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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.  

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 equivalent 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 Increased Storage 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, fran the NRC, authorization to increase the storage capacity of the 
Indian Point Unit No. 2 spent fuel pool fram 264 to 482 storage locations. On Decem
ber 16, 1975 the NRC issued Amendment No. 14 to Facility Operating License No. DPP-26 
for Indian Point Unit No. 2, authorizing such modification.  

Presently there are 200 spent fuel assemblies stored in the spent 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 O FCR maintained.  

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 design, materials, fabrication 

o removal and disposal of old racks 

o transportation and installation of new racks 

o project management, licensing, quality assurance 

o contingency allowance 

o allowances for funds used during construction



Table 1-1

Projected SPent Fuel Discharges 

Calendar Estimated Discharges
Year No. of Assemblies 

current inventory 200 
1980 
1981 72 
1982 72 
1983 
1984 72 
1985 72 
1986 
1987 72 
1988 72 
1989 
1990 72 
1991 72



4. Alternatives to Increasing the Storage Capacity

4.1 Reprocessing of Spent Fuel 

.None of the three comrmercial reprocessing facilities in the U.S., the General Electric 
Company's Midwest Fuel Recovery Plant (ME'RP), the Nuclear Fuel Service (NFS) plant, 
and the Allied General Nuclear Services (AGN~S) plant, are currently operating.  

Oni April 7, 1977 the President of the United States issued a statement outlining a 
change in the national policy to defer indefinitely cxmercial reprocessing. Conse
quently the NRC issued an order dated December 30, 1977 terminating proceedings to 
license reprocessing facilities.  

Due to this change in national policy Consolidated Edison cannot repro cess the Indian 
Point Unit No. 2 spent fuel.  

4.2 Independent Spent Fuel Storage Installations (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 with
in the next 5 years or to be economic even if it were.  

While the stor age 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 realistic 
alternative.  

4.3 Storage at Another Reactor Site 

0 Consolidated Edison owns only one other nuclear pow er pan, 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 comrponents 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 unuld be a significant loss of economic benefit 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 including applicable taxes. The above figure, 
which is in 1980 dolr, 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 load needs) and our national energy policy is to decrease the use of imported 
oil, the alternative to shut down the reactor is not realistic.

-3-
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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 provide storage locations for'.up to 980 
fuel assemblies and will be designed to maintain the stored fuel, having an equivalent 

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

subcritical configuration during normal and abnormal conditions.  

2. STORAGE RACK DESCRIPTION 

The spent fuel storage racks will be designed to provide a maximum storage 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 10xl0 configurations, as 

shown in Figure 2-1.  

Each rack consists of an assembly of 2x2 modules (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 10-15/16 inches 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 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.  

Four (4) borated stainless steel plates with a nominal 1.1 w/o boron concentration 
(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 O NES 205 5/79
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Each modular cell unit (either Wx or 203) 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 l~xlO rack structure and an 

individual Wx 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 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 fre e-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 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.
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3. STORAGE RACK EVALUATION 

3.1 STRUCTURAL AND SEISMIC ANALYSIS 

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.  

3.1.1 Applicable Codes, Standards and Specifications 

The design codes and regulatory guides listed in References I 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 I - 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 Ig Vertical Installation Load, D + I.L.  

(Normal Load) 

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

structural weight, weight of empty storage cells, plus a Ig vertical load resulting from 

a suddenly applied crane load.
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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 axi al 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 2x 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 

lif ted 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 1500 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 + I.L.  
(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 following allowable stress limits constitute the structural acceptance criteria used 

for each of the loading combinations presented in Section 3.1.2.2.  

Load 
Combinations Limit* 

1,3,4 S 
2,5 1.5S 
6, 7 1.6S or Fy (whichever is less) 
8 * 

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

allowable stresses defined in Part I 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 
y 

American Society for Testing and Materials, 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 Keff or 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 l~xlO 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 

2W or 2x3 modular cell units. Although the fundamental frequency of the 2x3 modular 

cell unit is higher than that of the 2x modular cell units, the design seismic spectra 

are such that the lateral seismic G loading for the 2x 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 structure.  

Six degrees of freedom (three translations and three rotations) are permitted at each 

nodal point.  

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 Wx module system nodal points. The effect of suddenly applied crane load is 

considee by applying a Ig vertical load in addition to the deadweight loading. For 

Load Case 3, a net vertical uplif t load of 3,000 pounds is applied at the worst location 

of the storage rack.

PnAM *NES 205 3/79
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For the horizontal and vertical seismic analyses, a mathematical model was developed 
to represent the l~xlO rack. This model -consists of twenty-five (25) lumped mass 
cantilever beams (representing twenty-five 2W 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 2x 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 
given in References 7 and 8. 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 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 
utilizing 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 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

FORM* NES 205 5/79
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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 conservative ly 

accounted for by imposing the following assumptions: 

(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 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.  

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 Earthq uake, the maximum calculated bending stresses in the storage 

cell are 7.971/14.85 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 

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

maximum combined stress ratio of 0.8 12 (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 81A06 15, Ref. 12).  

FORM *NES 206 5/79
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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 storage 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 transmitted by the 

storage racks to the pool floor liner plate during 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 l0xl0 storage rack and the stored fuel assemblies have been represented by a two 

dimensional lumped mass finite element model. 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.

FORM * NES 205 5/79
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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 elements 

are related to the effective flexural rigidity of the fuel assemblies.  

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 

method of analysis.  

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.  

The non-linear time history seismic analysis calculations are performed by means of 

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 
contained 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 accumulated 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 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 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 eff of the system 

is less than the criticality criterion of 0.95 for 3.5 w/o, 15xI5 Westinghouse fuel 

assemblies. Certain conservative assumptions about the fuel assemblies and racks 

have been used in the calculations.  

The principal method of calculation used to determine the k eff of the Indian Point 2 

spent fuel storage racks was the Monte Carlo code KENO IV with a cross section se.t 

using 123 energy groups. Cross section input for the 123 energy group set was 

generated from the XSDRN library using the AMPX module NITAWL.  

Parametric studies to determine the effects on k efof cagsi ulrc 

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. k eff values were calculated using EXTERMINATOR, a multigroup, 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 (k eff ) 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 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.  

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 loading because of the manufacturing process, and the variation- in fuel storage 

rack dimensions permitted in fabrication. Abnormal configurations are typ ically the 

result of accidents or malfunctions such as the seismic event, a malfunction of the 

fuel pool cooling system (excessive changes in pool water temperature), a dropped fuel 

assembly, etc.  

3.3.2.1 Normal Configurations 

(1) Reference Configuration 

The reference configuration consists of an infinite array -of storage cells having, 

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 

Westinghouse fuel assembly with a maximum enrichment of 3.5 w/o. The water 
0 temperature within the rack is 68 F.
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(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 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.  

(3) Fuel Assembly Tolerance 

The important fuel assembly parameter determinin g k eff is the ratio of the 

amount of U 23 5 to that of water. The amount of U 23 5 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 k eff have been 

determined to be negligible on the basis of simple k 0 0 cell calculations.  

Consequently, -fuel assembly tolerances were not considered further in this 

analysis.  

(4) Fuel Design Variation 

Calculations were performed to determine the sensitivity of k eff to variations of 

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

(5) Cell Pitch Variation 

Calculations were performed to determine the sensitivity of k eff 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.
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(6) 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 k eff.  

(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.  

(8) 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.  

(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 k eff to 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 concentration, the maximum poison sheet thickness, and the cell I.D.  

3.3.2.2 Abnormal Configurations 

(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.

FORM * NES 205 5/79



NUCLEAR ENERGY SERVICES, INC. DOCUMENT NO. 81A0607 

PAGE 2.5 OF 38 

(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 eff will result from this 

incident.  

(3) Pool Temperature Variation 

Calculations were performed to determine the sensitivity of keff for the 

reference configuration to variations in the spent fuel pool temperature. The 

pool temperature was varied from 68 0 F(minimum pool water temperature at 

Indian Point 2), where water density is maximum, to 2.50 F, the approximate 

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.  

Sinc e'the active f uel region is about I I 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 f uel stored in the cell. The ef fect of this type of f uel 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 

k of the fuel cell. It has been concluded, therefore, that this incident would 

reduce k eff and need not be consider Ied further .in this-analysis.
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(5) 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 

keff 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.  

(6) 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 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 keff are unaffected.  

(7) "Worst Case" Abnormal Configuration 

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 keff 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 

input/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 keff (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 D20 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 keff values.  

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%.

FORM * NES 205 5/79



NUCLEAR ENERGY SERVICES, INC. DOCUMENT NO. 81A0607 

PAGE 28 OF 38

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 appropriate 

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 k eff values are greater than the experimental 

values.  

3.3.4 Results of Analysis 

3.3.4.1 Normal Configuration 

The kef f 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. Results for normal configura

tion can be summarized as follows:

Reference Configuration 

Eccentric Positioning 

Enrichment Variation 

Minimum Cell Pitch (+ 1/64 in) 

Cell Wall Thickness (+0.0025 in) 

Minimum Poison Concentration (+0.lw/o) 

Poison Sheet Thickness (+0.004 in) 

Cell ID (+1/16 in) 

Statistical Uncertainty in KENO

keff 

0.933

Akeff

0.004 

0.000(Max used) 

0.0013 

0.0003 

0.004 

0.0013 

0.006 

0.006
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The effects of the above normal variations are combined statistically as follows: 

Akeff = (0.004 2 + 0.00132 +0.00032 + 0.004 2 + 0.00132 + 0.0062 + 0.0062)Y = 0.0104 

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

3.3.4.2 Abnormal Configurations 

The keff of the rack was studied for temperatures ranging from 68°F to 2500F.  

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 0 F.  

Therefore, the Akeff associated with the spent fuelpool water temperature variation 

is zero in this analysis.  

As discussed in Section 3.3.2.2, the Akeff's caused by single storage cell displacement, 

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 k eff 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 ab normal full 

core discharge.  

(1) The normal case assumes 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. 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 0 Fwere based on complete mixing- of the 

pool water.  

The adequacy of natural circulation flow throughout the fuel racks to cool the fuel 

assemblies was verified. The natural circulation flow was 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 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 analysis included:
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(1) Friction losses in the downcomer region, in the rack inlet plenum and in the fuel 

assembly.  

(2) Losses in turns.  

(3) Form losses in the fuel assemblies at the inlet, outlet, and grid locations.  

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 

pool temperature of 1500 was assumed. Details of calculational methods, assump

tions and conclusions are presented in Reference 23.  

3.4.2 Results of Analysis 

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

generation of 27.2 x 106 Btu/hr, assuming a 90-hour cooling period after shutdown.  

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 106 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 106 

Btu/hr from the system with a pool water temperature of 135 0 F. If the water 

temperature is allowed to increase to 150°F, 40.7 x 106 Btu/hr can be extracted from 

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 

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

anticipated are 13.0 and 15.1 0 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.
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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 with minimum flow is 76.8 0 F, resulting in an outlet temperature of 

226 .8 0 F. This is below the saturation temperature. of 239 0 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 0 Freported 

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"1 gap between racks,- all of which have been neglected in the analysis.  

3.5 RADIOLOGICAL ANALYSIS 

3.5.1 Method of Analysis and Assumptions 

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

Point 2 for an expanded storage capacity of 980 assemblies. This analysis included 

conservative estim ates 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 (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) The radionuclide concentrations in the primary coolant are based upon 0.12% 
failed fuel.  

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

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

(4) Ref ueling operations begin no earlier that 90 hours af ter shutdown (Ref . 6).  

(.5) 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.  

(6) 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.  

(7) There is assumed to be a minimum of 9f t-4in of water covering the fuel pins.  

(8) An accident (X/Q) value of 6.6 x 10 - sec/rn3 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 f uel 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.
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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 total body =3.11 Rem 

Dthyroid =26.6 Rem.  

The absorbed doses to the total body and thyroid in a cask drop accident occuring 90 

days after shutdown are: 

Dttlbody =12.7 Rem 

D thyroid 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 free 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 eart hquake). 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 f loor during the DBE. In most cases, the f eet 

can be positioned on the pool floor to avoid existing shims when installing the racks.  

In a f ew instances, stainless steel plates will be designed to bridge over shims and 

carry the support feet, 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 rack s 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.) designed fuel storage racks for the Indian Point Generating Station Unit 2 (Indian 

Point 2). This analysis demonstrates that, for all anticipated normal and abnormal 

configurations of fuel assemblies within the fuel storage racks, the keff of the system 

is less than the criticality criterion of 0.95 for 3.5 w/o, 15xI5 Westinghouse fuel.  

assemblies. Certain conservative assumptions about the fuel assemblies and.racks.  

have been used in the calculations.  

Both normal and abnormal. configurations were considered in the analysis., The 
reference configuration consists of a square array, infinite in lateral extent, of storage.  

cells spaced 10-15/16 inches on centers. Each storage location contains one centrally 

located 15x15 Westinghouse fuel assembly. Storage cells consist of a square stainless 

steel box. with inner dimension 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 
inches wide, 145 inches long, affixed to each outside wall of the steel boxes. This 

reference configuration provides a base of comparison relative to which effects of 

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

eccentrically positioned fuel, fuel enrichment variation, dimensional and material 

variations permitted by fabrication tolerances, and variation in the density of the 

boron in the borated stainless steel sheets.  

Abnormal configurations include: pitch variation due to seismic events, spent fuel 
pool* temperature variations and fuel handling accidents such as misplaced fuel 

assemblies.  

The principal method of calculation used to determine the kef f 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 input 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 keff 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 multigrod, two

dimensional diffusion theory code.  

The keff value calculated by KENO for the reference configuration is 0.933.  

Variations in keff due to normal configuration changes and calculational uncertainty 

were determined to be 0.010. The Akeff due to the "worst case" abnormal 
configuration is 0.000. Combining these two Akeff values with the keff for the 

reference configuration of 0.93 3 results in a final keff value equal to 0.943. This value 

meets the criticality design criterion and is substantially below 1.0. Therefore, it has 

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 k eff 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 ref erence configuration which forms the basis of the criticality calculations 

represents the storage racks in nominal dimensions at 68 . with all fuel assemblies 

centrally located within their storage cells. Variations from this reference configura

tion were studied, and included effects of wall thickness and pitch variations, fuel 

enrichment 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.

FORM*# NES 205 5/79
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3. DESCRIPTION OF SPENT FUEL STORAGE RACKS 

Five sizes of fuel storage racks, with 8x8, 8x9, 8x10, 9x10, and l0xl0 storage cell 

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 +0.0005) thick -0.000" 

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, 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 located on the 

outer wall of the storage cell.  

Storage cells are maintained at a center-to-center spacing of 10-1-5/16 inches by 

welded spacers. See Figure 3.2 for a schematic drawing of a representative l0xl0 

rack.
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'. 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 keff 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 pools shall be less than or equal 

to 0.95, including all uncertainties, under all conditions".  

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 (k ef f ) shall be less than 0.93 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 

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 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.

S
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5. CRITICALITY CONFIGURATIONS 

In order to veril y 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 classified as either normal or 

abnormal configurations. Normal configurations result from variati'on in the place

ment of fuel within the storage cell, variation in fuel assembly dimensions and/or fuel 

loading because of the manufacturing process, and the variation in fuel storage rack 

dimensions permitted in fabrication. Abnormal configurations are typically the result 

of accidents 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 nomal 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 infinidte array of storage cells having 

nominal dimensions (see Section 3) each containing a fresh l5x15 Westinghouse fuel 

assembly centrally located within the storage cell. The water temperature within the 

rack is 680F 

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 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 

f uel. 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 Figure 

5.1).

FORV -NES 205 5/79
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REFERENCE CASE
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0.2775" 
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FIG. 5.1 REFERENCE AND ECCENTRIC FUEL CONFIGURATIONS
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.5.1.3 Fuel Assembly Tolerance 

The important fuel assembly parameter determining k ef f is the ratio of the amount of 

U 23.5 to that of water. The amount of U 2 35 per assembly is controlled to within a 
f ew 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 k efhave been determined to be negligible on the basis of simple k 0 
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 k effto 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 k ef f to changes in pitch, 

the cent er-to-cent er 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 

The base 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 k ff.

FCR-V - ES 205 5/79
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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 kef to variations 

in this parameter.  

5.1.8 Borated Steel Sheet Thickness Variation 

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

was reduced by 1/16 inch to determine the sensitivity of keff 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

ing) permitted by fabrication, the minimum cell wall thickness, the minimum poison 

concentration,the minimum borated stainless steel sheet thickness, and the cell I.D.

FORM S NES 205 5/79
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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 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 keff will result from this incident.  

5.2.3 Pool Temperature Variation 

Calculations were performed to determine the sensitivity of keff for the reference 
configuration to variations in the spent fuel pool temperature. The pool temperature 
was varied from 68 0 F (minimum pool water temperature at Indian Point 2), where 
water density is maximum, to 250 0 F, the approximate boiling point 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 koo of 

the fuel cell. It has been concluded, therefore, that this incident would reduce keff 

and need not be considered further in this analysis.  

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 keff 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.  

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 same amount. 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 keff are unaffected.  
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5.2.7 "Worst Case" Abnormal Configuration 

The "worst 4case" abnormal configuration considers the effect of the most adverse 

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

results of the "worst case" abnormal configuration are presented in Section 7.3.3.
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6. CRITICALITY CALCULATIONAL METHODS 

6.1 METHOD OF ANALYSIS 

For the reference configuration discussed in Section 5.1.1, the keff 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, lattice cell analysis code, and 

EXTERMINATOR, two-dimensional diffusion theory code. In both the Monte Carlo 

and diffusion theory methods, an infinite array of fuel assemblies loaded in spent fuel 

storage locations was represented by use of appropriate boundary conditions. An 

infinite array is used for two reasons: (1) an infinite array has a conservatively. higher 

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

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

reflecting boundaries on all sides. This duplicates an infinite array of storage 

lo cati ons.  

6.2 REFERENCE CONFIGURATION 

In the reference configuration KENO IV calculations, each fuel pin and associated 

cladding and water was represented as a rectangular parallelapiped with height equal 

to the active fuel length and the width equal to one fuel rod pitch (0.563 inch).  

Cladding and fuel were represented by concentric cylinders 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 cladding. Guide tubes 'were represented in a similar 

fashion but with water inside the clad instead 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 sheets were 

represented by boxes 0.100 inch thick and 7 inches wide containing a homogenous 

concentration of boron at 1.1 w/o. Water regions were boxes of appropriate sizes 

needed to fill the water gaps.
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FIG. 6.1 REFERENCE CONFIGURATION
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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 class of uncertainty 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 configurations to, improve the degree 

of calculational accuracy. If the calculated criticality value found during. bench

marking is less than the experimental value, then the bias is added to other 

calculational results to ensure a conservative criticality value consistent with experi

mental results. Conversely, if the calculational criticality 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 performed benchmark calculations with KENO IV for several appropriate 

critical experiments reported 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 

conservative results.
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6.4 CODE DESCRIPTION 

6.4.1 KENO IV 

KENO IV is a -3-D multigroup Monte Carlo code used to determine k ef (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 D2 0 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 k eff 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 abnormal dislocations within racks due to seismic events, 

fuel handling incidents, fuel drop and heavy object drop were performed with the 

HAMMER/EXTERMINATOR codes.  

7.1 REFERENCE CONFIGURATION 

The k effdetermined 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 K f f VALUES FOR NORMAL CONFIGURATION 

7.2.1 Eccentric Configuration 

The A kef f for the eccentric configuration 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 Design 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.

k. n C - J3^ r17
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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 such that the average pitch 

between boxes is maintained by structural members at 10-15/16 +1/64 inches. The 

change in keff for a decrease in average pitch of 1/64 inch is +0.0013. (See Figure 

7.2.) 

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 investigated 

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/o to a minimum of'1.0 w/o with a correspondingincreasein A k of 

0.004. The results are shown in Figure 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 Cell Inside Dimension Variation 

The cell inside dimension was reduced to 8-15/16 inches from the nominal value of 

9 inches with a resultant change in k eff 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: 

keff

Reference Configuration 

Eccentric Positioning 

Enrichment Variation 

Minimum Cell Pitch (+1/64 in) 

Cell Wall Thickness (+0.0025 in) 

Minimum Poison Concentration (+0.lw/o) 

Poison Sheet Thickness (+0.004 in) 

Cell ID (+1/16 in) 

Statistical Uncertainty in KENO

0.933

0.004 

0.0000(Max used) 

0.0013 

0.0003 

0.004 

0.0013 

0.006 

0.006

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

Akeff = (0.0042 + 0.00132 + 0.00032 + 0.0042 + 0.00132 + 0.0062 + 0.0062) y = 0.0104 

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

7.3 K eff VALUES FOR ABNORMAL CONFIGURATIONS 

7.3.1 Spent Fuel Pool Temperature Variation 

The keff of the rack was studied for temperatures ranging from 68°F to 2500F.  

Results are given in Figures 7.7 and 7.8 and Table 7.2 and 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 0 F. Therefore, the Akeff associated with the 

spent fuel pool water temperature variation is zero in this analysis.

FnRM * NES 205 3/79
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7.3.2 Other Abnormal Configurations 

As discussed in Section 5.2, the Akeff 's -caused by single storage cell displacement, 
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.  

7.3.3 "Worst Case" Abnormal Configuration 

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 A k, the "worst case" abnormal condition is simply equal to 

the "worst case" normal condition.  

I. Worst Case Normal Keff 

Configuration (per Section 7.2.7) 0.943 

2. Most Adverse Abnormal 
Configuration 0.000 

3. Final k eff for "worst abnormal" 0.943 
configu ration.
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TABLE 7.1 

FUEL PARAMETERS

15xl5 Westinghouse Fuel

Fuel Enrichment 

Mass-of Uranium per Assembly 

Clad I.D.  

Clad O.D.  

Clad Thickness 

Clad Material 

Pitch Between Rods 

Active Fuel Length 

Array Dimensions 

Guide Thimble Material

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

FORM * NES 205 5/79
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Cell 
Fuel Avg Wall Boron BSS Cell Water -Keff 
Enrich. Pitch Thick. Conc. Thick. ID Density or 

Variation (w/o) (in) (in) (w/o) (in) (in) (gm/cc) A 'Keff 

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 1.1 0.100 9.00 0.998 0.004 

Fuel Enrichment -0.1 W/o 3.4 10.9375 0.0825 1.1 0.100 9.00 0.998 -0.005 

-0.2 w/o 3.3 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 1.1 0.100 9.00 0.998 -0.005 

-1/16" 3.5 10.8750 0.0825 1.1 0.100 9.00 0.998 0.005 

Cell Wall Thickness -0.0025" 3.5 10.9375 0.080 1.1 0.100 9.00 0.998 -0.0003 

+0.0075" 3.5 10.9375 0.090 1.1 0.100 9.00 0.998 0.0009 

Boron Concentration -0.1 w/o 3.5 10.9375 0.0825 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 10.9375 0.0825 1.1 0.100 8.9375 0.998 -0.006 

Water Temp/Density 680 F 3.5 10.9375 0.0825 1.1 0.100 9.00 0.998 0.000 

9 0 F 3.5 10,9375 0.0825 1.1 0.100 9.00 0.993 -0.001 

1500F 3.5 10.9375 0.0825 1.1 0.100 9.00 0.980 -0.006 

2120F 3.5 10.9375 0.0825 1.1 0.100 9.00 0.958 -0.013 

2500F 3.5 10.9375 0.0825 1.1 0.100 9.00 0.942 -0.018 

Table 7.2 - Parameters and Results of Variation Calculations

z 
C 0 
r

m 
z 
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m 
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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 

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: 

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

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

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

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

.5. 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 

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: 

1. No fuel is moved until 90 hours after shutdown.  

2. 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 f uel pin is 149.7 inches.  

4. There is assumed to be 9-f t 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.  

2. An accident (X/Q) value of 6.6 x 10- sec/in3 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. RESULTS 

3.1 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.  

3.2 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.  

3.3 Spent Fuel Assembly Handling Accident 

Using the source term and (x/Q) values provided, 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: 

Dtotal body = 3.11 Rem 

Dthyroid = 26.6 Rem 

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

3.4 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: 

Dtotal body = 12.7 Rem 

Dthyroid = 1.79 Rem 

These absorbed doses are below the limits specified by 10 CFR Part 
100.
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D = thyroid dose (rads) 

Fg = fraction of fuel rod 
iodine inventory in fuel 
rod void space (0. 1) 

I = core iodine inventory at 
time of accident (curies) 

F fraction of core damaged 
so as to release void space 
iodine 

P = fuel peaking factor 

B = 6reathing rate = 3.47 x 
10-4 cubic meters per 
second (i.e., 10 cubic 
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day as recommended by 
the ICRP) 
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x/Q = atmospheric diffusipn 
factor at receptor location 
(sec/m 3 )
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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.  

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 adequacy of natural circulation flow throughout the fuel racks to cool the fuel 
assemblies was verified (See Appendix C). Even with the bulk pool temperature at the 
maximum value of 150 0 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 I8 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 SB 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 f actor of 0.25 was used.) Rated reactor power is 
3216 Mwt.  

2.2 ,HEAT-UP RATES 

Maximum pool water bulk temperature is conservatively assumed to be 150 0 F. The 
heatup .rates and times to reach boiling temperature of 212 0 Fare based on adequate 
mixing of the pool water.
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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. Losses in 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.  

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

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 106 Btu/hr, 
assuming a 400-hour cooling period.  

The Indian Point 2 spent fuel pool heat removal system is rated toremove 30.8 x 106 

Btu/hr -from -the system with a pool water temperature of 135 F. If the water 
temperature is allowed to increase to 150 0 F, 40.7 x 0 Btu/hr can be extracted from the 
spent fuel water. Consequently, the cooling capacity is adequate for both the normal and 
abnormal discharge cases.
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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 0 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 0 F. The maximum temperature increase in the assembly 
with minimum flow is 76.8 0F, resul~ing in an outlet temperature of 226.8 0F. This is below 
the saturation temperature of 239 F, corresponding to the static head at the top of the 
fuel assembly.  

I t should be noted that the maximum assembly outlet temperature of 226.8 0 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.
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1. SUMMARY 

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 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 

\indicates 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 coefficient 
of friction sufficiently high to preclude sliding).  

It has been concluded therefore, that the gaps provided 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, subcritical 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 
the;-,esults of the analysis determining the maximum linear seismic structural 
• sp onses (stresses and reaction loads) of the racks conservatively assuming the 
support feet locations to be pinned (not sliding) to the pool floor.  

NES has performed a non-linear time history seismic analysis to evaluate the response 
of an individual fuel storage rack (maximum accumulated sliding 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 sliding displacement of the storage 
racks during a seismic event and to determine the maximum frictional 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 l~xlO 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 with the 9x8 and 9x10 racks 
incorporating 2x3 modules as well. Each 2x or 2x3 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 (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 Wx 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 IWxO rack structure and an 
-individual 2x 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 1979.  

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.
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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 clearly 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 separation 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 relative 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.
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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 l~xlO 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 
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 racks with 8x8, 9x8, 9x10 and 8x10 arrays consist of Wx modules 
(9x8 and 9x10 racks have some 2x3 modules as well), their dynamic (frequency) 
characteristics are essentially similar to the l0xlO storage rack. The lateral seismic 
inertia load and the frictional resistance load for the 8x8, Wx, 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 l~xlO, 8x8x, 9x8, 
9x10 and 8x10 storage racks.
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7.2 MATHEMATICAL FORMULATION OF THE NON-LINEAR TIME HISTORY 
SEISMIC 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: 

M t( + 0)gt) +C t + KUt =0 (1) 

Where: 

t = Relative acceleration time history vector 

gt = Ground acceleration time history vector 

M = Mass matrix 

C = Damping Matrix 

K = Stiffness matrix 

t  = Velocity time history vector 

U t  = Relative displacement time history vector 

Rearranging equation (1): 

M t+C~t+KUt = -MUgt = 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: 

U = f (Ut, Ut_1, Ut 2,...) (3) 

IJ = g (Ut, Ut_1, Ut_2,...) (4) 

U = h (Ut, Ut-1 , Ut_2,...) (5)

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 across the time interval. Making these substitutions 
into Equation (2) gives: 

(CIM + C2 C + K) Ut = Ft + f(C, M, U t-, Ut 2,..) ) 

Where C 1 and C 2 are functions of t-t_1 and t_1 -t_ 2 , 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).

F2 
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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.  

T he maximum rack cell displacement (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 
conservative.  

8.2 FUEL STORAGE RACK MAXIMUM FRICTIONAL RESISTANCE LOAD 

For the higher coefficient 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 loading which verified the higher 
coefficient of friction.

FCMaNES 205 5/79
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In evaluating the ef fects of the h orizontal 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 2 (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 1.254 0.755.  

Maximum Floor Horiz. Frictional Force, 
One Lateral Earthquake Component (lb) 142,200 

Maximum Floor Horiz. Frictional Force, 
SRSS Combination of Orthogonal Earthquake 
Components (lb)6  170,933 

Maximum Horiz. Frictional Load per 

Rack Support Foot (lb)7  28,500 

NOTES: 

(1) Displacement relative to initial floor location (11 = 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 
(ii - 1.5).  

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

(5) Minimum clearance provided between pool walls and adjacent 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.



°1 * -Jr 

---.048 

"" - - - -I-.64 - - - - - - - U
0 1.O 1.T j.9 qv et .  

INDIAN POINT I VPENT FUEL RACKS SLI VING ANALYSIS (To 4.0 TO
U.. 5.5 1W.W 

16 SC) NI

Figure 8.1 Cumulative Sliding Time History (f = 0.2 )

z 
C 0 

m 
z 
m 

G) 

m 

m 

0



INDIAN POIt I SPENT FUEt RACKS .I DING ANALYSIS %T$ .0 TO 10.0 SEC 

Figure 8.2 Frictional Resistance Load Tine History (r =1.5)

z 

m 
z 

in 
Z 

C 

0 

in 

Sn 

z

ANS YS. I



NUCLEAR ENERGY SERVICES, INC. DOCUMENT NO. 9 1 A0615 

PAGE 23 OF 24 

9. CONCLUSIONS 

1. 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 pooi walls.  

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

3. 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.  

4. The design of the Indian Point 2 free-standing high density fuel storage racks is 
I.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 storag racks are adequately designed to withstand the loadings associated 
with normal operating and abnormal conditions.

I- K uc*l C7
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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 Inc. (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 ONES 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 8x array each.  
(2) Two racks 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 2x modules (the 9x8 arnd 9x10 racks also include 
2x3 modules). Each 2x 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 l~xlO rack structure and an 
individual 2x 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 
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. 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.

FORM * NES 205 5/79



NUCLEAR ENERGY SERVICES, INC. DOCUMENT NO. 81A0610 

PAGE .8 OF-- '46

Figure 3.1 Fuel Storage Rack Arrangement Plan
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4. APPI.CABLE 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).  

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 1979.  

.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.  

6. AISC Manual of Steel Construction, Seventh Edition, 1970.  

7. 1977 Annual Book of ASTM Standards, Parts 3 and 5.

FORM * NES 205 5/79
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5. LOADING CONDITIONS 

The following load cases and load combinations have been considered in the analysis in 
accordance with the r~quiremepts 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 lo ading 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 1g Vertical Installation Load, D + I.L.  
(Normal Load) 

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

Load Case 3 - D.eadweight 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 
seismic response acceleration spectra specified for the Operating Basis Earthquake 
(2/3 DBE) in the Indian Point 2 Fuel Storage Rack Specific ations (Reference 3)I and 
presented in Figure 5.1 and 5.2. The seismic analysis is performed for the fully loaded 
rack since 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 Environmental Load) 

Same as Load Case 4 except tha 't 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 2x 
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 provided0to 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:

D+L 
D+L+T 

D + I.L.  
D+L+E 
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.

I 2
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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 

1, 3, 4 

2, 5 

6, 7 

8

Limit* 

S 

1.5S 

1.6S or Fy (whichever is less)

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 foryhesting 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 Keff or ability to cool adjacent fuel elements.

FOV " 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 horizontal 
and vertical seismic analyses are shown in Figure 7.5.  

7.1.2 Mathematical Formulation of the Static Analysis 

The static analysis of ihe 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

Where:

k= 
f =

Element stiffness matrix 
Element nodal displacement vector 
Element nodal force vector

For the idealized system the equation of equilibrium may be written, in matrix form as 
follows:

KU=F

Where:

K = Assembled stiffness matrix for the system 
= E~k 

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

If sufficient boundary coriditions are specified on U to guarantee a unique solution, 
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.
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7. METHOD OF' ANALYSIS 

7.1 RACK STRUCTURAL ANALYSIS 

7.1.1 Mathematical Models 

A 10x1O 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 2x modular cell units, the design seismic spectra is 
such that the lateral seismic G loading-for the 2x 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 f inite 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 structure.  
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 lo ad analysis, the distributed masses of the 
structural elements, storage cells and fuel elements are lumped at the Wx 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 2x 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 l0xlO rack. This model consists of twenty-five (25) lumped mass 
cantilever beams (representing twenty-five Wx 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 2x 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 hydrodynamnic mass calculations are based on recommendations

I
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7.1.3 Mathematical Formulation of the Dynamic Analysis 

A. Eigenvalue Analysis 

The eigenvalues (natural frequencies) and the eigenvectors (mode shapes) for each of 
the natural modes of vibration are calculated by solving the following frequency 
equation: 

(K-2 M){n = {0} (3) 

Where: 

th Wn = Natural angular frequency for the n mode 

M = System mass matrix 

n = Mode shape vector for the nth mode 

0 = 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: 

M (Ut + gt + C t + KUt = 0 (4) 

Where: 

t  = Relative acceleration time history vector 

U = Ground acceleration time history vector 

C = Damping matrix 

t  = Velocity time history vector 

U = Relative displacement time history vector
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Rearranging equation (4): 

MJt + C t + KUt =,MPgt = Peff (5) 

To uncouple equation (5), assume: 

U = t 

Where: 

= Characteristic free vibration mode shapes matrix 

Y = Generalized coordinate displacement time history vector 

Applying the above coordinate transformation and multiplying equation (5) by the 
transpose of 4 and using orthogonality conditions, the following uncoupled equations of 
motion are obtained: 

Y 2c Y + 2 Y -M*'IR U(6) nt + 2wnn Ynt +n Ynt- n n Ugt 

Where:

The mode

Ynt 

n 

M * 
n 

shape 

Rn

I 

The solution for

= Generalized displacement coordinate time history for nth mode.  

- Damping ratio for the n th mode expressed as percent of critical 
damping.  

= Generalized mass for the n thmode 

T l = 
n nn 

is normalized such that M = 1 

- Participation factor for the nth mode.  T 

S n MI = M i4i n 

- Column vector whose elements are generally unity 

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

Rn t. -Xnw~t-r)_ 

nt M* wn Ugte Sin n (t--r) dr
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Using the response spectrum method of analysis, the maximum values of the 
generalized response for each mode is given by: 

RnSa 

n max M* 
n 

Where: 

n max - iVfimum generalized coordinate acceleration response for the ;~n man mode.  

th S = Maximum spectral acceleration value for the n mode (from 
the applicable response spectrum curve, considering a +10A 
variation in the calculation natural frequency for the n 
mode).  

From the maximum generalized coordinate response the maximum acceleration 
(j n max) and maximum inertia forces (F n max) at each mass point are given by: 

n max n max in 

Fnmax =  nmnmax 

The inertia forces (F ) for each of the system natural modes are applied as 
external static forces, arsystem 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).
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7.1.4 Stress Analysis 

From the internal forces at the ends of each structural member, the stresses, are 
calculated using the following equations: 

F 
f F xl 

a A 

M x f bx2 x2 3 
12 C3 

fM x3 X C 

bx3 1 3 xC 2 

fmax fa fbx2 fbx3 

fmin f a fbx2 f bx3 

Where: 

f = Axial stress a 

fbx = Bending stress due to moment about member x2 axis 

fbx = Bending stress due to moment about member x3 axis 

fmax = 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 

F = Member axial force in member xl direction xl 
Mx1, Mx 2 , Mx 3  = Moment about member xl, x2, x3 axes respectively 

A = Member cross sectional area 

12, 13 = Moment of inertia about member x2 and x3 axes respectively 

C 2, C 3  = Edge distance of the structural section from neutral axes in x2 
and x3 direction of member coordinate system.  

The structure analysis and stress analysis calcuations are performed using the 
STARDYNE computer program (Reference 10).
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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: 

1. All storage cells contain the fuel assembly.  

2. All fuel assemblies simultaneously impact the storage cells.  

3. The affect 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. The calculations for 
the effective impact factors are presented in Appendix C.  

7.4 ACCIDENTAL SPENT FUEL ASSEMBLY DROP ANALYSIS 

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

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.  

*The use of an i mpact 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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FIGURE 7.2 
APPLIED LOADS AND BOUNDARY CONDITIONS - LOAD CASE 1 

DEAD WEIGHT OF FULLY LOADED RACK (10 x 10), D + L
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APPLIED LOADS AND BOUNDARY CONDITIONS -LOAD CASE 2 

EMPTY RACK WEIGHT PLUS INSTALLATION LOAD ANALYSIS - D + I.L.
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FIGURE 7.4 
APPLIED LOADS AND BOUNDARY ONDITIONS - LOAD CASE 3 

ACCIDENTAL UPLIFT LOAD ON 10 x 10 RACK - D + U.L.
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SEISMIC ANALYSIS OF FULLY LOADED 10 x 10 RACK - E AND E'
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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 analysis, 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 representat ive 10x1O 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 SDecified in the acceptance 
criteria of Section 6. 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 described 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 convective forces on the storage 
racks. The maximum convective 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 seismic analysis by adding the hydrodynamic and trapped water mass 
to the real weight of the rack structure and fuel elements. It has, therefore, been 
concluded that the sloshing water mass. will have insignificant effects on the fuel 
storage racks.

FORM - NES 205 5/79



NUCLEAR ENERGY SERVICES. INC. DOCUMENT NO. 81A0610 

PAGE 32 OF 46 
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 dynamic 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 kinetic energy developed during the free fall 
will be absorbed by both the bending and shearing of the cell base plate.  

Since. 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 k eff 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 
NUMBER 

1 

2 

3 

4.  

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19

FREQUENCY 
(CPS) 

3.390 

3.572 

3.637 

3.705 

3.744 

3.752 

3.768 

3.771 

3.771 

3.772 

20.023 

20.485 

21. 491 

22.697 

23.107 

23.218 

23.352 

23.367 

23.436

xi 
DIRECTION 

-0.059 

2.073 

0.325 

1.515 

-0.0 23 

-0.089 

0.161 

0.276 

0.006 

0.211 

0.017 

-0.783 

-0.172 

-0.077 

-0.003 

-0.042 

-0.015 

-0.014 

0.014

.X2 

DIRECTION 

1.977 

0.078 

0.218 

-0.064 

-0.739 

0.023 

0.025 

-0.040 

0.407 

0.012 

-0.7 25 

-0.010 

-0.071 

0.057 

-0.175 

-0.002 

-0.001 

0.001 

-0.005
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X3 
DIRECTION 

0.0 

-0.007 

-0.00 2 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

-0.004 

0.038 

-0.023 

-0.141 

0.026 

-0.097 

-0.060 

-0.073 

0.060
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TABLE 8.1 (cont'd)

MODAL PARTICIPATION FACTORS

FREQUENCY 
(CPS) 

23.439 

24.117 

26.259 

27.629 

28.343 

28.423 

29.568 

29.649 

29.725

XI 
DIRECTION 

-0.003 

0.044 

-0.008 

-0.042 

0.088 

-0.044 

-0.002 

-0.004 

-0.008

X2 
DIRECTION

MODE 
NUMBER 

20 

21 

22 

23 

24 

25 

26 

27 

28

X3 
DIRECTION

0.003 

0.979 

0.069 

0.226 

-0.646 

-0.105 

-0.080 

0.160 

0.115
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-0.028 

-0.015 

0.014 

0.226 

0.042 

-0.007 

0.001 

0.018 

-0.016



TABLE 8.2 RESULTS OF STRUCUR/L/STRESS ANALYSIS 
FULLY LOADE0x10 RACK a

MAXIMUM BEAM STRESSES (KSI) 

LOAD STRUCIURAL AXIAL BENDING COMBINED* OMBINATION EI PE STRESS 
DESCRIPTION ELO.4 CA IATED }LE CA1JI)ATED ALLMWBLE RATIO NO. fa Fa fb2/fb3 Fb2/FbS

1. D+L 

2. D+L+T 

Dead Weight of Rack; 
Storage Cells and 
Fuel Assemblies 
(Negligible Thermal 

Load) 

*Must be < 1.0 for

Support Leg 

Interior Support 
Beams 

Exterior Support 
Beams 

Interior Spacer 
Beams 

Exterior Spacer 
Beams 

Storage Cell

component

2 

28 

68 

241 

244 

290

3.55 

0.27 

0.36 

0.31 

0.27 

Negligible

acceptability per AISC.  i.

20.0 

20.0 

20.0 

20.0 

20.0

2.40/2.70 

5.83/0.18 

5.36/0.12 

0.10/1.06

20.0/20.0 

20.0/20.0 

20.0/20.0 

18.0/18.0

0.433 

0.314 

0.292 

0.016 

0.014 

0.064

z 
C 
0 

m 
z 
m 

3) m 

0 

M z 
.o

a

I



TABLE 8.2 RESULTS OF STLL URAL/STRESS ANALYSIS 
'ULLY IOADI10xI0 RACK (Cont'd)

MAXIMUM BEAM STRESSES (KSI) 
OADMSTRUCTUI AXIAL BENDING COMBINED* 

COMINATION 
STRESS DESCRIPTION NO, CAfLATED I a U CAL/3ATED FLE RATIO IIfa Fa. -fb2/fb 3 Fb2/Fbl

3. D + I.L.  

Dead Weight of 
Rack Including 
Storage Cells Plus 
1 G. Vertical In
stallation Load

Support Leg 

Interior Support 
Beams 

Exterior Support 
Beams 

Interior Spacer 
Beams 

Exterior Spacer 
Beams 

Storage Cell

1.60 

0.12 

0.53 

0.29 

0.50 

Negligible

20.0 

20.0 

20.0 

20.0 

20.0

*Must be < 1.0 for canponent acceptability per AISC.

4.10/4. 10 

0.26/2.54 

0.71/5.83 

1.45/1.43

20.0/20.0 

20.0/20.0 

20.0/20.0 

18. 0/18.0

0.490 

0.146 

0.354 

0.015 

0.025 

0.160

9 

54 

45 

232 

247 

295

V 
C 
0 

0 

C

m 

z 

-U 

m 

Cn 

m 
M 

0 

0.

40



TABLE 8.2 RESULTS OF STRUCTURAL/STRESS ANALYSIS 
FULLY LOADE&0x10 RACK (Cont' d) 0

MAXIMUM BEAM STRESSES (KSI) 

LOAD STRJCIURAL AXIAL BENDING OMBINED* 
CO)MBINATION ELEME~r EF 

DMBINTIONEIPTN CALIATED ALOWBLE CALCUATED ILE STRESS 
DESCRIPTIONNO fa Fa fb2/fb3 Fb2/Fb 3 RATIO

4. D+L+E 

5. D+L+T+E 

Dead Waight of Rack, 
Storage Cells, Fuel 
Assenbly Plus the 
OBE Seismic Event 
,(Negligible Thermal 
load Included)

Support leg 

Interior Support 
Beams 

Ex terior Support 
Beams 

Interior Spacer 
Beams 

Exterior Spacer 
Beams 

storage Cell

3 

30 

43 

257 

244 

278

8.45 

0.76 

1.45 

0.82 

1.10 

kegligible

*Must be < 1.0 for ccnponent acceptability per AISC.  

** See App F | I

20.0 

20.0 

20.0 

20.0 

20.0

5.38/5.42 

10.78/0.59 

15.46/0.45 

7.97/14.85

20.0/20.0 

.20.0/20.0 

20.0/20.0 

18.0/18.0

0.700 

0.607 

0.868 

0.041 

0.055 

** 
0.936

z C 

r
m 

m z 
m 

C) -C 

m 

C) 
0 
m 
U) 

Z

0



TABLE 8.2 RESULTS OF STRUCTRuAL/STRESS ANALYSIS 
FULLY LAD1 0x0 RACK (Cont'd)

MAXIMUM BEAM STRESSES (KSI) 
WOAD STRUCTURAL AXIAL BENDING COMBINED OMBINATION ELMN EIEM STRESS 

DESCRIPTION CALCMATED A LE CAMUIATED A ABLE STS NO. fa Fa fb2/fb3 Fb 2/Fb- RATIO

6. D +% + T + E' 

Dead Weight of Rack, 
Storage Cells, Fuel 
Assemblies, Plus 
DBE Seismic Event 
(Negligible Thernal 

Load Included)

Support leg 

Interior Support 
Beams 

Exterior Support 
Beams 

Interior Spacer 
Beams 

Exterior Spacer 
Beams 

Storage Cell

3 

55 

15 

257 

228 

278

10.90 

1.10 

2.10 

1.17 

1.52 

Negligible

*Must be < 1.0 for caeponent acceptability per AISC.  
** See App F

30.0 

30.0 

30.0 

30.0 

30.0

9.35/11.24 

19.49/0.98 

21.00/0.64

30.0/30.0 

30.0/30.0 

30.0/30.0

18.94/13.74p8.8/28.8

I I

0.760 

0.719 

0.798 

0.039 

0.051 

0.812

z 
C 
0 
Im 

m z m 

C) 
m 

0 C) 

m 

z 
U) 

C)

a Q



TABLE 8,2 RESULTS OF STRUiTURAL/STRSS ANALYSIS 
FULLY LOADq OxI0 RACK (Cont'd) 0

IMAXIMUM BEAM STRESSES (KSI) 

LOAD STRUCIURAL. AXIAL. BENDING CCMBINED* 

COBINATION ELEMENT CCEU STRESS 
DESCRIPTION NO.. CACUUTED a LE CA TED LRATIO • ,fa .. Fa fb2/fb 3 Fb2/FbDRTI

7. D + T+ U.L.  

Dead Weight of Pack 
Plus 3000 lb. Up
lift Load

Support Leg 

Interior Support' 
Beams 

Exterior Support 
Beams 

Interior Spacer 
Beans 

Exterior Spacer 
Beams' 

Storage Cell

6 

28 

68

288

0.60 

Negligible 

Negligible 

Negligible 

Negligible 

Negligible

30.0 0.43/0.50 

1.12 

1.01 

1.20/0.08

30.0/30.0 

30.0 

30.0 

28.8/28.8

*Must be < 1.0 for camponent acceptability per AISC.

0.051 

0.037 

0.034 

0.044

z 
C 

m 
z m 

m 

-Co.  
3) 

0 

0 

z 
0 

0 
0 
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00 
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TABLE 8.3 

MAXIMUM FLOOR L.AD SUMMA"

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

cOR%* = NES 205 S/79

MAX HORIZONTAL MAX VERTICAL 
REACION LOAD (K) REACTION MAD (K) 

OE n D + L D +L+ O + L + DBE 

INDIVIDUAL 
SUPPORT PAD 33.18 47.12 45.16 106.67 137.98 

1OXl0 RACK 173.90 263.85 204.77 228.11 239.99 
ARRAY
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TABLE 8.4 

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

Straight Drop on Top of Storage Cell 

Weight of Fuel Assembly (kip) 

Maximum Drop Height (in) 

Kinetic Energy of Drop to 
be Absorbed (in-k) 

Maximum Strain in Storage 
Cell (in/in) 

Maximum Cell Axial Deformation 

(in) 

Maximum Stress in Cell (ksi) 

Maximum Transmitted Reaction Load 
(kips) 

Maximum Stress in Rack Base 
Structure (ksi) 

Maximum Support Leg Load 
(kips) 

Maximum Local Bearing Stress 
on Concrete Floor (ksi) 

Maximum Punching Shear Stress in the 

Liner Plate (ksi) 

Inclined Drop on Top of Storage Cell 

Maximum External Kinetic Energy per 
Storage Cell (in-k) 

Maximum External Kinetic Energy 
(in - k)

Calculated 
Value 

1.650 

48.0

79.2

0.00445 

0.735 

39.58

129.27 

35.58 

135.6.5 

2.70 

21.60 

25.08 

131.12

FORM & NFr 2fS S/1Q

Allowable 
Value

0.48 51 

2 36.002,4 
S (103.00)

36.00 2

3.57 

23.043 

79.2
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TABLE 8.4 (Cont'd) 

RESULTS OF ACCIDENTAL SPENT FUELASSEMBLY DROP (LOAD CASE 6)

Straight Drop Through the Storage Cell 

Maximum Drop Height (in.) 

Maximum Free Fall Impact Velocity 
(ft/sec) 

Maximum External Kinetic Energy (in. k) 

Maximum Unsupported Plate Thickness 
That May be Perforated by Missile 
Free Fall Velocity, (in.) 

BRL Formula 

Maximum Transmitted Reaction Load 
(kips)

Calculated 
Value 

2i3.25

33.81 

351.86

0.6113 

0.454 

57.65

1. Ultimate strain for stainless steel.  

2. The allowable stress value represents dynamic yield stress for stainless steel 

3. Allowable shear stress value 36.0 x 1.6 x 0.4 = 23.04 ksi.  

4. Ultimate stress for stainless steel.

FORM - NES 205 5/79

'Allowable 
Value

0.50
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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 

1. 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.  

2. Sloshing of pool water in a seismic event will have insignificant effects on the 
fuel storage racks.  

.3. 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 k eff will occur and the leak-tightness of the. fuel pool will be 
maintained.  

4. 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.

FCRN!=N ES 2035 5 /79
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