rlatively large incremental flow
area reductions. This beyond the design basis condition results in relatively small -temperatur
inhrougeshad tempeaturs well belew the short term allowable tempeatures in Table 2.2.3, een
though no such requiement exists.

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 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.

Periodic inspection of the HI-STORM overpack air duct screen covers is required-with-4he
equeney speci fied by Teelmcal Specifications in Appendix A to the eC,. aAltematively, 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.
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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 trunniohs. 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
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 1 25D, 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 trunnions 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 possible to detect the potential for this off-normal 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

If the upper lifting trunnions are unloaded, the lower pocket trunnions will support the total 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.AJ Subsection 3.4.4.3.3.1 ofthis FSAR. The
consequence of off-normal handling of the HI-TRAC is that the pocket trunnions safely support the
applied load.

Structural

The stress evaluations of the lower pocket trunnions are discussed in Subsection 3.4.4.3.3.1 of this
FSAR Appendices 3.AA and 3.AI. All stresses are within the allowable values.
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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.

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. j
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-Normnal 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.

MAXIMUM TEMPERATURES CAUSED BY OFF-NORMAL
ENVIRONMENTAL TEMPERATURES

Temperature Design Basis Limits

Location [F - fFF
Fuel Cladding 751 1058 short term

MPC Basket -740726 950 hert-temn

MPC Shell J4490 W-shft tem

O'ef\pask Air Outlet 226 

Overpack Inner Shell 249 263 350 sheA-tefm

Overpack Outer Shell 4-6203 350 shei erm
_ _ _ _ _ _ _ _ _ _ _ (overvpak eoncrete)
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Table 11.1.2

BOUNDING* TEMPERATURES CAUSED BY PARTIAL BLOCKAGE OF
AIR INLET DUCTS [F]

I 'j~

Temperature No Blockage of Partial Blockage of Inlet Ducts Off-Normal
Location Inlet Ducts 2 Ducts Blocked 3 Ducts Blocked sinas

Fuel Cladding .740 731 765 749 81 1058 short tcrm

MPC Basket 120 706 -745 723 801 950 short tefm

MPC Shell 35l 470 46 486 432 775 shettcm

Overpack Air 206210 23 214 - w WA
Outlet (mass flow
averaged)

Overpack Inner -99 243 24 266 280 400
Shell 350 short tem

(overpack
eneFete)

Overpack Outer l 44 177 1-70 182 226 600
Shell 350 short-term

(evepack
eencrte)

The bunding temeratures presented i thiq tab a obtained by adding the matinium temperature re
of any eask component to the normal condition temperatures of every cask component. I
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11.2 ACCIDENTS

Accidents, in accordance with ANSIIANS-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 because
their consequences may affect the public health and safety. Section 2.2.3 defines the design basis
accidents considered. By analyzing 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 1 OCFR72.122 are satisfied, and that the
corresponding radiation doses satisfy the requirements of 10CFR72.106(b) and IOCFR20.

The load combinations evaluated for postulated accident conditions are defined in Table 2.2.14. The
load combinations include normal loads with the accident loads. The accident 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 in the vertical or horizontal position. The loaded HI-TRAC transfer cask 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 nd specified by the Technieal Specifications in Appendix A to the CoG 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 horizontal handling height limit is a credible accident. 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 vertical orientation by devices designed in accordance with the criteria specified
in Subsection 2.3.3.1 as required by the Technical Specification.

11.2.1.2 HI-TRAC Transfer Cask Handling Accident Analysis

The handling accident analysis evaluates 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 STORES 100 SystemiI-TRA C 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 waterjacket shell and loss of the water in the waterjacket
may occur as a result of the handling accident. The HI-TRAC top lid and transfer lid housing (pool
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lid for the HI-TRAC 125D) are demonstrated to remain attached by withstanding the maximum
deceleration. The transfer lid doors (not applicable to HI-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 HI-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 ofthe
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 waterjacket are presented in
Table 11.2.8. As can be seenfromthe values in the table, the temperatures are welbelow 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 waterjacket 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 1 OCFR72.106 are not exceeded. As the structural analysis demonstrates that
the HI-TRAC top lid, transfer lid (pool lid for the HI-TRAC 125D), 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.

Criticality

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 in the structural evaluation above, all stresses remain within allowable values, assuring
confinement boundary integrity.

Radiation Protection

There is no degradation in the confinement capabilities of the MPC, 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 5.1.10. Immediately after the drop accident a
radiological inspection ofthe 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 controlled area boundary of
100 meters, the lOCFR72.106 dose rate requirements at the controlled area boundary (5 Rem limit)
will be approximately 1.48 mremn'hr (Section 5.1.2). Therefore, it is edent, based on the sho
duration of the accident, that the requirements of 1 OCFR72.106(5 Rem) will not be are not exceeded
(Section 5.1.2).

11.2.1.3 HI-TRAC Transfer Cask Handling Accident Dose Calculations

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

When the waterjacket is impacted, 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 immediate repair and the MPC is not
damaged, the loaded HI-TRAC maybe unloaded into a HI-STORM overpack, a HI-STAR overpack,
or simply unloaded in the fuel pool. If the MPC is damaged, the loaded HI-TRAC must be returned
to the fuel pool for unloading. Depending on the damage to the HI-TRAC and 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 HI-STORM or
HI-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 unload the MPC.

As a result of the loss of water from the water jacket, the dose rates at 1 meter adjacent to the water
jacket mid-height increase (Table 5.1 .10). Increasing the personnel exposure for each task affected
by the increased dose rate adjacent to the water jacket by the ratio of the one meter dose rate increase
results in a cumulative dose of less than 15.0 person-rem, for the 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
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mid-height dose rates. In the 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-TRAC 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 uprighting, the portion of the overpack not
previously accessible shall be radiologically and visually inspected. If damage to the waterjacket is
limited to a local penetration or crushing, local repairs can be performed to the shell and the water
replaced. If damage to the water jacket 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 if
repairs 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 CoG. 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 analysis -shows that
the HI-STORM 100 System meets all structural requirements and there are no adverse effects on the
structural, confinement, thermal or subcriticality performance of the HI-STORM 100 System.
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].

Structural

The structural evaluation of the MPC under a 60g vertical load is presented in the HI-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 structural
analysis of the overpack shows that the concrete shield attached to the underside ofthe 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 no change 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 OOA and OOSA), 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 OOS designs only).

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
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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 ofthe overpack in the radial area of
impact.

Structural

The structural 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

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 structural evaluation above, all stresses remain within allowable values, assuring confinement
boundary integrity.

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.
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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 FireAnalysisforHI-STORMOverpack

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 o a
Technical Specification in Appendix A to the CoG.

With respect to fire accident thermal analysis, NUREG-1536 (4.0,V,5.b) 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 determined from the limited fuel volume of 50
gallons. The entire 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 period.

As stated above, the fire parameters from 10 CFR 71.73 are applied to the HI-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 -290C (-20'F) and +380C (100F) which is most unfavorable for the
feature under consideration."

The ambient air temperature is therefore set to 100F 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 1OCFR71.71(c)(4), also from |
Reference [11.2.3], 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 fire environment is not applied to the overpack baseplate. By
fully engulfing the overpack, additional heat transfer surface 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 assumed 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 800'C (14750F). 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 14750F 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 for a 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/(hrxft2xoF) is applied to exposed overpack surfaces during the short-duration fire.

Due to the severity ofthe 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 2062430F 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
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air in the HI-STORM overpack ventilation passages is held constant at a substantially elevated
temperature of 300'F during the entire duration of the fire event.

The thermal transient response of the storage overpack is determined using the ANSYS finite
element program. Time-histories for points in the storage overpack are monitored for the duration of
the fire and the subsequent post-fire equilibrium phase.

Heat input to the HI-STORM overpack while it is subjected to the fire is from a combination of an
incident radiation and convective heat fluxes to all external surfaces. This can be expressed by the
following equation:

qF= h (TA-TS)+O-l7l4xIOSE[(TA+460)4 - (Ts +460)4]

where:
qF =Surface Heat Input Flux (Btu/ft2-hr)
hfc = Forced Convection Heat Transfer Coefficient (4.5 Btu/ft2-hr-°F)
TA= Fire Condition Temperature (14750 F)
Ts = Transient Surface Temperature (OF)
£= Average Emissivity (0.90 per 10 CFR 71.73)

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 1000F 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)+0.1714x 10%E [(Ts+460)4 -(TA+460) 4]

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

In the post-fire temperature relaxation phase, the surface heat transfer coefficient (hs) is determined
by the following equation:

hs =0.]9x (TA Ts)"'
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where:
hs = Natural Convection Heat Transfer Coefficient (Btu/ft2-hr-°F)
TA = External Air Temperature (F)
Ts = Transient Surface Temperature (0F)

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 1 0)
and the HI-STORM overpack height of approximately 19 feet, the surface-to-ambient temperature
difference required to ensure turbulence is 0.56 0F.

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 temperatures ineFeases-at several points near the
overpack mid-height are summarized in Table 11.2.2 along with the corresponding peak
temperatures in the MPC. Temperature profiles through the storage overpack wall thiclkess nearthe
mid height f the ask are included in Figures 11 .. 2 through 11 .. 4. A plot f temperature versus
tm is A se n n Figu 1 12. for seem pett thfoug the.,, Aeerpe wIth ne tea ;il Ueig; ezfs

the ask. The temperatue profile plots (Figures 11.2.2 dhrough 11.2.4) each contain pfiles
corresponding to time "snapshots". Profiles arc presented at the following times: 1 minute (60
e rsnd, i ."sp '-' ds), 10 mnu and 90 minut c.seeends),it2 miuts ( \2) sees,r -3 '2 . (2 .. Os en ef fiVe), _s0v minssJ s utes (60

seconds), 0 mainutes (1200 s econds), 0 minutes and 90 minutes.

I

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 show in
Figure41.2.7 5,4Less than 1 inch of the concrete near the outer overpack surface exceeds the materialI
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 of
ACI 349 for accidents if the temperatures result from a fire."

These results demonstrate that the fire accident event does not substantially affect the HI-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 ofthe MPC and its internals during
a fire event is provided byNUREG-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 determined using the formula:

c1, x pxc

k
where:

cp= Overpack Specific Heat Capacity (Btu/lb-0F)
p = Overpack Density (lb/ft3)
L = Overpack Characteristic Length (ft)
k = Overpack Thermal Conductivity (Btu/f1-hr-0 F)

The concrete contributes the majority of the overpack mass and volume, so we will use the specific
heat capacity (0.156 Btu/lb-TF), density (142 lb/&P) and thermal conductivity (1.05 Btu/ft-hr-0F) 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:

0.156x 142x 2.462
r = ~~~=127.7hrs

- 1.05

One-tenth ofthis 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/0F and 2240 Btu/0F, respectively. Applying an upper-bound decay heat load of2S-74 38
kW (98,090 1.3x105 Btu/hr) for the 3.622 minute (0.0604-hours) fire duration results in the
contained fuel assemblies heating up by only:

1.3x 105 x 0.0604
ATuei 4680 +2240
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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 HI-STORM 100 s'

System response to a hypothetical fire event, it is concluded that the fire event does not significantly
affect the temperature of the MPC or contained fuel. Furthermore, the ability of the HI-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 HI-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 ofthe 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 are conservatively bounded by the
values in Table 11.2.3, which are used for the fire transient analysis.

Using the values stated in Table 1 1.2.3, a bounding cask temperature rise of 5. 5S. 560F per minute
is determined from the combined radiant and forced convection fire and decay heat inputs to the
cask. During the handling ofthe 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 is 4.775 minutes. Therefore, the temperature rise computed as the product of the
rate oftemperature rise and the fire duration is 26. 63S6F. Because the cladding temperature at the
start offire is substantially below the accident temperature limit (approximately 300"F lower) the
fuel cladding temperature limit is not exceeded. will not exeeed the short term fuel cladding
temperature imt (see ble 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 water jacket can be boiled off.
However, it is conservatively assumed, for dose calculations, that all the water in the waterjacket is
lost. In the 125-ton HI-TRAC, which uses Holtite 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-ton 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 1 1.2.4 provides the MPC maximum
internal pressures, as a result of the HI-TRAC fire accident for a conservatively bounding initial
steady state condition of the highest normal operating pressure and minimum cavity average
temperature. The computed accident pressure is substantially below the accident design pressure
(Table 2.2.1). The values presented in Table 11.2.1 are determined using a bounding temperature rise
of 43.2F, instead of the calculated 26.30F temperature rise, and are therefore eonservative. Table
11.2.5 provides a summary of the loaded HI-TRAC bounding maximum temperatures for the
hypothetical fire accident condition.
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Structural

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

Thermal

11''

As discussed above, the MPC internal pressure andfuel temperature increases as a result of the fire
accident , but the Thefire accident MPC internal pressure and peakfuel cladding temperature;
,conaze;avely including a non AechaniStie 100- fel red rptue, i shown in Tae 11.2.1 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 MPC internal design pressure of 200 psig
(Tabe 2.2 1). As Ash~ in Table 1 1 2 .5 ̂, the pea al claddi ng :es ~_ _^^ a ell1

below short term accident condition allowable temperatures of Table 2.2.3.

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 assuming that a
steady state is reached. As can be seen from the values in the table, the temperatures are below the
accident temperature limits. the temperatures increase by less than 202F. Therefore, if the
temperatures presented in Table 11.2.5 were increased by 20F to ae ont fr- the. decr ease i
conductivity of the water jacket, the resultant temperatures will still be well below the short term
allewable fuel cladding and material temperatures provided in Table 2.2.3 for accident conditions.

I

__j.
Shielding

The assumed loss of all the water in the waterjacket results in an increase in the radiation dose rates
at locations adjacent to the water jacket. The assumed loss of all the Holtite in the 125-ton HI-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 1 OCFR72. 106 are not
exceeded.

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, 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.

HI-STORM FSAR
REPORT HI-2002444

Proposed Rev. 2B l

11.2-16



Radiation Protection

There is no degradation in confinement capabilities of the MPC, as discussed above. There are
increases in the local dose rates adjacent to the 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 waterjacket 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 HI-TRAC following a fire accident meets the
accident dose rate requirement of OCFR72.106.

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 the 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
neutron 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 IOCFR72.106.

The analysis of the fire accident shows that the MPC confinement boundary 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 equipment shall be performed.

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.
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If damage to the HI-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 HI-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 HI-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 ofthe 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).

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 maximum expected 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 maximum 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
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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 vent holes 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 MPG basket vent holes has no affect on the structural, confinement and
thermal analysis ofthe 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 the system as a result of this accident 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

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.
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1 1.2.5.3 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 an 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 lifting 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-TRAC in the horizontal orientation, it is possible that the tornado missile and/or
wind may cause the rollover of the 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 the horizontal handling height limit and consequently 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 of tornado missiles. These analyses
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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 tornado missiles 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-TRAC transfer cask is limited to damage of the shielding.

Thermal

The loss of the -water in the water jacket causes te 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. 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 waterjacket 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.

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

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 waterjacket
as a result of the loss of water in the HI-TRAC waterjacket. HI-TRAC dose rates at 1 meter and 100
meters from the water jacket, after the water is lost, have already been discussediepeited in
Subsection 11.2.1.2. mmediately 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.
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1 1.2.6.3 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 waterjacket shell causing
the loss of the neutron shielding (water). The effects ofthe tornado 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 water jacket 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.

Structural

Section 3.4 provides the analysis of the flood water applying an overturning 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.
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Thermal

For-a flood of sufficient magnitude to allow the water to come into contact with the MPC, there is no
adverse effect on the thermal performance ofthe 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 enter the annulus between the MPC and the overpack. The water would actually
provide cooling that exceeds that available in the air filled annulus, due to water'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 bounded 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 of 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 the system as a result of this event. 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 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 flood accident does not affect the safe operation of
the HI-STORM 100 System.
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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 HI-STORM 100 System sustains no damage as a
result of the flood. At the completion of the flood, surfaces wetted byfloodwater shall be cleared of
debris and cleaned of adherentforeign matter. the exterior and interior of the overpack and the
exterier of the MP shl d to maintain the proper air fle and emiseivity.

11.2.8 Earthiuake

11.2.8.1 Cause of Earthiuake

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 HI-STORM 100 System, the ISFSI may experience an
earthquake.

11.2.8.2 Earthiuake 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 1 OOA and 1 OOSA) 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.

Structural

The sole structural effect of the earthquake is an inertial loading of less than g. 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 is no effect on the thermal performance of the system as a result of this event.
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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 earthquake does not affect the safe operation of the
HI-STORM 100 System.

11.2.8.3 Earthquake Dose Calculations

Structural analysis of the 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.

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
unlikely 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 1 00% 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
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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.

1.I

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 shielded, the shielding capability, or the criticality control features ofthe 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 MPC 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
(Table 2.2.1) used in the structural evaluation bounds the calculated value.

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. As discussed in
the structural evaluation above, all stresses remain within allowable values, assuring confinement
boundary integrity.

HI-STORM FSAR
REPORT HI-2002444

Proposed Rev. 2B

11.2-26



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 ofthe radiation source is unchanged. However, the radiation source
could redistribute within the sealed MPC cavitycausing a slight change in 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 MPC uses redundant confinement closures to assure that there is no release of radioactive
materialsforpostulated storage accident conditions. The analyses presented in Chapter 3 and this
chapter demonstrate that the MPC remains intact during all postulated accident conditions. The
discussion contained in Chapter 7 demonstrates that MPC is designed, welded, tested and inspected
to meet the guidance ofISG-18 such that leakagefrom the confinement boundary is considered non-
credible. The confinement boundary leakage accident assumes simultaneous rupture of 100o of the
fuel mds aid the release othe available radioactive gas inventory t the envirerment at a r based
on 150% of the maximum leak rate under reference conditions.

11.2.10.1 Cause of Confinement Boundar 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. Additionally, because the MPC satisfies the criteria specified in Interim Staff
Guidance (ISG) 18, there is no credible leakage that would occurfrom the confinement boundary.
The release is analyzed t dsate the safety of the STORM 100 System
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1. All the fuel stored in the MPC has been cooled for 5 years. The PWR fuel type is the
B&W l 5x l S at 1.8°,% 5. 0% cnrichment with abunup of 70,000 75, 000 INVD/ATU.
The BWR fel type is the GE 7x7 at .840 eichment with a burnup of 60,000
70,000 IWD/1!ITU. 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 upture.

3. The releasable source term and release fractions are in accordance with N1JREG
1536, SG and ISG 1

The maximum possible leakage rate of radionuclides to the environment is based ohe
helium leak rate under reference test conditiens from the Technical Specificatio in
Appendix A to tho CoG.

Credt is taen fer the gravitatienal setting ef s, vele and eruds.

Chapter 7 presents an evaluation of the consequences of a non mchanistic postulated ground level
breach of the APC confinement bmda under hypothetical accident conditios 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.

Structeal

There are no utural consequences ofthe lss of confiement cident.

Thermal

Since this event is a non mchanistic assumption, there are no realistic thermal consequences. As
discussed in the Technical Specifications in Appendix A to the CoG, the leak test rate wud resulti
a negligible loss of helium fill gas over the design life of the MPG, which would have-an

tial effect on thermal perfomance.

There is no effect on the shielding performance of the system as a result of this event.
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There is no effeet on the rtiality ee an+r A feavafes efthe system rk a msWt ef this eent

Th eveonemnt ba-ed upon aTis v is base BpEV a assumed instantaneous breach of the confin emnt

The postulated release will result in an increase in dose to the public. The analysis of this event is
provided in Seetion 7.3. As shewn therein, the postulated breach results in dose rates to the public
less than the limit established by lOCFR72.106(b) for the site boundary.

11.2.10.3 Cenfinement Boundav beakagc Dose Calculations

1 OCFR72.106 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 cotrbution as a result ofthe instantaneous leak accident
is calculated in Chapter 7 (Table 7.3.8). The maximum doses as a result ofthe confinement boundary
leak accident is calculated in Chapter 7 (Table 7.3.8). Both values are well below the regulatory limit
ef 5 Rem.

11.2.10.34 Confinement Boundar Leakage Accident Corrective Action

The HI-STORM 100 System is designed to withstand this accident and continue performing the safe
storage of spent nuclear fuel. No corrective actions are required.

A detected breached WPC will need to be repaired or the fuel remo ved and placed into a new MC.
Fit, the brea()hed MPC must be returned to the facility in accordance with the proceedures provided
in Chapter . If the leak con 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

PC should be unoad n a rne with the precedures proNided in Chapter 5.

11.2.11 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.
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11.2.11.2 Explosion Analysis

Any credible explosion accident is bounded by the accident external pressure of6O 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.

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 explosion accident does not affect the safe operation
of the HI-STORM 100 System.
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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 Ligbtning

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 lightning 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 ofthe overpack to the ground. Lightning strikes have
high currents, but their 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 overpack. 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.
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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.

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 firther analysis is necessary.

11.2.12.4 Lightning 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 of the inlets
may be postulated to occur as a result of a flood, blizzard snow accumulation, tornado debris, or
volcanic activity.
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11.2.13.2 100% Blockage of Air Inlets Analysis

The immediate consequence of a complete blockage of the air inlet ducts is that the normal
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, and the MPC will continue
to radiate heat to the relatively cooler storage overpack. As the temperatures of the MPC and its
contents rise, the rate of heat rejection will increase correspondingly. Under this condition, the
temperatures ofthe overpack, the MPC and the stored fuel assemblies will rise as a function oftime.

As a result ofthe large mass, and correspondingly large thermal capacity, ofthe storage overpack (in
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 duration event that will be identified and corrected by scheduled periodic
surveillance at the ISFSI site. Thus, the worst possible scenario is a complete loss of ventilation air
during the scheduled surveillance time interval in effect at the ISFSI site.

It is noted that there is a large thermal margin, between the maximum calculated fuel cladding
temperature with design-basis fuel decay heat (Tables 4.4.9, 4.4.10 and 4.4.26, 1.4.46 and 1.1.7)
and the short-term fuel cladding temperature limit(Table2.2.31058°3, tomeetthe transientshort-
term fuel cladding temperature excursion. In other words, the fuel stored in a HII-STORM system can
heat up by over 300'F before the short-term peak temperature limit is reached. The concrete in the
overpack and the MPC and overpack structural members also have significant, margins between their
calculated maximum long-term temperatures and their short-term temperature limits, with which to
withstand such extreme hypothetical events.

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 ofthe HI-
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 model includes the lowest MPG thermal inertia of any MPC design. The MPC-68
design yields the highest normal storage condition fiel cladding temperature. This design has the
smallest margin to the accident temperature limit and consequently will have the shortest time to
reach this limit and is, therefore, used in performing this evaluation.

In the first step of the transient solution, the decay heat load is set equal to the design basis
maximum value (Table 4.4.39), the inlets are blocked, and a transient solution is perform ed.2242
'W. and the MPG internal convection (i.e., t iphon is suppressed. This evaluation provides
the peak--temperatures of the fuel cladding, the MPG confinement boundary and the eenerete
overpack-shield-wall, all as a function of time. Because the MPC with the lowest thermal inertia is
used in the analysis, the tr results btained from evaluation of this transient model,
therefore, bound the temperature rises for all MPG designs (Table 1.2. ) under this postulated event.
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The results of the blocked duct thermal transient evaluation are presented in Figurm 1 1.2.7 and Table
11.2.9. Figure 1l.2.7prseinsthetempertureriseasafunctioneftimeaftercompleteairinletdu
bleekaee fcr the folflwin: ~11

. ., . A.i. Ftuel (Jladang at he Lecation ef initial Maximum I emperature
i. . MP Shell at the Leation of Initial Maximum Temperture
i1. Overpack Innerh Concr-ete at the Active Fuel AiA Mid Height
i]. Overpack Ier Concrete at the Location of Initial Maximum Temperature
*. ro verpack Outer Conrete at the Active Fuel Aial Mid Height
vi. Overpack Outer Concrete at the Location of Initial Maximum Temperature

The concrete section average (i.e., through thickness),fiel cladding, and all MPCand overpacksteel
component temperatures remains below theirrespective short-term temperature limits through 72-24
hours of continuous fill blockage. Both the fuel cladding and the MIPC confinement boundary
temperatures remain below their respective short term temperature limits. at 72 hours, the fuel
cladding by ever 1502F and the confinement boundary by almost 1752F. Table 11.2.9 summarizes
the maximum temperatures at several points in the HI-STORM System at 3-24 hours-and447w2hems
after complete inlet air duct blockage. These results establish the design-basis minimum surveillance
interval (i.e., 21 heurs per Technical Specifieations in Appendix A to the CoG) for the duct screens.
As soon as at least one duct is cleared and convection flow is reestablished, convective heat
dissipation begins and temperatures will begin trending toward the normal condition as the
remaining ducts are cleared.

In orporationa of the MP he m sphon internal natural convection, as dsorib..d in Chapter 41,
enables the maximum design basis decay heat load to rise to about 29 kW. The thermosiphon effect
also shifts the highest temperataes in the M4PC enelosure vessel toward the tep ofthe MIPG. The
peak MPC closure plate outer surface temperature, for example, is computed to be about 450°F in
the thermosiphon enabled solution compared to about 102F in the therinosiphon suppressed
solution, with both solutions computing approximately the same peak clad temperature. In the 100%
inlet duct blockage condition, the heated cG losue plate aell become eff etive heat
dissipaters because of their proximity to the overpack outlet ducts and by virtue of the fact that
thermal radiation heat transfer rises at the fourth power of absolute temperature. As a result of this
increased heat rejection from the upe eego f the MPC, the time limit for reaching the short term
peak fuel cladding temperature limit (72 hours) remains applicable.

It should be nted that the ruptr of eoo'f the fel rds and the subsequent release f the
contained rod gases has a significant positive impact on the MPC intemal thermosiphon beat
tnsprt ehns The increase in the MPC internal pressure accelerates the themsiph on- as
does the introduction of higher molecular weight gaseous fission products. The values reported in
Table 11.2.9 do not reflect this improved heat tansfer- and will actually be lower than reported.
Crediting the increased IPC internal pressure only and neglecting the higher molecular weights of
the gaseous fission products, the MPG bulk average gas temperature will be reduced by
approeximately 34.5 0C (62.12F).
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Under the complete air inlet ducts blockage accident condition, it must be demonstrated that the
MPC internal pressure does not exceed its design-basis accident limit during this event. Chapter 4
presented the MPC internal pressure calculated at an ambient temperature of 8 0 'F, 10007 fel ods
ruptred, full insolation, and maximum decay heat. This calculated bounding pressure is 97.9 psig
174.8 (112.6 psia), as reported in Table 4.4.14, at an average temperature of R-34528.00K. Using
this pressure, an bunding increase in the MPC cavity bulk temperature of 1840F (102.20K,
maximum of MPG shell or fuel claddingMPC cavity bulktemperature rise a24 hours after blockage
of all four duc see Table 1.2.9), theredtioninthebulkaverage gtm areof34.52Cand
the ideal gas law, the resultant MPC internal pressure is calculated below.

Pi - Ti
P2 T2

P. T2
P 2 - T,

P (112.6 psi a) (528.0°K+ 102.20K)
P 2 528.00 K

P2 = 134.4 psia or 119.7 psig

The accident MPC internal design pressure ef200psig-(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 conctc section average and peak fuel
eladdigFII-STORM System components and contents temperatures approach their short-term
temperature limits. At the specified time limit, both the conerete setion average and peak fuel
eladdingall components and contents 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 ofthe HI STORM System design, the results of the parametric study
of incremental duct blockage performed in Subsection 11.1.4 are examined again. Ewen with three
air inlet duets completely blocked, as showna in Table 11. 1.2, large steady sate magnaais h
shoft term temperA ue limits eist f- all ystem Ampenents and the fuel ladding of the. stored
assemblies. Both the peak fuel cladding and overpack concrete section average temperatures, which
approach their limiting temperatures under the 1000% blockage condition, with a single open duet are

I
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apprximtely 402F and 1002F, respeetively, less than their respective short term temperatumr
limit+> These results show that only a relatively small amount of the ttal air net duct aea eAn the
order of 2507 or less, must remain open to prevent exceeding system short term temperature limits
nder- steady state conditions.

Shielding

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.

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 100% blockage of air inlets accident does not affect
the safe operation of the HI-STORM 100 System, if the blockage is removed in the specified time
period. The Technical Specifications in Appendix A to the CoG specify the time interval to ensure
that the blockage duratien cannot exeeed the time limit ealculated heroein.

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 casksystem components and
conten vpak cncrete section average and fuel cladding pe temperatures. ... ......,
below their short term temperature are within the accident temperature limits if the blockage is
cleared within M124 hours. Upon detection of the complete blockage of the air inlet ducts, the ISFSI
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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 Speeficatiens in Appendix A t the QC, sual
inspection of the duct screens is specified on a frequeney of 21 hours, or air outlet temperature
mnetoring is required. Therfe, an undetccted bleckage event could not exceed 21 hour-.

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 that
the 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 defined as cask system components and contentsevepA
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 showing that fiel eladding-temperatures remain below their short term temperature
limits, the site's emergency plan shall include provisions to address removal ofthe 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 free-
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
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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 HI-STORM System and fuel cladding temperatures to increase. A thermal
analysis has been performed to determine the time for the fuel cladding temperatures to reach the
short term accident condition temperature limit during a burial under debris accident.

To demonstrate the inherent safety of the HI-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 time 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 1 1.2.13.2, there is a margin of over 3000F between the maximum calculated
fuel cladding temperature and the short-term fuel cladding temperature limit. If a highly conservative
1500F is 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 150'F rise in fuel cladding
temperature resulting from transient heating of the HI-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:

mxCP xAT
Att=

Q
where:

At = Allowable Burial Time (hrs)
m = Mass of HI-STORM System (lb)
cp = Specific Heat Capacity (Btu/lbx0 F)
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 1 1.2.13.2.
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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 are well
within the allowable values, as demonstrated in Section 3.4.

Thermal

With the cladding temperature rise limited to 1 500F, the corresponding pressure rise, bounded by the
calculations in Subsection 11.2.13.2, demonstrates large margins of safety for the MPC vessel
structural integrity. Consequently, cladding integrity and confinement function of the MPC are not
compromised.

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. 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 CoG 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 HI-STORM System
is covered.
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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 4434 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 inspected 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.

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 System, with its
corresponding large thermal inertia and the limited duration for the extreme temperature, this J
assumption is conservative.

11.2.15.2 Extreme Environmental Temperature Analysis

The accident condition considering an environmental temperature of 125°F for a 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 1250F 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 conservatively calculated at an
environmental temperature of 80'F. The extreme environmental temperature is 1250F, which is an
increase of 450F. 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 environmental temperatures meet the design requirements.
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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 result from the extreme
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 enclosure vessel for accident condition internal pressure
bounds the pressure resulting from this event. Therefore, the resulting stresses from this event are
bounded by that of the accident condition and are well within the allowable values, as discussed in
Section 3.4.

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, 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 extreme environment temperature accident does not
affect the safe operation of the HI-STORM 100 System.
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11.2.15.3 Extreme Environmental Temperature Dose Calculations

1 IThe 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

HI-STORM FSAR
REPORT HI-2002444

Proposed Rev. 2B

11.2-43



Table 11.2.2

.'
HI-STORM 100 OVERPACK M1AXdINUM-BOUNDINVG TEMPERATURES

AS A RESULT OF THE HYPOTHETICAL FIRE CONDITION
I

Material/Component Initialt During Fire ( 0F) Post-Firef
Condition (F) Cooldown (F)

Fuel Cladding 691 (MPG 24) 692 (N4PC 24) 692 (MPC 24)
691 (IPG-2E) 6924(MP 4 2E) 692 (C 24E)
691 (NIPC-32) 692-(MC-33) 692 (PC 3)

710-(hPG 68)731 71 IPG 68)732 7141(MPG 6)732

MPC Fuel Basket 650 MPC 4 651 (NIPG 24) 651 (IPC 4)
650 (MPG 24E) 651 (IPG 24E) 651 (NIPG 24E)
660 (MP 3) 661 (MGC 32) 661 (MPC 3)

7_20(MN4PC 68)706 724-O IPG 68)707 721-(MPG-68)707

Overpack Inner Shell 195250 300 495300

Overpack Radial Concrete 495 284- an
Iner Sufaco

Overpack Radial Concrete 4-4222 473222 484235
Mid-Surface

Overpaek Radial Conerete -1- SP9 530
Outer Surfae

Overpack Outer Shell 157200 570585 570585

I

Bounding 1-95250°F uniform inner surface and 1457200°F uniform outer surface
temperatures assumed.

Maximum temperature during post-fire cooldown.

I

tt
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-Table 11.2.3

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

Minimum Weight of Loaded HI-TRAC with 180,436
Pool Lid (lb) 

Lower Heat Capacity of Carbon Steel 0.1
(Btu/lbm-°R)

Heat Capacity U02 (Btu/lbm°R) 0.056

Heat Capacity Lead (Btu/lbm-R) 0.031

Maximum Decay Heat (kW) 28,7438

Total Fuel Assembly Weight Gb) 40,320

Lead Weight (lb) 52,478

Water Weight (lb) 7,595
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Table 11.2.4

BOUNDING HI-TRAC HYPOTHETICAL

FIRE CONDITION PRESSURES+

I
l

I

Condition Pressure (psig)

AMIC4A M-A 4E _ _ M 68

WUethut Fue Rod 78107.4 79 7978
Ruptufelnitial
Condition

With 100% Ful Rod 4-.9110.6 i594 -14 26.6 (72.48-
R BeBounding 4&8)
Maximum

The reported pressures arc based on temperatures that xceed the calculated maximum
temperatures and are theevfco slightly eenservatiec.

<9
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-Table 11.2.5

SUMMARY OF BOUNDING MPC PEAK TEMPERATURES

DURING A HYPOTHETICAL HI-TRAC FIRE ACCIDENT CONDITION

Location Initial Steady Bounding Hottest MPC
State - Temperature Rise Cross Section

Temperature [0F1. [0Fj Peak Temperature

Fuel Cladding 892600455745 26426.6 8984771.6

Basket Periphery 620 26.326.6 6264646.6

MPC Shell 433 26426.6 4814459.6
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Table 11.2.6

l3
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/0F)

Initial Uniform Temperature of Cask (0F) 7 40 t

Bounding Decay Hcat (cW) 2874

U

t The cask is conservatively assumed to be at a uniform temperature that
conservatively bounds all normal storage temperatures. equal to the maximum fuel
elAddinG tm~er&uRf .
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Table 11.2.7

MAXIMUM TEMPERATURES CAUSED BY EXTREME

ENVIRONMENTAL TEMPERATURES$ [OF]

Aecideni
Location Temperature Temp rature

Limit
Fuel Cladding 736 (PWR) 44

785 (BWP)

776

MPC Basket 751 

MPC Shell 396515 .W775S _

Overpack Air Exit 2; 261 N A

Overpack Inner Shell 244 288 350 (cFepaek

Overpack Outer Shell -90 228 350 (everpaek
__nerte)

I

I

.I

CGnsefvativev bounding t meratures jn ; i 11d a hrAAthfAiiz s; 

the fel rods.
I �

aptweef 4O0;efJI
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Table 11.2.8

MIAXIMUM-BOUNDING MPC TEMPERATURES CAUSED BY LOSS OF WATER

FROM THE HI-TRAC WATER JACKET [F]

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

__ ~~~~~~~~~Temnperature

Fuel Cladding 82745 888761 1058 short term

MPC Basket 852728 6745 950 sh tecm

MPC Basket 600620 62630 950 shot tem
Periphery -

MPC Shell 455433 4664437s shrt-term

MI- TRAC nner Shel 322 342400 long te

600 ahert term

HI TRAC Water 344 34 350 lng teem
Jacket Inner Surface

HI TRAC Enclosure 224 222 30g te e
Shell Outer Surface

Axial Neuten 28 261 00eng efm
Shield+ ____

Note: Where it can be shown that the temperatures are below the normal long term condition
limits, the calculated temperatures are compared to the normal long term temperature limits
for conservatism. The corresponding short term temperature limits are higher temperatures as
presented in Table 2.23.

* Local maximum section temperature.

I

I
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Table 11.2.9

SUMMARY OF BLOCKED AIR INLET DUCT EVALUATION RESULTS

Max. Initial Temperature Rise Transient Short Ter
Steady-State (ef) Temperature (F) Temperature
Temp+(OF) at 3a24 A 7 h at 243a at 72 is it

hrs hrs

Fuel Cladding : -40731 44222 4-60 84953 90 4-09

MPC Shell 354470 4-84123 2N 535S93 601 775

Overpack Inner 499243 443156 4-74 344399 _ 600
Shell-#14__ __ _ _ __ _

0; e ~q - - 13ef- 455 93 286 348 4414 600

Ovei-paek Gutef 444 4 40 4-59 us8 600
Shell _ _

Concrete Section 472183 q953 44- 251236 3:4 35
Average

* Connseratively bounding temperatures reported includes a hypothetical rupture of 1 0% of
the fuel Fads.I

Coincident with location of initial maximumn.

It.' Coincident mith antive fuel axial mid height.
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FIGURES 11.2.2 THROUGH 11.2.5

[INTENTIONALLY DELETED]
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FIGURE 11.2.7
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12.1 PROPOSED OPERATING CONTROLS AND LIMITS

12.1.1 NUREG-1536 (Standard Review Plan) Acceptance Criteria

12.1.1.1 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 the Technical Specifications may apply. The
conditions for a general license holder found in 10CFR72.212 [12.1.2] shall be
met by the licensee prior to loading spent fuel into the HI-STORM 100 System.
The general license conditions governed by 1OCFR72 [12.1.2] are not repeated
with these Technical Specifications. Licensees are required to comply with all
commitments and requirements.

12.1.1.2 The Technical Specifications provided 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.
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Table 12.1.1

HI-STORM 100 SYSTEM CONTROLS

Condition to be Controlled Applicable Technical Specificationst

Criticality Control Refer to Appendix B to Certificate of Compliance 72
1011 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 Oxide Mieeess Evalati

3.4.10 TRANSFER CASKOperatingLimits (GoC-7
1014, ppendix B Design Fcgures)

Shielding and Radiological Refer to Appendix B to Certificate of Compliance 72
Protection 1011 for fuel specifications and design features

3.1.1 Multi-Purpose Canister (MPC)
3.1.3 Fuel Cool-Down
3.2.1 TRANSFER CAS[ Average Sf face Des

Rates
3.2.2 TRANSFER CASK Surface Contamination
3.2.S30VE}A AeArae IS-fAce Dose-Rate
5.7 Radiation Protection Program

Heat Removal Capability Refer to Appendix B to Certificate of Compliance 72
1011 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) (eC 72 1014-,
Appendix B Design Features)

5.5 Cask Transport Evaluation Program

I

It

t Technical Specifications are located in Appendix A to CoC 72-1014. uthorized contents are specified in FSAR
Section 2.1.9
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Table 12.1.2

H-STORM 100 SYSTEM TECHNICAL SPECIFICATIONS

NUMBER TEC NICAL 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 specfications.

3.0 LIMTING CONDITION FOR OPERATION (LCO) APPLICABILITY
SURVEILLANCE REQUIREMENT (SR) APPLICABILTY

3.1.1 Multi-Purpose Canister (MPC)
3.1.2 SFSC Heat Removal stem
3.1.3 Fuel Cool-Down
3.2.1 -TIN - - Aage Surface Dose RatesDelete -
3.2.2 TRANSFER CASK Surface Contamination
3.2.3 Oge DDQ? Avrge S r'fae Dose la eleled
3.3.1 Boron Concentration
Table 3-1 MPC Mae!Dependeat avity Drying Limits
Table 3-2 MPC Helium Backfill Limits

4.0 Not Used. Refer to Appendix B to CoC 72 1011 for design feaftres.

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 Fue Cadding Oxide Thickness Evaluien PrfmguDeleted

5.7 Radiation Protection Program

Table 5-1 TRANSFER CASK and OVERPACK Lifting Requirements

I

I

I

I
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12.2 DEVEOPMENT OF OPERATING CONTROLS AND LmrTS

This section provides a discussion of the operating controls and limits, and training requirements
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 Complkince 72 1011, the licensee
shall ensure that the following training and dry run activities are performed.

12.2.1 Toming 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 -STORM 100 Spent Fuel
Storage Cask (SFSC) System and the Independent Spent Fuel Storage Installation (ISFSI). The
training modules shall include the following elements, at a minimum:

1. rH-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. rI-STORM 100 Regulatory Requirements (e.g., 10CFR72.48, 10CFR72, Subpart K,
lOCFR20, 10CFR73);

9. Required instrumentation and use;

10. Operating Experience Reviews

HI-STORM FSAR Proposed Rev. 2B
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11. HI-STORM 100 System and ISFSI Procedures, including

* Procedural overview
* Fuel qualification and loading
* MPC /HI-TRAC/overpack rigging and handling, including safe load pathways
* MPC welding operations
* HL-TRACloverpack closure
* Auxiliary equipment operation and maintenance (eg., 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 MPCEII-TRAC/overpack for fuel unloading
* Unloading fuel from the MPC/HL-TRAC/overpack
* Surveillance
* Radiation protection
* Maintenance
* Security
* Off-normal and accident conditions, responses, and corrective actions

12.2.2 Dry Run Training

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 of 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 rI-STORM 100 MPC/HI-TRAC into the spent fuel pool.

3. Preparation of the FH-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.

7. Replacing the HI-TRAC pool lid with the transfer lid (HI-TRAC 100 and 125 only).

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

HI-STORM FSAR Proposed Rev. 2B
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9. HI-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 ISFSL

11. EI-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.

122.4 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 Eguivment

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 ISFSL 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 1011 and the
Authorized Contents and Design Features in Appendix B to CoC 72 lOldescfibed in Section
2.1.9 are met. Surveillance requirements during loading, unloading, and storage operations are
provided in the Technical Specifications.

12.2.7 Design Features

This section describes H-STORM 100 System* design features that are Important to Safety.
These features require design controls and fabrication controls. The design features, detailed in
this FSAR and in Appendix B to CoC 72-1014, are established in specifications and drawings
which are controlled through the quality assurance program. Fabrication controls and
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inspections to assure that the HI-STORM 100 System is fabricated in accordance with the design
drawings and the requirements of this FSAR are described in Chapter 9.

12.2.8 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. I-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 Verifying Compliance with Fuel Assembly Decay Heat. Burnup. and Cooling
Time Limits

The examples below execute the methodology and equations described in Section 2.1.9.1 for
determining allowable fiel assemble decay heat, burnup, and cooling time.

Example 1

In this example a demonstration of the use of burnup versus cooling time tables for regionalized
fuel loading is provided. In this example it will be assumed that the MPC-32 is being loaded with
array/class 16x16A fuel in a regionalized loading pattern.

Step 1: Pick a value ofX between 1 and 6. For this example Xwill be 2.8.

Step 2: Calculate qgion 2 using equation 2.1.9.1:

qRegion2 = (2 x 38)/[(1 + (2.8)0-5) x ((12 x 2.8) + 20)1= 0.6543 kWt

Step 3: Calculate qRegon) using equation 2.1.9.2:

qRegio.n =Xx qRgion2 = 2.8x 0.6543 = 1.83204 kW

t This result is arbitrarily rounded to four decimal places.
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Step 4: Develop a burnup versus cooling time table. Since this table is enrichment dependent, it
is permitted and advisable to create multiple tables for different enrichments. In this
example, two enrichments will be used. 3.1 and 4.185. Tables 12.2.1 and 12.2.2 show the
burnup versus cooling time tables calculated for these enrichments for Region 1 and
Region 2 using Equation 2.1.9.3.

Table 12.2.3 provides three hypothetical fuel assemblies in the 16x16A array/class that will be
evaluatedfor acceptability for loading in the MPC-32 example above. Te'decay heat values in
Table 12.2.3 would be calculated by the users. Other information would be taken from the fuel
assembly and reactor operating records.

Fuel Assembly Number I is not acceptable for storage because its enrichment is lower than that
used to determine the allowable burnups in Table 12.2.1 and 12.1.2. The solution is to develop
another table using an enrichment of 3.0 wt.% 235U or less to determine this fuel assembly's
suitabilityfor loading in this kfPC-32.

Fuel Assembly Number 2 is not acceptable for loading unless a unique maximum allowable
burnup for a cooling time of 3.3 years is calculated by linear interpolation between the values in
Table 12.2.1 for 3 years and 4 years of cooling. Linear interpolation yields a maximum burnup
of 43,597 MWD/MTU (rounded down from 43,597.9), making Fuel Assembly Number 2
acceptablefor loading only in Region 1 due to decay heat limitations.

Fuel Assembly Number 3 is acceptable for loading based on the higher allowable burnups in
Table 12.2.2, which were calculated using a higher minimum enrichment that those in Table
12.2.1, which is still below the actual initial enrichment of Fuel Assembly Number 3. Due to its
relatively low decay heat, Fuel Assembly Number 3 may be stored in Region 1 or Region 2.

Example 2

In this example, each fuel assembly in Table 12.2.3 will be evaluated to determine whether it
may be stored in the same hypothetical MPC-32 in a regionalized storage pattern. Assuming the
same value X: the same maximum fuel assembly decay heats are calculated. Equation 2.1.9.3 is
executed for each fuel assembly using its exact initial enrichment to determine its maximum
allowable burnup. Linear interpolation will be used to further refine the maximum allowable
burnup value between cooling times, if necessary.

Fuel Assembly Number 1: The calculated allowable burnup for 3.0 wt. % 23 5U and a decay heat
value of 1.83204 kW (qjgiom) is 52,637 MWD/MTU at 4 years minimum cooling. Therefore the
assembly is acceptable for storage in Region 1. Its decay heat is too high for loading in Region
2.

Fuel Assembly Number 2: The calculated allowable burnup for 3.2 wt.% 235U and a decay heat
value of 1.83204 kW (qvj,d) is 39,844 MWD/MTUfor 3 years cooling and 53,195 MWD/MAU
for 4 years cooling. Linearly interpolating between these values for a cooling time of 3.3 years
yields a maximum allowable burnup of 43,849 MWD/MTU and, therefore, the assembly is
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acceptable for storage in Region 1. This fuel assembly's decay heat is also too high for loading
in Region 2.

Fuel Assembly Number 3: The calculated allowable maximum burnup for 4.3 wt.% 235U and a
decay value of 0.6543 (qgi..2) is 48,891 MWDLMTU for 18 years cooling. Therefore, the
assembly is acceptable for storage in Region 2. This fuel assembly would also be acceptable for
loading in Region 1 (this conclusion is inferred, but not demonstrated).
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Table 12.2.1

EXAMPLE BURNlUP VERSUS COOLING 77ME LIMAMC FOR REGIONALIZED LOADIVG
(PC-32, Array/Class 16x16A, X = 2.8, and Enrichment = 3.1 wt.% 

MiNIMUVC ALLOWABLE ALLOWABLE
COOLING BURNUPIN BURNUPIN

REGION I REGION 2

_ 3 39604 13568
?_4 52917 21040
>5 61912 27028
>6 68200 31446
>7 68200 34520
>8 68200 36814
?9 _ 68200 38588
10 68200 40059

>11 68200 41280
?12 68200 42375
>13 68200 43349
>14 68200 44263
>15 68200- 45144
?16 68200 45991
>17 68200 46809
>18 68200 47628
>19 68200 -48433
>20 68200 49247
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Table 12.2.2

EXAMPLEB URN UP VERSUS COOLING T7AELIA7CSFOR REGIONALIZED LOADING
(MPC-32, Array/Class 16x16A, X= 2.8, and Erichment =4.185 wt.% 235S

MINMUM MA MMU AXLIUM
COOLIVG ALLOWABLE ALLOWABLE

TIE B URNUP aN BURNUP IN
(years) REGION I REGION 2
____ (MWD/GT[w 

>3 42060 14019
_>4 55800 21814
>5 65028 27883
>6 68200 32304
>7 68200 35386
>8 68200 37695
>_9 68200 39482
>10 68200 40989
_>11 68200 42247
>12 68200 43365
>13 68200 44377
>14 68200 45326
>15 68200 46237
_>16 68200 47115
_>17 68200 47947
>18 68200 48796
>19 68200 49629
>20 68200 50466
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Table 12.2.3

SAMPLE FUEL ASSEAMBLIES TO DETERMINEACCEPTABILITYFOR STORAGE
(Array/Class 16xl6A)

ASSEMBLY ENPICHMENT BURNUP C Oi7HGDECA Y
NUMBER (" % 23511 (M"IMTO TI) BEAT

. 1 3.0 37100 4.7 1.01
2 3.2 40250 3.3 1.75
3 4.3 41976 18.2 0.4
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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 CASKwith 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 theMPC.
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 ates
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 moesture rem evatdying is performed. The
MPC cavity is backfilled with helium. Additional dose ates are
measured andThen, the MPC vent and drain port cover plates
and closure ring are installed and welded. Inspections are
performed on the welds. TRANSFER CASK bottom pool lid is
replaCid with e transfer id to alloK .ventual ransr of the

MPCino heOVERPAGK.

MPC cavity moisture removal using vacuum drying or forced
helium reirculation dehydratfon is performed to -remove
residual moisture from the MPC e 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 dehydrationreGcirulation is used, the dry gas
introduced to the MPC 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.

I

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

BASES

BACKGROUND
(continued) After the completion of Moistur removaldrying, the MPC

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. Providing aBackfl7ling the MPC with helium
pesurein the required range at rom temperature (7O@1)
quantty 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. Providing
helium in the required density range accomplishes the same

Inleakage 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.

APPLICABLE
SAFETY
ANALYSIS

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 filled 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.

I/

(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 are being established or removed, respectively
during these periods in support of other activities being
performed with the stored fuel.

ACTIONS A note has been added to the ACTIONS which 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 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-temi degradation concern,
immediate action is not necessary. The Completion Time is
sufficient to develop and initiate the corrective actions
commensurate with the safety significance of the CONDITION.

B.1

If the helium backfill quanfitydon r ew srimit has been
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.

I

(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 represent 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.

If the helium leak rate limit has been determined not to be met
during TRANIC9ORT ORATIONSR or STDRA.GE
OPERATIONS, an engineering evaluation is necessar, t
determine the mpact of increased helium leak rate * hat
rDemoal and offcite dose. Since the HIr STORM OVERPACt
is a ventlfated system, any leakage from the MPC is
transported directly to the environment. Sin-e an creased
helium leak Fate represents a potential challenge to MPG heat
removal and the off site doses alculated in the FSAR
confinement analyses, easonably rapid a I -s gratd.
The Completion ;me is sufficient to complete the engineering
evaluation commensurate with the safety ignificance of the
CONDITION
- NQII -N-

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

BASES

ACTIONS 2
(continued)

Once the ause and oneqencof the elevated leak ate
frn the MPG ae determined, a r9otive action plan shall be
developed and initiated to the extent necessary to return the
MPG to an analyzed condition. Snc the ecover
mnechanisms an ange ove a broad sale based on-the
evaluation performed under Required Action C.1, different
recovery strategies may be necessary. Since an elevated
heliurn leak ate epresents a challenge to heat emoval ates
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.

QC.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 (if required), re-flood 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-iand SR 3.1.1.2, and SR 3.1.1.3
REQUIREMENTS

SR 3.1.1.1 is modified by a note that states, in addition to the
requirements of SR 3.1.1.1 for high bumup fuel, MPCs with
heat l in ess f a ertai value shall be dried using the
helium rercurat;on method. The basis for WhiS note is that, i
vacuum drn re used for hIgher heat lad MPrs, it would
nd o b mpleted in a relativel' short period of tine to
avoid exceeding the short term peak fuel cladding temperature
limit. Applying a time limit that is too restricti'e could inhibit the
ability to dry the MPG in a nrmal time frame. The helium
rocirculation method of moisture removal continuously cools
the fuel while removing moisture, thereby eliminating the need
to establish a time limit, allowing completion of the moisture
removal process in a deliberate, controlled manner.
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Multi-Purpose Canister (MPC)
B 3.1.1

BASES

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

I
. \_^

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
cavty 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 gas temperature ordewpointat the specified
location demelstur ei tempeFatue 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 bumup fuel and high decay heat load MPCs, the forced
helium Ferirmulatien-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 of Appendix A to the CoC provides the appropriate
requirements for drying the MPC cavity based on the bumup
class of the fuel (moderate orhigh), 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 ofhelium in the MPCbaU-density
or pFessure ensures adequate heat transferfrom 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
eff-osite dse.

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

BASES

SURVEILLANCE
REQUIREMENTS

SR 3.1.1.1-T and SR 3.1.1.2. and SR 3.1.1.3 (continued)

The leakage rate acceptance limit is specified in units of atm-
clso.oo Tis is a mass like leakage ate as specified in ANSI

N14.5 (1997). This is defined as the ate f hange of the
prmssure veume preduct of the aking fluid at test oenditions.
This allows the leakage rate as measured by a mass
spectrometF leak detector (MSLD) to be compared directly to
the acceptance limit without the nced for unit conversion from
test conditions to standard, or reference conditions.

I

All threeBoth of these surveillances must be successfully I
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, 4.5, 7.2, 7.3 and 8.1
2. Interim Staff Guidance Document 11
3. Interim Staff Guidance Document 18
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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 Re moval System Is a passive, air-cooled,
convective heat transfer system wich-that ensures heat from
the MPC canisteris transferred to the environs by the chimney
effect. Relatively cool air is drawn into the annulus between
the OVERPACK and the MPC through the four-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
four 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 four-inlet and fou-outlet air ducts are unobstructed and full
air flow (i.e., maximum heat transfer for the given ambient
temperature) occurs.

Analyses have been performed for the complete obstruction of
tWmhaf, three-and feurall inlet air ducts. Blockage of two-haff
of the inlet air ducts reduces air flow through the OVERPACK
annulus and decreases heat transfer from the MPC. Under
this off-normal condition, perfornedfordesign-basis heatload,
no SFSC components exceed the short term temperature
limits.

Blkageo tho int air ducte further reucee p;r flow
through the OVRACWnulc d decrases heat transfer
from the MPC. Under this accident condition, no SSC
components exceed the short 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 four inlet air ducts stops
normal air cooling of the MPC. The MPC will continue to
radiate heat to the relatively cooler inner shell of the
OVERPACK. With the loss of normal air cooling, the SFSC
component temperatures will 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 for the MPC-68 at its design decay
heat load of 44,2235.5 kW and all component temperatures
remain below their respective short term temperature limits up
to 24 hours after event initiation. The MPC-68 analysis
provides a bounding case for all MPC models since it yields
the highest component temperatures. Therefore, the limiting
component is assumed to be the fuel cladding.

LCO 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 11 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
(continuead) 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 foran extended period of time (i.e., 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 GoC. - -

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 traRsfedissipaton 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 appropriate compensatory measures for
each SFS0 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 been 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, Surveillance Requirement (SR) 3.2.3.1 dose rates4s
are required to be perfemed measuredto deter=ne verfythe
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 effectiveness of the
concrete is providing adeguato 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 or equal to 28.74 kW
or within 16 hours if the decay heat load of the MPC is greater
than 28.74 kW. These Completion Times are consistent with
the two thermal analyses of this event, which show that all
component temperatures remain below their short-term
temperature limits up to 72 or 24 hours after event initiation, for
MPC heat loads of 28.74 and the highest authorized heat load
of 41-2 38 kW, respectively. The 35.5 kW case analyzed for
MPC-68 bounds the 38 kW case for the PWR MPCs.

(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 the applicable 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
conservative total time period without any cooling of 80 hours,
assuming all ofthe inlet air ducts become bloced immediately
aftor the last previous succoessfuli Surveillance. The results of
the thermal analysis of this accident show that the fuel
claddng tmert does not rach its short r

temperatuRe lim-t or more than 72 hours. Itsc also unlikelythat
an unoforsoin oot could cause cmlet9 lonkage of all fou

air nlet ducts Immediately after the last suc*cessfl
SurvellanGe.

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 cleared, the
OVERPACK heat removal system may be considered
operable and the MPC transferred back into the OVERPACK.
Compliance with LCO 3.1.2 is then restored. If the evaluation
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

I

(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 and 16 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
Gsorvative total time period wthut any; coling of 80 hours,
-arming ll of the inlet adutS boo locd immediatey
afterthelastpevious suc.,essflSure'oIllance. The resulte of
the thermal analysis of this accident show that the fuel
cladding temperature does not reach its short term
temperature limit for more than 72 hours. It is also unlikely that
an unforeseen event could cause complete blockage of all four
air inlet ducts immediately after the last successful
SureG

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 options for implementing SR
3.1.2.1, either of which is acceptable fordemonstrafing that the
heat removal system is OPERABLE.

Visual observation that all four inlet and outlet air ducts are
unobstructed ensures that air flow 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 limits 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

I
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Fuel Cool-Down
B 3.1.3

B 3.1 SFSC INTEGRITY

B 3.1.3 Fuel Cool-Dow

BASES -

0 .I

BACKGROUI ID 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 cavityis ensured to be less than orequalto 20 0F. 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 its 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.

a closed-loop forced ventilation gas cooling system that cools
the Tuel assembieos by cooling tho surrounding helium gas.

After ensuring the MPC cavity bulk helium temperature meets
the LCO limit, FGl a t heing fue! cool do'vpnthe MPC is then re-
flooded with water and the UPC 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 ReduGing the bulk helium temperature is less
than the LCO limit fuel cadding temperatures significantly
reduces the temperature gradients across the fuel cladding
thus minimizing thermally-nduced 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 200"F 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

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 intemal cavity bulk helium temperatures
prior to MPC re-flooding. The integrity 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).

LCO Meniteing Determining the circulating MPC gasexitcavity 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 exit temperature ll
closely match the desired fuel cladding temperature priorto re-
flooding of the MPC. 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 cavitybulk heliumgase temperature is measured I

during UNLOADING OPERATIONS afterthe transfercaskand
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 been added 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 which 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 gas-exit-temperature 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 Completion 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
(continued)

A.2

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 from the MPC to the surrounding environs to ensure the
fuel cladding remains below the short term temperature limit. f
the TRANSFER CASK is lc ated in a relati'ol; Gopen area such
as a typical refuel floor, In this case the limits specified in
Section 3.4.10 of Appendix B to the HI-STORM CoC applyfnG
additional acins are neressar;.

H1owover, if the TRANSFER CASK is located in a structure
suc~h as a ntinton pit or fuel vault, additional actions
may be necessary depending on the heat load of the stored

$lel

Three acceptable options for ensuring adequate heat transfer
for a TRANSFER CASK located in a pit or vault are provided
below., based on an MPC loaded with fuel assemblies with
design basis heat load in every storage location. Users may
develop other alternatives. on a site specific basis, considering
actual fuel loading and decay heat geneation.

(continued)
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Fuel Cool-Down
B 3.1.3

BASES

ACTIONS A.2 (continued)

1. Ensure the annulus between the MPC and the TRANSFER
CASK filled with-vwater. This placos the sys'tem4 In hI
Femoval configuration WIh Is bounded b the FSAR
thermal evaluation of the system consideing a vacuum in

theMPC Th cytcmisopen to the ambient environment
which limits the temperature of the ulimate heat sink (the
water I the annulus) and, therefore, the MPG shell to 21 2

2. Remove the TRANSFER CASK from the pit or vault and
place it in an open aa such as the refuel floor vith a
Feasonablo amount of Glearance around the cask and not
near a significant cource of heat.

Immediately is an appropriate 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.

Ad ! r .P -
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Fuel Cool-Down
B 3.1.3

BASES

ACTIONS A.2 (continued)

Twenty two (22) hours is an acceptable time frame to allow for
completion of Required Action A.2 based on a thermal
evaluation of a TRANSFER CASK located in a pit or vault. In
such a configuration, passiv cooling mechanisms Ail be

larelydimnised.Eliinatin~g 90% of the passive coolingq
mechanisms with the ask emplaced in the vault, the thermal
inertia of the cask (approximately 20,000 BtuP F) will limit the
rate of temperature rise with design basis maximum heat load
to approximately 4.5 degrees F per hour. Thus, the fuel
Gladding temperature rise in 22 houn''ll els hnI0 0 F
Large short rm temperatur magins exist to peclud ay
cladding integgty concerns under this temperature eise.

SURVEILLANCE
REQUIREMENTS

SR 3.1.3.1

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 cavity 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 aeminimal
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 SRismetin one oftwo ways. The temperature of the gas
exiting the MPC may be measured directly. Altematively, 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. ff the MPC cavity
bulk helium temperature LCO is shown to be met by this
evaluation, no furtheractionsare requiredandMPCunloading
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 Fuel cool down must be po ed
successfully on each SFSC before the initiation of MPC re-
flooding operations to ensure the design and analysis basis
are preserved.

REFERENCES 1. FSAR, Sections 1.1.1, 4.5.1.1.4,4.4, 4.5 and 8.3.2. I
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TDAhl~r=F rCASj Ai~- ~m~ IGG-Dome RateoDeleted
B 3.2.1 I

B 3.2 SFSC Radiation ProtectionDeleted

B 3.2.1 TRANSFER CASK AverageSurface DOeO RatOeDeleted

BAS-ES

BACKGROUND Tho regulations governing the operation of an ISFSI sot limits on the
control ef occupational adiation epesum and adiatien doses to the
g*ner! public (Ref. 1). Oupational adiation exposure hould4bc
kept a lw as easonably achievablo (ALARA) and withi the limitc o
4OCFR Part 20. Radiation desec to topbi r limited IF bth-
normal and accildent Gonditiens.

APPLIGABLE The TRANSFER CASK average suifas dese ates are not an
SAFSlY assumption In any accident analycis bt are used to encure
~JAAMIS compliance with egulatory lirnlts n occuwpational doe and dese to the

u~bfiG

LCo The lmits on TRANSFER CASK average curfaco deso fatesc am bacsd
OR the shielding analysis of the MI STORM 00 Sytem (Ref. 2). Tho
limits were celected to minimize Fadiation expesum to the genera? publi
and maintan occpatona deo ALA.RA t pnnel w.orking in the
Vicinity of the TRAN SFER CASKs. The L=CO Feguiros specific locUAtiS

r takig dose ate moau r oets te enswe the doe Fates mneaurcd
arc Indicative of the-l neutron Aheial-s effertiveness and-not
the steel hann mombere.

APPLICABILITY The a CASK CurFc deo ratos apply durng
TRAFETR OPERATIONS ihnc aimitr nncron that the tncter-
sack average curface doeo rates during TRANSPORT OPERATIONS;
AND UNLOADING OPERATIONS ae uthin the esotmaten contained 
the HI STORM 00 Topical Safe AR lysis Repit Radiation dseTh
during STORAGE OPERATIONS arc merified for the OVERPACK undce
LCt 3.2.2 and oittoed thioraftror by the SFSC uo i agordance
wcit the plant SFeRific adiationh prCtetio roram rcied by
I OGFR72.21 2(b)(6).

(Gontinued)
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TRANSFER CASK Avgo Surfaca Dose RatesDeleted |
B 3.2.1 

BASES (ntinued)

ACTIONS A noto has boon added to the ACTIONS which stateS that, for this LCO,
soparate Condifion entry is allowed for each TRANSFER CASK. This is
aecoptable since the Required Actions for each Condition provide
appropriate compensatory moasures for each TRANSFER CASK not
meeting the LCO. Subsequent TRANSFER CASKs that do not meot
the LGO ae geomd by subsequeRt Conditlon on y and applcation
of associatod Requirod Actions.

A.4

if the TRANSFER CASK avorage surface dose rates are not withia
limits, it could be an indication that a fuel assembly as inadvertently
loadod into the MPC that did not meet tho Functional and Oporating
Limits in Soction 2.0. Administrative vrification of the MPC fol
loading, by moans such aE review of video rocodings and rocords o
the loaded fuol assembly serial numbors, can establish whother a mis
loaded fuel assembly is tho ause of tho out of limit condition. Tho
Completion Time is based on the timeroquired to perForm such a
verfication.

If the TRANSFER CASK average surfaco dose rates aro not within
limt s, 4 is dtrmed that the MPG was laded with the rrect
fuel assemblies, an analysis may be performed. This analysis will
determine if the OVERPACK, once located at the ISFSI, would result in
the ISFSI offsite or occupational doses exceeding regulatory limits in 10
CFR Part 20 or 10 CFR Part 72. If it is detcrmined that the out of limi
average surface dose rates do not result in the regulatory limits being
exceeded, TRANSPORT OPER-ATIONS may prceed.

if it is verified that unauthorized fuel was leaded or that the ISFSI offsite
radiation protection requirements of 10 CFR Part 20 er 10 CFR Part 72
will not be met with the transfer cask average surface dose rates above
tho LCO limit, the fuol

(GGR!lRUe(;)
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T-RASFER CASK AugrcS RatesDeleted |
B 32.1 

BASES

ACTIONS B.1 (continued)

WAccmblioc must be placed in a safe condition in the spent fuel
pool. The ompletion Tme i rasnablo based oen the time requir.d
to rplac the tnFer lid *-;h the poor lid, perform fuel tooldovn

operations, r flood the MPG, tit the MPG lid wolds, mve the
MTA.NSFEr CASK t the hp*nt fuel pool, renve the MPG lid, and
remove the spent fuel ascemblies in an rderr manner aid without

challenging personne.

SURVEILIAtCE S 3.2.1.1
REQUIREMS

Th's SR ensurec that the TR.ANSFER CASK average swrfase deo
FateS re it-hin the I-C limitt prir to TRANSPORT OPERATIONS.
TThe surase dote rates are neasured R the sides and the tp of-the
TPANSFER CASK at locations desriAbed in the SR folloWing stndrd-
lndubtr,' practice for determining average dosea rtes fr- largw
containers. The SR equirre speifir lcations fr taking dote rate
measurements to encure the dote rates measured are indicative of the
average value round the cask.

REFERENCES 1. 10 C FR Parts 20 and 72.
2.FRAR Sections 5. ad 8.1.6.
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OVERPACK Average Surface Dose RatesDeleted I
B 3.2.3

B 3.2 SFS IC Radiation ProtectionDeleted

B 3.2.3 OVRPAK merage uGe Does -Rate Deleted

BASES

BAGCKGROUNIG The reuain o:rin h prto f an ISFS! set limits on the
contAFG Of occupanal adiation exposure nd adiatien doses to tho
genrFal publIc (Ref. ). Oupational radiation eposure shouldb b
kept as low asranbi' achievablo tALARA) and within the limits-of
IOCFR Part 20. Radlation dec to the public are lmted for. both
neormal and acc1dent condftions.

APPLICABLE The OVERPA.MCKaerg uacdcoat rentn

SAFETY assumption n an', sccident analyss, but are used t ensuro
-I{A.LYSS compliane with regulator limits In ccupational dose and dse te the

ICO The limits on OVERPACK ave'rago surface de rates are baed-on
thesheldnganalyss of the HI STORMA 100 SysemA (Ref. 2). The limt

were celested to minimize radiation exposure to the genieral publIc andA
mifnitain ocupational deo ALARA to per n o g n the viinity
of the SFSGT

APPLIABILTY The aerage OVERPACK rsufrfae deo Fates apply; ding
TRANS R OP ONS and STORAGE OPERATONS. These
limits ensure that the OVERPA a rage rface dose ates are,
wthn the tmates o n 1e i STORM 100 TopIcal Saft;
Analysis Report.- Radiation doses during STORAGE OPERATIONS ae
moniored for- the VERPACK by the SFSC useF in aGcordare with the
plant specifc rdio protection program Fequired -by
I OFR72.242(b)(6).

_@ t--- e } _as-r-- r~~vw~wg ___ _ _vw _ xrs_

I
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GVERPRACKAverago Surface Does RatesDeleted
B 3.2.3

I

BASES (continued)

ACTIONS A note has beon added to tho ACTIONS whlch states that forthis LCO,
separato Condition ontry is allowed for oach SFSC. This is acceptable
sinco the Required Actions for each Condition provide appropriate
compensatory measures for ach SFSC not meeting the LCO.
Subsequent SFSCs that don't meot the LCO are govemed -by
subsqueRt Condition entry and application of associated Required

A4

If the OVERPACK average surface dose ratcs are not within limitc, it
could be an indicat!oR that a fuel assembly was inadvertently loaded
into the MPC that did not moot tho Functional and Oporating Limits in
Section 2.0. Adm inistrative vrification of the MPC fuel loading, by
moans zuch as roview of vidoo recordings and records of the leadod
fuel assembly serial numbers, can establish whether a mis loaded fuel
assembly is the ause f te ho ot 1of imit ondition. The Gomplotion
Time is based on the tIme equired to aFrm such v-ifcatio-

If tho OVERPACK average surface deso rates are not wthin limits, and
it is dtermined that the MPC was loaded with the correct fuel
assemblies, an analysis may be performed. This analysis will
determine if the OVERPACK, once located at the ISFSI, would result in
the ISFSI ofsit or eoupational doses exceeding regulatory limits in 10
CFR Part 20 or 10 CFR Part 72. If it is detemrined that the out of limit
average surface dose rates do nct result in the regulatory limits being
excecdod, STORAGE OPERATIONS may proceed.

84

If it is vrified that the correct fuel was not leaded or that the ISFSI
offsite radiation protection requirements of 10 CFR Part 20 or 10 CFR
Part 72 will not be met with the OVERPACK average surFace dose rates
above the LCO limit, the fuel

feeAfinued
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OV..'ERPACK Ae.'orago Surfaco Dccc RatosDeleted
B 3.2.3

BASES

A=TNS asemblies must bo placed in a safe Aondition n the Apent fuel
(continued) pool. The Cemplotlon Timo iE r Woconable basod on the time requIred

to transfor the MPC back Into tho TRANSFER CASK, replamce the
trancfer lid with the pool lid, porform fuel cooldown oporations, re flood
the MPC, cut the MPC lid wolds, meve the SFSC into the pent fuel
pool. romove the MPC lid, and remoo the spent fuel assemblies in an
orderiy mannor and without challenging personnel.

SURNELA.NGE SR ,3..4
REQUIEET

This SR ensurms that the OVERPACK avorago surface dseo rates are
within the LCO limits within 21 hourc of placing the OVEPACK in ts
designatod storago location n the ISFSI. Surface dose ratec are
measured at the locations docribod in the SR following standard
industry practicoc for dtonTning averago deco rats for arge
GentainRes.

REFERENCES 1. 10 CFR Parts 20 and 72.
2. FSAR gectionS 6.1 ad 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
.

BACKGR( )UND 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 ar m-asured 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 vand
drying is perforrned. The MPC cavity is backfilled with helium.
Then, Additional dose ates am measured anthe MPC vent
and drain cover plates and dosure 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 (kfl C 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 kefl < 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-24E124EF, respectively, for MPCs containing all
INTACTFUEL 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 of Appendix B to the CoC 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 MPG-
24EF containing atleast one DAMAGED FUEL ASSEMBLYor
one fuel assembly classified as FUEL DEBRIS.

LCO 3.3.1.Gf provides the minimum beri-concentration of
soluble boron required in the MPC water for the MPC-32 and
MPC-32F based on the fuel assembly array/class and the
classification of the fuel as a DAMAGED FUEL ASSEMBLY or
FUEL DEBRIS. if one or more to fuel assemblies to be loaded
had an initial enrhment less than or equal to 4.1 M.% U 235 .
LCO 3.3.1.d provides the minimum boron concentration
required in the MPC water for the MPC 32 if one or more to
fuel assemblies to be loaded had an initial enrichment greatar
than 1.1 ut.% U 235.

All fuel assemblies loaded into the MPC-24, MPC-24E, MPC-
24EF, a4I-MPC-32, and MPC-32F are limited by analysis to
maximum enrichments of 5.0 wt.% U-235.

The LCO also requires that the minimum soluble boron
concentration for the most limiting fuel assembly array/class
and classification to be stored in the same MPC be used. This
means that the highest minimum soluble boron concentration
limit for all fuel assemblies in the MPC applies in cases where
fuel assembly array/classes and fuel classifications (intact vs.
damaged) are mixed in the same MPC. The ensures the
assumptions pertaining to soluble born used in the criticality
analyses are preserved.

(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, w-32, or -32F has at least one PWR fuel
assembly in a storage location and water in the MPC, For the
MPC-24 and MPC-24E/24EF, when all fuel assemblies to be
loaded have initial enrichments 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 the loading 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 after 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.

ACTIONS A note has been added to the ACTIONS which 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 and A.2

-Continuation- of LOADING OPERATIONS, UNLOADING
OPERATIONS orpositive 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 A.3
(continued)

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 SR 3.3.1.1
(continued)

The boron concentration in the MPC water must be verified to
be within the applicable limit within four hours Gf-prior to
entering the Applicability of the LCO. For LOADING
OPERATIONS, this means 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 is 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: QUALIYAsSURANCE

13.0 RO UCTION UALYASSURANCEPROGRAM

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 rI-STORM 100
System and HI-TRAC transfer cask designated as important to safety.

Table 2.2.6 identifies the structure, ystems and components (SSCs) of the HI STORM
100 Syatem and HI TRAC transfer cask that ae considered important to safety. Table
i16 idntifies the ncillar- eAminment needfrd fnr handlinot mnd oadinh oerations that

has been designated as important to safety- -

Important-to-safety activities related to construction and deployment of the HI-STORM
100 ystem are controlled under the NRC-approved Holtec Qualty Assurance Program.
Revision 13 of the Holtec QA program manual (Reference [13.0.2]) was submitted to the
NRC for review and approval on August 17, 2001 and approved by the NRC on
September 25, 2001 (Reference /13.0.4]) under Docket 71-0784. The Holtec QA program
satisfies the requirements of 10 CFR 72, Subpart G and 10 CFR 71,- Subpart H. In
accordance -with 1O CFR 72.140(d), this previously-approved 1O CFR 71 QA program
will be applied to spent fuel storage cask activities under 10 CFR 72. The additional
recordkeeping requirements of 10 CFR 72.174 are addressed in the Holtec QA program
manual and must also be complied with.

The Holtec QA program is implemented through a hierarchy of procedures and
documentation, listed 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

t This chaptr 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 tintent 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 tems-of-art used in this chapter are consistent with the
terminology ofthe glossary (Table 1.0.1) and component nomenclature of the Bill-of-Materials (Section
1.5).
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and extent of Holtec QA control and oversight is specified in the procurement documents
for the specific item or service being procured. The fundamental goal of the supplier
oversight portion of Holtec's QA program is to provide assurance that activities
performed in support of the supply of safety-significant items and services are performed
correctly and in compliance with the procurement documents.

13.0.2 Graded Approach to Oualitv Assurance

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

NUREG/CR-6407 [13.0.11 provides descriptions of quality categories A, B and C. Using
the guidance in NUREGICR-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 needed to deploy the HI-STORM
100 System at a licensee's ISFSI are defined on a case-specific basis considering the
component's design function.

Activities affecting quality are defined by the purchaser's procurement contractfor use of
the HI-STORM 100 System at an independent spent fuel storage installation (ISFSI)
under the general license provisions of IOCFR72, 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 JOCFR72 Subpart G and the intent of NUREG-1536 [13.0.31.
However, NUREG-1536 does not explicitly address incorporation of a QA program
manual by reference. Therefore, invoking the NRC-approved QA program in this FSAR
constitutes a literal deviation from NUREG-1536 and has accordingly 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 FAR avoids duplication of information between the
implementing documents and the FAR and any discrepancies that may arise from
simultaneous maintenance to the two program descriptions governing the same activities.
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13.1 G%&5IDADMQ� C TOn UAITY rMS ANCE

This section intentionally deleted.--

For the HI STORM 100 System and MH TA A C feFasl; a gmdapproach qualityisusedby
Holtec. This graded approach is controlled by Holtec Quality Asce (QA) program docments.

N[JREG!CR 6407 [13.1.1] provides descriptions of quality categories A, B and C. These descriptions are

Catpor F Category A items include stutue, ,ys, d comnponents iose failure could

of a sinle item could cmse IE of prary containment leading to release of
mdiokwiv materia; lss of s heldae unsafe geomety n GritcGality
eGtroLT

Cateor'f B: Category B items include strctures, systems, and compoents 'viose failure or
^tSS; ~ 'yNS n en e a..1A affeh pub! ^q A; hw

and safty. The failure of a Category B item, in conjunclion 'Vith the ilure of an
aditional item, Could lt in an afe conition

Cag or C: Categy C items inclde suctures, systems, and comonents whose failure or

9_fin~tiCMoud not significatly redua the padmcging Affeieness and wvould
not be Aely to t a iation adversely affecting publi health and safety.

Using these desriptions alog with the quality categomy assignments from NUREGICR 6107 [13.1.1],
Holtc nteratinl haE assign~ed a quality category to each individua Icomponnt of te -l STORM lO00
System and I TPAC transfer cak. The categories are identified in Table 2 2.6.

Aet 6 PRafectin quality are defined by tephs presu nt Gentact for useA ofthe M SOR

100 Sysm on a site specific independent spent fuel storage installation (SFS1 under the genera! license
provisions of !GGFR, Supait V. They my incde any or all of the fdig procuemmn

nd manitoring of STORM 100 stuures, yste s, and components which are important to safety.
Regmdle~s ofthe prmvisionw otepvcrmeat eornWA the quality refemnsstfri hs doen
conastitute temni set of acceptable bae.Aciiies performed in the course of the previousan
ongoing wofic effort en HI ST ORM 100 comply Aith Holtec Intemational's quali assnce prom
Holtec Ite-mational's QA program was developed to meet Nuclear Regulatery Commission (NRC)
requiements delneated in 1OCFR50, Appendix B,.ad has beon expanded to include previsions of
OCFR71, Subpart H and 10CFR72, Subpart G, for structures, systems, and components designated as
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EMUpGt^_t tO SafOUV. A toIal rOOR Ia t1on mo n tHma tEona u. nrmtoa 60terambm Peen re'o _2Aff
-r---v - - -- r

submied to the NRC. Qual.y AceurancS Program Approval ter 1adioactivo a ackages No. 781 was
ismed by the NRC. This qality as anee progm aso applies to the desg, mateial procment

The qAity mm:mG prmg dbed in this hapter filay cmplies vwih the nire ient of 1uF i
Suart G, d1536 [13*.3J
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13.2 PRT R. AM Z A TIGN

This section is intentionally deleted.

The Hm 1-3 - - IT 10 0 Sygtmn prj eet ha etbseen ner -Holl-tec tenm~fiemil% prqeit ideafifc~afio
mwucner 50114. This prqojwt bar, been designatd as kmedant to afety (1S), wbislh Si znaiallymdat

Qualit -A e -AM : (HQA. Th frt eat f the HQAM is to kiera p^jectt Wm, n
topeare- vm~ aprve as~ Ptoer W -AVm adta al-niWM impgnt

projeet be caredotin ecrdanee milh the Preject Plan. Setion-m 133 hein presents the psnt
_._-mu a th M STOR Wo prej e Wpromnatic T&AV reaenents-

The y STRM 100 projectttym tem conists of a projectmamger, heiensmng mnager, the QA mgr
-and Wm #of twni spcalis A dempi elGweq iationalsuu, imees- kmaeS~;

mrensPAi4, and leelsf athariyb can be fmmd in Hl1tec Qualty Assm dments.
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13.3 QVALlTY ASSURANCE PROGRAM

ThLS section intentionally deleted.

13.3.1 Ovvew: -:

Imporint to safety (TS) work on the HI STORM 100 poect is performed by Holtec Ierational in
In Mi-h9GQ tE~fi+nA qua;ty suow vi.1h, de eo^^ ot o Safisf ho

.equi ments imposed mithin IOCFR5 Appendi B, 10C 71, Subpart and OCFR7,
-upfi G. 7he TG-Al prvie a manmmy 1 eforohwt lute1;iw quait assza

13.3.2 Qai.'Assurance ProgmDomet

sectins that corespond to the eighteen Qe progrm ets.ia citd t

reedrs (HQNs) These pmoedures pro'vide specific eais on b eol TA Intnatoa

Stn~ and oerA speroinge proe s rie the dcc ond oQu:lity ame pm alQG

are not addressed igga te Hltec ItrnaionA quality procedres. Emples o o 8d be
TAh weXAn d fmel on prcedure, liquid penetrant examination proceurie, or an i proes6
insp en proedu. These procedures are considered quait asuanc reco eds and are

- implemen the-M-=c- reqe t koitet m "aq~lity wmmmEllIC01a.
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1. O

Holtec intplntianal's quality ascam proga dcnemts define e qlit asceaa prFn aM e
rev nlb~es of Hoem ntafional vonnel, as wel as 1S bm-u-cmn of the eqpnal
eROSPnble wi'i oltec L49miann]. The Hl~hc n#taonAl oognizt is deailed mi he
HQAM anad H4QP 1.0.

Holtec I-AtA=:ticmNa' qalty WAUMG Mrga eprS that the PRemidfmt of Holtec Itrnaticnl r
the statue of the quality program on an annual basis Furthe r, as pat of Holtec Internatonal
uppermanagements mn-itm m-#tto Hoe Iemitaors qualityamma pregmai a tacmn
of policy authored by the President of Holtec International is contained in the quality asrance
mauaL This policy defines Holtec Intematinal's commitment to meeting the reqliwmets of
IOCFR5O, Appendix B; OCFR71, Subpart H; and OCFR-72, Subpart G, as applicable, on
safety relate d ian portant to safety projects and also delegates overall responslbility of qualty
progran mantenanc to the Qualty Assance Manager. The listmg of Stdtwres, Systm, and
Components (SSC), defined as import at to safety for the H1 STORMI 00 System, is previded m
Table 2.2.6 of this FSAR.

The Quality Amume Manage i the peson respensibe for esthisiaig adraintn the QA Prgm
He por ts t th swe- res Zr, a Prcsi den-t o f HoltecI mmela tioa on aIliyrntes and has the
authority and organiztional feedom to enforce QA qiements, identi prblem areas,

nmmnd orprovide solutions to QA problems, and veri; the effectiveness ofthose solutions.

itematioal on quael Maed issues. he i qualfication mrnemit fr the position-of
Quality Asurance Manager are contained in the Holtec QA progm procedures. Regardless of
the education and eWerience requirements, the QA manager shall be knowledgeable of the
applicable codes and standards.

>o Xe lsea G~~~~~~~~lirvol~~aversetquaity

a. Monitor quaity issues andlceep Management infonned of signific;ant conditions adverse to quality.

b. Initiate, recornmmend or provide solutions and veri implementation of corrcive actions to
noncofeming ndiem.

HI-STORM FSAR
REPORT 11-2002444

Proposed Rev. 2A
13.3-2



c.- Control or Etop flrther proceccing, delier;, or icalon of a nonconfon item, deficiency, or
mecuy ooon until proper dptioning has curd

d. Maintain and control the HQAM, HQPs, and tandard and project proceduec.

e. Rev iew cn :ctual documents to aR=e inclion of applicable quality asune rqiement.

£ ntlce ith clients and reaos dn audits.

g. SchSede, perform, and/or ovesee audi -.uveilkmnces of suppliers of quality related itens and
-eRpnime to veiypoe implemeatafion of the qugity assurnee pmgm,

h. Shde, perform, and'or oversee audis of intnl activities to vei, compli: nce wit the HQM

i Approve Quality Procedures and Project Plan.-

j. Perform periodic rviews of nonconformance reports to identil* adverse quality trends for

k. Coorinate activities to assess the adequac and effectiveness ofthe QA program.

L -Schedule nnd conduct training and indocntion of personnel perfong activiries afing qu:ality.

m Maintain crrent qualificafion certifications for persomel perfming queality lated activities, as

&.MAinta a current Approwed Vendors List for vendors approved to provide quality related

p. M ainain a current list of aproved computer proams.

Somne ofthe above listed activities ray be performed by personnel designated by the Qualit Asance
M m, nlhough the anlthE e rret iin w ponsbit fr4g prop

imleenai e mns - vmijmEl^-

Holtec Inteational may ontract ith another oganization to perform work on important to safety
acitieWAs 3-e other epnization GGo4dbe a design agent, m , supplieraorsubcon.

Any erynzpio perfomig:fi~mAnctos affieti qualit ofimatt to safe* -Acmugt have a QA
position vith the requird authority and oranizational freedom, as well as, direct access to upper
levewlsq f m agmmt l~tecp Iatinal shall retan overall espeaslity for the QA PRomg

2. QuaWlty Assui PT
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The H tc e o quaai auan pro m r hat actities impoant to safety inWlvng

dasign, procent fbtieation in :ecfien ad tesin axe peffoned inawcordamce with niium
procedures. Additional project specific procedures arm written a needed when spesific project
requirements are noti comwmrd by quality pr c additional projec speei qulity

procedures are considered quality ass ance ecords which ae controlled n acordance with
Hekw i >Z qu+ality asmm rqfoga A au and pm.ed , a wer !Xll a prj;

specific procedures, are controlled and disibuted in accordance vith the quality asuanc
pragra

Tol *tc io al,, pemenne perfonning ip~lt t afety ac~tffeq -=uFt be inocrv the Holte
4tamainA qualit mpame prea pr o _e pe_ emmr-_ertm tD safetyr r~ weow n exde s-m

W V.dX W: 4 A;1 - LA"^ yVWgA W._W4
requentw of the QA pregrm ar uneto.Addffmay, a triain sein is held each ya

effctveness of the quality prm is ascessed by upper management through annual audits, in
precess assessments, and othera mans.

Testing& -Amni Society of Mlechanical Engineers, Ameican National Stand-nads Inltiute, GP

Qualifiation reorsa maintained by the quality assurane manager, or designee, and it-ud
certeifiaton erds, bases for qualificateion, q a dition time peio expefienc and tainng
rerre, and autao ses, as applicable . rficiency of quaified ponel shll, ene
mak -ine;-d;4, ras mqim _kug mtaafi r axmata re-Ge^'mrr~

QA programs of conraecords perfming ineryat to safety work vareiewed by lfekees quaity
assrance organization through audais, assessments, and s llances to asse appline Q
riteria ia be met.b
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A project plan is generated for each important to safety proect The project plan contans the necessary
information to enable the project team to execute the project in a mel coordinated manner.

Ps invo quty which aris Amm the difrnce of opnion between pesonne fm other
departments sha be resolved by the QA Manager.

Holtec Itemaonaf quality assurance prorm documents establish measures necessary toassie the
ontl ofte design pAoceSS fomn t h c desigan basis is defind in a design

speeffication EOa p riat0 codes,setandardsandoter relevantdonentse are useddwithe
course fthe design proceSs. Design paramete VW, as ell as miscellaneous design reqiments,
uh as maintenance, epair and stoage, arm also defined it the Hoec deign specificatio

)ramgsq, pees and desi meos ae he tree man document preduced by Holtec ltematinal
tbreug ft Vdeip proem. Holtec -a n tiom Fuypr mrqua;emen, fr pamdmrs :md

~~~~~~di i-iam " o~fo -the t or osftue aflnA v r

- - uhmeims im desig bases doumnts ar translated int dawngs, provedures, ldrpts

Quaity assnce prgm docments are established to identiy and ontrl the aufliority and

Hole Ite rnetionars quitA asanc rogram d mn requrA that all des rorts cud, as
applicable, a defined pupose, assumptions, references, inputs, outputs and results. Design reports
are signed by the author and are iewed by the Project Manager. Additionally, the design report
is verified by a individual or group of individuals other tha thie author of the report Verification
may be made eiter by qualification testing, desi review al ae calculatio. A design
verification checlist iE used as part of th review process. When quafication teng is used, thie

did esign analysis. Us erifie shal not hav Wienced ipt or approaches
utidn the analy sis. The analts erom peom e verification pursuant to the
requirements of NQA 1 [13.3 .1].

MAolt-prc Iftem-Atianl qualiy -assurc pro dcmts mri im 1t design Yeifiajn if other thn by
pr p or lead production ality testing, must be sati ctorily compvleted prior to release for

eontrlled.
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ChangE to a Holtec International design repot and specification are sumect to the sae design conola
and must be riwed and appro'ed in a skima manne to the o--gia!

Efrrs in design shall be addressed in accordance wi Criteia5and 16.

when applicble, use of comerial items in an important to safety systm, s r, o mponent shall
be reviewured for sitaiitytoheriendfnco.

Mesures a established for the reviw and disposition of vendor cumensicuigpoeue n

Measuseea stab~ished in he QA pmoam to as3i va-lid im &as"s standards and p adfieations ae usied
in e selecdion of design input cluding itale mals and proceses).

4. Procurement Documeit ConIt

Holtew Iternatioal quality assance progrm establishes measurs to contl the prcpatiGToi
approvAl ^nd issuance of all important to safety purchase orde. Only suppies appved in
ac ce with Criteion 7 shall be qualified to supply important to safety items.

b~esure ae etabibhd wthiUHltPA terna:tiomnl's qaity amGurn prona to ensm that p~hs
orders contain the fbllowAng ifbnnaign, codes, standards, and specifications, as applicable

a. a statement of the cope of work to be performed by the 3vendor,

b. tha design basis technical requirements inchding odes, standards, specificatioens, EtC., to which the
item must be esigwd o m a

c. quality assurance requirements including as applicable, but not limited to, oompliance by the vcnik,±
with the requirements of 1CFR21 [13.3.], 1OCFR50, Appendix B, I0FR71, Subpart H, or
l0CFR.72, Subpart G; and direct reference to the vendor's quaity assurance program.

d. penmission to gain access to the supplier's or subtier supplier's plant facilities and reords;

e. identification of documentation required to be supplied by the vendor for approval by Holec;

f. reqments for reporting and appoving disposition of nonoonformances;

g. requird procedures, tests, and inspections; and

h. record retainage and control requirements.
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All afety sigaifiantuhase eo-den R-;IIbe cubject toeat least onebmispendenteview :d concree.
ThX QA Deaget sh eendut reqie ww: "11,s o msm tba saet ;_simfian
orders are being issued in accordene with the QA progam

Qhnngendroviiontopurcaseerder lb )uj c t-top sArn orqiv t'-eview andaroval
mmt a the eri& deeae

5. hIStucfionS. PrEcedures and-Dra'WMEs

Holes -latemmlina qulty asmnmce pvgmm decnt re getag wdvites 9at are imprtnt to afet
must be prescrbed nd accomplished in accordance with written instiucions, procdures or
dm-ing. Methods for complyg with the 18 criteria cet fori within 1OCFR Appendix B,
1OCFR71, Subpart H, and 1 CFR72, SubpartG, are also required to be described within defined

sp- . . ,d.ms.

measures e trouh the HOec iteatinl quality assurneto prere re ,

is required to be performed by a Gegniiwnt vargfer oter thmn thee author Revisions to instuctios,
prcedues aad dvwangs m required tobe rei ad approved in a similar mnet the

6. Doum. Coto

Holtec ntemAtiemal's quality assurance program document eabl methods to control the reiw
a-rov, and issn-e sf douments and changes mereo, befoe release, o enesue that the

t-ht Must he contoled but nt beliMited to: de ations; design reports;

and procedurs and insrutins (i.e., fabrication insecton an tsin)

Measur mr established in quality asance program doum ents to dieis ne indviduals or organizaions
ensible ao tise rve approval, and control of the romenf identified above. Detthe

reisions ar dequired to bvewed, apprvedandcntrldin asimilarmar teo theorna
doament Review eo f documents is relrue ed to be penored by qualified personnel.

Qult and rocedresa ade iD tstieq ir. fm Wcation, mqci ad t esibin sefic stvt
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be availabe at the locaton where the atiity is being perfomed Quality asumance program
doenteis also reiire that obsolete or supereded dcument ae centrollfd in rder to pret
flYA ir in Use;

An index of project documents is mktained in oder to allow ideatification of the latst revision of
applicable documents. This list includes, but is not limited to, design reports, specifications,
proeres,. and drawings.

7. Control of Pursh:sed -ateriat-Equipment and Services

Holtec Itemational quality asamce program documents define measures to ensure that import to
safety materials, equipment and serGces conform to procurement documents. Procedures are
estblished to defin reqients for procurment document control, supplier evalaion and
selecion, vendor suveillamce, and eceipt inspection in order to assure purchased items aro
prop Gercotroled fiV~M the pFGrOcweet phaSS thoU iM receipt

Hohc International quaity as ce progrm documents quire that Holtec Intional qualified
pennel evaluate Holtec nterintional subcontatosu ying impotant to safety items and
eces prio to enract awr A vegndor Aha 4ef0 Pt to d nine its thical ca1 V

as well as its production capability. Those vendrs found to have atisfahtor technical and
pmrodution capabilitis are sumitted to the quality asurace departmenmt for a quality aGc
evaluation The quality assurance evauation, which shall be documented, shal assess past
perfonnance and also deatemine- the capabilites of the vendor te comply with required codes n
QA criteria through audit; surveillance, or other couce evalwation, as applicable. Unacceptable
conditions dissoevered by Molterc Int eraa quaity assurance are adesdtr~!
nconfrmnncase6 andadit findinge, as appficabe. Hotcsoa hall impoce its ovnqal
assurane progam on vendors which ar eemndnot to ha an adequat quality assuac
pre~m or sha requr change6 in the euppliers quality asauane pregmm to] make itacceptable
to Holtec Intveationl ll pe deati f the ims throug veillane, inzpectio

and tems-t- in awranceC -V th UHoltep Intento~ QA pregmn as applicable. Q id supplier

of important to safety items; equipment and services must be placed on Holtec Interational's;
Appw]ed Vondors List Specific reqirements for placing vendors on the Approved Vendor Lis

½ro A T p*T Qpp 4v e ~ ~ t~ r _ke~ l l ^;o~'L. - ' 'jzv 
are defined vathin Holterc Interational quay assurance progrm docments. As applicabl, this
inchlwudes an audit; surveillance, or other source evaluation of the vendor to verify QA progam

confgmt applicable codes and implementativn of the QA prgi Measumes ferpfomn
audits, surveillances, and other source waluations are defined in quality assuance program
documents. As applicable, the QA proam requires triennial audits, suveillancees, or other source
evalution in orde t wreify continued iplemeitafien f thei QA progrm and maintec on
the Approved 14eandc-a List

A.4Mes &Wn performing supler snmfllaame are definsd mvthin Hltec htsnmaional quality asmmmce
pror docguments. Soure urveillance is used to determine that in process wor i being
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perfemed by the supplier in wecme mwthpashe ordwmrquimment.The Pr t Malr
in moruncdio with the QuaLity Asuac aaemust determine t extent of sourc
mmnreilmng deui for a paxguAwjob or su4Vlerbased cm theA mprt to sfety CassfleafiOel
somplexty of the item, and quantity. Holtec iten al quality assurance progm documents
define tpes of scuveflnwe acti'ities that m be peifomed includig hold point vericaioa
Project pecific proceduresiand procument documents define, when applcable, necessary
inEpeclion points to be perfomned by Holtec, and inspecton and test aceptance criteria

Measures for perfoming pt inpection actes are deed in Holtewc trAnal qual
assunme proamm micmenu. Reeipt efen is peomed in rder v re tm
met the reqrkments of the pchase order. The extent of receipt inWection to be performcd on
vendor furnished items in order to assure items are properly identified and cenfam to purchase
order requirements iE estalished through Holtec lneaional quality and project procedures, or
vendor procedures pproved by Holtec. lnspection records, material test ports, andlor
ertficawe of cnfmince atesting t he aceptane ofthe itwae Iemwd6 as applicfaie, for

acceptabl4y as part-of e rospt inspectionprwcess.- W "e item Acptmee i conkent en post-
insullation testing or inspection, the acceptance criteria hall be defined with vendors through
procment docguments prior t item use. Items and materials that have completed receipt

inqpectioa~w mn Ir ne as ed few fA- cati on m-A or f im e aro contro 11ed in AacerdA anc a- t a- li

Measues have been estabihed hrough Holtec International quality assance rogFam docents to
ontrol items discovered during receipt inspection to have a nonconformming condition These

measwwsini segation andidfc~no ~es vuto fh oono gies n
:: dispoi vith jusffic afiem as re q 

Holteo nerntional quality asgnce prorm documents establish measures to assure that a supplier
proides the documentation for a received part as required by the purchase order. These
docments inclde, but are not limited to, material test rports, ispection and test reports,
cerifimws@ of cofia-mance al Fcofmnepors, as applie le RM ielf ee omm
cor cnoace to rommrment dcmenrt i requied-

a. demntificatio and Catroll ofaria . as ls and ete

in rder to preclude the use of incorect or nonconforming items. Measres are established by
Holte Iternatimal tbru:u its quality docurnets t cas :ur tat liniW life i=r. are controlled i
order to preclude their use once the shelf life of these items hs expird

Mel e arem1ihdb Holtec Intematoa throu ky3 gepo ouenei odrt

proe the men fratr pagt oceent ienfifi mati m so that items imnant-ain mceabifty tG
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appTamata dactunsamum sum as dwaming and m Rmarm flimof
Lr- --- r- w - -

use, and to preclude use o-fincoectym- or dcefiecti'e im. Maicing
that they are not detrimental to the tezn. Any speciic identificatie
identified throurrh drawinmeq. myrocedures. or- snecification.

eAnyion; -; 4e a

arm required to basmade snc
a OF Maing reaciiRemAnS ame

97.
_ = _s _PC_ __!_ Tt6onno r pcai rroeemMG66Se

_s.__ t_.___.!___ _ _s! _t1! _E
Holtec trnatonal qua a ce proFam docgments eannhm measures to ensre tha special

uFaesse Mcas mdia& ead pewin . .ushieUmntiminj indalk'A= =d ��= Fx=;"Aticm

are controlled. Speiic pecial processes are tyically identified in fabricaton specifications.
Procedures, equipment, and personnel used t perfom specia proewsse ar rqure to e
qualified in accordance wtA applicable codes, standards ad specifications. Special procese
operas shagl be pmemned by appropriatel q ad peon using witt ad appred
procedures, as applicable. Special process operations are required to be documented ad Amerified.

Special process r dS Iun ro dc we, equipment and pesoel qualit ati, as well as
specia proess opmern resu are required to be maintainedas quality reord.

10. Licensee I

Inpections are required to be performed in accordance th vaitten procedures in order to verify

the pFocedurcmto-defin peiacceptanceecriteria. bspectionprocedures icldas applicable-rur; P 4; rnJ_9>_1 _ S ^_t :4l;ot. :ryt r ;t ^-o dntn_ a

methods of inspection, identification of the indiniduals or groups responsible for performing the
insein peration, rerding o ispectin resuts, identification f hold and v1 ns pins

approevl requirements for ispection dand inspetm prerequisites such as personnel
qualification. Inspection resultsA aredoum te and signed by the applicable ispecor
Ispections fteu& rompling shal use knowa standards as applicable for the asis of acceptance.

Meaore ar es ibi~hd wthi Holtec Iotemaia- quality asmmmwc progran docurnents to ensueat

rctwres, ystems, and coponent iprant to afety are, upon receiA ins td to vi; 

the item meets purchase order requirements. Control of aterials, both before and after receipt
9npe3irl are defned fr beoth accepted and nnconming mtera w4ftiin HolbcA-ta Tntemationa

quality assance prem dmnens.

MeWSures for in process control are established thrugh project specific procedure6 for situations when
direct inspection would be impractical. In process controls wAhen required, may include, but arenot
limited to, monitorming of processing methods, eqipment and personnel, as wel aWs review of in
process documentatien;

Measurs are established within the quality assurance progm documents to assure that ewoiced or
repaired items are inspected t the rigina requirements, or apprved d on neA
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I requtvaient-.

* * w s

Holtec Ineatiaml qualiy assrace program documents eslish meaues to ensure tin
Onlconfoinmances identified during the course of fabrication are resolved prior to, or during 

ilep@Ciar; tha te : 3ieh: we nsp must b ile and tmaeabe to pecifiG mecords; a
at m-pection~~~~b 4e l mus be aoewd b y e Holt-- e -IP Mboa sl Q A Mme r, o d as i gme,t

*ef the l;MAPP JheR i ha beens aisfied. -

Holtec Interatonal quality assurane progrm documents require that inpcor hl be qualified-in-
accordancs vith applicable codes and standads and shall be properly tained Wpector
qualificatien records are maintained mvihin the quality assrace les and are requied to be kept
Vurrlat NjompurE sr dined n Hl ftmtvnlqastasc rmdcn st
ensure at isen personnel me indennt from personel perming the actiity being

II. TestContrl - -- :--

Holtec naidelassc pnt doumee nseasms to e teat aplicble tst
proe (i.e., la leak tests, hydrostatic tests, production testS, etC.) are performed in

accodane wth riten roe dures, as applcable. Test procedure include, as applicable: tes
eqiment and calron reiments; mrial requirments; personnel qualifications;
pm qrat hkm ~ rciageu 1 p£ __WG ~smas;hl
aceptance and rejection cniteria; insiictions for documenting and eSauatng esults; ad
deeamentation appre:

The acceptance test program is defined in Chapter 9 of the FSAR for he M STORM 100 System and
11 be mplemn-t-ed fe- ech pya to veriy tha SSCE cnf-m t the specified requsents and

~~~aisfperform i srie.

Q* ~ -qualffie pesne FAA mt t t mm's, i repaii

12. ontol f Masuring and Test Eajukwaent

Holc Iteratiilquality asmmre program domm~ents establshmeagmes t easmgag feateguement
and test equipment shall be calibrated, adjusted and maintained at prerbed intervls or prior to
Miaurigons e required to be corolled suh aten p r tions der t arndal s.
Meas~g and test equinent is reqlird t be controled such that the ne-dt calbrAMtion date and
trmwcability back to alibra 4@~d i antie

A~esues reestablished ithin Holtec Inteatinl quality asuae proam deouents to ensure t

UneAMMe and hvlno nupm v id relatiom rip to nationlyrcgie edrs hnn nw
TW ~ ~~~~~~~~a shi Rtnlrr Thmn k Sn _ .nmA

kli-lUKM 1bAK
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... ::§-'-d st-' ax"st the bis> f' t' is1 L~, u' ' te be defie' an dmmeae

MNeasurs are established mithin Holtec Interna nal quality assce progra documents to conol
measringand Ws equipment whaich is found t be ouit of cmlibmgio These confiol icld

validation ofall preious ion and st r t he tmn itam ;r md to be outt
cakbration back to the time of the previous acceptable calibation of the same item A ring r
teat equipmenat found to be ouit of calibaton is required by Holton hiternationa quality asguance
program documents to be repaired and recalibrated prior to next use, or replaced.

A mstar ls of Gaib~ tools and eq ieat is reqimred to be kept in order to maintain a cGilets
calbaf ainoo eu ea itnern

13. HandlinG Storage and Shpping

Holtec Intemationl quality assuance progm docIuents establish measures to ensu that cleaaing
hmndling stomage and sip oe-flkms ar-e acrplished m accodane wiAf design ;equwaent to
prmkhle dama;less, o deteioration by eavieaaW conditions. T hese ac-tilitier ae pefmd
in accdance with written insructions or procedres as necesary. Nares fo establing

and preserve item, corponents or assemblies are provided vithin Holtec Imternaticnal quality

review of packaging be performed prior to item shipment in order to assure packgn meets
approved drawing, specifications and coandes. Additionally, werific-afionm of completion of
docmentation, including procedurs, manuals and inspection and test results is requred t be
performed prior to shipMent Physical ietfcioofheitem Ahall be 3Verified prior t shipment
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14. A nTectio Test and oerating .a-

Haltn hftmmatianAl qualitaGep o ouet establih mm t ese he kspwfian, test

andpeming staus of itemE is om by ogaain s responsileforqualit ciaies.

Meases me established by Holtec nternainalhroubh its quaity assnce progm document to
control the aplicatio and remo;al of sats mdicatom such as marers and tag. Additionally,
Holthec Interatioanal quaLity a srane pogam document estaiblish maeasume to nsure that if
rIequired operations ch : tests o ispectons are bypassed, such aon i taken through
cante poedwer m-%mh-eogsan ee of the quality asmue depayment.

Contrls on nonconforingites are sammaried in Citeiion 5.

15. Nonconformin Materil, Part or Components

Hotec Intemafional quality assance progrn documents establsh measues to ensure control of
nonoAnfirMing important to safety items, sies, and ati Atiec. This includes previsions fr the

idenlification decmettin AdE[, segafian5 mts, di~position of n a , -0 tRS a

notfication of th affected org ns, as appropriate.

Roe hntmmfien qualit puac pso~ dmets esWAisvh eamaw to mismr 39 nowcntrm

iems, sGervices or aities Ehall be reviewed and dispositione Provisions are included to ensure
fat cmonAm gw ie oracies, includmg these of EUP lieE fr hich the ecnuendled

dispocitio is "accept as is" or epair, hllb submitteo he cGhent for approva, i rquired.

Meaues ae established iin Holtec nternational quality aance pogram documents to require
mmneeom-anees t be identified tdrouh dviatic awports and comend~ling AMrecf9-ive aW-ion

and disposiio items are i.i.i& -:-. I t qual: )a ssc

Measures are estalished ithin Holtec Intemafional quaty assurance prgm docunents to control

fwtaerproces,~ ~ ~ ~ ~~~~~~~:w devig rnlaino ono-m rdfem items pending a dAPsien

- onits iep~if e beasgs ar es hvldhe thrugh obcl ~ --ao l quati awange progrnm

documrents to ensure that nonconformig items are segregated and controlled unti proper

disposition is comnpleed
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Holtec International quality assurance program documents establish mea ures to ensure that the
accepwtability of noncnf g items is verified by inspecting or tesfing the nonaMn6foi item
Agaims oiinl maents afte designated, 4e= r eo Fina dispesiton ofmnnfelim
items h11 be defned: ad documented

Meaes ae established wiin Holtec Intemational qalit assunce progam documents to permit
anynevzhisovrs nncofomsa t reOtit in acordance wfquality a-e pmgm

r evaluated for the pupose of detenmining if reporting pursuant to lOCFM 1 [13.3.2] is require

14ocItg aoa qu lty asaune prfegm dc n qaimeur that nemnconmfoi-ances be asssed-by
the Quality Asm ce Aanager on a defined basis to determne any quality ends. Any trends or
significant results all be Aby appropriat management perse O f development of

Nonconformance reports are considered part of the quality records package. As built conditions are
required to be decunmntd as applicable.

16. Corrective ~Actiga

Holtec Intemational quality assurmnce progam documents establish measures to ensure that causes of
Gendifiens advcese to quality pmptly idenfified and epored to pper management thmu&
de-iation reports and ecti ain report. Measrs are ls-o sablished to eue that

corcieacti ns a re performe d on &Antifle da acofem; conditions or items, a-ad tha t follovem r
UpE are perfored n ouene saplcbet vrf ml---to adefcivns fh

Meapwes a established wiffin Hotec TnPternait-ional quality assurace pregmm demment t ewL~ue that
fellew up athites are pefffin-ed to venify that cnecm actio ns have been Gerrecdy iqglmeae
so as to minimize the posSbility of recurrence of the nonconorming condition. Ilividua

Rupo sieforviis and donuenig ca evfo aed~idffiinT c Untem LA=Ain
quality asuFane prfe>a duments.

eand% ar ea4latesignihd within Holte TInteationa quality assu e protm dcue elua to dcnuent

evauatnnsaleperormd b qulifed ndiiduls nd eviwedby Gegnizant wrels oem ent~.0_M
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-17. OuaWl; Amim e rA

HoheG bInlati nlil as n eg s m de ammt re th%9at evi.nr o ii es affeudag qaft
shaill be dcgmennted and sha prende Fnuffilrivgnt in vg avn t permit identiction of the roA
witli the items o-r e activities to which it applie s. QuaLty assmane medsicde t rnolri!

to, deig, procrment manufacring and installation ecords; audits (itenal and extenal);
- ngvrnfgms repeFr ia~peedvn and test fems; drmA (chl~g as- buik) and i

records; procedure (i.C., n eetion, testing, calibration, etc.); calibrafin records; quiment

nd desi4 review dents.

or tests, names of iser s, date f tests, test perennel and data recorders, equipment
klcatififin ad evidenve of aweptf ny nnef~m conaMi os PIa I be a d d n
acrdanre vnth Criterion 15.

do-mets efmed as qualiy assrne rcxords are legble and that they reflect the total of work

Qualty assunce rords are dfmd as either lifeime" or ncsemanent', as appropriae. Holtec
Inrnatinl quaty assurmce progran dcments defie which quality as ce records r
i~fime" en -d U1iich ore "nnemaet. 'lifeimne reords are those records tha pertain toth
desin fabricGation and itllaion of a particular item euch that the records can demonsate the
cpbilty of the item and provide eidence of activities supprting the aeptabilty of the item
These records demonat the capability fer safe peratio; provide evidence of epair, rework,

repla~mennfmoifiction;aid-in dmiinthe cau f :mACWdnt rn ionfaie
erpre;4de a baseline fr insenie haspeedenz lw~es of "lifsime' =erds include dee foarportu

wivde m e efana act i* b eim g Ip mfemed but de " tmeet th e cer i a- f tlie e r s. EMqes
of "nonp xnn "rs4 mami. inchld document tasmittal forms and surseine repor.
cpralityaess record r nti times reod ar e meqiteh Holbec In eta quar aslny

IEwords are properly ontolled fom meipt tmu lng ter stoqe. Respniite frrept
sep tieval and disposalefquaitasa~ eogsaeptiddxihnHltvItmoa
qualit assncoe pregna documntsA. Rcrsaerqie ob dxdc thyaera
etievable.- - - -- --
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Holtec lneatoi-anal uaLky assumace prega dencte defie stmpg mquivm;# in order to assure
qualiy aencrae rcdsaentdamaged or daesoyed Quality asmamice rerods are required t
be stored in boxes, cabinets or shelves, or on the electonic netwok, and shall be protected fiom
much conmdifions as wter, r, etc. Measurs are estabiszhed trough loltec Ineational quality

Quality auace record Srag area ar requed by Hom-ltec hnter-nationa quality assummne
progmc documents to hra e coroel le na . ;i the Gase where a quality DErere d
damd or lost, it is required te be replaced immediately in a controlled manner by responsible

A^ A

I R.AUdits

axteral . Audit plans are required to be vitten for ach audit nd shall define the key
actiditie n or area te auited.

Audits are ath written prcedures .Audt a pefomed in
order to pro'.'de a comprehensive idependent '.eilainand elainof procedures and
aciiiesa-ffecting qali, and to eri and kalae an muper's QA rograi, prcedure, nD
activities A apro'ate, audit teairn may contain members who are technical expers in the ae

re'.'ew al aspecs of Holte nteationls quaity assrance program in order to detemin td
effxteivenes of the prmg arExeral audits are perfomed per citerion 7, as ncesi, n shal

the adit as e as the foalw up documentation (e, audit rcpoii findings c.) are
the samoa documents.

ef pre and post audit conferewes. The pre audit condofre is Used to define the scope ofthe
audito aswll aspthe pecf ar t headite d, and define a sahedle and agenda fr trhoeaudit The
post aui nfr iAd ta digsm he rmieutaof m udit ith the aid party.
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and proide istrucd f e procen of findigs:ad eir emxespeading cnwfi e ns.
CoxrrectF.e action respanees are required to clearly state the correcfive action taken to correct the

noncnfoig eondition and date of implementation. Audi reor hall be ta~itdt
MNpe l p el at tei audi mgmVzagio f v

a ction aiec rm i t ramlym ne tbap the -orrective iclito-s pb a e dequate ,
te president f Holatmaimnal.

actio rewses lr ae in a tmel mnnner, that thne eemretiva actio espnse ae adqae,
-A dt-LI e n--A - -A4 anpp_ impsx lmn
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13.5 13.5 Dt~MEQT IUATV 0 1V O?4 fp A'TCJ I

This section intentionally deleted.

Th '# sln R of -e I-tam eng rnationalrnd he assigameat of csponi-idesr foreac~h atiPt

esmw- tlhat lh desipaedr e nsbe pardes w1 peform the necsswerkto aiend m it i.fhe
qmitym aim Rwfied in the IIWI=G Cofesm nmm to establishedmrqukwnegs u.-1 be verified by
mi u31 and gm~fI net direcl re ;ponsle fr the efemane fthAmwk niTe QA Mmer, rh
directly report to the Executive ice President of Holtec Internaonal, as been desigated as the party
respnsle for veriPng qualit, and he has the required au y and itionaleeden, inching
independence from influence of coct and Schedule, to effectively complete his responsities. The QA

Thae Holte utemrntimal Quality A oance Pregm is docmented in the HQAi6 Hqus and projet
specfic. proedrs, and provides adcquate contrel oer activities affecting quality, as well as stuctres,
vjdams an e#1e thatw imega * Jsaf, o th xeteess^vt flieii reht k rtn

to afety. 'lbe QA pregm dcnbeA a mnngeet PjO and controls, that ̂ ^ henprpe kImplmenWR
Wil comply with the requirements oSbpr in tI OCFR PRt 72 and I OCFR Pagt 21 [13.3.21.

Desipl mmbffiw@ and enielgdcnAiean fer the dimimal suta enfiaeeia mritialitys rheidrg

ad-poneal Iapiibilitis ofe SITORM 1 00 Syst for nolA off -Mn an d p ostuled acden
conditions are cared out in accordance with the 18 citeria in the HQAM. In additin, those avities and
it e ms d es ig m W d a s im p e A at to s afe ty a nd relatead t the m ateri aI p -e:S ifi ci an d p murement for the H[
STORM overpack and MPG canister, as well as the HI STORMAI 100 ng equipment; are bject to
Ho9htG QA pegmpoeue.Gvmgpcde nld thorsfor procurement dcmanent tn
contrl of purchased items and serces, meial handling, and istructions and drawing -aih control

Further, the bricatien, testing and inspetion of the Hl STORM 100 System by Holtec Intemational and
iw ts ubcotracto-S mill be conducted in aMcodancA Aith all QA prga rqirement inchlding thoe 
activities and project proedures addressed by the 18 cteria, especially those covering design control,
WtidS =tiwan and eontml of meaE5 parts and eempenents, test emve, iD~pwtiea Fpeea, cntrl of
speW prlesses, oonatrl ofmeauing and test equipent and insection :;md wst satuis dcmmentatimn

The operation, maintenane, repair and modification of the HI STORM 100 System will be governedby
the licensee's (e.g., uility) QA progm vith support and record maintenance as requed by Holtecs QA
repect to cnrolao requonerin. mTerils parts or comonectivie el dited on a tpeyiadic r

jepet to maters pam of __m_§ets b wha;t qality asSIF
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rvvvl h, au-t, and a_ of .going - ad o t now tiann-o an pefa

In conclusion, the Holtec Intemrational QA Progrm complies wih the aplicable NRC regulatioew md
indu standawda, and will be implemented for the HI STORM 100 dry cadsk storge System
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,64 Proeject Deeument Tfanormittal and Gentr~le

64- Dremet~si-'ioa:tie -

C7 Suppierz- 'ei

-7-4 ~~Material Dedioatien Ste.l an d Wzd i
(~exlinig Seetion IIMaterFial)

7.4 .Proedar ar Items-Net
Gevefred by HQP-7-.3)

Mateial and Item Idntifcaden and Gentro

9~~~~0 ~~Q- 'fi-aeoe -er-se reLPefe. igI~lte 9
Speeial Pfeeses~

94 ritnPrentie for Quafification of NDE
Perse ne

94 hmpeeter- Qualifiatien for Nen NE Ae*Mes

4-.0 _ cmputer Pfegrams (Formery HQP 5.2) Ii

4-26-0 Equipment Calibrticmn aind GCont-rl e 12

4-.( Inpeotion and Test States 10,11,14

4-&4 Reportin of Defet and Nanecmpliaeefl Ici 5

4 4 m fe anee-
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H14TORM~S A ADA.NDI 13

naTR- PRaCEDuRES

sPROCEDURE 10FR72 SUBPART C
NAW TME OF2 ROCEDURE QA CITERIA.

460 Ccrrmctivo Action (formerly Non Cenfcrmane 16
and Corectiv AeCtien)

7~~~~~~~~~~~~~~~~~~~~1

A 7-.0 Qua~lliy Asla RVOedO 1 7

4-4 Ccrtifioatien of AudAt Personnel 18

4-94 Ptfine Dfl..l-:1:.r... 2

419-2 Field Seryies

4-9 Qualificatien Requirements and Dutie of
Registered Professienl Engineer fr S etion
E-m, Division 1 Cortifing Acbivities

Netca: I. Htdling, Storagc, and Shipping Requir-emmnN r pecified in th: QA Mma (Sbafi
MIII). Tho ativitios aro perfcrmed by Hltoo suboontractora in aoeerdane with projoct
speeifie pmeodus.
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