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Public Service Electric and Gas Company 80 Park Place Newark, N.J. 07101 Phone 201/430-7000 

October 13, 1978 

Director of Nuclear Reactor Regulation 
u. s. Nuclear Regulatory Commission 
Washington, D. c. 20555 
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Division of Operating Reactors 

Gentlemen: 

INCREASED CAPACITY SPENT FUEL RACKS 
NO. 1 UNIT 
SALEM NUCLEAR GENERATING STATION 
DOCKET NO. 50-272 
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Public Service Electric and Gas Company hereby submits 
additional information in support of its application to increase 
the spent fuel storage capacity at the Salem Nuclear Generating 
Station. This information is in response to discussions held 
with members of your staff. 

This submittal consists of forty copies. 

Should you have any questions regarding this application, please 
do not hesitate to contact us. 

Attachment 

7 f //Jr;;i_~-o I/ g
The Energy People 

Very truly yours, 

~b'" F. P. Li rizzi 
General Manager ~ 
Electric Production 

/ 
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• QUESTION 

Provide a description of the procedures used to insure that the 
fuel storage racks are leak tight. 

ANSWER 

The fuel storage cell is fabricated from two concentric square 

stainless steel shrouds which are seal welded together at both 

ends such that the annulus between the shrouds is leak tight. 

The only leakage that could result would be from incomplete or 

defective welds. A high confidence level that leak tight fuel 

cells are being produced is achieved by careful control of the 

manufacturing processes and by application of nondestructive 

testing methods. 

The manufacturing processes involved in fabrication of the fuel 

storage cells are forming and welding. Welding is performed in 

accordance with ASME Section III Subsection NF, "Component 

Supports". Welding procedures~ welding operations and welders 

are qualified 'in accordance with the requirements of ASME 

Section IX. Welding activities are supervised by the responsible 

manufacturing engineer and the welding foreman. In-process 

examination of the automatic welding process is performed by 

metallographic examination of representative weld samples at 

predete·rmined intervals. The forming processes are controlled 

through non-destructive testing of both welds and stress points 

to assure that no damage has been done by the hydroforming 

process. 

Non-destructive Examination (NDE) is applied to verify that 

the manufacturing processes have produced high integrity leak 
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tigh~ fuel cells. All NDE of welds is performed in accordance 

with ASME Section V and all weld NDE personnel are qualified in 

accordance within ASME Section III, Subsection NF and SN-TC-lA. 

NDE activities.are supervised by the fabricator's manager of 

quality control and lead QC inspector. 

!· 
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QUESTION 13 

Provide a summary of the material properties used in the rack 
structural analyses and verify that these are the properties at 
the appropriate temperatures. 

ANSWER 

The only materials used in the fuel storage racks, the rack 

interties and wall restraints are Type 304 stainless steel and 

Boral. No credit is taken for any structural contribution from 

the Boral. 

The rack material properties for structural components used in 

the analysis of the fuel racks were taken from Appendix I of 

Section III of the ASME Code. The values used in the analysis 

for Type 304 stainless steel as interpolated from the ASME Code 

are as follows: 

Yield Strength 

Sy= 27.SKsi at 1S0°F 
Sy= 24.0Ksi at 240°F 

Modules of Elasticity 

E= 28,000Ksi at 70oF-200oF 

Coefficient of Thermal Expansion 

a = 0.0000095in/in/F at 2000F 

The material properties at 1S0°F were used for all load cases 

at normal operating temperatures (To) and 240°F properties were 

used for the load cases at maximum temperature (Ta)• 
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QU'ESTION 15 

Verify that the racks will withstand the drop from the maximum 
transport height of any of the items which will be carried over 
the racks when impacting the racks both horizontally and 
vertically, without violating the appropriate acceptance 
criteria. In addition, discuss the effects of the total rack 
structure flexibility on the results of the postulated drop 
analyses. 

ANSWER 

A list of the tools carried over the spent fuel pool is pro-

vided in the response to Question 4 of our May 17, 1978 sub-

mittal. The probability of any of these tools dropping over 

the spent fuel pool is highly remote, since they are transported 

by the fuel handling crane. The crane hook is equipped with a 

safety latch to prevent inadvertent separation of the tool from 

the hook. Additionally, these tools are engaged to and dis-

engaged from the crane hook over the transfer pool, not the 

spent fuel pool. 

Administrative controls prohibit loads greater than that of a 

fuer assembly to travel over the spent fuel pool. The maximum 

height at which a fuel assembly can b~ carried is restricted by 

limit switches on the crane to 15 inches over the top of the 

spent fuel racks. The racks have been analyzed for a fuel 

bundle dropped from a maximum height of 15 inches above the top 

of the rack. The energy of the dropped fuel bundle is absorbed 

by local and elastic deformation of the top 7 inches of the fuel 

cell. In the computer model a static load equivalent of the 
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QUESTION 15 

ANSWER Continued 

force required for the deformation of the top of the cell was 

imposed on the top of the rack. The rack members were analyzed 

and shown to be within the allowable loads of the design 

criteria for this maximum fuel drop load. Since the maximum 

load is limited by the crushing strength of the top of the fuel 

cells, the total rack structure flexibility has no effect on the 

postulated drop loads. 

Since the fuel assembly is the heaviest load carried over the 
., 

spent fuel pool, analysis of other load drops is not required. 
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ADDITIONAL INFORMATION 
IN SUPPORT OF 

QUESTIONS 17 AND 23 

A summary of the non linear and linear elastic cases which have 
been analyzed and the results obtained therefrom are as follows: 

Ca.se Initial Condi ti on 

1 Equally spaced 

2 Equally spaced 

3 One rack against 
wall 

Linear Elastic 

Friction Coefficient 

0.3 

0.2 

0.3 

0.3 

Wall Impact Load 

No impact 

No impact 

21,800 lbs. 

7,000 lbs. net 
wall load 

It should be noted that, for Case 1, the friction coefficient used 
in the analysis was erroneously reported as 0.2 in our submittal 
July 31, 1978. 

The friction coefficient test data previously submitted were the 
actual results obtained for individual tests. The recent report: 
"Friction Coefficients of Water-Lubricated Stainless Steels for a 
Spent Fuel Rack Facility" by Professor Ernest Rabinowicz of MIT, 
performed for the Boston Edison Company provides considerable 
additional data. This report provides the results of 134 tests 
that are representative of the Salem fuel storage rack/pool 
environment. A statistical analysis of these results shows a 
mean friction coefficient of 0.563 and a standard deviation of 
0.096. The lowest single value measured for these 134 tests was 
0.37. The results of these tests are in good agreement with the 
results previously reported and demonstrate the conservatism of 
using a value of 0.3 for analytical purposes. The test results 
also show that there is a high probability that, even under SSE 
seismic conditions, the racks will not slide on the· pool floor 
and the wall braces will be unloaded. 

There appears to be no technical basis for assuming that racks 
are in contact with a pool wall when analyzing a seismic event. 
The racks are initially installed in the center of the pool 
with a thermal expansion clearance between the wall braces and 
the pool walls,on all four sides. Initial pool heat-up will 
cause all rack modules to move outward from the center of the 
pool, after which each module will be free to expand and contact -
about its own center. As a worst case, the condition can be 
postulated wherein a rack at one end of the pool remains station-· 
ary and the other three racks expand away from that rack towards 

P78 124B 15 



~.;;.__-_ . ~ ----~~ --· : - - - -· - - --- .. --~--· --· --~---- - -- --- ---· ---~.:___.~~ 

-· 
... -2-

the other end of the pool •. The.resulting maximum rack movement 
at the maximum normal operating pool temperature (1500F) is 
0.26 inches compared to the initial gap of 0.375 inches. The 
resulting minimum gap of 0.115 inches is sufficient to ensure 
that even one rack would not subsequently be impacted by the 
wall during a seismic event. The assumed· presence of one rack 
against a wall does not result from analysis, but was arbitrarily 
considered solely for the purpose of establishing a conservative 
design basis for the strength of the wall braces. Clearly, con
sideration of lumping more than one rack against a wall is not 
warranted. 

The second paragraph in the response· to Question 23 presented a 
qualitative discussion of multiple rack impacts, not based on 
analysis. Considering the foregoing discussion, that paragraph 
should be disregarded. 

EAL:cm 
9/27/78 
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· QUESTION 19 

Prov~de justification that the consideration of fixed-base 
models in the design of the racks is conservative. 

ANSWER 

The maximum horizontal load that can be transmitted to the fuel 

storage racks during a seismic event is limited by,the friction 

coefficient between the floor of the spent fuel pool and the 

fuel storage ~acks. With the base fixed against translational 

movements, the friction coefficient is effectively infinite, 

permitting transmission of the maximum possible seismic loads to 

the rack structure. Use of a fixed base in the structural 

computer ;model is, therefore, a conservative assumption. 

The lowest calculated horizontal first mode for the rack design 

is at a frequency of 6.4 Hz. ·Examination of the design spectra 

for both OBE and SSE events leads to the conclusion that a 50% 

reduction in the rack frequency or any increase in the rack 

frequency will not result in increased spectral accelerations. 

The rack response with .the fixed base model is basically that of 

a fixed-end, cantiievered beam with both bending and shearing 

deformations. In the limit, as the coefficient friction approaches 

zero, the mode shape would change from that of a cantilever to 

approach that of a free-free beam. The frequency of the latter 

model is considerably higher than that of the former for both 
, .... ~-

simple shear and beam models (including both shear and bending 

deformations). This indicates that any frequency shift would be 

toward a higher frequency which would ~esult in lower seismic 

loads. 

P78 80 57 



·~ t -~ . 

--------- -

• I • QUESTION 20 

Which portions of the stainless steel clad boral can walls are 
relied upon for load carrying capacity? 

ANSWER 

A series of structural tests were performed on full size 

composite stainless steel and boral fuel cell sections. These 

tests were performed to determine the stiffness and strength 

characteristics of the fuel cell, acting as a composite 

structure. The experimentally determined stiffness properties 

were used in the finite element structural computer model. The 

maximum bending moment and shear force and test specimen was 

subjected to were respectively 16.0 and 26.0 times larger than 

the maximum values calculated for SSE loading. Subsequent 

examination of the test specimen revealed no damage to the Baral 

poison material. It can be concluded, therefore, that there is 

a large margin of safety against any form of stress or strain 

induced failure of the Boral. The Boral material is encapsu

lated within, but not bonded to, the stainless steel, and there

fore, analysis alone cannot be utilized to determine the maximum 

strains in the Boral sheet and the acceptability thereof. The 

composite structure, as tested, is therefore relied upon for 

load carrying capacity. 

The primary load carrying capability of the fuel cell is 

provided by the outer stainless steel shroud with a small 

contribution provided by the inner shroud. The boral poison. 

sheets provide-a negligible contribution to both the strength 

and stiffness of the fuel cell. 
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QUESTION 25 

Provide detailed justification that the 2.0S linear elastic 
limit for the faulted condition is in accordance with F-1370 of 
ASME Section III, Appendix F. 

ANSWER 

The basic tensile stress allowable of 2.0S is derived from 

F-1370 of ASME Section III, Appendix F as follows: 

Per Appendix XVII paragraph XVII-22ll{a) the tensile stress 

allowable is Ft=0.60Sy 

Per Appendix F, Paragraph F-1370{a) the allowable stresses 

may be increased by a factor of 1.2 {Sy/Ft). 

Combining these two equations results in a faulted condition 

stress increase factor of l.2{Sy/0.6Sy) =·2.0. 

In summary, the rack design is in accordance with all require- I 
ments of F-1370 of ASME Section III, Appendix F. 
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