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1. Introduction

By letters dated February 27, 1979 and September 7, 1979 Consolidated Edison submitted
to the NRC the documents entitled "Proposed Design Criteria for Reracking Indian Point °
Unit No. 2 Spent Fuel Pool" and "Preliminary Design Report for Reracking the Indian -
Point Unit No. 2 Spent Fuel Pool", respectively. The information contained herein
supersedes the aforementioned documents and provides Consolidated Edison's final re-
racking submittal. In addition, the September 7, 1979 submittal provided proposed
changes to- the Indian Point Unit No. 2 Technical Specifications. :

4

The high density spent fuel storage racks will provide storage locations for up to 980
fuel assemblies and will be designed to maintain the stored spent fuel, having an equiv-
alent uranium enrichment of 3.5 weight percent U-235 in uranium, in a safe, coolable,
-and subcritical configuration during normal and abnormal conditions.

2. History & Need for 'Incréased ’Storai;é Capacity

- By letter dated March 4, 1975 and supplements dated May 9, 1975, July 23, 1975,
August 19, 1975, September 11, 1975, October 1, 1975 and October 10, 1975 Consolidated
Edison requested, from the NRC, authorization to increase the storage capacity of the
' Indian Point Unit No. 2 spent fuel pool from 264 to 482 storage locations. On Decem-
ber 16, 1975 the NRC issued Amendment No. 14 to Facility Operating License No. DPR-26
. for Indian Point Unit No. 2, authorizing such modification. ‘ :

Presently there are 200 spent fuel assemblies stored in the sperit fuel pool. The pro-
jected refueling schedules .and expected number of fuel assemblies to be discharged in
the spent fuel pool, while maintaining full core reserve (FCR), are given in Table 1-1.

It is anticipated that the existing storage capacity would be reached in 1981, with
FCR maintained. : -_ C

3. - Construction Costs

The total cost to rerack the Indian Point Unit No. 2 spent fuel pool has been -estimated‘
to be $7,500,000. This estimate includes the following: o

o design, materials, fabricatiori _
"o . removal and disposal of _old_.'rack_s
o 4tran8p0rtation and installation of new racks | | _ _ o .
. c.>. project manaéerent, 1icensih§,_' quality assurance
o) contlngency allowanc_:e |

o  allowances for funds used during construction



Table 1-1

Projected Spent Fuel Discharges

' Calendar S ' Fstimated Discharqes—

Year . No. of Assemblies

current inventory ' : 200
1980 _ E ——
1981 : 72
1982 ‘ ‘ L 72
1983 ' , ' C
1984 72
1985 72
1986 . . —
1987 : - 72
1988 72
1989 ' —_
1990 .72

1991 L 12



4, Alternatives to Increasing the Storage Capacity

4.1 Reprocessing of Spent Fuel

None of the three commercial reprocessing facilities in the U.S., the General Electric
Campany's Midwest Fuel Recovery Plant (MFRP), the Nuclear Fuel Service (NFS) plant,
- and the Allied General Nuclear Services (AGNS) plant, are currently operating.

" On April 7, 1977 the President of the United States issued a statement outlining a

‘change in the national policy to defer indefinitely commercial reprocessing. Conse-
quently the NRC issued an order dated December 30 1977 terminating proceedlngs to

- license reprocessing facilities.

Due to this change in natlonal pollcy Oonsolldated Edison cannot reprocess the Indian
Point Unit No. 2 spent fuel. :

4.2 TIndependent Spent Fuel Storage Installatlons (ISFSI)

There are no independent spent fuel storage facilities available at this time. In
addition Consolidated Edison does not foresee this alternative to be available w1th—
in the next 5 years or to be economic even if it were.

While the stofage 'pools at NFS and MFRP are currently functioning as ISFSI, Consoli-
dated Edison does not have any contracts to store spent fuel at these facilities.

For the reasons stated above, storage of spent fuel at an ISFSI is not a reallstlc
alternative,

4,3 'Storage at Another Reactor Site

Consolidated Edison owns only one other nuclear power plant, Indian Point Unit No. 1
which was shut down on October 31, 1974 and is presently in the defueled condition.
The Indian Point Unit No. 1 spent fuel pools have Indian Point Unit No. 1 spent fuel
and other core components stored in them. In addition to the cost of reracking an
Indian Point Unit No. 1 spent fuel pool and other associated costs, there would be
the added cost of periodically transferring the spent fuel from the Indian Point
Unit No. 2 to the Indian Point Unit No. 1 spent fuel pool.

Storage of the spent fuel at another nuclear power plant owned by another utility does
not appear to be a realistic alternative. With the present situation in spent fuel
storage capacity Consolidated Edison cannot rely on another utility for spent fuel
storage space.

4.4 Shutdown of Facility

If Indian Point Unit No. 2 were forced to shutdown for lack of spent fuel storage
space there would be a significant loss of econamic’ beneflt to our customers.

The present estimated additional fuel cost to replace the output of Indian Point

Unit No. 2 on a day of full-power operation, utilizing existing oil-fired generating
~units, is approximately $1,000,000. not J.ncludmg applicable taxes. The above figure,
which is in 1980 dollars, would increase in subsequent years due to the anticipated
escalation in the price of oil.

Due to the fact that presently Consolidated Edison, excluding Indian Point Unit.
No. 2, primarily utilizes oil fired generating units (gas turbines are used for
peak 1oad needs) and our national energy pollcy is to decrease the use of imported
oil, the alternative to shut down the reactor is not reallstlc.
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LICENSING SUBMITTAL REPORT
- FOR THE '
INDIAN POINT GENERATING STATION UNIT 2
FUEL STORAGE RACKS

‘1. DESIGN BASES

The high density spent fuel storage racks will pr;ovide storage locations forup to 980

fuel assemblies and will be designed to maintain the stored fuel, having. an"equivalent

uranium enrichment of 3.5 welght percent U-235 in uranium in a safe, coolable, and )

subcritical configuration durmg normal and abnormal conditions.

2. STORAGE RACK DESCRIPTION

4

The spent fuel storage racks will be designed to provide a maximum s'to'rage_ capacity

of 980 locations in the spent fuel pool. The fuel storage rack arrangement will contain

several types of storage racks with arrays ranging from 8x8 to 10x10 configurations, as " -

shown in Figure 2-1.

Each rack consists of an assembly of 2x2 mpduleé (the 9x8 and 9x10 racks also include -

2x3 modules). Each 2x2 or 2x3 modular cell unit consists of four (4) or six (6) cells
spaced nominally 10-15/ 6 _inchés on centers. Each storage cell is a Type 304 stainless
steel box with a nominal wall thickness of 0.0825 inches and a 9 inch inside dimension.
The iop opening of the storage cell is flared to facilitate insertion of the fuel
assembly; the bottom member of the storage cell prov1des the level support surface
required for the fuel assembly and contains the coolmg flow orifice.

Four (4) borated stainless steel plates with a nominal 1.1 w/o boron concentration o

(each 7 inches wide by 145 .inches long by 0.100 inch thick) will be attached by means
of welded brackets to each storage cell within the four-cell module at an elevation
corresponding to the active fuel region of an assembly. placed within the cell.

FORM # NES 205 5/79
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Each modular cell unit (either 2x2 or 2x3) is supported by and welded to the rackbase _
grid structure constructed from Type 304 stainless steel wide flange and box beam
members. A schematic drawing of a representative 10x10 rack structure and an
individual 2x2 modular cell unit is shown in Figure 2.2. Continuous spacer bars are
provided at the top of the storage cells to ensure that the required pitch is maintained
between storage cells in both directions (north/south and east/west) under lateral load
conditions. The spacer bars which are supported on the storage cells also maintain the
vertical alignment of the cells. Support pads attached to the bottom of the rack base
raise the rack above the pool floor to the height required to clear existing anchor pins
on the pool floor area and to provide an adequately sized cooling water supply plenum -
for natural circulation. Each support pad contains a.remotely adjustable jack screw to
permit the rack to be leveled following wet installation. The rack supporf pads will
rest directly on the pool floor wherever possible. In case of interference with the

existing floor shims, the pads will rest on local plates designed to bridge over the

‘ shims.

The storage racks are freé;standing structures that are free to slide horizontally on
the pool floor. The storage racks are positioned on the pool floor so that adequate
clearances are provided between racks and betwgen the racks and pool structures to
avoid impacting of the sliding racks during seismic events. The horizontal seismic
loads transmitted from the rack structure to the pool floor are only those associated -
with friction between the rack structure and the pool liner. The vertical deadweight

and seismic loads are transmitted directly to the pool floor by the support feet.

mAMLL &4 Mre AAE E1vA
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3. STORAGE RACK EVALUATION
3.1 STRUCTURAL AND SEISMIC ANALY SIS

The Indian Point Generating Station Unit 2 (Indian Point 2) high density spent fuel
storage racks have been designed to meet the requirements for Seismic Category I
structures. Detailed structural and seismic analyses of the high density storage racks
- have been performed to verify the adequacy of the design to withstand the loadings
encountered during installation, normal operation, the severe and extrerﬁe environ-
mental conditions of the Operating Basis and Design Basis Earthquakes and the

abnormal loading conditions of an accidental fuel assembly drop event.

3.1.1 Applicable Codes, Standards and Specifiéations

The design codes and regulatory guides listed in References 1 through 5 have been used

in the structural design/analysis of spent fuel storage racks.

3.1.2 Loads and Load Combinations

The following load cases and load combinations have been considered in the analysis in
accordance with the requirements of USNRC Standard Review Plan, Section 3.8.4
(Reference 3) and the USNRC Position Paper (Reference 4).

3.1.2.1 Load Cases
Load Case | - Deadweight of Rack, D + L (Normal Load)

" Under normal operating conditions, the rack is subjected to the deadweight loading of

the rack structure itself plus the loads reSulting from the storage cells and a full
complement of fuel assemblies stored in the cells.

Load Case 2 - Deadweight Of Rack Plus lg Vértical Installation Load, D + LL.

(Normal Load)

During installation the rack is subjected to the loading resulting from its own

structural Weight, weight of empty storage cells, plus a 1g vertical load resulting from
a suddenly applied crane load. '

P e L L T
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Load Case 3 - Deadweight of Rack Plus Uplifting Load, (D + U.L.) (Abnormal Load)
The possibility of the fuel handling bridge fuel hoist grapple getting hooked on a fuel

storage cell was considered. The axial upward force considered for this load case was
3,000 pounds, applied at two critical locations.

Load Case 4 - Operating Basis Earthquake, E (Severe Environmental Load)

The rack, fuel assemblies, and virtual water mass are subject to the simultaneous
loading of the horizontal and vertical components of the seismic response acceleration
“spectra specified for the Operating Basis Earthquake (2/3 DBE) in the Indian Point 2
Fuel Storage Rack Specifications (Reference 6) and presented in Figure 3.1 and 3.2.

The effects of fuel assembly impact during a seismic event are taken into account.

Load Case 5 - Design Basis Earthquake, E' (Extreme Environmental Load).

Same as Load Case 4 except that the seismic response acceleration spectra corres-
‘ ponding to the Design Basis Earthquake (DBE) was used in the analysis (Figure 3.1 and
3-2). » :

Load Case 6 - Assembly Drop Impact Load, D.L. (Abnormal Load) ‘
The possibility of dropping a spent fuel assembly on the rack from the highest possible

elevation during spent fuel handling was considered. A 1650 pound weight (spent fuel
assembly) was postulated to drop on the rack from a conservatively selected height of
48 inches above the top of the rack. Three cases were considered: (1) a direct drop on
‘the top of a 2x2 module; (2) a subsequent tipping of the assembly onto the surrounding
storage cans; (3) a straight drop through the storage cell and impact onto the rack base
grid structure. During fuel handling operations, the fuel assembly will actually be
lifted less than 48 inches above the top of the storage cells. |

Thermal Loading, T (Normal Load)

The stresses and reaction loads due to thermal loadings are insignificant since
clearances are provided to allow unrestrained growth-of the racks for the maximum
. pool temperature of 150°F. ‘

FORM # NES 205 5/79
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3,1.2.2 Load Combinations -

A. For service load conditions, the following load combinations are considered:

(1) D+L
(2) D+L+T
(3) D+ILL.
4) D+L+E

(5) D+L+E+T
B. ~ For factored load conditions, the following load combinations are considered:
6) D+L+T+E

(7)) D+T+U.L.
(8) D+L +T+D.L.

-3.1.3 Structural Acceptance Criteria

The followmg allowable stress limits constitute the structural acceptance crltena used
for each of the loading combinations presented in Section 3.1.2.2.

Load

Combinations Limit*

1,3,4 'S

2,5 1.58 ‘ _

6,7 1.6S or Fy (whichever is less) -
8 *%

' Where S is the required section strength based on the elastic design rriethods and the

allowable stresses defined in Part 1 of the AISC "Specification for the Design,
Fabrication and Erection of Structural Steel for Buildings," February 1V2 1969. AThe
yield stress value (F ) for Type 304 stainless steel is taken as 30.0 ksi from the
Amencan Society for Testmg and Materials, Specification ASTM A21+0

* The acceptance criteria are based on the applicable sections of the NRC Position

Paper on Fuel Storage Racks, SRP 3.8.4, and AISC Specification for the Design, . '

Fabrication and Erection of Structural Steel for Building, The Uniform Building Code.

** The acceptance criteria for Load Combination 8 the accidental spent fuel
.assembly drop on the rack, is that the resulting impact wxll not adversely affect the

overall structural integrity of the rack, the leak-tightness integrity of the fuel pool
floor and liner plate and that the deformanon of the impacted storage cells will not
adversely affect the value of K eff OF ability to cool adjacent fuel elements.

FORM # NES 205 5/79
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3.1.4 Method of Analysis

3.1.4.1 Rack Structural Analysis

A 10x10 rack has been analyzed in detail. This rack conservatively represents the

controlling structural case since it has the longer beam span and will be loaded by
" greater seismic loads than the smaller racks. The dynamic (frequency) characteristic
of the rack is essentially controlled by the dynamic characteristics of its component
2x2 or 2x3 modular cell units. Although the fundamental frequency of the 2x3 modular
cell unit is higher than that of the 2x2 modular cell units, the design seismic spectra
are such that the lateral seismic G loading for the 2x2 and 2x3 modular cell units will
" be essentially similar.
In order to perform static, dynamic and stress analyses of the fuel storage rack
structure, the rack has been mathematically modeled as a finite element structure
consisting of discrete three-dimensional elastic beam and plate elements interconnect-
‘ ed at a finite number of nodal points. Stiffness characteristics of the structural
' members are related to the plate thickness, cross sectional area, effeqtive shear area

., and moment of the inertia of the element section.

Appropriate support connections are provided at the support feet for both static and
dynamic analysis. The feet locations have been selected to represent a conservative
support configuration that will result in maximum stresses in the rack base structure.
~ Six degrees of freedom (three translations and three rotations) are permitted at each

nodal point.

For the static. deadwéight and live load analysis, the distributed masses of the
structural elements, storage cells and fuel elements are lumped at the 2x2 module
system nodal points. Similarly, for Load Case 2, rack installation and removal
analysis, the distributed masses of the structural elements and the cells are lumped at
the 2x2 module system nodal points. The effect of suddenly applied crane load is
con'sidered by applying a 1g vertical load in addition to the deadweight loading. For
Load Case 3, a net vertical uplift load of 3,000 pounds is applied at the worst location
‘ ‘of the storage rack. |

FORM # NES 205 5/79
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For the horizontal and vertical seismic analyses, a mathematical model was developed
to represent the 10x10 rack. This model consists of twenty-five (25) lumped mass
cantilever beams (representing twenty-five 2x2 modules) rigidly attached to the rack
base structure and attached to each other at the top by spacer bars. Each lumped
mass cantilever beam has three masses and has the same dynamic (frequency)
characteristics as a 2x2 module. This model is used in calculating the maximum
stresses in the rack base structure and the reaction loads and.stresses in the rack
support feet. The distributed masses corresponding to the fuel assembly storage cells,
poison elements and contained plus hydrodynamic mass are lumped at appropriate
nodal points. The hydrddynamic mass calculations are based on recommendations
given in References 7 and 8. The horizontal and vertical weights are distributed such
that the resulting lumpéd mass multi-degree-of-freedom model best represents the
dynamic characteristics of the fuel storage rack. The seismic analysis are performed

- for the fully loaded racks only since this loading condition results in lower frequency,
higher seismic accelerations, higher stresses and reaction loads.

The static, seismic and stress analyses for the fuel storage racks were performed
uﬁlizing the STARDYNE computer code (Ref. 9). Details of the mathematical model,

input and calculated data are presented in Reference 10.

3.1.4.2 Water Sloshing Effects
The sloshing effects of .water on the fuel racks have been evaluated using the
analytical methods given in USAEC's TID7024 "Nuclear Reactors and Earthquakes,"

- Reference 11.

3.1.4.3 Fuel Assembly Impact Loads

Clearances are provided between fuel assemblies and the 'stor‘agehcells to avoid
interferences during fuel storage and removal operations. The storage cell/fuel
assembly clearance or gap»results in the impacting of the fuel assembly and storage
cell during a seismic event. The Indian Point 2 fuel storage racks have been analyzed

e
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using the linear response spectrum modal superposition methods of dynamic analysis.
In these seismic analyses, the effect of impacting masses has been conservatively
accounted for by imposing the following assumptionsi |

(1) All storage cells contain the fuel assembly.

(2) Al fuel assemblies simultaneously impact the storage cells.

(3) The effect of fuel assembly impact is a two-fold increase in the seismic

inertia loadings produced by the impacting fuel assemblies mass*.

" (4) The impact and seismic inertia loads of the impacting masses are added to.

the seismic inertia loads of the non-impacting masses.

3.1.4.4 Accidental Spent Fuel Assembly Drop Analysis

Linear and non-linear analysis techniques using energy balance methods are used to
evaluate the structural damage resulting from a spent fuel assembly drop onto the
rack. | A

3.1.4.5 Spent Fuel Rack Stability Analysis

The stability of the free-standing fuel storage rack has been evaluated using energy

balance methods.

3.1.5 Results of Analysis

The results of the seismic and structural analysis indicate that the stresses in the rack
structure resulting from the loadings associated with the normal and abnormal

conditions are within allowable stress limits for Seismic Category I structures,

The fundamental frequency of vibration of the fuel storage rack is 3.390 cps. For
Operating Basis Earthcjuake, the maximum calculated bending stresses in the storage
cell are 7.97/14.85 ksi (18.0/18.0 ksi allowable), and in the storage rack base structure
is 15.46 ksi (20.0 ksi allowable). For Design Basis Earthquake (DBE), the maximum
calculated bending stresses in the storage cell are 18.94/13.74 ksi (28.8/28.8 ksi

allqwable) and in the storage rack base structure is 21.0 ksi (30.0 ksi allowable). The

maximum combined stress ratio of 0.812 (1.0 allowable) for the storage cell results

from the maximum DBE seismic loading.

* The use of an impact factor of 2.0 is conservative as verified by comparing the base
shear and overturning moment response results of the linear response spectrum modal
superposition analysis (NES 81A0610, Ref. 10) and the non-linear time history analysis
(NES 81A0615, Ref. 12). ' ' > L
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Sloshing of pool water in a seismic event will have insignificant effects on the fuel

storage racks.

The analysis of the accidental fuel assembly drop condition indicates acceptable local -
structural damage to the storage cells with no buckling or collapse, and no puncturing
of the stainless steel liner. Therefore, no significant changes in the value of keff will

~ occur and the leak-tightness of the fuel pool will be maintained.

It'is concluded that the designs of the Indian Point 2 high density fuel stdrage racks

are adequate to withstand the loadings of normal and abnormal conditions.

3.2 SLIDING ANALYSIS

3.2.1 Method of Analysis ) :
The Indian Point 2 High Density Spent Fuel Storage Racks have been designed to meet

the requirements for Seismic Category 1 structures. A detailed non-linear time history
_ seismic analysis has been performed to evaluate the maximum sliding of the storage
racks and to determine the maximum frictional resistance load trénsmitted’by the

storage racks to the pool floor liner plate dﬁring the Design Basis Earthquake (DBE).

The Indian Point Unit 2 spent fuel pool floor absolute acceleration time history shown
in Figure 3.3 (Ref. 6) was used to evaluate the sliding response of the storage rack
structure. This 10-second duration acceleration time history represents the 1%

-~ damping spectra for the Design Basis Earthquake.

A 10x10 storage rack and the stored fuel assemblies have been'repres_ented by a two
dimensional lumped mass finite element model. The model consists basically of two
coincident finite element cantilever beams; one repr'esenting the 100 storage cells and
the other 100 stored fuel assemblies attached to a "floor" mass by means of a non-
linear sliding element.” |
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The fuel element cantilever beam consists of masses lumped at the model nodal points
interconnected by discrete beam elements. Each lumped mass represents the tributary
weight of the fuel element mass. The stiffness characteristics of the beam eléments
are related to the effective flexural rigidity of the fuel assemblies.

‘I'Hé storage rack cantilever beam similarly consists of lumped masses interconnected
by discrete elastic beam elements. Each lumped mass represents the tributory weight
of the storage cells, water trapped inside the cells and the virtual water mass to
account for the hydrodynamic effects. The stiffness characteristics of the storage
rack beam elements are related to the dynamic characteristics (fundamental frequen-
cy of vibration) of the storage rack as determined by the Lanczos Modal Extraction

method of analysis.

In order to account for fuel assembly impact,'adjacent masses of the fuel assembly

beam and the stofage rack beam are laterally coupled by means of non-linear

‘ - spring/gap eléments. The non-linear spring/gap elements permit the adjacent masses
to impéct each other whenever the gap closes during a seismic event. The stiffness of

" the non-linear spring is taken as the stiffness value for each spacer grid. An initial
gap of 0.287 inch, reflecting the lateral gap bétween the fuel assembly and the storage .

- cell wall, is provided. The non-linear spring/gap elements are effective for fuel

assembly impact on either side of the storage cell.

The two céntilever beams representing the storage cells and fuel assemblies are

. attached to the pool floor mass by means of th.e non-linear sliding element to best
represent the rack standing freely on the pool floor. The sliding of the rack is

- initiated when the lateral force in the sliding element exceeds the frictional resistance
force which is equal to the coefﬁcient of friction times the.vertical weight of the
rack. The effective vertical weight is taken as the vertical bouyant wexght of the
storage rack less the uphft loads due to the vertical component of the Design Basis
Earthquake.

The non-linear time history seismic analysis calculations are performed by means of
q ‘ step—by-step integration technique (Houbolt Method, .-Ref. 13) using the ANSYS
computer program (Ref. 14).
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3.2.2 Results of the Analysis

The results of the non-linear time history seismic analysis of the Indian Point 2 free-

standing high density fuel storage rack performed with the ANSYS computer code are
_'g‘,l;,qntained in Reference 12.

The maximum accumulated sliding displacement of an individual storage rack relative
to its initial floor location has been calculated to be 0.125 inches, conservatively
assuming a low coefficient of friction value of 0.20. This maximum displacement
value represents the accu‘mulated storage rack sliding response during the 10 seconds
of the applied time history.

The maximum rack top deflection was calculated to be 0.697 inches for a conserva-
tively high coefficient of friction of 1.5, which precludes any sliding between the rack
‘and the pool floor.- The maximum cell horizontal displacement due to rack tilting was
calculated to be 0.662 inches. The maximum rack cell displacement (rack sliding plus
cell top flexural deflection) is therefore 0.822 inches at the flared opening level. (The
flexural deflection and horizontal displacement due to tilting cannot both occur at
their maximum values simultaneously since both mechanisms are caused by the same
available external energy.) |

It has therefore been concluded that the gaps provided at the top elevation between
storage racks (2.5 inch minimum) and between pool walls and adjacent storage racks
(1.25 inch minimum) are sufficient to preclude any collision of adjacent strucfures
during a Design Basis Earthquake event. It should be noted, that the assumption used in
this evaluation of two 'adjacent storage racks sliding towards one another during the
seismic event with simultaneously opposite deflections of the rack tops is unlikely and

hence very conservative.

For the higher coefficient of friction of 1.5, the time history response results in a
maximum combined frictional resistance load of 170,933 pounds between the storage
rack and the pool floor liner plate. The maximum frictional resistance load for an
individual rack support foot is 28,500 pounds. '
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3.3 NUCLEAR ANALYSIS

A detailed nuclear analysis has been performed for the NES designed fuel storage
racks for Indian Point 2 to demonstrate that, for all anticipated normal and abnormal

configurations of fuel assemblies within the fuel storage racks, the k ;. of the system

is less than the criticality criterion of 0.95 for 3.5 w/o, 15x15 Westinghouse fuel

assemblies. Certain conservative assumptions about the fuel assemblies and racks

have been used in the caiculations.

The principal method of calculanon used to determine the k efs Of the Indian Point 2
spent fuel storage racks was the Monte Carlo code KENO IV with a cross section set
using 123 energy groups. Cross section input for the 123 energy group set was
generated from the XSDRN library using the AMPX module NITAWL.

Paramettic studies to determine the effects on keﬁ of changes in fuel rack
dimensions, temperature, and fuel assembly enrichment were performed with diffusion
theory. Fuel, water and structural cross sections were determined using the HAMMER
code, while blackness theory was used to determine the cross sections for the borated
steel sheets. keﬁ values were calculated using EXTERMINATOR, a multlgroup, two-
dimensional diffusion theory code.

3.3.1 Design Criterion and Assumptions

The criticality design criterion established for the Indian Point 2 high density fuel
storage racks is that the multiplication constant (keff) shall be less than 0.95 for all

normal and abnormal configurations as determined by Monte Carlo calculation.

The following conservative assumptions have been used in the criticality calculations

performed to verify the adequacy of the rack design:

(1) The fuel is fresh and of a specified enrichment (3.5 w/o) greater than or equal to

that of any fue! available.
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(2) The reference configuration contains an infinite square array of storage loca-
tions spaced 10-15/16 inches on centers. This is conservative because the array
is not infinite, but finite. ‘ '

(3) The absorption of the fuel assembly spacers is ignored.

(4)  Any burnable poisons in the fuel assemblies are ignored.

(5) Any soluble poison in the pool water is ignored.

3.3.2 Criticality Configurations

The potential configurations of fuel within the racks can be classified as either normal

or abnormal configurations. Normal configurations result from variation in the
placement of fuel within the storage cell, variation in fuel assembly dimensions and/or
fuel loadihg because of the manufacturing process, and the variation in fuel stofage .
rack dimensions permitted in fabrication. Abnormal configurations are typically the
result of accidents or malfunctions such as the seismic event, a malfunction of the
fuel podl cooling system (excessive changes in pool water temperature), a dropped fuel
assembly, etc. ' |

3.3.2.1 Normal Configurations

(1) Reference Conhguratlon

The reference conflguratlon consists of an infinite array of storage cells hav1ng'
nominal dimensions: 10-15/16 inch pitch, 0.0825 inch cell wall thickness, poison
sheets 0.100 inch thick with 1.1 nominal w/o boron concentration, 9 inch cell
inside dimension. Each storage cell contains a centrally located fresh 15x15
Westihghouse fuel assembly with a maximum enrichment of 3.5 w/o.  The water
témperature within the rack is 68°F. | |
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(2)

(3)

(4)

- (5)

Eccentric Configuration

It is possible for a fuel assembly not to be positioned centrally within a storage
cell because of the clearance allowed between the assembly and the cell wall.
This clearance is nominally 0.2775 inches on each side of the fuel assembly.
Calculations have been performed to determine the effects of eccentrically

located fuel. In these calculations it was assumed that four fuel assemblies were

- diagonally displaced within their storage cells as far as possible towards each

other.

Fuel Assembly Tolerance

The important fuel assembly parameter determining keff is the ratio of the

235 U235

amount of U to that of water. The amount of

per assembly is
controlled to within a few tenths of a percent by weighing pellet stacks as the
fuel is built and by using a known enrichment. The fuel assembly parameters
which determine the volume of water in an assembly are the clad O.D. and the
fuel rod pitch. These parameters are closely controlled to typically within
+0.4%. The effects of these fuel assembly tolerances on kegs have been
determined to be negligible on the basis of simple koo cell calculations.
Consequently, -fuel assembly tolerances were not considered further in this

analysis.

Fuel Design Variation

Calculations were performed to determine the sensitivity of kef g to variations of

fuel enrichment from the maximum reference enrichment of 3.5 w/o.

Cell Pitch Variation

Calculations were performed to determine the sensitivity of keﬁ to changes in .

pitch, the center-to-center spacing between storage cells. The pitch was varied
from 10-7/8 to 11.0 inches. The criticality configuration was similar to that of
the reference configuration except for the obvious,change' in center-to-center
spacing. ’ ' A
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©)

()

®)

(9)

Cell Wall Thickness Variation
The reference case wall thickness was 0.0825 inch for the stainless steel sheet

forming the cell walls.. This thickness was varied from 0.090 to 0.080 inch to

determine the effect on‘ keﬁ'

Poison Concentration Variation

" The borated stainless steel sheets contain a nominal 1.1 w/o boron in steel. This

concentration was reduced to 1.0 w/o to determine the sensitivity of keff to

variations in this parameter,

Poison Sheet Thickness Variation

The borated stainless steel sheets are nominally 0.100 inch thick. This dimension

was reduced by 1/16 inch to determine the sensitivity of keff to variation to this
parameter.

Cell Inside Diameter Variation

The storage cell inside dimension is a nominal 9.0 inches. This dimension was
reduced to 8-15/16 inches to establish the sensitivity of ¥ eff t© variations in this
parameter.

- (10) "Worst Case" Normal Configuration

 The "worst case" configuration considers the effect of eccentric fuel assembly

positioning, the fuel enrichment, the minimum average pitch (center-to-center
spacing) permitted by fabrication, the minimum wall thickness, the minimum
poison concentfation,_'_che maximum poison sheet thickness, and the cell L.D.

| 3,3.2.2 Abnormal Conﬁgurations

W

Single Storage Cell Displacement

Displacement of a single storage cell within the array is precluded by the welded
construction and the presence of structure between cells. Therefore, the effect
of such a displacement is taken to be zero. -

FORM % NES 205 5/79




PAGE 25 oF_38

! NUCLEAR ENERGY SERVICES, INC. | DOCUMENT NO. _81A0607
/

(2) Fuel Handling Incident |
Accidental placement of fuel between the fuel racks or the racks and pool wall

will be prevented by structural material. It is, however, conceivable that an
assembly could be laid across the top of a fuel rack. In this case, the distance
between the tops of the stored fuel and the bottom of the misplaced fuel will be
greater than 17 inches, a distance which according to calculations effectively

"decouples" the two groups of fuel. No increase in k off will result from this
incident.

(3) Pool Temperature Variation

Calculations were performed to determine  the sensitivity of keﬁ for the
reference configuration to variations in the spent fuel pool temperature. The
pool temperature was varied from 68°F (minimum pool water temperature at
Indian Point 2), where water density is maximum, to 250°F, the appreximate
boiling point of water near the bottom of the fuel rack.

(4) Fuel Drop Incident

The maximum height through which a fuel assembly can be dropped onto the fuel

“storage racks is limited. The dropped fuel assembly will most likely impact the
tops of the fuel storage rack cells. Because of the fuel rack design, damage will
be limited to the upper 1 inch (5 inches for new fuel drop) of the storage cells.
Since ‘the active fuel region is about 11 inches (7 inches for new fuel drop) below
this area, no significant change in fuel/cell geometry will occur. However, it is
possible for a dropped fuel assembly to enter a cell cleanly and impact directly

“on the fuel stored in the cell. The effect of this type of fuel drop incident was
evaluated from a criticality viewpoint by assuming that the stored assembly
would be compressed axially. o

‘A calculation based on an axial compression of 2 feet yielded a 0.06 decrease in
k 00 of the fuel cell. It has been concluded, therefore, that this incident would
reduce keff and need not be con51dered further in this analysis.
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(5)

(6)

(7)

Heavy Object Drop

In the unlikely event that a heavy object is dropped on the storage rack with
sufficient impact to cause structural deformation, it has been concluded that
k off will decrease. The basis for this conclusion is that the principal effect of
dropping a heavy object will be to squeeze water from the rack. Both in the case
of compacted fuel and voided pool water, depletion of water leads to a decrease

- in keff'- :

It would not be possible for a dropped heavy object to eject the poison material
from the rack; the crushing effect of the heavy object could only act to
compress the fuel and poison together.

Seismic Incident

“Seismic analyses have determined that during a DBE the pitch between two

adjacent fuel assemblies could narrow locally, due to oscillations about nodal
points determined by structural members locating the cells within the racks.
However, at the same time, the local pitch at other locations is greater by the
same amount. Thus, the net effect, although the pitch may vary locally, is that
the average pitch is unaffeéted. In the event that the entire rack is displaced by
a seismic event, the average pitch will also be unaffected.

It is concluded, therefore, that if the fuel assemblies deflect independentl'y in
random directions or move together in a single direction, the average pitch

between assemblies and, consequently, the ke §f are unaffected.

"Worst Case"‘Abnormal Configu.rétion

The "worst case" abnormal configuration considers the effect of the most

adverse abnormal condition in combination with the "worst case" normal

configuration.
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3.3.3 Calculational Methods
For the reference configuration discussed in Section 3.3.2.1(1), the k ., was determin-

ed from a three-dimensional -Monte Carlo calculation using KENO IV with a 123 group
cross section set. Check calculations of the reference configuration as well as the
parametric’ studies were performed with two-dimensional diffusion theory using
HAMMER and EXTERMINATOR. Details on the calculational methods, codes and
mput/output data are presented in Reference 15.

3.3.3.1 Code Description

(1) KENO IV _
KENO IV is a 3-D multigroup Monte Carlo code used to determine k ;. (Ref.
16). :

(2) HAMMER _
HAMMER (Ref. 17) is a multigroup integral transport theory code which is used
to calculate lattice cell cross sections for _diffusion theory codes. This code has
been extensively benchmarked against DZO and light water moderated lattices
with good results.

(3) EXTERMINATOR | | |
 EXTERMINATOR (Ref. 18) is a 2-D multigroup diffusion theory code used with

input from HAMMER to calculate k__. values.

eff

" 3.3.3.2 .Uncertainties and.Benchmark Calculations

" The errors in Monte Carlo criticality calculations can be divided into two classes.
(1) Uncertainty due to the statistical nature of the Monte Carlo methods.
(2)  Errors due to bias in the calculational technique.

The first class of errors can be reduced by simply increasing' the number of neutrons
tracked. For rack criticality calculations, the number of neutrons tracked is selected
to reduce this error to less than 1%.
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The second class of error is accounted for by benchmarking the calculational method
against experimental results. In the benchmarking process, the calculational method is
used to determine the criticality value for a critical experiment configuration. The
difference between the calculated criticality value and the experimental value is
identified as the calculational bias. Once determined, this bias can be applied to other
calculational results obtained for similar configurations to improve the degree of
calculational accuracy.

NES has performed benchmark calculations with KENO IV for several éppropriate
" critical experiments performed by Babcock and Wilcox (Ref. 19), Battelle Northwest
Laboratories (Ref. 20), and Allis Chalmer (Ref. 2]1). The results of the KENO IV
calculation indicate that the calculated keff values are greatef than the experimental

values.

. A 3.3.4 Results of Analysis

3.3.4.1 Normal Configuration

The keﬁ determined by KENO 1V using the 123 group cross section set was 0.933 with
an uncertainty of +0.006 at the 95% confidence level. Results for normal configura-
tion can be summarized as follows:

k Ak

eff eff
- 1. Reference Configuration : 0.933 -
2.  Eccentric Positioning 0.004
3.  Enrichment Variation o 0.000(Max used)
4. Minimum Cell Pitch (+1/64 in) . 0.0013
‘5. Cell Wall Thickness (+0.0025 in) ' 0.0003 .
"~ 6.. Minimum Poison Concentration (+0.1w/o) - 0.004
7. Poison Sheet Thickness (+0.004 in) S © 0.0013
8. CellID (+1/16 in) ' - 0.006
‘ 9. - Statistical Uncertainty in KENO ' - 0.006
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The effects of the above normal variations are combined statistically as follows:

Bk g = 0.0042 + 0.00132 + 0.00032 + 0.0042 + 0.00132 + 0.0062 + 0.0062)" = 0.0104

The result for the "worst case" normal configuration is 0.933 +0.010.

3.3.4.2 Abnormal Configurations

' The ke'ff of the rack was studied for temperatures ranging from 68°F to 250°F.
Results show that the rack has a negative temperature coefficient with the highest
keff occurring at the Indian Point 2 minimum pool water temperature of 68°F.
Therefore, the Akef £ associated with the spent fuel pool water temperature variation

is zero in this analysis.

As discussed in Section 3.3.2.2, the Akeﬁ's caused by single storage cell displacerhent,
' fuel handling accident, fuel drop accident, heavy object drop and seismic incident are

negligible, and no allowance on keff is made for any of these abnormal configurations.

The "worst case" abnormal configuration combines the change in keff due to the
occurence of the most adverse abnormal condition with the keff value associated with
the "worst case" normal configuration. However, since none of the abnormal
conditions gives a positive Ak, the "worst case" abnormal condition is simply equal to
the "worst case" normal condition: 0.943 +0.000 = 0.943,

The keﬁ value of 0.943 meets the criticality design criterion and substantially below
1.0. Therefore, it has been concluded that the spent fuel racks for Indian Point 2 are
safe from a criticality standpoint when loaded with the specified fuel. -

3.4 THERMAL-HYDRAULIC ANALYSIS

3.4.1 Method of Analysis and Assumptions

Fuel storage racks have been designed to increase the present fuel storage capacity of
. the Indian Point 2 spent fuel storage pool to a total of 980 assemblies.
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The maximum heat loads resulting from the expanded spent fuel storage capacity,
have been calculated for two cases: the normal batch discharge and the abnormal full
core discharge. '

(1) The normal case assumes conservatively dischérging a maximum of 90 fuel
| assemblies every 18 months with 90 hours of cooling time after shutdown. A
- plant capacity factor of 85% was assumed. The maximum heat load is scheduled

to occur after the discharge of nine batches with a,dequate storage kept in
reserve for a full core discharge. | |

(2) The assumed abnormal case is the discharge of a full core (193 assemblies) at any
time during the cycle. The maximum heat load has been determined to occur
soon after the startup following the scheduled refueling outage. Cooling time to
discharge is 400 hours after shutdown.

Decay heat generation is calculated according to Branch Technical Position APC SB
- 9-2, (Ref. 22). Rated reactor power is assumed to be 3216 Mwt.

The increase of the. pool water bulk temperature as a function of time has been
determined assuming a failed heat removal system for normal and abnormal cases.
Maximum pool water bulk temperature was assumed to be 150°F . The heatup rates
and times to reach boiling temperature of 212°F were based on complete mixing.-of the
pool water. 8

The adequacy of natural circulation flow throughout the fuel racks to cool the fuel
assemblies was verified. The natural circulation flow was calc'ulated by establishing a
thermal-hydraulié balance for the worst row of assemblies (from a recent batch
discharge with a 90-hour cooling period). The ﬂow was maintained by the thermal
driving head produced by the decay heat generation of each assembly. The pool was
modeled as a large volume with a bulk temperature unaffected by local disturbances. ‘
The pressure losses considered in the ahalysis_ included:
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_ assembly.
(2) Losses in turns. | .
(3) Form losses in the fuel assemblies at the inlet, outlet, and grid loc‘ations.

Flow to the worst row of cells was assumed to be available from the narrowest
downcomer only. Coolant from the cask handling area and rack-to-rack gaps was

conservatively neglected. All fuel assemblies were assumed to have been freshly

discharged (90-hour cooling time) with radial peaking factors of 1.2. A maximum bulk
tions and conclusions are presented in Reference 23. ,

3.4.2 Results of Analysis

6 Btu/hr, assuming a 90-hour cooling period after shutdown.

.‘ - generation of 27.2 x 10
The maximum abnormal heat load resulting from the emergency discharge of a full
core (193 assemblies) into the pool two months after a scheduled shutdown and one
month after the startup. Results in a decay heat generation rate of 31.6 x lO6 Btu/hr,
assuming a #00-hour cooling period.

The Indian Point 2 spent fuel pool heat removal system is rated to remove 30.8 x'106
Btu/hr from the system with a pool water temperature of 135°F. If the water

6 Btu/hr can be extracted from

" temperature is allowed to increase to 150°F , 40.7 x 10
the spent fuel water. Consequently, the cooling capacity is adequate for both the

reload design and abnormal discharge cases.

In case of a complete failure of the Indian Point 2 spent fuel heat removal system, the

ma_ximum heat-up rates calculated for the maximum normal and abnormal heat loads

repairs for the maximum normal and abnormal heat loads are 4.8 and 4.1 hours,

‘ respectively before makeup is required for pool boil-off. The makeuf) required is

approximately 57 and 66 gpm of water for normal and abnormal heat loads.

(1) ‘Friction losses in the downcomer region, in the rack inlet plenum and in the fuel

~ pool temperature of 150°F was assumed. Details of calculational methods, assump-
P p : .

The maximum normal heat load has been calculated to result in a decay heat

anticipated are 13.0 and 15.1%F/hr, respectively., The total times available to perform
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The adequacy of the natural circulation flow to cool the worst row in the rack
configuration was verified by establishing a thermal-hydraulic balance. The chief
concern is the possibility of local boiling due to flow starvation in some cells of the

rack matrix as a result of excessive pressure losses in the natural circulation loops
established in the spent fuel pool.

The ‘analysis shows that even under the most conservative assumption, the natural

circulation in the pool is adequate to preclude boiling by a substantial margin,

assuming a bulk pool temperature of 150°F. The maximum temperature increase in

the assembly w1th minimum flow is 76.8° F, resulting in an outlet temperature of
226.8°F. This is below the saturation temperature of 239°F, corresponding to the
static head at the top of the fuel assembly. ‘

It should be noted that the maximum assembly outlet temperature of 226 .8°F reported
above is unlikely to occur in the pool, as it is the result of excessively conservative
assumptions postulated to establish a calculational boundary. In the analysis, the
major portion of the total pressure drop in the natural circulation loop is caused by the
selection of the narrowest gap in the pool as the sole flow path to the bottom plenum
from the water above the racks. The expected mode of natural circulation is for the

coolant to reach the plenum via least-resistant flow paths, such as the cask area, the -

noi‘th wall downcomer gap of 11-9/10", the failed fuel elevator area, and between the
2-1/2" gap between racks, all of which have been neglected in the analysis.

3.5 RADIOLOGICAL ANALY SIS

3.5.1 Method of Analy51s and Assumptions

A radiological analysis has been performed on the spent fuel storage pool at Ind1an

Point 2 for an expanded storage capacity of 980 assemblies. This analysis included
conservative estimates of exposure rates due to radionuclides in the spent fuel storage
pool and spent fuel assembly movement in the pool. Accident analyses were also
performed on spent fuel assembly drop and éask drop accidents in accordance with the
methods outlined by Regulatory Guide 1.25 (Ref. 24). ‘Assumption and methodology
used in these evaluations are presented in Reference 25. | '
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@

The radiological analysis has been-performed using the following assumptions:

(1)

(2)

(3
)

(5)

(6)

Uy

6))

~ An accident (X/Q) value of 6.6 x 10~

The radionuclide concentrations in the primary coolant are based upon 0.12%
failed fuel. "

Fuel pool nuclide concentrations for all isotopes were computed considering
normal cleanup prior to refueling.

There is a uniform mix of reactor coolant and refueling water.
Refueling operations begin no earlier that 90 hours after shutdown (Ref. 6).

The pool water is considered as a self-attenuating slab source with a constant
source distribution, S(x) = S. The fuel element is modeled as a line source.

A peaking factor of 1.65 has been included in the fuel handling accident analysis
to account for the radial peaking per Regulatory Guide 1.25. For the cask drop

“evaluation with damage to an entire core of 193 assemblies, a peaking factor of

1.0 was used.

There is assumed to be a minimum of 9ft-4in of water covering the fuel pins.

4 sec/m3 has been used in the calculations.
(Ref. 6).

3.5.2 Results of Analysis _

Using the source terms corresponding to 0.12% failed fuel in the reactor core, an
exposure rate of X = 1.10 mR/hr has been calculated at the surface of the pool from’
nuclides distributed in the pool water.

The dose rate to an operator on the bridge hoist in the fuel storage building or on the
manipulator crane in the containment building during fuel movement has -been
estimated to be less than'3_.0 mR/hr 90 hours after shutdown. This dosage would be
incurred only during actual movement of spent fuel. N
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The calculation of the absorbed doses to the total body and thyroid due to fission
product releases from a fuel element as a result of a spent fuel assembly handling
accident 90 hours following operation at a power level of 3216 MWt, using the
methodology of Regulatory Guide 1.25 yields:

D‘co'cal body = 3,11 Rem
D -
thyroid = 26.6 Rem .

The absorbed doses to the total body and thyroid in a cask drop accident occuring 90
days after shutdown are:

Diotal body - 12.7 Rem

Dthyroid ~=1.79 Rem

These absorbed doses are less than a small fraction of the limits specified by 10 CFR

Part 100.

3.6 SPENT FUEL RACK INSTALLATION

The spent fuel racks will be free standing, and freie to slide horizontally on the pool
floor, as there will be no lateral bracing between racks or between racks and pool
walls. Adequate clearances are provided so that there will be no collisions between
racks or the pool walls during the worst event (the design basis earthuake). All loads
imparted to the racks are transmitted to the pool floor through support feet attached
to the bottom of the racks. The rack support feet will be designed to avoid colliding
with existing shims and pins on the pool floor during the DBE. In most cases, the feet
can be positioned on the pool floor to avoid existing shims when installing the racks.
In a few instances, stainless steel plates will be designed to bridge over shims and
cafry the support feét, allowing the feet to slide on the plates and transmitting loads

to the pool floor without contacting shims.-
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The racks and bridging plates will be installed in a wet pool. Provisions will be made
to install enough new high density racks before existing racks are removed so that

. existing fuel will always remain in the pool.

The racks will be designed so that the amount of work in the pool and the removal of
fixed items in the pool (i.e., brackets, etc. that would require cutting to remove) are
kept to a practical minimum. No floor shims or pins, all of which are welded to the
pool floor, will have to be removed.

It is anticipated that remote tooling will be used to remove a half dozen welded

brackets and to place two dozen bridging plates over existing shims on the pool floor.
‘The plates will not be attached to the floor. Actual leveling will also be done
remotely, by tools used to screw support feet up or down. If required, divers will be

used to assist in any of the above operations.

Existing racks will be removed from the pool and decontaminated. Decontamination
results will determine whether the racks will be disposed as clean waste or whether
they will have to be cut up and packed for disposal as radioactive waste.
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1. SUMMARY .

A detailed nuclear analysis has been performed for the NES (Nuclear Energy Services, - :
Inc. ) de51gned fuel storage racks for the Indian Point Generating Statxon Umt 2 (Indian
'Pomt 2). This analysis demonstrates that, for all anticipated normal and abnormal
conf1gurat1ons of fuel assemblies within the fuel storage racks, the k off Of the system
is less than the criticality criterion of 0 95 for 3 5 wlo, 15x15 Westmghouse fuel
‘assembhes. Certam conservative assumptlons about the fuel assembhes and _racks -
~ have been used in the calculatlons. '

* Both- normal and abnormal conf1gurat10ns were consxdered in the analy515.,. 'fhe
-reference conflguratlon consists of a square array, infinite in lateral extent, of storage.
cells spaced '10-15/16 mches on centers. Each- storage location contams one centrally ‘
located 15x15 Westinghouse fuel assembly. Storage cells consist of a square stalnless '
steel box. with inner dlmensxo_n of 9.0 inches and wall thickness of 0.0825 inch,
‘ . Criticality control is provided by 0.100-inch thick borated stainless steel sheets, 7

b inches wide, 145 inches long, affixed to each outside wall of the steel boxes. This
. reference conflguratlon provides a base of comparison relative to which effects of

. normal and abnormal variations have been measured. Normal confxguratlons include:

-eccentncally posmoned fuel, fuel enrichment variation, dimensional and matenalf -
' vanatlons permxtted by fabrication tolerances, and variation 1n the den51ty of the
boron 1n the borated stainless steel sheets

Abnormal configurations include: pitch variation due to seismic'es'ents, ‘spent fuel
- pool temperature variations and fuel handling ‘accidents such as misplaced fuel
assemblies.”
The principal method of calculatlon used to determme the k off of the Indian Point 2
“spent fuel storage racks was the Monte Carlo code KENO IV with a cross section set of
123 energy groups. Cross section mput for the 123 energy group set was generated
from the XSDRN library using the AMPX module NITAWL '
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Parametric studies to determine the effects on kef f of changes in fuel rack

dimensions, temperature, and fuel assembly enrichment were performed with diffusion

theory. Fuel, water and structural cross sections were determined using the HAMMER |
code, while blackness theory was used to determine the cross sections for the borated

steel sheets. keff values were calculated using EXTERMINATOR, a multigroup, two-

dimensional diffusion theory code.

The kogs value ‘calculated by KENO for the reference configuration. is 0.933.
Variations in keﬁ due to normal configuration changes and calculational uncertainty
were determined to be 0.010. The Akeﬁ due to the "worst case" abnormal
configuration is 0.000. Combining these two Ak off values with the keff for the
ﬁ value equal to 0.943. This value
meets the criticality design criterion and is substantially below 1.0. Therefore, it has

reference configuration of 0.933 results in a final k

been concluded that the high density storage racks for Indian Point 2 when loaded with
the specified fuel are safe from a criticality standpoint.
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2. INTRODUCTION

The NES design for Indian Point 2 high density spent fuel storage racks achieves high
storage density through the use of borated stainless steel sheets placed on the walls of

the storage cells. Details of the rack materials and structure are given in Section 3.

A detailed nuclear analysis has been performed to demonstrate that, for all anticipat-
ed normal and abnormal configurations of fuel assemblies within the fuel storage
racks, the keﬁ of the system is substantially below 1.0.. Certain conservative
- assumptions about the fuel assemblies and racks have been used in the calculations.
These are described in Section 4 along with the criticality design criterion for the fuel

assemblies and racks.

The reference configuration which forms the basis of the criticality calculations
represents the storage racks in nominal dimensions at 68°F with all fuel assemblies
centrally located within their storage cells. Variations from this reference conﬁguré-
tion were studied, and included effects of wall thickness and pitch variations, fuel
'ehrichment and poison content variations, cell inside dimension variations, water
temperature variations and eccentric fuel positioning. Fuel handling accidents were
_ studied and their effects determined. The configurations studied are described in
detail in Section 5. A description of the calculational methods, benchmarking results,
and computer codes is given in Section 6. The results of the criticality analysis are
presented in Section 7. ' '
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3. DESCRIPTION OF SPENT FUEL STORAGE RACKS

Five sizes of fuel storage racks, with 8x8, 8x9, 8x10, 9x10, and 10x10 storage,céll
arrays, will be used in the.Indian Point 2 spent fuel storage pool (see Figure 3.1). The

total number of fuel storage locations within the pool will be 980.

The wall of each storage cell is made up of a nominal 0.0825 inch (0.080 _B%%%j ) thick
sheet of Type 304 stainless steel, formed into a square with an inner dimension of 9.0
inches. On the outside of each of the four sides of this wall,i a borated stainless steel
sheet containing 1.1 nominal w/o of boron is placed for criticality control. This sheet
is 0.100 inch thick, 7 inches wide and 145 inches long,and is centrally locéted on the |

outer wall of the storage cell.

Storage cells are maintained at a center-to-center spacing of 10-15/16 inches by

. welded spacers. See Figure 3.2 for a schematic drawing of a representative 10x10 -
rack. |
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4. CRITICALITY DESIGN CRITERION AND CALCULATIONAL ASSUMPTIONS
4.1 CRITICALITY DESIGN CRITERION

A satisfactory value of keff for a spent fuel pool involves considerations of safety,
“licensability and storage capacity requirements. These factors demand a kéﬁ substan-

tially below 1.0 for safety and licensability but high enough to achieve the required
_ storage capacity. | '

The published position of the NRC on fuel storage criticality, stated in a communique

to all reactor licensees (Ref, 1) is a follows:

"The neutron multiplication factor in spent fuel podls shall be less than or equal

t0 0.95, including all uncertainﬁes, under all conditions".

‘E _ ‘Furthermore, NRC, in evaluating the design, will "check the degree of subcriticality

provided, along with the analysis and the assumptions".

On the basis of this information, the following criticality design criterion has been
established for the Indian Point 2 high density fuel storage racks: "The neutron
multiplication factor (keff) shall be less than 0.95 for all normal and abnormal

configurations as determined by Monte Carlo calculation".
4.2 CALCULATIONAL ASSUMPTIONS

The following conservative assumptions have been used in the criticality calculations

iperformed to verify the adequacy of the rack design:

1.  The fuel is fresh and of a specified enrichment (3.5 w/o) greater than or equal to

that of any fuel available, -
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2. The reference configuration contains an infinite square array of storage loca-
tions spaced 10-15/16 inches on centers. This is conservative because the array
is not infinite, but finite.

3. The absorption of the fuel assembly spacers is ignored.

4.  Any burnable poisons in the fuel assemblies are ignored.

5. Any soluble poison in the pool water is ignored.

L & siEe ARE 2/7A
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5. CRITICALITY CONFIGURATIONS

In order to verify the design adequacy of the Indian Point 2 high density storage rack,
it is necessary to establish the multiplication constants for the various arrangements
or configurations of fuel assemblies and storage cells that are possible within the
racks. These arrangements or configurations can be clas§iﬁed as either normal or
abnormal configurations. Normal configurations result from variation in the place-
ment of fuel within the storage cell, variation in fuel assembly dimensions énd/or fuel
loading because of the manufacturing process, and the variation in fuel storage rack
dimensions permitted in fabrication. Abnormal configurations are typ1cally the result
~ of acdidents or malfunctions such as the seismic event, a failure in the fuel pool
. cooling system (excessive changes in pool water temperature), a dropped fuel
assembly, etc. The following sections present the normal and abnormal configurations
which have been considered in this analysis.

5.1 NORMAL CONFIGURATIONS

5.1.1 Reference Configuration

‘The reference configuration consists of an infinite array of storage cells having
nominal dimensions (see Section 3) each containing a fresh 15x15 Westinghouse fuel
assembly centrally located W1th1n the storage cell. The 4water temperature within the
rack is 63°F.

5.1.2 Eccentric Configuration

It is possible for ‘a fuel assembly not to be positioned centrally within a storage cell
because of the clearance allowed between the assembly gnd the cell wall. This
dear_anoe is nominally 0.2775 inches on each side of the fuel ass'embly.

Calculations have been performed to determine the effects of eccentrically located.-
fuel. In these calculations it was assumed that four fuel.assemblies were diagonally
displaced within their storage cells as far as possible towards each other (see Figijre

‘ 5.1).
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5.1.3 Fuel Assembly Tolerance

The important fuel 'assembly parameter determining k £f is the ratio of the amount of
235 235
U .

few tenths of a percent by weighing pellet stacks as the fuel is built and by using a

to that of water. The amount of U per assembly is controlled to within a
known enrichment. The fuel assembly parameters which determine the volume of
water in an assembly are the clad O.D. and the fuel rod pitch. These parameters are
closely controlled to typically within +0.4%. The effects of these fuel assembly

t_olerénces_ on keﬁ have been determined to be negligible on the basis of simple koo

cell calculations. Consequently, fuel assembly tolerances were not considered further -

in this analysis. ~

5.1.4 Fuel Design Variation

Calculations were performed to determine the sensitivity of keff to variations of fuel
enrichment from the base enrichment of 3.5 w/o. The criticality configuration used
for .these calculations was that of the reference configuration with the exception of

fuel enrichment which was reduced to 3.3 w/o.

5.1.5 Fuel Rack Pitch Variation

Calculations were performed to determine the sensitivity of keif to changes in pi'tch,
the center-to-center spacing between storage cells. The pitch was varied from 10-7/8
to 11.0 inches. The criticality configuration was similar to that of the reference

configuration except for the obvious change in center-to-center spacing.

.

5.1.6 Cell Wall Thickness Variation

rl

The base case wall thickness was 0.0825 inch for the stainless steel sheet fo'i'ming the

cell walls. This thickness was varied from 0.090 to .0.080 inch to determine the effect

on keff'

FCRM = NES 205 5/79




Pl NUCLEAR ENERGY SERVICES, INC. - DOCUMENT NO. __31A0602
' ' PAGE __17 _ OF__139

5.1.7 Poison Concentration Variation
The borated stainless steel ‘sheets contain a nominal 1.1 w/o boron in steel. This
concentration was reduced to 1.0 w/o to determine the sensitivity of keff to variations ‘

in this parameter.

5.1.8 Borated Steel Sheet Thickness Variation

The borated siainless steel sheets are nominally 0.100 inches thick. This dimension
was reduced by 1/16 inch to determine the sensitivity of keﬁ‘ to variation in this
parameter.

5.1.9 Cell Inside Diameter Variation .

The storage cell inside dimension is a nominal 9.0 inches. This dimension was reduced

to 8-15/16 inches to establish the sensitivity of keff to variations in this parameter.

"~ 5.1.10 "Worst Case" Normal Configuration

‘The “"worst case" configuration considers the effect of eccentric fuel assembly
positioning, the fuel enrichment, the minimum average pitch (center-to-center spac-
1ng) perm1tted by fabrication, the minimum cell wall thickness, the minimum poison
concentratlon the minimum borated stainless steel sheet thlckness, and the cellI D.
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5.2 ABNORMAL CONFIGURATIONS

5.2.1 Single Storage Cell Displacement

Displacement of a single storage cell within the array. is precluded by the welded
construction and the presence of structure between cells. Therefore, the effect of

such a displacement is taken to be zero.

5.2.2 Fuel Handling Incident

Accidental placement of fuel between the fuel racks or the racks and pool wall will-b.e'
prevented by structural material. It is, however, conceivable that an assembly could
be laid across the top of a fuel rack. In this case, the distance between the tops of the
stored fuel and the bottom of the misplaced fuel will be greater than 17 inches, a
distance which according to calculations effectively "decoupleé" the two groups of
‘ _ fuel. No increase in keﬁ will result from this incident.

5.2.3 Pool Temperature Variation

. Calculations were performed to determine the sensitivity of keﬁ for the reference
configuration to variations in the spent fuel pool temperature. The pool temperature
was varied from 63°F (minimum pool water temperature at Indian Point 2), where
water density is maximum, to 250°F, the approximate boiling poinf of water near: the

‘bottom of the fuel rack.

5.2.4 Fuel Drop Incident

The maximum height through which a fuel assembly can be dropped onto the fuel
storage racks is limited. The dropped fuel assembly will most likely impact the tops of
the fuel storage rack cells. Because of the fuel rack design, damage will be limited to

the upper 1 inch (5 inches for new fuel drop) of the storage cells. Since the active fuel
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region is about 11 inches (7 inches for new fuel drop) below this area, no significant
change in fuel/cell geometry will occur. However, it is possible for a dropped fuel
assembly to enter a cell cleanly and impact directly on the fuel stored in the cell. The
effect of this type of fuel drop incident was evaluated from a criticality viewpoint by
assuming that the stored assembly would be compressed axially.

A calculation based on an axial compression of 2 feet yielded a 0.06 decrease in ko o of
the fuel cell. It has been concluded, therefore, that this incident ‘would reduce keff
and need not be considered further in this analysis. A

5.2.5 Heavy Object Drop

In the unlikely event that a heavy object is dropped onto the storage rack with
sufficient impact to cause structural deformation, it has been concluded that keﬁ will
decrease. The basis for this conclusion is that the principal effect of dropping a heavy
iject will be to squeeze water from the rack. Both in the case of compacted fuel and

voided pool water, depletion of water leads to a decrease in kef £

It would not-be possible for a dropped heavy object to eject the poison material from

. the rack; the crushing effect of the heavy object could only act to compress the fuel

and poison together.

5.2.6 Seismic Incident

Seismic analyses have determined that during an SSE the pitch between two adjacent

fuel assemblies could narrow locally, due to oscillations about nodal points determined -

by structural members locating the cells within the racks. However, at the same time,

the local pitch at other locations is greater by'the.samevamount. Thus, the net

effect, although the pitch may vary locally, is that the average pitch is unaffected. In
the event that the entire rack is displaced by a seismic event, the average pitch will
also be unaffected. '

It is concluded, therefore, that if the fuel assemblies deflect independently in random
directions or move together in a single direction, the average pitch between
assemblies and, consequently, the kef g are unaffected. '

FORM # NES 205 5/79




: ' 81A0608
& NUCLEAR ENERGY SERVICES, INC. DOCUMENT NO. __—

PagE _ 20 of

39

N

5.2.7 "Worst Case" Abnormal Configuration

results of the "worst case" abnormal configuration are presented in Section 7.3.3.

The "worst ‘case" abnormal configuration considers the effect of the most adverse -

abnormal condition in combination with the "worst case" normal configuration. The

FARW % NFS 205 5/79




; ! NUCLEAR ENERGY SERVICES, INC. , DOCUMENT NO. ___RIADR0R

PAGE 2L oF 39

6. CRITICALITY CALCULATIONAL METHODS

6.1 METHOD OF ANALYSIS

For the reference configuration discussed in Section 5.1.1, the K ;. ‘was- determined
from a three-dimensional Monte Carlo calculation using KENO IV with a 123 group
cross section set. ‘Check calculations of the reference configuration as well as the
parametric studies were performed with HAMMER, lattlce cell analysis code and -
EXTERMINATOR, two-dimensional diffusion theory code. “In both the Monte Carlo
“and diffusion theory methods, aninfinite array of fuel assemblies loaded in spent fuel
storage locations was represented by use of appropriate boundary conditionsv An
infinite array is used for two reasons: (1) an infinite array has a conservatxvely higher
value of k

the array. Figure 6.1 shows a representation of one quarter of a storage location with

eff and (2) the problem can be suitably represented by a repeating portion of

réﬂecting boundaries on all sides. - This duplicates an infinite array of storage
locatiors. ’ ' | '

6.2 REFERENCE CONFIGURATION

In the reference configuration KENO IV calculations, each fuel pin and associated
cladding and water was represented as a rectangular paralielapiped with height equal '
to the active fuel length and the width equal to one fuel rod pitch (0.563 inch). ‘
Cladding and fuel were repr&sented by concentric cyhnders within the box with atom
densities determined from the fuel parameters shown in Table 7.1. Water at 68° F
filled the region outside the cladcﬁng. ‘Guide tubes ‘were -.rep‘resented in a similar

| fashion but with water inside the clad inste_ad of fuel. The stainless steel sheets
making up the box walls were represented as boxes with'thickness of 0.0825 inch and a
width equal to the fuel storage cell edge. Borated stainless steel Sheéts ‘were
represented by boxes 0.100.inch thick and 7 inches' wide containing a homogenous
concentration of boron at L1 w/o. Water regions were boxes of appropriate sizes

needed to fill the water gaps.
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6.3 UNCERTAINTIES AND BENCHMARK CALCULATIONS

The uncertainties in Monte Carlo criticality calculations can be divided into two
classes.

1. Uncertainty due to the statistical nature of the Monte Carlo methods.
2.  Uncertainty due to bias in the calculational technique.

The first class of uncertainty can be reduced by simply increasing the number of
neutrons tracked. For rack criticality calculations, the number of neutrons tracked is
selected to reduce this error to less than 1%. ’

The second clasé of wncertainty is accounted for by benchmarking the calculational

method against experimental results. In the benchmarking process, the calculational

method is used to determine the criticality value for a critical experiment configura-

. tion. The difference between the calculated criticality value and the experimental

|  value is identified as the calculational bias. Once determined, this bias can be applied

. to other calculational results obtained for similar configm_'aﬁbné to.im prove'the degree
of calculational accuracy. If the calculated criticality value found during bench-
marking is less than the experimerita.l value, then the bias is added to other
calculational results to ensure a conservative criticality value consistent with experi-
mental results. Conversely, if the calculatiorial cri_tiéality value is greater than the : |
experimental value, it is appropriate to subtract the bias from the other calculational == -
results to improve the accuracy of the criticality determination. |

NES has pérformed benchmark calculations with KENO IV for several appropriate
critical experiments reporied by Babcock 'and Wilcox (Ref, 2), Battelle Northwest
Laboratories (Ref. 3), and Allis Chalmers (Ref. 4). The results of the KENO IV
calculations indicate that the calculated keff values are greater than the experimental
values. Consequently, NES has concluded that KENO IV (123 groups) provides
conser vative results. | . | ’ |
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PAGE 24 oF_39

' ' ! NUCLEAR ENERGY SERVICES, INC. | - DOCUMENT NO. 8140608

6.4 CODE DESCRIPTION

6.4.1 KENOIV

KENO IV is a 3-D multigroup Monte Carlo code used to determine keﬁ (see Ref. 5).

6.4.2 HAMMER

HAMMER (see Ref. 6) is a multigroup integral transport theory code which is used to

calculate lattice cell cross sections for diffusion theory codes. This code has been
~ extensively benchmarked against DZO and light water moderated lattices with good

results.

6.4.3 EXTERMINATOR

EXTERMINATOR (see Ref. 7) is a 2-D multigroup' diffusion theory code used with
input from HAMMER to calculate keff values. '
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7. RESULTS OF CRITICALITY CALCULATIONS

The keff for the reference configuration was determined by means of KENO IV with

123 group cross sections. Parametric studies of enrichment, temperature, dimensional
tolerances of the racks, and abnérma.l dislocations within racks due to seismic events,
fuel handling i_hcidents, fuel drop and heavy object drop were performed with the
HAMMER/EXTER MINATOR codes. '

7.1 REFERENCE CONFIGURATION

The keff determined by KENO IV using the 123 group cross section set was 0.933 with
an uncertainty of +0.006 at the 95% confidence level.

7.2 £ VALUES FOR NORMAL CONFIGURATION

Kef

7.2.1 Eccentric Configuration

The Akeff for the eccentric coniigurétion described in Section 5.1.2 and shown in -

Figure 5.1 (in which fuel assemblies are diagonally displaced towards each other). was
determined to be 0.004. ‘

7.2.2 Fuel Désign Variation

The enrichment of the fuel was changed from 3.5 w/o to 3.3 w/o. The results are
shown in Figure 7.1 and Table 7.2. ' '

EAMDA d# ANEC ONK R/TO
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7.2.3 Fuel Rack Pitch Variation

A detailed study of the effects of variation in the rack pitch was performed. The
pitch was varied from 10-7/8 to 11.00 inches and the results are shown in Figure 7.2

and Table 7.2. The mechanical design of the fuel rack is sﬁ_c:h that the average pitch.
between boxes is maintained by structural members at 10-15/16 +1/64 inches. The.

change in keﬁ for a decrease in average pitch of 1/64 inch is +0.0013. (See Figure
7.20) ' » ) .

7.2.4 Fuel Rack Cell Wall Thickness Variation

The value of the wall thickness used in the reference configuration calculation is

nominally 0.0825 inches. A variation between 0.080 and 0.090 inches was 1nvest1gated
and the results are shown in Figure 7.3. The material used for the wall will have a

thickness tolerance of 0.0025 inches and the Ak for this variation, as determined from -

Figure 7.3, is +0.0003.

7.2.5 Poison Content Variation

' The boron content of the borated stainless steel sheets was reduced from the
reference value of 1.1 w/otoaminimum of 1.0.w/o witha correspondingincreasein Akof
0.004. The results are shown i 1n Flgure 7.4 and Table 7. 2

7.2.6 Poison Sheet Thickness Variation

The thickness of the borated stainless steel was varied 1/16 inch to establish the
sensitivity of keff to thickness variations with results shown in Figure 7.5 and Table
7.2. The Ak increase corresponding to 0.004 inches fabrication tolerance is 0.0013.

..

7.2.7 CellInside Dimension Variation

The cell inside dimension was reduced to 8-15/16 i_-nches from the nominal value of
9 inches with a resultant change in keﬁ of -0.006. The results are shown in Figure 7.6
“and Table 7.2. ' - -
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7.2.8 "Worst Case" Normal Configuration

Results for normal configuration can be summarized as follows:

eff Ak

eff
1. Reference Configuration . 0.933 ‘
Eccentric Positioning ' ' _ : 0.004
3.  Enrichment Variation ~ 0.0000(Max used)
4. Minimum Cell Pitch (+1/64 in) ©0.0013
5. Cell Wall Thickness (+0.0025 in) : ~0.0003
6. Minimum Poison Concentration (+0.1w/ o) : 0.004
7.  Poison Sheet Thickness (+0.004 in) 0.0013
8. CellID (+1/16in) 0.006
: ‘ _ 9.  Statistical Uncertainty in KENO 0.006

. The effects of the above normal variations are combined statistically as follows:

2 2 2, 0.00132

Bk, = (0.004% +0.0013% +0.0003% + 0.00% +0.0062 + 0.0062)* = 0.0104

The result for the "worst case" normal configuration is~Ot933 IiO.Olb.

7.3 K_.. VALUES FOR ABNORMAL CONFIGURATIONS

eff

.

7.3.1 Spent Fuel Pool Temperature Variation

The keff of the rack was studied for t'emperatures ranging from 63°F to 250°F.
Results are given in Figures 7.7 and 7.8 and Table 7.2 and show that the rack has a
negative temperature coefficient w1th the h1ghest k off occurring at the Indian Point 2
minimum pool water temperature of 68 °F. . Therefore, the Ak eff assocnated with the
’ spent fuel pool water temperature vanatlon is zero in tms ana1y51s
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7.3.2 Other Abnormal Configurations

'As discussed in Section 5.2 the Ak off'S caused by smgle -storage cell dlsplacement '

fuel handling accident, fuel drop accident, heavy object drop and seismic incident are
negligible, and no allowance on keff is made for any of these abnormal conﬁguratxons.

7.3.3 "Worst Case" Abnormal Configuration

The "worst case" abnormal configuration combmes the change in k due to the
8 8 eff

occurence of the most adverse abnormal condition with the k off value associated with
the "worst case" normal configuration. However, since none of the abnormal
conditions gives a positivé Ak, the "worst case" abnormal condition is simply equal to
the "worst case" normal condition, |

' Kett

1. Worst Case Normal —_—
Configuration (per Section 7.2.7) = .0.943 .

2. ‘Most Adverse Abnormal
Configuration 0.000

3. Final k off | for "worst abnormal" 0.943

conﬁgu ration.
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Fuel Type

Fuel Enrichme.nt
Mass-of Uranium per Assembly
Clad1.D. |
‘Clad O.D. . |
Clad Thickngss‘ .
Clad Material \
Pitch Between‘.-ROds
" Active Fuel Length
Array Dimensions
. Guide Thimble Material

TABLE 7.1

FUEL PARAMETERS

15x15 Westinghouse' Fuel

3.5 w/o
459 kg
0.373 in
0.422 in
0.0243 in
Zircaloy-4
0.563 in
144.0 in
15x15
Zircaloy-4
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Fuel Avg \Cvillll ‘Boron --BSS Cell Water -| "Keff |~
"Enrich. | Pitch | Thick. Conc. Thick. | ID Densityy or _
Variation (w/o) (in) (in) (w/o) (in) (in) (gm/cc)] AKeff
‘Reference Case - 3.5 | 10.9375]0.0825 | 1.1 0.100 9.00 0.998 0.933
Eccentric Fuel E cc. 3.5 10.9375 | 0.0825 l».l - 0.100 9.00 0.998 0.004
Fuel Enrichment -0.1 w/o 3.4 10.9375| 0.0825 1.1 0.100 2.00 0.998 -0.005
-0.2 w/o 33 10.9375] 0.0825 1.1 0.100 9.00 0.998 |-0.010
Average Cell Pitch +1/16" 3.5 11.0000 | 0.0825 l.1 0.100 9.00 0.998 -0.005
-1/16" 35 ' 10.8750 | 0.0825 1.1 0.100 9.00 0.998 0.005
Cell Wall Thickness -0.0025" 3.5 1,(.).9‘375 0.080 1.1 0.100 9.00 _0.998 -0.0003
+0.0075" 3.5 10.937510.090 L.l 0.100 9.00 0.998 | 0.0009
Boron Concentration -0.1 w/o 3.5 10.937510.0825 1.0 0.100 9.00  0.998 0.004
BSS Thickness -1/16" 3.5 10.9375|0.0825 1.1 0.9375 9.00 0.998 0.002
Cell ID -1/16" 3.5 10.93750.0825 1.1 0.100 | 8.9375 0.998 | -0.006
Water Temp/Density 68°F | 3.5 10.9375/0.0825 | 1.1 0.100 | 9.00 0.998 | 0.000
90°F 3.5 10,9375 | 0.0825 L1 0.100 9.00 0.993 |-0.001
150°F _3.5 | 10.9375 0;()825 1.1 © 0.100 9.00 0.980 | -0.006
212°F 3.5 10.93750.0825 1.1 0.100 | 9.00 0.958 |-0.013
250°F‘ 3.5 10.9375|0.0825 | 1.1 0.100 | 9.00 0.942 |-0.018

Table 7.2 - Pai‘amete'rs and Results of Variation Calculations
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1. SUMMARY

A radiological analysis has been performed on the spent fuel storage pool at
Indian Point Unit #2 for an expanded storage capacity of 980 assemblies.
This analysis included conservative estimates of exposure rates due to
radionuclides in the spent fuel storage pool and spent fuel assembly
movement in the pool. Accident analyses were also performed on spent fuel
assembly drop and cask drop accidents in accordance with the methods
outlined by Regulatory Guide 1.25 (see Appendix A).

Assumptions and methodology used in these evaluations were based partly on
material in References 1 through 6.

2. ASSUMPTIONS

2.1 Spent Fuel Storage Pool Water Exposure Rate

1.

5.

The exposure rate due to fission and activation products in the spent
fuel storage pool water has been calculated by Con Edison (Ref. 1)
using the following assumptions:

The radionuclide concentrations in the primary coolant are
based upon 0.12% failed fuel.

Fuel pool nuclide concentrations for all isotopes were computed
considering normal cleanup prior to refueling.

There is a uniform mix of reactor coolant and refueling water.

Refueling operations begin no earlier than 90 hours after
shutdown. ,

The pool water is considered as a self-attenuating slab source
with a constant source distribution, S(x) = S.

2.2 Spent Fuel Assembly Transfer

l’
2.

The exposure rate at the surface of the spent fuel storage pool due to
the transfer of one fuel assembly has been estimated by Con Edison
(Ref. 6) using the following assumptions:

No fuel is moved until.90 hours after shutdown.

The fission product gamma flux for the core at 90 hours after
shutdown has been calculated for a rated reactor thermal power
of 3216 MWt. (Ref. 5).
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3.  The height of the fuel pin is 149.7 inches.

4.  There is assumed to be 9-ft 4-in of water covering the fuel pins
(Ref. 5)

5. .The fuel element is modeled as a line source. -

2.3 Spent Fuel Assembly Handling Accident

The following assumptions were made for the spent fuel assembly
- handling accident.

1. " The accident occurs 90 hours after shutdown.

4

2. An accident (X/Q) value of 6.6 x 10~ sec/m3 has been used in

the calculations (Ref. 4).

- 3. The methodology of Regulatory Guide 1.25 has been assumed
for all calculations.

4. Doses were calculated using 3216 MWt power level. The source
term for this condition was supplied in Reference 3 and is
duplicated in Appendix A, Table 3.1. ' :

. . 2.4 Cask Drop Accident

1. The spent fuel transfer cask is not moved -until 90 days
following shutdown (Ref. 4). : ‘

2. Damage to an entire core (193 elements) is considered at a
maximum power level of 3216 MWt.

3.  The peaking factor is assumed to be 1.0 for this accident (Ref.

3).

4. All other assumptions for the spent fuel assembly handling -
accident apply for this accident analysis.
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3.1

3.2

33

3.4

3. RESULTS

Spent Fuel Storage Pool Water Exposure Rate

Using source terms corresponding to 0.12'% failed fuel in the reactor

core, an exposure rate of x = 1.10 mrem/hr has been calculated at the

surface of the pool.

Spent Fuel Assembly Transfer

The dose rate to an operator on the bridge hoist in the fuel storage
building or on the manipulator crane in the containment building
during fuel movement has been estimated to be less than 3.0 mrem/hr
90 hours after shutdown. This dose would be incurred only during
actual movement of spent fuel. o

Spent Fuel Assembly Handling Accident

Using the source term and (x/Q) values prévidéd, calculation of the

- absorbed doses to the total body and thyroid due to fission product

releases from a fuel element at a power level of 3216 MWt, using the
methodology of Regulatory Guide 1.25, yields: '

D 3.11 Rem

“total body

Dthyroid 26.6 Rem

These absorbed doses are a small fraction of the limits specified by
10 CFR Part 100. . '

Cask Drop Accident

Using the assumptions outlined in Section 2.4, the absorbed doses to
the total body and thyroid in a cask drop accident are:

D 12.7 Rem

total body ~

D thyroid 1.79 Rem

These absorbed doses are below the limits specified by 10 CFR Part
loo. . ’ ‘ A . )
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. F, = fraction of fuel rod

P = fuel peakmg factor
B = breathing rate = 3.47 x

"DF, =

- x/Q = atmospheric diffusion

F = fraction of core damaged
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iodine inventory in fuel
rod void space (0.1)

1 = core iodine inventory at

" time of accident (curies)

e s

" so as to release void space
iodine

100* cubic meters per
second (i.e,, 10 cubic
meters per 8 hour work
day as recommended by
the ICRP)

effective iodine
decontamination factor
for pool water

DFsy = effective iodine
decontamination factor
for filters (if present)

factor at receptor location
(sec/m®)
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R = adult thyroid dose
conversion factor for the
iodine isotope of interest
(rads per curie). Dose
conversion factors for
lodine 131-135 are listed

in Table 1. These values
were derived from
‘‘standard man'
parameters recommended -
in ICRP Publication 2.
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1. SUMMARY

Fuel storage racks have been designed to increase the present fuel storage capacity of the
Indian Point 2 spent fuel storage pool to a total of 980 assemblies. S

The maximum heat loads resulting from the expanded spent fuel storage have been
calculated for both normal and abnormal fuel discharge cases (see Appendix A).
Calculations indicate that the cooling capacity of the present fuel -cooling system is
adequate to handle the resulting normal and abnormal heat loads. '

The increase of the pool water bulk temperature as a function of time has been
determined assuming a failed heat removal system for normal and abnormal cases. (See
Appendix B.) '

‘The édeqdécy of natural circulation flow throughout the fuel racks to cool the fuel

assemblies was veriﬁeg (See Appendix C). Even with the bulk pool temperature at the
maximum value of 150°F, sufficient circulation exists to preclude local boiling in any fuel
assembly. : _

2. ASSUMPTIONS

2.1 MAXIMUM HEAT LOADS

" The maximum heat loads, resulting from the expanded spent fuel storage capacity, have

been calculated for two cases: the normal batch discharge and the abnormal full core
discharge. '

1. The assumed normal case consists of conservatively discharging a maximum of 90
fuel assemblies every 18 months with 90 hours of cooling time after shutdown. A
plant capacity factor of 85% was assumed. The maximum heat load is scheduled to
occur after the discharge of nine batches with adequate storage kept in reserve for

- a full core discharge. :

2. The assumed abnormal case is the discharge of a full core (193 assemblies) at any
time during the cycle. The maximum heat load has been determined to occur soon
after the startup following the scheduled refueling outage for the discharge of the
ninth batch. Cooling time to discharge is 400 hours after shutdown.

Decay heat generation is calculated according to Branch Technical Position APC 5B 9-2,
"Residual Decay Energy for Light Water Reactors for Long-Term Cooling", Dec. 24,
1975, including recommended uncertainty factors and actinide contributions. (For times

. greater than 107 seconds an uncertainty factor of 0.25 was used.) Rated reactor power is

3216 Mwt.
2.2 HEAT-UP RATES

Maxirhum pool water bulk temperature is conservatively asgumed to be 150°F. The
heatup rates and times to reach boiling temperature of 212°F are based on adequate

_mixing of the pool water.

FORM % NES 205 5/79
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2.3 VERIFICATION OF ASSEMBLY COOLING

. The natural circulation flow is calculated by establishing a thermal-hydraulic balance for
the worst row of assemblies (from a recent batch discharge with a 90-hour cooling period).
The flow is maintained by the thermal driving head produced by the decay heat generation
of each assembly. The pool ‘is modeled as a large volume with a bulk temperature
unaffected by local disturbances. The pressure losses considered in the analysis include:

1. ~ Friction losses in the downcomer region, in the rack inlet plenum and in the fuel
assembly.

* 2. Lossesin turns,
- 3. _ Form losses in the fuel assemblies at the inlet, outlet, and grid locations. - ,

Flow to-the worst row of cells is assumed to be available from-the narrowest downcomer
only. Coolant from the cask handling area and rack-to-rack gaps is conservatively
neglected. All fuel assemblies are assumed to have been freshly discharged (90-hour
cooling time) with radial peaking factors of 1.2.

A maximum bulk pool temperature of 150°F is assumed.

| . 1 - .~ 3. RESULTS AND CONCLUSIONS
3.1  MAXIMUM HEAT LOADS

The maximum normal heat load anticipated would be encountered after the discharge of
the ninth batch into the pool. The pool would then contain 740 assemblies. The
. .calculated decay heat generation-at that time is- 27.2 x.10% Btu/hr, assuming a.90-hour.. ... ... ..
cooling period after shutdown. : ' S C

The maximum abnormal heat load anticipated would occur resulting from the emergency
discharge of a full core (193 assemblies) into the pool two months after the discharge of
the ninth batch and one month after the subsequent startup. The pool would contain 933 -
assemblies. The calculated decay heat generation rate for this case is 31.6 x 10° Btu/hr, -
assuming a 400-~hour cooling period. -

The Indian Point 2 spent fuel pool heat removal system is rated to_remove 30.8 x 108
~Btu/hr from ‘the system with a pool water temperature of 135°F. If the water
temperature is allowed to increase to 150°F, 40.7 x 10® Btu/hr can be extracted from the
- spent fuel water. Consequently, the cooling capacity is adequate for both the normal and
abnormal discharge cases.

e .v‘.m._ e nTILE A L PAU g .t
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3.2 HEAT-UP RATES

In case of a complete failure of the Indian Point 2 spent fuel heat removal system, the
maximum heat-up rates calculated for the maximum normal and abnormal heat loads

anticipated are 13.0 and 15.1°F/hr, respectively. The total times available to perform

repairs for the maximum normal and abnormal heat loads are 4.8 and 4.1 hours,

respectively before makeup is required for pool boil-off. The makeup required is

approximately 57 and 66 gpm of water for normal and abnormal heat loads.

3.3 VERIFICATION OF. ASSEMBLY COOLING

The adequacy of the natural circulation flow to cool the worst row in the rack

- configuration was verified by establishing a thermal-hydraulic balance. The chief concern
is the possibility of local boiling due to flow starvation in some cells of the rack matrix as
a ‘result of excessive pressure losses in the natural circulation loops established in the
spent fuel pool. :

The analysis shows that even under the most conservative assumption, the natural
circulation in the pool is adequate to preclude boiling by a substantial margin, assuming a
bulk pool temperature of 150°F. The maximum temperature increase in the assembly
with minimum flow is 76.8"F, resulging in an outlet temperature of 226.8 F. This is below
the saturation temperature of 239" F, corresponding to the static head at the top of the

’ fuel assembly.

It should be noted that the maximum assembly outlet temperature of 226.8°F reported
above is unlikely to occur in the pool, as it is the result of excessively conservative
assumptions postulated to establish a calculational boundary. In the analysis, the major
portion of the total pressure drop in the natural circulation loop is caused by the selection
of the narrowest gap in the pool as the sole flow path to the bottom plenum from the
water above the racks. The expected mode of natural circulation is for the coolant to
reach .the plenum via least-resistant flow paths, such as the cask area, the north wall
downcomer gap of 11-9/10", the failed fuel elevator area, and between the 2-1/2" gap
between racks, all of which have been neglected in the analysis.

A0, = NEQ 29NR /78
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1. SUMMARY

The Indian Point 2 High Dens1ty Spent Fuel Storage Racks have been designed to meet
the requu'ements for Seismic Category 1 structures. A detailed non-linear time history
seismic analysis has been performed to evaluate the maximum sliding of the storage
racks and- to determine the maximum frictional resistance load transmitted by the
storage racks to the pool floor liner plate during the Design Basis Earthquake (DBE).

The non-linear time history seismic analysis has been performed using step-by-step
integration techniques. The hydrodynamic effect of the spent fuel pool water and the
effect of fuel assembly impact have been included in the analyses. The analysis

\lindicates that during a DBE seismic event: (1) the maximum sliding of an individual
storage rack is approximately 0.125 inches (assuming conservatively low coefficient of
friction of 0.20); (2) the maximum flexural deflection of the rack top relative to its
base is approximately 0.697 inches (conservatively assuming no sliding due to high
coefficient of friction); and (3) the storage rack will transmit a maximum frictional
resistance load of 170,933 pounds to the pool floor liner plate (assuming a coefflclent
of friction sufﬁc1ent1y high to preclude sliding). :

It has been concluded therefore, that the gaps prolvided between storage racks and
between storage racks and pool structure are sufficient to preclude any rack-to-rack
or rack-to-pool structure collisions under the DBE event.
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2. INTRODUCTION

Nuclear Energy Services, Inc. (NES) has designed the high density spent fuel storage
racks for Consolidated Edison Company (Con Ed) to be installed in the Indian Point 2
fuel pool. The racks are designed to provide storage locations for up to 980 fuel
assemblies (Reference 1). The spent fuel storage racks are designed to maintain the
stored fuel, having a maximum equivalent uranium enrichment of 3.5 percent of U-235
by weight in Uranium in a safe, coolable, suberitical configuration during normal and
abnormal conditions.
The Indian Point 2 high density fuel storage racks are a "free-standing” design (racks
are free to slide horizontally on the pool floor). The linear structural analysis of these
racks is. presented in NES report 81A0610 (Reference 2). Document 81A0610 presents
th ~tesults of the analysis determining the maximum linear seismic structural
esponses (stresses and reaction loads) of the racks conservatlvely assuming the
support feet locatxons to be pinned (not sliding) to the pool floor.

NES has performed a non-linear time history. seismic analysis to e\;aluate the response
of an individual fuel storage rack (maximum accumulated shdlng displacement) to the

Design Basis Earthquake (DBE) time history. The fuel rack is mathematically modeled

as a multi-degree-of-freedom finite element structure incorporating the stiffness
characteristics of the storage rack and fuel assembly/storage cell interface and the
storage rack leveling pad/pool floor interface.

This report presents the results of the non-linear time history seismic analysis which

‘was performed by NES to determine the maximum shdmg displacement of the storage

racks during a seismic event and to determine the maximum frlctlonal load transmit-
ted to the pool floor liner plate
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3. DESCRIPTION OF THE STORAGE RACKS

The Indian Point 2 high density fuel storage racks have been designed to provide a
‘maximum storage capacity of 980 locations. The arrangement of the fuel storage
racks in the spent fuel storage pool is shown in Figure 3.1. The fuel storage rack
arrangement contains five types of storage rack arrays including:

(1) Two racks of 8x8 array each.

(2) Two racks of 10x10 array each.

(3) One rack of 9x8 array.

(4) Two racks of 9x10 array each.
(5) Fiveracks of 8x10 array each.

Each rack consists of an assembly of 2x2 modules with the 9x8 and 9x10 racks
incorporating 2x3 modules as well. Each 2x2 or 2x3 modular cell unit consists of four
(4) or six (8) cells spaced nominally 10-15/16 inches on centers. Each storage cell is a
Type 304 stainless steel box (9 inches ID). Borated stainless steel sheets are attached
to the outside of the cell walls by means of welded brackets. The top opening of the
storage cell is flared to facilitate insertion of the fuel assembly; the bottom member
of the storage cell provides the level support surface required for the fuel assembly
and contains the cooling flow orifice.

Each modular cell unit (either 2x2 or 2x3) is supported by and welded to the rack base
grid structure constructed from Type 304 stainless steel wide flange and box beam
members. A schematic drawing of a representative 10x10 rack structure and an
individual 2x2 modular cell unit is shown in Figure 3.2. Continuous spacer beams are
provided at the top of the storage cells to ensure that the required pitch is maintained
between storage cells in both directions (north/south and east/west) under lateral load
conditions. The spacer beams which are intermittantly welded to the storage cells
‘also maintain the vertical alignment of the cells. Support pads attached to the bottom
of the rack base raise the rack above the pool floor to clear existing anchor pins on the
pool floor area and to provide an adequately sized cooling water supply plenum for
natural circulation. Each support pad contains a remotely adjustable jack screw to
permit the rack to be leveled following wet installation. The rack support pads will
rest directly on the pool floor wherever possible. In case of interference with the
existing floor shims, the pads will rest on local plates designed to bridge over the
shims.

The storage racks are positioned on the pool floor so that adequate clearances are
provided between racks and between the racks and pool structures to avoid impacting
of the sliding racks during seismic -events. Adequate clearances are also provided
between floor plate supports and existing floor shims to preclude impact in the case
that the plates slide relative to the shims in a seismic event. The horizontal seismic
loads transmitted from the rack structure to the pool floor are only those associated
with friction between the rack structure and the pool liner. The vertical deadweight
and seismic loads are transmitted directly to the pool floor by the support feet. The
storage racks' detailed design and their layout in the spent fuel storage pool are shown
in Reference 1 Drawings.
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4. APPLICABLE SPECIFICATIONS, STANDARDS, AND CODES
The following design specification, Regulatory Guides and Codes, have been used in
the design/analysis of spent fuel storage racks (References 3 through 7).
1.. Nuclear Energy Services, Inc. Document NES 81A0606, "Quality Assurance
Program Plan for the Indian Point‘ Generating Station Unit 2 Fuel Storage

Racks," November 1979.

2. Consolidated Edison Company, "Design, Fabricate, Deliver and Installation of
Spent Fuel Storage Racks," Specification No. MP79-001, Rev. 2, March 1978.

. 3. USNRC Regulatory Guide 1.92, "Combination of Modes and Spatial Components
in Seismic Response Analysis," Rev. 1, February 1976.

4. USNRC Standard Review Plan, Section 3.8.4.

5. USNRC "Position Paper for Review and Acceptance of Spent Fuel Storage and
Handling Applications," April 14, 1978 and Supplement, January 18, 1979.

FORM # NES 205 5/79
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5. ANALYSIS ASSUMPTIONS

The Indian Point Unit 2 spent fuel pool floor absolute acceleration time history shown

in Figure 5.1 (Reference 8) was used to evaluate the sliding response of the storage .
rack structure. This 10-second duration acceleration time history represents the 1% _
damping spectra for the Design Basis Earthquake.

- The review of available literature indicates that a wide range of static and dynamic
coefficients of friction are possible for stainless steel sliding on stainless steel in a dry
or wet environment. Reference 12 states that the coefficients of static and dynamic
friction can range from 0.3 to 0.8 for stainless steel on stainless steel. Since the
maximum sliding distance is established by the minimum coefficient of friction, a
conservatively low value was selected for the analysis (0.20). In order to establish the
maximum frictional load applied to the pool floor liner, it is necessary to select a
coefficient of friction sufficiently high to preclude any sliding. A value of 1.5 was
chosen because it represents a coefficient of friction ciearly expected to eliminate
any sliding.
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6. ACCEPTANCE CRITERIA
The acceptance criteria used in this analysis are:

(1) The minimum separation of 1.50 inches provided at the base level between

| adjacent racks (0.75 inches between racks and walls) should accommodate the
maximum sliding distances* calculated. Flexural deflection and horizontal
displacement distances due to tilting are not applicable at the rack base level.

(2) The minimum separatlon of 2.50 inches provided at the rack flared top level**
between adjacent racks (1.25 inches between racks and wall) should
accommodate appropriate and conservative combinations of the sliding, lifting
and tilting distances calculated. The combinations include adjacent rack tops
deflecting towards each other at their maximum displacement at the same time
that the racks reach the maximum sliding distance; as well as maximum tilting
occurring concurrently with maximum sliding. The flexural deflection and
horizontal displacement due to tilting cannot both occur at their maximum
values simultaneously since both mechanisms are caused by the same available
external energy.

* The sliding distance is the maximum displacement of the rack relatlve to its initial
position on the floor.

** The rack top separation is required to accommodate the sliding of the rack, the
flexural deflection at the top of the rack, the lateral displacement of the rack top due
to tilting, and appropriate combinations thereof

ENQM = NEQ 205 /70
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7. METHOD OF ANALYSIS
7.1 MATHEMATICAL MODEL

In order to perform the non-linear time history seismic analysis of the spent fuel
assembly/storage cell structure, a 10x10 storage rack and the stored fuel assemblies
have been represented by a two dimensional lumped mass finite element model (Figure
7.1). The model consists basically of two coincident. finite element cantilever beams;
one representing the 100 storage cells and the other 100 stored fuel assemblies
attached to a "floor" mass by means of a non-linear sliding element.

The fuel element cantilever beam consists of masses lumped at the nodal points

interconnected by discrete beam elements. Each lumped mass represents the tributary

. weight of the fuel element mass. The stiffness characteristics of the beam elements
“are related to the effective flexural rigidity of the fuel assemblies (Appendix A).

The storage rack cantilever beam. similarly consists of lumped masses interconnected
by discrete elastic beam elements. Each lumped mass represents the tributory weight
of the storage cells, water trapped inside the cells and the virtual water mass to
account for the hydrodynamic effects. The stiffness characteristics of the storage
rack beam elements are related to the dynamic characteristics (fundamental frequen-
cy of vibration) of the storage rack as determined by the Lanczos Modal Extraction
‘ o method of analysis (Reference 2). ’

In order to account for fuel assembly impact, adjacent masses of the fuel assembly
beam and the storage rack beam are laterally coupled by means of non-linear
spring/gap elements. The non-linear spring/gap elements permit the adjacent masses
to impact each other whenever the gap closes during a seismic event. The stiffness of
the non-linear spring is taken as the stiffness value for each spacer grid. An initial
gap of 0.287 inch, reflecting the lateral gap between the fuel assembly and the storage
cell wall, is provided. The non-linear spring/gap elements are effective for fuel -
assembly impact on either side of the storage cell.

The two cantilever beams representing the storage cells and fuel assemblies are
attached to the pool floor mass by means of the non-linear sliding element to best
represent the rack standing freely on the pool floor. The sliding of the rack is
initiated when the lateral force in the sliding element exceeds the frictional resistance
force which is equal to the coefficient of friction times the vertical weight of the
rack. The effective vertical weight is taken as the vertical bouyant weight of the
storage rack less the uplift loads due to the vertical component of the Design Basis
Earthquake. - : '

Since the storage racké with 8x8, 9x8, 9x10 and 8x10 arrays consist of 2x2 modules

characteristics are essentially similar to the 10x10 storage rack. The lateral seismic
inertia load and the frictional resistance load for the 8x8, 9x8, 9x10 and 8x10 storage
racks would be proportional to the 10x10 storage rack. The storage rack sliding
. response, which depends upon the relative magnitude of the lateral seismic load and

the frictional resistance load, will therefore be identical for the 10x10, 8x8x, 9x8,
9x10 and 8x10 storage racks. :

(9x8 and 9x10 racks have some 2x3 modules as well), their dynamic (frequency)
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7.2 - MATHEMATICAL FORMULATION OF THE NON-LINEAR TIME HISTORY
SEISMIC ANALYSIS

proportional) form of damping, the equation of motion in matrix form can be expressed
as follows: |

M(ﬁt+ﬁgt)+cﬁt+KUt=0 W |
Where:

ﬁt = Relative acceleration time history vector

U gt = Ground acceleration time history vector

M = Mass matrix |

C = Damping Matrix

K = Stiffness matrix

I:Tt = Velocity time history vector

Ut = Relative displacement time history vector

Rearranging equation (1):

MU, +CU, + KU, = -MU,, = F, _ (2)
The above equations of motion are solved using step-by-step numerical integration
methods. The numerical integration technique used in the analysis is the Houbolt
method (Reference 9). The straight-forward numerical integration of the equation of
motion has the advantage that non-linear effects, such as variation in K, M or C due to
closing or opening of gaps, sliding, large deflection and plasticity, can be readily
included in the analysis.

In the numerical integration procedure:

Uy_grees) - (3)

U = 10, Uy,
U = g(u, Upp Upge) ‘ (4)
U = h (Ut’ Ut_la Ut"Z’"‘) 3 . ) . (5)

Considering only translational degrees of freedom and assuming viscous (velocity -

" cORM % NES 205 5/79
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For third order integration used in the analysis, f is a cubic function and the
acceleration is a linear function aeross the time interval. Making these substitutions

_into Equation (2) gives:
(ClM+C C+K)Ut=Ft+f(C,M,U U

2 t-1’ t_—2"'“) (®)

Where C, and C, are functions of t-t_, and t_,-t_,, etc.
Using an iterative procedure, Equation (6) is solved at each time point in the dynamic

(seismic) transient. Since mass (M), damping (C) and stiffness (K) are recalculated at
each time point, they can vary with time or can be functions of the displacement.

The non-linear time history seismic analysis calculations are performed by means of
step-by-step integration technique using the ANSYS computer program (Reference 10).
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8. RESULTS OF THE ANALYSIS

The results of the non-linear time history seismic analysis of the Indian Point 2 free-
standing high density fuel storage rack performed with the ANSYS computer code are
contained in Reference 11. Appendices A through C contain the stiffness, mass
properties and rack support feet reaction load calculations. The results of the analysis
are summarized in Table 8.1.

8.1 FUEL STORAGE RACK SLIDING ANALYSIS

The maximum accumulated sliding displacement of the storage rack relative to its
initial floor location has been calculated to be 0.125 inches for the coefficient of
friction value of 0.20. This maximum displacement value represents the accumulated

" storage rack sliding response during the 10 seconds of the applied time history. A plot
of this accumulated sliding displacement versus time is shown in Figure 8.1.

The maximum accumulated sliding displacement value of 0.125 inches is approximately
16.7 percent of the minimum allowable clearance of 0.75 inches available for each
rack between the pool walls and their adjacent storage rack base structures, and
between rack bases.

The maximum rack top deflection was calculated to be 0.697 inches for a coefficient
. - of friction of 1.5, which precludes any sliding between the rack and the pool floor.

The maximum rack cell dispiacement (rack sliding plus cell top flexural deflection) is
therefore 0.822 inches at the flared opening level. This value is approximately 65.8
percent of the minimum available clearance value (1.25 inches) provided for each rack.

- It has therefore been concluded that the gaps provided between storage racks (2.5 inch
minimum) and between pool walls and adjacent storage racks (1.25 inch minimum) are
sufficient to preclude any collision of adjacent structures during a Design Basis
Earthquake event. It should be noted, that the assumption used in this evaluation of
two adjacent storage racks sliding towards one another during the seismic event with
simultaneously opposite deflections of the rack tops is unlikely and hence very

. eonservative.

8.2 FUEL STORAGE RACK MAXIMUM FRICTIONAL RESISTANCE LOAD

For the higher coeffi icient of friction of 1.5, the time history response of the frictional
resistance load between the storage rack and the pool liner plate is shown in Figure
8.2. From Figure 8.2 it can be seen that the maximum frictional resistance load
between the storage rack and the pool floor liner plate is 142,200 pounds. For this
case, no sliding occurred when establishing the floor loachng whlch verified the higher
coefficient of friction.

FCRM = NES 205 5/79
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In evaluating the effects of the horizontal orthogonal components of the earthquake, it
is considered unlikely that the two peaks will occur simultaneously. Therefore, the
average reaction force over a 0.05 second interval in the vicinity of the peak has been
assumed as the seismic force in each orthogonal direction. The resultant effective

- frictional reaction force affecting the liner plate and rack support feet due to the
orthogonal earthquake components is calculated to be 170,933 pounds. The results of
the rack stability analysis in NES Report 81A0610 (Reference 2) indicate that during a
DBE seismic event the storage racks will tilt, resulting in six of the nine rack feet
effectively transmitting the lateral seismic load to the pool liner. The maximum
reaction load for the individual rack feet is, therefore, 28,500 pounds. (Refer to
Appendix C.)
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TABLE 8.1
SUMMARY OF SLIDING ANALYSIS RESULTS

Rack Top Rack Base .
Maximum Rack Sliding Displacement! (in.) 0.125 ©0.125
Maximum Cell Tilting Horiz. Displacement?(in.) © 0.662  Negl.
‘Maximum Cell Deflection® (in.) | 0.697 Negl.
Maximum Sliding and Tilting (in.) 0.787 0.125
Maximum Sliding and Deflection (in.) 0.822 0.125
Maximum Clearances Provided 1.25% 0.75%
Maximum Floor Horiz. Frictional Force,
One Lateral Earthquake Component (1b) 142,200
Maximum Floor Horiz. Frictional Force,
SRSS Combination of Orthogonal Earthquake
Components (1b)® | 170,933
Maximum Horiz. Frictional Load per
- Rack Support Foot (1b)? 28,500

NOTES:
(1) Displacement relative to initial floor location (u = 0.2).

(2) Horizontal displacement for a 8x10 rack based on vertical lifting height
reported in Section 8.5 of Reference 2.

(3) Maximum cell flexural deflection with no sliding between rack and floor
(u = 1.5).

(4) Minimum clearance provided between pool walls and adjacent rack tops (half the
minimum clearance between adjacgnt rack tops_).

(5) Minimum clearance providéd between pool walls and-adjacént rack bases (half

the minimum clearance between adjacent rack bases).

(6) Average reaction force over 0.05 second interval of uni-directional earthquake

response assumed for each orthogonal direction.

(7) SRSS combination load assumed carried by six support legs.
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9. CONCLUSIONS

The results of the non-linear time history seismic analysis indicate that the
maximum sliding distance of the fuel storage rack during a Design Basis
Earthquake event is within the allowable displacement values which are based on
the minimum clearance to be provided between racks, between the local base

plates under the rack feet and the existing pool floor shims, and between racks
and pool walls.

During a seismic event, the fuel storage racks will not impact each other or the
storage pool structures.

The maximum horizontal frictional resistance load transmitted by the storage

rack to the pool floor liner is 170,933 pounds. The maximum frictional

resistance load for the individual rack foot is 28,500 pounds. *

The design of the Indian Point 2 ffee—-standing high density fuel storage racks is
adequate to meet the requirements for seismic Category 1 structures. -
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1. SUMMARY

The Indian Point Generating Station Unit 2 (Indian Point 2) high density spent fuel
storage racks have been designed to meet the requirements for Seismic Category I
structures. Detailed structural and seismic analyses of the high density storage racks
have been performed to verify the adequacy of the design to withstand the loadings
encountered during installation, normal operation, the severe and extreme environ-
mental conditions of the Operating Basis and Design Basis Earthquakes and the
abnormal loading conditions of an accidental fuel assembly drop event.

The response of the rack structure to the specified static and dynamic loading
conditions have been evaluated by means of linear elastic analysis using the finite
element method. The seismic response of the rack structure has been determined
using response spectrum modal superposition methods of dynamic analysis. The impact
effect has been considered by applying appropriate impact factors to the stresses and
reaction loads developed by the seismic analysis. Non-linear analysis and energy
balance techniques have been used to evaluate structural damage resulting from an
accidental fuel assembly drop. For the specified loading conditions, the maximum-
stresses and deflections of the rack structure have been calculated and shown to be
less than the allowable values. :

: It has been concluded from the results of the structural and seismic analysis that the
.; _ spent fuel storage racks are adequately designed to withstand the loadings associated
with normal operating and abnormal conditions. . _ '

cAoAs # NEQ P2N8 £/70
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" 2. INTRODUCTION

Nuclear Energy Services, Inc. (NES) has designed the high density'spent fuel storage =
racks for Consolidated Edison Company of New York Ine. (Con Ed) to be installed in -

the Indian Point 2 fuel pool. The racks are designed to provide storage locations for up
to 980 fuel assemblies. The spent fuel storage racks are designed to maintain the

stored fuel, having a maximum equivalent uranium enrichment of 3.5 percent of U-235 "

by weight in Uranium in a safe, coolable, subcritical configuration during normal and
abnormal conditions. : '

The Indian Point 2 high density fuel storage racks are "free-standing" design (racks are
free to slide horizontally on the pool floor). NES has performed the non-linear time

history seismic analysis to determine the maximum sliding displacement of the storage "

racks during a seismic event. The results of this non-linear time history seismic
analysis are provided in NES report 81A0615. Sufficient clearances will be provided

between the adjacent storage racks and between the storage racks and pool walls to .

preclude collision during a seismic event. However, in order to determine the
maximum seismic response (maximum stresses and reaction loads) of the storage
racks, the storage racks are conservatively assumed to be pinned (not sliding) to the
pool floor at the support feet locations. ' -

This report presents a summary of the results of the structural analysis performed by

NES to verify the design adequacy of the high density spent fuel racks to withstand
loadings which could be generated -during installation, normal operating and abnormal

conditions, including the dynamic loadings resulting from Operating Basis Earthquake,
Design Basis Earthquake and the effect of fuel assembly impact on the fuel storage

cells during earthquake events. The seismic responses have been calculated using

seismic response spectra of 1.0 percent equipment damping for the Operating Basis
and Design Basis Earthquake (References 2 and 3). The combination of modes and
spatial earthquake components in the seismic response analysis are based on NRC
Regulatory Guide 1.92 (Reference 4). -The impact effects have been considered by
applying appropriate impact factors to the load/stresses developed by the seismic
analysis. '

FORM # NES 205 5/79
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- 3. DESCRIPTION OF THE STORAGE RACK

The Indian Point 2 high density fuel storage racks have been designed to provide a

“maximum storage capacity of 980 locations. The arrangement of the fuel storage
racks in the spent fuel storage pool is shown in Figure 3.1. The fuel storage rack
arrangement contains five types of storage rack arrays including:

(1) Two racks of 8x8 array each.
(2) Tworacks of 10x10 array each.
(3) One rack of 9x8 array.

(4) Two racks of 9x10 array each.
(5) Five racks of 8x10 array each.

Each rack consists of an assembly of 2x2 modules (the 9x8 and 9x10 racks also include
2x3 modules). Each 2x2 or 3x2 modular cell unit consists of four (4) or six (6) cells
spaced nominally 10-15/16 inches on centers. Each storage cell is a Type 304 stainless
steel box with 9 inch inside dimension. Borated stainless steel sheets are attached to
the outside of the cell walls by means of welded brackets. The top opening of the

. storage cell is flared to facilitate insertion of the fuel assembly; the bottom member
of the storage cell provides the level support surface required for the fuel assembly
and contains the cooling flow orifice.

- Each modular cell unit (either 2x2 or 2x3) is supported by and welded to the rack base

‘ grid structure constructed from Type 304 stainless steel wide flange and box beam
members. A schematic drawing of a representative 10x10 rack structure and an

. individual 2x2 modular cell unit is shown in Figure 3.2. Continuous spacer beams are
provided at the top of the storage cells to ensure that the required pitch is maintained
between storage cells in both directions (north/south and east/west) under lateral load
conditions. The spacer beams which are supported on the storage cells also maintain
the vertical alignment of the cells. Support pads attached to the bottom of the rack
base raise the rack above the pool floor to the height required to clear existing anchor
pins on the pool floor area and to provide an adequately sized cooling water supply
plenum for natural circulation. Each support pad contains a remotely adjustable jack
serew to permit the rack to be leveled following wet installation. The rack support
pads will rest directly on the pool floor wherever possible. In case of interference
with the existing floor shims, the pads will rest on local plates desxgned to bridge over.
the shims.

The storage racks are positioned on the pool floor so that adequate clearances are
provided between racks and between the racks and pool structures to avoid impacting
of the sliding racks during seismic events. The horizontal seismic loads transmitted
from the rack structure to the pool floor are only those associated with friction
between the rack structure and the pool liner. The vertical deadweight and seismic
loads are transmitted directly to the pool floor by the support feet. The storage racks'

detailed design and their layout m the spent fuel storage pool are shown in Reference
1 Drawings.

FORM # NES 205 5/79



DOCUMENT NO. 81A0610

PAGE ____38 OF 46 _

o ! NUCLEAR ENERGY SERVICES, INC. -

NEW FUEL FAILED
" ELEVATOR - FUEL

35'-11 1/2" \
/////////J////////////// L L 4l t hod LNL< T
/ | 4 |
/ 8x8 8x8 8x10 8x10 / !

L/
y . .
~ e 7 r'
. l
g 10x10 10x10 © 10x8 -
A . L/ \
: ~
Ve /
r—~
A ~
A d _!
y S
. 4 L.
o | f
g 8x10 8x10 9x8 f
g | | g
y “
%
| s
] X . 4
A : ' ' 4
9x10 : - 9x10 CASK ”
o : AREA ¥
Ve . /
7 7 7 yamvd T 7 /é _J'

Figure 3.1 Fuel Storage Rack Arrangement Plan

FORM # NES 205 5/79



64/§ SOZ S3N # WHOZ

f‘——-———109~3/16'S‘Q

T Poison Typ

C

Rack Base
Structure

SIDE VIFW
Pool Floor

Figure 3.2 Indian Point 2

0 I
Tl =TS T 7 = ]
| -——_:: T
. Mmoo
183-1/2" _ _] [
_ TS
= =
-l L-— 10-15/16" Pitch
TOP VIEW
— 2x2 Modul
‘(P/—. e
) NI N OO T 1 O O N B I N )
LevellngPad (9)
I T\M |

Borated SST Fuel Storage Rack (10x10)

Typical Section Thru

2x2 Module

‘ONI ‘SIDIAHIS ADHINI HVII1ONN !

39vd

30

9%

‘ON LIN3IWNJ0a

8

0T90VY18




o ! NUCLEAR ENERGY SERVICES, INC. - DOCUMENT NO. 8140610

PAGE . 10 _of

46

1.

4. APPLICABLE SPECIFICATION, STANDARDS AND CODES

The following design specification, Regulatory Guides and Codes, have been used in
the design/analysis of spent fuel storage racks (References 2 through 7 and 14).

Nuclear Energy Services, Inc. Document NES 81A0606, "Quality Assurance
Program Plan for the Indian Point Generating Station Unit 2 Fuel Storage
Racks," November 1979. : '

Consolidated Edison Company, "Design, Fabricate, Deliver and Inétallation of
Spent Fuel Storage Racks," Specification No. MP79-001, Rev. 2, March 1979.

USNRC Regulatory Guide 1.92; "Combination of Modes and Spafial ‘Components
in Seismic Response Analysis," Rev. 1, February 1976. '

USNRC Standard Review Plan, Section 3.8.4.

USNRC "Position Paper for Review and Acceptance of Spent Fuel Storage and
Handling Applications," April 14, 197 8 and Supplement, January 18, 1979.

AISC Manual of Steel Construction, Seventh Edition, 1970.

1977 Annual Book of ASTM Standards, Parts 3 and 3.
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5. LOADING CONDITIONS

‘The following load cases and load combinations have been considered in the analysis in

accordance with the rgquiremepts of USNRC Standard Review Plan, Section 3.8.4
(Reference 5) and the USNRC Position Paper (Reference 6).

5.1 LOAD CASES

Load Case 1 - Deadweight of Rack, D + L (Normal Load) -

Under normal operating conditions, the rack is subjected to the deadweight loading of
the rack structure itself plus the loads resulting from the storage cells and the full
complement of fuel assemblies stored in the cells.

Load Case 2 - Deadweight Of Rack Plus lg Vertical Installation Load, D + LL.
(Normal Load)

During installation the rack is subjected to the loading resulting from its own
structural weight, weight of empty storage cells, plus a 1g vertical load resulting from
a suddenly applied crane load.

Load Case 3 - Deadweight of Rack Plus Uplifting Load, (D + U.L.) (Abnormal Load)

The possibility of the fuel handling bridge fuel hoist grapple getting hooked on a fuel
storage cell was considered. The axial upward force considered for this load case was
3,000 pounds, applied at two critical locations as indicated in Figure 7.4.

Load Case 4 - Operating Basis Earthquake, E (Severe Environmental Load)

The rack, fuel assemblies, and virtual water mass are subjected to the three-
dimensional simultaneous loading of the horizontal and vertical components of the
seismiec response acceleration spectra specified for the Operating Basis Earthquake
(2/3 DBE) in the Indian Point 2 Fuel Storage Rack Specifications (Reference 3) and
presented in Figure 5.1 and 5.2. The seismic analysis is performed for the fully loaded

- rack sinece this loading condition results in higher stresses and higher reaction loads.

The effects of fuel assembly impact during a seismic event are taken into account.

Load Case 5 - Design Basis Earthquake, E' (Extreme E_’nviAronrhental Load)

Same as Load Case 4 éxcept that the seismic response acceleration spectra corres-
ponding to the Design Basis Earthquake was used in the analysis (Figure 5.1 and 5.2).

Load Case 6 - Assembly Drop Impact Load, D.L. (Abnormal Load)

The possibility of dropping a spent fuel assembly on the rack from the highest possible
elevation during spent fuel handling was considered. A 1650 pound weight (spent fuel
assembly) was postulated to drop on the rack from a height of 48 inches above the top
of the rack. Three cases were considered: (1) a direct drop on the top of a 2x2
module; (2) a subsequent tipping of the assembly onto the surrounding storage cans; (3)
a straight drop through the storage cell and impact onto the rack base grid structure.
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Thermal Loading, T (Normal Load)

The stresses and reaction loads due to thermal loadings are insignificant since
clearances are provided oto allow unrestrained growth of the racks for the maximum
pool temperature of 150°F.

5.2 LOAD COMBINATIONS

A. For service load conditions, the following load combinations are considered:

’

(1) D+L
(2) D+L+T
(3) D+LL.
(4) D+L+E

(55 D+L+E+T
B. ' For factored load conditions, the following load combinations are considered:
. | (6) D+L+T+E

(7) D+T+U.L.
(8) D+L+T+D.L

EARAM 2 NFQ 2NR &/70
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6. STRUCTURAL ACCEPTANCE CRITERIA

The following allowable stress limits constitute the structural acceptance criteria used
for each of the loading combinations presented in Section 5.2.

Load
Combinations Limit*
1, 3, 4 | S
2,5 1.58
6, 7 1.6S or Fy (whichever is less)
8 ' % %k

Where S is the required section strength based on the elastic design methods and the
allowable stresses defined in Part 1 of the AISC "Specification for the Design,
Fabrication and Erection of Structural Steel for Buildings," February 12, 1969. The
yield stress value (F_) for Type 304 stainless steel is taken as 30.0 ksi from the
American Society foryl‘esting and Material, specification ASTM A240.

* The acceptance criteria are based on the applicable sections of the NRC Position
Paper on Fuel Storage Racks, SRP 3.8.4, and AISC Specification for the Design,
Fabrication and Erection of Structural Steel for Building, The Uniform Building Code.

*% The acceptance criteria for Load Combination 8, the accidental’spent-fuel‘

assembly drop on the rack, is that the resulting impact will not adversely affect the
overall structural integrity of the rack, the leak-tightness integrity of the fuel pool
floor and liner plate and that the deformation of the impacted storage cells will not

adversely affect the value of K gp OF ability to cool adjacent fuel elements. -

FCRAM

= NES 205 5/79
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given in References 8 and 9. The horizontal and vertical weights are distributed such
that the resulting lumped mass multi-degree-of-freedom model best represents the
dynamic characteristics of the fuel storage rack. The seismic analysis are performed
for the fully loaded racks since this loading condition results in higher stresses and
reaction loads. The boundary conditions and lumped mass locations for the honzontal
and vertical seismic analyses are shown in Figure 7.5. -

7.1.2 Mathematical Formulation of the Static Analysis

The static analysis of the finite element model has been performed using the direct

stiffness methods of structural analysis. If the force displacement relationship of each

of the discrete structural elements is known (the element stiffness matrix) then force-

displacement relationship for the entire structure can be assembled using standard
- matrix methods as shown below.

For each element:

ku=f , | (1)

Where:

k = Element stiffness matrix

u = Element nodal displacement vector

f = Element nodal force vector
For the idealized system the equation of eqmllbrlum may be wrltten, in matrix form as
follows: :

KU=F : , (2)

‘Where:

K = Assembled stiffness matrix for the system

= Tk
U = Nodal displacement vector for the system
F = External nodal point force vector

If sufficient boundary coniditions are specified on U to guarantee a unique solutlon,
Equation (2) can be solved for the nodal point displacements at each node in the
structure, knowing the system stiffness matrix and external force matrix. From the
displacement response of the system, the internal forces and stresses in each
structural element can be calculated.

as maimm AAr e swn
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7. METHOD OF ANALYSIS

7.1 RACK STRUCTURAL ANALYSIS

7.1.1 Mathematical Models

A 10x10 rack has been analyzed in detail. This rack conservatively represents the
controlling structural case since it has the longer beam span and will be loaded by
greater seismic loads than the smaller racks. The dynamic (frequency) characteristic
of the rack is essentially controlled by the dynamic characteristics of its component
2x2 or 3x2 modular cell units. Although the fundamental frequency of the 3x2 modular
cell unit is higher than that of the 2x2 modular cell units, the design seismic spectra is
such that the lateral seismie G loading for the 2x2 and 2x3 modular cell units will be
essentially similar.

In order to perform static, dynamic and stress analyses of the fuel storage rack
structure, the rack has been mathematically modeled as a finite element structure
consisting of discrete three-dimensional elastic beam and plate elements interconnect-
ed at a finite number of nodal points. Stiffness characteristics of the structural
members are related to the plate thickness, cross sectional area, effective shear area
and moment of the inertia of the element section.

Appropriate support connections are provided at the support feet for both static and
dynamic analysis. The feet locations have been selected to represent a conservative

. support configuration that will result in maximum stresses in the rack base struecture.
Six degrees of freedom (three translations and three rotations) are permitted at each
nodal point. The three-dimensional finite-element model of the fuel storage rack with
node and element numbers is shown in Figures 7.1.a through 7.1.c. ’

For the static deadweight and live load analysis, the distributed masses of the
structural elements, storage cells and fuel elements are lumped at the 2x2 module
system nodal points. Similarly, for Load Case 2, rack installation and removal
analysis, the distributed masses of the structural elements and the cells are lumped at
the 2x2 module system -nodal points. - The effect of suddenly applied crane load is
considered by applying a 1g vertical load in addition to the deadweight loading. For
Load Case 3, a net vertical uplift load of 3,000 pounds is applied at the worst location
of the storage rack. Applicable loading and boundary conditions for the static load
cases are shown in Figure 7.2 through 7.4. '

For the horizontal and vertical seismic analyses, a mathematical model was developed
to represent the 10x10 rack. This model consists of twenty-five (25) lumped mass
cantilever beams (representing twenty-five 2x2 modules) rigidly attached to the rack
base structure and attached to each other at the top by spacer bars. Each lumped
mass cantilever beam has three masses and has the same dynamic (frequency)
characteristics as a 2x2 module. This model is used in calculating the maximum
stresses in the rack base structure and the reaction loads and stresses in the rack
‘ support feet. The distributed masses corresponding to the fuel assembly storage cells,

poison elements and contained plus hydrodynamic mass are lumped at appropriate
nodal points. The hydrodynamic mass calculations are based on recommendations

it s~ A 2O
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7.1.3 Mathematical Formulation of the Dynarhic Analysis

A. "Eigenvalue Analysis

The eigenvalues (natural frequencies) and the eigen.vectors (mode shapes) for each of '

the natural modes of vibration are calculated by solving the following frequency
equation: : ,

(K - M) {q;n} = {o} ' : (3)
Where: |
w, = Natural angular frequeney for the nth mode
M = System mass matrix
¢n = ‘Mode shape vector fdr the nth mode
. _

= Null vector

The eigenvalue/eigenvector extraction is performed using the Lanczos Modal Extrac-
tion Methods.

B. Dynamic (Seismic) Load Analysis

Considering only translational degrees of freedom and assuming viscous (velocity
proportional) form of damping, the equation of motion in matrix form can be expressed

as follows: :

MU, + fjgt)+ CU, +KU, = 0 4)
Where: '

tjt = Relative a_cceleration time history vector

U gt = Ground acceleration time history vector

cC = Damping matrix

th = Velocity time history vector

Ut = Relative displacement time history vector

FCRM # NES 205 5/79
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Rearranging equation (4):

MU, +CU, + KU, =-MUy, = 'Equf _ (5)
To uncouple equation (5), assume:
U = ¢Yt

Where:

Characteristic free vibration mode shapes matrix

Y

t Generalized coordinate displacement time history vector

Applying the above coordinate transformation and multiplying equation (5) by the
transpose of ¢ and using orthogonality conditions, the following uncoupled equations of
motion are obtained: ' : :

L] ’ 2 _1 ve
Y *+20d Y  +02Y -M* 'R U (6)

nn nt "n nt= gt
Where:
Ynt = Generalized displacement coordinate time history for nth mode.
>‘n = Dampjng ratio for the nth mode expressed as percent of critical
damping.
MP = Generalized mass for the nthque

= T = T a2 -
- op Mo, = XMi %n
The mode shape ¢n is normalized such that M; =1

Participation factor for the n'" mode.

Ry

T -
op MI = Mi<|>in

I Column vector whose elements are generally unity

The solution for the differential equation (6) is given by the Duhamel Integral:

o n A w (t-1)
Y == t nn .
nt = M¥a fo Ugte Sinw (t-ﬁ:) dr

FORM # NES 205 5/79
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Using the response spectrum method of analysis, the maximum values of the
generalized response for each mode is given by:

s _ Rns'zam

Y =
n max M’r';

Where:
Y = imum generalized coordinate acceleration response for the
n max rl\l%xmode. . AR :
S = Maximum spectral acceleration value for the nth mode (from
an

the applicable response spectrum curve, considering a _+_10,?g
variation in the calculation natural frequency for the n
mode). : '

From the maximum generalized coordinate response the maximum acceleration

(U n max) and maxu'num inertia forces (Fn max) at each mass point are given by:
Un max Yn max ¢in
Fy max My U max
The inertia forces (F ) for each of the system natural modes are applied as

external static f_orcesr,l gﬁ%xsystem response (displacements, member internal forces
and stresses) are calculated using the procedure described in Section 7.1.2. Total
system response is than obtained by combining the individual modal response values in
accordance with Regulatory Guide 1.92 (Reference 4); lower modes having large
contribution to the response are considered and higher modes with negligible participa-
tion are neglected.

The combined seismic response of the three spatial components of the earthquake has
been obtained by taking the square root of the sum of the squares of the corresponding
maximum response values due to the three components calculated independently
(Regulatory Guide 1.92, Reference 4).

FORM # NES 205 5/79
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7.1.4 Stress Analysis
From the internal foreces at the ends of each structural member, the stresses are
calculated using the following equations: :
£ - Fxl
a A
M
o X2
fox2 = 7T, % Cs
M
- X3
foxs =~ % Ca
fmax = fa ¥ fbxz ¥ fbx3
. . fmin - fa ™ Toxa ~ Toxs
Where: »
f a = Axial stress
fbxz = Bending stress due to moment about member x2 axis
fbx3 = Bending stress due to moment about member x3 axis
f max = Maximum tensile stress due to axial load plus bi-axial bending
moments
f min - Maximum compression stress due to axial load plus bi-axial
bending moments
Fxl = Member axial force in member x1 direction
Mxl’ sz, Mx3 = Moment about member x1, x2, x3 axes respectively
A -= Member cross sectional area
12, 13 . = Moment of inertia about member x2 and x3 axes respectively
CZ’ C3 . = Edge distance of the struetural section from neutral axes in x2
-and x3 direction of member coordinate system.
‘1 The structure analysis and stress analysis calcuations are performed using the
STARDYNE computer program (Reference 10).

FORK # NES 205 §/79
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7.2 WATER SLOSHING EFFECTS

The sloshing effects of water on the fuel racks have been evaluated using the
analytical methods given in USAEC's TID7024 "Nuclear Reactors and Earthquakes,"
Reference 11. :

7.3 FUEL ASSEMBLY IMPACT LOADS

Clearances are provided between fuel assemblies and the storage cells to avoid
interferences during fuel storage and removal operations. The storage cell/fuel
assembly clearance or gap results in the impacting of the fuel assembly and storage
cell during a seismic event. The Indian Point 2 fuel storage racks have been analyzed
using the linear response spectrum modal superposition methods of dynamic analysis.
‘In these seismic analyses, the effect of impacting masses has been conservatively
accounted for by imposing the following assumptions: oL

1. All storage cells contain the fuel assembly.
2. All fuel assemblies simultaneously impact the storage cells.

. , 3. - The effect of fuel assembly impact is a two-fold increase in the seismie
inertia loadings produced by the impacting fuel assemblies mass*.

4.  The impact and seismic inertia loads of the impacting masses are added to
the seismic inertia loads of the non-impacting masses. The calculations for
the effective impact factors are presented in Appendix C.

!

7.4 ACCIDENTAL SPENT FUEL A.SSEMBLY DROP ANALYSIS

Linear and non-linear analysis technidueé using enei'gy balance methods as indicated in
Appendix D are used to evaluate the structural damage resulting from a spent fuel
assembly drop onto the rack. A

7.5 SPENT FUEL RACK STABILITY ANALYSIS

The stability of the free-standing fuel storage rack has been evaluated using energy
balance methods as indicated in Appendix E. ' 4

* The use of an impaect factor of 2.0 is conservative as verified by comparing the base
shear and overturning moment response results of the linear response spectrum modal
‘ superposition analysis (this report) and the non-linear time history analysis (NES
81A0615, Ref. 13). ' _ ‘
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8. RESULTS OF ANALYSIS

The results of static and seismic structural/stress analysis of the Indian Point 2 high ’
density fuel storage racks performed with the STARDYNE computer code are
contained in Reference 12. :

Appendices A through E contain the beam property table used in the rack analysié, the
water sloshing. analysis, the effective impact factor calculation, the accidental fuel
drop analysis and spent fuel rack stability analysis.

8.1 RACK STRUCTURAL/STRESS ANALYSIS

The natural frequencies of vibration of the representative 10x10 fuel storage rack are
given in Table 8.1 along with their corresponding modal participation factors. The
first mode frequency of 3.39 cycles per second represents the first mode frequency of
the storage rack structure including the flexibility characteristics of the rack base
structure and support feet. ' »

The results of the rack structural/stress analysis, which included rack and fuel
assembly impact, are summarized in Table 8.2. Table 8.2 presents the maximum
stresses and deflections in each type of rack structural member for the various load
combinations developed in accordance with the NRC Standard Review Plan, Section
3.8.4 and compares them with the allowable values as specified in the acceptance
’ criteria of Section 8. From these tables it can be seen that the maximum stresses in
various structural members of the rack are nominal and within the allowable limits.

8.2 SPENT FUEL POOL FLOOR LOADS

The maximum reaction loads transmitted to the pool floor resulting from the dead
weight, live loads, thermal effects and seismic loadings are presented in Table 8.3.
These maximum reaction loads are calculated considering the storage rack to be fully "
loaded with spent fuel assemblies and include the impact effects of the fuel
assemblies.

8.3 WATER SLOSHING EFFECTS

The effects of water sloshing in the fuel storage pool for a Design Basis Earthquake
has been evaluated using the analytical method deseribed in Reference No. 11.

Detailed calculations to evaluate the effects of sloshing water on the storage racks
indicate that the sloshing water mass will exert small econvective forces on the storage
racks. The maximum econvective forces on the storage racks resulting from the
North/South and East/West Design Basis Earthquake are calculated to be 0.31 kips and
0.75 kips respectively. These convective forces are significantly smaller than the
impulsive water forces (27.25 kips) resulting from the effects of constrained water
mass on the storage racks. 'The effects of the impulsive water forces have been
considered in the seismie analysis by adding the hydrodynamic and trapped water mass

~ to the real weight of the rack structure and fuel elements. It has, therefore, been
.I concluded that the sloshing water mass will have insignificant effects on the fuel
storage racks.
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8.4 ACCIDENTAL SPENT FUEL ASSEMBLY DROP ANALYSIS

The results of the spent fuel assembly drop analysis using energy balance methods
(Appendix D) are summarized in Table 8.4. From Table 8.4, it can be seen that for a
straight drop of a fuel assembly on top of the storage cell, the maximum stress'in the
storage cell is slightly greater than the dynamie yield stress for stainless steel, thus
‘indicating that the storage cell and its flare will undergo local permanent deformation
but the overall storage rack structure will not yield. It can also be seen that the
maximum stresses in the rack base structure are within the allowable values. The
maximum punching shear stress in the liner plate is less than the allowable shear stress
value, thus indicating no damage to the liner plate. The external kinetic energy of the
dropped fuel will be absorbed in the local deformation of the storage cell flare at the
top of the storage cell. However, the liner plate will not be perforated, insuring the
leak-tight integrity of the fuel pool liner plate will be maintained.

For the case of the inclined drop of the fuel assembly on top of the storage rack, the
maximum external kinetic energy (25.08 in-k) per storage cell is less than the kinetic
energy for the straight drop of a fuel assembly on top of the storage cell (79.20 in-k).
Therefore, the damage to the storage rack and the liner plate from the inclined drop
of a fuel assembly on the top of a storage rack will be less severe than that of the
straight drop event. - '

The free fall of a fuel assembly through the storage cell from a height of 48 inches
above the top of a storage rack and its impact on top of the cell base plate and rack
base structure was analyzed using empirical missile equations (the Ballistic Research
‘ _ Laboratory). ' ’

The results indicate that the maximum thickness of steel plate that could be
perforated by such a missile is slightly greater than the thickness of the cell base
plate. Therefore, during a fuel assembly drop accident of this type, the fuel assembly
lower end fitting feet will perforate the cell base plate, however the lower end fitting
Support plate will prevent further penetration of the fuel assembly and subsequent
impact to the pool floor liner plate. The kinetie energy developed during the free fall
will be absorbed by both the bending and shearing of the cell base plate.

Sinee for this fuel assembly drop case, the external energy is absorbed in the flexural
deformation of the flexible cell base plate and rack base structure, the reaction load
- transmitted to the rack base structure, rack feet and pool floor is less than that for
fuel assembly drop on top of the storage cell. Therefore, the damage to the pool floor
~ will be less severe for the fuel assembly drop through the storage cell than that for the
fuel assembly drop on top of the storage rack.

It should be noted that the fuel assembly drop analyses have been performed by
conservatively assuming that: (1) the fuel assembly drops from a height of 48 inches
above the top of the storage cell, and (2) no energy will be absorbed by the fuel
assembly itself. During fuel handling operations, the fuel assembly will actually be
lifted less than 48 inches above the top of the storage cells. The energy absorbed in
the deformation of the flexible fuel assembly should result in less damage to the
storage rack and the pool liner plate than that predicted by the conservative analysis.

- It has, therefore, been concluded that neither the straight nor inclined drop of the fuel

' assembly on top of the storage cell, or the straight drop of the fuel assembly through

the storage cell and impact on top of the rack base structure will damage the storage

~ rack and the pool liner plate sufficiently to adversely affect the value of keff or the
leak-tight integrity of the pool. :
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¢ TABLE 8.1
PERTINENT NATURAL FREQUENCIES OF VIBRATION AND MODAL
PARTICIPATION FACTORS (10 x 10 RACK FULLY LOADED)
MODAL PARTICIPATION FACTORS
MODE FREQUENCY X1 x2 X3
NUMBER  (CPS) DIRECTION  DIRECTION  DIRECTION
1 3.390 -0.059 1.977 0.0
2 3.572 2.073 0.078 -0.007
3 3.637 0.325 0.218 -0.002
4. 3.705 1.515 -0.064 0.0
5 3.744 -0.023 -0.739 0.0
6 3.752 -0.089 0.023 0.0
o 7 "3.768 0.161 0.025 0.0
8 3.771 0.276 ~0.040 0.0
9 3.771 0.006 0.407 0.0 -
10 3.772 0.211 0.012 0.0
11 20.023 10.017 - -0.725 1-0.004
12 20.485 ~0.783 ~0.010 0.038
13 91.491 -0.172 -0.071 -0.023
14 22.697 -0.077 0.057 ~0.141
15 23.107 -0.003 -0.175 0.026
16 23.218 -0.042 -0.002 ~0.097
17 23.352 -0.015 ~0.001 ~0.060
18 23.367 -0.014 0.001 -0.073
® 19 23.436 0.014 -0.005 0.060
|
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® n TABLE 8.1 (cont'd)

MODAL PARTICIPATION FACTORS

" MODE FREQUENCY XI X2 X3

NUMBER _ (CPS) DIRECTION  DIRECTION  DIRECTION
20 23.439 -0.003 | -0.028 0.003
21 24,117 0.044 -0.015 0.979
22 26.259 -0.008 0.014 0.069
23 27.629 ~0.042 0.226  0.226
24 28.343 0.088 0.042 . -0.646
25 28.423 -0.044 -0.007 -~ -0.105
26 29.568 -0.002 _ 0.001 - - -0.080
27 29.649 -0.004 0.018 0.160
28 29725 -0.008 - -0.016 0.115

¢
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TABLE 8,2 RESULTS OF STRUCTURAL/STRESS ANALYSIS

I'ULLY IOADE'O x10 RACK

MAXIMUM BEAM STRESSES (KSI)

LOMD STRUCIURAL AXTAL " BENDING COMBINED*
COMBINATION ELFMENT ELEM : - STRESS
DESCRIPTION No. |CALCULATED | ALLOWABLE CAICULATED | ALLOWABLE RATTO
' fa Fa fby/fb3 Fby/Fbsy
1. D+ L Support leg 2 3.55 20.0 2.40/2.70 | 20.0/20.0 | 0.433
2. D+L+T Interior Support - 28 0.27 20.0 5.83/0.18 | 20.0/20.0 |. 0.314
Beams '
bead Vieight of Rack, : ; '
Storage Cells and Exterior Support 68 0.36 20.0 5.36/0.12 20.0/20.0 0.292
Fuel Assenblies Beams " ' '
(Negligible Thermal _ .
Load) Interior Spacer 241 0.31 20.0 —_— - 0.016
Exterior Spacer 244 0.27 20.0 - -— 0.014
Beams '
Storage Cell 230 | Negligible — 0.10/1.06 | 18.0/18.0f 0.054

*Must be < 1.0 for

camponent acceptability per AISC.
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TABLE 8,2 RESULTS OF S

FULLY LOAD

CTURAL/STRESS ANALYSIS
10x10 RACK (Cont'd)

MAXIMUM BEAM STRESSES (KST)

*Must be < 1.0 for

camponent acceptability per AISC.

LOAD STRUCIURAL AXTAL BENDING
COMBINATION ELEMENT ETFM .
DESCRIPTION NO. |CALCULATED | ALLOWABLE CALCULATED ALLOWABLE. RATTO
' fa ' Fa fby /b3 Fby/Fbq
3. D+ I.L. Support Ieg 9 1.60 - 2000 4.10/4.10 | 20.0/20.0 0.490
Dead Weight of Interior Support ° 54 0.12 ~20.0 0.26/2.54 20.0/20.0 0.146
Rack Including Beams .
Storage Cells Plus A
1 G. Vertical In- Exterior Support 45 0.53 20.0 0.71/5.83 20.0/20.0 0.354
. stallation Load Beams ' . _
Interior Spacer 232 0.29 20.0 _— -— 0.015
Beams :
Exterior Spacer - 1247 0.50 20.90 —_— —_— 0.025
Beams .
Storage Cell 295 | legligible — 1.45/1.43 | 18.0/18.0 0.160
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TABLE 8,2 RESULTS OF STRUCTURAL/STRESS ANALYSIS

‘ FULLY LOAD 0x10 RACK (Cont'd)
_ MAXIMUM BEAM STRESSES (KSI)
IOAD STRUCTURAL
AXTAL BENDING
COMBINATION ELFMENT "ELEM -
DESCRIPTION NO CALCULATED | ALLONABLE CALCULATED ALLOWABLE RATIO
| | fa Fa fby/fb3 Fby/Fby
' o * %

4. D+ L+E Support lLeg 3 8.45 20.0 5.38/5.42f 20.0/20.0 0.700
5. D+L+T+E | Interior Support - | 30 0.76 20.0 10.78/0.59 120.0/20.0 | 0.607
Dead Weight of Rack, : :
Storage Cells, Fuel| Exterior Support 43 1.45 20.0 15.46/0.45 20.0/20.0 0.868
Assenbly Plus tne Beams : '
OBE Seismic Event L _ .
‘(Negligible Thermal| Interior Spacer 257 0.82 20.9 - -— 0.041
Ioad Included) - | Beams _

1 Exterior ' Spacer 244 1.10 20.0 _— _— 0.055

| ‘ . : _' * %

| storage cell 278 | megligible — | 7.97/14.89 18.0/18.0 0.936
*Must be < 1.0 for component acceptability per AISC.

: N . .
** See App F
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TABLE 8,2 RESULTS OF STRUCTURAL/STRESS ANALYSIS

—Q ‘ FULLY IOAD 0x10 RACK (Cont'd)
| MAXIMUM BEAM STRESSES (KSI)
LOAD STRUCTURAL —
COMBINATION ELEMENT ELEM AXIAL - me
DESCRIPTION No. |CALCULATED | ALLOWABLE CAICULATED | ALLOWABLE RATTO
e fa Fa fbo/fb3 Fby/Fbs
. . ; * %
6. D+L+T+E' Support Leg -3 10.90 30.0 9.35/11.24 | 30.0/30.0 0.760
Dead Weight of Rack,| Interior Support C j55 - 1.10 30.0 19.49/0.98 | 30.0/30.0 0.719

Storage Cells, Fuel | Beams

Assernlies, Plus o : . ' ’

DBE Seismic Event Exterior Support . 15 2.10 30.0 . 21.00/0.64 30.0/30.0 0.798
(Negligible Thermal | Beams ' : 3

Load Included)-

"ONI ‘S3OIAHIS ADHINT HVI1ONN B

Interior Spacer | 257 1.17 30.0 — — 0.039
Exterior Spacer | 228 ‘ 1.52 v 30.0 - —— : 0.051
Beams : - ; _ , '

1 , : ] * %
Storage Cell 278 | Negligible | - —  |18.94/13.74128.8/28.8 0.812

o)
o .
0
c
=
m
1
2 z
m O
W 0o
0o
D>
=]
o\
, e B
*Must be < 1.0 for component acceptability per AISC.
** See App F o ‘ : E =




TABLE 8 2 RESULTS OF STRUCTURAL/STRESS ANALYSIS
; 0x10 RACK (Cont d)

FULLYIDI\D

STRUCTURAL

: MAXIMUM BEAM STRESSES (KSI)

I0AD
COMBINATION ELEMENT | e AXTAL ; BENDING
DESCRIPTION - NO CALCULATED |ALLOWABLE - | CALCULATED ALLONABLE _ RATIO
> fa Fa | fbo/fb3 Fby/Fbq :
7. D+ T+U.L Support Ieg - 6 0.60 30.0 0.43/0.50 | 30.0/30.0 0.051
Dead Weight of Rack| Interior Support:f | 28 | Negligible — 1.12 30.0 0.037
Plus 3000 l1b. Up- | Beams - | :
lift Ioad : . ' - :
Exterior Support 68 | Negligihble -— 1.01 30.0 0.034
Interior Spacer -- | Negligible - _— —_ _—
Beams
Exterior Spacer - Negligible - - —_— —
Beams °
| storage cell 268 -| Negligible - 0,044 |

Must be < 1.0 for

component acceptability per ATSC.

11.20/0.08

28.8/28.8
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TABLE 8.3
- MAXIMUM FLOOR LOAD SUMMARY - -
MAX HORTZONTAL _ MAX VERTICAL
REACTION LOAD (K) REACTION LOAD (K)
| e | e | D4y D+L+OBE |D+L+ DRE
" INDIVIDUAL : . _
SUPPORT PAD | 33.18 47.12 45.16 106.67 137.98
| 10x10 RACK. 173.90 26 204 .
‘ﬂ » | 3. 63.85 04.77 228.11 239.99

* The maximum horizontal reaction loads are conservatively generated
assuming no sliding between the support pads and the pool floor.

.

SORM = NES 205 S/79



! NUCLEAR ENERGY SERVICES, INC. : ' DOCUMENT No. _ 81A0610

46

PAGE 41 OF
TABLE 8.4
RESULTS OF AN ACCIDENTAL SPENT FUEL ASSEMBLY DROP (LOAD CASE 6)

: : : Calculated Allowable
Straight Drop on Top of Storage Cell _ Value Value
Weight of Fuel Assembly (kip) 1.650 -
Maximum Drop Height (in) 7 48.0 : -
Kinetie Energy of Drop to _ e
be Absorbed (in-k) | 79.2 —
Maximum Strain in Storage 1
Cell (in/in) B 0.00445 ] 0.485
Maximum Cell Axial Deformation '
(in) 0.735 : -
Maximum Stress in Cell (ksi) 39.58 36.00%

(103 00)

Maximum Transmitted Reaction Load 4 _
(kips) . 129.27 - —
Maximum Stress in Rack Base _ 9
Structure (ksi) 35.58 ~ 36.00
Maximum Support Leg Load
(kips) 135.65 —
Maximum Local Bearing Stress | SO ST »
-on Concrete Floor (ksi) 2.70 ' ' 3.57
Maximum Punching Shear Stress in the o ‘ 3
Liner Plate (ksi) 21.60 : - 23.04
Inclined Drop on Top of Storage Cell
Maximum External Kinetic Energy per :
Storage Cell (in-k) 25.08 79.2
Maximum External Kinetic Energy : :
(in - k) 131.12 —

FORM & NES 205 s8/79
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. N ‘ e TABLE 8.4 (Cont'd)

RESULTS OF ACCIDENTAL SPENT FUEL ASSEMBLY DROP (LOAD CASE 6)

Calculated " Allowable

Straight Drop Through the Storage Cell - B Value _ Value
Maximum Drop Height (in.) 3 213.25 =
Maximum Free Fall Impéct Velocity | '_ | '
(ft/sec) ' . 33.81 —_
Maximum External Kinetic Energy (in. k) 1 351.86 : —
Maximum Unsupported Plate Thickness

That May be Perforated by Missile ‘

Free Fall Velocity, (in.) 0.6113 -
BRL Formula 0.454 ©0.50
Maximum Transmitted Réaction Load

(kips) ' 57.65 -

1. Ultimate strain for stainless steel.
2. The allowablg stress value represents dynamié yield stress for stainless steel.
3.*Allo'vvab'1e shear stress value 36.0 x 1.6 x 0.4 = 23.04 ksi.

4. Ultir_ngté stress for stainless steel.

FORM = NES 205 $/79
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. 8.5 SPENT FUEL RACK STABILITY ANALYSIS

The results of the 10x10 spent fuel storage rack stability analysis using energy balance
methods (Appendix E) indicate the following: -

1.  The storage rack will remain stable during Operating Basis Earthquake (OBE) and
Design Basis Earthquake (DBE) events. During OBE event, the storage rack will
not lift up. During DBE event, one edge of ‘the rack will lift up no more than
0.3182 inches.

2. For DBE event, the maximum impact load that will be generated during
recontact with the pool floor has been calculated to be 511 kips. The maximum
impact load will act as an impulse load on the pool floor. It should be noted that -
all the racks will not recontact the pool floor simultaneously.

3. A maximum reaction load of 106.6 kips will be developed in any single foot of
the rack. "The reaction load of 106.6 kips is smaller than the maximum reaction
load of 137.98 kips resulting from dead plus live plus DBE seismic loadings.

4. The maximum stresses generated in the rack base structure is in the order of
35.4 ksi, which is less than the allowable stress value of 36.0 ksi*.

The spent fuel storage rack stability analysis has been performed by conservatively
assuming that no energy will be absorbed in the local deformation of the rack base
structure, pool floor liner plate and concrete under the rack feet.

‘ It has, therefore, been concluded that the storage rack will maintain its structural
integrity during liftup and recontact to the pool floor. '

* Dynamic Yield Strength

FORM # NES 205 5/79
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9. CONCLUSIONS

The results of the seismic and structural analysis indicate that the stresses in the
rack structure resulting from the loadings associated with the normal and
abnormal conditions are within allowable stress hmlts for Seismic Category I
structures.

Sloshing of pool water in a seismic event will have 1n51gmflcant effects on the

fuel storage racks.

The analysis of the accidental fuel assembly drop condition indicates acceptable
local structural damage to the storage cells with no buekling or collapse, and no

puncturing of the stainless steel liner. Therefore, no significant changes in the

value of k £f will occur and the leak-tightness of the fuel pool will be
maintained.

It is concluded that the designs of the Indian Point 2 high density fuel storage
racks are adequate to withstand the loadings of normal and abnormal conditions.

FORAN = NES 205 5/79
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10.
11.

12.

13.

14.
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MEMBER PROPERTIES
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Arrenoik D Ceon'rd

REF.

F

Using Dymamie Yieco Steess For Sramntess Sreec = /.20 7%
OF YieeD </.2 (30) fsc.ozsa' v

MAX I MUM  TRANSWHITTED REACTSN L0oao

Rx =S A =3%.58 x 2.26604 -12‘7 27k ¥

CeLe Base Fate Analysis

THE  STORACE Cell LOADS WILL BE TRANSFERRED INTS

THE BASE STRUCTURE THROUVGH THE WBASE PLATES. TRE
BASE PLATE WOULD MBS IF SUcH A LOAD weeE PLACED
TIRRCTLY OWN \T. SINCE THE INDWIBUAL CELL \S ONULY

A PART oF A BUNDLE oF FouR, ANNY FORCE WiLL BE
T\STRWRUTER TRROWEGEHIVT A MINIMOM OF Ve cells.,
CMNeclecTive ANY ENERGY LOSS DUE .To THE PLaTES
DEeEFOIRMATION , TTHEe IMPALT LoaR WiLL BE P\STRIBUTE o
INTS Tre Rase ced, /:ZEM loap CASE GA AND 6B

O CoMeuter TrRinTour "JoR oo 7T/ 7HE Followni
STReESSES ARE TAVYVENY

Maxmuws PLate STress = 35.58 ksc'

Marimom BeamMm BeENDNGSTRESS = 2Z2.02je s’

7HIS Loao CASE WAS A J83%loan PLACEO AT The
WORST LOCATION [N ORDER. TO VND MAX UM <STRESSES,

TS Tivd THE MAX/MUM STRESSES PrRoPORTIINAL TO
THESE STrRe ses

MAX. Rare srress = _/LQEZ_Z_Z',( 35.58 =

5 24.36 bSL'

Max. BeAm Berngme STRess = ;?9271 2292 < /5. 68 Ksc

[fle Meaximum oA

ON A LEG WilL re TRkEwN
AS 707 OF THE

129.27  PLus THE MaxMysn Dead
+ LIVE LOAD (CASE LG FRoM CoOMPUTER. PRINTOUT
TToR co7T” LoAc CasE | EQuUaLs 45.16" Ar NODE 7.

MAA LEG LoRp = 6.70K 129.27 + 45,10 = 125 .45%

e 2oa- SS. Fy 3o ksl
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4 NU S
A CLEAR ENERGY SERVICES INC. . PAGE P=5_ oS ~1L

NES DIVISION . -

APPENDW\:D Cc,w"r> | A REF.

Casg #+ 27 Foe Assemacy Droe Auo SieseruenT LvenG

_Ar‘r:_e_ A TUEL .AssemlzLy MPALTS THE RACK, ITWwl
TYE oveRk AND FALL ONTO S evERAL ADIAENT cals,
ConsSERVATIVELY AssuME THAT THE TVEL ASSemaLy Wil
FALL TIAGONALLY IMAALTIVE THE MINIMUM NUMBER oF
CeLLs.,

LeneTH oF FoEC ASSEMBLY = 160 Wekes ‘-’!

NrZER oF C2wSs OV Dm&onde . lo.08 1 '
N = _&,Q—.: .26 > 10 o
19,21
Assuy\a 10 CEUS MAX. ARE IMOALTED -
THECEFOLE 75 OF FueBL ASSEMLY v Vs
ImPacrs THe o™ cell o ya
= _
. ~ . /éb - 250 ) \\ : .
ee. - ME [orpi]r e N N

SINCE  THE KANETIC ENEréy PEr Cexr (25.0897 ) s
LESS TwaN TRE KINETIC BNRReY SENECATED v THE
Sreavewy ©eo® (79.12 “""’) THE  STRUCTURAL DAMLGNE W ILL
BE LESS SEBEYERE ThAN THRE TIoEBEL ASSEMRLY DRree See
Case = 1.
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Pl NUCLEAR ENERGY SERVICES INC. \- DG oP-11
4 NES DIVISION | , | - PAGE ©

' ‘ , @
Arrenoix O Ceo N’T‘) : _ : :

REF.

Case+ 3 Straent Drop Weooen, A Stoeace Cew
Ano Treact A Stoeace Ceor. Rase Flare

[HE TFUEL ASSEMBLY IS ASSUMED To FALL EROM A RELWT

4 FEET ARBOVE THE <STDRAGE ROLK , ENTER INTo A S/vELE
StoRaee LocAaToN  AND  (ONTINUE

TDOWN THRoUGH THE <SToRALE
cee

IMPACTING TRE STORAGE CEU. Base FPLhTs . THE

ANARCYSIs CoNSERVATVELY NEGLECTS ANy Drzpre— az BUOYyANT
ForcES ACLTING ON THe ASsemfaiy,

MARXIMO N \C\NE'_T\L ENee.w AT IMeacT =/b5ﬁg+/éstz{)

= 35/).86/<!"
PO IMPA(_.T Yelocry =\523_l'\ ‘

V
N .
= YZ x32ix SHEIE 23,84 Zé

ASSUMED T> ALT AS A MISSILE
STRIKANG THE STHINCESS SrEEL BASE TLATE . THE THItrvEss ¢
OF PLAaTe —TaatT A MSSiLe ?emesaNTED By THe FUEC

ASSEMGLY, <AN JusT PerFoadre |s CALCOLATED USING

The BallisTc RETsearew LAG AT 2o CBE,L_ ) EQUATION
SCIVEN \N\  TeraResnce T>,2

Y
= ()7
672 D

TRe FoeL ASSEMALY /s

[y

: Ib sec?
Whaeee : M - MASS oF e MmisSILE I;f,t; = 5/.29 =7 Fr

T 7 TwmoenNegs Tust  PELEORATED (Ind
'\/s: StheNne \/EL,oc.p1'7 [33.8/ Fysei'.)
D+: Diamerer £ Missiuz

CHANG ING  AREA \NTE EQUIWVALENT

DIANETE=Ee- cm,u.e | f— Q] @4
A: 4 xh.s® 1\37; - 659“\1 60'0_
: L S Qin .
» b’ _%FA_ = 2'70M) | : l—o '1'6“
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PAGE D=7 orl-i1

APP&,}\D\ >< D (Co n‘f>

REF.

nm—— r

| | 1%
‘ T, b29 x 2381 J
]k\‘/‘“ﬁ% Ed s E‘ 2 . C o, 4,6q i

672 x 290

?EC@&MENDGD THierNESS TO -
PrevenT ?sumnmw = Lo T =/25x0,989=0O. 6//3 Y

Conscivsiow The Fuel ASSEMBLY Wil PENETEATE THE
L' crvedse CEL. BASE PLATE. AGSkBING A ConsS/OeeABLE
AMDUNT‘ oF THE DROP ENEREM
PeNeTraTE

THE FuEL CcELL Wil SToP T
s

AT THE ReTENTISN GRID. SINCE THE BASE PLATES
LocaTEo A8pouT 18mMcHes AQRDYVE THE PooLl LiNen AND THE
END F\TTMGS ovly PRoTROVE 13" BELow THe RETENTION .
GZ\D

THe ool LINEE wiLL NbT RBE 'DAMA(,eb See
S\CET'L\‘\ BELLW -

. : : r\_?\\\ FuEL
L ASSEMBL

A

v hY

_/|' sl
lowee EnD W
FITTING S ‘ \l
Pool. Livewr l
wrsa 7 wea 27 17 iz Ll "_‘

L N R SRR §

2 k"' L ,J"bl&/

»~ q " S UL
‘l““' Y
ColrETE /

FPro. Flep= Rer Roue
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NUCLEAR ENERGY SERVICES INC. e e | 2 oot
A NES DIVISION _ - e pace -8 o2 .\'\

Aepenmix D Ceon T REF.

THE MAXIMUM REACTION LOAD GENERSTED BY THE Fuel
ASSEMRLY IMPALT WILL BE ESTIMATED RBY CALLULATING THE
CollLAPSE LoAD Foe. A SQUARE PLATE FIXED AT ALL Four
EDGES, SINCE THE ACTUAL BASE IS WELDED & THE BASE
BoAM Some STIFFNESS Will BE PEVELOPED THRV Fuarvée
BENOING-. BoTH THICENESS WILL BE USED (N THE CALLULATION,
THVS INCREASING THE Lee KeEAcTION. _' _

THE COLLARSE LOAD MECHAN S TOR A SRUARE PLATE UsNG-
AN ANAXTICAL APPROACH 1S GIVEN ON Page 2/ OF ReEF, #0.3

TRe  <olLmPse lLoes Yo = 6.280M 428D -

Where M= THe Posmve MumenNT Carrynys— ety
OF THe PLaTE Per UNIT LENGTH

\ xA* |
M-‘ é cﬁ_=

A- . ‘ /
. ; ' . z‘: 0.375 4 0.5> 6.875 © _ ‘
2; | M = THE NECATIVE MOMENT™ CARRYING
T GAPAc.rry OF THg PlaTe Per. UNT
1' "l "‘}\r/h C o LeweTa. ’ - S
: ’ . ’L . A “’:(—l
-m I/ AELT , - &,
: m = “'@L'? X hixzo= 457
. |
THE YIELD STRESS WiLL BE \NCREASED B~ 20% To

AcCot)NT' TOR TR VYWNAamic YIELD \\ZxBo =36 Ksc¢”

THEREFORE, “THE MAXIMUM LOAD TRAT CAN RE
SENERATED PURING, THE Toal AssemiELyY  DROP BNENT

is 7
Cousese Loap - P 6.28 (VHm \

P=¢28(459+ 4-5‘!5 = 57.65“".',,.!

—_ » w
WMax TRANSMITTZD KeacTiod = S7,65 -

NES 105 (2/74)



- PROJ.SIG 7 (a5 2=
NUCLEAR ENERGY SERV|CES |Nc PAGE D-q OFb’“
NES DIVISION '

® A??END\K—D Ccm‘w—\ -

REF."

THe ReAcriony LoAD OF 57.65"' GENERATED Dvewwé wc
FUEL ASSEMBLY TROC ThRRoUeH . TRE CEU. AND IVMIPACT oNTD

THE BAsE TLATE S Lowr€R THAN THAT For CASE £/ [Ffrc-ED-s:)
IT Ccay Be CoNcLVDED THAT THE EFFECTS ON THE RACK BAsSE,

T SVE -RASE MEMEERS ; AND RACKk SUPPORT LEGs Wil BE LESS
SEVERE Fok THE Tuew ASSEMRLy DRDIC CASE 3 THAN CASedk|

BVEN TWoueH Locacl Peaomma? THE RASE Puqm wwe
BE c.rc::im-ee_— '
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NUCLEAR ENERGY SERVICES INC.
A NES DIVISION . S o pace D10 or M1

/A\PPE-.ND\X D (CoN‘Y) o - REF.

Usine Maximom Loae Frowm fage 2]

-.CALCULQTE. MA-X.'%TG.EQS OM 7300&-- L\ME@- ANO Omuac‘r.&-.ﬂ
' _Ft-oor's ' | B ’

Cuecr Beawne Streess out Lonezere

; : Bos® 13568
A,- mor | WO, so.27m"
+ =Y

-' e 13385 s s o
Deal - STRESS T . = "5‘5’,‘{;’"2’3 , Y

. | ,
_ ™~ : _ Al /T waave
: 1" ¢ .
AL Dbd T > r _
Tenmtis SToesS = 2 x.ssd»ré . [ . - ”
. . -2 ]

/ -
ACT 32p-77 Sec 10.16 AL Lo - }\. oy
- BN A0 . _' ‘ L W T .
. g ' L 3 . ? . ,‘ \: .. ..

~

IX.85 xIX3.0 ~ 3.5 kS Y270 ksV

Crzce Ponewnine-—peaor 0 ool Lamer

Suear Acce = ToF - T<7# Y (?:3 = S’s?v""‘z
C . T 12868 93632k

SHeas Szt Yn- = 5,65

A = .
A;L.owc.r-o;e: Sreess = 7.2 x 2o0ksl = BLrESC ‘D»,prme,%ew. Steess

\

CONCL\)S\ONQ

/. AQCJOENT(-‘«L DROP OF THE FUEL ASSemalY o~ Tue
FUBL STORAGE CELL WILL CAusE THE TFollowinbt-.

A. There Wit Be Lowal Permmaron ar The
'er oF THEe SmasceE CEU < THROJG i+ Local
Bg‘c_bcut\)é» N0 LRISHING., BuT TRE :NTt—:Gferr7 ) |
OFf THe gAm; Bate SYSTEM WiLe NoT B2 Damasced,

B. THe LivEe PLTE wiie ot Be PER ForaTeD,
THELEFORE THE LEAV Tigur lNTEJ-ra.|17 2 The ' ‘
PoplL Flooe wive BE MAIWTAINED. '

e

R
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REF. -

?c.raﬂeu¢es s

.l Noctzee, Enez ey SE.@\/!CE%TN(/ AR NS
TTRUCLTURAL DesieN oF A Tuel STorasce
Weirl Ceacy Tap Foe LACRWAR NULLEAR
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NUCLEAR ENERGY SERVICES INC. : ) )
NES DIVISION ‘ pace EzL__ or=l1
APPENDIX E  Stwmwity Analysis REF.

/'\1“ =~ /\
/ i ﬁ
_; /
C6, rfF LIFTED . / / !
ac v e ] i~
onmeNaL col & ¥ / O+ 'i B
. éa o / _-’;b /I
e .._1’ L /
TN I~
L 064187 ;.

PPorine A SEISMIC EVENT, HORIZONTAL SEISMIC INEETIA
AND IMPACT WAYD wWill TenNo To TIF THE <7DeAsE RACK
.. AGUT PoNT O (RACk Fee™), THE TEAD WEIGHT oF THE
STTORAGE RACK wilLlL EKETIEST THE TPeING oOF THE Rack. IE
TRE oOVERKTURWNING MOMENT DUE D HORIZONTAL SEISMIC
INTEQT V™ LoaDda 1S GREATE R THAN TRE <TARIVUIZING WMomed T,
DUE Yo Tre DEAP WEIGHT oF THE STRAGE RAGKC 'rwe '
OFVGINAL CENTER. OF & RAVITY /03 oF TRE S"ofc‘ﬁé S RACK
Wikl Bz LFTeED UC By AN AMDOUNT o . The Maxinupm UPLIFT
OF THE CENTER OF &RAVIYY 4w &nve 'A" OF THeE RACK. (AN
VBE ESTMATEDR BYX ERUATING THE BExTEeNAL iveTiC
ZHERGY oF TRE STORAES Reck. To THE TorenTAlL eENERGY
REQUREID TO RAIRE TRE CLEBENTER. OF @(ZA\/\T7 OF THE RALK
Te O'O N ¥
FROM  COMPUTER. PROGRAM OUTERUT NXSavaw WHICH
GIVES THWE RESULTS ©F THE SLIDING ANALYSIS Wi Tk A
RiGiH TopfFicienT oF TRICTION M =).S THE Footlbw NG
LANBE Tooi0e _
L TTRE Mar MU OVeRTIRINWGE MomerdT Occors, (B,

TIHE 277 Szonls oy THE TimeE [l nrasity
Mz = is0i6.9 N %
Z. THE VELOL)TH OF THE // NILES T TRk & THE
. "= L.DrsecAa C=izigr)x /liﬂ’)&' STEE

——

THE N PTEET OF TLE N\ nooeS

[F3)
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PROJLS/P7  taskZeo__

§ NUCLEAR ENERGY SERVICES INC. o ; .2 19
§ NES DIVISION | Pace L . oFZ
APrevoik £ waewm Avawysis " REF.
For TvE DBE Evenr
_ NON-LINEAR SPRINGS W\TH
ches
e N/é, { o7 ;
SSRMBLY
FUEL ASSEMAN LUMPED MASSES
. lo @- NV | f—/(, . )
Now-LineaR. TiMme WsTORY 425"
SESMIC ANaLYsIS  LumPed (rve) '
MASS FiaTE  BleedT e AAYA | 98 —L—
NON — LiINsAe Moda L USeS 650
1 SLoNEG ANArS! S

ComPuotea. Paoe(zanm &
“Nvwsavaw

G

SUPPORT \ EG

A 19y
R N |
........... Ben Coeue Nt ////ﬁ'—n/‘\ — ‘
et *  (Recamve )0!-7 21\CTion : ool vloo R :

MA5SE P L7/Y— ) MA’\V& LoLITIES Kineric ENEQGV = %’"Vt

})"”/ = o ’ - - .
my = O - - —
o7ia = 9423 7 ’ c.18 - /.98 -
mq = 59947 : PRE e . . 35.70-
mg = 5454 7 : 3,09 7 262.29-

e * 5499 - 518 - 737097

g = 2756 - 24 - 754.99 -
mg = 106,78 = 1232 ~ : Bo.75 -

sng = /06.75 7 656 - - 229.92
w10 106757 - 1469 - C 1151807

my = 53387 23,83 - /1522009 _

» | KE.= 30,90743 " %0~ .

THE MAXiMIVM KINeTIC ENERGY S FIUND To oo AT

Time .89 SecandS. ‘ S '

+ FeLATWE VELOLTIES wEECE LALCULATED Feom REUATIVE Design,
DSPLACEMENTS ON ML, CALCL. SHEETS Follwié. KEG ULik INg, -
CAEETS., \ALL DISPLACEMENTS weere Taged FZom Comfutee. A w

. : A 4
PN TooT  NY Savew
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A NES DIVISION pace Eo3__ or BN

APPE.ND\X ? %\‘RB\L\T\/ ANP\LD’SIS REF.

Torad VerTeae Wercwr F2or1 DYNVRE 9 Cotwlirem
PeivrovrT ' racaxew" . g raay 2T

ToTAL wWilewtT = 20477 v« . i
Av_e_e_AGE Nermcaw AcElErATION = £2.09269
’ (GGee msec. Cm,c.>
o  Max . Srawiunzine \“\DM&.NFV ~na. a/

[l

M = . 209477 (I—o. 07% )%z jo0C.18s. =
> 2 57 |
Wk
My = 1o,0924¢ -
IU o -

TINCE  THE STAGILIZING Mome.wr(;o 0B146) IS Less
THAR THE ©veERTURNING Momem’(/s 014.9'”")/ THe
STORAGE RACK-\WJIWLL L\FT VP DuewnGe A DRe. BEvenT,
THE MAXImMUM AMOUNT OF LFT UP CAN BE ESTIMATES

BY BEQUeTNG THE LINETIC ENERGY o Tl

‘ ENERSGY R&ELIWRES To LFET UP Tus 6'6, CF TiZ RAlk.

TRrenTAL Enerey - NE. = 20477 ﬂ ‘%’“_.;Zé\) Y= )'74-2;5%
= .

The VeencalL ACLELERZATION OF 6,0726% WAS REGUCED
WRY A FAacToR oF -~ To AclounT For SesS (Squees
RootT O TRE =utn o_é' SQQAQGSS ComEiNATION oF THE
THREE =<=PATIAL <CHAPINENT oOF THE T ARTHQUACE..

s-e:n-n\\.¢ ., = k.
9926 S’ = 30.907 ¥
(o,o = 0.]154) v~

¢ ‘ ‘ .
Max, Lierle = Y = 2%, = 2x0.u59 =0.282 /m -

"f&' EDGEE oF —i-Z RAC_K WillL LiFT™ UP &£.3/827 IVCHES
ANV THEN Deo P-Acic;, Sivee THeE C.@. OF THE TITed
RACK wiLl REMAIN WITHIN AC , THE RACE sSTRULTVRS
WIALL NOT oveeIvas o

‘;; K, Avemae VEeTicaL Acoeuz‘_énaw WAS CALCILATED ofy MiSc. |
' CALL, SH=ETS. FouowiNg REQULAR CALC. THe \/E,(’_.TICIQL ACLELEZAT IO besx‘}‘v
Fooa sl :Ht BAse (ri=zl wWhs Taeenw Trom THE CompuTeci CutPuT Ncte -
""A\.Ay Pre’ AND DWIDED BN THC NIWBBRZ OF NODES . (r,r»c Mg ”ﬂ(,cJ BooiC
NES 105 (2/74) ‘ ‘
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‘H NUCLEAR ENERGY SERVICES INC.” = . oace 24 orE=14

NES DIVISION

A?Pe;ub w B STasLTY ANA\_vs_\; REF.

ANAL.YSLS For. \MPACT LoatS AND STRESLES \N Twe. RACLe
STRUCTURE zzsuu"\us FROM RECONTHCT oOF THE F’DoL_ F’Loo&

T PuriNGg ?ec,onc.T' , THE EXTERMNAL BENEREC WILL BRE ARSORBED
N THE DEFORMATIONS  OF VARIVS RESSTING ELEMEMNTS -
ESSENTIALLY AcTiNG IN SERIES THRW T™ME PROCESS OF
LocAL  AxrAL FLExXVRAL AND SVeEa® DerToeMmat ONS?—WE
RESISTING ELENMENTS CoNS\ST OF THE STIRASE <&LL RaseE
TLATE | RAcic BASE BEAMS K RAWK FEET  PooL FLOOR LINER
PLaTe AND ConviReTE" UNDEMR. THE [MPACTED LINER PLATE . THE
LDAD Daﬁ'OQMAﬂoH CHARACTERISTICS OF THE <SER\ES COMBINATION
OF RESIST NG BLEMENTS AN BE EVALVATE D BY DETERMINING—
TRHE Loas DeEToRMATION cHARACTEZSTICS OF THE /MOVIDVLAL
EBLEMERNTS. - QLEMENT" MWITH  LOowW LoAR Ccarey NG CAFAC.\-nes
WIiLL BE PEForMED FIQRST AND Wil ARSORE A GREATER s
PART OFTRHRE EXTERNAL ENERGY  THE REMAINBER OF THE
 EXTERNAL ENSRST WILL BRE A’BSOE%ED IN THE DEFoRMATION
OF OTHER ST\TFER SLEMENTS . C&NSEQ_VP\T\\/E\.:( NEGQLECTING, ' .
. THE ENERGYK ARBSORBED IN THE LOCAL DEFORMATION OF
THE LIMER PLATE AND .CONCRETE UNDER THE RACK FEET,
ANALYGSI'S  INDWCATES THAT THE Cell. BASE PLaTES REING
THE WeAKeST ELEMENTS WIALL ARSIRE THE  LAecesT
PORTION OF THE EXTERNAL ENERSY , The RemmnbeR. OF
THE ENERSY WU BE AB&DRJ‘SED B‘< ™E RACK. BASE
STRICTVRE .
TPURING RECONTACT THE cELL BASE PLATE UNDER EQCH
22 MODULE wWiLL DETFORM AS A SQUARE PLATE FIxE0 A7 IS
FoJr EDGES . THe RACK BASE SRUME WILLRESPVD AS A4
CONTINUOYS BEAM SUPPORTEC BY THE RACK- FEET DULE To
DI FFereNesS IV THE Two S@ANg (OF - THE conTINVOJS BEAM)
-11/0 cAsesS As gwa\ BRLOw dave Bee N. TVALVETED ,
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NUCLEAR ENERGY SERVICES INC.

NEs ooy ' PAGEESS OFE.’_J:'_._.
Arrensix E Svamily Anawysis 2
LCase 1 C Rack Laeria Ve At Ens £

6403 ; .é
|

1 ’!

EQUI\VALENT MOoDEL

ENeERGY ASSOCIATES WITH. LIFTING ThE WEIGHT IN ThE
Two <Seans AR AND B6  AeS DIFFERENT ) THEREFORE TVLURWMG
RE-CONTACT TRE EQUIVALENT VERTWAL LOAPS DEVELOFED \N
THESS SPARNS WILL BE DIFFERENT. LarceEwr veericau

LOAD AND MOUMEN T Wil B2 GENESRATED N SN BT THAN

SPAN AR, . L HE Two SPANS T HERETOLE CAN BE Arvawy ze®
‘ AT TWD SoamaT=E BoernS FTwr=o AT THE MID Su@Pxet
oY 3)

ExTeeNnalL ENEe&y ASSOC ATES WITH <CaN AP Ay D
BC <an BeE calCuLaTED AS FolLLow S

Ly . -
*  (@2ie+6403)
THE ENERGY ASSOCIATED wwiTH LIFTING A WEIEHT oF

Wdx ThHeoOGW A REGRT Gx 1S @Ives BY

L = wex¥x = W Ge xdx _
106.19

o TorAL Ewnersx oF LIFTNG
L ~ L
B E.-{ ey S we Loy
o 0 /0609
W ¥ zs'fj"
Z o

/o069

It

|

®
"

W' - W loedd
/0%.13 X z
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PrROJ.S514 72 TASK 200

@ | |
i NUCLEA S IN = K-
i NES Dlv':sElgiRGY SERVIcES e | . paceE& - oFE-19
A PPEADBIX E STAB\LTY ANAQ’SIS REF.

LJHG.QE. W= UMForMLY DASTRIBOTED VERTICAL WEIGHT OF
THE RACk- = 20437 x (/- o__o__zz_g’) - ‘
A 4
/06,719

UNiFom WelbwT - W = 1829 YWie v
Ec@uating ExTeEeNnAL v iNeTIC ENERGY T FOTENTIAL. ENERGY

KE =320.907""= PE- e 10619 . 1829x106.195%
z Tz

-

V"
$c c0.2183 w o
Trhe FE'/V5€G‘( ASSXCIATED WiTH BeamMm Sediy A._E,‘

1 4'2.)VL-‘
[w%c ¥ ] _

10613 o
E' /gj x ©2183 /. (4216,) "
/06.19 2 | @
Enepsy E\ = 4.87 °*< “

THe ENErRsGY ASSocaTED WiTH Reat sSean S

10, 19
EZ - \A)%c- L;Z.
0o T 49

= /829 x0.3/87 x [/04.191—41‘162)

/06./5 x2
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