Telephone (856) 797-0900
INTERNATIONAL Fax (856) 797-0909

. . . . . Holtec Center, 555 Lincoln Drive West, Marlton, NJ 08053

May 4, 2007

U.S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Washington, DC 20555-0001

Reference: 1. USNRC Docket No. 72-1014 (HI-STORM 100), TAC L23850
2. Holtec Project 5014
3. Teleconference between Christopher Regan (SFST), Stefan Anton (Holtec), and
Evan Rosenbaum (Holtec), on 24 April 2007.
Holtec Letter 5014616, dated 20 March 2007.
Holtec Letter 5014617, dated 30 March 2007.
Holtec Letter 5014614, dated 31 January 2007.
Teleconference between SFST (multiple individuals) and Holtec (multiple
individuals), on 7 March 2007.

Nk

Subject: License Amendment Request #3 to HI-STORM 100 CoC

Dear Sir:

Via telephone (Reference 3), the NRC Staff requested several editorial changes to the Proposed
Revised FSAR we had previously submitted in support of our third request to amend the Certificate

of Compliance for our HI-STORM 100 cask system. The requested editorial changes were to:

1. Eliminate information no longer needed following the removal of the underground HI-
STORM 100U design from the amendment request,

2. Ensure consistency with the most recent Revised Proposed CoC (Reference 4), and

3. Clarify the most recently submitted changes made to Proposed Revised FSAR Chapters 8
and 11 (Reference 5).

In response to these Requests | and 2, we have made the following modifications to the Proposed
Revised FSAR:

1. In response to Request I, we have removed the definition of Vertical Ventilated Module
(VVM) from Section 1.0 and eliminated the properties of soil from Table 5.3.2.
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2. In response to Request 2, we have restored the phrase “ZR Clad” to multiple locations in
Section 2.1.9.1 and Tables 2.1.26, 2.1.28 and 2.1.29. Also in response to Request 2, we have
modified the allowable storage locations for RCCAs and CEAs in Tables 2.1.17,2.1.20 and
2.1.24,

The Staff’s third request was for clarification as to what changes had been made to Chapters 8 and 11
(Reference 5) of the Proposed Revised FSAR. In a previous submittal on this amendment request
(Reference 6), we had modified these chapters to eliminate reference to the Supplemental Cooling
System (SCS). When the Staff requested that we restore the SCS (Reference 7), the previous changes
(deletions) in these two chapters had to be “undone™. As we were undoing previous changes and
restoring the original condition of these chapters, there are no revision markings. We submitted these
restored chapters so the Staff could verify that the previous changed had been reversed.

We herein submit the affected pages of the Proposed Revised FSAR (Attachment 1, 34 pages).
Revisions are made on the page or table level, with revised pages notated as Rev. 3.K in the footer.
Only those pages and tables that are changed to address the Staff’s requests are included herein.

Please contact us if you have any questions.

Sincerely, Approval:

Evan Rosenbaum, P.E. Stefan Anton, Dr.-Ing.
Project Manager, LAR 1014-3 Licensing Manager

cc:  Mr. Christopher Regan, NRC



Table 1.0.1 (continued)

TERMINOLOGY AND NOTATION
codes, standards, and procedures used to design, fabricate, operate, and maintain the component.
Short-term Operations mecans those normal operational evolutions necessary to support fuel
loading or fuel unloading operations. These include, but are not limited to MPC cavity drying,
helium backfill, MPC transfer, and onsite handling of a loaded HI-TRAC transfer cask.
Single Failure Proof means that the handling system is designed so that all directly loaded tension
and compression members are engineered to satisfy the enhanced safety criteria of Paragraphs
5.1.6(1)(a) and (b) of NUREG-0612.
SNF is an acronym for spent nuclear fuel.
SSC is an acronym for Structures, Systems and Components.
STP is Standard Temperature and Pressure conditions.
Thermal Capacity of the HI-STORM system is defined as the amount of heat the storage system,
containing an MPC loaded with CSF stored in uniform storage, will actually reject with the ambient
environment at the normal temperature and the peak fuel cladding temperature (PCT) at 400°C.
Thermosiphon is the term used to describe the buoyancy-driven natural convection circulation of
helium within the MPC fuel basket maximum heat load during short-term operating conditions up to
which no time limit or other restriction is imposed on the operating condition.
Uniform Fuel Loading is a fuel loading strategy where any authorized fuel assembly may be stored
in any fuel storage location, subject to other restrictions in the CoC, such as those applicable to non-
fuel hardware, and damaged fuel containers.
ZPA is an acronym for zero period acceleration.
ZR means any zirconium-based fuel cladding material authorized for use in a commercial nuclear

power plant reactor. Any reference to Zircaloy fuel cladding in this FSAR applies to any zirconium-
based fuel cladding material.
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arc derived from the safety analyses described in the following chapters of this FSAR. Fuel
classified as damaged fuel assemblies or fuel debris must be stored in damaged fuel containers for
storage in the HI-STORM 100 System.

Tables 2.1.17 through 2.1.24 are the bascline tables that specify the fuel assembly limits for each of
the MPC models, with appropriate references to the other tables in this section for certain other
limits. Tables 2.1.17 through 2.1.24 refer to Section 2.1.9.1 for ZR-clad fuel limits on minimum
cooling time, maximum decay heat, and maximum burnup for uniform and regionalized fuel loading.

2117 through 2124, il
2.1.9.1 Decay Heat, Burnup, and Cooling Time Limits for ZR-Clad Fuel

Each ZR-clad fuel assembly and any PWR integral non-fuel hardware (NFH) to be stored in the HI-
STORM 100 System must meet the following limits, in addition to meeting the physical limits
specified elsewhere in this section, to be authorized for storage in the HI-STORM 100 System. The
contents of each fucl storage location (fuel assembly and NFH) to be stored must be verified to have,
as applicable:

e A decay heat less than or equal to the maximum allowable value.

e An assembly average enrichment greater than or equal to the minimum value used in
determining the maximum allowable burnup.

e A burnup less than or equal to the maximum allowable value.
e A cooling time greater than or equal to the minimum allowable value.

The maximum allowable ZR-clad fuel storage location decay heat values are determined using the
methodology described in Section 2.1.9.1.1 or 2.1.9.1.2 depending on whether uniform fuel loading
or regionalized fuel loading is being implemented!. The decay heat limits are independent of burnup,
cooling time, or enrichment and are based strictly on the thermal analysis described in Chapter 4.
Decay heat limits must be met for all contents in a fuel storage location (i.c., fuel and PWR non-fuel
hardware, as applicable).

The maximum allowable average burnup per fuel storage location is determined by calculation as a
function of minimum enrichment, maximum allowable decay heat, and minimum cooling time from
3 to 20 years, as described in Section 2.1.9.1.3.

Section 12.2.10 describes how compliance with these limits may be verified, including practical
examples.

Note that the stainless steel-clad fuel decay heat limits apply to all fuel in the MPC, if a mixture of stainless
steel and ZR-clad fuel is stored in the same MPC. The stainless steel-clad fuel assembly decay heat limits
may be found in Table 2.1.17 through 2.1.24

HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL
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2.1.9.1.1 Uniform Fuel Loading Decay Heat Limits for ZR-Clad Fuel

Table 2.1.26 provides the maximum allowable decay heat per fuel storage location for ZR-clad fuel
in uniform fuel loading for each MPC model.

2.19.1.2 Design Heat Load Restonatized FuelHoadine Pecay-Heat Limits-for ZR-Clad Fuel

The Design Basis heat load for the HI-STORM System, Qy, is provided in Table 2.1.26. Qg is based
on the assumption that every SNF in the MPC is generating an equal amount of heat. In other words,
the specific heat generation rate, r, of each SNF is equal. Thus, in an MPC with n storage locations,

Qi=nr Equation a

In reality, however, the population of SNF loaded in the MPC invariably has unequal r. If r; denotes
the heat generation rate of SNF in location i, then its cumulative (total) heat generation, Q,, is given
by a simple summation, i.e.,

Q, =2 Equation b

For purposes of the CoC compliance, however, the MPC heat generation rate is
Qcoc = Finax 1 Equation ¢
where Fmqy is the largest value of r; in the population of SNF loaded in the MPC, i.e.,
Paae = max of [ri, i=12...n] Equation d
Qcoc must be less than Qg to meet the thermal loading criterion.

In most cases, the total heat generation rate in the loaded MPC, Q,, is much smaller than Qcoc. This
scenario can be illustrated by considering the example of a batch of PWR SNF for MPC-32 that has
31 SNF emitting 0.5kW and one SNF emitting 1 kW. The total heat load in the MPC, therefore, is
(31)(0.5) + 1 = 16.5kW. However, because rpq = 1 kW, the CoC basis heat load Qcoc = (32)(1) =
32kW. Thus, Qcoc >> Q.. This condition prevails in most loaded MPCs to a varying degree.

To make the disconnect between Q, and Qcoc less severe, the aggregate of storage cells in the MPC
is divided into two regions. The SNF in the inner region (henceforth referred to as Region 1) and
that in the outer region (henceforth referred to as Region 2) are allowed maximum specific heat
generation rate q; and q,, respectively. The maximum permitted values of q; and q, are quite
obviously related. The case where q; and q; are equal is referred to as “uniform storage”. Once
again, the CoC basis heat load is computed by assuming that each SNF is emitting the maximum
permitted heat load for its region. The heat load for CoC compliance is then

Qcoc=n1q1 +n2q: Equation e
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where n; and n;y are the number of cells in Regions I and 2, respectively.

By performing the thermal analysis iteratively, a lowerbound expression for Q as a function of X (X
is the ratio of q, to q2) is found for all PWR and BWR MPCs. The functional relationship between Q
and X is set down such that the computed peak cladding temperature is constant within a small band
as X is varied over a wide range (between 0.5 and 3). For determining the decay heat limits under
regionalized storage this analyzed variation in X (i.e. 0.5 < X < 3) is adopted as the permissible
range for X. The functional relationship Q(X) is presented below. -

o(X) = 20, , Equation f
1+ X
where y is a function of X as defined below:
023 .
y= P Equation g

Using the previous example of assumed SNF inventory, the heat load for CoC compliance and the
actual total heat load of the batch of 32 SNF in MPC-32 can be compared under the regionalized
storage scenario. Let us assume that the single SNF emitting the highest heat load rpee = 1 kW is
placed in Region 1. Eleven other locations of Region | and all twenty locations of Region 2 have
heat emitting fuel at 0.5kW. Therefore, for this loaded MPC-32, X = 2. The heat load for CoC
compliance is computed using the formula given above as Q = 31.48 kW.

Next we can compute the maximum permissible heat loads in the two regions (q; and q;) by the

Jollowing steps:

(i) Choose a value of X in the permissible range (0.5 < X < 3). In the example above X is equal
to 2.

(ii) Calculate q, using the following equation:

2>(Qd

E tion h
(1 + X" )x (nl x X + nz) quation

9,

where:
y=0.23/X""
q: = Maximum allowable decay heat per fuel storage location in Region 2 (kW)
Qu = Design MPC heat load from Table 2.1.26 (kW)
X = Ratio of q; to q, chosen in Step (i)
n; = Number of fuel storage locations in Region I from Table 2.1.27
n, = Number of fuel storage locations in Region 2 from Table 2.1.27

(iii)  Calculate q; using the following equation:
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q,=Xxq, Equation i

Using the steps provided above we find q; = 1.43 kW (actual g, is 1 kW) and q; = 0.715 kW (actual
q2is 0.5 kW), which are greater than the actual values of r;in the MPC for all locations in Regions 1
and 2, and are therefore acceptable. We note that the CoC heat load on the regionalized basis also
significantly exceeds Q, (the actual total heat load of 16.5kW) but by a smaller margin than the
uniform storage scheme.

It should be emphasized that the two-region scheme of storage does not introduce any new
complication in the dry storage implementation. it is merely a means to recognize the real life
variation in the heat generation rates in a batch of fuel loaded in an MPC in a simplified manner. A
plant expecting to transport the MPC within the near future will seek to locate the fuel such that X is
as large as possible (i.e., cooler fuel in the outer region). On the other hand, a plant focused on
placing some relatively hot fuel in dry storage will place them in Region 2 (i.e., X < 1). Finally,
because Q(X) is a continuous function of X, the heat load corresponding to X =1 (i.e., uniform
storage) is the reference design basis heat load of the system.

2.19.13 Burnup Limits as a Function of Cooling Time for ZR-Clad Fuel

The maximum allowable ZR-clad fuel assembly average burnup varies with the following
parameters, based on the shielding analysis in Chapter 5:

e Minimum required fuel assembly cooling time
e Maximum allowable fuel assembly decay heat
e Minimum fuel assembly average enrichment

The calculation described in this section is used to determine the maximum allowable fuel assembly
burnup for minimum cooling times between 3 and 20 years, using maximum decay heat and
minimum enrichment as input values. This calculation may be used to create multiple burnup versus
cooling time tables for a particular fuel assembly array/class and different minimum enrichments.
The allowable maximum burnup for a specific fuel assembly may be calculated based on the
assembly’s particular enrichment and cooling time.

(1) Choose a fuel assembly minimum enrichment, Ej;s.

(i1) Calculate the maximum allowable fuel assembly average burnup for a minimum cooling
time between 3 and 20 years using the equation below:

Bu=(Axq)+(Bxq)+(Cxq’)+[Dx(Exns)]+(ExqxEns)+(Fxq xEns)+G
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Equation j 2493 |
Where:
Bu = Maximum allowable assembly average burnup (MWD/MTU)

q =Maximum allowable decay heat per fuel storage location determined in Section 2.1.9. /.1
or2.1.9.71.2 (kW)

Ez3s = Minimum fuel assembly average enrichment (wt. % 235U)
(c.g., for 4.05 wt. %, use 4.05)

A through G = Coefficients from Tables 2.1.28 or 2.1.29 for the applicable fuel assembly
array/class and minimum cooling time.

2.19.14 Other Considerations

In computing the allowable maximum fuel storage location decay heats and fuel assembly average
burnups, the following requirements apply:

Calculated burnup limits shall be rounded down to the nearest integer

Calculated burnup limits greater than 68,200 MWD/MTU for PWR fuel and 65,000
MWD/MTU for BWR fuel must be reduced to be equal to these values.

Linear interpolation of calculated burnups between cooling times for a given fuel assembly
maximum decay heat and minimum enrichment is permitted. For example, the allowable
burnup for a minimum cooling time of 4.5 years may be interpolated between those burnups
calculated for 4 and 5 years.

ZR-clad fuel assemblies must have a minimum enrichment, as defined in Table 1.0.1, greater
than or equal to the value used in determining the maximum allowable burnup per Section
2.1.9.1.3 to be authorized for storage in the MPC.

When complying with the maximum fuel storage location decay heat limits, users must
account for the decay heat from both the fuel assembly and any PWR non-fuel hardware, as
applicable for the particular fuel storage location, to ensure the decay heat emitted by all
contents in a storage location does not exceed the limit.

Section 12.2.10 provides a practical example of .determining fuel storage location decay heat,
burnup, and cooling time limits and verifying compliance for a set of example fuel assemblies.

HI-STORM FSAR
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Table 2.1.17

LIMITS FOR MATERIAL TO BE STORED IN MPC-24

PARAMETER

VALUE

Fuel Type

Urantum oxide, PWR intact fuel assemblies meeting
the limits in Table 2.1.3 for the applicable array/class

Cladding Type

ZR or Stainless Steel (S§S) as specified in Table 2.1.3
for the applicable array/class

Maximum Initial Enrichment per Assembly

As specified in Table 2.1.3 for the applicable
array/class

Post-irradiation Cooling Time and Average
Burnup per Assembly

ZR clad: As specified in Section 2.1.9.1

SSclad: > 8 years and < 40,000 MWD/MTU

Decay Heat Per Fuel Storage Location

ZR clad: As specified in Section 2.1.9.]

SS clad: <710 Watts

Non-Fuel Hardware Burnup and Cooling Time

As specified in Table 2.1.25

Fuel Assembly Length

< 176.8 in. (nominal design)

Fuel Assembly Width

< 8.54 in. (nominal design)

Fuel Assembly Weight

< 1,720 Ibs (including non-fuel hardware) for
array/classes that do not require fuel spacers,
otherwise < 1,680 Ibs (including non-fuel hardware)

Other Limitations

*  Quantity is limited to up to 24 PWR intact fuel
assemblies.

= Neutron sources, damaged fuel assemblies and
fuel debris are not permitted for storage in
MPC-24.

* BPRAs, TPDs, WABAs, water displacement
guide tube plugs, orifice rod assemblies, and/or
vibration suppressor inserts may be stored with
fuel assemblies in any fuel cell location.

' CRASRCCAs-CEAsandler-APSRs may be
stored with fuel assemblies in fuel cell
locations 9, 10, 15, and/or 16

v CRAs, RCCAs and/or CEAs may be stored
with fuel assemblies in fuel cell locations 4, 5,
8 through 11, 14 through 17, 20, and/or 21.

=  Soluble boron requirements during wet loading
and unloading are specified in Table 2.1.14.
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Table 2.1.20

LIMITS FOR MATERIAL TO BE STORED IN MPC-24E AND MPC-24EF

PARAMETER

VALUE (Note 1)

Fuel Type

Uranium oxide PWR intact
fuel assemblies meeting the
limits in Table 2.1.3 for the
applicable array/class

Uranium oxide PWR
damaged fuel assemblies
and/or fuel debris meeting
the limits in Table 2.1.3 for
the applicable array/class,
placed in a Damaged Fuel
Container (DFC)

Cladding Type

ZR or Stainless Steel (SS)
assemblies as specified in
Table 2.1.3 for the applicable
array/class

ZR or Stainless Steel (SS)
assemblies as specified in
Table 2.1.3 for the applicable
array/class

Maximum Initial Enrichment per
Assembly

As specified in Table 2.1.3 for
the applicable array/class

As specified in Table 2.1.3
for the applicable array/class

Post-irradiation Cooling Time, and
Average Bumup per Assembly

ZR clad: As specified in
Section 2.1.9.1

SSclad: > 8 yrs and
<40,000 MWD/MTU

ZR clad: As specified in
Section 2.1.9.1

SSclad: > 8 yrs and
<40,000 MWD/MTU

Decay Heat Per Fuel Storage
Location

ZR clad: As specified in
Section 2.1.9.1

SS clad: <710 Watts

ZR clad: As specified in
Section 2.1.9.1

SSclad: <710 Watts

Non-fuel hardware post-irradiation
Cooling Time and Burnup

As specified in Table 2.1.25

As specified in Table 2.1.25

Fuel Assembly Length

< 176.8 in. (nominal design)

< 176.8 in. (nominal design)

Fuel Assembly Width

< 8.54 in. (nominal design)

< 8.54 in. (nominal design)

Fuel Assembly Weight

£1,720 1bs (including non-

fuel hardware) for

array/classes that do not
require fuel spacers,
otherwise < 1680 lbs
(including non-fuel hardware)

<1,720 1bs (including DFC
and non-fuel hardware) for
array/classes that do not
require fuel spacers,
otherwise < 1680 lbs
(including DFC and non-fuel
hardware)
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Table 2.1.20 (cont 'd)

LIMITS FOR MATERIAL TO BE STORED IN MPC-24E AND MPC-24EF

PARAMETER VALUE

»  Quantity is limited to up to 24 PWR intact fuel
assemblies or up to four (4) damaged fuel assemblies
in DFCs may be stored in fuel storage locations 3, 6,
19, and/or 22. The remaining fuel storage locations
may be filled with intact fuel assemblies.

* Fuel debris and neutron sources are not authorized for
storage in the MPC-24E.

» BPRAs, TPDs, WABAs, water displacement guide
tube plugs, orifice rod assemblies, and/or vibration
suppressor inserts may be stored with fuel assemblies
in any fuel cell location.

' GRAS-RGEAS-GEASs-and/er-APSRs may be stored
with fuel assemblies in fuel cell locations 9, 10, 15,
and/or 16.

v CRAs, RCCAs and/or CEAs may be stored with fuel
assemblies in fuel cell locations 4, 5, 8 through 11,
14 through 17, 20, and/or 21.

*  Soluble boron requirements during wet loading and
unloading are specified in Table 2.1.14.

Other Limitations

Notes:

1. A fuel assembly must meet the requirements of any one column and the other limitations to be
authorized for storage.
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Table 2.1.24

LIMITS FOR MATERIAL TO BE STORED IN MPC-32 AND MPC-32F

PARAMETER

VALUE (Note 1)

Fuel Type

Uranium oxide, PWR intact fuel
assemblies meeting the limits in
Table 2.1.3 for the applicable
fuel assembly array/class

Uranium oxide, PWR damaged
fuel assemblies and fuel debris in
DFCs meeting the limits in Table
2.1.3 for the applicable fuel
assembly array/class

Cladding Type

ZR or Stainless Steel (SS) as
specified in Table 2.1.3 for the
applicable fuel assembly
array/class

ZR or Stainless Steel (SS) as
specified in Table 2.1.3 for the
applicable fuel assembly
array/class

Maximum Initial Enrichment per
Assembly

As specified in Table 2.1.3

As specified in Table 2.1.3

Post-irradiation Cooling Time,
Average Burnup, and Minimum
Initial Enrichment per Assembly

ZR clad: As specified in Section
2.1.9.1

SS clad: > 9 years and < 30,000
MWD/MTU or > 20 years and <
40,000MWD/MTU

ZR clad: As specified in Section
2.1.9.1

SS clad: > 9 years and < 30,000
MWD/MTU or > 20 years and <
40,000MWD/MTU

Decay Heat Per Fuel Storage
Location

ZR clad: As specified in Section
2.1.9.1

SS clad: < 500 Watts

ZR clad: As specified in Section
2.1.9.1 ’

SS clad: < 500 Watts

Non-fuel hardware post-
irradiation Cooling Time and
Burnup

As specified in Table 2.1.25

As specified in Table 2.1.25

Fuel Assembly Length

< 176.8 in. (nominal design)

< 176.8 in. (nominal design)

Fuel Assembly Width

< 8.54 in. (nominal design)

< 8.54 in. (nominal design)

Fuel Assembly Weight

1,720 1bs (including non-fuel
hardware) for array/classes that
do not require fuel spacers,
otherwise < 1,680 Ibs (including
non-fuel hardware)

<1.720 Ibs (including DFC and
non-fuel hardware) for
arrayv/classes that do not require

fuel spacers, otherwise < 1,680

Ibs (including DFC and non-fuel
hardware)
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Table 2.1.24 (cont’d)

LIMITS FOR MATERIAL TO BE STORED IN MPC-32 AND MPC-32F

PARAMETER VALUE

Other Limitations * Quantity is limited to up to 32 PWR intact
fuel assemblies and/or up to eight (8)
damaged fuel assemblies in DFCs in fuel
cell locations 1, 4, 5, 10, 23, 28, 29, and/or
32, with the balance intact fuel assemblies
up to a total of 32.

»  Neutron sources are not permitted for
storage in MPC-32.

» BPRAs, TPDs, WABAs, water
displacement guide tube plugs, orifice rod
assemblies, and/or vibration suppressor
inserts may be stored with fuel assemblies
in any fuel cell location.

» (CRAs, RCCAs, CEAs, and/or APSRs may
be stored with fuel assemblies in fuel cell
locations 7, 8, 12-15, 18-21, 25 and/or
264131H419andlor20.

= Soluble boron requirements during wet
loading and unloading are specified in
Table 2.1.16.

NOTES:

1. A fuel assembly must meet the requirements of any one column and the other limitations to be
authorized for storage.
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Table 2.1.26

DESIGN HEAT EMISSION RATES MAXIMUMALEOWABLE-DECAY-HEAT PERFUEL

STORAGE-LOCATON
(UNIFORM LOADING, ZR-CLAD)
MPCMeodel 3 I 3
W)
tact-Fael Assemblies
MPRC24 <457
MPC24ER24EE <173
MPC3232F <0-898
MPC-68/68FF <0:414
Damaged-Fuel-Assemblies-and-Fuel Debris
MPCc24 <1099
MPC-24E/24EF =4
MPC3232F <08
MPC-68/68KE <0393
Decay Heat (kW)
MPC
Per Fuel Assembly MPC
MPC-24/24E/24EF 1,416 34
MPC-32/32F 1.062 34
MPC-68/68FF 0.5 34
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PWR FUEL ASSEMBLY COOLING TIME-DEPENDENT COEFFICIENTS

Table 2.1.28

(ZR-CLAD FUEL)

REPORT HI-2002444

2.1-51

Cooling Array/Class 14x14A
Time ,

(years) A B C D E F _ G
>3 19311.5 | 275.367 | -59.0252 | -139.41 | 2851.12 | -451.845 | -615.413
>4 33865.9 | -5473.03 | 851.121 | -132.739 | 3408.58 | -656.479 | -609.523
>5 46686.2 | -13226.9 | 2588.39 | -150.149 | 3871.87 | -806.533 | -90.2065
>6 56328.9 | -20443.2 | 4547.38 | -176.815 | 4299.19 | -927.358 | 603.192
>7 64136 | -27137.5 | 6628.18 | -200.933 | 4669.22 | -1018.94 | 797.162
>8 71744.1 | -34290.3 | 9036.9 | -214.249 | 4886.95 | -1037.59 | 508.703
>9 77262 | -39724.2 | 11061 -228.2 | 5141.35 | -1102.05 | 338.294
> 10 82939.8 | -45575.6 | 13320.2 | -233.691 | 5266.25 | -1095.94 | -73.3159
>11 86541 | -49289.6 | 14921.7 | -242.092 | 5444.54 | -1141.6 | -83.0603
>12 91383 | -54456.7 | 17107 | -242.881 | 5528.7 | -1149.2 | -547.579
>13 95877.6 | -59404.7 | 19268 | -240.36 | 5524.35 | -1094.72 | -933.64
> 14 97648.3 | -61091.6 | 20261.7 | -244.234 | 5654.56 | -1151.47 | -749.836
>15 102533 | -66651.5 | 22799.7 | -240.858 | 5647.05 | -1120.32 | -1293.34
> 16 106216 | -70753.8 | 24830.1 | -237.04 | 5647.63 | -1099.12 | -1583.89
>17 109863 | -75005 27038 | -234.299 | 5652.45 | -1080.98 | -1862.07
> 18 111460 | -76482.3 | 28076.5 | -234.426 | 5703.52 | -1104.39 | -1695.77
>19 114916 | -80339.6 | 30126.5 | -229.73 | 5663.21 | -1065.48 | -1941.83
>20 119592 | -86161.5 | 33258.2 | -227.256 | 5700.49 | -1100.21 | -2474.01

HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL
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PWR FUEL ASSEMBLY COOLING TIME-DEPENDENT COEFFICIENTS

Table 2.1.28 (cont’d)

(ZR-CLAD FUEL)

REPORT HI-2002444

2.1-52

Cooling Array/Class 14x14B

Time

(years) A B C D E F G
>3 18036.1 | 63.7639 | -24.7251 | -130.732 | 2449.87 | -347.748 | -858.192
>4 30303.4 | -4304.2 | 598.79 | -118.757 | 2853.18 | -486.453 | -459.902
>3 40779.6 {-9922.93 | 1722.83 | -138.174 | 3255.69 | -608.267 | 245.25]
>6 48806.7 | -15248.9 | 3021.47 | -158.69 | 3570.24 | -689.876 | 833.917
>7 55070.5 | -19934.6 | 4325.62 | -179.964 | 3870.33 | -765.849 | 1203.89
>8 60619.6 | -24346 | 5649.29 | -189.701 | 4042.23 | -795.324 | 1158.12
>9 64605.7 | -27677.1 | 6778.12 | -205.459 | 4292.35 | -877.966 | 1169.88
>10 69083.8 | -31509.4 | 8072.42 | -206.157 | 4358.01 | -875.041 | 856.449
> 11 72663.2 | -34663.9 | 9228.96 | -209.199 | 4442.68 | -889.512 | 671.567
>12 74808.9 | -36367 | 9948.88 | -214.344 | 4571.29 | -942.418 | 765.261
>13 78340.3 | -39541.1 | 11173.8 | -212.8 | 4615.06 | -957.833 | 410.807
> 14 81274.8 | -42172.3 | 12259.9 | -209.758 | 4626.13 | -958.016 | 190.59
>15 83961.4 | -44624.5 | 13329.1 | -207.697 | 4632.16 | -952.876 | 20.8575
> 16 84968.5 | -44982.1 | 13615.8 | -207.171 | 4683.41 | -992.162 | 247.54
>17 87721.6 | -47543.1 | 14781.4 | -203.373 | 4674.3 | -988.577 | 37.9689
> 18 90562.9 | -50100.4 | 15940.4 | -198.649 | 4651.64 | -982.459 | -247.421
>19 93011.6 | -52316.6 | 17049.9 | -194.964 | 4644.76 | -994.63 | -413.021
>20 95567.8 | -54566.6 | 18124 | -190.22 | 4593.92 | -963.412 | -551.983

HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL
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PWR FUEL ASSEMBLY COOLING TIME-DEPENDENT COEFFICIENTS

Table 2.1.28 (cont’d)

(ZR-CLAD FUEL)

Cooling Array/Class 14x14C
Time
(years) A B C D E F G
>3 18263.7 | 174.161 | -57.6694 | -138.112 | 2539.74 | -369.764 | -1372.33
>4 30514.5 | -4291.52 | 562.37 |-124.944 | 2869.17 | -481.139 | -889.883
>5 41338 | -10325.7 | 1752.96 | -141.247 | 3146.48 | -535.709 | -248.078
>6 48969.7 | -15421.3 | 2966.33 | -163.574 | 3429.74 | -587.225 | 429.331
>7 55384.6 | -20228.9 | 4261.47 | -180.846 | 3654.55 | -617.255 | 599.251]
>8 60240.2 | -24093.2 | 5418.86 | -199.974 | 3893.72 | -663.995 | 693.934
>9 64729 | -27745.7 | 6545.45 | -205.385 | 3986.06 | -650.124 | 512.528
> 10 68413.7 | -30942.2 | 7651.29 | -216.408 | 4174.71 | -702.93] | 380.431
> 11 71870.6 | -33906.7 | 8692.81 | -218.813 | 4248.28 | -704.458 | 160.645
>12 749184 | -36522 | 9660.01 | -218.248 | 4283.68 | -696.498 | -29.0682
>13 77348.3 | -38613.7 | 10501.8 | -220.644 | 4348.23 | -702.266 | -118.646
> 14 79817.1 | -40661.8 | 11331.2 | -218.711 | 4382.32 | -710.578 | -236.123
> 15 82354.2 | -42858.3 | 12257.3 | -215.835 | 4405.89 | -718.805 | -431.051]
> 16 84787.2 | -44994.5 | 13185.9 | -213.386 | 4410.99 | -711.437 | -572.104
: >17 87084.6 | -46866.1 | 14004.8 | -206.788 | 4360.3 | -679.542 | -724.721]
| > 18 88083.1 | -47387.1 | 14393.4 | -208.681 | 4420.85 | -709.311 | -534.454
1 >19 90783.6 | -49760.6 | 15462.7 | -203.649 | 4403.3 | -705.741 | -773.066
‘[ >20 93212 | -51753.3 | 16401.5 | -197.232 | 4361.65 | -692.925 | -964.628
1 :
!
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PWR FUEL ASSEMBLY COOLING TIME-DEPENDENT COEFFICIENTS

Table 2.1.28 (cont’d)

(ZR-CLAD FUEL)

REPORT HI-2002444

2.1-54

Cooling Array/Class 15x15A/B/C
Time
(years) A B C D E F G
>3 | 15037.3 | 108.689 | -18.8378 | -127.422 | 2050.02 | -242.828 | -580.66
>4 | 25506.6 | -2994.03 | 356.834 | -116.45 | 2430.25 | -350.901 | -356.378
>5 | 34788.8 | -7173.07 | 1065.9 |-124.785 | 2712.23 | -424.681 | 267.705
>6 | 419486 | -11225.3 | 1912.12 | -145.727 | 3003.29 | -489.538 | 852.112
>7 | 47524.9 | -14770.9 | 2755.16 | -165.889 | 3253.9 | -542.7 | 1146.96
>8 | 52596.9 | -18348.8 | 3699.72 | -177.17 | 3415.69 | -567.012 | 1021.4]
>9 | 560554 | -20837.1 | 4430.93 | -192.168 | 3625.93 | -623.325 | 1058.61
>10 | 59611.3 | -23402.1 | 5179.52 | -195.105 | 3699.18 | -626.448 | 868.517
S11 | 627653 | -25766.5 | 5924.71 | -195.57 | 3749.91 | -627.139 | 667.124
>12 | 65664.4 | -28004.8 | 6670.75 | -195.08 | 3788.33 | -628.904 | 410.783
>13 | 672817 | -29116.7 | 7120.59 | -202.817 | 3929.38 | -688.738 | 492.309
>14 | 69961.4 | -31158.6 | 7834.02 | -197.988 | 3917.29 | -677.565 | 266.561
> 15 72146 | -32795.7 | 8453.67 | -195.083 | 3931.47 | -681.037 | 99.0606
>16 | 74142.6 | -34244.8 | 9023.57 | -190.645 | 3905.54 | -663.682 | 10.8885
>17 | 76411.4 | -36026.3 | 9729.98 | -188.874 | 3911.21 | -663.449 | -151.805
> 18 77091 | -36088 | 9884.09 | -188.554 | 3965.08 | -708.55 | 59.3839
>19 | 791945 | -37566.4 | 10477.5 | -181.656 | 3906.93 | -682.4 | -117.952
>20 | 81600.4 | -39464.5| 11281.9 | -175.182 | 3869.49 | -677.179 | -367.705
HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL
HI-STORM FSAR Rev. 3.K



PWR FUEL ASSEMBLY COOLING TIME-DEPENDENT COEFFICIENTS

Table 2.1.28 (cont’d)

(ZR-CLAD FUEL)

REPORT HI-2002444

2.1-55

Cooling Array/Class 15x15D/E/F/H

Time

(years) A B C D E F G
>3 14376.7 | 102.205 | -20.6279 | -126.017 | 1903.36 | -210.883 | -493.065
>4 24351.4 | -2686.57 | 297.975 | -110.819 | 2233.78 | -301.615 | -152.713
>S5 335184 | -6711.35 | 958.544 | -122.85 | 2522.7 | -371.286 | 392.608
>6 40377 | -10472.4 | 171853 | -144.535 | 2793.29 | -426.436 | 951.528
>7 461058 | -13996.2 | 2515.32 | -157.827 | 2962.46 | -445.314 | 1100.56
>8 50219.7 | -16677.7 | 3198.3 | -175.057 | 3176.74 | -492.727 | 1223.62
>9 54281.2 | -19555.6 | 3983.47 | -181.703 | 3279.03 | -499.997 | 1034.55
> 10 56761.6 | -21287.3 | 4525.98 | -195.045 | 3470.41 | -559.074 | 1103.3
>11 59820 | -23445.2 | 5165.43 | -194.997 | 3518.23 | -561.422 | 862.68
>12 62287.2 | -25164.6 | 5709.9 |'-194.771 | 3552.69 | -561.466 | 680.488
>13 64799 | -27023.7 | 6335.16 | -192.121 | 3570.41 | -561.326 | 469.583
> 14 66938.7 | -28593.1 | 6892.63 | -194.226 | 3632.92 | -583.997 | 319.867
> 15 68116.5 | -29148.6 | 7140.09 | -192.545 | 3670.39 | -607.278 | 395.344
>16 70154.9 | -30570.1 | 7662.91 | -187.366 | 3649.14 | -597.205 | 232.318
>17 72042.5 | -31867.6 | 8169.01 | -183.453 | 3646.92 | -603.907 | 96.0388
> 18 73719.8 | -32926.1 | 8596.12 | -177.896 | 3614.57 | -592.868 | 46.6774
>19 75183.1 | -33727.4 | 8949.64 | -172.386 | 3581.13 | -586.347 | 3.57256
>20 77306.1 | -35449 | 9690.02 | -173.784 | 3636.87 | -626.321 | -205.513
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Table 2.1.28 (cont’d)

PWR FUEL ASSEMBLY COOLING TIME-DEPENDENT COEFFICIENTS
(ZR-CLAD FUEL)

REPORT HI-2002444

2.1-56

Cooling Array/Class 16x16A

Time

(years) A B C D E F G
>3 16226.8 | 143.714 | -32.4809 | -136.707 | 2255.33 | -291.683 | -699.947
>4 27844.2 | -3590.69 | 444.838 | -124.301 | 2644.09 | -411.598 | -381.106
>5 38191.5 | -8678.48 | 1361.58 | -132.855 | 2910.45 | -473.183 | 224.473
>6 46382.2 | -13819.6 | 2511.32 | -158.262 | 3216.92 | -532.337 | 706.656
>7 52692.3 | -18289 | 3657.18 | -179.765 | 3488.3 | -583.133 | 908.839
>8 57758.7 [ -22133.7 | 4736.88 | -199.014 | 3717.42 | -618.83 | 944.903
>9 62363.3 | -25798.7 | 5841.18 | -207.025 | 3844.38 | -625.741 | 734.928
> 10 66659.1 | -29416.3 | 6993.31 | -216.458 | 3981.97 | -642.641 | 389.366
>11 69262.7 | -31452.7 | 7724.66 | -220.836 | 4107.55 | -681.043 | 407.12]
>12 72631.5 | -34291.9 | 8704.8 | -219.929 | 4131.5 |-662.513 | 100.093
>13 75375.3 | -36589.3 | 9555.88 | -217.994 | 4143.15 | -644.014 | -62.3294
> 14 78178.7 | -39097.1 | 10532 | -221.923 | 4226.28 | -667.012 | -317.743
>15 79706.3 | -40104 | 10993.3 | -218.751 | 4242.12 | -670.665 | -205.579
>16 82392.6 | -42418.9 | 11940.7 | -216.278 | 4274.09 | -689.236 | -479.752
>17 84521.8 | -44150.5 | 12683.3 | -212.056 | 4245.99 | -665.418 | -558.901
> 18 86777.1 | -45984.8 | 13479 | -204.867 | 4180.8 | -621.805 | -716.366
>19 89179.7 | -48109.8 | 14434.5 | -206.484 | 4230.03 | -648.557 | -902.1
>20 90141.7 | -48401.4 | 14702.6 | -203.284 | 4245.54 | -670.655 | -734.604
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PWR FUEL ASSEMBLY COOLING TIME-DEPENDENT COEFFICIENTS

Table 2.1.28 (cont’d)

(ZR-CLAD FUEL)

REPORT HI-2002444

2.1-57

Cooling Array/Class 17x17A
Time '

(years) A B C D E F G
>3 15985.1 | 3.53963 | -9.04955 | -128.835 | 2149.5 | -260.415 | -262.997
>4 27532.9 | -3494.41 | 428.199 | -119.504 | 2603.01 | -390.9] | -140.319
>5 38481.2 | -8870.98 | 1411.03 | -139.279 | 3008.46 | -492.881 | 388.377
>6 47410.9 | -14479.6 | 2679.08 | -162.13 | 333548 | -557.777 | 702.164
>7 54596.8 | -19703.2 | 4043.46 | -181.339 | 3586.06 | -587.634 | 804.05
>8 60146.1 | -24003.4 | 5271.54 | -201.262 | 3830.32 | -621.706 | 848.454
>9 65006.3 | -27951 | 6479.04 | -210.753 | 3977.69 | -627.805 | 615.84
>10 69216 | -31614.7 | 7712.58 | -222.423 | 4173.4 | -672.33 | 387.879
> 11 73001.3 | -34871.1 | 8824.44 | -225.128 | 4238.28 | -657.259 | 101.654
>12 76326.1 | -37795.9 | 9887.35 | -226.731 | 4298.11 | -647.55 | -122.236
>13 78859.9 | -40058.9 | 10797.1 | -231.798 | 4402.14 | -669.982 | -203.383
> 14 82201.3 | -43032.5 | 11934.1 | -228.162 | 4417.99 | -661.6]1 | -561.969
> 15 84950 | -45544.6 | 129724 | -225.369 | 4417.84 | -637.422 | -771.254
>16 87511.8 | -47720 | 13857.7 | -219.255 | 4365.24 | -585.655 | -907.775
>17 90496.4 | -50728.9 | 15186 | -223.019 | 4446.5] | -613.378 | -1200.94
> 18 913925 | -51002.4 | 15461.4 | -220.272 | 4475.28 | -636.398 | -1003.81
>19 94343.9 | -53670.8 | 16631.6 | -214.045 | 4441.3]1 | -616.201 | -1310.01
>20 96562.9 | -55591.2 | 17553.4 | -209.917 | 4397.67 | -573.199 | -1380.64
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PWR FUEL ASSEMBLY COOLING TIME-DEPENDENT COEFFICIENTS

Table 2.1.28 (cont’d)

(ZR-CLAD FUEL)

REPORT HI-2002444

2.1-58

Cooling Array/Class 17x17B/C

Time o

(years) A B C D E F G
>3 14738 | 47.5402 | -13.8187 | -127.895 | 1946.58 | -219.289 | -389.029
>4 25285.2 | -3011.92 | 350.116 | -115.75 | 2316.89 | -319.23 | -220.413
>5 34589.6 | -7130.34 | 1037.26 | -128.673 | 2627.27 | -394.58 | 459.642
>6 42056.2 | -11353.7 | 1908.68 | -150.234 | 2897.38 | -444.316 | 923.971
>7 47977.6 | -15204.8 | 2827.4 | -173.349 | 3178.25 | -504.16 | 1138.82
>38 52924 | -18547.6 | 3671.08 | -183.025 | 3298.64 | -501.278 | 1064.68
>9 56465.5 | -21139.4 | 4435.67 | -200.386 | 3538 | -569.712 | 1078.78
>10 60190.9 | -23872.7 | 5224.31 | -203.233 | 3602.88 | -562.312 | 805.336
>11 63482.1 | -26431.1 | 6035.79 | -205.096 | 3668.84 | -566.889 | 536.011
> 12 66095 | -28311.8 | 6637.72 | -204.367 | 3692.68 | -555.305 | 372.223
>13 677574 | -29474.4 | 7094.08 | -211.649 | 3826.42 | -606.886 | 437.412
> 14 70403.7 | -31517.4 | 7807.15 | -207.668 | 3828.69 | -601.081 | 183.09
> 15 72506.5 | -33036.1 | 8372.59 | -203.428 | 3823.38 | -594.995 | 47.5175
>16 74625.2 | -34620.5 | 8974.32 | -199.003 | 3798.57 | -573.098 | -95.0221
>17 76549 | -35952.6 | 9498.14 | -193.459 | 3766.52 | -556.928 | -190.662
> 18 77871.9 | -36785.5 | 9916.91 | -195.592 | 3837.65 | -599.45 | -152.261
>19 79834.8 | -38191.6 | 10501.9 | -190.83 | 3812.46 | -589.635 | -286.847
>20 81975.5 | -39777.2 | 11174.5 | -185.767 | 3795.78 | -595.664 | -475.978
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BWR FUEL ASSEMBLY COOLING TIME-DEPENDENT COEFFICIENTS

Table 2.1.29

(ZR-CLAD FUEL)

REPORT HI-2002444

2.1-59

Cooling Array/Class 7x7B

Time

(years) A B C D E F G
>3 26409.1 | 28347.5 | -16858 | -147.076 | 563632 | -1606.75 | 1177.88
>4 61967.8 | -6618.31 | -4131.96 | -113.949 | 6122.77 | -2042.85 | -96.7439
>5 91601.1 | -49298.3 | 17826.5 | -132.045 | 6823.14 | -2418.49 | -185.189
>6 111369 | -80890.1 | 35713.8 | -150.262 | 7288.51 | -2471.1 | 86.6363
>7 126904 | -108669 | 53338.1 | -167.764 | 7650.57 | -2340.78 | 150.403
>8 139181 | -132294 | 69852.5 | -187.317 | 8098.66 | -2336.13 | 97.5285
>9 150334 | -154490 | 86148.1 | -193.899 | 8232.84 | -2040.37 | -123.029
>10 159897 | -173614 | 100819 | -194.156 | 8254.99 | -1708.32 | -373.605
>11 166931 | -186860 | 111502 | -193.776 | 8251.55 | -1393.91 | -543.677
> 12 173691 | -201687 | 125166 | -202.578 | 8626.84 | -1642.3 | -650.814
>13 180312 | -215406 | 137518 | -201.041 | 8642.19 | -1469.45 | -810.024
> 14 185927 | -227005 | 148721 | -197.938 | 8607.6 | -1225.95 | -892.876
> 15 191151 | -236120 | 156781 | -191.625 | 8451.86 | -846.27 | -1019.4
> 16 195761 | -244598 | 165372 | -187.043 | 8359.19 | -572.561 | -1068.19
>17 200791 | -256573 | 179816 | -197.26 | 8914.28 | -1393.37 | -1218.63
> 18 206068 | -266136 | 188841 | -187.191 | 8569.56 | -730.898 | -1363.79
>19 210187 | -273609 | 197794 | -182.151 | 8488.23 | -584.727 | -1335.59
>20 213731 | -278120 | 203074 | -175.864 | 8395.63 | -457.304 | -1364.38
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BWR FUEL ASSEMBLY COOLING TIME-DEPENDENT COEFFICIENTS

Table 2.1.29 (cont’d)

(ZR-CLAD FUEL)

REPORT HI-2002444

2.1-60

Cooling Array/Class 8x8B

Time

(years) A B C D E F G
>3 28219.6 | 28963.7 | -17616.2 | -147.68 | 5887.41 | -1730.96 | 1048.21
>4 66061.8 | -10742.4 | -1961.82 | -123.066 | 6565.54 | -2356.05 | -298.005
>5 95790.7 | -53401.7 | 19836.7 | -134.584 | 7145.41 | -2637.09 | -298.858
>6 117477 | -90055.9 | 41383.9 | -154.758 | 7613.43 | -2612.69 | -64.9921
>7 134090 | -120643 | 60983 | -168.675 7809 -2183.3 | -40.8885
>8 148186 | -149181 | 81418.7 | -185.726 | 8190.07 | -2040.31 | -260.773
>9 159082 | -172081 | 99175.2 | -197.185 | 8450.86 | -1792.04 | -381.705
>10 168816 | -191389 | 113810 | -195.613 | 8359.87 | -1244.22 | -613.594
>11 177221 | -210599 | 131099 | -208.3 8810 | -1466.49 | -819.773
>12 183929 | -224384 | 143405 | -207.497 | 8841.33 | -1227.71 | -929.708
>13 191093 | -240384 | 158327 | -204.95 | 8760.17 | -811.708 | -1154.76
> 14 196787 | -252211 | 169664 | -204.574 | 8810.95 | -610.928 | -1208.97
>15 203345 | -267656 | 186057 | -208.962 | 9078.41 | -828.954 | -1383.76
> 16 207973 | -276838 | 196071 | -204.592 | 9024.17 | -640.808 | -1436.43
>17 213891 | -290411 | 211145 | -202.169 | 9024.19 | -482.1 | -1595.28
> 18 217483 | -294066 | 214600 | -194.243 | 8859.35 | -244.684 | -1529.61
>19 220504 | -297897 | 219704 °| -190.161 | 8794.97 | -10.9863 | -1433.86
>20 227821 | -318395 | 245322 | -194.682 | 9060.96 | -350.308 | -1741.16
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BWR FUEL ASSEMBLY COOLING TIME-DEPENDENT COEFFICIENTS

Table 2.1.29 (cont’d)

(ZR-CLAD FUEL)

REPORT HI-2002444

2.1-61

Cooling Array/Class 8x8C/D/E

Time

(years) A B C D E F G
>3 28592.7 | 28691.5 | -17773.6 | -149.418 | 5969.45 | -1746.07 | 1063.62
>4 66720.8 | -12115.7 | -1154 | -128.444 | 6787.16 | -2529.99 | -302.155
>5 96929.1 | -55827.5 | 21140.3 | -136.228 | 7259.19 | -2685.06 | -334.328
>6 118190 | -92000.2 | 42602.5 | -162.204 | 7907.46 | -2853.42 | -47.5465
>7 135120 | -123437 | 62827.1 | -172.397 | 8059.72 | -2385.81 | -75.0053
>8 149162 | -152986 | 84543.1 | -195.458 | 8559.11 | -2306.54 | -183.595
>9 161041 | -177511 | 103020 | -200.087 | 8632.84 | -1864.4 | -433.081
>10 171754 | -201468 | 122929 | -209.799 | 8952.06 | -1802.86 | -755.742
>11 179364 | -217723 | 137000 | -215.803 | 9142.37 | -1664.82 | -847.268
>12 186090 | -232150 | 150255 | -216.033 | 9218.36 | -1441.92 | -975.817
>13 193571 | -249160 | 165997 | -213.204 | 9146.99 | -1011.13 | -1119.47
> 14 200034 | -263671 | 180359 | -210.559 | 9107.54 | -694.626 | -1312.55
>15 205581 | -275904 | 193585 | -216.242 | 9446.57 | -1040.65 | -1428.13
> 16 212015 | -290101 | 207594 | -210.036 | 9212.93 | -428.321 | -1590.7
>17 216775 | -299399 | 218278 | -204.611 | 9187.86 | -398.353 | -1657.6
> 18 220653 | -306719 | 227133 | -202.498 | 9186.34 | -181.672 | -1611.86
>19 224859 | -314004 | 235956 | -193.902 | 8990.14 | 145.151 | -1604.71
>20 228541 | -320787 | 245449 | -200.727 | 9310.87 | -230.252 | -1570.18
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BWR FUEL ASSEMBLY COOLING TIME-DEPENDENT COEFFICIENTS

Table 2.1.29 (cont’d)

(ZR-CLAD FUEL)

REPORT HI-2002444

2.1-62

Cooling Array/Class 9x9A

Time

(years) A B C D E F G
>3 30538.7 | 28463.2 | -18105.5 | -150.039 | 6226.92 | -1876.69 | 1034.06
>4 71040.1 | -16692.2 | 1164.15 | -128.241 | 7105.27 | -2728.58 | -414.09
>5 100888 | -60277.7 | 24150.1 | -142.541 | 7896.11 | -3272.86 | -232.197
>6 124846 | -102954 | 50350.8 | -161.849 | 8350.16 | -3163.44 | -91.1396
>17 143516 | -140615 | 76456.5 | -185.538 | 8833.04 | -2949.38 | -104.802
>8 158218 | -171718 | 99788.2 | -196.315 | 9048.88 | -2529.26 | -259.929
>9 172226 | -204312 | 126620 | -214.214 | 9511.56 | -2459.19 | -624.954
> 10 182700 | -227938 | 146736 | -215.793 | 9555.41 | -1959.92 | -830.943
>11 190734 | -246174 | 163557 | -218.071 | 9649.43 | -1647.5 | -935.021
>12 199997 | -269577 | 186406 | -223.975 | 9884.92 | -1534.34 | -1235.27
>13 207414 | -287446 | 204723 | -228.808 | 10131.7 | -1614.49 | -1358.61
> 14 215263 | -306131 | 223440 | -220.919 | 9928.27 | -988.276 | -1638.05
>15 221920 | -321612 | 239503 | -217.949 | 9839.02 | -554.709 | -1784.04
>16 226532 | -331778 | 252234 | -216.189 | 9893.43 | -442.149 | -1754.72
> 17 232959 | -348593 | 272609 | -219.907 | 10126.3 | -663.84 | -1915.3
> 18 240810 | -369085 | 296809 | -219.729 | 10294.6 | -859.302 | -2218.87
>19 244637 | -375057 | 304456 | -210.997 | 10077.8 | -425.446 | -2127.83
>20 248112 | -379262 | 309391 | -204.191 | 9863.67 | 100.27 | -2059.39
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BWR FUEL ASSEMBLY COOLING TIME-DEPENDENT COEFFICIENTS

Table 2.1.29 (cont’d)

(ZR-CLAD FUEL)

REPORT HI-2002444

2.1-63

Cooling Array/Class 9x9B

Time

(years) A B C D E F G
>3 30613.2 | 289853 | -18371 | -151.117 | 6321.55 | -1881.28 | 988.92
>4 71346.6 | -15922.9 | 631.132 | -128.876 | 7232.47 | -2810.64 | -471.737
>5 102131 | -60654.1 | 23762.7 | -140.748 | 7881.6 | -3156.38 | -417.979
>6 127187 | -105842 | 515252 | -162.228 | 8307.4 | -2913.08 | -342.13
>7 146853 | -145834 | 79146.5 | -185.192 | 8718.74 | -2529.57 | -484.885
>8 162013 | -178244 | 103205 | -197.825 | 8896.39 | -1921.58 | -584.013
>9 176764 | -212856 | 131577 | -215.41 | 9328.18 | -1737.12 | -1041.11
>10 186900 | -235819 | 151238 | -218.98 | 9388.08 | -1179.87 | -1202.83
> 11 196178 | -257688 | 171031 | -220.323 | 9408.47 | -638.53 | -1385.16
>12 205366 | -280266 | 192775 | -223.715 | 9592.12 | -472.261 | -1661.6
>13 215012 | -306103 | 218866 | -231.821 | 9853.37 | -361.449 | -1985.56
> 14 222368 | -324558 | 238655 | -228.062 | 9834.57 | 3.47358 | -2178.84
> 15 226705 | -332738 | 247316 | -224.659 | 9696.59 | 632.172 | -2090.75
>16 233846 | -349835 | 265676 | -221.533 | 9649.93 | 913.747 | -2243.34
>17 243979 | -379622 | 300077 | -222.351 | 9792.17 | 1011.04 | -2753.36
> 18 247774 | -386203 | 308873 | -220.306 | 9791.37 | 1164.58 | -2612.25
>19 254041 | -401906 | 327901 | -213.96 | 9645.47 | 1664.94 | -2786.2
>20 256003 | -402034 | 330566 | -215.242 | 9850.42 | 1359.46 | -2550.06
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Table 2.1.29 (cont’d)

BWR FUEL ASSEMBLY COOLING TIME-DEPENDENT COEFFICIENTS
(ZR-CLAD FUEL)

Cooling Array/Class 9x9C/D
Time ‘

(years) A B C D E F G
>3 30051.6 | 29548.7 | -18614.2 | -148.276 | 6148.44 | -1810.34 1006
>4 70472.7 | -14696.6 | -233.567 | -127.728 | 7008.69 | -2634.22 | -444.373
>5 101298 | -59638.9 | 23065.2 | -138.523 | 7627.57 | -2958.03 | -377.965
>6 125546 | -102740 | 49217.4 | -160.811 | 8096.34 | -2798.88 | -259.767
>7 143887 | -139261 | 74100.4 | -184.302 | 8550.86 | -2517.19 | -275.151
>8 159633 | -172741 | 98641.4 | -194.351 | 8636.89 | -1838.81 | -486.731
>9 173517 | -204709 | 124803 | -212.604 | 9151.98 | -1853.27 | -887.137
>10 182895 | -225481 | 142362 | -218.251 | 9262.59 | -1408.25 | -978.356
> 11 192530 | -247839 | 162173 | -217.381 | 9213.58 | -818.676 | -1222.12
>12 201127 | -268201 | 181030 | -215.552 | 9147.44 | -232.221 | -1481.55
>13 209538 | -289761 | 203291 | -225.092 | 9588.12 | -574.227 | -1749.35
> 14 216798 | -306958 | 220468 | -222.578 | 9518.22 | -69.9307 | -1919.71
>15 223515 | -323254 | 237933 | -217.398 | 9366.52 | 475.506 | -2012.93
> 16 228796 | -334529 | 250541 | -215.004 | 9369.33 | 662.325 | -2122.75
>17 | 237256 | -356311 | 273419 | -206.483 | 9029.55 | 1551.3 | -2367.96
> 18 242778 | -369493 | 290354 | -215.557 | 9600.71 | 659.297 | -2589.32
>19 246704 | -377971 | 302630 | -210.768 | 9509.41 | 1025.34 | -2476.06
>20 249944 | -382059 | 308281 | -205.495 | 9362.63 | 1389.71 | -2350.49
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BWR FUEL ASSEMBLY COOLING TIME-DEPENDENT COEFFICIENTS

Table 2.1.29 (cont’d)

(ZR-CLAD FUEL)

REPORT HI-2002444

2.1-65

Cooling Array/Class 9x9E/F

Time

(years) A B C D E F G
>3 30284.3 | 26949.5 | -16926.4 | -147.914 | 6017.02 | -1854.81 | 1026.15
>4 69727.4 | -17117.2 | 1982.33 | -127.983 | 6874.68 | -2673.01 | -359.962
>5 08438.9 | -58492 | 23382.2 | -138.712 | 7513.55 | -3038.23 | -112.641
>6 119765 | -95024.1 | 45261 | -159.669 | 8074.25 | -3129.49 | 221.182
>17 136740 | -128219 | 67940.1 | -182.439 | 8595.68 | -3098.17 | 315.544
>8 150745 | -156607 | 88691.5 | -193.941 | 8908.73 | -2947.64 | 142.072
>9 162915 | -182667 | 109134 | -198.37 | 8999.11 -2531 -93.4908
>10 174000 | -208668 | 131543 | -210.777 | 9365.52 | -2511.74 | -445.876
> 11 181524 | -224252 | 145280 | -212.407 | 9489.67 | -2387.49 | -544.123
>12 188946 | -240952 | 160787 | -210.65 | 9478.1 | -2029.94 | -652.339
>13 193762 | -250900 | 171363 | -215.798 | 9742.31 | -2179.24 | -608.636
> 14 203288 | -275191 | 196115 | -218.113 | 9992.5 | -2437.71 | -1065.92
> 15 208108 | -284395 | 205221 | -213.956 | 9857.25 | -1970.65 | -1082.94
>16 215093 | -301828 | 224757 | -209.736 | 9789.58 | -1718.37 | -1303.35
> 17 220056 | -310906 | 234180 | -201.494 | 9541.73 | -1230.42 | -1284.15
>18 224545 | -320969 | 247724 | -206.807 | 9892.97 | -1790.61 | -1381.9
>19 226901 | -322168 | 250395 | -204.073 | 9902.14 | -1748.78 | -1253.22
>20 235561 | -345414 | 276856 | -198.306 | 9720.78 | -1284.14 | -1569.18
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BWR FUEL ASSEMBLY COOLING TIME-DEPENDENT COEFFICIENTS

Table 2.1.29 (cont’d)

(ZR-CLAD FUEL)

REPORT HI-2002444

2.1-66

Cooling Array/Class 9x9G

Time ~

(years) A B C D E F G
>3 35158.5 | 269185 | -17976.7 | -149.915 | 6787.19 | -2154.29 | 836.894
>4 77137.2 | -19760.1 | 2371.28 | -130.934 | 8015.43 | -3512.38 | -455.424
>S5 113405 | -77931.2 | 35511.2 | -150.637 | 8932.55 | -4099.48 | -629.806
>6 139938 | -128700 | 68698.3 | -173.799 | 9451.22 | -3847.83 | -455.905
>7 164267 | -183309 | 109526 | -193.952 | 9737.91 | -3046.84 | -737.992
>8 182646 | -227630 | 146275 | -210.936 | 10092.3 | -2489.3 | -1066.96
>9 199309 | -270496 | 184230 | -218.617 | 10124.3 | -1453.81 | -1381.41
> 10 213186 | -308612 | 221699 | -235.828 | 10703.2 | -1483.31 | -1821.73
> 11 225587 | -342892 | 256242 | -236.112 | 10658.5 | -612.076 | -2134.65
>12 235725 | -370471 | 285195 | -234.378 | 10604.9 | 118.591 | -2417.89
>13 247043 | -404028 | 323049 | -245.79 | 11158.2 | -281.813 | -2869.82
> 14 253649 | -421134 | 342682 | -243.142 | 11082.3 | 400.019 | -2903.88
> 15 262750 | -448593 | 376340 | -245.435 | 11241.2 | 581.355 | -3125.07
> 16 270816 | -470846 | 402249 | -236.294 | 108454 | 1791.46 | -3293.07
>17 279840 | -500272 | 441964 | -241.324 | 11222.6 | 1455.84 | -3528.25
> 18 284533 7| -511287 | 458538 | -240.905 | 11367.2 | 1459.68 | -3520.94
>19 295787 | -545885 | 501824 | -235.685 | 11188.2 | 2082.21 | -3954.2
>20 300209 | -556936 | 519174 | -229.539 | 10956 | 2942.09 | -3872.87
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Table 2.1.29 (cont’d)

BWR FUEL ASSEMBLY COOLING TIME-DEPENDENT COEFFICIENTS
(ZR-CLAD FUEL)

REPORT HI-2002444

2.1-67

Cooling Array/Class 10x10A/B

Time

(years) A B C D E F G
>3 29285.4 | 27562.2 | -16985 | -148.415 | 5960.56 | -1810.79 | 1001.45
>4 678449 | -14383 | 395.619 | -127.723 | 6754.56 | -2547.96 | -369.267
>S5 96660.5 | -55383.8 | 21180.4 | -137.17 | 7296.6 | -2793.58 | -192.85
>6 118098 | -91995 42958 | -162.985 | 7931.44 | -2940.84 | 60.9197
>7 135115 | -123721 | 63588.9 | -171.747 | 8060.23 | -2485.59 | 73.6219
>8 148721 | -151690 | 841439 | -190.26 | 8515.81- | -2444.25 | -63.4649
>9 160770 | -177397 | 104069 | -197.534 | 8673.6 | -2101.25 | -331.046
>10 170331 | -198419 | 121817 | -213.692 | 9178.33 | -2351.54 | -472.844
> 11 179130 | -217799 | 138652 | -209.75 | 9095.43 | -1842.88 | -705.254
>12 186070 | -232389 | 151792 | -208.946 | 9104.52 | -1565.11 | -822.73
>13 192407 | -246005 | 164928 | -209.696 | 9234.7 | -1541.54 | -979.245
> 14 200493 | -265596 | 183851 | -207.639 | 9159.83 | -1095.72 | -1240.61
> 15 205594 | -276161 | 195760 | -213.491 | 9564.23 | -1672.22 | -1333.64
>16 209386 | -282942 | 204110 | -209.322 | 9515.83 | -1506.86 | -1286.82
>17 214972 | -295149 | 217095 | -202.445 | 9292.34 | -893.6 | -1364.97
> 18 219312 | -302748 | 225826 | -198.667 | 9272.27 | -878.536 | -1379.58
>19 223481 | -310663 | 235908 | -194.825 | 92529 | -785.066 | -1379.62
>20 227628 | -319115 | 247597 | -199.194 | 9509.02 | -1135.23 | -1386.19

HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL
HI-STORM FSAR Rev. 3.K




BWR FUEL ASSEMBLY COOLING TIME-DEPENDENT COEFFICIENTS

Table 2.1.29 (cont’d)

(ZR-CLAD FUEL)

Cooling Array/Class 10x10C

Time

(years) A B C D E F G
>3 314253 | 273589 | -17413.3 | -152.096 | 6367.53 | -1967.91 | 925.763
>4 71804 | -16964.1 | 1000.4 | -129.299 | 7227.18 | -2806.44 | -416.92
>S5 102685 | -62383.3 | 24971.2 | -142.316 7961 -3290.98 | -354.784
>6 126962 | -105802 | 51444.6 | -164.283 | 8421.44 | -3104.21 | -186.615
>7 146284 | -145608 | 79275.5. | -188.967 | 8927.23 | -2859.08 | -251.163
>8 162748 | -181259 | 105859 | -199.122 | 9052.91 | -2206.31 | -554.124
>9 176612 | -214183 | 133261 | -217.56 | 9492.17 | -1999.28 | -860.669
> 10 187756 | -239944 | 155315 | -219.56 | 953245 | -14709 | -1113.42
>11 196580 | -260941 | 174536 | -222.457 | 9591.64 | -944.473 | -1225.79
>12 208017 | -291492 | 204805 | -233.488 | 10058.3 | -1217.01 | -1749.84
>13 214920 | -307772 | 221158 | -234.747 | 10137.1 | -897.23 | -1868.04
> 14 222562 | -326471 | 240234 | -228.569 | 9929.34 | -183.47 | -2016.12
> 15 228844 | -342382 | 258347 | -226.944 | 9936.76 | 117.061 | -2106.05
> 16 233907 | -353008 | 270390 | -223.179 | 9910.72 | 360.39 | -2105.23
>17 244153 | -383017 | 304819 | -227.266 | 10103.2 | 380.393 | -2633.23
> 18 249240 | -395456 | 321452 | -226.989 | 10284.1 | 169.947 | -2623.67
>19 254343 | -406555 | 335240 | -220.569 | 10070.5 | 764.689 | -2640.2
>20 260202 | -421069 | 354249 | -216.255 | 10069.9 | 854.497 | -2732.77
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Table 5.3.2

COMPOSITION OF THE MATERIALS IN THE HI-STORM 100 SYSTEM

Component Density (g/cm?) Elements Mass Fraction (%)
Uranium 10.412 3y 2.9971(BWR)
Oxide 3.2615(PWR)
38y 85.1529(BWR)
84.8885(PWR)
0 11.85
Boral' 2.644 ot 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)

Al 68.61 (MPC-68 and MPC-32 in
HI-STORM & HI-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)

SS304 7.92 Cr 19
Mn 2

Fe 69.5

Ni 9.5

Carbon Steel 7.82 C 0.5

Fe 99.5

Zircaloy 6.55 Zr 100

f 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)

COMPOSITION OF THE MATERIALS IN THE HI-STORM 100 SYSTEM

Component Density (g/cm“) Elements Mass Fraction (%)
Neutron 1.61 C 27.66039
Shield
Holtite-A
H 5.92
Al 21.285
N 1.98
o) 42.372
'3 0.14087
"B 0.64174
BWR Fucl 4.29251 *y 2.4966
Region
Mixture
2Ry 70.9315
0 9.8709
Zr 16.4046
N 8.35E-05
Cr 0.0167
Fe 0.0209
Sn 0.2505
PWR Fucl 3.869939 Y 2.7652
Region
Mixture
U 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 (g/ch) Elements Mass Fraction (%)
Lower End 1.0783 SS304 100
Fitting
(PWR)
Gas Plenum 0.1591 $S304 100
Springs
(PWR)
Gas Plenum 0.1591 SS304 100
Spacer
(PWR)
Upper End 1.5410 SS304 100
Fitting
(PWR)
Lower End 1.4862 SS304 100
Fitting
(BWR)
Gas Plenum 0.2653 SS304 100
Springs
(BWR)
Expansion 0.6775 55304 100
Springs
(BWR)
Upper End 1.3692 SS304 100
Fitting
(BWR)
Handle 0.2572 S$S304 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) 88.8
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Table 5.3.2 (continued)

COMPOSITION OF THE MATERIALS IN THE HI-STORM 100 SYSTEM

Component Density (g/cm3) Elements Mass Fraction (%)
Concrete 23524 H 0.6
Lid-and-pedestal-of-the 0O 50.0
H-STORM106,1008; Si 315
and-the-body-of-the-100 Al 4.8
when-the-nrershield Na 1.7
shell-is-present Ca 8.3
Fe 1.2
K 1.9
Concrete 2438 H 6-569
H-STORM-100S-and (&1
and-H-STORM-H60-bedy St 31-594
when-the-irnershield Ad
sheHl 4814
Ca 8325
ke 1204
K 1905

HI-STORM FSAR
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